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A STUDY ON THE ENVIRONMENTAL IMPACTS OF BUILDING MATERIALS
Yusuf Tahir ALTUNCI
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Ozet: Yap1 malzemesi sektorii biiyiik bir sektordiir. Yapt maliyetleri kullanilan yap1 malzemelerinin fiyatlarina
baglidir. Yapi malzemelerinin iiretim, kullanim ve bertaraf asamalarinda c¢evreye verilecek zararlari en aza
indirmek igin ilgili standartlara goére {iiretilmis, kalite kontrolden ge¢mis yapi malzemelerini tercih etmek
onemlidir. Ayrica geri doniisim ve strdirilebilirlige de dikkat etmek gerekmektedir. Bu baglamda; caligmada
bazi yapt malzemelerinin ¢evresel etkileri irdelenmis ve alinmasi gereken bazi 6nlemlerden bahsedilmistir.

Anahtar Kelimeler: Yap1 Malzemesi, Cevresel Etki, Siirdirilebilirlik, Geri Dontisiim

Abstract: The construction materials sector is a major industry. The cost of construction is influenced by the prices
of the materials used. It is crucial to select building materials that are produced according to relevant standards
and have passed quality control to minimize the environmental damage during their production, use, and disposal
phases. Additionally, attention should be given to recycling and sustainability. In this context, the environmental
impacts of certain construction materials have been examined in the study, and some recommended measures have
been discussed.

Keywords: Building Material, Environmental Impact, Sustainability, Recycling

1. INTRODUCTION

Any material used in the construction of underground, aboveground, and water facilities is referred to as a building
material. Materials such as cement, aggregate, mortar, concrete, reinforced concrete, steel, wood, ceramic,
laminate, paint, aluminium, glass, fiberglass, stone wool, etc., are examples of building materials. The choice of
building materials varies from person to person depending on the purpose of use and personal preference. Since a
significant portion of construction costs depends on the price of the materials used, the building materials sector
is vast and highly competitive. For this reason, companies compete not only to produce high-quality products but
also to manufacture sustainable and environmentally friendly building materials. There is a wide variety of
building materials available in the market [1]. It is important to choose materials that are produced according to
the relevant standards, have passed quality control, and are environmentally friendly and sustainable. A significant
portion of global waste comes from construction debris, necessitating the development of strategies for reducing
waste and managing non-recyclable materials [2]. Since the construction industry is one of the largest contributors
to global carbon emissions, it is essential to analyse the carbon footprints of building materials and implement
improvements accordingly [3]. Transitioning building materials to more sustainable practices helps prevent
resource depletion and reduces environmental damage [4]. Given that many building materials, such as cement,
steel, and glass, consume large amounts of energy and natural resources during production, optimizing resource
use is of paramount importance [5]. In this context, the study discusses the major environmental impacts of
building materials and the necessary measures to be taken.

2. MAJOR ENVIRONMENTAL IMPACTS OF BUILDING MATERIALS

The negative environmental impacts of building materials encompass a process that begins with the production
phase and extends through to their use, recycling, and disposal stages [6]. These adverse effects lead to:

e Increased energy consumption
e Increased water consumption
e  The gradual depletion of natural resources
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The disruption of ecological balance

The reduction of agricultural land

Soil pollution

Emissions from hazardous chemical sources

An increase in CO2 emissions

Increased environmental pollution

The generation of non-recyclable construction waste

and costs that are economically unsustainable due to recycling expenses [7].

The production of many building materials requires a large amount of energy [8]. Materials such as cement, steel,
aluminium, brick, ceramics, asphalt, and glass require high energy during their production. Since clinker, the main
raw material of cement, is produced at very high temperatures, the use of coal and other fossil fuels is necessary
[9]. Steel, being a material that is melted and shaped at high temperatures, requires a process that uses both
electrical energy and fossil fuels. The process of smelting and electrolyzing aluminium from bauxite ore consumes
a significant amount of electrical energy [10]. The production of glass similarly involves one of the most energy-
intensive processes. The production, heating, and laying processes of asphalt are completed using high energy.
Since bricks, ceramics, and porcelain are produced at high temperatures, they undergo an energy-intensive
production process.

The controlled cooling of clinker, steel, aluminium, and glass is achieved with water. Water is also required for
the processing and shaping of materials such as ceramics, porcelain, bricks, and tiles. The preparation of mortar
and concrete mixtures, the initiation of hydration, and the curing processes can only be performed with water.
Additionally, factories producing powder-binding materials must use water to manage dust control for
occupational health and safety reasons. Some factories also use water-based filters in their air filtration systems
[11]. Examples of water use in relevant areas include machinery and equipment cleaning, chemical process
additives, and raw material washing processes [12]. Natural resources are consumed during processes such as the
extraction, processing, and transportation of raw materials required for the production of building materials [13].
For example, limestone is used for cement, iron-rich ores are used for steel, silica sand is used for glass, and natural
sand and gravel are used for aggregates. The processing and transportation of these materials require direct or
indirect fossil fuels. Water is also an additional resource to be considered for this group.

Quarries such as marble quarries, aggregate quarries, and clinker raw material quarries are areas created
specifically for building material production from natural resources. Since these areas are used for production
purposes, they directly harm the environment and the ecological balance [14]. They also cause damage to natural
habitats and degrade the soil fertility of the region. The use of limited regional water resources in building material
production facilities reduces the amount of water available for agricultural irrigation, leading to decreased
productivity of agricultural land. Restoring quarries, such as marble and aggregate quarries, to their original state
is both difficult and often results in an inability to return to their previous condition.

The dust and chemicals released during the production of materials such as cement, steel, lead, and glass
accumulate on the soil in the area, leading to soil contamination and subsequent loss of fertility. Additionally, if
the disposal of chemical waste generated during the production of building materials is not managed properly, it
can seep into the soil surface, causing soil pollution [15]. The production of artificial wood materials such as MDF
(Medium Density Fibreboard), HDF (High Density Fibreboard), OSB (Oriented Strand Board), Plywood
(Magnetic Board), and composite wood (Wood Plastic Composite - WPC) releases highly hazardous chemical
gases [16]. Additionally, during both the production and application phases of cement-based composite materials,
hazardous chemicals are released into the atmosphere. During the industrial production of fundamental building
materials such as cement, steel, aluminium, bricks, and ceramics, coal is commonly used as an energy source [17].
As a fossil fuel, coal releases a high amount of CO; into the atmosphere once it begins to burn, contributing to air
pollution. Additionally, it is known that a significant portion of global CO,emissions is due to cement production
[18].

In addition, sulphur dioxide, which is released during the combustion of fossil fuels such as petroleum, is a gas
that is heavily emitted from cement, steel, and metal production facilities [19]. Nitrogen oxides, another harmful
type of gas, are also released during the combustion of fossil fuels and contribute to the depletion of the ozone
layer [20]. Volatile Organic Compounds (VOCs), which are released during the production of paints, adhesives,
solvents, and engineered wood materials like MDF and OSB, are harmful organic gases [21]. These compounds
belong to the group of gases that are most hazardous to human health [22]. Methane, a harmful greenhouse gas, is
released during the decomposition of organic matter in construction and landfill sites [23]. All of these gases harm
the ozone layer and negatively impact human health.
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Demolishing a building and recycling all of its materials is very difficult [24]. For example, since reinforced
concrete is a composite material, removing the reinforcement, converting the concrete into aggregate, and
separately recycling the plaster, paint, and other materials such as plumbing fixtures from the concrete in a
homogeneous manner is not cost-effective. In contrast, it is more feasible to recycle expensive materials like
plastics, aluminium, and metals [25]. Other materials are typically discarded as debris due to the recycling costs,
contributing to environmental pollution.

3. RESULTS AND DISCUSSONS

Because water resources are limited, the use of sustainable and recyclable water in building material production is
important from both environmental and economic perspectives. The use of recyclable and sustainable materials in
areas such as marble quarries, aggregate quarries, and clinker quarries is necessary to protect natural resources and
maintain ecological balance, as these areas harm natural resources. Regulations are needed to prevent building
material production areas from negatively impacting agricultural land. Additionally, sustainable methods should
be implemented to prevent soil pollution [26]. Especially during the production of artificial wood, hazardous
chemical emissions are released, and significant amounts of CO; are emitted during cement production. Therefore,
restriction plans should be developed for the establishment and expansion of cement production facilities, and
strategies from similar countries should be reviewed. Relevant authorities should take necessary measures to
prevent uncontrolled dumping of construction waste as debris.

4. CONCLUSIONS

In this study, which investigates the environmental impacts of certain building materials, the negative effects
occurring throughout the process from production to use, recycling, and disposal have been examined. The results
obtained from the study are summarized below.

e Using alternative energy sources such as wastewater treatment sludge as fuel in industrial production will
provide both environmental and economic benefits.

e Utilizing water purified of oxygen and bacteria from wastewater treatment sludge in building material
production will help prevent the depletion of water resources.

e Preferring recyclable and sustainable materials in building material production will help conserve natural
resources and maintain ecological balance.

e Expanding and preparing environmental impact assessment reports will particularly contribute to the
protection of agricultural lands.

e  Proper disposal of waste generated in building material production will prevent soil pollution.

e Frequent and thorough maintenance and inspection of filters in cement factories and industrial facilities
producing artificial wood materials will ensure the health and longevity of people living in the area.

e Encouraging the recycling of construction waste will provide both economic and environmental benefits.
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OZET

Giiniimiizde bilgisayarlar, is siireclerinde ve ev kullanicilar1 i¢in vazgegilmezdir. Internetin yaygm kullanimi,
egitimden arastirmaya pek ¢ok alanda kolaylik saglamaktadir. Ancak, kullanicilarin ¢ogu teknik giivenlik
onlemlerinden habersizdir ve interneti bilingsizce kullanmaktadir. Bu durum, siber saldirilara karsi yetersiz
giivenlik 6nlemlerine yol agmaktadir. Bilingli ve giivenli internet kullanimi i¢in ¢esitli egitimler diizenlenmekte,
ancak bu gabalar yeterli olmamaktadir. Bu nedenle, siber olaylar1 tespit edebilecek ve giivenlik agiklarim
kapatacak yapay zeka temelli ¢oziimler gerekli hale gelmektedir. DNS tiinelleme, zararli yazilimlarin internet
tizerinden veri sizdirmak i¢in kullandigi bir yontemdir. Zafiyetli bilgisayarlar, yanlis DNS sunucularindan IP
adresi Ogrenerek kullanicilart zor durumlara diistirebilmektedir. Bu tlinellemeyi tespit etmek i¢in yenilikgi
yontemler gelistirilmistir. Bazi yontemler DNS iizerinden diisiik ve yavag veri sizintisini gercek zamanli tespit
edebilmektedirler. Ayrica, paket uzunlugu ve belirli 6zellikleri kullanarak yiiksek dogruluk ve F-skoru elde eden
hibrit DNS tiinelleme tespit sistemleri bulunmaktadir. Onbellek 6zelliklerine duyarh 6zelliklere dayali yontemler
ise diigiik yanlis tespit oranlartyla DNS tiinelleme trafigini etkili bir sekilde karakterize eder. Bu yontemler, internet
giivenligi konusunda etkili stratejiler sunmaktadir. Yapilan bu ¢aligmada CIC-Bell-DNS-EXF-2021 veri seti
lizerinde makine 6grenimi algoritmalarinin DNS tiinelleme ataklarini tespit etme durumlart arastirilmagtir.
Anahtar Kelimeler- CIC-Bell-DNS-EXF-2021, Makine Ogrenmesi, DNS Tiinelleme

ABSTRACT

Nowadays, computers are indispensable for business processes and home users. The widespread use of the Internet
provides convenience in many areas from education to research. However, most of the users are unaware of
technical security measures and use the Internet unconsciously. This situation leads to inadequate security
measures against cyber-attacks. Various trainings are organised for conscious and safe internet use, but these
efforts are not enough. Therefore, artificial intelligence-based solutions that can detect cyber incidents and close
security gaps are becoming necessary. DNS tunnelling is a method used by malware to leak data over the internet.
Vulnerable computers can put users in difficult situations by learning IP addresses from the wrong DNS servers.
Innovative methods have been developed to detect this tunnelling. Some methods can detect low and slow data
leakage through DNS in real time. There are also hybrid DNS tunnelling detection systems that achieve high
accuracy and F-score using packet length and specific features. Feature-based methods sensitive to cache
characteristics effectively characterise DNS tunnelling traffic with low false detection rates. These methods offer
effective strategies for internet security. In this study, the detection of DNS tunnelling attacks by machine learning
algorithms on the CIC-Bell-DNS-EXF-2021 dataset was investigated.

Keywords- CIC-Bell-DNS-EXF-2021, Machine Learning, DNS Tunnelling

1. INTRODUCTION

Cyber attacks have become increasingly sophisticated with the widespread use of the Internet today. In this context,
DNS (Domain Name System) tunnelling is one of the methods that pose a major threat to cyber security. DNS
tunnelling is a technique used by malicious software for data exfiltration and command and control operations.
The fact that DNS is one of the cornerstones of the Internet makes such attacks even more dangerous. Therefore,
detecting and preventing DNS tunnelling attacks has become an important part of cyber security strategies.

Detecting DNS tunnelling attacks can be quite challenging with traditional security methods. Since such attacks
are usually carried out with low and slow data transfer, they are difficult to detect with ordinary network traffic
analyses. In addition, because DNS tunnelling is very similar to standard DNS traffic, firewalls and other security
measures often miss these attacks. This suggests the need for more innovative and advanced techniques for early
detection and prevention of DNS tunnelling attacks.
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Users who do not use the Internet consciously and safely can often encounter bad situations and are negatively
affected mentally and socially. Users who surf the internet unconsciously infect their computers with viruses,
trojans, etc. They become vulnerable by infecting them with bad software. Vulnerable computers can perform
many operations in the background without the user's knowledge. In order to surf the Internet and access a web
page, it is necessary to know the IP address of the relevant server. DNS service allows users to navigate on the
web using domain names instead of memorising IP addresses. Vulnerable user computers can put users in difficult
situations by learning the required IP address from the wrong DNS servers when they want to browse the internet
or access a file.

Several research papers propose innovative methods to detect low and slow data leakage and tunnelling through
DNS. One approach is the Information Based Heavy Hitters method, which offers real-time detection based on
live estimates of the information transmitted to registered domains. This method can detect infiltration rates as
slow as 0.7B/s with minimal false positives [1]. Furthermore, a hybrid DNS tunnelling detection system has been
developed that uses packet length and selected features for network traffic analysis, achieving high accuracy and
F-score in detecting DNS tunnelling attacks [2]. Furthermore, a cache feature-aware feature-based DNS tunnelling
detection method is introduced, which demonstrates effective characterisation of DNS tunnelling traffic and offers
rule-based and LSTM-based filters for detection with low false detection rates [3]. Collectively, these methods
provide effective strategies to combat low and slow data leakage and tunnelling through DNS.

DNS tunnelling can be effectively detected through various methodologies, including the use of cloud-based
resources for monitoring and anomaly identification [4] [5]. One approach is to leverage unsupervised machine
learning models to detect anomalies in DNS traffic, enabling detection of malicious activities such as data leakage
and command and control channels [5]. Furthermore, monitoring the current lengths of DNS subdomains can serve
as an effective countermeasure against DNS tunnelling, especially for general Internet users. This can be achieved
by analysing the distribution patterns of subdomain lengths to distinguish normal traffic from tunnelling activities
[3]. By combining these detection techniques, organisations can build robust monitoring systems to effectively
detect and prevent DNS tunnelling and improve their overall cybersecurity posture.

Indicators of DNS tunnelling activities include data exfiltration, misuse of DNS protocols for command and control
operations, and bypassing security measures such as captive portals [6]. Detection techniques usually involve
monitoring network flows, analysing flow-derived variables and using statistical methods for anomaly detection
[7]. With tools such as Elasticsearch facilitating the detection of DNS tunnelling, the use of unique hostnames can
be used as a compromise indicator. These indicators then enable blacklists to be applied by administrators who are
made aware of the incident [8]. Machine learning frameworks such as neural networks have been proposed for the
construction of DNS tunnelling detectors that can effectively distinguish tunnelling DNS packets from normal
packets with high accuracy without generating false positives. Furthermore, scoring DNS nameservers based on
query data over time can help identify potential DNS tunnelling activities for further investigation and mitigation

[9].

In order to detect DNS tunnelling attacks and to test different machine learning algorithms in this area, the CIC-
Bell-DNS-EXF-2021 dataset was created by academics at the University of New Brunswick, Canada. The dataset
consists of 641642 benign samples, 53978 mild attack samples and 323698 severe attack samples. Random Forest
(RF), Gaussian Naive Bayes (GNB), Multilayer Perceptron (MLP), Logistic Regression (LR) and Support Vector
Machine (SVM) machine learning algorithms were experimentally analysed on the dataset [10].

In a study running on devices with Android operating system and proposing an isolated forest-based DNS tunnel
detection method, DNS tunnel traffic was collected and analysed. Depending on the DNS request and DNS
response, features were extracted and a feature set was created. In this study, KRTunnel, a DNS tunnel detector
for mobile devices with android operating system, is proposed. With the proposed KRTunnel, DNS tunnel traffic
can be identified with %98.1 accuracy [11].

Mitsuhashi et al. developed a malicious DNS tunnelling tool recognition system by analysing DNS traffic over
HTTPS. The developed system is based on hierarchical machine learning classification and XGBoost, LightGBM
and CatBoost machine learning models with gradient boosting decision tree (GBDT) algorithm, which are known
for their high accuracy and short training time, are used for classification. According to the evaluation results, the
DNS tunnelling tool system identified malicious DNS traffic with a classification accuracy of %98.02 [12].

In order to intelligently detect DNS tunnel attacks, a proposed system analyses domain features as load-based
features, traffic-based features and resolution-based features and extracts representative features from DNS
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servers. To classify the DNS tunnel, the Random Forest algorithm is mainly used and a fusion RF-LR model is
proposed by taking logistic regression process for each decision tree nodes. The proposed RF-LR model is said to
have high detection accuracy and the classification accuracy is given as %98.81 [13].

In a study conducted in 2023, a hybrid DNS tunnelling detection system was proposed with features selected for
network traffic and packet length. Test bed and Tabu-P10 feature selection algorithms are used in the system. The
proposed approach was shown to achieve %98.3 accuracy and %97.6 F-score on DNS tunnelling datasets [14].

A two-step system using machine learning algorithms and basic features to detect hidden DNS tunnelling traffic
over HTTPS was proposed by Wang et al. In the first step, the characteristics of DOH traffic are identified and
machine learning methods are used. In the second step, self-collected data and public datasets are used to validate
the system. They showed that the proposed system achieved up to %99 accuracy and recall rate [15].

Lal et al. proposed a new DNS tunnel detection technique using the integration of Convolutional Neural Networks
(CNN) and Support Vector Machines (SVM) unlike the standard Deep Learning approach. With the proposed
technique, they utilised both the precise classification feature of SVM and the automatic feature extraction feature
of CNN. The experimental results show that the technique outperforms ensemble-based models with an F1 score
of %99.98 and an accuracy of approximately %99.98 [16].

In a study conducted to protect banks from domain name system attacks, a model is proposed in which a system
trained with machine learning methods can decide whether to enter the banking network by analysing network
packets. Random Forest classifier, Logistic Regression, Support Vector Machine and Gaussian Native Bayes
machine learning algorithms were used to train the proposed system. It is stated that the Support Vector Machine
method performs better than other methods for detecting domain name server attacks [17].

In another study in the literature, a DNS tunnelling detection method based on cache features was proposed. The
proposed method was able to efficiently characterise DNS tunnelling traffic with the given features. In addition, a
rule-based filter and a long short-term memory (LSTM) based filter are presented using the proposed features. It
is shown that LSTM detects attacks faster, but the rule-based filter detects more DNS tunnelling attacks [18].

DNS tunnelling detection was performed in a study using simple supervised learning schemes applying statistical
properties of DNS queries and responses. The emphasis was on detecting small portions of malicious data hidden
by DNS communication. Despite the simplicity of the system, it has been shown that good results are achieved by
replicating individual detections on successive instances over time and making a global decision through a majority
voting scheme

[19].

In a study utilising Software Defined Network (SDN) architecture, the problem of DNS-based data leakage
detection and mitigation is addressed. Popular DNS data leakage attacks and existing data leakage detection
mechanisms are analysed to create a feature set for DNS data leakage detection. In this study, DNSxD
implementation is presented and its performance is evaluated by comparing it with existing intrusion detection
mechanisms [20].

This study investigates the effectiveness of machine learning algorithms in detecting DNS tunnelling attacks.
Various machine learning algorithms (Random Forest, K-Nearest Neighbour, Decision Trees, Extra Trees) are
tested on the CIC-Bell-DNS-EXF-2021 dataset. This study addresses the challenges of detecting DNS tunnelling
attacks and proposes an approach that offers higher accuracy and efficiency in this area. Our study aims to
contribute to the development of more effective security measures against DNS tunnelling.

2. MATERIAL AND METHOD
2.1. Dataset

The CIC-Bell-DNS-EXF-2021 dataset, available from the UNB website, was used to test the classification
algorithms. CIC-Bell-DNS-EXF-2021 is a large dataset created by leaking various file types from small to large.
The dataset consists of 323,698 severe attacks, 53,978 mild attacks and 949,711 different benign samples and 30
features extracted from these samples. The dataset was analysed on five consecutive days in two categories, light
file attack and heavy file attack, and situational and non-situational categorical features were coded. There are six
file types in each category: audio, .exe, compressed, text, image and video. The dataset is considered a valuable
resource due to the wide scope of the Domain Name System (DNS), its large volume, controlled environment,
diverse range of data, annotated labels, and the fact that the dataset can be used for various purposes such as
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training, testing, development, and experimental studies [10]. The statistical distribution of the data in the data set
is shown in Figure 1.

1000000
800000
600000
400000
200000 .
0 - - -
Heavy Attack Light Attack Total Attack Bening
W Statefull 72028 11295 83323 265780
Stateless 251670 42683 294353 683931
Total 323698 53978 377676 949711
B Statefull Stateless Total

Figure 1. Statistics of the dataset

The 30 attributes in the dataset are given in Table 1 according to their state and non-state characteristics.

Table 1. Data Set Attributes [10]

Feature name Description State

rr_type The type of resource record, e.g., A, MX, TXT ... stateful

rr_count The number of entries in each section is as follows: question, answer, authority, | stateful
and additional.

rr_name_length The length of the resource record name. stateful

rr_name _entropy | The entropy of the resource record name stateful

rr_type_frequency | The number of packets of a given resource record type for a given domain in | stateful
relation to the total number of packets for that domain.

rr The distribution of A and AAAA resource records, that is to say the rate of A | stateful
and AAAA records per domain in window 1, is a key metric in this analysis.

distinct_ns The number of distinct Name Server (NS) records represents the total number | stateful
of NSs resolved in the Domain Name System (DNS) Database (DNSDB).

a_records The number of distinct A records is defined as the total number of IP addresses | stateful
resolved in DNSDB.

unique_country The domain name of a given country is represented by a distinct country name | stateful
in the Windows Tau operating system.

unigue_asn The presence of distinct autonomous system numbers (ASNs) within the | stateful
specified temporal window (1) is evident.

unique_ttl It is observed that distinct time-to-live (TTL) values are present within the | stateful
window T.

distinct_ip It is necessary to identify distinct IP values for a given domain at a specific | stateful
point in time, designated as .

distinct_domains | A domain may be distinguished from other domains that share the same IP | stateful
address and that resolve to a given domain in window t.

reverse_dns The results of a reverse DNS query for a specific domain at a given point in | stateful
time are presented in the following section.

ttl_mean The mean of the TTL in the window T. stateful

ttl_variance The variability of the time-to-live (TTL) parameter within the specified | stateful
window.

FQDN_count The total number of characters in the Fully Qualified Domain Name (FQDN) | stateless
is to be determined.

subdomain_length | The number of characters in the subdomain is to be determined. stateless

upper The number of uppercase characters. stateless

lower The number of lowercase characters stateless

numeric The number of numerical characters stateless

entropy Entropy of query name stateless
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special The number of special characters is defined as the number of characters that do | stateless
not conform to the standard alphanumeric set. These include the following:
Dashes, Underscores, Equals signs, Spaces, Tabs

labels The number of labels present in a given query can be determined by examining | stateless
the query name, which in the case of "www.scholar.google.com™ comprises
four labels separated by dots

labels_max The maximum length of a label stateless

labels_average The mean length of a label stateless

longest_word The longest meaningful word in a given domain, averaged over the domain | stateless
length

sld The second level domain stateless

len The length of the domain and subdomain stateless

subdomain It is irrelevant whether the domain in guestion has a subdomain or not stateless

The features used in this study were chosen to reflect the specific behaviour of DNS tunnelling attacks. For
example, features such as rr_name_entropy and rr_type_frequency were used to understand the distribution and
complexity of DNS requests. These features are critical for the detection of anomalies in DNS traffic. Random
Forest, K-Nearest Neighbour, K-Nearest Neighbour, Decision Trees and Extra Trees were chosen as classification
algorithms because these algorithms are known to give effective results in high dimensional datasets. In particular,
Random Forest and Extra Trees are preferred because they provide diversification and stability by using a tree
structure in large data sets.

2.2. Machine Learning Techniques and Classification Algorithms
2.2.1. Random Forest

Random forest (RF) classifiers are frequently used in the context of domain name system (DNS) security to identify
cyber threats [21]-[23]. These classifiers use data-driven techniques such as information gain and genetic
algorithms to analyse DNS queries and identify botnet attacks [21]. When combined with random sampling, RF
classifiers can be used to identify malicious actors based on their impact on passive traffic. Significant progress
has been made in terms of accurate identification, reducing training time and improving accuracy [22].
Furthermore, RF classifiers have been shown to be effective in distinguishing between legitimate and botnet traffic
in distributed denial of service (DDoS) attacks. In terms of its capacity to discriminate on the basis of quality and
its own processing time compared to other algorithms, this algorithm has shown superior performance [23].
Overall, RF classifiers play an important role in effectively identifying and mitigating various cyber threats,
thereby enhancing DNS security.

2.2.2.  K-Nearest Neighbour

K-Nearest Neighbours (KNN) classification is a widely used method in various applications, including intrusion
detection systems. The Distance Sum-based K-Nearest Neighbours (DS-KNN) approach, as discussed in [24],
improves the original KNN algorithm by computing the distance sum of k-nearest neighbours for improved
classification accuracy, detection rate and intrusion classification. Furthermore, a parameter-free KNN classifier
proposed in [25] adapts the value of k according to the data distribution, thus eliminating the need for manual
parameter tuning. Furthermore, K-nearest neighbour imputation methods such as Fast-K-nearest neighbour
imputation (FKNNI) in [26] demonstrate the effectiveness of KNN in rapid disease diagnosis by efficiently
handling missing data. Collectively, these studies demonstrate the versatility and effectiveness of KNN techniques
in various domains and demonstrate their potential for applications such as DNS tunnel detection.

2.2.3. Decision Trees

Decision tree classifiers have been used in a number of studies to classify DNS tunnels. For example, one study
proposed a fusion RF-LR model that combines random forest with logistic regression as the base learner using
leaf nodes of decision trees to effectively classify DNS tunnels [13]. Another research project focused on feature
reduction using genetic algorithm and decision tree classifier to accurately classify denial of service attacks in the
NSL-KDD dataset, thus demonstrating the importance of feature selection in classification tasks [27]. Furthermore,
one study highlighted the effectiveness of integrating a decision tree with support vector machines and logistic
regression to achieve an impressive %99.96 detection accuracy in identifying DNS tunnels based on key features
such as time interval, request packet size, record type and subdomain entropy [28]. These findings collectively
demonstrate the important role of decision tree classifiers in effectively detecting and classifying DNS tunnels for
cyber security purposes.
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2.2.4. Extra Trees

Extra Trees Classification, a variant of Random Forest, is a highly effective technique for detecting DNS tunnels
in network traffic. By extracting features from DNS data and training random forest classifiers, the researchers
were able to successfully distinguish normal DNS activity from tunnelling activity and detect both trained and
untrained tunnels with high accuracy [9]. Another study proposed a fusion RF-LR model combining random forest
and logistic regression to classify DNS tunnels based on domain characteristics [13]. This approach showed
superior accuracy, recall and stability compared to other algorithms. Furthermore, an effective DNS tunnel
detection mechanism was developed using features such as time intervals, packet sizes, record types and
subdomain entropy, and an impressive detection accuracy of %99.96 was achieved with Support Vector Machine,
Decision Tree and Logistic Regression models [28]. These studies collectively demonstrate the effectiveness of
machine learning algorithms, including Extra Tree Classification, in identifying DNS tunnels and improving
network security [29].

2.3. Performance Metrics

A confusion matrix is a table used in machine learning to visualise the performance of a classification model. It
compares actual and predicted values for different classes and consists of four main components: true positives,
true negatives, false positives and false negatives. The matrix is crucial for evaluating the effectiveness of
classification models as it provides information about model accuracy, precision, recall and F1 score. To address
the complexity of hierarchical classification problems, a hierarchical confusion matrix is introduced. This
confusion matrix allows traditional evaluation criteria to be adapted to hierarchical scenarios [30]. Furthermore,
alternative approaches such as the Prayatul Matrix have been proposed to compare supervised machine learning
models based on individual instances in datasets. The Prayatul Matrix offers a more detailed and insightful analysis
compared to traditional confusion matrix-based scores such as accuracy, precision and recall [31].

3. DISCUSSION AND RESULTS

In this study, Random forest, K-nearest neighbour, Decision trees and extra trees classification algorithms were
used on the CIC-Bell-DNS-EXF-2021 dataset. GridSearchCV was used to maximise the performance of the
classification algorithms. GridSearchCV aims to identify the best combinations through cross-validation over a
given grid of hyperparameters. The final hyperparameters were selected by evaluating the model on metrics such
as accuracy, F1 score and error rate. For example, for Random Forest, the max_depth parameter was limited
(max_depth=5) to prevent the model from overlearning. Other parameters such as min_samples_split and
min_samples_leaf were also optimised to increase the accuracy of the model while avoiding overfitting. As a
result, these selected parameters are suitable for optimally modelling both stateful and stateless traffic in the
dataset. CIC-Bell-DNS-EXF-2021 contains 323,698 heavy attacks, 53,978 light attacks, and 949,711 different
benign samples generated by leaking various file types from small to large, and 30 different attributes. The dataset
was trained on classification algorithms separately for stateful and stateless traffic. The performance of the
algorithms was measured in terms of accuracy.

Pre-processing steps were meticulously performed on the CIC-Bell-DNS-EXF-2021 dataset. Firstly, certain
columns in the dataset (e.g. timestamp) were removed to prevent the model from overlearning. These columns
may cause the model to overfit to specific instances in the dataset instead of improving its overall performance.
Also, NaN values have been replaced with 0, as these cases often imply missing data, and zeroing allows the model
to treat these cases in a neutral way. Repetitive rows were also removed from the dataset because such data can be
misleading in the learning process of the model. The training and test data were split into 80% training and 20%
testing to maximise the diversity and generalisability of the dataset. Table 2 shows the numerical attributes of the
traffic with and without state before training.

Table 2. Attributes Used

Stateful Attributes rr, A_frequency, NS_frequency, CNAME_frequency, SOA_frequency,
NULL_frequency, PTR_frequency, HINFO_frequency, MX_frequency,
TXT_frequency, AAAA_frequency, SRV_frequency, OPT_frequency, rr_count,
rr_name_entropy, rr_name_length, distinct_ns, a_records, ttl_mean, ttl_variance,
label

Stateless Attributes FQDN_count, subdomain_length, upper, lower, numeric, entropy, special, labels,
labels_max, labels_average, len, subdomain, label
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As a result of hyperparameter optimisation with GridSearchCV for stateful and stateless DNS traffic, the
parameters in Table 3 were found.

Table 3. Hyperparameters for Stateful and Stateless DNS Traffic
Machine Learning
Algorithm

Parameters (Stateful)

{'max_depth"5, 'max_features'log2', 'min_samples_leaf':4, 'min_samples_split". 10,

Random Forest 'n_estimators': 50}

K-Nearest . - - . A N e :
Neighbour {'metric": 'manhattan’, 'n_neighbors': 4, 'weights': 'uniform'}
Decision Trees {'criterion’:'gini', 'max_depth":2, 'min_samples_leaf":1, 'min_samples split':2}

{‘max_depth’ : ‘None’, ‘min samples leaf” : 4, ‘min samples split® : 10,

Extra Trees ‘n_estimators’ : 50}

Machine Learning

Algorithm Parameters (Stateless)

{'max_depth": None, 'max_features": 'sqrt’, ‘min_samples_leaf": 1, 'min_samples_split":

Random Forest 2, 'n_estimators': 50}

K-Nearest . TR - ; . Wai . '

Neighbour {'metric": 'euclidean’, 'n_neighbors": 10, ‘weights": 'distance'}

Decision Trees {'criterion’:'gini', 'max_depth":2, 'min_samples_leaf":1, 'min_samples_split':2}

Extra Trees {'max_depth": None, 'min_samples_leaf": 1, 'min_samples split": 5, 'n_estimators": 50}

As a result of the classification with the hyperparameters found for the algorithms, K-nearest neighbour, Decision
trees, Random forest and Extra trees achieved %99.68, %99.74, %99.71 and %99.74 accuracy rates for DNS traffic
with state. For stateless DNS traffic, K-nearest neighbour %93.94, Decision trees %93.95, Random forest %93.95
and Extra trees %93.95. The complexity matrices of the classification algorithms are given in Figure 2 and Figure
3.

KNeighborsClassifier DecisionTreeClassifier
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0 1 0 1
RandomForestClassifier EkstraTreesClassifier
20000 20000
o S ° 0
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- 10000 - 10000
i 57 3 i 60 0
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Figure 2. Confusion matrices of classification algorithms with stateful traffic

67



Enes ACIKGOZOGLU, Yalva¢ Akademi Dergisi, 9-2 (2024) 61-70

KNeighbaorsClassifier DecisionTreeClassifier

80000 80000

0.00% 0.00%

60000 60000

- 40000 - 40000
| 5953 0 | 5953 0
- 6.05% 0.00% - 20000 - 6.05% 0.00% - 20000
| ! -0 | ! -0
0 1 0 1
RandomForestClassifier EkstraTreesClassifier

80000 80000

0.00% 0.00%

60000 60000

- 40000 - 40000
| 5953 0 | 5953 0
- 6.05% 0.00% - 20000 - 6.05% 0.00% - 20000
| . -0 | . -0
[ 1 [ 1

Figure 3. Confusion matrices of classification algorithms with stateless traffic
Table 4 shows the accuracy values obtained for stateful and stateless traffic.

Table 4. Accuracy Rates of Algorithms

Algoritma Statefull Stateless
Random Forest %99.71 9%93.95
K-Nearest Neighbour %99.68 %93.95
Decision Trees %99.74 %93.95
Extra Trees %99.74 %93.95

4. CONCLUSION

The research presented in this paper presents an evaluation of machine learning algorithms for the detection of
DNS tunnelling attacks using the CIC-Bell-DNS-EXF-2021 dataset. Experimental results show that machine
learning algorithms, in particular Random Forest, K-Nearest Neighbour, Decision Trees and Extra Tree classifiers,
exhibit high accuracy in identifying both stateful and stateless DNS traffic anomalies. Hyperparameter
optimisation via GridSearchCV further improves the performance of these models.

For stateful traffic, the accuracy of the classifiers is very high, with Decision Trees and Extra Trees achieving the
best results with 99.74%. Stationary traffic also showed respectable, albeit slightly lower, accuracy rates, with all
tested algorithms converging at around 93.95%. This difference highlights the inherent complexity of detecting
DNS tunnelling in stateless traffic compared to stateful traffic.

The findings underline the critical role of feature selection and hyperparameter tuning in optimising machine
learning models for cyber security applications. The use of comprehensive datasets such as CIC-Bell-DNS-EXF-
2021 allows for robust evaluation of detection techniques, ensuring that models are both effective and reliable.

In conclusion, this study highlights the potential of machine learning algorithms to improve DNS security by

effectively detecting DNS tunnelling attacks. The high accuracy rates obtained demonstrate the applicability of
these models in real-world scenarios, thus contributing to stronger cybersecurity defences against sophisticated
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data exfiltration methods. Future research could focus on integrating these models into broader security
frameworks and exploring their performance in different network environments.
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Ozet: Orman kaynaklarmin topluma sagladig1 faydalar ekonomik, sosyal ve ekolojik agidan oldukca fazladur.
Ormancilikta temel amag topluma en yiiksek faydayi saglamaktir. Tiirkiye Cumhuriyeti Anayasasi’nda ve Orman
Kanunu’nda orman alanlarinin kamu yarar1 ve zaruret durumunda ormancilik dis1 amaglarla kullanilmasina izin
verilmektir. Bu ¢aligmada, orman alanlarinin ormancilik dis1 kullanilmasina yonelik uygulamalarin ormancilik ve
kamu yarar1 agisindan olumlu ve olumsuz yanlar1 degerlendirilmistir. Arastirma materyal olarak Malatya Orman
Isletme Miidiirliigii biinyesinde orman miihendisi, orman teknikeri ve daimi orman iscisi kadrosunda calisan 25
kisi ile yapilan anketlerden elde edilen veri ile konuyla ilgili literatiirden yararlanilmistir. Anket formunda yer
alan 25 6nermeyi katilimcilarin yas, cinsiyet ve 6grenim durumunun istatistiki olarak etkileyip etkilemedigi Mann-
Whitney U ve Kruskal Wallis H testleri ile analiz edilmistir. Ayrica arastirma degiskenleri frekans ve yiizde
tablolari ile betimlenmistir. Sonug olarak katilimcilara gére ormanlarin ormancilik disi faaliyetlere sagladigi kamu
yararinin sadece ekonomik yarar olarak degerlendirilmemesi ve orman ekosistemlerinin ormancilik dist
kullaniminin yarattig1 sonuglarin tiim boyutlariyla degerlendirilmesinin gerekli oldugu ortaya ¢ikmugtir.

Anahtar Kelimeler: Orman Ekosistemleri, Orman Alanlari, Ormancilik Dis1 Kullanim, Izin, Irtifak Hakka.

EVALUATION OF PRACTICES FOR NON-FORESTRY USE OF FOREST AREAS: A CASE STUDY
ON MALATYA PROVINCE

Abstract: The benefits of forest resources to society are quite high in economic, social and ecological terms. The
main purpose of forestry is to provide the highest benefit to society. In the Constitution of the Republic of Turkey
and the Forest Law, the use of forest areas for public benefit and non-forestry purposes in case of necessity is
permitted. In this study, the positive and negative aspects of the practices regarding the non-forestry use of forest
areas were evaluated in terms of forestry and public benefit. As research material, the data obtained from the
surveys conducted with 25 forest engineers, forest technicians and permanent forest workers within the Malatya
Forest Management Directorate and the related literature were used. The statistical effect of the age, gender and
education status of the participants on the 25 propositions in the survey form was analyzed with Mann-Whitney U
and Kruskal Wallis H tests. In addition, the research variables were described with frequency and percentage
tables. As a result, it was revealed that according to the participants, the public benefit provided by forests for non-
forestry activities should not be evaluated only as economic benefit and that the results created by the non-forestry
use of forest ecosystems should be evaluated in all dimensions.

Keywords: Forest Ecosystems, Forest Areas, Non-Forestry Use, Permits, Easements.
1. GiRiS

Orman insanoglu igin 6nemli bir yenilenebilir dogal kaynaktir. Gegmisten giiniimiize omman farkli sekillerde
tanimlanmustir. Orne@in orman “iginde barindirdig1 varliklarla bir yasam birligi olarak” tanimlannugtir [1, 2].

Ormanlar, Osmanli Imparatorlugu’nun 6zellikle Tanzimat Déneminde askeri ve kamusal ihtiyaglarin karsilanmasi
icin 6nemli bir kaynak olarak goriilmiistiir. Ayrica, 0 zamanki devlet anlayiginin geregi olarak ormanlardan halkin
ihtiyaglarini iicretsiz olarak karsilayabilecegi kabul edilmistir [3].

Her ne kadar ormanlar gegmiste toplumun sadece odun ihtiyacini kargilamaya yarayan alanlar olarak degerlendirilse
de giiniimiizde ormanlarin birgok fonksiyona sahip oldugu ve bu fonksiyonlarin insan hayatinda 6énemli bir yeri
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oldugu gorilmiistiir. Ormanlarin iilkemizde 6nemli fonksiyonlarindan biri de kirsal kalkinmaya sagladig:
hizmetlerdir. Sayisiz ekolojik ve ekonomik katkilarmin yaninda, her yil binlerce orman kdyliisiine is ve istihdam
yaratmakta, lilke ekonomisine katma deger saglamakta, ormancilik dist kullanimlara iligkin yasal diizenlemelerle
de kamu yararma imkan taniyan hizmetler sunmaktadir [4]. Ormancilikta temel amag topluma maksimum fayda
saglamaktir. Bu fayda fonksiyonlari arasinda kamu yarari agisindan gegmisten giiniimiize g¢esitli anlayislar ortaya
cikmis, ¢esitli uygulamalar yapilmistir. Diinya tarihinin her déneminde toplumlarin ihtiyaglarmi karsilayan
ormanlar, 1970 yilina gelindiginde “Sosyal Ormancilik” kavramiyla yeniden kendine diinya giindeminde yer
bulmus, 1978 yilinda “Insanlar i¢in Ormancilik” sloganiyla Diinya Bankasi ve Birlesmis Milletler Gida ve Tarim
Teskilat1 yok olma tehlikesi i¢inde bulunan tropik ormanlarin 6nemini tiim diinyaya duyurmustur [5]. Tiirkiye
Cumhuriyeti Anayasasi’nin 169. maddesi, ormanlarin kamu yararina kullanilmasini emretmektedir. 6831 sayili
Orman Kanunu'nun 17 maddesinin 3. fikrasinda, kamu yarar1 ve zaruret durumunda ormanlik alanlarin
kullanilmasina izin verilebilecegi ifade edilmektedir [6].

