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Abstract

Alzheimer's disease is a neurodegenerative disorder that causes loss of cognitive function and cognitive decline in individuals.
Detection of the disease at an early stage is important to slow down the devastating effects of the disease. The use of an autonomous
computerized support system that can assist specialist physicians in the diagnostic process saves time and helps reduce human error.
For this reason, a high-accuracy classification study was aimed at utilizing different machine learning algorithms for early diagnosis
of Alzheimer's disease. Within the scope of this study, an open source data set created with Electroencephalogram (EEG) signals from
24 healthy and 24 Alzheimer's patient volunteers was used. 28 features, including spectral and statistical features, were extracted from
each channel of the EEG signals. The extracted features were evaluated to the feature importance algorithm and the five most
significant features that could distinguish between Alzheimer's individuals and healthy individuals were determined. Four machine
learning algorithms are trained with the determined features. 70% of the data was used for training and the algorithms were trained
with a 10-fold cross-validation method. When the four machine learning algorithms were tested with the data reserved for testing,
which the algorithms had not seen before, the highest accuracy was obtained with the Gradient Boosting Classifier (GBC) algorithm
with 96.43%.

Keywords: Alzheimer, EEG, Feature Extraction, Feature Selection, Gradient Boosting Classifier, Machine Learning.

Alzheimer Hastaligimin Belirlenmesinde Makine Ogrenmesi

Algoritmalarimin Karsilastirilmasi

Oz

Alzheimer hastalig1, bireylerde biligsel fonksiyon kayb1 ve biligsel gerilemeye neden olan nérodejeneratif bir rahatsizliktir. Hastaligin
erken evrede tespit edilmesi hastaligin yikici etkilerini yavaslatmak i¢in onem arz etmektedir. Uzman doktorlara teshis siirecinde
yardimer olabilecek otonom bir bilgisayarli bir destek sisteminin kullanilmasi zamandan tasarruf saglayarak insan hatasinin
azaltilmasina yardimet olur. Bu nedenle, Alzheimer hastaliginin erken teshisi i¢in makine 6grenmesi algoritmalarindan yararlanilarak
yiiksek dogruluklu bir siniflandirma ¢alismasit hedeflenmistir. Bu ¢aligma kapsaminda, 24 adet saglikli ve 24 adet Alzheimer hastasi
goniilliden alinan Elektroensefalogram (EEG) sinyalleri ile olusturulmus agik kaynak olarak sunulan bir veri setinden
yararlanilmistir. EEG sinyallerinin her bir kanalindan spektral ve istatistiksel 6znitelikler olmak tizere 28 Oznitelik ¢ikartilmigtir.
Cikartilan Oznitelikler, karar agaci Oznitelik 6nem algoritmasina uygulanmis ve Alzheimer bireyler ile saglikli bireyleri ayirt
edebilecek en anlamli 5 6znitelik belirlenmistir. Belirlenen 6znitelikler ile dort makine 6grenmesi algoritmasi egitilmistir. Egitim icin
verilerin %70’1 kullanilmig ve algoritmalar 10-kat ¢apraz dogrulama yontemi ile egitilmistir. Daha 6nce algoritmalarin gormedigi, test
icin ayrilan veriler ile makine Ggrenmesi algoritmalar1 test edildiginde en yiiksek dogruluk % 96.43 ile Gradient Boosting
Simiflandiricis1 (GBC) algoritmasi ile elde edilmistir.

Anahtar Kelimeler: Alzeimer, EEG, Feature Extraction, Feature Selection, Gradient Boosting Simiflandiricisi, Makine Ogrenmesi.
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1. Introduction

Alzheimer's disease is a common type of dementia that
affects the central nervous system and causes widespread
intracellular degeneration (Elgendi et al., 2011). The disease
limits daily living skills and in later cases makes individuals
completely dependent on someone (Poza et al., 2007). Every
year, thousands of people get Alzheimer's disease and it is late
for the disease. However, when Alzheimer's disease is detected,
it is possible to slow down the disease and reduce its destructive
effects (Riemenschneider et al., 2002). Currently, there is no
widespread method for early diagnosis. For this reason, methods
for detecting Alzheimer's disease with Electroencephalogram
(EEG) signals are being tried (Ahmadlou et al., 2011;
Elgandelwar & Bairagi, 2021), since it directly transmits the
synaptic activity of the brain (Michel et al., 2009), is easier to
use and more affordable than most methods (Foxe & Snyder,
2011; Luu et al., 2001).

There are three features typically addressed in studies to
detect Alzheimer's disease from EEG signals. These features are
slowdown, reduced complexity, and loss of synchronization.
(Babiloni et al., 2016; Benz et al., 2014). To investigate these
effects, researchers extracted multiple features from EEG
signals. Research has been done on spectral features for slowing
down (Bairagi, 2018), entropy features for complexity (Seker et
al., 2021) and coherence features for synchronization (Meghdadi
etal., 2021).

Extracted features have been tested with different machine
learning and deep learning algorithms. Alzheimer's and healthy
individuals were classified wusing different classification
techniques. In one of these studies (Fiscon et al., 2018), healthy,
Alzheimer's and mild cognitive impairment were tried to be
classified among themselves by using the features extracted by
the wavelet method. In the study, healthy volunteers and
Alzheimer's patients were classified with the decision tree
method with 83% accuracy. In another recent study, the CNN
algorithm was used to classify healthy volunteers and
Alzheimer's disease, and the two classes could be distinguished
with an accuracy of 92.29% (Meghdadi et al., 2021).

In this paper, the aim of the research study is to detect
Alzheimer's disease with high accuracy with EEG signals and
help the diagnosis of the disease. In order to diagnose
Alzheimer's, patients and healthy individuals were classified by
extracting spectral and statistical features from EEG signals. The
proposed features were compared with four different
classification methods and the performance of the algorithms
was evaluated. As can be seen, although different classifiers and
different features are used in studies in the literature, the main
purpose is to distinguish between the EEG signals of
Alzheimer's patients and healthy individuals. Considering these
studies, our study was able to distinguish two classes with a
higher rate of 94.34% than other studies in the literature.

The remainder of this article is structured as follows. Part Il
discusses dataset, spectral and statistical feature extraction,
feature selection and classification algorithms under the heading
of material and method. Part Ill contains the results and
discussion. Finally, conclusions and recommendations are given
in Part IV.

e-1SSN: 2148-2683

2. Material and Method

In the material and method section, the data set used in the
study, spectral and statistical feature extraction from EEG data,
selection of features and classification algorithms used are
mentioned. The general workflow of the classification study is
given in Figure 1.

Alzheimer

Classification

BC KNN SVM GBC

Figure 1. The general work flow of the classification study.
2.1. EEG Dataset

The EEG dataset used in this study is an open source dataset
(Pineda et al., 2020). A 10-20 electrode system and 19 electrodes
were used to collect EEG data. The device's sampling frequency
is 128 Hz, and each volunteer was recorded for 8 seconds. The
records are named A, B, C, and D. While the EEGs of the
volunteers in groups A and C were recorded while their eyes
were open, the EEGs of the volunteers in groups B and D were
recorded while their eyes were closed. Groups A and B consisted
of 24 volunteers with an average age of 72 who did not suffer
from neurological disorders. C and D consisted of 24
Alzheimer's patients with an average age of 69 years.

2.2. Feature Extraction

Within the scope of the study, 28 spectral and statistical
features from each channel of EEG data were extracted. To
extract spectral features Welch method (Sahin Sadik et al., 2022)
were utilized to calculate the power spectral densities (PSD) of
the EEG sub-bands (delta, theta, alpha, beta). Further, with
calculated PSDs, these spectral features were extracted:

e  PSDs of the each sub-band
PSD,, i e{delta, theta, alfa, beta}

e Relative powers of each sub-band
PSD, / PSD_ , i € {delta, theta, alfa, beta}

total !

e  Spectral power ratios between sub-bands
PSD, / PSD,, (i, j) e{delta, theta, alfa, beta}, i = j

2
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features are standard
maximum, minimum,

Further, the extracted statistical
deviation, mean, skewness, kurtosis,
variance and median.

2.3. Feature Selection

Decision tree feature importance method (Al Igbal et al.,
2012) was applied to the extracted attributes and a importance
value was determined for each attribute. The most significant
features were determined as theta band power to delta band
power ratio, theta band power to beta band power ratio, mean,
standard deviation and kurtosis. The bar chart graph of the
decision tree feature importance algorithm is given in Figure 2.

08

Features Importance Score
[=1
&

00 - mmo
o] 5 o

i Il_l
15 2 -]
Features

Figure 2. Bar chart of decision tree regressor feature
Importance scores.

2.4.Classification Algorithms

In this study, features extracted from EEG signals of healthy
and Alzheimer's individuals were classified using four different
classification algorithms and their performances were compared.
These classification algorithms used in this study are explained
briefly below.

Bagging Classifier (BC) Algorithm is a technique first
proposed by L. Breiman (Breiman, 1996). While making the
classification, the existing training set is used and new training
sets are derived. It is aimed to retrain the basic student. Using
the substitution technique, a training set with n samples is
randomly generated using n samples in the training set. The
selected samples are put into the training set. In this algorithm,
some examples may not be included in the training set, while
some examples may be included more than once.

The K-nearest neighbor (KNN) algorithm was first
developed in 1967. KNN algorithm which is a supervised,
sample-based machine learning algorithm, is efficacious for both
classification and regression problems. (Cover & Hart, 1967). If
the user has a little knowledge on the distribution of the data, the
KNN algorithm may be the most suitable machine learning
solution. The KNN algorithm is mathematically quite simple
compared to other algorithms. It can determine the class of test
data according to the positions of the training data in the sample
space (Chakrabarti et al., 2008; Mitchell & Mitchell, 1997). For
this, it uses the Euclidean distance relation mathematically.

The Support Vector Machine (SVM) is the second
supervised machine learning algorithm used in this study. It has
the ability to divide data into two or more classes in two-

e-1SSN: 2148-2683

dimensional space, three-dimensional space and multi-
dimensional space. The data could be separated linearly when
the data set could be separated by a straight line. A is used to
separate points placed on a plane and this line is required to be at
the maximum distance for points belonging to two classes
(Cortes & Vapnik, 1995; Pedregosa et al., 2011)

Gradient Boosting Classifier (GBC) is a machine learning
algorithm that is used for both regression and classification
problems (Bauer & Kohavi, 1999). GBC proceeds by building
an additive model. It elevates the learner by combining weak
learners for a learner. They are basic learner regression trees. It
moves over the error calculated in the previous tree.

3. Results and Discussion

While evaluating the data within the scope of the study,
spectral and statistical features were extracted from each channel
of the EEGs of both Alzheimer's patients and volunteers without
any neurological disorders. When the extracted 28 features were
evaluated by the feature importance selection algorithm, the
most significant features were determined as theta band power to
delta band power ratio, theta band power to beta band power
ratio, mean, standard deviation and Kurtosis. ten-fold cross-
validation was applied to the data and 30% of the data was
reserved for testing and 70% for training. Four classification
algorithms were trained with training data and tested with test
data. In Figure 3, classification results of the BC, KNN, SVM
and GBC algorithms are given with 10-fold cross-validation.

1.00 ¢
0.98
0.96
0.94
0.92

0.90

Accuracy

BC KNN SVYM GBC
Classification Method

Figure 3. All classification algorithms had ten-fold cross-
validation results. BC, KNN, SVM, GBC.

When the training results were evaluated, the accuracy was
94.31% (+0.021) with BC, 92.47% (+0.023) with KNN, 94.77%
(£0.031) with SVM, and 94.62% (+0.023) with GBC. When the
system was tested with 30% separated test data, the test
accuracies given in Table 1 were obtained. When the test
accuracies were examined, 95.71% with BC, 96.07% with KNN,
95.36% with SVM and 96.43% with GBC were obtained. In
addition, the performance of classification algorithms has been
tested with precision, recall and f1-score.
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Table 1. Performance metrics for all classification algorithms.

Method | Accuracy (%) | Precision | Recall | F1-Score
BC 95.71 0.96 0.96 0.96
KNN 96.07 0.96 0.96 0.96
SVM 95.36 0.95 0.95 0.95
GBC 96.43 0.96 0.96 0.96

Equation 1, Equation 2, Equation 3 and Equation 4 are accuracy
recall, f1 score and precision parameters respectively, which are
performance metrics and whose values are given in Table 1.

__ PNy 1
Accuracy = BN P T NE %100 (1)
__Pr 2
Recall= e x100 )
Precision= Pr x100 (3)

Pr +Pg
F1— score= 2xRecallxPrecision %100 @)

Recall+Precision

Pt is true positives, Nt demonstrate true negatives, Pr is false
positives and Nr demonstrates false negatives (Equation 1,2 and
3). The F1 score expression, on the other hand, is obtained by
multiplying the recall and precision values twice, dividing by the
recall and precision values, and is expressed as a percentage.
The results of the GBC algorithm, which gives the highest test
accuracy, are shown in the confusion matrix in Figure 4. Here,
117 of 123 healthy volunteers were guessed correctly, while 6 of
them were wrongly guessed. Out of 159 Alzheimer's volunteers,
153 were predicted correctly, while 4 were predicted incorrectly.

|

- 150

Healthy

- 100

-50

Alzheimer

Alzheimer

Healthy

Figure 4.Confusion matrix for GBC test results.

3. Conclusions and Recommendations

With this study, 28 features, including spectral and statistical
features, were extracted from the EEG signals of Alzheimer's
patients and volunteers without a neurological disorder in a
data set presented as open source. All features were evaluated
by the decision tree feature importance algorithm to find the
most significant features. The most significant features; Theta
band power to delta band power ratio, theta band power to beta
band power ratio were determined as mean, standard deviation
and kurtosis. The selected features are divided into 70%
training and 30% testing. The training dataset and the ten-fold
cross-validation technique were used to train the BC, KNN,
SVM, and GBC algorithms. Then, system performance was
tested with 30% test data set. While data can be classified with
an accuracy of 95.71% with BC, classification is made with an
accuracy of 96.07% with KNN. Classification was made with
SVM with an accuracy of 95.36%. The highest accuracy was
found with the GBC algorithm with a rate of 96.43%.

e-1SSN: 2148-2683

With our proposed study, Alzheimer's and healthy
individuals could be distinguished from EEG signals with
higher accuracy compared to other studies in the literature. In
future studies, system performance can be tested with other
open-source datasets. Furthermore, the proposed system can be
used as a computer-aided diagnostic system to assist
physicians in developing simultaneously.
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Abstract

This study presents the simulation of brushless DC (BLDC) motor control in MATLAB/Simulink simulation environment with model-
based and direct torque control (DTC) method with extended kalman filter (EKF). In this study, a control method based on DTC method
is tested to control a nonlinear BLDC motor with extended kalman filter. In this method, an accurate control can be made thanks to the
load moment estimation, which is not found in the literature. As a result of the tests have carried out at low and high speeds, it is
concluded that the system can lead to real-time systems.

