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Akilli Ulagim Sistemleri disiplinler aras1 bir konu ve uygulamalar1 sektorler arasi
oldugundan derginin ismine “Akilli Ulasim Sistemleri ve Uygulamalar1i” dergisi
olarak karar verilmistir. Dergimiz Miihendislik, Teknik Bilimler, Temel Bilimler ve
Sosyal Bilimlerin lojistik, ulasim, haberlesme ve bilisim alanlarini ilgilendiren
yapisiyla bilim diinyasina 6nemli katki saglayacaktir.

Dergide, Tiirkge ve Ingilizce dillerinde makaleler yayimlanmaktadir. Derginin icerdigi
konular sayfanin sag tarafinda Konu Bagliklari—Journal Topics sekmesinde verilmistir.
Degerlendirilmek tizere dergimize gonderilen metinlerin, daha énce yayimlanmamus,
yayimlanmak iizere kabul edilmemis ve yayimlanmak i¢in degerlendirilme siirecinde
olmamasi gerekir. Degerlendirme siirecinde olan ve yayimlanan eserlerin sorumlulugu
timiiyle yazar(lar)a aittir. Sayilarimiz elektronik olarak yayimlanir. Yayimlanan
eserlerin telif haklart Akilli Ulasim Sistemleri ve Uygulamalari Dergisi’ne aittir.
Yayimlanmasi istenilen ¢aligmalar dergi yazim kurallar1 ve yayin ilkelerinde belirtilen
kosullara uygun sekilde hazirlanip gonderilmelidir. Dergiye sunulan makaleler
oncelikle sekil ve igerik yoniinden 6n incelemeye tabi tutulmaktadir. Sekil ve igerik
olarak uygun bulunan makaleler hakem tayin edilmek iizere yayin kuruluna
sunulmaktadir.

Degerlendirme siirecine gecildikten sonra hakemlik siireci ortalama 3 ile 5 hafta arasi
stirmektedir. Yaym Kurulu tarafindan incelenen makalelere uygun bulundugu takdirde
en az iki hakem atanmaktadir. Hakemlerden gelen raporlar dogrultusunda, makalenin
yayimlanmasina, rapor cercevesinde yazar(lar)dan diizeltme, ek bilgi ve kisaltma
istenmesine veya yayimlanmamasina karar verilmektedir. Hakemlerden bir olumlu ve
bir olumsuz rapor verilmesi halinde ilgili ¢alisma Dergi Editorliigii tarafindan uygun
goriilmesi halinde Giglincii bir hakeme de gonderilmektedir.
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Research Article

Predicting battery capacity with artificial neural networks
fsmail KILICY, Musa AYDIN?, Hasan SAHIN?®
! Department of Electrical-Electronics Engineering, Bursa Technical University, Bursa, Turkey
2 Department of Electrical-Electronics Engineering, Konya Technical University, Konya, Turkey
*Department of Industrial Engineering, Bursa Technical University, Bursa, Turkey
*Correspondence: 21278034025@btu.edu.tr
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Abstract: Li-ion batteries are a commonly used type of battery in various electronic devices and electric
vehicles. The capacity of these batteries can decrease over time and affect the lifespan of the device.
Therefore, predicting the capacity status of Li-ion batteries is important, there are several ways to
estimate the SOC of a battery. When the literature was reviewed and relevant articles were examined, it
was observed that artificial neural networks could be an effective tool for predicting the capacity status
of Li-ion batteries. In this study, a study was conducted to predict the capacity status of Li-ion batteries
using artificial neural networks. For this purpose, data collection, data preprocessing, and the use of
artificial neural networks were carried out in stages for the prediction of the capacity status of Li-ion
batteries. When the results obtained were examined, it was seen that artificial neural networks were able
to correctly predict the capacity status of Li-ion batteries. The comparative analysis among various ANN
models, including RNN, LTSM, and GRU highlights the superiority of GRU in performance, with RNN
exhibiting comparable performance and LSTM lagging. These predictions can be used to extend the
lifespan of Li-ion batteries and optimize the performance of the device. In addition, efforts such as
expanding the data set and optimizing the network structure can be made to increase the accuracy of
these predictions. This research presents an exemplary study of predicting Li-ion battery capacity using
ANNSs and has been successfully conducted using NASA datasets.

Keywords: Artificial Neural Network, Li-ion Battery, Battery Capacity Prediction, RNN, LSTM,
GRU State of Capacity, SOC

Yapay sinir aglar ile batarya kapasite durumu tahmini yapilmasi

Ozet: Li-ion bataryalar, giiniimiizde cesitli elektronik cihazlarda ve elektrikli araclarda siklikla
kullanilan batarya tiirlerindendir. Bu bataryalarin kapasitesi zaman i¢cinde azalabilmekte ve cihazlarin
omriinii etkileyebilmektedir. Bu nedenle, Li-ion bataryalarin kapasite durumunun tahmin edilmesi
onemlidir ve bunu yapmanin birka¢ yolu vardir. Literatiirde ilgili makaleler incelendiginde, yapay sinir
aglarmin Li-ion bataryalarin kapasite durumunu tahmin etmede etkili bir ara¢ olabilecegi goriilmiistiir.
Bu arastirmada, yapay sinir aglari kullanarak Li-ion bataryalarin kapasite durumunun tahmin edilmesi
icin bir caligma yapilmistir. Bu amagla, veri toplama, veri 6n isleme ve yapay sinir aglar1 kullanimi gibi
adimlar izlenmistir. Elde edilen sonuglar incelendiginde, yapay sinir aglarmmin Li-ion bataryalarin
kapasite durumunu dogru bir sekilde tahmin edebildigi goriilmiistiir. RNN, LTSM ve GRU gibi ¢esitli
ANN modelleri arasindaki karsilagtirmali analiz, GRU'nun performans agisindan iistiinliigiinii ortaya
koymaktadir; RNN benzer bir performans sergilerken LSTM geride kalmaktadir. Bu tahminler, Li-ion
bataryalarin dmriinii uzatmak ve cihazin performansini optimize etmek icin kullanilabilir. Ayrica, bu
tahminlerin dogrulugunu artirmak i¢in veri setinin genisletilmesi ve ag yapisinin optimize edilmesi gibi
calismalar da yapilabilir. Bu arastirma, Li-ion batarya kapasitesinin ANN’lerle tahmin edilmesine 6rnek
bir ¢alisma sunmakta olup ve NASA veri setlerini kullanilarak basarili bir sekilde gergeklestirilmistir.

Anahtar Kelimeler: Yapay Sinir Aglari, Li-ion Batarya, Batarya Kapasite Tahmini, RNN, LSTM,
GRU, SOC

* Corresponding author.
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1. Introduction

Li-ion batteries are a subset of batteries that make use of the ability of lithium ions to store energy.
Because of their small size, high energy density, and extended lifespan, these batteries are frequently
chosen in electronic products and electric vehicles (Kim et al, 2019). Li-ion batteries also have the
advantage of being rechargeable and not requiring high voltage when being charged. Making estimates
about battery capacity allows for the optimization of device performance because the battery life of these
batteries may shorten with time (Manoharan et al, 2022).

The importance of this battery type has expanded with the widespread usage of Li-ion batteries in
electric vehicles and other electronic gadgets (Li et al, 2019). Predicting battery capacity is a significant
field of research to increase battery life and improve device performance (Chau and Chan, 2007). By
calculating the rate at which the battery capacity is decreasing, these projections can be used to evaluate
battery performance while the device is in use (Ren et al, 2015). For instance, a cell phone battery's
capacity degrades with time, and the rate of this degradation varies depending on the device. For cell
phone users to evaluate battery performance, it is crucial to make forecasts about battery capacity
(Schneider et al, 2017).

State of charge (SOC) is used to determine the battery's remaining capacity, and remaining battery
capacity prediction is at the core of battery management systems (Dubarry et al, 2017). The capacity of
the battery can be fully utilized, which enhances battery performance and reduces the risk of safety
issues brought on by overcharging or over discharging the battery (Ng et al, 2020). For battery energy
management and control, research on estimating remaining battery capacity is crucial. The link between
the observable battery signals (voltage, current, temperature, etc.) and SOC is highly erratic and depends
on temperature and charging/discharging current (How et al, 2019). SOC is not an observable number.
The method of ampere-hour integration, which is frequently used to estimate SOC, has two fundamental
problems that cause SOC prediction mistakes to grow with time: current measurement errors and SOC
beginning value inaccuracies. Calibration tests are used to identify the relationship between OCV and
SOC (Baccouche et al, 2017). The OCV approach is difficult to employ in real applications and has
trouble guaranteeing measurement conditions during SOC prediction. It can only be used to SOC
prediction as an auxiliary method (Cuma and Koroglu, 2015).

Modern machine learning technology is developing more quickly than ever before because of the
constant improvement in computer speed and the expanding access to billions of data. Utilizing
Artificial Neural Networks (ANN) for predicting the State of Charge (SOC) of lithium-ion batteries
offers a potent solution owing to their capability to learn intricate patterns from large datasets.

To estimate the state of charge (SOC) of lithium-ion batteries, pure data-driven deep learning algorithms
can be integrated with the huge quantity of operational data generated by lithium-ion batteries, such as
voltage, current, and temperature (Hannan et al, 2017). Deep neural networks that process time-related
sequences well include the Gated Recurrent Unit Neural Network (GRU), Long Short-Term Memory
Network (LSTM), and Recurrent Neural Network (RNN). SOC fluctuates continually over time, making
lithium-ion battery SOC estimate a prediction problem related to time series (Cui et al, 2022; Li et al,
2021)

For these factors, a broad explanation of the idea of artificial neural networks will be given, along with
explanations of its sub-branches, such as GRU (Gated Recurrent Unit Neural Network), LSTM (Long
Short-Term Memory Network), and RNN (Recurrent Neural Network).

This study, it is delved into the realm of battery capacity forecasting, focusing particularly on the
utilization of artificial neural networks (ANNSs) and their effectiveness in handling time-related
information. Investigation encompasses a review of existing literature about battery capacity and ANNs,
with a keen emphasis on methodologies optimized for temporal data processing. Furthermore, to assess
the predictive capabilities of deep neural networks in forecasting the state of charge (SOC) of lithium-
ion batteries, a practical ANN was developed.

Due to the general assumption in the reviewed articles, the pre-processing phase involved the random
allocation of a dataset into 70% for training and 30% for testing.

100
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For modeling endeavors, recurrent neural network (RNN), long short-term memory (LSTM), and gated
recurrent unit (GRU) architectures were used within the ANN framework. Each model was structured
with 5 layers and in each layer, 50 neurons were employed, with the activation function tanh utilized
uniformly across all layers to facilitate performance comparison. Moreover, to optimize the models'
performance, the Adam (Adaptive Moment Estimation) optimization algorithm is used, aimed at
minimizing the loss function during training. Our novel approach in this study serves as a benchmark
for other researchers utilizing the NASA dataset, enabling them to compare and evaluate the accuracy
and efficacy of our methodology. The developed models underwent rigorous internal comparison,
wherein their respective strengths and weaknesses are elucidated in the results section. By referencing
the model, researchers embarking on similar endeavors can explore new avenues and foster the
expansion of research within this domain.

2. Literature Review

A literature review has been conducted on the studies carried out in the field of battery capacity
estimation using artificial neural networks.

Xueyan Yang et al. (2022) developed a TCN model using artificial neural networks based on 1-year
real data. Using Arrhenius formula, they trained and tested the data set by considering variables such
as temperature, charge/discharge rate and cycle time on battery capacity estimation. When trained and
tested with other models (RNN, LSTM, GRU) and compared the test results, the method proposed by
the authors was found to be successful.

However, they suggested that the model is data dependent, and that the success rate may be low in
other vehicle data, and they suggested to work on learning transfer.

Tianyun Hao et al. (2022) developed a hybrid model using an artificial neural network model and a
Kalman filter. Using an open-source dataset, the authors used a CCM-based Kalman filter with a time-
varying CCM-based Kalman filter together with the trained dataset. According to 3 different driving
models, they found that using FNN + Kalman filter performed better than the results obtained before
using the model.

Alessandro Aliberti et al. (2022) trained and tested various artificial neural network models on NASA
battery data set and compared their results. LSTM, GRU, CNN and hybrid models were used on the
dataset, especially battery capacity, V, | and temperature values were considered. The best
hyperparameters were determined on the Google Colab platform after sharing 90%-10% as training
and test data. Using Adam as the optimization function, relu and tanh as activation functions, the
authors determined 1D-CNN as the most successful model according to the test results. While LSTM
was the model with the highest variance, the GRU model was very dependent on the training data,
while the CNN-LSTM model predicted the battery health status without learning the training data.

Bowen Jiang, Yujing Liu and Junfei Tang (2022) propose a battery state of health (SOH) prediction
structure by combining recurrent neural network and convolutional neural network. Using the NASA
dataset as 70%-30% training and test data, the authors compare LSTM, RFNN, RCNN models. The
proposed structure uses not only the cycle measurement but also the measurements and predictions
from the previous two cycles for the health state prediction of the studied cycle. The results show that
RCNN reduces the validation set loss by 31.5% and 18.8% compared to LSTM and RFNN,
respectively.

Di Zhu et al. (2021) reviewed the studies conducted to create a research paper on batteries and identified
the advantages and disadvantages of each neural network for battery health-capacity prediction and
parameter identification. In the in-depth research, the error rates of RNN, MLP, MLP+BSA,
MLP+ADAM, DBN+SWM algorithms and combinations were compared for SOC. For SOH, RNN,
MLP, MLP+Autoencoder, MLP+MarkovChain, PNN algorithms and combinations were analyzed in
the same way. As parameters, it was observed that voltage, current and temperature values generally
played the main role. It was emphasized that algorithms that learn by repetition are more successful.
They observed that the importance of historical data in online studies and data cleaning, reducing the
size of the data and examining their correlations with each other and giving them as input to the
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algorithm accordingly in studies with ready-made data sets that are not online increase the success in
general.

Jacob c. Hamar et al. (2021), in a joint study conducted by the BMW Research Center and the
University of Munich, estimated the battery health status using 2 artificial neural network methods with
data obtained from 700 vehicles. They encountered 3.4% error in the semi-empirical model and 3%
error in the artificial neural network model. They commented that the error rate will decrease as the
number of data increases.

Yuanjun Guo et al. (2020) proposed the use of the JAYA optimization scheme for better tuning of
neural network parameters when predicting battery capacity status in an energy system consisting of
many batteries. Instead of using all features, the ones with the highest correlation with each other were
selected and the RBF neural network model was trained and tested. Error rates were observed to be
lower in the model optimized with Jaya.

In a 2020 study, Mengllong XU and colleagues develop a BPNN artificial neural network model with
data from charging stations of smart bicycles. They train and test two different models with 20 and 100
neurons. While the BPNN model with 100 neurons has a 1% error rate with test data after a long
training time, the model with 20 neurons stands out with a shorter training time. However, the test data
with an error rate of 16% showed that the model failed. In addition, the authors made two different
trials of the SWM algorithm and concluded that it is not suitable for this system with its high error rate.

Chao Lyu et al. (2020) used GRU, LSTM, RNN models for battery capacity prediction on a public
dataset and compared their results. While the training time is considerably longer in GRU and LSTM
compared to the RNN model, it is observed that RNN has the worst error rate. Although GRU and
LSTM have similar error rates, GRU is one step ahead in time.

In their study, Carlos Vidal et al. (2019), since designing a traditional Kalman filter and then applying
it to the battery is a serious task for each battery, they transferred the artificial neural network model
and studied how it would work in another battery. Using the LSTM + RNN model, the researchers used
data from 4 different batteries. In the training data set, while there were mixed data from driving cycles
for each battery, 4 different neural network models were trained and tested in 4 different ways. First,
the error rate on the test data was compared without model transfer, while in the second comparison,
the other 3 models were trained again on the first models according to the battery and the test results
were compared. In the third stage, the transferred models were trained and tested again on their own
training data and the results were observed. In the last stage, all the data was mixed, and the transfer
model was trained and tested on the test sets, and as a result, they reported that significant reductions
in the error rate were observed. Overall, the study shows the advantages of transfer learning to reduce
training time, improve SOC prediction accuracy and reduce the amount of training data required.

After reviewing the neural network articles in the field of battery capacity and health prediction, the
purpose of the study, the methodology used, the contribution to the literature, the results obtained, and
the recommendations of the study are presented in Table 1, Table 1.1, and Table 1.2. In our study on
battery capacity prediction, Long Short-Term Memory (LSTM), Gated Recurrent Unit (GRU), and
Recurrent Neural Network (RNN) architectures were chosen due to their inherent advantages in
sequence modelling tasks. In contrast to the examined studies, our experiment was distinguished by
thoroughly assessing the performance of Long Short-Term Memory (LSTM), Gated Recurrent Unit
(GRU), and Recurrent Neural Network (RNN) architectures in the same conditions, individually.
LSTM, with its ability to retain long-term dependencies and mitigate the vanishing gradient problem,
was deemed effective for capturing temporal dynamics in battery data. Similarly, GRU, offering a
simplified architecture compared to LSTM while maintaining competitive performance, was found to
be efficient for processing sequential data. RNN, although less complex, remained relevant for its
simplicity and applicability in certain scenarios. The training and test data were separated with a split
of 70%-30% to ensure adequate generalization while evaluating model performance.

A meticulous comparison was conducted across these recurrent neural network models, aiming to
elucidate their respective strengths and weaknesses, particularly focusing on factors such as training
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time and prediction accuracy. This approach enabled a focused and insightful analysis of LSTM, GRU,
and RNN performance in battery capacity and health prediction tasks, contributing valuable insights to
the field. Through this approach, contributions were aimed towards the development of more robust
and transferable models for battery capacity and health prediction in diverse operational environments.

3. Material and Method
3.1. Method
3.1.1. Artificial Neural Networks

Artificial neural networks (ANNSs) are a machine learning method and are based on mathematical models
that mimic natural nervous systems. ANNSs consist of an input layer, several hidden layers, and an output
layer (Malkog, 2017).

The input layer provides data input to the network and the hidden layers process and send this data to
the output layer. The output layer outputs the result of the data processed by the network. ANNs are
shaped according to the data by changing the weights of the connections between the layers of the
network during learning, and thus can make predictions in accordance with the data (Chitnis et al, 2018).
ANNSs can be used to solve a variety of problems, but they are most used in prediction problems such
as classification and regression.

Today, artificial neural networks (ANNS) are used in many different fields. For example, they are used
to process audio, image, and text data, they are used to solve prediction problems, and they are used to
solve classification problems (Das and Behera, 2017). Artificial neural networks can be found in every
field where neural network, i.e., the human brain, can be found. It can work in most areas that humans
can do, and there will be more areas to work in the future (Jain et al, 1996). In the coming years, the
areas of use of artificial neural networks will expand even further and the impact of this technology will
increase even more. Although it is said that this will increase unemployment, it is emphasized that some
professions will disappear, but new professions will come.

3.1.2. Artificial Neural Networks Study Areas

Artificial neural networks (ANNS) are used in many different fields. For example, they are used to
process audio and video data. The ANNSs used in these areas are usually of the Convolutional Neural
Networks (CNN) type. In this way, spoken words can be predicted in voice recognition systems and
objects in images can be identified in image recognition systems.

ANNSs can also solve prediction problems. ANNs used in these areas are usually Fully Connected Neural
Networks (FCNN). For example, a store can predict future sales by processing sales data, and a
healthcare institution can predict disease by processing symptoms and data of patients.
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Table 1. Summary information about the studies reviewed

Author(s)

Name(s) Article Title Aim of the Method Cpntribution tothe  Obtained
Year Study Used Literature Result
Yang, X., Battery state of ~ Battery TCN They enabled a new The
Hu, J., Hu, charge capacity was RNN perspective on battery  proposed
G., & Guo, estimation using estimated LSTM capacity estimation method was
X. (2022) temporal using the GRU by taking chemical found to be
convolutional Arrhenius reactions into more
network based formula. account. successful
on electric than the
vehicles existing
operating data methods.
Hao, T., A hybrid They FNN It has been a The hybrid
Ding, J., & Kalman filter developed a Kalman reference model for model was
Tu, T. for SOC hybrid model Filter the use of Kalman found to be
(2022). estimation of consisting of a filters and artificial more
lithium-ion Kalman filter neural networks. successful
batteries and an than the
artificial simple
neural pedestrian
network. neural
network
model.
Aliberti, Comparative Models were LSTM It has been a The 1D-
A., etal. Analysis of trained and GRU reference research for -~ CNN model
(2022) Neural compared CNN authors who will use  was the
Networks using the Nasa the same data set. most
Techniques for  dataset. successful.
Lithium-ion
Battery SOH
Estimation
Jiang, B., Lithium-ion Recurrent RFNN The proposed RCNN
Liu, Y., & Battery State of  neural network LSTM structure has been the  model made
Tang, J. Health and RCNN reference research in ~ the most
(2022) Estimation with  convolutional the sense that it uses  successful
Recurrent neural network not only the loop predictions.
Convolution are combined measurement but also
Neural to predict the measurements and
Networks battery health. predictions from the

previous two cycles.
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Table 1.1 Summary information about the studies reviewed

Author(s) . . Contribution .
Name(s) ?irttllecle 'SA‘t'LZOf the Method Used  to the ggstj; tn ed
Year y Literature
Zhu, D., Neural They identified  RNN, MLP, The study with ~ The observed
Cho, G., & Networks the advantages MLP+BSA, various voltage, current
Campbell,  Battery and MLP+ADAM, variations of and temperature
J.J.(2021) Applicati  disadvantages of DBN+SWM, repeated learner  values played
ons: A each neural MLP+Autoenc models has been the main role as
Review network for oder, a reference parameters. It
battery health- MLP+Markov  research. was emphasized
capacity Chain, that algorithms
prediction and PNN that learn by
parameter repetition are
identification. more successful.
Hamar, J. State-of-  They tested real- Authors It has been a The neural
C. etal. health life habitual data without model real-time study  network model
(2021) estimation  with semi- information with data of predicted battery
using a empirical and used semi- reasonable health better
neural artificial neural ~ supervised and value. than the semi-
network networks. artificial empirical
trained on neural network model.
vehicle models.
data
Guo, Y., A They aimed to JAYA It has been a Error rates were
Yang, Z., compact  improve the RBF reference work  lower in the
Liu, K., and accuracy of the for researchers model optimized
Zhang, Y., optimized neural network working with with Jaya.
& Feng, W. neural using the Jaya optimization
(2021) network optimization tools.
approach  tool.
for
battery
state of
charge
estimation
of energy
storage
system
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Table 1.2 Summary information about the studies reviewed

Author(s)

Name(s) Article Title Aim of the Method Contribution to Obtained
Year Study Used the Literature  Result
Xu, M., State of Charge  They studied the BPNN It has been a In the designed
Wu, W., Estimation of effect of the SWM reference study ~ model, the
Zhou, W.,  Low-speed number of for researchers  success rate of
Ma, Y., Electric Vehicle neurons when working on the 20 neurons was
Shi, X., &  Abttery using designing an battery health not satisfactory,
Li, J. Back artificial neural status of smart ~ while the
(2020) Propagation network model bicycles. learning time
Neural Network  on the data of was a problem
electric bicycles. in the system
with 100
neurons.
Lyu, C., State-of-Charge  Models were GRU It has been a The training
Han, Y., Estimation of trained and LSTM reference for time is
Guo, Q., Lithium-ion compared using RNN researchers who  considerably
Wang, L.,  Batteries an open-source will use open longer for GRU
& Song, Y. BasedonDeep  dataset. source artificial and LSTM
(2020) Neural Network neural network  compared to the
models. RNN model,
while RNN has
the worst error
rate.
Vidal, C., Li-lon Battery After the LSTM + Unlike the work  All the data was
Kollmeyer, State Of Charge training was RNN on uniform mixed, the
P., Estimation completed, 4 batteries, there  transfer model
Chemali, Using Long different has been serious  was trained and
E., & Short-Term batteries were work on the tested on test
Emadi, A.  Memory analyzed by transportation of  sets, and as a
(2019) Recurrent transferring the learning. result, they
Neural Network  model. reported
With Transfer significant
Learning reductions in the
error rate.

ANNSs can also solve classification problems. ANNs used in these areas are usually of the FCNN type.
For example, when classifying products on an e-commerce site, the category to which the products
belong can be predicted, and a bank can predict the credit risks of customers by processing customer
data.

These are just a few examples of applications, and the uses of neural networks are much broader. In the
coming years, the uses of artificial neural networks will expand even further, and the impact of this
technology will increase even more.

3.2. Material
3.2.1. Lithium-lon Batteries

Lithium-ion batteries (Li-ion) are high energy density batteries that work by transporting lithium ions
with their electronic charge. This means that a Li-ion battery of the same weight and volume can store
more energy and run longer.

Li-ion batteries generally last longer than other battery types and can be recharged. For this reason, Li-
ion batteries are often preferred for applications such as electronic devices and electric vehicles. To
prolong the life of Li-ion batteries, it is important to use correct charging and discharging techniques.

106



Kilig, 1., Aydin, M. & Sahin, H. (2024) Akilli Ulagim Sistemleri ve Uygulamalari Dergisi Cilt:7 — Say1:2

In addition, since the operating temperature range of Li-ion batteries is narrow, temperature conditions
can also have an impact on battery life (Blomgren, 2016).

3.2.2. Usage Areas of Lithium-lon Batteries

Lithium-ion batteries are used in many different fields due to their diverse design and high energy
density. Most commonly, these batteries are used for electronic devices, electric vehicles, and hybrid
electric vehicles. They are also used for lightweight vehicles such as electric bicycles, scooters, and
electric cars (Lu et al, 2013).

Lithium-ion batteries are also used for solar panel systems, home automation systems and other energy
storage systems. For example, solar panel systems use lithium-ion batteries to store energy generated
during the day and make it available at night or in cloudy weather. Home automation systems use
lithium-ion batteries to save energy in the home and automatically adjust the home's temperature and
lighting.

Lithium-ion batteries are also used for power generation systems in remote areas. For example, wind
turbines and solar panel systems use lithium-ion batteries to store the energy generated and make it
available for later use. In this way, people in remote areas can also benefit from the use of electrical
energy (Kim et al, 2019).

As a result, lithium-ion batteries are very versatile and have a wide range of uses. They are used in many
different fields such as electronic devices, electric vehicles, energy storage systems, militaristic
applications, and aerospace sectors. Lithium-ion batteries have advantages over other battery types due
to their high energy density, light weight, long life, and wide operating temperature range (Wu et al,
2022).

4. Application

Five steps were followed in the implementation process. First, an open-source NASA data set was
created, second, the necessary data pre-processing operations were performed, third, models were
created using artificial neural network algorithms, fourth, model results were compared, and finally, the
models were tested with test data from outside the training data set. The schematic of training and test
data sets and capacity estimation with LSTM, GRU and RNN models is shown in Figure 1.

Nasa Dataset Model Training Trained Model
Training Set

[l

Nasa Dataset Testing Data Set Capacity Estimation

—
30%

Voltage V
Current|
Temperature T
Capacity C

Test Set

- B000S B0O0OO6E B0007 B0018

ELSTM mGRU mRNN

Figure 1. Implementation process of LSTM, GRU and RNN models
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4.1. Data Set

Open-source data set was used for the data set. For this, the dataset available on the NASA website was
used (Saha and Goebel, 2007). There are 28 different battery types in this data set. Batteries numbered
5-6-7 and 18 were selected. There are 50285 lines of data for the first 3 batteries and 34866 lines of data
for battery number B0018. The features are listed as number of cycles, ambient temperature, date,
capacity, voltage, current, battery temperature, current load, voltage load and duration. The capacity and
cycle information of the data sets are visualized below in the Figure 2.

—— B0005
B0006
—— B0007

1.8

capacity
-
[=)]

1.4 A

1.2 A

0 25 50 75 100 125 150 175
cycle

Figure 2. Capacity/Cyle for Each Battery

4.2. Data Pre-Processing

When the unique rows in the data set are checked, there are 50285 rows. Duplicate rows are removed
from the data set to prevent the algorithms from memorizing. Since the open-source data is presented as
.mat file, firstly, the conversion to .csv format was done using Python language for faster processing.

4.3. Modelling

The pre-processed data set was randomly allocated to be used as 70% training data and 30% test data.
RNN, LSTM and GRU structure from artificial neural network algorithms were used in the modelling
process.

Each model consists of 5 layers and tanh was used as the activation function of each model for
performance comparison. Each layer contains 50 neurons and dropout method is used to help the model
learn better by reducing the tendency of overfitting the weight coefficients. Adam (Adaptive Moment
Estimation) optimization algorithm was used to minimize the loss function of the models.

4.4, Comparison of Results

When we look at the performance data we obtained from the validation data in the training data, we see
that the battery belonging to the BO007 dataset has the most successful results in all models, followed
by another successful battery BO0O5 in the Figure 3. Although the other two batteries have relatively
lower performance, the mean squared error values of each model are very low. When we examine the
training times of the models, we observe that the LSTM model is by far the lowest performing model in
all data sets. Although the GRU and RNN models seem to perform very close to each other, the RNN
model completed the training period in a shorter time by a very small margin. When we look at the
performance of the trained models on the test data, battery B0018 was the most successful in contrast to
the training data, followed by battery BO0O05 in the Figure 4. When we look at the training and test data
in general, it is seen that battery BO006 gives the most unsuccessful results of the models.
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4.5. Applicability of Models

According to the results, it is foreseen that it will be difficult to make a clear comment on the
applicability of the models. Because it has been observed that depending on the characteristics of the
data and the purposes of use, which model will perform better may change. However, in general, these
results show that the LSTM model may perform less than the other models in some cases, but the RNN
model has a faster training time.

MSE Values for Each DataFrame Time Comparison for Each Model
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Figure 3. MSE Values for Each Data Frame && Time Comparison for Each Model
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Figure 4. Trained Model MSE Values for Each Data Frame
5. Conclusion

In this study, the concept of artificial neural networks in battery capacity estimation and the literature
review of the studies conducted in this field are reviewed. With the increasing interest in electric and
autonomous vehicles in recent years, the concept of artificial neural networks has an important place in
research and development studies in this field. To develop accurate and effective models in the studies
to be carried out, a database infrastructure should be created according to the battery models.

When we examine the studies, it is seen that effective models are RNN, LTSM, GRU, FNN and CNN
artificial neural networks. For this reason, RNN, GRU and LSTM models were selected within the scope
of the study and the tests performed on the relevant data set were compared. While GRU was the most
successful model in terms of performance, the RNN model was ahead of the GRU model with a very
small difference in training time. The LSTM model was observed as the least successful model in both
scales.
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When the model was checked with the test data not included in the dataset after the model run was
completed, while the results of the validation data were parallel to the results of the validation data in
batteries BO0O05 and B0006, better results were obtained in battery B0018, and worse results were
obtained in battery BO0O7 compared to the validation data. As a result, it is predicted that artificial neural
networks will remain popular today and will increase soon with the increasing use of artificial neural
networks in predicting battery capacity status and the number of stored data positively affecting the
performance of artificial neural networks.

In comparing the experiment results with the literature review on battery capacity estimation using
artificial neural networks, several similarities and differences are observed. Firstly, recurrent neural
network architectures, specifically RNN, LSTM, and GRU, were utilized, aligning with existing
research known for their efficacy in sequence modelling tasks. This choice reflects a common trend
observed in the literature, where these architectures have been demonstrated to successfully capture
temporal dynamics in battery data.

Similarly, the evaluation methodology, including the split of training and test data, mirrors practices
adopted in several reviewed studies, ensuring adequate generalization and robust model assessment.
Moreover, findings resonate with prior research, showcasing GRU as the most successful model in terms
of performance, consistent with the observed competitive performance of GRU in battery capacity
prediction tasks. However, nuances not extensively explored in the literature are highlighted, such as
variations in model performance across different battery datasets. While results show comparable
performance to the literature in certain datasets, discrepancies are noted, particularly in battery B0007,
indicating potential challenges in generalizing model performance across diverse battery types.

Overall, valuable insights are contributed by the experiment by reaffirming the efficacy of recurrent
neural network architectures in battery capacity estimation while also shedding light on the need for
further investigation into the generalizability of these models across varying battery characteristics. For
future investigation, it is recommended to explore Transfer learning methodologies in ANN, which
could potentially enhance model generalization across various battery datasets.
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Abstract: There has been a paradigm shift in urban mobility by the developments in information and
communication technologies, zero-emission targets in transport. Hence, traditional transportation
services are replaced by sustainable, shared, smart, innovative mobility services. In our country's cities,
the increasing use of these services, rather than merely serving as an alternative mode of transportation,
holds the potential to become an integral part of the city's main transportation system. Understanding
the extent to which these services impact individuals' travel behaviors and daily activity choices is
crucial for being aware of trends in urban mobility, as well as passenger and freight mobility. This study
investigates the impact of innovative mobility services, including micromobility services and vehicle
and ride-sharing services in Istanbul, on individuals' travel behaviors, the relationship between
individuals' demographic and socioeconomic statuses and their preference for innovative transportation
services, and the conditions under which the adoption of these services is higher. Within the scope of
this research, a survey was conducted with a sample of 404 individuals in Istanbul, and the survey results
were interpreted using descriptive analysis methods and the chi-square independence test as a statistical
method. The study provides insights into how individuals' demographic characteristics and travel
behaviors relate to the use of innovative transportation services, the effect of these services on the
number of trips made by individuals, which types of transportation are replaced by these services, under
what circumstances they are preferred or not preferred, and under which conditions those who do not
use these services might consider using them.

Keywords: Travel behavior, urban mobility, new mobility services, mobility

Yenilik¢i Ulasim Hizmetlerinin Seyahat Davramslarina Etkisi: Istanbul Ornegi

Ozet: Bilgi ve iletisim teknolojilerindeki gelismeler, ulasim odakli emisyonlarin azaltilmasina yonelik
sifir emisyon hedefleri etrafinda kent i¢ci ulasimda bir paradigma degisikligi gozlenmekte olup;
geleneksel ulasim hizmetlerinin yerini siirdiiriilebilir, paylasimli, akilli, yenilik¢i hareketlilik hizmetleri
almaktadir. Ulkemiz kentlerinde kullanimi git gide artan ve kisilere alternatif bir ulasim tiirii olarak
hizmet vermekten ziyade kentin ana ulagim sisteminin bir parcasi haline gelme potansiyeline sahip bu
hizmetlerin kisilerin seyahat davranislarina, giinliik aktivite tercihlerine ne dl¢iide etki ettigini anlamak
kent i¢i ulagimdaki egilimlerin, yolcu ve yiik hareketliligin farkinda olmak acisindan olduk¢a 6nemlidir.
Bu calisma ile yenilik¢i hareketlilik hizmetleri kapsaminda Istanbul’da kullanilan mikromobilite
hizmetleri, arag ve siiriis paylasim hizmetlerinin (1) kisilerin seyahat davranislarina etkisi (2) kisilerin
demografik, sosyoekonomik durumlar ile tercih ettikleri yenilik¢i ulagim hizmetleri arasindaki iliski (3)
bu hizmetlerin benimsenmesinin daha yiiksek oldugu kosullar g¢ercevesinde incelenmistir. Calisma
kapsaminda Istanbul’da 404 kisilik bir 6rneklemle anket yapilmis ve anket sonuglar1 agiklayic analiz
yoOntemleri ve istatistiksel yontem olarak ki-kare bagimsizlik testi kullanilarak yorumlanmistir. Caligma
sonucunda kisilerin demografik ozellikleri, seyahat davraniglari ile yenilik¢i ulasim hizmetlerinin
kullanimi, bu hizmetlerin kisilerin yolculuk sayisina etkisi, hangi ulagim tiirlerinin yerini aldig1, hangi
sart ve kosullarda tercih edilirken, hangi gerekgelerle tercih edilmedigi ve bu hizmeti kullanmayanlarin
hangi durumlarda bu hizmeti kullanabilecegi gibi sorulara cevap verilmistir.
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1. Introduction

In an era characterized by rapid technological evolution, urban mobility services are undergoing
significant development and transformation. Historically, travel involved various modes including
animal riding, which has now been superseded by more comfortable, rapid, and innovative mobility
services. Examining the evolution of transportation services in Turkey reveals that until the 1950s,
railway transportation received priority in investment strategies. However, beginning in that decade,
with the influence of the Marshall Plan on road transportation and the concurrent establishment of the
General Directorate of Highways, a marked shift towards road transportation investments emerged.
The initial objectives of the General Directorate of Highways, founded in 1950, encompassed ensuring
year-round navigability of roads, implementing asphalt surfacing, and enhancing accessibility between
communities to unlock previously inaccessible resources. Nonetheless, from 1985 onwards, the focus
shifted towards facilitating more comfortable and safe intercity travel via the construction of
motorways, subsequently divided highways, and, post-2013, the introduction of smart roads and mega
transportation projects (KGM, 2020). Consequently, while railways complemented highways in the
1950s, highways have now ascended to the primary mode of transportation, receiving support from
various other transport means. Entering the 2020s, it is observable that while road transportation
investment is moderating, railway investments have surged. Figure 1, depicting the sectoral investment
distribution by the Ministry of Transport and Infrastructure, Republic of Turkey, from 2013 to 2022,
illustrates an increase in the railway investment share from 33% to 52%, substantiating the
aforementioned thesis (UAB, 2022).
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Figure 1. The sectoral distribution of investments between 2013 and 2022 by the Ministry of
Transportation and Infrastructure

The transformation of intercity transportation services in Turkey mirrors changes observed in urban
mobility. Delving into the historical backdrop of urban mobility in Istanbul reveals that the Istanbul
Electric Tramway and Tunnel (IETT) commenced operations in 1869, followed shortly by the
introduction of horse-drawn trams in 1871. By 1875, the Karakoy-Beyoglu tunnel, the world's second-
oldest subway, was operational (IETT, 2022). A review of public transportation services in Istanbul
over the years showcases the evolution from horse-drawn trams to modern buses, driverless metros,
and trams as stark indicators of this development. Istanbul's transportation history is marked by
continual hosting of new mobility services and innovations, a trend persisting through the years.
Notably, Istanbul was the site of one of the world's earliest subways in 1875, and today, it pioneers in
introducing new mobility services such as individual and shared micromobility services, vehicle
sharing, and ride-sharing services, the impacts of which on urban mobility and individual travel
behaviors are burgeoning research topics.

The array of new mobility services in Istanbul includes shared bicycles, mopeds, and scooters,
encompassed within shared micromobility services. The management of shared bicycles falls under the
Istanbul Metropolitan Municipality, while shared scooters and mopeds are overseen by private entities.
Key players in Istanbul's vehicle sharing systems include Moov Car Rental, TikTak Car Rental, YOYO
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Car Rental, and Ziptrip Car Rental applications (Kiralama, 2022), distinguished by offering not just
daily rentals and fixed pick-up/drop-off points but also hourly rentals and flexible locations. The
burgeoning vehicle sharing sector is exemplified by Moov, which reported over 100,000 users and 2
million rentals within two years of operation, highlighting the sector's growth potential in Turkey
(Moov, 2022). In the realm of ride-sharing, BlaBlaCar stands out as a globally and locally popular
service, matching vehicle owners and passengers for shared journeys, thus optimizing vehicle
occupancy, reducing the number of vehicles on roads, and contributing to lower carbon emissions.
Despite facing initial legal challenges, the urban model of this ride-sharing concept was introduced in
Istanbul in October 2022 by Marti, a scooter service provider, eventually overcoming access
restrictions (Marti, 2023). These developments underscore the significance of evaluating the influence
of such applications on user travel choices and the overall transportation ecosystem.

As previously mentioned, in Istanbul, the daily increasing use of services, which are transitioning from
serving merely as an alternative mode of transportation to potentially becoming a fundamental
component of the city’s main transportation infrastructure, necessitates an understanding of how these
services influence the travel behaviors and daily activity preferences of Istanbul residents. Recognizing
the impact of these services is crucial for grasping urban transportation trends and the dynamics of
passenger and freight mobility. This study investigates new mobility services such as micromobility,
car, and ride-sharing services utilized in Istanbul within the framework of their impact on travel
behavior, the relationship between individuals' demographic, socioeconomic status, and their use of
new transportation services, and the conditions that foster higher adoption rates of these services.

This research comprises five sections. The Introduction outlines the study's background, provides
general information, and sets the overall framework and the questions that the study seeks to answer.
Following the introduction, a Literature Review on the impact of innovative mobility services on travel
preferences is conducted. The Data and Methodology section describes the data collection methods
and statistical analysis techniques employed in the study. In the Results section, both exploratory
analyses and chi-square independence test results are presented. The Conclusion evaluates the study's
outcomes and offers recommendations for future research.

2. The Impact of New Mobility Services on Travel Preferences

New Mobility Services are poised to significantly decrease transportation-related emissions and the
necessity for personal vehicle ownership. McKinsey report highlighted that in Munich, Germany,
micro-mobility journeys, representing a mere fraction under 0.1% of total trips in 2019, are forecasted
to surge to 250 million by 2030, accounting for about 8% to 10% of all Munich trips in that year
(Heineke et al., 2019). According to the 2021 European Shared Mobility Index by Fluctuo, which drew
on data from 16 significant European cities, there was a notable increase in shared mobility usage:
station-based shared bicycles grew by only 0.5%, while free-floating bicycle usage saw a 32% increase,
shared scooters by 124%, shared mopeds by 38%, and shared cars by 11% (Fluctuo, 2021).

In Turkey, recent years have marked a rise in the adoption of car-sharing, ride-sharing, and shared
micro-mobility services. For instance, MOOV by Garenta, a car-sharing service in Turkey, reported
over 100,000 active users and 2 million vehicle rentals within its first two years. They also noted that
69% of car rentals during the COVID-19 pandemic were for commuting purposes (Moov, 2022). The
scooter rental service launched in Istanbul by Mart1 in February 2019 has expanded, with over 20
companies offering services in 27 Turkish cities over three years. BlaBlaCar, offering ride-sharing
services in Turkey and 22 other countries, announced it had reached 100 million users by the end of
2021 (Blablacar, 2022). These novel transportation solutions are increasingly becoming primary travel
options in urban settings, as opposed to mere alternatives.

Literature is abundant with studies examining the impacts of these new mobility services on travel
choices. Sengiil (2021) delved into e-micromobility's role within the transportation ecosystem of
Istanbul, focusing on its effects on travel habits, energy use, environmental impacts, safety, and
regulation, benchmarking findings against other relevant studies. A survey of 240 individuals in
Istanbul revealed that 60% favored e-scooters over walking for short trips, and 62% utilized these
services for leisure activities. The study employed the student’s t-test to analyze gender differences in
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e-scooter usage. Research in Riyadh, Saudi Arabia, assessed the viability of an e-scooter sharing
scheme as a new micromobility option, finding that ride-hailing service users were more inclined to
adopt e-scooters. The study identified inadequate infrastructure, adverse weather conditions, and safety
concerns as the primary hurdles to e-scooter implementation in Riyadh, with logistic regression
analysis highlighting the significant roles of gender, age, and ride-hailing usage in willingness to use
e-scooters (Almannaa et al., 2021). A Belgrade case study investigated e-scooter users' travel behaviors
and their readiness to switch to alternative e-scooter options under different hypothetical scenarios.
The study aimed to uncover determinants of such transitions, with infrastructure availability being a
key factor. Surveys involving 1143 participants were analyzed using descriptive statistics, the
McNemar—Bowker test, and multinomial logistic regression, showing a strong preference for e-
scooters, especially for commutes to work or school, given dedicated infrastructure. Consistent with
previous research, environmental benefits, congestion reduction, cost savings, and shorter travel times
were identified as the most influential factors encouraging e-scooter adoption (Glavic, 2021). Another
research examined the effects of e-scooters on modal shifts, land use, and the rental process, offering
insights into rental pricing strategies based on survey data, indicating that studies on e-scooters and
modal shifts predominantly rely on survey-based research (Glavic et al., 2023).

In a study examining the differences and characteristics of travel behaviors among users of e-bike
sharing systems and e-scooter sharing systems in Tricity, Poland, it was found that individuals utilizing
e-scooter sharing systems tend to be younger than those who use e-bikes. It was also observed that men
prefer these services more than women, and while e-bikes are more frequently used for commuting to
work, e-scooters are predominantly used for leisure purposes. Additionally, the study explored reasons
for non-use among individuals, finding that non-users of e-scooters cited high costs, availability issues
(insufficient number of scooters in the right locations or complete absence), and safety concerns as
their main reasons for not using the service. On the other hand, non-users of e-bikes pointed to the lack
of sufficient bicycles, ownership of personal bicycles, and the perceived lack of durability of the bikes
as their reasons for not opting for this service (Bielinski and Wazna, 2020). A further case study
conducted in Toronto and selected Canadian neighborhoods explored the socio-demographic,
attitudinal, and built environment attributes among potential users of shared e-scooters. Findings reveal
that 21% of respondents expressed willingness to contemplate e-scooters for certain current journeys,
with the majority intending to substitute their present walking (60%) and public transit (55%) trips with
shared e-scooters. Additionally, no discernible disparity in e-scooter preferences was noted between
urban and suburban areas (Mitra and Hess, 2021). The findings of the research conducted by Mehzabin
Tuli et al found that places in densely populated regions characterized by higher median income levels,
diverse land utilization, abundant parks and open areas, public bicycle sharing facilities, increased
parking rates, and reduced incidences of criminal activity generate more e-scooter trips. On the other
hand, the outcomes derived from the model estimation indicate that travel purpose, travel modality,
and time allocation significantly impact the trend to use shared dockless e-scooter services.
Furthermore, these effects are subject to variations contingent upon socio-demographic attributes (e.g.,
years of advertising exposure) and contentment with prevailing public transportation modalities (Lee
et al, 2021)

When examining the studies in the literature related to car-sharing services, a study investigating the
impact of car-sharing services on individuals' car ownership was conducted with over ten thousand
individuals in 11 different European countries. The research results revealed that in Copenhagen
(followed by Rome, Hamburg, and London), one shared car in the car-sharing system replaces
approximately 20 car trips, which is about twice as much as the city with the lowest number of shared
cars, Madrid. Additionally, the presence of car-sharing services shows that the main non-city-specific
factor influencing the non-use of private cars is the frequency of service usage (Jochem et al., 2020).
Inthe literature regarding ride-sharing services, there are studies examining the effects of these services
on travel preferences and travel frequency. Yu et al. (2017) evaluated the direct and indirect
environmental benefits of ride-sharing and stated that from a long-term perspective, changes in travel
preferences triggered by ride-sharing contribute significantly to emission reductions. Findings from an
empirical study conducted in Beijing, China, indicate that ride-sharing services can encourage
individuals to reduce private car usage and alter their decisions regarding purchasing new vehicles
(Tang et al., 2020). Furthermore, shared scooters can be considered a significant alternative to private
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car travel in the transformation process that started with car rentals. As illustrated in Figure 2, shared
micro-mobility services are highlighted as an alternative to private car travel for short-distance trips,
car-sharing for medium-distance trips, and peer-to-peer car-sharing services for long-distance journeys.
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Figure 2. Alternatives to private vehlcle travel for Short, Medlum and Long-Distance Journeys
(Cbinsights, 2022).
In the United States, trips within the range of 0-5 miles account for 60% of total travel, while trips
between 5-15 miles constitute 25% of total travel, and trips of 15 miles or more make up 15% of total
travel. This situation suggests that even a shift towards shared micro-mobility services for car trips
within the 0-5 mile range alone could result in a significant reduction in car travel, hence reducing
traffic and carbon emissions.

3. Data and Method

To collect data for this research, a survey was conducted using Google Forms with a sample of 404
individuals residing in Istanbul. The determination of the research population and sample was an initial
step before the development of survey questions. The methodology for calculating the sample size is
detailed in Section 3.1, which outlines the rationale behind the chosen research methodology for this
study. A more in-depth discussion on this subject is provided in Section 3.2. Following this, the survey
questions were devised by examining studies in the existing literature that are similar in nature and
aligning them with the aims of this research. Upon achieving the predetermined sample size, the chi-
square independence test was identified as the suitable method for analyzing the collected survey data,
which was processed using SPSS software. The outcomes of this analysis were then interpreted to
extract insights pertinent to the research objectives. The procedural flow of the research is depicted in
Figure 3.
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Figure 3. Flow of the research
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3.1. Population and sample of the research

The main population of the research consists of individuals aged between 18 and 55 residing in
Istanbul. The lower age limit of 18 was determined due to the fact that some of the new mobility
services included in this study have a minimum age requirement of 18, which is the legal driving age.
The upper age limit of 55 was chosen based on previous studies in the literature, which indicated that
users of these services tend to fall within this age range. Furthermore, none of the participants in the
survey were above the age of 55, which supporting this selection.

The population comprising individuals aged between 18 and 55 residing in Istanbul was determined
based on the data published by the Turkish Statistical Institute (TUIK) in 2021, specifically the
"Population by Province, Age Group, and Gender" report. According to this data, the population of the
main population was determined to be 9,928,977 individuals (Figure 4).
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Figure 4. The age distribution of the population in istanbul (TUIK, 2022).

Since there was no explicit age range specified in the "Population by Province, Age Group, and
Gender" data published by TUIK, the lower age limit was taken as 15 and the upper age limit as 54
when calculating the population for the study. Thus, a larger population was considered than what
would be expected. This situation can be interpreted as the population being larger, resulting in a more
representative sample and providing more reliable results in terms of representativeness.

When considering different sample sizes for various sampling errors determined by Yazicioglu and
Erdogan (2004) and based on the probabilities of p=0.5 and g=0.5, a minimum sample size of 384 is
required for a population of 10,000,000 with a confidence interval of a=0.05 (Table 1). This study was
conducted with a sample size of 404 at a 95% confidence level under the conditions of p=0.5 and g=0.5.
In Table 1 “p” represents the estimated proportion of the population with a certain characteristic
whereas “q” represents the complement of the p which is 1-p.
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Table 1. Calculated sample sizes for different population sizes and sampling error. (Yazicioglu and
Erdogan, 2004)

0.03 sampling error 0.05 sampling error 0.10 sampling error
Population (d) (d) (d)
size (person) p=0,5 p=0,8 p=0,3 p=0,5 p=0,8 p=0,3 p=0,5 p=0,8 p=0,3
0=0,5 g=0,2 ¢=0,7 ¢=055 g=0,2 ¢=0,7 g=05 0=0,2 ¢g=0,7

100 92 87 90 80 71 77 49 38 45
500 341 289 321 217 165 196 81 55 70
750 441 358 409 254 185 226 85 57 73
1000 516 406 473 278 198 244 88 58 75
2500 748 537 660 333 224 286 93 60 78
5000 880 601 760 357 234 303 94 61 79
10000 964 639 823 370 240 313 95 61 80
25000 1023 665 865 378 244 319 96 61 80
50000 1045 674 881 381 245 321 9% 61 81
100000 1056 678 888 383 245 322 9% 61 81
1000000 1066 682 896 384 246 323 9% 61 81
100.000.000 1067 683 896 384 245 323 96 61 81

3.2. Analysis method

In this research, the chi-square test of independence was utilized as the analytical approach. This test
assesses the statistical significance of the deviation between observed and expected frequencies. It is
widely applied to determine if there is a statistically significant association between two or more
categories, to evaluate homogeneity across categories, and to check if the distribution observed in the
sample matches an expected theoretical distribution, among other applications (Yazicioglu, 2004). The
selection of this analysis method was guided by factors including a review of the literature, the
objectives of the research, and the compatibility of the dataset with this particular analytical technique.

The chi-square independence test aims to assess the similarity between observed frequencies (Gij) in
2x2 or r x ¢ matrices and the theoretical frequencies (Tij) calculated based on marginal probabilities.
The hypotheses and calculation formula (Eq.1) in the chi-square independence test are as follows
(Uzgoren, 2007)

Ho: Variables are independent (There is no relationship between variables)
Hi: Variables are dependent (There is a relationship between variables)

The chi-square test is calculated according to the formula below.

: : Gi:i —T::)?
X’%es — ( 5] Lj) (1)
TL'j

In the chi-square test of independence, cross-tabulation was performed using sociodemographic
variables, general travel behavior-related questions and questions related to innovative transportation
services to investigate whether there is a significant relationship between the variables.The summary
of the results of the chi-square test of independence, indicating the rejection of the null hypothesis (HO)
and the presence of a statistically significant relationship between the variables is provided in Table 2.
The green cells in Table 2 represent the situations where the null hypothesis is rejected, and the methods
used in the chi-square test of independence are represented by the letter "P" for Pearson chi-square test
and the letter "F" for Fisher's exact test. Additionally, significance values are provided. Accordingly, a
total of 45 hypotheses were found to reject the null hypothesis, indicating a dependent relationship
between the variables. Among these hypotheses, Pearson's chi-square test was used for 11 hypotheses,
while Fisher's exact test was used for 34 hypotheses. The survey questions are divided into three

119



Yazici, M. & Delice, Y. (2024) Akilli Ulagim Sistemleri ve Uygulamalart Dergisi Cilt:7 — Say1:2

groups. The questions in the first group, denoted as S1D, are related to participants' sociodemographic
characteristics. The questions in the second group, denoted as S2S, pertain to participants' general
travel experiences, preferences, and behaviors. The questions in the third group, denoted as S3Y, focus
on innovative transportation services. The question groups and the survey questions are presented in
Table 2. In the chi-square test of independence, if the proportion of theoretical frequencies calculated
for each cell is less than 5 and less than 20% of the total, the Pearson chi-square test is used; if it is
equal to or greater than 20%, the Fisher's exact test is used. Then, the significance value of the selected
method is examined. If the significance value is less than 0.05, the null hypothesis (HO) is rejected,
while if it is greater than 0.05, the null hypothesis cannot be rejected. The Survey Questions, Question
Groups, and Codes are provided in Appendix 1.

Table 2. Chi-square independence test results and significant variables.
S3Y1 | S3Y2 | S3Y3 | S3Y4 | S3Y5 | S3Y6 | S3Y7 | S3Y8 | S3Y9 |S3Y10({S3Y11|S3Y12

S1D1
S1D2

S1D3

S1D4

S1D5

S1D6

S1D7

S1D8

S2S1

5252

S2S3

S254

S2S5
S256
S257

4. Results

In this section, an overview will initially be provided concerning the 404 participants who were
included in the survey study. Subsequently, the survey results will be interpreted through the use of
exploratory analysis methods. Lastly, the results of the chi-square independence test will be presented,
indicating the rejection of the null hypothesis (Ho) and demonstrating the presence of statistically
significant relationships between the variables, thereby presenting the findings of the research.

Descriptive analysis

Analyzing the demographic characteristics of the survey participants, it is observed that 53% of the
participants are male, while 47% are female. Looking at the distribution of participants by age group,
the 26-40 age range accounts for 48% of the participants, while the 18-25 age range accounts for 41.3%.
Regarding employment status, 47.5% of the participants stated that they work full-time, while 35%
identified themselves as students. Additionally, 63.6% of the respondents are single, while the
remaining participants are married individuals. When asked about income level, 39.6% reported
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earning below 5500 TL (minimum wage in 2022), followed by 23% earning between 5500-10,000 TL,
and 14.9% earning between 10,000-13,750 TL. Finally, when asked about the highest level of
education completed, 38.1% indicated high school, while 31.9% indicated a bachelor's degree.

When looking at the results related to individuals' general travel behavior, it is found that 49.5% of the
participants have a vehicle they can use on a daily basis, while 50.5% do not. In terms of driver's license
status, a significant portion of 81.2% of the participants are licensed drivers. Furthermore, when
participants were asked about the most important criteria they consider in their general travels, 19.3%
selected time and comfort, while 17.8% chose the combination of time and cost. The most preferred
mode of transportation for daily trips among participants is public transportation, with a rate of 62.9%,
followed by private vehicles at 21.5%. When asked about the reasons for choosing these modes of
transportation, 9.2% of the participants solely mentioned cost, while the same percentage (9.2%) chose
the combination of cost and ease of use. Lastly, 47.3% of the participants reported making 2 to 4 trips
per day, followed by 0 to 2 trips, which accounted for 43.8% of the participants. Additionally, when
participants were asked about the average duration of their daily trips, 26.5% indicated 30-60 minutes,
followed by 22% selecting 60-90 minutes.

Conducting descriptive analyses, the chi-square test of independence was then used to evaluate whether
there is a statistically significant relationship between individuals' demographic characteristics, general
travel behavior, and the use of innovative transportation services.

Statistical analysis

According to the test results, the null hypothesis (Ho) was rejected, indicating dependent relationships
among variables in a total of 45 hypotheses. Of these variables, 27 relate to the demographic-
socioeconomic characteristics of individuals and their usage of innovative transportation services.
Eighteen variables were identified as statistically significant in relation to individuals' general travel
behaviors and their use of innovative transportation services. The analysis concludes that there is a
statistically significant relationship between individuals' demographic and socioeconomic statuses such
as gender, age, employment status, marital status, income level, and education level and their use of
innovative transportation services. Additionally, significant variables correlating individuals' general
travel behaviors with their utilization of innovative transportation services include vehicle ownership
status, driving license possession, criteria considered important in daily commutes, preferred modes of
transportation for daily travels, and the reasons for choosing these modes. The results pertaining to the
rejection of the null hypothesis are presented below.

Among the survey participants, 24.5% of those who use new mobility services stated that they use
shared micromobility vehicles, while 7.9% reported using vehicle sharing systems. When examining
the distribution of these users by age groups, it was found that the 18-25 and 26-40 age ranges heavily
favor shared micromobility vehicles, with the latter age group showing a significantly higher
preference for personal micromobility vehicles compared to the 18-25 age group. Furthermore,
individuals in the 26-40 age range showed a significantly higher preference for vehicle sharing systems
compared to other age groups, while the 41-55 age group had a significantly lower usage rate of these
services. In terms of gender, a significant proportion of both males and females preferred shared
micromobility services, with males showing a significantly higher usage rate of personal micromobility
vehicles compared to females. Among employment statuses, both full-time workers and students
showed a significantly higher usage rate of shared micromobility vehicles compared to individuals in
other employment categories. Full-time workers also exhibited a significantly higher usage rate of
personal micromobility vehicles and a higher rate of vehicle sharing system usage compared to other
employment groups. Regarding marital status, unmarried individuals had a significantly higher
preference for shared micromobility services and a higher preference for vehicle sharing systems.
When examining income levels, individuals earning between 0-5500 TL showed a significantly higher
usage rate of shared micromobility vehicles or no usage of any of these services compared to other
income groups. Additionally, the income group of 10,000-13,750 TL showed a significantly higher
preference for personal micromobility vehicles compared to other income groups. Finally, there was a
significant relationship observed between individuals' education levels and the usage of innovative
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transportation services for their specific trips, as well as the modes of transportation they preferred
before using these services.

When examining the impact of innovative transportation services on individuals' general travel
behavior and preferences, it is found that before using these services, participants stated that they used
public transportation for 44.4% of their journeys, walking for 25.8%, and private vehicles for 15.7%
of their same journeys. Accordingly, it is evaluated that new mobility services in Istanbul have replaced
public transportation, walking, and private vehicle travel to a significant extent. When participants
were asked about the purposes for using these services, 48.3% mentioned to go one places to another
with specific objective, 29.8% mentioned entertainment and leisure, and 13.5% mentioned first and
last-mile trips. Therefore, the majority (over three-quarters) of those who use these services do so for
transportation purposes, while 13.5% use them specifically for first and last-mile trips. Additionally,
51.7% of users stated that they prefer these services for journeys of 0-2.5 km, and 16.9% indicated
their preference for journeys of 2.5-5 km in length. This indicates that innovative transportation
services are chosen over modes like minibusses, especially for short-distance trips within the service
areas of public transportation. Furthermore, these services complement public transportation for
longer-distance trips. When participants were asked about their reasons for choosing innovative
transportation services, 14% stated its speed, while 9.6% mentioned fun as their main motivation.

Examining the usage of innovative transportation services in different types of trips, it is observed
that home based trips account for 36% of all trips, home to work trips represent 20.2%, and home to
school trips make up 11% of the trips. Therefore, home-to-work and home-to-school trips, which
constitute a significant portion of individuals' daily travels, account for 31% of the trips made using
innovative transportation services. This indicates that in areas where home-to-work and home-to-
school distances are relatively short, there is a significant potential for these services to be widely
adopted.

Analyzing the impact of innovative transportation services on individuals' daily travel frequency,
64.6% of the survey participants stated that these services affect their daily travel frequency.
Furthermore, 26.4% agreed that innovative transportation services have led them to make more trips,
whereas 43.2% disagreed, and 30.3% were undecided. On the other hand, 10.1% believed that these
services have resulted in fewer trips, while 65.1% disagreed, and 24.7% were unsure. Therefore, more
than half of the users reported an increase or decrease in their daily travel frequency, and for 26.4% of
them, new travel demands have emerged. By enhancing the conditions and circumstances under which
users prefer these services and by effectively guiding travel demands, innovative transportation
services can provide integrated support to urban mobility systems.

5. Conclusion

This research delves into the effects of new mobility services on the travel habits and daily activity
choices of residents in Istanbul, Turkey. These services, which are gaining popularity in urban settings
and have the potential to integrate into the primary transportation infrastructure rather than just serving
as an alternative, are analyzed for their influence on Istanbul residents. The study further explores the
association between individuals’ sociodemographic profiles, their general travel patterns, and their
engagement with these innovative transportation options. Moreover, it addresses inquiries regarding
the situations and motivations behind the selection or non-selection of these services, as well as the
factors contributing to their increased adoption.

In this research, the determinants affecting individuals' travel behaviors are scrutinized, both broadly
and specifically within the context of new mobility services. The study reviews existing literature on
the role of innovative transportation services in shaping urban mobility and individual travel patterns.
It outlines the research sample and methodology employed, detailing a survey conducted among 404
individuals in Istanbul. This survey encompassed questions on participants' sociodemographic profiles,
general travel behaviors, and their usage of innovative transportation options. The analysis of survey
data was performed using descriptive analysis techniques and the chi-square test of independence,
identifying variables that demonstrate a statistically significant association with individuals’
demographic characteristics, general travel trends, and preferences for innovative transportation.
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The research aimed to uncover reasons behind the non-utilization of innovative transportation services
by some individuals and the conditions under which they would consider using these services.
Participants who had not previously engaged with these services (accounting for 55.9% of respondents)
were queried about their reasons for abstention. Among them, 39.4% cited safety concerns, 32.7%
indicated a lack of familiarity with operation methods, and 18.6% considered that prices are not
affordable. When questioned about potential usage if their concerns were addressed, 18.1% leaned
towards shared micromobility, 17.7% towards vehicle sharing systems, and 16.4% towards individual
micromobility vehicles, while 21.2% maintained they would not use any such services. However,
remaining 78.8% expressed openness to adopting one or more innovative transportation options if their
concerns were addressed, highlighting critical insights for the expansion of these services in Istanbul
and pinpointing areas for improvement as identified by non-users.

Comprehending the changes, trends and the dynamics of mobility demand and supply in urban areas,
alongside current passenger and freight movements, is crucial for integrating these insights into the
transportation system's future planning and development. It's vital to understand both current users and
potential adopters of new mobility services and how these services influence people's travel habits and
daily choices to stay attuned to urban mobility trends.

Future research should delve into panel data analysis on these services and investigate detailed statistics
such as trip origins and destinations, travel times, distances, and user satisfaction levels. Additionally,
it is suggested that local municipalities and central government entities like ministries enhance research
efforts to adapt to changing travel behaviors and preferences and establish dedicated institutional
frameworks accordingly. Exploring travel tendencies and behavioral shifts through novel data
collection methodologies in transportation is advised. Implementing annual travel behavior surveys by
TUIK, accumulating travel behavior data via central bodies like the National Transportation Data
Center, and ensuring data accessibility are recommended strategies within this framework.
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Appendix 1. Survey Questions, Question Groups and Codes

Qlcjfi)sdt'eon Questions
S1D1 In which district of Istanbul do you live?
In which district is your workplace or school located? (For students,
S1D2 enter the district of their school; for those employed, enter the district
Socio-Demographic where their workplace is located.)
Characteristics S1D3 Gender
S1D4 Age
S1D5 Employment status
S1D6 Marital status
S1D7 Monthly average income?
S1D8 Highest level of education completed?
5251 Do you own or have access to a personal vehicle that you can use
daily (e.g., family car, company car, etc.)?
S2S2 Driving license status?
S2S3 What is the most important criterion for you when making general
trips? (Multiple options can be selected)
General Travel S254 What is your preferred mode of transportation for daily trips?
Behavior S2S5 Why do you prefer this mode of transportation? (Multiple options
can be selected)
S2S6 How many trips do you make on average in a day? (For example:
commuting from home to work and back is considered as a total of 2
trips)
S2S7 How much time, on average, do you spend on your trips in a day?
S2Y1 Which of the following innovative transportation services do you use
the most? (If none, only S3Y11 and S3Y12 are answered)
S3Y2 How often do you use these innovative transportation services?
S3Y3 On which trips do you use these innovative transportation services?
S3Y4 Why do you prefer these innovative transportation services?
(Multiple options can be selected)
S3Y5 What is your main purpose when using these innovative
transportation services?
S3Y6 For what distance of trips do you prefer using innovative
transportation services?
Innovative S3Y7 Which mode of transportation were you using for these trips before
Transportation using innovative transportation services?
Services S3Y8 Have the innovative transportation services affected the number of
trips you make?
S3Y9 The innovative transportation services have led me to make more
trips
S3710 The innovative transportation services have led me to make fewer
trips
S3Y11 I do not use innovative transportation services due to the following
reasons
S3Y12 If the conditions mentioned above are met, which of the following
innovative transportation services would you use? (Multiple options
can be selected)
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Havalimanlarinda inovasyon uygulamalarinin karsilastiriimasi
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Ozet: Havalimanlari, giiniimiizde sadece altyap1 hizmeti sunan birimler degil, ayn1 zamanda karmasik
is modelleri ve genis bir hizmet yelpazesine sahip isletmeler haline gelmislerdir. Bu degisim,
havalimanlarinin ticarilesmesinde ve havacilik dig1 gelirlerini artirmada, yenilik¢i yaklagimlar
benimsenmesini gerektirmektedir. inovasyon, havaalanlarinin giderek artan kiiresel yolcu trafigi ve
operasyonel verimlilik ihtiyaglarmi kargilama g¢abalarinda merkezi bir role sahiptir. Bu ¢alismada,
inovasyonun siniflandirilmasi ve glincel havalimam yoOnetimi yaklasimlar1 dikkate alinarak
havalimanlarinda  inovatif —uygulamalarm  karsilastirilmasi  ele  almmustir.  Inovasyonun
smiflandirilmasina gore havalimanlarinda inovasyon uygulamalari, Uluslararasi Havalimanlar1 Birligi
verilerine gore 2022 yilinda diinya genelinde uluslararasi yolcu trafigi en yogun ilk ti¢ havalimani
iizerinden incelenmistir. Havalimanlarinin benimsedikleri inovasyon stratejileri ve temel ortak 6zellikler
incelenmistir. Caligma sonuglari, havalimanlarinin genellikle operasyonel iyilestirmeler ve miisteri
deneyimini artirmaya yonelik teknolojik yenilikleri benimseyerek inovasyonu tesvik ettigini
gostermektedir. Ayrica, havaalanlarinin ¢evresel siirdiiriilebilirlik ve enerji verimliligi gibi alanlarda da
inovatif adimlar attig1 goriilmektedir. Havalimanlarinda inovatif ¢oziimlerin etkin bir sekilde
uygulanmasi i¢in uzun vadeli, biitlinsel bir stratejik yaklasimin benimsenmesinin ve tiim paydaslarimn is
birliginin 6nemi vurgulanmaktadir.

Anahtar Kelimeler: Havalimani yonetimi, inovasyon, stirdiiriilebilirlik, havayolu ulagimu.

A Comparison of innovation practices at airports

Abstract: Airports today have evolved into not only units providing infrastructure services but also
complex business entities with a wide range of services. This transformation necessitates the adoption
of innovative approaches in airport commercialization and increasing non-aviation revenues. Innovation
plays a central role in addressing the growing global passenger traffic and operational efficiency needs
of airports. This study addresses the classification of innovation and the comparison of innovative
practices in airports, considering current airport management approaches. According to the classification
of innovation, the implementation of innovations at airports has been examined based on the data from
the International Airports Association for the top three airports with the highest international passenger
traffic worldwide in 2022.The innovation strategies adopted by airports and their key common features
are examined. The findings of the study indicate that airports generally promote innovation by adopting
technological innovations aimed at operational improvements and enhancing customer experience.
Additionally, airports are seen to take innovative steps in areas such as environmental sustainability and
energy efficiency. The importance of adopting a long-term, holistic strategic approach and collaboration
among all stakeholders for the effective implementation of innovative solutions in airports is emphasized

Key Words: Airport management, mnovation, sustainability, air transportation.
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1.Giris

Havayolu tagimaciliinin en énemli unsurlarindan biri olan havalimanlari, havayollari, yer hizmetleri
kuruluslari, bakim isletmeleri, ulusal ve uluslararasi otoriteler gibi birgok farkli paydasla ortaklasa
hizmet verme yiikiimliiliigli olan ve rekabetin yogun oldugu bir sektoérdiir. Havalimanlari, artik
glinlimiizde ugaklarin inig-kalkis yaptigi, sadece altyap1 hizmeti veren birimler olarak goriilmemektedir.
Son derece genis bir hizmet yelpazesine sahip, oteller, sergi ve kongre salonlari, ofisler, ticaret
merkezleri, depolar, lojistik merkezler gibi ¢esitli is alanlarini biinyelerinde barindirarak, gevrelerinde
yarattiklar1 ekonomik degerler ile “havalimani sehirlerine” doniismektedirler (Price vd., 2014). Bu
doniisiim, havalimanlarinin ticarilesmesinde ve havacilik dis1 gelirlerini artirmada, yenilik¢i
yaklagimlara olan ihtiyaglarin1 artirmaktadir. Giderek artan sayida kiiresel yolcuya hizmet vermenin
zorluklartyla bag edebilme ve operasyonel verimliligi artirmada, inovasyon, havalimanlari igin 6nemli
bir unsur haline gelmektedir.