Orman alanlarinin ormancilik dig1 amaglarla kullanilabilecegini belirten ¢ok sayida kanun bulunmaktadir: 6831
Sayili Orman Kanunu, 2634 Sayili Turizmi Tesvik Kanunu ve 7269 Sayili Umumi Hayata Miiessir Afetler
Dolayistyla Alinacak Tedbirlerle Yapilacak Yardimlara Dair Kanun. 6831 Sayili Orman Kanunu’nun 16., 17., 18.
ve 115. maddelerinde orman alanlarinin ormancilik dis1 amaglarla kullanilabilecegi ifade edilmektedir. Adi gegen
kanunun belirtilen maddelerinde bu amaglar; 16. Maddesinde “madenlerle ilgili arama ve isletme izinlerine dair is
ve iglemler ”, 17. Maddesinin 3. Fikrasinda “savunma, ulagim, haberlesme, su, atik su, altyapi, kat1 atik bertaraf
ve diizenli depolama tesisleri ile sokak hayvanlar1 bakimevi ve mezarliklar gibi devlet saglik, egitim ve spor
tesisleri i¢in izinler, yine bu kapsamda enerji iiretimi ve iletimi i¢in gerekli olan sahalar ve baraj goletleri, riizgar
ve glines enerji santralleri, hidroelektrik santralleri, termik santraller, petrol ve dogalgaz tesisleri ve niikleer gii¢
santralleri gibi yatirnmlar” 18. Maddede “odun komiirii ocaklarina verilecek izinler”, 115. Maddesinde “Maliye ile
Tarim ve Orman Bakanliklarinin iznine tabi olan devlet ormanlari {izerinde kamu yararina yapilacak her tiirlii yap1
ve tesisler i¢in irtifak haklari, Turizmi Tesvik Kanunu'nun 8. maddesi geregince verilen izinler” seklinde
belirtilmistir.

Ayrica 7269 sayili Umumi Hayata Miessir Afetler Dolayisiyla Alinacak Tedbirlerle Yapilacak Yardimlara Dair
Kanunun 10. maddesi ve 6831 sayili Orman Kanunu’nun 17. maddesinin 3’tincii fikrasi hitkiimlerine gore, “Devlet
ormanlari, kamu yarar1 gozetilerek afet bolgesinde bulunan kamu kurum ve kuruluslari ile dogal afete maruz kalan
afetzedelerin iskAnimin temini i¢in Bayindirlik ve iskdn Bakanligina 49 y1l siire ile bedelsiz olarak tahsis edilebilir”
ibaresi gore verilen izinler de bulunmaktadir.

Kamu yarar1 kavrami, topluma fayda saglayacak uygulamalarin ortaya ¢ikmasini ifade eder. Bu anlamda,
toplumun huzur ve refahint artirmay1 amacglayan faaliyetler kamu yararina girer. Dolayisiyla, eger bir faaliyet
toplumun ¢ogunluguna katki sagliyorsa, bu faaliyet kamu yararma olarak degerlendirilebilir [7]. Orman
kaynaklarindan topluma saglanan faydalarin tamaminda "kamu yarar1" bulunmaktadir. Ancak giiniimiizde orman
ekosistemlerinin kullaniminda, ¢esitli diger faaliyetlere izin verilmekte ve bu faaliyetlerin gergeklestirilmesinde
de "kamu yarar1" oldugu o6ne siiriilmektedir. Gengay (2010), ormanlarin ve orman kaynaklarinin kullaniminda
ihtiyag 6nceliginin bazen ormanlarin lehine, bazen de aleyhine sonuglanabilecegini belirtmistir [8]. Yine, Tolunay
ve Korkmaz (2004), giiniimiizde, orman ekosistemlerinin kullaniminda ¢esitli faaliyetlere izin verilmekte ve bu
faaliyetlerin gerceklestirilmesinde de "kamu yarar1" iddia edildigini belirtmistir [9]. Olgun ve Tolunay (2018),
giin gectikge gelisen ve degisen sartlarda, altyapi tesisleri ve sektorel yatirimlar i¢in yeni yatirim alanlarina ihtiyag
duyuldugunu ve bununda paralel olarak da ormanlik alanlardan izin taleplerinin artmasina neden oldugunu
agiklamustir [10].

Orman igerisinde yerlesim yeri tahsisi ve irtifak hakki gibi konular bircok makale, tez, doktrin, mevzuat
caligmalarina konu olmus, pek ¢ok tartismanin i¢inde kendini bulmustur. Bu konuda farkli goriislerin olmasi da
yasamin dinamizmine ayak uydurma konusunda ormanlarin sagladigi yararlarin degiskenlik gdstermesine sebep
olmaktadir. Bu ¢alismada da bu konunun uygulama siirecinde yer alan bir grubun goriisleri dogrultusunda
ormancilik ve orman ekosistemi acisindan etkileri arastirilmistir.

2. MATERYAL VE YONTEM

2.1. Materyal

Aragtirmanin en énemli materyali yapilan anketlerden elde edilen verilerdir. Ayrica konuyla ilgili literatiirden de
yararlanilmigtir. Anket formunda katilimcilarin demografik 6zellikleri ile ilgili (yas, cinsiyet ve egitim durumlari)

3 adet soru ve 25 adet dnerme mevcuttur. Onermelere verilecek cevaplar 5°li likert dlgegine gore diizenlenmis
olup; “Tamamen Katilmiyorum”; “Katilmiyorum”, “Fikrim Yok”, ‘“Katiliyorum”, “Tamamen Katiliyorum”
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seklindedir..

Anket formundaki énermeler ile Malatya Orman Isletme Miidiirliigii’nde orman miihendisi, orman teknikeri ve
daimi orman is¢isi olarak ¢alisan personelin ormancilik dis1 uygulamalara yonelik goriisleri elde edilmistir.

Calismanin ana kiitlesi s6z konusu Orman Isletme Miidiirliigii biinyesinde calisan 25 kisi olup, anketler yiiz yiize
goriisme teknigi ile gergeklestirilmistir. Bu ¢alisma kapsaminda ana kiitlenin %100’{ine ulagiimastir.

Tablo 1: Aragtirma Degiskenleri

£ =

= cs| 5| x| E c E
% ) S5 | 5| E | g&
£ Onermeler sz | zl el 3 S
= c g E|C| = E =
= SE|E|X| & |85
') PSS | FE

Ulkemiz de hukuksal olarak “Orman” sayilan yerlerin ormancilik
1 dist  amagclarla  kullanilmasina  yonelik  diizenleme ve

uygulamalarin orman ekosistemlerine herhangi bir bicimde zarar
vermemesi tiimilyle rastlantisaldir.

Orman ekosistemlerini etkileyebilecek etkinliklerin yalnizca

2 gergeklestirildigi yerlerle sinirli olarak, degerlendirilmesi, ¢ogu
durumda dogru sonuglar vermez.

Hukuksal diizlemlerdeki kars1 durus, engelleme c¢abalarinin
3 yalmzca hukuka uygunluk temeline indirgenmesi, kesinlikle
asilmas1 gereken bir olumsuzluktur.

Orman ekosistemlerinin varhigi ve yoklugu, niteligi ve niceligi
tim canlilar1 dogrudan ve dolayli olarak etkileyebilir; her tiirli
4 digsal  olusumdan etkilenebilir, Bu nedenle, orman
ekosistemlerinin etkisine ve etkilenmesine ekolojik sinirlar
getirmek anlamsizdir; dahasi, olanaksizdir.

Orman ekosistemlerini etkileyen nedenlerin, etkilerin niteliginin
ve boyutlarmin, etkilerin olasi sonuglarinin tim boyutlariyla
5 belirlenebilmesi, birbirinden ayrigtirilabilmesi her durumda
olanakli degildir; ayrica, s6z konusu etkilerin sonuglari kisa
zamanda ortaya ¢ikmaz.

Orman ekosistemlerinin  yonetilmesine yonelik her tiirli
etkinligin hem zaman hem de yersel olarak ¢ok boyutlu, biitiinsel
ve dinamik bir yaklasimla planlanmasi; tiim ¢alismalarin
kesinlikle bu planlara gore yiiriitiilmesi; hazirlanan planlarin
keyfi gerekgelerle degistirilmemesi yasamsal, hi¢bir gerekgeyle
g6z ardi edilemeyecek bir zorunluluktur.

Ulkemizde “Orman” say1lan yerlerin yénetimine iliskin planlama
caligmalar1 yerel diizeyde yiiriitiilmektedir, Uygulamalari, bu
kapsamda yerel diizeydeki planlama c¢aligmalarmi da
yonlendirebilecek, arazi temelli tilkesel ekolojik, ekonomik ve
toplumsal temelli planlama ¢alismalariyla islevsel olarak
tiimlesik sektorel planlar ise, hazirlanmamaktadir.

Ulkemizdeki orman ekosistemlerinin tiimiine yakin bir kesimi
dogal, dolayisiyla kamusal varliklar; yine tiimiine yakin bir
kesimi devlet miilkiyetindedir; 1982 Anayasasimin bile 169,
8 maddesine gore “Devlet Ormani” sayilan yerler ve orman
ekosistemleri devlet tarafindan isletilir; ek olarak, kimin
miilkiyetinde olursa olsun “orman” sayilan yerler devletin
gbzetimi altinda kalmalidir.

“Orman” sayilan yerlerde yalnmzca “Devlet ormanlari iizerinde
bulunmasi veya yapilmasinda kamu yarar1 ve zaruret olmasi”

9 kosuluyla ormancilik dig1 yatirnmlara verilebilecek izinlerde,
ekonomik yarar 6n planda olmalidir.
10 “Orman” sayilan yerlerde verilebilecek izinlerle ilgili islemler
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sirasinda “kamu yarar1 ve zaruret olup olmadig1 hususu; faaliyetin
orman sinirlart diginda gergeklestirilmesi imkanmm bulunup
bulunmadiginin kimler tarafindan hangi 6lgiitler/tanimlar temel
alinarak nasil irdelenip belirlenebilecegi hakkinda bir agiklama
getirilmelidir.

Orman sinirlar iginde kuluckahane, havuz gibi balik iiretimine
11 yonelik tesislerle birlikte kurulmasi zorunlu bekg¢i kuliibesi,
yatakhane, depo, idari biiro gibi gecici tesislere de izin verilebilir
Baraj, golet, gol ve deniz yiizeyinde yapilan balik iiretimi ile ilgili
12 olarak ormanlik alanda bekgi kuliibesi, depo, ag serme yeri ve
kulugkahane yapimina izin verilebilir

“Ormancilik Biirolar1” kapsaminda girketler de sayilarak “orman”
13 sayilan yerlerde ormancilik dis1 etkinlikler igin izin verilmesi
uygulamasi hedef Kitleyi genisletmistir.

“Izin sahalarmin kontrolii” ile ilgili is ve islemleri diizenleyen
maddeye gore;“ Bolge miidiirliigii izin sahalarinin kontroliini

14 biitce Odenekleriyle smirli olmak kaydiyla serbest yeminli
ormancilik biirolarina da yaptirabilir.
15 “Izne konu tesislerin Kiraya verilmesi” dogrudur.
“Bedelsiz izinlerin 6zellestirme uygulamalar1 kapsaminda igletme
16 o
hakkinin devri” uygundur.
“Bedelli izinlerin 6zellestirme uygulamalari kapsaminda igletme
17 -
hakkinin devri” uygundur.
18 “Bedelsiz izinlerin yap-islet-devret modeli ile yaptirilmasi”
uygundur.
19 “Bedelli izinlerin yap-islet-devret modeli ile yaptirilmasi”
uygundur.
20 “Kiralama, isletme hakki devri, yap-islet-devret modeli ile
yaptirilan mevcut izinler” uygundur.
21 “Kamu o6zel is birligi modeli cercevesinde saglik ve egitim

tesislerine verilen izinler ve {ist hakki kurulmasi” uygundur.
“Kamu kurum ve kuruluslarma verilen bedelli izinlere konu
22 tesislerin yap-islet-devret modeli esas alinarak yaptirilmasi ve
islettirilmesi” uygundur.

“Agaglandirma bedeli”, madencilik etkinlikleriyle orman
ekosistemi kaldirilan yerlerin “Agaclandirilmasi igin yapilacak
giderlerin karsihigr” iken “izin verilen alan {izerinden”

23 hesaplanacak ve “bir defaya mahsus aliacak” bedele
dontistiiriilmiistiir;  boylece,  yatinmcinin  agaglandirma
yiikiimliiliigii hafifletilmesi amaglanmisgtir.

24 Orman ekosistemlerinde de “aramada isletme izni” getirilmesi

dogrudur.

“Rehabilitasyon projesi” tanimlanirken temel alinacak islemler
“rehabilite” islemlerinin kapsaminda sayilmamis; yapilacak
25 islemler agaglandirma ve silvikiltiir teknikleri kullanilarak
cevreye uyumlu hale getirilmesi islemine” indirgenmis; boylece
bu caligmalarin icerigi iyiden iyiye belirsizlestirilmistir.

2.2. Yontem

Oncelikle 28 arastirma degiskeni frekans ve yiizde tablolar: ile betimlenmistir. Ardindan katilimeilarin yas,
cinsiyet ve 6grenim durumunun 25 nermenin onaylanmasi bakimindan fark yaratip yaratmadigini belirlemek i¢in
glivenilirlik analizi uygulanmistir. Yapilan bu testlerde Cronbach’s Alpha katsayis1 0,728 bulunmus olup 6l¢egin
giivenilir oldugunu gostermektedir [11].

Anket formundaki 25 6nerme normallik kosulu saglamadigindan istatiski degerlendirme parametrik olmayan
testlerden Mann-Whitney U testi ve Kruskal Wallis H testi ile veriler analiz edilmistir.

Mann-Whitney U testi normal dagilim géstermeyen iki grubun ortalamalarini karsilagtirmak amaciyla kullanilan
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non-parametrik bir yontemdir. Kruskal Wallis H testi ise normal dagilim {i¢ veya daha fazla sayida grubun
ortalamalar1 arasindaki farkliligin anlamliligini test edilmektedir [11]. Bu testlerde katilimcilarin cinsiyetlerine
gore Mann-Whitney U testi, yas gruplarn ve egitim durumlarma gore de Kruskal Wallis H Testi ile goriis
farkliliklarinin arastirilmas istatiksel olarak irdelenmistir.

3. BULGULAR VE TARTISMA
3.1. Katihmecilarin Demografik Ozellikleri

Goris bildiren katilimeilarin cinsiyet, yas ve egitim durumlari Tablo 2, Tablo 3 ve Tablo 4’te verilmistir.
Tablo 2. Katilimeilarin cinsiyet bilesimi

Cinsiyet Frekans Yiizde
Kadin 6 24.0
Erkek 19 76.0

Tablo 1’e gore katilimcilarin %76’s1 erkek iken %24’i kadindir. Tiim ormancilik sektdriinde oldugu gibi Malatya
Orman Isletme Miidiirliigii'nde erkek calisanlarin oran1 kadinlara gore oldukea fazladir.

Tablo 3. Katilmcilarin yas bilesimlerine iligkin bulgular

Yas Arahgi Frekans Yiizde
20-29 4 16.0
30-39 8 32.0
40-49 7 28.0
50-59 5 20.0

60 ve iistii 1 4.0
Toplam 25 100.0

Tablo 2’e gore katilimcilarin yas bilesimi incelendiginde, %16’siin 20-29 yas arasi, %32’sinin 30- 39 arasi,
%28’inin 40-49 yas aras1, %20’sinin 50-59 yas arasi, %4’tiniin 60 yas ve istii oldugu goriilmektedir. Bu durumda
aragtirmada yer alan katilimeilarin %80°1 30-60 yas araliginda bulunmaktadir.

Tablo 4. Katilimcilarin egitim durumu bilesimi

Egitim Frekans Yiizde
Ortaokul 1 4.0
Lise 2 8.0
Lisans 20 80.0
Yiiksek Lisans 2 8.0
Toplam 25 100.0

Tablo 3 incelendiginde, %4 iiniin ortaokul, %8’inin lise, %80’inin lisans, %8’inin yiiksek lisans diizeyinde egitime
sahip oldugu goriilmektedir. Bu sonuglara gore aragtirmada yer alan katilimcilarin %88’1 lisans ve lisansiistii egitim
derecesine sahiptir.

3.2. Arastirma Kapsaminda Olusturulan Onermelere iliskin Goriisler

Katilimcilarin anket formundaki 25 6nermeye onaylama diizeyleri Tablo 5’te verilmistir.

Tablo 5. Arastirma kapsaminda olusturulan dénermelere iligkin goriigler

e _
NS e
< £ « X
sg | |3 |§ S 3
o | = S| T 5~ € s
nermeler T o =R N > X T =
SE | E% (5% (5% |k
- 3 i v =z
s | 8
e
Onerme 1 24 48 4 16 8
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Onerme 2 8 28 8 40 16
Onerme 3 0 28 16 32 24
Onerme 4 12 12 8 36 32
Onerme 5 0 12 12 52 24
Onerme 6 12 16 4 36 32
Onerme 7 4 16 32 36 12
Onerme 8 0 4 4 48 44
Onerme 9 0 32 32 32 4
Onerme 10 0 4 8 48 40
Onerme 11 12 20 12 44 12
Onerme 12 0 4 32 56 8
Onerme 13 16 28 24 20 12
Onerme 14 0 28 12 36 24
Onerme 15 8 32 4 48 8
Onerme 16 24 48 16 8 4
Onerme 17 24 28 16 24 8
Onerme 18 28 36 16 20 0
Onerme 19 20 44 20 36 8
Onerme 20 12 24 20 36 8
Onerme 21 8 20 16 40 16
Onerme 22 12 20 12 40 16
Onerme 23 4 20 12 56 8
Onerme 24 12 28 20 32 8
Onerme 25 8 20 12 32 28

Tablo 5 incelendiginde asagidaki sonuglara ulasilmaktadir:

Onerme 1: Arastirmaya katilanlarin %72’si “Ulkemiz de hukuksal olarak ‘Orman’sayilan yerlerin ormancilik dist
amaglarla kullaniimasina yonelik diizenleme ve uygulamalarm orman ekosistemlerine herhangi bir bigimde zarar
vermemesi tiimiiyle rastlantisaldir” dnermesine katilmazken, %240 katilmis ve %4’ fikrinin olmadigini beyan
etmistir.

Onerme 2: “Orman ekosistemlerini etkileyebilecek etkinliklerin yalnizca gerceklestirildigi yerlerle simirh olarak,
degerlendirilmesi, ¢ogu durumda dogru sonuglar vermez” 6nermesine %56’ katilirken, aragtirmaya katilanlarin
%36’s1 bu 6nermeye katilmamistir.

Onerme 3: “Hukuksal diizlemlerdeki karsi durus, engelleme c¢abalarimin yalnizea hukuka uygunluk temeline
indirgenmesi, kesinlikle asilmasi gereken bir olumsuzluktur” 6nermesine %56’s1 katilirken, %28’1 katilmamigtir.

Onerme 4: “Orman ekosistemlerinin variigi ve yoklugu, niteligi ve niceligi tiim canlilar: dogrudan ve dolayli olarak
etkileyebilir; her tiirlii dissal olusumdan etkilenebilir, bu nedenle, orman ekosistemlerinin etkisine ve etkilenmesine
ekolojik sinirlar getirmek anlamsizdir” 6nermesine %681 katilirken, %24l bu 6nermeye katilmamigtir.

Onerme 5: “Orman ekosistemlerini etkileyen nedenlerin, etkilerin niteliginin ve boyutlarinin, etkilerin olasi
sonug¢larmmin tiim  boyutlariyla belirlenebilmesi, birbirinden ayristirilabilmesi her durumda olanakiy degildir,
ayrica, séz konusu etkilerin sonuglar: kisa zamanda ortaya ¢irkmaz” dnermesine aragtirmaya katilanlarin %76’s1
katilmis, %12’si katilmamastir.

Onerme 6: “Orman ekosistemlerinin yonetilmesine yénelik her tirlii etkinligin hem zaman hem de yersel olarak
cok boyutlu, biitiinsel ve dinamik bir yaklasimla planlanmasi; tim ¢alismalarin kKesinlikle bu planlara gore
yiiriitillmesi; hazirlanan planlarin keyfi gerekcelerle degistirilmemesi yasamsal, hi¢hbir gerekceyle goz ardi
edilemeyecek bir zorunluluk olmasi” dnermesine %68’1 katilmisg, %28’1 katilmamis ve %4’ii fikrinin olmadigim
beyan etmistir.

76



Erman KARAHAN, Tiirkay TURKOGLU, Ahmet TOLUNAY, Yalvac Akademi Dergisi, 9-2 (2024) 71-80

Onerme 7: “Ulkemizde ‘Orman’ sayilan yerlerin yonetimine iliskin planlama ¢alismalar: yerel diizeyde
yiirtitiilmektedir, uygulamalar, bu kapsamda yerel diizeydeki planlama ¢alismalarini da yonlendirebilecek, arazi
temelli iilkesel ekolojik, ekonomik ve toplumsal temelli planlama ¢alismalariyla islevsel olarak tiimlesik sektiorel
planlar ise, hazirlanmamaktadir” 6nermesine %481 katilirken, %32’si fikri olmadigini ve %20’si katilmadigimi
belirtmistir.

Onerme 8: “Ulkemizdeki orman ekosistemlerinin tiimiine yakin bir kesimi dogal, dolayisiyla kamusal varhiklar;
yine tiimiine yakin bir kesimi devlet miilkiyetindedir, 1982 Anayasasmn bile 169, maddesine gore ‘Devlet Ormant’
sayilan yerler ve orman ekosistemleri devlet tarafindan isletilir; ek olarak, kimin miilkiyetinde olursa olsun
‘Orman’ sayilan yerler devletin gozetimi altinda kalmalidr” O6nermesine aragtirmaya katilanlarin % 92’si
katilmastir.

Onerme 9: “Orman sayilan yerlerde yalnizca ‘Devlet ormanlart iizerinde bulunmasi veya yapilmasinda kamu
yarari Ve zaruret olmasi’ kosuluyla ormancilik disi yaturimlara verilebilecek izinlerde, ekonomik yarar 6n planda
olmalidr” dnermesine %32°1 katilmamis, %32’si bu 6nermeye katilirken, %’ fikrinin olmadigini beyan etmistir.

Onerme 10: “Orman sayilan yerlerde verilebilecek izinlerle ilgili islemler sirasinda ‘kamu yarar: ve zaruret olup
olmadigi hususu; faaliyetin orman simirlart disinda gergeklestirilmesi imkdninin bulunup bulunmadigmin’ kimler
tarafindan hangi olgiitler/tamimlar temel alinarak nasil irdelenip belirlenebilecegi hakkinda bir agiklama
getirilmelidir ” 6nermesine arastirmaya katilanlari %88’ katilmistir.

Onerme 11: "Orman sumrlart iginde kuluckahane, havuz gibi balik iiretimine yonelik tesislerle birlikte kurulmas:
zorunlu bekgi kuliibesi, yatakhane, depo, idari biiro gibi gecici tesislere de izin verilebilmesinin uygun olacagi”
gorlisiine %66°s1 katildigini, %32’si ise katilmadigini belirtmistir.

Onerme 12: “Baraj, golet, g6l ve deniz yiizeyinde yapilan balik iiretimi ile ilgili olarak ormanlik alanda bekci
kuliibesi, depo, ag serme yerive kuluckahane yapimina izin verilebilir ” 6nermesine %641 katilirken, %321 fikrinin
olmadigini beyan etmistir.

Onerme 13: “Ormancilik Biirolar: kapsaminda sirketler de sayilarak ‘orman’ sayilan yerlerde ormancilik disi
etkinlikler igin izin verilmesi uygulamas: hedef Kitleyi genisletmistir” 6nermesine %44’ katilmazken, %32’si
katilmis ve %24’ fikrinin olmadigini beyan etmistir.

Onerme 14: “Izin sahalarinin kontrolii ile ilgili is ve islemleri diizenleyen maddeye gore; Bélge miidiirliigii izin
sahalarimin kontroliinii biitce ddenekleriyle sumirli olmak kaydila serbest yeminli ormancilik biirolarina da
yaptirabilir” 6nermesine arastirmaya katilanlarin %28’i bu 6nermeye katilmazken, %601 katilmis ve %12’si
fikrinin olmadigini belirtmistir.

Onerme 15: “Izne konu tesislerin kiraya verilmesi dogrudur” énermesine %56’s1 katilirken, %40°1 katilmamustir.

Onerme 16: “Bedelsiz izinlerin ézellestirme uygulamalar: kapsaminda isletme hakkinin devri uygundur ” gériisiine
arastirmaya katilanlarin %72’si katilmazken, %12’si katilmig ve %16°s1 fikrinin olmadigin1 belirtmistir.

Onerme 17: “Bedelli izinlerin ézellestirme uygulamalar kapsaminda isletme hakkinin devri uygundur” goriisiine
%352’si katilmazken, %32’si katilmustir.

Onerme 18: “Bedelsiz izinlerin yap-islet-devret modeli ile yaptirilmas: uygundur ” nermesine %64°ii katilmazken,
%201 katilmis ve %16°s1 fikrinin olmadigini beyan etmistir.

Onerme 19: “Bedelli izinlerin yap-islet-devret modeli ile yaptirilmast uygundur” dnermesine %641 katilmazken,
%28’s1 katilmig ve %8’i fikrinin olmadigini beyan etmistir.

s

Onerme 20: “Kiralama, isletme hakki devri, yap-islet-devret modeli ile yaptirilan meveut izinler uygundur
goriisiine aragtirmaya katilanlarin %36°s1 bu 6nermeye katilmazken, %441 katilmis ve %20°si fikrinin olmadigini
beyan etmistir.

Onerme 21: “Kamu dzel is birligi modeli cercevesinde saglik ve egitim tesislerine verilen izinler ve idist hakk
kurulmasi uygundur ” goriisiine %28’ katilmazken, %56°s1 katilmig ve %16°si fikrinin olmadigin1 belirtmistir.

Onerme 22: “Kamu kurum ve kuruluslarina verilen bedelli izinlere konu tesislerin yap-islet-devret modeli esas
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alinarak yaptirdmasi ve islettirilmesi uygundur” goriisiine aragtirmaya katilanlarin %56°s1 katilmis, %32’i bu
onermeye katilmazken, %12’s1 fikrinin olmadigini beyan etmistir.

Onerme 23: “Agaclandirma bedeli, madencilik etkinlikleriyle orman ekosistemi kaldirilan  yerlerin
‘Agaclandiriimast icin yapilacak giderlerin karsiligi’ iken ‘Izin verilen alan idizerinden’ hesaplanacak ve ‘bir
defaya mahsus alinacak’ bedele doniistiiriilmiistiir; boylece, yatirimewmun agaglandirma yiikiimliliigii hafifletilmesi
amaglanmigtir” dnermesine %641 katilmig, %24’ de katilmamais, %12’si fikrinin olmadigini beyan etmistir.

Onerme 24: “Orman ekosistemlerinde de ‘aramada isletme izni’ getirilmesi dogrudur”’ goriisiine %40’ katilirken,
%401 katilmamis ve %20’si fikrinin olmadigini beyan etmistir.

Onerme 25: Arastirmaya katilanlarin %60°1 “Rehabilitasyon projesi tanimlanirken temel alinacak islemler
‘rehabilite’ islemlerinin kapsaminda sayilmamis; yapilacak islemler agaglandirma ve silvikiiltir teknikleri
kullamilarak ¢evreye uyumlu hale getirilmesi islemine indirgenmis; boylece bu ¢alismalarin igerigi iyiden iyiye
belirsizlestirilmistir” goriisiine %60°1 katilirken, %28’i katilmamis ve %12’si fikrinin olmadigini beyan etmistir.

3.3. Katihmeilarin  Yas, Cinsiyet ve Ogrenim Durumlarma Gére Goriis Farkhiliklar:

Aragtirmaya katilanlarin cinsiyetlerine gore Mann-Whitney U testi, yas gruplari ve egitim durumlarina gore de
Kruskal Wallis H Testi ile goriis farkliliklarinin arastirilmasi istatiksel olarak irdelenmistir.

Yas gruplari ve egitim durumlarma goére 0,05 anlamlilik diizeyinde (p) yapilan Kruskal Wallis H Testi sonuglarina
gore herhangi bir goriis farklilig: tespit edilememistir. Fakat, arastirmaya katilanlarin cinsiyetlerine gore ise 0,05
anlamlilik diizeyinde iki 6nermede goriis farkliliklar: istatiksel olarak tespit edilmistir. Arastirmaya katilanlarin
cinsiyetlerine gore goriis farkliliklarinin tespiti i¢in yapilan Mann-Whitney U testi sonucu Tablo 6°da verilmistir.

Cinsiyete gore goriis farkliliklarinin tespiti i¢in yapilan analiz sonuglarina gore, “Baraj, golet, gol ve deniz
yiizeyinde yapilan balik iretimi ile ilgili olarak ormanlik alanda bekg¢i kuliibesi, depo, ag serme yeri ve
kulugkahane yapimina izin verilebilir” 6nermesi (ONERME 12) ile "Kamu 6zel is birligi modeli gergevesinde
saglik ve egitim tesislerine verilen izinler ve iist hakki kurulmasi uygundur” &nermesine (ONERME 21)
arastirmaya katilan kadin ve erkekler arasinda goriis farkliliklarinin bulundugu tespit edilmistir. Bu goriis
farkliliginin, kadin katilimeilarin, erkek katilimeilara gore bu tiir orman alanlarmin ormancilik disi kullanimlarda
daha hassas diisiinmesinden kaynaklandig1 tespit edilmistir (Onerme 12 Kadnlar Ortalama: 2,51; Erkekler
Ortalama: 3,32; Onerme 21 Kadinlar Ortalama: 2,48; Erkekler Ortalama: 3,36).

Tablo 6. Mann- Whitney U testine gore katilimcilarin cinsiyetlerine gore goriis farkliliklart

Onermeler Mann- Whitney| Wilcoxon 7 Anlamhhk

U W Diizeyi (p)
Onerme 12 29.500 50.500 | -1.966 .049*
Onerme 21 26.000 47.000 |-2.056 .040*

Ulkemizde kamunun ihtiyaglarmm karsilanmasi icin tagimir ya da tasnmaz mallara ihtiyag vardir. Bu mallar bazen
nitelikleri geregi, bazen kamu hizmetlerine tahsis sekilleri ve bazen de tabi olduklart hukuk kurallari agisindan
birbirlerinden farklidir. Ormancilik tarihine baktigimizda ormanlarin hangi mal smifinda kabul gordiigii, “kamu malr”
sayilip sayilmadigi, konusunda fikir ayriliklar olsa da genel kam “miilkiyetinin kamuya ait” oldugudur [1], [12].
Ormanlarm sagladig1 ¢ok yonlii fonksiyonlarm tiim canlilar iizerindeki etkisi asikardir. Gegmisten giiniimiize kamu
ihtiyaglarim karsilama konusunda iizerine diisen gorevi fazlasiyla yerine getirdigi konusunda hi¢ kusku yoktur [9].
Ormancilikta temel amag topluma maksimum fayda saglamaktir [5]. Ormanlarin ormancilik disi faaliyetlerden sagladigt
“kamu yarar1’” on plana ¢iksa da insanoglu i¢in sagladigi ekosistem hizmetleri acisindan faydalar1 da g6z ardi
edilmemelidir. Tklim krizinin hem nedeni hem de sonucu olarak énemli rol oynayan orman alanlarinin korunmasi ve
gelistirilmesi konusunda korumaya agirlik veren bir koruma-kullanim dengesi ¢ercevesinde degerlendirilmesi gerektigi
her gecen giin 6nem kazanmaktadir [13]. Ormanlar, hem karmasik toplumsal ve ekolojik sistemler hem de Tiirkiye’de
milli servet olarak ekonomik kalkinmada ¢eligkili bir rol oynar. Bu ¢eliski, ormanlarin kamu yararlari ile tahsis edilme
bigimleri arasindaki ¢atismadan kaynaklanir. Ormanlar yenilenebilir olmakla birlikte, tiiketilebilir dogal kaynaklardir;
bu nedenle, ormanlardan yararlanma, tahribata yol agabilir. Oysa ormanlar halkin ve gelecek nesilleri diisiiniilerek
korunmalari ve gelistirilmeleri 6nemlidir [14].
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4. SONUC VE ONERILER

Orman igerisinde yerlesim yeri tahsisi ve irtifak hakki gibi konularm ormancilik ve orman ekosistemi agisindan
etkilerinin arastirldig: bu calisma, Malatya Orman Isletme Miidiirliigiinde ¢alisan 19 erkek ve 6 kadindan olusan
25 kisilik tiim personel ile yiriitiilmiistiir. Arastirmaya katilanlarin yaslart incelendiginde, %16’siin 20-29 arast,
%32’sinin 30-39 arast, %28’inin 40-49 arasi, %20’sinin 50-59 arasi, %4 linlin 60 ve istl oldugu goriilmektedir.
Egitim durumlan incelendiginde, %4 {iniin ortaokul, %8’inin lise, %80’inin lisans, %8’inin yiiksek lisans
diizeyinde egitime sahip oldugu goriilmektedir. Arastirma neticesinde cinsiyete gore: “Baraj, gdlet, gol ve deniz
ylizeyinde yapilan balik tiretimi ile ilgili olarak ormanlik alanda bekgi kuliibesi, depo, ag serme yeri ve kulugkaane
yapimina izin verilebilir” dnermesi ile "Kamu 6zel is birligi modeli ¢ercevesinde saglik ve egitim tesislerine
verilen izinler ve {ist hakki kurulmas: uygundur” onermesine kadin ve erkek katilimcilar arasinda goris
farkliliklarinin  bulundugu tespit edilmistir. Bu konuda kadinlarin, erkek katilimcilara gore ekosistem
biitiinliigiiniin korunmasi agisindan daha bir yaklagim sergilemelerinden kaynaklandigi tespit edilmistir. Arastirma
neticesinde yas dagilimlarina ve egitim durumlarina gore goriis farkliliklarinda istatiksel olarak anlamli bir sonug
tespit edilememistir.

Orman ekosistemlerinin varligi ve yoklugu, niteligi ve niceligi tim canlilar1 dogrudan ve dolayli olarak
etkileyebilir. Orman ekosistemlerini etkileyen nedenlerin, etkilerin niteliginin ve boyutlariin ve etkilerin olasi
sonuglariin tim boyutlariyla belirlenebilmesi her durumda olanakli degildir. Ayrica, s6z konusu etkilerin
sonuglar1 kisa zamanda ortaya ¢ikmamaktadir. Orman ekosistemlerinin yonetilmesine yonelik her tiirlii etkinligin
hem zaman hem de yersel olarak ¢ok boyutlu, biitiinsel ve dinamik bir yaklasimla planlanmas: gerekmektedir.
Ulkemizde “Orman” sayilan yerlerin yonetimine iliskin planlama calismalari yerel diizeyde yiiriitiilmektedir.
Yerel diizeydeki planlama c¢alismalarini da yonlendirebilecek, arazi temelli iilkesel ekolojik, ekonomik ve
toplumsal temelli planlama calismalariyla islevsel olarak tiimlesik sektorel planlar yapilmasi uygun olacaktir.
“Orman” sayilan yerlerde verilebilecek izinlerle ilgili islemler sirasinda “kamu yarar1 ve zaruret olup olmadigi
hususu; faaliyetin orman sinirlar1 disinda gergeklestirilmesi imkaninin bulunup bulunmadigmnin kimler tarafindan
hangi dlgiitler/tanimlar temel alinarak nasil irdelenip belirlenebilecegi hakkinda bir agiklama getirilmesi bu konu
lizerindeki tartismalara son verebilir. Devlet ormanlarinda ormancilik disi yatirimlara kamu yarar1 ve zaruret
olmasi kosuluyla verilebilecek izinlerde sadece ekonomik yararin 6n plana ¢ikmasi dogru bir karar olmadig:
aciktir. Kiralama, isletme hakki devri, yap-islet-devret modeli ile yaptirilan mevcut izinler ile bedelli ve bedelli
izinlerin yap-islet-devret modeli ile yaptirilmasinda daha hassas davranilmasinda fayda olacaktir. Rehabilitasyon
projesi tanimlanirken temel alinacak islemler rehabilite islemlerinin kapsaminda sayilmamis; yapilacak islemler
agaclandirma ve silvikiiltiir teknikleri kullanilarak c¢evreye uyumlu hale getirilmesi islemine indirgenmistir.
Boylece bu calismalarin igerigi iyiden iyiye belirsizlestirilmis gibi goziikmektedir. “Agaclandirma bedeli”,
madencilik etkinlikleriyle orman ekosistemi kaldirilan yerlerin agaglandirilmasi i¢in yapilacak giderlerin karsilig
iken izin verilen alan {izerinden hesaplanacak ve bir defaya mahsus alinacak bedele doniistiiriilmiistiir durumdadir.
Boylece, yatirimcinin agaglandirma yiikiimliiliigii hafifletilmis olmaktadir.

Orman sayilan yerlerde izin ve irtifak igleri, orman alanlar1 iizerinde ¢esitli faaliyetlerin yapilabilmesi igin gerekli
izinlerin verilmesi ve bu faaliyetlerin diizenlenmesini i¢erir. Orman alanlarinda faaliyet izinleri, orman alanlarinda
cesitli faaliyetlerin (insaat, madencilik, enerji projeleri gibi) yapilabilmesi i¢in yetkili kurumlar tarafindan verilen
izinlerdir. Bu izinler, ¢evresel etkileri ve kamu yarar1 goz 6niinde bulundurularak verilmesi gerekmektedir. Turistik
ve rekreasyon alanlari i¢in verilen izinler, orman alanlarinda turistik tesisler, kamp alanlar1 veya diger rekreasyonel
faaliyetler i¢in verilen izinleri kapsamaktadir. Altyap1 ve kamu hizmetleri izinleri ise, su, enerji, ulagim gibi kamu
hizmetlerinin yiiriitiilmesi amaciyla yapilan izin iglemleridir.

Irtifak haklar1 ise orman alanlarinda belirli bir siire ve sartlarla bir kisinin veya kurulusun orman alaninda kullanim
hakki taninmasidir. Bu hak, genellikle kamu yarar1 gozetilerek ve belirli sinirlamalar ¢ercevesinde verilmektedir.
Bunlar, kamu yararina irtifak haklari, kamu hizmetlerinin veya altyap1 projelerinin gergeklestirilmesi i¢in orman
alanlarinda verilen, genellikle uzun vadeli ve 6zel kullanim haklaridir. Enerji santrali, su rezervuari veya ulagim
yollar1 gibi projeler i¢in orman alanlarinda verilen haklar1 igerir. Bu islemler genellikle Orman Kanunu ve ilgili
mevzuat cercevesinde yiriitiilmekte ve kamu yarari, ¢evresel etki ve orman ekosisteminin korunmasi gibi
faktorlerin dikkate alinmasi biiyiik dnem tasimaktadir. izin ve irtifak siireglerinin hem kamu yararmi saglamak,
hem de dogal kaynaklar1 korumak amaciyla titizlikle yliriitiilmesi ve siirdiiriilebilir sekilde yonetilmesi
gerekmektedir.
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OZET

Uretimde hem maliyetleri diisiirmek hem de yiiksek performansli iiriinler iiretmek icin farkli birlestirme ydntemleri
kullanilir.  Farkli metallerin bir arada kullanilmasinda en ¢ok tercih edilen yontemlerin basinda kaynakl
birlestirme yontemi gelir. Bu ¢aligmada, fiber lazer kaynak yontemi ve robotik metal aktif gaz kaynak yontemi
kullanilarak 6 mm kalinliginda S235JR ve Miilux450 ¢eligi Taguchi yontemi kullanilarak belirlenen uygun
parametrelerle kaynatilmistir. Kaynak sonrasi numunelere ¢ekme testi, 3 nokta egme testi, mikro sertlik testi
yapilmistir. Son olarak numunelerin optik mikroskopla mikro yap1 incelemesi yapilmigtir. Cekme testi sonuglarimin
minitab programu ile istatistiksel analizi yapilmistir. Sertlik testinde; ana malzeme, kaynak bolgesi ve 1s1 tesiri
altindaki boélgelerin vickers sertlikleri incelenerek optik mikroskop ile mikro yapilari incelenmistir. Cekme
deneyine ait parametreler varyans analizi ile incelendiginde metal aktif gaz kaynaginda en etkili parametrenin
kaynak hizi, lazer kaynaginda frekans oldugu goriilmiistiir. Lazer kaynaginda ergimenin dar bir bélgede olmasi ve
disiik 1s1 girdisi sayesinde sertlik degerinin metal aktif gaz sertlik degerinden daha yiiksek oldugu goriilmiistiir.
Ortalama sertlik degerlerinde lazer kaynak dikis sertligi 511,9 HV iken gazalti kaynak dikis sertligi 255,3 HV dir.
Egme testinde Miilux450 asinmaya karst direngli ¢eligin sert bir malzeme olmasi nedeniyle Miilux450 ¢elik
numunelerinin higbirinde egilme gergeklesmezken egilme 235JR iizerinde ger¢eklesmistir.