Keywords: Speed-sensorless BLDC Motor, Kalman Filter, Direct Torque Control.

Elektrikli Arac icin BLDC Motorun Yiik Momenti Kestirimi
Yapabilen EKF Tabanh Hiz-Algilaycisiz DTC'si

Oz

Bu ¢aligma, MATLAB/Simulink simiilasyon ortaminda fir¢asiz DC motor (BLDC) kontroliiniin model tabanli ve dogrudan tork
kontrolii (DTC) yontemi ile genisletilmis kalman filtresi (EKF) ile simiilasyonunu sunmaktadir. Bu ¢aligmada, dogrusal olmayan bir
BLDC motoru genisletilmis kalman filtresi ile kontrol etmek i¢in DTC yontemine dayali bir kontrol yontemi test edilmistir. Bu

yontemde literatiirde bulunmayan yiilk moment tahmini sayesinde dogru bir kontrol yapilabilmektedir. Diisiik ve yiliksek hizlarda
gerceklestirilen testler sonucunda sistemin gercek zamanlt sistemlere dnciililtk edebilecegi sonucuna varilmistir.

Anahtar Kelimeler: BLDC Motor, Kalman Filtresi, Model Tabanli Ongoriili Kontrol, Dogrudan Tork Kontrolii, BLDCM
Simiilasyonu.
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1. Introduction

Today, electric motors are used in a wide variety of fields.
One of these motors is called brushless direct current (BLDC)
motor are used in many fields today especially in electric
vehicle and hybrid electric vehicle include drones, electric
cars, etc. The advantages of BLDC motor can be listed as
follows;

« Speed control can be done with constant torque.

* Their yields are high.

+ Due to their brushless structure, there is no friction, no
arcing, no carbon dust production.

« Its dimensions are smaller than other motors and its torque
is higher.

« It works without problems at high revs.

 They work silently.

» They get very little hot.

* They last much longer.

* They don’t need care.

The disadvantages of BLDC motor can be listed as follows;

» They have a complex control circuit.

» They need position sensors.

* Their cost is high.

The torque-current characteristics of BLDC motors are
similar to DC motors. BLDC motor works similarly to a
synchronous motor [1]. BLDC motors are more popular today
than conventional DC motors, but the development of this type
of motor has only been possible since the 1960s, when
semiconductor electronics were developed [2]. It is a type of
motor that provides the commutation process electronically.
BLDC motors have been produced in order to get rid of the
brush and collector assembly by preserving the torque-speed
characteristics of DC motors.

In brushed DC motors, electrical transmission to the
windings in the rotor is provided by the brush-collector
structure, which causes problems such as sparking,
maintenance and wear on the brushes.

An electronic controller takes over the task of the brush-
collector assembly in BLDC motors.

A brushless direct current motor consists of two main parts,
a stator and a rotor. The rotor is a bipolar permanent magnet.
The stator consists of regular coils as shown in Figure 1.

BLDC Motor

Fig. 1. BLDC Motor

The controller must follow the rotor at an appropriate speed
and know the rotor position so that the rotation of the motor is
not interrupted. Hall effect sensors are generally used for this
(Figure 2).
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Brushless DC Motor Control

Fig 2. Schematic representation of BLDC Motor Control

BLDC motors consist of:
*The stator with its windings
*Permanent magnet rotor
*Position sensors

Driver circuit

BLDC motors are of two types according to their internal
structure:

In inner rotor BLDC motor, the rotating part of the motor,
namely the rotor, is inside the motor. The body (stator) is fixed.
These motors generally have higher speeds than the other type,
the outer rotor. On the other hand, the torque produced by the
motors per volt is less. Having the rotor inside provides many
ease of use. They are similar in appearance to standard brushed
motors.

Outrunner Brushless Motors have a mechanical arrangement
unlike inrunner motors. The rotor of the motor is on the
outside. In other words, the body of the motor is inside the
rotating fixed part. They are more difficult to cool because the
coil part is in the center. They are used more frequently in
flying projects (helicopter, quadrotor, plane...) due to the
lower speed of outrunner motors and higher torque.

BLDC motor is of two types according to the sensor
condition:

Sensored brushless motors precisely detect where the coil is
in the housing. With a suitable motor driver circuit, no lost
power occurs from the motor.

Sensorless brushless motors are widely available. They
decide that the wave sent from the motor driver circuit to the
coil will be changed, with the electrical signal (signal
generated by the eddy current) occurring in the coil without
current. Sensorless motors do not reach speeds and
accelerations as high as sensor motors.

BLDC motors are especially used for radio controlled
projects. Since their unit energy densities are better, they are
used in RC cars, helicopters, photocopiers, printers, tape
drives, optical scanners and medical devices that require high
power [3].

As a result of the literature review on BLDC motor control,
many articles and papers have been researched.

Li et al. have mentioned the advantages of DC motors in
their study. They have tried the six-step control and field-
oriented control method on BLDC motors and carried out
simulation studies. They have examined torque fluctuations
and power losses [4].

Rekioua et al., in their study, have presented a new approach
to field-oriented control of brushless direct current motor and
applied this approach to permanent magnet synchronous
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motor. According to the results they obtained, it has
determined that the current and speed showed a significant
improvement in no-load and loaded conditions [5].

Guijjar and Kumar have showed the performance analysis of
the field-oriented control (FOC) of BLDC motor using
sinusoidal pulse width modulation (SPWM) and space vector
pulse width modulation (SVPWM) techniques in their study.
They have performed control by changing the motor
parameters in the d-q axis of the current going to the motor.
They have simulated the system in the MATLAB Simulink
simulation environment and determined that space vector
pulse width modulation is more performant than sinusoidal
pulse width modulation [6].

Kumar and C.M.C have presented a comparison of
sinusoidal field oriented control (FOC), field oriented control
(FOC), and hysteresis control of a BLDC motor primarily in
terms of output torque ripple. They have simulated the
algorithm of the three control methods [7].

Irimia et al., in their study, have performed a comparative
study between simultaneous sinusoidal modulation (SSM) and
space vector modulation (SVM). In order to achieve efficient
results, vector or field-oriented control is applied as a control
method. They have developed a comprehensive mathematical
model equivalent to the power steering/brake system that can
be successfully integrated into today's vehicle platforms and
applied this model to the MATLAB Simulink simulation
environment [8].

Islam et al., in their study, have explained the field-oriented
control method for BLDC motor with space vector pulse width
modulation technique with current and speed sensor. In this
method, they have introduced the P1 controller and as a result,
they observed that this control method has good speed
response and performance [9].

Tatar et al., in their study, have determined the rotor position
of the BLDC motor using hall-effect sensors. They describe
the development of a field-oriented control method based on
the space vector pulse width modulation method with the
Labview FPGA module for a BLDC motor. They have
simulated the system in MATLAB Simulink environment
[10].

Sandre-Hernandez et al., in their study, have presented
sensorless field-oriented control of a BLDC motor using a
sliding mode observer to determine phase currents. They also
have used a back EMF observer to determine the position of
the rotor. They have supported their work with numerical
simulations [11].

De Almeida et al., in their study, have explained the vector
control of a BLDC motor with trapezoidal waveform of the
estimated back EMF through the kalman filter [12].

In their study, Reddy and Murali have proposed an algorithm
to obtain a uniform rotor angle with hall signals. In the
proposed algorithm, they have aimed to avoid unnecessary
multiplication and division operations in the FPGA module
and implemented it in Microsemi SmartFusion ® 2 SoC FPGA
[13].

Hui et al., have mentioned different control techniques of
permanent magnet brushless direct current motor used as
compressor motor. They have focused on the bridge 3 phase
inverter circuit technique with sensorless back-EMF detection.
The methods are simulated on PSIM software [14].

Lee et al., in their study, have focused on the comparison of
commutation methods of permanent magnet brushless direct
current motor. They have focused on trapezoidal, sinusoidal
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commutation and field-directed control techniques. They have
made use of Hall-effect sensors. As a result of their analysis,
they have seen that the best of these techniques is field-
directed control [15].

Noroozi et al., in their study, have mentioned direct torque
control in brushless permanent magnet direct current motors.
They have studied the details of two-phase and three-phase
transmission modes. They have wanted to control the motor in
MATLAB Simulink environment using twelve voltage
vectors. With the simulation results, they have obtained the
data they expected [16].

Li et al., in their study, have suggested that direct torque
control of brushless permanent magnet direct current motor
should be done to reduce torque fluctuations. For this, they
have proposed a hysteresis torque control with pulse width
modulation. In addition, two-phase 120 electrical degree
control is proposed. Motor control is performed with
MATLAB [17].

Singh and Singh (2016), in their article, have performed the
speed control of a permanent magnet brushless direct current
motor, three of the control methods, Back-EMF, sinusoidal
pulse width modulation (SPWM), and space vector pulse
width modulation using the MATLAB Simulink simulation
environment. They have compared these control methods.
According to their results, they have seen that the space vector
pulse width modulation technique is more efficient than the
others [18].

Aktas et al., have compared indirect field oriented control
and direct torque control of a brushless permanent magnet
direct current motor. While examining these methods, they
have focused on PI controller, fuzzy logic and sliding mode
speed controller [19].

To control BLDC motor and phase flux and currents, there
are certain sensors used to measure. Using these sensors
imposes a burden on both the motor and the driver in terms of
cost and ease of operation.

In the following studies, the control forms of the BLDC
motor with the kalman filter are mentioned.

Mazaheri and Radan have mentioned three main and basic
algorithms of motor control methods and they studied on
BLDC motor: Extended, Unscented and Cubature Kalman
filtering. They have done various studies on the application of
these algorithms in estimating the angular position of the rotor
at low speeds. When they have applied the measurements to a
3-phase low voltage BLDC motor, they have observed that the
Unscented Kalman filter and Cubature Kalman filtering
techniques gave better results and performance than the
Extended Kalman filter. They have determined that it is better
in terms of accuracy [20].

Kettle and Murray, in their study, have obtained estimates
for position and velocity based on back EMF from the
trapezoidal motor with an algorithm based on an extended
kalman filter. In this study, they have made sensorless
measurements and worked with a DSP controller without
stator current measurements [21].

Terzic and Jadric have studied the extended kalman filter
application of a brushless direct current motor in their study.
They have used this filter to estimate motor state variables. The
speed and rotor position of the motor and motor parameters is
used in the estimation algorithms. They have carried out this
study on a 1.5 kW motor and observed that it is predicted with
sufficient performance in steady and dynamic condition [22].
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Nair et al., in their study, have presented electromagnetic
torque prediction using a Kalman filter with direct torque
control of a BLDC motor with trapezoidal back-EMF. They
have used the PWM technique with the voltage vector they
have had previously determined to obtain a faster torque
response. They have determined an error by comparing the
estimate with the reference electromagnetic torque and applied
the appropriate voltage vector [23].

Lv et al., in their study, have proposed a sensorless control
technique working with an odorless kalman filter to a BLDC
motor. In this algorithm, they have wanted to predict the
position and speed of the motor by measuring the terminal
voltages and three-phase currents. According to the simulation
results, they have observed the accuracy of the algorithm [24].

Ejlali and Soleimani, in their study, have carried out the
active learning method with the extended Kalman filter. They
have made estimation of stator voltage and current and state
variables and observed with simulation results [25].

Aishwarya and Jayanand, in their study, have made a
prediction algorithm with an extended kalman filter for the
estimation of the speed and rotor position of the BLDC motor.
The reason they use the extended kalman filter is because the
BLDC motor is a hon-linear system. The state variables of the
motor are predicted using a kalman filter with measurements
of stator voltages and currents [26].

As aresult of the literature review, the following information
can be given about the importance of the study:

As a result of this study, the most efficient use of BLDC
motor is determined by simulating the BLDC motor, which is
frequently used in electric vehicles, loaded and unloaded, and
also with kalman filter algorithm. It is ensured that it can be
used with a more logical control method and a simple control
method with both economic and energy efficiency.

Unlike the above studies, the load moment must also be
estimated in model-based estimators.

In this study, 3 phase current, flux, electrical position of the
rotor, load torque and mechanical angular rotor speed are
estimated with the extended kalman filter, which can also
predict the load torque, unlike the studies mentioned above.
For the performance of model-based estimation performance,
this extended Kalman filter has been tested on direct torque
control (DTC) created in the MATLAB/Simulink simulation
environment.

2. Material and Method

Despite the simple structure of the BLDC motor, it is
necessary to operate the BLDC motor with a complex control
structure in order to control it properly.

In this section, the mathematical and MATLAB/Simulink
block diagram model of the BLDC motor will be given. Then,
in this study, direct torque control and extended kalman filter
application, which is one of the sensorless control methods
used to control BLDC motor, are discussed.

2.1. Mathematical Model of BLDC Motor

The mathematical model of BLDC motors is similar to
conventional brushed DC motors. The creation of the
mathematical model is done separately for each phase. The
effect of the phases on each other should also be added to the
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model. Each phase of the motor can be modeled with a resistor,
acoil and a DC voltage source connected in series. Fig. 3 show
this model.

Va Ra La IIEa
WA XYM f
i +|

Vb Rb Lb b
' AA FEXNN IIE
ib +

Ve Rc Lc c
> AMA———f
le +I

Fig. 3. BLDC Motor Equivalent Circuit

Some assumptions are made in order to write the
mathematical model of the engine. These are respectively;
e The engine is not saturated.
e Stator windings have fixed resistance,
inductance and common inductance.
e The back electromotive force in all phases has a
sinusoidal shape.
e Iron losses, eddy currents and hysteresis effects in the
motor are neglected [27].
The equivalent mathematical model of the motor is given in
Fig. 3. According to this model, the voltage equations of the
motor are;

self-

. d . d. d.

Va=Ra.1a+Lad—La+Labd—Lb+Lcad—Lc+E [€))]
vy = Rp.ip + Ly — L,,+La,,dLa-i-L,,EdLC+E,J 2)
ve=Re.i.+1L —lC+Lmd la+Lde—Lb+E 3)

In the above equations;
® Vg Vp, V. Stator phase voltages
ia, in, ic: Stator phase currents
Ra, Ro, Rc, R: Stator phase resistors
La, Lo, L, L: Stator phase inductances
Lab, Loe, Lea, M: Common inductance between stator
phase windings
o E, Eb, Ec: Opposite electro-motor force means.