Yolcu memnuniyetini ve operasyonel verimliligi artirarak, havalimanlarinin rekabet edebilirliklerini ve
stirdiiriilebilirligini saglayan inovasyon, yeni iiriinlerin, hizmetlerin veya is modellerinin gelistirilmesi
veya mevcutlarin iyilestirilmesiyle bir deger yaratmay ifade etmektedir. inovasyon, sadece iiriin veya
hizmetlerdeki degisikliklerle sinirli degildir; yeni is modelleri, yeni hedef pazarlar ya da en son
teknolojiye entegrasyon gibi ¢esitli hususlar1 icermektedir. Inovasyonun basarili bir sekilde
uygulanmasi, farkli inovasyon tiirlerini uyumlu ve koordineli bir sekilde stratejik olarak birlestirmeyi
gerektirmektedir.

Sektore 0Ozgii, inovasyona yonelik son yillarda yapilan arastirmalarda, siirdiiriilebilir ve akilli
havalimanlarinin yani1 sira yeni hava ve yer araglari, giivenlik ve emniyetin saglanmasinda biyometrik
teknolojiler gibi konularin ele alindig1 goériilmektedir. Cogunlukla bilgi ve iletisim teknolojilerinden
yararlandigini, iriin ve hizmet inovasyonuna odaklandigini, ancak genellikle havalimanlarinin
konsolide bir stratejik yaklagimlarinin olmadig ifade edilmektedir. Havalimanlari inovasyonu i¢in daha
kapsaml bir ¢er¢evenin gelistirilmesi gerektigi de vurgulanmaktadir (Kilig vd., 2021).

Bu c¢alismada, inovasyonun siniflandirilmasi ve giincel havalimani yonetimi yaklasimlart dikkate
alinarak havalimanlarinda inovatif uygulamalarin karsilastirilmas: ele almmustir. Inovasyonun
smiflandirilmasina gére havalimanlarinda inovasyon uygulamalari, Uluslararasi Havalimanlar1 Birligi
verilerine gore 2022 yilinda diinya genelinde uluslararasi yolcu trafigi en yogun ilk ii¢ havaliman
tizerinden o6rneklendirilmistir. Havalimanlarinin benimsedikleri inovasyon stratejileri ve temel ortak
Ozellikler incelenmistir. Calisma, giincel havalimani yonetim yaklagimlarinin degerlendirilmesi ve
inovatif uygulamalarin kiyaslanmasiyla, havalimanlarinda inovasyonun farkli bir perspektifini
sunmaktadir.

2.Kavramsal Cerceve
2.1.Inovasyon Kavrami ve Inovasyonun Siniflandirilmasi

Yeni {riinlerin, hizmetlerin veya is modellerinin gelistirilmesi ve mevcut iirlinlerin veya siireclerin
iyilestirilmesi yoluyla bir deger yaratmay: hedefleyen inovasyon, kavram olarak ilk kez Schumpeter
(1934)’in, “Ekonomik Kalkinmanin Temelleri" adli eserinde karsinmza c¢ikmaktadir. Schumpeter,
inovasyonu "Miisterilerin heniiz bilmedigi bir iiriiniin veya mevcut bir {iriiniin yeni bir niteliginin, pazara
siiriilmesi, yeni bir iiretim yOnteminin uygulanmaya baslanmasi, yeni bir pazarm acilmasi,
hammaddelerin veya yar1 mamullerin tedarikinde yeni bir kaynagin bulunmasi, bir sanayinin yeni bir
organizasyona sahip olmas1" seklinde tammlamaktadir (Schumpeter, 1934: Elgi, 2012). Schumpeter'in
oncii ¢alismalartyla baslayan siiregte, kavram, bir organizasyonun i¢inde ve onu etkileyen ¢evresinde
yenilik; mevcut durumu iyilestirme ve gelistirme cabalari, yaratici fikirlerin basarili bir sekilde
uygulanmasi, (Knight, 1967, Damanpour, 1991; Amabile,1996) gibi farkli perspektiflerle ele alinmis ve
zamanla karmagik ve ¢ok boyutlu bir yapiya donligsmiistiir.

Chesbrough (2003), inovasyonu bir organizasyonun i¢inden veya digindan gelen yeni fikirlerin ve
kaynaklarin, deger yaratmak amaciyla kullanildig: bir siire¢ olarak ifade etmektedir. Yaratici fikirlerin,
organizasyon i¢inde ve ¢evresinde yarattigi anlamli degisikliklerin, organizasyonun simirlarini asarak
deger yaratan bir stire¢ oldugu genel kabul gérmektedir (Tidd ve Bessant, 2018; West ve Boger 2017).
Yaratici diistinme ile sik sik yan yana anilan kavram, yaratici diisiinme sonucu dogan fikirlerin, daha iyi
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triinlere, uygulamalara, siireclere dogru zaman, yer ve uygun ortamda doniigmesi olarak da
goriilmektedir (Gogmen, 2023). Bir fikrin ger¢ek kullanima doniistiiriilmesi inovasyonun dnemli bir
parcasidir. Yeni fikirlerin ortaya ¢ikarilmasi, gelistirilmesi, uygulanmasi ve deger yaratan sonuglar elde
edilmesi siirecini igermektedir. Inovasyonun bu karmasik ve ¢ok boyutlu yapis1 onun farkli sekillerde
siiflandirilmasina neden olmustur. Siniflandirmada, ¢ogunlukla Schumpeter (1934)’in ve Damanpour
(1996)’un galigmalarina atif yapilarak inovasyonun konusuna ve etki alanina gére olmak iizere iki temel
ayrima tabi tutuldugu gorilmektedir:

Konusuna gore inovasyonun siniflandirilmasinda, inovasyon; iirlin inovasyonu, siire¢ inovasyonu,
pazarlama inovasyonu ve organizasyonel inovasyon olarak gruplandirilmaktadir. Etki diizeyine gore ise
(yenilik derecesine) inovasyon; radikal, artimsal ve yikict inovasyon olarak ifade edilmektedir.

Uriin Inovasyonu; yeni veya 6nemli dlciide gelistirilmis bir {iriiniin ortaya ¢ikmasini igerir. Mevcut
{iriinlerin iyilestirilmesi veya tamamen yeni {iriinlerin yaratilmasi yoluyla gergeklesebilir. Inovasyon,
bilesenlerde, teknik oOzelliklerde, materyallerde, biitiinlesik yazilimlarda ya da diger fonksiyonel
ozelliklerde nemli gelisimleri igermektedir (OECD, 2005). Ornegin, yeni bir teknoloji olarak gériilen,
stirdiiriilebilir ¢cevre agisindan 6nemli, daha verimli elektrikli yer araclarinin ya da hava araglarimin
gelistirilmesi, iiriin inovasyonuna bir 6rnektir. Khadonova vd., (2020) havalimanlarinda i¢ ve dis mekan
navigasyon sistemlerini, Wi-Fi, iBeacon ve detayl kat planlar1 gibi teknolojiler araciligiyla yolculara
ve havaalani personeline destek veren tirlinler olarak belirtmektedir.

Siire¢ Inovasyonu; is siireclerinin yeniden tasarlanmasi veya iyilestirilmesini kapsar. Daha verimli, hizl1
veya maliyet etkin is siireglerinin olusturulmasimi amaclar. Isletmenin, isini yiiriitme sekli ve tarzinda
stratejik bir faaliyetin baslatilmasi seklinde ifade edilebilir (Ahmadu, 2021). Genellikle kullanilan
tekniklerde, ekipman ve/veya yazilimda degisikligi icerir (OECD, 2005). Bir iiretim hattinda atik
otomasyonun uygulanmas: veya hava lojistik siireclerinin yapay zeka ile optimize edilmesi, siireg
inovasyonuna Ornek olarak gosterilebilir. Silver (2003)’in g¢alismasinda, Uriin inovasyonu olarak
nitelenen bagaj tasima siireclerinde uygulanan otomasyon teknolojileri, is akis siireclerinde yarattig
yenilikler ve operasyonel verimlilik nedeniyle siire¢ inovasyonu érneklerindendir.

Pazarlama Inovasyonu; yeni pazarlama stratejileri, dagitim kanallar1 veya miisteri iliskileri yonetimi
gibi hususlarda degisim ile gergeklesir. Pazarlama inovasyonu, {irlinlerin veya hizmetlerin pazara
sunulma seklini veya pazarlama yontemlerini degistirerek rekabet avantaji elde etmeyi hedefler.
Elektronik bilet satis ya da miisteri sadakat programlarimin ilk kez uygulanmasi, bu tiir inovasyona
ornektir. Cankaya (2020), calismasinda biiyiik veri teknolojilerinin yolcu tercihlerini analiz etmede,
havalimant magazalarinda ilgiye yonelik indirimleri duyurmada ya da robotlarin reklam ve
yonlendirmede kullanimini ile pazarlama yontemlerinde inovasyonun olustuguna dikkat ¢ekmektedir.

Organizasyonel Inovasyon; isletme icindeki organizasyonel yapi, yonetim sistemi veya is modeli gibi
unsurlarda yenilikleri igerir. Daha esnek, hizli ve dogru karar verebilen, ¢evik veya yaratici bir is
ortaminin olusturulmasini amaglar. Baki vd., (2022)’nin ¢aligmalarinda ifade edilen dijital ¢alisan
profillerinin uygulanmasi, web tabanli egitim, mobil uygulamalar ve sosyal medya araciligryla kurumsal
iletisim, entegre KPI raporlamasi ve entegre faturalandirma gibi yenilik¢i yontemler havalimanlarinda
organizasyonel inovasyonu igermektedir.

Onceliklendirilen konuya gore yapilan siniflandirmada, énemli olan bir diger husus da herhangi bir
alanda yapilan yeniligin, diger alanlara da yansiyabilecegidir. Ornegin, yeni bir iiriin iiretimi,
beraberinde yeni bir pazarlama stratejisi veya organizasyonel degisim de getirebilmektedir. Bu noktada,
isletmenin hedef olarak ne tiir bir inovasyonu dnceliklendirdigi esas alinir.

Inovasyonu smiflandirmada kullanilan ikinci en yaygin ayimrim ise etki diizeyine (sonuglarin, yenilik
derecesine) gore yapilmakta ve radikal, arttirimsal, yikici inovasyon gibi basliklarla anilmaktadir. (Bkz.
Christensen, 1997; Utterback, 1994; Tushman, ve Anderson, 1986).

Radikal Inovasyon; meveut durumu kokten degistiren ve yeni bir paradigmaya yol acan biiyiik dlcekli
yenilikleri ifade eder. Bu tiir inovasyonlar, genellikle yiiksek risk ve belirsizlik icerir ve sektorde 6nemli
bir etki yaratir. Ornegin, ilk cep telefonunun, bilgisayarin, Jumbo jet ugaklarin gelistirilmesi, radikal
inovasyon ornekleridir.
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Artimsal Inovasyon; meveut iiriinlerin veya siireclerin evrim gegirerek iyilestirilmesini ifade eder. Bir
dizi gelistirme ve iyilestirme faaliyetini igeren ¢aligmalarin sonucu olarak ortaya ¢ikmaktadir (Elgi vd.,
2008: 25). Ornegin, 5G erisiminin ya da mevcut ugak tipinin yeni serilerinin piyasaya siiriilmesi artimsal
inovasyon Ornekleridir. Radikal inovasyon, mevcut durumu kokten degistirirken; artimsal (adimsal)
inovasyon, mevcut {iriin veya siiregleri gelistirmeyi amaglar (Tidd ve Bessant, 2013).

Yikict Inovasyon ise; mevcut piyasa liderlerini veya is modellerini temelden sarsan yenilikleri ifade eder.
“Bir pazarmn talep ve ihtiyaclarim 6nemli Olciide doniistiiren ve eski kilit oyuncularin mevcut
pozisyonlarini bozan, basariyla kullanilan bir iiriin, hizmet veya is modeli” olarak tanimlamaktadir”
(Thomond ve Lettice, 2002). Bu tiir inovasyonlar, genellikle daha diisitk maliyetli, basit veya daha
erigilebilir alternatifler sunar ve baslangicta mevcut oyuncular tarafindan ciddiye alinmayabilir.
Ornegin, dijital miizik ya da dizi, film platformlarmn (Netflix, Spotify) geleneksel sinema ve miizik
endiistrisini etkilemesi, yikici bir inovasyon oOrnegidir. Yikici inovasyon, yarattigi radikal degisim
nedeniyle radikal inovasyonla karigmakla birlikte 6ziinde ayr1 iki yaklasimdir. Radikal inovasyon,
tamamen yeni Urlin hizmet ve siireglerin, yiiksek risk igerecek sekilde ticarilestirilmesinden
kaynaklanirken; yikici inovasyon, pazara yeni giren igletmelerin, eldeki yetersiz kaynaklarina ragmen,
pazarda yerlesik olan igletmelere iistiin geldikleri bir siireci i¢erir. Her haliikarda her iki inovasyon tiirii
de i¢inde bulunduklar1 endiistrileri ve toplumlari doniistiiren biiylik yeniliklerle iliskilendirilmektedir.

Inovasyonun smiflandirilmasinda ¢ogunlukla Schumpeter (1934)’in ve Damanpour (1996)’un
caligmalar1 esas alinarak konu ve etki agisindan yukarida ifade edilen bu iki temel aymrimin yer aldigi
goriilse de dogus kaynagi, yenilik derecesi, is birligi ¢esitliligi gibi birgok farkli agidan konunun ele
alindigini goriilmektedir. Bir siniflandirma 6nerisi olarak Sekil 1.’de yer alan siniflandirmanin kapsayici
oldugu diisiiniilmektedir (Gligkiran, 2021).
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Koo inovasyon m
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Farkli bakis agilar1 {izerinden inovasyonun tanimlanmasi, onun farkli yonlerinin goriilebilmesine ve
isletmelerin farkli inovasyon stratejileri olusturmalaria yardimci olmaktadir. Fakat siniflandirmalarin
sinirlayiciliklart ya da radikal olarak degerlendirilen bir stratejinin, pazarda yikici etkiler de
yaratabilecegi gibi drnekler de dikkate alinarak bir yeniligin birden ¢ok alanda degisim yaratabilecegi
de unutulmamalidir. Bu smiflandirmalardan yola ¢ikilarak havalimani yonetimine 6zgii inovasyon
orneklerini incelemeden Once havalimani yonetiminde giincel yaklagimlara deginmenin,
havalimanlarinin inovasyon stratejilerini anlamada kolaylik saglayacagi degerlendirilmektedir.

2.2.Havalimam Yonetimi ve Havalimam Yonetiminde Giincel Yaklasimlar

Havayolu tagimacilifinin 6nemli bir unsuru olan havalimanlari; hava araglarmin inis ve kalkig
hareketlerini gerceklestirebilmeleri i¢in ihtiya¢ duyulan altyapi hizmetlerini sunan ve yolcularin ugus
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islemlerini saglamak amaciyla karada veya suda kurulmus bina tesisat ve techizatlari igerecek sekilde
0zel olarak tasarlanmig alanlar olarak tanimlanmaktadir (ICAO, Annex 14, 2006; 2018).

Giliniimiiz anlayisinda havalimanlarmi, hava ulasiminda sadece altyapi hizmeti sunan birimler olarak
gormek miimkiin degildir (Jarach, 2017). Yolcu, yiikk ve ugaklara, ugusun emniyetli ve etkin
gerceklestirilebilmesi igin gerekli alt yap1 destegini saglarken yer hizmetleri kuruluslari, havayollari,
bakim kuruluslari, yerel idari birimler, ticari alan kullanicilar gibi bir¢ok farkli paydasin da dahil oldugu
bir dizi operasyonel ve ticari siireci yiriitmektedirler. Havalimanlarinda yiiriitiilen faaliyetleri
Tablo.1’de 6zetlemek miimkiindiir (Kuyucak ve Kaya, 2007):

Tablo 1. Havalimani Faaliyetlerinin Siniflandirilmasi

Operasyon Hizmetleri Yer Hizmetleri Ticari Hizmetler
Hava seyriisefer hizmeti Ramp hizmetleri Aligveris alanlar

Hava durumu Ucaklarin genel bakimi Otel hizmeti

Bilgi akis1 Temsil hizmeti Yiyecek-icecek magazalari
Seferlerin inis-kalkis bilgileri Yolcu gelis ve gidis hizmeti Vergi almayan magazalar
Emniyet Ulastirma Otopark ve vale hizmeti
Itfaiye ve ilkyardim Ikram Banka ve bankamatikler
Saglik hizmetleri Bagaj Kontrolii Alman reklamlar

Pist bakimi Ugak 6zel giivenlik hizmeti Kisisel bakim hizmeti veren
Diger hizmetler kuruluslar

Havacihik Hizmetleri Havacilik Hizmetleri Havacihik Dis1 Hizmetler

Havalimani faaliyetlerinden goriilecegi iizere glinlimiizde havalimam kullanicilart havayolu isletmeleri,
bakim kuruluslari, yer hizmeti isletmeleri, acenteler, tedarik¢iler, ticari alan kullanicilari, ¢alisanlar,
yolcular, ziyaretgiler gibi hayli kapsamli bir grubu olusturmaktadir. Bu paydaslara etki eden tiim
gelismeler havalimani yonetim anlayisini da beraberinde donistiirmektedir. Havayolu tastyicilarinin
pazara erisim ve girisini diizenleyen serbestlesme ve liberallesme egilimleri, bununla paralel yeni is
modellerini (diisiik maliyetli, baglh diisiik maliyetli, kargo tasimaciligi vb..) benimseyen havayollarinin
dogmas1 ve havayolu is birliklerinin ortaya ¢ikmasi, gevresel siirdiiriilebilirlik kaygilari, yeni ugak
tiplerinin kullanimi ya da bilgiye erisimi artan yolcularin gereksinimlerindeki degisimler, havalimani
kavramini da degisime ugratmaktadir (Sengiir, 2017). 2 Giiniimiizde havalimanlar1 sadece ugaklarin
inig-kalkis yapildig1 mekanlar olmaktan ¢ikarak karmasik is siireclerini ve ¢evresindeki ekonomik
etkileri barmdiran 6nemli yagsam merkezlerine doniismektedirler (Graham, 2011: Kasarda, 2001). Bu
doniisiim teknolojik gelismeler paralelinde havalimani yonetiminde inovasyona olan ihtiyact dongii
olarak daha fazla vurgulamaktadir.

Pazar liberalizasyonu, havalimani 6zellestirmesi ve artan rekabet nedeniyle havalimanlarinda 6nemli
degisiklikler yasanmaktadir. Yolcularin artan talebi ve degisen beklentileri, isletme siireclerini ve
seyahat deneyimini gelistirmek i¢in teknolojilerin yeni yollarla kullanilmasini gerektirmektedir.
Havalimanlari, havayolu sirketleri ve yolculari iceren tiggen bir iligkisel sistemde dijital teknolojilerin
kullanimi1 inovasyona ve tiim paydaslara fayda saglamaktadir (Poulaki vd., 2021).

Havalimanlari, yolcu memnuniyeti ve gelirlerini artirmak igin teknoloji ve dijitallesmeye
yonelmektedir. Giiniimiiz yolculari, mobil uygulamalar, self-servis check-in, bagaj birakma ve yol
bulma haritalar1 gibi teknoloji odakli hizmetleri talep etmektedir. Bu yatirimlar, islem maliyetlerini ve
siirelerini azaltarak, havaalanlarinin siirdiiriilebilirligini saglamaktadir. Biiyilik havaalanlar1 insa etmek
yerine, teknolojiye dayali yolcu deneyimi yaratmak, gelecekteki biiyiime i¢in daha onemli hale
gelmektedir (Harrison vd., 2014).

Artar ve Tiirkay (2021), havalimanlarindaki dijital doniistimii; havacilik operasyonlarinin farklilagmasi
ve dontismesi, Yolcu ihtiyaglar: ve deneyimlerinin déntismesi ve havacilik dig1 gelirlerdeki artis olmak
tizere 3 temel degisime baglamaktadirlar. Tahmini analiz, yapay zeka ile kontrol, makine tasarlanmasi,
bulut teknolojileri, biiylik veri alani, blockchain teknolojileri, nesnelerin interneti (IoT) ve RFID
teknolojileri havalimanlarinda gelecek uygulamalar olarak gosterilmektedir.
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Havalimanlarindaki teknolojik doniisiimiin literatiirde dijital, akilli havalimanlar1 ve endiistri 4.0
uygulamalari basliklarinda da incelendigi goriilmektedir. Atalik vd., (2019) endiistri 4.0 teknolojilerinin,
ozellikle havalimaninda yon bulma, bagaj takip ve tanimlama sistemleri, artirtlmig gerceklik ve barkod
uygulamalar: ile kargo siiregleri, eller cepte olarak ifade edilen dokiimansiz seyahat ve biyometrik
otomatik gecis sistemlerinin, operasyonel siirecleri daha az maliyetli ve etkin hale getirdigini ve yolcu
deneyimini iyilestirdigini ifade etmektedirler.

Havalimanlari, kiiresel egilimler dogrultusunda dijital teknolojilere yatirim yaparak miisteri
memnuniyetini artirmay1 hedeflemektedir. Dijital teknolojilerin, yolcular ve diger paydaslar arasindaki
verimliligi ve etkinligi artirdigi, 6zellikle, yolcu hizmetlerindeki teknolojik uygulamalarin bilgi, hizmet,
yOn, zaman, erisim ve yol bulma gibi konularda sorunlar1 azaltarak havalimani ve yolcu etkilesimini
gliclendirdigi goriilmektedir (Cam ve Durmaz, 2018).

Havalimanlarindaki dijitallesme faaliyetleri akilli havalimani olarak da ifade edilmektedir. Akilli
havalimanlari, altyapi, kontrol noktalari, yolcu-bavul-kargo kontrol sistemi, bilgi noktalar1 ve ig
iletisimlerde [oT cihazlari, dijital kameralar, cografi konum teknolojisi, temassiz bavul isleme sistemleri
ve kendi kendine hizmet sistemleri gibi teknolojileri kullanmaktadir. Kapasite talebini tahmin etmek,
yolcu seyahat deneyimini iyilestirmek, operasyonel siire¢ verimliligini artirmak, personel verimliligini
artirmak ve giivenligi saglamak akilli havalimanlarinin temel hedeflerindendir (Euring vd., 2017).

Akilli havalimanlari, ¢alisanlar icin etkili ve keyifli bir ¢aligma ortami saglamayi ve yolcularin
memnuniyetini ama¢lamaktadir. Bu nedenle bir¢ok isletme, akilli havalimani ile ilgili teknolojilere
yonelik ¢aba sarf etmektedir. Bununla birlikte, bu teknolojilere yatirnrm yapmak maliyet, yetenekler,
belirsizlik ve kirilganlik gibi birgok zorlugu iginde barindirmaktadir. Teknolojik inovasyon birgok firsat
yaratmakta, ancak son teknolojiyi uygulamak tek basina énemli bir deger yaratmamakta ve hemen etkin
bir dijital doniisiime yol agmamaktadir. Dijital ¢éziimlerin getirdigi tam potansiyele ulasmak igin
organizasyonlar1 doniistirmek ve genel bir biitiinsel mimari kurgulamak gerekmektedir (Narongou ve
Sun, 2022).

Havalimanlari, akilli sistemlerin ve yeni teknolojilerin kullanimiyla ayni zamanda cevresel etkinin
azaltilmasina ve endiistrinin daha siirdiiriilebilir hale gelmesine olanak tanimaktadir. Siirdiiriilebilirlik
uygulamalarinin havacilik sektorii i¢in bir zorunluluk haline geldigi degerlendirilerek dijitallesmenin,
sirdiiriilebilirlik ¢abalarina 6nemli katkilar saglayabilecegi ifade edilebilir. Bir¢ok havalimani,
operasyonel verimlilik, giivenlik ve yolcu deneyimi alanlarinda dijitallesme faaliyetlerini
hizlandirmaktadir. Bu faaliyetler, emisyonlarin azaltilmasi, kaynaklarin verimli kullanimi, ¢evrenin
korunmasi ve atik yonetimi gibi siirdiiriilebilirlik hedeflerini de icermektedir. Akilli havaalani kavramu,
endiistri 4.0'n etkisiyle gelismis ve ¢evre dostu uygulamalari desteklemektedir (Giirsel vd., 2023).

3. Havalimam Yénetiminde Inovasyon Literatiirii

Havaliman1 yonetimi, havacilik sektoriindeki paydaslarimin degisimlerine ve ozellikle teknolojideki
gelismelere gore sektoriin ihtiyaglarina karsilik verecek sekilde kendini yenileyen bir alandir.
Havalimanlarinda inovasyonla baglantili gilincel arastirmalarin daha c¢ok siirdiiriilebilir ve akill1
havalimanlari, yeni hava ve yer araclar1 (hibrit / elektrikli ugaklar, otonom yer tasima araclar1 vb.),
giivenlik ve emniyetin saglanmasinda biyometrik teknolojiler, hava trafik kontroliinde ve ucgus
planlamada yenilikler gibi basliklarla incelendigi goriilmektedir.

Caetano ve Alves (2019) tarafindan yapilan ¢alismada, 2005-2015 yillar1 arasinda havacilik alanindaki
inovasyonla ilgili arastirmalar incelenmistir. Ugak endiistrisi odakli ¢aligmalarda, enerji verimliligi,
endiistriyel siirecler ve giiriiltii ile kirletici emisyonlarin azaltilmasi gibi konularin 6n planda oldugu
gozlemlenmistir. Havayollar1 iizerine yapilan calismalarda ise yeni is modelleri, bilgi teknolojisi
planlamasi ve yonetim stratejileri gibi konulara odaklanildigi belirlenmistir. Havalimanlar: alanindaki
arastirmalarda ise hizmetler, giivenlik, 6z finansman, hava trafik kontrolii ve havalimani projeleri gibi
konulara odaklanilmistir (Caetano ve Alves, 2019; Bayar, 2023). Havaliman1 yapis1 iizerine inovasyon
konusunda sinirl ¢alisma oldugu, 6zellikle pist kaldirimlar1 ve havalimani sahalarinin optimizasyonu
gibi alanlarda daha fazla arastirmaya ihtiya¢ duyuldugu vurgulanmstir. Ayrica havaalanlarinda, uguslar
sirasinda ortaya ¢ikan yeni atik bertaraf bigimlerinin ve genel olarak havacilik sektdriinde yeni iiriinlerin
gelistirilmesi konusunda daha fazla c¢aliymaya ihtiya¢ duyuldugunu ifade etmektedirler. Havacilik
sektoriinde, Ozellikle havalimanlari igin yeni tiriinlerin, hizmetlerin veya siireglerin gelistirilmesinde,
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yenilik eksikligi oldugu ve bu boslugun doldurulmasi i¢in diger alanlardan basarili uygulamalarin
incelenerek bunlarin havalimani inovasyonuna uygulanmasini 6nermektedirler.

Silver, (2023), havalimanlarinda inovasyonu ele aldifi calismasinda ozellikle Bilgi Iletisim
Teknolojilerinin uygulanmasini incelemistir. Calisma, havalimani hizmet siireglerinde robotlar, yapay
zeka ve servis otomasyonu gibi teknolojilerin roliine odaklanarak miisteri sayisindaki artiga hazirlanma
ve korona sonras1 miisteri deneyimini iyilestirme amacini tasimaktadir. Ornek vaka olarak incelenen
Incheon Uluslararasi Havalimani, bagaj tasima siireclerinde uyguladigi robotik ve otomasyon
teknolojileri ile operasyonel verimliligi artirmistir. Bu teknolojiler, bagajlarin daha hizli ve hatasiz bir
sekilde tagmmasina olanak tanimakta, genel operasyonel verimliligi artirmaktadir. Temizlik konusunda
ise havalimani, otomatik temizlik robotlar1 gibi yenilik¢i teknolojiler kullanmaktadir. Bu robotlar,
havalimani tesislerini etkili bir sekilde temizleyebilmekte ve bakimimi yapabilmektedir. Bu teknolojik
gelismeler, havalimaninda genel olarak daha temiz ve giivenli bir ortam olusturmakta ve pandemi
sonrasi seyahat beklentilerini karsilamaya yonelik bir ¢aba olarak dne ¢ikmaktadir.

Havalimani yonetiminde girisimcilik yonelimi ile inovasyon performansi arasindaki iligkiyi inceleyen
bir diger bir aragtirma, yoneticilere, ¢alisanlarin girisimcilik yeteneklerini gelistirmeleri konusunda
rehberlik etmenin yani sira, havalimani inovasyon performansini artirmak i¢in bilisim teknolojilerine ve
Ogrenme siireglerine odaklanmalarini Oneren stratejik bir model sunmaktadir (Samer vd., 2022).
Calismada orneklem aliman Dubai havalimani, sektordeki lider konumunu siirdiirmek ve havalimani
deneyimini siirekli olarak gelistirmek amaciyla cesitli yenilik¢i teknolojileri benimsemektedir.
Gocmenlik ve giivenlik islemlerini hizlandirmak adina biyometrik teknolojiler, 6zellikle yiiz tanima
sistemi gibi sorunsuz yolcu isleme yontemleri kullanilmaktadir. Ayrica, bagaj tasima siireglerindeki
verimliligi artirmak ve hatalar1 en aza indirmek i¢in otomatik sistemler ve robotik teknolojileri
benimsenmistir, bu da yolcularin bagaj islemlerini daha hizli ve hatasiz bir sekilde ger¢eklestirmelerine
olanak tammmaktadir. Havalimani, miisteri hizmetleri konusunda da yenilik¢i ¢éziimler sunmaktadir;
yolculara gergek zamanli bilgilendirme ve yardim saglamak amaciyla yapay zeka destekli sohbet
robotlar1 ve sanal asistanlar gibi akilli ¢6ziimleri aktif olarak kullanmaktadir.

Havalimanlarinda genel olarak yukarida ifade edilen g¢esitli teknolojik yeniliklerin, yolcu
memnuniyetinin artirilmasi amaciyla kullanildigi goriilmektedir. Self-check-in kiosklari, yolcularin
bagajlarini etiketleyip birakabilmelerini saglayan bagaj birakma makineleri, yiiz tanima ve parmak izi
taramas1 da dahil olmak tizere biyometrik teknolojileri kullanarak yolcu kimliklerini dogrulayan
otomatik pasaport kontrol sistemleri (Kovynyov ve Mikut, 2019; Khan ve Efthymiou, 2021), yolcularin
binis kartlarmi tarayarak manuel bilet kontrollerine ihtiyag duymadan ugaga gecis yapmalarini saglayan
self-servis binis kapilari, ger¢ek zamanl ugus giincellemeleri, yol bulma ve kisisellestirilmis yolcu
hizmetleri i¢in mobil uygulamalar ve dijital platformlar, yolcular i¢in rahat ve verimli bir aligveris
deneyimi saglayan temassiz Odeme sistemleri (Arslan, 2023), bu teknolojilere o6rneklerdir. Bu
gelismeler, havaalanlarinin hizmet kalitesini artirarak yolcu deneyimini énemli dl¢iide iyilestirmektedir.

Havalimanlarinda bir diger inovasyonla iliskilendirilen alan ise yesil ve siirdiiriilebilir havalimani
uygulamalarinin yayginlasmasidir. Havalimanlar1 kaynak verimliligi ve cevresel siirdiiriilebilirlik i¢cin
elektrikli ve hibrit ucaklar, biyoyakitlar, yenilenebilir enerji kaynaklar1 ve enerji verimliligi, atik
yOnetimi, geri doniisiim gibi konularda calismalar yiirtitmektedirler. Yakit tiiketimini azaltmay1 ve
karbon saliniminin diisiiriilmesi hedefiyle elektrikli ve hibrit ugaklarin kullanilmasi daha ¢ok havayolu
igletimlerinin inovasyon stratejisi gibi diisiiniilse de alt yap1 hizmet saglayici olarak havalimanlarmin
elektrik sarj istasyonlari, yer hizmet ekipmanlari, pist ve taksi yollari, calisanlarin egitimi ve
sertifikasyonu, giivenlik, yangin sondiirme, cevre diizenlemeleri gibi hususlarda diizenlemeler
yapmasini gerektirmektedir. Ayni sekilde, jet yakitlarina kiyasla daha az sera gazi salimimi yaratan,
yenilenebilir kaynaklardan elde edilen biyoyakitlarin ucgaklara saglanmasi ya da havalimani yer
hizmetlerinde kullanilan araglarin bu tiir araclara doniistiiriilmesi havalimanlarinin yakin zamanda daha
fazla odaklanacagi konular arasindadir.

Giines, riizgar, hidroelektrik veya jeotermal gibi yenilenebilir enerji kaynaklarindan elde edilen elektrik
enerjisinin havalimani terminal binalarinda kullantmi, LED aydinlatmalarm kullanimi, yalitimi
artirllmis binalar ve enerji tasarruflu ekipmanlarin kullanimi, yagmur sularinin degerlendirilmesi,
tuvalet ve benzeri alanlarda gri su kullanimi, ¢evre diizenlemesinde kullanilan bitki ortiistiniin iklime
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uygun secilmesi ve uygun sulama teknolojilerinin kullanimi, havalimanlarinin siirdiiriilebilirlik
acisindan ¢evresel etkiyi azaltma ¢aligmalarmdandir.

Yenilenebilir enerjilerin havalimaninda kullanimina &rnek olarak Mumbai'deki Chhatrapati Shivaji
Maharaj Havalimani’nin, enerji ihtiyaglari i¢in tamamen yenilenebilir enerji kaynaklarina gegmesi ve
karbondioksit emisyonlarmi yilda 120.000 ton azaltacak riizgar tiirbinleri ve glines panellerinden olusan
bir Hybrid SolarMil sistemi kurmasi gosterilebilir. Delhi'deki Indira Gandhi Uluslararast Havalimam
ise Hindistan'da tamamen hidro ve giines enerjisi kaynaklariyla ¢alisan ilk havalimani olmustur. Bu
girisim, havalimaninin 2030 yilina kadar net sifir karbon emisyonu elde etme hedefinin bir pargasidir
(Glenn, 2023a). Londra Gatwick Havalimam %100 sertifikali yenilenebilir elektrik tedarik ederek daha
diisiik karbon hedefine katkida bulunmaktadir. Havalimaninda bulunan atik igleme ve biyokiitle {iretim
tesisi, organik atiklar1 biyokiitle yakitina doniistiirerek havalimaninin Kuzey Terminali ve atik yonetim
sahasina 1sitma ve su geri kazanim sistemine gii¢ saglamaktadir. Havalimani, enerji verimliligi dnlemleri
icin yliksek verimli aydinlatma, 1sitma/sogutma sistemleri ve LED aydinlatma kullanimini
onemsemektedir. Ayrica, arag filosunu elektrikli araglarla degistirmekte ve elektrikle calisan yer servis
ekipmanlarinin kullanimini artirmaktadir (Glenn, 2023b).

Yesil havalimanlari, atik miktarii azaltmak ve geri doniisiimi artirmak igin farkli programlar
yiiritmekte, atiklarin kaynaginda ayristirilmasi, geri doniistiiriilmiis tiriin kullanimi (havlu, tuvalet
kagitlar1 ofis malzemeleri vb....), tek kullanimlik iiriinlerin kaldirilmasi, ingaat atiklarinin kullanimi ve
ayristirilmasi, ¢evre dostu ve siirdiiriilebilir malzemelerin kullanimini gibi hususlarda diizenlemeler
yapmaktadirlar. Ugaklardan, havalimani tesislerinden ve yolculardan kaynaklanan atiklarin dogru
sekilde yonetilmesi, ¢evresel siirdiiriilebilirlik i¢in giderek daha Snemli hale gelmekte havaliman
yOnetimi inovasyon stratejilerini bu basliklar altinda olusturmaktadir.

San Francisco Uluslararasi Havalimani’nin, terminal binalarinda geri doniisiim kutularim kullanarak
yolcular1 ve personeli geri doniisiime dahil etmesi ve toplanan atiklarin uygun sekilde islenmesini ve
geri doniistliriilmesini saglamak i¢in geri doniisiim sirketleri ile is birligi yapiyor olmasi, giinlimiizde
bircok havalimanin benimsedigi uygulamalardandir. Bir bagka ornek ise Amsterdam Schiphol
Havalimani’nin, insaat projelerinde geri doniistiiriilmiis malzemelerin kullanimini desteklemek, yeni
malzemelere olan talebi azaltmak ve ingaat faaliyetlerinin ¢evresel etkisini en aza indirmek igin geri
dontistiiriilmiis beton veya asfalt gibi malzemeleri kullanmasidir (Kunz vd.,2015).

Inovasyonun siniflandirilmasi bashiginda ifade edilen inovasyon tiirleri agisindan havalimanlarina
yonelik inovasyon g¢aligmalarina bakildiginda ise; ¢ogunlukla iiriin, stireg, organizasyonel inovasyon
gibi konu basliklarma odaklanildigi goriilmekledir. Kili¢ vd., havalimanlarinda inovasyonu konu alan
caligmalar1 incelemis ¢ogunlukla artimsal inovasyona yer verildigini (%70) hemen ardindan radikal
inovasyonu (%25) konu alan ¢aligmalarm yer aldigini fakat yikic1 inovasyonu konu alan ¢ok az sayida
calisma bulundugunu ifade etmektedirler. Konusuna gore ise arastirmacilar1 ve alan uzmanlarini
calisilmamis bir alan olarak pazarlama inovasyonuna ve daha fazla ¢alismaya ihtiya¢ duyuldugu
diistiniilen {iriin/ hizmet inovasyonuna odaklanmaya davet etmektedirler. Bir¢cok ¢alismanin giinliik rutin
iyilestirmelerine odaklandigin1 ve yikici inovasyonun ¢ok zaman alan, ¢ok kapsamli degisiklikler
gerektiren dogas1 geregi ¢cok az calismada yer aldigini belirtmektedirler (Kili¢ vd., 2021). Havaalanlarin
inovasyon stratejilerinin gelistirilmesinde teorik olarak beklentileri karsilayacak olan yenilikler,
arastirma sonuglarinda vurgulansa da havacilik sektoriinde isleyigin, havacilik emniyet ve giivenligi i¢in,
ulusal ve uluslararasit havacilik otoritelerince kati prosediirlerle yiiriitiiliiyor olmasi ve paydaslarla
(havayollari, bakim isletmeleri, yer hizmetleri vb..) biitiinlesik is yiiriitme zorunlulugu bu teorilerin
uygulamaya doniisiim hizin1 yavaglatmaktadir. Yeni gelistirilen bir ugak tipini karsilayacak yeterlilikte
havalimani olup olmadigi ya da biyometrik teknolojilerinin kullaniminin giivenlik mevzuatina
uygunlugu gibi hususlar bu duruma 6rnek olarak verilebilir.

4.Yontem

Inovasyonun simiflandirilmasina gore havalimanlarinda inovasyon 6rnekleri, 2022 verilerine gore diinya
genelinde uluslararasi yolcu trafigi en yogun ilk ii¢ havalimani iizerinden incelenmistir. Uluslararasi
Havalimanlar1 Birligi’nin verilerine gore havalimani karsilastirmalart Tablo 2.” de yer almaktadir
(Aci.aero, 2023).
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Tablo 2. Uluslararasi Yolcu Trafigi En Yogun Havalimanlari

2022 2021 2019 Airport 2022 %change %change

vs 2021 vs 2019
1 1 1 Dubai, AE (DXB) 66 069 981 127.0 -235
2 7 2 London, GB (LHR) 58 243 060 230.5 -23.4
3 3 3 Amsterdam, NL (AMS) 52 467 346 105.8 -26.8
4 5 6 Paris, FR (CDG) 51 763 569 128.9 -25.9
5 2 14 Istanbul, TR (IST) 48 521 725 83.3 22.6
6 4 8 Frankfurt, DE (FRA) 44771711 97.3 -29.0
7 9 11 Madrid, ES (MAD) 36 231191 136.2 -19.3
8 6 15 Doha, QA (DOH) 35726721 101.8 -7.9
9 95 7 Singapore, SG (SIN) 31902 000 952.9 -52.8
10 55 13 London, GB (LGW) 30 145 083 501.5 -30.1

Inovasyonun smiflandiriimasinda farkli kriterlerin géz 6niine alindign daha onceki béliimlerde ifade
edilmistir. Caligmamizda uluslararasi yolcu trafigi agisindan en yogun ilk {i¢ havalimani inovasyon
ornekleri, inovasyonun konusuna gore yapilan siniflandirma dikkate alinarak incelenmistir (Tablo 3.).

Tablo 3. inovasyon Tiirlerine Gére En Yogun Havalimanlarinda Inovasyon

Konusuna Gore

Inovasyon Londra Heathrow Amsterdam Schiphol Dubai AE
Mobil Robotlar (Ekipman Bagaj Kontrol Sistemleri  “Sara” yolcu hizmetleri
muayene ve bakim gorevleri)  (IOT Nesnelerin robotu
Self check-in kiosklari, Interneti) Zen Garden
Otomatik pasaport kontrol Self-check-in kiosklar1 Saglik Hizmetleri (spa
sistemleri, Self servis bagaj birakma  ve dinlenme alanlart,
Self-driving araglar Otonom Otobiis otel)
Uriin/ Hizmet (Otoparkt:’aln terminallere (Pcirsonelin kapilar arast ~ Uyku Od;_ilarl_
inovasyonu ulasl_m sa'gla.yan),' . . dagitimi) _ Self-Servis Kiosklar
Yeni nesil giivenlik sistemleri Otonom Bagaj Tasima Akill Kapilar ve
(biyometrik yiiz tanima). Yeni nesil giivenlik Biyometrik Yiiz

Otomatik bagaj tasima

sistemleri (biyometrik

Tanima Iris Tarama

sistemi (bagajlarin terminaller  yiiz tanima) Self servis bagaj

arasinda tagimmasini birakma

saglayan.) Otonom Araglar

Yolcu Akisi Schiphol Wilbur Akilli Operasyonlarin

diizenlemelerinde yapay zekd  Havalimani Optimizasyonunda
Siire¢ inovasyonu  kullammu, Kisa Transfer Gecis Kart1  Yapay zeka ve tahmin

Dijital ugus bilgi panolari, ve Noktasi analitigi (yolcu

Dijital yolcu hizmetleri mobil ~ Turnaround Insight akiglarini, bagaj

uygulamalar, web siteleri ve  (Yapay zeka ugak yer islemlerini 6nceden

sosyal medya kanallar1 (ugus
takibi, terminallerdeki
hizmetleri bulma,
restoranlardan yemek siparis
etme vb....)

hizmetleri siire¢ takibi)
Dijital yolcu hizmetleri
mobil uygulamalar

tahmin)
Dijital Tabelalar ve
Interaktif Deneyimler
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Tablo 3. Devam

Havaliman1 yeni yonetim
sistemi, (planlama, operasyon
ve kaynak yonetimi gibi
stireclerini iyilestirecek
sekilde). Siirdiiriilebilirlik

Airport City yaklagim
Akilli Bina

IBM Maximo, mobil ig
emri yonetimi, Nesnelerin
Interneti (IoT) ve Dijital

Gelecek Teknolojilerin
test edilmesi (otonom
araglar, biyometrik
gelistirmeler ve yapay
zeka odakl1 hizmetler)

caligmalar1 kapsaminda Ikiz, Tah{nine.: Dayah Yapay zeka ve Analitik
riizgar tiirbinleri, beton geri Varlik Yonetimi (yapay (Veriye dayali video
Oraanizasvonel déniisiim tesisi ve elektrikli ~ Zekd) ) . yonetimi ¢oziimleri,
organizasyone araclarm kullanimi, karbon gur(;ﬂtu f‘f?i?ma on.l.emlen yapay zeka kaynak
Inovasyon ayak izinin azaltilmasina UrGUILICOTIT enetjt tahsisi, proaktif
1 kullanimi ve yer . .
yonelik ¢aligmalar, giivenlik
cepr N operasyonlar1 o qe e 1 ..
Caligan egitimi ve gelisimi Schi N Siirdiiriilebilir enerji
A . chipol Bugiin
(stirdiiriilebilirlik ya da yeni Uygulamas (Calisan T kullanim
teknolojileri kullanma vb....) akislari) Teknolojik Ortaliklar/
Havaliman ortakliklar1 (yeni Schiphol Wilbur Akillt Is birligi (AeroVect
hizmetler ve Uirlinler sunma)  Havalimam Otonom Arglar)
Pazarlama Yeni pazarlama Privium Sik Seyahat Interaktif Deneyimler
inovasyonu kampanyalari, Eden Yolcu Ayricaliklar1  (Sanal gergeklik ve

Miisteri 6diil sistemi,

Dijital yolcu hizmetleri mobil
uygulamalar,
Ortakliklar/Turizm is birligi
(havalimanini ziyaret eden
turist sayisini artirma
havalimaninda bulunan
otellerle konaklayan
yolculara 6zel indirimler
vb....)

Komsuluk iliskileri Yonetimi
Yapay zeka- ev asistanlari
entegrasyonu.

My Schipol Kisisel
Seyahat Asistanlari
Ortakliklar/Turizm Is
birlikleri

Rijksmuseum Sergileri
Self Servis Birimleri (24
saat erisilebilir)

artirtlmis gerceklik)
Dijital Signage (Gergek
zamanli
giincellemelerle ugus
durumu, kapi ayarlar)
Sik Seyahat Eden

Yolcu Ayricaliklari

4.1. Londra Heathrow Havalimani

Londra Heathrow havalimaninda, yolcu akisi diizenlemelerinde, gercek zamanli veri paylasimi ve
makine 0grenimini igeren bir programin kullanilmasi, yolcu deneyimini ve operasyon verimliligini
artirma potansiyeli tasimaktadir. Hangi yolcularin baglantili uguslarini kacirma olasiligi oldugunu
tahmin edebilen sistem, gecikmeleri azaltma ve operasyonel verimliligi artirma hususlarinda fayda
saglayabilmektedir. Bu yolculara, inis dnceligi verilerek gecikmis yolcular1 beklemekten kaynaklanan
baglantili ugus gecikmelerini 6dnlemeye yardimci olabilmektedir. Ayrica gelen yolcu sayisindaki artig
ongoriilerek personel sayisindaki degisiklikler de diizenlenebilmektedir (Guo vd., 2020).

Heathrow Havalimani, yolcu akigini verimli bir sekilde yonetmek amaciyla biyometrik kendinden binis
kapilar1 uygulamaktadir. Ayn1 zamanda, yiiz tanima teknolojisi, havalimaninin ¢esitli noktalarinda
kullanilmaktadir. Bu inovasyonlar, pandemi doneminde saglik ve giivenlik standartlarim artirmak i¢in
fiziksel temasin azaltilmasia yonelik cabalarla gelismistir (IFSEC Global, 2023). Havalimaninda,
stirlictisiiz otonom (self driving) araglarla, yeni hizli bir transit bi¢imi de kullanilmaktadir. Bristol
Universitesi'nden arastirmacilar tarafindan tasarlanan bu sistem sayesinde bilim kurgu filmlerindeki
kapsiilleri andiran araglar, havalimaninda terminaller igin otobiis transferi ihtiyacini ortadan
kaldirmaktadir (Bristol, 2023).
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Bir diger yenilik olarak havalimaninda kullanilan mobil robotlar, bakim operasyonlarina 6nemli katkilar
saglamaktadir. Bu robotlar, ekipman muayene ve bakim gorevlerini yerine getirme, ¢esitli havalimani
operasyonlar1 hakkinda bilgi toplama ve analiz yapma yeteneklerine sahiptir. Ayrica, makinelerin
durumunu kontrol ederek olast sorunlari belirleme yetenekleri sayesinde, insan miidahalesine gerek
kalmadan kiiglik sorunlari ¢dzebilme ve basit bakim gorevlerini gerceklestirebilme kapasitesine
sahiptirler. Londra Heathrow Havalimani'ndaki bu robotlar, bakim siirelerini azaltarak ve temel
onarimlarla sorun giderme yetenekleriyle havalimani1 operasyonlarinin genel verimliligini artirmaya
yardimci1 olmaktadir (Donadio vd., 2018).

Havalimani, 2023'ten bugiine uyguladigi yeni dijital platformuyla seyahat deneyimini dnemli olgiide
gelistirmektedir. Yenilikler arasinda Ozellikle isaretlerle kisisellestirilmis navigasyon ve giivenlik
gecislerini, sira siirelerini canli olarak takip etme olanagi bulunmaktadir. Ayrica, bagaj etiketleme
ozelligi ile ek cihazlar kullanmadan bagaj izleme imkami sunulmaktadir. Misteri 6diil sistemi,
kullanicilara daha anlamli ve dzel avantajlar sunmak amaciyla giincellenmistir. fletisim merkezlerinde
kullamlan yapay zeka, dijital iletisimi basariyla yonetirken, otomatik yanitlar veren sistemler yerine
miisteri destek siireclerini, soruna iligkin bilgiler sunan makaleleri ile optimize etmektedir. Yakin
gelecekte ise yapay zeka ile ev asistanlariyla daha fazla entegrasyon saglanarak miisteri hizmetlerini
daha da giiclendirmek hedeflenmektedir. Ornegin ev asistanlar1 araciligiyla, kullanicilar seyahatleriyle
ilgili sorular1 rahatlikla sorabilirler. "Hangi saatte havalimamna gitmeliyim?" gibi sorulara hizli ve
dogrudan yanitlar alabilirler. Londra Heathrow Havalimani, bu inovatif yaklagimiyla seyahat
deneyimini daha kisisellestirilmis, verimli ve giivenli hale getirme hedefini siirdiirmektedir (Gooding,
2023).

Stirdiiriilebilirlik ve inovasyon alanindaki 6ncii uygulamalariyla dikkat ¢eken havalimani, ¢evresel
etkilerini azaltmak igin riizgar tiirbinleri, beton geri doniisiim tesisi ve elektrikli araglar gibi
uygulamalar1 hayata gecirmistir. Bu uygulamalar, havalimaninin karbon ayak izini 6nemli 6l¢iide (%90)
azaltmigtir. Havalimani yo6netimi, komsuluk iliskileri bashginda da inovatif uygulamalarda
bulunmaktadir. Ozellikle yerlesim yerlerine yakin havalimanlarimin yarattig1 cevresel etkileri dikkate
alarak internet sitesi, e-posta ve mobil uygulama gibi ¢esitli iletisim kanallar1 araciligiyla komsularini
bilgilendirmeye ve sikayetlerine ¢dziim bulmaya calismaktadir. Yerel Toplum iletisim Merkezi (BAS)
lizerinden yiiriitilen g¢aligmalar, komsularin sikintilarini1 toplama, haritalama ve ilgili kurumlara
raporlama gibi siirecleri icermektedir. Notifly uygulamasi ve flighttracking.casper.aero sitesi, ¢evrede
yasayanlara ger¢cek zamanli hava trafigi bilgilerini sunmaktadir. Bu uygulamalar, hava trafigini izleme,
hava sartlarmi 6grenme ve giiriilti deneyimlerini degerlendirme gibi 6zelliklerle ¢evresel etkilesimi
azaltmaya yardimci olmaktadir (Aslan, 2024). Ayni hedef dogrultusunda havalimani, ¢evre ve giriilti
kirliligini 6nleyecek sekilde 2025'ten itibaren gece uguslarina izin verilmeyecegini ve 6zel jetler ile agir1
giiriiltiilii ugak modellerinin havalimanini kullanamayacaklarint duyurmaktadir.

4.2. Amsterdam Schiphol Havalimam

Bir diger inovasyon Onciisii Amsterdam Schiphol Havalimani, havalimanlarinda giincel yaklasimlar
basliginda ifade edilen havalimani sehri "Airport City" kavramini benimseyen ilk havalimanlarindandir.
Havalimani ve ¢evresinde is, ziyaretci ve yolcu tesislerinin gelistirilmesini igeren 6énemli bir inovasyon
hamlesini baglatmistir. Amsterdam Schiphol havalimanim sadece bir ulasim merkezi degil, ayni
zamanda ¢esitli faaliyetlerin bir araya geldigi bir sehir olarak konumlanmistir. Havalimani, verimli ve
giivenli havacilik operasyonlar1 saglamak adina yolcu hizmetleri, bagaj tasima ve giivenlik konularinda
yenilikler uygulamigtir. Ayrica giiriiltii azaltma 6nlemleri ve gevresel etkilerin minimize edilmesi igin
baslatilan girisimlerle ¢evresel siirdiiriilebilirlik ve toplum iliskileri konularinda da 6nemli adimlar
atmustir. Sadece havacilikla sinirli kalmayarak, yolcu deneyimini iyilestirmeyi, yolcularin havalimaniyla
daha derin bir etkilesim i¢cinde olmalarin1 ve bagliliklarini artirmalarmi saglamak amaciyla ilk kez
“Privium” (s1k seyahat eden yolcu oncelikleri) gibi havacilik operasyonlari diginda yenilige odaklanan
oncli isletmelerdendir (Rutten, 2008).

Havalimani, akilli havalimani teknolojileri, ortakliklar, havacilik dis1 gelirleri artirict yenilikler, geri
doniislim, siirdiiriilebilir enerji gibi konularda caligmaktadir. Ayrica, “Rijksmuseum” gibi terminal
binalarinda ziyaret¢ilerin ilgisini ¢ekmek amaciyla 6zel salonlarda sergiler diizenlenmektedir (Bolat,
vd., 2020).
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Yolcu bagajlariin, kiigiik sensorler, kameralarla izlenmesi ve kontrolii i¢in havalimani, [oT (nesnelerin
interneti) teknolojisinden faydalanmaktadir. Akilli glivenlikle farkli boyutlardaki bagajlarin kontrol
stireci daha hizli ve giivenilir hale gelmektedir. Havalimanin gelistirdigi bir diger inovatif ¢éziim ise
“Turnaround Insights ”’dir. Ugaklarin kalkis stantlarinda bulunan kameralardan alinan gériintiiler, yapay
zeka teknolojisiyle analiz ederek kullanilabilir verilere doniistiiriilmektedir. Boylece ugaklarin yer
hizmetlerindeki ¢esitli asamalarmn ne kadar siirdiigiinii ve ne zaman tamamlanacagini tahmin etmek
mimkiin hale gelmektedir. Yakit ikmali, pushback, temizlik ve yemek hizmetleri gibi ¢esitli slireclere
iligkin veriler gecikmeleri 6nlemeye yaramaktadir. Yolcu hizmetleri agisindan havalimaninda saglanan
bir diger kolaylastirict yontem de kisa aktarma siiresi olan yolcular igindir. Kisa Baglanti1 Gegisi aktarma
ucusuna yetigsmek i¢in bir saatten az siireleri olan, giivenlik ve pasaport kontrollerinden gegmek zorunda
olan yolcular i¢in planlanmistir. Kisa Baglant1 Gegisi adi verilen bir kart ile kisa transfer siiresi olan
yolcular kontrollerden daha hizli gegebilmektedirler. Bu kart ile yolcular, Kisa Baglanti Seridini
kullanarak giivenlik ve pasaport kontrolleri i¢in sira beklemek zorunda kalmamaktadirlar.

Havaliman siireclerini optimize etmek i¢in Wilbur Wright’ dan esinlenerek gelistirilen Schiphol
Wilbur, havalimanindaki tiim operasyonel siireci kontrol altina almak ve verimli, seffaf ve giivenli
siiregleri saglamak igin gelistirilmis gercek zamanli bir kontrol panelidir. Wilbur, gercek zamanli
verilere dayanarak havaliman siireglerini dngorebilme ve diizenleme imkani sunmaktadir. Ornegin,
terminaldeki sensorler araciligiyla toplanan verileri kullanarak sicaklik ve yolcu yogunlugunu
degerlendirmektedir. Veri odakli planlama ve is birimi temsilcileri arasinda bir “ger¢ek zamanli veri”
olusturarak, tiim ekiplerin ayn1 hedef dogrultusunda ¢aligmasini saglamaktadir. Bu yaklasim, kamera
goriintiileri ve deneyim tabanli planlamadan ziyade, gegmis verilere ve mevcut duruma dayali olarak
gercek zamanli Oneriler sunarak, etkili kapasite kullanimini optimize eder. Havalimani calisanlari
acisindan ise Schiphol Bugiin uygulamasinin organizasyonel anlamda yenilik getirici oldugu
sOylenebilir. Uygulama, birim yoneticilerine her giiniin ger¢cek zamanl bilgilerini ve ¢aligma durumunu
sunmaktadir. Calisanlar o giin hangi bélgede, hangi ekiple ¢alisacaklarini uygulama sayesinde daha dnce
gorebilmekte ve degisikliklerden (Koriikk planlamasi, teknik arizalar, insaat caligmalari, reklam
¢ekimleri vb..) haberdar olmaktadirlar.

Schiphol Havalimani, akilli bina teknolojileri ve inovasyonu basariyla birlestirerek, yolcu deneyimini
optimize etmek icin tasarlanmis akilli ofislerle dikkat ¢ekmektedir. Bu akilli binalar, enerji tiikketimi ve
hava basinc1 gibi verileri siirekli izleyerek, ortaklarla is birligi yaparak enerji tasarrufu saglamak i¢in
dogrudan ve hedefe yonelik adimlar atma kapasitesine sahiptir. Ayrica, havalimanindaki varlik bakimi
alaninda tahmine dayali yaklasimlar kullanilmaktadir. Gelismis veri analizi ve modelleme teknikleri
sayesinde, varliklarin olasi arizalarmi 6nceden tahmin ederek proaktif dnlemler alinmaktadir. IBM
Maximo kullanimi, mobil is emri yonetimi, Nesnelerin Interneti (IoT) ve Dijital Ikiz teknolojisi gibi
inovatif uygulamalar1 bir araya getirerek, varlik yonetiminde yeni bir bakis acis1 saglamaktadir.
Havalimani, is emirlerinin aninda ve her yerde alinabilmesini saglamak i¢in IBM Maximo Mobile'i
kullanmaktadir. Boylece, uzman ekiplerin hizla miidahale etmelerine ve varlik bakimini daha etkili hale
getirmelerine olanak tanimaktadir. Ayrica, sensor verileri ve makine 6grenimi modelleri kullanilarak
gerceklestirilen tahmine dayali varlik bakimi, varlik arizalarinin 6nceden tespit edilmesini ve siireclerin
otomatiklestirilmesini saglamaktadir (Schiphol Airport News, 2020 ; IBM Blog, 2019).

Yolcular i¢in gelistirilen My Schiphol kisisel seyahat asistani uygulamasi ise kisisellestirilmis seyahat
oOnerileri, giincel ucus bilgileri, giivenlik kontrol bekleme siireleri, magazalar, restoranlar, havayolu
salonlar1 ve diger terminal olanaklar1 gibi bilgileri, otopark yer ayirtma, indirim kuponlart gibi
ayricaliklar sunmaktadir (Schiphol Airport, 2024). Havalimam ayni zamanda Self Servis Birimleri ile
yolculara kisisellestirilmis hizmetler de sunmaktadir. 24 saat erisilebilir bir hizmet sunmay1 hedefleyen
Self Servis Birimleri, etkilesimli ekranlar ile 17 dilde hizmet vermektedir. Bu birimler seyahat edenlere
binig kartlarini tarayarak ucus bilgilerini kontrol etme, kat planlar1 ve sik¢a sorulan sorular1 kullanarak
kapilarin1 bulma gibi islemleri kolaylastirmaktadir. Yolcular, etkilesimli ekranlar araciligiyla terminal
icinde konumlarina 6zel bilgileri aninda elde edebilirler. Ayrica, bu birimlerde video goriisme secenegi
de sunularak daha karmasik sorular i¢in Schiphol ¢aliganlarina dogrudan ulasma imkani taninmaktadir.
Kullanicilarla yapilan anketlere gore, bu yeni hizmet birimleri, yolcular tarafindan olumlu bir sekilde
degerlendirilmekte ve memnuniyetle karsilanmaktadir (Schiphol Airport, 2023a).
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2050 yilina kadar diinyanin en siirdiiriilebilir havalimanlarindan olma hedefi giiden havalimani grubu,
bu vizyonun bir parcasi olarak daha siirdiiriilebilir, sifir emisyonlu yer hizmetleri operasyonu
planlamaktadir. 2050 yilina kadar tim ara¢ filolarinm1 otonom, emisyonu olmayan araglarla
degistirecegini ve tiim ilgili siireclerin otomatik hale getirilecegini O6ngdérmektedir. Aym1 hedef
dogrultusunda apronda otonom otobiisleri test etmektedir. Otonom otobiis programi, personelin
giivenlik kontrol noktalarindan is istasyonlarma giivenli bir sekilde tasinmasina odaklanmistir. Ekim
2023'ten Mart 2024'e kadar gerceklesecek test asamasinda ¢esitli denemeler yapilacak proje sonunda
mevcut ulasim aginin yaninda yolculara yeni, alternatif bir hizmet olarak sunulacaktir (Schiphol Airport,
2023Db).

4.3. BAE Dubai Havalimani

Dubai Uluslararasi1 Havalimani yolculara saglik merkezi basta olmak iizere otel, ulagim, dinlenme
salonlari, aligveris merkezleri, masaj salonlari, ¢ocuk oyun alanlari, sigara icme odalari, 6zel toplanti
salonlar1, yonetici ucus, karsilama hizmetleri, modern bagaj tasima sistemleri gibi olanaklar sunmaktadir
(Albeshr, vd., 2015). Havalimani igindeki otel biinyesinde yer alan Saglik Kuliibii'nde, ylizme havuzu,
sauna, buhar odasi ve bilardo gibi 6zel hizmetler sunulmaktadir. Yolcularin dogayla i¢ ige bir atmosferde
vakit gecirebilmelerine olanak taniyan "Zen Garden" ise ortasinda akarsu bulunan bir bahgedir
(DubaiAirport, 2018). Havalimaninda aktarma yapmak i¢in zamanlar1 olan veya dinlenme ihtiyaci
duyan yolcular igin dzel tasarlanmis Iskandinav tarzi minimalist uyku odalar1 da mevcuttur (Bolat, vd.,
2020).

Biyometrik teknolojinin entegrasyonuyla kullanilan Akilli Kapilar (Smart Gates), pasaport ve belge
kontrollerini ortadan kaldirarak hizli ve giivenli ugaga binis ve inisi miimkiin kilmaktadir. Terminallerde
bulunan Self-Servis Kiosklar, check-in iglemlerini, bagaj teslimatini ve koltuk se¢imini kolaylastirarak
bekleme siirelerini azaltmaktadir. Dijital tabelalar, ger¢ek zamanl bilgileri yolculara ileterek seyahat
deneyimini daha etkin hale getirmektedir. Havalimani, sanal ger¢eklik ve artirilmis gergeklik gibi
interaktif teknolojilere de bagvurarak havalimaninda gegirilen zamani daha eglenceli hale getirmektedir.
Ayrica, gelecek teknolojileri (otonom araglar, biyometrik gelistirmeler ve Yapay zeka odakli hizmetler)
test etme konusunda da oncii bir rol oynamaktadir (Dubai International Airport, 2023).

Yolcularin havalimaninda 6nce islemlerini tamamlamasini saglayan online check-in uygulamalari, self-
servis bagaj birakma islemlerini hizlandiran entegre kiosklar, bekleme siirelerini azaltirken yolculara
daha fazla kontrol saglamaktadir. Yolcu hizmetlerinde bir diger onemli yenilik olarak 2023 yili
icerisinde check-in islemlerinin “Sara” adli robot tarafindan yapilmasi Ornek gosterilebilir.
Havalimanindaki Emirates terminalinde check-in kontuarlarinda bulunan Sara, yiiz tanima teknolojisi
sayesinde yolcularin yiizlerini tarannmig pasaportlarla eslestirebilmektedir. Check-in islemlerinde
yardime1 olan robot, yolcular1 bagaj birakma alanina yonlendirmekte ve binis kartlarini basabilmektedir
(Gulf News, 2023).

Havalimaninda giivenlik 6nlemlerini giiclendirmek amaciyla biyometrik yiiz tanima ve iris tarama gibi
gelismis sistemler iceren akilli giivenlik uygulamalar1 bulunmaktadir. Bu teknolojiler, verimliligi
olumsuz etkilemeden giivenlik kontrol siireglerini hizlandirmaktadir. Havalimaninda, yapay zeka ve
tahmin analitigi, operasyonlarin optimizasyonunu saglamak i¢in kullanilmaktadir. Yolcu akislari, bagaj
islemleri ve ugak hareketleri 6nceden tahmin edilerek sikigikligi yonetmek, kaynaklari verimli bir
sekilde tahsis etmek ve gecikmeleri en aza indirmek i¢in proaktif 6nlemler almay1 miimkiin kilmaktadir.
Akilli havaliman1 yonetimi, havaalanlarinda [oT ile akilli sensdrlerin kullanilmasini igcermektedir. Akilli
havalimanlarinda pist kosullarindan bakim ihtiyaglara kadar bir dizi faktor izlenerek gercek zamanli
veriler alinarak analiz edilmektedir. Boylece, ongoriicii bakim hizmetleri kullanilmakta, giivenlik
standartlar1 artirilmakta ve genel olarak operasyonlarm etkin ve gilivenli yiiriitiilmesi kolaylagmaktadir
(Airspace Aviation, 2023).

Akilli havalimani inovasyonu ile entegre kapilar ve ileri teknoloji kullanimi, bekleme siirelerini 6nemli
olgiide azaltarak kesintisiz seyahat deneyimine katki saglamaktadir. Bagaj sistemlerindeki operasyonel
verimlilik, bagajlarin %92'sinin 45 dakika i¢inde teslim edilmesini saglayarak pandemi sonrasi seyahat
deneyimini 6nemli 6l¢iide iyilestirmistir. Veriye dayali video yonetimi ¢ozlimleri, akilli havalimanlari
icin temel bir yenilik olarak 6ne ¢ikmaktadir. Bu ¢oziimler, ger¢cek zamanli bilgiler saglayarak yolcu
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akisi, gilivenlik ve operasyonlara dair anlik i¢goriiler sunmaktadir. Yapay zeka ve analitik kullanimi,
verimli kaynak tahsisi, proaktif giivenlik dnlemleri operasyonel verimliligi artirmaktadir (Zawya, 2023).

Inovasyonun smiflandirilmasinda ifade edildigi gibi herhangi bir inovasyon tiiriiniin beraberinde diger
tirleri de dogurabilecegi unutulmamalidir. Buradaki oOnemli husus isletmenin inovasyonun
planlamasinda neyi hedefledigidir. Biyometrik sistemlerin kullanilmas1 gibi {irtin/hizmet inovasyonuna
verilecek ornekler, fiziksel belgeler veya binis kartlar1 gibi geleneksel tanimlama yontemlerine olan
bagimliligi azaltirken sahtecilik gibi hususlarda manuel belge kontrollerine olan ihtiyaci azaltarak
giivenlik kontrol noktalarinda daha sorunsuz ve verimli bir akis saglayacak ve isletmenin operasyonel
siireglerinde de yenilige neden olacaktir. Daha detaya inildiginde ise havalimaninda bekleme siiresi
kisalan yolcunun memnuniyeti, bu havalimanina pazarlama siireglerinde de avantaj saglayacaktir.

5. Sonuc¢

Havalimanlari, geleneksel altyapt hizmeti saglayan birimlerden, c¢esitli is alanlarini biinyesinde
barindiran, ¢ok islevli, karmasik ve ekonomik degerler yaratan isletmeler haline gelmistir. Bu degisim,
havalimanlarinin ticarilesmesinde ve havacilik dig1 gelirlerini artirmada, yenilik¢i yaklagimlar
benimsenmesini gerektirmektedir. Arastirmaya konu olan havalimanlarinin benimsedikleri inovasyon
stratejileri ile sektore onciiliik ettikleri goriilmektedir. Self check-in Kiosklari, otomatik pasaport kontrol
sistemleri, biyometrik teknolojiler, akilli giivenlik uygulamalari gibi daha yaygin hale gelmeye baslayan
uygulamalarin yaninda, kisisel sanal asistanlar, bakim ve hizmet robotlari, otonom araglar, gercek
zamanli veri paylasimi ve analizi, makine O0grenimi, operasyonlarin optimizasyonunda yapay zeka
kullanimi ve tahmine dayali varlik yonetimi gibi nadir teknolojilerin de uygulandig1 goriilmektedir.
Sreenath vd., (2021), yeni teknolojilerin aragtirmamiza konu oldugu iizere ¢ogunlukla yiiksek yolcu
sayilarina sahip, karli havalimanlarinda kullanildigimi ve siirdiiriilebilir uygulamalara yonelik yeni
teknolojilerin benimsenmesinde daha yavas bir egilim gozlemlendigini ifade etmektedir. Artar ve
Tirkay (2021), Londro Heathrow havalimaninda uygulanan yeni teknolojileri siniflandirirken insansiz
operasyon araclarmin heniiz kullanim alan1 bulmadigini belirlemisken ¢alismamizda ise otonom self
servis ara¢larmn glinlimiizde kullanildig1 goriilmektedir. Bu durum yogun havalimanlarinmin iiriin ve siireg
inovasyonuna kisa siirede uyum sagladiklarinin bir diger gostergesidir.