Anahtar kelimeler: S235JR, Miilux450, Lazer Kaynagi, Metal Aktif Gaz Kaynagi, Taguchi, Minitab.
ABSTRACT

Different joining methods are used in production to both reduce costs and produce high-performance products.
Welded joining method is one of the most preferred methods for using different metals together. In this study,
using the fiber laser welding method and the robotic metal active gas welding method, the appropriate parameters
of 6 mm thick 235JR and Miilux450 steel were welded using Taguchi method. Tensile test of samples after
welding, 3 point bending test, hardness test and micro struction were performed. Statistical analysis of tensile test
results with minitab program was performed. In the hardness test; the vickers hardness of the main material the
welding zone and the heat effected zones were examined and the microstructures were examined with the optical
microscope. When the parameters of the tensile test were examined with analysis of variance, it was seen that the
most effective parameter in metal active gas welding was the welding speed and in laser welding the frequency.
In laser welding, it was observed that the hardness value was higher than the gas hardness value due to the fact
that the melting was in a narrow region and the low heat in put. In average hardness values, laser welding seam
hardness is 511,9 HV and gas welding seam hardness is 255,3 HV. In the bending test, bending occured on 235JR,
while bending did not occur on any of the Miilux450 steel samples, since Miilux450 wear resistant steel is a hard
material.

Keywords: S235JR, Miilux450, Laser Welding, Metal Active Gas Welding, Taguchi, Minitab.

1. GIRiS

Endiistride kullanilan malzemelerin elde edilmesi kolay olmayip; iretim agsamasinda yiiksek maliyetli enerji
gereksinimi, bakimi, kullanim 6mri, is¢ilik gibi faktorler malzemeleri daha kiymetli kilmaktadir. Endiistriyel

alanda kullanilan makine pargalari ¢evresel faktorler ve birbirleri ile olan temaslar1 sonucu aginmakta, gii¢ kaybi
ve yedek parga ihtiyact dogmaktadir. Malzeme ve metaliirji alaninda yapilan ¢aligmalar agimma sorununun

81


mailto:ercankaya16@hotmail.com

Ercan KAYA, Mehmet Cengiz KAYACAN, Yalva¢ Akademi Dergisi, 9-2 (2024) 81-96

endiistride yillik 2 milyar euro zarara yol agtigini ortaya koymustur [1,2]. Asinma; farkli malzemelerin (kati, sivi,
gaz) kullanilan malzemeler ile temas1 neticesinde, mekanik etkenlerle yiizeyden kiigiik parcaciklarin ayrilmasi
sonucu meydana gelen ve siirekli ilerleyerek malzeme yiizeyinde istenmeyen yilizey hasaridir [3]. Asinmay1
engelleyip kayiplart en aza indirmek i¢in ¢elik malzeme {ireticileri Miilux, Hardox, Dillidur, Xar, Fora vb.
asinmaya kars1 direngli celikler iiretmislerdir. Ureticiler asmmaya direngli geliklerin pahali iiriinler olmasindan
maliyeti azaltmak i¢in farkli birlestirme yontemleri kullanmiglardir. Birlestirme yontemleri iginde kaynakli
birlegtirme yontemleri %20 tasarruf saglamaktadir [4].

Yap gelikleri (S235JR, ST52) ise genis bir kullanim alanina sahip maliyeti diisiik celiklerdir. Asinmaya direncli
celikler ile yap1 ¢elikleri kaynak kabiliyeti agisindan kaynakli birlestirmeye uygun olduklarindan olusturulacak
yeni konstriiksiyon ve ekipmanlar hem iiretimde enerji tasarrufu hem de tiretim maliyetlerinin asag1 ¢ekilmesini
saglayacaktir. Bagta madencilik sektoriinde siirtiinen ve aginan parcalarin bir arada kullanildig1 daha diisiik asinma
ve gerilmelere maruz bdlgelerde farkli metaller kaynak yontemleri ile bir arada kullanilabilir. Kullanilacak kaynak
yontemlerinin basinda gazalti kaynagi ve lazer kaynagi gelmektedir.

Endiistriyel uygulamalarda kullanilan lazer kaynak makineleri Nd: Y AG lazeri, CO: lazeri, Disk lazerleri ve Fiber
lazerlerdir. Yiiksek giig, diisiik 151n sapmasi, kompakt tasarim, esnek 1s1n iletimi, fiber-optik kablo sayesinde basit
110 iletimi, temiz kaynak yiizeyi, yiiksek hassasiyet fiber lazerleri diger lazerlerden ayiran iistiin 6zelliklerdir [5].
Gazalt1 kaynagi iig gesit olup; Metal Inert Gaz (MIG) kaynag1, Metal Aktif Gaz (MAG) kaynagi ve Tungsten Inert
Gaz (TIG) kaynagidir [6]. Endiistriyel alanda miikemmel kaynak kalitesini elde edebilmek i¢in robotik kaynak
teknigi tercih edilmektedir.

Bu calisma ile lazer kaynak ve gazalti kaynak uygulamalarinin uygun parametrelerle farkli geliklerin
kaynaklanabilirligi gosterilerek Miilux450 gibi pahal1 bir ¢elik yerine asinmanin daha az oldugu yerlerde, daha
hesapli bir malzeme olan diisiik karbonlu S235JR ¢eliginin kullanilabilmesi ile ekonomik kazanim amag¢lanmustir.

Endiistriyel uygulamalarda kullanilmak {izere aginmaya direngli ¢elikler ile diisiik karbonlu ¢elikler farkli kaynak
yontemleri ile birlestirilerek bir arada kullanilmasina yonelik uygulamalar yapilmis ve yeni uygulamalar da
yapilmaya devam etmektedir. Ekonomiklik, maliyetleri diisirme, diisiikk enerji kullanimi, uzun 6miirlii malzeme
vb. 6zellikler ¢aligmalarda devamliligi saglamaktadir. Daha onceki yillarda basarili bir sekilde yapilmig kaynak
uygulamalarindan bazilari: Asinmaya direngli RAEX AR 400 ¢eligi ile ST37 yapi ¢eligi elektrik ark, MAG ve
TIiG kaynak yéntemiyle kaynatilmistir. Karisim gazli MAG kaynakli numunenin cekme mukavemeti 436,61 MPa
ile en yiiksek ¢ikmustir. Yiiksek ¢ikma nedeni mikro yapidaki dayanimi ve toklugu arttiran asikiiler ferrit miktarinin
fazlalhig ile agiklanmigtir [7]. Hardox 450 ile MAG kaynaginda ¢ekme deneyinde kopmalarin kritik bdlge olan
ITAB’da gerceklestigi, kaynak bolgesinde 1sinin ilerleme yoniine paralel tane yoéneliminin gerceklestigi
belirtilmistir [8]. Hardox 500 ile St-52 ¢eliginin robotik gazalti kaynaginda gerilim ve akim degerleri arttiginda
kaynak kisimlarinin ¢ekme egrilerinin daha kararli olup sertlik deney sonuglarinin ¢ekme deney sonuglari ile
uyustuklarini belirtmistir [9]. Hardox 450 robotik MAG kaynaginda; CO2 gazi kullaniminda 1s1 girdisi arttigi i¢in
ITAB’da sertlik degerlerinde azalmalarin gergeklestigi, ITAB’da iri taneli Ostenit yapilar yogun olarak goriildiigii
belirtilmistir [10]. Ramor600 ¢eligini Taguchi Lo deney dizaynina goére fiber lazer kaynaginda en etkili
parametrenin %34,26 ile lazer atig hiz1 oldugu belirtilmistir [11]. Hardox 450- S355J2 robotik MAG kaynaginda;
110SG ilave tel ile yapilan kaynakli numunelerin sertlik degerlerleri diger ilave teller ile yapilan kaynaklara gore
daha yiiksek bulunmus, kaynak bdlgesi sertlik degerlerinin S355J2 ana malzemeden yiiksek, Hardox 450 ana
malzemeden daha diisiik oldugu belirtilmis. Kullanilan farkli ilave kaynak metalleri sonucu farkli kaynak bolgesi
mikro yapilar1 elde edildigi belirtilmistir. SG3 ilave metalinin kullanildigr kaynak bolgesinde ferritik ve
martenzitik fazlari, 110SG ilave metalinde asekiiler ferrit ve temperlenmis martenzit fazlari, 307LSi ilave
metalinde delta ferrit fazinin olustugu belirtilmistir. Her iki malzemenin ITAB’inda tane irilesmesi gerceklestigi
belirtilmistir [12]. S355J2 yap1 ¢eliginin SG2 ilave teli kullanilarak farkli akim degerleri ile tek ve ¢ift tarafli MIG
gazalti kaynaginda; en iyi kaynak, akim degeri 260 A olan ¢ift tarafli numunede elde edilmistir. Akimin artmasi
ile kaynak bolgesi ve ITAB sertlik degerinin arttig1, akim degeri 260 A olan tek tarafli numunenin sertlik degerinin
219.9 HV ile en yiiksek oldugu belirtilmistir [13].

Miilux celikleri iilkemizde Miilux Yiiksek Mukavemetli Celik Uretim A.S. tarafindan Manisa Organize Sanayi
Bolgesinde 1s1l islem ¢elikleri olarak iiretilmektedir. Miilux ¢elikleri aginmaya dayanikl ¢elikler ve zirh ¢elikleri
olarak tretilmektedir. Literatiirde yer alan Miilux gelikleri iizerine yapilmig ¢alismalarin tamami zirh gelikleri
iizerinedir. Miilux asinmaya dayanikli ¢elikler iizerine yapilmis ¢alisma iilkemizde yoktur. Bu nedenle iilkemizde
iretilen aginmaya direngli ¢elikler iizerine yapilan bu ve benzeri tiim ¢aligmalar literatiir a¢isindan sonraki
yapilacak tiim ¢alismalara katki saglayacaktir.

Asinmaya direngli ¢eliklerin tiretiminde is¢ilik, yiiksek enerji ihtiyaci ve rekabet¢i ortam gibi faktorler malzemeleri
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daha kiymetli yapmaktadir. Asinmaya direngli ¢eliklerin pahali olmasindan maliyeti azaltmak i¢in farkli
birlestirme yontemleri kullanilmistir. Tek bir malzeme ile istenilen her 6zellik karsilanamazken farkli 6zelliklere
sahip malzemelerin beraber kullanilmasi ile istenilen dzellikte bir malzeme iiretilebilir. Boyle bir malzemeyi
iiretmenin en iyi yollarindan biri kaynakl birlestirmedir.

Bu ¢alisma ile lazer ve gazalti kaynak uygulamalarinin uygun parametrelerle farkl geliklerin kaynaklanabilirligi
gosterilerek Miilux450 gibi pahali bir ¢elik yerine aginmanin daha az oldugu yerlerde, daha hesapli bir malzeme
olan diisiik karbonlu S235JR ¢eliginin kullanilabilmesi ile ekonomik kazanim amaglanmistir. Bu ¢alisma ile elde
edilen verilerin dikkate alinarak yapildig1 kaynak ¢alismalarinda kaynak kalitesi daha yiiksek olacaktir.

Yapilan c¢alismada Miilux450-S235JR ¢eliklerinin kaynaklanabilirligi arastirilmis olup; kaynak sonrasi
numunelere ¢ekme testi, 3 nokta egme testi, mikro sertlik testi yapilmistir. Cekme testi sonuglarinin minitab
programu ile istatistiksel analizi yapilmistir. Sertlik testinde; ana malzeme, kaynak bolgesi ve 1s1 tesiri altindaki
bolgelerin (ITAB) Vickers sertlik durumu incelenerek optik mikroskop ile mikro yapilari incelenmistir.

2. MATERYAL VE YONTEM

2.1. Materyal

Deneysel ¢alismada 6 mm’lik Miilux450 ile S235JR gelikleri kullanilmistir. SG2 kaynak teli ve geliklere ait
kimyasal (Tablo 1) ve mekanik 6zellikler (Tablo 2)’de verilmistir.

Tablo 1. Malzemelerin kimyasal 6zellikleri [14,15]

Numune C Si Mn P S N Cr Ni Mo | B Fe
S235JR 0,17 1,4 0,04 0,04 | 0,012 | - - - - Kalan
Miilux450 | 0,26 | 0,7 1,7 0,025 | 0,01 | - 1,3 /|08 |05 |0,005 | Kalan
SG2 0,08 1085 |145 |- - - - - - - -

Tablo 2. Malzemelerin mekanik 6zellikleri [14,15]

Akma Cekme Uzama | Sertlik
Numune Mukavemeti | Mukavemeti | (%) Degeri

(MPa) (MPa) (HB)
S235JR 235 360-510 26 100-154
Miilux450 1100 1350 8 400-480
SG?2 min 420 500-640 22 -

2.2. Yontem

Robotik Gazalti (MAG) kaynagi ve fiber lazer kaynagi ¢ift tarafli, kaynak agzi agilmadan kiit alin seklinde, yatay
pozisyonda (Tablo 3), (Tablo 4), (Tablo 5) ve (Tablo 6)’da verilen Taguchi Lo yontemine uygun 9’ar adet
yapilmistir. Calismada her bir kaynak tiirii igin (Tablo 3)’te yer alan 3’er kaynak parametresi belirlenmistir.

Tablo 3. Gazalt1 ve lazer kaynagi Taguchi parametre girdileri

Gazalt1 kaynak Lazer kaynak

Taguchi Lo | parametreleri parametreleri

Parametre Gaz Kaynak Ism

no debisi | hizt Akim | Gii¢ |Frekans |Genisligi
(I/dk) | (mm/s) | (A) (W) |[(H2z) (mm)

1 12 30 190 75 10 2,8

2 10 20 170 80 8 3

3 8 40 150 85 6 3,2

Optimum kaynak parametrelerinin belirlenebilmesi i¢in (Tablo 4)’te yer alan Taguchi Lo deney dizayni se¢ilmistir.
Taguchi Lo deney dizayni sayesinde 3°=27 deney ¢alismasi yerine 9 deneyle sonuca ulasilabilmektedir. Ayrica
(Tablo 5)’te yer alan Taguchi Lo dizayni ile maliyet ve zamandan kazanmak amaglanmistir. Taguchi kalite
karakteristiginde Sinyal (Signal)-Giiriiltii (Noise) (S/N) orani kullanir. Taguchi ¢alismasiyla bulunan sonuglar
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(S/N) oranina dontstiiriilerek degerlendirilir. (S/N) orani degerleri nominal deger iyi, kiigiik deger iyi ve biiyiik
deger iyi seklinde kalite degeri hedeflenen degere gore farkl sekillerde hesaplanip analizleri yapilir. (S/N) orani
degerlerinden nominal, kiigiik ve biiyiik deger iyi kullanilmasi fark etmeksizin sonug degerlerinden daha biiyiik
olan (S/N) orani daha iyi deney sonucu demektir. Deneysel ¢aligmalarda segilen faktdr seviyeleri arasinda en
yiiksek (S/N) oranimi gosteren degerler en iyi performansa sahiptir. Varyans analizi (ANalysis Of VAriance—
ANOVA) hangi prosesin {lizerinde hangi faktorlerin ne kadar etkili oldugunun istatistiki agiklanmasidir. (S/N)
orani ve ANOVA prosesteki optimum performansi: bulmaya yardimet olur [16].

Tablo 4. Deneyde kullanilan Taguchi yontemi

Kaynak
Deney No | Malzeme Par};lme treleri
1 235jr-Miilux450 |1 |1 |1
2 235jr-Miilux450 |1 |2 |2
3 235jr-Miilux450 |1 |3 |3
4 235jr-Miilux450 |2 |1 |2
5 235jr-Miilux450 |2 |2 |3
6 235jr-Miilux450 |2 |3 |1
7 235jr-Miilux450 |3 |1 |3
8 235jr-Miilux450 |3 |2 |1
9 235jr-Miilux450 |3 |3 |2
Tablo 5. Taguchi yontemi ile belirlenen kaynak parametreleri
Gazalt1 Kaynak | Lazer Kaynak
Deney Parametreleri Parametreleri
No Malzeme Gaz ‘ Kaynak Isin o
debisi | hiz1 Akim | Giig Frekans | Genisligi
(/dk) | (mm/s) |(A) (W) (Hz) (mm)
1 235jr-Miilux450 |12 30 190 75 10 2,8
2 235jr-Miilux450 |12 20 170 75 8 3
3 235jr-Miilux450 |12 40 150 75 6 3,2
4 235jr-Miilux450 | 10 30 170 80 10 3
5 235jr-Miilux450 | 10 20 150 80 8 3,2
6 235jr-Miilux450 | 10 40 190 80 6 2,8
7 235jr-Miilux450 |8 30 150 85 10 3,2
8 235jr-Miilux450 |8 20 190 85 8 2,8
9 235jr-Miilux450 |8 40 170 85 6 3
Tablo 6. Gazalt1 ve lazer kaynak parametreleri
Gazalt1 Lazer
Kaynak Teknigi Kaynak Teknigi
Parametrelerin Ad1 Degeri Degeri
Kullanilan Yontem Gazalti MAG) Fiber Lazer Kaynak

Kaynak Makinesinin Marka Gekamac  /  Webee | RTLHW 1500

Modeli PSOOL
Robot Kaynak  Kolunun | Otcfd-b6 -
Marka/Modeli
Imalat Tiirii Robotik Kaynak Lazer Kaynak
Ana Malzemeler 235JR - Miilux450 235JR - Miilux450
Kaynak Akim Tirii DC DC
Kutuplama (-/+) Parca+ / Torg - -
Habas 212 Karisim Gazi

(%2 Oksijen + %12
CO2 + Balans Argon Argon
Gazi Ihtiva eder.)
Kaynak Pozisyonu PA — Cift tarafli PA — Cift tarafli

Koruyucu Gaz
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Dikis Tiirii Alin Dikis (I-Dikis) Alin Dikis (I-Dikis)
Ek Tel / Dolgu Metalinin|SG 2 (TS EN ISO(SG 2 (TS EN ISO
(Marka/Model) 14341-A 14341-A
. o C:0,08/Mn:1,5/ Si0,85/|C:0,08/Mn:1,5/ Si0,85/
Ek Tel Kimyasal Bilesimi Bakir kapls Bakir kapls
Ek Tel / Dolgu Metalinin
(Cap1, mm) 1 1
Kaynak Aralik (mm) 1 )

Kaynak numunelerine (Sekil 1)’de robotik gazalt1 ve fiber lazer kaynak islemi yapilmigtir. Deney numuneleri
kaynak agzi agilmaksizin gerekli 6n hazirliklar yapilarak kiit alin kaynagi olacak sekilde kaynatilmistir.

(a) (b)
Sekil 1. (a) Robotik gazalti ve (b) fiber lazer kaynak islemi

2.3. Test Numunelerinin Tahribath Muayeneye Hazirlanmasi

Cekme testi i¢in kaynaksiz numuneler TS EN ISO 6892, kaynakli numuneler TS EN ISO 4136 standardina ve 3
nokta egme numuneleri TS EN ISO 5173’¢ gore hazirlanarak su jeti kesimi ile ¢ikartiimagtir.

3. SONUCLAR VE TARTISMA
Deney numuneleri ¢ekme, ii¢ nokta egme, mikro yap1 ve mikro sertlik deneylerine tabi tutulmustur.
3.1. Cekme Testi Bulgular:

Cekme testleri ¢ekme hizi1 1 mm/dk ve +20 °C’de yapilmistir. Cekme testi sonucu elde edilen gazalti ve lazer
kaynakli numunelere ait ortalama ¢gekme mukavemeti degerleri (Tablo 7)’de verilmistir.

Tablo 7. Gazalt1 ve lazer kaynak parametreleri ve cekme testi sonuglari

Gazalt1 Kaynagi Lazer Kaynagi
GaZ. . Kaynak Akim (ekme . | Glig | Frekans Ism T Gekme .
Deney No debisi | hizt (A) Mukavemeti W) | (Hz) Genigligi | Mukavemeti
(I/dk) (mm/s) (MPa) (mm) (MPa)
235JR - - - 506,4 - - - 506,4
Miilux450 - - - 1310 - - - 1310
1 235JR-Miilux |12 30 190 498,4 75 110 2,8 482,1
2 235JR-Miilux |12 20 170 501,57 75 |8 3 462,23
3 235JR-Miilux |12 40 150 390,87 75 |6 3,2 473,77
4 235JR-Miilux |10 30 170 508 80 |10 3 469,5
5235JR-Miilux | 10 20 150 498,73 80 |8 3,2 452,33
6 235JR-Miilux | 10 40 190 506,63 80 |6 2,8 511,3
7 235JR-Miilux |8 30 150 495,07 85 |10 3,2 486,5
8 235JR-Miilux |8 20 190 495,23 85 |8 2,8 493,13
9 235JR-Miilux |8 40 170 452,27 85 |6 3 510,07
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3.1.1. Gazalt1 ve Lazer Kaynagina Ait Sinyal / Giiriiltii (S/ N) Oranlar

Taguchi yonteminde (S/N) orani ile en uygun yani optimum kaynak parametresinin bulunmasina yardimer olur.
Taguchi metodu ile “larger is better” en yiiksek en iyi sart1 aranmistir. Deneysel ¢alismada segilen faktor seviyeleri
arasinda en yiiksek (S/N) oranini gosteren degerler en iyi performansa sahiptir. ANOVA hangi prosesin iizerinde
hangi faktorlerin ne kadar etkili oldugunun istatistiki agiklamasidir. (S/N) oran1 ve ANOVA prosesteki optimum
performansi bulmaya yardime1 olur. (Tablo 7)’deki gazalti ve lazer kaynak parametreleri ve ¢ekme testi sonuglari
Minitab programina girildiginde (Tablo 8)’deki gazalt1 ve lazer kaynagina ait (S/N) oranlar1 elde edilmistir.

Tablo 8. Gazalti ve lazer kaynagina ait (S/N) oranlari

Gaz Gaz Kaynak | Kaynak

Seviye | debisi | debisi | hiz hizs é;k)lm /S*Ilf]‘g;am
Gazalti (I/dk) SN orani | (mm/s) SN orani
kaynagi

1 8 53,63 20 53,95 150 53,23

2 10 54,06 30 53,99 170 53,74

3 12 53,27 40 53,01 190 53,98

_ Giig Gilig Frekans Frekans | Ismn Isin
Seviye | (W) SN orani SN orant | Genisligi | Genisligi
(Hz)

Lazer (mm) SN orani
kaynagi | 1 75 53,49 6 53,95 2,8 53,9

2 80 53,57 8 53,42 3 53,63

3 85 53,92 10 53,61 3,2 53,45

Gazalti kaynag1 (Tablo 8) (S/N) en uygun oranlari; gaz debisi i¢in 54,06 iken, kaynak hiz1 i¢in 53,99 ve akim iginse
53,98 degeridir. Gazalti gekme mukavemetinin (Sekil 2) Taguchi (S/N) performans grafik degerlerine gore en iyi
gazalti kaynak parametreleri Gaz debisi 10 1/dk, kaynak hizi 30 mm/s ve akim 190 A degerleridir. Uygulanan
Taguchiye gore bu degerlere en yakin parametreler 4 nolu deney numunesindedir. Gazalti kaynak parametreleri ve
¢ekme testi sonuglarinin yer aldigi (Tablo 7)’de 4 nolu deney numunesinin ¢gekme mukavemeti 508 MPa olarak en
yiiksek ¢ekme mukavemetidir.

gaz debisi (I'dk) kavnak bz (mm/s) alam (A)

542

B4z /N -— .

53.6 A

S/ oram

534 '."' -':.II f;_,-'
£3.2
a 10 12 20 30 40 150 o 120
Sekil 2. Gazalti1 gekme mukavemetinin Taguchi (S/N) performans grafigi
Lazer kaynagi (Tablo 8) (S/N) en uygun oranlari; gii¢ igin 53,92 iken, frekans i¢in 53,95 ve 1g1n genisligi icinse
53,90 degeridir. Lazer kaynagi cekme mukavemetinin (Sekil 3) Taguchi (S/N) performans grafigi degerlerine gore

en iyi lazer kaynak parametreleri giic 85 W, frekans 6 Hz ve 1sin genisligi 2,8 mm degerleridir. Uygulanan
Taguchiye gore (Tablo 7)’de bu degerlere en yakin 511,3 MPa ile 6 nolu lazer kaynak deney numunesidir.
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Giig (W) Frekans (Hz) Isin Genishgi (mm)
caol r A7 24 - =
*
5319 » Ll -
i/ i 1‘1
538 / ll\. \
2 / \
E =27 ._u"l I|r l‘"‘ %
' I'.l ‘
ﬁ 538 ‘.-" \ e \
535 - g II"-. I.{_, “\\_.
s34 _ _ . ;
75 &0 a5 1 a8 10 2.8 3.0 32

Sekil 3. Lazer kaynagi cekme mukavemetinin Taguchi (S/N) performans grafigi

Farkli fiber lazer kaynagi ¢alismasinda; minitab programi, Taguchi Ls deney dizaynina gore; 1401,25 MPa en iyi
¢ekme mukavemetine sahip lazer giicii 1400 W, lazer atig hiz1 3 mm/sn ve odaklama mesafesi 5 mm olan 8 nolu
deney numunesinin en iyi lazer kaynak parametrelerine sahip oldugu belirtilmistir [11]. Bu ¢alismada lazer
kaynagmin kaliteli olmasi i¢in belirlenecek uygun kaynak parametre degerlerinin giic 85 W, frekans 6 Hz ve 1sin
genisligi 2,8 mm degerlerine yakin olmasi gerektigi gorilmistiir.

3.1.2. Gazalt1 ve Lazer Kaynagina Ait ANOVA Calismasi

ANOVA ile deneysel ¢calismadaki en etkili parametre belirlenmektedir. Yiizde etki oranina gore en etkili parametre
(Tablo 9)’da gazalt1 kaynaginda %41,92 ile kaynak hizi, lazer kaynaginda %40,00 ile frekanstir.

Tablo 9. Gazalt1 ve lazer kaynagi cekme mukavemetine ait ANOVA sonucu

Parametreler | Serbestlik | Kareler | Ortalama | % Etki P
derecesi toplam1 | kareler orant degeri
(DF) (Adj toplami1 (Contribution)
SS) (Adj MS)
Gaz debisi | 2 2522 1261,0 %21,48 0,441
(I/dk)
Kaynak hiz1 | 2 4922 2460,8 %41,92 0,288
(mm/s)
Gazalti Akim 2 2310 1155,1 %19,68 0,462
kaynag1 (A)
Hata 2 1986 993,2 %16,92
Toplam 8 11740 %100
R? =R-50=%83,08 Diizeltilmis R?=R-sq(adj)= %32,32
Gii¢ (W) 2 950,29 | 475,15 %28,93 0,092
Frekans 2 1313,98 | 656,99 %40,00 0,068
Lazer (Hz)
kaynag1 Isin
Genisligi 2 924,34 | 462,17 %28,14 0,094
(mm)
Hata 2 96,13 48,06 %2,93
Toplam 8 %100,00
R2=R-sq= %97,07 Diizeltilmis R?>= R-sg(adj)= %88,29

R? (R-sq=R-squared); bagimsiz degiskenlerin bagiml degisken iizerindeki toplam varyansi agiklama oranini
gosteren istatistiksek Olciidiir. Bagimsiz degisken sayisi arttikga R*’nin tek basma kullanimi yaniltict olabilir.
Burada devreye diizeltilmis R?= R-sq(adj) (Adjusted R Squared) girer. Diizeltilmis R hem R*’nin bir diizeltmesini
sunar hem de modelin bagimsiz degisken sayisini dikkate alir. R? degeri daima diizeltilmis R? degerinden biiytiktiir.

Bu modelde gazalt1 kaynak yontemindeki R>=R-sq=%83,08 ile diizeltilmis R>=R-sq(adj)=%32,32 arasindaki fark
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degeri beklenenden fazla ¢ikmistir. Bu durum se¢mis oldugumuz parametrelerin diginda da etkili olan
parametrelerin oldugunu gostermektedir. Ileride yapilacak g¢alismalarda gazalti kaynak yoOnteminin diger
parametrelerinin de goz Oniine alinarak analiz yapilmasi uygun olacaktir [17].

Fiber lazer kaynagi Taguchi Lo deney dizaynina gore yapilan farkl bir calismada ¢ekme deneylerine uygulanan
ANOVA ile en etkili parametrenin %34,26 ile lazer atis hizinin oldugu belirtilmistir [11]. Yapilan bu ¢aligmada
da lazer kaynagi parametrelerinden %40,00 ¢ikan frekans parametresinin etkisinden dolay1 dikkate alinmasi
gerekmektedir.

3.1.3. Gazalt1 ve Lazer Kaynagina Ait Cekme Testi Numuneleri

Gazalt1 kaynak numunelerinden 3 ve 9 nolu numuneler kaynak bolgesinden kirilirken diger 1, 2, 4, 5, 6, 7 ve 8
nolu numuneler (Sekil 4) kaynak bolgesi disindan olacak sekilde siinek ve kesit daralmasi seklinde kirilmalar
gergeklesmistir.

(@) (b)
Sekil 4. Gazalt1 kaynag1 a) kaynak dikisi diginda kirilma b) kaynak dikisi {izerinde kirilma

Lazer kaynak numunelerinden 2, 4 ve 5 nolu numuneler kaynak bolgesinden kirilirken diger 1, 3, 6, 7, 8 ve 9 nolu
numunelerde (Sekil 5) kaynak bolgesi disindan, siinek ve kesit daralmasi seklinde kirilmalar gergeklesmistir.

(@) (b)
Sekil 5. Lazer kaynagi a) kaynak dikisi diginda kirilma b) kaynak dikisi {izerinde kirilma

S235JR-Hardox400 celiklerinin kaynaginda ¢ekme mukavemeti 385 MPa olup, kopmalar S235JR ITAB kisminda
kesit daralmas1 seklinde siinek kirilma seklinde gerceklestigi belirtilmistir [18]. Hardox 400-ST52 ve AISI 304L
celikleri arasinda yapilan MIG kaynaginda en yiiksek ¢ekme sonucu 640 MPa Hardox- AISI 304L°de en diisiik
deger 350 MPa St52-Hardox c¢elik numunelerinde gergeklesmistir [19]. RAEX AR 400 ile St37 ¢eliginin ile
karigim gazla yapilan MAG kaynaginda en yiiksek ¢ekme mukavemeti 436,61 MPa bulunmus, mikro yapidaki
fazla asekiiler ferritin mukavemet ve toklugu arttirdig: belirtilmistir [7]. HBW450 Hardox-S355J2 robotik gazalti
kaynaginda kopmalarin diisitk mekanik 6zelliklere sahip S355J2 yap1 ¢eligi iizerinde gergeklestigi belirtilmistir
[20]. Asinmaya direngli celikler ile yap1 gelikleri arasinda yapilan tiim kaynakli birlestirmelerde ¢ekme testleri
sonucunda kopmalar yap1 gelikleri tizerinde gériilmiistiir [18,19,20].

Yapilan S235JR-Miilux450 kaynagina ait cekme testlerinde gergeklesen kopmalar diisiik mekanik 6zelliklere sahip
S235JR yapi ¢eligi tizerinde (Sekil 4) ve (Sekil 5)’te gerceklesmistir.

3.2. U¢ Nokta Egme Testi Bulgular

Gazalt1 ve lazer kaynak numunelerine ait ii¢ nokta egme testi sonucu egilme (Sekil 6) Miilux450 geligine gore
daha siinek bir malzeme olan 235JR ¢eligi lizerinde gergeklesmistir.
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Sekil 6. Egme testi sonucu egilen kaynakli numuneler

Gazalt ve lazer kaynak yontemi ile kaynaklanmis numunelere ait ii¢ nokta egme testi sonuglar1 (Tablo 10)’da yer
almaktadir.

Tablo 10. Gazalti ve lazer kaynak numunelerinin egme testi sonuglari

Maksimum Egme o Mesnetler
Deney .. Mukave | Genislik | Kalmlik | Arasi
No Yik meti (mm) (mm) Mesafe
) (MPa) (mm)

Ana numune 235JR 7677,9 12794 |25 6 106
Ana numune Miilux450 22653,5 3723 25 6 106

1 235JR-Miilux | 8344,2 1371,2 |25 6 106

2 235JR-Miilux | 12036,1 1978,1 |25 6 106

3 235JR-Miilux | 10391 1707,7 |25 6 106

4 235JR-Miilux | 12808,1 2105 25 6 106
Gazalt 5 235JR-Miilux | 12614,4 2073,1 |25 6 106
kaynagi 6 235JR-Miilux | 11401,1 1873,8 |25 6 106

7 235JR-Miilux | 10547,2 17334 |25 6 106

8 235JR-Miilux | 11665,7 19172 |25 6 106

9 235JR-Miilux | 10647 1749,8 |25 6 106

1 235JR-Miilux | 14660 2409,4 |25 6 106

2 235JR-Miilux | 10357 1702,1 |25 6 106

3 235JR-Miilux | 9738,7 1600,5 |25 6 106

4 235JR-Miilux | 8793,1 1445,1 |25 6 106
Lazer 5 235JR-Miilux | 14996 2464,6 |25 6 106
kaynagi 6 235JR-Miilux | 9379,2 1541,5 |25 6 106

7 235JR-Miilux | 10110,8 1661,7 |25 6 106

8 235JR-Miilux | 10204,7 1677,1 |25 6 106

9 235JR-Miilux | 9876,9 16232 |25 6 106

Egilme dikis yiizeylerinde gerceklesmedigi igin dikis yilizeylerinde herhangi bir kirilma veya ¢atlak goriilmemistir.
Bu sonug¢ 235JR celiginin hem siinekliginden hem de yapilan kaynak isleminin basarili olmasindan
kaynaklanmigtir. Kaynakli tim numunelerin egme mukavemeti 235JR ana malzemeden daha yiiksektir. Bunun
nedeni kaynaklanan numunelerin 1s1 girdisi sonucu sertleserek mukavemetlerinin artmasidir. Egme mukavemeti
grafiginde (Sekil 7)’de yer alan ana numuneler 235JR ve Miilux450’ye ait cekme mukavemeti degerleri hem
gazalti hem de lazer kaynak ¢ekme degerleri ile iki kez yazildigi i¢in grafikte mavi ve turuncu veriler ¢akigarak
kahverengi goriinmektedir. Miilux450 ana malzemesi sert bir malzeme olup (Tablo 10)’da egme mukavemeti
degeri en biiyiiktiir. Kaynak bolgesi lizerinde istenilen egme islemi 235JR ¢eliginin daha siinek olmasi nedeniyle
235JR ¢eliginin kaynaksiz bolgelerinde gergeklesmistir.
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Sekil 7. Egme mukavemetleri grafigi

Miilux450 ana numunesi ve kaynakli tiim numunelere uygulanan yiik degerinin 235JR ana malzemesinden daha
biiylik deger olmasindan egilme kaynak bdlgesinin de 1s1 alarak sertlesmesi sonucu 235JR iizerinde ve kaynak
bolgesine yakin bolgede gerceklesmistir. Lazer egme numunelerine uygulanan yiik gazaltt numunelerine
uygulanan yiik degerlerinden daha yiiksektir. Bunun nedeni kaynak enerjisinin lazer kaynak yonteminde daha
yiiksek olmasidir.

3.3. Mikro Sertlik Testi Bulgular:

Mikro sertlik ol¢timlerinde Vickers (HV) sertlik ucu kullanilmigtir. Mikro sertlik 6l¢iim islemlerinin yapildigt
bolgeler; 1-Miilux450 ana malzeme, 2-ITAB Miilux450, 3-Kaynak dikisi, 4-ITAB 235JR ve 5-235JR ana
malzeme bolgeleridir. (Sekil 8)’deki her bolgede en az ii¢ 6l¢iim yapilmistir. Mikro sertlik 6l¢timii 10 sn boyunca
200 g yiik uygulanarak yapilmistir.

Sekil 8. Mikro sertlik 6lgiimiiniin yapildig1 bolgeler

Gazalt1 ve lazer kaynakli numunelere ait mikro sertlik degerleri (Tablo 11)’de verilmistir. Lazer kaynak
numunelerinin sertlik degerleri daha yiiksek ve bolgeler arasindaki sertlik gecisleri daha yumusaktir. Lazer sertlik
degerleri genel olarak Miilux450 degerlerine yakinken gazalti kaynag: sertlik degerleri 235JR degerlerine daha
yakindir. Burada etkili olan 6zellik lazer kaynaginin dar bir alanda ergime meydana getirmesidir.

Tablo 11. Gazalt1 ve lazer kaynak numunelerine ait mikro sertlik testi sonuglari

Miilux450 | ITAB . [ITAB
No |(HV) Miilux450 E‘\y;)‘ak Dikisi | 5351r ?giI)R
(HV) (HV)

1 [560,5 447 238.9 228 3853

2 [560,5 362 236.8 218 3853

3 ]560.,5 446 272.4 227 3853

4 5605 467 252.9 211 3853
Sj;ﬁi 5 5605 420 239.4 224 385,3
6 |560.5 485 250.6 198 3853

7 5605 463 2706 231 3853

8 |560.,5 354 2365 213 3853

9 [560,5 445 2993 241 3853

Lazer |1 5605 553 516,9 301 3853
kaynak |2 | 560,5 543 529.6 298 3853
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3 560,5 538 504,3 267 385.3
4 560,5 478 506,3 367 3853
5 560,5 524 508,8 273 3853
6 560,5 548 525 282 3853
7 560,5 551 508,4 273 3853
8 560,5 554 500,7 279 3853
9 560,5 563 507,6 236 3853

(Tablo 11)’deki lazer sertlik degerleri gazalt1 degerlerinden daha yiiksektir. Lazer kaynaginda ITAB ve kaynak
dikisi dar bir alanda gergeklesmesiyle ana metal 1s1l etkilerden minimum etkilenir. Lazer kaynaginda 1s1 girdisinin
diigiik, kaynak hizinin yiiksek, ITAB alaninin dar olmasiyla 1s1 kaynakli distorsiyonlar azdir [21]. Gazalti
kaynaginda 1sil etkinin genis alan1 etkilemesi sonucu (Tablo 11)’de Miilux sertlik degerlerinin daha fazla diistiigi
goriilmektedir.

Gazalt1 kaynagin ait (Tablo 11)’de sertlik degeri en yiiksek Miilux ana malzeme iken en diisiik sertlik degeri ITAB
235JR de goriilmektedir. Gazalt1 2 ve 8 nolu numunelerin ITAB Miilux450 sertlik degerleri 235JR ana malzeme
sertlik degerinden daha diisiik ¢ikmistir. Lazer kaynaginda ise (Tablo 11)’de yer alan sertlik degerlerinden 4 nolu
numunenin Kaynak Dikisi sertlik degeri, ITAB Miilux450 sertlik degerinden daha yiiksek ¢ikmistir. Ayni sekilde
lazer kaynagi 9 nolu numunenin ITAB Miilux450 sertlik degeri, Miilux450 ana malzemenin sertlik degerinden
yiiksek ¢cikmustir. SG2 ilave kaynak telindeki Mn ve Si elementleri lazer kaynaginin kaynak dikis sertligine olumlu
etki ederek (Tablo 11)’deki sertlik degerleri elde edilmistir.

Hardox400 celiklerinin SG2 ilave telle yapildigt MAG kaynak ¢alismasinda; SG2 kaynak teli igerisindeki Mn
elementinin kaynak dikis sertligine olumlu etki ettigi, Mn’nin stenitin ferrite doniisiim sicakligini azaltarak
sertlesme kabiliyetini arttiran bir element oldugu belirtilmistir [22]. RAEX AR 400-St37 kaynak ¢alismasinda;
elektrik ark ve MAG kaynak yontemlerine kiyasla TIG kaynak yonteminin diisiik kaynak hizi ve yiiksek 1s1 girdisi
sayesinde mikro yapida tane irilesmesine, ferrit hacim oranin artarak mukavemet ve sertlik degerlerinin diisiimiine
sebep oldugu belirtilmistir [7]. Yapilan ¢alismada da benzer 6zellikler goriilmiis olup yiiksek 1s1 girdisi agisindan
lazer ile gazalti sertlik degerleri karsilastirildiginda; lazer kaynaginin hem dar alanda 1s1 girdisi olmast hem de
lazer kaynaginin hizli yapilan bir yontem olmasiyla hizla sogumasi sonucu sertlik degerleri (Tablo 11)’de gaz alti
kaynagma gore daha yiiksek ¢cikmustir.

3.4. Mikro Yapi Test Bulgular:
Optik Mikroskopla ana malzeme, kaynak dikisi ve ITAB kisimlarinin mikro yapilari fotograflanmstir.

Miilux450 ana malzemesi Cr ve Ni elementleri ile alagimlandirilmis ~%99 martenzitik yapidadir. Yine Miilux450
¢eliginin mikro yapisinin plakali martenzitten (koyu renkli kisim) ve tane sinirlarinda sementitten Fe3C (agik
renkli kisim) olustugu (Sekil 9)’daki gorselde goriilmektedir. Miilux450 ¢eliginde az miktarda porozite mevcuttur.
235JR ¢eliginin mikro yapisi ferrit ve perlitten olugmaktadir. 235JR ¢eligi (Sekil 9)’da perlit (koyu renkli kisim)
ve ferrit (acik renkli kisim)’dan olugmaktadir [18]. Miilux450 ve 235JR ¢eliginin mikro yapisinda kaliskilar ve
porozite homojen dagilim gostermekte, segregasyonlar ve bantlagmalar bulunmamaktadir.