If the stator windings are considered to be balanced;

Ra=R,=R.=R (4)
Lo=Lp=Lc=L (5)
Lap =Lpc =Lea=M (6)

Accordingly, the voltage equations are rewritten as:

o = Ra. La+Ladtla+M Lb+M Tic+Eq (7)
vy = Ry.ip + L — Lb+Mdtla+Mdtlc+Eb ®)
e = Re. lc+Lchlc+MdtLa+M ip + E. )

The matrix representation of the stator voltages is given in
(10).

Va] [R 0 0 L M M] [ia] [Ea
e ol fe ® el
vel lo 0 R M M LI L) LE

(10)
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Since the derivative can be disabled from the assumption that
the inductances are not saturated, if (10) is arranged;

Vgl [R 0 O0][ia P ia] [Ea
Up|=]0 R 0]]ip +E ip|+|Ep (11)
Ve 0 0 RILi i E,

formula is obtained.

Ea, Ep, and E. are called the induced back electromagnetic
force (EMF) in the motor. These voltages depend on the speed
and angle of the motor, the number of turns in the stator and the
magnetic flux in the rotor. The maximum rotor magnetic flux is
accepted as the motor constant and is called 4». Depending on
the motor type, they can be sinusoidal or trapezoidal [27].

If it is sinusoidal;

E, = Wp.Ap.sin(6,) (12)
Ep = wp.Ap.sin(f, — Z?n) (13)
E. = wp. Ay sin(6, + Z?n) (14)

here, wm, rotor mechanical angular velocity (rad/sec).
If it is trapezoidal, this voltage is;

Eq = wm-Am-f(0e) (15)
Ey = @A f(0e = ) (16)
Ee = @ Am-f(8e + ) (17)

The rotor speed of the motor depends on the applied electrical
frequency and the number of poles of the rotor. This
relationship is shown in (18).

We = WmDPyp (18)

here p, is the pole pair.

The instantaneous power produced by the BLDC motor is
equal to the multiplication of the back EMF and the current
flowing through the phase windings. This power is known as
the power transferred from the stator of the motor to its rotor.
This equation is given in (19).

P, = Eji, + Epi, + E i, (19)

The power-torque equation is used to calculate the
electromagnetic torque produced. The generation of
electromagnetic moment depends on two parameters. These are
the back-EMF constant and the maximum value of the current.
The moment equation is given in (20) and (21) [27].

Py _ Egqig+Epip+Ecic

We We

T, = (20)

Te — alatEplpt clc.pp 3N

Wm
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(26)

2.2. Extended Kalman Filter for States and
Parameter Estimation of BLDC Motor Model

The motor model of BLDC motor which used on EKF for the
estimation of stator 3-phase currents (isa, lisb, isc), rotor
mechanical angular speed (om), rotor electrical rotation (Be),
and load torque (t.) states and parameter of BLDC motor given
below in discretized form.

x(k +1) = A(x(k))x(k) + Bu(k) + w (22)
Z(k+1)=Hx(k)+v (23)

where, x(k) is the extended state vector for BLDC motor model,
A is the system matrix, Z(k+1) is the measurement vector, u is
the control input vector, B is the input matrix, w is the process
noise, H is the measurement matrix, v is the measurement noise.
From here, the following equations have the matrix
representation of these situations.

x(k) = [isa lsp Ise @m O tL]T (24)
‘Ll.(k) = [vsa(k) Usp (k) vsc(k)]T (25)

here, vsa, vsh, and vsc are stator 3-phase voltages.

T
100000]
Ls
B=|0 = 0 0 0 0 @7
ooioooJ
Ls
100000
H=10 10 0 0 0 (28)
001000

In (26), Ls is the stator leakage inductance, T is the sampling
time, j. is the total inertia of the BLDC motor, Rs is stator phase
resistance, W, Wi, and vy are the rotor leakage fluxes, b is the
coefficient of friction.

2.3. Extended Kalman Filter for State and
Parameter Estimation of BLDC Motor

The equations of EKF algorithm using BLDC motor model can
be given as follows.

Linearization step:

dA(Qk+1|k)

F =————= 29
k+1]k dRpesa)k (29)
Estimation or time update step:

Xir1 = AR )Xy + Buy, (30)
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Piy1 = FroqiPiFria + Q @31
Correction or measurement update steps:

Kii1 = Piy Hi[H Py, Hi + R]™! (32)

Xiv1 = Xiyr + Kip1 (Ziyr — HiXjy ) (33)

Pyi1 = Piyq — Ky Hy Pryy (34)

Here, ” represents the estimated states and parameter. Fq . is
the function to linearize the nonlinear model by the first order
Taylor series; Py, and Py, are the priori and the posteriori

estimation error covariance matrices, respectively; Ky, is the
Kalman gain; Q is the covariance matrix of the system noise,
namely, modeling errors; R is the covariance matrix of the

measurement noise.

3. Results and Discussion

3.1. Simulation Results of EKF-based Speed-
Sensorless DTC of BLDC Motor

The estimation performance of the proposed EKF on i, is,
isc, ©m, Oe, and t. states and parameter of the BLDC motor is
tested with speed-sensorless DTC drive system in MATLAB
Simulink simulation platform. The BLDC motor parameters is
given in Table 1. The block diagram of the EKF-based closed-
loop speed-sensorless DTC BLDC motor drive system is shown
in Fig. 4.

In Fig.4, the velocity control is Pl-type controller and two-
level hysteresis flux comparator and three-level hysteresis
torque comparator are used to determine the switching position
of the inverter. Also three-phase rotor fluxes are calculated
from the flux function given in (15)-(17) by using the estimated

Yra

O.. And calculated three-phase rotor fluxes is transferred into
two-phase -of stator stationary axis. Moreover, the af axis
components of the stator flux (.. and ) which should be
known in DTC are obtained from general magnetizing equation
of three-phase motors by converting the ., and 1,.4.

The estimation results and errors of the proposed EKF
estimator are shown in Fig.5 and Fig. 6, respectively.

Table 1. BLDC motor parameters

DC power supply \Y 72
Rated speed rpm 750
Rated torque N.m 21
Rated power kw 1.5
Moment of inertia kg.m? 0.0073
Phase back-EMF coefficient Vpeakrpm 96
Phase resistance Q 0.033
Leakage inductance mH 0.16
Mutual inductance mH 0.0255
Pole pairs 23

In the simulation scenario editing in order to test the

estimation achievement of the proposed EKF-based estimator
and the control performance of the DTC drive system of BLDC
motor, the BLDC motor is forced to run in a wide speed range
as rated speed (nn=750 rpm), medium speed (Ny=300 rpm), and
low speed (nm=150 rpm) under different load torque conditions
as rated torque (t.=20 N.m), medium load torque (t.=10 N.m)
and low load torque (t.=5 N.m), and no-load.
During the operation of the BLDC motor, achievement of the
proposed EKF-based estimator on the convergence of the
estimated states and parameter to their real values is clearly
shown in Fig. 5. From Fig. 5, it is understood that changes in t,
cause distortions in the wm estimation. In addition, errors occur
in t_ estimation in the transients during acceleration and
deceleration of the BLDC motor. However, the proposed EKF
estimator quickly takes this error to zero quickly and provides
a high estimation performance and thus the control
performance of the DTC is improved.

D, aB «— Rotor Flux )
o e |4 Yrs | calculation From b [—
#’ aoc | .. | BLDC Motor Model [—
- L.m EKF [ — *
Stator Flux - af [isar ispr isc) Wi, Bp] [ Vsa
Conversion -t - abc | t—
) S ts# Vie
Vea Vsa | Psp
P
A
Sector Selector
Flux
comp.
3-DT . .
[k] Lsa le lSC
. .\E> + A Usa
Vo o ( BLDC
s
:{ / / T _ B \ Motor
USC
c
I /' pulses
Torque Switching table Inverter
comp. -
—— Ve
l—— Urp
pp (l[’ra isa + l/;rb isb + l/;rc isc ) l)br[
[ iy,
— Iy
‘— l‘bL

Fig. 4. EKF-based speed-sensorless DTC of BLDC motor
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Fig. 6 Estimation errors of the proposed EKF-based estimator

4. Conclusions and Recommendations

As a result of the simulations made on the BLDC motor, it is
important that this study constitutes a first in the literature,
thanks to the model-based estimator of the EKF, the load torque
estimation, which is not usually encountered, and the
estimation of other states. This study will be a future-oriented
study by using it as a control method in BLDC motors used in
real-time electric vehicles planned to be made in the future.
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Abstract

According to the data of 2020, it is seen that 1 of every eight cancers diagnosed worldwide and the 5th among cancers that cause death
is breast cancer. Cancer can spread to different organs and reach an incurable stage in patients who are not diagnosed and treated at the
right time. Therefore, reducing the time taken for breast cancer diagnosis and reducing mortality rates are of great importance for
accurate and early diagnosis of the disease. This study aims to improve the accuracy of cancer detection by using various machine
learning algorithms and methods for artificial intelligence-based breast cancer diagnosis. By using ultrasonography images taken from
780 people, image information processed with statistical parameters was extracted. Artificial intelligence-based breast cancer detection
was performed by applying three different machine learning algorithms and the hybrid machine learning algorithm designed as a
combination of these algorithms on the extracted data set. In this way, early detection of cancerous cells will be carried out without
creating advanced risks for the individual, and treatment will be possible.
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1. Introduction

The most common cancer in women is breast cancer [1]. It is
a disease that occurs as a result of a tumor that occurs due to the
uncontrolled proliferation of cells in the breast tissue. Although
the exact cause of breast cancer is unknown, factors such as
genetics, diet, menstrual period, and birth control pills can be
mentioned. Its symptoms are usually palpable swelling,
deformity, redness, wound, eczema-like skin shedding in and
around the breast [2].

There are many studies in the literature for detecting breast
cancer [3]-[5]. For the detection of breast cancer, tests deemed
appropriate by the physician are performed after the physical
examination [6]. Diagnostic methods used in these tests can be
classified as laboratory analysis and imaging methods. While
blood and biochemistry tests, tumor detection tests and biopsy are
included in the laboratory diagnostic methods, imaging is the
more frequently used diagnostic method. The most commonly
used imaging methods are mammography, ultrasonography
(USG), and magnetic resonance (MR) [3]. However, imaging
methods do not seem very advantageous because of their low
specificity in identifying cancerous cells and their high cost
[41,[7]. Today, with the development of technology, the
negativities of these methods have been tried to be eliminated, and
artificial intelligence systems have started to be used for
diagnostic purposes in the field of health [8]. The importance of
using artificial intelligence is understood by making the diagnosis
and treatment more accurate and faster and benefiting from health
services more effectively and easily. The study aims to detect
breast cancer faster and more accurately with computer vision.

The study aimed to develop a hybrid artificial intelligence-
based prediction process to classify the presence of breast cancer
by using the images obtained from radiological examinations of
breast cancer. In line with this goal, after the USG images taken
from 780 people were transferred to the computerized
environment, the balancing process was applied to eliminate the
deviation tendency, and its effect on the system performance was
lost. For each processed image matrix, 25 feature extractions were
performed. After the feature extraction, the feature selection
algorithm was applied, the size optimization was achieved in the
matrices, and the USG images were classified as cancerous and
healthy. Breast ultrasound, which reveals many conditions in the
tissue, was preferred in early diagnosis, assuming that the patient
is not exposed to radiation and that there is no dense breast tissue.

2. Material and Method

The application steps in Figure 1 were used to classify
ultrasonography (USG) images as cancer and healthy. In detail
the materials and methods used when conducting the study. The
citations you make from different sources must be given and
referenced in references.

According to the application flowchart, 25 statistical features
were extracted from the USG images. Extracted images were
separated as percentages after the feature selection algorithm. The
features with low correlation levels were removed from the data
set, and maximum performance was achieved by using
performance evaluation criteria.

e-ISSN: 2148-2683

Image Feature
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Leaming Algorithm
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Fig. 1 Flowchart Application

USG images were classified as cancerous and healthy with
the feature sets “kNN”, “SVMs”, “DT” and “Hybrid” models.

Table 1. Table of Cancerous and Healthy Individuals

Cancerous Healthy Total
647 133 780

Fig. 2 Sample USG Images

2.1. Feature Extraction

It is necessary to extract information about detecting foreign
substances in breast tissue from USG images. Feature selection
methods obtain information inference. For this reason, statistical
features were extracted from each image in 25-time domains. The
feature extraction process was applied to 780 images, of which
647 were patients and 133 were healthy.

2.2. Feature Selection

Feature selection algorithms are a process that is performed
in line with the need to extract the features with low correlation
values from the dataset and to optimize the matrix size. This study
uses the Fisher score algorithm as the feature selection algorithm.

The algorithm calculated correlation values for each feature
and correlation levels were determined (Table 2). With these
selected values, the ratios of the performance evaluation criteria
of different models were created.
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Table 2. Representation of Features mathematical and code

Nu Features Equation
1 n
Kurtosis N =
Xkarr = (Z (X(l) - X)4> /((n - 1)54)
i=1
2 o (g—x)3
Skewness Xge = —l(n = ’1)53
3 **[QR IQR = iqr(x)
4 CVv DK = (§/%)100
5 Geometric Mean G="/x++x,
1 1
6 Harmonic Mean H=n/ <— + —)
X Xp
7 Activity - Hjort Parameters A=S?
8 Mobility - Hjort Parameters M = S%/S?
9 Complexity - Hjort Parameters
¢ = [is2/502 - 5257y
10 * Maximum X = max(x;)
Xn+1
= x odd
1 Median . )72 ©
=11
E(xg + x§+1) = Xx even
12 * Mean Absolute Deviation MAD = mad(x)
13 * Minimum Xmin = Min(x;)
14 * Central moments CM =moment (x,10)
1 i Lot
—_ — —_ — X
15 Mean x "y n X1 n
16 Average Curve Lenght
17 Average Energy
18 Root Mean Squared
19 Standard Error
20 Standard Deviation
1 n
21 Shape Factor SF = Xpus/ (EZ v |xz|)
i=1
22 * Singular Value Decomposition SVD = svd(x)
23 * %25 Trimmed Mean T25 = trimmean(x, 25)
24 * %350 Trimmed Mean T50 = trimmean(x, 50)
25 Average Teager Energy L

1 2
TE = Ez (xi—q — xiX;-3)
i=3
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Table 3. Selected properties table

Level Percent Feature Feature  Fischer
Count  Number Score

5 1 14 0.0604

10 3 12 0.0359

1 0.0197

3 15 4 23 0.0197
4 20 5 24 0.0195
5 25 6 10 0.0181
13 0.0174

6 30 8 18 0.0162
7 35 9 25 0.0147
8 40 10 16 0.0119
9 45 11 19 0.0107
15 0.0065

10 50 13 6 0.0062
0.0057

5 0.0052

7 0.0047

21 0.0039

17 0.0031

11 100 25 9 0.0027
11 0.0026

22 0.0023

8 0.0022

3 0.0019

2 0.0016

20 0.0006

2.3. Performance Evaluation Criteria

There is a need for systems that work with reliable accuracy
in detecting cancerous cells. The higher this ratio, the higher the
diagnostic reliability will be. Different processes have been
processed so far in line with the study's objectives. By optimizing
the USG image matrix size with feature extraction, only 11 of 25
features were selected with the Fisher score algorithm. The
performance value of each level was calculated with the
classification processes applied to the remaining dataset. It will be
possible to determine which algorithm shows maximum
performance. Performance monitoring was performed by
separating the data set as %80 training and %20 testings. The six
performance evaluation criteria are accuracy rate, sensitivity,
specificity, f-measurement, kappa and AUC value. A high level of
performance is desired. This shows the success rate when the
accuracy rate is %100 or around, and the other criteria are 1 or
close to 1. Performance indicators for each classification model
are given in Table 3. In line with these criteria, it is evaluated that
breast cancer diagnosis can be made with a hybrid algorithm with
an accuracy rate of %99.248 at level 7 in the table 4.

e-ISSN: 2148-2683

3. Results

The study aims to detect the disease by processing USG images
of individuals suspected of breast cancer. While making the
determination, DT, SVMs, k-NN and Hybrid model algorithms
were used. The Fisher feature selection algorithm was used to
facilitate image processing. Models were created using the
Fischer score values specified with 11 levels and different feature
numbers (Table 2).

k-NN, SVMs, DT and Hybrid models were used. The hybrid
model effectively increases the performance of the first three
models by combining these models. The selected features were
created using 11 levels. Twenty-five features have been removed.
The percentages of the extracted feature numbers are shown in the
table 3.