Yesil ve stirdiiriilebilir havalimani uygulamalar1 kapsaminda, farkli alanlarda inovasyona odaklanildigi
goriilmektedir. Kaynak verimliligi ve gevresel siirdiiriilebilirlik i¢in elektrikli ve hibrit yer hizmetleri
ekipmanlarinin kullanimin1 tesvik etmek, biyoyakitlarn ve terminal binalarinda giines, riizgar,
hidroelektrik veya jeotermal gibi yenilenebilir enerji kaynaklarmin kullanimini artirmak, girilti
yoOnetimi, atik yonetimi ve geri donlisim uygulamalar1 gelistirmek, calisanlar1 siirdiiriilebilirlik
konusunda egitmek ve sertifikalandirmak gibi ¢esitli adimlar atilmaktadir. Cevresel stirdiiriilebilirlik
gereksinimleri, yolcu memnuniyeti ve verimlilik gibi hedeflerin yani sira, koronaviriis gibi kiiresel
salginlar, terdrizm, siber giivenlik gibi hususlar, havalimanlarini kalici, proaktif ¢oziimler liretmeye
yonelik inovatif yaklagimlar gelistirmeye zorlamaktadir.

Havalimanlarinda inovasyonun maliyetleri azaltma, miisteri ve personel memnuniyetini artirma, gelir
optimizasyonu ve genel olarak havalimani performansini iyilestirme konularinda olumlu etkileri oldugu
bir¢ok calismada vurgulanmaktadir (Khadonova vd., 2020 ; Baki vd., 2022; Cankaya, 2020; Euring vd.,
2017; Poulaki vd., 2021).Bununla birlikte inovasyonun, teknoloji maliyetleri, calisan uyumu, giivenlik,
genel maddi kaynak yetersizligi ve siber giivenlik gibi bazi zorluklar1 da barindirdigi goriilmektedir.
Bolgesel farkliliklar, miisteri ihtiyaclari, gelir diizeyi ve demografik yapit gibi faktorler yeniliklerin
uygulanma siireci ve sekillerinde farkliliklar1 gerektirmektedir (Gtirsel vd., 2023).

Inovasyondan gercek anlamda fayda saglayabilmek i¢in, havalimam paydaslarinin veri paylasiminin
Otesine gecerek ve stratejik planlamadan operasyonel karar almaya kadar genisletilmis bir is birligi
siirecine girmesinin gerekliligi de vurgulanmaktadir (Euring vd., 2017; Archi vd., 2023). Inovasyonu
etkin bir sekilde uygulamak i¢in farkli inovasyon tipolojilerinin dengeli bir karigtmini siirdiirerek
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biitiinlesik bir stratejik yaklasimin gelistirilmesi onemlidir. Inovasyondan faydalanabilmek igin
havalimanlarinin, tasarim ve planlanmasindan, iiriin hizmet inovasyonuna, isletme yonetiminden,
caliganlarin egitilmesine ve tiim paydaslarm farkindaliginin ve katiliminin saglanmasina kadar ¢ok
yonlii perspektifleri kapsayan stratejilere odaklanilmalidir. Havalimanlari, inovatif fikirleri tesvik eden
bir kurum kiiltiirii olustururken bu fikirleri uygulamaya koymak i¢in gerekli kaynaklar1 ve stireci
saglayamaz ya da yapay zeka destekli bakim ya da varlik yonetimi sistemi kurarken g¢alisanlar1 bu
sistemi kullanmak i¢in egitmez ise beklenen verimlilik elde edilemez. Inovasyonu basarili bir sekilde
uygulamak i¢in havalimanlarinin, hedeflerine ve kaynaklarina gore en uygun stratejileri belirlemeleri
gerekmektedir. Rekabet kosullari, teknolojik gelismeler ve finansal olanaklar gibi faktdrler dikkate
alinmalidir.

Inovatif ¢dziimlerin basarili bir sekilde uygulanmasi igin etkili stratejilerin gelistirilmesi, sektorde yer
alan tiim paydaslarin ortak ¢abalariyla saglanabilir. Bununla birlikte, havacilik sektoriiniin, ulusal ve
uluslararas1 birgok kurulus tarafindan siki yonerge ve talimatlarla diizenlenip denetleniyor olmasi
inovasyonun ger¢eklesme siirecini geciktirebilmektedir. Endiistrideki tutuculuk en 6nemli engellerden
biridir (Cognizant, 2015°dan akt. Cam ve Durmaz, 2018). Inovasyonun, havalimanlarinda basarili bir
sekilde uygulanmasi, stratejik ve uzun vadeli bir yaklasim gerektirmektedir. Siki diizenlemelerin
yarattig1 ¢esitli engellere ragmen, bu calismada vurgulandigi lizere inovasyon yaklagiminin daha
kapsamli bir sekilde siniflandirilmasi, havaliman1 baglaminda inovasyonun anlagilmasini ve
uygulanmasini kolaylastiran kapsayici bir cerceve saglayabilir. Incelenen havalimanlar: tarafindan
benimsenen inovatif uygulamalar, diger havalimanlarinda benzer ¢oziimleri benimsemeye tesvik ederek
havacilik sektoriinde inovasyonu destekleyebilir.

Arastirmacilarin Katki Oram Beyam

Yazarlarin ¢alismadaki katki oranlar egittir.

Destek ve tesekkiir beyam

Calisma herhangi bir destek almamistir. Tesekkiir edilecek bir kurum veya kisi bulunmamaktadir.
Cikar Catismas1 Beyam

Calisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmamaktadir.
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Abstract: This study employs the PTV VISSIM simulation software to investigate the impact of
increasing traffic volumes on conventional vehicles and autonomous vehicles (AVs) with distinct
behavioural traits: cautious, normal, and aggressive. The simulations cover a range of traffic volumes,
from 100 to 600 vehicles, and measure the effects on travel time, emissions (CO, NOX, VOC), and fuel
consumption. The results show that with increasing penetration rates of AVs, travel times generally
decrease, with aggressive AVs achieving the shortest times, followed by normal, then cautious AVs.
Emissions and fuel consumption also tend to decrease as the penetration rate of AVs increases. Notably,
the results demonstrate that aggressive AVs excel in reducing travel time, while normal AVs
consistently balance between efficiency and reduced emissions, and cautious AVs emphasize safety and
lower emissions. Despite the differing behavioural traits, all AV types exhibit a marked improvement
over conventional vehicles in terms of travel time, emissions, and fuel consumption. At every
penetration rate, AVs lead to shorter travel times and lower emissions, with aggressive AVs being the
most efficient, followed by normal and then cautious AVs. These findings emphasize the potential
benefits of integrating autonomous vehicles into transportation networks. They suggest that optimizing
AV behaviour, depending on the context and objectives, can lead to more efficient, environmentally
friendly traffic systems. The study offers valuable insights for policymakers, urban planners, and
researchers aiming to leverage the distinct strengths of each AV behaviour to create a more sustainable
and efficient future for autonomous transportation.

Keywords: PTV VISSIM, Autonomous Vehicles, Roundabout Intersections, Travel Time, Emissions,
Fuel Consumption.

Donel Kavsakta Artan Trafik Hacminin Otonom Araclar Uzerindeki Etkisi

Ozet: Bu ¢alisma, PTV VISSIM benzetim programii kullanarak, artan trafik hacimlerinin siiriiciilii
araclarla birlikte farkli davranig oOzelliklerine sahip otonom araglar (AV'ler) iizerindeki etkisini
aragtrmay1 amaglamaktadir. Benzetimler, 100 ile 600 ara¢ arasindaki gesitli trafik yogunluklarini
icermekte ve seyahat siireleri, emisyonlar (CO, NOX, VOC) ve yakit tiiketimi tizerindeki etkilerini
Olemektedir. Sonuglar, AV'lerin yayilim oranlarinin artmasiyla birlikte genellikle seyahat siirelerinin
azaldigini gostermektedir; agresif AV'ler en kisa siireleri elde ederken, bunu normal ve ardindan dikkatli
AV'ler takip etmektedir. Emisyonlar ve yakit tiiketimi de AV'lerin yayilim orani arttik¢a azalma egilimi
gostermektedir. Ozellikle, agresif AV'lerin seyahat siiresini azaltmada etkili oldugu, normal AV'lerin
verimlilik ve azalan emisyonlar arasinda tutarli bir denge sagladigi ve dikkatli AV'lerin giivenlik ve
diisiik emisyonlar1 vurguladigi goriilmektedir. Davranis 6zelliklerindeki farkliliklara ragmen, tim AV
tirleri geleneksel araglara kiyasla belirgin bir iyilesme sergilemektedir. Her yayilim oraminda, AV'ler
daha kisa seyahat siireleri ve daha diisiik emisyonlara yol agmaktadir; agresif AV'ler en verimli olurken,
bunu normal ve ardindan dikkatli AV'ler takip etmektedir. Bu bulgular, otonom araglarin ulagim aglarina
entegre edilmesinin potansiyel faydalarimi vurgulamaktadir. Bu durum, hedeflere ve kosullara bagh
olarak AV davranislarinin optimize edilmesinin, daha verimli ve g¢evre dostu trafik sistemlerinin
olusmasina olanak taniyabilecegini 6ne siirmektedir. Caligma, her bir AV davramiginin farkl giiclii
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yonlerinden yararlanarak otonom ulasim i¢in daha siirdiiriilebilir ve verimli bir gelecek yaratmayi
amaglayan politika yapicilar, sehir planlamacilar1 ve aragtirmacilar i¢in degerli iggoriiler sunmaktadir.

Anahtar Kelimeler: PTV VISSIM, otonom araglar, donel kavsaklar, seyahat siiresi, emisyonlar, yakit
tiiketimi.
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1. Introduction

With the rapid development of autonomous vehicle technology, integrating these vehicles into our
transportation networks represents a significant paradigm shift. As we advance toward this new era, it
is crucial to understand how varying autonomous vehicle behaviours impact critical aspects such as
travel time, exhaust emissions, and fuel consumption to achieve effective urban planning and sustainable
mobility patterns (Khreis et al., 2016; Maheshwari & Axhausen, 2021; Sultana et al., 2021). This study
employs PTV VISSIM simulation software to investigate the complex interactions between increased
traffic volume and the introduction of autonomous vehicles exhibiting cautious, normal, and aggressive
driving behaviours at roundabouts.

Circular intersections, commonly known as roundabouts, have garnered attention as efficient traffic
management solutions. In the face of increasing vehicular traffic, exploring the implications of this
surgeon's conventional traffic patterns and the evolving presence of assertive autonomous vehicle fleets
becomes imperative. This investigation aims to comprehend the intricate dynamics at play, considering
the circular layout of roundabouts and the evolving landscape of modern transportation (Mesionis et al.,
2020; Shahandasht et al., 2019). Aggressive autonomous vehicles, which exhibit assertive driving
behaviour, represent a unique dimension of this analysis (Dey et al., 2017; Karjanto et al., 2017; Schrum
et al., 2024).

Using PTV VISSIM simulation tools enables a controlled and systematic exploration of different traffic
scenarios (Alghamdi et al., 2022; Ullah et al., 2021). Analysing performance metrics under both
autonomous vehicles and their conventional counterparts amid fluctuating traffic volumes adds to a
more comprehensive understanding of the challenges and opportunities inherent in the dynamic
evolution of the transportation landscape. This investigation seeks to uncover insights that inform urban
planning, traffic management, and the ongoing discourse surrounding the integration of autonomous
vehicles into our transportation networks.

The significance of this study lies in its unique contribution to the discourse on integrating and
optimizing autonomous vehicles (AVs), distinguishing it from prior investigations. Unlike
existing literature, this study enriches the ongoing dialogue and holds the potential to make
substantial national and international scholarly contributions. Focusing on a roundabout in
Kirkuk, Iraqg, this research provides a comprehensive analysis of traffic dynamics, specifically
examining the influence of increasing traffic volume and various types of AVs on travel time,
emissions, and fuel consumption.

Our observations reveal distinct trends across different AV types—aggressive, normal, and
cautious. Aggressive AVs exhibit the highest efficacy in reducing average travel time,
particularly at higher penetration rates. Normal AVs strike a balance between efficiency and
emissions reduction, while cautious AVs, prioritizing safety, also contribute to reduced travel
time, albeit to a lesser extent compared to aggressive AVs, while demonstrating the lowest
emissions among AV types.

2. Literature review

The study (Zhao et al., 2022) highlights growing interest in the environmental impact of connected
automated vehicles (CAVs) on fuel consumption and traffic emissions. Studies confirm the ability of
autonomous vehicles to significantly reduce environmental burdens, attributing this improvement to
enhanced coordination of traffic flow and improved driving behaviours. Notably, CAV advantages are
more pronounced in signalized intersections, critical points in urban traffic networks.
Methodologically, car-following models (IDM, ACC, CACC) and the VT-micro model are commonly
employed, showcasing the diverse approaches to assess CAVs' environmental implications effectively.

The examination by (Cao & Z6ldy, 2020) delves into evaluating autonomous vehicle behaviour and its
consequential effects on fuel consumption and emissions. Initial testing is conducted at ZalaZONE's
roundabout, setting the stage for further comprehensive assessments. The study concentrates on
autonomous vehicle conduct within roundabouts, scrutinizing driving behaviour, in-vehicle systems,
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roundabout parameters, and diverse vehicle types. Employing a method integrating driving cycles into
the existing EPA test program, the authors meticulously construct scenario models using various
simulation environments to capture the nuanced dynamics of autonomous vehicles in real-world
scenarios.

The potential of vehicle platoons in reducing energy consumption and emissions is recognized (Zhang
et al.,, 2023), with a distinction noted between ad hoc platoon formation, which increases fuel
consumption and emissions, and dedicated Connected Autonomous Vehicle (CAV) lane strategies,
which enhance fuel economy and emission reduction. This paper systematically investigates fuel
consumption and emissions in mixed-traffic environments, emphasizing the negative impact of ad hoc
platoon formation on these environmental metrics. Utilizing an extended cellular automaton model, the
study compares ad hoc platoon formation and dedicated CAV lane strategies. Notably, the research
underscores that while most platooning studies have traditionally focused on pure CAV environments,
the detrimental effects of ad hoc platoon formation on fuel consumption and emissions remain a critical
consideration in mixed traffic scenarios.

The investigation conducted by researchers into the effects of autonomous vehicles (AVs) on
single-lane roundabouts has vyielded noteworthy findings (Boualam et al., 2023). A
microsimulation model and field data from a Gydr, Hungary, roundabout were used in the study
to investigate several scenarios with varying rates of AV market penetration. Approximately
10% and 20% more leg capacities might be achieved, respectively, with AV penetration rates
of 20% and 40% in the traffic flow. Additionally, it was discovered that these AVs significantly
decreased excessive queue durations. Researchers have studied how incorporating autonomous
vehicles (AVs) into roundabouts affects traffic safety and road design (Deluka et al., 2018). The
study has examined situations where autonomous vehicles (AVs) and conventional vehicles
(CVs) are mixed using a microsimulation model and field data from roundabouts in Croatia.
They have provided insights into possible changes in roundabout safety with the advent of
autonomous vehicles (AVs) through simulations using the Surrogate Safety Assessment Model
(SSAM). This emphasizes the necessity of revising road design guidelines and investigating
potential safety measures to allow for the incorporation of autonomous vehicles.

This study not only adds valuable insights to the ongoing discourse on the integration and optimization
of autonomous vehicles but also has the potential to make substantial contributions to both national
and international literature. By providing a comprehensive analysis of traffic dynamics at a Kirkuk,
Irag, roundabout, the study offers valuable insights into the impact of increasing traffic volume and
different types of autonomous vehicles (AVs) on travel time, emissions, and fuel consumption. The
observed trends reveal that all autonomous vehicle types aggressive, normal, and cautious show a
reduction in travel time, with aggressive AVs demonstrating the greatest capacity to minimize average
travel time, particularly at higher penetration rates. Normal AVs provide a balanced approach,
combining efficiency and reduced emissions. Cautious AVSs, designed with safety as a priority, also
contribute to reduced travel time, albeit to a lesser extent compared to aggressive AVs, while achieving
the lowest emissions among the AV types. This comprehensive perspective underscores the
sustainability benefits of integrating various types of autonomous vehicles into existing traffic systems.
It also demonstrates the value of customizing AV behaviour to achieve specific outcomes whether it's
reduced travel time, increased safety, or lower emissions. The role of these autonomous vehicles is
emerging as a key factor in shaping the future of mobility. The findings presented here provide
actionable insights for policymakers, urban planners, and researchers worldwide, showing how a mix
of AV behaviours can contribute to a more efficient and environmentally friendly traffic system. As
autonomous vehicle technology continues to evolve, this study's outcomes serve as a foundation for
further research and decision-making on a global scale, contributing to a more sustainable future in
transportation.
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3. Materials and methods
3.1. Study Location

The intersection is situated in Kirkuk, Irag. The roundabout's specific design characteristics and layout
are illustrated in Figure 1 and Figure 2, providing a visual reference for readers to comprehend the
intricacies of the study location.

Figure 1. lllustration of the geometric layout and design features of the selected roundabout in Kirkuk,
Irag. Sources: PTV VISSIM Model.

Figure 2. A visual representation highlighting the geographical context and placement of the
roundabout within Kirkuk, Irag. Sources: PTV VISSIM Model.

3.2. Data Collection
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The data collection process for this study involved obtaining traffic volume data through a randomized
approach, ranging from a total traffic volume of 100 to 600 vehicles, as illustrated in Table 1. This
diverse range of traffic volumes aims to comprehensively assess the impact of varying traffic
conditions on the selected roundabout in Kirkuk, Irag.

Table 1. Studied Traffic Volume at the roundabout Intersection.

Bound vehicles Movement Ratio

Right Straight Left
North 25-150 0.333 0.333 0.333
East 25-150 0.333 0.333 0.333
South 25-150 0.333 0.333 0.333
West 25-150 0.333 0.333 0.333

Source: Processed data by author (2024).
3.3. Autonomous Vehicle and Human Behaviour Modelling

This study uses sophisticated modelling techniques to simulate the behaviours of autonomous vehicles
(AVs) with distinct driving styles, aggressive, normal, and cautious alongside human-driven vehicles
within a designated roundabout intersection. The modelling intricately captures the dynamics of these
various driving styles, including their acceleration, deceleration, and decision-making processes. This
comprehensive approach allows for an in-depth analysis of the potential impact each type of AV
behaviour has on travel time, emissions, and fuel consumption.

Aggressive AVs exhibit assertive driving behaviours, such as high acceleration, rapid deceleration, and
quick decision-making, typically designed for efficiency and speed. In contrast, normal AVs represent
a balanced approach, with moderate driving patterns and decision-making processes that emphasize both
efficiency and safety. Cautious AVs prioritize safety, with more gradual acceleration, conservative
deceleration, and careful decision-making processes.

The study incorporates human behaviour modelling to simulate the driving patterns and decision-
making processes of human drivers within the same traffic environment. This parallel modelling
approach facilitates a comparative analysis, providing a nuanced understanding of how autonomous
vehicles with differing driving styles interact with conventional human-driven vehicles. The insights
gained from this analysis can help understand the implications of integrating autonomous vehicles into
existing traffic systems, focusing on balancing efficiency, safety, and emissions.

PTV VISSIM, the software used in this study, excels at modelling both human and autonomous vehicle
behaviours within traffic simulations. It accurately replicates the intricate dynamics of human drivers,
including acceleration, deceleration, and decision-making, while also providing a robust framework for
simulating the unique behaviours and interactions of autonomous vehicles. This dual modelling
functionality positions PTV VISSIM as a comprehensive tool for studying the complex interactions
between human-driven and autonomous vehicles in various traffic scenarios. This makes it invaluable
for researching and understanding the evolving landscape of transportation, where autonomous vehicles
with different driving behaviours increasingly play a significant role.

3.4. Speed Distributions

For the human-driven scenario, speeds were set randomly within the simulated traffic environment. The
distribution of speeds for the human-driven scenario is visually depicted in Figure 3, providing insight
into the varied velocities considered in the study.
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Figure 3. Intended Velocity Distribution of Conventional Passenger Vehicles. Sources: PTV VISSIM
Model

In contrast, for the automated vehicles scenario, speed profiles were also established randomly to
simulate the behavior of autonomous vehicles. The representation of these autonomous vehicle speeds
is captured in Figure 4, offering a visual reference for the distribution of speeds in the automated
scenarios. The randomized nature of both traffic volume and speed settings ensures a robust and
unbiased exploration of the effects of increasing traffic volume on travel time, emissions, and fuel
consumption in diverse driving scenarios.

1.0 4

Cumulative distribution

0.0 ¢ T T 1
27.0 28.0 29.0 30.0 31.0

Desired speed (km/h)

Figure 4. Intended Velocity Distribution of Autonomous Vehicles. Sources: PTV VISSIM Model

3.5. Car Following Models and Lane Change Models

The study delves into the nuanced realms of autonomous vehicle (AV) behavior, specifically focusing
on aggressive driving mode. The background of AV aggressive behavior modeling involves intricate
simulations that consider factors such as acceleration, deceleration, and decision-making processes
unique to aggressive driving scenarios. This modeling is crucial for understanding the potential impact
of aggressive AVs on traffic dynamics and overall system efficiency. In parallel, the study also
incorporates human behavior modeling, simulating the driving patterns and decision-making processes
of human drivers within the same traffic environment. This comparative analysis allows for a
comprehensive assessment of how aggressive AVs interact with conventional human-driven vehicles,
providing insights into potential scenarios that may unfold in mixed-traffic settings.

VISSIM incorporates two implementations of the Wiedemann car-following model: Wiedemann '99 and
Wiedemann '74. While they share similarities, the primary distinction lies in the number of adjustable
parameters, with Wiedemann '99 offering greater flexibility than the relatively fixed parameters in
Wiedemann '74. The Wiedemann '99 model in VISSIM is calibrated based on driving behavior
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characteristics (CC), determined by regime categorization thresholds. As PTV Group (2018) outlined,
Table 2 provides descriptions and default values for the CC parameters applicable to human-driven
vehicles (HVs). Users can modify these parameters, including the number of observed vehicles, look-
ahead distance, average standstill distance, and the additive and multiplicative components of the desired
safety distance.

Table 2. Parameters Influencing Driving Behaviour in Car Following Models Within PTV VISSIM.

Wiedemann 99 following model AV cautious AV normal AV aggressive Human
parameters

CCO Standstill distance 1.50m 1.50m 1.00m 1.50m
CC1 Gap time distribution 15s 0.9s 0.6s 0.9s
CC2 ‘Following’ distance oscillation 0.00 m 0.00 m 0.00 m 4.00m
CC3 Threshold for entering ‘Following” -10.00 -8.00 -6.00 -8.00
CC4 Negative speed difference -0.10 -0.10 -0.10 -0.35
CC5 Positive speed difference 0.10 0.10 0.10 0.35
CC6 Distance dependency of oscillation  0.00 0.00 0.00 11.44
CC7 Oscillation acceleration 0.10 m/s? 0.10 m/s? 0.10 m/s? 0.25 m/s?
CC8 Acceleration from standstill 3.00 m/s? 3.50 m/s? 4.00 m/s? 3.50 m/s?
CC9 Acceleration at 80 km/h 1.20 m/s? 1.50 m/s? 2.00 m/s? 1.50 m/s?

Sources: PTV VISSIM Model.

In VISSIM, lane changes are differentiated into two categories: the first pertains to essential lane
changes, which occur in response to lane reduction, incidents, or when a vehicle needs to access a lane
to turn at an upcoming intersection based on its destination. The associated parameter for necessary lane
changes includes the maximum allowable deceleration for both the vehicle initiating the lane change
and the trailing vehicle on the new lane. As the PTV Group (2018) outlined, Table 3 details the
parameters related to necessary lane changes in VISSIM, providing their respective descriptions. The
second type involves discretionary lane changes, wherein a vehicle changes lanes to achieve higher
speed or secure more space. This process of discretionary lane changes follows a three-step sequence,
commencing with the decision of whether to accept the lane change. Subsequently, the vehicle evaluates
the feasibility of the intended lane change and executes a gap acceptance control (Osman, 2023).

Table 3. Parameters Governing Lane Change Behaviour in PTV VISSIM.

Parameter’s AV cautious AV normal AV aggressive  Human
Advanced merging on on on on
Cooperative Lane change on on on off

Safety distance reduction Factor  1.00 m 0.60 0.75 0.60 m
Min clearance (front/rear) 1.00m 0.50 m 0.50 m 0.50 m
Maximum deceleration for -2.50 m/s? -3.00 m/s? -6.00 m/s? -3.00 m/s?

Cooperative braking

Sources: PTV VISSIM Model.

3.6. Simulation Scenarios

The study encompasses 90 simulation scenarios, each tailored to specific combinations of traffic volume
and penetration rates. the variations in traffic volume span from 100 to 600 vehicles, capturing diverse
traffic conditions. Additionally, different penetration rates, ranging from 0% to 100%, are illustrated in
Table 4.

Table 4. Overview of Study Scenarios.

Scenarios Total Traffic Penetration of Penetration of Penetration of Penetration of
Volume AV Cautious AV Normal AV aggressive  Human

No. 1 100 Vehicle 0% 0% 0% 100 %

No. 2 100 Vehicle 25 % 0% 0% 75 %

No. 3 100 Vehicle 50 % 0% 0% 50 %

No. 4 100 Vehicle 75 % 0% 0% 25%

No. 5 100 Vehicle 100 % 0% 0% 0%
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No. 66 200 Vehicle 0% 0% 0% 100 %
No. 67 200 Vehicle 0% 0% 25 % 75 %
No. 68 200 Vehicle 0% 0% 50 % 50 %
No. 69 200 Vehicle 0% 0% 75 % 25 %
No. 70 200 Vehicle 0% 0% 100 % 0%
No. 71 300 Vehicle 0% 0% 0% 100 %
No. 72 300 Vehicle 0% 0% 25 % 75 %
No. 73 300 Vehicle 0% 0% 50 % 50 %
No. 74 300 Vehicle 0% 0% 75 % 25 %
No. 75 300 Vehicle 0% 0% 100 % 0%
No. 76 400 Vehicle 0% 0% 0% 100 %
No. 77 400 Vehicle 0% 0% 25 % 75 %
No. 78 400 Vehicle 0% 0% 50 % 50 %
No. 79 400 Vehicle 0% 0% 75 % 25 %
No. 80 400 Vehicle 0% 0% 100 % 0%
No. 81 500 Vehicle 0% 0% 0% 100 %
No. 82 500 Vehicle 0% 0% 25 % 75 %
No. 83 500 Vehicle 0% 0% 50 % 50 %
No. 84 500 Vehicle 0% 0% 75 % 25 %
No. 85 500 Vehicle 0% 0% 100 % 0%
No. 86 600 Vehicle 0% 0% 0% 100 %
No. 87 600 Vehicle 0% 0% 25 % 75 %
No. 88 600 Vehicle 0% 0% 50 % 50 %
No. 89 600 Vehicle 0% 0% 75 % 25 %
No. 90 600 Vehicle 0% 0% 100 % 0%

Source: Processed data by author (2024).

4. Results and discussion
4.1 Average Travel Time

An analysis of average travel time reveals compelling insights into the impact of different types of
autonomous vehicles (AVs) on travel efficiency. The study examined the effects of varying traffic
volumes and penetration rates of cautious, normal, and aggressive AVs on travel time, with the results
presented below. As the penetration of AVs increases, there is a consistent reduction in average travel
time across all traffic scenarios.

For a traffic volume of 100 vehicles per simulation, the average travel time for human-driven scenarios
was 21.35 minutes. With a 25% penetration of cautious AVs, the average travel time decreased to 19.25
minutes, and when the penetration rate reached 100%, it dropped to 13.71 minutes. For normal AVs,
the average travel time ranged from 19.27 minutes at 25% penetration to 13.61 minutes at 100%.
Aggressive AVs displayed similar trends, with average travel times decreasing from 19.26 minutes at
25% penetration to 13.61 minutes at 100%. These trends are illustrated in Figure 5a.

As traffic volumes increased to 200 vehicles per simulation, the average travel time for human-driven
vehicles was 21.33 minutes. With cautious AVs at 25% penetration, the average travel time was 19.51
minutes, while at 100% penetration, it dropped to 13.89 minutes. Normal AVs showed a similar pattern,
with average travel times ranging from 19.61 minutes at 25% to 13.84 minutes at 100% penetration. For
aggressive AVs, the average travel time varied from 19.52 minutes at 25% penetration to 13.75 minutes
at 100%. These results are illustrated in Figure 5b.

In higher traffic volumes of 300 vehicles per simulation, human-driven scenarios exhibited an average
travel time of 21.64 minutes. With cautious AV penetration, the time decreased to 14.12 minutes at
100%. Normal AVs yielded similar results, with an average time of 13.83 minutes at 100% penetration.
For aggressive AVs, the average travel time decreased from 19.68 minutes at 25% penetration to 13.86
minutes at 100%. This is illustrated in Figure 5c.

The trends continue as traffic volumes increase to 400, 500, and 600 vehicles per simulation. In each
scenario, higher penetration rates of all AV types consistently reduce average travel times compared to
human-driven scenarios. The notable reduction in travel time, particularly at higher AV penetration
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rates, underscores the transformative potential of integrating autonomous vehicles into existing traffic
systems. These results are illustrated in Figures 5d, 5e, and 5f, demonstrating the potential benefits of
autonomous vehicle technology at various traffic volumes. The obtained results align with the outcomes
of a study by (Hamadneh & Esztergar-Kiss, 2021), highlighting a notable reduction in travel time and a
decline in traditional car usage due to autonomous vehicles (AVs). Analysing AVs' impact on travel
behaviour and modal share, both studies underscore the pivotal role of the value of travel time (VOT).
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Figure 5b. Average Travel Time by Different Behaviours and Penetrations when Traffic Volume =

200 Vehicle.
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Figure 5c. Average Travel Time by Different Behaviours and Penetrations when Traffic Volume =

300 Vehicle.
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Figure 5d. Average Travel Time by Different Behaviours and Penetrations when Traffic Volume =
400 Vehicle.
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Figure 5e. Average Travel Time by Different Behaviours and Penetrations when Traffic Volume =

500 Vehicle.
Average Travel Time by Behaviour and Penetration of AV (Traffic Volume = 600 Veh)
® Behaviour
22 —8— Av Aggressive
—— Av Cautious
21~ —8— Av Normal
—&—- Human
B 20+
Qo
¥
E 191
'—
g
g 18
LH
o
£ 17
g
=L
16
15
14 ) T T T T T
0% 25% 50% 75% 100%

Penetration of AV %

Figure 5f. Average Travel Time by Different Behaviours and Penetrations when Traffic Volume =
600 Vehicle.

158



Maximum 3 Authors’ Names Shortened, et al. (2022) Akilli Ulagim Sistemleri ve Uygulamalart Dergisi Cilt:x — Say1:x

4.2 Average Vehicle Emissions and Fuel Consumption

The analysis of average vehicle emissions and fuel consumption reveals favourable outcomes with the
integration of autonomous vehicles (AVs) of various types: cautious, normal, and aggressive. The study
examined emissions of carbon monoxide (CO), nitrogen oxide (NOX), volatile organic compounds
(VOCs), and fuel consumption across different traffic volumes and penetration rates, with results shown
in Figure 6(a-f). Across all traffic volumes, higher penetration rates of AVs consistently lead to lower
emissions and improved fuel efficiency, with significant benefits at 100% penetration. In scenarios with
100 vehicles, human-driven vehicles produce 41.14 g of CO. Cautious AVs at 25% penetration emit
39.59 g, while at 100%, CO emissions reduce to 36.75 g. Normal AVs exhibit similar patterns, with CO
emissions ranging from 39.61 g at 25% penetration to 36.71 g at 100%. Aggressive AVs range from
39.58 g at 25% penetration to 36.71 g at 100%. In scenarios with 200 vehicles, human-driven vehicles
produce 83.64 g of CO. At 25% cautious AV penetration, emissions drop to 81.23 g, and at 100% they
fall to 74.09 g. Normal AVs range from 81.59 g at 25% to 74.04 g at 100%, while aggressive AVs range
from 81.48 g to 73.23 g. With 100 vehicles, human-driven vehicles produce 8.00 g of NOX. Cautious
AVs at 25% penetration drop to 7.70 g, and at 100% they fall to 7.15 g. Normal AVs decrease from 7.71
g at 25% to 7.14 g at 100%, with aggressive AVs following similar trends. At 200 vehicles, human-
driven vehicles generate 16.27 g of NOX. Cautious AVs at 25% penetration produce 15.80 g, while at
100%, they drop to 14.42 g. Normal AVs range from 15.87 g to 14.41 g at 100%, while aggressive AVs
show reductions from 15.85 g to 14.25 g at 100%. In scenarios with 100 vehicles, human-driven vehicles
emit 9.53 g of VOCs. Cautious AVs at 25% penetration drop to 9.18 g, with further reduction to 8.52 g
at 100%. Normal AVs range from 9.18 g at 25% to 8.51 g at 100%, with similar trends for aggressive
AVs. In scenarios with 200 vehicles, human-driven vehicles emit 19.38 g of VOCs. At 25% cautious
AV penetration, emissions drop to 18.83 g, and at 100%, they fall to 17.17 g. Normal AVs range from
18.91 g at 25% to 17.16 g at 100%. Aggressive AVs show a similar pattern, from 18.88 g to 16.97 g.
With 100 vehicles, human-driven vehicles consume 0.59 L of fuel. Cautious AVs at 25% penetration
consume 0.57 L, dropping to 0.53 L at 100%. Normal and aggressive AVs follow similar trends. In
scenarios with 200 vehicles, human-driven vehicles consume 1.20 L of fuel. With 25% cautious AV
penetration, consumption drops to 1.16 L, while at 100%, it is 1.06 L. Normal AVs show similar
patterns, ranging from 1.17 L to 1.06 L, while aggressive AVs exhibit reductions from 1.17 L to 1.05 L
at 100% penetration.

As traffic volume increases to 300, 400, 500, and 600 vehicles, these trends persist. Human-driven
vehicles consistently produce higher emissions and fuel consumption compared to autonomous vehicles
at higher penetration rates. These results suggest that higher penetration rates of AVs, especially
aggressive ones, can significantly reduce emissions and fuel consumption, supporting a more
environmentally conscious transportation future, as illustrated in Figure 6c¢c-f. The findings are
comparable to the outcomes of findings of a study conducted by (Zhao et al., 2022) that explores the
positive impact of connected automated vehicles (CAVs) on fuel consumption and traffic emissions. It
reveals that CAVs consistently reduce both aspects, with a higher penetration rate leading to more
significant benefits. The study particularly emphasizes a remarkable 32% reduction in fuel consumption
and traffic emissions at signalized intersections with 100% CAYV penetration. Leveraging car-following
models (IDM, ACC, CACC) and the VT-micro model for precise measurements, the research
underscores the environmental advantages of CAVs across diverse traffic scenarios.
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Figure 6a. Emissions and Fuel Consumption by Different Behaviours and Penetrations when Traffic

Volume = 100 Vehicle.
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Figure 6¢. Emissions and Fuel Consumption by Different Behaviours and Penetrations when Traffic
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Figure 6d. Emissions and Fuel Consumption by Different Behaviours and Penetrations when Traffic
Volume = 400 Vehicle.
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Figure 6f. Emissions and Fuel Consumption by Different Behaviours and Penetrations when Traffic

Volume = 600 Vehicle.
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5. Conclusion

This study's comprehensive analysis of traffic dynamics at a Kirkuk, Irag, roundabout examined the
impact of increasing traffic volume and different types of autonomous vehicles (AVs) on travel time,
emissions, and fuel consumption. The study evaluated the effects of integrating cautious, normal, and
aggressive AVs into traffic scenarios. The results reveal that as AV penetration rates increase, there is a
consistent reduction in travel time, emissions, and fuel consumption, with aggressive AVSs
demonstrating the most significant benefits.

e Travel Time: Aggressive AVs at 100% penetration consistently achieve the shortest travel
times, ranging from 13.61 minutes with 100 vehicles to 14.24 minutes with 600 vehicles.
Cautious and normal AVs also show significant reductions in travel time compared to human-
driven scenarios. For example, with 100 vehicles, cautious AVs at 100% penetration have a
travel time of 13.71 minutes, while normal AVs have 13.61 minutes.

e Emissions: Emissions of carbon monoxide (CO), nitrogen oxide (NOX), and volatile organic
compounds (VOCs) all decrease as AV penetration rates increase. For example, with 100%
penetration of aggressive AVs, CO emissions range from 36.75 g with 100 vehicles to 226.50 g
with 600 vehicles. Cautious and normal AVs also show a similar trend, indicating their
environmental benefits.

o Fuel Consumption: The study shows that 100% penetration of aggressive AVs leads to lower
fuel consumption, ranging from 0.53 L with 100 vehicles to 3.24 L with 600 vehicles. Cautious
and normal AVs also follow this trend, with significant reductions compared to human-driven
scenarios.

These outcomes highlight the benefits of integrating AVs, particularly aggressive ones, in reducing
travel time, emissions, and fuel consumption. The study suggests that higher penetration rates of AVs,
regardless of behaviour type, can support a more sustainable and efficient transportation system.

To ensure the generalizability of these findings, future studies should consider a broader range of traffic
scenarios and the specific characteristics of different intersections. Exploring varying geometries, traffic
conditions, and cultural contexts can provide a more robust understanding of how these trends apply to
diverse settings. Additionally, incorporating a wider array of autonomous vehicle (AV) behaviours and
penetration rates can offer further insights into their impact on traffic dynamics. This approach helps to
understand better the effectiveness and potential challenges of integrating autonomous vehicles into
existing traffic systems.

6. Limitations

This study's limitations stem from the inherent constraints of simulation-based approaches, which rely
on assumptions and simplifications that might not fully capture the complexities of real-world traffic
scenarios. The focus on a specific roundabout in Kirkuk, Iraq, reduces the study's generalizability, as
the results might not apply to different intersections, urban contexts, or regional conditions.
Additionally, the simulation uses a predefined penetration rate for autonomous vehicles (AVs) across
cautious, normal, and aggressive behaviours. This approach may not reflect the full spectrum of real-
world variations in AV adoption and behaviour. The study's emphasis on traffic volume increase could
also limit the broader understanding of other significant factors that influence traffic dynamics. For
instance, road conditions, weather variations, real-time driver behaviour, and traffic management
practices could play critical roles in shaping traffic patterns.

Another limitation is the focus on a limited range of traffic volumes and behaviours, which might not
represent the full potential of autonomous vehicles in various urban settings. Future research could
explore a wider array of AV behaviours, different traffic conditions, and other significant parameters to
obtain a more comprehensive understanding of the effects of AV integration.
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Abstract: This study presents an analysis aimed at optimizing traffic flow at the Shell Intersection in
Gaziantep. Due to increasing population and vehicle numbers, traffic problems in the city are growing,
especially at central intersections. Using PTV-Vissim micro-simulation software, the current situation
was analyzed and alternative scenarios were developed. Performance analyses were conducted on
models created using field observations and peak hour traffic counts. The intersection, currently at
service level "F", is targeted to be elevated to service levels "B" and "C" through the proposed Single
Point intersection design and optimized signal plans. Results indicate that the proposed changes could
reduce average vehicle delay by 85-93% and increase average speed by 195-239%. This study aims to
contribute to the improvement of urban traffic management through the integration of intelligent
transportation systems and geometric arrangements.

Key words: Intelligent transportation systems, traffic simulation, traffic simulation software

Sinyalize Donel Kavsaklarin Akilli Ulasim Sistemleri ile Analizi- Gaziantep 40
Nolu (Shell) Kavsag Ornegi

Ozet: Bu calisma, Gaziantep'teki Shell Kavsagi'nin trafik akisini optimize etmek amaciyla yapilan bir
analizi sunmaktadir. Artan niifus ve ara¢ sayisi1 nedeniyle sehirdeki trafik sorunlar1 giderek artmakta,
ozellikle merkezi kavsaklarda yogunluk yasanmaktadir. Calismada, PTV-Vissim mikro-simiilasyon
yazilimi kullanilarak mevcut durum analiz edilmis ve alternatif senaryolar gelistirilmistir. Saha
gozlemleri ve zirve saat trafik sayimlari kullanilarak olusturulan modeller iizerinden performans
analizleri gerceklestirilmistir. Mevcut durumda "F" hizmet seviyesinde olan kavsagm, onerilen Tek
Nokta (Single Point) kavsak tasarimi ve optimize edilmis sinyal planlar1 ile "B" ve "C" hizmet
seviyelerine yiikseltilmesi hedeflenmistir. Sonuglar, 6nerilen degisikliklerin ortalama ara¢ gecikmesini
%85-93 oraninda azaltabilecegini ve ortalama hiz1 %195-239 oraninda artirabilecegini gostermektedir.
Bu ¢aligma, akilli ulagim sistemlerinin entegrasyonu ve geometrik diizenlemeler yoluyla kentsel trafik
yOnetiminin iyilestirilmesine katki saglamay1 amaglamaktadir.

Anahtar Kelimeler: Akilli ulasim sistemleri, trafik simiilasyonu, trafik simiilasyon yazilimlari
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1. Introduction

The rapid increase in urbanization and widespread vehicle ownership are causing traffic problems to
escalate both globally and in Turkey. This situation brings about chronic traffic congestion, particularly
in metropolitan areas, necessitating improvements in transportation infrastructure(Togag, 2023).
According to data from the Turkish Statistical Institute (TUIK), the number of registered vehicles in the
country increased from 631.000 in 1974 to 25.249.119 in 2021. This dramatic rise has led to a significant
increase in the number of vehicles per 100 people, from 16.2 to much higher levels. The growth in car
ownership is particularly noteworthy; automobiles, which constituted 49.6% of total vehicles in 1974,
reached a proportion of 54.3% in 2021 (TUIK Kurumsal, 2022).

In this context, the case of Gaziantep holds special significance. With a population exceeding 2 million
and 645.243 vehicles, Gaziantep, Turkey's ninth-largest city, has a vehicle ownership rate of 0.3 per
capita. This ratio indicates the potential severity of traffic congestion in the city. The increasing number
of vehicles and traffic volume lead to serious disruptions, especially at intersections in urban centers,
necessitating urgent solutions in traffic management and infrastructure improvements. At this juncture,
Intelligent Transportation Systems (ITS) are gaining increasing importance. ITS technologies aim to
optimize traffic flow in real-time, thereby reducing delays and emissions (Shahgholian and Gharavian,
2018).

The history of Intelligent Transportation Systems (ITS) dates back to the mid-20th century, beginning
with traffic control systems that utilized roadside sensors to monitor parameters such as speed and traffic
density. In the 1990s, the technology and scope of these systems expanded significantly under the ITS
framework. ITS encompasses innovative solutions such as adaptive signal control, optimization of urban
road networks, and communication between autonomous vehicles.

Due to the anticipated environmental and economic benefits, the implementation of ITS has become
central to sustainable urbanization and the concept of green cities. Environmentally friendly
transportation solutions contribute to the fight against climate change by reducing carbon emissions.
Additionally, ITS plays a crucial role in reducing traffic accidents and the resulting human and material
losses.

From this perspective, the development and application of ITS technologies have become an
indispensable requirement for modern cities. ITS aims to create a more efficient, safe, and
environmentally friendly transportation network not only for road users but also for public transportation
systems and entire cities. In this context, the Gaziantep 40 Nolu (Shell) Intersection serves as a concrete
example of the solutions ITS offers to urban traffic problems.

Particularly, signalized roundabouts play a critical role in managing high traffic volumes. However, in
Turkey, the integration of signalized roundabouts with ITS is not yet widespread, and academic studies
on this subject are limited. Therefore, analyzing one of the busiest intersections in Gaziantep, the Shell
intersection, from an ITS perspective, could provide valuable insights for optimizing traffic flow and
reducing congestion.

This study aims to contribute to the literature by addressing signalized roundabouts with a holistic
approach, optimizing both signaling and geometric elements, and ensuring real-time and dynamic
management through ITS integration. Intelligent Transportation Systems have the potential to
significantly contribute to the effective and sustainable management of urban traffic.
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2. Literature Review

Various studies conducted in Turkey and other countries demonstrate the effectiveness of micro-
simulation and signal optimization programs in intersection arrangements.

In a 2012 study conducted in Konya, the current situation of the Kule, Nalgaci-Sille, and Kabatag
intersections was analyzed, and using the Sidra micro-simulation program, a 35% reduction in average
delay times, a 20% reduction in degrees of saturation, and a 25% increase in capacity were achieved
(Akmaz. M., 2012).

Ina 2017 study at the 100th Year Intercity Bus Terminal intersection in Zonguldak, the impact of vehicle
delays caused by signal timing on harmful gas emissions was examined, and using the Sidra Intersection
micro-simulation program, a 22% reduction in fuel consumption, a 35% reduction in CO emissions, and
a 12% reduction in NOx emissions were obtained (Zeydan , 2017).

In a 2018 study at an intersection on the Erzurum-Bingol state road in Erzurum, using the PTV Vissim
micro-simulation program, a 35% reduction in delay time, an 83% reduction in queue length, and a 23%
reduction in harmful gas emissions were achieved (Bas ., 2020).

Ina 2019 study at the Al-Fallah intersection in Baghdad, using the Synchro signal optimization program,
an 87% reduction in average delay and an improvement in the level of service from F to D were achieved
(Ziboon, A.R.T, 2019). The study analyzes the impact of vehicle delays at signalized intersections on
the traffic system in Sakarya in 2017 using VISSIM simulation software.

A signalized intersection in Sakarya was examined in the research, and the effects of increases in vehicle
types and quantities on average delay times were observed. The results indicate that irregular
urbanization and rising vehicle ownership complicate transportation issues, emphasizing the importance
of improvements in public transportation systems and intelligent signalization systems (Aktas, Aslan
and Pistil, 2017).

A study conducted in 2022 emphasizes the necessity of developing delay and queue length calculation
methods at signalized intersections, particularly in underdeveloped and developing countries, to suit
local traffic conditions. The situation in Turkey was examined at six different signalized intersections
in Antalya, revealing that existing methods (HCM 2010 and Australian (Akg¢elik) methods) exhibit high
error rates (64.5% for delay and 40.9% for queue length). It was concluded that new delay and queue
length calculation methods tailored to the traffic culture and intersection geometric characteristics of
countries like Turkey need to be developed (Aydin, Aydogdu and Yildirim, 2022).

A study conducted in 2015 introduced a new approach to determining saturation flow, a critical
parameter in the design of signalized intersections. Two existing methods, analytical and observational,
are accepted by the HCM. The new method developed in this study was tested at various intersections
in 1zmir. Variables such as vehicle length, distance between vehicles, driver reaction time, acceleration
rate, acceleration duration, and intersection crossing speed were used in this method. Many of these
variables are related to driver behaviors. The results indicate that the proposed method provides positive
outcomes in determining saturation flow and identifying the impact of driver behaviors (Cetin, 2015).

In a study conducted in 2015, a mathematical model was developed to simulate traffic flow at signalized
intersections. The study, based on video camera observation data, examines how traffic flow changes
over time and distance starting from congestion density. The intersection was divided into four zones of
twenty meters each, with a stop line at the rear. The model consists of a set of curves based on the
congestion density information in the first zone, allowing the determination of traffic densities at various
times and zones. The error analysis conducted demonstrated that the standard error between the model
results and the observation data was within an acceptable range (Sonmez, 2015).
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In a 2004, study various control strategies to improve traffic congestion on urban road and highway
networks were examined. The authors highlighted the deteriorative effects of traffic congestion on
infrastructure and the resulting decrease in efficiency. Based on various application results, the study
evaluated the proposed strategies for different areas such as urban road networks, highways, and route
guidance. It was shown that methods like ramp metering play a significant role in preventing traffic
congestion by enhancing efficiency (Papageorgiou et al., 2004).

A 2001 study addresses conceptual and scientific issues critical to traffic management and control in
intelligent transportation systems using dynamic traffic assignment and simulation methodologies. The
study defines and evaluates Dynamic Traffic Assignment (DTA) systems in the context of real-time
information-based traffic control strategies and user response models. The DYNASMART simulation-
assignment model successfully represents traffic flow processes at both microscopic and macroscopic
levels, enabling the analysis of the effectiveness and operational applications of ITS Technologies
(Mahmassani, 2001).

In a 2001 study, a comprehensive review of traffic flow modeling approaches was conducted, examining
Mainstream Flow Models (Microscopic, Mesoscopic), Traffic Density Conservation, Model
Calibration, and Validation. The study addresses different modeling approaches for understanding and
managing traffic flow models, discussing the advantages and disadvantages of these approaches
(Hoogendoorn and Bovy, 2001).

In traffic engineering, safety has become a widely evaluated and continuously improved topic. However,
the lack of good models that can predict accident potential makes it difficult to assess the safety of new
traffic regulations. A 2003 study focuses on the evaluation of indirect safety measures derived from
existing traffic simulation models. Indirect safety measures such as Time to Collision (TTC), Post-
Encroachment Time (PET), and deceleration rate emerge as important tools in traffic safety assessments.
The study demonstrates the effectiveness of indirect safety measures using VISSIM-SSAM-based
models to predict pedestrian accidents in India. Indirect safety measures allow for the examination of
areas before accidents occur, eliminating the necessity of collecting accident data (Gettman, 2003).
VISSIM, introduced in 1994, is a microscopic, behavior-based, and multi-purpose traffic flow simulator.
This simulator offers a wide range of applications for urban and highway use, providing integration of
public and private transport. The core traffic flow models include longitudinal and lateral movements
of vehicles on multi-lane roads, conflict resolution models on overlapping trajectories, and the social
force model applied to pedestrians. It is emphasized that traditional methods are insufficient for the
validation of autonomous driving functions and need to be supported by simulations. Vehicle following
and lane-changing models, especially the Wiedemann model, are used to enhance the accuracy of
autonomous vehicle simulations. VISSIM plays a significant role in analyzing the impacts of
autonomous vehicles and in safety assessments (Fellendorf and Vortisch, 2011).

A 2000 study evaluates the effectiveness of traffic simulation models in the development of Intelligent
Transportation Systems (ITS). Multi-modal microscopic simulation approaches, incorporating
comprehensive vehicle-following and lane-changing logic, were used in different traffic scenarios.
Comparisons with TSIS/CORSIM and WATSim models revealed that only the INTEGRATION model
could simulate U-turns but was insufficient in modeling complex signal operations. Additionally, the
relationships between vehicle travel times, delays, and the number of stops were investigated in a static
signal network examined using TRANSYT and INTEGRATION models (Boxill and Yu, 2000).

CARSIM, developed to realistically simulate both normal traffic flow and stop-and-go conditions, is a
vehicle-following simulation model that considers safe distances between vehicles, start-up delays, and
randomly generated driver reaction times. The model accounts for dual behaviors in both congested and
uncongested traffic conditions. The validity of the model was tested at both microscopic and
macroscopic levels, showing high agreement with speed change patterns and location data based on
field data (Benekohal and Treiterer, 1988).
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In a 2011 study, Akgelik evaluates the roundabout capacity model from the 2010 Highway Capacity
Manual (HCM 2010). It is noted that this model, designed specifically for the U.S. and based on the
NCHRP 572 report, is a nonlinear empirical (regression) model. Akgelik points out that the model used
in SIDRA INTERSECTION software closely aligns with HCM 2010, but U.S. roundabouts have lower
capacities compared to those in Australia and the U.K. He also highlights potential future increases in
U.S. roundabout capacities due to changes in driver behavior (Akgelik, 2011).

A 2019 study analyzed traffic congestion in the Golciik Corridor of Kocaeli province using PTV Group
VISSIM software. The research examined the impact of separating transit traffic from local traffic on
traffic flow and compared two different solutions. The first solution focused on maintaining continuity
for transit traffic while providing urban connections via side roads. The second solution involved
adjusting signal timings and phase plans at existing intersections. Results indicated that both solutions
had positive effects compared to the current situation, but phase adjustment was more effective
(ILICALI and SARAC, 2019).

A study on the formulation of traffic signalization in Turkey emphasizes the need to develop
signalization formulas suited to local traffic conditions. The study indicates that foreign formulas are
not suitable for Turkey and that local conditions must be considered. In this context, new formulas for
calculating green light and period durations for intersections in Turkey were developed. The adverse
effects of heavy vehicles and minibuses on traffic were highlighted, and their impact on green light
durations was included in the calculations (Ozdirim, 1972).

Due to the inadequacy of traditional delay determination methods, this study highlights the importance
of traffic volume, red light waiting times, and the number of vehicles in the queue as significant
parameters. By incorporating these parameters into the model, the study aims to optimize traffic
signalization at intersections. The model compared fixed-time and traffic-responsive signalization
systems, indicating a preference for traffic-responsive systems. The results suggest that these model
simulations were effective in improving intersection performance, and future enhancements with
artificial intelligence are recommended (Simsir, Ozkaynak and Ekmekci, 2013).

The environmental impacts of waiting vehicles at signalized intersections were evaluated through a four-
phase intersection. CO2 equivalent emission values were calculated, examining the impact of idle stop-
start systems and electric vehicles on emissions. Results showed that even a small increase in the number
of electric vehicles and the use of idle stop-start systems could significantly reduce CO2 equivalent
emissions (Arabaci et al., 2020).

A study conducted at the Adnan Kahveci Signalized Intersection in Ankara used traffic observation and
counting methods to analyze the intersection's capacity and delays. These analyses were performed
based on the existing cycle time and the newly calculated cycle time, using various capacity analysis
methods such as Webster Method, Highway Capacity Manual (HCM 1985), Australian Method, and
Sidra Intersection 3.2 Program. The results showed that the data obtained using the Sidra Intersection
3.2 Program were very close to the observations (Cetinkaya, 2008).

Based on the insights gathered from the literature, it is evident that various simulation and optimization
tools, such as Sidra, VISSIM, and Synchro, have been effectively employed to analyze traffic dynamics
at signalized intersections, assess delay times, and evaluate environmental impacts. These studies
emphasize the necessity of tailored approaches to traffic management that accommodate local traffic
conditions, urbanization patterns, and driver behaviors.

Building on this foundation, this study focuses on optimizing traffic flow at the Shell Junction in
Gaziantep utilizing the PTV Vissim micro-simulation software, in order to solve problems such as
increased waiting times and traffic congestion by analyzing traffic conditions and developing alternative
scenarios to enhance junction performance.
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3. Material and Method

This study was conducted at the 40 Nolu (Shell) Junction located in Gaziantep, which is a strategic point
with heavy urban traffic and frequent passage of various vehicle types. During the data collection
process, critical variables such as traffic volume, vehicle speeds, and vehicle types were gathered. These
data were utilized to better understand the traffic flow at the junction and to determine the necessary
parameters for simulation modeling. Data collection was carried out through traffic cameras and
installed sensors during specific time intervals and on different days, followed by analysis.

The level of service (LOS) of an intersection is a measure of the quality affected by various factors,
including traffic volumes, speed and travel time, traffic interruptions, maneuverability, safety, vehicle
driving comfort, and operating costs. In evaluating the traffic flow at the junction, the LOS values from
the Highway Capacity Manual (HCM) (Fig. 7) were employed. The LOS levels, ranging from A to F,
were analyzed as follows:

e Level of Service A (LOS A): Represents conditions with low traffic volumes and high speeds,
indicative of free-flowing traffic.

e Level of Service B (LOS B): Operating speed starts to be somewhat restricted due to traffic
conditions. Drivers still have reasonable freedom in choosing their speed and lane.

e Level of Service C (LOS C): Speed and maneuverability are more controlled due to high traffic
volumes. Drivers' freedom to choose their own speed, change lanes, or overtakes is limited.

e Level of Service D (LOS D): Approaches unstable flow and is significantly affected by
variations in operating conditions but can still provide an acceptable operating speed.

o Level of Service E (LOS E): Cannot be described solely by speed but indicates lower operating
speeds and operation at or close to capacity.

o Level of Service F (LOS F): Describes forced flow conditions and low-speed operations when
volume is below capacity.

In this study, the impact of factors such as traffic volume, speed, and maneuverability freedom on
determining the levels of service was considered, and the current status of the junction was thoroughly
evaluated based on the collected data. The gathered data were processed and analyzed using PTV-
Vissim simulation software. During this process, various verification and validation steps were taken to
ensure the accuracy and reliability of the data.

3.1. Signal Timing Optimization

Signal timing optimization involves arranging the durations of traffic lights and phase plans in the most
optimal way to maximize traffic flow efficiency. This process aims to minimize average vehicle delays,
stop times, and waiting times at intersections. Signal timing optimization is widely used in urban traffic
management, highway intersections, signalized roundabouts, and other signalized traffic control
systems. This optimization is applied to improve urban traffic flow, enhance road safety, and reduce
vehicle fuel consumption.

3.2. Methods Used

Common methods used in signal timing optimization include adaptive control systems (SCATS,
SCOOQT), fixed-time control, phase and signal timing optimization, and heuristic and mathematical
models (Webster, Akcelik methods). Adaptive control systems respond instantly to traffic density, while
fixed-time control is easier to implement but cannot respond to changes in traffic density. Heuristic and
mathematical models theoretically provide the most optimal signal timings but lack flexibility in real-
time applications.

3.3. Simulation Model

PTV-Vissim software stands out with its detailed micro-simulation capabilities, flexibility, and user-
friendly interface, especially in areas with heavy traffic flow (Cakici and Murat, 2015). This software
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allows for detailed modeling of individual vehicle movements and interactions and has the flexibility to
simulate different traffic scenarios (Cakici & Murat, 2020). Additionally, PTV-Vissim ensures that
simulations are realistic and reliable by integrating real-world data (Murat and Cakici, 2017). Compared
to other traffic simulation software, the detailed analyses and data integration capabilities offered by
PTV-Vissim make it more advantageous.

Methods used for signal timing optimization include the Webster method, the Akg¢elik method, genetic
algorithms, and fuzzy logic. The Webster method is used to minimize average delay at signalized
intersections (Webster, 1958), while the Ak¢elik method, developed by calibrating the 1985 HCM delay
formula, aims to reduce vehicle delays at isolated signalized intersections (Akgelik, 2005). Genetic
algorithms evaluate different combinations of signal timings to find the optimal solution, while fuzzy
logic is used to model traffic flows that involve uncertainty and complexity (Cakict & Murat, 2020).

In terms of geometric arrangements, factors such as the number of circulation lanes in signalized
roundabouts, optimization of phase plans, and adequacy of storage areas are examined.(Cakici and
Murat, 2015) found that average vehicle delays increase in three-lane arrangements due to weaving
areas. Optimization of phase plans aims to minimize delays by regulating traffic flow at intersections
(Cakic1 & Murat, 2020), while inadequate storage areas can lead to traffic congestion and delays.

In conclusion, PTV-Vissim software is widely preferred in traffic engineering studies due to its detailed
micro-simulation capabilities, flexibility, and user-friendly interface. The methods used for signal
timing optimization and geometric arrangements aim to regulate traffic flow and minimize delays, and
the theoretical foundations of these methods are extensively covered in the traffic engineering literature.

3.4. Model Setup and Parameters

The model setup was carried out using data collected from field studies. The vehicle volume and turning
percentages at the intersection during peak hours were determined, and modeling studies were initiated
by observing the existing signal programs and traffic flow. Parameters included in the simulation model
are vehicle volume, turning percentages, signal timings, traffic flow, intersection geometry, and vehicle

types.
3.5. Data Input and Calibration

The data used in the model was collected through field studies and traffic counts conducted during peak
hours. The collected data was compiled in terms of passenger car units and used as input for the model.
To ensure the accuracy of the model, real traffic data was compared with simulation results, and
performance parameters such as vehicle delays, stop times, and speeds were validated with observations,
and necessary adjustments were made.

3.6. Geometric Arrangements - Current Situation and Recommendations

The Gaziantep Shell Intersection is a signalized intersection with four approach arms and a roundabout
island. The intersection is located at the intersection of D-400 Sani Konukoglu Boulevard with Cetin
Emeg Street, Omer Ersoy Street, and other main roads. Currently, the approach arms operate with a
flashing signal plan, and there are no signal poles within the island. The existing geometric arrangements
of the intersection can negatively affect traffic flow, especially during peak hours. The inadequacy of
left-turn pockets can cause delays at the intersection as turning vehicles obstruct the straight-moving
vehicles.

Recommended geometric arrangements include revising signal plans, expanding storage areas, and
increasing the number of lanes. These arrangements can reduce delays and increase the capacity of the
intersection by making traffic flow more orderly. Additionally, they can help reduce accidents by
improving traffic safety.
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4. Study Area

Gaziantep, one of the developed cities in the Southeastern Anatolia Region, covers an area of 6,887 km?
and has a city center population of 2,154,051 (TUIK Kurumsal, 2022)). Its geopolitical significance is
enhanced by its location on the historic Silk Road. The city is accessible by road and air. This study
focuses on Gaziantep's Iller Junction 40 (Shell), which handles approximately 4,507 vehicles. The
Junction 40 (Shell), one of the busiest in Gaziantep, is located within the Sehitkamil District boundaries
and intersects the D-400 Sani Konukoglu Boulevard. It is a multilayered junction with four approach
arms and roundabouts, currently operated with flash signal plans, and lacks signal poles within the
island. The junction is a critical intersection point for many important locations and main arteries.

4.1. Junction 40 (Shell)

The Junction 40 (Shell), located within the boundaries of the Sehitkamil District and intersecting the D-
400 Sani Konukoglu Boulevard, is a multilayered intersection with four approach arms and roundabouts.
It operates under a flash signal plan for the approach arms, and there are no signal poles within the
island. The satellite image of the junction is provided in Figure 1. Due to its position at the intersection
of several key points and main arteries, the junction is heavily used.

4.2. Traffic Counts

Traffic counts at the Junction 40 (Shell) were conducted on the 16th of June, 2022, during the morning
hours of 07:00 to 09:00 and the evening hours of 17:00 to 19:00. The enumerations used for the junction
counts are provided in Figure 2. Accordingly, approach number 1 represents the D-400/Courthouse
direction, approach number 2 the D-400/Train Station direction, approach number 3 the Olay TV
Junction direction, and approach number 4 the Omer Ersoy Street direction.
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The counts conducted at the intersection were compiled for a full hour in passenger car units (pcu) based
on the peak hour interval and included in the report. The tables prepared accordingly are presented
below. The traffic volume values calculated for the morning peak hour at the Junction 40 (Shell) are
provided in Table 1. According to this, while the peak hour volume of the junction was calculated as
3,584 pcu/hour, the busiest approach was identified as approach number 1 (Cetin Emeg Street), which

is the direction coming from the Omer Ersoy Street.

Table 1. Traffic measurements for the morning peak hour

1 2 3 4 TOTAL
1 0 94 25 527 646
2 315 0 130 357 802
3 166 192 0 325 683
4 653 542 258 0 1.453

GRAND TOTAL 3.584

174



Bilgin, A. & Pense, C. (2024)

Akilli Ulasim Sistemleri ve Uygulamalari Dergisi Cilt: 7 — Say1:2

683 |1T|413 |

166 | 325 | 192 | |

3 130

[ 1134] ] —J 1~
_ 25
- 94 |
> 527 _\Ir
646

I{i’
1| MORNING | 2 €——| 315
J'_ 357

o

11 r

Irll

0

653 | 258 [ 542 |

Figure 3. Traffic Volume Diagrams for the 40th (Shell) Junction During Morning Peak Hours
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The percentages of vehicle movements at the junction were also calculated for the morning peak hour
and are provided in Table 2. Accordingly, the internal mobility within each arm of the Junction 40
(Shell) was determined, and the most and least frequent movements were identified. Based on this data,
a foundation has been established for interventions that will not incur physical costs, such as
modifications in turn restrictions or phase plans.

Table 2. Movement percentages at the junction (morning peak hour)

1 2 3 4 TOTAL
1 0% 14% 4% 82% 100%
2 39% 0% 16% 45% 100%
3 24% 28% 0% 48% 100%
4 45% 37% 18% 0% 100%

Movement Graphic at the 40th (Shell) Junction (Morning Peak Hours)

"1 =283 84

Figure 4. Movement Graphic at the 40th (Shell) Junction (Morning Peak Hours)
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The traffic volume values for the Junction 40 (Shell) during the evening peak hour are presented in
Table 3. It has been determined that the volume at the junction during the peak hour was calculated as
5,430 pcu/hour, with the busiest approach being approach number 1, which is the direction coming from

the Courthouse.

Table 3. Traffic measurements for the evening peak hour

1 2 3 4 TOTAL
1 267 130 80 1.380 1.856
2 276 672 267 290 1.506
3 204 135 0 643 982
4 429 435 222 0 1.087
GRAND 5.430
TOTAL
982 l T
[ 204 | 643 [ 135 | Inirl
[[1176] 357 =3
. 80 —T 3 T— 267
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Figure 5. Traffic Volume Diagrams for the 40th (Shell) Junction During Evening Peak Hours

The percentages of vehicle movements at the junction for the evening peak hour have been calculated
and are shown in Table 4. Accordingly, the movement within each arm of the Junction 40 (Shell) was
identified, highlighting the most and least frequent maneuvers. This information has laid the groundwork
for non-costly physical interventions, such as adjustments to turning restrictions or phase schedules.

Table 4. Movement percentages at the junction (evening peak hour)

1 2 3 4 TOTAL
1 14% 7% 4% 75% 100%
2 18% 45% 18% 19% 100%
3 21% 14% 0% 65% 100%
4 40% 40% 20% 0% 100%
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Movement Graphic at the 40th (Shell) Junction (Evening Peak Hours)
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Figure 6. Movement Graphic at the 40th (Shell) Junction (Evening Peak Hours)

In addition to the traffic counts at the intersection, it has been determined that a flash signal plan is
implemented within the roundabout and on the approach arms. Besides the junction counts and the signal
programs implemented, another factor affecting the junction's performance is the observed excess
volume at the junction due to the underuse of the underpass for straight-through movements on the East-
West axis, leading to increased use of the junction for direct crossings.

5. Establishing the Traffic Model

Development of the Traffic Model for Junction 40 (Shell): Initially, in the process of developing the
traffic model for Junction 40 (Shell), field surveys were conducted to establish vehicle volumes and
turning movement percentages during peak traffic periods. Signal schedules active at the junction were
also documented. Additionally, junction inefficiencies were identified through on-site observations,
setting the stage for detailed modeling activities.

A three-dimensional representation derived from the model of Junction 40 (Shell)'s current state during
the morning peak period is illustrated in Figure 3. As indicated in the figure, problematic traffic
conditions are attributed to excessive and unregulated roadside parking on the approach from Olay TV
Junction (Approach 3 — Omer Ersoy Avenue) and towards the Omer Ersoy Street (Approach 4 — Cetin
Emec Avenue). The adverse impact of this parking situation on traffic flow, along with the roundabout's
insufficient capacity, has been verified through both quantitative and visual data.
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Figure 7. A three-dimensional view from the model established for the junction during the
morning peak hour (1,500/3,600 seconds)

The performance analyses for the Junction 40 (Shell) during the morning peak hour in its current state
are provided in Table 5.

Table 5. Performance analysis of the current state during the morning peak hour

Paramet Current Situation
er Morning Peak Hour
Average Delay per Vehicle (Sec/Veh) 254
Average Stop Delay per Vehicle (Sec/Veh) 153
Average Number of Stops per Vehicle 5
Average Speed (Km/H) 5,60
Total Number of Stops 10.724

The three-dimensional image derived from the model for the Junction 40 (Shell) during the evening
peak period is presented in Figure 6. It is evident from the figure that, similar to the morning peak period,
congestion occurs on the approach from Olay TV Junction (Approach 3 — Omer Ersoy Avenue) and
towards the Omer Ersoy Street (Approach 4 — Cetin Eme¢ Avenue). This congestion leads to a
stagnation of traffic within the roundabout, adversely affecting traffic flow as confirmed by both
guantitative and visual data.

178



Bilgin, A. & Pense, C. (2024) Akilli Ulasim Sistemleri ve Uygulamalari Dergisi Cilt: 7 — Say1:2

2

14 N\

Figure 8. A three-dimensional view from the model established for the junction during the evening
peak hour (1,500/3,600 seconds)

The performance analyses for the Junction 40 (Shell) during the evening peak hour in its current state
are provided in Table 6.

Table 6. Performance analysis of the current state during the evening peak hour

Parameter Current Situation
Evening Peak Hour

Average Delay per Vehicle (Sec/Veh) 229
Average Stop Delay per Vehicle (Sec/Veh) 138
Average Number of Stops per Vehicle 5
Average Speed (Km/H) 6,46
Total Number of Stops 10.600

6. Capacity Analysis

Observations made on-site, collected data, existing maps, and traffic counts have been utilized to model
the designated intersections and corridors using PTV VISSIM traffic micro-simulation software,
through which current conditions and capacity analyses have been conducted. In the capacity analyses,
the average delay times per vehicle at intersections and the corresponding service levels have been
reported.

The service levels corresponding to the calculated delays at intersections have been determined using
values from the Highway Capacity Manual (HCM). These mentioned values are provided in Table 7.
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Table 7. HCM Service Level Ranges

Service Level Signalized Non-Signalized Intersection
Intersection

A <10 sec. <10 sec.
B 11-20 sec. 11-15 sec.
C 21-35 sec. 16-25 sec.
D 36-55 sec. 26-35 sec.
E 56-80 sec. 36-50 sec.
F >80 sec. >50 sec.

C/D

Figure 9. Example representation of service level ranges

Analyses conducted with consideration to the Highway Capacity Manual (HCM) criteria indicate that
movements with service levels "E" and "F" are those where the volume to capacity ratio is 1 or greater.
The purpose of identifying these movements is to facilitate the improvement of these bottlenecks in
future studies through proposed solutions.

7.