Porozite Perlit

Ferrit
Martenzit

500 um 500 um

(a) (b)
Sekil 9. Ana malzeme (a) Miilux450 ve (b) 235JR (2x) mikro yap1 goriintiisii
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Gazalt1 kaynak yontemi numunelerin mikro yapilar incelendiginde kaynak dikisinde 1s1 girdisine bagli olarak
mikro yapida farkli bdlgeler gozlemlenmektedir. ITAB’daki tane bilylimeleri ve yonelmeler kaynak dikisindeki
1s1 girdisi ve kaynak yontemine bagl olarak uygulanan enerji miktarindan kaynaklanmaktadir [23]. Hardox450-
S355J2C+N geliklerinin gazalti kaynak sonrasi ferrit ve martenzit fazlarindan olusan Hardox450 ¢eliginin ITAB
mikroyapisinda ferrit miktari ile tane boyutlarinin arttigi belirtilmistir [24]. Yapilan ¢aligmada da Miilux450
celiginin ITAB’inda da nispeten tane yapisinda yonelme, biiylime ve ferrit yapisinda artis oldugu goriilmiistiir.
Miilux450 ¢eliginin ITAB’1, 235JR ¢eliginin ITAB’na nispeten daha dar oldugu (Sekil 10)’da goriilmektedir. Ist
girdisine bagli Miilux450 ¢eliginin ITAB’inda martenzit yapinin degisime ugradigi goériilmektedir. Miilux450
celiginin ITAB’1ndaki yapinin kaynakta kullanilan diisiik karbonlu yapiya sahip olan ek tel ile karigtigindan dolay1
kalint1 ostenit, ferritik yapiya kaydig1 goriillmiistiir. Ayrica Miilux450 ¢eliginin ITAB bolgesinin sertlik degeri ana
malzeme Miilux450 mikro sertlik degerinden daha diisiiktiir. Bu veride mikro yapidaki degisimi desteklemektedir.

SG2 teli ile yapilan MAG kaynak ¢alismasinda, Hardox400’iin kaynak bolgesinde ignesel martenzit fazi, poligonal
ferrit ve az miktarda asikiiler ferrit fazlarinin goriildigii belirtilmistir [22]. Hardox500-St52 kaynak ¢alismasinda,
taramali elektron mikroskobu (SEM) ve optik mikroskop goriintiilerinde Hardox500’tin martenzit, St52’nin sik1
lamelli perlit yapida oldugu belirtilmistir. Gaz Metal Ark Kaynaginda da gegis ¢izgisinin ortaya ¢iktig1 sebebi ise
Hardox500’{in kimyasal bilesiminde yer alan Si, Ni ve Mo elementleri ile agiklanmigtir. Si elementinin oksidasyon
olusumunu engelleyerek kaynagin kararli olmasini sagladigi belirtilmistir. Ni ve Mo elementlerininse tane
boyutlarmi kiigiilterek kaynak bolgesinin mekanik 6zelliklerinin iyilesmesinde rol oynadigi belirtilmistir [25].
Yapilan ¢alismada da Miilux450 igerisinde yer alan Si, Ni ve Mo elementleri sayesinde benzer gegis ¢izgisi kaynak
dikisi ve ITAB gecis bdlgesinde (Sekil 10)’ ve (Sekil 13)’deki mikroyap:r goriintiisiinden anlasilmaktadir. Bu
elementler her iki kaynak yontemindeki tane boyutlarinin kiigiilmesine olumlu etki etmistir. Ancak gazalti1 kaynagi
1s1 girdisi lazer kaynagma gore daha yiiksek oldugu icin gazalti kaynaginda iri taneli ve ince taneli yapilar
olusurken lazer kaynaginda sadece ince taneli yapilar olugmaktadir. Mikroyapidaki bu olugum lazer kaynaginin
mekanik 6zelliklerinin gazalti kaynagina gore (Tablo 11)’de daha iyi olmasini saglamistir.

HBW450 Hardox-S355J2 robotik gazalti kaynak ¢aligmasinda Hardox un martenzitik, S355J2 nin ferrit ve perlit
fazlarindan olustugu belirtilmistir. S355J2 ITAB’inda ve Hardox ITAB’inda ana malzemeden olusup kaynak
bolgesi merkezine dogru uzayan uzun seritler seklinde dentrit yapilar goriilmiistiir. Dentritik yapi 1s1 girdisinin en
disik oldugu ana malzemeden en yogun oldugu kaynak merkezine dogru soguma neticesinde olustugu
belirtilmistir. ITAB’da 1s1 girdisine bagl tane irilesmesi ve ferrit miktarinin arttigini1 buna binaen de ana numuneye
gore daha siinek bir yapinin olustugu belirtilmistir [20]. Yapilan ¢alismada ITAB boélgelerinde dentritik yapilar
goriilmistiir.

235JR ¢eliginin kaynak dikisi ile ITAB gegis bolgesinde kaliskilar bulunmaktadir. 235JR ¢eligi ITAB bolgesindeki
mikro yapimin perlit, poligonal (¢okgenli) ferrit, withmanstaten ferrit ve kismende asekiiler ferritten olustugu (Sekil
11)’de goriilmektedir.

Gazalt1 4 nolu numuneye ait ITAB Miilux450 ve kaynak dikisi (2x) mikro yap1 goriintiisii (Sekil 10)’da ve ITAB
235JR (2x) mikro yap1 goriintiisii (Sekil 11)’de verilmistir.

o
Dikisi
_ i) ‘ Miilux450 ITAB
235JR ITAB et
500 ym ) : ". 500 um
(a) (b)

Sekil 10. (a) 235JR ITAB ve kaynak dikisi, (b) Miilux450 ITAB ve kaynak dikisi goriintiisii
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Sekll 11 Gaza1t1 4 nolu numune — ITAB 235JR (2x) mikro yap1 goriintiisii

Lazer kaynaginda diigiik 1s1 ve dar bir koridor gseklindeki ergime bodlgesi sayesinde ITAB dar, 1s1 kaynakli
distorsiyonlar daha azdir. Lazer kaynaginda hizli soguma neticesinde yiiksek dayanim elde edilmektedir [22].
Mikro sertlik degerlerinin yer aldigi (Tablo 11)bunu dogrulamaktadir. Lazer kaynakli numunelerin ITAB kisminda
az miktarda da olsa tane biiyiimelerinin oldugu gériilmektedir. Lazer kaynagi Miilux450 geliginde ortaya ¢ikan
yap1 degisimi gazalti kaynak yontemine gore daha azdir.

Lazer kaynak yontemi 1s1 enerjisi bakimindan gazalti kaynak yontemi ile kiyaslandiginda gazalti kaynak
yontemine gore daha az 1s1 enerjisi girdisine sahiptir [26]. Lazer kaynak dikis genisligi (Sekil 12)’de Smm’nin
altinda iken gazalti dikis genisligi 10 mm’nin iizerindedir ve lazer kaynaginin ITAB bdlgesinin gazalti kaynak
yontemine kiyasla daha dar bir bolge de olustugu goriilmektedir. Ayrica (Sekil 12)’deki gazalti kaynaginda,
kaynak bolgesine uygulanan yiiksek 1s1 enerjisi girdisi 235JR tizerinde goriilmektedir.

(a) (b)
Sekil 12. (a) Lazer kaynak dikisi, dikis genisligi, (b) gazalt1 kaynak dikisi, dikis genisligi

Lazer 6 nolu numuneye ait ITAB Miilux450 (2x) ve kaynak dikisi (2x) mikro yap1 goriintiisii (Sekil 13)’te ve
ITAB 235JR (2x) mikro yap1 goriintiisii (Sekil 14)’te verilmistir.

Kaynak
Dikisi
e ¥ 500 pm
(b)

Sekil 13. Mikro yap1 goriintiileri a) ITAB Miilux450 (2x), b) kaynak dikisi (2x)
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-

500 pm

[ SR

Sekil 14. Lazer 6 nolu numune — ITAB 235JR (2x) mikro yap1 goriintiisii

4. SONUCLAR

Deneysel caligma sonuglarina gore; ¢ekme testinde lazer ve gazalti kaynak numunelerinde kopmalar diisiik
mekanik 6zelliklere sahip S235JR yapi ¢eligi tizerinde veya kaynak dikisi izerinde gerceklesmistir.

Minitab Taguchi (S/N)’ye gore en iyi gazalti kaynak parametreleri Gaz debisi 10 1/dk, Kaynak hiz1 30 mm/s ve
Akim 190 A degerleri ile 4 nolu deney numunesinde 508 MPa’lik en iyi ¢ekme mukavemeti elde edilmistir. En iyi
lazer kaynak parametreleri Gii¢ 85 W, Frekans 6 Hz ve Isin genisligi 2,8 mm degerleriyle 6 nolu deney
numunesinde 511,3 MPa’lik en yiiksek ¢cekme mukavemeti elde edilmistir. Kaynak parametrelerinin bu degerlere
yakin se¢ilmesi durumunda kaliteli, yiiksek mukavemetli kaynak islemleri gergeklesecek maliyet ve zamandan
kazanilmis olacakti. ANOVA calismasina gore; en etkili parametre gazalti kaynaginda %41,92 ile kaynak hizi,
lazer kaynaginda %40,00 ile Frekans olmustur. Ancak gazalti kaynak yontemindeki R? ile diizeltilmis R?
arasindaki fark degerinin beklenenden fazla ¢ikmasi se¢mis oldugumuz parametrelerin disinda da etkili olan
parametrelerin oldugunu géstermistir. Bir sonraki yapilacak kaynak uygulamalarinda gazalti kaynak yonteminin
diger parametrelerinin de goz Oniine alinarak analiz yapilmasi uygun olacaktir. Lazer kaynaginda frekans
parametresi kaynak {izerindeki etkilerinden dolay: dikkate alinmalidir.

3 Nokta egme testlerinde her iki kaynak caligmasinda egilmeler 235JR {izerinde gerceklesmistir. Dikis
yiizeylerinde egilme gerceklesmedigi i¢in kirilma veya catlak goriilmemistir. Gazalt1 egme mukavemetlerinin 1
nolu numune hari¢ lazer numunelerinden daha yiiksektir. Lazer egme numunelerinden 1 ve 5 nolu numunelerin
egme mukavemeti gazalti numunelerine gore daha yiiksek oldugu goriilmiistiir. Uygulanan yiik agisindan;
Miilux450 ana numunesi en yiiksek 235JR ise en diisiiktiir. Buna gore bir arada kullanilacak Miilux450-235JR
kaynak uygulamalarinda 235JR yiiksek yiike maruz bolgeler yerine diisiik yiik uygulama bolgelerinde tercih
edilmelidir.

Mikro sertlik degerlerinde; gazalti kaynaginda 1sil etkinin genis alani etkilemesi sonucu sertlik degerleri lazer
kaynagi sertlik degerlerine oranla daha diisiik ¢ikmistir.

Mikro yap1 agisindan; ana malzemelerin mikro yapilarinda segregasyonlar ve bantlagmalar bulunmamakla birlikte,
kaligkilar ve porozite homojen dagilim gostermektedir. Gazalti kaynak numunelerinde 1s1 girdisine baglh kaynak
dikisinde farkli bolgeler gozlenmistir. Kaynak dncesi hazirlik asamasinda kaynak bolgesinin temizligine dikkat
edilmesine ragmen 235JR’nin kaynak dikisi ile ITAB gecis bdlgesinde kaliskilar goriilmiistiir. 235JR ITAB’da
kaynak dikisine dogru tane yapisinda yonelmeler gézlemlenmistir. Miilux450 ¢eliginin ITAB’inda da nispeten
tane yapisinda yonelme ve bilyiimeler oldugu goriilmektedir. Miilux450°nin ITAB’1nin, 235JR’ye nazaran daha
dar oldugu goriilmektedir. Lazer kaynaginda Miilux450 tizerinde gergeklesen yap1 degisimi gazalti kaynagina gore
daha azdur.

Taguchi yontemi ile belirlenen parametrelerle yapilan Miilux450 celigi ile 235JR celiginin lazer ve gazalt1 kaynagi
basarili bir sekilde gergeklestirilmistir. Bu ¢alismada elde edilen parametreler dikkate alinarak yapilacak kaynak
calismast sonucu elde edilen numunelerin kaynak kalitesi de yiiksek olacaktir. Ekonomik agidan pahali olan
asinmaya direngli Miilux450 benzeri celikler ile daha ucuz olan 235JR tarzi yapi ¢eliklerinin bir arada kullanimi
endiistriyel alanda maliyetlerin diismesini saglayacaktir.
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Abstract: Consumer preferences depend on the strategies used by companies to affect purchasing behavior.
Each sector has different strategies depending on the consumer types and their needs and expectations. In
order to address how specific marketing strategies of the fashion sector affects consumers purchasing
behavior, this paper aims to expose our biased decision on purchasing by examining some particular
heuristics like availability bias, bandwagon effect, authority bias and explaining how these biases are
actively being used by fashion companies and marketing agencies and how we are unconsciously being
affected by those biases turning into marketing strategies on social media. Furthermore, based on the
research made on Behavioral Economics so far, this paper proposes some strategies that brands can
implement to their advertisements using these cognitive biases to maximize their return.
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Ozet: Tiiketici tercihleri, sirketlerin satin alma davramsini etkilemek icin kullandiklar belirli stratejilere
baglidir. Her sektorin, tliketici tiplerin, ihtiyac¢ ve beklentilerine bagli olarak farkl: stratejileri vardir. Moda
sektoriiniin belirli pazarlama stratejilerinin tiiketicilerin satin alma davraniglarini nasil etkiledigini ele
almak i¢in, bu makale, ulagilabilirlik 6nyargisi, bandwagon etkisi, otorite nyargisi gibi bazi belirli sezgisel
yontemleri inceleyerek satin alma konusundaki 6nyargili kararimizi ortaya koymay1 ve bu 6nyargilarin
moda sirketleri ve pazarlama ajanslar1 tarafindan nasil aktif olarak kullanildigini ve bu dnyargilarin sosyal
medyada pazarlama stratejilerine doniismesinden nasil bilingsizce etkilendigimizi agiklamay1
amaglamaktadir. Dahasi, Davranigsal Ekonomi iizerine bugiine kadar yapilan aragtirmalara dayanarak, bu
makale, markalarin getirilerini en {ist diizeye ¢ikarmak igin bu bilissel dnyargilar1 kullanarak reklamlarina
uygulayabilecekleri baz1 stratejiler nermektedir.
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1. INTRODUCTION

For a long period of time, consumer behavior and interactions between agents are explained under Traditional
Economics where consumers are depicted as the most optimal and rational decision makers. But recent approaches
suggest that not all the decisions made by the consumers are rational (Kahneman, 2003). Behavioral Economics stress
that consumer decisions are affected by various factors such as cultural and economic factors and even mental traps which
are often referred to as cognitive biases that are kind of a mental shortcut that makes people judge the probability of a
certain outcome based on how easily it can be remembered or comes to mind and can be elucidated as systematic thoughts
that have errors that affect judgements and decision making (stated in CFA Program Curriculum). A recent study found
that we are susceptible to these traps because we refrain from complex inputs and this is because when we are seeking
information our brain is prone to reduce the effort while optimizing the efficiency (Kangassalo et.al., 2020). Our brains
prefer through the path at least resistant for the minimum energy use to solve the problems. Since social media requires
minimal effort, we are more susceptible to fall into the mental traps unconsciously.

In the emerging digital world, as the Internet becomes an essential part of our daily lives, such important aspects of a
brand like identity and promotions are projected via social media platforms. With a market size of $207.10bn which is
expected to raise to 247.30bn by 2027, social media marketing proves to be a place where people from all around the
globe are interconnected with each other, pushing the boundaries of hundreds of kilometers. Eliminating the expense and
strain of physical marketing and promotions, social media is a pleasant and inevitable choice for brands to optimize their
productivity. Since social media made it quite easier for our brains to receive and interpret information, brands have the
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ideal platform to form their brand identity and deliver their message since we have a limited attention resource on a
deceiving platform. Furthermore, A data by Cambridge University shows that consumers are making the decision of
purchase in just a third of a second (Milosavljevic et. al., 2011) Which makes them susceptible to biases since it's not
enough time for our brain to evaluate whether the assertions made by social media advertisements are true or not.

While brands use social media platforms as a tool for conveying their messages, it is important to mention that the same
thing goes with the customers, users, too. The ideology of brand identity on consumers is self-concept which can be
viewed as the way of showcasing specific traits or aspects that people seek to present to the outer world that should be
consistent enough to be mentioned as an identity. (McNeill, 2018). Self-presentation is that people present their self-
concept to comprise the aspects they have or want to have (Tice et al., 1995). Moreover, clothes can extend or even build
one's self-concept and brand identity. Based on Roach-Higgins and Eicher & Sumberg (1995) clothing is one of the most
important aspects of one’s identity. Furthermore, building a self-image through fashion clothes can positively alter how
an individual is perceived by the world (Solomon and Schopler, 1982).

2. MATERIAL AND METHOD

To understand and deepen the fashion customer and brand relationship (Trudeau & Shobeiri, 2016) in the form of social
media brand engagement in Fashion Marketing, this paper aims to provide a more comprehensive map of some strategies
that influence customer behavior by examining the role of availability bias, bandwagon effect and authority bias.

In section 3, the Authority bias and how it is applicable to the context of social media by Fashion Brands is depicted. In
this section the authority bias explained through the SMIs, which is a fundamental aspect of this phenomena on Fashion
Marketing. In this section we depicted the effects of authority bias by examining three components (SMls, Consumers,
Product & Services). Based on this table, if the SMIs have a positive relationship with a consumer, the consumer is
expected to have a positive relationship to the product and services that SMIs are marketing. Physical appearance,
expertise and trustworthiness is presented as the most important aspect of the SMIs for them to strengthen their
relationship with the consumer.

In section 4, The bandwagon bias is explained in the social media marketing scope. Viral marketing is described as the
digital version of the effect “word-of-mouth” phenomena, where it is often used for the purpose of extending a micro
scaled marketing to a macro scaled marketing with social media. Since this effect of expanded marketing on social media
is achieved through social media users, The “Social Identity” is depicted as having a significant role throughout this paper.
In section 5, The effect of availability bias in social media marketing on fashion is explained as having two substantial
components, Repetitive advertising and product placement. On the Product placement, The Product or service that is
promoted by SMIs or other parties are not directly exposed to the consumer, rather being kept in the background so that
consumers can unconsciously perceive the marketing of the Brands. On the other hand, Repetitive advertisement is the
deliberate act of exposing consumers with a particular advertisement in the aim of unconsciously being kept on people's
mind.

Finally, in the implementations section, for the mentioned cognitive bias to successfully operate in fashion brands’
advertisements, some important factors that affect the performance of advertisements are listed. The three factors that
affect the relationship between the SMIs and the consumers (expertise, physical appearance and trustworthiness) are
stressed for authority bias to be positively implemented. Choosing the right kind of social media platform, where Tik-
Tok is stated as having the highest engagement rate, is mentioned to be an important factor to consider while crafting a
viral marketing plan to successfully implement bandwagon effect. And for the availability bias, both product placement
and repetitive advertisement is mentioned as sizable methods for creating brand awareness while stressing the importance
of relevance between the audience and the brand, plus choosing an admired and related SMI by the society.

2.1. Authority Bias

Authority bias can be explained as the people’s tendency of believing and trusting a figure who has an apparent authority
on a particular field (Korteling, 2020). People who fall for this mental trap are more prone to attribute a better validity of
a particular information or ideology given by an authoritarian figure (Proojien at all, 2006).

One of the most important examples where we can detect an authority bias is in medical fields (Stasiuk et.al.,
2015). Physicians’ prestige and title can create an authoritarian figure on people where people tend to attribute higher
degree of accuracy to their sayings where their perceived prestige attributed people a sense of “they know the best for us”
intuition (Emanuel & Emanuel, 1992; Madar & Bar-Tal, 2009). This is mainly because the people who are known to be
“experts” on their field along with other factors such as appearance, can significantly alter the degree of which people
choose to comply with their point of view or assertions.

The authority bias can be detected on the influencer market where brands promote their products or services through
influencers. Social media Influencers (SMIs) can be depicted as people who gained acceptance by a large group in the

98


https://www.sciencedirect.com/science/article/pii/S096969891830777X#bib98
https://www.researchgate.net/profile/Je-hans-Korteling-2?_sg%5B0%5D=PFGl_dcZPsvTUNN0P4ZCiVBpTpKcRuG-pI1KTI3mtRlDtGFNyI0rBgOk8SWj2E11mWg-_Lg.kIT_YvixXQr11iQp0HfWi_fKxjMhgag9WK1Qok1Txn7IetGPNFOGQTtyUzDT7n7ZhgZsJobGGUtaMswWIdqzOg&_sg%5B1%5D=MGifmZSZjoYFJ6b3aBiDpZ4YqHdWdlaO7tk6PJxob4HmXh8Ku0eeKegg4c1ECYkpn3B9yKA.JqHJTEjfLBRug-FR8dFSQFu_7B4taPEUgOOLBhTSb4qtLr3AFHPZp2cdoxxwmf49CXM8eGoVjJVban52zQ2guA&_tp=eyJjb250ZXh0Ijp7InBhZ2UiOiJfZGlyZWN0In19
https://www.researchgate.net/publication/profile/Katarzyna-Stasiuk?_sg%5B0%5D=9y2o1yuYOaQZ4SGh0PgAH49Imv50XIV-gc-EFsMXwvds7XxzrcdUB5WZrsgA1G6hFc_7kYQ.Z-WV53w-YEPffbuJ5fxfFya-omiUKlglwpZavdVM1vwlGCH5ojpEPUFCx6lzqlDVZzjh_l0pK2xV-S7hdHOKkw&_sg%5B1%5D=ClixJbwOQmS197-xAGVN62b1f_iy176ElOUCAuNyhfccwJBvU78Wu31EmJK4Ae7jRUPFZTo.yzC8A_dW6ugyQ4WWuU7yCgAStyEQzRlb0PuIAJpJ2floPk6suUXHmZeWB0DqiwzkGq8Dgkw1Yx_U2psPJGqYxg

Melis Ece Ozkan, Yalva¢ Akademi Dergisi, 9-2 (2024) 97-105

social media and gained power to influence a range of users by promoting and recommending others with their fame,
knowledge and authority. SMIs are people who have established credibility and stimulated commitment of a large society
with their knowledge and expertise on topics and particular purpose, and outstanding lifestyle. They are the leaders of
those fields marketing the details about their personal lives, experiences, and opinions publicly thereby exert a significant
influence and a sizable network through visuals, stories, films, texts, videos, hashtags, location check-ins, etc. They attract
the attention and have a great impact on the decisions of target consumers. Therefore, we can infer that they have an
“expertness” in their field.

As people tend to believe in the people who have authority, Social Media Influencers (SMIs) are a great tool for brands
to use for their promotions on the consumers purchase intention (McCornick, 2016). As the Statista’s data states, the
influencer market has grown to $16.4 billion in 2022 (Geyser, 2023), and expected to rise to $21.1 billion at the end of
2023 this consistent increase reflects the important effects of using an authoritarian figure as a marketing asset by
companies. This is mainly caused because of the positive effects of the presence of celebrity figures on purchase intention
(Hameed et.al., 2023).

The common factors of SMIs that had been mentioned throughout the literature are attractiveness, expertise and
trustworthiness (Smith, 2001; Wiedmann & Mettenhim, 2020). Multiple research and experiments dedicated to these
factors indicated that all these factors had a positive relationship with the consumers purchase decision and further,
consumer-brand relationship. These factors’ contributions to the purchase intention and consumer-brand relationship can
be depicted as below.

Consumer SMis

Figure 1. The relationship between Product & Services, Consumer and SMIs

If there’s a positive connection between SMIs and the consumer, then the connection between the product and the
consumer is expected to be positive based on the authority bias and vice versa (Figure 1). We can distinct the factors
which affect the bond between SMIs and consumers into 3 main categories (Wiedmann & Mettenhim, 2020). These are:

1. Image / Physical Appearance
2. Expertise
3. Trustworthiness

Because appearance is one of the most important aspects of SMIs for their influence on the consumer and hence,
attractiveness is making people more agreeable with their assertions (Horai et al.1974). This is why this aspect is mostly
used in Fashion by SMIs to make the clothes of different brands more appealing with their attractive look (Jin &
Mugaddam, 2019). Furthermore, the research done by Lee and Watkins (2016) shows that content created by attractive
SMIs pumps people up to make their own video on the relevant topic. Therefore, social media users’ purchase intention
and the brand awareness is positively linked with the SMIs’ physical appearance, and attractive looking SMIs are
perceived as more reliable to the consumers.

Expertise is an important contributor to SMIs, whose expertise on a particular field makes the SMIs more reliable on what
they are conveying (Yadav et al, 2013) A study conducted by (Alexander et.al., 2019) shows that while expertise is
important on SMIs, Choosing SMIs based on their expertise in a way that it would fit into the brand Identity is crucial. For
example, a protein shake campaign that is endorsed by a beauty influencer shows a poor fit between the SMI and the
Brand and therefore expected to show a negative impact for the advertisement (Alexander P. Schouten, Loes Janssen &
Maegan Verspaget (2019). In the fashion field, choosing SMIs that already have a recognition in the beauty or fashion
related field is a necessity for a fashion brand.
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Trustworthiness is a factor which makes people comfortable with one another and therefore, puts a person in a good
mood. When people are in a good mood, they become more intuitive but more prone to fall into logical errors and mental
traps (Kahneman, 2011). SMIs that showed a particular knowledge or an impact on the social media about the fashion
sector would create more ease on people’s mind on the conveyed advertisement by the SMI therefore increase the purchase
decision on that product or service plus brand identity. Therefore, SMIs trustworthiness improves their credibility on
social media and improves the bond between product and the consumer.

2.2. Bandwagon Bias

The term bandwagon effect can be defined as the people's tendency for joining existing majorities often viewed as
dominant (Riidiger, 2015). When people shape or reshape their behaviors, beliefs, attitudes and stand based on a collective
group of anonymous because if their competence among a particular field, we can say that this results by the effect of
bandwagon (Mutz,1998) While this bias can sometimes lead to a positive direction and the decisions or the judgements
made because of this bias can stated as “rational”, it is important to note that this section mainly focuses on the “irrational”
decision making and judgements on social media in fashion marketing.

The most appropriate example for this cognitive bias would be in political elections where people express their political
hand as a partisan of a particular party or side. There was a long running debate on how the election polls affect voters
and the majority scripted this phenomenon to the bandwagon effect which when there's an ongoing competition on a
political pool, the party which is on lead would get even a higher support (Hardmeier, 2008; Simon, 1954). In this
example, bandwagon shows itself as the people’s tendency to behave as they desire to have a “social identity” therefore
being a part of the vanquishing team.

A study published by Oxford university, the bandwagon effect on election pools not only explained but examined a
controlled experiment which provided a realistic environment, where they had real world consequences, for more accurate
measurements (Farjam, 2020). The result of the experiment showed a %7 shift from the result of the pre-election pool on
the voters. Based on Mike Farjam, the shifting of %7 from the pre-election can even be seen as a small percentage since
the real word elections generally consist of more alternatives which can exclude the burden of the cost of the voting
process and making it quite easier for voters to jump upon different political parties.

On the Social Media aspect, this bias shows itself on viral marketing. This marketing strategy by brands means amplifying
the micro scale campaign into macro scale one through making people transfer the message of the marketing to one
another, creating a social network compromised by the initial marketing.

The term word-of-mouth is often used to describe the organic growth of a brand through consumers suggesting one
another about a particular product personally, so that the person they suggested the product can benefit from that product
as much as they do. On social media, viral marketing creation by brands works in the same direction as word-of-mouth
where the message of the marketing spreads, through social media users and creates a cloud behind the brand (Gunawan
and Huarng, 2015).

According to an experiment conducted by (Hsiang-Hsi Liul, Yu-Ning Wang, 2019) viral marketing substantially effects
the intention of purchase by consumers and therefore is used and should be used by companies to maximize the efficiency
of their campaign. Plus, the interaction with the brand on viral products (The product that marketed at Viral marketing
medium) is increasing the brand awareness and value.

Another factor that is an important contributor to viral marketing is “social identity” which refers to the social groups that
people are in or want to classify themselves as they are. This theory perfectly aligns with the nature of fashion where the
clothing serves as a tool for people to explain and define themselves. In this sense, fashion can be defined as a non-verbal
language that can be used by people to express themselves (Barnard, 2013) on various factors as well as social identity
where compromises of various groups (social, economic etc.) that resemble different levels of status. An example of this
can be when people want to symbolize their position on a football game by wearing the uniform that their preferred group
carries. On this context, the social media users may want to contribute to the viral clothing by purchasing and showcasing
their clothing and therefore position, by sharing their content on the social media (which enlarges the effect of the viral
marketing)

2.2. Availability Bias

Availability bias refers to the people’s tendency to make decisions based on a piece of information that is easily available
to them. (Tversky & Kahneman, 1973) This can be overly dangerous since we are currently in the internet age, which
means that we are exposed to all kinds of information (valid or invalid) constantly. For instance, Tversky & Kahneman
stated that a person may evaluate or approximate the rate of divorce in her local community based on her experience with
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her relationships (1973). In this example, the question is perplexing and requires a substantial effort which our brain fails
to provide most of the time (Kahneman, 2011). So, our mind “substituted” the mind-bending question, "What is the rate
of divorces in your local community?” To” how my previous relationships went?”.

Since availability bias occurs unconsciously, it's a popular tool among brands who want to remain in consumers mind
using repetitive ads and content or product placing where products do not directly appear. When people encounter an
advertisement that they have seen before, it is expected that they would assess the validity of the content by how familiar
that content is, which in this case this bias is used by brands with repetitive advertisement or product placement.

Product placement is deliberate insertion into non-commercial settings (Levi-Faur & Ginosar, 2010). This means, social
media users or audiences are constantly being exposed to advertising unconsciously. So, for example when a beverage
brand partners with a SMI for placing their drink onto the background of the influencers’ post, brands make people
exposed to their product unconsciously. So that when they’re in search of a beverage their product can pop-up in their
mind. Same goes in the fashion industry, a study conducted by (Parth, Kraft, and Raif, 2017) about fashion marketing on
Instagram. They state that the indicated influencers about fashion advertisements avoided using any kind of hashtag or
caption that can potentially indicate the advertisement purpose.

Advertisement repetition is another way that brands implement the availability bias into their marketing strategy. Multiple
exposure to an advertisement creates a better recognizability and awareness for the brand and therefore creates a better
approach from the consumers later. This effect also contributes to the “mere exposure effect” where the more you
encounter a product the more you attach to it. With the presence of personalized advertising, the more people being
exposed to a relevant advertisement, the positive attitude change will increase and vice versa. (Garcia-Marques & Mackie,
2001; Rieh, 2002). Implementing fashion ads to fashion or beauty related contents can positively affect the perception
toward the brand.

On social media the product placement and repetitive advertisement serve as one purpose, not getting consumers to forget
about the brand and the goods services they provide which benefit brands in both long and short term.

3. IMPLEMENTATIONS

The given cognitive biases are constantly being used by fashion brands. Using cognitive biases in advertisements to
optimize their sales is a useful strategy for brands only if it is used correctly and efficiently. The following paragraphs
will provide the most appropriate ways of using these mental traps in fashion advertisements to get a positive outcome
and better allocating the money and resources spent on the advertisements.

While implementing authority bias to an advertisement, using the right kind of SMI is crucial to reach effective
marketing. Taking account of the factors that strengthen the connection with SMIs and consumers while deciding the
preferred SMI is essential for strengthening the relationship between the consumer and the product. These factors
(expertise, physical appearance and trustworthiness) should be considered while appointing SMIs. Choosing the SMls
wisely and double checking if the chosen SMI is aligned with the brand’s goals or the message it tries to convey is
essential.

While utilizing bandwagon effect, the selection of social media platforms and using the term “social identity” correctly
in a way that will align with the brands interests is crucial. Selection of Social Media Platforms that have a high
engagement rate would increase a Fashion Brands’ chances of getting viral on a social platform. Based on 2022 data from
Statista, the social media platform that has the highest engagement rate is Tik Tok with a 4.25% engagement rate per post
followed by Instagram, Facebook and Twitter (X) with engagement rate of 0.6%, 0.15% and 0.05% per post, respectively.
Since fashion serves as a non-verbal language for people to express themselves as well as the group that they belong to
or desire to belong to, using social identity by creating a community around the brand is effective with the right selection
of social media platform.

On availability bias, a meticulous selection of the right audience and the relevancy is crucial to increase the positive
attitude towards the brand. If Repetitive Advertisement will be conducted by a Fashion Brand, the audience selection
should be the people who are into fashion and Beauty sectors since repetitive advertisement creates a positive impact on
the brand and purchase intention only if it is being exposed to the right audience. If it is exposed to an audience who are
far from being interested from Fashion and Related sectors, the advertisement is expected to create a negative impact
where it’s considered as more irritating (Kondrod & Huber, 2015). For Product Placement in social media, while relevance
is still playing a substantial role, whether the selected influencer is liked among the social media users or not is a crucial
factor too (Gageler & Van der Schee, 2016).
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Giving the right attention to these factors while building up a social media marketing plan can substantially benefit both
brands and the consumers while maximizing the profit on the advertising budget and sustainability in consumption
respectively.

4. DISCUSSIONS AND CONCLUSION

The ever-increasing significance of online interactions operates the consumer with cognitive biases. In response to the
rapidly changing digital environment, this research ventured to map the cognitive biases and their profound effects and
possible implementations for brands for better allocating their resources. Social media is the biggest interface to bridge
the consumer and product via SMIs and campaigns therefore it creates an ideal platform for Brands to implement
Cognitive biases that have an important role in social media marketing and how consumers perceive the brand. For
consumers, knowing what cognitive biases are being implemented by brands is essential for being aware of such mental
traps and better consolidating their purchase decision. And for Brands, using these cognitive biases correctly and wisely
to maximize profits is crucial together with meticulously designed interaction language in shaping the consumers’
expectations and tendencies. On the other hand, these insights will modify consumers' choices through better online
interaction styles, thereby letting them optimize their choices for a more sustainable consumption through a more effective
information and financial flow to create more effectiveness in both marketing and consumption.
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ABSTRACT

Natural language processing (NLP) is the general name for the methods and algorithms
developed for computers to understand, interpret and produce human language. NLP plays a
critical role in many fields, from social media analyses to customer service, from language
translation to healthcare. This paper provides a comprehensive overview of the basic concepts
of NLP, popular algorithms and models, performance comparisons, and various application
areas. Key concepts of NLP include language models, tokenisation, lemmatisation, stemming,
POS tagging, NER and syntactic parsing. These concepts are critical for processing, analysing
and making sense of texts. Language models include popular methods such as N-gram,
Word2Vec, GloVe and BERT. NLP algorithms are classified as rule-based methods, machine
learning methods and deep learning methods. Rule-based methods are based on grammatical
rules, while machine learning methods work on the principle of learning from data. Deep
learning methods, on the other hand, achieve high accuracy results by using large datasets and
powerful computational resources. In the performance comparison section, it is stated that the
algorithms are evaluated with metrics such as accuracy, precision, recall and F1 score.
Advanced models such as BERT and GPT-3 show superior performance in many NLP tasks.
In conclusion, the field of NLP is rapidly evolving, with significant advancements anticipated
in several key areas. These include the creation of more effective and efficient models, efforts
to reduce biases, enhanced privacy protection, the growth of multilingual and cross-cultural
models, and the development of explainable artificial intelligence techniques. This paper
provides a comprehensive overview to understand the current status and future directions of
NLP technologies.

Keywords: NLP, Language Models, Deep Learning, Text Analysis
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1. INTRODUCTION

Natural language processing (NLP) is the general name of the methods and algorithms
developed for computers to understand, interpret and produce human language. Given the
complexity and diversity of language, NLP is a broad field involving many disciplines, both
theoretical and applied. The first studies started at the intersection between linguistics and
computer science, and today it has gained great momentum with the integration of artificial
intelligence and machine learning techniques [1].

Today, NLP plays a critical role in many fields from social media analyses to customer service,
from language translation to healthcare. This wide range of applications has led to the need to
improve the efficiency and accuracy of NLP algorithms and models. Various algorithms and
models specifically designed for different tasks and applications have been developed [2][3].

NLP algorithms are increasingly being used in various fields, especially healthcare, to extract
valuable information from unstructured text data such as electronic health records (EHRS).
Researchers have developed and validated NLP algorithms for tasks ranging from identifying
sleep parameters from polysomnography reports [4] to extracting data from PSG sleep study
reports [5] and even detecting inconsistencies in allergy information in EHRs [6]. These
algorithms have shown promising performance on tasks such as identifying patients with
hypoglycaemia [7] and shoulder injury cases related to vaccine administration [7].

The development of NLP algorithms has demonstrated the potential of NLP to improve
healthcare outcomes by enabling the automatic detection of medical conditions such as
peripheral arterial disease [8], delirium [9] and asthma [10] from clinical narrative notes.
Furthermore, NLP has demonstrated its versatility in medical applications by being applied to
tasks such as identifying skeletal site-specific fractures from radiology reports [11] and mental
illness among people living with HIV [12].

NLP algorithms have also been used beyond healthcare, such as in the development of
conversational Al for research abstracting, as in [13] and in the identification of fake news using
machine learning algorithms [14]. These applications highlight the wide range of uses of NLP
algorithms in different domains.

With the increasing number of studies in the field of NLP, it has become important to develop
a comprehensive understanding of the effectiveness of language models and algorithms
[15][16][17]. In this context, the paper aims to examine the basic principles, advantages and
disadvantages of different NLP algorithms. It also aims to compare the performance of these
algorithms on various NLP tasks and provide suggestions for future research directions.

In the rest of the paper, the basic concepts of NLP, popular algorithms and models will be
discussed in detail and a comprehensive analysis will be made in the light of experimental
results. In this way, it is aimed to provide a guiding resource for researchers and practitioners
working in the field of NLP.

2. BASIC CONCEPTS OF NATURAL LANGUAGE PROCESSING

The basic concepts in the field of natural language processing (NLP) are the various techniques
and processes used for computers to understand, analyse and generate texts and speech data
[18]. In this section, language models and basic NLP tasks will be discussed in detail.
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2.1. Language Models

Language models are mathematical models used to learn the probabilistic structure of texts in
a language and use this knowledge to create new texts.

N-gram Models: N-gram models are simple and efficient language models that analyse word
sequences in language into chunks of n-word length. For example, the phrase "natural language
processing™ can be represented as a sequence of three words (trigrams). N-gram models are
particularly effective with small datasets, but have difficulty capturing long dependencies [19].
Language modelling is a process that models the structure and probabilities of language by
learning the statistical properties of texts. These models are used in tasks such as word
prediction, automatic text generation and language understanding [20].

2.2. Basic NLP Tasks

Basic tasks in natural language processing include the preprocessing and analysis steps
necessary to understand and analyse texts. These tasks form the basis for more complex NLP
applications [21].

Tokenization: Tokenization is the process of breaking texts into smaller units such as words,
sentences or characters. This process is the first step in making texts processable [22]. For
example, the expression "This is an example sentence.” is divided into tokens such as "This",

one’,

example", "sentence".

Lemmatization and Stemming: Lemmatisation is the process of reducing words to their root
forms [23]. For example, the word "running" is lemmatised as "run". Stemming is a simpler
and faster method to reduce words to their roots, but it does not always give the correct root
form [23]. For example, the word "running" is stemmed as "run".

Part-of-Speech Tagging (POS Tagging): POS tagging is the process of determining the
grammatical role of each word in a sentence. This process allows words to be labelled with tags
such as nouns, verbs, and adjectives [23][24]. For example, in the sentence "The quick brown

fox jumps over the lazy dog", "quick" and "brown" are labelled as adjectives, "fox" as a houn,
and "jumps" as a verb.

Named Entity Recognition (NER): NER is the process of identifying proper names (people,
places, organisations, etc.) in texts. This task plays a critical role in information extraction and
text comprehension applications [21]. For example, in the sentence "Siileyman Demirel was
born in Isparta", "Siileyman Demirel" is defined as a person and "Isparta" as a place.

Syntactic Parsing: Syntactic parsing is the process of analysing the grammatical structure of
sentences to determine the relationship and hierarchy between words. This process enables the
visualisation of dependencies and grammatical structures between words using tree structures
[22].

2.3. Semantic Analysis

Semantic analysis is the process of understanding the meaning and content of texts. It aims to
accurately decode the context and meaning of words and sentences [23].

Word Meaning and Context: The meanings of words may change according to the context in
which they are found. Therefore, the context needs to be taken into account in order to analyse
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the texts correctly [25]. For example, the word "bank™ can mean both "river bank" and "financial
institution”, it is important to choose the correct meaning according to the context.

Distributed Representation and Embeddings: Distributed representation methods are used
to mathematically represent the meaning of words. Methods such as Word2Vec, GloVe and
FastText represent words as vectors and numerically express meaning similarities and
relationships [26].

These basic concepts form the basis of the studies and models developed in the field of natural
language processing. Language models and basic NLP tasks are critical for processing,
analysing and making sense of texts. The concepts discussed in this chapter provide the
foundation for understanding and developing more complex NLP applications.