The performance evaluation criteria of the hybrid model
increased at every level and reached their highest values at level
7. For example, all healthy people were found with the specificity
value of 1 at level 7. Other values are very close to 100 and 1. The
accuracy rate value is 99.24; sensitivity, specificity, f-
measurement, kappa and AUC values were 0.98, 1, 0.99, 0.98 and
0.99, respectively. The values close to 1 indicate that the hybrid
model is successful.

4. Discussion and Conclusion

This study aims to screen for breast cancer by using USG
images in artificial intelligence. In the images in the dataset, there
are three separate labels: healthy, benign and malignant tumour.
K-NN, SVMs, DT and Hybrid model algorithms were used. The
data will be analysed more effortlessly and accurately by
comparing the outputs obtained from machine learning
algorithms.

The images obtained using the LOGIQ E9 US system and the
LOGIQ E9 Agile tool are the results of the algorithms; Accuracy,
sensitivity, specificity, F-measurement, Kappa and area under the
ROC curve AUC performance evaluation criteria were used and
evaluated according to these criteria [9].

Different feature extraction algorithms such as time domain,
texture and frequency have been used in the literature. This study
developed a statistical-based feature extraction process, unlike the
literature. This way, an independent feature extraction process
from the data set was preferred.

Some studies in the literature prefer the PCA algorithm for
feature reduction. In this study, the feature selection process is
preferred over applying a transformation to features. This is
because, in models created after PCA, all features need to be
extracted again in each diagnostic process. With the feature
selection process, only the relevant features are extracted. In this
way, the performance of the process will be improved.

The number of studies conducted with deep learning algorithms
in the literature is increasing daily. In these structures, feature
extraction and selection processes are carried out by deep
learning. However, the training period takes quite a long time. It
helps re-evaluate the algorithm selection at points where the
training process is essential. This study developed a hybrid model
with single classifiers to shorten the training time and increase the
performance to deep learning levels [10], [11]. This way, the
performance rate (%99-100) reached the deep learning
performance values in the literature, while the training process
was considerably shortened.
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When classical machine learning algorithms are used in the
literature, segmentation structures are frequently used. In this
study, unlike in the literature, segmentation was not performed.

Table 4. Performance Evaluation Table

Performance Evaluation Criteria

F-Ms Kappa AUC
0.537 0.156 0.578
0.620 0.248 0.624
0.537 0.156 0.578
0.721 0.518 0.758
0.546 0.114 0.557
0.520 0.084 0.542
0.592 0.204 0.602
0.806 0.624 0.812
0.608 0.218 0.609
0.616 0.233 0.617
0.607 0.234 0.617
0.909 0.819 0.910
0.487 0.155 0.577
0.653 0.309 0.654
0.652 0.309 0.654
0.778 0.564 0.782
0.616 0.233 0.617
0.654 0.308 0.654
0.622 0.264 0.632
0.955 0.910 0.955
0.579 0.173 0.586
0.637 0.279 0.639
0.594 0.188 0.594
0.907 0.819 0.909
0.446 0.086 0.543
0.645 0.294 0.647
0.662 0.323 0.662
0.992 0.985 0.993
0.507 0.085 0.542
0.654 0.308 0.654
0.577 0.172 0.586
0.938 0.880 0.940
0.545 0.144 0.572
0.645 0.294 0.647
0.522 0.145 0.573
0.930 0.865 0.933
0.435 0.101 0.551
0.653 0.309 0.654
0.536 0.114 0.557
0.911 0.835 0.918
0.616 0.249 0.625
0.628 0.264 0.632
0.608 0.218 0.609

Level Model
Sen  Spe

DT 57.895 0.731 0.424
kKNN  62.406 0.672 0.576
SVMs 57.895 0.731 0.424
Hybrid 75.940 0.925 0.591
DT 55.639 0.478 0.636
kKNN  54.135 0.433 0.652
SVMs 60.150 0.522 0.682
Hybrid 81.203 0.881 0.742
DT 60.902 0.582 0.636
KNN  61.654 0.597 0.636
SVMs 61.654 0.537 0.697
Hybrid 90.977 0.925 0.894
DT 57.895 0.806 0.348
KNN  65.414 0.627 0.682
SVMs 65414 0.612 0.697
Hybrid 78.195 0.836 0.727
DT 61.654 0.597 0.636
KNN  65.414 0.642 0.667
SVMs 63.158 0.552 0.712
Hybrid 95.489 0.955 0.955
DT 58.647 0.522 0.652
KNN  63.910 0.597 0.682
SVMs 59.398 0.582 0.606
Hybrid 90.977 0.955 0.864
DT 54.135 0.313 0.773
KNN  64.662 0.612 0.682
SVMs 66.165 0.657 0.667
Hybrid 99.248 0.985 1.000
DT 54.135 0.403 0.682
KNN  65.414 0.642 0.667
SVMs 58.647 0.657 0.515
Hybrid 93.985 0.896 0.985
DT 57.143 0.448 0.697
KNN  64.662 0.612 0.682
SVMs 57.143 0.403 0.742
Hybrid 93.233 0.881 0.985
DT 54.887 0.299 0.803
kNN  65.414 0.627 0.682
SVMs 55.639 0.448 0.667
Hybrid 91.729 0.836 1.000
DT 62.406 0.552 0.697
11 kNN  63.158 0.582 0.682
SVMs 60.902 0.627 0.591
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Hybrid 99.248 0.985 1.000 0.992 0.985 0.993

A: Accuracy, Se: Sensitivity, Sp: Specificity
F-Ms: F-Measurement

In this way, the segmentation workload is reduced. Even if
there is no segmentation in terms of performance, high
performance in the deep learning process has been achieved
(Table 4 - %99-100) [9], [10].

The study aims to increase the performance of these data by
using the data obtained from cancerous and healthy people.
According to the results we obtained, the ones with the best
performance were selected from the images of breast cancer
patients in the USG screening process. AUC performance
evaluation criteria were used. k-NN, SVMs, DT and Hybrid
algorithms were used. Some of the innovations obtained
according to the literature review are as follows. (1) Performance
has been increased using model performance evaluation criteria.
(2) The best performance values were established using the hybrid
model.
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Abstract

Abstract— Blockchain has become a trend in the last few years due to its financial impact correlated to Cryptocurrency. Blockchain is
a distributed, immutable, and decentralized database to store transactions which are done by users without the need for a trusted Third-
party. Similar to cryptocurrency, tokens are objects that Represent digital or physical assets over a Blockchain network. Token market
value has been dramatically increasing in the last few years due to The breakthrough that was made in preserving intellectual property
And the usage in many other fields like tourism, education, and Art. Non- Fungible tokens (NFT) Are unique and exchangeable tokens
because they are different in type and value due to their scarcity. Using NFT to manage the educational assets will be an effective way
to protect the intellectual property and the educational assets from fraud. In this paper, we propose a NFT-based framework to manage
the educational assets on the Metaverse that authenticate the ownership of the assets using Blockchain technology. We also explain the
minting process we used to convert the assets into NFT in the framework.
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1. Introduction

Blockchain is a distributed, and immutable ledger to store
transactions done by users without the need for a trusted third
party [1]. Blockchain was firstly used for financial purposes, as
in Bitcoin and Ethereum. A smart contract is a selfexecuting
contract written as a code where some predefined terms and
conditions must be valid for executing it. Smart contracts enable
the transferring of assets between buyers and sellers without a
trusted third party. Blockchain uses smart contracts to enable
transferring assets and then recording the transactions of assets to
the ledger [2].

1.1. NFT technology:

NFTs are the non-fungible part of Ethereum Blockchain network
which has its unique value. NFTs are unique digital assets
contains unique identification address and metadata stored over
Blockchain network [3]. NFTs are programmed due to a
predefined standards like ERC-721 and ERC-1155. NFTs can
represent both physical or digital assets. The process of
representing physical assets in NFT called Tokenization.
Tokenized assets can be divided into two categories: Fungible
which are identical and can be replaced with each other’s and non-
fungible which are different in type and value so it can’t be
replaced with other non-fungible tokens [4]. Most of NFT’s
characteristics are derived from Blockchain technology which is
the base of NFT.

1.2. Components of NFT:

Each token has token symbol, Token ID, Unique token contract
address, creator address, transaction history and the metadata
which is the actual content of the token [5]. While metadata may
have huge volume which leads to high expenses to store it over
Blockchain it is stored off chain being and then a link of it is
hashed and then stored over Blockchain. Storing metadata of NFT
off chain then hashing it’s link and attach it to the NFT is an
effective way to reduce the cost of minting NFT for the
educational assets.

1.3. NFT’s Protocols and standards:
1.3.1. ERC-20:

ERC-20 is a standard proposed by Fabian Vogelsteller in
November 2015 for FTs. The standard assumes Tokens to be
exactly the same in type and value. ERC-20 can be used to
represent a vote in elections, a stake in market, a copy of a book
and many other applications [6]. The standard provides a basic
functionality to transfer tokens, and allow tokens to be approved
which enables third party to spend the tokens. Using ERC-20 on
smart contracts enable many functions like: transferFrom which
takes sender and receiver addresses and the amount as an input to
send an amount of crypto from sender to receiver. Approve which
takes an address and the amount requested as an input. The
function approve if an amount of token in the account can be spent
by another account. balanceOf which takes an address as an input
and returns the balance of an account with that address as an
output.

1.3.2. Fabtoken:

Fabtoken is a token management system that enables
developers to issue, transfer, and redeem tokens using
Hyperledger Fabric [7]. The issuer defines the type and quantity
of the asset that will be represented as tokens and then assign the
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tokens to its original owner. Transferring tokens can by done only
by current owners to new owners over the network by using
Unspent Transaction Output (UTXO) model to validate the
transactions. Tokens are stored in the network and can be owned
by any member within the network. Fabtoken authenticates the
ownership of tokens by using membership services of Fabric. The
transactions of tokens considered valid only if it is done by the
owner and valid membership service provider of Fabric.

1.3.3. ERC-721:

ERC-721 was proposed by William Entriken, Dieter Shirley,
Jacob Evans, Nastassia Sachs in January 2018. The ERC-721 is a
NFT standard which assume every token to be unique in term of
type and value from the other tokens in the same smart contract
due to its rarity, quantity, and age [8]. ERC-721 was firstly used
in the Cryptokitties project which is a game enables players to
buy, sell and breed crypto cats as NFTs. For any ERC-721 contract
contract address and uint256 tokenld must be unique. ERC-721
standard provides basic functions to transfer tokens from one
account to another, get the current token balance of an account
and identify the owner of a token. balanceOf which takes an
address as an input and returns all NFTs owned by that address as
an output. safeT ransferFrom which takes addresses of sender and
receiver and tokenID as an input to enables the Transferring of the
ownership of an NFT from one address to another. approve which
takes an address and tokenld as input and return a bool value to
enable or disable approval for a third party.

1.3.4. ERC-1155:

ERC-1155 was proposed by Witek Radomski, Andrew
Cooke, Philippe Castonguay, James Therien, Eric Binet and
Ronan Sandford in July 2018. The standard aims to enable smart
contract to represent and control both FTs and NFTs at the same
time [9]. While ERC-20 and ERC- 721 require a separate contract
to be deployed for each token type ERC-1155 enable smart
contract to check the balance of many owners, transfer multiple
token types at once and approve a third part to control the manage
all tokens at a single contract which reduce the transaction cost.
ERC-1155 has the ability of transferring many assets at the same
call by using safeBatchT ransferFrom which takes the sender,
receiver addresses, values and IDs of tokens that we want to
transfer as an array as an input and transfer them from the sender
address to the receiver address. balanceOfBatch which takes The
address of the token holder and the IDs of tokens as an input and
returns the owner’s balance of the token types requested This
function also enables to take the balances of many addresses by
one call by fill addresses to owner array. setApprovalForAll takes
an address and bool value to enable or disable approval for a
second party/operator address to manage all tokens.

Fig. 1. Comparasion Between NFT protocols

ERC-20 Fabtoken ERC-721 ERC-1155

Supports FT / ‘/ x /
Supports NFT x x J /

Support Multi

token types in x x x J

single SC

1.4.. Advantages of NFT Technology:

NFT depends on Blockchain technology which uses a
distributed network to store data. Data and transactions among
Blockchain are tamper-resistant which means when an transaction
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is added to the chain it cannot be deleted or modified. There are
many advantages of using NFT we some of them are provided as
follow: Proof ownership: NFT assigns the ownership of an asset
to a specific owner [10]. When a NFT is registered over
Blockchain it cannot be modified or deleted and this enable
owners to guarantee their ownerships of assets. Easy ownership
transform: Owners of an asset can transfer the ownership of their
NFTs easily over Blockchain network [11]. Authenticity: When a
NFT is minted it is recorded over Blockchain network with a
unique contract address and that enables owners to ensure their
NFT’s while it is recorded over Blockchain.