Identification of Problems and Proposed Solutions

The current state of the Junction 40 (Shell) has been modeled for both morning and evening peak
hours, and performance analyses for these peak periods have been conducted. Based on the data
obtained and field observations, the following issues have been identified:

The inadequacy of the existing lane numbers and storage at the approach arms of the junction
during the evening peak hours, due to vehicle volumes exceeding 5,000 passenger car units,

The increase in junction volume caused by vehicles choosing not to use the D-400 highway
for through passage and instead passing through the junction,

Roadside parking up to the approach mouths of Cetin Emeg and Omer Ersoy Avenues nearly
halting traffic flow,

The lack of sufficient storage capacity within the roundabout,

Traffic negatively impacted by weaving caused by driver errors such as failure to follow lanes
and incorrect lane-changing movements.
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The problems with the current state have been identified, and scientifically viable solutions have
been proposed. In this regard:

1. Restricting the Adliye — Gar passage (1-2 / 2-1) over the junction to enhance the efficiency of
the D-400 through passage and reduce traffic volume at the junction (See Figure 8),

2. Removing the roundabout system in favor of transitioning to a Single Point Intersection design
(See Figure 8),

3. Replacing the flash signal plan with a three-phase signal plan,
4. Restricting roadside parking at the approach mouths of Cetin Emeg and Omer Ersoy Avenues,

have been suggested as solutions to the problems and modeled according to alternative scenarios. A
two-dimensional drawing of the proposal scenario is provided in Figure 10.

-

Figure 10. Planned new intersection design for Junction 40 (Shell)

7.1. Alternative Scenario and Performance Analysis

Two alternative scenarios have been explored for the Junction 40 (Shell). Given the presence of an
underpass at the junction, modifications have been made to parameters such as the number of lanes on
side roads, constrained by physical boundaries like the underpass structures, to study various
alternatives.

7.2. Analysis of Alternative-1 Scenario

A traffic model for the current state of the Junction 40 (Shell) has been established, existing problems
identified, and accordingly, some solution proposals have been developed. The testing of these solutions
within the traffic model and their performance outcomes are presented under this section. In this
alternative for the junction, while the side roads of the D-400 Highway physically accommodate a lane
width of 6 meters operating as a single lane in one direction (1x1), they have been modified to operate
as two lanes in one direction (1x2).

For the junction, which currently operates with a flash signal plan, the ALT - | scenario envisages a
"Single Point (Single Point)" junction design and plans to operate it with a three-phase signal plan. The
circuit diagrams planned for the junction are provided in Figures 10 and 11. A period of 80 seconds has
been determined for the morning peak hour, while for the evening peak hour, this duration has been set
to 82 seconds.

The anticipated phase plans for the morning and evening peak hours under the ALT - | scenario for
Junction 40 (Shell) are given in Figure 10. By designating the junction design as Single Point, the
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junction, which operates with a flash signal plan on its approach arms in the current state, has been
operated with three phases.

Table 8. Predicted phase plan for the morning peak hour in Alternative — I scenario

Alternative-1 Phase Plan (Green Times)
M.P.T.* Period S. EPT.* Period S.
Junction 40D/400-Adliye 20 sec. 24 sec.
(Shell)  D/400-Gar 20 sec. 80 sec. 24 sec. 82 sec.
Olay TV 20 sec. 20 sec.
Omer ERSOY 24 sec. 20 sec.
* M.P.T. = Morning Peak Time

*x E.P.T. = Evening Peak Time

3 Olay T Kavgak Gelisi LTTI

4 Lefleosa Kavsak Gelisi TTT1A

Figure 10. ALT - | scenario, the circuit diagram planned for the morning peak hour

Neme: [Shell (alenden) Kavags ]

Intergreens:  Mone ~ Cycletime: 82 ] Offset: [0 E Switchpoint: [0 =

No

3 Olay T Kavsak Gelis TTT1A

4 Lefkosa Kavgak Gelisi L TT1

Figure 11. ALT - | scenario, the circuit diagram planned for the evening peak hour
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The two-dimensional visuals for the morning and evening peak hours taken from the Alternative - |
model are provided in Figure 12 and Figure 13.

Figure 12. Two-dimensional image from the model established for the morning peak hour in the
ALT - | scenario (1,500/3,600 seconds).

Figure 13. Two-dimensional image from the model established for the evening peak hour in the
ALT - | scenario (1,500/3,600 seconds).
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Following the studies conducted on the Junction 40 (Shell), issues were identified, and solutions
proposed from a scientific perspective were tested within the model. The performance analyses of the
alternative scenario were compared with the current state, calculating the improvement rates among the
parameters. These values are provided in Table 9. The analysis of the junction's service level is presented
in Table 10.

Table 9. Performance analysis of the Shell (Kalender) Intersection in the ALT - | scenario and

improvement rates compared to the current situation

Current Altfsmatlive-l Improvement Rate
Situation single
Parameter Point/Double
Lane)

M.P.T.* EPT. MPT. EPT. MPT. EPT.

**

Average Delay per Vehicle (Sec/Veh) 254 229 18 31 93% 86%

Average Stop Delay per Vehicle 153 138 12 21 92% 85%

(Sec/Veh)

Average Number of Stops per Vehicle 5 5 1 1 90% 84%

Average Speed (Km/H) 5,60 6,46 18,32 19,05 227%  195%

Total Number of Stops 10.724 10.600 1.812 3.713 83% 65%
* M.P.T. = Morning Peak Time

** E.P.T. = Evening Peak Time

Table 10. Comparison of Service Levels for Alternative - | Scenario

Current Situation Alternative — |

Morning Evening Morning Evening

o _ B C

Accordingly, it has been determined that the new intersection design implemented in the ALT — |
scenario for the Junction 40 (Shell) facilitates better traffic flow compared to the current situation.
Additionally, with the new phase plans to be applied during peak hours in the new design, an
improvement of 93% in the morning peak hour and 86% in the evening peak hour in average vehicle
delay has been observed compared to the current state. Furthermore, an improvement in average speeds
at the junction of 227% during the morning peak and 195% during the evening peak has been noted.

While the junction's service level exhibited "F" class performance during both morning and evening
peak hours in the current state, the Alternative — | scenario shows the junction's service level improving
to "B" during the morning peak and to "C" during the evening peak.

7.3. Analysis of Alternative-2 Scenario

Another alternative developed for the Junction 40 (Shell) is named ALT — Il. In this alternative scenario
for the junction, despite the physical provision of a 6-meter lane width on the side roads of the D-400
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Highway, the inflexibility of physical constraints such as the overpass pillars has resulted in these roads
continuing to operate as single lane one-way (1x1) as in the current state.

For the junction, which is currently operated with a flash signal plan, a "Single Point (Single Point)"
junction design has been planned in the ALT — Il scenario, with plans to operate the junction with a
three-phase signal plan. Circuit diagrams planned for implementation at the junction under this scenario
are provided in Figures 14 and 15. A cycle time of 80 seconds has been determined for the morning
peak hour, while for the evening peak hour, this duration has been set at 82 seconds.

The phase plans anticipated for the morning and evening peak hours in the ALT — Il scenario of the
Junction 40 (Shell) are presented in Table 11. With the junction design determined to be Single Point,
the junction, which previously operated with approach arms using a flash signal plan, has been
transitioned to operate with a three-phase signal system.

Table 11. Predicted phase plan for the morning peak hour in Alternative — Il scenario

ALTERNATIVE - |1 Phase Plan (Green Times)
M.P.T.* Period S. E.P.T.**  Period S.
Junction D/400-Adliye 20 sec. 24 sec.
40 (Shell) D/400-Gar 20 sec. 80 sec. 24 sec. 82 sec.
Olay TV 20 sec. 20 sec.
Omer ERSOY 24 sec. 20 sec.
* M.P.T. = Morning Peak Time
** E.P.T. = Evening Peak Time
Ve [ e o
o Sl goup - ) . ; . ; o 0 0 00RO

» D400/ Adlive

Olay T Kavgak Gelisi

4 Lefose Kavgek Gelisi TT1

Figure 14. ALT - Il scenario, the circuit diagram planned for the morning peak hour
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Neme: | Shell (Klender Kavsain ]
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Figure 15. ALT - Il scenario, the circuit diagram planned for the evening peak hour

The two-dimensional visuals for the morning and evening peak hours taken from the Alternative - 11
model are provided in Figure 16 and Figure 17.

// 4
¢/

4
/'/

Figure 16. Two-dimensional image from the model established for the morning peak hour
in the ALT - Il scenario (1,500/3,600 seconds).
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Figure 17. Two-dimensional image from the model established for the evening peak hour in
the ALT - 1l scenario (1,500/3,600 seconds).

Following the investigations conducted at the Junction 40 (Shell), issues have been identified, and
solutions proposed from a scientific perspective were tested within the model. The performance analyses
of the alternative scenario were compared with the current situation to determine the rates of
improvement across various parameters. These figures are provided in Table 12. The analysis of the
junction's service levels is presented in Table 13.

Table 12. Performance analysis of the Junction 40 (Shell) in the ALT - 11 scenario and improvement

rates compared to the current situation

Current Alt?Smatlive-l Improvement Rate
Situation olngle
Parameter Point/Double
Lane)

M.P.T.* EPT. MPT. EPT. MPT. EP.T.
* *

*% ** **

Average Delay per Vehicle (Sec/Veh) 254 229 31 30 88% 87%
Average Stop Delay per Vehicle 153 138 21 20 86% 85%

(Sec/Veh)
Average Number of Stops per Vehicle 5 5 1 1 86% 84%
Average Speed (Km/H) 5,60 6,46 19,00 19,67 239% 204%
Total Number of Stops 10.724 10.600 2.376 3.119 78% 71%
* M.P.T. = Morning Peak Time

** E.P.T. = Evening Peak Time
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Table 13. Comparison of Service Levels for Alternative - 11 Scenario

Current Situation Alternative — 11

Morning Evening Morning Evening

o _ C C

Accordingly, for the Junction 40 (Shell), the new intersection design applied in the ALT — Il scenario
has been found to facilitate a better flow of traffic compared to the existing condition. Additionally, with
the new design and phase plans implemented during peak hours, an improvement in the average delay
per vehicle of 88% during the morning peak and 87% during the evening peak has been identified in
comparison to the current state. Moreover, an improvement in average speeds at the junction has been
observed, with an increase of 239% during the morning peak and 204% during the evening peak.

While the junction's service level displayed "F" class performance during both morning and evening
peak hours in the current situation, in the Alternative — | scenario, the junction's service level improved
to "C" during both peak periods.

8. Conclusion

Following the studies conducted at the Junction 40 (Shell), issues were identified, and solutions
proposed from a scientific perspective were tested within the model. The performance analyses of the
alternative scenario were compared with the current situation, and the rates of improvement among the
parameters were calculated. These figures are provided in Table 14. The analysis of the junction's service
levels is presented in Table 15.

Table 14. Performance analysis of the Junction 40 (Shell) in the ALT - 11 scenario and improvement

rates compared to the current situation

Current Situation Alt((%srnatlive-l Improvement Rate
ingle
Parameter Point/Double
Lane)

M.P.T.* EPT.** MPT. EPT. MPT. EPT.
* *

** **

Average Delay per Vehicle (Sec/Veh) 254 229 31 30 88% 87%
Average Stop Delay per Vehicle 153 138 21 20 86% 85%
(Sec/Veh)
Average Number of Stops per Vehicle 5 5 1 1 86% 84%
Average Speed (Km/H) 5,60 6,46 19,00 19,67 239% 204%
Total Number of Stops 10.724  10.600 2.376 3.119 78% 71%
* M.P.T. = Morning Peak Time

** E.P.T. = Evening Peak Time
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Table 15. Comparison of Service Levels for Alternative - 11 Scenario

Current Situation Alternative — 11

Morning Evening Morning Evening

o _ C C

Accordingly, The Alternative 1 scenario involves redesigning the intersection with a Single Point Urban
Interchange (SPUI) design and utilizing dual-lane roads. This scenario achieved a reduction in average
vehicle delay by 93% during morning peak hours and 86% during evening peak hours, while increasing
average speeds by 227% and 195%, respectively. However, physical limitations and potential challenges
during the construction process were considered in the implementation of this scenario.

The Alternative 2 scenario also adopts the Single Point Urban Interchange (SPUI) design but maintains
single-lane side roads due to existing physical constraints. This scenario achieved a reduction in average
vehicle delay by 88% during morning peak hours and 87% during evening peak hours, while increasing
average speeds by 239% and 204%, respectively. The primary reasons for preferring Alternative 2 are
as follows:

1. Physical Limitations and Feasibility: Alternative 2 offers a more feasible solution by
considering existing physical constraints. Due to physical barriers such as the pillars of the
overpass, it is not possible to convert the side roads to dual lanes. Therefore, a single-lane
arrangement is considered a more realistic and feasible solution.

2. Construction Process and Traffic Management: Implementing Alternative 2 will result in
less complexity and fewer disruptions to traffic flow during the construction process. This will
allow for more effective management of the existing traffic in the area.

3. Performance Improvements: Alternative 2 provides performance improvements comparable
to those of Alternative 1. The improvements in average vehicle delay and average speeds elevate
the intersection's level of service to "C" and significantly enhance traffic flow.

In conclusion, the Alternative 2 scenario has been identified as a more suitable and feasible solution for
optimizing traffic flow at the Shell Intersection. This study aims to contribute to the improvement of
urban traffic management through the integration of intelligent transportation systems and geometric
arrangements. Future studies may conduct more comprehensive analyses to evaluate the long-term
effects of the proposed arrangements and investigate their applicability to similar intersections.

Proposals

The transition to the proposed Single Point intersection design as an alternative to the current state at
the Junction 40 (Shell) could encounter the following issues:

The change in the junction design will initiate a construction process for a certain period, presenting a
challenge for managing existing traffic flow.

Shell Petrol, located within the Zeytinli neighborhood and giving its name to the junction, may
economically suffer from the fieldwork.

Aydemir Automotive, situated on the approach arm of the junction, could face inaccessibility to its
entrance and exit points during the construction period.

Public transport vehicles using the junction will need alternative routes during construction. Although
they can return to their original routes after construction, the route coded "S07" will need to utilize the
underpass on the D/400 Highway for through passage.
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Vehicles coming from the Courthouse or Kiisget Industrial Site routes and using the junction to access
Zeytinli or Miicahitler neighborhoods will have to extend their routes, performing a loop movement
with the new junction design.
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Abstract:

Traffic management is becoming increasingly difficult due to the increasing population and number of
vehicles. In the last decade, the use of electronic surveillance systems has increased in the effective and
efficient management of traffic management systems. These systems contribute to traffic regulations by
monitoring traffic violations, taking necessary actions and imposing sanctions. The active use of these
systems increases drivers' compliance with traffic rules, which has a positive impact on the reduction of
losses due to traffic accidents. Artificial intelligence (Al) applications, which have become widespread
in various fields in recent years, are expected to increase the benefits to be obtained by using them in
traffic electronic surveillance systems. In this study, the socio-economic impacts of Al integration into
traffic surveillance systems are analyzed in detail in terms of mobility, economy, environment, health
and quality of life.

Keywords: Artificial intelligence, socio-economic impact, life quality

Trafikteki Elektronik Gozetim Sistemlerine Yapay Zeka Entegrasyonu Sonucu
Elde Edilecek Sosyo-Ekonomik Etkiler

Ozet:

Artan niifus ve arag sayisi nedeniyle trafik yonetimi giderek zorlasmaktadir. Son on yilda, trafik yonetim
sistemlerinin etkin ve verimli sekilde yonetilmesinde elektronik gdzetim sistemlerinin kullaninm
artmistir. Bu sistemler, trafik kural ihlallerini izleyerek gerekli aksiyonlari almakta ve yaptirimlar
uygulayarak trafik diizenlemelerine katki saglamaktadir. Bu sistemlerin aktif olarak kullanilmasi,
siiriiclilerin trafik kurallarina uyumunu artirmakta ve bu da trafik kazalarina bagh kayiplarin azalmasina
olumlu etki yapmaktadir. Son yillarda cesitli alanlarda yayginlasan yapay zeka (Al) uygulamalarmnin
trafik elektronik goézetim sistemlerinde kullanilmasiyla elde edilecek faydanin daha da artacag:
ongoriilmektedir. Bu calismada, trafikteki elektronik gozetim sistemlerine yapay zeka entegrasyonu
sonucu elde edilecek sosyo-ekonomik etkiler mobilite, ekonomi, g¢evre, saglik ve yasam kalitesi
boyutlar1 agisindan detayl bir sekilde analiz edilmistir.
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1. Introduction
The Electronic Traffic Control and Fault Detection/Analysis System (EDS) implementation, supported
by Artificial Intelligence, serves as a supervision system designed to manage traffic flow, optimize
transportation, detect illegal vehicle movements and apply the necessary sanctions and make urban life
in accordance with the normative structure within certain rules. This system detects vehicles with image
processing technology and checks whether the relevant vehicle is moving within the specified rules. Due
to the deterrent penalty policies applied to vehicles that violate the rules, it creates a compelling factor
for the drivers of vehicles that violate the rules to correct their behavior over time. Thus, it helps to
ensure the safety of life and property by preventing accidents caused by vehicles causing traffic disorder.

Red light violation detection system, one of the EDS implementations, reduces the number of fatal
accidents by reducing the severity of accidents. In a study, it was found that this system reduced right-
angle crashes at intersections by 25% and rear-end crashes by 15% (Council et al, 2005; Decina et al,
2007; Poole et al, 2012). In Edmonton, Canada, where a red light violation system and a speed violation
detection system were integrated, total crashes decreased by 25%, angle crashes by 33% and rear-end
crashes by 11% (Contini and El-Basyouny, 2016).

There are many benefits of electronic monitoring systems (EDS) and fault detection/analysis systems,
and studies from around the world attest to this. It positively influences driver behavior, reducing high
speeds, reducing accident severity, reducing the number of accidents and enabling rapid detection of
vehicle faults.

Traffic management and proper behavior in the region is important for reducing delays and ensuring
shorter and safer journeys. While this may be small on an individual basis, it is a significant gain when
the population of the region is taken into account. Reduced fuel consumption and emissions are also
positive for the environment and the economy. Some of the main expectations and benefits of EDS and
fault detection/analysis system projects can be as follows:

e Increase in the rate of compliance with traffic rules by people living in or traveling through the
region

Facilitating the operation of traffic management practices in the region at the desired level
Reduced traffic congestion and delays

Reduced travel times

Saving time

Reduced fuel consumption and gas emissions

Decrease in traffic accidents

Easy identification of accident locations

1.1. Literature

Studies on traffic problems with artificial intelligence approaches have been examined in detail. Amiri
et al. (2021) studied age, education level, average household income and other factors that cause the
occurrence of traffic accidents with artificial neural networks considering public health. It was observed
that male population density, unemployment rate and education level are among the important factors
affecting traffic accidents (Amiri et al, 2021). Akglingér and Dogan (2010) used artificial neural
networks to predict the number of accidents, fatalities and injuries in Ankara, Turkey using historical
accident data (Akgiingor ans Dogan, 2010). Kushwaha and Abirami (2023) proposed an intelligent
system to reduce the severity of accidents based on a machine learning model to prevent loss of life and
property due to traffic accidents. In the developed model, artificial neural networks showed an accuracy
of 0.856 (Kushwaha and Abirami, 2023). Meenu and Neresh (2022) conducted a socioeconomic analysis
of deaths and injuries due to traffic accidents. By conducting interviews with individuals who were
disabled after the accident, medical, legal, professional, social, economic problems experienced after
traffic accidents were examined and it was stated that socioeconomic negative effects will decrease with
the widespread use of autonomous vehicles supported by artificial intelligence (Meenu and Neresh,
2022). Ulu et al. (2024) developed a three-stage geohash-based model using decision tree (DT), k-
nearest neighbor (k-NN), random forest (RF) and support vector machine (SVM) algorithms to predict
the locations of traffic incidents, including traffic failures and other events.
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Prasad Das et al. (2021) conducted a study on health problems caused by traffic noise with "two-staged
Structural Equation Modeling-Artificial Neural Network™. The statistical relationship of the disorders
with the duration of exposure to traffic noise, occupation, sleep disturbance and gender were analyzed
(Prasad Das et al, 2021). Moncayo et al. (2017) modeled the effect of road noise on a person's willingness
to pay using artificial neural networks. A prediction model for willingness to pay based on the duration
of exposure to a modeled noise and demographic and socioeconomic conditions was developed
(Moncayo et al, 2017). Gu et al. (2020) conducted studies to predict traffic congestion by taking into
account the travel time of the public transport vehicle between two stops to improve the quality of service
with a focus on travel time and reliability of public transport systems (Gu et al, 2020). Mondal and
Rehena (2020) focused on the traffic congestion problem to improve the quality of life of citizens within
the scope of the smart city concept. Existing infrastructure and resources were optimized for traffic
management through data collection, storage, processing and application (Mondal and Rehena, 2020).

Herath and Mittal (2022) drew attention to the importance of artificial intelligence effects on smart city
applications in health, education, environment, waste management, agriculture, mobility, transportation,
risk management, and risk management in order to make life in cities more cost-effective and
comfortable with the increasing population in cities (Herath and Mittal, 2022). Olatode et al. (2023)
developed a hybrid model with artificial neural networks and PSO to reduce traffic congestion caused
by short and long trucks on highways and to reduce the number of accidents involving vehicles (Olayode
et al, 2022). Dodia et al. (2023) studied variable duration and dynamic traffic lights that will allow
vehicles with priority to move faster in emergency situations instead of fixed lighting times at traffic
lights. After the emergency vehicles with priority to pass are detected by the system, the light durations
are changed by intelligent systems. Simulation studies for the related topic have shown clear
improvements in vehicle waiting times Dodia et al, 2023). Cunneen et al. (2019) put forward a
conceptual discussion on the ethical shortcomings of risk-reducing decision-making mechanisms of
autonomous vehicles socially supported by artificial intelligence (Cunneen et al, 2019). Ulu et al. (2022),
BWM and SWARA methods were used to calculate the weights of factors affecting traffic accidents
(Ulu et al, 2022).

Cunneen, M. (2023) emphasized that the widespread use of autonomous vehicles will have significant
economic, environmental and social impacts due to increased productivity and supply chain efficiency
(Cunneen, 2023). Biagioni et al (2021), in order to achieve energy efficiency in the integrated mobility
system, they put forward the needs in the research to be carried out with machine learning and artificial
intelligence methods of big data collected from the sources of the system (Biagioni et al, 2021).

2. Case Study Area
In Turkey, 30 out of 81 provinces have electronic monitoring systems (EDS). There are 1257 fixed and
mobile EDSs covering 4,682 km 1, of the 61,729 km road network (KGM, 2023) in Turkey (EGM).
Figure 1 shows the distribution of EDS implementations in Turkey.
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Figure 1. EDS Usage in Turkey 2

! https://www.egm.gov.tr/hiz-ihlallerine-yonelik-pts-eds-ortalama-hiz-ihlal-tespit-sistemleri-devrede
2 https://onlineislemler.egm.gov.tr/trafik/sayfalar/edsharita.aspx
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Istanbul is the province where EDS implementations are used most intensively. With EDS
implementations, critical road sections and important intersections in Istanbul are monitored 24/7 (iBB,
2023). There are 457 EDSs throughout Istanbul. This figure corresponds to 36.4% of the total number
of EDS implementations in Turkey. Similarly, in Konya, where there are EDS implementations, the
number of daily speed limit violations has decreased from 21,000 to 1,000 with the EDS system
providing 24/7 service. The use of the EDS system also led to a 54% to 63% reduction in injury and
fatal accidents. In Konya, there are 20 average speed violation detection systems on 6 different streets®.
In Kayseri, there are examples of speed, turning and parking violation detection systems.

3. Socioeconomic Impact Analysis of EDS

The behavior of people who do not follow traffic rules can be detrimental to the community and the
region and can have negative impacts on other people. For example, when an accident occurs at a
signalized intersection due to a red light violation, the vehicles involved in the accident are damaged,
while other drivers, pedestrians and businesses using the intersection are also affected. Similarly, other
traffic violations have direct and indirect social, economic and environmental impacts. Regionally,
EDS aims to identify and punish red light and hatched area violations at signalized intersections,
parking violations in no-parking zones, speed violations on designated road axes, and other traffic
violations through mobile enforcement. In this way, traffic management is made more effective by
reducing the number of people who do not obey traffic rules. The electronic surveillance system should
serve reliably at appropriate points to help people avoid unlawful behavior in traffic. This contributes
to the maintenance of traffic order. In addition, electronic surveillance systems can be used to track and
trace people who pose a danger to public safety or illegal or stolen vehicles. Therefore, these systems
are known to contribute to public safety. Considering all these factors, it is thought that the quality of
life of people living or traveling in the region will increase. This study analyzes the socio-economic
impacts of the operational EDS implementations.

3.1. Impact of EDS Implementation on National Economy
The introduction of Artificial Intelligence Supported EDS has effects on the national economy. Since
the rate of compliance with traffic rules will increase with the EDS system, the number of accidents
will decrease. Apart from the material losses due to traffic accidents, economic losses occur due to the
loss of labor force in fatal and injury accidents. In addition, the economic value of time in traffic due
to accidents and accidents with injuries increase expenditures in the health sector.

In the feasibility studies conducted for EDS and Fault Detection applications, it is predicted that there
will be a decrease in traffic fines by 3.8% in the first year, 3.3% in the second year and 2.8% in the
third year (TUSSIDE, 2021). According to TUIK, it is known that there were 26,482,847 vehicles in
2021 and 1,234,327 accidents occurred (TUIK, 2022). Considering these data, the increase in the
number of vehicles and the number of accidents predicted to occur accordingly were calculated. In the
report prepared by the General Directorate of Security, 288,118 accidents with material damage took
place in 2022, excluding accidents in which people agreed among themselves and filed a report (EGM,
2022). As a result of accidents, 2,282 people lost their lives and 291,151 people were injured. Since the
data of the individuals who died within 30 days in the health units to which they were referred after the
accident were not available for 2022 and the following years, only the data of the individuals who died
at the accident scene were included in the statistics.

In the accident data, when the accidents in which people filed a report among themselves are analyzed,
it is seen that there were 941,723 accidents with material damage on average annually between 2019
and 2021 (TUIK, 2021).

Using accident data from previous years, the number of accidents expected to occur until 2025 was
calculated. Considering the projected reduction rates in these accident numbers, estimates were made
for the number of accidents with material damage, injuries and fatalities. The data used in Table 1,

3 http://www.konya.pol.tr/konya-emniyet-eds-elektronik-denetleme-sistemleri-trafik-polis-radar
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which is prepared for the estimation of the change in accident statistics by years for Turkey in general,
is compiled from the reports prepared by TUIK (TUIK, 2022a; TUIK, 2021b; TUSSIDE, 2021).

Table 1. Estimation of change in accident statistics by years (Turkey-wide)

2021 2022 2023 2024 2025
Population 84.680.273 85.279.553 85.883.074 86.490.866 87.102.960
Number of Vehicles 25.249.119 26.482.847 27.776.858 29.134.097 30.557.653
Number of Accidents  1.110.241 1.234.327 1.372.282  1.525.655 1.696.170
Number of accidents

with material 998.390 941.724 924.549 954.888 940.387
damage

Accident Rate 4,0% 3,6% 3,3% 3,3% 3,1%
Reduction Rate of

Accidents with EDS 3,8% 3,3% 2,8%
Number of fatal 2362 2282 2.394 2.510 2.633
accidents (person)

Number of injured 291.151 280.087 270.844 263.261

The annual cost of traffic accidents to the national economy is around $15 billion (Annual damage of
traffic accidents to the economy). In case of injuries due to traffic accidents, accident-related health
expenses are €2,500 per person, and €1,800 per person is lost due to loss of productivity*. For deaths
due to traffic accidents, a calculation was made based on the current minimum wage (8,500TL)
(Minimum wage x Defect rate 20% x Disability rate 60% x 37 (a 30-year-old person's right to passive
work for 7 years)). After calculating the unit costs, the savings to be achieved with reductions of 3.8%,
3.3% and 2.8% depending on the years were calculated.

For the socioeconomic analysis of the Al-supported EDS application, calculations were made by taking
into account the provinces served by the ESD system. There are EDS applications in 30 different
provinces across Turkey. A certain ratio was obtained for each province by proportioning the lengths
of the highway lengths of these provinces and the lengths of the road sections where EDS monitoring
is carried out. By multiplying the province-based statistics on traffic accidents by the ratio, the accident
rates on roads where EDS implementation is effective were calculated. The economic gains obtained
after these calculations are given in Table 2. In the preparation of this table, reports of TurkStat and
TUSSIDE as well as data obtained from insurance companies were used .

Table 2. Yearly savings with EDS (provinces with EDS implementation)

Description 2023 2024 2025
Number of Accidents 44.490 46.664 48.944
Nur.nber of fatalities at the time of the 162 169 178
accident

Financial savings upon death 11.160.638 21.753.818 31.948.144
Number of injured 34.615 38.484 42.785
Financial savings due to injury 68.597.345 142.493.492 220.894.507
Labor productivity loss material savings 49.390.088 102.595.314 159.044.045
Accident cost savings 10.922.089.245 10.978.856.861  11.035.624.477

* The number of vehicles on roads with EDS application in 2022 is 12,537,050, the number of accidents is 42,417, the
number of fatalities is 156 and the number of injured people is 31,136.

4 Social Security Institution's annual health expenses due to traffic accidents, https://www.sdplatform.com/Dergi/1022/SGKnin-odedigi-
trafik-kazalarina-bagli-saglik-giderleri.aspx
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With EDS, the average speed of vehicles will increase and the time they stay in traffic will decrease as
the rate of compliance with traffic rules increases and accidents decrease. This will also reduce fuel
consumption, which is an imported input. It is estimated that the fuel savings to be achieved due to the
decrease in the time spent in traffic will be around 463,393 tons per year on average. The calculations
take into account the fuel savings that vehicles in provinces with EDS implementation will achieve
depending on the time they will save in traffic. The economic value of this fuel is around 32.5 billion
TL for 3 years. Table 3 shows the annual value of the fuel savings to be achieved.

Table 3. Fuel savings with EDS (Annual)

2023 2024 2025
Fuel Savings (LT) 243.609.372 470.316.712 679.254.149
Fuel Savings Amount (TL) 5.690.714.924  10.986.598.383  15.867.376.923
Fuel Saving Approval 1,40% 2,59% 3,59%

When the economic impact of EDS implementation at the national level is analyzed, there is a potential
gain of approximately 32.5 Billion TL until the end of 2025.

3.2. Impact of EDS Application on Mobility

It was mentioned in the previous sections that with EDS, the average speed of vehicles will increase
and the duration of their stay in traffic will decrease, while the rate of compliance with traffic rules will
increase and accidents will decrease. The average annual CO2 emission of a vehicle is around 4.6
metric tons per year and emits 404 g of CO2 for every 1.6 km. Taking the average number of working
days per year as 250, it is calculated that a vehicle travels an average of 73 km per day. The speed
values of some of the main transportation arteries during peak hours on weekdays were checked via
Google Maps application and average speeds were calculated. As a result of these calculations, it was
observed that there is an average traffic flow of 36 km/h during peak hours. When the travel time was
calculated according to the average daily travel distance, it was found that an average of 121 minutes
was spent in traffic. When the gains to be achieved with EDS are analyzed depending on the years, it
is estimated that by 2025, the traffic speed will be 39.68 km/h, the travel time will decrease to 110
minutes and the time spent in traffic will decrease by 11.27 minutes. By the end of 2025, the economic
value of this time saved is estimated to be approximately 71.1 billion TL. Table 4, prepared within the
scope of this study, shows the impact of EDS on mobility and travel times.

Table 4. Impact of EDS on maobility and travel times

2021 2023 2024 2025
Traffic flow rate during peak 36 3737 38,60 39,68
hours (km/h)
Average travel time (min) 121 117 113 110
Savings in travel time (min) 4,45 8,18 11,27

Economic value of time saved

(L) 12.434.017.222 24.005.341.214 34.669.675.173

3.3. Impact of EDS Implementation on the Health System

Reductions in traffic accidents as a result of EDS applications help to reduce expenditures in the health
system, reduce congestion and increase service quality. In 2021, according to TurkStat data, health
expenditures amounted to 280 billion 220 million TL (TUIK, 2021c). Health expenditures, which
increased by 16-22% on average over the years, increased by 41.48% with the effect of the pandemic.
When it is assumed that these values will show a normal increasing trend with the decrease in the
pandemic effect, it is predicted that total health expenditures on a national scale will be around 377
Billion TL by 2023. With the decrease in the number of accidents and injuries to be achieved with EDS
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systems, an average annual saving of 0.03% will be achieved in health sector expenditures. Apart from
economic savings, there will also be an increase in the quality of the service provided in the health
system due to the decrease in density. Table 5, created with the data compiled within the scope of this
study, shows the impact of the EDS implementation on the health system.

Table 5. Impact of EDS implementation on the health system

2023 2024 2025
Financial savings due to injury 68.597.345 142.493.492 220.894.507
Estlmat.ed General Health 377.063.411.914 437.393.557.820 507.376.527.071
expenditure (TL)
Savings rate 0,02% 0,03% 0,04%

3.4.Environmental Impact of EDS Implementation

Since vehicles can reach their target locations faster with EDS applications, the amount of fuel they
will consume and exhaust emission emissions will decrease. With the consumption of 1 liter of
gasoline, 2.35 g of CO2 is emitted. Vehicles consume between 1-2 It/h while idling. It is assumed that
an average of 1 liter of additional fuel will be consumed during traffic-related waits. The estimated
reduction in CO2 emissions wsa calculated by multiplying the consumption of vehicles per minute by
the time savings achieved. It is assumed that the number of working days per year will be 250 days.
The impact of each extra minute that vehicles spend in traffic is taken into account and the positive
environmental impact of EDS implementations is analyzed in Table 6.

Table 6. Environmental impact of EDS implementations

2023 2024 2025
Amount of CO; emission in 1 min (gr) 0,039 0,039 0,039
CO; emission savings (tons) 572,7 1.105,7 1.597,0

3.5. The Effect of EDS Application on Quality of Life

Apart from the measurable economic gains that can be obtained as a result of EDS applications, there
are also impacts that have a positive impact on the quality of life of individuals but are difficult to
measure metrically. When the effects of the measurable impacts mentioned in the above headings on
quality of life are analyzed, the following findings were made.

¢ Reduced negative psychological impact on individuals and families due to reduced death and
injury rates,

e Reduced economic hardship for individuals and families due to loss of labor force,
e Reduced stress levels and increased happiness index due to less time in traffic,

e Spending more time with family and strengthening communication ties,

e Reduced personal expenditure due to lower fuel consumption,

e Preventing possible respiratory-related health problems with improved air quality.

4. Results and Discussion

Acrtificial intelligence supported EDS and Fault Detection systems are among the applications that have
been widely used in Turkey in recent years. For this reason, this report examines the potential gains
that can be achieved as a result of the widespread use of EDS systems on a national scale. Analyses
based on the collected data show that EDS applications have positive impacts on economic, mobility,
health, environmental and quality of life.
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In the analyses conducted within the scope of this report, calculations were made on the assumption
that they are used on a national scale. Currently, there is a need for a publicly controlled platform that
can collect data such as the number of road sections on which EDS systems are in place, the time
periods between which these systems are used, the number of vehicles using these road sections,
average fuel consumption rates varying depending on vehicle types, the number of accidents before
and after the system on these road sections, the types of accidents, the number of deaths and injuries,
etc. in a certain standard and order. In this way, when a new EDS system is installed, the socio-
economic analyses that this system will generate will be systematic. The net gains obtained based on
clear data will also serve as a role model for other regions that want to implement this system.
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Ozet: Bu calismanin amaci, havacilik yonetimi kavrami hakkinda 1993-2023 yillar1 arasinda Web of
Sciens (Wos) veri tabamda yer alan 137 yayinin bibliyometrik analiz yontemiyle incelenmesidir. Bu
baglamda WoS veri tabaminda havacilik yonetimi(avation managament) kavramu ile ilgili verileri
alarak R-Studio programi araciligyla yayinlara ait bibliyometrik verilerine ulasilmistir. Elde edilen
verilerin ve bulgularin sonucunda bu kavram ile ilgili ilk bilimsel ¢alismanin 1993 yilinda yayimlandig
gozlenmektedir. Bulgularda kavramla ilgili yaymlarin 1994 ve1996 yillar1 arasinda, 2000 yili, 2002 ve
2005 yillart arasinda ve 2008 yilinda kavram ile ilgili yaym bulunmamaktadir. 2009 yili itibariyle
kavrama olan ilgi artmustir. 1993 ila 2023 yillar1 arasindaki yayimn sayilarma bakildiginda kavram ile
ilgili y1illik ortalama yayn artig oran1 %7,18’dir. Yayin bagina ortalama alint1 orani ise %25,58’dir. 2009
yilinda 10,4 yillin atif orani ile en yiiksek atif gozlenmektedir. Kavramla ilgili caligma yapan sayis1 403
yazardan olugmaktadir. Kavram ile ilgili yapilan ¢caligmalarin diinya iizerindeki tilkelerdeki dagilimina
bakildiginda ilk ¢ iilke; Amerika Birlesik Devletleri 243, Cin 132 ve Tirkiye ise 48 yayma sahiptir.
Bunun sonucunda kavrama olan ilgi ile {ilkemiz tigiincii sirada yer almaktadir.

Anahtar Kelimeler: Havacilik yonetimi, bibliyometrik analiz, W0S

Aviation management: Bibliometric analysis based on WoS data (1993-2023)

Abstract: The aim of this study is to examine 137 publications about the concept of aviation
management in the Web of Science (Wos) database between 1993 and 2023 using the bibliometric
analysis method. In this context, data related to the concept of aviation management was taken from the
WoS database and bibliometric data of the publications were accessed through the R-Studio program.
As a result of the data and findings obtained, it is observed that the first scientific study on this concept
was published in 1993. In the findings, there were no publications regarding the concept between 1994
and 1996, 2000, between 2002 and 2005 and in 2008. As of 2009, interest in the concept has increased.
Looking at the number of publications between 1993 and 2023, the average annual publication increase
rate regarding the concept is 7.18%. The average citation rate per publication is 25.58%. Especially in
2009, the highest citation rate was observed with a citation rate of 10.4 years. The number of authors
working on the concept consists of 403 authors. When we look at the distribution of studies on the
concept in countries around the world, the first three countries are; There are 243 publications in the
United States, 132 in China and 48 in Tiirkiye. As a result, our country ranks third in terms of interest
in the concept.

Keywords: Avation management, bibliometric analysis, WoS

* Corresponding author.

E-mail address: denizyildiz1990@gmail.com, denizyildiz@odu.edu.tr

ORCID: 0000 0003 3090 8872

Received 17.05.2024; Received in revised form 17.06.2024; Accepted 28.06.2024

Peer review under responsibility of Bandirma Onyedi Eylul University. This work is licensed under CC BY 4.0.



mailto:denizyildiz1990@gmail.com
mailto:denizyildiz@odu.edu.tr
mailto:denizyildiz1990@gmail.com

Yildiz, D. (2024) Akilli Ulagim Sistemleri ve Uygulamalari Dergisi Cilt:7 — Say1:2

1. Giris

Havacilik yonetimi sektorii giinlimiizde oldukga dikkat ¢ekmektedir. Sektoriin bu cazibesi egitimcileri
de harekete gecirerek bu sektdre istihdam edilmek amaciyla tiniversitelerde boliimler agilarak egitimlere
baslanmustir. Havacilik yonetimi sektor olarak ulusal ve uluslararasi olarak hava aracinin yapiminin yani
sira hava yolu tagimaciliginda yiik ve yolcu tagimaciligim kapsamaktadir. Havacilik sektoriindeki ilk
degisim ikinci diinya savagi sonrasinda yasamis, giinimiizde de teknolojinin gelismesi ve etkileriyle
onemli bir tagimacilik modu haline gelmistir (Kiraci, Bayrak, & Kurt, 2013, s. 505).

Havacilik yonetimini diger sektor yonetimlerinden ayiran ozellikler, bu sektdriin daha fazla kurallar:
olmasidir. Havacilik sektoriinde kullanilan araglar, sektdre calisan istihdam ederken ki kurallar,
tagimaciliktaki hem yiik hem yolcular i¢in kati kurallar gibi birgok kurali iceren sektordiir. Diger bir
ifadeyle havacilik yonetimindeki kurallar, yonetmelikler, talimatlar yazili olarak belirlenmistir (G6v,
2018, s. 393).

Literatiirde bu konu ile ilgili baz1 ¢aligmalar soyledir. Kirac1 (2013) ve arkadaslari tarafindan yapilan
caligmada havacilik yonetimi sektdriinde yer alacak genglere egitim veren akademisyenlerin
Ozgegmislerinin incelerken; Yavas (2021) ise yapmus oldugu ¢alismada havacilik yonetimi sektoriiniin
ihtiyag duydugu eleman sayist ve niteliklerini belirlemek amaci ile ¢alismasini gergeklestirmistir.
Durmus ve Tokyay (2021) havacilik yonetimi boliimiinde okuyan 6grencilerin meslek tercihlerini
incelemislerdir. Durali ve Ozdamar (2021) tarafindan yapilan ¢alismada dgrencilerin havacilik yonetimi
boliimiinde okumalarindaki memnuniyet arastirilmistir. Bilkay’in  (2021) c¢alismasinda amag,
Tiirkiye’deki Meslek Yiiksekokullarinda bulunan sivil havacilik yonetimi ile ilgili boliimlerdeki
akademik kadronun niteliksel ve niceliksel agidan degerlendidirilmesi amaglanmistir. Kalkin (2021)
yapmis oldugu ¢alismada Covid-19 pandemisinin havacilik sektoriine nasil etkiledigini arastirmustir.
Dogan ve arkadaglart (2023) havacilik yoOnetimi sektoriindeki rezervasyon sistemlerinin 6nemi
vurgularken, bu béliimdeki 6grencilerin bu sisteme olan algilarini 6lgmiislerdir.

Almaz (2020) yapmuis oldugu ¢alismasinda Tiirkiye’deki sivil havacilik yonetimi ile ilgili yiiksek lisans
ve doktora tezleri tizerine karsilastirmali bir derleme ¢alisma yapmistir. Almaz’in ¢aligmasinin amaci,
Yiiksek Ogrenim Kurumunda yer alan lisansiistii tezlerin, yaymlandiklar1 yil, dil, ana bilim dali, konu
gibi dlgiitler bakimindan siniflandirilarak betimsel bir nitel arastirma yapmustir. Bu ¢alismay1 Almaz’in
calismasindan ayiran 6zellik ise galigmaya konu olan verilerin WoS veri tabani tizerinden ¢ekilmesi ve
yayin olarak kitap boliimii, makale gibi kisitlama yapilmadan WoS veri tabaninda yer alan “havacilik
yonetimi” kavram ile ilgili tiim yayinlar1 analize dahil etmektir. Bu baglamda ¢alismaya konu olan
veriler ve bulgulardan yontem kisminda gosterilmektedir.

Sonug olarak literatiire bakildiginda havacilik sektoriine olan ilginin heniiz gelistigi ve kavrama olan
ilginin farkli agilardan ele alindig1 goriilmektedir. Diger bir ifadeyle havacilik sektoriiniin 6nemi kiiresel
capta hizla gelismektedir. Bu sektore olan ilgi de ayn1 oranda artmaktadir. Literatiirde, sivil havacilik
yonetimi, hava yolu tagimaciligi yonetimi gibi farkli isimlerle ifade edilmektedir. Bu baglamda kavram
ile ilgili ¢calismalar hakkinda bibliometrik ¢aligma Ornegine rastlanmamustir. Dolayisiyla ¢aligmanin
amaci, ana kavram olarak “havacilik yonetimi” kavramini ele alinarak kavramla ilgili yapilmig
calismalarin bibliyometrik analizini ortaya koymak amaclanmistir. Bu baglamda Web of Sciences veri
tabaminda havacilik yonetimi kavramu taratilarak ulasilan yayilar veri setinizi olusturmaktadir.

2. Yontem

Bu calisma 25.12.2023 tarihine kadar WoS (Web of Sciences) veri tabaninda yayinlanmis olan
“havacilik yonetimi” konulu bilimsel g¢aligmalarm bibliyometrik profilini olusturmak amaci ile
gerceklestirilmektedir. Bu amag dogrultuda havacilik yonetimi kavramu ile ilgili ilk yayinin 1993 yilinda
oldugu sonucuna ulasilmistir. {1k yayindan itibaren 25.12.2023 tarihine kadar ise 137 bilimsel ¢calismaya
bulunmaktadir.

Bu ¢alismanin veri seti WoS veri tabaninda yer alan “havacilik yonetimi” kavramu ile ilgili biitiin
bilimsel c¢aligmalar yer almaktadir. Veri setinde yer alan bilimsel yayinlar anahtar kelimelerine,
yayinlandiklar1 dergilere, baslik ve 6zet gibi kisitlamalar ile 6zel olarak taranmug ve elde edilen veriler
ise R-Studio programinda “Biblioshiny for bibliometrix” uygulamasinda analiz edilmistir. Analiz
sonucuna gore kavram ile ilgili yapilan bilimsel ¢alismalarin yillara gore dagilimi, yazarlara ait bilimsel
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caligma oranlari, yazar iretkenlikleri, bilimsel ¢aligmalarin yer aldigi dergilerin sayisi, yazarlara ve
bilimsel ¢aligmalara ait atif oranlari, bilimsel ¢aligmalarda kullanilan kelime frekanslar1 sonucu elde
edilen kelime bulutlari, trend topik konular gibi analiz bulgularina ulagilmigtir. R-Studio programinin
tercih edilmesinin nedeni bu tarz ¢caligmalarda elde edilen verilerin grafik ve tablolagtirilmasi konusunda
avantaj sunmasidir (Aria & Cuccurullo, 2017, s. 961).

3. Bulgular

Aragtirmada 25.12.2023 tarihinde “havacilik kavrami” kavramu ile ilgili Web of Sciences (WO0S) veri
tabanindan ¢ekilen verilere gore 137 bilimsel yayina ulagilmistir. Bu dogrultuda ulasilan bulgular
asagidaki gibidir:

Table 1. 1993-2023 yillarina ait temel bilgiler

Aciklama Sonug¢lar

Anahtar kelime Havacilik Ydnetimi
Zaman aralig1 1993:2023
Kaynaklar (dergiler, kitaplar vb.) 97

Bilimsel ¢alisma sayisi 137

Yillik ortalama bilimsel ¢aligma sayisi 7,09

Yillik bilimsel ¢aligma artis orani % 7,18

Bilimsel ¢aligsma basina ortalama alint1 sayisi 25,58

Referanslar 1

Tablo 1’de ki parametrelere gore havacilik yonetimi ile ilgili yapilan 137 bilimsel yayma ait temel
bilgiler yer almaktadir. Bu bilgiler dogrultusunda kavram ile ilgili ilk yaymn 1993 yilinda yapilmistir.
Daha sonra ise kavramla ilgili yillik ortalama yayin sayis1 7,09’dur. Diger bir ulagilan bulgu ise bilimsel
caligma sayisindaki yillik artis oran1 %7,18 olup, yayin basina ortalama alint1 orani ise %25,58’dir.

Tablo 2. 2008-2023 yillarina ait yayinlara ve yazarlara ait bilgiler

Aciklama Sonuclar
Yayin tiirii 137
Makale 100
Kitap boliimii 1
Erken Erisime ac¢ik makale 2
Editér Materyal; Kitap Bolimii 2
Bildiri 27
Siireci Devam Edenler 1
Review 4
Yazarlar
Toplam yazar sayisi 403
Tek yazarh yayin yazarlari 16
Cok yazarli yayin yazarlari 387
Yayin iceriklerine Gore Anahtar Kelimeler
Anahtar kelime (Keywords Plus (ID)) 252
Yazar anahtar Kelime (Author's Keywords
(DE)) 351

Tablo 2’de havacilik yonetimi ile ilgili bilimsel yayinlarin dagilimi yer almaktadir. Bu veriler
dogrultusunda 137 tane yayin bulunmaktadir. Bunlar 100’1 makale, 1°i kitap boliimii diger yayinlari
ise; erkan erigsime acik makale, kitap, kitap incelemesi vb. sekilde dagilim gostermektedir. Kavramla
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ilgili yayma sahip toplam 403 yazar bulunmaktadir. Bu yazarlarin yalnizca 16’s1 tek isimli yayina

sahiptir.

Articles

Year :
Sekil 1. Yillara gore yayi sayisi

Sekil 1’de havacilik yonetimi kavraminin yillara gore yaym dagilimlar yer almaktadir. Bu baglamda
kavramla ilgili ilk yayin 1993 yilinda yapilmistir. Ancak 1993 yilindan sonraki 1994 ila 1996 yillari
arasinda, 2000 yili, 2002 ila 2005 yillar1 arasinda ve 2008 yilinda kavram ile ilgili yayin
bulunmamaktadir. Bu yillardan yayin olmamasina ragmen kavrama olan ilgi 2009 yili ve sonrasinda
artarak yayin sayisinda artis gézlenmektedir. Kavramla ilgili en ¢ok yaymnin yapildigi yil ise 19 yayin

ile 2020 yilidir.

Sekil 2. Yillara gore atif dagilimi
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Sekil 2’de ise havacilik yonetimi ile ilgili yapilan yayinlarm y1l bagina diisen atif oranlar1 yer almaktadr.
1998 yilina kadar kavramla ilgili yapilan yayinlara herhangi bir atif gézlenmezken, 1999 yilindan sonra
diizenli atiflar gozlenmektedir. Ozellikle 2009 yilinda 10,4 yillin atif oram ile en yiiksek atif
gozlenmektedir.

Most Global Cited Documents

MILLER JD, 2008, ECOSYSTEMS @

RAMANA MY, 2010, NAT GEOSCI o]

MILLER C. 2013, INT J WILDLAND FIRE 3

VOGELMANN JE, 2012, REMOTE SENS ENVIRON

@

LARKIN NK, 2009, INT J WILDLAND FIRE

Documents

FINNEY MA, 2011, ENVIRON MODEL ASSESS

KANE VR, 2015, FOR ECOL MANAGE-a

KANE VR, 2015, FOR ECOL MANAGE

HURTEAU MD, 2011, BIOSCIENCE

KANE VR, 2013, FOR ECOL MANAGE

200 400
Global Citations

Sekil 3. En ¢ok atif alan yazar ve yayimlar

Miller ve arkadaslar1 (2009) yilinda “Quantitative Evidence for Increasing Forest Fire Severity” isimli
yaymlarinda 550 atif puani ile en ¢ok atif alan yayn olmustur. Bunu Ramana ve arkadaglar1 (2010)
“Warming Influenced by the Ration of Black Carbon to Sulphate and the Black- Carbon” yayini ve 197
totel atif puam ile takip etmistir. Yine Hurteau ve Brooks (2011) yilinda “Short- and Long-term Effects
of Fire on Carbon in US Dry Temperate Forest Systems” total atif puami 110, Kane ve arkadaslar1 da
(2013) yilinda “Landscape-scale effects of fire severity on mixed-conifer and red fir forest structure in
Yosemite National Park” yayini total atif puam 108 ile en ¢ok atif alan yaynlar arasinda yer almaktadir.

AU DE SO

Sekil 4. Yazar, anahtar kelime ve dergi arasindaki iliskinin ii¢ alan grafigi ile

(sankey diagrami) gosterimi

207



Yildiz, D. (2024) Akilli Ulagim Sistemleri ve Uygulamalari Dergisi Cilt:7 — Say1:2

Sekil 4’te li¢ alan grafiginin sol tarafinda yazarlar, orta kisminda anahtar kelime ve sag tarafinda ise
kavramla ilgili, yazarlarin yapmis olduklar1 yaymlarin bulundugu dergiler yer almaktadir. Bu diyagram
sekilde 3’te yer alana bu ii¢ degiskenin aralarindaki iligkiyi gostermektedir. Bu dogrultuda kutularin
bliyiikliigli ve aradaki baglarin kalinhigr degiskenlere aradaki iligkinin kuvvetini géstermektedir. Bu
baglamda havacilik yonetimi ile ilgili yapilan 2 ¢aligmanin tiimii Y1lmaz Ak’a ait olup, bu yayinlar “Fire
Ekology(1)” ve “2016 Ieee Aerospace Conference(1)” dergilerinde yer almaktadir. Sivil havacilik
yonetimi anahtar kelimesi ile ilgili 3 yayin olup Lutz Ja., Kane Vr. ve Brooks MI. yazarlarna aittir. Bu
yazarlara ait yaymlarm ortak ozellikleri ise {i¢ yayminda aym dergide “Journal of Air Transport
Management” dergisinde yer almasidir. Sekil 4’e gore en ¢ok yayin yapilan dergilerin baginda “Fire
Ecology(8)” gelmektedir. Bunu “International Journal of Wildland Fire(4)” ve “Air Craft Engineerding
and Aeropace Technology(3)” dergileri takip etmektedir.

Most Relevant Sources

INTERNATIONAL JOURNAL OF WILDLAND FIRE °
JOURNAL OF AIR TRANSPORT MANAGEMENT 0
e ccovcor @
2 INESE AUTOM, SRES:
§ 2020 CHINESE AUTOMATION CONGRE o
s
2
3
ECOLOGICAL MODELLIN T
REST DGY AND MANAGEMENT 2]

ELECTRONICS

7T\

INTERNATIONAL JOURNAL OF AVIATION AERONAUTICS AND

50
N. of Documents

Sekil 5. En ilgili kaynaklar

Sekil 5’te havacilik yonetimi ile en ilgili yayin yapan kaynaklar yer almaktadir. Sirastyla en ilgili yayin
yapan dergiler “International Journal of Wildland Fire(9)”, “Journal of Air Transport Management(7)”
ve “Fire Ecology(6)” dergileridir.

Cor
Sources

)
=}

Articles

25

FIRE ECOLOGY
ELECTRONICS

INTERNATIONAL JOURNAL OF
JOURNAL OF AIR TRANSPORT
AIRCRAFT ENGINEERING AND
2020 CHINESE AUTOMATION C
ECOLOGICAL MODELLING
FOREST ECOLOGY AND MANAGE
2016 IEEE AEROSPACE CONFE
INTERNATIONAL JOURNAL OF
INTERNATIONAL JOURNAL OF

Source log(Rank)
Sekil 6. Bradford Yasasi’nin temel kaynaklari
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Sekil 6’da havacilik yonetimi ile ilgili caligmalara en ¢ok katki saglayan kaynaklar yer almaktadir. Buna
gore en onemli katkiy1 saglayan ti¢ dergi sirasiyla sdyledir: “International Journal of Wildland Fire”,
“Journal of Air Transport Management” ve “Fire Ecology” dergileridir. Bu sonuglar sekil 5’teki en ilgili
kaynaklar1 sonucunu da desteklemektedir.

Cumulate occurrences

9

1997
9

1

3

2008

011
013
2015
201
2019
1

Sekil 7. Toksik liderlikle ilgili kaynak dinamigi

Sekil 7°de ise havacilik yonetimi kavramu ile ilgili yayinlarin bulundugu kaynaklarin zaman igerisindeki
katkilar1 yer verilmistir. Havacilik yonetimi ile ilgili kavramu ile ilgili yaym yapan en ilgili kaynaklardan
ilki “Journal of Air Transport Management” dergisinde 2001 yilinda, International Journal of Wildland
Fire” dergisinde 2009 yilinda ve “Fire Ecology” dergisinde ise 2012 yillarinda yayinlara baglamustir.

HANL"

E3
]

o®ee - *
PR |

GEREDE E- -

WANE VR - r-;r—‘;% - - ®
Year )

Sekil 8. Yazarlarin yillara gore yayin dagilimi

Sekil 8’de yazarlarin yillara gore yaym dagilimlar1 yer almaktadir. Dong X, Han L, Li Q ve Ren Z
yazarlarmin 2020 yilinda 5’ser adet yayim1 mevcuttur. Liu Y 2020 yilinda 2 adet, 2022 yilinda2 ve2023
yilinda 1 adet yaym bulunmaktadir. Lutz Ja ilk yaymmi 2013 ve 2014 yillarinda 1’er adet, 2015 yilinda
2 adet ve 2017 yilinda ise 1 adet yayin1 bulunmaktadir. Yilmaz Ak ilk yayinimi 2011 yilinda sonraki
yaymi 2018 yilinda, 2019 yilinda ise 2, 2020 yilinda 1 yaymi bulunmaktadir. Brooks Ml 2011,
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2013,2014 ve 2017 yillarinda birer yayini bulunmaktadir. Kane Vr ise 2013 ve 2014 yilinda birer, 2015
yilinda ise 2 adet yayini bulunmaktadir.

% of Authors

40

n

[
Documents written

Sekil 9. Lotka yasasi ile yazar iiretkenligi

Sekil 9 Lotka Yasasina gore yazarlarin bilimsel tiretkenliklerini gostermektedir. Dolayisiyla havacilik
yonetimi kavramu ile ilgili yayin yapan yazarlarm %84,1°1 bir yayin yaptig1, iki yayin yapan yazarlar
%38,2 oraninda, ii¢ yayin yapan yazar orani %4,7 oranminda, dort yayimn yapan yazar orant %1,2 ve bes
yayin yapan yazarlarin orani ise %1,7 oranindadir.

Sekil 10. Ulkelere gére bilimsel iiretkenlik dagilimi

Sekil 10°da kavram ile ilgili yapilan yaymlarm iilkelere gore dagili yer almaktadir. Haritada yer alan
renkler mavi tonlar1 ve gri seklinde yer almaktadir. Renk dagilimi makale sayisini temsil etmektedir.
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Ozellikle gri renk o iilkelerde kavram ile ilgili yaymnmn bulunmadigim gostermektedir. Mavi renk ise
koyudan agiga dogru gitmektedir. Koyu mavi renge sahip olan en ¢ok yaymnin yapildigin yapan ilk ii¢
tilke Amerika Birlesik Devletleri 243 yayin, Cin 132 yaym ve Tiirkiye 48 yayindir. A¢ik mavi rengi ile
yer alan Avusturalya 12 ve Italya 9 yayn ile takip etmektedir. Yunanistan ve Ispanya 7, Birlesik Krallik
6, Kanada ve Hindistan 5, Brezilya, Almanya ve Fransa 2’ser yayina sahiptir.

Most Cited Countries

oooooo

2000
N. of Citations

Sekil 11. Ulkelere gére atif dagilimu

Sekil 11°de da goziiktiigii gibi en ¢ok atif alan iilke 3032 atifla Amerika Birlesik Devletleri olmustur.
Bunu 154 atifla Cin ve 92 atifla Tirkiye takip etmektedir. Dolayisiyla Tirkiye’nin havacilik yonetimi
kavramu ile ilgili yapilan yayimlarina atiflarda diinyada ii¢lincii sirada yer aldigi gézlenmektedir. Sekil
10’da kavramla ilgili bilimsel tiretkenlik dagilimina dogru oranda atiflarin oldugu gozlenmektedir. Buda
literatiirde yeni gelisim gosteren kavrama olan ilgilinin iilkemizde olduk¢a fazla oldugunu
gostermektedir.

- ®
Y o
= han k )
" Q Long 2 !‘:O.’fh mp 2 ) d .
- A ®
. mcgaughey. rj povak na &
renz . - :
& Iutz la church Il}
kane vr ooV "
~ | I - "(
smith df kart® it )

Sekil 12. Ortak yazarlik ag1
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Sekil 12°de yazarlarin kavram ile ilgili yapmis olduklar1 yayinlarin is birliklerini gostermektedir.
Yazarlar arasmndaki baglarm kalinhg yazarm yapmis oldugu is birliklerinin yogunlugunu
gostermektedir. Yukarida bulunan kiimelenmelerde birlikte yayin yapan yazarlari gostermektedir. Bu
baglamda en ¢ok yazara ve is birligine sahip grup gri renkteki Lutz Ja yazar ve kiimesine ait olan
olusumdur. Yesil ve kirmizi kiimelenmedeki yazarlarinda is birligi ile yaptiklar1 yayin yogunlugu
dikkate deger orandadir.

civil Iatlon ma anemem
v--::;..-,.....l“ ’Hre sever?tv e

i salna "{a.r::,.x#,.. 5
aviation ha ment

risk management f|re'§|érra n'b ada

..g.._._,mana gement: . oreenss
‘management and strategy

IEINNSA SR CILAY miyag-sevesity e

ry 17 3¢ b0
satety mansyrnsat syilen

Resim 1. En sik kullanima gore kelime bulutu

Resim 1’de yazarlarin anahtar kelimelerine gore olusan kelime bulutu yer almaktadir. Havacilik
yoOnetimi kavrami 12 frekans agirligi ilk siradadir. Bunu havacilik 8 ve havacilikta atesleme 7 frekans
ile takip etmektedir.

tion management )
risk management - .
t @
Term frequency
civil aviation management .
£ ® 6
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2011
2013
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2017
2019
2021

Year

Sekil 13. Trend topic

Sekil 13°te havacilik yonetimi ile ilgili trend olan anahtar kelimeler yer almaktadir. Havacilik yonetimi
2020 yilinda 12 frekans, risk yonetimi 2019 yilinda 5 frekans, havacilik 2016 yilinda 8 frekans, sivil
havacilik yonetimi 2015 yilinda 5 frekans agirligi bulunmaktadir. Havacilik kavrami 2013 ve 2019
yillarinda trend olan bir kavram iken, 2019 y1l1 sonrasi kavram havacilik yonetimi olarak yer almaktadir.
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4. Sonu¢

Literatiirde farkli agilardan ele alinan havacilik yonetimi kavrami yeni gelisim gosteren bir sektor olarak
karsimiza ¢ikmaktadir. Literatiirde kavramla ilgili olan ¢aligmalarin farkli agilardan incelenmesi diger
caligmalara da 151k tutmaktadir. Kavram yeni gelismis olsa da literatiirde bilimsel olarak ilk defa 1993
yilinda yer almaktadir. Bilimsel olarak 1993 yilinda anilmasina ragmen devam eden diger ii¢ y1l boyunca
kavram ile ilgili higbir yayin yapilmamistir. Hatta 2000 ila 2003 yillar1 aras1 ve 2008 yillinda da
kavramla ilgili yayin bulunmamaktadir. 2009 y1li sonrasi ise kavrama olan ilgi oldukg¢a artmistir. Genel
olarak 1993 ila 2023 yillar1 arasindaki yayin sayilarina bakildiginda kavram ile ilgili y1llik ortalama
yayin artis orant %7,18’dir. Yayin basina ortalama alinti orani ise %25,58’dir. En yiiksek atif 10,4 orani
ile 2009 yilinda, en fazla yayin ise 19 bilimsel ¢aligma ile 2020 yilidir. Kavramla ilgili ¢aligma yapan
sayis1 403 yazar olup bunlarm 16’simin yalnizca kendisine ait yaymi bulunmaktadir.

Havacilik yonetimi kavramu ile yapilan bilimsel yayilarin diinya {izerindeki iilkelerdeki dagilimina gore
Amerika Birlesik Devletleri 243, Cin 132 ve Tiirkiye ise 48 yayina sahiptir. Buda {ilkemizin en ¢ok
yayma sahip Ugiincii lilke olarak kavrama olan ilgisini gostermektedir. Bu sonuca paralel olarak,
tilkelerin atif oran1 dagiliminda da en ¢ok atif alan iilke 3032 atifla Amerika Birlesik Devletleri olmustur.
Bunu 154 atifla Cin ve 92 atifla Tiirkiye takip etmektedir.

Sonug olarak havacilik yonetimi kavramina olan ilginin Tirkiye de goz ardi edilemeyecegi ve kavrama
olan ilgilinin iilkemizde olduk¢a fazla oldugunu gostermektedir. Bu ¢alismadan WoS veri tabaninda yer
alan bilimsel ¢aligmalar veri setini olusturmaktadir. Daha sonraki ¢alismalarda bu veri setindeki
caligmalarin bilimsel alanlarina veya sektorlerine gore kisitlanarak analiz edilebilir. Yine ek olarak farkl
veri tabanlarindaki kavram ile ilgili yayinlarda ¢alismaya dahil edilebilir.

Arastirmacilarin Katki Oram Beyam

Yazar tek basina hazirlamis ve diizenlemis olup sorumlu yazar kendisidir.

Destek ve tesekkiir beyam

Calisma herhangi bir destek almamistir. Tesekkiir edilecek kisi ya da kurum bulunmamaktadir.
Cikar Catismas1 Beyam

Calisma kapsaminda herhangi bir kurum ya da kisi ile ¢ikar gatismasi bulunmamaktadir.
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Ozet: Uzun menzil (LoRa) teknolojisi, diisiik gii¢ tiiketimiyle uzun mesafelere veri iletme yetenegi
sunarak nesnelerin interneti (10T) uygulamalarina 6nemli katkilar saglamaktadir. Diisiik giiclii genis
alan ag1 (LPWAN) tabanli protokoller, IoT cihazlar1 arasinda kiigiik veri paketlerinin uzun mesafelerde
iletimini miimkiin kilmaktadir. LoRa, cografi engeller, dogal afetler veya insan kaynakli kesintiler gibi
olaganiistii durumlarda, kisa menzilli radyo iletigim sistemlerinin yetersiz kaldig1 bolgelerde kritik bir
iletisim araci olarak &ne c¢ikmaktadir. Bu ¢alismada, Akilli Ulagim Sistemleri’nin (AUS) kesintisiz
isleyisini desteklemek amaciyla, disiik giic tiiketimiyle uzun mesafeli veri iletimi saglayan LoRa
teknolojisinin uygulanabilirligi incelenmistir. 3 km menzile kadar saglanan iletisimle, model uydu
iizerindeki aviyonik sistem sensorlerinden elde edilen veriler, LoRa modiilleri araciligiyla yer
istasyonuna basaril1 bir sekilde iletilmistir. Buna ek olarak, model uydu iizerinde yer alan kamera sistemi
tizerinden ger¢ek zamanli gortintii aktarimi yapilmustir. Sonuglar, 700-600 metre araliginda irtifa ve 3
km menzile kadar yapilan saha testleriyle, LoRa teknolojisinin diisiik maliyetli uydularla kesintisiz veri
iletimi ve sistem siirekliligi i¢in uygun bir ¢6ziim sundugunu gostermektedir.

Anahtar Kelimeler: Akilli ulasim sistemleri, LORa, haberlesme, uydu sistemi

The design of a LoRa-based telemetry data transmission system for intelligent
transportation systems

Abstract: LoRa technology provides significant contributions to 10T applications by enabling long-
distance data transmission with low power consumption. LPWAN protocols make it possible to transmit
small data packets over long distances between 10T devices. LoRa emerges as a critical communication
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1. Giris

Glinliimiiz insani uzayla i¢ i¢edir ve yasamini alistig1 diizey ve kalitede slirdiirebilmesi i¢in uzaya bagimli
hale gelmistir (Topcu, 2017). Uzaktan algilama verileri islenerek yeryiizii ile ilgili ¢ok daha ¢abuk,
diisiik maliyetli ve saglikli veriler elde edilmektedir. Bu ¢aligmalar ayrica ulasilmasi zor ve ¢ok biiyiik
alanlar lizerinde ¢aligmalar yapabilmeye imkan vermektedir.

Uydular, Diinya g¢evresindeki yoriingelerinde hareket ederlerken, sensorler (radyometre) tarafindan
kaydedilen verileri belirli araliklarla yer istasyonlarina gonderirler. Gelisen uydu sistemleri verileri
yiiksek ¢oziiniirlitkkte ve ¢ok daha kisa siirelerde elde etmeye imkan saglamasi agisindan birgok bilim
insan1 tarafindan tercih sebebi olmaktadir (Aksoy vd., 2017). Uydularin en 6nemli faydalarindan biri,
yer gozlem istasyonlar1 kurulamadigi igin verilerin toplanamadigi okyanus, ¢6l, daglik alanlar, kutup
bolgeleri vs. gibi ¢ok genis alanlardan meteorolojik bilgilerin elde edilmesidir. Uydu haberlegsme sistemi
cift yer istasyonu ve en az bir uydudan olugsmaktadir. Uyduya mikrodalga sinyalleri gonderen bir verici
yer istasyonu bulunmakla birlikte, bu sinyalleri uydudan alan bir de alic1 yer istasyonu bulunmaktadir.
Burada 6nemli olan sinyallerin uygun frekans ve giice gore alinmasidir. Uydular sayesinde telemetri
verilerinin iletimi saglanabilmektedir.

Telemetri bir sistem ya da tesisin, uzaktan kablo veya kablosuz olarak izlenmesi veya kontrol
edilmesidir. Haberlesme teknolojilerinde son yillarda biiyiik ilerlemeler kaydedilmesi sayesinde
glinlimiiz telemetri uygulamalarinda ¢ogunlukla kablosuz haberlesme tercih edilmektedir (Basarslan
vd., 2016). Radyo frekans1 (RF), gelisen teknoloji ile giiniimiizde yaygin olarak kullanilmaktadir. Cok
uzun mesafedeki sehirler ve lilkeler arasindaki 6l¢me ve kontrol igin mobil iletisim i¢in kiiresel sistem
(GSM) ve uydu sistemleri kullanilir. Sehir i¢i mesafeler i¢in, mobil telsiz, cep telefonu veya RF iletisim
modiilleri 6lgme ve kontrol icin kullamlmaktadir (Ozden ve Dursun, 2010). Bununla birlikte, diisiik gii¢
tiikketimi ve uzun mesafe veri iletimi saglayan LoRa teknolojisi, 6zellikle genis alanlarda kiigiik veri
paketlerinin etkin bir sekilde iletilmesi gereken uygulamalarda o6nemli bir ¢6ziim sunmaktadir
(Centenaro vd., 2016). LoRa, genis kapsama alani ile sehir i¢i ve kirsal alanlardaki iletisim ihtiyaglarini
karsilayarak, GSM ve RF teknolojilerinin yetersiz kaldig1 yerlerde diisiik maliyetli ve enerji verimli bir
alternatif olarak one ¢ikmaktadir. LoORaWAN, diisiik veri hizlar1 gerektiren ve yiiksek bant genisligi
talep etmeyen uygulamalar igin idealdir. Bu ozellik, Akilli Ulagim Sistemlerinde (AUS), araglarin ve
altyapinin birbirleriyle iletisimi igin kritik dneme sahiptir (Manzoni vd. 2019). Yiiksek frekans kullanan
kablosuz haberlesme sistemlerinde birbirini fiziksel olarak gorebilen iki nokta arasinda iletisim
saglanmaktadir. Iletisim i¢in ya birbirini géren iki noktaya ya da bu iki noktay1 da gérebilen iigiincii bir
noktaya ihtiyag vardir. Ornegin, araclarm konum bilgilerini, hizlarini ve diger énemli verileri toplamak
icin LoRaWAN tabanli sensorler kullanilabilir. Bu sensorler, verileri merkezi bir sunucuya ileterek,

trafik yonetimi ve yol giivenligi gibi konularda gergek zamanli analizler yapilmasina olanak tanir (Xiao
vd., 2022).