3. CLASSIFICATION OF NLP ALGORITHMS

Natural language processing (NLP) algorithms aim to process, understand and generate
language data using different approaches and methods. In this section, NLP algorithms are
classified into three main categories: rule-based methods, machine learning methods and deep
learning methods.

3.1. Rule Based Methods

Rule-based methods are based on the processing of language using specific rules and lexicons.
These methods are usually based on linguistic knowledge and language rules. Rule-based
systems process texts using grammatical rules and word lists. For example, predefined rules are
used for verb conjugation rules, sentence structures and word types in a given language. These
methods are effective in capturing structural and rule-based aspects of language [27][28].

Examples of rule-based methods include syntactic parsers used for grammatical analysis and
spell checkers based on specific language rules. For example, a system that checks whether
sentences are correct using English grammar rules is a rule-based NLP application [28].

3.2. Machine Learning Methods

Machine learning methods are algorithms that perform language processing tasks by learning
from data. These methods involve training models using data labelled for a specific task.

Supervised Learning Methods: Supervised learning involves training models using labelled
data sets. In these methods, the correct output label is known for each data sample and the model
learns to predict these labels. For example, Naive Bayes and Support Vector Machines (SVM)
algorithms used to detect spam e-mails are supervised learning methods [29].

Unsupervised Learning Methods: Unsupervised learning aims to discover hidden structures
within the data using unlabelled data sets. In these methods, the correct output label for data
samples is not known and the model learns patterns and clusters in the data set. For example,
the K-Means algorithm for text clustering is an example of unsupervised learning [30].

3.3. Deep Learning Methods

Deep learning methods are advanced algorithms that perform complex language processing
tasks using artificial neural networks. These methods have the ability to learn from large data
sets and perform high levels of abstraction [31].
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RNN (Recurrent Neural Networks): RNNs are neural network models used to capture
sequential dependencies in language data. These models are effective in learning dependencies
in sequential data such as time series and language data. For example, RNNs are frequently
used in language modelling and text prediction tasks [32].

LSTM (Long Short-Term Memory): LSTMs are a type of RNNs and are designed to learn
long-term dependencies more effectively. LSTM cells exhibit superior performance in language
processing tasks thanks to their ability to store information long-term and forget redundant
information [33].

GRU (Gated Recurrent Unit): GRUs are neural network models that work similarly to
LSTMs but require less computation. GRUs are used to achieve fast and effective results in
language processing tasks [34].

Transformer Models: Transformer models form the basis of large language models thanks to
their ability to process dependencies in language data in parallel. These models process
language data using attention mechanisms and form the basis of popular language models such
as BERT and GPT. Transformer models are pioneers in tasks such as language translation, text
generation and language understanding [35].

This categorisation helps us to understand how NLP algorithms work using different
approaches and methods and in which situations they are most effective. Rule-based methods
focus on linguistic rules and language structures, while machine learning methods offer data-
driven approaches. Deep learning methods make it possible to build high-performance language
models by learning from large datasets.

4. POPULAR NLP ALGORITHMS AND MODELS

In this section, popular algorithms and models that are widely used in the field of natural
language processing (NLP) and have achieved significant success will be discussed. The basic
working principles, advantages, disadvantages and application areas of each model will be
analysed in detail.

4.1. TF-IDF (Term Frequency-Inverse Document Frequency)

TF-IDF is a statistical measure used to determine how important a word is in a given document.
This method is widely used in information extraction and text mining tasks. TF-IDF is based
on two main components; Term Frequency (TF) and Inverse Document Frequency (IDF). Term
Frequency measures the number of times a term occurs in a given document. Inverse Document
Frequency assesses how common the term is across the entire document collection. The TF-
IDF score is calculated by multiplying the TF and IDF components so that rare terms score
high. TF-IDF is a simple and effective method, fast to compute and highlights important terms
in the document. However, it does not consider context and word order, so it is limited in
understanding the more complex structure of the language [36][37][38].

4.2. Word2Vec
Word2Vec is a deep learning model that represents words as vectors and learns semantic
relationships between words. Word2Vec uses two main models: Continuous Bag of Words

(CBOW) and Skip-Gram. The CBOW model predicts a word by looking at the words around

110



Ayhan Arisyoy, Yalva¢ Akademi Dergisi, 9-2 (2024) 106-121

it, while the Skip-Gram model predicts the words around a word. Both models are trained on
large text corpora to learn the semantic similarity of words. Word2Vec is successful in
capturing semantic relationships between words and is effective on large-scale text datasets.
However, it uses fixed-size vectors and does not fully reflect contextual information.
[39][40][41]

4.3. GloVe (Global Vectors for Word Representation)

GloVe is a model that uses global word-ambient matrices to learn word vectors. GloVe learns
word vectors by modelling the probabilities of words occurring together. This model represents
the relationships between words by considering the number of co-occurrences of word pairs
and the proportions of these numbers. GloVe learns word vectors using global context
information and thus represents semantic relations well. However, the computational cost can
be high due to working with large-sized matrices [42].

4.4. FastText

FastText is a model that takes into account the subword units of words when learning word
vectors. FastText represents words as character n-grams and learns the vectors of these subunits.
In this way, it provides a richer representation by taking into account structural information
such as roots and affixes of words. FastText is an effective model for low-resource languages
and rare words, because it extends the vocabulary by learning the subunits of words. However,
the computational cost may increase as the number of subunits increases.[43][44][45]

4.5. BERT (Bidirectional Encoder Representations from Transformers)

BERT is a model based on transformer architecture that learns contextual word representation.
BERT learns the context of words using a bidirectional attention mechanism. This model
represents words by considering both left and right context. BERT enables fine-tuning in
different NLP tasks using pre-trained models. BERT is highly successful in contextual word
representation and shows superior performance in various NLP tasks. However, its training and
fine-tuning is highly computationally expensive and requires large amounts of data and
computational power.[46][47]

4.6. GPT-2/3 (Generative Pre-trained Transformer)

GPT-2 and GPT-3 are transformer-based models that have shown superior performance in text
generation and language comprehension tasks as large-scale language models. GPT models use
autoregressive modelling of language, i.e. using previous words to predict the next word. GPT-
3 is an extremely large model with 175 billion parameters and gives effective results in language
production, language understanding and many other tasks. GPT models offer high performance
on a wide range of tasks and are extremely successful in text generation. However, the training
costs are extremely high and require large amounts of data and computational power. In
addition, care needs to be taken about bias and ethical issues.[48][49]

4.7. T5 (Text-To-Text Transfer Transformer)
T5 is a model that solves all NLP tasks in a single framework and works in a text input-output
format. T5 transforms all NLP tasks into a text-input and text-output problem. This model can

perform various tasks such as language translation, text summarisation, question-answering
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under a single architecture. T5 is a flexible and powerful model and shows high performance
on many different NLP tasks. However, it requires large datasets and computational power, so
it can be costly to implement [50][51][52].

These popular NLP algorithms and models are powerful tools used in various tasks in the field
of natural language processing. Each model has its own advantages and limitations, and their
suitability for different application domains may vary. The models discussed in this chapter
provide an important foundation for understanding developments and advances in the field of
NLP.

5. PERFORMANCE COMPARISON OF ALGORITHMS

Evaluating and comparing the performance of natural language processing (NLP) algorithms is
critical for selecting the right algorithm for a given task. In this section, we discuss the
performance comparison of algorithms in the light of various evaluation metrics, commonly
used benchmark datasets and experimental results.

5.1. Evaluation Metrics

Various metrics are used to evaluate the performance of NLP algorithms. These metrics
measure the accuracy, precision, recall rate and overall effectiveness of the algorithms.

e Accuracy: Accuracy is the ratio of correctly estimated samples to the total number of
samples. It is particularly useful in balanced data sets.

e Precision: Precision is the ratio of correct positive predictions to total positive
predictions. High precision indicates few false positives.

e Recall: Recall is the ratio of true positive predictions to total true positives. High recall
indicates catching most of the true positives.

e F1 Score: The F1 score is the harmonic mean of precision and recall. It provides a
balanced evaluation by considering both precision and recall.

e ROUGE and BLEU Scores: ROUGE (Recall-Oriented Understudy for Gisting
Evaluation) and BLEU (Bilingual Evaluation Understudy) are metrics used in tasks such
as text summarisation and translation. ROUGE measures how good summarisations are,
while BLEU assesses translation quality.

5.2. Benchmark Datasets

There are benchmark datasets that are widely used to compare the performance of NLP
algorithms. These datasets provide standardised tests to measure the performance of algorithms
on various tasks.

e GLUE (General Language Understanding Evaluation): The GLUE benchmark
includes a series of tests that evaluate the performance of models on natural language
comprehension tasks. These tasks include text classification, logical inference and
similarity assessment.

e SQUAD (Stanford Question Answering Dataset): SQUAD is a dataset used in text
comprehension and question-answer tasks. Models have to give correct answers to
questions based on a piece of text.
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e« CoNLL (Conference on Natural Language Learning): CoNLL datasets are mainly
used for named entity recognition (NER) and syntactic parsing tasks. These datasets
contain labelled texts in various languages.

5.3. Experimental Results and Comparisons

Various experimental results and examples are analysed to compare the performance of
different NLP algorithms on specific tasks. The following are some popular NLP tasks and
performance comparisons of the algorithms used in these tasks.

5.3.1. Text Classification

Text classification is the process of assigning a text document to a specific category. For
example, tasks such as spam detection or sentiment analysis.

o Naive Bayes: Naive Bayes is a simple and fast algorithm that performs well on small
data sets. However, its performance may be limited in complex and large data sets.

e Support Vector Machines (SVM): SVM is an algorithm with high accuracy rates and
is particularly effective for high dimensional data sets. However, the computational cost
is high for large data sets.

o BERT: BERT shows superior performance in text classification using contextual word
representation. According to GLUE benchmark results, BERT has higher accuracy and
F1 scores compared to traditional machine learning algorithms.

5.3.2. Named Entity Recognition (NER)
NER is the process of identifying proper names (people, places, organisations, etc.) in texts.

e CRF (Conditional Random Fields): CRF is a powerful algorithm used in sequence
labelling tasks. It performs especially effectively on small and medium-sized data sets.

e BILSTM-CRF: The combination of BILSTM (Bidirectional Long Short-Term
Memory) and CRF offers high performance in NER tasks. This model makes more
accurate labelling by learning the context of words.

« BERT: BERT based models are highly successful in NER tasks. According to the
evaluations made on the CoNLL-2003 dataset, BERT shows superior performance
compared to other models in terms of F1 score.

5.3.3. Question Answering

In question-answer tasks, a model has to give correct answers to questions based on a given
piece of text.

« BIDAF (Bidirectional Attention Flow): BiDAF is a model used in text comprehension
and question-answer tasks. In tests on the SQUAD dataset, BiIDAF performs well.

« BERT: BERT has achieved high accuracy and F1 scores in evaluations on the SQUAD
dataset. Thanks to its transformer architecture, it successfully realises contextual
understanding and correct response generation.

e GPT-3: GPT-3 excels at text generation and question-answer tasks. Thanks to its
natural language understanding capabilities, it can provide accurate and consistent
answers to even complex questions.
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5.4. Presentation of Experimental Results in Tables and Graphs

The performance comparison and experimental results of the algorithms are presented in Table
1.

Table 1. Performance Comparisons of Algorithms

Algorithm Task Dataset Accuracy | F1 Score
Naive Bayes Text Classification IMDB 85% 0.84
SVM Text Classification IMDB 89% 0.88
BERT Text Classification IMDB 95% 0.94
CRF NER CoNLL-2003 | - 0.85
BILSTM-CRF | NER CoNLL-2003 | - 0.90
BERT NER CoNLL-2003 | - 0.93
BiDAF Question-Answering | SQUAD 81% 0.80
BERT Question-Answering | SQUAD 92% 0.91
GPT-3 Question-Answering | SQUAD 95% 0.94

The bar graph comparing the F1 scores of BERT, SVM and Naive Bayes algorithms in the text
classification task is shown in Figure 1.
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Figure 1. F1 score Comparison of Algorithms in Text Classification Task

The bar graph comparing the F1 scores of CRF, BILSTM-CRF and BERT algorithms in the
NER task is shown in Figure 2.
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Figure 2. F1 score Comparison of Algorithms in NER Task
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The bar graph comparing the F1 scores of BiDAF, BERT, GPT-3 algorithms in the Question-
Answer task is shown in Figure 3.
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Figure 3. F1 Score Comparison of Algorithms in Question-Answer Task
6. CHALLENGES AND FUTURE DIRECTIONS

Although the field of natural language processing (NLP) is a rapidly developing science, it faces
several challenges. Training deep learning-based NLP models requires large amounts of data
and computational power. This creates significant barriers in terms of cost and time, especially
in the collection and labelling of large datasets. Moreover, the use of powerful GPUs and large-
scale distributed systems for training advanced models makes this field accessible only to large
research groups. In addition, social biases in the datasets on which NLP models are trained may
cause the models to produce unfair results by repeating these biases. At the same time, NLP
models may pose privacy and security risks by processing users' personal data. These problems
appear as critical factors that limit both the use and the widespread use of NLP models.

In the future, research in the field of NLP is expected to focus on the development of models
that provide effective results with less data and computational power. Approaches such as
transfer learning make it possible to train models with less data and use them in various tasks,
while the development of algorithms that detect and correct biases will contribute to the creation
of systems that produce fairer results. Furthermore, anonymisation techniques to protect the
privacy of user data and secure model training methods will enable secure data processing. In
addition, the development of multilingual and intercultural NLP models will facilitate global
communication and produce more meaningful results that take into account different cultural
contexts. Finally, techniques of explainability and transparency will make the inner workings
and decision processes of NLP models more comprehensible, supporting the confident use of
these technologies by a wider audience. These advances will contribute to both overcoming
current challenges and identifying new research directions in the field of NLP.

7. CONCLUSION

In this paper, the basic concepts in natural language processing (NLP), popular algorithms and
models, comparison of these algorithms and various application areas of NLP are discussed in
detail. NLP offers powerful techniques and algorithms for understanding and processing the
complexity of language. In this concluding section, the main findings of the study will be
summarised and recommendations for future work will be presented.
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The field of NLP has made great progress in recent years and has provided effective solutions
in many application areas. It includes basic concepts, language models and basic NLP tasks,
which are critical for understanding the structural and semantic properties of NLP. Tasks such
as tokenisation, POS tagging, NER and syntactic parsing form the basis of more complex NLP
applications. Popular NLP algorithms and models such as TF-IDF, Word2Vec, GloVe,
FastText, BERT, GPT-3 and T5 have been developed to efficiently handle various aspects and
tasks of language. Each model has its own advantages and limitations, making it necessary to
select the most appropriate algorithm for specific tasks.

Metrics such as accuracy, precision, recall and F1 score have been used to compare the
performance of NLP algorithms. Benchmark datasets such as GLUE, SQUAD and CoNLL are
widely used to objectively evaluate the performance of models. Advanced models such as
BERT and GPT-3 show superior performance in many NLP tasks. NLP technologies are used
in a wide range of application areas such as text classification, language translation, text
generation, summarisation, information extraction and voice assistants. These applications
facilitate daily life and increase productivity in various sectors.

This work in the field of NLP provides an important basis for understanding the current state
and future directions. For future work, it is highlighted that the data and computational power
required for training NLP models can be limiting for small research groups and organisations.
Therefore, the development of more efficient and lightweight models will enable a wide range
of users to benefit from NLP technologies. Transfer learning and lightweight model
architectures can offer important solutions in this area.

Biases of NLP models may prevent fair and ethical use. In the future, the creation of fairer data
sets and the development of bias detection and correction techniques will enable models to
produce fairer results. This may also contribute to reducing biases in society. Privacy and
security of user data are critical to the success of NLP applications. Anonymisation and secure
model training techniques can create a secure usage environment by protecting user data.
Techniques such as federated learning can play an important role in protecting data privacy.

Increasing the multilingual and intercultural use of NLP technologies will facilitate global
communication and information access. The development of high performing models in
different languages and approaches that take cultural context into account will be important
steps in achieving these goals. Making NLP models explainable and transparent will help users
and developers understand how the models work. Explainable artificial intelligence techniques
and transparency principles will enable reliable and ethical NLP applications to become
widespread.

Future research in the field of NLP is of great importance for the further development of these
technologies and the discovery of new application areas. The development of more complex
and effective language models will lead to higher accuracy and performance in NLP tasks. It is
especially important to develop effective solutions for low-resource languages and rare words.
The development of real-time data processing and natural language processing techniques is
critical for applications that require immediate response and analysis. For example, it can be
used in applications such as instant customer service and social media analysis. Achieving
richer and more meaningful results by combining different types of data such as text, audio and
image is among the goals of multimodal NLP. This can make human-machine interactions more
natural and effective. Ethical and responsible use of NLP models is important to minimise their
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societal impact and maximise their benefits. Research in this area will ensure that NLP
technologies are developed and applied in accordance with ethical standards.

In conclusion, the field of natural language processing (NLP) is a dynamic field with a fast
developing and wide range of applications. The topics addressed in this study provide an
important foundation for understanding the current state and potential future directions of NLP
technologies. Future research and development is critical to sustain innovations and advances
in this field.
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Ozet: Giiniimiizde, akademik kurumlarmn iletisim gereksinimlerinin artmasiyla birlikte, Ogrenci Bilgi
Sistemlerinin kullanimi vazgegilmez bir ihtiyag haline gelmistir. Bu sistemler, hizmet verdikleri kullanici
sayisimnin  biylkligii nedeniyle biiylik olgekli sistemler arasinda yer almakta ve bu durum sistemlerin
yonetiminde 6nemli zorluklara yol agmaktadir. Kullanici sayisindaki artig, sistemlerin yiikiinii artirmakta, ayni
zamanda kullanicilarin farkli erisim diizeylerine sahip olmalari, sistem yoOnetimini daha karmagsik bir hale
getirmektedir. Bu baglamda, biiyiik olgekli sistemlerde kullanicilarin sisteme erigsim yetkilerinin ve sistem
iizerindeki izinlerinin etkin bir sekilde yonetilmesi ve planlanmasi, kritik bir sorun olarak ortaya ¢ikmaktadir. Bu
Sorunun ¢dzimi i¢in literatiirde farkli yaklasimlar kullanilmaktadir. Bu yaklagimlardan birisi olan Rol Tabanli
Erisim Kontrolii (RBAC) yonteminin bilgi sistemlerine uygulanmasi ile planlamalarin daha esnek ve islevsel bir
bicimde ger¢eklesmesi, kullanilan yazilim kodlarinin daha yalin ve modiiler hale getirilmesi, uygulama
bilesenlerinin daha az kod kullanilarak gereksinimlere uygun bigimde gelistirilmesi, kullanic1 arayiizlerinin daha
islevsel, yonetilebilir ve glivenli olmasi, ayrica veri tabani tasarimlarinin sadelestirilmesi saglanabilmektedir. Bu
calismada, Ogrenci Bilgi Sistemlerinde RBAC kullanilarak kullanici erisim seviyelerinin ve yetkilerinin
yonetimine yonelik bir model 6nerilmektedir.

Anahtar Kelimeler: Bilgi Giivenligi, Ogrenci Bilgi Sistemi, Rol Tabanli Erisim Kontrolii, Sistem Modelleme,
Yetkilendirme

Role-Based Access Control Approach for Student Information System

Abstract: Recently, with the increasing communication needs of academic institutions, the use of Student
Information Systems has become an indispensable necessity. These systems, due to the large number of users
they serve, are classified as large-scale systems, which leads to significant challenges in their management. The
increase in the number of users adds to the system's load, while the presence of users with different access levels
further complicates system management. In this context, the effective management and planning of user access
rights and permissions within large-scale systems emerge as critical issues. Various approaches are employed in
the literature to address this issue. One such approach is the application of Role-Based Access Control (RBAC)
to information systems, which enables more flexible and functional planning, simplifies and modularizes the
software code used, allows the development of application components in a more efficient manner with less
code, enhances the functionality, manageability, and security of user interfaces, and streamlines database
designs. In this study, a model is proposed for managing user access levels and permissions in Student
Information Systems using RBAC.

Keywords: Authorization, Information Security, Role Based Access Control, Student Information System,
System Modelling
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1. GIRiS

Giiniimiizde bilgisayarlar tek kullanicinin erigim yaptigi sistemler yerine bir de fazla kullanicinin ayni anda
erisim yaptigi ¢ok kullanicili sistemlerdir. Coklu kullanicilarinin her birinin erisim yetkisine goére sistem
iizerinde yetki seviyeleri farkli olabilmektedir. Web tabanli ve mobil uygulamalardan saglanan hizmetlerin
sayisinin ve ¢esidinin artmasi ayni kaynaklar iizerinden erisim siirecinde yetkilendirme yapilmasini 6nemli bir
zorunluluk haline getirmistir.
Bilgi sistemlerinin biiyiikliik 6l¢egi genel olarak kullanici sayilarina gore belirlenir [1]. Bu sistemler ¢ok farkli
alanlarda hizmet verebilir. Sistem igerisindeki kullanici sayisinin fazlahigi kullanilan sistemin hangi 6lgiide
yogun oldugunun da temel belirleyicisidir. Bilyiik sistemler ¢ok fazla sayida kullanicisi olan buna bagli olarak
¢ok fazla islem hacmi olan sistemlerdir. Yapmis olduklar1 hizmet ve amaglarina gore dokiiman ydnetim sistemi,
Ogrenci bilgi sistemi, bankacilik sistemleri gibi birgok bilgi sistemi vardir. Bunlarin arasinda bulunan &grenci
bilgi sistemleri 6zellesmis yapis1 ve sunmus olduklari hizmete gére aktif birgok kullanictya hizmet verir. Ogrenci
bilgi sistemi igerisinde &grenci kayit islemleri, akademik personel not islemleri ve mezuniyet siiregleri gibi
birgok siireg ylriitiliir.
Ogrenci bilgi sistemi gibi biiyiik 6lgekli ve cok kullanicili sistemlerde kullanici yetkilerinin planlanmasi ve
erisim yapilacak kaynaklarda yetki seviyelerinin olusturulmast 6nemli bir zorunluluktur. Ogrenci bilgi
sisteminde birbirinden bagimsiz modiiller ve kullanici tipleri bulunur. Ogrenci isleri sorumlusunun yetkisinde
olan sayfalara diger idari personellerin erisememesi veya akademik personelin sorumlulugunda olan not verme
stireclerinin yetkisiz personelin erisimine a¢ik olmamasi gereklidir. Kurum igerisinde yeni géreve baslayan ya da
mevcut gorev degisikliklerinde yapilacak yetkilendirme siireglerinin, personelin erisim yapacagi modiiller ve bu
modiiller lizerinde yapacagi islemlerde ekleme, giincelleme, silme bilgilerini igerecek sekilde planlanmasi
gerekir. Veri giivenliginin saglanmasi ve erisim kontrollerinin belirlenmesi bir sistemin amacina uygun olarak
hizmetlerini yerine getirmesi i¢in olduk¢a énemlidir.
Erisim yOnetimi, veri kaynaklarina erisim hakki bulunan kullanicilarin belirlenmesi ve bu kullanicilarin kullanim
kisitlarinin tanimlanmasi siire¢lerinin biitiinii ayn1 zamanda Kaynaga erisim ve kullanim haklarinin yetkiler
verilerek ve kisitlamalar getirilerek sinirlandirilmasidir. Bilgi sistemlerinde islem hacminin ve kullanici sayisinin
artmasi ile erigim kontrolii sadece bir segenek olmaktan ¢ikip zorunlu bir gereklilik haline gelmektedir.
Ozellikle bilgi giivenligi acisindan biiyiik éneme sahip olan erisim kontrolii, uluslararasi standartlar ve yerel
diizenlemelerde genis bir sekilde ele alinmaktadir. Erisim kontrollerine iliskin diizenlemeler i¢eren bazi énemli
standartlar asagida belirtilmistir;
1. ISO/IEC 27002:2022 Bilgi Giivenligi ve Bilgi giivenligi Kontrolleri
2. Bilgi ve Ilgili Teknoloji icin Kontrol Amaglar: (Control Objectives for Information and Related Technology
- COBIT),
3. Odeme Kart1 Sektérii Veri Giivenligi Standard: (PCI Data Security Standard - PCI DSS),
4. Bankalarda Bilgi Sistemleri Y6netiminde Esas Alinacak ilkelere iliskin Teblig (BDDK),
5. Ulkemizde de birgok kurulusun uygulamas: gereken Sarbanes-Oxley yasast

Belirtilen standartlardaki temel amag veri gizliliginin saglanmasi, erisebilir kaynaklar icin yetkilendirme temelli
bir alt yapinin olusturulmasidir. Ancak bu yapinin olusturulmasi ve isletilmesinde zorluklarda olusabilmektedir.
Onerilen ¢alismada, dgrenci bilgi sistemleri igin rol tabanli erisim kontrol yontemi (RBAC) uygulanarak erisim
ve yetkilendirme sorunlarmin azaltilmasi icin bir sistem modeli onerilmektedir. Onerilen model ile siireglerin
hizlandirilmasi, kullanici rollerinin tanimlanmast ve gerektiginde giincellenerek izinlerin merkezi bir sekilde
yonetilmesi saglanmaktadir. Boylece, karmagik izin yapilandirmalarinin etkin ve dinamik bir sekilde yonetimi
onemli oOlgiide kolaylagmaktadir. RBAC ile planlama, yetkilendirme ve kod karmasikligi maliyetlerinin
azaltilmasi hedeflenmektedir.

Bu calisma giris kismindan sonra 2.kisimda literatiirde kullanilmigs olan erisim kontrol yontemlerinden,
3.kistmda Ogrenci Bilgi Sistemlerine RBAC uygulamasindan ve son kisimda ise sonuglardan olugmaktadir.

2. ERIiSIM KONTROL YONTEMLERI

Erisim yonetim modelleri igin asagida belirtilen farkli erisim yontemleri uygulanmaktadir;

e  Zorunlu erisim kontrolii

e Ogznitelik tabanl erisim kontrolii

e  Erisim kontrol listeleri

e Rol tabanli erisim kontrolii
Zorunlu Erisim Kontrolii (Mandatory Access Control - MAC), standart olarak tanimlanmug gizlilik smiflarmi ve
smiflara erisim saglayacak kullanic1 diizeylerini tanimlar. Her bir erisim yoOntemine ait gizlilik siiflar
bulunmaktadir ve bu gizlilik siniflar1 genellikle degistirilemezler. Askeri belgelerin siniflandirilmasi isleminde
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kullanilan “Tasnif Dis1”, “Hizmete Ozel”, “Gizli” ve “Cok Gizli” seklinde tanimlanmis olan erisim siniflari
Zorunlu Erigim Kontrolii Yontemine 6rnektir [2].

Oznitelik Tabanli Erisim Kontrolii (Attribute Based Access Control - ABAC), genel olarak dogrudan kaynaklara
izin atamak yerine belli nesnelere gére kullanici yetkilendirmesine gore modellenir. Ornegin belirli bir
departman tizerinden gelen isteklere gore yetkilendirme kontrollerinin yapilmasi bu tip kontrollere 6rnektir [3]
Erisim Kontrol Listesi ( Access Control List - ACL): Bir nesneyle iliskilendirilen ve nesneye erigebilecek tiim
Ozneleri, nesne tizerindeki haklariyla birlikte belirten bir listedir. Listedeki her giris 6zne ve haklar olmak tizere
¢ift halinde girilir. Bir ACL, erisim kontrol matrisinin bir stitununa karsilik gelir. ACL'ler modern isletim
sistemlerinde siklikla dogrudan ya da dolayli olarak uygulanabilmektedir [4].

Rol Tabanli Erisim Kontrolii (Role-Based Access Control - RBAC) bilgi islem kaynaklarmm yonetim ve
igletiminde ¢ok yaygin olarak kullanilmaktadir [5]. RBAC'de temel prensip, kullanicilarin belirli roller iizerinden
yetkilendirilmesidir. Her kullanicinin bir ya da birden fazla rolii vardir ve bu roliin getirdigi izinler dahilinde
hareket edebilirler. Kullanicinin sahip oldugu rol, ona belirli izinler tanir ve bu yetkiler dogrultusunda kullanici
sayfalar1 goriintiileme, verileri okuma, yazma ve silme benzeri iglemleri yapabilir [6] [7].

RBAC’de kullanicilar dogrudan izinlere atanmaz; bu izinlerin atanmast islemi, roller araciligiyla gergeklestirilir.
Rol, izinler ve kullanicilar arasinda bir baglanti noktasi olarak iglev goriir. Kullanicilara belirli roller atanir ve bu
rollere de cesitli izinler tanimlanir. Bu yap1 sayesinde kullanicilar, kendilerine atanmis olan roller {izerinden
farkli izinler kazanabilirler [8][9]. Bir kullaniciya ait birden fazla rol ve sahip olunan role gore farkli izinler elde
edilebilir. RBAC bu sayede veri biitiinliigiinii korur ve gizliligini artirir. Ciinki kullanicilar sahip olduklari roller
ve rollere atanan izinler dolayistyla yetkisiz erisimde bulunamamaktadir. Diger erisim kontrol ydntemlerine
kiyasla veri sizintisi konusunda RBAC’in daha avantajli oldugu goriilmektedir [10]. Ayn1 zamanda sistem
giivenligi ve tutarliligi, yonetim, denetim kolaylig1 ve sistemin zamanla genislemesi durumunda Slgeklenebilir
yapist ile diger erisim yontemlerine gore daha avantajlidir.

Tablo 1. Erisim Kontrol Yontemlerinin Karsilastirilmasi

Yontem Referans Avantaj Dezavantaj
.. Yiiksek Giivenlik .

Zorunlu Erisim Kontrolii [2] Y .se . Hvent Esnek Olmamasi, Yonetim Karmasikligt
Seviyesi

. Esnek Olmasi

Oznitelik Tabanli Erisi . . ’ .

Znite 1,. abait Erisim [3] Dinamik Karar | Yonetim Karmasikligi, Performans

Kontrolii . )
Almabilmesi

Erigim Kontrol Listeleri [4] Esnek Olmasi Yonetim Karmagikligi, Performans

Giivenlik ve Tutarlilik,

Rol  Tabanli  Erisim Yonetim  Kolayhg, [lk  Kurulum Maliyeti, Y®&netim

Kontrolii [51[71[8]1[10] | Esnek ve |
Olgeklenebilir Olmast, Karmagiklig
Denetim Kolayligi

3. ROL TABANLI ERiSIM KONTROL YONTEMININ UYGULANMASI

RBAC’in temel gosterimi ve tanimlamasi kiime teorisi kullanarak agagidaki gibi yapilabilir;
USERS kullanicilarin kiimesi
ROLES rollerin kiimesi
OBS kaynaklarin kiimesi
OPS islemlerin kiimesi
PRMS = 2(0BS X OPS) jzinlerin kiimesi
UA € USERS X ROLES kullanici-role atamalar kiimesi
PA € PRMS X ROLES kullanici-izin atamalar1 kiimesi [11].
RBAC iki tiir gérev ayrimi tanimlamaktadir;
e  Gorevlerin Statik Ayrilmasi (SSD)
e  Gorevlerin Dinamik Ayrilmasi (DSD)
SSD, sistemdeki kullanict rollerinin ve bu rollerin sahip oldugu yetkilerin 6nceden tanimlanmasi ve degisken
olmayan bir sekilde belirlenmesini ifade eder. Statik ayrilma, rollerin ve yetkilerin degiskenlik gdstermedigi
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anlamina gelir. Daha basit yonetim ile gilivenlik ve denetim kolaylig1 saglar ancak esneklik sorununa sahiptir.
DSD ise rollerin ve yetkilerin esnek bir sekilde yonetilmesini saglayarak organizasyon yapisinin ya da
kullanicilarin is tanimimin degismesiyle giincellenebilir. Ancak SSD’ye kiyasla denetim ve yoOnetimi daha
karmasik olmaktadir.
RBAC igerisinde her iki yontem de asagidaki sekilde tanimlanir.

e SSD c 2(ROLES) y N+

e DSD c 2(ROLES)y N+
RBAC igin veri tabami igerisinde bunun ig¢in olusturulmus tablolar kullanilir. Bu tablolar ve bu tablolar
arasindaki alanlar ve iliskiler sekil 1°de gosterilmektedir. Onerilen modele ait veri taban1 RBAC’in yiiksek bir
basarimla yapilabilmesi icin yalin ve islevsel olarak tasarlanmistir. Onerilen model uygulanmasi ve yonetilmesi
kolay bir yap1 sunmaktadir. Ayrica esnekligin saglanmasini da yine veritabaninda kurgulanan yapi saglamaktadir
[12].
Bu tablolarda;

Sessions: Kullanicilara ait oturumun zaman damgasi, oturum tanimlayicisi ve benzeri bilgiler,

Users: Kullanict hesaplarina ait isim, soyisim, parola ve benzeri bilgiler,

Roles: Sistemdeki kullanicilarin sahip olabilecegi rollere ait bilgiler,

User_Role: Her bir kullanici hesab1 i¢in tanimlanmus bir veya daha fazla rol iligkisi,

Permissions: Rollerin sahip olabilecegi okuma, yazma, silme ve benzeri izinler,

Menus: Sistem igerisinde erisilebilecek {ist mentilerin bilgileri,

SubMenus: Sistem igerisinde erisilebilecek alt meniilerin bilgileri,

Role_Permission_SubMenu: Rollerin erisebildigi alt meniiler ile var olan izin iliskileri bulunmaktadir.

sessions

£ = user_role menus
.~ session_id  #
s user_id _~ user_id _~ menu_id
createtime | d £ role_id menu_namet

menu_path |t

users ) l =
user_id
=il o submenus
username t
roles =
_~ submenuid
.~ role_id »2 menu_id
role_name 't submenu_name
submenu_path
permissions f j
_~ permission_id Srrnission ad = : -
permission_name t ‘1771 ‘:‘£

role_permission_submenu

_~’ role_permission_id
role_id

7 permission_id

£ submenu_id

Sekil 1. Veri Tabani Tasarimi [12]

Onerilen sistemin modellenmesi esnasinda sistem genel olarak sekil 2’de gosterildigi gibi 4 asamadan
olusmaktadir. Bu asamalar;

Kullanici istegi,

Erisim ve yetki kontroli,
Sunucu islemleri

HTTP cevabidir.
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Erisim ve Yetki Kontroll Sunucu islemleri

Kullanici istegi

Erigim Yetki
Kontrolii KontrolG
Kullanici rola Kullanici rolia

gerekli erisim gerekli
iznine sahip yetkiye sahip
mi? mi?

Sunucu is isleme
(Modal, View, Controller)

Oturum Agma

Ekrarmna Yénlendir Erisim Hatasi Uyarisi Yetki Hatasi Uyarisi

HTTP Cevabi

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
T
T
|

Sekil 2. Erisim Kontrolii Akis Semasi [12]

Kullanict istegi, istemcilerin Ogrenci Bilgi Sistemine yaptigit HTTP istegidir. Yapilan istek sonrasi ilk olarak
istekte bulunan kullaniciya ait a¢ik bir oturum olup olmadig1 kontrol edilir. Bu kontrol session tablosu iizerinden
yapilir eger kullaniciya ait bir oturum bilgisi mevcut degilse dogrudan oturum agma sayfasina ydnlendirme
yapilir. Kullaniciya ait agik oturum bilgisi tespit edilmigse sunucu oturumun zaman agimina ugrayip
ugramadigini kontrol eder. Bu kontrol, oturumun son aktivitesinden gegen siireye dayanarak gerceklestirilir.
Oturum siiresi dolmussa, kullanici oturumu sonlandirilir ve kullanici oturum agma ekranina yonlendirilir.
Oturum gegerli ve zaman agimina ugramamissa sonraki agamada erisim ve yetki kontrolii yapilir.

Erisim ve yetki kontrolii, kullanicilarin yetkileri dahilinde hangi sayfalara erisim saglayabilecekleri ve bu
sayfalarda okuma, yazma, silme ve giincelleme yapip yapamayacaklarini igeren bir agamadir. Tablo 2 ve Tablo
3’de kullanici-rol ve rol-izin bilgileri tutulmaktadir. Erisim yetkisi role_permission_submenu tablosu tizerinden
kontrol edilir. Sistem yoneticisi tam denetime sahip olup yonetici rolinden farkli olarak tim tablolar ve
veritabani tizerinde sinirsiz izne sahiptir. Bu durum dis kaynaklardan gelen tehlikelere karsi ilave koruma
saglamaktadir [13]. Kulanicilarin sayfalara erisim hakki mevcut degilse sayfa iizerinden hata mesaji olusturulur,
kullanicinin  sayfa iizerinde yetkisi var ise kullanict roline uygun olarak menus, submenus ve
role permission submenu arasinda iliski kullanilarak ilgili meniiler ekranda gosterilir. Ekrandaki meniiler
iizerinde islem yapma yetkisi kod icerisinde bir parametrenin veritabanina gonderilmesi ile kontrol edilir.
Veritabaninda yapilan gerekli kontroller sonrasinda sunucu tarafinda kullanicinin yetki seviyesine uygun olarak
islem yapmasina izin verilir. Veritabani iizerinden yapilan tiim giincellemeler, bu islemleri yapmaya yetkili bir
yonetici tarafindan olusturulan bir arayiiz ilizerinden kolaylikla yapilabilmektedir. Bu arayiiz iizerinden
kullanicilar segildikten sonra bu kullanicilarin yetkili oldugu sayfalar belirlenmesi ve sonrasinda bu sayfalarda
hangi tiir islem yapilacag bilgisi yine bu arayiiz ilizerinden yapilabilmektedir. Bdylece ¢ok daha hizli bir sekilde
yetkilendirme iglemleri tamamlanabilmektedir.

Tablo 2. Kullanic1 - Rol iliskileri

Roller
Kullanicilar Roly Rol, Rol 3 Rol 4 Rol s
Kullaniciy 1
Kullanic; 1 1
Kullanics 1
Kullanics 1 1 1
Kullanics 1
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Tablo 3. Rol - izin iliskileri

Izinler
Roller Iziny Izin, izing izing izins
Rol; 1 1
Rol 1
Rols 1 1 1
Rols 1 1
Rols 1 1

Sunucu iglemleri asamasinda, erisim ve yetki kontrolii agamasindan basariyla gecen istekler kullanicinin yetki
diizeyine gore kod igerisinden veritabanina gerekli bilgiler gonderilerek alinan sonuglara uygun olarak isletilir.
Bu asamada dikkat edilmesi gereken durum veri girisi gereken islemlerde kullanici tarafindan yasakli kelime
listesinde bulunan kelimelerin girisi yapilmamasidir. Veritabaninda 6n tanimli yasakli kelime listesinin
bulunmasi, yetkisiz kisi ya da kisilerin SQL enjeksiyonu ve benzeri miidahaleleri engellemesini saglamaktadir
[14]. Yasakli kelime kullanilmasi durumunda sistem kullaniciya hangi kelimenin yasakli oldugunu belirten bir
uyarida bulunmaktadir. Yasakli kelime girigi olmamast durumunda siirecte bir sonraki asamaya gegilir.

Bu islemler yapilirken veri degisikliklerinin kaynagini belirleyebilen kayit sisteminin kullanilmasi ¢ok
onemlidir. Bir veri ihlali ya da hata durumunda, kayit sistemi ayn1 zamanda sorunun kaynagini belirleyebilmekte
ve olusturma, silme ve giincelleme gibi olaylari yaninda olayin gergeklestigi zamani ve bunlart ger¢eklestiren
kisiyi de kaydetmektedir [15].

Son asamada, sunucunun isledigi istege gore bir HTTP cevabi olusturulur ve kullanicinin tarayicisina veya
istemci uygulamasina gonderilir. HTTP cevabi istenen bilgilere, islemin sonucuna ve islem sirasinda ortaya
¢ikan herhangi bir hataya dair bilgileri igerir. Daha sonra kullanici tarayicist HTTP cevabini alir ve kullaniciya
sunar. Sunucunun olusturdugu cevap belirli bir formattadir. Bu format igerisinde baslik, gévde, durum kodu, hata
bilgileri, yanit siiresi gibi bilgiler bulunur. Ozellikle gévde igerisindeki bilgi asil icerigi olusturur. Bu igerik
HTML, JSON veya XML gibi farkli formatlarda sunulabilir. Ayn1 zamanda sunulan cevapta resim veya farkli
tirde medya tiirleri olabilir. Durum kodlar igerisinde 200 OK basarili cevabi, 404 istenen kaynak bulunamadi
veya 500 Internal Server Error gibi farkli hata kodlar1 olabilir. Yanit siiresi ile istemcinin yaptig1 bilgi talebi
sonrast sunucundan cevap bilgisinin ne kadar siirede geldigi belirlenebilir.