1.5.. Why NFT for educational assets?

NFT started to be used in art works, Fashion and luxury,
gaming, Social tokens and many other fields in industry due to it’s
ability to preserve rights on an artworks and protect the
intellectual property. Here are some advantages of using NFT for
educational assets: Data ownership: While the minted NFT is
stored over Blockchain network its ownership is guaranteed also
the educational institute who mint the NFT is the owner of it and
the only one who can have control over it. Data uniqueness: While
the minted tokens have unique address it cannot be modified or
replicated and this afford the uniqueness of the educational assets.
NFTs are uniquely identified and have different values due to their
scarcity, age, and type. Deploying NFTs on smart contracts
enables the creator to prove the existence and the ownership of
the assets which can be physical like houses, antiques, and arts, or
digital like tickets, game characters, and pictures. This feature
makes NFT a good solution for protecting intellectual property.
Ethereum introduced the ERC- 721 standard byWilliam Entriken,
Dieter Shirley, Jacob Evans, Nastassia Sachs in February 2018
followed by the ERC- 1155 standard which is known as the
multitoken standard by Witek Radomski, Andrew Cooke,
Philippe Castonguay, James Therien, Eric Binet, Ronan Sandford
in July 2018 to support NFTs. Metaverse became a trend in
industry and academia especially when Facebook changed its
name into “Metaverse” in 2021. The usage of Metaverse increases
the efficiency of education, entertainment, and social networking
and the other systems that can be online accessed. Usage of
Metaverse has increased dramatically in recent years due to the
features provided to users.Usage of Metaverse has increased
dramatically in recent years due to the features provided to users.
Metaverse integrates the real world with the virtual world then
allowing people who are represented as an avatars to do activities
like trading, educating, and social networking. Avatars are the
virtual copy of the users which has the same rights and authority
of the real world users. Metaverse can be used by the educational
institutes to create classes and provide courses in it. The need to
preserve theintellectual property of materials that will be used in
Metaverse classes and to protect the certificates issued by that
educational institutes from fraud modification.

2. Related Works

2.1. NFTCert

NFTCert is a framework to issue NFT based certificate
instead of paper format [12]. Due to this framework companies
and international universities can authenticate the educational
certificates of students depending on NFT. The framework uses
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private Blockchain architecture which forces the educational
institutes and universities to get a permission of joining the
network before accessing the certification services.

2.2. Blockchain for education

Blockchain for Education is an educational certificate issuing
perspective based on Blockchain [13]. It guarantees the protection
and verification of certificates without the return to the issued
authority. The system allows to identify the identity of authorities
who can issue certificates, Allow the authorities to issue the
certificate, and allow third parties to verificate the issued
certificates.

2.3. Decentralized Storage of Educational Assets
Using NFTs And Blockchain Technology

In this paper they propose a decentralized educational model
to authenticate the educational certificates of students [14]. The
model validates the certificates of students through Blockchain
and IPFS (interplanetary File System). The integration between
Blockchain and IPFS allow to store reduce the fees of minting the
educational certificates over Blockchain.

2.4. Blockcerts

Blockeerts is an open standard that allow to verify and issue
official records like course licences, and academic credentials
[15]. The system allows the educational institutes to issue
educational certificates based on the credentials given by the
students. The credentials are hashed on the Blockchain and then
sent to the recipient who can give it to the verifier who will check
the Blockchain to verify the certificate.

3. The Proposed Method

In this paper, we propose a NFT based model to manage the
educational assets in Metaverse. The model protects the
educational assets from fraud operation and preserve the
intellectual property of the educational assets. When an asset is
recorded over Blockchain as NFT it own the following features:
All the assets are recorded over the distributed ledger of
Blockchain which makes it resistant to fraud or modification
operations. When the asset added and the NFT minted it cannot
be edited or removed even by the owner. The model uses IPFS
(InterPlanetary File System) to avoid the big costs of storing big
files over Blockchain. IPFS can handle all kinds of data
Documents, Images, and videos that makes it appropriate for
preserving the intellectual property of multimedia. Using IPFS for
storing the files will enable us to store big sized file and only the
link of that stored documents will be added to the NFT. The model
will be run as shown in the figure Below.
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Table 1. comparasion of existing Blockchain based educational management systems

THE YEAR | OBJECTIVE Support Privacy of Supports other | Applicable | Supports
PROPOSED educational | personal educational assets with Multimedia
METHOD certificates | information Metaverse
2016 | Allow v’ v’ X X X Allow
educational educational
institutes to institutes to
Blockcerts issu? issu?
certificates certificates
based on based on
student’s student’s
credentials. credentials.
2018 | Guarantee v v’ X X X Allow third
the parties to
protection verify the
Blockchain ‘and ) ls.sued
) verification certificates.
for education
of
certificates
without third
party.
2021 | Issuing NFT v’ v X X X Enables
based overseas
certificates universities
instead of and
paper international
format. companies
related to
NFTCERT it’s private
Blockchain
to
authenticate
the
educational
certificates
of students.
Decentralized | 2022 | Authenticate v’ v’ X X X Using IPF'S
storage of student’s to store high
educational certificate amount of
assets using using data instead
NFTS and blockchain. of storing it
blockchain over
technology Blockchain.
2022 | Protects the v v’ v’ v’ v’ Protect the
educational educational
assets from assets
Our proposed fraud including
operations Multimedia
system .
and preserve in Metaverse
the using NFT.
intellectual
property.
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Fig.3. Flowchart of minting a NFT record in the proposed model
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Firstly owner of the asset apply for the educational institute
and provide the asset with his/her full information. The
educational institute starts minting process by storing the
educational asset on IPFS or the web. Then creates a JSON file
that refers to the stored document. JSON file contains the
information of asset owner. JSON schema considered as a digital
educational asset that prove the property of that asset. After
creation of JSON file it is attached to the NFT by the educational
institute and treated as a token over the network. Finally the
educational asset is transferred to it’s owner wallet. We also
introduced Use case diagram for Registering an asset is running
as follow: User request to register the asset from the educational
institution. User then pay the fees of registration plus fees of
SC(Smart contract deployment). When the fees paid the
educational institute deploy a smart contract to mint the NFT
belong to the asset and record it to the Blockchain.

Fig.4 . Usecase diagram for registering an educational asset

4. Conclusions and Recommendations

In this paper we concluded the systems and model proposed
to manage the educational -certificates and assets using
Blockchain. Then we introduced our proposed model to aim to
protect the intellectual property and stop fraud operations of the
educational assetsby representing the educational assets as NFT
and manage it over Blockchain in Metaverse.
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Oz

Teknolojinin gelismesiyle birlikte elektriksel cihazlarin davraniglari da degismistir. Bu durum, yiik modelinin gelistirilmesini ve
cihazlarin dogru bir sekilde tanimlanmasinin gerekli oldugunu agikga ortaya koymaktadir. Bu ¢alisma akkor lamba, Isik Yayan Diyot
(LED) lamba, Stv1 Kristal Monitor (LCD) ve elektrik siipiirgesi gibi konutsal yiiklerin yiik modelinin gelistirilmesini, polinomsal yiik
modeli ve iistel yiik modeli katsayilarin1 deneysel olarak belirlenmesini sunmaktadir. Olgiim parametreleri, kullanimi kolay ve ekonomik
oldugu i¢in PZEM-004T modiilii kullanilarak Arduino Uno ile Excel’e aktarilip Matlab’de bu yiik modellerinin katsayilar1 ve gerilim
azaltma orani hesaplanmistir. Konutsal yiiklerin polinomsal ve iistel yiik modeli parametreleri en kii¢iik kareler ve i¢ nokta yontemi
kullanilarak elde edilmistir. Ayrica ZIP yiik modeli parametreleri kullanilarak tistel yiikk modeli parametrelerinin elde edilmesi
gosterilmistir. Akkor lamba ve elektrikli siipiirge i¢in bulunan katsayilar ile elde edilen ZIP ve iistel yiikk modeli gercek yiik modeline
¢ok yakin oldugu 6l¢limler sayesinde goriilmiistiir. LED lamba icin elde edilen ZIP ve iistel yiik modeli ise nominal gerilim etrafinda
gergek giic degerlerine yakin sonug vermektedir. Konutsal yiiklerin ZIP yiik modeli katsayilarina dayali tahmini gii¢ tiikketimi elde
edilerek olgiilen gergek giic tiikketimi ile karsilastirilmustir.

Anahtar Kelimeler: Statik Yiik Modeli, Polinomsal Yiik Modeli, Ustel Yiik Modeli, CVR Faktorii, Tahmini Gii¢ Tiiketim.

Parameter and Power Consumption Estimation of Residential Loads

Abstract

With the development of technology, the behavior of electrical devices has also changed. This makes it clear that the development of
the load model and the correct identification of the devices are necessary. This study presents the development of the load model of
residential loads such as incandescent lamp, Light Emitting Diode (LED) lamp, Liquid Crystal Monitor (LCD) and vacuum cleaner,
and experimentally determining the coefficients of the polynomial load model and the exponential load model. Since the measurement
parameters are easy to use and economical, PZEM-004T module was transferred to Excel with Arduino Uno and the coefficients and
voltage reduction ratio of these load models were calculated in Matlab. It has been determined that both load models are suitable for the
incandescent lamp and the vacuum cleaner. Estimated power consumption based on polynomial load model coefficients and actual
power consumption results are obtained. According to these results, the estimated power in the incandescent lamp and vacuum cleaner
is below the actual power; In the LED lamp and LCD monitor, the estimated power was found to be above the actual power.

Keywords: Static Load Model, Polynomial Load Model, Exponential Load Model, CVR Factor, Estimated Power Consumption.
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1. Giris

Giig sistemleri, elektrik enerjisinin tretimi, iletimi, dagitimi
ve tiiketimi igin ¢ok sayida cihazdan olusan birbiri ile baglantili
biiyiik sistemlerdir. Yiik, sisteme bagli bir veya daha fazla
cihazlarin sistemde tiikettigi toplam gii¢ olarak adlandirilabilir.
Yik o&zellikleri sistem performanslarint etkilediginden, gii¢
sistemi ¢aligmalar1 i¢in 6nemli bir konu olmustur. Yeni teknolojik
cihazlar ile birlikte cihazlarin o6zelliklerinin elektrik giic
sistemlerinin ¢aligmasi ve performansi iizerindeki etkisi yaygin
olarak kabul edilmektedir. Bu nedenle yiiklerin davranisini
incelemek icin bunlara uygun yiikk modelleri gelistirilmesi ve
uygun olaninin se¢ilmesi sistem analizi i¢in ¢ok énemlidir.

Yiik 6zelliklerinin elektrik gii¢ sistemi iizerinde 6nemli bir
etkisi oldugu ve yiik ozelliginin dogru bir sekilde temsil
edilmesinin  kritik oldugu wuzun zamandir bilinmektedir.
Aragtirmacilar, gergek yiik 6zelliklerinin davranigini tanimlamak
i¢in yiikler tarafindan ¢ekilen gercek ve reaktif giiciin gerilim ve
frekansla nasil degistigini agiklamak konusunda yogun ¢aba sarf
etmisgtir.

Quilumba ve arkadaslar1 (2011) (Quilumba et al., 2013),
oyun konsollar1 ve TV’lerin yiik davranisini ve gii¢ sistemindeki
etkisini analiz etmek i¢in ZIP yiik modeli kullanarak cesitli yiik
modelleme calismalar1 gerceklestirmislerdir. LED TV, LCD TV,
XBOX 360 ve PS3 gibi cihazlar iizerinde ¢esitli testler yapilmis
ve laboratuvar testlerinden elde edilen bu degerler i¢in ZIP yiik
modeli gelistirilmistir.

Zhao ve arkadaslart (2010) (Zhao et al., 2010), akkor lamba,
floresan ve sodyum lamba, LCD, masaiistii bilgisayar, notebook,
mikrodalga firin gibi cihazlarin yiik bilesenleri dinamik
simiilasyon deneylerine dayali olarak modellenmistir. Buna gore
tipik 1sitma yiiklerinin sabit empedans modelleri olarak
gosterilebilecegi ve tiim cihazlar i¢in aktif gii¢ ile reaktif giicliniin
farkli oldugu goriilmiistiir.

Schneider ve Fuller (2010) (Schneider & Fuller, 2010), enerji
tiiketimi iizerinde 6nemli etkiye sahip olan talep tepkisi ve enerji
verimliligi gibi detaylari dikkate alarak son kullanim yik
modellerini dagitim sistemi analizine dahil etmek i¢in ZIP yiik
modeli ile iyilestirmeyi amaglamiglardir.

Duan ve arkadasglart (2007) (Duan et al., 2007), tarafindan
yapilan c¢alismada dogrusal olmayan elektronik yiiklerin,
gerilimdeki degisikliklere bagl tepkileri incelenmistir. Olgiimlere
dayanarak ZIP modeli gelistirilmis, nominal gerilimdeki aktif ve
reaktif giiclere dayali olarak bireysel yiik ekipmanlarint analiz
etmek i¢in bilgisayar programu gelistirmislerdir.

Yiik modeli gelistirmeye yonelik iki temel yaklagim vardir.
“Olgiime dayali modeller” ve “Bilesen tabanli modeller”. Her iki
model de yiik geriliminin ve sistem frekansinin degismedigi
durumlarda polinomsal veya {istel yiik modeli iiretir (Patton &
Ilic, 1993).

Bu c¢alismada, konutsal yiiklerin polinomsal (ZIP) yiik
modeli ve listel (eksponansiyel) yiik modelinin en kiigiik kareler
ve i¢ nokta yontemi ile elde edilmistir. Elde edilen yiik modelleri
gercek giic degerleri ile karsilastirilarak uygun olan yiikk modeli
tespit edilmistir. Konutsal yiiklerden bazilariin &lgimler ile
gerilim azaltimi yontemi (CVR) faktorii hesaplanmistir. ZIP yiik
modeli katsayilari ile yaklasik hesaplanan gerilim azaltim faktori
kullanilarak tahmini gii¢ tiiketimi hesaplanmistir. Tahmini giig
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titketimi konutsal yiiklerden bazilar1 i¢in degisken gerilim profili
altinda hesaplanarak gercek degerler ile karsilagtirilmistir.

Bu makalenin geri kalan1 asagidaki gibi organize edilmistir:

Boliim 2'de polinomsal yiik modeli ve iistel yiik modeli,
gerilim azaltma yontemi (CVR), en kiigiik kareler yontemi
(EKK), Bolim 3’te donanim, Bolim 4’te parametrelerin
hesaplanmasi, test prosediirii ve verilerin aktarilmasindan
bahsedilmistir. Béliim 5'te, dl¢limii yapilan cihazlarin gerilim-gii¢
egrileri, CVR faktorii, tahmini gii¢ tiiketiminden ve elde edilen
sonu¢lardan bahsedilmistir. Boliim 6°da, elde edilen sonuglar
rapor edilmistir.