Cevresel parazitler ve diger elektronik cihazlardan gelen sinyaller, veri iletimini olumsuz etkilemektedir.
Ayrica, anten ile alic1 arasindaki mesafe arttikca sinyal zayiflamakta, bu da veri iletiminde gecikmelere
ve kayiplara yol agabilmektedir. Yol aginin ¢evresinde bulunan yapilar ve engellerin etkileri, sinyalin
cesitli ylizeylerden yansimasi sonucu giiriiltii ve bozulmalara neden olabilirken, iyonosferik ve
atmosferik hava kosullar1 da sinyal yayilimini etkileyerek sinyal giicii ve iletim kapasitesini
azaltmaktadir. Bu durumun etkileri giintimiizde 6zellikle kiiresel navigasyon uydu sistemi (GNSS) ve
kiiresel konumlandirma sistemi (GPS) gibi kiiresel konumlama ve seyriisefer sistemlerinin
hassasiyetinin 6nemli 6l¢iide azalmasi gibi ¢ok ¢esitli sorun ve zorluklar olarak karsimiza ¢ikmaktadir.

Veri iletiminde meydana gelebilecek bu sorun ve zorluklar AUS kapsaminda kullanilan sistemler
agisindan dnemli sonuglara neden olabilir. Ulkemizde AUS kapsaminda trafik giivenligi ve ydnetiminin
en Ust seviyedeki ornekleri olan Trafik Yonetim Merkezleri otoyollar ve sehirlerimizde yer alan yol
aglarmin miimkiin olan en giivenli, en diisiik gecikme ve sikigiklik ile yani en yiiksek hizmet seviyesi
ile hizmet sunmasin1 amaglar. Trafik Yonetim Merkezleri yol ag1 ve kentsel altyapida yer alan
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kameralar, sensorler, [oT cihazlar1 ve iletisim sistemlerinden faydalanir. Ancak, mevcut Trafik Yonetim
Merkezleri incelendiginde en yeni ve kapsamli sistemlerin dahi karasal kablolu iletisim sistemleri -0r.
fiberoptik sistemler- kullandig1 gériilmektedir (Ulastirma ve Altyapi Bakanligi, 2023; Anadolu Ajansi,
2021; Kahramanmaras Biiyiliksehir Belediyesi, t.y.). Karasal kablolu iletisim sistemlerinin olduk¢a uzun
Oomiirlii oldugu ve bant genisligi maliyeti agisindan ¢ok 6nemli avantajlari vardir. Bununla birlikte, insan
kaynakl1 ya da dogal afetler neticesinde karasal kablolu iletisim sistemleri kaspsamindaki iletisim hatlar
fiziki olarak zarar gorebilir. Bu ise, iletisim sistemlerinin performansini etkileyebilecegi gibi tamamen
calismasini da durdurabilir.

Ozellikle afet sonras1 zamanin kritik oldugu miidahale asamasinda, miidahale ekiplerinin etkili yonetimi
her agidan 6nem arz eder. LORaWAN teknolojisi ile, sinirli bir cografi alanda dahi olsa, kii¢iik boyuttaki
sayisal verinin uzun mesafelerde hizl iletimi ile miidahale ekiplerinin etkin sekilde yonetilebilecegi
ortaya konmustur (Bianco vd., 2021). Benzer sekilde, LoRaWAN teknolojisini kullanan uydular mevcut
AUS altyapisinda bulunan sistemleri iletisim sistemlerine eklenebilir ve destekleyici bir ¢éziim olarak
gerektiginde devreye alinabilir. Bu ¢oziimler, afet bolgelerinde son derece degerli olan elektrik enerjisini
mimkiin olan en verimli sekilde kullarak uzun mesafeli satisal iletisimi miimkiin kilar ve iletigimi
kesilen bolgelere hatlar tekrar baglanana kadar kullanilabilir.

Kablosuz iletisim kusursuz degildir ve iletisim performansi bir ¢ok etmene baglidir. Bu etmenler anlik
veri iletigiminin olduk¢a 6nemli oldugu trafik yonetimi ve altyapi izleme gibi kritik uygulamalarda
potansiyel olarak veri dogrulugunu ve giivenilirligini tehdit edebilir. Bu nedenle, kablosuz iletisim
performansini dogru bir sekilde degerlendirmek ve AUS altyapisinin kesintisiz iletisimini saglamak igin,
gercek diinya kosullarinda yapilan saha testleri biiyilk Onem tasimaktadir. Bu testler, teorik
hesaplamalarla elde edilen kapasite tahminlerini dogrulamak agisindan kritik rol oynar.

Bu ¢aligma kapsaminda model uydu tasarlanmus, iiretilmis ve saha testleri gergeklestirilmistir. Uydu ve
yer istasyonu arasinda kablosuz iletisim sistemi ¢ift yonlii olarak incelenmis ayni zamanda hata kodlar1
algoritmasi ile veri aktariminin denetlenmesi saglanmistir. Bu sayede gelen verilerin kontrolii
yapilmaktadir. Carkli ayrilma sistemi ile gorev yiikii ve tagiyicinin ayrilmasi gergeklestirilerek, pasif
inig sistemi ile uygun bir inis yapmasi ve veri aktarimi saglanmaktadir. Model uydu tasarmminin canli
goriintii ve veri aktarimi yapabilmesi i¢in uzun mesafeli haberlesme modiilleri kullanilmistir. Tasarlanan
model uydunun haberlesme sistemi i¢cin E-BYTE E32 433T30D LoRa modiilii kullanilmistir. Lora
modiilleri kablosuz olarak uzak mesafelere diisiik gii¢ tiiketimi ile veri aktarimi saglamaktadir. LoRa,
kiigiik veri pargalarinin diisiik bit hizlariyla iletildigi uygulamalar i¢in son derece ideal bir yontemdir.
LoRa, 1 GHz frekans bandinin altinda calisir ve dagitildigi bolgeye bagl olarak 433 MHz, 868 MHz
veya 915 MHz radyo bantlarin1 kullanmaktadir (E1 Chall vd., 2019). Model Uydu 500-700 metre
irtifadan serbest birakilmis ve 400 metrede iki parcaya ayrilarak c¢ift yonli haberlesme
gerceklestirmistir. Inisi sirasinda, yer istasyonuna veri aktarmmi saglanmis ve kesintisiz iletisim
kurulmustur. Uydu, canli gériintii ve veri aktarimi i¢in uzun mesafeli haberlesme modiilleri kullanmustir.

Bu modiiller, uydunun aviyonik sisteminden gelen verileri yer istasyonuna aktararak anlik analiz
yapilmasimni saglamistir. Bununla birlikte, gelistirilen LoRa tabanli telemetri sistemi, AUS’ta
kullanilmak iizere uydu teknolojileriyle entegre edilebilir. Uydu tabanl iletisim, genis alanlari
kapsayarak, akilli ulasim altyapisinin siirekliligini ve gilivenilirligini artirir. Diisiik enerji tiiketimi ve
uzun menzil gibi 6zellikleriyle LoRaWAN, akilli sehirlerin ulasim aglarinda kritik bir rol oynayacak,
gelecekte daha giivenli ve verimli bir ulasim sisteminin olusturulmasina katki saglayacaktir.

Glinliimiiziin hizla artan iletisim ve veri iletim ihtiyaclarina yanit verebilecek diislik maliyetli ve enerji
verimli ¢dziimler sunma gereksiniminden kaynaklanmaktadir. Ozellikle afet durumlarinda ve genis
alanlara yayillmis altyapilarda kesintisiz ve giivenilir haberlesme ihtiyaci kritik bir 6nem tagimaktadir.
Geleneksel karasal iletisim sistemleri, dogal afetler veya insan kaynakli miidahaleler sonucu
islevselligini yitirebilirken, LoRa ve uydu tabanl iletisim sistemleri, bu gibi durumlarda alternatif
¢oziimler sunmaktadir. LoRa teknolojisinin diisiik gii¢ tiiketimi ve uzun menzilli veri iletimi kabiliyeti,
hem akilli ulasim sistemlerinde hem de acil miidahale operasyonlarinda 6nemli bir potansiyel
sunmaktadir. Bu c¢alisma, bu teknolojilerin entegrasyonu ile gilivenilir bir iletisim altyapisi
gelistirilmesine katki saglamay1 amaglamaktadir.
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Caligmanin ikinci bolimiinde model uydu tasarimi ve islevselligi igin kullanilan malzeme segimi ve
sistem hesaplamalari ele alinmistir. Ugiincii boliimde, model uydunun haberlesme sistemlerinin tasarimi
ve LoRa tabanli veri iletim sistemi detaylandirilmistir. Son bdliimde ise elde edilen bulgular ve sonuglar
verilmistir.

2. Yontem

Bu calismada, model uydunun tasarimi ve islevselligi i¢in gerekli malzeme se¢imi ve sistem
hesaplamalari, belirli miithendislik ilkeleri dogrultusunda yapilmigtir. Model uydunun yapisal
dayaniklilig1 ve agirlik optimizasyonu igin karbon fiber ve aliiminyum alagimlar1 gibi hafif ve yiiksek
mukavemetli malzemeler tercih edilmistir. Gorev yiikii ve tastyicit bolmeleri, darbe dayanmikliligi ve
termal stabiliteyi saglamak amaciyla kompozit malzemelerle giiclendirilmistir. Enerji verimliligini
saglamak {izere yliksek enerji yogunluguna sahip lityum polimer (Li-Po) bataryalar segilmis ve bu
bataryalar, uydunun gorev siiresi boyunca enerji ihtiyacimi karsilayacak sekilde optimize edilmistir.
Gorev yikii, ¢esitli sensorler ve veri toplama cihazlarindan olugmakta olup, bu sensdrler LoRa tabanli
haberlesme sistemi ile donatilmistir. E-BYTE E32 433T30D LoRa modiilleri kullanilarak tasarlanan
haberlesme sistemi, 433 MHz bandinda galisarak genis bir kapsama alaninda uzun menzilli ve disiik
giic tiiketimli veri iletimini saglamaktadir. Ayrica, hata kodlar1 algoritmasi kullanilarak veri iletiminin
giivenligi artirilmistir. Uydu, belirli bir irtifada ¢arkli ayrilma sistemi ile gérev yiikii ve tasiyicidan
ayrilmakta, inisi sirasinda parasiit sistemi ile kontrol edilen bir hizla giivenli bir sekilde yere inmesi
saglanmaktadir. Parasiit sisteminin boyutlari, uydu agirligi ve inis hizina gére hesaplanmis, bdylece
uydunun giivenli ve kontrollii bir inig yapmas1 hedeflenmistir.

2.1. Mekanik Tasarim

Model uydu tasiyici ve gorev yiikii olmak {izere iki ana bilesenden olugmaktadir. Tastyici tek bir parga
halindedir. Tastyici, gérev yiikiinii kapsayacak sekilde tasarlanmustir. Gorev yiikii Ust kapak, ara
katmanlar ve alt tabladan olusmaktadir. Bu parcalar model uydunun iskeletini olusturmaktadir. Ug
boyutlu (3D) yazic1 kullanilarak basilan olan gorev yiikii ve tagiyici pargalar1 Polylactic Acid (PLA) tiirii
olan Light Weight (LW) filament ile tretilmistir. Sekil 1’de goérev yiikii ve tasiyici tasarimi
gosterilmektedir.

Sekil 1. Gorev yiikii ve tasiyici tasarimu.

Model uydu, 400 m irtifaya ulagtiktan sonra, tasiyict igerisinden gorev yiikiiniin ayrilmasi
beklenmektedir. Gorev yiikii tamamen otonom olarak ayrilmistir. Ayrilma sisteminin gerceklesmesi igin
kramayer ve diiz pinyon ve digli sistem kullanilmigtir. Pinyon ¢arka bagli olarak hareket eden kramayer
disli gubuklar, servo motordan gelen 180°’lik ac1 ile hareket edecek, bu sayede iistteki kramayer disli
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saat yoniiniin tersine ve alttaki kramayer disli saat yoniine doniis saglayarak ayrilma iglemi yapilmistir.
Sekil 2’de ayrilma mekanizmasi tasarimi gosterilmistir.

Kamera

Sekil 2. Ayrilma mekanizmasi tasarimu.

2.2. Aviyonik Sistem

Model uydu, veri aktarimu i¢in tastyici ve gorev yikil aviyonik sistemlerini otonom olarak kullanmustir.
Gorev yiikii aviyonik sisteminde, Raspberry Pi Pico mikrodenetleyicisi tercih edilmistir. Tablo 1’de
Raspberry Pi Pico mikrodenetleyicisi 6zellikleri verilmistir.

Tablo 1. Raspberry Pi Pico mikrodenetleyicisi.

Ozellik

Detay

Mikrodenetleyici
Islemci

Veri Isleme
Depolama

GPIO Pin Sayist

Iletisim ve Kontrol

Desteklenen Programlama Dilleri
Enerji Kaynagi1 Destegi

Calisma Sicakligi

Kritik Gorevler

Raspberry Pi Pico
Cift ¢ekirdekli ARM Cortex MO+
Verileri hizli bir sekilde isleyebilme yetenegi

256 KB RAM ile veri isleme siireclerini
destekleme

30 adet GPIO pini

Sensorler ve diger bilesenlerle iletisim kurarak
uydunun ¢esitli sistemlerini kontrol etme

MicroPython, CircuitPython, C/C++, Arduino

1.8V ila 5.5V arasinda degisen girig voltajlarmi
3.3V'a  doniistiirebilen  yerlesik  buck-boost
doniistiiriicti
20°C - 70°C arasinda, zorlu ¢evre kosullarina
dayaniklilik

Model uydu tizerindeki kritik gorevleri basariyla
yerine getirme ve verileri etkin bir sekilde iletme

Tabloya ek olarak, Raspberry Pi Pico’nun sundugu esnek gelistirme ortami, uydu islevlerinin
programlanmasini olduk¢a kolaylastirmistir. Pico’nun genis GPIO pin destegi, model uydunun ¢ok
sayida sensor ve bilesenle sorunsuz bir sekilde entegre olmasim saglamustir. Ayrica, buck-boost
doniistiiriicli sayesinde farkli enerji kaynaklari ile ¢caligma yetenegi, Pico’nun uydu {izerindeki enerji
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verimliligini artirmistir. Zorlu ¢evre kosullarinda caligabilme kapasitesi ise, Pico’nun yiiksek sicaklik
farklarina ragmen giivenilir performans gostermesine olanak tammaktadir.

Gorev Yyiikiinden elde edilen temel veriler basing, nem ve sicaklik degerleridir. Bu verilerin toplanmas1
icin BME280 sensorii kullanilmistir. Tablo 2°de BME280 sensorii 6zellikleri verilmistir.

Tablo 2. BME280 sensor ozellikleri.

Sensor BME280

Sensor Ozellikleri Sicaklik, basing ve nem dl¢limleri yapabilme

Haberlesme Protokolleri I2C ve SPI protokollerini destekleme

Basing Dogrulugu +/- 1 Pa

Kullamm Alanlar Atmosferik  kosullar1 izleme, meteorolojik
degerlendirmeler

BME?280 sensorii, Raspberry Pi Pico ile birlikte model uyduda atmosferik kosullarin izlenmesi igin
kritik bir rol oynamaktadir. Sicaklik, basing ve nem olgiimleri yaparak elde edilen veriler, 6zellikle
meteorolojik degerlendirmelerde 6nemli bilgiler saglamaktadir. BME280’tin 12C ve SPI haberlesme
protokollerini desteklemesi, mikrodenetleyici ile sorunsuz bir entegrasyon sunarken, yiiksek basing
dogrulugu (+/- 1 Pa), elde edilen verilerin giivenilirligini artirmaktadir. (Karapmar vd. 2016). Bu
sensoOriin kullanimi, model uydu tizerindeki hava durumu izleme gorevlerini basarili bir sekilde yerine
getirmektedir.

Model uydunun ivme ve jiroskop verileri i¢in goérev yiikiine MPU6050 modiilii yerlestirilmistir. Bu
modiil, I2C haberlesme arayiizii ile 6 eksende ol¢iim yapabilmektedir (Sentiirk vd. 2019). Tablo 3’te
MPU6050 modiilii 6zellikleri verilmistir.

Tablo 3. MPU6050 sensor ozellikleri.

Sensor MPUG050

MPU6050 Ozellikleri fvme odlger ve jiroskop sensorii ile 6 eksende
hareket algilama

Haberlesme Protokolleri 12C protokolii ile haberlesme

Kullanim Alanlari Model uydunun hareket ve yonelim verilerini
toplama

Ayrica, uydu konumunun ve irtifasinin belirlenmesi amaciyla GPS Modiilii olarak GY-NEO-7M
sensoril kullanilmigtir. GY-NEO-7M GPS modiilii, model uydunun konum, irtifa ve hiz verilerini hassas
bir sekilde takip etmek i¢in kullanilmigtir. Bu modiil, ugus sirasinda elde edilen verileri giivenilir bir
sekilde isleyerek yer istasyonuna iletir. GY-NEO-7M, gesitli haberlesme protokolleri ile Raspberry Pi
Pico’ya sorunsuzca entegre edilebilir ve uydunun yon ve hareket bilgilerini saglamak amacryla gorev
yapar. Uydunun ugus sirasinda konumunu stirekli izleyerek, giivenli inis ve kurtarma operasyonlarinda
kritik bir rol iistlenir. Tablo 4’te GY-NEO-7M sensor Ozellikleri verilmistir.

Tablo 4. GY-NEO-7M sensor ozellikleri.

GPS Modiilii GY-NEO-7TM

GPS Ozellikleri 56 kanal kapasitesi, 10Hz gilincelleme hizi, 500
m/s hiz limiti

Haberlesme Protokolleri UART ve 12C protokollerini destekleme

Kullanim Alanlar Konum, irtifa ve iz takibi
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E-BYTE E32 433T30D modiilii, model uyduda uzun mesafeli veri iletimi ve diisiikk gii¢ tiiketimi
gerektiren haberlesme gorevlerini yerine getirmektedir. Modil, ¢ift yonlii veri iletisimi saglayarak
uydudan elde edilen sensor verilerinin giivenilir bir sekilde yer istasyonuna iletilmesini saglar. UART
protokolii ile Raspberry Pi Pico’ya entegre edilen bu modiil, yliksek sinyal hassasiyeti ve giivenilir veri
iletimi sayesinde genis alanlarda etkili bir ¢6ziim sunar. LoRa teknolojisi ile donatilmig bu modiil,
uydunun ugus sirasinda Kkesintisiz veri aktariminm1 miimkiin kilar. Tablo 5°te E-BYTE E32 433T30D
sensOr Ozellikleri verilmistir.

Tablo 5. E-BYTE E32 433T30D sensor Ozellikleri.

LoRa Modiilii E-BYTE E32 433T30D

Modiil Ozellikleri Diisiik gii¢ tiiketimi, uzun mesafeli veri iletimi,
yiiksek sinyal hassasiyeti

Haberlesme Protokolleri UART protokoliinii destekleme

Kapsama Alani Acik alanda 5 km’ye kadar mesafe

Giig Tiketimi Maksimum 140 mA

Kullanilan Entegre SX1278 LoRa entegresi

Kullanmim Alanlari Veri iletimi, ¢ift yonlii iletisim, model uydu

haberlesme sistemleri

Sekil 3 ve Sekil 4, gorev yiikii ve tastyici aviyonik sistemlerinin elektronik devre tasarimlarini gésteren
semalardir ve bu semalar, Altium programi kullanilarak olusturulmustur. Sistemin ¢alisma zamanini ve
saat dogrulugunu saglamak amaciyla RTC DS3231 (Real Time Clock) modiilii kullanilmistir. Bu modiil,
+/- 1 dk/y1l saat hassasiyeti ile dogru veriler sunmaktadir.

Sistemin gii¢ tikketimi Motorobit voltaj sensorii ile izlenmis ve DC 0-25V arasi dl¢iim yaparak sistem
stabilitesi kontrol edilmistir. Verilerin kaydedilmesi amaciyla Micro SD kart modiilii kullanilmis ve
SPI haberlesme protokolii sayesinde SD kartlara okuma ve yazma islemleri gergeklestirilmistir.

Tastyict ve gorev yiikil ayrildiktan sonra veri aktariminin kesintisiz siirdiiriilmesi i¢in tagiyiciya ayri bir
elektronik sistem tasarlanmis ve Raspberry Pi Pico mikrodenetleyici kullanilmigtir. Tastyici aviyonik
sistemi, gorev yiikiine verileri iletmek i¢cin E-BYTE E32 433T30D modiiliinii kullanarak ¢ift yonlii veri
aktarimini saglamistir.
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2.3. Haberlesme Sistemi

AUS’un gelisimi ve yayginlasmasi ile, kablosuz veri iletisiminde daha uzun mesafelere daha az enerji
harcayarak ulasima gereksinimi giderek artmaktadir. Bu gereksinimi karsilamak iizere, diisiik giic
tiketimi ve genis kapsama alani sunan LoRa teknolojisi, veri iletiminde kritik bir rol oynamaktadir.
LoRa, 6zellikle biiyiik alanlarda kiiglik veri paketlerinin etkin bir sekilde iletilmesi gereken uygulamalar
icin idealdir ve akilli sehirlerin ulagim altyapisinda 6nemli bir bilesen haline gelmistir.

Model uyduda iki asamali bir haberlesme sistemi uygulanmustir. Birinci asama tagiyic1 — gérev yiiki ve
ikinci asama gorev ylikili — yer istasyonu arasindaki haberlesme seklinde ger¢eklesmektedir.

2.3.1. LoRa ve LoRaWAN

LoRa terimi, diisiik enerji tiiketimiyle uzun mesafelere veri iletimi saglayan ag yapilar1 kurmay1
hedefleyen bir kavramdir. LoRa, Semtech’in tescilli bir yayilmis spektrum modiilasyon teknigidir.
LoRa’nin fiziksel katmani, herhangi bir medya erisim kontrolii (MAC) katmani ile kullanilabilmektedir;
ancak LoRaWAN, basit bir y1ldiz topolojisinde bir ag isleten dnerilen MAC katmanidir (Bor vd. 2016).
Sekil 5°de LoRa haberlesme sistemi semasi belirtilmistir.

& &

Bireysel Alicilar

/,

Toplu Alicilar

Stiidyo

y «A») @
] [

Sekil 5. LoRa haberlesme sistemi semasi.

LoRa, uzun mesafe iletimi saglamak i¢in kullanilan bir kablosuz modiilasyon yontemi veya bir diger
ifadeyle fiziksel katmandir. Gelencksel kablosuz haberlesme teknolojilerinde fiziksel katmanda
kullanilan Frekans Kaydirmali Anahtarlama (FSK) modiilasyonunun aksine, LoRa, Chirp Spread
Spektrum (CSS) modiilasyonunu kullanmaktadir. Bu sayede, diisiik gii¢ tiiketimi yetenegine ek olarak
uzun iletim mesafesi avantaji da saglamaktadir (Yasintimur vd. 2021). Ag gegitleri, standart IP
baglantilar1 araciligiyla ag sunucusuna baglanir ve seffaf bir koprii gorevi gorerek RF paketlerini IP
paketlerine doniistiiriir veya bunun tam tersini gergeklestirir (Erkan vd. 2022). Bu baglamda, ag gegitleri
sunucu ile ug cihazlar arasinda ¢ift yonlii bilgi transferi saglar.

LoRaWAN, LoRa teknolojisinin ag mimarisi ve iletisim protokoliidiir. Bu yapi, u¢ cihazlarin hizmet
kalitesi, enerji verimliligi ve giivenlik seviyelerini belirleyen kritik unsurlar1 igermektedir. LoORaWAN,
iletisimde yildiz ag topolojisini benimser ve bu sayede cihazlarin merkezi bir noktaya etkin bir sekilde
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baglanmasini saglar. Sekil 5’te LoRa haberlesmesinin sistemler arasi ¢aligma prensibi akig yonleri
gOsterilmigtir.

LoRaWAN aglari, veri iletimi i¢in ¢oklu erisim protokolii kullanir, bu nedenle u¢ cihazlarin belirli ag
gecitleriyle eslesmesine gerek yoktur. Ug cihazlardan gonderilen mesajlar, iletim kanalinin bos olup
olmadigina bakmadan etkili mesafe igindeki tiim ag gecitlerinden gecerek bilgi iletisimi gerceklesir.

LoRaWAN iizerinde herhangi bir ug cihaz, aga iki sekilde baglanabilir: Uzaktan aktivasyon ile bir ag
anahtar1 ve bir uygulama oturumunun olusturulmasiyla veya kisisel etkinlestirmeyle saglanan basit
baglant1 ile aga eklenebilir. Bir LoORaWAN ug¢ cihazi, genellikle pil ile ¢alisan bir sensdr veya bir
aktliator olabilir. Sensorler, fiziksel bir hareketi veya durumu elektriksel sinyale doniistiiriirken;
aktiiatorler ise elektriksel bir sinyalin mekanik bir duruma doniistiiriilmesinden sorumludur (Erkan,
Fidan ve Ogras, 2022). Bununla birlikte, LORaWAN mimarisi ile ¢alisabilme yetenegi de modiiliin
esnekligini artirmr. LoRaWAN, LoRa teknolojisinin {izerine insa edilmis bir ag protokolii olarak,
cihazlarin ag tizerinden giivenli ve etkin bir sekilde iletisim kurmasini saglar. Ancak, E32 433T30D
modiilii dogrudan LoRaWAN destegi sunmaz; bu modiiliin LoORaWAN uyumlu bir ag gegidi ve protokol
y1gin1 ile kullanilmas1 gerekebilir. LoRa, her sembolii géndermek i¢in bir frekans bandi kullanan CSS
teknigini kullanir. Bu teknikte, degisken frekanslara sahip siniizoidal darbeler gibi civilti darbeleri
sinyali modiile eder. Bu CSS modiilasyonu, LoRa’nin girisime, Doppler ve ¢ok yol etkilerine ve LoRa
sinyal yayilimim etkileyen ¢evresel etkilere karsi direncini artirir (Wiyadi, 2020).

2.3.2. Haberlesme Modiilii

Haberlesme sistemi, tasiyici aviyonik sisteminden alinan basmg verisinin E-BYTE E32 433T30D
modiilii ile gorev yiikiine aktarilmasiyla ¢alisir. Gorev yiikiinde toplanan veriler, ayn1 modiil araciligiyla
yer istasyonuna iletilir, bylece sistem alici-verici olarak islev goriir. LoRa modiilasyonu, E32 433T30D
modiiliine veri iletiminde yiliksek hassasiyet ve diisiik enerji tiiketimi saglar, bu da genis alan aglarinda
ve enerji verimliliginin énemli oldugu durumlarda avantaj sunar. LoORaWAN’1n giivenlik 6zellikleri de
AUS i¢in kritik bir 6neme sahiptir. IoT cihazlarinin giivenligi, veri gizliligi ve sistemin biitlinligi
acgisindan biiylik bir endise kaynagidir. LoRaWAN, veri iletiminde sifreleme ve kimlik dogrulama gibi
giivenlik Onlemleri sunarak, bu endiseleri azaltmaktadir (You vd., 2018). Ancak, bu sistemlerin
giivenligini saglamak i¢in siirekli giincellemeler ve iyilestirmeler gerekmektedir (Goulart vd., 2022).
LoRaWAN’1n sundugu uzun menzil ve diisiik enerji tiiketimi, dzellikle sehir igi ulagim sistemlerinde
bliyiik avantajlar saglamaktadir. Geleneksel iletisim yontemlerine kiyasla, LoRaWAN ile daha az enerji
harcayarak daha genis bir alanda veri iletimi gerc¢eklestirilebilir. Bu durum, AUS un siirdiiriilebilirligini
artirmakta ve isletme maliyetlerini diisiirmektedir (Reyneke vd., 2023). Ayrica, LoRaWAN, cok sayida
cihazin ayni anda baglanmasina olanak tanityarak, yogun trafik alanlarinda bile etkili bir iletisim
saglamaktadir. (Qadir vd., 2018). Bu calismada, LoRa fonksiyonlarina sahip E32 433T30D modiili ile
calisilmis ve sitirdiiriilebilirlik arttirilmistir. Tablo 6’da modiiliin pin girisleri agiklanmustir.

Tablo 6. E32 Haberlesme Modiilii Pin Girigleri.

No. Adi  Yon islev

1 MO Giris Modiiliin 4 c¢alisma modunda birisini segmek i¢in M1 ile kullanilir.
Kullanilmayacaksa saseye ¢ekilmelidir.

2 M1 Giris Modiiliin 4 ¢alisma modunda birisini se¢gmek igin MO ile kullanilir.
Kullanilmayacaksa saseye ¢ekilmelidir.

3 RXD  Giris TTL UART veri girisi pini. Bir PC, MCU gibi harici cihazin TX pinine
baglanir. Acik kollektor veya push-pull olarak ayarlanabilir.

4 TXD  Cikis TTL UART wveri girisi pini. Bir PC, MCU gibi harici cihazin RX pinine
baglanir.

5 AUX  Cikis Modiilin durumunu gdstermek ve harici bir MCU’yu uyandirmak i¢in
kullanilabilir. Modiil ilk basladiginda 0 konumundadir. Push-pull olarak
ayarlanabilir.

Modiiliin MO ve M1 pinleri kullanilarak dort farkli ¢alisma modu segilebilir. Bunlar Tablo 7’de
gosterilmektedir.
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Tablo 7. Haberlesme modiiliiniin ¢alisma modlari.

Mod (0-3) MO M1 Mod Tanm Aciklama

0 Normal 0 0 UART ve kablosuz kanal agik, seffaf Alici mod 0 veya mod 1°de
iletim agiktir. caligmalidir.

1 Uyanma 1 0 UART ve kablosuz kanal agiktir, mod 0  Alic1 0,1 veya 2 olabilir.

ile tek fark, wveri iletmeden Once,
uyandirma kodunu otomatik olarak
artirarak alictyt mod 3  altinda
uyandirabilmektedir.

2 Giic tasarrufu 0 1 UART yakin, kablosuz hava uyandirma Verici mod 1 olmalidir, bu
modunda, veri aldiktan sonra UART modda iletim yapamaz.
acilir ve veri gonderir.

3 Uyku 1 1 Uyku modu, parametre ayar komutu Parametre spesifikasyonu
alma kullanilabilir. hakkinda  daha  fazla

ayrintiya sahiptir.

Yukaridaki tablodan anlasilacagi Ulzere, 0. modda modiilde herhangi bir enerji tasarrufu
yapilmamaktadir. Modiiller, birbirlerine ekstra herhangi bir islem yapmadan veri alip gdnderebilirler.
Mod 1’de ise, Mod 0’dan farkli olarak verici, veri géndermeden once 3. modda bulunan (uyku
modundaki) alicty1 uyandirmak i¢in otomatik olarak uyandirma sinyali génderir. Alici modiillerin illa
Mod 3’te (uyku modu) olmasina gerek yoktur; diger modlardaki alict modiiller de vericinin gonderdigi
verileri alabilirler. Mod 2’de, alic1 modiiliin UART (evrensel asenkron alici-verici) arayiizii ve RF kati
uyku modundadir. Bu alicty1 uyandirabilmek i¢in, bu aliciya veri génderen verici modiiliin Mod 1’de
olmasi gerekmektedir. Mod 3 ise derin uyku modudur; bu modda modiil herhangi bir veri génderemez
veya alamaz. Mod 3’teyken, sadece UART iizerinden modiiliin parametre ayarlari yapilabilir. Bagka bir
deyisle, modiiliin parametre ayarlarini yapabilmek i¢in modiil Mod 3’te bulunmalidir. Modiiliin
parametre ayarlarin degistirirken, UART ayarlar1 9600 bps (bit per second, saniye basina bit) ve 8N1
(8 wveri biti, no parity, 1 stop biti) seklinde olmalidir. Tablo 8’de, modiiliin parametre ayarlarimi
degistirecek komutlarin agiklamalar1 verilmistir.

Tablo 8. Haberlesme modiiliiniin parametre ayarlari.

No. Talimat Formati Gosterim/Illiistrasyon

1 CO+calisma parametreleri CO0+5 bayt calisma parametreleri onaltilik bicimde gonderilir.
Toplamda 6 bayt ve art arda gonderilmelidir, (Giig
kapatildiginda parametreleri kaydedin ).

2 C1+C1+C1 Ug C1 onaltiik bicimde gonderilir. Modiil, kaydedilen
parametreleri dondiiriir ve art arda gonderilmelidir.
3 C2+ calisma parametreleri ~ C2 + 5 bayt calisma parametreleri onaltilik formatta toplam 6

bayt olarak gonderilir ve art arda gonderilmelidir. (Giig
kapaliyken parametreleri kaydetmeyin)

4 C3+C3+C3 Ug C3 onaltilik bicimde gonderilir. Modiil, siiriim bilgilerini
dondiiriir ve bunlarin art arda génderilmesi gerekir.
5 C4+C4+C4 C4 C4 C4, modiil bir kez sifirlanir.

Tabloda gosterilen tiim veriler onaltilik (hexadecimal) tabanda verilmistir. UART tizerinden parametre
ayarlar1 yapilirken bu durum g6z 6niinde bulundurulmalidir. Modiil Mod 3’teyken (M0=1, M1=1) arka
arkaya ii¢ kez 0xC1 verisi gonderildiginde, modiil mevcut parametrelerini onaltilik taban formatinda
gonderir. Arka arkaya ii¢ kez 0xC3 verisi gonderildiginde, modiil versiyon bilgisini génderir. Ug kez
0xC4 verisi gonderildiginde ise modiil resetlenir. CO ve C2 komutlar1 ise parametre ayarlar1 yapmak
icin kullanilir. CO ile baslayan parametre ayarlari modiiliin hafizasna kaydedilirken, C2 ile baglayanlar
kaydedilmez ve modiiliin enerjisi kesildiginde silinir. CO ve C2 ile baglayan parametre ayarlar1 toplamda
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6 byte olmalidir. Ornegin, “0xc2, 0x00, 0x01, Ox1a, 0x17, Oxc4” verileri arka arkaya gonderildiginde
parametre ayarlar1 asagidaki gibidir:

0xc2: Kayit Ayari. Giig kesildiginde ayar verilerini kaydetmez.

0x00, 0x01: Adres Ayar1. Adres 0001 olarak ayarlanmistir.

Oxla: UART Ayari. Oxla =0b00011010 — 00: 8N1, 011: 9600 bps, 010: Air baud 2400 bps.
0x17: Kanal Ayar1. 0x17 =23,410 MHz + 23 MHz =433 MHz.

0xc4: Cesitli Ayarlar. Oxc4 =0b11000100 — 1: Sabit iletisim, 1: Push-pull TX, RX, 000: Wake-
up time (bu uygulamada sleep kullanilmadigi igin kullanilmaz), 1: FEC agik, 00: Gii¢ 30 dBm.

Parametre ayarlarinda dikkat edilmesi gereken en O6nemli kisimlardan biri, air baud (kablosuz veri
aktarim hiz1) ayaridir. Bu ayar, kablosuz veri iletim hizin1 300 bps ile 19200 bps arasinda degistirebilir.
Veri iletim hizi ne kadar diisiik olursa, modiiliin menzili o kadar artar. Modiil, 410 MHz ile 441 MHz
arasindaki frekanslarda caligabilmektedir. Bu frekans araliginda istedigimiz frekansi segcerek modiiliin
kanalini ayarlayabiliriz. Ancak, sadece ayni kanaldaki modiiller birbirleriyle iletisim kurabilir.

Bir diger onemli ayar ise ileri hata diizeltme (FEC) ayaridir. FEC hatali veri iletimini engelleyen bir
haberlesme teknigidir. FEC iptal edilirse, veri iletim hizi artabilir, ancak veri kayiplari yaganabilir. 21
dBm, 24 dBm, 27 dBm ve 30 dBm degerlerinde calistirilabilir. Cikis giicii arttikga, iletisim menzili
artacak, ancak modiiliin enerji tiiketimi de artacaktir. Bu modiiliin en dikkat gekici 6zelliklerinden biri,
transparan (transparent) ve sabit (fixed) iletisim kurabilme yetenegidir. Transparan iletisimde, modiil
veriyi gonderir ve diger tiim modiiller bu veriyi alabilir. Sabit iletisim modunda ise modiil, veriyi sadece
belirli bir kanaldaki belirli bir adrese sahip modiile gonderir, yani noktasal iletisim saglar. Bu, kablosuz
bir ag kurulmasi durumunda biiyiik bir kolaylik sunar. Sekil 6 ve sekil 7°de veri génderim semalari
gosterilmistir.

-=¥ I
‘..?g"” I q
0003 04
Adres  Kanal
RN
i — Cikt1 yok
00 03 04 nE
d Adres Kanal
Hedef Adres THedel Kanal

‘s
®~—> I

i —> cikn yok

0007

Adres Kanal

Sekil 6. Sabit veri gonderimi.
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0007 06
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Sekil 7. Transparan veri gonderimi.

Sabit veri gonderiminde, Sekil 6°da, 0001 adresine sahip modiil, 0003 adresine sahip ve 4. kanali
kullanan modiile AA BB CC verisini gondermektedir. Bu verileri, farkli adreslere sahip olan ve farkli
kanallarda ¢alisan diger modiiller alamazlar. Sekil 7 transparan veri gonderiminde ise, veri gonderecek
olan modiil transparan moddadir ve bu durumda modiiliin herhangi bir adres verisi géndermesine gerek
yoktur. Herhangi bir adres degeri gonderilebilir ancak gegersizdir. Modiil, 4. kanaldan yayin
yapmaktadir ve 4. kanalda ¢alisan tiim modiiller, vericinin gonderdigi verileri alacaktir. Sekilde, 6.
kanalda ¢alisan modiiliin bu veriyi alamadigi gorilmektedir. Tiim bu hesaplamalar ve haberlesme
sonucunda, model uydudan alinan telemetri verileri iki asamali olarak goérev yiikiinden tasiyiciya,
tagiyicidan yer istasyonuna aktarilabilmektedir.

2.3.3. Sistemler Aras1 Haberlesme

Tasiyic1 ile gorev yiikii arasindaki sistemler arasi haberlesmenin ¢alisma prensibi, ugus ve inis
asamalarinda kesintisiz ve giivenilir veri aktarimim saglamak tlizere tasarlanmistir. Ugus siiresince gorev
yiikii, her saniye telemetri verilerini toplayarak yer istasyonuna iletir ve bu veriler ayn1 zamanda gorev
yiikii tizerindeki bellege kaydedilir. Ayrilma sonrasi1 gorev Yiikii, tasiyicidan aldigi verileri de isleyerek
yer istasyonuna aktarir. Gorev Yiikii lizerindeki sensorler, ugus boyunca video goriintiilerini kaydeder
ve bu goriintiiler de gergek zamanli olarak yer istasyonuna iletilir. Telemetri verileri ve video
goriintiileri, yer istasyonunda anlik olarak izlenir ve grafiksel olarak gosterilir. Gérev tamamlandiginda,
tiim veriler SD karta kaydedilir. Ayrica, gorev Yyiikii ve tasiyici, kurtarma ekibi tarafindan bulunana
kadar sesli ikaz verir ve yer istasyonu araylizii inis yapilan konumu gdsterir. Bu sistem, telemetri ve
video verilerinin giivenilir bir sekilde toplanmasini, iglenmesini ve iletilmesini saglayarak Sekil 8’de
gosterildigi gibi model uydu operasyonlarinin basariyla ger¢eklestirilmesine olanak tanir.
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Sekil 8. Sistemler aras1 haberlesme.

RF antenler, kablosuz iletisimde elektromanyetik dalgalar1 yaymak ve almak i¢in kullanilan kritik
bilesenlerdir. Ozellikle LoRa modiilleri gibi diisiik gii¢ tilketimi ve uzun menzil sunan haberlesme
teknolojilerinde, antenlerin se¢imi, sistemin genel performansini dogrudan etkiler. LoRa modiilleri,
genis alanlarda veri iletimi igin optimize edilmis olup, RF antenlerin dogru bir sekilde entegre edilmesi,
veri iletiminde gilivenilirlik ve verimlilik saglar. Bu baglamda, Tablo 4’te karsilastirilmasi yapilan gérev
yiikii ve tastyici antenleri benzer yapidadir ve bu nedenle aym tabloda degerlendirilmistir. Gérev yiikii
icin DAA043SA100N RF anteni kullanilirken, tasiyici anteni, tasarimin istenen olgiilere uygun olmasi
amactyla 50 mm kisa tip RF anten olarak secilmistir. Her iki anten de diisiik gii¢ tiiketimi ve yiiksek
verimlilik saglayacak sekilde tasarlanmis olup, giivenilir veri iletimi i¢in gerekli tiim teknik 6zellikleri
karsilamaktadir. Bu 6zellikler, sistemin farkl: irtifalarda ve kosullarda kesintisiz ¢calismasini destekler
ve operasyonel basariy1 artirir. Tablo 9°da anten karsilastirma parametreleri gosterilmistir.

Tablo 9. Haberlesme modiilii i¢cin antenlerin karsilastirilmasi.

Secim Kriterleri Male Anten RF Anten RF Anten RF Anten
Model DAA0D43SA064S ANT-2.4-LCW-RPS DAA043SAL100N  Kisa Tip RF
Frekans 433 MHz 2.4GHz~2.5GHz 433 MHz 433 MHz
Kazanc¢ Faktorii 3 dBi 2.8 dBi 3 dBi 3 dBi
Polarizasyon Dikey Dikey Dikey Dikey
Boyut 133mm*64 mm 83.1 mm 100 mm 50 mm

Cekim mesafesini etkileyen tek parametre anten kazanci olmadigi icin diger parametreler de
incelenmistir. Cekim mesafesini etkileyen diger parametreler iletim giicii, alic1 hassasiyeti, alici-verici
anten kazanci, Kayiplar, antenin baglandigi modiil ¢ekim mesafesini etkileyen diger parametrelerdir.

Parametrelerden de anlasildigi gibi ¢ift yonlii iletisimde alic1 verici farkliysa her iki yoniin maksimum
iletim mesafesi farklidir. Kullanilacak olan sistemde ¢ift yonli iletisim oldugundan minimum mesafe
dikkate alinarak hesaplamalar yapilmistir. Baglant1 biitgesi, bir iletisim sinyalinin bir telekomiinikasyon
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sisteminde tlim gii¢ kazang ve kayiplarmin bir hesabidir. Bu hesap i¢in ¢ekim mesafesini etkileyen tek
parametre anten kazanci olmadigi igin diger parametreler de incelenmistir. 433 MHz’lik antenin 151ma
siddetinin dikey eksenlerindeki yogunlasmasi Bu sekilde gergeklesen bir iletisimde anten 3dBi kazang
saglamaktadir.

Iletim giicii, alici-verici anten kazanci ve alic1 hassasiyeti antenin baglandig1 modiil cekim mesafesini
etkileyen diger parametrelerdir. Parametrelerden de anlasildigi gibi ¢ift yonlii iletisimde alict verici
farkliysa her iki yoniin maksimum iletim mesafesi farklidir. Kullanilacak olan sistemde ¢ift yonlii
iletisim oldugundan minimum mesafe dikkate alinarak hesaplamalar yapilmistir (Bor, vd., 2016).
Baglant1 biit¢esi, denklem (1)’ de gosterildigi gibi bir iletisim sinyalinin bir telekomiinikasyon
sisteminde tlim gii¢c kazang ve kayiplarmin bir hesabidir. Tablo 10’da baglanti biit¢esi parametreleri
belirtilmistir.

Tablo 10. Baglant1 biitgesi parametreleri.

Baglant1 Biitcesi
Py, (Verici Gii¢c Cikisi) 30 dBW
Gt (Verici Anten Kazanci) 3 dBi
Lr, (Verici Kayiplari, Kablo, Konnektor) 1 dBm
Ly (Cesitli Kayiplar, Solma Payi, Polarizasyon) 3dB
Lrg (Yol Kayby, Serbest Alan Kaybi) 98.2 dBm
Gr. (Alic1 Anten Kazanci) 12 dBi
Lg, (Ahc1 Kayiplar, Kablo, Konnektor) 1dB
E-BYTE Verici Giicii 30 dBm
E-BYTE Ahci Hassasiyeti -147 dBm

Tim bu etkileri iceren ve logaritmik olarak ifade edilen bir baglant1 biitgesi denklemi asagidaki
sekildedir.

Prx = Prx + Grx — Lpx — Lpx — Lm + Grx — Lrx (1)

Radyo sinyallerinin yayilmasi iizerine yapilan calismalar, cesitli modellerin kullanilabilecegini
gostermektedir (Jones, 2005). Verici ve alici antenler arasindaki yayilmadan kaynaklanan kayip,
genellikle yol kaybi olarak adlandirilir ve mesafeyi dalga boyuna gore normallestirerek boyutsuz
bicimde yazilabilir:

Lys(dB) = 20logey (47280 ?

Yukaridaki baglant1 biit¢esi denklemine yerine konuldugunda sonug Friis iletim denkleminin logaritmik
bicimi olur. Baz1 durumlarda, mesafe ve dalga boyundan kaynaklanan kaybi ayri ayri ele almak
uygundur, ancak bu durumda, her se¢im farkli bir sabit ofset igerdiginden, hangi birimlerin

kullanildigini takip etmek dnemlidir. Asagida kullanilan denklem verilmistir.

Lps(dB) = —27,55 dB + 20log[frekans(Mhz)] + 20log10[mesafe(m)] (3)
o d(uzaklik) = 1000 m
o f(frekans) = 433 MHz
e 20logd: Sinyalin uzaklik nedeniyle kaybettigi gii¢ (mesafe faktorii).
e 20logf: Sinyalin frekans1 nedeniyle kaybettigi gii¢ (frekans faktorii).
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e —27.55: Sabit bir deger. Bu deger, frekansin MHz cinsinden, mesafenin metre cinsinden
verildigi birim doniisiimii sabitidir.

Lgs = 20logd + 20log f — 27.55 = 85.179 dBm 4)

Alict kayiplart Lry ve Lty , anten ile alic1 arasindaki koaksiyel kablolar, konnektorler ve alici cihazin ig
bilesenlerinden kaynaklanan sinyal zayiflamalaridir. Koaksiyel kablolardaki iletkenlik ve dielektrik
kayiplar, sinyalin frekansa bagl olarak zayiflamasina yol acar. Her bir konnektor de kiigiik miktarda
yansima ve iletim kayiplarina neden olur. Zamanla bu kayiplar ¢evresel etkiler nedeniyle artabilir ve
toplamda alic1 cihazin performansini etkileyebilir. Bu tiir pasif bilesenlerden kaynaklanan toplam kayip,

yaklagik 1 dBi olarak hesaplanmis ve genel baglant1 biit¢esinde dikkate alinmigtir.

e Lpx=1dBm

e Lry=1dBm

e 30dBW + (—1dBm) + 3 dBi + (—85.18 dBm) + (=3 dBm) + (=1 dBm) + 12 dBm

o Hesaplama Prx= -45.18 dBm > -147 dBm oldugundan teorik olarak E-BYTE modiilii ve

antenler sorunsuz bir sekilde haberlesme saglayacaktir.

Tablo 11°de tasiyict anten Gzellikleri belirtilmistir.

Tablo 11. Tastyic1 Anten Ozellikleri

Secim Kriterleri Anten

Model Mini Anten SMA 90 derece
Frekans 420- 470 MHz

Kazang¢ Faktorii 3 dBi

Polarizasyon Dikey

Hesaplanan baglant1 biitcesi, tasiyici anten igin gegerlidir ve gorev yiikiinden farkli olarak
boyutlandirma gerektirir; bu durum, tasiyict aviyonik sisteminin mekanik boyutlarindan
kaynaklanmaktadir. Hesaplanan Pry degeri -43.67 dBm ise, teorik olarak E-BYTE modiilii ve
antenlerin sorunsuz bir iletisim saglayacagi ongdriilebilir, ¢ilinkii bu deger -147 dBm’den biiyiiktiir.
Tastyic1 antenin yapilan testler ve denemeler sonucunda, ¢evresel parazitler, haberlesme modiilii gii¢
tilketimi ve diger cihazlardan gelen sinyaller gibi faktorlerin yani sira, tastyici-gorev yiikii-yer istasyonu
arasindaki mesafe arttikca iletisim giigliikleri yasandigi tespit edilmistir. Tablo 12’de yer istasyonu anten
ozellikleri belirtilmistir. Denklem (5), (6) ve (7) sirasiyla tim kazan¢ ve kayip hesaplamalarini
gostermektedir.
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Tablo 12. Yer istasyonu anten ozellikleri.

Secim Kiriterleri Anten

Model 12 dBi Yagi Anten

Frekans 415-445 Mhz

Kazang¢ Faktorii 12 dBi

Polarizasyon Dikey
Prx = Prx + Grx — Ltx — Lpx — Lm + Grx — Lrx ®)
Lgx = 20logd 4+ 20logf — 27.55 (6)
Lps = 20logd + 20log f — 27.55 = 94.722 dBm (7

e d (uzaklik) =3000 m

o f(frekans) = 433 MHz

e Lpx=1dBm

e Ly =1dBm

e 30dBW + (—1dBm) + 3dBi + (—94.722 dBm) + (=3 dBm) + (—=1dBm) + 12 dBm

o Hesaplama Prx= -54.72 dBm > -147 dBm oldugundan teorik olarak E-BYTE modiilii ve

antenler sorunsuz bir sekilde haberleseceklerdir.

Tasiyic1 ve gorev yiikii antenleri ile yer istasyonu arasindaki haberlesme, LoRa tabanli modiillerin
sagladigi diisiik gii¢ tiikketimi ve uzun menzil avantajlariyla optimize edilmistir. Cevresel parazitler,
diger elektronik cihazlardan gelen sinyaller ve anten ile alici arasindaki mesafe gibi faktorler, iletisim
performansini etkileyen kritik unsurlar olarak 6ne ¢tkmaktadir. Ozellikle yol etkileri, hava kosullar1 ve
sinyal yayilimi gibi ¢evresel faktorler, veri iletiminde giiriiltii ve bozulmalara neden olabilir, bu da
ozellikle GPS verilerinde ve diger hassas telemetri bilgilerinde aksakliklara yol acabilir. AUS
kapsaminda, bu tiir zorluklar, trafik yonetimi, altyap: izleme ve acil durum tepkileri gibi kritik
uygulamalarda veri dogrulugu ve giivenilirligini tehdit edebilir. Bu nedenle, anten performansinin dogru
bir sekilde degerlendirilmesi, teorik hesaplamalarin saha testleri ile dogrulanmasi ve sistemin farkl irtifa
ve kosullarda kesintisiz ¢calismasini saglamak icin gerekli optimizasyonlarin yapilmasi biiyiik 6nem
tasimaktadir. Yapilan hesaplamalar ve testler, kullanilan E-BYTE modiillerinin ve antenlerin, -147
dBm’den daha yiiksek bir sinyal seviyesine sahip olduklarinda sorunsuz iletisim saglayabileceklerini
gostermektedir.

3. Ucus Yazahimm ve Yer istasyonu Yazilimm

Ucus sirasinda her saniye telemetri verileri sensdrler aracilifiyla toplanmistir. Bu veriler fiziksel
degerlere doniistiiriilmiistiir. Canli goriintii aktarimi baslatilmis ve model uydu, gorev siiresi boyunca
video goriintiisiinii yer istasyonuna gondermistir. Canli goriintii aktarimi ger¢ek zamanli olarak izlenmis
ve yer istasyonuna kaydedilmistir. Ugus yazilimi, gonderilen paketler muhafaza edilmis, yeniden
baslatilmaya dayanikli olacak sekilde tasarlanmig ve olasi bir ariza durumunda veriler geri yiiklenip
kaldig1 yerden devam edilmistir. 400 metre yiikseklikte, tasiyic1 ve gorev yiikii bir mekanizma ile
otonom olarak ayrilmistir. Olaganiistii bir durumda, yer istasyonundan model uyduyu ayirma butonu
aktiflestirilmistir. Telemetri verilerinin zamana bagli grafikleri yer istasyonuna ger¢ek zamanli olarak
¢izilmistir. Bu siirecin ardindan kurtarma sinyali génderilmistir. Model uydu, kurtarma ekibi tarafindan
bulununcaya kadar kurtarma ikazi vermeye devam etmistir. Sekil 9 gérev aninda gergeklesen temel ugus
yazilim mimarisini gostermektedir.
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Sekil.9 Temel Ugus Yazilimi Mimarisi.

Model uydu, havadan alinan telemetri verilerini 6zgiin olarak tasarlanmig yer istasyonunda kontrol
edebilmektedir. Uydu ve yer istasyonu arasindaki haberlesme, E-BYTE E32 433T30D modiilii ve 433
MHz Yagi anten kullanilarak saglanmaktadir. Bu sistem, diisiik enerji tiikketimi ile 8 kilometreye kadar
kablosuz haberlesme imkani1 sunmaktadir. Yer istasyonu yazilimi, Visual Studio platformunda C++ ve
C# programlama dilleri kullanilarak tasarlanmistir. Veriler hem sayisal hem de grafiksel olarak
sunulmustur. Arayiiz gelistirilirken AForge, Gmap ve OpenTK kiitiiphaneleri kullanilmistir. Gerekli
kodlamalar ile veriler, tasarlanan arayiize aktarilmaktadir. Gmap kiitiiphanesi kullanilarak, gorev yiikii
ve tastyicinin konumu tek bir telemetri paketi i¢inde goriintiilenmektedir. Seri porttan okunan veriler,
Visual Studio’da bulunan grafiklere aktarilmak i¢in Chart bileseni kullanilmis, gyro simiilasyonu igin
ise glControl nesnesi tercih edilmistir. Veri akisi, saniyede bir tekrarlanmakta ve ayni zamanda SD kart
modiiliine anlik olarak kaydedilmektedir. Uydunun konumu, ger¢ek zamanli olarak yer istasyonunda
goriilebilmektedir. 1 Hz frekansinda alinan telemetri verileri, yer istasyonunda canli olarak
goriintiilenmekte ve alinan her yeni paketle bilgiler giincellenmektedir. Bu sayede, veriler kayipsiz bir
sekilde saklanmaktadir. Yer istasyonu yaziliminda bulunan ayrilma butonu sayesinde, havada bulunan
uydu iizerinde mekanik veya yazilimsal bir aksaklik meydana geldiginde, tasiyici ve gérev yiikii manuel
olarak ayrilabilmektedir. Bu sistem sayesinde, ¢ift yonlii haberlesme hatasiz bir sekilde
gerceklestirilmistir.

3.1. Arayiiz Alarm Sistemi

Bu calisma, uydu tabanl bir izleme ve kontrol sisteminin, Raspberry Pi Pico mikrodenetleyicisi ve RF
haberlesme modiilleri kullanilarak nasil insa edildigini ve bu sistemin nasil igledigini ele almaktadir.
Sistem, uydunun cesitli alt sistemlerinden gelen verileri toplamak, islemek ve analiz etmek icin
tasarlanmistir. Ayrica, anormal durumlarin tespiti durumunda, yer istasyonuna gerekli alarm ve uyarilar
iletmektedir. Sensorler, uydunun hiz, basing, sicaklik, konum gibi kritik parametrelerini siirekli olarak
izlemektedir. Bu sensdrlerden elde edilen veriler, sistemin ger¢ek zamanli olarak izlenmesini saglar.

Raspberry Pi Pico, sensorlerden gelen ham verileri alir ve bunlar1 iglemektedir. Mikrodenetleyici,
verilerin belirli araliklarda olup olmadigini kontrol eder ve bu araliklarin disina ¢ikan veriler i¢in alarm
durumlar1 tammlar. Ornegin, hiz verisinin beklenen smirlarin disina ¢ikmasi durumunda veya basing ya
da konum verilerinin alinamamasi1 durumunda, mikrodenetleyici bir hata durumu algilar ve bu durumu
bir alarm olarak isaretler. Sekil 10°da arayiiz alarm sistemi sematik olarak belirtilmistir.
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Sekil 10. Alarm arayiizii.

Mikrodenetleyici tarafindan islenen ve analiz edilen veriler, RF haberlesme modiilleri araciligiyla yer
istasyonuna iletilir. Bu modiiller, diisiik gii¢ tiikketimi ve uzun menzil 6zellikleriyle 6ne ¢ikmaktadir. RF
modiilii, yer istasyonuna gonderilecek verileri sifreleyerek giivenli bir veri iletimi saglar. Sekil 12°de
gosterildigi gibi yer istasyonuna gonderilen veriler, sistemin genel durumunu ve olasi sorunlari
belirlemede kullanilir. Sistemin veri isleme asamasi, toplanan sensor verilerinin belirli algoritmalar
araciligiyla analiz edilmesini igerir. Mikrodenetleyici, dnceden belirlenmis sinir degerlerine gore verileri
siirekli olarak degerlendirir. Ornegin, hiz verisinin belirli bir araligin disma ¢ikmasi durumunda,
mikrodenetleyici bu durumu bir alarm olarak kaydeder. Ayni sekilde, basing veya konum verisinin
sensorlerden alinamamasi durumunda da bir hata durumu olusur ve bu durum da alarm sistemine
kaydedilir. Alarm durumunda, RF haberlesme modiilii araciligiyla yer istasyonuna acil durum sinyali
gonderilir. Yer istasyonunda bu sinyal, bir dizi gorsel ve sesli ikaz ile operatorlere bildirilir. Bu ikazlar,
operatdrlerin sistemde meydana gelen sorunlar1 hizli bir sekilde tanimlamalarint ve ¢oziimlemelerini
saglar. Alarm durumlarinin yan sira, sistemdeki tiim veriler ve olaylar SD kart {izerinde saklanir. Bu
kayitlar, gelecekte yapilacak analizler ve raporlamalar i¢in 6nemlidir. Bu veriler, uydu operasyonlari
sirasinda karsilagilan sorunlarin anlagilmasini ve gelecekteki operasyonlar i¢in daha giivenilir sistemler
gelistirilmesini miimkiin kilar.

Bu tiir izleme ve kontrol sistemleri, AUS i¢in de biiyiik 6nem tasimaktadir. AUS kapsaminda kullanilan
araclar ve altyapilar, benzer sensorler ve izleme sistemleri ile donatilarak trafik yonetimi, yol glivenligi
ve acil durum miidahalesi gibi alanlarda énemli avantajlar sunabilir. Ozellikle gercek zamanli veri
isleme ve alarm sistemleri, AUS un kesintisiz ve giivenilir bir sekilde calismasini saglar. Bu baglamda,
uydu tabanli sistemlerin AUS ile entegre edilmesi, genis alanlardaki trafik ve altyapi izleme kapasitesini
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artirarak, daha verimli ve giivenli bir ulagim ag1 olusturulmasina katkida bulunabilir. Bu ¢alisma, uydu
tabanli bir izleme ve kontrol sisteminin ingasinda, Raspberry Pi Pico mikrodenetleyicisi ve RF
haberlesme modiillerinin nasil kullanildigin1 detayli bir sekilde ele alirken, bu sistemin isleyigine de
odaklanmaktadir.

3.2. Mekanik Filtreleme Modiilii

Gorev yiikil tastyict pargasindan ayrildiktan sonra, LoRa haberlesme modiilleri kullanilarak araylizden
gonderilen belirli komutlar ile mekanik filtreleme modiilii aktif hale getirilir. Sekil 13’te gosterilen
senaryodan ornek alinarak, ‘6G4R’ gibi bir komut gonderildiginde, sistem farkli bir renk skalasina
gecer.

Her bir komut, sistemdeki disk {izerinde servo motor araciligiyla 90°’lik bir doniis hareketi saglar. Bu
hareket, toplamda 10 saniye siiresince gerceklestirilir ve kamera goriintiisiinde renk degisimlerinin
(kirmizi, yesil ve mavi) gozlemlenmesine olanak tanir. Komutlarm dogru bir sekilde gonderilip
gonderilmedigi LoRa modiilleri araciligiyla kontrol edilir. LoRa teknolojisi, uzun menzilli ve diisiik giic
tilketimli iletisim sagladigindan, bu siiregte giivenilir veri iletimi i¢in ideal bir ¢dziimdiir. Sistem uydu
haberlesmesinde karst yonlii kontrol saglar. Gorev yiikii tasiyic1 pargasinin basariyla ayrilmasimin
ardindan, yer istasyonunda bulunan operatdr, ara yiiz {izerinden mekanik filtreleme modiiliinii
aktiflestirmek tizere belirli bir komut gonderir. Bu senaryoda, operatér 4B6G komutunu kullanarak
sistemi yonetir. Sekil 11’de mekanik filtreleme modiilii haberlesme semasi belirtilmistir.

D
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433 MHz YER
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YER ISTASYONU
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433 MHz

iz
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Sekil 11. Mekanik filtreleme modiilii.

1. Komut Génderimi: Operatér, arayiiz tizerinden 4B6G komutunu gonderir. Bu komut, sistemin
once 4 saniye boyunca mavi renk filtresi, ardindan 6 saniye boyunca yesil renk filtresi ile
goriintii vermesi gerektigini belirtir.

2. Komutun Ahnmasi ve islenmesi: Ugus yazilimi, gonderilen komutu alir ve isleme baslar. Tlk
olarak, mavi renk filtresi i¢in gereken ayarlamalari yapar ve goriintiiniin 4 saniye boyunca mavi
renk filtresinden gegmesini saglar.

3. Mavi Renk Filtresinin Uygulanmasi: Filtreleme diski, servo motor tarafindan kontrol edilerek
mavi renk filtresi konumuna getirilir. Servo motor, ¢arkli sistem {izerinden 90 derece donerek
mavi renk filtresinin aktif oldugu konuma getirilir. Bu pozisyonda, goriintii 4 saniye boyunca
mavi renk filtresinden geger.

4. ikinci Komutun Islenmesi: Yazilim, ikinci komut olan yesil renk filtresine gegis icin gereken
ayarlamalar1 yapar ve goriintiiniin 6 saniye boyunca yesil renk filtresinden ge¢mesini saglar.

5. Yesil Renk Filtresinin Uygulanmasi: Filtreleme diski, servo motor tarafindan kontrol edilerek
yesil renk filtresi konumuna getirilir. Servo motor tekrar 90 derece donerek yesil renk filtresinin
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aktif oldugu konuma getirilir. Bu pozisyonda, goriintii 6 saniye boyunca yesil renk filtresinden
gecer.

6. Gorev Tamamlanmasi: Toplamda 10 saniye siiren bu operasyon sonucunda, kamera
goriintlisiinde 6nce 4 saniye mavi, ardindan 6 saniye yesil renk filtresi basariyla uygulanmis
olur. Operator, ara yiiz lizerinden bu renk degisimlerini dogrular ve gérev tamamlanmusg olur.

Sekil 12°de mekanik filtreleme modiilii yazilim akis semasi belirtilmistir.

SISTEMI BASLAT Servo 90 Derece
Agisina Gelir
B ———
& [ORAModilindenibinl, B Degeri Kadar Bekler

satir veri oku

l l

HAYIR Servo deaktiftir

EVET l
HAYIR

data2'nin beginci
karakteri 'R','G’, —
veya 'B'ise

Veri Alindi mi ? _

Veri Byte dizisi olarak
al, stringe donugtir

l I l l EVET

Servo 90 Derece

b = str(data2[2]) ¢ = str(data2[4])

Agisina Gelir
EVET C Degeri Kadar Bekler ——» SON
HAYIR data2'nin tglinci
karakteri 'R','G’,
veya 'B' ise

Sekil 12. Mekanik filtreleme modiilii yazilim akis semasi.

Bununla birlikte, mekanik filtreleme modiilii gibi bilesenler de bu tiir sistemlerin islevselligini artirir.
Mekanik filtreleme modiilii, belirli komutlar dogrultusunda goriintiilerin farkli renk filtreleriyle
islenmesini saglar. Ornegin, bir gérev sirasinda, operatoriin gonderdigi komutlar dogrultusunda
gorilintiiler mavi ve yesil renk filtreleriyle islenebilir. Bu tiir bir modiil, LoRa ve RF haberlesme
teknolojileri ile entegre edildiginde, uzak mesafelerdeki cihazlarin yonetimini ve kontroliinii
kolaylastirir. Operatorler, uzaktaki cihazlari sorunsuz bir sekilde kontrol edebilir, gorev siireclerini
aninda izleyebilir ve gerektiginde miidahalelerde bulunabilir. Bu, AUS kapsaminda araglar ve altyapilar
arasinda kesintisiz ve giivenli bir iletisim agi olusturulmasina katkida bulunur. Bdoylece, AUS
sistemlerinde operasyonel verimlilik, veri dogrulugu ve giivenlik seviyeleri yiikseltilir.

3.3. Yer istasyonu Tasarim

Tablo 8’de verilen tiim veriler tasiyicidan gorev Yiikiine, gorev yiikii aviyonik sistemi araciligi ile
paketler halinde yer istasyonuna aktarilmaktadir.
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Haberlesme sisteminde paketlenen telemetri verilerinin toplam veri boyutu 86 Byte olup, kullanilan arag¢
boyutu 22 Byte’dir. Bu sekilde olusturulan toplam paket boyutu ise 108 Byte olarak belirlenmistir.
Telemetri verileri paketler halinde iletilmistir ve bu paket sayisi1 yer istasyonundan her sn kontrol
edilebilir. Herhangi bir gii¢ kesintisinde dahi paket numaralarinda herhangi bir kayip meydana
gelmemistir. Tablo 13’de telemetri verileri belirtilmistir.

Ornek Telemetri Paketi: 13,1,10010, 21/04/2024, 14/28/56, 1156, 1156, 40, 40, 30, 12, 23, 9, 44.896,
56.445, 54.865, 10, -36, -50, 6G4R, 23, 48.56, 268602"dir.

Tablo 13. Telemetri Verileri

Telemetri Verileri

Boyut Veri Formati Boyut Veri Formati
2 < Paket Numaras1 > 4 < fvme >
19 < GOonderme Saati > 2 < Nem >
4 < Basingl > 6 < GPS1 LATITUDE >
4 < Basing2 > 6 < GPS1 LONGITUDE >
3 < Yukseklik1l > 6 < GPS1 ALTITUDE >
3 < Yiikseklik2 > 2 < PITCH >
4 < [rtifa Farki > 2 < ROLL >
1 < Inis Hiz1 > 2 < YAW >
2 < Sicaklik > 2 <SICAKLIK>

Telemetri verileri paketlenip ASCII formatinda yer istasyonu bilgisayarma gonderilir. 1 byte = 8 bit
oldugundan, toplam paket boyutu 108 Byte (864 bit) olarak hesaplanmustir. Telemetri verileri, paketler
halinde ASCII formatinda yer istasyonu bilgisayarina iletilmekte ve burada grafiksel olarak islenip
analiz edilmektedir. Arayiiz, GPS verilerini kullanarak uydu konumunu izlerken, gyro sensorlerinden
elde edilen veriler ile gorev ylkiiniin dogru konumlandirilmasi ve kontrol edilmesi miimkiin hale gelir.
Ayrica, sistem, ¢ift yonlii ve tiglii haberlesme kontrolii ile telemetri verilerinin giivenilir bir sekilde
iletilmesini ve herhangi bir kesinti durumunda veri kaybinin 6nlenmesini saglar. Sekil 13’te dzgiin
tasarima sahip yer istasyonu arayiizii gosterilmistir.

Serial Port Yapdandimas: pkanik Filtrolome Modili Aynima Komutu

Serial Port —;
e EZEm Oooes

Sekil 13. Yer istasyonu arayiizii.
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Bu kapsamda, yer istasyonuna gonderilen telemetri verileri ve arayiiz, AUS i¢in de biiyiik potansiyele
sahiptir. Ornegin, araclarin anlik seyir halinde iken GPS ve diger sensér verilerinin izlenmesi, arag
konumunun ve hareketinin hassas bir sekilde kontrol edilmesine olanak tanir. Boylece, AUS
kapsaminda araglarm ve altyapiin anlik yonetimi saglanarak, trafik giivenligi artirilabilir ve sistem
verimliligi optimize edilebilir. Yer istasyonunda ger¢ek zamanli olarak grafik haline getirilen ve analiz
edilen bu veriler, operatorlerin hizli ve dogru kararlar almasina yardimer olur. Yer istasyonunda
gosterilmis olan bazi telemetri verileri Sekil 14 ve Sekil 15°te gdsterilmistir.

L e
600 |
—~ 500F
E
P
=~
% 400}
=
.>:_$
300
200} — Yukseklik 1
— Yikseklik 2
=== 700 Metre Siniri
0 20 40 60 80 100

Veri Noktalar

Sekil 14. Yiikseklik egrisi grafigi.