4. SONUC

Bu c¢alismada, RBAC yonteminin biiyiik oOlgekli bilgi sistemlerinde kullanict erigim seviyelerinin
belirlenmesinde ve yonetilmesinde etkili oldugu ortaya konulmustur. Ogrenci Bilgi Sistemi modellemesinde
RBAC yontemi kullanilarak biiyiik 6lgekli sistemlerde kullanici yetkilendirmelerinin tanimlanan izinlere uygun
olarak yapilmasi saglanmaktadir. RBAC ydntemi mevcut organizasyon yapisina uygun olarak ¢aligmakta ve
kullanicilarin erisim saglayacagi modiiller ve bu modiiller igerisinde yapacagi veri tabani islemleri 6lgeginde
yetkilendirme yapabilmektedir. RBAC yonteminin yonetici boyutunda kullanilmasi yalin bir arayiiz tizerinden
yapilabilmektedir. Kullanicilarin arayiiz tizerinden listelenmesi i¢in LDAP (Lightweight Directory Access
Protocol ) ve benzeri alt yapilar kullanilabilmektedir. RBAC yontemi diger erisim yontemlerine gore 6zellikle
karmagsik ve hiyerarsik kullanici yetkilendirmelerinde esneklik saglar, esnek ve basit yapist ile yetkilendirme
islemleri ¢ok kisa siire icerisinde tamamlanabilir. RBAC yontemi tek basina ¢ogu zaman etkili bir ¢éziim
sunabilse de diger erisim yontemleri ile kullanimi ile daha basarili performanslar saglanabilir ve sistemin
sundugu islevsellik artirilabilir. Gelecekteki ¢alismalarda 6zellikle farkli erisim yontemlerinin birlikte kullanimi
ile esneklik ve sistem giivenligi noktasinda daha basarili modeller olusturulabilir. Ayrica kurum ihtiyacina uygun
olarak yalnizca belirli bir erisim yontemi kullanimi yerine 6zellesmis bir yap1 sunularak hem sabit hemde
dinamik olarak degisen kosullarda daha etkili ve verimli erisim kontrolii saglanabilir. Gelecek ¢aligmalar igin
Ogrenci bilgi sistemleri haricindeki farkli amaglar igin kullanilan sistemlerine uygun RBAC uygulamalari
modellenebilir.
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Ozet: Bu ¢alismada, ugak teknolojisinde kullanilan GaAs yariiletkenlerinde azot (N) katkisinin elektronik ve optik
ozellikler {iizerindeki etkileri incelenmigtir. GaAs'n yiiksek performansh elektronik ve optoelektronik
uygulamalardaki rolii goz Oniine alindiginda, azot katkisinin etkileri teorik olarak degerlendirilmistir. Calisma,
WIEN2k yazilimi kullanilarak Yogunluk Fonksiyonel Teorisi (DFT) ile gergeklestirilmistir. GaAs’in 6rgii sabiti
5,7515 A, GaAsosNos’in ise 5,5413 A olarak hesaplanmustir. Azot katkisinin 6rgii parametresinde belirgin bir
azalmaya yol agtig1 gdzlemlenmistir. Elektronik 6zelliklerde, yasak band enerjisinin katkisiz GaAs igin 1,63 eV,
azot katkilt GaAso 7sNo 25 i¢in ise 0,61 eV olarak hesaplanmistir. Bu, malzemenin yiiksek hizli ve verimli elektronik
devrelerde daha etkili performans saglama potansiyelini ortaya koymaktadir. Optik ozelliklerde, GaAs’in
dielektrik sabiti 11,68, GaAsy 75N 25’in ise 9,64 olarak hesaplanmistir. Azot katkisinin dielektrik fonksiyonlari ve
yansima katsayilarinda belirgin degisikliklere yol agtig1, 6zellikle yansima katsayisinda azalmaya neden oldugu
bulunmustur. Bu bulgular, ugak teknolojisindeki optik kaplamalar ve radar gizlilik uygulamalari i¢in 6nemli
olabilecegi diisiiniilmektedir. Bu calisma, GaAs ve GaAso7sNoos bilesiklerinin ugak teknolojisinde yliksek
performanslt yariiletkenler igin potansiyel olarak degerlendirilmektedir. Azot katkisinin etkileri, malzemelerin
optimize edilmesi ve performanslarinin artirtlmasi igin faydali bilgiler sunmaktadir.

Anahtar kelimeler: Ugak teknolojileri, Havacilik teknolojileri, Giines hiicreleri, Lazer teknolojileri, Sensor
teknolojileri, Elektronik zellikler, Optik Ozellikler.

EFFECTS OF NITROGEN-ARSENIC SUBSTITUTION ON ELECTRONIC AND
OPTICAL PROPERTIES IN GaAs SEMICONDUCTORS IN AIRCRAFT
ELECTRICAL-ELECTRONICS

Abstract: This study investigated the effects of nitrogen (N) doping on the electronic and optical properties of
GaAs semiconductors used in aircraft technology. Considering the role of GaAs in high-performance electronic
and optoelectronic applications, the effects of nitrogen doping were evaluated theoretically. The study was carried
out with Density Functional Theory (DFT) using WIENZ2k software. It was shown that the lattice constant of GaAs
was 5.7515 A and that of GaAso7sNo2s was 5.5413 A. It was observed that nitrogen doping caused a significant
decrease in the lattice parameter. In the electronic properties, the band energy was calculated as 1.63 eV for
undoped GaAs and 0.61 eV for nitrogen-doped GaAsy.75No.2s. This reveals the potential of the material to provide
more effective performance in high-speed and efficient electronic circuits. In optical properties, the dielectric
constant of GaAs was calculated as 11.68 and that of GaAso.7sNo2s as 9.64. It was found that nitrogen doping
caused significant changes in dielectric functions and reflection coefficients, especially a decrease in the reflection
coefficient. These findings may be important for optical coatings and radar stealth applications in aircraft
technology. This study evaluates the potential of GaAs and GaAso.7sNo2s components for high-performance
semiconductors in aircraft technology. The effects of nitrogen doping provide useful information for optimizing
the materials and improving their performance.

Keywords: Aircraft technologies, Aviation technologies, Solar cells, Laser technologies, Sensor technologies,
Electronic properties, Optical Properties.
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1. GiRiS

Modern havacilik teknolojileri, yiiksek performansl elektronik ve optoelektronik sistemlere duyulan ihtiyaci
artirmustir. Bu sistemlerin etkin calisabilmesi, kullanilan malzemelerin 6zelliklerine dogrudan baghdir. Ozellikle
bilesik yariiletkenler, ugaklardaki radar sistemleri, iletisim cihazlari, sensérler ve gii¢ yonetim sistemleri gibi kritik
uygulamalarda 6nemli bir rol oynamaktadir. Bu bilesiklerin verimliligini artirmak ve yeni teknolojilerin
gelistirilmesi i¢in malzemelerin detayli analizi biiyiik bir 6nem tagimaktadir.

Giines enerjisi ise gelecekte en giivenilir enerji kaynag1 olarak kabul edilmektedir. Giines enerjisini havacilikta
kullanmak, yenilenebilir enerjinin en umut verici uygulamalarindan biri olarak 6ne ¢ikmaktadir. 1974 yilinda
giines enerjili ugagn gelistirilmesinden bu yana, enerji elde etme ve depolama yontemleri diinya genelinde 6nemli
bir aragtirma alani haline gelmistir [1].

Ince film fotovoltaik hiicreleri, genellikle kat1 bir destek malzemesi iizerine uygulanan ince yari iletken
katmanlarindan olugmaktadir. Galyum arsenit (GaAs), ince film fotovoltaik hiicreleri i¢in yaygin olarak kullanilan
bir malzemedir [2]. Ayrica, GaAs giines hiicrelerinde [3-5], foto algilama sistemlerinde [6] ve lazer
uygulamalarinda [7-8] 6nemli bir role sahiptir.

Bu o6zellikler dikkate alindiginda, GaAs yiiksek verimlilikte giines hiicreleri iiretimi i¢in uygun bir malzeme olarak
degerlendirilebilir ve uzay araglari ile yiiksek irtifa ugaklarinda enerji tiretiminde avantajlar sunabilir. GaAs, RF
ve mikrodalga devrelerinde, 6zellikle radyo frekansi amplifikatdrleri icin tercih edilebilir.

Bununla birlikte, GaAs, aragtirmacilar arasinda yaygin ve giincel bir ¢alisma malzemesi olarak 6ne ¢ikmaktadir.
Son birkag yilda gergeklestirilen incelemeler, GaAs'in O6zellikleri agisindan onemli bulgular sundugunu
gostermektedir. Ali vd., Aliminyum Galyum Arsenit (AlixGaxAs) yapisinin yapisal, elektronik ve optik
ozelliklerini ilk prensip hesaplamalariyla incelemistir. Elde edilen sonuglar, bant aralig1 enerjisindeki 6nemli diisiis
ve dielektrik fonksiyonunun uyumlu bulgular1 ile bu malzemenin ¢esitli teknolojik uygulamalardaki potansiyelini
vurgulamaktadir [9]. Kumar vd., Sb ile doplanmis GaAs yari iletken bilesiklerinin temel elektronik ve optik
ozelliklerini Yogunluk Fonksiyonel Teorisi (DFT) kullanarak arastirmistir. Yapilan analizlerin, GaAs
bilesiklerinin enerji bant aralif1 ve doplanmis optik 6zellikleri agisindan, bu malzemelerin ¢esitli cihazlardaki
uygulamalarina 6nemli katkilar saglamasi hedeflenmektedir. [10]. Abera ve Mekuye, Mn ile doplanmis GaAs'in
ferromanyetizmasini, manganez konsantrasyonunun manyetik oOzellikler {izerindeki etkisi ile birlikte
incelemislerdir. GaAs'in Curie sicakligi, ferromanyetik davranigint belirleyen 6nemli bir faktoér olarak tespit
edilmis ve yiikksek manganez konsantrasyonlariyla gii¢lii manyetik etkilesimlerin saglandigi ortaya konulmustur
[11]. Cai vd., ultra genis bant ve genis ag1 plazmonik 1g1k emicisi olarak tamamen dielektrik gallium arsenit (GaAs)
metayiizeylerini onermistir. GaAs tabanli bu tasarimin, yiiksek emilim degerleri ve miikkemmel giines enerjisi
toplama o6zellikleri sundugu gézlemlenmistir [12]. Wu vd., tamamen dielektrik bir GaAs piramit nanoyapisina
dayanan maliyet etkin bir metamaterial plazmonik emici (MPA) tasarimi 6nermistir. GaAs tabanli bu emici, tam
giines spektrumunda yiiksek emilim oranlari ile dikkat ¢ekmekte ve gilines enerjisi toplama uygulamalari igin
biiyiik bir potansiyel sunmaktadir [13].

Kristal yapilarindaki kusurlar ve katkilar, malzemelerin yapisal, elektronik ve optik dzelliklerinde degisikliklere
yol agmaktadir. Bu ¢alismada, GaAs bilesigine arsenik (As) atomu yerine azot (N) atomunun katkilanmasinin yol
acabilecegi yapisal, elektronik ve optik degisimler incelenmistir. GaAs yariiletkenlerinde gergeklestirilen bu tiir
degisikliklerin, havacilik elektroniginde kullanilan cihazlarin performansini nasil etkileyebilecegini anlamak,
tasarim siire¢lerinin optimize edilmesine ve teknolojik gelismelerin ydnlendirilmesine katki saglayabilir. Bu
baglamda, caligma GaAs’in ucak teknolojisindeki potansiyel uygulamalarini degerlendirmek tizere 6nemli bilgiler
sunmaktadir.

2. MATERYAL VE METOT

Bu ¢alismada, GaAs ve GaAso,7sNo,25 bilesiklerinin band yapisi, durum yogunlugu ve optik 6zellikleri, yogunluk
fonksiyonel teorisine dayanan WIEN2k simiilasyon programi ile incelenmistir [14-16]. Degis tokus ve korelasyon
potansiyel enerji fonksiyonu igin genellestirilmis gradyan yaklasgimi uygulanmistir [17]. Hesaplamalarda,
Rmr*Kmax parametresi 7 olarak segilmistir. Rmt parametresi, birim hiicredeki en kiigiik atomun yarigapini temsil
etmektedir. Kmax parametresi ise en biiyiik K vektoriiniin biyiikliginii belirtmektedir. WIEN2k programina 500
k noktasi girig verilmistir. Hesaplamalar i¢in kullanilan Brillouin bolgesindeki kxxkyxk, ag1, tiim bilesikler igin
4x4x4 boyutundadir. Cekirdek durumlarindan valans durumlarini ayirmak amaciyla kesilim enerjisi -6 Ry olarak
belirlenmistir. GaAs bilesigi kiibik 6rgiiye sahiptir. Uzay grubu 216 (F4 3m) olup baslangi¢ 6rgii parametreleri ise
literatiirde yer alan deneysel ¢alismalardan alinmistir [18].
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3. BULGULAR

GaAs ve GaAsy75No2s bilesiklerinin orgli parametreleri hesaplamalarinda, genellestirilmis gradyan yaklagimi
(GGA) degis-tokus korelasyon enerjisi kullanilmistir. Hesaplamalarda kullanilan kiibik 6rgiiye sahip kristal yapilar
Sekil 1'de gosterilmektedir. Elektronik ve optik 6zelliklerin incelenmesinde, ilk olarak her bilesenin 6rgii sabiti
teorik olarak hesaplanmistir. Baslangic orgii parametresi, 5,6533 A, literatiirde yer alan deneysel verilere
dayandirilmistir [18]. Murnaghan hal denklemine kullanilarak denge durumu igin 6rgii parametresi hesaplanmistir
[19]. GaAs ve GaAsg 7sNo o5 bilesikleri icin hesaplanan 6rgii parametreleri sirastyla 5,7515 A ve 5,5413 A olarak
bulunmustur. Bu sonugclar, azot katkisinin 6rgii parametresinde belirgin bir azalmaya yol actigini gostermektedir.

Sekil 1. Hesaplamalarda kullanilan kiibik 6rgiiye sahip kristal yapilar a) GaAs b) GaAsg 75No.25

Katkisiz ve azot (N) katkili GaAs bilesiklerinin elektronik dizilimleri asagida verilmistir:

o  Gallium (Ga): 1s% 2s? 2p® 352 3p® 4s2 3d'° 4p!

e Antimon (Sb): 1s? 2s? 2p°® 3s? 3p® 4s? 3d'° 4p®

e Azot (N): 1s*>2s? 2p®
Elektronik bant yapis1 grafikleri incelenirken, diisey eksende enerji ve yatay eksende yiiksek simetri noktalari (T,
R, X, M) gosterilmistir. Fermi enerji diizeyi sifir enerji noktasi olarak kabul edilmistir. Fermi seviyesinin altindaki
bantlar valans bantlarini, {ist kismindaki bantlar ise iletkenlik bantlarmi temsil etmektedir. Hesaplamalar,
genellestirilmis gradyant yaklasimi (GGA) kullanmilmistir [17]. Yasak band enerji hesaplamalarinin dogrulugunu
artirmak amaciyla, diizeltilmis Tran-Blaha (TB-mBJ) degisim potansiyeli kullanilmigtir [20].

Katkisiz ve N katkili GaAs bilesiklerinin elektronik 6zellikleri, band enerji ve durum yogunlugu hesaplamalari
yoluyla incelenmistir. GaAs ve GaAso,75No 25 bilesiklerinin band yap1 grafikleri Sekil 2'de gosterilmektedir. Yasak
band enerjileri literatiirle karsilastirildiginda, TB-mBJ degisim potansiyeli ile elde edilen 1,63 eV'lik deger,
deneysel sonuglarla uyum gostermektedir; literatiirde yasak band enerjileri 1,61 eV [21], 1,56 eV, 1,64 eV [22] ve
1,42 eV [23] olarak rapor edilmistir. GaAs0,75N0,25bilesiginde ise yasak band enerjisi 0,61 eV'ye diismiistiir. Bu
sonug, azot katkisinin yasak band enerjisini belirgin sekilde azalttigin1 gdstermektedir. Band yap1 grafikleri (Sekil
2), GaAs ve GaAsy 75No 25 bilesiklerinin yariiletken bir malzeme oldugunu géstermektedir. Band yap1 grafiklerinde
iletkenlik bandmnin minimum noktasi ve valans bandinin maksimum noktasi I" noktasinda yer almaktadir.
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Sekil 2. GaAs ve GaAsy 75N 25 bilesiklerinin band yapi grafikleri

Durum yogunlugu egrileri, GaAs ve GaASe 75No,25 bilesiklerinin yariiletken 6zellikler tagidigini dogrulamaktadir
(Sekil 3). Valans bandinda, Ga atomunun s- ve p-orbitalleri ile As atomunun p-orbitalleri belirgin bir sekilde etkili
olmaktadir. letkenlik bandinda ise, Ga atomunun s- ve p-orbitalleri ile As atomunun p-orbitalleri yine énemli bir
rol oynamaktadir. Ayrica, Ga atomunun d-orbitalleri ve As atomunun s- ve p-orbitalleri, iletkenlik bandinin
olusumunda daha az etkili olmaktadir. GaAsg 75N 25 bilesiginin kismi durum yogunlugu grafikleri, valans ve
iletkenlik bandlarinin olusumunda N atomunun p-orbitallerinin belirgin bir katki sagladigini agikga
gostermektedir. Bu bulgu, azot katkisinin yasak band enerjisini 6nemli 6lgiide azaltmasinda N atomunun p-
orbitallerinin 6nemli bir rol oynadigini ortaya koymaktadir.
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Sekil 3. Hesaplanan durum yogunlugu grafikleri a) GaAs ve GaASo 75No 25 bilesikleri i¢in toplam durum
yogunlugu grafigi b) GaAs bilesigi i¢in kismi durum yogunlugu grafigi ve c) GaAsg 75No 25 bilesigi i¢in kismi
durum yogunlugu grafigi

GaAs ve GaAsg,7sNo2s bilesiklerinin optik dzellikleri dielektrik fonksiyonu iizerinden incelenmistir. Dielektrik
fonksiyonu elektronlar ile fotonlar arasindaki etkilesimi agiklamaktadir. Bir malzemenin optiksel 6zellikleri
frekansa bagl olan kompleks dielektrik fonksiyonuyla e(w) = &; (w) + i&;(w) tanimlanir. Dielektrik fonksiyonu
ile malzemelerin karakteristik optik parametreleri olan kirllma indisi (n), sogurma katsayilar1 () ve yansima
katsayilar1 (R) hesaplanabilir. Dielektrik fonksiyonun reel (& (w)) ve imajiner (&,(w)) kisimlarmimn
hesaplanmasinda, sirasiyla, Denklem 1 ve Denklem 2 kullanilmigtir [24-25].
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Dielektrik fonksiyonunun reel kismi, bir malzemenin fiziksel 6zellikleri hakkinda bilgi saglarken, imajiner kismi
malzemedeki enerji kayiplarmi yansitir. GaAs ve GaAsg7sNoos bilesiklerinin reel dielektrik fonksiyonlarinin
enerjiye bagl grafikleri Sekil 4’de gosterilmistir. GaAs ve GaAso 7sNo 25 bilesikleri i¢in dielektrik sabitleri &, (w))
sirastyla 11,68 ve 9,64 olarak hesaplanmustir. Literatiirde yapilan incelemelerde &;(w) degerleri su sekildedir:
Hadjab'in ¢alismasinda 14,254, 10,645 ve 9,732 [26]; Ziane'da 9,85 ve 9,58 [27]; Othman'da ise 13,40 [28] olarak
belirlenmistir. Bu ¢alismada GaAs i¢in hesaplanan 11,68 degeri, literatiirdeki diger c¢aligmalarla tutarlilik
sergilemektedir. Elde edilen sonuglar, mevcut teorik verilerin gecerliligini pekistirerek, GaAs malzemesinin
ozelliklerinin anlagilmasina katki saglamaktadir. GaAs i¢in en yiiksek dielektrik sabiti degeri 7,32 olarak bulunmus
ve bu deger 2,68 eV enerjiye karsilik gelirken; GaAsg 7sNo2s i¢in bu deger 13,66 olup, 2,30 eV enerjiye karsilik
gelmektedir. Her iki bilesik i¢in de reel dielektrik sabitinin 4,61 eV ile 15,0 eV ve 5,64 eV ile 15,0 eV enerji
araliklarinda negatife diismesi, malzemelerin bu enerji araliklarinda metalik davranis sergiledigini gostermektedir
(Sekil 4 (a)). GaAse,75No 25 bilesiklerinin imajiner dielektrik fonksiyonlarmin enerjiye bagh grafikleri Sekil 4 (b)'de
verilmistir. imajiner dielektrik fonksiyonunun enerjiye bagl grafiginde gozlemlenen pikler, valans bandindan
iletim bandina gecis yapan elektronlarin optik gecislerini temsil etmektedir. Sekil 4(b)’de, A ve B olarak
isaretlenen pikler, GaAs i¢in imajiner dielektrik fonksiyonunun 4,58 eV'deki degeri 24,20 iken, GaASp 75No 25
bilesiginde 4,23 eV enerji seviyesinde bu deger 13,74'tiir. Maksimum degerler agisindan degerlendirildiginde, N
atomunun katkisinin imajiner dielektrik fonksiyonunun degerini azalttig1, ancak enerji degerlerinin birbirine
oldukga yakin oldugu goriilmektedir.
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Sekil 4. GaAs ve GaAsy 75No 25 reel ve imajiner dielektrik fonksiyonlarinin enerjiye bagh grafikleri a) Real
dielektrik fonksiyonu b) imajiner dielektrik fonksiyonu

GaAs ve GaAsp 75No 25 bilesikleri igin elde edilen kirilma indisi spektrumu Sekil 5'te sunulmustur. Bu bilesikler
i¢in hesaplanan kirilma indisleri, sirasiyla n(0)) = 3,42 ve n(0) = 3,10 olarak belirlenmistir. Literatiirde yapilan
incelemelerde n(0) degerleri su sekildedir: Hadjab'in ¢aligmasinda 3,775, 3,262 ve 3,119 [26]; Othman'da ise
3,81 [28] olarak belirlenmistir. Hesaplanan n(0) degeri, literatiirde yer alan verilerle karsilagtirildiginda yiiksek
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bir uyum sergilemektedir. Kirilma indisleri, mor 6tesi bdlgesinde maksimum degerine ulagsmakta ve ardindan
azalma egilimi gostermektedir. Ayrica, azot katkisinin kirilma indisinde gozle goriiliir bir azalmaya neden oldugu
tespit edilmistir.

GaAs

T
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Enerji (eV)

Sekil 5. GaAs ve GaAsy 75N 25 bilesikleri i¢in elde edilen kirilma indisi spektrumu

Ortamda yayilan 15181n siddetinde meydana gelen azalma, sogurma katsayisi () ile tanimlanir. Sogurma katsayisi,
yayilan 15181in malzemenin igine ne kadar derinlemesine niifuz edebilecegini 6lgen bir parametredir. Sekil 6'da
gosterildigi gibi, sogurma katsayisi belirli bir sinirla sinirlidir. Bu siir, génderilen 1s1gin enerjisinin yasak enerji
araligindan daha diisiik oldugu durumlarda ortaya ¢ikar; ¢linkii bdyle bir enerji, valans bandindaki bir elektronu
uyaracak yeterli enerjiye sahip degildir ve bu nedenle gelen 151k sogrulmaz. Sogurmanin bagladigi minimum enerji
noktasi, temel sogurma noktasi olarak tanimlanir. Sekil 6'da, GaAs ve GaASo75No2s bilesiklerinin sogurma
katsayilarinin sirastyla 1,67 eV ve 0,67 eV civarinda bagladig1 goriilmektedir. Bu degerler, yasak band enerjisine
karsilik gelir ve GaAs ve GaAso 75N 25 bilesiklerinin I' noktasindaki sogurma baglangic noktalarini temsil eder.
Sogurma spektrumunda ortaya ¢ikan piksler, bandlar aras1 gecislerin gostergesidir.
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Sekil 6. GaAs ve GaAsy,7sNo 25 bilesikleri igin elde edilen sogurma spektrumu

GaAs ve GaAsy 75N 25 bilesikleri igin elde edilen yansima spektrumu Sekil 7'de sunulmustur. Bu bilesenler igin
yansima spektrumunun baslangi¢ degerleri sirasiyla yaklasik %30 ve %26 olarak belirlenmistir. Yansima
spektrumu, sogurma spektrumu ile benzerlik gostermektedir; 6zellikle, sogurma spektrumunda goézlemlenen
maksimum piksler, yansima spektrumunda da belirgin bir sekilde ortaya ¢ikmaktadir. Bu gozlemler, azot
katkisinin optik karakteristik 6zelliklerden biri olan yansima katsayisinda anlamli bir azalmaya neden oldugunu
ortaya koymaktadir.
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Sekil 7. GaAs ve GaAsy 75N 25 bilesikleri igin elde edilen yansima spektrumu

4. SONUC

Bu calismada GaAs ve GaASy 75No,25 bilesiklerinin 6rgli parametreleri, elektronik ve optik 6zellikleri detayli bir
sekilde incelenmis olup, elde edilen bulgular ugak teknolojisi baglaminda énemli sonuglar sunmaktadir. Oncelikle,
orgii parametreleri hesaplamalar1 sonucunda GaAs'in 6rgii sabiti 5,7515 A, GaAsy75No2s 'in ise 5,5413 A olarak
hesaplandi. Azot katkisinin 6rgii parametresinde belirgin bir azalmaya yol actig1 gdzlemlenmistir. Bu azalma,
malzemenin mekanik ve termal 6zelliklerini etkileyebilir. Ugak teknolojisinde, yiiksek performansli elektronik
bilesenler i¢in dayanikli ve hafif malzemelere ihtiyag duyulmaktadir. Azot katkisinin malzemenin Orgii
parametresindeki etkileri, bu bilesenlerin aerodinamik ve yapisal uygulamalar i¢in optimize edilebilecegini
gostermektedir.

Elektronik ozellikler agisindan, GaAs ve GaASo75No2s bilesiklerinin yariiletken 6zellikleri analiz edilmistir.
GaAs'in yasak band enerjisi 1,63 eV olarak hesaplanmis, bu deger deneysel verilerle uyumludur. Azot katkistyla
yasak band enerjisinin 0,61 eV'ye diismesi, GaAso,7sNo,2s bilesiginin enerji bant yapisinda 6nemli degisikliklere
yol agtigin1 gostermektedir. Bu degisiklikler, ucak teknolojisinde kullanilan yariiletken cihazlarin yiiksek hizli ve
yiiksek verimli elektronik devrelerinde daha etkili performans saglayabilir. Yasak band enerjisinin diismesi, diigiik
enerji tiiketimi ve yiiksek frekansta ¢aligma kabiliyeti gibi avantajlar sunarak, gelismis elektronik sistemlerin
tasariminda kullanilabilir.

Optik o6zellikler agisindan yapilan analizler, dielektrik fonksiyonlarinin enerjiye bagl olarak degisimini ortaya
koymustur. GaAs'in dielektrik sabiti 11,68, GaASysNo2s 'in ise 9,64 olarak hesaplanmistir. Bu dielektrik
ozellikler, malzemelerin optik performansini ve 1sikla etkilesimini dogrudan etkiler. Ugak teknolojisinde, optik
sistemler ve sensorler i¢in yiiksek dielektrik sabitlere sahip malzemeler tercih edilebilir. Ayrica, imajiner dielektrik
fonksiyonunda gozlemlenen degisiklikler, bu malzemelerin optik gegislerdeki performansini etkileyebilir.

Sogurma katsayilart ve yansima spektrumlari, azot katkisinin malzemenin optik 6zelliklerini etkiledigini ve
yansima katsayisinda anlamli bir azalmaya yol actigini ortaya koymustur. Bu bulgular, ugak teknolojisinde optik
kaplamalar ve yiizey kaplamalari i¢in malzemelerin se¢imi ve tasarimi agisindan Onemlidir. Yansima
katsayisindaki degisiklikler, 6zellikle ucaklarin radar gizlilik 6zellikleri ve optik algilama sistemleri igin kritik
olabilir.

Sonug olarak, GaAs ve GaAsysNoz2s bilesiklerinin 6rgli parametreleri, elektronik ve optik oOzellikleri, ugak
teknolojisinde yiiksek performansli yariiletkenler igin 6nemli bilgiler sunmaktadir. Azot katkisinin bu 6zellikler
iizerindeki etkileri, malzemelerin aerodinamik, yapisal ve elektronik uygulamalarda optimize edilmesi i¢cin faydali
olacagi disiiniilmektedir. Bu c¢alisma, ugak teknolojisinde kullanilan yariiletkenlerin gelistirilmesi ve
performanslarinin artirilmasi yoniinde yol gdsterici olabilir.
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OZET: Giines paneli teknolojisi, giines enerjisini elektrik enerjisine doniistiirerek siirdiiriilebilir ve temiz enerji
iretimini desteklemektedir. Yapay zeka, bu siirecte veri analizi, enerji ydnetimi ve panel verimliliginin
optimizasyonu gibi alanlarda énemli katkilar sunmaktadir. Bu iki teknolojinin entegrasyonu, enerji liretimi ve
tiketiminde daha yiiksek verimlilik saglamay1 miimkiin kilmaktadir. Bu caligmada, sensorler araciligiyla veri
toplayarak giines panellerinin gergek performansini yapay zeka tabanli tahminlerle karsilastirmak ve makine
o0grenmesi yontemleri ile glines paneli kurulumu i¢in en uygun alanlari belirlemek amaglanmaktadir. Elde edilen
tahminlerin dogrulugu yiiksek oldugu takdirde, sensorler ve yapay zeka kullanilarak giines paneli kurulumu
olmaksizin da potansiyel enerji liretiminin tahmin edilebilmesi hedeflenmektedir. Caligmada kullanilan yapay zeka
modellerinden Gradient Boosting yapay zeka modeli R? performans degerlendirme metrigine gore %97.04
dogruluk degeri ile en basarili model olarak belirlenmistir.

Anahtar Kelimeler: Giines Paneli, Yapay Zeka, Makine Ogrenmesi

SOLAR PANEL SYSTEM ENERGY PRODUCTION ESTIMATION WITH
ARTIFICIAL INTELLIGENCE APPLICATION

ABSTRACT: Solar panel technology is a key contributor to the production of sustainable and clean energy,
facilitating the conversion of solar energy into electrical energy. Artificial intelligence plays a pivotal role in this
process, particularly in areas such as data analysis, energy management, and optimization of panel efficiency. The
combination of these two technologies facilitates enhanced efficiency in energy production and consumption. This
study aims to evaluate the actual performance of solar panels in comparison with artificial intelligence-based
predictions, by collating data through sensors, and to ascertain the optimal locations for solar panel installation
through machine learning methods. Should the precision of the predicted outcomes be high, the potential energy
production without solar panel installation will be estimated through the use of sensors and artificial intelligence.
Among the artificial intelligence models used in the study, the Gradient Boosting artificial intelligence model was
determined as the most successful model with an accuracy of 97.04% according to the R? performance evaluation
metric.

Keywords: Solar Panel, Artificial Intelligence, Machine Learning
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1.GIRIS

Teknoloji gelisimi ile birlikte niifus artig1 nedeniyle her gegen giin enerji tilketimi artmaktadir [1]. Bu nedenle
yenilenebilir enerji kaynaklarina olarak ilgi ve yatirimlar da hizlanmistir. Yenilenebilir enerji kaynaklarindan biri
de giinestir. Yasamin kaynagi olan giines, doganin enerjisinin bilyiik bir boliimiinii saglamaktadir. Glines enerjisi,
giinesin ¢ekirdeginde hidrojenin helyuma doniismesi sonucu ortaya ¢ikan gii¢lii bir enerji bigimidir. Giines 1sinlart
yoluyla diinyamiza ulasan bu enerji, giines kolektorleri, giines santralleri ve fotovoltaik piller gibi farkl
teknolojilerle degerlendirilmektedir. Bu teknolojiler, giines enerjisini dogrudan 1siya veya dolayli yollardan
elektrik enerjisine doniistirmemize olanak saglamaktadir [2]. Fotovoltaik paneller, giines enerjisini elektrik
enerjisine liretmek i¢cin kullanilan en yaygin teknolojidir [3]. Fotovoltaik panellerden elde edilen elektrik
enerjisinin verimliligi, cografi konum, iklim kosullar1 ve kurulum sekline gore farklilik gosterebilmektedir. Bu
yiizden, giivenli ve ekonomik gii¢ ¢ikisi degerlerini tahmin etmek ve siirece etki eden parametreleri belirlemek
olduk¢a 6nemlidir. Fotovoltaik panellerin yayginlagmasiyla birlikte, degisken ¢evre kosullarina bagli olarak
tiretilen enerjinin tahmini ve panel ¢ikig giiciinii etkileyen faktorlerin detayh bir bigimde incelenmesi oldukg¢a
onemlidir [4]. Giines panellerinin ve diger bilesenlerin etkin bir Sekilde yonetilmesi de bir diger 6nemli noktadir.
Bu faktorlerin incelenmesinde siklikla yapay zekd yontemleri kullanilmaktadir. Yapay zeka bilgisayarn akil
yiirlitme, problem ¢6zme, anlam ¢ikarma ve genelleme gibi iist diizey biligsel beceriler sergilemesi, yani insana
0zgl davranislar taklit etmesi olarak tanimlanmaktadir. Yapay zeka fikrini ortaya ilk olarak ¢ikaran kisi Alan
Turing’dir [5]. Alan Turing, sonradan Turing Testi olarak anilacak bir yontem Onererek, bir makinenin konusma
esnasinda bir insan gibi davranip davranmadigini degerlendirme fikrini sunmustur. Yapay zeka yontemleri, robotik
alaninda da giivenlik sistemlerinin gelistirilmesi i¢in kullanilmaktadir [6]. Bu test, yapay zekanin gelisimini
6l¢mek igin pratik bir kriter olarak kabul edilmistir [7]. Makine 6grenmesi ve derin 6grenme en temel yapay zeka
yapay zekann alt kiimesidir [8]. Makine 6grenmesi, eldeki veri seti ve algoritma modeli kullanilarak matematik
ve istatistik bilimiyle ¢ikarimlar yapmay1 amaglayan bir yontemdir [9].

Calismada, ¢alismaya 0Ozgii sicaklik, nem ve 151k sensorlerinden elde edilen 6zgiin veri seti yapay zeka
algoritmalar1 ile egitilerek giines panellerinin verimliligi ve gii¢ lretim kapasitelerinin analiz edilmesi
amaglanmistir. Bes farkli makine 6grenme yontemi kullanilarak sicaklik, nem ve 151k parametrelerine bagli olarak
giines panelinin gerilimini belirlenmeye ¢alisilmistir. Elde edilen egitim sonuglari test verileri ile analiz edilip
performans degerlendirme metriklerine gére degerlendirilerek en basarili makine 6grenme yontemi calismada
kullanilmistir.

2. AKADEMIK LITERATUR
Gergeklestirilen ¢alisma ile ilgili akademik literatiir incelendiginde;

Turgut, A. ve arkadaglar1 (2019), calismalarinda topladiklar1 verileri Rastgele Orman ve farkli bir yapay zeka
modeli egitip hava sicakligini tahmin etmislerdir. Kullanmig olduklar1 yapay zeka algoritmalari igerisinde Rastgele
Orman algoritmas ile %87.72 dogruluk oranini tespit etmislerdir [10]. Akal, D., ve Umut, 1. (2022), ¢alismalarinda
yapay sinir aglar1 ve K-Nearest Neighbors (KNN) yontemi kullanarak sensorler araciligiyla topladiklar: verilerin
makine 6grenmesi sonucu fotovoltaik panel (PV) ¢ikis giinii tahminlemesi yapmiglardir. Yapay sinir aglari (YSA)
%98.79 dogruluk degeri ile en bagarili model olarak belirlemislerdir [4]. Giig, Resul (2016) ¢alismasinda yapay
sinir aglari kullanarak Bilecik ilinin 2013 y1l1 sicaklik verilerini %91 dogruluk degeri ile belirlemisledir [11]. Giin,
Ali Riza (2023), caligmasinda giines paneli gii¢ ¢ikis tahminlemesi yapmistir. Calisma icerisinde Tam Kapsamli
Toplu Ampirik Mod Ayristirmasi ve Uyarlanabilir Giriiltii (CEEMDAN) ile Cok Katmanli Algilayict (MLP) ve
farkli yapay zeka modellerini hibrit ve tekil testlere tabi tutmustur. Testleri sonucunda %91 dogruluk degeri ile en
bagarilt modeli CEEMDAN-MLP hibrit modeli olarak tespit etmislerdir [12]. Resat,H. G. (2020), Oto-Regresif
Entegre Hareketli Ortalama (ARIMA) ile YSA yapay zeka modellerini hibrit olarak kullanarak Levenberg-
Marquardt optimizasyon teknigi ile enerji tahminlemesi yapmistir ARIMA yapay zeka modelinin YSA algoritmast
ile hibrit kullanimiyla %99 dogruluk oranina ulagmistir[13]. Macit Sezikli, N. (2023), ¢alismasinda Rastgele
Orman ve farkli yapay zeka modelleri egiterek ve meteorolojik verileri kullanarak giines enerjisi tiretimi tahmini
yapmustir. Kullandigi yapay zekd modelleri arasinda, en yiiksek performans degeri %96.84 oraniyla Rastgele
Orman modeliyle elde edilmistir [14]. Ak1, O., & Akal, T. T., ¢calisgmasinda Destek Vektor Regresyonu (SVR) ve
farkli yapay zekd modellerine makine 6grenimi yaparak fotovoltaik panellerin haftalik enerji tiretimlerini tahmin
etmislerdir. SVR yapay zeka algoritmasinda %93 dogruluk orani ile en yiiksek degeri radyal fonksiyonu ile
almiglardir [15]. Yiizer, E. Ve arkadaslar1 (2023), ¢alismalarinda YSA modelini kullanarak PV sistemlerin ¢ikis
giicli tahminlemesi yapmiglardir. YSA modelini kullanarak PV sistem ¢ikis giicii i¢in %96.68 oraninda performans
degeri elde etmislerdir [16]. Uguz, S., Oral, O., & Caglayan, N. (2019), ¢alismalarinda Coklu Dogrusal Regresyon
(MLRY) ve farkli yapay zeka modellerini veri seti ile egitip iiretilen giines paneli elektrik giiclinii tahmin etmiglerdir.
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Yapilan testler sonucu MLR yapay zekd modeli ile %95.59 performans degeri elde etmislerdir [17]. Yukarida
incelenen akademik ¢aligmalara ait 6zet bilgiler Tablo 1°de verilmistir.

Tablo 1. ilgili Calismalar ile Karsilastirma Tablosu

ilgili Calismalarin Karsilastirmas:
R? Performans
Cahsma Yapay Zeka Modeli Performans Degerleri Degerlendirme Metrik
Sonuglari
Turgut, A, Temir, A,
Aksoy, B., Ozsoy, K. Rastgele Orman RMSE=0,052, MAE=0,033 87.72%
(2019)
Akal, D., & Umut, 1. MSE=0.102, MAE=0.012, .
(2022) YSA MAPE= %3.256 98.79%
. RMSE=0,052, 0
Glig, Resul. (2016) YSA MAE= 0033 91%
.. L ... | RMSE=0.345, MSE=0.119, o
Giin, Ali Riza. (2023) | CEEMDAN-MLP Hibrit MAE=0.140 91%
Resat, H. G. (2020) ARIMA-YSA Hibrit MSE=0.03 99%
Macit Sezikli, N. MAE=0.012, MSE=0.007, 0
(2023) Rastgele Orman RMSE=0.027 96.84%
Ak1, O., & Akal, T. T. MAE=0.18, RMSE=0.262, 0
(2023) SVR MAPE=%70.54 93%
Yiizer, E. Ve RMSE=0.757, o
Arkadaslart (2023) YSA MAPE=16,067 96.68%
Uguz, S., Oral, O., & MAE=0.039, MSE=0.002, 0
Caglayan, N. (2019) MLR MedAE=0.031 95.59%
. . MSE=0.899, RMSE=0.948, 0
Caligmada Gradient Boosting(GBR) MAE=0.517, MAPE=%4.3 97.04%

3. MATERYAL ve METOT

3.1 Materyal

Caligmanm materyal bolimii, giines paneli ve sensorler, Raspberry Pi 5, veri seti, yapay zekad modelleri,
performans degerlendirme metrikleri olmak iizere bes ana baslik altinda toplanmistir. Bu bilesenlere ait detayli
bilgiler asagida verilmistir.

3.1.1 Giines Paneli ve Sensorler

Giines enerjisini elektrik enerjisine doniistiiren fotovoltaik panelin gii¢ ¢ikisini Slgmek icin 6zel bir deney diizenegi
hazirlanmistir. Diizenekte voltaj sensorii ile fotovoltaik panelin voltaj verisi toplanmistir. Ayrica sicaklik ve nem,
151k sensorii ile veri toplanmistir. Sensorlerden elde edilen verilerin analog olarak okunmasi i¢in Arduino Uno
mikroislemcisi kullanilmustir.

3.1.1.1 Giines Paneli

Calismada sadece gerilimini 6lgmek kaydiyla 25 watt (20,70 Volt x 1,21 Amper) giicinde 36 hiicreli
monokristal bir fotovoltaik panel kullanilmigtir. Panelin gorseli asagidaki Sekil 1°de verilmistir.

140



Deniz OZER, Bekir AKSOY, Yalva¢ Akademi Dergisi, 9-2 (2024) 138-151

Sekil 1. 25 watt(W) monokristal giines paneli

3.1.1.2 Sensorler

Caligmada sicaklik ve nem sensorii, 151k sensorii, voltaj sensorii olmak tizere 3 adet sensér kullanilmistir.
Sensorlerin gorselleri asagidaki Sekil 2-4’de verilmistir.