2. Materyal ve Yontem
2.1. Statik Yiik Modeli

Yik modelleme, giic ile gerilim arasindaki matematiksel
iligkiyi ifade etmektedir (Yigit et. al., 2021). Statik yiik modeli,
herhangi bir andaki aktif veya reaktif giiciin, gerilim biyiikligi
ve frekansinin fonksiyonlari olarak ifade edilmektedir. En yaygin
statik yiik modelleri sabit empedans, sabit akim ve sabit gii¢
ifadelerinden olugan polinomsal yik modeli ve {istel
(eksponansiyel) yiik modelidir.

Sabit empedans yiik modeli: Giiclin gerilim biyiikliigiiniin
karesiyle dogru orantili olarak degistigi yiik modelidir.
Aydinlatma, ark ocaklari, 1sitma bu yiik modeline verilebilecek
orneklerdir ve agirlikli olarak omik karakteristige sahiptirler

(McKeever et al., 1982).
2

p= po.(VKO) (1)
0=0n(y) @

Sabit akim yiik modeli: Giiciin gerilimin biiyiikliigiiyle dogru
orantili olarak degistigi yiik modelidir. Elektrokimya ve metalurji
alaninda, metal parlatma, kaplama ve elektroliz ¢aligmalarinda
uygulanan teknigin esast sabit akim c¢ekmeye dayalidir

(Metalografi - A. Emel Gegkinli - Google Kitaplar, n.d.).

P=p, (VK()) 3)
0= () @

Sabit gii¢ yiikii modeli: Besleme gerilimi biiyiikliigiindeki
degisimden bagimsiz olarak yiik, sabit aktif ve reaktif gii¢ ¢eker.
Bu model, sabit PQ yiik modeli (veya sabit MVA yiik modeli)
olarak adlandirilabilir.

2.2. Polinomsal Yiik Modeli

Polinomsal (ZIP) yiik modeli genellikle hem kararli durum
hem de dinamik ¢aligmalarda kullanilir (Arif et al., 2018). Enerji
endiistrileri  arasinda genel olarak tanmnan statik yik
modellerinden biridir (Quilumba et al., 2013). Bu model, gii¢
sistemi kararlilik caligmalarinda yaygin olarak kullanilmaktadir
(Zhao et al., 2010).

Bu model, sabit empedans (Z), sabit akim (I) ve sabit gii¢ (P)
bilesenlerinden olusan bir polinom denkleminde gerilim ile gii¢
arasindaki iliskiyi ifade eder. ZIP yiik modeli, sistem davranisi
analiz caligmalart igin uygun modellerden birisidir. Sabit
empedans, sabit akim ve sabit gii¢ kategorilerin toplamini temsil
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eder. Ug kategori arasindaki fark, giig-gerilim iliskisi ile ilgilidir:
Sabit empedans i¢in gerilim ile gii¢ bagimlilig1 ikinci dereceden,
sabit akim i¢in dogrusal ve sabit gili¢ i¢cin ise gerilimden
bagimsizdir (Hatipoglu et al., 2012). Matematiksel olarak ZIP yiik
modeli aktif ve reaktif gli¢ icin denklem (5) ve (6)’da
gosterilmistir.

P=p, [Zp. (VKO)
Q=0 [Zq. (VKO)

Burada P toplam aktif gii¢, Q toplam reaktif gii¢, Z, I, P ise
sirastyla empedans, akim ve giicii temsil etmektedir. Py ve Qg, Vy

nominal gerilimindeki aktif ve reaktif giigtiir (Quilumba et al.,
2011).

2.3. Ustel Yiik Modeli

Ustel yiik modelinde giic ile gerilim arasindaki iliski aktif ve
reaktif gii¢ icin denklem (7) ve (8)’de ifade edilmistir. Burada
gerilim ile aktif ve reaktif gii¢ arasindaki iliskiyi ifade etmek igin
np ve nq katsayilari yer almaktadir. Bu denklemde yer alan
katsayilar ZIP yiikk modelinde yer alan katsayilardan daha azdir
(Arifet al., 2018).

2

+1,, (VKO) - Pp] (5)

+1, (VKO) + Pq] 6)

2

P =P, (%)n,, )
0e=a(p)" ®

ZIP yiik modelinin iistel yliik modeline doniisiimii denklem
(9)’da yer almaktadir ve bu denklem reaktif yiikk modeli i¢in de
gegerlidir (Collin et al., 2014; Milanovi¢ et al., 2013).

_(22))+(15) +(0.5)

9
s Z,+1I,+P, ®)

2.4. Gerilim Azaltma Yontemi (CVR)

Gerilim azaltimi (CVR) yontemi, sebeke gerilimi seviyesini
azaltarak gii¢ tiilketiminin azaltilmasini amaglayan bir tekniktir.
Son tiiketicide bulunan ekipman ve cihazlarin kapanmamasi veya
ariza olmayacak sekilde nominal gerilimden daha diisiik gerilim
seviyeleri ile caligtirilabilir. CVR uygulamasimin etkinligini
degerlendirebilmek icin sebekeye bagl yiklerin davranigin
tanimlayan iyi bir model elde etmek gerekir. Bu ¢alismada, model
parametreleri konutsal yiiklerde gergeklestirilen dlgiimlerden elde
edilmistir. CVR ’nin cihazlar tizerindeki etkisi aktif ve reaktif gii¢
degisimleri incelenmistir.

Lamberti ve arkadaglar1 (2013), Birlesik Krallikta dagitim
agindaki ev cihazlarimin davramisi iizerindeki CVR etkisini
incelemigtir (Lamberti et al., 2013).

Tesfasilassie ve arkadaslar1 (2014) tarafindan yapilan
¢alismada, CVR nin toplam gii¢ talebini azaltmadaki etkinliginin,
ana transformatdr merkezi gibi merkezi noktadan toplu yiik
modeli kullanilarak yaklasik olarak tahmin edilebilecegi
gosterilmistir (Tesfasilassie et al., 2014).

CVR’nin faktorii, yiik tarafindan tiiketilen enerji degisim
ylizdesinin gerilim degisim yilizdesine orani olarak denklem
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(10)’da ifade edilmistir (Hossan et al., 2018). Ayrica denklem
(11)’de yer alan CVR faktorti iistel yiik modeli katsayisina hemen
hemen esittir (Gutierrez-Lagos & Ochoa, 2020). CVR faktord,
reaktif glic (kVAr) ve enerji (kWh) cinsinden yazilabilir
(Emiroglu, 2017).

%AP
CVRr = —— 10
T %AV (10
Ayrica;
CVRs = ny 4 (11)

oldugu denklem (7) ve (8) sayesinde goriilmektedir.

3. Donanmim
3.1. Varyak

Sebeke gerilimini istenilen gerilime yiikselten veya diisiiren
cihazlardir. Tek sargilt bakir telin sa¢ niive etrafina sarilmasiyla
elde edilir (Test Varyak - Regiilatorler, Varyak, Transformatérler,
n.d.). Sekil 1°de varyak cihazina ait gériintii yer almaktadir.

Sekil 1. Varyak (Test_varyak_kutulu_11.Png (284 =400), n.d.)

3.2. Arduino Uno

Arduino Uno, 6 analog giris ve 14 dijital giris/¢ikis pinine
sahip ATmega328 tabanli bir mikrodenetleyici kartidir. Sekil 1°de
yer alan Arduino Uno’nun ¢aligma gerilimi 5V olup 32 KB flash
bellege sahiptir (Kumar & Ajitha, 2018).

Sekil 2. Arduino Uno (Pr_01 2173.Jpg (817%570), n.d.)
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3.3. Pzem-004t (10A) Modiil

Pzem-004t, gerilim, akim, gii¢, gii¢ faktorii ve enerji parametreleri
olemek i¢in kullanilan AC ¢ok islevli dlgiim cihazidir. Modiil
ekran fonksiyonuna sahip degildir. Veriler TTL arayiizii iizerinden
okunur. PZEM-004T-10A dahili sont 0-10A olglim araligina
sahiptir ve  PZEM-004T-100A harici transformatérlic 0-100A
Olciim araligina sahiptir (PZEM-0041-3-0-TTL-Modbus-Electric-
Kwh-Energy-Meter-Wattmeter-Voltmeter-Ammeter-Volt-Amp-
Power.Png (800%800), n.d.). Sekil 3’te PZEM-004T 10A modiilii
yer almaktadir.

Sekil 3. Pzem-004T 10A Modiilii (Regresyon et al., 2008)

4. Parametrelerin Hesaplanmasi
4.1. En Kiiciik Kareler Yontemi

ZIP parametreleri bazi yontemlerle belirlenebilmektedir. Bu
calismada kullanilan yontem En Kiigiik Kareler (EKK)
yontemidir. EKK ydntemi, regresyon caligsmalarinda siklikla
kullanilan ve hesaplamadaki kolayligindan dolay1r en uygun
tahmin yontemi olarak tercih edilmektedir (Sadeghi & Abdollahi
Sarvi, 2009). Bu yontem ile deneysel ¢aligmalardan elde edilen
verilere en yakin degerleri temsil edecek egrinin parametreleri
hesaplanacaktir. Denklem (12)’de EKK yo6netimi ifade edilmistir:

N
min, ) O = px,)? (12)

n=
ZIP modelin genel denklemi (13)’de verilmistir.

P=P [z (V)ZH (V)+P] (13)
0|“p- VO p* VO 4
Z,+L,+P =1 (14)
n 2 2
1=y (2 () + 66+ m- ()
Yy A7 P\r,/ P \p, (15)
i=

en kiiciik olacak sekilde Zy, I, P, parametrelerine gore tiirevi
almarak sifira esitlenir.
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oy () () () - ()
dz, ~ L\ \ TP TP TR, (16)
i=
=0
n
dl—Zz Vi Z(V")2+1<Vi)+1> (Pi) -0 (1)
dl,,_,1 Vo \ TP\, VA Po\p/ |
i=
n
dl—Zz z (V">2+1 (V")+P (Pi) -0 (18)
dp, L7\ 7PV, P\, vo\p/ |
Yukaridaki  denklemlerden tiirev alma ve dilizenleme

islemlerinden sonra matris formu denklem (19)’daki gibi bulunur
(Carneiro et al., 2017).

- n n n 9 - n -
St Y vE yw > v
i=1 i=1 i=1 i=1
n n n Zp n
Y >vE vl b= (19)
i=1 i=1 i=1 b, i=1
n n n
z Viz Z Vi n Z Pi
= i=1 . L im

4.2. Fmincon Algoritmasi

ZIP yiik modeli katsayilart ve iistel yiik modeli katsayilari
MATLAB fmincon - i¢ nokta algoritmasi kullanilarak ¢6ziilebilir
(Find Minimum of Constrained Nonlinear Multivariable Function
- MATLAB Fmincon, n.d.). Reaktif gli¢c parametrelerini tahmin
etmek icin benzer prosediir kullanilir. S6z dizimi asagidaki
gibidir.
x=fmincon(fun, x0,A,B,Aeq,Beq,lb,ub)

Burada fun ¢oziilecek fonksiyonu, x0 baslangi¢ degerini, A ve
Aeq matris, B ve Beq vektorleri, 1b ve ub alt ve iist sinir1 temsil
etmektedir (An et al., 2016).

4.3. ZIP Katsayillarina Dayalh Tahmini Gii¢
Tiiketimi

Yik tarafindan tiiketilen giic degisim yiizdesinin gerilim
degisim ylizdesine orani olarak CVR faktorii, matematiksel olarak
degerlendirilebilir. Bu nedenle, CVR’den kaynaklanan giic
azalmasmin da tahmin edilmesi gerekir. Sekil 4’te tahmini gii¢
tilketimi akis semast yer almaktadir. Denklem (20) - (27)’de bu
matematiksel ifadenin ¢ikarimi yer almaktadir.

ZIP Model Katsayidlann Z. L. P

¥

CVR Faktori: CVRp=2.Z+1.I+0.P

¥

Gug Azaltma: P, =P, CVRp AV,

b

Tahmini Giig Tiketimi
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Sekil 4. Tahmini Giig¢ Tiiketim Akis Semast

Denklem (5)’te yer alan ifadeye P, = Pi vel, = VK ile denklem
o

o
(20)’deki gibi yazilabilir.

By = ZpV2 + LV, + Pp (20)

P,
OP, = [2Zp(3V, + 1) + Ip]0V, (22)
OP, = [2Zp0V;2 + 27,0V, + [,0V,] (23)
OP, = (2Zp + Ip)dV,, + 2ZpdV;2 (24)

aVnZ ihmal edilebilir ve basitlik i¢in gbz ardi edilebilir. Bu
nedenle, CVR faktorii denklem (25)’teki gibi sabit empedans ve
sabit akim olan ZIP yiikk modeli katsayilarina dayali olarak
hesaplanabilmektedir (Alkrch, 2020).

dP,
CVR, = FTA 27Zp + Ip (25)
Vo—V
M= (26)
P. = P,CVR/AV, 27)

Denklem (27) CVR, yani ZIP katsayilarina dayali olarak gii¢
azalmasimi bulunmasini saglamaktadir. Tahmin edilen gii¢ ise
denklem (28)’de yer alan P, nominal gii¢ ile B. gii¢ azalmasinin
farkidir (Alkrch, 2020).