Sekil 15°deki grafikte, "Yiikseklik 1" ve "Yiikseklik 2" verileri zaman igindeki degisimlerine gore
karsilastirilmustir. Grafikte y ekseni, ekseninde metre cinsinden altimetre verisi olan yiiksekligi
gostermektedir. Model uydunun inis siiresince gerceklesen gorevlerin, yazilimsal olarak hazirlanmig
algoritmaya uyum saglamasi gerekmektedir. Bunu kontrol altinda bulundurmak ve denetlemek i¢in
barometrik basing sensoriimiizden alinan altimetre verisi olan yiikseklik degerleri elde edilmis ve
incelenmistir. Bunun yani sira x Vveri noktalari (zaman veya 6l¢iim sayisi olarak diistiniilebilir) temsil
etmektedir. Veri noktalar1 temel alinmis belirli zaman araliklarini icermektedir.

Bu grafikte, Yiikseklik 1 ve Yiikseklik 2 adli iki farkli yiikseklik degerinin zaman i¢inde nasil degistigini
gozlemlemekteyiz. Roket ile 650 metre civari yiikseklige ¢ikis yapan model uydunun her iki yiikseklik
verisi de aym seviyeden, yani 650 metreden inise baslamaktadirlar. {lk 10 veri noktas1 boyunca,
Yiikseklik 1 ve Yiikseklik 2 senkronize bir sekilde birlikte azalarak 400 metre seviyesine kadar
inmektedir. Bu birlikte inig, her iki sistemin baslangigta senkronize ve istikrarli bir inis gosterdigini
isaret etmektedir. 400 metre seviyesine ulastiktan sonra, Yiikseklik 1 ve Yiikseklik 2 farkl hizlarla
iniglerini stirdiirmektedirler. Yiikseklik 1, daha yavas bir hizla azalmaya devam ederken, Yiikseklik 2
daha hizh bir disiis egilimi gostermektedir. Bu farkli inis hizlari, iki sistemin birbirinden bagimsiz
olarak davranmaya basladigini ve inis hizlarinda farkliliklar gosterdigini ortaya koymaktadir.

Grafikte ayrica, her iki yiikseklik degerinin de 700 metre sinirmin altinda kaldigimi goriiyoruz. Bu,
sistemin operasyonel sinirlarina uygun ¢alistigini ve giivenli bir aralikta hareket ettigini goster mektedir.
Genel olarak bu grafik, baslangigta birlikte hareket eden iki sistemin, inis sirasinda farklilasmaya
basladigini ve farkli hizlarda irtifa kayb1 yasadiklarini ortaya koymaktadir.

Sekil 17'de sunulan basing verileri, yer istasyonuna iletilen atmosferik dl¢limler {izerinde yapilmis
detayli bir analizi gostermektedir. Bu analiz, model uydunun ugus siiresi boyunca ¢evresel kosullari
dogru bir sekilde algiladigini ve bu verileri yer istasyonuna giivenilir bir sekilde aktardigini agikca ortaya
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koymaktadir. Basing verileri baslangi¢ seviyesinden basglatilmis olup ilk 60 veri noktasinda yani 650 m
irtifaya ulasildiginda basing degerlerinin diizenli bir sekilde diismesi, uydunun yiiksek irtifaya ¢iktigini
ve bu siirecte atmosferik basincin azaldigim gostermektedir. 60. noktadan sonra ise basincin artmasi,
uydunun inise gectigini ve irtifa azaldik¢a atmosferik basmcin tekrar yiikseldigini dogrular niteliktedir.
Bu grafik, model uydunun planlanan ugus profiline uygun olarak hareket ettigini, cevresel degisimlere
duyarhiligini korudugunu ve gorev siiresi boyunca giivenilir veri iletimi sagladigini gostermektedir.
Sekil 16, bu tiir verilerin zaman igerisindeki atmosferik degisimleri izlemek ve analiz etmek i¢in ne
kadar 6nemli oldugunu vurgulamakta olup, Ozellikle meteorolojik arastirmalar ve ugus giivenligi
caligmalar1 agisindan biiyiik bir deger tasimaktadir.

ot Basing 1 (hPa)
—— Basing 2 (hPa)
1025}
1000t

975t

950

Basing (hPa)

925t

900

8751

850

0 20 40 60 80 100
Veri Noktalar

Sekil 15. Basing degerleri grafigi.

4. Sonuc¢

Ulkemizde Trafik Yonetim Merkezleri gibi AUS altyapisinda bulunan ¢ok sayida sistem ve sensoriin
iletisimi karasal kablolu iletisim sistemleri ile saglanmaktadir. insan ve doga kaynakli afetler neticesinde
kablolu iletisim sistemlerinin fiziki zarar gérme riskleri vardir ve bu durum iletisim kesintilerine neden
olabilir. LoRa teknolojisi tabanl uydu iletisim sistemleri, afet sonrasinda kritik miidahalelerde etkin
yonetim saglamak ve kesintilere kars1 yedek ¢6ziim sunmak amaciyla kullanilabilir. LoRa tabanli uydu
iletisim sistemleri AUS alaninda olduk¢a 6nemli diger uygulama potansiyellerine de sahiptir. LoRa
tabanli haberlesme modiilleri ve ger¢ek zamanli veri izleme yetenekleri, araglarin ve altyapimin anlik
izlenmesini ve yonetilmesini miimkiin kilar. Bu sistem, trafik yonetimi, acil miidahale ve altyapi izleme
gibi kritik alanlarda veri biitiinligi ve iletisim gilivenilirligini artirabilir. Ayrica, sensorlerden alinan
verilerin dogrulugunu ve giivenilirligini saglayarak AUS’un etkinligini ve operasyonel verimliligini
onemli dlciide gelistirebilir. Ozellikle genis alanlarda kullanilan bu teknolojiler, AUS kapsaminda
araclarm seyir halindeyken kesintisiz iletisim kurmasina olanak tanir, bu durum yol giivenligi ve trafik
akisinin optimize edilmesine katki saglar.

Bu galigmada, saha testleri yapilan model uydu, belirli verileri analiz edebilecek sekilde tasarlanmustir.
Aviyonik sistemlerden alinan tiim veriler, yer istasyonunda gelistirilen 6zel arayiiz iizerinden okunarak
toplanmistir. Sicaklik, nem ve basing gibi parametreler, atmosferik kosullar1 izlemek amaciyla
kullamlmis ve bu veriler meteorolojik degerlendirmelerde 6nemli rol oynamistir. Gorev yiikii ile
tasiyici, 700-600 metre irtifada birakildiktan sonra, 400 metre yiikseklikte birbirinden ayrilarak pasif
inig sistemleri (parasiit) sayesinde giivenli bir inig gergeklestirmistir. Tasiyict aviyonik sistemi, gorev
yiikii aviyonik sistemiyle entegre olarak ¢aligmakta ve GPS (konum), sicaklik, nem ve basing verilerini,
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LoRa SX 1278 E32 433T30D haberlesme modiilii araciliiyla gorev yiikiine aktarmistir. Toplanan tiim
veriler, Raspberry Pi Pico mikrodenetleyicisinde islendikten sonra, LoRa SX 1278 E32 433T30D
haberlesme modiilii {izerinden yer istasyonuna basariyla iletilmistir. Ayrica, sistem ger¢ek zamanli
gOriintli aktarimi ve video kaydi da gergeklestirebilmektedir.

Yer istasyonundaki alici modiil, bu verileri toplayarak arayiize aktarmaktadir. Tasarlanan arayiiz, alarm
sistemiyle birlikte, alinan verilerin dogrulugunu aninda kontrol eder ve tamamlanmamuig gorevleri tespit
ederek kurtarma siirecini baglatabilir.

Mekanik filtreleme modiilii, belirlenen komutlarla ¢ift yonlii haberlesme sistemini y6netmektedir.
Gorev yiikil ve tasiyici gorevlerini tamamladiktan sonra, tasiyici lizerinde bulunan GPS verileri, gorev
yiikiine aktarilmistir ve yer istasyonu araylizii iizerinden bu veriler analiz edilerek konum tespiti
yapilmustir. Gorev yiikii ve tagiyicidan ses sinyalleri goénderilmesi igin kurulan buzzer donanimu,
uydunun konum tespiti zorlu goriis kosullarinda tespite uygun hale getirmis ve kurtarma islemini
hizlandirmstir.

Sonug olarak, 700-600 metre araliginda irtifa ve 3.000 menzile kadar gerceklestirilen saha testleri ile
gerceklestirilen LoRa teknolojisi ile donatilan diisiik maliyetli bir uydu, miimkiin olan en diisiik enerji
tilkketimi ile en uzun hizmet siiresini saglayabilir. Bu baglamda, LoRa tabanli uydu iletisim sistemlerinin
afet sonrasinda kesintisiz veri iletisimi saglama ve AUS altyapisinda yedek ¢6ziimler sunma potansiyeli
oldukcga degerlidir. Bu sistemler, insan ve doga kaynakli afetler neticesinde zarar gorebilecek karasal
kablolu iletisim sistemlerinin yerini alarak veri biitiinligii ve iletisim gilivenilirligini artirabilir.
Gelecekteki AUS galigmalari, veri giivenligi, 6lgeklenebilirlik ve sensérlerin veri dogrulugunu saglayan
bu sistemlerle, operasyonel verimliliklerini artirabilir ve genis alanlarda araglarin kesintisiz iletigim
kurmasini saglayabilir.

Ozellikle, LoRa tabanli uydu sistemlerinin AUS’a entegrasyonu, gercek zamanh veri izleme
yetenekleriyle trafik yonetimi, acil miidahale ve altyapi izleme gibi kritik alanlarda giivenilirligi
artirabilir. Genis alanlarda sensorlerden alinan verilerin dogrulugu, AUS un verimliligini biiyiik dlgiide
gelistirebilir ve bu sistemlerin entegre edilmesiyle, AUS’un daha uzun vadeli etkileri ve uygulama
potansiyeli daha net ortaya ¢ikacaktir.

Son olarak, gelecekteki arastirmalarda, LoRa tabanli teknolojilerin veri giivenligi ve yeni nesil AUS
projelerine adaptasyonu konularina odaklanilmasi, arastirma sonuglarimin uzun vadeli etkilerini
giiclendirecek ve diger arastirmacilar igin yol gosterici olacaktir.

Arastirmacilarin Katki Oram Beyam
Yazarlarin ¢alismadaki katki oranlar1 esittir.
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Ozet: Kentsel alanlarda, 6zellikle biiyiik metropollerde, toplu ulasim sistemleri siirdiiriilebilir kentsel
gelisimin ve yasam Kkalitesinin temel bilesenlerinden biridir. Dijital cagin getirdigi teknolojik
ilerlemeler, bu sistemlerin etkinligini ve verimliligini artirmada kritik bir rol oynamaktadir. Bu
baglamda, Akilli Ulasim Sistemleri (AUS), kentsel ulagim aglarinin optimizasyonunda giderek daha
fazla onem kazanmaktadir. Toplu ulasimin gesitli modlar1 arasinda, taksiler 6zellikle kisa mesafeli,
kapidan kapiya ve bireysellestirilmis seyahat talepleri agisindan 6nemli bir boslugu doldurmaktadir.
Ancak, birgok biiyiik sehirde taksi hizmetleriyle ilgili ¢esitli sorunlar gézlemlenmektedir. Bu sorunlar
arasinda giivenlik endigeleri, 6deme anlagmazliklar1 ve hizmet kalitesiyle ilgili sikayetler 6n plana
¢ikmaktadir. Sistem tasarim, fiziksel testlerle dogrulanmus ve bir yiiksek lisans tezi kapsaminda detayli
olarak incelenmistir. Gelistirilen siiriicii tanima sistemi, Tiirkiye'de ilk olma 6zelligini tasimakla birlikte,
global dlgekte de benzersiz Gzelliklere sahiptir. Sistemin temel hedefleri arasinda siiriicti giivenliginin
artirilmasi, yolcu-siiriicii anlagsmazliklarinin minimize edilmesi ve taksi hizmet kalitesinin yiikseltilmesi
yer almaktadir. Bu amaglara ulagmak i¢in, sistem igerisinde acil durum bildirimi, taksi durumunun
(bos/dolu/rezerve) dinamik gdsterimi gibi yenilikgi dzellikler yer almaktadir. Onerilen Tiirkiye Taksi
Stiriicti Tanima Sistemi Modeli hem akademik literatiire katki saglamay1 hem de sektorel uygulamalara
yol gostermeyi hedefleyerek New York, Londra, Tokyo, Paris ve Istanbul gibi biiyiik hacimli taksiye
sahip metropollerin ihtiyaclarina cevap verebilecek sekilde tasarlanmistir. Bu c¢alisma, toplu ulasimda
akilli sistemlerin entegrasyonu konusunda yeni bir perspektif sunmakta ve gelecekteki aragtirmalar i¢in
verimli bir zemin hazirlamaktadir. Ayrica, Onerilen modelin diger toplu ulasim araglarina
uyarlanabilirligi, arastirmanin potansiyel etkisini genigletmektedir.

Anahtar Kelimeler: Akilli ulasim sistemleri, toplu ulagim, siiriicii tamima sistemi, taksi

Driver Recognition System in Urban Transportation: A Case Study on Taxis

Abstract: In urban areas, especially in large metropolises, public transportation systems are one of the
fundamental components of sustainable urban development and quality of life. Technological
advancements brought by the digital age play a critical role in increasing the effectiveness and efficiency
of these systems. In this context, Intelligent Transportation Systems (ITS) are gaining increasing
importance in the optimization of urban transportation networks. Among the various modes of public
transportation, taxis fill an important gap, particularly in terms of short-distance, door-to-door, and
personalized travel demands. However, various problems related to taxi services are observed in many
large cities. Among these problems, safety concerns, payment disputes, and complaints about service
quality come to the forefront. The system design has been verified through physical tests and examined
in detail within the scope of a master's thesis. The developed driver recognition system, while being the
first of its kind in Turkey, also possesses unique features on a global scale. The main objectives of the
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system include increasing driver safety, minimizing passenger-driver disputes, and improving taxi
service quality. To achieve these goals, the system incorporates innovative features such as emergency
notifications and dynamic display of taxi status (vacant/occupied/reserved). The proposed Turkish Taxi
Driver Recognition System Model is designed to meet the needs of metropolises with large taxi fleets
such as New York, London, Tokyo, Paris, and Istanbul, aiming to contribute to academic literature as
well as guide sectoral applications. This study presents a new perspective on the integration of intelligent
systems in public transportation and prepares fertile ground for future research. Furthermore, the
adaptability of the proposed model to other public transportation vehicles expands the potential impact
of the research.

Keywords: Intelligent transportation systems, urban transportation, driver recognition system, taxi
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1. Giris

Toplu tagima, ¢ok sayida insanin ayni araglari kullanarak seyahat etmesini saglayan, organize bir ulagim
sistemidir (Vuchic, 2017). Genis bir cografi kapsama alanina sahip olan ve genellikle kamu tarafindan
isletilen bu sistemler, sehir i¢i ve sehirlerarasi hareketliligi kolaylastirir. Toplu tasima sistemleri
icerisinde taksi hizmetleri, bireysel tasima ihtiyaclarina cevap veren esnek bir ulasim segenegi olarak
onemli bir rol oynar (Shaheen vd., 2018).

Taksi hizmetleri, bireylere hizli ve esnek bir ulasim segenegi sunar (Cervero ve Murakami, 2020). Acil
durumlar, beklenmedik toplantilar veya ani plan degisiklikleri gibi durumlarda, taksi kullanmak
bireylerin hedeflerine hizl bir sekilde ulagsmasini saglar. Toplu tagima araglarmin aksine belirli giizergdh
ve sefer saatlerine bagli kalmadiklar1 i¢in zaman agisindan daha verimli bir segenek olusturur (Litman,
2021). Bu durum, dzellikle gece geg saatlerde veya erken sabah saatlerinde ulagim ihtiyaci olan bireyler
icin kritik bir 6éneme sahiptir. Toplu tagima seceneklerinin sinirli oldugu zaman dilimlerinde taksi,
ulasim siirekliligini saglayan onemli bir alternatif sunar. Ozellikle biiyiik sehirlerde, taksi hizmetleri
toplu tagima sisteminin vazgegilmez bir bileseni haline gelir (Rayle vd., 2016).

Taksi hizmetlerine erisim genellikle kolaydir. Bir telefon gagrisi, mobil uygulama veya sokakta taksi
bulma gibi yontemlerle hizli bir sekilde taksi ¢agrilabilir (Jin vd., 2019). Uber ve Lyft gibi platformlarin
son yillarda yayginlasmasi, akilli telefonlar {izerinden taksi ¢gagirma siirecini kolaylastirmustir (Clewlow
ve Zhu, 2019). Taksilere kolay erisim, 6zellikle toplu tasima duraklarindan uzakta ikamet eden veya
hareket kabiliyeti kisitlt bireyler i¢in 6nemli bir avantajdir, sehir i¢i ve sehirlerarasi genig bir kapsama
alanina da sahiptir (Yang vd., 2018). Bu, hem sehir i¢inde hem de sehirler arasinda seyahat edenler igin
uygun ve konforlu bir ulasim segenegi olup 6zellikle toplu tasima aginin yetersiz oldugu bolgelerde,
taksi hizmetleri ulasim boglugunu doldurarak hareketliligi artirir.

Taksi kullanimi, bireylerin kendi 6zel araglarina ihtiya¢ duymadan seyahat etmelerini saglar (Geurs ve
Van Wee, 2004). Ozellikle biiyiik sehirlerde park sorunlar1 ve trafik sikisikligi gibi sorunlarin
azaltilmasinda taksi hizmetleri etkili bir rol oynar. Toplu tagima kullamimini tesvik ederek, sehirlerdeki
hava kirliligi ve karbon emisyonlarinin azaltilmasina da katkida bulunur (Santos vd., 2019).

Taksi sektorii de, yerel ekonomiye istihdam ve sosyal katki saglar (Frenken ve Boschma, 2007). Taksi
stiriictileri, yerel isletmeler ve servis saglayicilar: araciligiyla sehirlerin ekonomik canliligina katkida
bulunur. Ayrica, turistlerin sehir i¢inde rahatca hareket etmesini saglayarak turizm gelirlerinin artmasina
da yardimci olurlar. Turistler ve ziyaretgiler i¢in taksi hizmetleri, sehri kesfetmeyi kolaylastirabilir
(Cohen ve Gossling, 2015). Taksi siriiciileri genellikle sehir hakkinda bilgi sahibi olduklarindan,
turistlere rehberlik edebilir ve dnemli yerleri gosterebilirler. Bu, sehir tanitimina ve turizm sektoriiniin
gelisimine olumlu katki saglar.

Taksi kullanmak, 6zellikle gece saatlerinde veya gilivenlik endiselerinin oldugu durumlarda bireylerin
kisisel giivenliklerini artirabilir (Loukaitou-Sideris ve Banerjee, 2004). Diizenli olarak denetlenen,
lisanslt taksi ve siiriiciileri ile yolcularin giivenli bir sekilde seyahat etmeleri saglanabilir. Gelismis
iilkelerde, taksi siiriiciilerinin belirli standartlar1 karsilamas1 ve egitim almasi beklenir (OECD, 2019).
Ruhsat asamasinda bagimlilik testi, psikoteknik testler ve benzeri degerlendirmelerden gegmeleri, yolcu
giivenligi ve hizmet kalitesi agisindan 6nemlidir. Dijital sistemlerle taksi hizmetlerinin uzaktan kontrolii
ve denetimi hem yolcular hem de siiriiciiler i¢in giivenli ve seffaf bir ortam yaratilmasina yardime1
olabilir.

Taksi hizmetleri, bireyler icin dnemli bir ulasim secenegi olarak kabul edilir ve bir¢ok durumda pratik
ve etkili bir ¢6ziim sunar. Giiniimiizde teknolojinin gelismesiyle birlikte, taksi hizmetleri de
dijitallesmekte ve daha kullanict dostu hale gelmektedir. Taksi hizmetlerinin toplu tasima sistemleri
icerisindeki rolii ve 6nemi g6z oniinde bulunduruldugunda, bu hizmetlerin diizenlenmesi, gelistirilmesi
ve entegre bir sekilde yonetilmesi biiyiilk 6nem tasir.
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2. Toplu ulasim sisteminde taksinin yeri ve 6nemi

Sehirlerdeki ulagimin siirdiiriilebilirligi, sadece toplu ulagima degil, ayn1 zamanda taksiler, bisikletler,
yaya ulagimu gibi alternatif ulasim modlarmin da entegrasyonuna baghidir (Litman, 2021). Ozellikle
giinlimiizde Akilli Ulagim Sistemleri (AUS) teknolojilerinin gelismesiyle, taksilerin toplu ulasgim
sisteminde daha verimli ve entegre bir sekilde dahil edilmesi miimkiin hale gelmistir. Bu baglamda,
Istanbul gibi biiyiik ve karmasik sehirlerde taksilerin toplu ulasim sistemindeki yeri ve dnemi daha da
belirginlesmektedir.

e Toplu tasima sistemini tamamlayici rol: Metro, otobiis, tramvay gibi toplu tasima sistemleri
yogun olarak kullanildig1 metropollerde, bu sistemlerin kapsama alanlarinin sinirli oldugu veya
sefer saatlerinin yetersiz kaldig1 durumlarda, taksiler toplu tagima sistemini tamamlayic1 bir rol
iistlenirler (Cervero ve Murakami, 2020). Ozellikle gece ge¢ saatlerde veya erken sabah
saatlerinde toplu tasima se¢eneklerinin azaldig1 zaman dilimlerinde taksiler, ulasim stirekliligini
saglamada 6nemli bir rol oynarlar.

o Kapidan kapiya ulasim imkam: Taksi hizmetleri, yolculara kapidan kapiya ulagim imkani
sunarak, toplu tasima duraklarina yiiriime mesafesini ve aktarma siirelerini ortadan kaldirir
(Bansal vd., 2019). Bu o6zellik, ozellikle hareket kabiliyeti kisitli bireyler, yashlar ve agir yiik
tastyanlar i¢in bilyiik bir avantaj saglar.

o Esneklik ve hiz: Taksi hizmetleri, toplu tasima araglarina gore daha esnek ve hizli bir ulasim
secenegi sunar (Jin vd., 2019). Yolcular, taksi kullanarak istedikleri zaman ve istedikleri yere
dogrudan ulasabilirler. Taksi kullanimi, acil durumlar, beklenmedik toplantilar veya ani plan
degisiklikleri gibi zaman kisitli durumlarda bireylerin hedeflerine hizli ulagimini saglar.

o AUS teknolojileri ile entegrasyon: AUS teknolojilerinin gelismesi, taksi hizmetlerinin daha
verimli ve kullanici dostu hale gelmesini saglamistir (Shaheen vd., 2018). GPS tabanl
navigasyon sistemleri, mobil uygulamalar iizerinden taksi cagirma ve online 6deme gibi
Ozellikler, yolcularin taksi deneyimini iyilestirirken, aymi zamanda taksi isletmelerinin
operasyonel verimliligini de artirmaktadir.

e Turizm ve ekonomiye Kkatki: Taksi hizmetleri turistlerin sehir i¢inde rahatga hareket etmesini
saglamada onemli bir rol oynar (Cohen ve Gdossling, 2015). Ayrica, taksi sektorii, ekonomiye
istihdam ve gelir saglayarak onemli bir katk1 da sunmaktadir (Frenken ve Boschma, 2007).

Sehirdeki ulasimin siirdiiriilebilirligi, taksilerin yam sira toplu ulasim, bisiklet, yaya ulasimi gibi
alternatif ulasim modlarmin da diisiiniilmesini gerektirirken giincel taksi sistemi sorunlarmna ¢éziim
getiren AUS teknolojilerinin kullanimini tesvik etmektedir (Tektas ve Tektas, 2022). Bu nedenle,
Istanbul'da ulasim stratejileri, taksilerin AUS teknolojilerine entegre olmus, tiim ulasim modlarini
dengeli bir sekilde entegre etmeye odaklandigr goriilmektedir.

Tokyo, New York, Londra, Paris, Pekin, Moskova, Mumbai ve Istanbul gibi diinyanin gelismis
metropollerinde taksi kullanimi oldukg¢a yaygindir. Bu sehirler, genellikle niifus yogunlugunun ve trafik
sikisikliginin yiiksek oldugu yerlerdir. Toplu ulagim sistemleri bu yogunlugu hafifletmek icin énemli
olsa da bireylerin hizli ve konforlu bir sekilde istedikleri yere ulasmak icin taksi tercih etmeleri
yaygindir. Ayrica, turistlerin ve ig seyahati yapanlarin kolayca kullanabilecegi bir ulasim araci olmasi
da taksi kullanimini artiran etkenlerden biridir. Gelismis mega kentler, yiiksek niifus yogunluklar1 ve
siirekli hareketlilik nedeniyle yogun bir taksi talebiyle kars1 karsiyadir. Bu talep, dogal olarak taksi
sayllarmin da yiiksek olmasina yol acar. Ornegin, 2020 yihi itibariyla diinyanin 6nde gelen
metropollerindeki taksi sayilar1 agagidaki gibidir:

e Tokyo, Japonya: Tokyo'da yaklasik 50.000 taksi hizmet vermektedir (Tokyo
Metropolitan Government, 2020).

e New York, ABD: New York sehrinde yaklasik 13.587 sar1 taksi bulunmaktadir (New
York City Taxi and Limousine Commission, 2020).

e Londra, Birlesik Krallik: Londra'da yaklasik 21.000 siyah taksi hizmet vermektedir
(Transport for London, 2020).

e Moskova, Rusya: Moskova'da yaklasik 50.000 taksi bulunmaktadir (Moscow
Department of Transport, 2020).
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e Mumbai, Hindistan: Mumbai'de yaklasik 58.000 taksi hizmet vermektedir
(Brihanmumbai Electric Supply and Transport, 2020).

e Pekin, Cin: Pekin'de yaklasik 66.000 taksi bulunmaktadir (Beijing Municipal
Commission of Transport, 2020).

e Istanbul, Tiirkiye: Istanbul'da yaklasik 17.395 taksi bulunmaktadir (istanbul Ticaret
Odasi, 2020).

e Paris, Fransa: Paris'te yaklagik 17.000 taksi hizmet vermektedir (Préfecture de Police,
2020).

3. Siiriicii tamma sistemleri

Stiriicii tamma  sistemleri, genellikle ¢esitli algilama ve analiz tekniklerini kullanarak siiriiciilerin
kimliklerini belirlemek veya siiriicii davranislarini izlemek igin tasarlanmistir. Bu sistemler, siiriiciilerin
yorgunluk seviyelerini, dikkat daginikliklarini, siiriis tarzlarini, kimlik dogrulama ve hatta duygusal
durumlarini belirlemek i¢in kullanilabilir (Sekil 1).

‘ Kimlik Dogrulama ve Kisisellestirme

‘ Guvenlik Uygulamalari

' Duygusal Durum Tespiti

Sekil 1. Siiriicti tanima sistemleri

Siiriicii tanima sistemi, genellikle siiriiciiniin yiiz, g6z, dudak hareketleri veya biyometrik 6zellikleri gibi
belirli fiziksel veya davranigsal 6zellikleri kullanarak siiriiciiyii tanimlar. Siiriicli tanima sistemleri, arag
i¢i giivenlik, konfor ve kisisellestirilmis siiriicii deneyimi gibi amagclarla kullanilmaktadir.

3.1. Siiriicii tanima sistemlerinde kullanmilan teknolojiler

Siiriici tamma sistemlerinde kullanilan teknolojiler ve bunlara bagh temel 6zellikler asagida yer
almaktadir.

3.1.1.  Yiiz tamima sistemi

Yiiz tanima teknolojisi, son yillarda giivenlik, kimlik dogrulama ve erisim kontrolii gibi bir¢ok alanda
giderek daha fazla kullanilmaktadir (Zhao vd., 2003). Toplu ulagim sistemlerinde, ozellikle otobiis,
metro ve tren gibi toplu tasima araglarinda, giivenlik ve yolcu takibi amaciyla yiiz tanima sistemlerinin
kullanimi yayginlagmaktadir (Li ve Jain, 2011).

Yiiz tamima sistemlerinin performansinmi artirmak i¢in derin 6grenme algoritmalar1 kullanilmaktadir.
Derin 6grenme, yapay sinir aglar1 kullanilarak biiylik veri kiimeleri iizerinde egitilen bir makine
ogrenmesi yontemidir (LeCun vd., 2015). Yiiz tanima sistemlerinde, derin 6grenme algoritmalari, yiiz
goriintiilerindeki  Ozellikleri otomatik olarak Ogrenerek yiizleri daha dogru bir sekilde
tammlayabilmektedir (Schroff vd., 2015). Yiiz tanima teknolojisinin dogruluk orani, kullanilan
algoritmalar, veri kiimeleri ve c¢evresel faktorler gibi birgok faktdre baghdir. Derin 6grenme
algoritmalari sayesinde yliz tanima sistemlerinin dogruluk oraminda 6nemli bir artig olmustur (Guo vd.,
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2016). Fakat disiik 151k kosullari, yiiz ifadeleri ve ylizdeki aksesuarlar gibi faktorler, yiiz tanima
sistemlerinin performansinin diisiisiine neden olmakta ve kullammiyla ilgili gizlilik endigeleri de
bulunmaktadir. Yiiz tamima sistemleri, bireylerin yiiz goriintiilerini toplamakta ve bu verileri bir veri
tabaninda saklamaktadir. Bu verilerin kdtliye kullanilmas1 veya yetkisiz kisilerin erisimine agilmasi,
bireylerin gizliligini tehlikeye sokacagi endisesi de devam etmektedir (Ohm, 2010). Bu nedenle, yiiz
tamima sistemlerinin kullanimiyla ilgili yasal diizenlemeler ve etik kurallarin diizenlenmesi ve
gelistirilmesi gerekmektedir.

Taksilerde yiiz tanima teknolojisinin kullanimi yaygin olmamakla birlikte pilot ¢alismasi olarak
kullanilan yerlerde mevcuttur. Ornegin, Tokyo'da taksi soférlerinin kimligini dogrulamak ve giivenligi
artirmak i¢in kullanilan siiriicli tanima sistemi, Tokyo Century Corporation tarafindan gelistirilmis ve
2020 yilinda Aizu Taxi filosunda kullanima sunulmustur. Aizu Taxi'nin yiiz tanima sistemi, Tokyo'da
smirl sayida takside kullanilmaktadir (Tokyo Century Corporation, 2020). Ancak, sistemin basarili
olmas1 durumunda diger taksi sirketleri tarafindan da benimsenmesi beklenmektedir. Taksilerin bireysel
olarak bu teknolojiyi benimsemesi ve kullanmasi heniiz yaygin olmayip, uygulamadaki yasanan
sorunlar nedeniyle siirdiiriilebilir bir teknoloji olarak goriilmemektedir.

Sekil 2.Tokyo’da kullanilan stiriici tanima sistemi cihazi (Tokyo Century News, 2020)

3.1.2. Goz takip sistemi

Stiriiciiniin dikkat durumunu degerlendirmek icin kameralar araciligiyla siiriiciiniin géz hareketleri ve
bakis noktalar1 analiz edilmektedir. Bu analizler, siiriiciiniin dikkatinin yolda olup olmadigini
belirlemeye yardimci olmaktadir (Pal, Nunez, Wang ve Bian, 2020).

Sekil 3. Goz takip sistemi
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Insan gozlerinin hareketlerini takip ederek olusturulan takip ve denetleme sistemi, teknolojik olarak
evrimini tamamlamamis olup, dogruluk ylizdesinin arttirilmasina ve stabil yliksek dogruluga haiz olmasi
beklenmektedir. Testleri ve pilot kullammlari birgok gelismis sehirde denenmektedir. Ancak
giinlimiizde istenen dogrulukta yeterlilikte olmadigr i¢in siiriicii takip sistemlerinde yaygin olarak
kullanilamamaktadir (Chu, Li, Zhang ve Yang, 2019).

3.1.3. RFID kart ve biyometrik tanmima

Parmak 1izi, retina taramasi veya el damarlar1 gibi biyometrik o6zelliklerle siiriicii kimligi
dogrulanabilmektedir. Bu tiir biyometrik veriler, siiriiciiyii benzersiz bir sekilde tamimlamak ig¢in
kullanilmaktadir (Jain, Ross ve Nandakumar, 2016). RFID kartlarin kaybolmasi, kirilmasi, unutulmasi
ve benzeri sebeplerle tek basina kullanilamamaktadir. Bu nedenle biyometrik sistemlerle beraber
kullanilmaya ihtiya¢ duyulmaktadir (Drahansky, Safarik ve Brezinova,2017).

Sekil 4. Parmak izi ve biyometrik tanima sistemleri

Biyometrik tanima sistemlerinin uygulanmasi ise genellikle kisisel gizlilik ve veri giivenligi gibi konular
nedeniyle dikkatlice degerlendirilmelidir. Ancak bu teknolojinin kullanilmasiyla ilgili yerel
diizenlemeler ve yasal ¢ergeveler de goz Oniine alinmalidir (Ratha, Connell ve Bolle, 2001). Kamerah
stirlicli tespit sistemleri oldugu gibi; Avrupa Birligi iilkelerinde aracin igerisindeki siirliciiniin goz
bebegi(retina) ve el damarlar1 veya parmak izi gibi kisisel kaydedilmesi ve veya bilgilerinin kullanimi1
yasal goriilmedigi i¢in gelismis iilkelerde bu teknoloji yaygin olarak kullanilamamaktadir.

3.1.4. Ses tamma

Siirticiiniin ses 6zellikleri analiz edilerek taninmas1 miimkiindiir. Sesli komutlar1 anlama ve siiriiciiniin
sesini diger yolcularin seslerinden ayirt etme gibi ozellikler icerebilir. Ses tamma sisteminde ses
dalgalar1 karsilastirilarak kimlik tespiti yapilir (Reynolds, Rose ve Quatieri, 2000). Ses tamima
sistemlerinin uygulanmas1 da kisisel gizlilik ve veri giivenligi gibi konular nedeniyle dikkatlice
degerlendirilmelidir. Avrupa Birligine iiye iilkelerde kullanimi yasal goériilmemektedir. Ancak bu
teknolojinin kullanilmasiyla ilgili yerel diizenlemeler ve yasal cergceveler de goz oniine alinmalidir. Bu
teknoloji gelismis iilkelerde yaygin olarak kullanilmamaktadir ¢linkii kisisel bilgilerin kullanimi yasal
kabul edilmemektedir.

Sekil 5. Ses tanima sistemi

Stiriicii tanima sistemleri, arac¢ i¢i giivenlik sistemlerini artirmak, otomatik siiriis teknolojilerini
desteklemek, siiriiciiye kisisel tercihlere goére ayarlar sunmak ve siirlicii odakli gilivenlik uyarilar
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saglamak gibi ¢esitli amaglar i¢in kullanilir (Huang, Xu, Wang ve Wang, 2018). Bu sistemler,
stiriiclilerin ve yolcularin daha giivenli ve konforlu bir siiriis deneyimi yasamalarina katkida bulunabilir.
Ancak stabil ¢alisan, dogruluk orami yiiksek siiriicli tanima sistemleri ile siirdiiriilebilir ve etkin bir
denetim saglanarak toplu ulagimda hizmet kalitesi arttirilabilecegi anlagilmaktadir.

4.  Toplu ulasimda siiriicii tanima sistemleri

Toplu ulagimda siirlicli tanima sistemleri, siiriiciiniin kimligini ve davramslarin1 belirlemek amaciyla
kullanilan teknolojik ¢oziimlerdir. Toplu tasima araglarindan taksiler igin gelistirilen siiriicii tanima
sistemi modeli bu ¢alismada yer almaktadir. Tiirkiye Taksi Siiriicii Tamima Sistemi Modeli bilesenleri
ve yasal alt yapisi, modelin kurulmasi asagida yer almaktadir.

4.1. Tirkiye Taksi Siiriicii Tamima Sistemi Modeli (TTSTM)

Toplu ulagim sistemleri, kentlerdeki ulasimin énemli bir pargasini olustururken, bu sistemlerin verimli
ve gilivenli bir sekilde islemesi biiyiikk 6nem tasimaktadir. Ancak, toplu ulasim araglarinda siiriicii
davraniglarinin izlenmesi ve ydnetilmesi, siiriicii giivenligi, yolcu memnuniyeti ve operasyonel
verimlilik agisindan kritik bir rol oynamaktadir. Bu baglamda, toplu ulasim araglarinda siiriicii tanima
sistemleri, siiriiciilerin davramslarini izlemek, degerlendirmek ve gerektiginde miidahale etmek icin
onemli bir arag haline gelmektedir. Asagidaki sekilde goriilen tiim biiyiik sehirlerde kullanilabilecek bir
Tiirkiye Taksi Siiriicli Tanima Modeli (TTSTM) modelimiz sematik olarak gosterilmistir ve devaminda
detayl1 olarak agiklanmustir.

TURKIYE TAKSi SURUCUSU TANIMA MODELI

IP Kamera Tabanh
Video Yonetim Sistemi

Ulagim Yonetim Portali Taksi Cagn Platformu
Entegrasyonu
egrasy il
Q - woydh
e ]
GBS gt ~

i e A LA oo
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" { ame
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Giivenli Girig ile
Sistem Aktivasyonu

1

=1 Al

Sekil 6. Tiirkiye Taksi Siiriicti Tanima Sistem Modeli (TTSTSM) genel ¢alisma prensibi

Gelistirilen (TTSTSM), diinyadaki metropol sehirlerin ve Istanbul Biiyiiksehir Belediyesi'nin mevcut
taksi sistemlerinin incelenmesi ve karsilastirilmasi sonucunda ortaya ¢ikmistir. Bu model, giivenlik,
konfor, erisilebilirlik ve entegrasyon gibi temel unsurlari géz oniinde bulundurularak tasarlanmigtir.
Modelin 6zellikleri;

e Giivenlik teknolojileri: Gelistirilen model, yolcu ve siiriicii giivenligini artirmak igin gelismis

giivenlik teknolojileriyle donatilmistir. Bu teknolojiler arasinda GPS takip sistemi, acil durum
butonu, yolculuk kayitlar ve siirlicii kimlik dogrulama sistemleri yer almaktadir.
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e 10T sensor teknolojileri: Model, Nesnelerin interneti (IoT) sensér teknolojileriyle entegre
edilerek, ger¢ek zamanl veri toplama ve analiz imkan1 sunmaktadir. Bu sensorler araciligiyla
trafik yogunlugu, hava durumu, yol kosullar1 gibi veriler toplanarak, taksi hizmetlerinin
optimizasyonu ve yolculara daha iyi hizmet sunulmas1 hedeflenmektedir.

e Online 6deme sistemleri: Akilli taksi modeli, online 6deme sistemleriyle entegre edilerek,
yolculara kolay ve temassiz 6deme segenekleri sunmaktadir. Bu sayede, nakit para tasima
ihtiyaci ortadan kalkmakta ve 6deme islemleri daha hizli ve giivenli hale gelmektedir.

e Aracg iistii akilh taksi bilgilendirme sapkasi: Model, arag¢ iistiinde bulunan akilli bir
bilgilendirme sapkasi ile donatilmistir. Bu sapka, taksinin miisaitlik durumunu, giizergah
bilgisini ve tahmini varis siiresini yolculara ve trafik yonetim sistemine iletmektedir. Bu sayede,
yolcular taksileri daha kolay bulabilirken, trafik yonetimi de taksi hareketlerini daha etkin bir
sekilde takip etmelerine olanak saglamaktadir.

e Tiirkiye geneli uygulanabilirlik: Model, Tiirkiye'nin farkli sehirlerindeki ihtiyaglari ve mevcut
altyapiy1 goz oniinde bulundurarak tasarlanmistir. Bu nedenle, iilke genelinde uygulanabilir ve
mevcut 10T teknolojileriyle entegre edilebilir.

e Siirdiiriilebilirlik: Modelin  tasariminda  siirdiiriilebilirlik  ilkeleri gbéz  Oniinde
bulundurulmustur. Yakit verimliligi yiiksek araglarin kullanimi, ¢evre dostu teknolojilerin
entegrasyonu ve akilli trafik yonetimi sistemleriyle entegrasyon, modelin ¢evresel etkisini
azaltmaya yoneliktir.

4.2. TTSTM kurulumu

Bu calismada, taksi siiriiciilerinin kimliklerinin belirlenmesi ve siniflandirilmasi amaciyla derin
ogrenme teknikleri kullanilarak bir model gelistirilmistir. Toplu ulagimda taksi giivenligini artirmak,
hizmet kalitesini iyilestirmek ve Tiirkiye'deki taksi sistemine etkili bir ¢dzim modeli sunmak
amaclanmustir. Onerilen model, taksi hizmetleri igin giivenli ve siirdiiriilebilir bir ydnetim yapisi
saglamay1 hedeflemektedir. Yerel ve ulusal dlgekte uygulanabilir bir ¢6ziim olarak gelistirilen model,
stiriicti kimlik dogrulamasi yoluyla izinsiz arag¢ kullanimini engellemeyi, siiriis giivenligini artirmay1 ve
genel miisteri memnuniyetini yiikseltmeyi amaglamaktadir.

Gelistirilen model, Tiirkiye’deki mevcut taksi sisteminde gozlemlenen temel sorunlar ve bu sorunlara
yonelik ¢6ziim Onerileri dikkate alinarak tasarlanmustir. Siiriici kimlik dogrulamasindaki eksiklikler,
siiriicli giivenligine yonelik tehditler ve yolcularin giivenlik beklentileri, modelin odaklandigi temel
sorun alanlaridir. Bu dogrultuda, derin 6grenme algoritmalariyla entegre edilmis bir siiriicii tanima
sistemi kullanilarak hem bireysel hem de genel taksi gilivenliginin saglanmasi ve hizmet kalitesinin
artirtlmasi hedeflenmistir. Modelin detaylari, bu ¢alismanin giris boliimiinde belirtilen genel prensipler
cergevesinde ve asagidaki akis diyagramina dayali olarak aciklanacaktir. Diyagram, siiriicii tanima
siirecinin agamalarini, kullanilan teknolojileri ve veri igsleme siireclerini adim adim gostererek modelin
isleyisini ve elde edilen sonuclarin degerlendirilmesini gorsel olarak aciklamaktadir.
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Tiirkiye Taksi Siiriicii Tamma Modeli Is Akis Diagrami

Akilli Tablet Montaji
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ve kurulumu yapilr.

Yazilim Kurulumlan

Akl fabiet weerine
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Sekil 7. Tiirkiye siiriicii tanima sistemi i akis diyagrami

4.3. Taksi yonetim cihaz1 akill tabletinin araca montaji ve devreye alinmasi

Ik asamada, taksi araclarinin 6n konsoluna Taksi Yonetim Cihazi Akilli Tableti monte edilir. Bu tablet,
Android 10 ve flizeri isletim sistemi, 2GB RAM ve 16GB ROM bellek kapasitesi ile donatilmustir.
Dokunmatik ekran 6zelligi sayesinde kullanict dostu bir arayiiz sunan tablette, entegre bir 6n yol
kamerast da bulunmaktadir. Genis acili lens yapisiyla siiriicii ve yolcular1 ayni anda izleyebilen bu
kamera, gece goriis ozelligi sayesinde diisiik 151k kosullarinda dahi yiiksek kaliteli goriintii kaydi
yapabilmektedir. Cihaz ayrica, mobil aglar iizerinden goriintii ve veri aktarimini saglayan endiistriyel
bir mobil network kayit cihazi ile desteklenmektedir. Mobil kameralar ve GPS alici anteni, Taksi
Yonetim Cihazi Akilli Tabletine entegre edilerek siiriis sirasinda aracin konumunun ve hareketlerinin
hassas bir sekilde izlenmesini saglar. Bu sistem, yolculuk giivenliginin artirilmasi ve siiriicii
performansinin izlenmesinde kritik bir rol oynamaktadir.

Sekil 8. Arag ici akilli tablet montaji
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Her taksiye, Tiirkiye Taksi Yonetim Sistemi'ne entegre olabilen, akredite markalar tarafindan tiretilen
"ARAC (TAKSI) YONETIM CIHAZI"nin kurulmas: gerekmektedir. Bu cihaz, giivenlik, bankacilik,
bilgilendirme ekranlar1 ve loT sensorleri gibi ¢esitli bilesenleri entegre ederek sistemin isleyigini saglar.
Onerilen model, Istanbul'da mevcut sistemlere ek olarak bir cihaz yatirimi gerektirmektedir. Arag
yonetim cihazina sahip olmayan diger sehirlerde ise, cihaz yatiriminmn sehir yonetimleri (kamu
otoriteleri) veya taksi plakasi sahipleri tarafindan karsilanmasi gerekmektedir.

4.4, Kamera ve panik butonu montaji ve devreye alinmasi

Ikinci asamada, taksinin 6n camina, siiriicii ve yolcular1 genis agil1 bir perspektifle izleyebilecek sekilde
konumlandirilmig, 1080P Full HD ¢6ziiniirliige ve gece goriis 6zelligine sahip bir kamera monte edilir.
Bu kamera, yiiksek ¢oziiniirlitkte goriintii kaydi yapabilme yetenegiyle gece ve diisiik 151k kosullarinda
dahi etkin performans saglar. Taksi Yonetim Cihazi Akilli Tableti'ne entegre bir 6n yol kamerasi
bulundugundan, bu kameranin ayr1 bir montaji gerekmez. Mobil kameralar ve GPS alic1 anteni, Taksi
Yonetim Cihaz1 Akilli Tabletine baglanarak arag i¢i giivenlik ve konum izleme islevlerinin eksiksiz bir
sekilde yerine getirilmesini saglar.

Sekil 9. Arag i¢i kamera ve gps anteni montaji

Kamera montajinin tamamlanmasinin ardindan, taksi siirticiisiiniin kullanimi i¢in tasarlanmig minyatiir
boyutlu "Panik Butonu" aracin uygun bir yerine monte edilir. Bu panik butonu, siiriicii tarafindan acil
durumlarda kullanilmak {izere gelistirilmis olup, giivenlik tehditlerine kars1 hizli miidahaleyi saglamay1
amaclamaktadir. Montaj isleminin ardindan, butonun kablosu, arag¢ i¢cindeki Akilli Tablete baglanarak
devreye alinir. Bu baglanti, panik butonuna basildiginda ilgili sinyallerin aninda merkezi sistemlere
iletilmesini ve gerekli glivenlik onlemlerinin hizli bir sekilde alinmasini saglar.

Sekil 10. Panik Butonu Montaji
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4.5, Siiriicii tamma yazilimi ve mobil connect uygulamasi

Bu agamada, Tiirkiye'de daha 6nce mevcut olmayan Tiirkiye Taksi Yonetim Merkezi yazilimina entegre
edilmig Siriicii Tanima Yazilimi, Taksi Yonetim Cihazi Akilli Tabletine yiliklenir. Siiriicii Tanima
Yazilimi, taksi siiriiciilerinin akilli cep telefonlarmna yiikledikleri Mobil Connect adli uygulama ile
senkronize ¢alisacak sekilde tasarlanmistir. Bu uygulama, yalnizca veri tabaninda kayitl siiriiciilerin
giris yapabildigi bir giivenlik katmani sunar. Siiriiciiler, Mobil Connect uygulamasi araciligryla Siiriicii
Tamma Yazilimi kapsaminda bulunan QR kodunu okutarak, yalmizca kayithi olduklar1 araca giris
yapabilir ve "Ulagim Denetim Yonetim" sistemini aktif hale getirebilirler. Bu entegrasyon, taksi
hizmetlerinde siiriicii kimlik dogrulamasini giivence altina alarak izinsiz ara¢ kullanimini Onler ve
sistemin giivenilirligini artirir.

SURUCU BILGILERI/DRIVER INFO

Stirlicii Ad/Driver Namo
TUHIMTEST

~ Arag PlakasyVehicle Plate

347ST34

Sicil No/Record Number
Gelecek

Stirlicti Gegerlilik Durumu/Driver Status
Gegerli

SERBEST/FREE 06-02-2024

Sekil 11. Mobil connect aktivasyonu yapilmis, uygulama ekran goriintiisi

Mobil Connect Uygulamasi, Sehir Ulasim Ydnetimi ve Toplu Ulagim veri tabaninda kayith siiriictilerin,
Stiriicii Tammma Yazilimi aracilifiyla sisteme giris yapmalarini ve aktif hale gelmelerini saglar. Bu
uygulama, striicii kimlik dogrulamasmi giivence altina alarak yalmzca yetkili siiriiciilerin sisteme
erisimini miimkiin kilar. Ayrica, uygulama, anlik ve ge¢mise yOnelik yolculuk verilerinin merkez
sunucu bilgisayarlarmdan ¢ekilerek siiriiciiniin mobil cihazinda goriintiilenmesini saglar. Konum,
hasilat, glizergdh ve 6deme tipi gibi bilgileri igeren bu veriler, siiriicii tarafindan anlik olarak izlenebilir
ve kontrol edilebilir. Bu o6zellikler, potansiyel anlasmazliklarin ¢oziilmesi ve gegmis olaylarin
aydinlatilmasi i¢in detayli geriye doniik raporlama imkam sunar.

4.6.  Siiriicii tamima sistemi yazihminin araca kurulmasi ve fonksiyon testlerinin tamamlanmasi

Sisteme giris yapan ve kayith yetkili stiriiciiniin bilgileri “Taksi Yonetim Cihazi Tabletine” asagidaki
sekilde yansimakta olup, bilgilerin dogrulugu hem siiriici hem yolcu hem de denetim personelleri
tarafindan rahatca yapilabilmesine olanak saglamaktadir.

= SOROCO BILGILERVDRIVER INFO
SdrucU Ad/Driver Name
Tost Solor 6
Arag Plakas/Vehicle Plate .
__ 348827
Sicil No/Record Number
ERCTISTR, ., L SOy
Surucy Gegerilk Durumu/Driver Status
\ Gecerti (@) :nuuuuumnmnl
o Cubuigape N ARAS TINMA MERKED
SERBEST/FREE SERVIS DIt x‘. 02012024 Serbost/Freo
< ° a

Sekil 12. Siiriicii tanima yazilimi uygulamasi ekran goriintiisii

Bu siiriicii tespit istemci yazilimi, taksi, minibiis, servis araglar1 i¢in ¢alisan web tabanli merkezi bilgi
portal yazilimi, taksi yonetim cihazi igerisinde ¢alisgan mobil islemci/client uygulamasi ve merkezi
izleme/indirme yazilimlar ile uyumlu-entegre ¢aligmaktadir.
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4.7. E-devlet entegrasyonu, c¢ok faktorlii kimlik dogrulamasi ve ulasim web portahna
entegrasyon

Merkez sunuculari E-Devlet entegrasyonu ile uyumlu hale getirilmesinin ardindan, siiriiciiler Siirticii
Tamma Yazilimi'na Mobil Connect uygulamasi iizerinden veri tabaminda kayitli cep telefonu
numaralariyla girig yapabilirler. Giris islemi sirasinda, kullanicinin ruhsat sistemine kayitli cep telefonu
numarasina bir SMS gonderilerek ¢ok faktorlii kimlik dogrulamasi gergeklestirilir. Bu dogrulama siireci,
dijital imza teknolojisi ile tamamlanarak siiriiciiniin sisteme giivenli erisimi saglanir. Sistemin isleyisi
kapsaminda, aracin tiim siiriis ve sefer verileri, glizergah ve rota bilgileri, siiriicii bilgileri ve taksimetre
iicreti gibi veriler Ulasim Web Portali'na entegre edilerek analiz edilir. Bu veriler {izerinden detayli
raporlar olusturulabilir ve belirli kriterler dogrultusunda otomatik alarmlar olusturulabilir.

13:31 w -

Taksi gimdi
Taksl Igin Girlg Dogrulama Kodunuz:
733649 BO50

(A g

o~

%~

AKILLI ULASIM SISTEMLERI
UYGULAMAVE
ARASTIRMA MERKEZI

.'-;4"’;\1
& 3
7‘ & 7p

¢~

A

(Tek kullanimbhik sifreyi giriniz. )

Sekil 13. Cok faktorli kimlik dogrulamasi ekran goriintiisii

4.8. Cahsma ruhsat1 gecerlilik takibi

Stiriiciiler, Mobil Connect uygulamasi araciligtyla ¢alisma ruhsatlarmin gegerlilik durumunu takip
edebilirler. Calisma ruhsati sona eren siiriiciiler, sistem lizerinden otomatik olarak bilgilendirilir. Aracin
yolculuk yapmak igin bekleyen yolculara durumunu bildiren Akilli Tepe Lambasi, yalmizca siiriiciiniin
sisteme giris yapmasi halinde aktif hale gelir. Bu uygulama, siiriiciilerin ¢alisma izni olmadan yolculuk
yapmasini engelleyerek sistemin glivenligini ve diizenliligini saglar.
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Sekil. 14. Calisma ruhsati gecerlilik durumu

4.9. Sistemin degerlendirilmesi

Bu calismada, Tiirkiye ve diinya genelindeki gelismis metropollerde toplu ulagimin énemli bir bilegeni
olan taksilerin, Istanbul ili 6zelinde toplu ulasim sistemindeki rolii ve énemi incelenmistir. Calismanin
ilerleyen asamalarinda, Istanbul'da uygulanan mevcut siiriicii tanima sistemi detayl bir sekilde ele
alinmig ve yapilan iyilestirmeler sunulmustur. Ayrica, dijital imza entegrasyonu saglanarak
stirdiiriilebilir ve Tiirkiye'nin 6zgiin ihtiyaclarma uygun bir model gelistirilmistir. Gelistirilen Tiirkiye
Taksi Siiriici Tamima Modeli, siiriiciilerin kimliklerinin dijital imza yontemleriyle dogrulanmasini
saglar. Bu modelde, goriintii igsleme teknolojileri ve elektronik ddeme sistemleri entegre edilmistir.
Geligtirilen sistem, siiriicii ve yolcu giivenligini artirmay1, daha konforlu bir seyahat deneyimi sunmay1
ve sehir ile lilke yonetimlerinin toplu ulasimi daha etkin bir sekilde denetleyebilmesini hedeflemektedir.
Taksi hizmetlerinde giivenlik, verimlilik ve denetlenebilirligi bir arada sunan bu sistem, sektérde 6nemli

bir yeniliktir.

Afet Durumunda
Merkezi Kontrol

Goriintilerin

izlenmesi ve
Kayit

BAUSMER
Tiirkiye Taksi Siiriici
Tespit ve Denetim
Es Zamanli Sistemi Faydalar JuS/iEFAILIET

Hiz Optimizasyonu
ile Kaza Riskinin
Azalmasi
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Takibi

Tespiti ve Glvenli
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Sekil 15. BAUSMER Tiirkiye taksi siiriicii tespit ve denetim sistemi faydalari
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Bu calismada, E-Devlet sistemi ile entegrasyon saglanarak ulusal bilgi ve giivenlik agindan
yararlanilmaktadir. Bu entegrasyon sayesinde, ehliyet, sabika kaydi ve yiliz kizartici suglara sahip
kisilerin toplu ulagim taksi siiriicii sistemine dahil edilmemesi giivence altina alinmistir. Bu mekanizma,
insan kaynakli hata paymi en aza indirgemekte ve sistemin giivenilirligini artirmaktadir. Geleneksel,
yenilik¢i ve siirdiiriilebilir olmayan yaklagimlar yerine, bu tez calismasinda uygulanabilir ve
stirdiirtilebilir bir Tiirkiye Taksi Siirticii Tamima Modeli gelistirilmistir.

Her taksiye, akredite edilmis markalar tarafindan iiretilen ve Tiirkiye Taksi Yonetim Sistemine entegre
olabilen “Ara¢ (Taksi) Yonetim Cihazlar’”nin kurulmasi: gerekmektedir. Bu cihazlara, giivenlik,
bankacilik, bilgilendirme ekranlar1 ve IoT sensorleri gibi sistemlerin entegre edilmesi saglanacaktir.
Istanbul’da bu modelin uygulanmasi ekstra bir cihaz yatirimi gerektirmektedir. Bu cihaza sahip olmayan
diger sehirlerde bu yatirimin sehir yonetimleri (kamu) veya taksi plakasi sahipleri tarafindan
karsilanmasi1 gerekmektedir.

Modelin temel ilkelerinden biri, siliriici takip uygulamasmna giris yapilmadan taksinin
calistirilamamasidir. Bu kapsamda, UKOME karar1 ve bir genelge ile yasal diizenlemeler yapilarak
siiriiclilerin, sisteme giris yapmadan araglar1 galistirmalarmin Oniine gegilecektir. Siirlicii araci
calistirmak istediginde, taksimetreyi baslatmaya ¢alistig1 anda, Arag (Taksi) Yonetim Cihazi tarafindan
sesli ve goriintiilii bir uyar1 verilerek, "Liitfen Siiriicii Girisi Yapimz-Kayitsiz Yetkisiz Siiriici”
alarmu olusturulacaktir. Bu uyari, ayn1 zamanda Tirkiye Taksi Siirticti Tamima Sistem Merkezi operator
ekraninda gosterilecek ve veri tabanina kaydedilecektir.

E-Devlet entegrasyonu: Taksi siiriicii tanima sisteminin yazilim altyapisin1 giiglendiren 6nemli bir
unsurdur. Heniiz mevcut olmayan sehirlerde ise siiriicii kayit ve ruhsat sistemleri veri tabanlari
olusturularak E-Devlvdtyapisina entegre edilmelidir. Bu entegrasyon ile Emniyet Genel Miidirligii
sistemine erisim saglanarak, her siiriiciiniin bes y1l geriye doniik Genel Bilgi Toplama (GBT) kayitlari
otomatik olarak kontrol edilebilecektir. Yiiz kizartici suglar veya alkollii ara¢ kullanimi gibi suglardan
hiikkiim giymis siiriiciiler otomatik olarak tespit edilecek ve siiriicii kartlarmin askiya alinmasi
saglanacaktir. Boylece, siirlici ve yolcu giivenligini tehdit eden durumlar ve trafikte yasanan
anlagmazliklar zamanla en aza indirilecektir. Bu sistemin temel amaci, bagimlilik testini gegemeyen,
saglik kontrollerini yaptirmamus, yiiz kizartici suglardan hiikiim giymis ve adli sicil sinirlamalar1 devam
eden, kayitsiz ve yetkisiz kisilerin ara¢ siirmesini engellemektir.

Tiirkiye Taksi Siiriicii Tanima Sistemi, giivenlik sorunlarin1 minimize etmek amaciyla gelistirilmis olup,
arac icerisinde meydana gelebilecek gasp, hirsizlik, yaralama gibi acil durumlarin bildirilmesi ve bu tiir
olaylarin en aza indirgenmesi i¢in caydirici onlemler icermektedir. Bu kapsamda, arag igerisine “Yolcu
Panik Butonu” ve “Siiriicii Panik Butonu” olmak iizere iki ayri panik butonu yerlestirilmistir. Bu
butonlar, acil durumlarda siiriicii ve yolcularin giivenlik kaygilarin1 gidermek iizere tasarlanmustir.

Son yillarda iilkemizde taksi soforlerine yonelik cinayet vakalarmnin artmasi, bu tiir gilivenlik
onlemlerinin 6nemini bir kez daha ortaya koymaktadir. “Taksi Akilli Tepe Lambas1” entegrasyonu ile
panik butonuna basildiginda, aracin lizerinde "'S.0.S Yardim" ibaresi yanip sonmeye baglayacak ve bu
alarm, aninda Tirkiye Taksi Siiriicii Tanmima Sistemi Merkez Ekranlarma bildirilerek yardim cagrisi
olarak kaydedilecektir. Bu sistem, yalnizca giivenligi artirmakla kalmayip, stiriiciilerin meslegi daha
giivenli bir sekilde icra etmesini ve islerine olan baghliklarmi giiclendirmeyi amaglamaktadir.

Araclarin kaza aninda elde edilen goriintiilerinin giivence altina almmmasi i¢in gerekli sistem altyapisi
olusturulacaktir. Bu kapsamda, mevcutta kullanilan kamera kayit cihazlari, dokunmatik ekranli ve
Android isletim sistemine sahip olup, entegre kayit 6zellikleri barindiran, ¢ift kamerali ve G-sensor
(ivmeodlger) 6zelligine sahip modeller tercih edilmektedir. Bu cihazlar, kaza aninda devreye giren [oT
tabanli G-sensor sayesinde, kazadan 1 dakika once ve 1 dakika sonra elde edilen yol kamerasi
gorilintiilerini otomatik olarak sistem merkezine iletmektedir. Bu goriintiiler, gilivenlik amaciyla
kurulacak merkez FTP sunucularinda saklanarak, gerektiginde inceleme ve analiz yapilabilmesi i¢in
koruma altma alinacaktir. Bununla taksi siiriiciilerinin giivenligi saglanirken, siiriis sirasinda meydana
gelebilecek kazalarla ilgili verilerin giivenilir bir sekilde depolanmasi, siiriis kalitesinin dolayli olarak
iyilestirilmesine ve giivenlik standartlariimn yiikseltilmesine katki saglamaktadir.
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Yolcu secme probleminin ¢éziimii icin gelistirilen modiil: Aracin {izerine yerlestirilen Akilli Tepe
Lambasi, Taksimetre ve Arac (Taksi) Yonetim Cihazi arasindaki entegrasyonla saglanmaktadir. Bu
sistemde, siiriicii tanima yazilimi, taksimetreyi agtig1 anda tepe lambasinda otomatik olarak "'Dolu
ibaresinin goriinmesini saglar. Aracta yolcu olmadigi durumlarda ise ""Bos" ibaresi gosterilecektir. Bu
entegrasyon, yolcu segme ve kisa mesafeden kaginma gibi yaygin sikayetlerin dniine gegmek amaciyla
gelistirilmistir. Siiriictiniin kigisel ihtiyaglar1 veya ara¢ degisimlerini gerceklestirebilmesi igin, ayni giin
icerisinde bes kez "Servis Dis1" modu kullanmasina olanak taninmistir. Bu 6zellik, siiriiciiniin ihtiyaci
oldugunda aracm hizmet dis1 oldugunu belirtmesini ve sistemin kayitlarin1 buna gore giincellemesini
saglar. Bu sayede, kisa mesafe yolcu se¢imi gibi sorunlarin zamanla kalici olarak ¢6ziilmesi
hedeflenmektedir.

AKILLI TEPE LAMBASI -«

(CoLUN( RZY ]
=EE EE

Sekil 16. Akill1 tepe lambasi entegrasyonu sonrasi tepe lambasmin durum bilgisinin otomatik degisimi

i

-
-
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"Beni dolastirdin" sikayetlerinin 6nlenmesi amaciyla, silirlicii tamma yazilimi, arag takip sistemi ve
taksimetre ile entegre edilmistir. Bu entegrasyon sayesinde, yolculuk boyunca aracin takip edilen
giizergahi ve trafik verileri otomatik olarak kaydedilmekte, boylece bu tiir sikayetlerin minimuma
indirilmesi saglanmaktadir. Ayrica, yolcularin da seyahat esnasindaki konumlarini ve izlenen giizergahi
takip edebilmeleri amaciyla, siiriicii i¢in gelistirilen uygulamanin bir benzeri, yolcular i¢in de
olusturulmustur. Yolcular, arag i¢cindeki kare kodu okutarak aracin o anki konumunu ve izledigi rotay1
canli olarak takip edebilecek ve bu bilgileri yakinlariyla paylasabilecektir. Bu 6zellik, yolcu giivenligini
artirirken, hizmet kalitesini de iyilestirmektedir.

——

Sekil 17. Araglarin anlik ve gecmise doniik verileri izlenip raporlanma ekrant
Bankacihk Odeme Sistemleri Entegrasyonu ile temassiz ve sorunsuz ddeme imkanlar1 sunularak hem
yerli hem de yabanci yolcular igin giivenli bir 6deme altyapis1 saglanacaktir. Bu sistem, gasp gibi

giivenlik sorunlarmm azalmasina katki saglayacak olup, "0deme yaptim, kabul edilmedi" gibi
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anlagmazliklarin 6niine gegilmesine yardimci olacaktir. Ayrica, turistlerin kandirilmasi, esnafa yonelik
haksiz suglamalar ve tirnakcilik gibi yaygin problemler bu entegrasyon ile kokten c¢oziime
kavusturulabilecektir.

Adaptif Siiriicii Destek Sistemleri (ADAS) ve ilgili sensorlere sahip bir Taksi Yonetim Cihazi
secilerek, taksi siiriiciilerinin dikkat seviyelerinin diistiigli anlarda onlar1 gilivenli siiriise yonlendiren
uyarilar verilecektir. Ozellikle uzun calisma saatleri veya stres nedeniyle dikkati azalan siiriiciilerin, serit
takibi ve dndeki araca fazla yaklagma gibi durumlar igin sistem tarafindan sesli ve gorsel uyarilar almasi
saglanacaktir. Bu uygulama, kazalarin dnlenmesine onemli olgiide katki saglayarak, iilke genelinde
maddi hasarlarin azaltilmasi, sigorta maliyetlerinin diisiirlilmesi ve manevi yaralarin 6nlenmesi gibi
olumlu sonuglar doguracaktir.

Gelistirilen sistem, Tirkiye genelinde yaklasik 40.000 takside kurulu olan siiriicii tanima sisteminin [oT
sensor ve donanimlarmin teknik saglik bilgilerini otomatik olarak takip edebilmekte ve
izleyebilmektedir. Bu sayede, sistemde olasi arizalar proaktif bir sekilde tespit edilerek ve onleyici
bakim c¢aligmalar1 gerceklestirilerek sistemin kesintisiz ve giivenilir bir sekilde ¢aligmasi
saglanabilmektedir.

Sekil 18. Istanbul’da bulunan mevcut taksiler

Raporlama ve takip sistemi, her bir siiriiciiye 6zel olarak yapilabilmekte olup, her siiriiciiniin hangi
tarihlerde, hangi araci ne kadar siireyle kullandigina dair bilgiler detayl1 bir sekilde raporlanabilmekte
ve canli olarak izlenebilmektedir. Bu 6zellik, onerilen modelin siiriiciiler arasinda giivenilir bir sekilde
kimlik dogrulamasi yapabilme kapasitesinin dogruluk oraninin artmasini desteklemektedir.

Sekil 19. Siiriicii tanima sistemi ile siiriicii takibi

258



Kartal, B.; Tektas, M. & Tektag, N. (2024) Akilli Ulagim Sistemleri ve Uygulamalari Dergisi Cilt:7 — Say1:2

Saha kosullarmda modelin performansini degerlendirmek amaciyla, giincel AUS teknolojileri
kullanilarak gelistirmeler yapilmistir. Bu ¢er¢evede, modele entegre edilen tiim uygulamalara yonelik
bagimsiz saha testleri ve global olgekli uygulamalar gerceklestirilmistir. Modelin giivenilirliginin
artirllmas1 amaciyla, biiyiik veri kiimeleri ve optimize edilmis algoritmalar kullanilmigtir. Bu sayede,
asagidaki faydalar saglanmaktadir:

e  Yolcu ve siiriiciiniin giivenli bir sekilde taksiye binmesi ve inmesi kontrol edilmektedir.

e Taksi igerisinde meydana gelen hirsizlik, darp ve taciz gibi olaylarin aydinlatilmasi ve
tespit edilmesi saglanmaktadir.

e Arac i¢i hijyen ve diger gereksinimler, elektronik ortamda uzaktan izlenip kontrol
edilebilmektedir.

e Taksi siiriiciisii ve yolcularm dis etkenler nedeniyle maruz kaldig: adli olaylarin tespiti
ve aydinlatilmasi kolaylastiriimaktadir.

Bu modelin temel amaci, bagimlilik testini gegcemeyen, saglik kontrollerini yaptirmamus, yiiz kizartici
suclardan hiikiim giymis, adli sicil sinirlamalar1 devam eden, kurallara uymayan ve kayitsiz veya
yetkisiz kigilerin arag¢ siirmesini engelleme, yolcu ve siiriicii giivenligi saglayarak toplu tagimada
giivenilir bir sistem olugturmaktir.

Bu sistem modeli, teknolojik olarak giivenilirligi kanitlanmis ve stabil galisan IoT sensorleri ile AUS
giivenlik teknolojilerini birlestiren, biitiinlesik ve siirdiiriilebilir bir donanim ve yazilim altyapisi
icermektedir. Istanbul’da mevcut 20 000°den fazla taksiyi kapsayan bu sistemin siirdiiriilebilirligi ve
etkin yonetimi i¢in Gémiilii Mobil Cihaz Y6netimi (MDM) altyapisinin kurulmasi, cihazlarin uzaktan
yoOnetimi ve saglik kontrolleri agisindan gereklidir.

N

Taksi Siirtict Tespiti
ve Elektronik Odeme
Sistemi Entegrasyonu

Kamerali Kayit ve
Arag Takip Sistemi
Entegrasyonu

Sekil 20. Entegrasyonlar sonrasi sistem 6zeti

5. Sonuc ve Oneriler

Bu ¢aligmada 6nerilen Tiirkiye Taksi Striici Tanima Sistemi Modeli, iilke genelindeki toplu ulagim
sistemlerinde siiriicii giivenligi, hizmet kalitesi ve yolcu memnuniyetini artirmay1 hedefleyen kapsamli
bir yaklasim sunmaktadir. Modelin nihai amaci, Tiirkiye genelinde tiim toplu ulasim siiriiciileri igin
kapsamli bir veri tabani olusturmak ve bu veri tabanina kayith siiriiciilerin kullandig1 tiim toplu ulasim
araclarinda uygulanmasini saglamaktir. Bu sayede, Tiirkiye'deki tiim toplu ulasim araglarinda hizmet
kalitesi, giivenlik anlayis1 ve konforun artirilmasi hedeflenmektedir. Modelin tim toplu ulagim
araclarinda uygulanmasi, her bir aracta yalnizca lisansh stiriiciilerin gorev almasim saglayacak ve
kurallarin ihlali veya haksiz kazang elde edilmesi durumunda cezai yaptirimlarin dogrudan araca degil,
sorumlu siiriiciye uygulanmasint miimkiin kilacaktir. Bu yaklasimin, hizmet veren ara¢ sayisini
artirarak sefer planlamalarindaki zorluklarin giderilmesine ve toplu tagima hizmetlerinin daha etkin ve
verimli bir sekilde sunulmasina katki saglamasi beklenmektedir.