2 DATA o .~~: ~
3 NC ol Yl
4 GND . ':: :
~
/79
1, z\’ :’/ ‘/,’
Sekil 2. DHT-22 Sekil 3. LDR-11-L.M393 Sekil 4. VVoltaj Sensorii Sicaklik ve Nem
Sensorii Isik Sensorii

3.1.2 Raspberry Pi Tek Karth Bilgisayar

Arduino Uno mikroiglemcisinin kontrolii ve gii¢ beslemesi, ana bilgisayar ile uzaktan baglanti ve veri toplama
islemi i¢in Raspberry pi tek kartl bilgisayar kullanilmistir. Ek olarak uzaktan baglanti olmasina ragmen internet
erisimi kisitlandiginda saat ve tarih ayarlarmmn degigsmemesi i¢in real time clock (RTC) yani gergek zamanl saat
modiilii kullanilip sistemi yakindan kontrol etmek i¢in LCD ekran eklenmistir. Raspberry Pi 5,Arduino Uno , RTC
zaman modiilii, LCD ekran gorselleri asagida bulunan Sekil 5-8’de verilmistir.

Sekil 5. Raspberry Pi 5 Sekil 6. Arduino UNO R3

Sekil 7. 12C LCD Ekran Sekil 8. RTC Modiilii
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3.1.3 Veri Seti

Caligmada kullanilan sistemde 12.07.2024 ile 12.08.2024 tarihi arasinda diizenli olarak panelden ve sensérlerden
toplanan degerler kaydedilerek Raspberry Pi 5 tek kartli bilgisayarina aktarilmistir. Diizenli olarak sik araliklarda
voltaj, sicaklik, nem, 151k diizeyine ait toplam 634641 adet veri toplanmistir.

3.1.4 Yapay Zeka Modelleri

Calismada veri tahmini i¢in kullanilan Lineer Regresyon, Ridge Regresyon, Lasso Regresyon, Rastgele Orman
Regresyon, Gradient Boosting yapay zeka modelleri ve bu modellere ait detaylh bilgiler asagida verilmistir.

3.1.4.1 Lineer Regresyon (Lineer Regression)

Lineer Regresyon, Amaci, bagimli degiskenin bagimsiz degiskenlerle olan lineer iligkisini modelleyerek
gelecekteki degerleri tahmin etmektir. Bu model, bagimli degiskenin, bagimsiz degiskenlerin katsayilariyla
carpiminin toplami olarak ifade edilebilecegi varsayimina dayanir. Katsayilar, bagimsiz degiskenlerin bagimlh
degisken tizerindeki etkilerini gosterir [14].

3.1.4.2 Ridge Regresyon (Ridge Regression)

Ridge Regresyon’da amag, hata kareleri toplamini en aza indiren katsayilar1 belirlemektir. Diizenleme siddeti alpha
parametresi ile ayarlanir. Alpha degeri arttik¢a diizenleme etkisi artar, bu da modelin daha basit ve diizgiin hale
gelmesini saglar. Ancak, alpha degeri azaldiginda daha fazla 6zellik devreye girer ve bu da modelin karmasikligini
artirir [14].

3.1.4.3 Lasso Regresyon (Lasso Regression)

Lasso Regresyon, dogrusal regresyon modellerinde ¢oklu baglanti sorununu ¢ézmek ve Ridge regresyonun tiim
degiskenleri modelde tutma dezavantajimi ortadan kaldirmak amaciyla {iretilmistir. Lasso Regresyon’da temel
hedef, hata kareleri toplamin1 en aza indiren katsayilar1 belirlemektir [18].

3.1.4.4 Rastgele Orman Regresyon (Random Forest Regressor)

Rastgele Orman Regresyon, makine 6grenmesinde yaygin olarak kullanilan bir algoritmadir ve hem siniflandirma
hem de regresyon problemlerinde yiiksek dogruluk saglar. Bu model, karar agaglarin1 bir araya getirir ve bu
modelleri sirastyla ekleyerek kayip fonksiyonunu minimize eder. Siniflandirma islemlerinde, veriyi belirli bir
sinifa atamak veya her smifin olasiliini1 hesaplamak amaciyla kullanilir. Regresyon problemlerinde ise, sayisal
degerlerin tahmininde etkili bir aragtir [14].

3.1.4.5 Gradient Boosting (GBR)

Gradient Boosting her yeni model, 6nceki modellerin hatalarin1 diizeltmeye caligir. Bu siireg, her iterasyonda
hatay1 azaltarak gii¢lii bir tahminleyici olusturur. Hem regresyon hem de siniflandirma problemlerinde etkili olan
bu teknik, diisiik hata oranlar1 ve yiiksek yorumlama saglar [19].

3.1.5 Performans Degerlendirme Metrikleri

Calisma igerisinde kullanilan bes farkli makine 0Ogrenme algoritmasindan elde edilen sonuglarin
degerlendirilebilmesi i¢in Mean Squared Error (MSE), Mean Absolute Percentage Error (MAPE), Root Mean
Square Error (RMSE), MAE, Median Absolute Error (MedAE), R-Squared (R?) performans metrikleri
kullanilmistir. Calismada kullanilan MSE, RMSE, MAPE, MAE, MedAE, R? performans degerlendirme
metriklerinin denklemleri sirasiyla, Denklem (1-6)’de verilmistir [20][21].

1 m N2
MSE=_- (1= T) (1)

1 m N2
RMSE = Jazm(” -7) 3)
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I N 7
MAE = — (4)
m i=1 Yl

MedAE = median(|Y; — %) (5)
D (A ) ©
YV —Y)?

Denklemlerde kullanilan ifadeler asagida belirtilmistir;
Y; = Gergek Deger
Y, = Tahmin Edilen Deger

m = Toplam veri noktast
i = Index

3.2. Metot

3.2.1 is Akis Diyagram

Calismanin is akig diyagrami Sekil 9°da verilmistir. Ayrica is akis diyagrami agiklanmustir.

Weri islgme e
Makine Ogrenimi

Bilgisayar | ':
Y il i

B/ /| T
1713

Raspberry Pi 5
Giineg Paneli
VERi-1
& & 1&’ || Arduino Uno
. Ead 17| Mikroiglemci . Bagimsiz,
Isik Voltaj  Sicaklik ve T VERI-2 Degisken'
Sensorii  Sensorii Nem Sensori Y
CIKTI KATMANI
i:% —1 VERI-3 GIZLi KATMAN-2
RTC LCD
Zaman Ekran GIZLI KATMAN
Modiilu
GIRDI KATMANI

Sekil 9. Sistem Akis Diyagrami

Sekil 9’da goriildiigii gibi ¢alismanin ilk asamasinda giines enerjisini elektrik enerjisine doniistirmek igin
fotovoltaik panel tasarlanmigtir. Tasarlama igslemi tamamlandiktan sonra ¢evre kosullariin verilerini analog olarak
okumak icin 151k, sicaklik ve nem sensorii; fotovoltaik panelin tirettigi elektrik enerjisini analog olarak okumak
icin voltaj sensorii kullanilmistir. Ayrica olasi internet erisim problemleri icin tarih ve saat ayarlarinda herhangi
bir problem yasanmamasi i¢in RTC modiilii ve sistemi yakindan kontrol etmek i¢cin LCD ekran kullanilmistir.
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Ugiincii asamada analog verilerin okunmasi i¢in Arduino Uno mikroislemcisi kullamlip Raspberry Pi 5
gonderilmigtir. Dordiincii agamada ise Raspberry Pi 5 karti {izerinde depolanan 6zgiin veri seti hazirlanmistir.
Ayrica Arduino Uno mikroislemcisinin yazilim ayarlart yapilip ana bilgisayar ile uzaktan baglanti
gergeklestirilmistir. Bdylece sistemin uzaktan kontrolii de saglanmistir. Son agsamada ise elde edilen 6zgiin veri
seti verilerin %80 (507712 adet) egitim %20 (126928 adet) test olacak Sekilde rastgele ayrilarak Lineer Regresyon,
Ridge Regresyon, Lasso Regresyon, Rastgele Orman, Gradient Boosting yapay zeka algoritmalar1 kullanilarak
200 epoch boyunca egitilmistir. Egitim igleminden sonra yapay zeka modelleri test verileri ile analiz edilerek elde
edilen sonuclar MSE, MAPE, RMSE, MAE, MedAE, R? performans degerlendirme metriklerine gore
degerlendirilmistir.

3.2.2 Elektronik Devre Tasarim

Calismanin elektronik devre tasarimi Sekil 10°da verilmistir. Ayrica elektronik devre tasarimi agiklanmustir.

fritzing

Ik olarak Sekil 10°da goriildiigii {izere fotovoltaik panel, giinesten aldigi 151 enerjisini elektrik enerjisine
doniistiirmektedir. Doniistiiriilen elektrik enerjisinin degerini okumak i¢in voltaj sensoriine baglanmugtir. Ayrica
151k, sicaklik ve nem degerini 6lgmek i¢in kullanilan LDR-11-L.M393 151k sensorii ve DHT-22 sicaklik ve nem
sensorii de ¢evreden veri toplamaktadir. Bu ii¢ sensdr, sistemi yakindan kontrol etmek i¢in kullanilan LCD ekran
ve olas1 internet erisim problemleri i¢in tarih ve saat ayarlarinda herhangi bir problem yasanmamasi i¢in kullanilan
RTC modiilii breadboard araciligi ile Arduino Uno mikroislemcisine baglanmistir. Sicaklik ve nem sensorii, 151K
sensOrii ve voltaj sensdriiniin sinyal ucu sirasiyla A0, A1, A2 analog girislerine baglanmistir. LCD ekran ve RTC
modiiliiniin sinyal u¢lar1 da SLA ve SCL uglarina baglanmistir.

4. ARASTIRMA BULGULARI

4.1 Kayip Grafikleri
Calismada 151k, voltaj, sicaklik ve nem parametreleri giris, liretilen elektrik enerjisi miktari ¢ikis parametresi olmak

iizere toplam 634641 veriler bes farkli makine O6grenme algoritmasi ile egitilmistir. Egitilen yapay zeka
modellerine ait kayip grafikleri Sekil 11-14’de gdsterilmistir.
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Lineer Regresyon - Kayip (Loss) Grafigi (3D) Ridge Regresyon - Kayip (Loss) Grafigi (3D)
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Sekil 12. Ridge Regresyon

Sekil 11. Lineer Regresyon
Kayip Grafigi

Kay1p Grafigi

Lasso Regresyon - Kayip (Loss) Grafigi (3D)  Gradient Boosting - Kayip (Loss) Grafigi (3D)
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Sekil 13. Lasso Regresyon Kayip Grafigi Sekil 14. Gradient Boosting
Kay1p Grafigi

Rastgele Orman yapay zeka modelinin egitim siirecinde kaybin nasil degistigini izlemek, modelin dogas1 geregi
miimkiin degildir. Ciinkii egitim siireci iteratif degildir ve her bir agacin kaybi bagimsiz olarak degerlendirilir.
Caligsmada, Rastgele Orman algoritmasi haricindeki diger algoritmalar olan Lineer Regresyon, Ridge Regresyon,
Lasso Regresyon algoritmalarin1 kayip grafiklerinde herhangi bir degisim gozlenmediginden dolay1 net bir
bi¢imde sonuglar izlenememistir. Ancak Gradient Boosting algoritmasinin grafiginde 200 katmandan sonra kayip
olmadig1 kayip degerinin neredeyse sifira yakin bir deger oldugu tespit edilmistir.

4.2 Yapay Zeka Modellerinin Performans Degerlendirme Metrikleri

Calismanin ikinci asamasinda ise bes farkli yapay zeka algoritmasinin egitimlerinden elde edilen sonuglar MSE,
MAPE, RMSE, MAE, MedAE, R? performans degerlendirme metriklerine gore grafikler olusturularak asagidaki

sonuglar Sekil 15-19°da verilmistir.
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Lineer Regresyon igin Performans Metrikleri
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Sekil 15. Lineer Regresyon i¢in
Performans Metrikleri

Lasso Regresyon icin Performans Metrikleri
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Sekil 17. Lasso Regresyon Igin
Performans Metrikleri

Ridge Regresyon icin Performans Metrikleri
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Sekil 16. Ridge Regresyon icin
Performans Metrikleri

Rastgele Orman igin Performans Metrikleri
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Sekil 18. Rastgele Orman igin
Performans Metrikleri

Gradient Boosting icin Performans Metrikleri
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MAE

MedAE R2 Score MAPE
Metrikler
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Sekil 19. Gradient Boosting I¢in Performans Metrikleri

Calismada ilk olarak Lineer Regresyon yapay zeka modeli egitilerek performans degerlendirme metriklerine gore
sonuglar1 Sekil.13’de gosterilmistir. Sekil.13 incelendiginde Lineer Regresyon modelinin MSE degeri 9.86, RMSE
degeri 3.14, MAE degeri 2.56, Medyan mutlak hata degeri 2.27, MAPE %25.54, R? degeri %67,93 olarak elde
edilmistir. Lineer Regresyon modelinden elde edilen matematiksel ifade Denklem (7)’de gosterilmistir.

Panel Voltaji = —5.74 + 0.20 X Sicaklik + 0.03 X Nem + 0.02 X Istk Degeri (7)

Denklem incelendiginde biitiin sensorlerin pozitif etki yaptigi tespit edilmistir. Tahmin etkisini en yiiksek sicaklik
katsayis1 (0.20) verirken en diisiik etkiyi 151k degeri katsayist (0.02) saglamistir.

Calismada ikinci olarak Ridge Regresyon yapay zekd modeli egitilerek performans degerlendirme metriklerine
gore sonuglart Sekil.14’de gosterilmistir. Sekil.14 incelendiginde Ridge Regresyon modelinin MSE degeri 9.86,
RMSE degeri 3.14, MAE degeri 2.56, MedAE degeri 2.27, MAPE degeri %25.54, R? degeri %67.93 olarak elde
edilmistir. Ridge Regresyon modelinden elde edilen matematiksel ifade Denklem (8)’de gosterilmistir.

Panel Voltaji = —5.74 + 0.20 X Sicaklik + 0.03 X Nem + 0.02 X Istk Degeri (8)

Calismada {igiincii olarak Lasso Regresyon yapay zeka modeli egitilerek performans degerlendirme metriklerine
gore sonuglar1 Sekil.15°de gosterilmistir. Sekil.15 incelendiginde Lasso Regresyon modelinin MSE degeri 9.86,
RMSE degeri 3.14, MAE degeri 2.56, MedAE degeri 2.26, MAPE degeri %25.53, R? degeri %67.91 olarak elde
edilmistir. Lasso Regresyon modelinden elde edilen matematiksel ifade Denklem (9)’de gosterilmistir.

Panel Voltaji = —3.97 + 0.16 X Sicaklik + 0.02 X Nem + 0.02 X Isik Degeri 9

Calismada dordiincii olarak Rastgele Orman yapay zeka modeli egitilerek performans degerlendirme metriklerine
gore sonuglart Sekil.16’da gosterilmistir. Sekil.16 incelendiginde Rastgele Orman modelinin MSE degeri 3.13,
RMSE degeri 1.77, MAE degeri 1.11, MedAE degeri 0.70, MAPE degeri %11.27, R? degeri %89.80 olarak elde
edilmistir. Veriler incelendiginde Rastgele Orman modelinin 6nceki 3 modelden ¢ok daha yiiksek dogrulukta
tahminlerde bulundugu goriilmektedir.

Rastgele Orman yapay zeka modelinde karar agaci tabanli yontemler kullanildigi igin dogrusal bir denklem
yazmak miimkiin degildir. Ciinkii bu yapay zeka modeli verinin karmagik ve dogrusal olmayan iliskilerini
yakalamak i¢in tasarlanmistir. Bu sebeple bu modelin {izerinde makine 6grenimi igin kullanilan 6zelliklerin 6nem
derecesi Tablo 2’de listelenmistir.

Tablo 2. Rastgele Orman Onem Derecesi

Isik Degeri Nem Sicakhik

0.8926 0.0538 0.0536

Rastgele Orman modelinin analizine gore, 'Isik Degeri' 6zelligi, tahminlerde belirleyici bir rol oynamaktadir ve bu
ozelligin 6nemi ‘0.8926° olarak Olgiilmiistiir. Buna karsin, 'Nem' ve 'Sicaklik' 6zelliklerinin dnemi sirasiyla
0.0538 ve ‘0.0536’ olarak bulunmus, bu da bu iki 6zelligin modelin tahminlerinde nispeten diisiik etkiye sahip
oldugunu gostermektedir.

Calismada besinci olarak Gradient Boosting yapay zeka modeli egitilerek performans degerlendirme metriklerine
gore sonuglar1 Sekil.17°da gosterilmistir. Sekil.17 incelendiginde Rastgele Orman modelinin MSE degeri 0.90,
RMSE degeri 0.95, MAE degeri 0.52, MedAE degeri 0.27, MAPE degeri %4.35, R2 degeri %98.04 olarak elde
edilmistir.

Gradient Boosting yapay zeka modelinde karar agaci tabanli yontemler kullanildigi i¢in dogrusal bir denklem
yazmak miimkiin degildir. Ciinkii bu yapay zeka modeli verinin karmasik ve dogrusal olmayan iliskilerini
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yakalamak i¢in tasarlanmigstir. Bu sebeple bu modelin iizerinde makine 6grenimi igin kullanilan 6zelliklerin nem
derecesi Tablo 3’de listelenmistir.

Tablo 3. Gradient Boosting Onem Derecesi

Isik Degeri Nem Sicakhik

0.8427 0.0825 0.0748

Gradient Boosting modelinin analiz sonuglarina gore, 'Isik Degeri' 6zelligi tahminlerde en yiiksek 6neme sahip
olup, bu dzelligin 6nemi ‘0.8427 olarak hesaplanmistir. Buna karsilik, 'Nem' ve 'Sicaklik' 6zelliklerinin 6nem
dereceleri sirasiyla ‘0.0748” ve ‘0.0825 olarak bulunmus, bu da bu 6zelliklerin model tahminlerinde daha az etkili
oldugunu gostermektedir.

4.3 Calismada kullamlan Yapay Zeka Modelleri Karsilastirmasi

Calismada kullanilan bes makine 6grenme algoritmasindan elde edilen sonuglar Tablo 4’de verilmistir. Tablo 4
incelendiginde en basarili modelin R? performans degerlendirme metrigine gore %97,04 dogruluk orani ile
Gradient Boosting algoritmasi oldugu tespit edilmistir.

4.4 Panel Voltaji Tahmini ve Ger¢ek Voltaj Degeri Grafigi

Calismada en basarili yapay zeka yontemi olarak belirlenen Gradient Boosting yapay zeka algoritmasi i¢in drnek
bir aya ait gergek veriler ile tahmin degerlerine ait grafik Sekil 18’de verilmistir.

Yapay Zeka Modelleri- Performans Metrikleri Karsilastirma Tablosu

MSE RMSE | MAE | MedAE | MAPE | R2 DEGERI
Lineer Regresyon 9,8613 | 3,1402 | 2,5652 | 2,2739 | 25,541 67,93%
Ridge Regresyon 9,8613 | 3,1402 | 2,5652 | 2,2739 | 25,541 67,93%
Lasso Regresyon 9,8677 | 3,1412 (2,5683 | 2,2671 | 25,5316 67,91%
Rastgele Orman 3,1361 | 1,7709 (1,1182| 0,7002 | 11,2761 89,80%
Gradient Boosting 0,9098 | 0,9538 | 0,5233 | 0,2728 | 4,3506 97,04%

Tablo 4. Yapay Zeka Modelleri-Performans Metrikleri Karsilagtirma Grafigi
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Panel Voltaji Tahmini ve Gercek Dederler
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Sekil 20. Panel voltaji Tahmini ve Gerg¢ek Degerler Karsilagtirma Tablosu
5. SONUC

Giiniimiizde gevre kirliligi diinyanmn en énemli problemlerden birisidir. Ozellikle elektrik enerji iiretiminde
yenilenebilir enerji kaynaklarina olan ihtiyag giin gegtikge artmaktadir. Onemli yenilenebilir enerji kaynaklarmdan
birisi de giinesten elde edilen elektrik enerjisidir. Calismada prototip diizeyde hazirlanan bir sistem ile giines
enerjisinden elektrik elde edilerek tretim esnasindaki 1si, 151k, nem verileri toplanarak tretilen elektrik
enerjisindeki etkin parametreler yapay zeka yontemleri ile belirlenmeye ¢aligilmigtir. Caligmaya 6zgii olusturulan
Ozgl veri seti bes farkli yapay zeka algoritmasi ile egitilerek elde edilen sonuglar MSE, MAPE, RMSE, MAE,
MedAE, R? performans degerlendirme metriklerine gore degerlendirilmistir. Caligmada kullanilan bes farkli yapay
zeka yonteminden Gradient Boosting yapay zeka algoritmasi R? performans degerlendirme metrigin %97,04
dogruluk orani en basarili model olarak tespit edilmistir. Ayrica bu dogruluk oranina ait matematiksel 6nem
degerleri elde edilerek iiretilen elektrik enerjisi miktarina girig parametre etkisi belirlenmistir. Bu parametrelerden
151k degerinin {iretilen elektrik enerjisi degerine en ¢ok etki eden parametre oldugu belirlenmistir.

Ilerleyen akademik galigmalarda giines enerjisinden elde edilen elektrik enerjisi icin asagida maddeler halinde
verilen neriler dikkate alinarak yeni ¢alismalar yapilmasi hedeflenmektedir.

e Modelin genelleme yetenegini degerlendirmek igin daha fazla farkli veri setleri iizerinde test
yapilmalidir.

e (Capraz dogrulama yontemi kullanarak modelin verileri sadece ezberleme, ya da agsirt
o6grenme(overfitting) yapip yapmadigi kontrol edilebilir.

e (Caligmada kullanilan bagimsiz degiskenlerin etkisi daha ayrmntili bir Sekilde incelenmeli ve
modelin tahminlerini yonlendiren 6nemli faktorler belirlenmelidir.

e Modelin zaman i¢indeki performans degisimini anlamak i¢in dinamik bir analiz yapilabilir.
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e Bu o0neriler, regresyon modelinin pratik uygulamalardaki etkinligini daha da artirmak ve
gelecekteki arastirmalara temel teskil etmek amaciyla sunulmustur.
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Oz: Calisma sekillerinin degismesiyle birlikte ¢alisma smirlariin genislemesi, iletisimin farklilagmasi, is-yasam
dengesinin degisimi, ekiplerin farklilagsmasi ve yonetim tarzinda yeni bir déneme gegilmistir. Is diinyasinda salgm
sonrasinda yayginlasan yeni ¢alisma modelleri farkli bir bakis agis1 kazandirmis ve ¢alisma siirecinde avantaja
cevirmistir. Oncelikle uluslararas firmalar olmak iizere yerli firmalar ¢alisma modellerini degistirmis ve teknoloji
yatirimlari baglamigtir. Microsoft Teams, Google Meet, GoToMeeting, Zoom vb. gibi teknolojik platformlarin
kullanilmasi i¢in firmalar tarafindan egitimler verilmis ve aktif olarak kullanilmaya baglanmistir. Uzaktan ¢alisma
sistemine gegis ile teknolojinin daha etkin kullanimi énemlidir. Aragtirmaya katilan katilimeilarin uzaktan ¢aligma
ile ilgili olumlu goriislerinin olmasina ragmen, bireysel sosyallesme agisindan sorun yasadiklar1 gézlenmektedir.
Is ortamlar1 ¢aliganlar icin sosyal etkilesim ve bag kurmalarma destek olan i ortamini saglamaktadir. Firmalar
icin gizli olan bu bag ekip performansii etkilemekte birlikte sosyallesme agidan da dnemlidir. Arastirmada
uzaktan caligma yonteminin uzaktan calisan kisiler izerindeki etkileri dzellikle de is ortaminda sosyallesmeleri
iizerindeki etkileri incelenmis. Bunun igin nitel arastirma yontemi kullanilmigtir. Kartopu 6rneklem yontemiyle
veriler toplanmigtir. Aragtirmada tekstil, iletisim, saglik ve perakende gibi farkl: tiretim sahalarinda ¢alisanlar ile
goriismeler yapilmig goriismeler yapilmig ve veriler elde edilmistir. Elde edilen veriler 2020 MAXQDA programi
ile analiz edilmistir. Yapilan ¢alisma sonucunda uzaktan ¢alisma yonteminin, ¢aliganin is ortamindaki sosyal
baglarimi ve iliskilerini negatif etkiledigi ortaya konmustur.

Anahtar Kelimeler: Uzaktan Calisma, Inovasyon, Teknoloji, Sosyallesme, Perfomans

Remote Working Method and Individual Socialization: A Study on Employees Social

Relations

Abstract: With the change in working styles, the expansion of working boundaries, the differentiation of
communication, the change of work-life balance, the differentiation of teams and a new era in management style
have begun. New working models that have become widespread in the business world after the epidemic have
brought a different perspective and turned it into an advantage in the working process. Domestic companies,
primarily international companies, have changed their working models and technology investments have begun.
Microsoft Teams, Google Meet, GoToMeeting, Zoom etc. Trainings have been provided by companies for the use

of technological platforms such as and they have begun to be used actively. With the transition to a remote working
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system, more effective use of technology is important. Although the participants in the study had positive opinions
about remote working, it was observed that they had problems in terms of individual socialization. Work
environments provide a work environment that supports social interaction and bonding for employees. This bond,
which is secret for companies, affects team performance and is also important in terms of socialization. The
research examined the effects of the remote working method on people working remotely, especially on their
socialization in the work environment. For this purpose, qualitative research method was used. Data was collected
using the snowball sampling method. In the research, interviews were conducted with employees in different
production fields such as textile, communication, health and retail, and data was obtained. The data obtained was
analyzed with the 2020 MAXQDA program. As a result of the study, it was revealed that the remote working

method negatively affects the social ties and relationships of the employee in the work environment.

Keywords: Remote Working, Innovation, Technology, Socialization, Performance

1. Giris
2020 de yasanan salgin nedeniyle 6ncelikle yasam kosullari, sonrasinda is modellerinde degisiklikler olmustur.
Calisma kosullariin farklilasmasiyla birlikte, degisim zorunlu hale gelmis ve ¢iktilari tiim is hayatina yansimustir.
Uzaktan calisma ile birlikte yeni ¢aligma modelleri hayatimiza girmistir. Salgin ile baslayan uzaktan ¢alisma

modeli, verimliliginin 6n plana ¢ikmasi ile salgin sonrasinda da devam etmistir.

Is hayatinda bircok isletme calisma modellerini degistirerek yeni ¢alisma modelleri arayisina girmislerdir. Uzaktan
¢aligmanin ilk uygulamaya baslamasi ile is diinyasi tarafindan benimsenmis ve ¢aliganlar i¢in motivasyon kaynagi
olmugstur. Uzaktan calisma, rahatligi ve ozgirligi ile dikkat ¢ekmis ve ¢alisanlar tarafindan benimsenmistir.
Calisan personellerin, rahatlik ve 6zgiirliigii ifade ederken digerleri i¢in sosyallesmeden uzak kalmak olarak ifade
edilmektedir. Bir¢ok calisan igin farkli yorumlanan uzaktan ¢aligma genel anlamda esneklik ve rahatligi ifade
etmektedir. Bu ifade ¢alisma ortami, ticret, yoneticiye goriisleri ve benzeri sebeplerden dolayr farklilik
gostermektedir (Erafsar, 2022, s. 290-316).

Uzaktan ¢alisma, ¢alisma kosullar1 agisinda bir alanda ayrilmaktadir. Uzaktan ¢alisma yonteminde isverenin
sagladig1 olanaklar ve kurum igerisinde olusturulan iletisim énemli rol oynamamaktadir. s yerinde olusturulan
arkadaslik, iletisim, duygusal ve sosyal bag agisindan 6nem tasimaktadir. Uzaktan ¢alisma galisanlar agisindan
avantaj gibi goriilse de sosyal hayattan uzak oldugu i¢in toplumsal bir yabancilasmaya neden olabilmektedir (Fu.,
2012, s. 415-420).

Uzaktan ¢aliyma kurumdan ve is ortamindan uzaklasip bireysel bir yalnizliga neden olmaktadir. Kurum
icerisindeki iletisimin az olmas1 sebebiyle kuruma olan bagimliligin da azaldig1 goriilmektedir. Uzaktan ¢alisma
eksik sosyallesmenin yani sira isletmeye sosyal baglilik agisindan da 6nemlidir. Arastirmada uzaktan ¢alisma
yontemi ele alinirken ¢aligma ortamlarinda bireysel sosyallesmenin arti ve eksileriyle inceleyerek literatiir

arastirasi degerlendirilmistir. (Atalay 2012, s. 900).
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2. Uzaktan Cahsma Yontemi ve Gelisim Siireci

Salgin 6ncesinde ¢alisma yerleri ve is ortami alanlari olarak adlandirdigimiz boliimler daha net ifade edilmekteydi.
Calisma kavraminin degismesi ile konaklama yerlerinde para kazanilmaya baslanmasi ile birlikte yeni bir ddnem
baslamistir. Sadece konaklama yeri ile sinirli olmayan ¢alisma alanlarina “uzaktan ¢alisma” ifadesi kullanilmustir.
Uzaktan ¢alisgma kavramimin yeni bagladigi doénemlerde, uzaktan calisma sistemiyle yeni tanisan kurumlar
tarafindan zorluklar yaganmustir.

Calisanlar ve igverenler acisindan uzaktan caligma sisteminin anlasilmasi ve uygulamaya baslanmasi ile birlikte
calisma hayatina girmistir. Uzaktan calisma sistemi ile daha esnek ve 6zgiir bir calisma ortami saglamaktadir.
Bireysel olarak bagimsiz, evden, istenilen yerden ¢alisilmasi olarak ifade edilebilir. Calisma ortaminin sadece ev
olmasi gerekli degildir. Uzaktan calisma yontemi genellikle evden ¢alisma ile karigtirilarak ayni anlamda
kullanilmaktadir. Kavramsal olarak evden ¢aligma, daha esnek olmasi nedeniyle benimsenmektedir. (Karakoyun,
2016, s. 139-160).

Giiniimiizde, dijitallesmenin hiz kazanmasi ve yeni teknolojilerinin etkisiyle yeni is model ve is uygulamalari,
zaman ve mekan smirlar1 esneklik katarak yayginlasmaktadir. Isletmeler, giderlerini diisiirmesi ve verimliligini
arttirmasi gibi nedenlerden dolay1 ¢aliganlarini daha ¢ok uzaktan ¢aligmaya yonlendirmektedir. 2020 yilinin Subat
aymda Tiirkiye’de patlak veren salgin ile birlikte, is diinyasinda uygulamaya giren uzaktan ¢alisma uygulamalari,
¢aligma hayati i¢in yeni bir déonem olmustur. Teknolojik gelismeler ve dijitallesme ile ¢alisma hayatina yeni bir

doneme gecis yapilmistir.

3. Uzaktan Cahsmaya ve Literatiire Genel Bakis

2020 yillarm basinda yaygimlagmis uzaktan ¢alisma terimi, dijital iletigim, bilgisayar bilimleri gibi kavramlar ile
yeni donemin baglandigini ifade etmektedir. Caligma yasaminda 6zgiirliik kazandiran uzaktan ¢aligma kavrami yer
sinirlandirilmasi olmaksizin serbest alanlarda ¢alisma imkani vermektedir.

Calisanlar acisindan uzaktan g¢alisma ortaminin olusturulmasi i¢in ag baglantisi ve gerekli alt yapi ile ¢alisma
olanag1 saglanmaktadir. Isletmeler de calisanlarin teknolojiye dair yeteneklerini tespit edilmeli, tespitler cergevesin
de egitim diizenlenmeli ve teknolojik diizeneklerin olusturularak verimli bir hale getirilmelidir. Uzaktan galisma,
zaman esnekligi sayesinde is-yagam dengesini netlestirir ve 6zel hayata daha fazla zaman ayirma konusunda
esneklik saglamaktadir. Uzaktan ¢alismanin avantajlarinin yaninda dezavantajlari ile ilgili caligmalarin literatiir de

yogunlukla tartisildigi goriilmektedir ( Bozkurt, 2020: 100-105).

Yeni calisma modeli, is diinyasinda yasam tarzlarmin giindeme getirmeye baglamistir. Ozellikle bireysel Ozellikle
bireysel yasam modelini destekleyen ¢alisma modeli insanlar1 yalnizlik, bireysel motivasyon diistikliigii, diisiik
performans gibi is yasamindaki enerjiyi diisiiren konular giindeme getirilmistir. Salgin 6zellikle bireyler iizerinde
once is sonra Ozel hayat1 olumsuz etkiledigi goriilmektedir (Tutar, 2007, s. 130-132). Uzaktan ¢alisma daha esnek
olarak algilansa da siirekli sisteme baglanma zorunlulugu olusturmakta ve calismada siirekliligi geregi caligsanlar
strese sokabilmektedir. Zamandan bagimsiz ve esnek ¢alisma saatleri toplantilar ¢alisanlar iizerinde bitmeyen
mesai kavramini olugturmus ve online- zoom yorguniugu olarak ifade edilmeye baglanmistir (Rogers, 2020) .
Isletmelerin alt yap1 olarak hazirlanmaya yeterli siire olmamasi nedeniyle igin uygulamalar zamanla 6grenilmis ve
caliganlar tarafindan benimsenmistir. Uzaktan calisma geleneksel olan ofis ortamimin farklilagarak calisma

hayatinda degisikliklerinin goriilmesi olarak ifade edilmektedir (Remote Year,2020).
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Uzaktan ¢aligmanin ¢alisanlar lizerinde; sosyal bozulma, diizensiz ¢aligma saatleri ve ekip ruhunun azalmasi gibi
etkiler yaratarak isten ve ¢alismadan sogumaya yol agtig1 degerlendirilmektedir. Ozellikle kadin ¢alisanlarin evde
olmasi durumda zorluk derecesi artmakta ve uzaktan ¢alismanin olumsuz etkisi olarak degerlendirildigi one

suriilmektedir.

4. Yontem

4.1. Arastirmanin Amaci
Arastirmada, uzaktan calisma yonteminin katilimeilar iizerindeki etkilerini anlamak, onlarin bireysel
sosyallesmelerini ve bu yontemin is ortamindaki sosyal iligkiler agisindan avantaj ve dezavantajlarini ortaya
koymak amaclanmaktadir. Katilimcilart bireysel sosyallegsmesini ve uzaktan ¢alismanin ig ortamindaki sosyal
ilisleri agisindan avantaj ve dezavantajlarini ortaya ¢ikarmaktir.

4.2. Arastirma Deseni
Bu aragtirma, Istanbul'da 6zel sektdrde tekstil, iiretim, saglik ve turizm alanlarinda faaliyet gosteren isletmelerde
calisan bireylerin sosyallesme ile ilgili goriislerini ele alan nitel bir arastirma desenidir. Veriler goriisme teknigi
ile toplanmistir. Fenomenoloji deseni kullanilmistir. Fenomenoloji nitel bir metodoloji olup, yasanan deneyim ve
bilgilerin birlikte aktarilmasidir. (Creswell, 2020, s. 86). Arastirmada veri toplama yontemi olarak goriisme ve
roportaj teknigi kullanilmistir.

4.3. Aragtirmanin Katihmcilar
Caligma grubu 6zel sektorde galigan 20 kisiden olugmaktadir. Goriismelerin verimli ve kaliteli olmasi igin katilimei
gruplar1 25-40 yas araligindan seg¢ilmistir. Arastirma sorularinin iyi yorumlanmasi i¢in deneyim agisindan 2 yili
doldurmus ¢alisanlar tercih edilmistir. Orneklem kartopu teknigi kullamlarak hazirlanmistir. Kartopu érneklem
tekniginde arastirmaci ve goriismeci isbirligi ile calismaktadir. Arastirmaya dahil edilen sektorlerin se¢ilme nedeni
ise, is sahasinin genis olmasi ve bu alanda 6rnek bir ¢alisma yapma firsati bulunmasidir. Derinlemesine bir analiz
yapilabilmesi amaciyla katilimci sayis1 25 kisi olarak belirlenmis ve bu kisilerin sosyallesme acisindan incelenmesi

hedeflenmistir.

4.4. Veri Toplama Araclari ve Verilerin Analizi
Calismada katilimcilardan verileri elde etmek igin yar1 yapilandirilmis goériisme formu olusturulmustur.
Katilimeilar ile goriigme takvimleri olusturulmus ve goriisme formlari toplanmistir. Gortismeler 2023 yili Mart-
Haziran aylarinda tamamlanmis ve 40 dakika siirmiistiir. Etik ilkeler geregince katilimcilara dnceden bilgilendirme
yapilmistir. Uzaktan ¢alisma uygulamasi nedeniyle bazi katilimcilar ile zoom iizerinden goriistilerek goriigmeler

gergeklestirilmistir. Gorlismelerde katilimcilarin onayi ile ses kaydi alinmis ve kayitlar tekrar dinlenmistir.

Arastirmaya katilanlarin yas, egitim, cinsiyet, deneyim ile ilgili bilgileri alinarak arastirmada kullanilmustir.
Arastirmadaki verileri 2020 MAXQDA programina aktarilarak analiz edilmistir. Elde edilen bilgiler manuel
kodlar ve 6ne ¢ikan kodlar olusturmustur. 2020 MAXQDA sisteminde ana kod ve alt kodlar olacak sekilde
belirlenmistir. Kisisel verileri koruma kanunu kapsaminda katilimcilarin korunmasi amaciyla katilimcilar Z
harfine numara verilerek kodlandirilmistir. Aragtirmada uzaktan ¢alisma yonteminde bireysel sosyallesme ve
calisanlarin is ortamlarindaki sosyal iligkileri incelenmistir. Arastirmada uzaktan ¢alisma yonteminin katilimcilara
yansimasini anlamak, katilimeilarin sosyallesmesi ve is ortamindaki sosyal iligkileri agisindan avantaj ve uzaktan

calismanin is ortamindaki sosyal ilisleri agisindan avantaj ve dezavantajlarini ortaya ¢ikarmaktir.
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4.5. Etik Kurul izni
Yapilan bu arastirma Siileyman Demirel Universitesi Etik Kurulu tarafindan 05.03.2024 tarihli 146/16 sayili

kararla etik olarak uygun goriilmiistiir.

5. Arastirma Bulgular

Calismada katilimcilara ait egitimleri, ¢alisanlarin sayilari, cinsiyetleri, yas ve agsagidaki tabloda yer almaktadir.

Tablo 1
Katilimcilarin Demografik Bilgiler

Katihmci Kodu Cinsiyet (K/E) Yas Egitim

71 K 42 Lise

Z2 K 35 Lise

Z3 E 27 Lise

4 E 39 Lisans

Z5 K 34 Lise

6 K 42 Yikseklisans
Z7 K 29 Lise

Z8 E 37 On Lisans
29 E 39 Lise

Z10 E 31 On Lisans
Z11 E 37 Lisans
Z12 E 28 Lisans
Z13 K 33 Yiikseklisans
214 E 28 Lise

715 E 30 Lisans
Z16 K 48 Lise

Z17 E 31 Lisans
Z18 K 28 Lisans
Z19 K 25 Lise

720 E 29 On Lisans

Tablo 1’de goriildiigii iizere katilimcilarin 9’u kadin, 11’1 erkektir. En kiiciik yasa sahip olan katilimei 25 iken, en
biiyiigii 48 yasindadir. Katilimeilardan 9’u lise mezunu, 3’i 6n lisans mezunu, 6’s1 ise lisans mezunu, 2’si ise
Yiiksek Lisans mezunudur.

Arastirmaya katilan katilimeilarin gérev tanimlari ve yetkinlikleri analiz edilerek “Meslek Dagilimi” Tablo 1’de

aktarilmistir.
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Tablo 2
Meslek Dagilimi

Katilimci Kodu

Meslek Dagilimi Kisi Sayisi

insan Kaynaklari Departmani
Arge

Uretim

Satig Uzmani

Miusteri Temsilcisi
Muhasebeci

Bilgi islem

Dig Ticaret

AP WNDNDNWW

Katilimeilarin is tanimlarina gére gérev dagilimi, insan kaynaklarinda 3 kisi, arge 3 kisi, {iretim 2, satis uzmani 2,

miisteri temsilcisi 2 kisi, muhasebeci 3 kisi, bilgi islem 1 kisi, dig ticarette 4 kisi oldugu goriilmektedir.

Sekil 1

Uzaktan Caligmanin Pozitif Etkileri

Uzaktan Cahsma Pozitif Etkileri (0)

el

P5|ko|01|k Rahathk (11) Mesai Saati Ayarlamasn

Ozel Hayat Ayarlamasi (4) Konfor (7) Traf|k5|zllk (4) Sporve Rahat Giyim (3)

VAN

Caligma Ortaminin Konforu (4) Gece Gundiz Mesai Ayarlama5| Cocuk Baksml Kolaylnk (3) Ailevi Suregler Zaman Ayarlama (2)

(C)

Arasgtirmaya katilan katilimcilara birinci olarak uzaktan ¢aligmanin ¢aligma hayatinda is ve yasam performansini

nasil etkiledigi ve avantajlar1 sorulmustur. Katilimcilar uzaktan ¢aliymada pozitif etkilerini temasina Sekil 1°de

yer verilmistir.

Z1:  “Satis uzmam olarak c¢alismaktayim. Uzaktan c¢alismanin satis sektorviinii i¢in onemli oldugunu

diigiinmekteyim. Calisma mekdnini bazen ben bile ayarlayabilirim. Hatta miisteriyle disarida bile goriigiiyoruz.”
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Z12: “Uzaktan ¢alisma son dénemlerde ¢ok fazla yayilmaktadir. Ama ¢alstiginiz kurumun goriiglerinin dnemli

>

oldugunu ve teknolojik alt yapinin hazir olmasi gerekmektedir.’