Pranmin = B — B (20)

4.4. Test Prosediirii

Cihazlar tizerindeki test, 240-200 V gerilim degerleri arasinda
yapilmistir. Her yiik ¢esidi secilen en yiiksek gerilim degerinde
caligmasina izin verilerek kademeli olarak gerilim degeri
azaltilmistir. Test Ol¢iim akis semasi Sekil 5’te, test Ol¢im
diizenegi Sekil 6’da yer almaktadir. Uygun gerilim degerini
saglamak i¢in ayarlanabilir varyak kullanilmistir. Gerilim ve akim
degerleri  stabilize edildikten sonra gecerli  Slglimler
kaydedilmistir. Tekrarlanabilirligi kontrol etmek i¢in her test en
az iki defa yapilmstir.
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Sebeke Gerilimi

<=

Ayarli varyak 1le 200-240V aras1 gerilim degisimi

<=

Pzem-004t/Arduino Uno ile gerilim ve gii¢ degerlerinin 8lgiilmesi

<=

Excel ven: aktarin

b

Matlab programinda ZIP katsayilarmmn bulunmasi

Sekil 5. Test Olgiim Akis Semasi

Sekil 6. Test Olgiim Diizenegi
4.5. Verilerin Aktarilmasi

Data Streamer, bir mikrodenetleyici ile karsilikli olarak MS
Excel’e canli veri akigini saglayan eklentidir (What Is Data
Streamer?, n.d.). Arduino Uno ile USB araciligiyla bilgisayara
baglanti yapildiktan sonra PZEM-004T modili ile olgiilen
gerilim, akim, giic ve gii¢ faktorii parametrelerinin bilgisayara
aktarildig1 esnadaki ekran goriintiisii Sekil 7°de yer almaktadir.

i HuEERsEERERE

[

Sekil 7. Verilerin Excel’e Aktarilmasi

5. Bulgular ve Tartisma

5.1. Akkor Lamba
30
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Sekil 8’de akkor lamba i¢in gerilim — aktif gii¢ egrisi yer almaktadir. 220 V gerilimde 48.9 W aktif giic tiikettigi baz alinarak model
Olgiim sonucunda nominal gerilim olusturulmustur. Akkor lambanin 6lgiim, ZIP ve iistel yiik modelinin
birbirine ¢ok yakin oldugu ve basarili sonug verdigi goriilmektedir.

Akkor Lamba
56 & T T T T T ! —— Olgiim |
"\\ = -{_]p [
B Ustel
M-
52
2l
§
Zwp
=
46 |-
“ -
) ‘ ‘ ‘ ‘ ‘ ' .
240 235 230 25 220 215 210 205 200
Gerilim (V)
Sekil 8. Akkor lamba gerilim — aktif gii¢ egrisi
Nominal gerilim 220 V gerilim degerinde 6.96 VAr tiikettigi baz
almarak olusturulan model sekil 9’da yer almaktadir. Bu cihaz
icin reaktif giic modelinin de bagarili sonug verdigi goriilmektedir.
Akkor Lamba
8 N T T T T T T T _OIC;"“

\ - -ZIP
781 - = Ustel

-~
=
T
|

-~
-
T
/ |
|

Reaktif Gii¢ (VAr)
a -~
*® ~3 w~

T T T
| 1 1

= >
- >
T T
| ]

62 \ 4

1 1 1 1 1 L 1 B

6
240 235 230 225 220 215 210 205 200
Gerilim (V)

Sekil 9. Akkor lamba gerilim - reaktif gii¢ egrisi
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5.2. LED Lamba

Sekil 10’da LED lamba icin gerilim — aktif giic egrisine yer
verilmistir. Olgiim sonucunda nominal gerilim 220 V gerilimde
7.4 W aktif giic tiikettigi baz almarak model olusturulmustur.
Olgiim ve modelleme sonuclarina gére 240 — 225 V gerilim

araliginda ZIP modelin ger¢ek sonuglara yakin, tistel modelin ise
gergek modele yaklastigi; 225 — 217 V gerilim araliginda ise her
iki modelin ger¢ek sonuglara ¢cok yakin degerler irettigi; 217 —
200 V gerilim araliginda ise ZIP modelin gergek sonuglara yakin,
iistel modelin ise gergek sonuglardan uzaklastigi goriillmektedir.

Led Lamba

AKtif Giic (W)

T T T T

——Ol¢iim
- =ZIP
] Ustel

| 1 | 1

220 215

2
240

235

230

225
Gerilim (V)

Sekil 10. LED lamba gerilim — aktif gii¢ egrisi

Nominal gerilim 220 V gerilim degerinde 9.36 VAr tiikettigi
baz alinarak olusturulan model, Sekil 11°de yer almaktadir.
Buna gore reaktif gii¢ i¢in de aktif giicte oldugu gibi benzerlik

olmaktadir. ZIP modelin LED lamba i¢in daha uygun bir model
oldugu sonucuna varilmustir.

Led Lamba

16

S
T

Reaktif Gii¢c (VAr)
*®
T

T T T I T 1 Oll;i'lm
- =7IP
Ustel

| 1 | 1 | 1

240
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235

230 225 220 215 200

Gerilim (V)

Sekil 11. LED lamba gerilim - reaktif gii¢ egrisi
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5.3. LCD Monitor

LCD monitdr i¢in gerilim — aktif giic egrisi Sekil 12’daki
gibidir. Ol¢iim sonucunda nominal gerilim 220 V gerilimde
14.3 W aktif gii¢ tiikettigi baz alinarak model olusturulmustur.

Olgiim sonucunda 230 — 205 V gerilim degerlerinde sabit giic
tiiketimi yaptig1 goriilmektedir. ZIP ve iistel yiik modellerinin
birbiri ile benzerlikte oldugu goriilmektedir.

1445

144

1425

142

240

LCD Monitor

T

T T T T T T —Olgiim
- = =ZIP
Ustel

| 1 | 1 | 1

235

230 225 220 215 210 205 200
Gerilim (V)

Sekil 12. LCD monitor gerilim - aktif gii¢ egrisi

Nominal gerilim 220 V gerilim degerinde 21.71 VAr tiikettigi
baz almarak olusturulan model Sekil 13’te yer almaktadir.

Olgiilen ve olusturulan modellerin sonuglardan farkli olmakla
birlikte yakin oldugu goriilmektedir.

LCD Monitor
23 T T T T T T ! — Ol¢iim
-==ZIP
Ustel
225

22
=
=
<215
2
g
=
Z 21
Z
&

20

195 1 | 1 I 1 |
240 235 230 225 220 215 210

Gerilim (V)

Sekil 13. LCD monitor gerilim - reaktif glic egrisi
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5.4. Elektrikli Siipiirge

Elektrikli siipiirge icin gerilim — aktif gii¢ egrisi Sekil 14’deki

Avrupa Bilim ve Teknoloji Dergisi

573.4 W aktif giic tiikettigi baz alinarak model olusturulmustur.
Elektrikli siipiirgenin 0lgiilen degerlerin ve hesaplanan

gibidir. Ol¢iim sonucunda nominal gerilim 220 V gerilimde

modellerinin birbirine ¢ok yakin oldugu goriilmektedir.

700

650 S

g
T

Aktif Gii¢ (W)

550 -

T

500

= Ol¢iim
-==7IP
Ustel

450 :
240 235

Nominal gerilim 220 V gerilim degerinde 143.70 VAr tiikettigi
baz almarak olusturulan model Sekil 15°te yer almaktadir. 240

180 T

Elektrikli Siipiirge
T T T T
~
\\\.__
G
\\.
1 1 1 1
230 225 220 215

Gerilim (V)

210

Sekil 14. Elektrikli siipiirge gerilim - aktif gii¢ egrisi

Elektrikli Siipiirge
T

205

200

— 200 V gerilim degerleri arasinda Olgiilen sonuglarin ve
hesaplanan modelin yakin oldugu goriilmektedir.

170

160

150

140 [

130

Reaktif Gii¢ (VAr)

120 |-

100 -

—Ol¢im
- = «7ZIP
Ustel

90 :
240 235

Bu c¢alismada akkor lamba, LED lamba, LCD monitér ve
elektrikli siipiirgenin gerilimleri 240 V’tan 200 V’a kademeli
olarak azaltilarak oOl¢iimler yapilmis ve elde edilen sonuglar

230 225 220 215
Gerilim (V)

Sekil 15. Elektrikli siipiirge gerilim - reaktif gii¢ egrisi

goriilmektedir.

bilgisayara aktarilmistir. Her bir cihazin aktif ve reaktif gii¢ i¢in
esitlik (9) ve (19)’a gore ZIP yiik modeli katsayilar1 ve iistel yiik
modeli katsayilar1 Tablo 1’de, Matlab programina ait fmincon
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210

205

200

algoritmasina gore ise Tablo 2’de yer almaktadir. Sonuglara gore
her cihazin belirli oranlarda Z, I, P katsayilarmi igerdigi
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Tablo 1. Elektriksel cihazlara ait ZIP katsayilari esitlik (9) ve (19)'a gére parametre sonuglart

European Journal of Science and Technology

Cihaz Z, I, P, Z, I, P, n, n,
AKkkor Lamba 0.4787 0.5906 -0.0696 0.4787 0.5906 -0.0696 1.5480 1.5480
LED Lamba -27.5792 59.6921 -31.1198 -23.1145 50.9677 -26.8749 4.5337 4.7387
LCD Monitor 0.0742 -0.0838 1.0102 -0.8198 2.2613 -0.4569 0.0646 0.6218
Elektrikli Siipiirge 1.9481 -1.7636 0.8140 -0.4477 3.1425 -1.6937 2.1326 2.2470

Tablo 2. Elektriksel cihazlara ait ZIP katsayilari matlab fmincon algoritmasina gére parametre sonuglari

Cihaz Z, I, P, Z, 1, P, n, n,
AKkkor Lamba 0.4787 0.5906 -0.0696 0.4787 0.5906 -0.0696 1.5480 1.5480
LED Lamba -27.5792 59.6921 -31.1198 -23.1145 50.9677 -26.8749 4.5337 4.7387
LCD Monitor 0.0742 -0.0838 1.0102 -0.8198 2.2613 -0.4569 0.0646 0.6218
Elektrikli Siipiirge 1.9481 -1.7636 0.8140 -0.4477 3.1425 -1.6937 2.1326 2.2470

A [=— Akkor Lamba
——— Led Lamba
LCD Monitor
—— Elektrikli Sipirge

CVRp

240 235 230 225 220 215 210 205 200
Gerilim (V)

Sekil 16. Tiim cihazlara ait gerilim - CVRp egrisi

LCD monitér ise bu iki cihazdan daha disik CVR, degeri
dretmistir. LED lamba ise 240-200 V azalan gerilime gore siirekli
artig gostermistir.

Calismada kullamilan tiim cihazlar igin aktif gii¢ i¢in CV Ry, efrisi
Sekil 16°da, reaktif giic i¢in CVR, egrisi Sekil 17°de yer
almaktadir. Akkor lamba ve elektrikli siipiirge genel olarak sabit
bir CV R, degerine sahiptir.
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25—

CVRq

05—

— Akkor Lamba

Led Lamba

LCD Monitér
~——— Elektrikli Supiirge |

0
240 235 230 225

215 210 205 200

Gerilim (V)

Sekil 17. Tiim cihazlara ait gerilim - CVR(q egrisi

Akkor lamba ve elektrikli siipiirge genel olarak sabit bir CVR,
degerine sahiptir. LCD monitor ise bu iki cihazdan daha diistik ve
CVR,’den yiiksek deger lretmistir. Led lamba ise 235-220 V

gerilime gore CVR,, ’den yiiksek sonuglar tiretmistir.

5.5. Tahmini Gii¢ Tiiketimi

CVR yontemi cihazlara uygulanmis ve Z, I, P katsayilarina bagl
CVR faktorii belirlenmisti. CVR faktorii, giigteki degisimin
gerilim degisimlerine orani oldugundan, CVR’den kaynaklanan
giic azalmasinin da tahmin edilmesi gerekir. Sekil 18’de konutsal
cihazlara uygulanan gerilimin grafigi, Tablo 3’te ise tahmini gii¢
tiketimi ve gercek sonuglart yer almaktadir. Buna gore akkor

240 T T

lambada 48.9 W nominal giigte ve 220V nominal gerilimde,
denklem (25)’e gore CVR faktorii degeri 1.5480 bulunur. 220 V
ve 210 V arasinda, AV}, 0.045 oraminda gerilim degisiminde
tahmini aktif giic 45.460 W’tir. Bu deger gergekte 45.6 W’tir ve
gercek gii¢ ile tahmini giic arasinda %0.31 oraninda fark vardir.
Buna gore akkor lamba ve LCD monitérde tahmin edilen giic,
gercek giiclin altinda; LED lamba ve elektrikli siiplirgede ise
tahmin edilen giig, gercek giiciin tlizerinde bir degerde
bulunmustur. Tablo 4’te ise tahmini reaktif gii¢ tiiketimi sonuglari
yer almaktadir.

235

230~

(=] [

L b

= h
T T

Gerilim (V)

[
h
T

210 -

205

200 ; g
0

t(dKk)

Sekil 18. Cihazlara uygulanan gerilim egrisi
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Tablo 3. Elektriksel cihazlara ait tahmini aktif gii¢ tiiketimi sonuglart

Cihaz P, CVR, AV, P, Piahmin Pyercer Degisim
AKkkor Lamba 48.9 1.5480 0.045 3.440 45.460 45.600 0.31%
LED Lamba 7.4 4.5337 0.045 1.525 5.875 5.300 -10.85%
LCD Monitor 14.3 0.0646 0.045 0.042 14.258 14.300 0.29%
Elektrikli Siipiirge 573.4 2.1326 0.045 55.578 517.822 513.700 -0.80%
Tablo 4. Elektriksel cihazlara ait tahmini reaktif giic tiiketimi sonuglar
Cihaz Qo CVR, AV, Qr Qtanmin Qgergek Degisim
Akkor Lamba 6.97 1.5480 0.045 0.490 6.480 6.500 0.31%
LED Lamba 9.36 4.7387 0.045 2.016 7.344 6.200 -18.45%
LCD Monitor 21.71 0.6218 0.045 0.614 21.096 20.610 -2.36%
Elektrikli Siipiirge 143.7 2.2470 0.045 14.676 129.024 128.700 -0.25%
Akkor Lamba
55 ] ! ] ! = Olgim
Tahmin
54+ 7
53 B
52 R
st -
48 .
47+ _
46 - R
45 1 1 ! I
0 5 10 15 20 25
t (dk)
Sekil 19. Akkor lambaya ait 6l¢iim ve tahmini aktif gii¢ egrisi
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Akkor Lamba
i f I f T = Olgiim
Tahmin
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T4 F 4
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Sekil 20. Akkor lambaya ait 6l¢iim ve tahmini reaktif gii¢ egrisi
Sekil 18 ve Sekil 19°da akkor lambanin zaman igerisinde degisen  tiiketimi olacagi ve ne kadarlik giic azaltimi olacagi

gerilimde, aktif ve reaktif giice ait 6l¢iim ve tahmini gii¢ egrileri
yer almaktadir. Her iki grafige gore tahmin edilen giiclin 6l¢iim
degerlerine ¢ok yakin oldugu goriilmektedir.