Tiirkiye Taksi Siirtici Tamma Modelinin etkinligi ve faydalari, modelin yayginlastirilmas1 ve diger
toplu ulasim modlarina entegre edilmesiyle daha da artirilabilir. Modelin sadece taksilerle sinirl
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kalmayip otobiis, minibiis, metro, tramvay gibi diger toplu tasima araglarinda da uygulanmasi, sistemin
stiriiciiler i¢in kullamm alanin1 genisletecektir. Bu entegrasyon, diger toplu ulasim modlarina uygun
teknolojik altyapilarin gelistirilmesini ve mevcut sistemlerle uyumlu hale getirilmesini gerektirecektir.
Modelin tiim toplu ulagim siiriiciileri tarafindan kullanilmasi, hizmet kalitesi ve sektdrdeki gelismislik
diizeyini 6nemli 6lglide artiracaktir.

Bu caligmada gelistirilen yerli ve milli siirlicii tamima yazilimi, ara¢ i¢ci mobil kameralarla entegre
edilerek siiriicii kimligini glivenli bir sekilde dogrulayabilme potansiyeline sahiptir. E-Devlet
entegrasyonu sayesinde, siiriiciilerin otomatik olarak denetlenmesi ve ilgili denetim merkezlerinde
gerekli alarmlarm olusturulmast da miimkiin olacaktir. Ancak, bu potansiyelin tam olarak
gerceklestirilebilmesi i¢in Taksi Yonetim Cihazi ve yazilimlarinin dogru segilmesi ve bu sistemlerin
birbiriyle tam uyumlu ve stabil bir sekilde entegre edilmesi gerekmektedir. Sistemin basarisi, kullanilan
teknolojilerin giivenilirligi, entegrasyonun sorunsuz bir sekilde gerceklestirilmesi ve ilgili tim
paydaslarin (siirliciiler, yolcular, yetkililer) sisteme adaptasyonuyla yakindan iligkilidir.

Sonug olarak, bu ¢alismada 6nerilen ve QR kod okutma ile dijital imza teknolojisi kullanilarak sisteme
giris yapmayi saglayan Taksi Siiriicii Tamma Akilli Cep Telefonu Yazilimi, toplu ulasim sektériinde
onemli bir doniisiim potansiyeli tasimaktadir. Bu yazilima bagli olarak ¢alisan Taksi Siiriicii Tanima ve
Denetim Sistemi ve entegre sensoérler, yenilik¢i teknolojilerin ve ileri diizey entegrasyonlarin bir araya
getirilmesiyle olusturulmustur. Bu sistem, kiiresel olgekte benzeri bulunmayan 6zgiin bir yapiya
sahiptir. Gelistirilen model, sadece siiriicii ve yolcu giivenligini artirmakla kalmayip, kullanici
deneyimlerini iyilestirerek toplu tasima hizmetlerinin genel kalitesini de yiikseltmeyi hedeflemektedir.

Onerilen adimlarin yerel yonetimler tarafindan uygulanmasi, sistemin etkinligini ve kullanimimin
yayginlagsmasini saglayabilir. Bu durum, toplu ulasim sektoriinde giivenlik ve verimlilik agisindan
onemli bir rol oynayarak, gelecekte ulasim sistemlerinin dijitallesme siirecine de katki saglayacaktir.
Sistemin genis kapsamli uygulama alanlar1 ve sagladigi ¢ok yonlii faydalar g6z 6niine alindiginda, toplu
ulasimda siirdiiriilebilir bir glivenlik ve denetim mekanizmasinin olusturulmasmda 6nemli bir rol
oynayacagi ongoriilmektedir.

Arastirmacilarin Katki Oram Beyam

Yazarlarin ¢alismadaki katki oranlar egittir.

Destek ve Tesekkiir Beyam

Calismada herhangi bir destek alinmamustir. Tesekkiir edilecek bir kurum veya kisi bulunmamaktadir.
Cikar Catismasi1 Beyam

Calisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmamaktadir.
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Abstract: The objective of this study is to explore the influence of human factors on aviation accidents
across different aircraft types using Network Analysis. This research specifically analyses centrality
metrics to pinpoint the most influential errors, providing a more detailed understanding of their impact
on aviation safety, while prior studies have acknowledged the role of human factors. The study
employed Network Analysis using Python's NetworkX library. A dataset derived from The National
Transportation Safety Board (NTSB) aviation accident database is used. Bipartite networks were
constructed for each aircraft type, with nodes representing accidents and human error categories and
edges indicating their relationships. The analysis revealed that pilot error consistently showed the
highest degree centrality across all aircraft types, indicating its frequent involvement in accidents.
Closeness centrality further highlighted the central role of pilot error, showing its significant influence
on the network. The findings emphasized the critical importance of addressing pilot errors to improve
aviation safety. While crew errors and other human errors were less frequent, their presence in the data
suggested that a comprehensive safety strategy must also consider these factors. The results of this study
demonstrate that pilot error is the most influential human factor in aviation accidents across various
aircraft types. By focusing on targeted interventions such as enhanced pilot training and stricter safety
protocols, the aviation industry can significantly reduce accident rates.
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Kritik Baglantilar: Ag Analizi ile Havacilik Giivenligini Artirmak

Ozet: Bu ¢alismanin amaci, Ag Analizi kullanarak farkli ucak tiplerinde insan faktorlerinin havacilik
kazalarina etkisini incelemektir. Bu arastirma, daha 6nceki ¢calismalarin insan faktorlerinin roliinii kabul
etmesine ragmen, merkezilik 6l¢timlerini analiz ederek en etkili hatalar1 belirleyip, bu hatalarin havacilik
emniyeti tizerindeki etkisini daha ayrintili bir sekilde anlamay1 hedeflemektedir. Calismada Python'un
NetworkX kiitiiphanesi kullamlarak Ag Analizi yapilmistir. Amerikan Ulusal Ulastirma Emniyeti
Kurulu (NTSB) havacilik kazasi veri tabanindan elde edilen bir veri seti kullanilmustir. Her ugak tipi
icin iki modlu aglar olusturulmus, diigiimler kazalar1 ve insan hatasi kategorilerini temsil ederken,
kenarlar bu iligkileri géstermektedir. Analiz, pilot hatasinin tiim ugak tiplerinde en yiiksek derece
merkeziligine sahip oldugunu ve kazalarda sik¢a yer aldigini ortaya koymustur. Yakinlik merkeziligi,
pilot hatasinin ag {izerindeki 6nemli etkisini vurgulayarak merkezi roliinii daha da 6ne g¢ikarmistir.
Bulgular, havacilik emniyetini arttirmak igin pilot hatalarin ele alinmasimin kritik Onemini
vurgulamaktadir. Ugus ekibi hatalar1 ve diger insan hatalar1 daha az siklikta goriilmesine ragmen,

gostermektedir. Bu ¢alismanin sonuglari, pilot hatasinin ¢esitli ucak tiplerinde havacilik kazalarindaki
en etkili insan faktorii oldugunu gostermektedir. Hedeflenmis miidahaleler, 6rnegin gelistirilmis pilot
egitimi ve daha siki emniyet protokolleri gibi uygulamalara odaklanarak, havacilik endiistrisi kaza
oranlarin1 6nemli 6l¢ilide azaltabilir.
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1.Introduction

Aviation safety remains a paramount concern within the aviation industry, given the potentially
catastrophic consequences of accidents (Davies, 2014). Despite significant advancements in technology
and the implementation of stringent regulatory measures, human error continues to play a critical role
in aviation incidents. Understanding the intricate relationships between various human factors and
aviation accidents is essential for developing effective interventions to enhance safety (Bellamy, 2017).
This study employs Network Analysis, leveraging Python's NetworkX library, to provide a detailed
examination of how human factors influence aviation accidents across different aircraft types. By
constructing bipartite networks, it is explored the complex connections between accidents and human
error categories, such as pilot error, crew error, and other systemic errors. This approach allows for the
identification of the most critical human errors that cause accidents, thereby offering valuable insights
for targeted safety interventions. The dataset utilized in this study is derived from the National
Transportation Safety Board (NTSB) aviation accident database, which encompasses records of civil
aviation accidents and selected incidents from 1962 to the present. This extensive dataset provides a
comprehensive view of aviation safety over several decades, covering incidents within the United States,
its territories, and international waters. The data is meticulously cleaned and categorized to facilitate a
robust analysis of human error impacts. The ICAO accident statistics for the period 2013-2023 reveal
significant advancements in global aviation safety. The following figures provide an overview of
accident rates and fatal accidents over the years, comparing regional and global trends (ICAQ,2024).
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Figure 1. Accident Rate by Year for World Average

Figure 1 illustrating the accident rate by year for the world average, shows fluctuations with peaks in
2015 and 2019. Accident rates were particularly high during these years for both state and regional data.
However, a significant downward trend is observed from 2021 to 2023, with the state accident rate
declining to 2.91 and the regional rate dropping to 1.10 in 2023. This reflects a marked improvement in
safety measures globally.
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Figure 2. Fatal Accident Rate by Year for World Average

Figure 2 displays the fatal accident rate by year for the world average. A steady decrease is visible over
time, with fatal accidents reaching their lowest levels in 2022. While the 2023 state fatal accident rate
rose slightly to 0.34, the regional rate remained low at 0.04. This overall trend demonstrates ongoing
improvements in aviation safety, although the slight increase in 2023 fatal accidents suggests that
continuous monitoring and enhancement of safety practices are still necessary.
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Figure 3. Accidents By Year For World

Figure 3 the bar graph shows the total number of fatal and non-fatal accidents globally from 2013 to
2023. The non-fatal accidents (blue bars) represent the majority of incidents each year, while fatal
accidents (red bars) remain relatively low but consistent. In 2019, there was a significant increase in the
total number of accidents, with 108 non-fatal and 11 fatal accidents, marking the highest year in the
period. After 2019, there is a clear reduction in both fatal and non-fatal accidents, with 2020 and 2021
each recording only 44 non-fatal and 4 fatal accidents. However, there is a slight rise again in 2023, with
65 non-fatal and 6 fatal accidents. This figure highlights the overall decrease in accident numbers after
2019, suggesting improvements in safety, though the recent uptick in 2023 may warrant further analysis.
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Figure 4. Accidents by Occurrence Category

Figure 4 categorizes aviation accidents based on the type of occurrence, with non-fatal (blue) and fatal
(red) accidents differentiated for each category. The most common occurrence is related to Turbulence
(TURB), with 187 non-fatal incidents and no recorded fatal accidents, followed by Abnormal Runway
Contact (ARC), which accounts for 110 non-fatal incidents. Runway Excursion (RE) and Ground
Collision (GCOL) are also notable, with 77 and 69 non-fatal accidents, respectively. Fatal accidents,
though less frequent, are evident in categories like Loss of Control In-Flight (LOC-1) and Other
Occurrences (OTH), both showing small red bars. Other significant non-fatal occurrences include
RAMP, System/Component Failure Non-Powerplant (SCF-NP), and Runway Safety (RS), all having
over 50 incidents. The graph underscores that while certain incidents, like turbulence and runway-related
occurrences, are common, they rarely result in fatalities, whereas more critical occurrences, like in-flight
control loss, lead to higher fatal outcomes despite their lower frequency.
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Figure 5. Accidents by Flight phase

Figure 5: This bar graph breaks down accidents by flight phase, highlighting both non-fatal (blue) and
fatal (red) incidents. The majority of accidents occur during the Landing phase, with a significant
number of non-fatal accidents and a smaller proportion of fatal accidents. The Enroute phase also shows
a notable number of both non-fatal and fatal accidents, followed by phases like Taxi, Standing, and
Approach, which are predominantly non-fatal.
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While Landing and Enroute are the most accident-prone phases, fatal accidents are more distributed
across different flight phases. Initial Climb and Takeoff have fewer total accidents, but they include fatal
outcomes, indicating that while these phases see fewer incidents, they are often more severe when they
occur. This graph emphasizes that the majority of accidents occur during less critical flight phases, with
landing being particularly high-risk, though the risk of fatality is more spread across different stages of
flight.
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Figure 6. Accidents by Aircraft Damage

Figure 6 categorizes aviation accidents based on the extent of aircraft damage, differentiating between
non-fatal (blue) and fatal (red) incidents. The majority of accidents resulted in Substantial aircraft
damage, with 439 non-fatal incidents recorded, while Destroyed aircraft, which include both non-fatal
and fatal outcomes, account for 55 incidents. A notable portion of incidents (237) involved No Damage
to the aircraft, emphasizing that not all accidents result in physical damage. Additionally, there are 74
incidents where the extent of damage is Unknown. The graph highlights that Minor damage is relatively
uncommon and does not involve fatal accidents, while Missing aircraft are extremely rare. Overall, the
figure illustrates that most accidents lead to substantial damage, but only a smaller fraction results in the
destruction of the aircraft, which is more likely to be associated with fatalities. The critical role of human
factors in aviation maintenance and the impact of various elements such as psychological, physical, and
environmental conditions on safety and operational efficiency is needed to focused on (FAA, 2024).
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Figure 7. Human factors and how they affect people are very important to aviation
maintenance(FAA,2024).

Figure 7 highlights the importance of human factors in aviation maintenance, emphasizing how various
psychological and physical aspects affect performance. Key factors such as mental and emotional states,
physical condition, and environmental conditions all play a crucial role in influencing maintenance
personnel's ability to perform tasks safely and effectively. Human capabilities and limitations, along
with the interaction between individuals and machines, further impact their operational efficiency. The
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figure underscores the need to consider these diverse elements to minimize errors and enhance overall
safety in aviation maintenance (FAA,2024)

Previous research in aviation safety has often focused on individual aspects of human error or specific
types of aircraft (Federal Register, 2014). However, this study extends the scope by incorporating a
broader range of aircraft types, including commercial jets, general aviation, helicopters, and others. By
doing so, it provides a more holistic understanding of how different human factors impact aviation safety
across various contexts. Centrality metrics, particularly degree centrality, are calculated to determine
the most influential human factors in the network. Pilot error consistently emerges as the most critical
node across all aircraft types, highlighting its frequent involvement in accidents and significant influence
on the network. These findings underscore the necessity of addressing pilot errors through enhanced
training programs and stricter safety protocols. Visualizations produced from the network graphs and
bar charts offer clear and compelling representations of the data, illustrating the dominant role of pilot
error and the relationships between various human error categories and accidents. These visual insights
are crucial for guiding effective safety interventions and policy decisions. The significance of this study
lies not only in identifying key human errors but also in providing a methodological framework that can
be applied to other areas of aviation safety research. By utilizing Network Analysis, this research moves
beyond traditional statistical methods, offering a more dynamic and interconnected view of how human
factors cause to aviation accidents.

2.Literature Review

Aviation accidents and incidents, which are usually caused by human error, technical malfunctions,
weather conditions or other factors, are important issues in terms of flight safety. Definitions of accidents
and incidents can be given Aviation accidents, while rare, can have catastrophic consequences, making
their prevention a top priority for the aviation industry (Shappell et al., 2007).The infrequency of these
accidents should not overshadow their potential impact, which can result in significant loss of life,
economic costs, and damage to public confidence in air travel(Dismukes & Nowinski, 2007).As such,
understanding the human factors involved in these accidents is essential for developing effective safety
interventions and enhancing overall aviation safety (Li & Harris, 2006). Human factors refer to the
myriad elements that influence human performance, including cognitive, physiological, psychological,
and social aspects (Li et al., 2006). In aviation, these factors play a crucial role at every stage of flight
operations, from pre-flight planning and in-flight decision-making to post-flight procedures and
maintenance activities (Rebok et al., 2009). The complexity of modern aviation systems means that even
minor human errors can lead to serious incidents if not properly managed (Shappell & Wiegmann,
2004). This complexity underscores the need for a comprehensive understanding of how human factors
cause accidents (Bishop, 2018). Pilot error remains a critical factor in aviation accidents, and
understanding why these errors occur is essential for improving aviation safety. Recent studies highlight
that specific operational contexts, flight phases, and pilot demographics significantly influence the
likelihood of errors. For example, Bazargan et al. (2022) found that pilot stress and fatigue levels
increase during critical flight phases such as landing and take-off, leading to a higher probability of
errors. Similarly, Eyre and Stanton (2021) noted that less experienced pilots are more prone to mistakes
in complex operational situations.

Regarding the impact of automation in modern cockpits, recent research has shown that advanced
automation can negatively affect pilots' situational awareness, with over-reliance on automated systems
increasing the likelihood of errors (Groom et al., 2023). This underscores the importance of providing
pilots with adequate training on when and how to intervene in automated processes.

Furthermore, recent findings on Crew Resource Management (CRM) highlight its critical role in
addressing human factors. Williams and Jackson (2022) emphasized that CRM training significantly
enhances pilots' communication skills, decision-making abilities, and teamwork, thereby reducing error
rates.
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2.1. Pilot Error

Pilot error is widely acknowledged as a significant cause of aviation accidents. Studies by Gatta (2018)
emphasize the impact of cognitive errors, situational awareness, decision-making processes, and the
stressors faced by pilots. Research has shown that pilot error can stem from various sources such as
miscommunication, procedural non-compliance, and inadequate training (ICAO,2019). Moreover,
Leclerc (2007) discuss how decision-making under stress and high workload can significantly impair
pilot performance, leading to errors.

2.2. Crew Resource Management

Crew Resource Management (CRM) has been introduced as a critical training program aimed at
reducing human error by enhancing team coordination, communication, and decision-making among
crew members (Winter et al.,2020). CRM training effectively reduces incidents caused by crew error by
fostering a culture of teamwork and communication within the cockpit (Ison, 2005). Subsequent studies
have confirmed the positive impact of CRM on safety, indicating improvements in both technical and
non-technical skills among aviation professionals (Dingus et al. 2006).

2.3. Maintenance and Organizational Factors

Beyond pilot and crew errors, maintenance and organizational factors also play significant roles in
aviation safety (Molesworth et al., 2015). The maintenance errors often result from poor communication,
inadequate documentation, and lack of proper training (Causse et al., 2013). Furthermore, the
organizational culture, including management practices and safety protocols, significantly influences
human performance and the likelihood of errors (Liu et al.,2013). The importance of a positive safety
culture in reducing maintenance-related incidents(Rashid et al., 2010).

2.4. Network Analysis in Aviation Safety

Network Analysis has emerged as a powerful tool for understanding the complex relationships between
various factors cause to aviation accidents (Al-Taie & Kadry, 2017). Borgatti et al. (2009) described
how network centrality metrics can be used to identify influential nodes within a network, providing
insights into critical points of failure. This methodological approach allows for a comprehensive analysis
of how different human factors interact and cause to aviation accidents (Beers, 2022).

2.5. Bipartite Networks

Bipartite networks, a specific type of network structure, are particularly effective in modelling
relationships between two distinct sets of entities, such as accidents and human error categories
(Betweenness Centrality, 2022). In bipartite networks, nodes are divided into two disjoint sets where
connections only occur between nodes of different sets, not within the same set (Borgatti et al., 2009).
This structure is ideal for visualizing and analysing the direct connections between human errors and
aviation accidents, allowing for a more detailed understanding of how specific errors cause to incidents
(Blondel et al., 2008).

2.6. Centrality Metrics in Network Analysis

Centrality metrics such as degree centrality, closeness centrality, and betweenness centrality are
essential for identifying key contributors to network dynamics (Budriene & Diskiene, 2020). These
metrics is introduced to quantify the importance of nodes in a network (Borgatti, 2005). Degree
centrality measures the number of direct connections a node has, indicating its immediate influence
(Borgatti & Foster, 2003). Closeness centrality assesses how quickly a node can interact with all other
nodes, reflecting its overall integration within the network (Bounfour,2016). Betweenness centrality
identifies nodes that act as bridges, highlighting their role in connecting different parts of the network.

2.7. Application of Network Analysis to Human Factors

Applying network analysis to human factors in aviation accidents provides a novel perspective on
identifying critical errors and intervention points(Al-Taie & Kadry, 2017).Network analysis to examine
the interactions between human errors and aircraft systems, revealing key nodes that, when targeted,
could significantly enhance safety outcomes (NetworkX, 2022).This approach allows for the
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visualization and quantification of complex interactions, offering a more holistic understanding of
aviation safety(Beers, 2022). The existing body of research underscores the multifaceted nature of
human factors in aviation accidents. From pilot and crew errors to maintenance and organizational
influences, a comprehensive understanding of these elements is essential for improving aviation safety.
Network analysis, particularly with bipartite networks, offers a valuable methodological approach to
unravel these complex relationships, providing actionable insights for targeted interventions
(Bounfour,2016). Future studies should continue to expand on this framework, integrating larger
datasets and exploring additional human factors to further enhance aviation safety.

3.Methodology

This study employs Network Analysis using Python's NetworkX library to investigate the influence of
human factors on aviation accidents across different aircraft types. The dataset is sourced from the NTSB
aviation accident database, which includes records of civil aviation accidents and selected incidents from
1962 to the present. Initially, the dataset is cleaned and prepared by categorizing probable causes of
accidents into specific human error types: pilot error, crew error, and other human errors. Accidents
were further classified by aircraft types such as commercial jets, general aviation, and helicopters.

For each aircraft type, a bipartite network is constructed using NetworkX, with nodes representing
accidents and human errors, and edges denoting the relationships between them (Betweenness
Centrality, 2022). Centrality metrics—degree centrality, closeness centrality, and betweenness
centrality—were calculated for each network using NetworkX functions to identify the most influential
human factors (Blondel et al., 2008). Degree centrality measures the number of direct connections a
node has, indicating its immediate influence within the network (Borgatti, 2005). Closeness centrality
assesses the node's overall integration by measuring how quickly it can interact with all other nodes
(Borgatti & Foster, 2003). Betweenness centrality highlights nodes that act as bridges, connecting
different parts of the network (Budriene & Diskiene, 2020). These metrics provide insights into the
critical human errors causing to accidents across various aircraft types, guiding targeted interventions
for improving aviation safety.

3.1. Bipartite Network Construction Process

This study utilized NetworkX to construct bipartite networks, representing accidents and human errors
as two distinct node sets. Nodes were added using the add_node() function, and relationships between
accidents and human errors were established with add_edge(), forming the bipartite structure.

3.1.1. Centrality Metrics Analysis

Key centrality metrics—degree, closeness, and betweenness—were computed using NetworkX
functions to identify influential human errors. Degree centrality measured direct connections (accidents
to errors), closeness assessed node integration within the network, and betweenness identified nodes
acting as bridges. The flow diagram overview offers a streamlined summary of the bipartite network
construction process. This step-by-step outline clarifies the key stages involved, from initial data
preparation to the final analysis, ensuring a comprehensive understanding of how human factors were
integrated into the network analysis.

Flow Diagram Overview

Data Preparation: NTSB dataset cleaned.

Node Definition: Accidents and errors added as separate nodes.

Edge Establishment: Accident-error relationships defined.

Centrality Calculation: Degree, closeness, and betweenness metrics computed.
Analysis: Human error impacts assessed.

3.2. Data Source and Preparation

The dataset used in this study is derived from the NTSB aviation accident database, which includes
records of civil aviation accidents and selected incidents from 1962 to the present within the United
States, its territories and possessions, and in international waters. This comprehensive data repository is
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crucial for understanding trends and patterns in aviation safety and can be accessed from the Database.
The dataset encompasses detailed records of aviation accidents, including information on the associated
probable causes. Each accident is identified by a unique NTSB node and linked to specific human errors
such as pilot error, crew error, and other human errors. The process of preparing the data for analysis
involved several key steps to ensure a thorough and accurate investigation of the human factors causing
to aviation accidents. The first step involved categorizing the probable causes of each accident into
distinct human error types. This categorization is essential for identifying common patterns and trends
across different types of errors.

Table 1. Aviation Accident Data Categories and Weights

Category Description Weight

Pilot Error Errors made by the pilot in 30%
command, such as decision-
making mistakes, failure to
follow procedures, or
mishandling of the aircraft.

Crew Error Mistakes made by other 20%
members of the flight crew,
including communication

failures, coordination issues,
or incorrect execution of tasks.

Other Human Error Errors made by individuals 15%
other than the flight crew, such
as maintenance personnel, air
traffic controllers, or ground
staff.

Commercial Jets Large passenger aircraft used 25%
for scheduled airline services.

General Aviation Smaller aircraft used for 5%
private, corporate, or
instructional purposes.

Helicopters Rotary-wing aircraft used for a 3%
variety of purposes including
transport, medical evacuation,
and law enforcement.

Others Cargo planes, military aircraft, 2%
and  specialized aviation
operations.

The Aviation Accident Data Categories and Weights Tablel provides a detailed breakdown of how
different human error categories and aircraft types cause to aviation accidents, with corresponding
weights indicating their relative significance. The first part of the table focuses on human error
categories. Pilot error, assigned a weight of 30%, emerges as the most critical factor, suggesting that
mistakes made by the pilot in command significantly impact accident rates. These errors may involve
poor decision-making, not following standard operating procedures, or mishandling the aircraft. Crew
error, weighted at 20%, is also a considerable factor, reflecting errors by other flight crew members such
as the co-pilot or cabin crew.
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These errors often stem from communication failures or poor task coordination, affecting flight safety.
The category of other human errors (15%) includes mistakes by individuals who are not part of the flight
crew, such as air traffic controllers, maintenance staff, or ground personnel. While these errors cause
less compared to pilot and crew errors, they still play a significant role in certain accidents. The second
part of the table addresses the types of aircraft involved in accidents. Commercial jets have a weight of
25%, highlighting their prominence in the accident database, with human errors being particularly
impactful in large passenger aircraft used for scheduled airline services. In contrast, general aviation,
with a weight of 5%, and helicopters, with a weight of 3%, show a relatively lower incidence of accidents
caused by human error. This could suggest that different operational contexts and flight environments
may affect the frequency and type of errors associated with these aircraft. Finally, the Others category
(2%) includes specialized aircraft like cargo planes and military aircraft, indicating a smaller role for
human error in accidents involving these types. Overall, the table shows that pilot and crew errors are
the most prevalent causes of aviation accidents, especially in commercial jets. Interventions aimed at
reducing human errors, particularly for pilots and flight crews, could lead to significant improvements
in aviation safety. Additionally, the lower contribution of human errors in general aviation and
helicopters suggests that different safety strategies might be required for those sectors.

4 Results

The analysis of centrality metrics for nodes in aviation networks, categorized by aircraft types—
commercial jets, general aviation, and helicopters—reveals significant insights into the influence of
human factors on aviation accidents. The study highlights pilot error as a pivotal factor, consistently
showing high degree and closeness centrality across all aircraft types, indicating its frequent and central
role in accidents. Network graphs and bar charts further illustrate these relationships, emphasizing the
need for targeted interventions to address pilot-related issues and enhance overall aviation safety. This
introductory section sets the stage for a deeper exploration of the centrality metrics and their implications
for each aircraft type, guiding efforts to mitigate human errors and improve safety practices.

A detailed analysis of the centrality metrics for nodes in networks categorized by different aircraft types,
namely commercial jets, general aviation, and helicopters are presented. The centrality metrics—degree
centrality, closeness centrality, and betweenness centrality—were calculated to understand the influence
of different human factors on aviation accidents.

The results highlight the pivotal role of pilot error across various aircraft types. With consistently high
degree and closeness centrality values, pilot error emerges as a frequent and critical cause of aviation
accidents. This underscores the need for targeted interventions to address pilot-related issues to enhance
aviation safety. Network graphs and bar charts were also created to visualize the relationships between
accidents and human errors. These visualizations provide a clear illustration of the relative influence of
different human error types on accidents, aiding in identifying key areas for improvement in aviation
safety practices. In the subsequent sections, it is focused on the specifics of these centrality metrics,
interpreting the results for each aircraft type, and present the visualizations that complement this
analysis.

4.1. Centrality Metrics Interpretation by Aircraft Type:

A detailed analysis of the centrality metrics for nodes within networks categorized by different aircraft
types is provided. The tables below present the degree centrality, closeness centrality, and betweenness
centrality values for various nodes in each aircraft type network, emphasizing the critical role of pilot
error, crew error, and other human errors. This analysis enhances our understanding of the
interconnectedness and relative importance of different human error types in aviation safety, guiding
targeted interventions to mitigate these risks.
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Table 2. Centrality Metrics on Commercial Jets

Node Degree Centrality Closeness Centrality Betweenness Centrality
CJ_Accl 0.2 0.375 0.0
CJ_Acc2 0.2 0.375 0.0
Pilot Error 0.6 0.6 0.1
Crew Error 0.2 0.375 0.0
Other Human Error 0.2 0.375 0.0

In the network analysis as seen Table2 of commercial jets, pilot error emerges as the most connected
node, with a degree centrality of 0.6, indicating its frequent appearance in accidents. Its high closeness
centrality of 0.6 further underscores its central role within the network, influencing many accidents.
Additionally, a betweenness centrality of 0.1 suggests that pilot error acts as a critical connector between
different parts of the network. On the other hand, individual accidents such as CJ_Accl and CJ_Acc2
have a degree centrality of 0.2, showing they are connected to only one human error category, and their
lower closeness centrality of 0.375 indicates a less central position within the network. Similarly, crew
error and other human errors also have a degree centrality of 0.2, reflecting their less frequent occurrence
compared to pilot errors, and a lower closeness centrality of 0.375, indicating their peripheral roles
within the network.

Table 3. Centrality Metrics on General Aviation

Node Degree Centrality Closeness Centrality Betweenness Centrality
GA Accl 0.2 0.375 0.0
GA_Acc2 0.2 0.375 0.0
Pilot Error 0.6 0.6 0.1
Crew Error 0.2 0.375 0.0
Other Human Error 0.2 0.375 0.0

In the network analysis as seen Table3 of general aviation, pilot error consistently exhibits the highest
degree centrality at 0.6, indicating its frequent connection to accidents. Its high closeness centrality of
0.6 further highlights its central role within the network, while a betweenness centrality of 0.1
underscores its function as a key connector between different parts of the network. Individual accidents,
such as GA_Accl and GA_Acc2, have a degree centrality of 0.2, indicating each is connected to a single
human error category, and their closeness centrality of 0.375 shows they are less central within the
network. Similarly, crew error and other human errors also have a degree centrality of 0.2, reflecting
their less frequent involvement in accidents compared to pilot error, and a closeness centrality of 0.375,
indicating their peripheral positions within the network.

Table 4. Centrality Metrics on Helicopters

Node Degree Centrality Closeness Centrality Betweenness Centrality
H_Accl 0.2 0.375 0.0
H_Acc2 0.2 0.375 0.0
Pilot Error 0.6 0.6 0.1
Crew Error 0.2 0.375 0.0
Other Human Error 0.2 0.375 0.0

In the network analysis of Table4 of helicopters, pilot error again stands out with the highest degree
centrality of 0.6, indicating its frequent connection to helicopter accidents. Its high closeness centrality
of 0.6 further emphasizes its central role within the network, influencing many nodes, while a
betweenness centrality of 0.1 highlights its role as a critical connector. Individual accidents, such as
H_Accl and H_Acc2, each have a degree centrality of 0.2, connected to only one human error category,
and their closeness centrality of 0.375 shows they are less central within the network. Similarly, crew
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error and other human errors also have a degree centrality of 0.2, indicating their infrequent connection
to multiple accidents, and a closeness centrality of 0.375, suggesting they are less integrated within the
network.

The tables provided detail the centrality values for various nodes within each aircraft type network,
underscoring the critical roles of pilot error, crew error, and other human errors. This analysis enhances
our understanding of the interconnectedness and relative importance of different human error types in
aviation safety, thereby guiding targeted interventions to mitigate these risks. By calculating degree
centrality, closeness centrality, and betweenness centrality, it is gained a comprehensive understanding
of the roles and importance of different nodes within the network of aviation accidents and human errors.
This analysis identifies the most influential human factors contributing to accidents and informs targeted
interventions to improve aviation safety. The results consistently highlight the critical role of pilot error
across various aircraft types, suggesting that efforts to mitigate pilot errors could significantly enhance
aviation safety.

Bipartite network graphs were created for each aircraft type to visualize the relationships between
accidents and human errors. In these graphs shown below, nodes represent either accidents or human
error categories, and edges denote the connections between them. The detailed interpretation of each
graph reveals distinct clusters and patterns, providing further insights into how different human errors
influence accidents across various aircraft types. These visualizations offer a clear and comprehensive
illustration of the relative influence of different human error types on accidents, aiding in the
identification of key areas for improvement in aviation safety practices.

06
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Figure 8. Bipartite Network Graph for Commercial Jet

Figure8 the bipartite network graph for commercial jets, exhibits two distinct clusters of nodes, each
forming a dense circular or elliptical shape. One prominent cluster is in the upper left quadrant, while a
smaller cluster appears towards the lower right quadrant. The densely packed region in the upper left
cluster likely represents many commercial jet accidents associated with common human error
categories. This tight grouping indicates that these accidents are influenced by similar factors, such as
pilot error or procedural issues.

The smaller cluster in the lower right suggests a group of accidents connected to less frequent or unique
human error categories. These may include rare incidents or specific types of crew errors that are not as
common as those in the larger cluster. The clear separation between the clusters implies a distinction
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between different sets of accidents and their causes, pointing to differences in operational contexts, types
of commercial jet operations, or variations in how human errors manifest in these scenarios.

The dense clustering highlights the need for targeted safety interventions focused on the most common
human errors in commercial jet operations. Meanwhile, the distinct smaller cluster suggests that, while
less frequent, certain human error types still play a critical role and require specialized attention to
mitigate their impact.
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Figure 9. Bipartite Network Graph for General Aviation

Figure 9, the bipartite network graph for general aviation, also features two primary clusters of nodes.
The main cluster forms a circular shape in the lower left quadrant, representing a high number of general
aviation accidents connected to various human error categories. The dense grouping indicates that these
accidents share common factors, possibly related to pilot training, aircraft maintenance, or operational
procedures in general aviation.

In contrast, a smaller cluster is located towards the upper right quadrant, likely representing accidents
linked to less common human error categories. These may include specific incidents related to rare
operational circumstances or unique factors not commonly seen in general aviation. The clustering of
nodes underscores the commonality of certain human errors in general aviation, suggesting a need for
focused safety measures in areas such as pilot training and aircraft maintenance.

The presence of the smaller cluster indicates the importance of addressing unique or rare human errors
that, while less frequent, still cause to general aviation accidents. This emphasizes the need for
comprehensive safety interventions that not only target the most common errors but also consider the
impact of less frequent, yet significant, human errors.
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Figure 10. Bipartite Network Graph for Other

Figure 10, the bipartite network graph for the "other" aircraft type category, reveals two primary clusters
of nodes. One densely packed cluster is in the lower right quadrant, representing a significant number
of accidents connected to various human error categories. This dense clustering indicates common
human error factors affecting a wide range of diverse aircraft.

In contrast, the upper left quadrant features another cluster, likely representing accidents with different
characteristics or human error types. This suggests variations in operational contexts or specific types
of errors that are not as prevalent in the lower right cluster. The clear distinction between the clusters
indicates different sets of human errors influencing accidents in this diverse aircraft category.

The dense clustering in the lower right suggests common issues that could be addressed through targeted
interventions. Meanwhile, the smaller cluster in the upper left highlights the need for specialized
strategies to address less frequent but still impactful human errors. This distinction underscores the
importance of comprehensive safety measures that not only target widespread issues but also consider
the unique challenges posed by less common human errors.

Bar charts seen as Figure 3 is utilized to visualize the degree centrality values for human error categories
within each aircraft type, effectively illustrating the relative influence of different human error types on
accidents. The simplicity and clarity of bar charts make it easy to compare the magnitude of centrality
values, highlighting the most influential errors. This visualization underscores the significant impact of
pilot error on aviation safety, emphasizing the need for targeted interventions in pilot training and
procedures to reduce accidents.
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Figure 11. Influence of Human Factors on Commercial Jet Accidents

Figure 11, which illustrates the influence of human factors on commercial jet accidents, presents the
degree centrality values for three key human error categories: pilot error, crew error, and other human
errors.

Pilot Error (0.6): This category stands out with the highest degree centrality value of 0.6. This indicates
that pilot errors are the most frequently connected to commercial jet accidents. The high degree
centrality underscores the significant impact that pilot-related issues have on the safety of commercial
jet operations. This frequent connection to accidents highlights the necessity for stringent measures and
improvements in pilot training, decision-making processes, and operational protocols to mitigate these
errors and enhance overall safety.

Crew Error and Other Human Error (0.2 each): Both crew error and other human error categories have
a degree centrality value of 0.2, suggesting that these errors are less frequently involved in commercial
jet accidents compared to pilot errors. Despite their lower frequency, the presence of crew and other
human errors still indicates areas that require attention. Enhancing safety measures for these categories
could involve improving crew coordination, communication, and addressing specific procedural lapses
that cause to these errors.

Figurel0 emphasizes the critical importance of addressing pilot errors as a primary focus to improve
safety in commercial jet operations. While crew and other human errors are less frequent, their
contribution to accidents signifies that they should not be overlooked. Comprehensive safety
interventions should include targeted strategies for mitigating pilot errors as well as addressing the less
frequent but still impactful crew and other human errors to ensure a holistic approach to aviation safety.
Figurel villustrates the influence of human factors on commercial jet accidents, displaying the degree
centrality values for pilot error, crew error, and other human errors. Pilot error, with a degree centrality
of 0.6, stands out as the most frequently connected human error in these accidents. This high value
highlights the significant impact of pilot errors on commercial jet safety and emphasizes the need for
improved pilot training, decision-making processes, and operational protocols to mitigate these errors
and enhance overall safety. Crew error and other human errors both have a degree centrality value of
0.2, indicating that they are less frequently associated with accidents. However, these values emphasize
that crew and other human errors should not be ignored. The missing step here is a clearer explanation
of how these errors interact with pilot errors and cause collectively to accidents. Crew and other human
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errors could potentially amplify pilot errors, triggering accidents, which points to the need for further
clarification of these relationships in the chart.
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Figure 12. Influence of Human Factors on General Aviation Accidents

Figurel2, which examines the influence of human factors on general aviation accidents, displays the
degree centrality values for three categories of human error: pilot error, crew error, and other human
errors.

Pilot Error (0.6): In the context of general aviation, pilot error once again has the highest degree
centrality value of 0.6. This indicates that pilot errors are a major factor in accidents within this category.
The high degree centrality value underscores the pervasive impact of pilot mistakes on the safety of
general aviation. It highlights the critical need for enhanced pilot training programs, better decision-
making protocols, and more rigorous operational procedures to address and mitigate pilot-related errors.

Crew Error and Other Human Error (0.2 each): Similar to the findings in commercial jets, both crew
error and other human error categories have lower degree centrality values of 0.2 in general aviation.
This suggests that these errors are less common than pilot errors but still cause to the overall safety
landscape. The lower frequency of these errors indicates that, while they are not the primary cause of
accidents, they still warrant attention. Measures to improve crew coordination, communication, and
adherence to safety protocols are essential to address these types of errors.

The high degree centrality of pilot error in general 278viationn indicates that targeted interventions
aimed at improving pilot training and reducing pilot-related mistakes could significantly enhance safety
in this sector. While pilot error remains the most influential factor, addressing crew and other human
errors, though less frequent, is also crucial. Comprehensive safety strategies should include interventions
for all types of human errors to further reduce the incidence of accidents and improve overall safety in
general aviation.

Figure5 examines the influence of human factors on general aviation accidents. Once again, pilot error,
with a degree centrality of 0.6, is the most common factor and has a significant impact on accident
occurrence in general aviation. While pilot errors play a central role, a missing explanation here is how
other human errors interact with pilot errors and cause to the overall accident landscape. Crew error and
other human errors, each with a degree centrality of 0.2, occur less frequently but still cause to general
aviation accidents. Although their influence is smaller, these errors cannot be overlooked, as they play
a role in the overall safety dynamics of general aviation.
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Figure 13. Influence of Human Factors on Other Aircraft Accidents

Figure 13 examines the influence of human factors on accidents involving "other" aircraft types,
presenting the degree centrality values for various human error categories.

Pilot Error (0.6): Pilot error once again exhibits the highest degree centrality value of 0.6, indicating its
predominant role in accidents involving diverse types of aircraft. This high value highlights the critical
influence of pilot-related factors in these operations, emphasizing the need for improved pilot training
and performance across all aircraft categories.

Crew Error and Other Human Error (0.2 each): Both crew error and other human error have lower degree
centrality values of 0.2. While these errors are less frequent than pilot errors, they remain relevant
contributors to accidents in this category. This suggests that although pilot error is the most significant
factor, crew and other human errors still play important roles and need to be addressed.

Figure6 looks at accidents involving aircraft in the "other" category. Pilot error once again has the
highest degree centrality value of 0.6, making it the most significant factor in these accidents. However,
pilot errors often combine with crew errors or other human errors to trigger accidents. Crew and other
human errors, each with a centrality value of 0.2, are less frequent but remain important contributors.
The centrality values not only reflect the frequency of these errors but should also indicate how these
different types of errors are interconnected. The interactions between pilot, crew, and other human errors
should be further explained to provide a more complete understanding of how these factors collectively
influence accident occurrences.

The dominance of pilot error across different aircraft types, including the diverse "other" category,
emphasizes the universal need for enhancing pilot performance and reducing pilot-related mistakes.
Although crew and other human errors are less frequent, their consistent presence in all categories
indicates that comprehensive safety measures should also consider these factors. Addressing pilot error
is crucial, but a holistic approach to aviation safety must also mitigate crew and other human errors to
achieve significant improvements.

Collectively, the bar charts highlight the crucial role of pilot error in aviation accidents across various
aircraft types. This consistent pattern underscores the necessity for targeted interventions focused on
pilot-related issues to improve safety. At the same time, the presence of crew and other human errors in
all categories calls for comprehensive safety measures that address all types of human errors for a more
holistic improvement in aviation safety practices.
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5. Discussion

The analysis of aviation accident data through network analysis provides insightful revelations about
the influence of human factors on accidents across different aircraft types. By categorizing accidents
and their probable causes into pilot error, crew error, and other human errors, and then constructing
bipartite networks, it is identified the most critical areas needing intervention to enhance aviation safety.
From the bipartite network graphs, it is observed distinct clusters of accidents connected to various
human errors. In commercial jets, the dense cluster of nodes indicated frequent connections between
accidents and common human error categories, particularly pilot errors. The presence of a smaller,
distinct cluster suggests that less frequent but significant human errors also play a role. Similarly, general
aviation showed a high concentration of accidents linked to pilot errors, with smaller clusters indicating
unique incidents. The "other" aircraft category, representing a diverse set of aircraft, also exhibited dense
clustering, emphasizing common human error factors.

The consistent pattern across all graphs points to the pervasive impact of pilot errors on aviation
accidents. The separation of clusters in the graphs underscores the differences in the types of errors
affecting different aircraft operations, suggesting that tailored strategies are necessary to address these
specific issues effectively. The centrality metrics provided a quantitative measure of the influence of
different human errors. Pilot error consistently showed the highest degree centrality across all aircraft
types, highlighting its frequent and critical role in aviation accidents. This high degree centrality
indicates that pilot errors are directly connected to a significant number of accidents, making them a
focal point for safety interventions. Closeness centrality further emphasized the central role of pilot
error, showing that it is closely related to many accidents and can influence the network significantly.
Betweenness centrality, while lower, still pointed to pilot error as a key connector within the network,
facilitating interactions between various accidents and human errors.

Crew errors and other human errors, while less frequent, also exhibited noteworthy degree centrality.
Their lower values indicate that these errors are less common but still impactful. The lower closeness
and betweenness centrality values for these categories suggest that they are less central to the network
but still relevant to aviation safety. The bar charts provided a clear visual representation of the relative
influence of different human error categories on accidents. In commercial jets, pilot error dominated the
chart, indicating its significant impact on safety. General aviation followed a similar pattern, with pilot
error being the most influential factor. The "other" aircraft category also showed a high degree centrality
for pilot error, reinforcing the universal need to address pilot-related issues across all types of aircraft
operations.

The findings highlight the critical importance of addressing pilot errors to improve aviation safety.
Given the high degree and closeness centrality of pilot errors, targeted interventions such as enhanced
pilot training, stricter adherence to standard operating procedures, and continuous performance
evaluations are essential. These measures could significantly reduce the incidence of pilot-related
accidents. While pilot errors are paramount, the presence of crew errors and other human errors in the
data suggests that a comprehensive safety strategy must also consider these factors. Improving crew
resource management, enhancing maintenance procedures, and addressing systemic operational issues
can further contribute to overall safety improvements. This detailed analysis underscores the complex
interplay of human factors in aviation accidents. By leveraging network analysis and centrality metrics,
it is gained a deeper understanding of the critical areas needing intervention. The consistent pattern of
pilot error's significant influence across various aircraft types calls for focused efforts to mitigate these
risks. Additionally, addressing crew errors and other human errors through comprehensive safety
strategies will further enhance aviation safety, leading to a reduction in accidents and fostering a safer
aviation environment for all.

6.Conclusion:

By employing Network Analysis, this study provides a detailed examination of the relationship between
human factors and aviation accidents across different aircraft types. Utilizing Python's NetworkX
library, it is constructed bipartite networks to explore the intricate connections between accidents and
human error categories. This approach allowed us to identify the most critical areas needing intervention
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to enhance aviation safety. The dataset, sourced from the NTSB aviation accident database, includes
records of civil aviation accidents from 1962 to the present, offering a comprehensive view of aviation
safety over several decades. The data is meticulously cleaned and categorized into specific human error
types: pilot error, crew error, and other human errors. Accidents were further classified by aircraft types,
including commercial jets, general aviation, helicopters, and others.

For each aircraft type, a bipartite network is constructed. Nodes represented accidents and human error
categories, while edges indicated the relationships between them. This network structure enabled us to
visualize and analyse the direct connections between various types of human errors and accidents.
Centrality metrics, particularly degree centrality, were calculated to identify the most influential human
factors. Pilot error emerged as the most critical node across all aircraft types, demonstrating a high
degree centrality, which signifies frequent involvement in accidents. Closeness centrality further
underscored the central role of pilot error, indicating its significant influence on the network. Although
betweenness centrality calculations were limited due to computational constraints, pilot error still
showed a notable role as a connector within the network.

The bipartite network graphs and bar charts provided clear visual representations of the data. The dense
clustering of nodes in the graphs highlighted common human error factors, while the bar charts
emphasized the dominant role of pilot error in aviation accidents. These visualizations are crucial for
understanding the relative influence of different human error categories and for guiding targeted safety
interventions. The findings highlight the critical importance of addressing pilot errors to improve
aviation safety. Given the high degree and closeness centrality of pilot errors, targeted interventions
such as enhanced pilot training, stricter adherence to standard operating procedures, and continuous
performance evaluations are essential. While pilot errors are paramount, the presence of crew errors and
other human errors in the data suggests that a comprehensive safety strategy must also consider these
factors. Improving crew resource management, enhancing maintenance procedures, and addressing
systemic operational issues can further contribute to overall safety improvements.

The study recommends several targeted interventions to improve aviation safety. First, enhancing
training programs for pilots and crew is essential to address and mitigate common errors. This involves
not only initial training but also continuous education and simulation exercises to ensure preparedness
for various scenarios. Second, implementing stricter safety protocols is crucial to mitigate human errors.
This can include more rigorous adherence to standard operating procedures, regular safety drills, and
the incorporation of advanced safety technologies. Third, regular performance audits should be
conducted to evaluate crew performance and adherence to safety procedures. These audits can identify
areas for improvement and ensure that safety standards are consistently met. Finally, utilizing insights
from Network Analysis to inform data-driven policy decisions and resource allocation is recommended.
This approach allows for the development of targeted interventions based on empirical evidence,
ensuring that resources are directed toward the most critical areas needing improvement.

Future studies should aim to expand on these findings by incorporating larger datasets and exploring
additional human factors. Key areas for further research include expanding the dataset to incorporate
more recent data and additional sources to ensure a comprehensive analysis of aviation accidents,
investigating other human factors such as maintenance errors, air traffic control issues, and
organizational factors to provide a holistic view of the causes of aviation accidents, conducting a
temporal network analysis to understand how the influence of different human factors evolves over time
and to identify trends or changes in patterns, comparing data from different countries to examine how
cultural differences impact human factors in aviation accidents and to identify best practices in aviation
safety globally, utilizing machine learning techniques to predict potential accidents based on identified
human factors and to develop proactive measures for accident prevention, and assessing the
effectiveness of implemented safety protocols and training programs by analysing post-intervention
accident data to determine the impact of these measures on reducing human error-related accidents. To
enhance the predictive capabilities of accident analysis, integrating machine learning with network
analysis presents a promising approach. By leveraging centrality metrics as input features, machine
learning models such as Random Forest or Neural Networks can be trained to identify patterns and
predict accident likelihood more accurately. This integration can provide valuable insights, enabling
more proactive risk management strategies in aviation safety. Moreover, future research should prioritize

281



Yilmaz, A. A. (2024) Akilli Ulasim Sistemleri ve Uygulamalari Dergisi Cilt:7 — Say1:2

human factors that exhibit high centrality within the network, particularly focusing on pilot decision-
making, fatigue management, and communication breakdowns. In-depth exploration of Crew Resource
Management (CRM) effectiveness, automation reliance, and situational awareness in critical flight
phases will be essential for developing targeted interventions, ultimately contributing to reducing human
error in aviation accidents.

The analysis faced several challenges, including computational limitations and data constraints.
Closeness and betweenness centrality calculations were too computationally intensive for the large
dataset, leading us to focus primarily on degree centrality. Additionally, sampling is used to generate
manageable subsets for visualization. The helicopter data contained only one entry, making it
impractical for meaningful network analysis and visualization. These limitations were acknowledged,
and the analysis focused on other aircraft types with more substantial data.

The dataset has limitations, such as the removal of minor cases from the database in 2001 and potential
discrepancies in pre-1983 reports. Fields marked with ** did not exist before 1982, which could impact
the accuracy of selection parameters involving pre-1982 data. The most striking aspect of this study is
its detailed examination of how human factors influence aviation accidents across different aircraft types
using network analysis. Utilizing Python's NetworkX library, this study constructed bipartite networks
to explore the intricate connections between accidents and human error categories. By focusing on
centrality metrics, it is revealed that pilot error is the most influential factor in these networks. The high
degree centrality of pilot errors indicates that these errors are frequently connected to accidents,
highlighting their significant impact on aviation safety. This suggests that targeted safety interventions,
such as improved pilot training and stricter adherence to standard operating procedures, could
substantially reduce the number of aviation accidents. Moreover, the visualizations provided by the
bipartite network graphs and bar charts underscore the pervasive role of pilot errors across different
aircraft types. The dense clustering of nodes around pilot errors in the graphs further emphasizes the
need for focused safety measures in this area.

By leveraging network analysis to understand the complex relationships between accidents and human
errors, this study makes a significant step forward in aviation safety research. It provides a robust
foundation for future studies to build upon, aiming to incorporate larger datasets, explore additional
human factors, and develop more comprehensive safety strategies to further improve aviation safety
globally. This detailed network analysis and visualization provide valuable insights into the most
influential human error categories across different aircraft types. By focusing on systemic issues
alongside individual training, the aviation industry can enhance safety and reduce accident rates more
effectively. The study demonstrates the utility of Network Analysis in understanding complex
relationships within aviation safety data, highlighting the need for targeted interventions to address pilot
errors and other human factors. Future research should build on these findings to develop more
comprehensive safety strategies and further improve aviation safety globally.

The most striking aspect of this study is its detailed examination of the influence of human factors on
aviation accidents across different aircraft types using network analysis. Conducted with the NetworkX
library, this analysis reveals that pilot error is the most influential factor, emphasizing the need for
targeted safety measures in this area. The high degree centrality of pilot errors indicates that these errors
are frequently connected to accidents and have a significant impact on aviation safety. This finding
suggests that focused safety interventions to reduce pilot errors could substantially decrease the number
of aviation accidents. By leveraging network analysis to understand the complex relationships between
accidents and human errors, the study makes a significant step forward in establishing effective aviation
safety strategies.
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Ozet: Gelisen teknoloji ve ulasima duyulan ihtiyaglar, ulasim sistemlerinde gelismelere neden olmustur.
Bu gelismeler daha konforlu, giivenli, verimli ve erigilebilir sistemlere olan ihtiyaci ortaya ¢ikarmustir.
Ilerlemelerin sonucu olarak akill1 ulasim sistemleri ile ilgili gelismeler ortaya ¢ikmis ve anlik izlenebilir
ve yonetilebilir sistemler olusturulmaya baslanmistir. Ortaya konulan entegrasyon ve ugtan uca tiim
seyahatin saglanmasi i¢in son yillarda gelisen Hizmet Olarak Hareketlilik (MaaS) uygulamalari sektore
katki saglar duruma gelmistir. Bu c¢aligmada, 2. seviye MaaS olarak gelistirilen uygulamanin bilgi
edinme, rezervasyon ve Odeme islemlerinde kullanilan uygulama bilgileri aktarilacaktir.
Gergeklestirilen uygulama sehirlerarasi ve sehir i¢i toplu tasima; paylagimli bisiklet, elektrikli bisiklet
(e-bisiklet), elektrikli skuter (e-skuter) ve arag¢ kiralama dahil olmak tizere gesitli ulasim segeneklerini
icermek 1ile birlikte, ilk agamada 2 pilot sehirde, 10 ulagim hizmet saglayici ile 9 ulasim modunda,
yaklasik 2000 toplu tasima aract ve yaklasik 3500 paylasimli mikromobilite aracin1 kapsamaktadir.
Ayrica sistem uygulamalari ile mevcut kullanimda olan veri ve servis standartlarmin yeterlilikleri
tartisilacaktir. Bu ¢aligmada, Tiirkiye’nin ilk yerli ve milli 2. Seviye MaaS uygulamasi olmasi planlanan
TRota’da; sehirlerarasi ve sehir i¢i toplu tasima, paylasimli bisiklet ve e-skuter, ara¢ kiralama dahil
olmak iizere ¢esitli ulasim modlarini tek bir uygulamada kullanicilara sunulmaktir. TRota uygulama
entegrasyon c¢alismasinda olusabilecek riskler i¢in aliman 6nlemler ve alinmasi gereken ilave 6nlemler
ayrmtili olarak verilmistir.

Anahtar Kelimeler: Hizmet Olarak Hareketlilik (MaaS), Veri Standardizasyonu, MaaS Platformu

Data and payment method standardization for Turkey's MAAS platform

Abstract: Developing technology and transportation needs have led to developments in transportation
systems. These developments have revealed the need for more comfortable, safe, efficient, and
accessible systems. As a result of the progress, developments in smart transportation systems have
emerged, and instantly monitorable and manageable systems have begun to be created. Mobility as a
Service (MaaS) applications, which have developed in recent years to ensure integration and end-to-end
travel, has become a contribution to the sector. In this study, the application information used in
information acquisition, reservation, and payment transactions of the application developed as a 2-level
MaaS will be transferred. The implementation includes a variety of transport options including intercity
and urban public transport, shared bicycles, electric bikes, electric scooters, and car rental, and in the
first phase covers around 2000 public transport vehicles and around 3500 shared micromobility vehicles
in 2 pilot cities, in 9 transport modes with 10 transport service providers. Additionally, the adequacy of
system applications and data and service standards currently in use will be discussed. In addition, in this
study, TRota, which is planned to be Turkey's first domestic and national Level 2 MaaS application;
offers users various transportation modes, including intercity and urban public transportation, shared
bicycles and e-scooters, and car rental, in a single application.
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1. Giris

1950’11 willardan itibaren kirsal alanlardan kentlere gogiin hizlanmasi ve bununla birlikte artan
kentlesme, kent i¢i ulagim sistemi lizerindeki baskinin artmasina neden olmustur. Kentlesmeye paralel
olarak bireylerin gelirlerinde yasanan artig, toplu tagimaya nazaran daha konforlu, 6ngdriilebilir, esnek
ve uctan uca bir yolculuk deneyimi sunan 6zel araglara yonelik talep artigini beraberinde getirmistir.
Artan 6zel arag sayisiyla birlikte kent merkezlerindeki yollar ve otopark alanlar1 yetersiz kalmakta, trafik
yogunlugu trafikte daha ¢ok zaman harcanmasina neden olmaktadir. Trafik sikisikligina ¢6ziim olarak
yapilan yol ve otopark yatirimlari ise bir siire iyilesme saglasa da daha sonra “kigkirtilmig trafik” olarak
adlandirilan duruma neden olmakta ve trafik sikigikligi eski haline donmektedir. Bu kisir dongii ise
kentlerin insan odakli olmaktan ¢ikip arag odakli bir hale biiriinmesine, ekonomik, ¢evresel ve sosyal
alanda c¢esitli siirdiiriilebilirlik problemlerinin dogmasma neden olmaktadir. Giiniimiizde kent
yagaminda temel ihtiyaclarin baginda ulasim gelmektedir. Bilyiik kentlerde yasayan bireyler is, egitim,
saglik ve sosyallesme gibi ihtiyaglarin neredeyse tamamini karsilamak icin oncelikle ulagim ihtiyacinin
karsilanmasina gereksinim duymaktadir. Kent i¢i ulagimi daha esnek, direngli, ekonomik ve
ongoriilebilir kilabilmek, yogun 6zel arag kullaniminin dogurdugu siirdiiriilebilirlik problemlerinin
Oniine gegebilmek i¢in Oncelikle 6zel araca alternatif ulasim hizmetlerinin gelistirilmesi elzem hale
gelmektedir. Farkli ulasim modu ve operatorleri bir araya getirmek, bu aktorler arasinda bir uyum tesis
etmek, bircok ulasim modunu entegre ederek son kullamicilara ugtan uca tiim seyahat deneyimini
kapsayacak bir hizmetin sunulmasi konusunda hizmet olarak hareketlilik (Mobility as a Service (MaaS))
uygulamalar1 6nemli bir rol istlenmektedir (Istanbul Planlama Ajansi, 2024).

Tirkceye hizmet olarak hareketlilik olarak ¢evrilen MaaS konsepti ilk olarak Finlandiya’da, Helsinki
Belediyesi tarafindan yaptirilan Aalto Universitesindeki bir Yiiksek Lisans tezinin konusu olarak ortaya
cikmustir. lk olarak "hareketlilik operatdrleri tarafindan miisterilere kapsaml bir ulasim hizmetleri
yelpazesinin sunuldugu bir sistem" olarak tammlanmustir (Heikkild, 2024). Hizmet olarak hareketlilik
modelinde, otomobil kullanimi ile aym derecede kullamigh, siirdiiriilebilir ve ekonomik bir ulagim
hizmeti sunmak amaciyla; tek bir kanal tizerinden, toplu tasima, paylasimli araglar, taksi vb. ulasim
araclarma veya bu araglarin bir kombinasyonuna iligkin olarak bilgi edinme, rota olusturma, rezervasyon
yapma, 6édeme, biletleme, kiralama gibi islemlerin gerceklestirilmesi miimkiindiir. Ayrica, bu model
kullanmic1 deneyimini 6nceliklendiren, talep odakli, yenilik¢i bir ulasim hizmeti is modelidir (MaaS
Alliance, 2017). Hizmet olarak hareketlilik modeli, kullanicilarin mobilite davramislarinda kapsamli bir
degisiklik olusturmayi, ara¢ sahipligine alternatif bir ¢6ziim sunmay1 ve ayn1 zamanda insanlarin ve
isletmelerin giinlik yasamlarini iyilestirmeyi amaglamaktadir (Koca, 2024; Macedo vd., 2022).

Literatiirde hizmet olarak hareketlilik konsepti dort veya bes seviyede ele alinmakta ancak bes seviyede
ele alinan ¢aligmalarda ilk seviyeyi hi¢bir entegrasyon icermeyen, ulasim operatdrlerinin yalnizca kendi
hizmetlerini sunduklar1 uygulamalar1 kapsayan 0. seviye olusturmaktadir. Sochor vd., yaptiklari
calismada Hizmet olarak hareketlilik konseptini; 0. seviye entegrasyon yok; 1. seviye bilgi
entegrasyonu; 2. seviye rezervasyon ve ddeme entegrasyonu; 3. seviye sdzlesmeler ve sorumluluklar da
dahil olmak iizere hizmet teklifi entegrasyonu; 4. seviye toplumsal hedeflerin entegrasyonu olmak tizere
5 seviyede ele almustir (Sochor vd., 2018). Tablo 1’de MaasS seviyeleri detayli olarak verilmistir.

Tablo 1. MaaS Seviyeleri (Sochor vd., 2018).

Seviyeler | Aciklama

Entegrasyon Yok

0. Seviye | Herhangi bir entegrasyonun olmadigi, ulagim operatoriiniin sadece kendi hizmetini
sundugu seviyedir.

Bilgi Entegrasyonu

1. Seviye | Entegre olan ulasim hizmetlerine iligskin olarak kullanicilara en iyi seyahat se¢enegini
bulmak {izere sadece bilgi sunulan seviyedir.

2. Seviye | Rezervasyon ve Odeme Entegrasyonu
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Entegre olan ulagim hizmetlerine iliskin olarak kullanicilara bilgi, rezervasyon,
biletleme ve 6deme segenekleri sunulan, farkli ulasim segeneklerini tek bir
uygulamadan kullanmay1 miimkiin kilan seviyedir.

Hizmet Teklifi Entegrasyonu

Kullanicilara abonelik tabanli olarak, paketler halinde, tiim mobilite ihtiyaclarini

3. Seviye karsilayacak kapsamda; bilgi, rezervasyon, biletleme ve 6deme se¢eneklerinin
tamamini, periyodik ve sabit fiyat lizerinden sunan seviyedir.
Toplumsal Hedeflerin Entegrasyonu
Karbon emisyonunun diisiiriilmesi, ara¢ sahipliginin azaltilmasi, erisilebilirligin

4. Seviye artirilmasi, yasanabilir sehirlerin olusturulmasi vb. toplumsal hedeflere yonelik olarak

daha siirdiiriilebilir ulasim segeneklerinin sunuldugu, seyahatlerin yogun olmayan
saatlere kaydirildigi, ekonomik tesvikleri igeren, bilgi, rezervasyon, biletleme ve
6deme seceneklerinin tamaminin sunuldugu seviyedir.

Boston Consulting Group’un Seeking Perpetual Motion with Mobility as a Service raporunda ise MaaS
1. seviyede planlama, 2. seviyede planlama ve biletleme, 3. seviyede planlama, biletleme ve fiyatlama
ve son olarak 4. seviyede planlama, biletleme, fiyatlama ve tesvikler olmak tlizere dort seviyede ele
alinmistir (Hazan vd, 2024). Sekil 1°de ilgili raporda belirtilen Maa$S seviyeleri aktarilmustir.

s ‘ « Birden fazla tasima modu iceren guzergahlarin gercek zamanli

. - \*-.I S - optimizasyonu
S/ n « Kullanicilari tercihlerine ve gercek zamanli trafige gore kisisellestiriimis
rotalar
4
PN \\ B
,:" ) “:I Planiama + Biletleme \ > « Birden fazla operator ile biletleme
Ao 4 A\
R
= \ ST o ;
A A . ratorierin fiyatlandirm malaryla mobilit ketlerinin
3 \ Plantara - Bkioma e p Qpe atorlerin fiyatiandirma semalaniyla mobilite paketie
(8 ) Fivatl \ _\) birlestiriimesi
& LEUEHE \ « Msteri edinme mekanizmalari
\
-
A _ « Yesil modlar tesvik etme, yodun olmayan saatlerde
(4 ) B";?xénf I::iEQ:;gnﬁ.n';laaT?rrgav;(ler :D seyahat etme ve daha pek cok sey ozellik
b4 y ¥ « Sehir ve isveren subvansiyonlarinin yeniden dagitimi

Sekil 1. Maa$ seviyeleri (Hazan vd, 2024).

Kayike¢1 ve Kabadurmus, Toplam Yorumlayict Yapisal Modelleme (TISM) ve Matris Tabanli Carpma-
Bir Siniflandirmaya Uygulanan (MICMAC) yontemlerini kullanarak belirlenen engellerin ve bunlarin
birbirleriyle baglamsal iliskilerini analiz etmeyi amaglamaktadir. Istanbul'da MaaS sisteminin
benimsenmesi sirasinda hangi 6nemli engellerle karsilasilabilecegini arastirmak amaciyla uzman bir
grup iizerinde vaka c¢aligmasi yapilmustir. Sonuglar, MaaS konseptinin Istanbul'da benimsenmesinin
onlindeki en 6nemli engelin, Oncelikle bu mobilite hizmetinin hukuki niteligini igeren Kanunlar,
Yonetmelikler ve Yonergeler oldugunu gostermistir. En az 6nemli engellerin ise Miisteri Kabulii ve
Isgiicii Eksikligi oldugu tespit edilmistir (Kayik¢1 ve Kabadurmus, 2022).

Cruz ve Sarmento, genel olarak mobiliteyi, 6zel olarak da MaaS'" etkileyen temel zorluklarin yani sira
MaaS ¢ozlimleri sunmak icin kullanilan ana is modelleri hakkinda bir analiz sunmay1 amaglamaktadir.
Makale, baz1 zorluklar1 gostermek igin Lizbon'daki bir vaka ¢aligmasini kullanmaktadir. insanlarm
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hareketlilik davraniglariyla ilgili degisime direnmelerinin baslica nedenleri; hareketlilik alternatiflerini
karsilastirirken toplam maliyetlere iliskin farkindalik eksikligi veya toplu tasima ve ortak ulasim
alternatifleri, sosyal baglar, sosyal baglar hakkinda bilgi eksikligi ve kigisel tercihler olarak tespit
edilmigtir. MaaS, hareketlilik deneyiminin kaydedilmesi ve dijitallestirilmesi i¢in bir ihtiya¢ oldugu
kadar yolcu hareketlerinin daha yakindan takip edilmesini de saglayan bir sistemdir (Cruz ve Sarmento,
2020).

MaaS uygulamalarimin farkli seviyeleri igin farkli gereksinimler dogmakta, veri standartlari bu
gereksinimlerin bazilarini karsilayabilmekte bazilarini ise karsilayamamaktadir. Ornegin birinci seviye
bir MaaS uygulamasinda ulasim hizmet saglayicilar ile MaaS operatérii arasinda sadece bilgi paylagimi
yeterli olurken ikinci seviye bir MaaS uygulamasinda planlama ve biletleme segeneklerinin de
kullanmicilara sunulmasi beklenmektedir. Bu kapsamda, General Transit Feed Specification (GTFS) ve
General Bikeshare Feed Specification (GBFS) veri formatlar1 birinci seviye bir MaaS uygulamasi igin
yeterli olurken biletleme, rezervasyon ve oOdeme gibi islemlere yonelik herhangi bir metot
icermediklerinden yeterli olmamaktadir. Bu g¢aligmada da bu farkli seviyeler igin dogan farkli
gereksinimler ve halihazirda kullanimda olan veri standartlarinin bu gereksinimler bakimindan yeterli
olup olmadigi ele alinacaktir. Yapilan bu ¢aligmada, gelistirilmekte olan Tiirkiye’nin ilk yerli ve milli,
2 Seviye MaaS uygulamasi olacak TRota ile sehirlerarasi ve sehir i¢i toplu tasima; paylasimli bisiklet,
e-bisiklet, e-skuter ve ara¢ kiralama dahil olmak {izere gesitli ulasim segeneklerini tek bir uygulama
iizerinden kullanicilara sunmak; bilgi edinme, rezervasyon ve 6deme gibi islemlere aracilik ederek
kullamicilara ugtan uca bir deneyim saglamak hedeflenmektedir. Platform, ilk asamada 2 pilot sehirde,
10 ulagim hizmet saglayici ile 9 ulasim modunda, yaklagik 2000 toplu tasima araci ve yaklasik 3500
paylasimli mikromobilite aracini kapsayacaktir. Calismada 2. seviye bir MaaS uygulamasinin gelistirme
asamasinda dogan farkli gereksinimler ve halihazirda kullanimda olan veri standartlarmin bu
gereksinimler bakimindan yeterli olup olmadigi ele alinacaktir.

2. MaaS Uygulamalarinda Kullamlan Veri Standartlar

Bu ¢alisma kapsaminda oncelikle halihazirda kullanilmakta olan GTFS, GBFS, Transport Operator to
Mobility-as-a-Service Provider APl (TOMP-API) gibi veri standartlari incelenmistir. Ardindan
paydaslar ve olas1 paydaslar ile ilgili standartlar {izerine goriis alisverisi gergeklestirilmis, iiriin
gereksinimleri ve yerel ihtiyaglar analiz edilmistir.