78: “Sektore bagh calisma sekilleri tekrar gézden gegirilmeli ve kanunlar diizenlenmelidir. Uzaktan ¢alisma
sekilleri gibi kanunlart da degistirmelidir. Ozellikle ozel hayata énem vermeye basladik. Calisma ortamimiza biz

karar verebiliriz.”

Z17: “Diinya farkh bir noktaya gidiyor. Ozellikle salgin ile birlikte giindeme geldi. Teknoloji ve uzaktan ¢alisma
degisimin basinda gelmektedir. Uzaktan c¢alisma sayesinde igyerlerinde teknoloji ve kiyafet devrimi oldu.

Teknolojiyi once isyerleri 6grenmeli sonra ¢alisanlar.”

75: “Bazen ozel isimiz oldugunda zaman ayirabiliyoruz ve daha sonra ilerleyen saatlerde telafi edebiliyoruz. Gergi

bu durum bazen gece ve giindiiz dengesini bozmakta ama é6zel isler i¢cin verimli oluyor.”

Sekil 2
Uzaktan Calisma Negatif Etkileri

Uzaktan Calisma Negatlf Etkileri (O

7N

Ruhsal alanda olumsuzluklar (11) s yasam dengesn Kurum igi |Iet|§|m aksakliklari (3) Ekip ruhu eksnkllgl (7)  Kurum kalttrinin yok sayilmasi (4)
Ozel hayat S|n|rland|rllma5| (3) Zamansiz toplantv organizsyonlari (2) Calisma Ortamlndakt Olumsuzluklar (4) Gece Glindiiz Mesai Ayarlama5| (4)

Aragtirmaya katilan katilimeilarin uzaktan ¢alisma ile ilgili negatif goriisleri soruldugunda 11 kez ruhsal alanda
olumsuzluklar, 6 defa is yasam dengesi, 3 defa kurum ig¢i iletisim aksakliklari, 7 defa ekip ruhu eksikligi, 4 defa

ise kurum kiiltiiriiniin yok olmasinin tekrarlandig1 gériilmektedir. ifadelerden bazilar1 asagida verilmistir;

Z4: “Siirekli toplantiya girmekteyiz. Bir toplantidan digerine gegiyoruz ve islerimi aksam yapmak zorunda

kaliyoruz. Is yerinde olsak mesaiye kalmak gibi zor oluyor.”
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Z13: “ Bazi ekip iiyelerimiz is yerine gidip ortami kokluyorlar. Bu sekilde yéneticiler ile daha iyi iletisim kurmus
oluyorlar. Uzaktan ¢alisanlar sanki diglaniyor ve ekip disi gibi oluyor. Hani sigara i¢meyenler firma

dedikodularin bilmez ya onun gibi bir siire¢ oldu. Ekip ruhunu bozdugunu diisiiniiyorum.”

Z19: “ Ozel hayat dive bir kavram kalmadi. Yoneticim giin icinde uzaktan calismadaki bosluklar: zamansiz
toplantilar diizenleyerek rahatsiz edilmekteyiz. Toplanti organizasyonlarinda daha énce miisait olup olmadigimiz

sorulurdu ama uzaktan ¢alismada hi¢ 6neri alinmadan toplanti organize edilmektedir.”

Z2:” Uzaktan ¢alisma yiiziinden yaratict diigiince tarzim gitmek tizeredir. Eskiden siirekli projeler tiretir ve

inovasyon pesinde kosardik. Simdi ise teknoloji ne diyorsa onu yapiyoruz.”

Z13: « Herkesin evi miisait olmadig1 i¢i bazi psikolojik sorunlar ¢cikmaktadir. Ozellikle bu siirecte evden ¢alisma
yiiziinden bosanan arkadaslarim oldu. Evde olunca esi ile siirekli kavga etmek ve kendini ise verememektedir.

Bazen evden ¢ikmak ruhsal a¢idan daha saglikl oluyor.”

78: “Uzaktan ¢alisma ile birlikte ¢calisma yerindeki olumsuzlar eve tasinmis gibi oldu. Calisma ortaminda nasil
kiimelesme var ise uzaktan ¢alisma ortaminda da kiimelesmeler olmaktadir. Ozellikle toplanti zamanlarinda
insanlar ayrica yazisma yaparak toplantiyt sabote edebiliyorlar. Aslinda masadaki olumsuzluklar online ortama

tasindi. Tek farkli online anlasilmiyor. Teknolojide yenilik olmali ve bunun egitimi verilmedir.”

Arastirmaya katilimcilara uzaktan ¢alisma ve sosyallesme bakis agisin ile ilgili soru sorulmustur. Verilen
cevaplarda “Katilimcilarin Uzaktan Calisma Konusundaki Sosyallesme Bakisi Kodlu- Temelli Frekans Grafigi”
baslig1 Sekil 3’de verilmistir.

Sekil 3
Katilimcilarin Uzaktan Calisma Konusundaki Sosyallesme Bakisi Kodlu- Temelli Frekans Grafigi

sosyatesmenin olevamas ][ LA AR AT U =
sosyattesmenin o [][ AR ARAAA AU R RREEREARRTERIRNI
sosyallesmenin Kararsz kst - [ IACHRERHONRERERIRRRNRIRUANHD =
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Katilimeilarin uzaktan ¢alisma konusundaki sosyallesme analizinde 8 kiginin uzaktan ¢aligmanin sonunda sosyal
bir ortamdan sosyallesmenin gdzlenmedigi, 8 kisinin sosyal ortamlarda oldugu, 5 kisinin ise sosyallesmenin

kararsiz etkisi gdzlenmistir. Ifadelerden bazilar1 sekildedir:

Z15: “ Cogu zaman mesai bittiginde goriisme imkdani olamamaktadir. Sayet bir konu var ise telefon ile

goriisiiyoruz.”

Z8: “Uzaktan c¢alisma oldugu igin yeni ise baslayan bircok kisiyi tanimiyorum. Farkli departman da olursa hig¢

tamimiyorum. Sadece yeni gelen kigileri duyurulardan takip ediyoruz”

Z16: “ Firmada ¢alisan kigileri tanimiyorum. Bir organizasyon olunca gérme firsatim oluyor. O zaman da aidiyet

olmuyor.”

Z11:“Ekip iiyelerinin ¢cogunu tammiyoruz. Ofis giinlerinde belki goriisiiriiz diye diigiindiigiimde vardiyalarimiz

uymuyor. Sosyallesme imkani bulamiyoruz aslinda birbirimizi de tanimiyoruz.”

Z6: “ Aymi sirkette 8 yildwr ¢calismaktayim. Salgin éncesindeki ¢calisma arkadaglarimla hala goriigiiyorum. Salgin
sonrasinda kimseyi tanmimiyorum. Tammadigim bir¢ok kigi var. Bazen firma yemekleri oluyor ama birbirimizi

tamimadigimiz i¢in sosyallesme olmamaktadir.”

Arastirmaya katilan katilimcilara dordiincii olarak bireysel zaman algilar1 ve bireysel kesifleri sorulmustur. Dogru
sosyallesme icin kendilerini tanima algisinin belirlenmesi amaglanmistir. Sorulan soru ile ““ Bireysel Zaman Algisi

Kodlu Boliim Temelli Frekans Grafigi” Sekil 4’te yer verilmistir.

Sekil 4
Bireysel Zaman Algisi Kodlu Béliim Temelli Frekans Grafigi

iveyset zamarsm var || =2
veti omyor [ [{HHNIMAIMUIRAINAAIOUNACINII <
sireysel zamanim vo - [T 2

160



Zeynep AKKUS, Yalva¢ Akademi Dergisi, 9-2 (2024) 152-164

Katilimcilara bireysel zaman algisi soruldugunda 12 kisi bireysel zamaninin oldugunu, 6 kisi bireysel zamaninin
belli olmadigini, 2 kisi ise bireysel olarak kendisine hi¢ zaman ayirmadigini belirtmistir. Katilimeilarin ¢ogu
bireysel zaman konusunda kendilerine zaman verdikleri yoniindedir. Uzaktan ¢alisma sayesinde ulagim ve bireysel
bakim ile ilgili ¢ok zaman harcamadiklar1 i¢in vakitten tasarruf ettiklerini belirtmigleridir. Katilhimcilarin

ifadelerinde;

Z11:“Uzaktan ¢alisma sayesinde hi¢ makyaj yapmiyorum. Ozellikle giyim konusunda ¢ok tasarrufum oldu. Sadece

maddi degil zaman anlaminda da tasarruf ediyorum.”

Z3:“Biiyiiksehir de yasadigim i¢in trafik ¢ok biiyiik bir sorun. Ozellikle uzaktan ¢alisma ile trafikte gececek zaman
bana kalmaktadir. Hem stresi hem de maddi kayiplarim diisiiniirsek bana avantajli gelmektedir. Zaman bana

kalmaktadr.”

Z16:” Uzaktan ¢alisma sayesinde teknoloji ogrendim. Yoksa geride kalacaktim™

Z17: “Belli araliklarla degiskenlik gistermektedir. Zaman aywdigim ya da aywmadigim zamanlar oluyor. Bazi
donemlerde o kadar ¢ok igim oluyor ki kendimi kaybediyorum. Bazen de vakit buluyorum. Aslinda isin yogunlugu

1l

ile ilgili oluyor.’

Z19: “ Zaman kaliyor ama bana gelene kadar zaman kalmiyor. Siirekli farkli bir is ¢ikiyor ve onun pesinde
oluyorum. Cocugun okulu, kursu, alisveris derken uzaktan ¢alismada kalan zaman etrafima harcryorum ne yazik

ki..”

Z1: “Biiytiksehir insanin en biiyiik sorunu trafik olunca hakli olarak trafikte gegmeyen zaman kazanmimdwr olarak

Il

goriilmektedir.’

Z4: “Uzaktan ¢alisma yapinca ¢evrem ¢alismadigimi diisiiniiyor. En onemlisi de esimden aldigim tepkidir. Evin

islerini siirekli bana yiikliiyor. Ofiste olsam bu durum degisebilir diye diisiiniiyorum.”

Katilimcilara uzaktan g¢alisma ile ilgili sorular sorudugunda verilen cevaplara istinaden birtakim analizler
yapilmistir. Analizler ¢ercevesinde kelime frekans analizi olugturulmustur. Kelime frekansinda “Uzaktan Calisma
Yénteminde Bireyin Sosyallesmesi Uzerindeki Etkileri” ne yonelik anahtar kelimeler belirlenmistir. Kelime bulutu

Sekil 5°da gosterilmektedir.
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Sekil 5

Kelime Bulutu

W O :
$a112a¢$°‘¢° Ev igleri.--

ﬁ‘a“ % a

: ’ .;\a‘°°°(>\6UZaktan Galism (0’5“’\2?

B\ & W2 oK .
Cay > i

113

Katilimcilara uzaktan g¢alisma ile ilgili kelime frekans analizinde “ uzaktan calisma (94), toplanti(72),
mesai(65),bireysel(63), sosyallesme (54) kelimeleri kullanilmigtir. Calismada en ¢ok frekans uzaktan caligma
kelimesi en ¢ok vurgulanmaktadir. Stres (45), zaman (32), zorluk (31), firsat (25), ekip( 24) ifadeler de yogun

sekilde kullanilmistir.

6. Sonuc ve Oneriler

21. yiizyilda modern is hayatindaki yeniliklerle birlikte yeni ¢alisma modelleri is diinyasina girmistir. Yeni
modellerden birisi olan uzaktan ¢alisma modeli is hayatinda biiyiik bir doniisiime neden olmugtur. Uzaktan ¢aligma
modeli, salgin ve uzaktan ¢aligma teknolojilerinin gelisimi gibi etkenlere bagli olarak gelismis ve salginla birlikte
yaygilagmistir (Acar, 2020, s. 480). Insan saghginin birinci sirada oldugu salgin déneminde, uzaktan calisma
hem igveren hem de ¢aligsan i¢in birden fazla anlam barindirmaktadir. Hem ¢alisan agisindan, hem de isveren
acisinda birgok kalemde tasarrufu yansitmaktir. Calismanin yapildigi sektérdeki meslek gruplarinin aktarimina
gore satig danismani ve miisteri temsilcilerinin diger mesleklerden daha fazla iletisim kurduklar1 goriilmektedir.
Arastirma sorularinda satis danigmani ve miisteri temsilcilerinin Dbiribiriyle Ortiisen cevaplar verdigi
gozlenmektedir. Ortaya konulan analizlerde uzaktan ¢alismanin en pozitif yonii olarak zaman ydnetiminde esnek
olmasi, dis etkilerden korunma firsati, konforlu bir ¢alisma ortaminin ve en dnemlisi aile ile daha uzun siireler
birlikte olma avantaji oldugu tespit edilmistir. Biiyiiksehirdeki en biiyiik sorunlardan biri olan trafik sorununu
¢6zmek i¢in dnemli bir firsat sunulmustur. Uzaktan ¢aligma avantajlar1 g6z dniine aldigimiz zaman tercih edilen
bir ¢calisma modeli olmaktadir. Uzaktan ¢alismay1 avantaj olarak goren Tiirkmendag’in (2020) yaptig1 ¢alismada
calisan icin bircok avantaji one siirmiistiir. Ozellikle giyimde 6zgiirliik ve stresin olmadigi bir yasam tarzinin
mevcut oldugunu belirtmislerdir. Negatif acidan degerlendirildiginde ise, ¢alisanlar arasinda iletisimdeki
yetersizlikler, fiziksel ve psikolojik yonden olumsuzluklar, ¢calisma yerine kars1 aidiyet hissinin zayiflamasi, 6zel

yasam ve is hayati arasindaki ¢izgilerin bulaniklagmasi olarak ifade edilmektedir (Akincioglu, 2020, s. 10).
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Uzaktan calisma planinin hayata gegmesi i¢in birden fazla bilesenin aktif olmasi gerekmektedir. Calisanlarin
uzaktan ¢alisma sistemine uyum yeteneginin olmasi ve igveren tarafindan teknolojinin takibi ve uygulanabilirligi

olduk¢a 6nemlidir.

Inovasyon, teknoloji ve uzaktan galisma arasinda giiclii bir bag bulunmaktadir. Sosyallesmenin eklenmesi, calisma
kosullarin1 daha yenilik¢i ve idealist bir perspektiften yansitarak, bireylerin is yasaminda daha tatmin edici ve
verimli bir deneyim elde etmelerine katki saglanmaktadir. Uzaktan ¢alisma sisteminde inovasyon ve teknolojinin
kullanimi ile igvereni olumlu etkilemistir. Caligma sisteminde teknoloji ve dijitallesmeyle artan teknoloji
kullanimindan dolay1 uzaktan ¢alismada maliyet tasarrufu saglamistir. Teknolojik uyum siirecinde egitimler
verilmeli ve calisanlar agisindan uzaktan ¢aligmay1 desteklemelidir. Katilimeilar, uzaktan ¢alismanin inovasyon
tizerindeki etkisi konusunda elestirel bir bakis agisina sahiptir. Arastirmada uzaktan galigma sistemi inovasyon
stirecini olumsuz etkiledigi goriisii bildirilmistir. Teknolojinin sinirsiz kullanimi “uzak inovasyon” yapilmasina

sevk etmis ve ruhunun olmadigi belirtilmistir.

Aragtirmanin bulgularma gore, uzaktan caligma sistemi hazirlik yapilmadan ve aniden uygulanmasi Sistem
sorunlarini ortaya koymaktadir. Uzaktan ¢alisma sisteminde alt yap1 ve sosyal sistemde olan eksiklikler i¢in
uygulama asamasinda bazi ¢dziimler tavsiye edilebilir. Oneri olarak sirketlerde galisan personeller igin psikoloji
ve iletisim aktivitelerinin artiritlmasi gelmektedir. Firma tarafindan icretsiz olarak organize edilecek olan
aktiviteler online sistemde ve canli sistemde gergeklestirilebilir. Ornek olarak; ¢alisanlar icin zihin ve bedeni
dinlendirme programlari, duygu paylagim gruplari, yoga ve egzersiz programlari, kariyer gelisim atolyeleri ve
sanat terapisi gibi iicretsiz programlardan yararlanabilir.

Sonug olarak degerlendirildiginde firmalar hedefleri ve sistem alt yapilar1 gézden gecirmelidir. Uzaktan ¢alisma
ile ortaya ¢ikan sorunlar ile bas etmek i¢in haftanin ve ayin belirli giinlerinde hibrit ve ofis ortaminda galisma
organize edilebilir. Sosyallesmenin ve kuruma olan bagliligin ¢alisalar tarafindan arttigini izlenebilir. Ekip tiyeleri
arasindaki sosyal denge i¢in, departman igerisinde stratejiler ve sonuglar paylasilmalidir. Firma tarafindan ekip

tiyeleri belirli takvimler ile bir araya gelerek (yiiz yiize) geri bildirim mekanizma programlart diizenlenebilir.

Uzaktan calisma sistemi fiziksel sikintilarin giderilmesi icin isveren tarafindan imkanlar saglanmalidir. isci saglhig
ve glivenligi kapsaminda ofis ortaminda saglanan bir¢ok arag gere¢ uzaktan ¢aligma ortaminda da saglanmalidir.
Ayrica uzaktan ¢alismada sosyallesmeyi olumsuz etkileyen bir madde ise; uzun ¢alisma saatlerinin sonunda
molalarin kullanilmadigi aktarilmistir. Mesai saatlerinin uzamasi ve bitmeyen toplantilar uzaktan ¢alismaya
negatif bir etki yaratmaktadir. Uzun siiren ¢aligma saatleri ¢alisanlar1 sosyallesmelerini ve bedensel sagliklarini
olumsuz etkilemektedir. Uzaktan ¢alismada sosyal iligkileri artirmak aym zamana aidiyet ve performansi da
olumlu etkilemektedir. Daha esnek sosyal etkilesim alanlari olusturularak calisanlar arasinda motivasyon

saglanmis olur.

Aragtirmanin sonucunda, uzaktan ¢alisma yonteminin sosyallesmeye negatif bir etki yaptigi gozlenmektedir.
Uzaktan caligma sisteminin, ekip ruhunu zedeledigi ve performansi olumsuz etkiledigi goriilmektedir. Uzaktan
calismanin en 6nemli negatif etkisi ise sosyallesme sorunu oldugu gostermektedir. Iletisimdeki bosluklar,

motivasyon kaybi1 ve baglilik problemleri uzaktan ¢alismanin en 6nemli basliklar1 olarak belirlenmistir. Ekip
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ruhunun olusmasinin en 6nemli sebebi olarak ¢alisanlarin sosyal baglarmin olmamas: ve ekip iiyelerini
tanimamasindan gelmektedir. Aralarindaki bag e-posta yoluyla kurulmakta ve sanal bir duygu yonetilmektedir.
Sirket kiiltiirii biinyesinde olusturulacak organizasyonlar ve aktiviteler sayesinde ¢alisanlar arasinda bag kurularak
sosyallesme artacaktir. Katilimcilarin bir bolimii uzaktan c¢alismayi olumlu olarak anladiklarini belirtse de;
cogunlugu uzaktan ¢alismanin sosyal anlamda bireyi olumsuz etkiledigini paylasilmistir. Arastirma verileri de bu

yonde bulunmaktadir.

Uzaktan caligma sistemi maliyetler agisindan diisiildiigiinde igverenler tarafindan olumlu karsilanmaktadir.
Calisanlar igin ise sosyal anlamda olumsuz bir ¢alisma sekli olarak ifade edilmektedir. Uzaktan ¢alisma birey
tizerinde sosyal ortamlarda yasadiklar1 endige ve korkuyu arttirdig1 ifade edilmektedir. Sosyal ortam korkusunun
artmasi ile ofis ortaminda tekrar ¢aligma olanag ile bireyde sikintilar yasanabilmesi 6n goriilmektedir. Caliganlar
icin ig degisikligi sonunda oryantasyon siirecinin zorlu oldugunu diigiinerekten, uzaktan ¢aligmadaki tek kisi olarak
¢alisgmanin sonucunda sosyallesmek daha da karmagik hale gelecektir. Uzaktan ¢alismanin ¢alisanlar tizerinde
sosyal etkisinin negatif etkilerini azaltmak i¢in sosyal aktivitenin artirtlmasi ve hibrit sisteminde kullanilmasi
onerilmektedir. Isbirligine dayali hedef odakli projeler calisanlar ve firma arasinda baglarin derinlesmesine
yardimer olabilir. Arastirmanin sonuglar1 ve onerileri, gelecekteki ¢aligmalar i¢in faydali bir kaynak teskil etmesi

beklenmektedir
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Abstract: Menzil Complexes were constructed at the crossroads of significant trade routes
since the Anatolian Seljuk period. These social structures promoted the growth of cities,
facilitated commerce, and ensured safety in the Ottoman period. In the design of menzil
complexes, it is critical to thoroughly examine the interconnections and interactions between
commercial, residential, religious, and educational spaces. The study aims to determine the
relationship between the functions in the Menzil complex by Visibility Graph Analysis
(VGA) connectivity (the connection between spaces) and through vision (movement path)
analysis. In this way, the position and significance of the different functions in the design of
the menzil complexes, established to promote urban development and trade, will be
determined. The method of the study consists of two steps. In the first step, the functions of
the spaces and the transitions between spaces were identified. In the second phase, the
relation between the spaces that have different functions is investigated with the VGA
connectivity, and through vision analysis by DepthMapX 0.8.0. As a result, it is seen that the
complexes could be designed with different sizes and functions depending on the budget
determined for their construction as well as the characteristics of their nearby surroundings.
The plan organization of the complexes is not similar in terms of their region and route,
however, the primary targets about the spatial relations and usage of architectural elements
in all complexes are conserved. Ensuring spatial relationships while protecting the main
design ideas in different plan organizations shows the development of the architectural
planning approach of that period.

Keywords: Menzil Complexes, Visibility Graph Analysis, Plan Organization.
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ANADOLU’NUN TARiIHi GUZERGAHLARINDA YER ALAN MENZIL
KULLIYELERININ MEKANSAL ILISKILERININ KARSILASTIRILMASI
Ozet:

Menzil Kiilliyeleri, Anadolu Selguklu déneminden itibaren Onemli ticaret yollarinin
kavsaginda insa edilmistir. Bu sosyal yapilar Osmanli déneminde sehirlerin biiyiimesini
tesvik etmis, ticareti kolaylastirmis ve giivenligi saglamistir. Kiilliyelerin tasariminda ticari,
konaklama, dini ve egitim mekanlar1 arasindaki iliskilerin analitik olarak incelenmesi ve
mekanlarin iligkisini belirleyen ilkelerin ortaya ¢ikarilmasi 6nemlidir. Calisma, menzil
kiilliyelerindeki farkli fonksiyonlar arasindaki iliskiyi Goriis Grafigi Analizi (VGA)
baglantisallik (mekanlar aras1 baglanti) ve gorsel algi (dolagim rotasi) analizi yoluyla
belirlemeyi amaglamaktadir. Boylece kentsel gelismeyi ve ticareti tesvik etmek amaciyla
kurulan menzil kiilliyelerinin tasariminda farkli fonksiyonlarin konumu ve Onemi
belirlenecektir. Caligmanin yontemi iki asamadan olusmaktadir. {lk asamada yapilardaki
mekanlarin fonksiyonlar1 ve mekanlar arasi gegisler belirlenmistir. ikinci asamada,
DepthMapX 0.8.0 yazilimi kullanilarak farkli islevli mekanlar arasindaki baglantisallik ve
dolasim rotasi incelemigtir. Calismanin sonucunda, kiilliyelerin insa edildigi alanin ¢evresel
ve topografik 6zelliklerinin yani sira insast i¢in ayrilan biitgeye gore farkli boyutlarda ve
islevlerde tasarlanmis oldugu goriilmistiir. Kiilliyelerin plan organizasyonlar1 bolgeye veya
rotaya gore benzerlik goéstermemis, ancak tiim kiilliyelerde mekansal iliski ve mimari eleman
kullanimt ile ilgili ana kararlar korunmustur. Farkli plan organizasyonlarinda mekansal
iliskilerin ana tasarim kararlarin1 koruyarak saglanmasi, o donemin mimari planlama
yaklagiminin gelisimini gostermektedir.

Anahtar sozciikler: Menzil Kiilliyeleri, Goriis Grafigi Analizi, Plan Organizasyonu.
1. INTRODUCTION

The Ulak system was a postal or communication organization that existed in the early
Ottoman period. With the institutionalization of the ulak system, the menzil organization was
established in the mid-sixteenth century. [1]. Menzil, literally means a place where one breaks
or stays to rest during a journey, is a form of transportation-based communication [2, 3]. The
Ottoman Empire built different structures along the main Anatolian and Rumelia menzil
routes like small bridges, fountains, wells, hans, and menzil complexes. Although menzil
complexes were residential buildings situated along the interstate roadways, certain facilities
were also offered to pilgrims, traders, tourists, and even those with military training to make
their stay more comfortable and secure. These social buildings promoted the growth of the
cities, facilitated commerce, and ensured safety. Caravanserais (a large han built for the
accommodation of caravans on the main roads) and arastas (a bazaar is a group of stores
arranged in rows along an open or closed axis, where traders sell similar goods in Ottoman
architecture) are crucial components of menzil complexes [3-4]. The creation of menzil
complexes in the sixteenth century was greatly influenced by roadways' topographical
factors. Menzil complexes are located on main roads, in addition to existing settlements, or
in the areas called Derbent [4].

There are some critical roads in Anatolia and Rumelia in the Ottoman period. Most of the
roads followed the ancient routes. In the Roman and Byzantine eras, roads in the Anatolian
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peninsula were divided into three primary directions: north, south, and center. The
development of Anatolia routes continued in the Seljukid period [5]. In the Ottoman Empire,
the routes were divided into three main roads in Anatolia and Rumelia. These were called
"right, middle, and left branches” [3]. Among the Ottoman roads, two routes are particularly
noteworthy. The first is the middle branch in Rumelia, the main road extending from Istanbul
to Belgrade. The second route is the right branch in Anatolia, or, in other words, the
pilgrimage route. The Romans used the Rumelia Middle Branch before the Byzantines and
the Ottomans. On the road that shaped the Ottoman conquests in Rumelia, various Menzil
complexes were built to increase the commercial and political importance of the road [6-7].
The second critical route is the Anatolian Right Branch, alternatively referred to as the
Istanbul-Holy Land Road. This road served as a multifunctional main road for military,
commercial, communication, and pilgrimage purposes. The Right Branch primarily
functioned as a route for religious pilgrimages [3]. Pilgrim convoys, commercial travelers,
and military supply chains derive advantages from utilizing these routes [8]. Thus menzil
complexes have different functions such as arasta, caravanserai, tabhane (a place of rest in
the Ottoman period), imaret (a place where large amounts of meals are cooked, distributed
and eaten for those staying in the social complex and the needy people in the surrounding
area), bedesten (an Ottoman covered bazaar covered with equally sized domes selling
valuable goods), medrese (a school graded between secondary and higher education where
Islamic and other sciences are generally taught) and sibyan mektep (a primary education
school where children learn how to read the Quran and pray) [3, 9, 10]. There are many
studies focused on the characteristics of the menzil complexes. Miiderrisoglu (1993) focused
on the menzil complexes on the Anatolia-right and Rumelia Middle Branch [3]. Cezar (1983)
typologically classified commercial buildings of the Ottoman Classical Period according to
their plan features. He examined complexes in the city and out of town within this
classification [11]. Ertas (2006) has a study compiling menzil complexes' maintenance and
repair works on the Anatolian right road [7]. Smmmaz (2017) examined the spatial
characteristics of menzil complexes [12]. Cantay (2023) examined the Ottoman Period
complexes and menzil complexes in detail [ 13]. Numerous studies have been conducted to
investigate the properties of a menzil complex or to emphasize a specific type of function
inside a complex [14-24]. Numerical analysis of the relationships between the areas for
commerce, lodging, religion, and education is crucial, as is the identification of the principles
behind the arrangement of these spaces within social complex designs. There are studies
analysing visual relations of the different functional spaces in historical buildings and
heritage sites [25-28, 32]. However, the spatial organization of the historic menzil complexes
was not investigated. The study aims to determine the relationship between the different
functional spaces in the menzil complex through Visibility Graph Analysis (VGA)
connectivity (connection between spaces) and through vision analysis (movement path). The
emphasis is also placed on the relations between spatial organization and the location of the
complexes. In this way, the importance and relations of the functions in the design of the
range complexes established to promote urban development and trade will be determined.

2. METHOD

Within the scope of the study, the complexes in the menzil routes on the south of Anatolia,
the Anatolian right branch, and the secondary road connecting to this right branch, were
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examined. The case studies are Okiiz Mehmet Pasa Complex, Sokullu Mehmet Pasa
Complex, and Lala Mustafa Pasa Complex, located on the Anatolian Right Branch, and Kara
Mustafa Pasa Complex and Sinan Pagsa Complex, located on the secondary road. The
buildings are located in different climates and geographies. Sokullu Complex in the
Mediterranean region; there are Okiiz Mehmet Lala Mustafa Pasa, Kara Mustafa Pasa, and
Yeni Han in the Central Anatolia region (Figure 1).

The analysis consists of two steps. In the first step, the spaces in the buildings and the
transitions between the spaces were identified. In the second phase, the relation between the
spaces is analyzed in terms of VGA connectivity and through vision via DepthmapX 0.8.0
software. VGA is a method used to measure space arrangement in regular units. It helps
determine how this arrangement relates to human behavior within that space. It is a tool that
allows for examining the relationship between the spaces and their occupants by analyzing
specific spatial properties, particularly those related to visibility [29-32]. VGA connectivity
refers to the number of direct connections a cell (or point) has with other cells. That is, the
more direct visual contacts a given cell has with other cells around it, the higher the
connectivity value of that cell. High connectivity means a cell has more connections, making
it easier to move directly from that cell to other cells. This indicates that a space is more open
and accessible. If a cell has a small number of connections, this indicates that movement in
that cell may be made by deviations. This is low connectivity [30].

Through vision, identify areas more likely to be visited or be used because they are directly
on the path between two positions in a building or city. It can be identified as the prediction
of user movements. It allows for the examination of the spatial distance between distinct
areas in a plan as well as the relationships between these locations. This aids in identifying
the areas inside a given location that users more use [29].

2.1. Complexes
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Sokullu Complex consists of an arasta located in the north-south direction, a tabhahe, imaret,
and caravanserai in the east of the arasta, and a madrasah, mosque, bath, and sibyan mektep
in the west of the arasta. The masses are located adjacent to each other. Tabhahe, imaret,
and caravanserai are located around the courtyard, and the madrasah has a small open
courtyard. The imaret and tabhane also have small gardens. A temperate climate prevails in
the region but receives abundant rainfall. However, the complex is introverted. This could be
that the need for security is high [8, 11, 34] (Figure 2).

Caravanserai
i
i
|

Mosque

Madrasah

Sokullu Complex, Payas

g i 13 15 20m
Figure 2. Distribution of functions in Sokullu Complex, Payas [8, 11, 33]

The Okiiz Mehmet Pasa Complex, located in the southeast of the Central Anatolia Region,
has two caravanserais in the north and south and a bath in the south of the linearly planned
arasta. The caravanserai, located in the north of the complex, has a courtyard. All spaces can
be reached from the arasta. In the southeast, there is a mosque independent of the complex.
Located in a continental climate, open spaces in the building are limited (Figure 3).

Okuiz Mehmet Pasa Complex, Ulukisla
. - =
Figure 3. Distribution of spaces in Okiiz Paga Complex in Ulukisla [11, 33]
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Lala Mustafa Pasa Complex is located in the Ilgin district on the Anatolian Right Branch.
The arasta situates in the east-west direction. The western side of the arasta was designed
as an open space. Caravanserai, tabhane, mosque, sibyan mektep, and imaret surround a
courtyard in the south of the arasta. The courtyard is reached with a single passage from the
arasta, and there is access to the mosque, imaret, sitbyan mektep, and tabhane from the
courtyard. Access to the spaces except arasta is highly controlled (Figure 4).

Tabhane

Mosque

Imaret

Lala Mustafa Pasa Complex, llgin

0_5 18 15 20m
Figure 4. Distribution of spaces in Lala Mustafa Complex in Ilgin [11, 35]

There is a caravanserai northeast of the Kara Mustafa Paga Complex, located on the
secondary road branching off from the Anatolian right-way branch to the northeast, and a
mosque, a madrasah, and a bath are in the southwest. The arasta is designed as an open space.
The courtyard of the mosque and madrasa can be accessed from the outside and the arasta.
It is noteworthy that the use of open space is relatively high in the complex although it is in
harsh climates (Figure 5).

Kara Mustafa Pasa Complex, incesu

Figure 5. Distribution of functions in Kara Mustafa Paga Complex in Incesu [11, 35]
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There are caravanserais adjacent to the north and south of the arasta situated in the central
axis of the Yeni Han Complex, located in a similar climate to Kara Mustafa Pasa Complex.
Unlike the Kara Mustafa Pasa Complex, there is no open space in Yeni Han (Figure 6).

Yeni Han, Sivas
g 5 10 15 20m
P ™

Figure 6. Distribution of spaces in Yeni Han Complex in Sivas [11]

3. FINDINGS

In the study, functions such as arasta, caravanserai, madrasah, mosque, bath, imaret,
tabhane, and sibyan mektep were identified within the menzil complexes. We can classify the
functions as trade, accommodation, religion, nutrition, and education. Although the masses
that constitute these functions in the menzil complexes are adjacent, open courtyards between
the masses or belonging to a single mass, also draw attention. The highest usage of open
space is in Kursunlu and Kara Mustafa Paga Complexes. There is no open space in Yeni Han.
All complexes have arastas, caravanserais, and mosques. Then, the most preferred functions
are bath and imaret. Sokullu Complex includes all the functions mentioned. It is noteworthy
that while one complex on the route contains all functions, the next complex has only
accommodation and trade functions (Table 1).

Table 1. Functions in Menzil Complexes
Complex

Arasta
Caravanserai
Madrasah
Mosque

Bath

Imaret
Tabhane
Sibyan Mektep
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It was noted that each of the complexes featured entrances that led from the arasta. Kara
Mustafa Paga and Lala Mustafa Pasa also have entrances from the courtyard. Upon analysis,
it has been noted that the Sokullu Complex has multiple functions, leading to a corresponding
increase in the number of entrances. The study revealed that the arasta gates predominantly
opened into the caravanserai or the courtyard in which the caravanserai is situated. In Okiiz
Mehmet Pasa and Yeni Han, there are caravanserais on both sides of the arasta and there are
passages to these caravanserais (Table 2).

Table 2. Connection between the different functioned masses

Name of the Location of the Arasta Gate  Arasta Gate = Arasta
complex Entrance Gates 1 opens to 2 opens to Gate 3
opens to

Arasta  Courtyard

Kara Mustafa 2 1 Caravanserai = Courtyard
Pasa Complex, Mosque
incesu Madrasah
The Okiiz 2 Caravanserai =~ Caravanserai
Mehmet Pasa (Winter) (Summer)
Complex
The Sokullu 3 Caravanserai = Bath Madrasah
Complex,
Payas
Lala Mustafa 2 1 Courtyard
Pasa Complex Mosque,

Imaret,

Caravanserai
Yeni Han, 2 Caravanserai = Caravanserai
Sivas
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The results of connectivity and through vision analysis are presented in Figure 7. The VGA
procedure assigns different values (color-coded from red for "very high" measures to dark
blue for "very low" measures) to each grid square for representation. The graphs are color-
coded to indicate connection and visibility. While each cell receives a connection value for
precise numerical analysis, color coding enables the quick and intuitive interpretation of data.

The results of the Kara Mustafa Pasa Complex show that the arasta and madrasah cells have
low connectivity values. The courtyards of the caravanserai, mosque, and madrasah have the
highest connectivity values. Therefore, they are visually and socially integrated into the plan.
The integration between arasta and courtyards is low. Since this complex has large
courtyards, the courtyards have high connectivity values. The through-vision analysis of Kara
Mustafa Pasa shows that users tend to go towards the circulation area of the arasta and the
courtyards. The reddest area that has been used chiefly is the caravanserai courtyard (Figure
7.

The results show that the tabhane, imaret, and sibyan mektep have low connectivity values
in the Lala Mustafa Paga Complex. The courtyards surrounded by the mosque, imaret, and
tabhane have the highest connectivity. This means that the courtyard has the most connection
with other spaces. The caravanserai also has high connectivity. The circulation area of the
arasta has low connectivity. The result of a through vision analysis of Lala Mustafa Paga
shows that users mostly use the circulation area of the arasta, the passage between the arasta
and the courtyard, and the route between the courtyard and the caravanserai. The analysis
determined that the courtyard is the most active area. Tabhane, imaret, and sibyan mektep
have low through vision value (Figure 7).

The results show that the bath and closed spaces of the caravanserai-looking courtyard have
low connectivity values in Okiiz Mehmet Pasa Complex—the caravanserai courtyard and the
middle of the arasta have the highest values. The highest values present a linear axe between
caravansaries and arasta. The result of through vision analysis of Okiiz Pasa Complex shows
that users mostly use the circulation area of the arasta and the main axes between the arasta
and the caravanserai. The most frequently used area is in the middle of the arasta. The bath
has the lowest through vision value (Figure 7).

In Tashan, which contains only a caravanserai and an arasta, high connectivity and through
vision were detected in the transitions between the caravanserai and arasta (Figure 7).
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Connectivity Analysis Through Vision Analysis

Figure 7. The results of connectivity and through vision analysis (color-coded from red for
"very high" measures to dark blue for "very low" measures)
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4. CONCLUSION

Menzil complexes are designed by integrating different functions depending on the
characteristics of the area they are located in. It is essential to examine the relationships
between commercial, accommodation, religious, and educational spaces numerically and to
reveal the principles that determine the positions of the spaces in the design of the menzil
complexes. Many studies focused on the characteristics of the menzil routes and complexes.
However, the spatial organization of the historic social complexes in the Ottoman period was
not investigated numerically. Although menzil complexes were residential buildings situated
along interstate roadways, certain facilities were also offered to pilgrims, traders, tourists,
and even those with military training to make their stay more comfortable and secure. These
social buildings promoted the growth of Ottoman cities, facilitated commerce, and ensured
safety. In this way, this study is essential to understand the urban and trade development of
the Ottoman Empire since connectivity and through vision analysis of the plan organizations
of the menzil complexes were done.

The functions in case study complexes include trade, accommodation, religion, nutrition, and
educational facilities. The arasta, caravanserai, madrasah, mosque, bath, imaret, tabhane,
and sibyan mektep functions were determined in the menzil complexes. Although the masses
that constitute these functions in the complexes are located adjacent to each other, the use of
open courtyards between the masses or belonging to a single mass also draws attention. The
highest use of open space is in Kursunlu and Kara Mustafa Pasa Complexes. There is no use
of open space in Yeni Han. It is seen that all the complexes have arastas, caravanserais, and
mosques. All the buildings had entrances from the arasta. Arasta gates mostly open to the
caravanserai or the courtyard where the caravanserai was located.

VGA Connectivity analysis results identified more open and accessible areas in the menzil
complexes as courtyards of caravanserais. The transition between the most used passes
through caravanserai and arasta. It was determined that connectivity (accessible areas) was
intense along the axes or on the squares (areas). In examples where different functional
masses were added adjacent to the arasta, connectivity is concentrated in the transition axis
of the arasta and in the transition axes from the arasta to other masses positioned
perpendicular to this axis. In the case studies where the courtyard was reached from the
arasta, it was observed that the connectivity was higher in the courtyards than in the arasta.
Spaces with high connectivity mostly contain commercial or accommodation functions.
However, the high connectivity observed in the courtyards of the Kara Mustafa Pasa
Complex surrounded by the mosque and madrasah. In Lala Mustafa Pasa, it was observed
that connectivity was high in the courtyard surrounded by the tabhane, imaret, and sibyan
mektep. The example where the linear connectivity axis is the most clearly identified is the
Okiiz Mehmet Pasa Social Complex.While the connectivity values are the highest in the
courtyard of the Sokullu Complex, which is in the Mediterranean region on the Anatolian
right route, the connectivity values are higher in the axes in the complexes located in the
Central Anatolia region. However, in Kara Mustafa Pasa, located on the secondary road, it
was observed that the arasta's connectivity was lower than the courtyards.
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The places with higher accessibility and usage are caravanserais' courtyards and arastas’
circulation areas. This shows that trade and accommodation were at the forefront of the
menzil complexes. The mosques in Kayseri Kara Mustafa Pasa and Lala Mustafa Pasa Social
Complexes have high connectivity and through vision due to their position in the complex.
The mosque is also adjacent to the Sokullu Complex, but it is not in a location with intense
accessibility. Functions such as imaret, bath, and madrasah are the areas with the lowest
accessibility.

As a result, it was seen that the arastas were placed in the middle axes to highlight the
commercial functions, and access to the courtyards or caravanserais was provided from these
axes. It is seen that spatial relations were constructed consciously. Commercial and
accommodation spaces strategically had been designed as accessible areas. The accessibility
of the religious spaces was lower than that of commercial ones. A similar or common plan
organization in the menzil complexes could not be identified, the each complex is unique.
Complexes were probably designed depending on the environmental and topographic
characteristics of the area and the budget allocated for the complex. It is seen that there is no
clear distinction between plan organizations in terms of region or route, but the primary
targets are preserved in terms of spatial organization. Ensuring spatial relationships while
protecting the main objectives in different plan organizations shows the development of the
architectural planning approach of that period.
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