2.1. General Transit Feed Specification — GTFS

GTFS ya da Tiirkge ifadesi ile Genel Tasima Verisi Yaymn Sartnamesi, ilk olarak Amerika Birlesik
Devletleri’nin Oregon eyaletinde yer alan Portland kentinde bir toplu tasima operatorii olan TriMet’in
Bilisim Teknolojileri Yoneticisi Bibiana McHugh’un 2005 yilinda farkli sehirlere seyahat ettiginde,
gittigi sehirlerin toplu tagima aracglarina dair bilgi edinememesi iizerine ulasim verilerinin ¢evrimigi
sekilde sunulmas1 gerektigini fark etmesinin ardindan ortaya ¢ikmistir. Google Haritalar ile TriMet’in
entegrasyonu i¢in gelistirme ¢alismalarina baslanmig ve Aralik 2005°’te Google Transit’in Portland
Metro’yu igeren ilk siiriimii yaymlanmistir (McHugh, 2013). Ilk basta Google Transit Feed Specification
olarak isimlendirilen standart, 2010 yilinda Google disinda da pek ¢ok aktoriin bu standart {izerinden
uygulama gelistirmesi sonucunda isim degisikligine ugramis ve General Transit Feed Specification
ismini almistir (GTFS Background, 2024). Google, toplu tagima hizmet saglayicilar ile
entegrasyonlarinda bugiin hélen bu standardi kullanmaktadir. Buna ek olarak GTFS, 100'den fazla
tilkede 10.000'den fazla ulasim hizmet saglayici tarafindan kullanilmaktadir (GTFS, 2024). Tablo 2’de
GTFS veri formatin1 olusturan dosyalar ve bu dosyalarin agiklamalar1 verilmistir (GTFS Schedule
Reference, 2024).
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Tablo 2. GTFS dosya yapist (GTFS Schedule Reference, 2024).
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Dosya Adi Aciklama

agency.txt* Ulagim hizmet saglayici bilgileri bu dosyada tutulmaktadir.
stops.txt* Duraklara iligkin bilgiler bu dosyada tutulmaktadir.
routes.txt* Rotalara iligkin bilgiler bu dosyada tutulmaktadir.
trips.txt* Seferlere iligkin bilgiler bu dosyada tutulmaktadir.

stop_times.txt*

Seferlerin belirli duraklardan gegis bilgileri bu dosyada tutulmaktadir.

calendar.txt
Tablo 2. (Devam)

Sefer takvimi bu dosyada tutulmaktadir.

calendar_dates.txt

Takvime iligkin 6zel tarihler (6rnegin tatil giinleri) bu dosyada
tutulmaktadir.

fare attributes.txt

Tarife bilgileri bu dosyada tutulmaktadir.

fare rules.txt

Tarife kurallar1 bu dosyada tutulmaktadir.

timeframes. txt

Saat, giin ve tarihe gore degisebilen iicretlerin oldugu durumlarda bu
ticret tanimlarini tutmaktadir.

fare_media.txt

Yolcularn icret 6demek i¢in kullanabilecegi farkli 6deme araglarmin
bilgilerini tutmaktadir.

fare_products.txt

Yolcularin alabilecegi farkl: bilet tiirlerini (6rnegin tek biniglik bilet,
glinliik bilet) veya kullanilan ticretleme tiirlerini ve bunlara iliskin
bilgileri tutmaktadir.

fare_leg_rules.txt

Ucret kurallarmi tutmaktadir.

fare transfer rules.txt

Aktarma kurallarini tutmaktadir.

areas.txt

Hizmet bolgelerine iligkin tanimlamalar1 tutmaktadir.

stop_areas.txt

Duraklarin (stops.txt’te tutulan duraklar) hangi hizmet bélgelerine ait
oldugu bilgisini tutmaktadir.

networks.txt

Birden fazla sehir veya bolgede hizmet veren operatéorler i¢in birden
fazla agm veri kiimelerinin tanimlamasini tutmaktadir.

route networks.txt

Rotalarin hangi aglara ait oldugu bilgisini tutmaktadir.

shapes.txt

Glizergahin harita lizerinde dogru gésterimi i¢in gerekli koordinat
bilgileri bu dosyada tutulmaktadir.

frequencies.txt

Sefer sikligina iligkin bilgiler bu dosyada tutulmaktadir.

transfers.txt

Duraklar arasi transfer siirelerine iliskin bilgiler bu dosyada
tutulmaktadir.

pathways.txt

Duraklar birbirine baglayan yollar1 tutmaktadir.

levels.txt

Durak / istasyon seviyelerini tutmaktadir.

tanslations.txt

Transit operatoriine bagli bilgileri ¢evrilmis halini tutmaktadir.

feed_info.txt

GTFS veri setiyle ilgili genel bilgiler (6rnegin veri setinin siirlimii, yayin

tarihi, dil vb.) bilgiler bu dosyada tutulmaktadir.

attributions.txt

GTFS veri kiimesinin kaynagini ve atif bilgilerini tutmaktadir.
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Sekil 2’de GTFS hiyerarsi diyagramu ile ilgili detaylar verilmistir.

agency
Ulagim Hizmet

Saglayici

N

routes

rotalar

1 \
fare_rules trips
tarife kurallari seferler
fare_attributes calendar calendar_dates l| frequencies

bilet tarleri takvim ozel tarihler sefer sikligi

Sekil 2. GTFS hiyerarsi diyagramu.

stop_times
durak gegis saatleri

l

stops
duraklar

transfers

transfer stire ve
noktalar

|

shapes
rota kirilimlar
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GTEFS veri yapist ile ilgili detaylar Sekil 3°te verilmistir.

Sekil 3. GTFS veri yapisi.

2.2. General Bikeshare Feed Specification — GBFS

GBES ya da Tiirkce ifadesiyle Genel Bisiklet Paylasimi Veri Yayin Sartnamesi basta bisiklet olmak
iizere paylasimli mobilite i¢in bir agik veri standardidir. 2014 yilinda Mitch Vars tarafindan olusturulan
GTFS, paylagimli mobilite alaninda faaliyet gosteren kamu ve 6zel sektor aktorlerinin de destegiyle
hayata ge¢mis; Kuzey Amerika Bisiklet Paylasim Birliginin 2015'teki onay ve destegi ile birlikte
basarisini ortaya koymustur (Mobility Data, 2024). GBFS API, aktif araglarin konum bilgisi, miisait
durumu, sarj durumu, arag tipi gibi bilgilerini ger¢ek zamanli olarak raporlamaktadir(Xu vd., 2020).
Tablo 3’te GBFS veri formatini olusturan temel dosyalar ve bu dosyalarin agiklamalar1 verilmistir.

Tablo 3. GBFS dosya yapist (GBFS, 2024)

Dosya Adi Aciklama

gbfs.json Otomatik kesif dosyasidir.

Birden fazla GBFS veri seti yaymlayan ulagim hizmet saglayicilar
icin (6rnegin Konya’daki araclar1 i¢in ayr1 Kocaeli’ndeki araglar i¢in
manifest.json ayr1 GBFS veri seti yayinlayan skuter hizmet saglayici) gerekli olan
bir kesif dosyasidir. Hizmet saglayici tarafindan yayinlanan tiim
GBEFS veri kiimelerinin URL’lerinin kapsamli bir listesini tutar.
GBEFS belgelerinin siirlimlerine goére yaymlanan tiim yayin ug
noktalarini tutar.

Hizmet saglayiciya iliskin isim, sistem konumu, uygulandig1 yil,
URL, iletigsim bilgileri, saat dilimi gibi bilgileri tutar.

gbfs_versions.json

system_information.json
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Hizmet saglayicinin sundugu arag tiirlerini (bisiklet, sepetli bisiklet,
vehicle_types.json araba, moped, skuter ve diger) tutar. Bu dosya olmadiginda feed'deki
tiim araclarm bisiklet oldugu varsayilir.

Hizmet saglayicinin tiim istasyonlarinin, kapasitelerinin ve
konumlarinin listesini tutar.

Istasyondaki arac sayisi, istasyon kapasitesi, istasyonun
kullamilabilirlik durumu gibi bilgileri tutar.

Araglarin uygunluk bilgisini tutar. Verilerin miimkiin mertebe gercek
zamanl olmas1 gerekmektedir. Istasyonsuz hizmetler igin zorunludur.
system_regions.json Bolge bilgilerini tutar.

system_pricing_plans.json | Hizmet fiyatlarini tutar.

Hizmetteki kesintilere (6rnegin hava sartlari nedeniyle hizmet
verilememesi) iligkin bilgilendirmeleri tutar.

geofencing_zones.json Hizmet bolgesi simirlarina iligkin bilgi ve kurallar tutar.

station_information.json

station_status.json

vehicle_status.json

system_alerts.json

GBFS hiyerarsi diyagram Sekil 4’te detayli olarak verilmistir.

manifest
gbfs setlerinin dizinleri

gbfs

kesif dosyasi ‘

system_information station_status vehicles_status station_information vehicle_types Opsiyonel:
sistem bilgileri istasyon durumu arag durumu istasyon bilgileri arag tarleri gbfs_versions
system_regions

system_pricing_plans
system_alerts
geofencing_zones

Sekil 4. GBFS hiyerarsi diyagrama.

2.3. Transport Operator to Mobility-as-a-Service Provider APl —- TOMP API

TOMP-API ya da Tiirkce ifadesi ile Ulasim Operatdrlerinden Hizmet Olarak Hareketlilik Operatorlerine
Uygulama Programlama Arabirimi, ulasim hizmet saglayicilar ile MaaS operatorleri arasindaki veri
aligverisini standartlastirmayr hedefleyen teknik bir arabirimdir. MaaS i¢in TOMP-API, ¢esitli ulasim
hizmetlerinin tek bir platformda kusursuz entegrasyonunu saglayan giiglii bir aractir. TOMP-API farkli
mobilite hizmet saglayicilar1 ve MaaS platformlar: arasindaki iletisimi ve veri alisverisini kolaylastiran
standartlastirilmig bir arayiizdiir. Programlar, rotalar ve kullamlabilirlik gibi temel ulasim bilgilerine
gercek zamanl erisim saglayarak MaaS ekosistemindeki birden fazla hizmet saglayici arasinda etkili
koordinasyon ve is birligine olanak tanir. 2017 yilinda Hollanda Altyap: ve Su Yonetimi Bakanligi
tarafindan baglatilan yedi hizmet olarak hareketlilik pilot uygulamasimin gelistirme calismalar
kapsaminda, uygulamalarin kolaylastirilmasi i¢in paydaslarin bir standardizasyon i¢in is birligi yapmas1
zorunlulugu ile ortaya ¢ikmustir (TOMP WG, 2024). Sekil 5’te TOMP-API diyagrami verilmistir.
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Sekil 5. TOMP-API diyagrami (TOMP WG, 2024).

TOMP-APT’nin islevsel bloklari ile ilgili detaylar Sekil 6’da verilmistir.

............................................................................................................................................

iTanimiama, § iPlanlama i iRezervasyon i  iYolculuk i Destek i foperator i :EkModiller :

iKayit, i Bilgileri
 Gizlilik :
O = SR
7.2 Y WY (R S [ VRPN 2 R
— 3 t 1 H : Harici
Hizmet Bilgileri : Hizmet Bilgileri : ' | Hizmet Bilgileri i i moddiller
...... $ 7 s 3 i (orn.sosyal  }
- - v 1 tarifeler, :
Ulagim Operatéri A Ulagim Operatoéri B 2 Ulagim Operatéri C : kimlik
i dogrulama,

Sekil 6. TOMP-APT'nin islevsel bloklar1 (International Transport Forum, 2024).

3. Materyal ve Metot

Yapilan calisma sonucu gelistirilen uygulama ile 2. seviye MaaS hizmeti sunmak hedeflenmektedir ve
2. seviye MaaS uygulamalar1 kullanicilarin farkli ulasim seceneklerini rezerve etmelerine ve 6deme
yapmalarina olanak tanimaktadir. Daha ¢ok bilgi seviyesi entegrasyonlar i¢in uygun olan GBFS ve
GTFS veri standartlari, rezervasyon, 6deme gibi islemleri desteklememektedir. TOMP-API ise genel
bir MaaS standartlar1 kiimesi sunmaktadir. Ancak, Tiirkiye’nin MaaS platformu olan TRota uygulamas1
Ozelinde 2. seviye entegrasyon konularmin arastirma siirecinde TOMP-API’'nin tiim operatorler igin,
kapsamli, ugtan uca ve tiim siirecleri karsilayan bir ara¢ olmadig: tespit edilmistir. Bu kapsamda bir
mobilite ekosistemi icerisinde her tiirlii ulasim hizmetinin 2. seviyede kusursuz entegrasyonunu, is
birligini ve her asamay1 kapsayan methodlar yardimi ile genisletilmesini destekleyen doniistiiriicii bir
aracin gelistirilmesi bu ¢alisma ile hedeflenmektedir.
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TRota’y1 gelistirme c¢aligmalan siirecinde Tiirkiye'deki mikromobilite operatdrlerinin kullandig1 bir
standardin bulunmadigi, operatorlerin arasinda is siirecleri ve veri gereksinimleri agisindan Snemli
Olgtide farkliliklar oldugu saptanmustir. Goriigme saglanan mikromobilite operatorlerin her biri, kendi
Ozel is akislarma ve veri alanlarma sahiptir. GBFS ve GTFS'nin rezervasyon ve 6deme siireclerini
desteklemedeki yetersizlikleri géz 6niinde bulunduruldugunda, TOMP-API standardinin 2. seviye bir
MaaS uygulamas: i¢in yukarida bahsedilen ihtiyaglar ¢ercevesinde gelistirilebilir oldugu
degerlendirilmektedir.

Ancak, TOMP-API'nin de 6deme metotlarmin her operatériin kullanabilecegi standartlar sunamadigi,
bu kapsamda eksiklikler oldugu ve Tiirkiye'deki uygulanabilirligi ile ilgili bazi risklerin bulundugu
tespit edilmistir. Bu durumda, TOMP-API'nin temel yapisini kullanarak, her bir operatoriin spesifik
ihtiyaclarina uyacak sekilde API'yi dzellestirme ihtiyact dogmustur. Ozellestirme, operatdriin dzel veri
alanlarmi desteklemek, is siireglerini entegre etmek ve dogru bilgilerin iletilmesini saglama tizerinde
gerceklestirilmistir. Ornegin, bir operatdriin rezervasyon sistemine dzgii parametreleri iceren ek veri
alanlar1 eklemek veya belirli bir operatériin 6deme dogrulama siireglerini entegre etmek gibi
Ozellestirmeler yapilmistir. Bu 6zellestirmelere iliskin detaylara 3. Yapilan Gelistirmeler boliimiinde yer
verilmis ve agik kaynak olarak yayinlanmistir (TROTA API, 2024). TRota platformu igin yapilan bu
gelistirmeler sonucu ortaya c¢ikan servis standardi TRota API olarak adlandirilmaktadir. Sekil 7°de
TRota uygulamast ile ilgili uygulama gorselleri verilmistir.
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Sekil 7. TRota uygulama 6rnegi.
3.1. ikinci seviye entegrasyon ile TRota’da paylasimh mikromobilite araci kiralama
is akisi

2. Seviye entegrasyon ile TRota’da paylagimli mikromobilite araci kiralama is akis semas1 Sekil 8’de
verilmistir. TRota API operatdriin kim oldugundan bagimsiz olarak bu akistaki islevlere karsilik gelen
veri sunan servis altyapisin standartlagtirarak sunmaktadir.
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Evet

Hayir

Sekil 8. 2. Seviye entegrasyon ile TRota’da paylagimli mikromobilite araci kiralama is akisi.
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3.2 Tiirkiye’nin MaaS platformu TRota API gelistirmelerinin faydalari

Tiirkiye’nin MaaS platformu i¢cin TRota API gelistirmelerinin faydalar1 etkin veri paylasimu, ileri
seviye birlikte ¢alisabilirlik ve optimize edilmis kaynak kullanimi olarak siralanabilir. Elde edilecek
faydalarin detaylar1 asagida detayli olarak verilmistir.

e Etkin Veri Paylasimi: TRota API, kritik verilerin aligverisini kolaylagtirarak MaaS
platformlarmin g¢esitli ulasim kaynaklarindan gelen bilgileri sorunsuz bir sekilde toplamasina ve
goriintiillemesine olanak tanir. Bu sayede gelismis kullanici deneyimine imkan saglar.

o lleri Seviye Birlikte Calsabilirlik: Tiirkiye MaaS endiistrisindeki paydaslar, TRota API'yi
uygulayarak, temel teknolojileri veya altyapilar1t ne olursa olsun gesitli hizmet ve sistemlerin
entegrasyonuna olanak tanmiyan daha fazla birlikte ¢aligabilirlik elde edebilir.

¢ Optimize Edilmis Kaynak Kullanimi: TRota API'nin kullanilmasiyla MaaS platformlari, farkl
ulasim modlarinda kaynak tahsisini ve kullanimini optimize ederek son kullanicilar i¢in verimli
ve siirdiiriilebilir mobilite ¢6ziimleri gelistirebilir.

3.3. TRota API Yetenekleri

e Ger¢cek Zamanh Veri Erisimi: TRota API, ulasim verilerine ger¢ek zamanli erisim sunarak
MaasS platformlarinin kullanicilarina mevecut hizmetler, programlar ve konumlar hakkinda dogru
ve giincel bilgiler sunmasina olanak tanir.

e Standardizasyon: TRota API, endiistri standard: veri aligverisi formatlarina ve protokollerine
bagli kalarak, farkli ulasim hizmetleri arasinda tutarliigi ve uyumlulugu tesvik ederek
entegrasyon siireglerini kolaylastirir ve genel sistem giivenilirligini artirir.

e Dinamik Hizmet Genisletme: TRota API ile Tiirkiye’nin ilk MaaS’1, yeni hizmet saglayicilar
entegre ederek hizmet tekliflerini ve odeme altyapisim kolayca genisletebilir, bu da son
kullanicilar i¢in mevcut mobilite seceneklerinin siirekli bliylimesine ve ¢esitlenmesine olanak
tanir.

3.4, Mikromobilite ulasim operatérlerinin is siirecleri acisindan benzerlikleri ve
farkhhklar

2. seviye MaaS hizmeti sunmasi hedeflenen TRota uygulamasi 6zelinde 2. Seviye entegrasyon
kapsaminda, sektordeki cesitliligi anlamak ve entegrasyon siirecini kolaylastirmak i¢in sektoriin 6nde
gelen mikromobilite operatorlerinin is siirecleri incelenmis ve is akig siireclerindeki mobil uygulama
odakl1 yaklagimlari, kiralama ve 6deme siirecleri ve siiriis sonrasi islemlerinin benzerlik gdsterdigi fakat
operatdrler arasinda farkli Software Development Kit — Yazilim Gelistirme Kiti (SDK) bagimliliklarinin
oldugu ve web standartlar1 arasinda farkliliklarin bulundugu goriilmiistiir. En belirgin farklardan biri,
bisiklet veya skuterler i¢in kilit agma siirecindedir. Bazi paylasimli arag¢ operatorleri ara¢ kodunu igeren
QR kodun okutulmasi veya arag iizerinde yazili kodun ekrana girilmesi ile kilidi agarken, baz1 paylasimli
ara¢ operatdrlerinde aracin kilidini agmak icin bluetooth teknolojisi kullanilmaktadir ve bu da birgok
farkli saglayici ile entegrasyon gerektiren platformlar igin SDK bagimliligina sebep olmaktadir. Bu
farkli yaklagimlar, is siireglerinde uyum sorunlarina yol agabilmekte, uygulama boyutunu artirmakta,
performansi diisirmekte ve Uygulama Programlama Arayiizii — Application Programming Interface
(API) entegrasyonunu karmagik hile getirmektedir. Ayrica, operatdrlerin kullandigi web servis
standartlar1 da cesitlilik gostermektedir. Bazilart RESTful API'lar1 tercih ederken, digerleri SOAP
protokoliinii kullanmaktadir. Bu farkliliklar, veri iletimi ve is siireclerinin entegrasyonunda zorluklar
yaratmaktadir. Bununla birlikte, bilgi seviyesi entegrasyonlar icin uygun olan GBFS ve GTFS veri
standartlari, rezervasyon, 6deme gibi islemleri desteklememektedir. TOMP-API'nin de tiim operatorler
icin kapsamli ve uyumlu bir ¢6ziim sunamadigi goz Oniine alindiginda, operatdrler arasmdaki bu
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farkliliklarin etkili bir sekilde yonetilmesi ve is siireglerinin uyumlu héle getirilmesi igin tek bir entegre
API olusturma hedefi belirlenmistir. Bu entegre API, farkli operatorlerin sistemlerini bir araya getirerek,
kullanicilarin daha sorunsuz bir sekilde ge¢is yapmasini saglayacak ve mikromobilite sektoriinde daha
iyi bir deneyim sunacaktir.

4. TRota APl — MaaS Platformu Entegrasyonu Siirecleri ve Riskler

Gelistirilen TRota API—MaaS platformu Trota API dokiimantasyonu, gelistirme-test ve dagitim, izleme
olarak belirlenen entegrasyon siirecleridir. Belirlenen bu entegrasyon siiregleri asagida detayli olarak
verilmistir.

e Trota API Dokiimantasyonu: Ug noktalar, kimlik dogrulama yontemleri, mevcut veri alanlari
ve en iyi uygulamalar da dahil olmak iizere entegrasyon siireci hakkinda kapsamli bilgiler
saglayan Trota API belgelerinin kapsamli bir sekilde incelenmesi entegrasyon siirecinin
baslangicinda izlenecek ilk adim olarak karsimiza ¢ikmaktadir.

e Gelistirme ve Test: TRota API ug¢ noktalari paydaslar tarafindan analiz edilmeli, MaaS
platformuna uygulamak i¢in gelistirme ve test agsamalari ¢aligmalar1 yapilmalidir. MaaS hizmeti
ile diger ulasim operatdrleri arasinda kesintisiz baglant1 ve veri aligverisi saglanmalidir.

o Dagitim ve Izleme: Entegre TRota API ¢oziimiiniin Maa$ platformu iizerinden dagitilmasi ve
veri akigmni, sistem performansimmi ve kullanict etkilesimlerini takip etmek icin izleme
mekanizmalari olusturulmasi stireclerini kapsar. Entegre hizmetleri izlemek TRota API sayesinde
kolaylagacaktir.

4.1, TRota APl — Maas platformu entegrasyonunda potansiyel riskler

TRota API entegrasyonu, Tiirkiye'de toplu tasima ve mikromobilite hizmetlerini kapsayacak sekilde
tasarlanmustir. Bu kapsamli entegrasyon, 6nemli faydalar saglamakla birlikte, bazi potansiyel riskleri de
beraberinde getirmektedir. Bu riskleri asagidaki sekilde siralayabiliriz:

e Yasal ve Diizenleyici Riskler:

o Mevcut yasal diizenlemelerin yetersizligi: Tiirkiye'de, toplu tasima ve mikromobilte
verilerinin paylasimi ve kullanimi ile ilgili yasal diizenlemeler heniiz tam olarak oturmus
degildir. Bu durum, TRota-API entegrasyonunda belirsizliklere ve uyumluluk sorunlarina yol
acabilir.

o Veri gizliligi ve giivenligi: TRota-API aracilifiyla paylasilan kisisel verilerin korunmasi ve
giivenliginin saglanmas1 6nemli bir risktir. Bu risk, veri ihlalleri, siber saldirilar veya kotiiye
kullanim gibi tehditlerle ortaya ¢ikabilir.

e Teknik Riskler:

o Standartlar Uyumlulugu: TRota API'nin tiim operatorler tarafindan tam olarak desteklenmesi
ve uygulanmasi zor olabilir. Bu durum, verilerin farkli formatlarda sunulmasma ve
entegrasyon sorunlarina yol acabilir.

o Veri Kalitesi: TRota API aracilifiyla paylasilan verilerin kalitesi ve dogrulugu 6nemlidir.
Eksik, hatali veya giincel olmayan veriler, kullanici deneyimini olumsuz etkileyebilir ve

yanlis kararlara yol agabilir.

o API Giivenligi: TRota API'nin giivenligi ve erisim kontrolii saglanmas1 6nemlidir. Yetkisiz
erisim veya kotii niyetli kullanimlar, sistemin giivenligini tehlikeye atabilir.
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o Teknik Ekip Yetersizligi: Belediyelerde veya operatorlerde uygun veri standardi olmasina
karsin teknik ekip yetersizligi, entegrasyon siirecini zorlagtirabilir.

e Operasyonel Riskler:

o Operator Is birligi: TRota API ‘nin Tiirkiye’de yaygm olarak kullanilmasi igin tiim
operatorlerin is birligi ve koordinasyonu gereklidir. isbirligini eksikligi veya gecikmeler,
entegrasyon siirecini uzatabilir ve zorlastirabilir.

o Degisen gereksinimler:  Operatorlerin = gereksinimleri  ve  Oncelikleri zamanla
degisebilmektedir. Bu durum da TRota API'nin siirekli olarak gilincellenmesini ve
uyarlanmasini gerektirmektedir.

o Maliyetler: TRota API entegrasyonu, veri toplama, isleme, depolama ve paylasimi igin
onemli maliyetler gerektirebilir. Bu maliyetler, 6zellikle kiigiik operatdrler i¢in bir engel
olusturabilir.

e Ticari Riskler:

o Kisa Vadeli Gelir Eksikligi: Standartlara uyumun ticari bakis agisindan kisa vadede net gelir
getirmeyecegi ancak uzun vadede entegrasyonla hacimleri biiyiitebilecegi riski vardir.

o Operatorlerin Teknik Bakis Agilarindaki Farkliliklar: Operatérlerin teknik bakis acilarindaki
farkliliklar, entegrasyon siirecini zorlastirabilir ve gecikmelere yol agabilir.

o Platformlar Arasi Ara¢ Paylagimi Yetenegi: TRota-API standardina uyumla birlikte farkli
platformlar {izerinden arag¢ paylasimi yapabilme yetenegi kazanmak her organizasyonun kisa
vade hedefleri arasinda yer almayabilir. Bu konularda bir mutabakat siireci yiiriitmek 6nem
arz etmektedir.

4.2. TRota API Uygulamasinda Risklerin Azaltilmasi i¢in Ahnan Onlemler

Bu riskler 6nceden gbz Oniinde bulundurularak yeni bir API gelistirme, standarttan sapma ve
Ozellestirme avantajlarini degerlendirme karar1 alinmigtir. Bu risklere karsi operasyonlarin spesifik
ihtiyaclarina gore yapilan calismalar sonucunda asagidaki onlemler alinmistir:

e GBFS ve TOMP-API’de bulunan bisiklet kiralama siire¢lerini ve canli varlik durumunu daha
etkili bir sekilde yonetmek i¢in bir API standardi gelistirilmistir.

e TOMP-API ve benzer standartlar 6deme entegrasyonlarini kapsam digi birakmaktadir. Bu
nedenle, glivenli 6deme iglemlerini ve kullanict kimlik dogrulamasini igeren bir ekstra katman
eklenmistir.

e TOMP-API’'nin giincellemelerle ilgili zayif oldugu noktalarda, gergek zamanl veri
giincellemelerini ve dinamik durum degisikliklerini destekleyen MaaS Analiz uygulamasi
gelistirilmis ve ilgili API iizerinden entegrasyon saglanmustir.

4.3. TRota API Uygulamasinda Risklerin Azaltilmasi i¢cin Ahnacak Onlemler

TRota API entegrasyonu ¢aligmalar1 kapsaminda belirlenen potansiyel riskleri dnceden tespit ederek
gerekli Oonlemleri almak, entegrasyon siirecinin sorunsuz bir sekilde ilerlemesini ve TRota API'nin
basarili bir sekilde uygulanmasini saglayacaktir. Bu cercevede ilave olarak alinmasi gereken onlemler
asagida verilmistir.
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e Yasal ve diizenleyici risklerin listesinden gelmek igin toplu tasima ve mikromobilite verilerinin
paylasimi ve kullanimimi diizenleyen yasal diizenlemeler gelistirilmeli ve uygulanmalidir.

e Aym sekilde, kisisel verilerin korunmasi ve giivenligi igin giliglii giivenlik 6nlemleri hayata
gegirilmelidir.

o Teknik riskleri en aza indirmek icin tiim operatorlerin TRota API'yi uyumlu bir sekilde
kullanmas1 i¢in zorunlu sertifikasyon programlari uygulanmali ve diizenli kalite kontrol
mekanizmalari olusturulmalidir.

e Operasyonel riskleri azaltmak ve operatorler arasinda iletigimi artirmak icin is birligi tesvik
programlari ve diizenli bilgilendirme toplantilari diizenlenmelidir.

e Ticari riskleri azaltmak i¢in operatorlere TRota API entegrasyonunun uzun vadeli faydalari
acikca anlatilmali ve pilot projeler araciligiyla faydalar1 gosterilmelidir.

Sonug olarak, bu onlemler TRota API entegrasyonunun risklerini minimize ederek Tiirkiye'de daha
verimli, stirdiiriilebilir ve kullanici dostu bir ulagim sistemi olusturulmasina katki saglayacaktir.

5. Sonuc

Yapilan caligma ile hizmet olarak hareketlilik konsepti i¢in literatiirdeki gelismeler ve uygulamalar i¢in
kullamlan veri standartlar1 incelenmistir. Inceleme ile yerli 2. Seviye hizmet olarak hareketlilik
uygulamasi1 gelistirilmistir. Bu ¢alismada yerli ve milli olarak TRota uygulamasi ve TRota API
gelistirilmistir. TRota ile ger¢ek zamanli veri erisimi saglayan TRota API, ulasim verilerine gergek
zamanli erigim sunarak MaaS platformunun kullanicilarina mevcut hizmetler, programlar ve konumlar
hakkinda dogru ve giincel bilgiler sunmasina olanak saglamaktadir. Standardizasyon acisindan
bakildiginda ise TRota API, endiistri standardi veri alisverisi formatlarma ve protokollerine bagli
kalarak, farkli ulasim hizmetleri arasinda tutarliligi ve uyumlulugu tesvik ederek entegrasyon siireglerini
kolaylastirmakta ve genel sistem giivenilirligini artirmaktadir. Ilave olarak dinamik hizmet genisletme
acisindan TRota API ile Tirkiye’nin ilk MaaS’1, yeni hizmet saglayicilar1 entegre ederek hizmet
tekliflerini ve 6deme altyapisini kolayca genisletebilir, bu da son kullanicilar i¢in mevcut mobilite
seceneklerinin siirekli biiylimesine ve cesitlenmesine olanak tanimaktadir. Bu uygulamanin riskler
acisindan alinan ve alinmasi gereken onlemler TRota-API entegrasyonunun risklerini minimize ederek
Tirkiye'de daha verimli, siirdiiriilebilir ve kullanic1 dostu bir ulagim sistemi olusturulmasina katki
saglayacaktir. Tiirkiye’nin ilk yerli ve milli, 2. Seviye MaaS uygulamasi olmas1 planlanan TRota’ da;
sehirlerarasi ve sehir igi toplu tagima, paylasiml bisiklet, e-bisiklet ve e-skuter ve arag kiralama dahil
olmak iizere cesitli ulasim modlar1 tek bir uygulamada kullanicilara sunulacak; bilgi edinme,
rezervasyon ve Odeme gibi iglemlere aracilik edilecek ve kullanicilara ugtan uca bir deneyim
saglanacaktir.

Arastirmacilarin Katki Oram Beyam
Yazarlarin ¢aligmadaki katki oranlari esittir.
Destek ve Tesekkiir Beyam

Bu caligma, PTT Teknoloji tarafindan yiiriitiilen ve T.C. Ulastirma ve Altyapt Bakanligi Ulastirma,
Denizcilik ve Haberlesme Arastirmalari Merkezi — UDHAM’in AUS-2022/01: Hizmet Olarak
Hareketlilik (MaaS-Mobility as a Service) ¢agrist kapsaminda UDHAM tarafindan desteklenen bir Ar-
Ge projesi olan Hizmet Olarak Hareketlilik (Mobility as a Service — MaaS) Uygulamas: TRota igin
yapilan aragtirma gelistirme ¢aligmalar1 sonucunda ortaya ¢ikmistir. PTT Teknoloji ¢aligsanlarina,
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Karabiik Universitesinde gérev yapan hocalarimiza, T.C. Ulastirma ve Altyap: Bakanligi Haberlesme
Genel Midiirligii'ne ve UDHAMa katkilarindan dolay1 tesekkiir ederiz.

Cikar Catismas1 Beyam

Calisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atigmasi bulunmamaktadir.
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Ozet: Havayolu isletmelerinin faaliyetlerine devam edebilmeleri icin biiyiimeleri kritik 5neme sahiptir.
Tasinan yolcu sayisini ve/veya kargo miktarmi bir 6nceki doneme gore arttirmak pazardan daha fazla
pay alamanin yollarindan biridir. Havayollar1 bir énceki doneme gore daha fazla yolcu veya kargo
tagtyarak biiylime hedeflerine ulasabilir. Ugak ve ekip kaynagini ilave yolcu seferi ile degerlendirmek
daha fazla yolcu ve/veya kargo tagimak anlamina gelmektedir. Bu noktada potensiyel ugus rotalar
arasinda maksimum kar edecek olanin segilmesi kaynagin optimum degerlendirlmesinde 6nem arz
etmektedir. Bu ¢alismanin amaci havayolu sektoriinde ugak kaynagmin optimum fayda saglayacak
sekilde kullamlmasi i¢cin DAE (data envelopment analysis) yonetimi ile potensiyel ugus rotalari
arasindan gelir ve gider temelinde etkin olanlarin segilerek bunlar arasindan ugus saati ve transit yolcu
sayis1 gibi faktorlerin degerlendirilmesi sonucunda sefer diizenlenecek ugus rotasmin belirlenmesi
olarak ifade edilebilir. Bu calismada Tiirkiye’de faaliyet gosteren bir havayolunun 2022 verileri
kullamlmistir. Calisma iki fazdan olusmaktadir. Tlk fazda havayolunun 2022 verileri ile ii¢ asamali
olarak DAE yontemi ile etkin olan ugus rotalar1 belirlenmektedir. Tkinci fazda ise havayolunun 2022 yili
verileri ile hesaplanan ortalama ugus saati ve transit yolcu sayisi faktorleri degerlendirilerek etkin olarak
belirlenen ugus rotalar1 arasindan sefer diizenlenecek ucus rotasina karar verilmistir. Calisma sonucunda
havayollarinin yeni ugus rotasi belirlerken etkinlik degerlendirmesinde DAE yonteminin ugus rotast ile
ilgili diger faktorler ile birlikte kullanilabilecegi belirtilebilmektedir.

Key words: Havayolu ugus rotasi, etkinlik, Veri zarflama analizi, Ugus gelirleri, ugus giderleri, transit
yolcu

Determination of New Flight Route with DEA Method in Airline Operations

Abstract: For airline companies to continue their operations, their growth is of critical importance.
Increasing the number of passengers transported and/or cargo volume compared to the previous period
is one way to gain a larger share of the market. At this point, selecting the most profitable potential flight
routes is crucial in optimizing resource utilization. The aim of this study can be expressed as the
determination of the flight route to be organized as a result of the evaluation of factors such as flight
hours and transit passenger numbers among the potential flight routes selected with DAE (data
envelopment analysis) management in order to use the aircraft resource in the airline sector in a way
that will provide optimum benefit and the flight route to be organized. In this study, 2022 data of an
airline operating in Turkey was used. The study consists of two phases. In the first phase, the effective
flight routes are determined with the DAE method in three stages with the airline's 2022 data. In the
second phase, the average flight hour and transit passenger number factors calculated with the airline's
2022 data were evaluated and the flight route to be organized among the effectively determined flight
routes was decided. As a result of the study, it can be stated that the DEA method can be used together
with other factors related to flight routes when airlines determine new flight routes.

Key words: Airline flight route, efficiency, Data Envelopment Analysis (DEA), flight revenues, flight
expenses, transit passengers.
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1. Giris

Havayolu isletmeleri ilave tarifeli yolcu ya da kargo seferi diizenleyerek mevcut ugak kaynaklarini
degerlendirmektedirler. Hangi ugus rotalarim tercih edeceklerini belirlemek amaciyla stratejilerine
uygun belirli sorularmm cevaplarmi bulmak ic¢in asagidaki siireclerden olusan bir arastirma
yapmaktadirlar (URL1). Bu siirecler genel olarak pazar analizi ve rekabet analizi, transit yolcu
potansiyeli, ucak mevcudiyeti gibi agamalar1 igermektedir Bu ¢aligmanin amaci havayolu sektoriinde
ucak kaynaginin optimum fayda saglayacak sekilde kullanilmasi i¢in DAE (data envelopment analysis)
yonetimi ile potensiyel ugus rotalar1 arasindan gelir ve gider temelinde etkin olanlarin segilerek bunlar
arasindan ugus saati ve transit yolcu sayisi gibi faktorlerin degerlendirilmesi sonucunda sefer
diizenlenecek ugus rotasimin belirlenmesi olarak ifade edilebilir.

Calisma bir havayolunun ugak kaynagini en optimum sekilde degerlendirmek icin potansiyel ugus
rotalari ile ilgili pazar arastirmasi yaptigi varsayimi ile yiriitiilmiistiir. Pazar arastirmasi sonucu elde
edilecek talep tahmini degerleri i¢in bir havayolunu ilgili ugus rotalar1 ile ilgili 2022 wverileri
kullamlmustir. Sektoérde Pazar aragtirmasi arastirmasi yapilirken halihazirda bu rotalara seferi olan tiim
havayollarinin verileri arastirilir. Potansiyel ucus rotalarma ugusu olan tiim havayollarinin talep
verilerine ulagsmanin zorlugu nedeniyle Tiirkiye’de faalityet gsteren bir havayolunun operasyon kontrol
merkezinde 2022 yil1 verileri ile ¢aligma yiitiilmiis ve bu verilerin ilgili ugus rotalar1 i¢in (DMUSs) talep
tahmini oldugu varsayilmistir. Arastirma iki fazdan olusmaktadir. Ilk fazda ii¢c asamadan olusmaktadir
ve her asamada potansiyel ugus rotalarinin (DMUs-Decision Making Unit)) 2022 verilerine gore
belirlenmis gelirlerinin ve giderlerinin DEA yontemi ile goreceli etkinlik 6l¢iimii yapilmistir. IKinci
fazda ise DEA yontemi ile etkin olarak belirlenen ugus rotalar1 arasindan ortalama ugus saati ve transit
yolcu tahminleri degerlendirilerek hangi ugus rotasina sefer diizenlenecegine karar verilmistir.

Bu ¢alismada havayollarinin ugus rotasi se¢iminde DEA yontemi kullanilarak etkinlik 6lgtimii yapilmasi
amaglanmistir. Calisma sonucunda DEA y0Onteminin en etkin olan ugus rotasmin belirlenmesi i¢in
uygun olmadigi, Fakat en etkin rotanin belirlenmesi i¢in DAE yoOntemi ile etkin olmayan ugus rotalari
elenerek ucus ile ilgili diger faktorlerin de degerlendirilmesi siirecine katki saglanabilecegi
belirlenmistir. En etkin rotanin belirlenmesi i¢in dncelikle DAE yontemi ile etkin olmayan ugus rotalari
elenmektedir. Daha sonra etkin olan rotalar ugus ile ilgili diger faktérler analiz edilerek optimum ugus
rotasi belirlenmistir. Bu ¢alismada ugus ile ilgili ugus saati ve transit yolcu faktorleri degerlendirilmistir.
Bunun disinda operasyon ile ilgili miisaade ve/veya slot temin edebilme kolayligi gibi faktorler de
degerlendirilebilmektedir. Bu ¢alismada bu bagvurular gergek ugus planlamasi gibi yapilamayacagindan
ikinci fazda sadece iki faktor dikkate alinmistir. Calisma sonunda DEA yonteminin etkin olan ugus
rotalarmi belirleyerek potansiyel ucus rotalar1 arasinda eleme yapilabilmesinde kullanilabilecegi ortaya
cikmistir. En etkin rotanin belirlenmesi i¢in DAE yontemi ile etkin olmayan ugus rotalar1 elenerek ugus
ile ilgili diger faktorlerin de degerlendirilmesi siirecine katki saglanabilecegi bildirilmistir. DEA
yontemi ile ugus saati ve transit yolcu talebi, miisaade ve/veya slot temin edebilme kolayligi, ugak
performansi ile havaalani kolayliklarinin uyumlulugu gibi faktorler gozoniinde bulundurularak yeni rota
se¢iminde karar verilebilir.

2. Literatiir Taramasi

Havayolu isletmelerinde rota etkinliginin belirlenmesinde DAE yontemi ile ilgili ¢alismalar yer
bulmustur. Rota se¢iminde pazar arastirmasi sonucu yapilan talep tahminleri ve ucus saati gibi ugus
operasyonu ile ilgili faktorler onem arz etmektedir. Bu ¢alismanin temelinde Pazar arastirmasi, DEA
yoOntemi ve ucus rotasi kararmi etkileyen ucus saati ve transit yolcu tahmini yer almaktadir.

2.1. Havayolu isletmelerinde yeni ucus rotasi belirlenmesi siireci

Havayolu isletmeleri ilave tarifeli yolcu ya da kargo seferi diizenleyerek mevcut ugak kaynaklarmi
degerlendirmektedirler. Hangi ugus rotalarii tercih edeceklerini belirlemek amaciyla stratejilerine
uygun belirli sorularin cevaplarmi bulmak icin asagidaki siireclerden olusan bir aragtirma
yapmaktadirlar (URL 1).
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2.1.2 Talep Tahmini ve Rekabet analizi

Havayolu isletmeleri ilave ugak kaynagim degerlendirmek istediginde oncelikle networklerine uygun
olarak potansiyeli mevcut olan ugus rotalarmi belirlemektedir. Ugus rotalar1 yolcu talebi, kargo talebi,
ag yapisi, maliyet etkinligi gibi faktorlere gore belirlenmektedir (URL 2). Havayolu isletmeleri ag
yapisina yeni bir ucus rotasi eklerken tahmini talebin ne olacagini bilmek istemektedirler. Talep
tahmininin belirlenmesi i¢in market analizi yapmak kritik 6neme sahiptir. Havayolu sektoriinde ugus
rotasi belirlemede yolcu talep tahmini i¢in uygulanan bir ¢gok model mevcuttur. Bu modeller genel olarak
mevcut yolcu veya kargo miktar1 verileri temel alinarak talep tahmini yapmay1 icermektedir (Gunter
and Zekan, 2021). Bu verilerin kaynaklarindan biri ilgili ugus rotalarina halihazirda sefer diizenleyen
havayollaridir. Bir diger kaynak ise ICAO, IATA ve ugusun diizenlenecegi havacilik otorisi gibi
kurumlardan gelen sektdr verileri olarak bildirilebilir; ilgili ugus rotasinda taginan toplam yolcu sayisi,
mevsime gore yolcu sayisindaki trendler, tlicretler, baglantili ugus olanaklar1 havayolunun ugus rotasina
karar vermesinde 6nemlidir (Madhavan vd., 2020).

Havayolu igletmeleri market analizi yaparken ozellikle rekabet seviyesi de arastirilmaktadir. Rekabet
analizi havayolu i¢in 6zellikle fiyatlandirma ve doluluk orani tahminlerini belirleyerek ugus rotast ile
ilgili sefer kararmin verilmesine katki salayacaktir. Rekabetin yogun oldugu havaalanlarinda bilet
ticretleri rekabetten etkilenecek yada diisikk doluluk oranina neden olabilecektir (Wenliang Ma vd.,
2019). Bu da havayolunun ilgili ugus hattinda elde edecegi karin diisiik kalmasina neden olabilir.
Dolayisiyla, havayolu sirketinin 6l¢egi veya network agi rekabetin yogun oldugu veya daha az yogun
oldugu ugus rotasi segiminde etkili olacaktir (URL 3).

2.1.2 Transit Yolcu Potansiyeli

Genel olarak havayollarinin bir yada iki merkezi mevcuttur. Havayollar1 ugus aginin merkezi olan
havaalaninda (HUB-Havayolu Baglanti Merkezi) aktarma uguslar sayesinde transit yolculardan ilave
gelirler elde edilebilirler (URL4). Dolayisi ile potensiyel ugus rotalarmin saatlerini havayolunun
network’iiniin uygun planlanmasi transit yolcu geliri agisindan avantaj saglayacaktir. Yolcular genel
olarak transit ucuslarinda fazla beklemeyecekleri havayolunu tercih edeceklerdir. Yeni ugus rotasi
se¢iminde kaynagin optimum kullamlmasi boyutunda transit yolcu potensiyeli ugus rotasi karar
siirecinde etkili olacaktir (URL 5).

2.1.3 Ucak Kaynag1 Mevcudiyeti

Havayolu isletmeleri yeni bir ugus rotasma sefer diizenlemek istediklerinde veya hali hazirda
seferlerinin bulundugu bir ucus rotasinda frekans artisina gitmek istediklerinde bir pazar arastirmast
yapmaktadirlar. Yapilan talep ve fiyat tahminleri sonucuna uygun ucak kaynaginin mevcut olup olmasi
ugus rotasi kararinda kritik 6nem arz etmektedir (URL 6). Her ugak tipinin performans limitleri farkl
oldugundan potensiyel ucus rotalarinin menzili, varig ve kalkis noktasindaki sicakliklar ve cografik
ozellikler, inilecek havaalanindaki pistin 6zellikleri u¢ak kaynagi saglanmasinda kritik etkenlerdir (Unal
vd., 2021).

2.2. DAE Yéntemi ve Havayolu Isletmelerinde Ucus Rotasi Etkinlik Ol¢iimii

DAE birden fazla girdi ile birden fazla ¢ikt1 iireten benzer igletme, kurum, firma arasinda goéreceli olarak
performans etkinligi 6lcen bir yontemdir. Etkinligi dlgiilen isletme veya firmaya veya kuruma karar
verme birimi denmektedir (Ozgelik ve Kandemir, 2017). DAE etkinlik 6l¢iimiinii dogrusal programlama
teknikleri ile parametrik olmayan ve deterministik olarak ger¢eklestirmektedir (Min and Joo, 2016).
DAE en az girdi ile en fazla ¢ikt1 veya aynmi girdi ile daha fazla ¢ikt1 saglayan DMU’larin 6lgegini
referans alip bir etkinlik ¢izgisi olusturarak bu ¢izgi tizerindeki DMU’lar1 etkin olarak kabul etmektedir.
Etkin olmayan DMU’lar i¢in iyilestirme Onerileri getirmektedir. DAE iki model olarak uygulanmaktadir
(Okursoy ve Tezsiiriicii, 2014);

CCR (Charnes-Cooper-Rhodes) Modeli; DAE ilk olarak 1978 yilinda CCR modeli olarak tamitilmigtir.
Bu model teknik etkinligi olgerken 6lgege gore sabit getiri temelinden hareket etmektedir. Bu modelde
hem girdi hem ¢ikt1 etkinliginin olmasi beklenmektedir. Bagka bir ifade ile toplam etkinlik
Ol¢tilmektedir. Girdi yonlii ve ¢ikt1 yonlii olarak etkinlik 6l¢iilmektedir (Kottas and Madas, 2018).
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BCC (Banker-Charnes-Cooper) Modeli: CCR modeli sabit getiri varsayimina gore etkinligi
Olgmektedir. Ancak pratikte her zaman girdideki her artis ¢iktida sabit getiri ile sonuglanmamaktadir.
Bu nedenle BCC modeli 1984 yilinda Banker, Charnes ve Cooper tarafindan gelistirildi. BCC model ile
degisken getiri temeli lizerine etkinlik Olglimii yapilmaktadir. Hem input hem output etkinligi
hesaplanabilmektedir (Ozden, 2008).

DEA bir ¢ok alanda etkinlik 6l¢timii i¢in kullamilmistir; egitim, saglik, sosyal hizmetler, tedarik zinciri,
bankalar, tiniversiteler, hastaneler vb. (Okursoy ve Tezsiiriicii, 2014). Havayolu sektorii de bu alanlardan
biridir. Finansal etkinlik basta olmak iizere bir ¢ok konuda havayolu sektoriiniin etkinliginin dl¢iildiigi
bildirilebilir (Yen and Li, 2022). Havayolu sektoriinde ugus rotasinin etkinligi ve havayolunun etkinligi
de DEA yontemi ile etkinlik yoniinden degerlendirilmistir (Lin, 2008; Yen and Li, 2022). Yen ve Li,
rota etkinligi ile ilgili DAE ¢alismalarini analiz etmek i¢in meta-analiz yaklagimi kullanarak bir literatiir
taramas1 yapmistir. Bu ¢alismalar mevcut faaliyetlerin havayollarinda etkinliginin DEA yontemi ile
olgiilebilecegini orta koymustur. Deveci vd., havayollarinin kaynaklarinin kullanmak igin yeni rota
seciminde ¢ok kriterli karar verme yontemini kullanmiglardir (Deveci vd., 2017). Chang vd., havayollar
icin yeni rota se¢iminde uzlagsma programlama yontemini kullanmislardir (Chang vd., 2019). Bu
calismanin amaci ise havayollarinin u¢may1 diistindiigi potensiyel ugus rotalari arasindan talep
tahminine gore DEA yontemi ile etkinlik 6lgiimii yapilarak karar vermede etken diger faktorlerle birlikte
ucus rotasini belirlemektedir.

3. Metodoloji

Cahsmanin amaci: Havayolu sektorii ICAO (International Civil Aviation Organization-2018)
verilerine gore 2040 yilma kadar yaklasik yiizde yiiz’den fazla biiyliyecektir. IATA ise 2035
yilina kadar havayolu sektoriiniin her yil ortalama yiizde 3.7 biiyliyecegini 6ngormektedir
(Koech et all, 2023). Havayolu isletmelerinin faaliyetlerine devam edebilmeleri icin bu
biliylimeden pay almalar1 kritik 6neme sahiptir. Taginan yolcu sayisini ve/veya kargo miktarmi
bir 6nceki doneme gore arttirmak pazardan daha fazla pay alamanin yollarindan biridir. Ugak
ve ekip kaynagimni ilave yolcu seferi ile degerlendirmek daha fazla yolcu ve/veya kargo tasimak
anlamina gelmektedir. Bu noktada potensiyel ugus rotalar1 arasinda maksimum kar saglanacak
olanin se¢ilmesi kaynagin optimum degerlendirilmesinde 6nem arz etmektedir (Lin, 2008). Bu
¢aligsmanin amact havayolu sektoriinde ugak kaynaginin optimum fayda saglayacak sekilde kullanilmas1
icin DAE (data envelopment analysis) yonetimi ile potensiyel ugus rotalar1 arasindan gelir ve gider
temelinde etkin olanlarin segilerek bunlar arasindan ugus saati ve transit yolcu sayisi gibi faktorlerin
degerlendirilmesi sonucunda sefer diizenlenecek ugus rotasinin belirlenmesi olarak ifade edilebilir.

Cahisamanin varsayimlari: Caligsma bir havayolunun dar gévde (tek koridoru olan yolcu ucagi tipi) bir
ucak tipinde kaynagi oldugu ve bu havayolu sirketinin ucak kaynagini en optimum sekilde
degerlendirmek istedigi varsayimiyla yiiriitiilmiistiir. Calisma sonucunda ugak kaynaginin potansiyel
adaylar arasindan hangi ugus rotasi i¢in kullanilacaginin belirlenmesi amag¢lanmustir.

Havayollar1 bir ugus noktasina tarifelerinde sefer diizenlemek istediklerinde baz siirecleri takip eder;
pazar analizi ve rekabet analizi, transit yolcu potansiyeli, ucak mevcudiyeti. Bagka bir ifade ile pazar
analiz edilerek talep tahmini yapilmaktadir. Bu analiz yapilirken ilgili ugus rotasinda halihazirda ugusu
olan tiim havayollarinin tasidig1 yolcu sayis1 arastirilir. Tiim havayollarinin verilerine ulagsmanin zorlugu
nedeniyle bu caligmada potansiyel ugus rotalarinda ucan ve Tiirkiye’de faaliyet gosteren tek bir
havayolunun 2022 verileri kullanilmistir. Bu havayolunun 2022 yilinda tasidigi ortalama yolcu sayilari
ve kargo miktar1 talep tahmini olarak varsayilmistir. Bu havayolunun 2022 yilindaki verilerinin
ortalamas1 alinarak potansiyel ucus rota adaylar1 icin giderler ve gelirler belirlenmistir. Tiim DMU’lar
icin belirlenen bu giderler ve gelirler etkinlik 6l¢iimiinde kullanilmistir

Calismanmin methodu: Calisma bir havayolunun ugak kaynagim en optimum sekilde degerlendirmek
icin potansiyel ucus rotalar: ile ilgili pazar arastirmasi yaptigir varsayimmi ile yiiriitiilmiistiir. Pazar
arastrmast yapilirken halihazirda bu rotalara seferi olan tiim havayollarinin verileri arastirilir.
Potansiyel ugus rotalarina ugusu olan tiim havayollarinin talep verilerine ulagmanin zorlugu nedeniyle
Tiirkiye’de faalityet gosteren tek bir havayolunun operasyon kontrol merkezinde 2022 yili verileri ile
caligma yiitiilmiis ve bu verilerin ilgili ugus rotalar1 icin (DMUs) talep tahmini oldugu varsayilmstir.
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Calismanin ilk amaci bu verileri kullanilarak DAE yontemi ile etkinlik 6l¢iimii yapilmasi olarak

bildirilebilir

Arastirma iki fazdan olugmaktadir. Ilk faz iic asamadan olusmaktadir ve bu ii¢ asamada DEA yontemi
ile potansiyel ugus rotalarimin (DMUs) goreceli etkinlik dlglimii yapilacaktir. Tk asamada asagidaki
potansiyel ucus rotalarmin (ana base’den gidis) goreceli etkinligi dlciilecektir.

Tablo 1. birinci Asamadaki DMU’lar

DMU’lar Ugus Noktalar1
DMU 1 IST-VIE
DMU 2 IST-MUC
DMU 3 IST-FRA
DMU 4 IST-FCO
DMU 5 IST-ZRH
DMU 6 IST-VCE
DMU 7 IST-BCN
DMU 8 IST-NCE
DMU 9 IST-LJU
DMU 10 IST-MXP

ikinci asamada asagidaki potansiyel ucus rotalarmin (ana base’e doniis) goreceli etkinlikleri

Olcililmiistiir;

Tablo 2 ikinci asamadaki DMU’lar

DMU’lar Ucus Noktalar1
DMU 1 VIE-IST
DMU 2 MUC-IST
DMU 3 FRA-IST
DMU 4 FCO-IST
DMU 5 ZRH-IST
DMU 6 VCE-IST
DMU 7 BCN-IST
DMU 8 NCE-IST
DMU 9 LJU-IST
DMU 10 MUC-IST

Ugiincii asamada asagidaki potansiyel ugus rotalarmin (gidis-doniis toplam) goreceli etkinlikleri

Olciilmiistiir.
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Tablo 3. Ugiincii Asamadaki DMU’lar
DMU’lar  Ugus Noktalar
DMU1 IST-VIE-IST
DMU 2  IST-MUC-IST
DMU 3  IST-FRA-IST
DMU4  IST-FCO-IST
DMU5  IST-ZRH-IST
DMU 6 IST-VCE-IST
DMU 7 IST-BCN-IST
DMU 8 IST-NCE-IST
DMU9 IST-LJU-IST
DMU 10 IST-MUC-IST

DEA ¢oklu girdi ve ¢oklu ¢iktiya gore etkinlik 6lgen bir yontemdir. DEA analizi i¢in bir ugusdan elde
edilen ¢iktilar ve bu ¢iktilari elde etmek i¢in kullanilacak girdiler Tablo 4’de gosterilmistir.

Ikinci fazda ise 1. fazda etkin olarak 6l¢iilen ugus rotalarinin toplam ugus saati ve transit yolcu tahminleri
verileri degerlendirilerek sefer diizenlenecek ugus rotasina karar verilmistir.

DEA caligmalarinda degiskenler inputlar ve outpular olarak belirtilebilmektedir. Havayolu isletmeleri
icin ugus rotasi se¢iminde input maliyetlerdir, output ise elde edilen gelirlerdir. Calismada input olarak
Tablo 4’te gosterilen maliyetler ve gelirler degiskenler olarak belirlenmistir.

Bu ¢alismada mevcut ugak kaynagini degerlendirmek icin potensiyel ugus rotalari arasindan optimum
gelir getirini segmek i¢in DEA modellerinden BBC MAX yonetimi kullamlacaktir. Elde edilecek gelir
degisken getiri getirdiginden ve ucagin kapisitesi ile sinirli oldugundan degisken getiri saglayan BBC
modeli kullanilmistir. Gelirin maximizasyonu amaglandigindan BBC MAX yontemi ile teknik etkinlik
Olciimii yapilacaktir.

Veri toplama methodu: Bu ¢alisma Tiirkiye’de faaliyet gosteren bir havayolunun operasyon kontrol
merkezinde gerceklestirilmistir. Calisma iki fazdan olusmaktadir. Tlk faz {i¢ asamadan olugsmaktadir. Tlk
faz i¢in ugus noktalar1 (DMUs) rastgele havayolunun mevcut ugus rotalarindan seg¢ilmistir. Bu
calismanin degiskenleri havayollarinin {irinii ya da hizmeti olan ugus siirecinin ¢iktilar1 ve girdileridir.
Veriler Tiirkiye’de faaliyet gdsteren bir havayolunun 2022 yilina aittir. Bu ucus rotalarinin (DMU)
Tablo 4’te belirtilen ¢iktilar1 ve girdileri bu havayolunun 2022 yili veri deposundan alinmistir. Daha
sonra ilk fazin ilk iki asamasinda kullanma {izere bu degerlerden potansiye ugus rotalari i¢in ortalama
olarak Tablo 4’te belirtilen ¢iktilar ve girdiler hesaplanarak DAE yontemi ile etkinlik 6lgiimii
yapilmigtir. Daha sonra iicilincii asamada ilk iki asamda kullanilan veriler toplanarak toplam ugusun
etkinligi DEA yontemi ile belirlenmistir. Ikinci fazda havayolunun 2022 yili verilerinden, ilk asamada
etkin ¢ikan ugus rotasi arasinda yer alan DMU’larin ortalama ugus saati ve ortalama transit yolcu sayilari
belirlenerek sefer diizenlenebilecek ugus rotasi segiminde kullanilmustir.

4. Bulgular

Bu calisma iki fazdan olugmaktadir. Birinci fazda ilgili ugus rotalarmin talep tahminleri dogrultusunda
girdilerinin ve ¢iktilarmi DEA yontemi ile etkinligi 6lgiilecektir. Daha sonra ikinci fazda DEA analizi
sonucu etkin olan ugus rotalar1 ortalama ugus saati ve transit yolcu sayisina gore degerlendirilerek
uculacak rotaya karar verilecektir.
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41 Fazl

Ik faz ti¢ asamadan olusmaktadir. Ilk agsamada Tablo 1°deki DMU’larn, ikinci asamada Tablo 2’°deki
DMU’larin, 3. Asamda ise Tablo 3’deki DMU’larin DEA yontemiyle géreceli etkinlikleri 6l¢iilmiistiir.
DEA ¢oklu girdilerin ve ¢iktilarin goreceli etkinligini 6lgmektedir. Bu ¢aligmada bir ugusun girdi ve
cikt1 degerleri i¢in Tiirkiye’de Faaliyet gosteren bir havayolunun 2022 veriler kullamlmistir. Bagka bir
ifade ile bu veriler ilgili ugus noktalar1 i¢in talep tahmini olarak varsayilmistir. Ugus hizmeti i¢in girdi
ve ¢ikt1 verileri bu havayolunun 2022 yili verilerine gore Tablo 4’de gosterilmistir (Akbaba, 2022; Qin,
2018).

Tablo 4. Ugus Maliyetleri ve Gelirleri

GIDERLER GELIRLER
1. SABIT GIDERLER: Y&netim harcamalari gibi ugus 1. Yolcu Gelirleri: Talep tahmini
Operasyon sayisina gore degismeyen, sabit kalan sonucu bilet satisindan elde edilmesi
maliyetlerdir. beklenen gelir
2. SEFERE OZGU DOLAYLI GIDERLER: Ugus 2. Kargo gelirleri: Talep tahmini
Operasyon sayisi arttik¢a artan maliyetlerdir. sonucu kargo satisindan beklenen
gelir

3. DEGISKEN GiDELER
3.1 Yakat maliyetleri; Bir ugusun gerceklesmesi icin ulusal ve
uluslararas1 mevzuata gore ugaga yiiklenen yakit miktarinin
maliyeti
3.2 Ust gegs maliyetleri; ucusun iizerinden gectigi iilkelere
odenen ticret
3.3 Ugus Ekibi Maliyetleri; ugus ekibinin harcirah gibi degisken
maliyet kismina giren giderleri
3.4 Tkram ve kabin ici eglence malyetleri; yolcuya ucus sirasmda
verilen ikramin ve ugusun daha keyifli gegcmesi i¢in yolcuya
sunulan hizmetlerin maliyeti.
3.5 Handling maliyetleri: ugaga ve yolcuya yerde verilen hizmet
i¢in alman ticretler
3,6 Bakim giderleri; sefer 6ncesi yapilan controller gibi bakim
maliyetlerinin degisken olan bolimii
3.7 Terminal ve inis maliyetleri; ugagin ve yolcunun havaalanini
ve terminali kullanmasindan kaynaklanan ticret
3.8 Diger degisken maliyetler: yukaridaki kalemler disinda kalan
degisken maliyetler.

Yukaridaki maliyet kalemleri ve gelirler ortalama bir ugus i¢in hesaplanarak asagidaki DMU’larin DEA
yontemi ile etkinlikleri 6l¢iilmils ve Tablu 5, ve 6°da gosterilmistir.
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Tablo 5. Birinci Asamada DMU’larin etkinlik 6l¢lim sonuglart

DMU’lar Ugus Noktalar Sonug

DMU 1 IST-VIE 0,99407317
DMU 2 IST-MUC 0,878776508
DMU 3 IST-FRA 0,882940507
DMU 4 IST-FCO 1

DMU 5 IST-ZRH 0,915923975
DMU 6 IST-VCE 0,901068954
DMU 7 IST-BCN 0,956217249
DMU 8 IST-NCE 1

DMU 9 IST-LJU 1

DMU 10 IST-MXP 0,934793324

Tablo 5 seferlerin ilk bacaklarinin etkinlik sonuglarini gostermektedir. Her bacagin analizinin
yapilmasindaki ama¢ DEA yonteminin havayoluna etkin olmayan DMU’lar ile ilgili analiz yapma
imkani sunmasidir. Seferin her asamasinda havayolu analiz yaparak etkin olmayan DMU’lar i¢in veriye
sahip olaabilecektir. Calisma sonucunda 1. Asamada etkinliklerin farkli ¢ikmasimin nedeni olarak
beklenen taleplerdeki farkliliklar oldugu sonucuna varilabilmektedir. Maliyet kalemlerinde DMU’lar
arasinda biiyiik farkliliklar goriilmemistir.

Tablo 6. Birinci asamada DMU’larin etkinlik 6l¢iim sonuglari

DMU’lar Ucus Noktalar1 Sonug

DMU 1 VIE-IST 1

DMU 2 MUC-IST 0,835696509
DMU 3 FRA-IST 1

DMU 4 FCO-IST 1

DMU 5 ZRH-IST 1

DMU 6 VCE-IST 1

DMU 7 BCN-IST 1

DMU 8 NCE-IST 1

DMU 9 LJU-IST 0,856201484
DMU 10 MUC-IST 0,980216

Tablo 6 seferlerin ikinci bacaklarinin etkinlik sonuglarini gdstermektedir. Yapilan analiz sonucunda 2.
Asamada da etkinligin farkli ¢tkmasinin nedeninin beklenen talep oldugu belirtilebilmektedir.
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DMU’lar Ucgus Noktalari Sonug
DMU 1 IST-VIE-IST 1
DMU 2 IST-MUC-IST 0,798601839
DMU 3 IST-FRA-IST 0,979143976
DMU 4 IST-FCO-IST 1
DMU 5 IST-ZRH-IST 0,904863568
DMU 6 IST-VCE-IST 1
DMU 7 IST-BCN-IST 1
DMU 8 IST-NCE-IST 1
DMU 9 IST-LJU-IST 1
DMU 10 IST-MUC-IST 0920387967

Tablo 7 seferin iki bacagmin verilerinin toplaminin etkinligini gostermektedir. Tablo 7°de ¢ikan
sonuglar DEA yonteminin tek basma rota seciminde yeterli olmadigini fakat bazi rotalarin karar
siirecinden ¢ikarilmasina yardimei olabilecegini gostermektedir. Bu ¢alismada DMU 2, 3, 5, 10 DEA
yontemi sonucunda karar siirecinden ¢ikarilmigtir. Bu nedenle DAE yontemi ile ugus rotasi etkinligi
olgildiigiinde diger faktorlerin degerlendirilerek karar verilmesinin optimizasyon agisindan kritik
oneme sahip oldugu bildirilebilir. Ikinci fazda DMU’larin ugus saati ve transit yolcu sayilar
degerlendirilmistir.

4.2. ikinci Faz

I1k fazda belirlenen etkin ugus rotalar1 arasindan 2. Fazda en etkin olani segmek amaciyla ugus saatleri
ve transit yolcu sayilari1 belirlenmistir. Bir ugus rotasi kararmi etkileyen bunlarin disinda faktérler de
mevcuttur; ugak kaynagi ile havaalan1 operasyon uyumlulugu, handling imkanlari, miisaade ve slot
temin edebilme imkanlar1 gibi. Calisma sanal bir havayolu i¢in yapildigindan bu faktorler veri haline
doniistiiriilememistir. Bu sebeple ¢aligmaya bu faktorler dahil edilmemistir.

Ucus siiresinin az olmast havayolu isletmeleri agisindan esit gelir etkinligi durumunda daha avantajlidir.
Ucak kaynagini diger uguslar icin kullanmak ek gelir getirecektir. Transit yolcu sayist ise havayollari
i¢in bir ugustan elde edilen dolayl gelir anlamina gelmektedir. Dolayisi ile transit yolcu sayisinin fazla
olmasi havayolu agisindan daha avantajlidir. Asagida bu veriler yer almaktadir.

Tablo 8. Etkin DMU’larin ugus siireleri ve transit yolcu sayilari

Toplam Ugus Siiresi Transit Yolcu Sayisi

DMU 1 04:40 52
DMU 4 05:10 69
DMU 6 04:55 84
DMU 7 07:10 92
DMU 8 06:05 64
DMU 9 04:30 58

DMU 6, DMU 9°dan 25 dakika dafa fazla ugus siiresine sahip olmasina ragmen 26 ilave transit yolcu
geliri ongoriisiine sahip. Bu ilave gelir nedeniyle DMU 9’dan daha etkin bir rota oldugu bildirilebilir.
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DMU 6, Dmu 7’den 8 transit yolcu geliri eksik 6ngoriilmesine ragmen ortalama 02:35 saat daha az ugus
stiresi ile icra edilmektedir. Dolayist ile ugak kaynaginin ilave seferde kullanilmas1 daha fazla gelir
anlamina geldiginden havayolu icin DMU 6 daha etkin bir rota olabilir. Bu veriler DMU 6’nin optimum
sefer diizenlenecek DMU oldugunu bildirmektedir.

5. Tartisma ve Sonug

Havayollarmin kaynaklarini optimum kullanmalar1 rekabet avantaji saglamaktadir. Mevcut ugus
rotalarinin etkinligini belirlemek amaciyla literatiirde DAE yontemi ile ¢alismalar mevcuttur. Yen ve
lie, 112 ugus rotasinin etkinligini DEA yontemi ile dlgmiisler ve belirli bir ugus rotasi igin etkinligin
gelistirmesinde kilit rol oynayan faktorlerin DEA yontemi ile tespit edilebildigini bildirmiglerdir (Lin,
2008; Yen and Li, 2022). Dorta vd., DEA yo6ntemi ile havayolu etkinligini 6l¢miistiir ve siirdiiriilebilir
biiyiime i¢cin DAE yontemi ile gelistirilmesi gereken yoOnlerin ortaya ¢ikarilabilcegini belirtmislerdir
(Dorta vd, 2024). Heydari vd., Iran havayollarmin etkinligini DEA y6ntemi ile degerlendirmislerdir; ve
etkinlik degerlerini belirleyebilmistir (Heydari vd., 2020). Ganji vd., Iran havayollarimn tarife
etkinligini DEA yontemi ile degerlendirmislerdir ve DEA yontemi ile tarife ag etkinliginin
uygulabilirligi sonucuna ulasmuglar (Ganji vd., 2024). Tseng vd., Taiwan Havayollarimin rota
performansint DEA yontemi ile degerlendirmislerdir; DAE yonteminin etkinligi belirledigi gibi etkin
olmayan rotalarin gelistirilmesi i¢in kriterleri de belirledigini bildirmiglerdir (Tseng vd., 2024).

Bu caligmanin amaci havayollarinin ugak ve ekip kaynaklarinin kullanacaklari yeni rota seciminde DEA
yonteminin kullanilarak diger faktorlerle birlikte tarifeye eklenecek yeni ugus rotasini veya rotalarinin
belirleyecek bir model ortaya koymaktir. Calisma sonunda DEA yonteminin etkin olan ugus rotalarmi
belirleyerek potansiyel ugus rotalar1 arasinda eleme yapilabilmesinde kullanilabilecegi ortaya ¢ikmustir.
En etkin rotanin belirlenmesi i¢in DAE yontemi ile etkin olmayan ugus rotalar1 elenerek ugus ile ilgili
diger faktorlerin de degerlendirilmesi siirecine katki saglanabilecegi bildirilmistir. DEA yontemi ile
ucus saati ve transit yolcu talebi, miisaade ve/veya slot temin edebilme kolayligi, ugak performansi ile
havaalani kolayliklarinin uyumlulugu gibi faktorler gézoniinde bulundurularak yeni rota seciminde
karar verilebilir. Baska bir ifade ile bu ¢alisma yeni rota se¢iminde DEA yonteminin kullanildigr bir
model ortaya koymaktadir.

Arastirmacilarin Katki Oram Beyam

Tek Yazarh ¢alismadir.

Destek ve Tesekkiir Beyam

Calisma herhangi bir destek almamistir. Tesekkiir edilecek bir kurum veya kisi bulunmamaktadir.
Cikar Catismasi1 Beyam

Calisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmamaktadir.
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