6. Sonuclar

Bu galismada, gerilim degisimi altinda elektriksel cihazlarin ZIP
yiik modeli ve iistel yiik modeli katsayilarinin belirlenmesi
sunulmaktadir. Gii¢ ve gerilim arasindaki iliskiyi bulmak i¢in
kademeli olarak gerilim azaltimi yapilarak testler yapilmistir.
Testler sonucunda Arduino ve PZEM-004T modiilii ile elde edilen
parametreler MS Excel’e aktarilmisti. Ardindan Matlab’e
aktarilan parametreler ile en kiigiik kareler yontemi kullanilarak
ZIP yik modeline ait katsayilar bulunmustur. Ardindan bu
katsayilar ile Z, I ve P’ye bagl istel yiik modeli katsayilari elde
edildi. Sonrasinda bu katsayilar i¢ nokta algoritmasi ile de
bulunarak cihazlara ait egriler elde edilmistir. Gerilim azaltimi
yapilarak CVR faktorii degerlendirilmesi de yapilmistir. Ayrica,
ZIP katsayilarindan CVR faktorii elde edilerek tahmini giic
tiiketimi hesaplanmustir.

ZIP ve iistel yiik modeli her bir cihaz i¢in incelenmis olup akkor
lamba i¢in her iki modelin uygun sonuglar iirettigi, LED lamba
icin ZIP yiik modelinin daha uygun oldugu, LCD monit6r i¢in her
iki yiik modelinin benzer sonug verdigi ve elektrikli siiptirge igin
ise her iki yiik modelinin uygun oldugu tespit edilmistir.

210V gerilim degerinde aktif gii¢ i¢in akkor lamba ve LCD
monitorde tahmin edilen gii¢, gercek giiclin altinda; LED lamba
ve elektrikli siipiirgede ise tahmin edilen giig, gergek giiciin
iizerinde bir degerde bulunmustur.

Bu caligma gelistirilerek giic dagitim merkezlerinden CVR
yontemi uygulanarak son tiiketicide bulunan ekipman ve
cihazlarin kapanmasi veya ariza olmayacak sekilde nominal
gerilimden daha diisiik gerilim seviyeleri ile calistirilabilir.
Tahmini gii¢ tiiketimi ile de CVR yontemi uygulanmasi
durumunda ZIP yiik parametrelerine bagli olarak ne kadarlik gii¢

e-ISSN: 2148-2683

hesaplanabilmektedir. Bu ¢aligsma ile gerilim degisimi {izerinden
hem miisteri yiik profili hem de nominal talepten gercek talep (P
ve Q) tahmin etmek i¢in uygulanabilir.

7. Tesekkiir

Bu ¢alismanin yiiriitilmesi i¢in her tirlii imkan ve yardimi
sagladigi i¢in Dr. Ogr. Uyesi Selcuk Emiroglu'na tesekkiir ederim.
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Oz

Yapilan bu ¢alismada, Sindirgi-Balikesir bolgesinden temin edilen kaolen numuneleri mikronize boyuta (<150 pm) indirgenerek 650
°C, 750 °C ve 1000 °C sicakliklarinda kalsinasyon islemi uygulanmuis ve karakterizasyonlar1 XRD ve TGA analizleri ile belirlenmistir.
Analiz sonuglarina incelendiginde ham ve metakaolen numunelerinin djo, dso ve doo tane boyut dagilimlarinda kalsinasyon sicakligina
bagli olarak artis meydana geldigi belirlenmistir. XRD sonuglarina gore ise yiiksek sicaklikta hazirlanan metakaolenlerde yiiksek kristal
yapiya sahip kristobalit gdzlemlenmistir. Ayrica 1000 °C sonrasinda mullit fazinin olustugu belirlenmistir. Termogravimetrik dzelliklere
kalsinasyon etkisi degerlendirildiginde ise sicakliginin artis1 ile birlikte toplam kiitle kaybinin azaldig1 goriilmektedir. Maksimum olarak
kiitle azalmasinin ham kaolen numunesinde, minimum olarak ise MK-1000 numunesinde meydana geldigi belirlenmigtir. Sonuglar
dogrultusunda Sindirgi-Balikesir bélgesi kaolenlerinin seramik sektdriinde kullanilabilecegi ve metakaolen elde edilmesi ile refrakter
malzeme olarak cesitli endiistrilerde kullanilabilecegi belirlenmistir.

Anahtar Kelimeler: Kaolen, Metakaolen, Kalsinasyon, Termogravimetri, Sindirgi-Balikesir

Thermal Characterization of Kaolins from Sindirgi-Balikesir

Abstract

In this study, kaolin samples obtained from Sindirgi-Balikesir region were reduced to micronized size (<150 um) and calcined at 650
0C, 750 °C and 1000 °C temperatures and their characterizations were determined by XRD and TGA analysis. When the analysis results
were examined, it was determined that the dio, dso and dgo particle size distributions of the raw and metakaolin samples increased
depending on the calcination temperature. According to XRD results, cristobalite with high crystal structure was observed in
metakaolins prepared at high temperature. In addition, it was determined that the mullite phase was formed after 1000 °C. According to
the calcination effect on thermogravimetric properties is evaluated, it is seen that the total mass loss decreases with the increase in
temperature. It was determined that the maximum mass reduction occurred in the raw kaolin sample, and the minimum in the MK-1000.
With the results, it has been determined that the kaolins of the Sindirgi-Balikesir region can be used in the ceramic industry and can be
used in various industries as a refractory material by obtaining metakaolin.

Keywords: Kaolin, Metakaolin, Calcination, Thermogravimetry, Sindirgi-Balikesir
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1. Giris

Genel olarak kil mineralleri, kristal yapili, topragimsi, ince
taneli ve su ilavesi ile ¢ogunlukla plastik 6zellik gosteren dogal
bir malzemedir. Bagka bir ifade ile kil mineralleri hidratlasmis
alliminyum silikat ya da sulu silikat olarak tanimlanmaktadir. Baz1
tiirlerinde ise aliiminyum (Al) yerine farkli oranlarda magnezyum
(Mg) ya da demir (Fe) bulunmaktadir. Bu mineraller sedimanlara,
kayaglara ve topraklara kolloidal 6zellik saglayan ince boyutlu
malzemelerdir. Kil mineralleri dogada saf olarak bulunmayip
heterojen karisimlar olarak olugmaktadir. Genellikle feldspat,
kuvars, kalsit, pirit gibi safsizlik saglayan kil dis1 ince taneli
mineraller ile birlikte bulunmaktadir. Ancak bu heterojen
karisimlarda baskin olarak kil mineralleri yer almaktadir [1-4].

Kil mineralleri, yap1 ve bilesimlerine gore kaolin grubu,
smektit grubu, illit grubu ve klorit grubu olmak iizere baslica dort
grupta siniflandirilmaktadir. Endiistriyel kullanim alanlarina bagh
olarak farkli kil gruplar1 6n plana ¢ikmaktadir. Seramik, ¢imento
ve dokiim sektorii degerlendirildiginde ise kaolin ve smektit
grubu kil mineralleri 6ne ¢ikmaktadir [5,6].

Bir oktahedral ve bir tetrahedral katmandan (1:1) meydana
gelen kaolin grubu kil mineralleri, Al,03.2510,.2H,0O ya da
AlSi,05(OH)4 molekiil formiilleri ile ifade edilmekte ve kaolen
kayacglarini olusturmaktadir. Bu katmanlarda oktahedronlarin
hidroksil diizlemi ile tetrahedronlarin oksijen diizlemi arasinda
olusan kuvvetli hidrojen baglari ile siireklilik saglamaktadir [7,8].
Bu siireklilik, birbirini takip eden [AlL(OH)4)** ve [Si,Os]*
tabakalarinin istiflenmesi ile saglanmaktadir. Olusan bu hidrojen
baglariin kuvvetli olmasindan dolay1r meydana gelen elektriksel
¢ekim giicti, su molekiilleri tarafindan bozulamadig i¢in su tutup
sigsme Ozelligi gostermezler [9,10].

Kaolin grubu kil minerallerinin 1s1l 6zellikleri farkli sicaklik
derecelerine ve safsizliklara bagli olarak degisim gostermektedir.
105-120 °C araliginda biinyesinde bulunan serbest su
molekiillerinden ayrilmaktadir. Bilesimine bagli olarak 450-700
°C araligmda biinyesinde bulundurdugu molekiil suyu
uzaklagarak Al,03.2Si0; formiilii ile ifade edilen metakaolin
meydana gelmektedir. 950-1050 °C araliginda ekzotermik
tepkime meydana gelerek yeni bir yapi olusur. Bu yap1 iki
oktahedral ~ve  bir tetrahedralden = meydana  gelen,
Sig(Al|0,67X5,33)O32 veya Sig(A113,33X2,67)O32 formﬁlﬁne sahip
kiibik yap1 (spinel faz) olarak tanimlanir. Bu formiillerde yer alan
X, katyon boslugunu ifade etmektedir. Isil islemler neticesinde ise
amorf silika elde edilmektedir. Bu amor silikalar ise 800-1200 °C
araliginda sicakligin artisi ile orantili olarak yart kristal silika
olusturmaktadir. Kristobalit olarak adlandirilan tam kristal silika
yapisinin ise tamamen olusturulmasi miimkiin olmamaktadir
[11,12]. Bu 1s1l ozellikler ise lokasyon, olusum mekanizmasi,
icerdigi safsizliklar gibi parametrelere bagli olarak degisim
gostermektedir.

Kaolen, kaolinit icerikli kayaglar1 ifade etmekte olup kil
mineralleri arasinda 6nemli bir yere sahiptir. Fiziksel ve kimyasal
ozelliklerinden dolay1 énemli bir endiistriyel hammadde olarak
kullanilmaktadir. Ulkemizde agirlikli olarak seramik ve dokiim
sektoriinde kullanilmaktadir. Bu sektorlerde kullanilirken yiiksek
sicakliklara maruz kaldig i¢in, termal 6zelliklerinin belirlenmesi
ve sicakliga bagli karakterizasyonlar1 ile ilgili bilimsel ve
endiistriyel calismalar giderek artmaktadir [13].

Yapilan bu calismada, Sindirgi-Balikesir bolgesinden temin
edilen ve 150 pm tane boyutu altinda olacak sekilde hazirlanan
kaolen numunelerine ii¢ farkli kalsinasyon sicakligi (650-750-
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1000 °C) uygulanarak meydana gelen termal degisimler XRD ve
TGA analizleri ile incelenmistir. Boylece kalsinasyon sicakliginin
etkileri detayl olarak belirlenmistir.

2. Materyal ve Metot

Kaolen numuneleri Sindirgi-Balikesir bolgesinde yer alan bir
acik ocak isletmesinden ham olarak temin edilmis olup yer
bulduru haritas1 Sekil 1’de verilmistir. Temin edilen numunelere
Sekil 2’de verilen dikey karistiricili bilyali degirmen ve zirkon
alimina 6giitme bilyalar: ile Cizelge 1’de verilen parametreler
dogrultusunda 6glitme islemi uygulanmig ve 150 pum goézenek
capli elekten gecirilerek kalsinasyon islemine hazir hale
getirilmistir.

Sekil 2. Ogiitme Isleminde Kullanilan Dikey Karistiricili Bilyalt
Degirmen

Cizelge 1. Ogiitme Islemi Parametreleri

Hedef Tane Boyutu 150 um
Kurutma Islemi 75°C /90 dk
Ogiitme Hiz1 (devir/dk) 750
Ogiitme Siiresi (dk) 240
0,2 400
Bilya Cap1
(mm) 0,3 450
ve
Miktar1 0,5 550
(2
1,0 600
- Atmosfer basinct
Basing / Sogutma Su sogutmals
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Sekil 1. Calisma Alan1 Yer Bulduru Haritasi

Kalsinasyon iglemi Sekil 3’te verilen MagmaTherm marka
MT1120 model kiil firm ile 650 °C, 750 °C ve 1000 °C
sicakliklarinda gergeklestirilmistir. Isitma islemi 10 °C/dk hizinda
gerceklesmis olup sogutma islemi ise atmosfer ortaminda
yapitlmigtir.  Kalsinasyon isleminden sonra elde edilem
metakaolen numunelerinin tane boyutlar1 Malvern Panalytical
marka Mastersizer 3000 model cihaz ile belirlenmistir.

Sekil 3. Kalsinasyon Isleminde Kullamilan MagmaTherm
MT1120 Marka Kiil Firim

e-ISSN: 2148-2683

Hazirlanan metakaolen numunelerinin karakterizasyonlari X-
1511 difraksiyon spektroskopisi (XRD) ve termogravimetrik
analiz (TGA) ile belirlenmistir. XRD analizi PANalytical marka
Empyrean model cihaz ile gergeklestirilmistir. Analizlerde Cu
tiipler kullanilmis olup 20 tarama hizi ve 5-85 derece araliginda
Olciim yapilmistir. TGA Olglimlerinde Mettler Toledo marka
TGA3+ model cihaz kullanilmis olup; 25-1175 °C araliginda 20
K/dk hizinda gergeklestirilmistir.

3. Arastirma Sonuclar ve Tartisma

Ham ve metakaolen numunelerine ait tane boyutu dagilim
sonuglar1 Sekil 4°te verilmistir. Sonuglar degerlendirildiginde dio
degeri Ham, MK-650, MK-750 ve MK-1000 kodlu numuneler
icin swrastyla 2,78 pm, 3,62 pm, 3,65 pm ve 4,16 pm olarak
belirlenmistir. dso ise 19,5 pm, 24,2 um, 24,5 pym ve 25,5 um
olarak belirlenmistir. Numunelerin yaklasik olarak tamamim
temsil eden dgo degeri ise sirasiyla 48,8 um, 55,4 um, 55,9 um ve
63,4 um olarak 6l¢iilmiistiir.

Numunelere ait XRD spektrumlar: (Sekil 5) incelendiginde
kalsinasyon sicakliginin artisi ile yogun kristal yapili fazlarin
olustugu goriilmektedir. Amorf yapidaki silikalarin kalsinasyon
ile birlikte daha kristal bir form olan kristobalit olusturdugu
goriilmektedir. Ayrica 1000 °C kalsinasyon sicakligi ile kristal
fazlarin Dbelirginlestigi; seramik ve refrakter endiistrisinde
kullanima uygun mullit olustugu goériilmektedir.
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Sekil 5. Numunelere Ait XRD Spektrumlari
"800 °C’ye kadar olan kisimda ise %3,029 (0,474 mg) oraninda
bir kiitle kayb1 belirlenerek kalan numune 13,499 mg olarak
Deneysel  ¢alismalarda  kullamilan  numunelere  ait  Olgiilmiistiir. Uglincii asama 800 °C ile ~900 °C araliginda

termogravimetrik analiz sonuglari Sekil 6’da verilmistir. Ham
kaolen i¢in 12,477 mg numune kullanilms olup 40 °C ile ~350
°C arahiginda %1,373 (0,172 mg) oramnda bir kiitle kaybi
meydana gelerek kalan numune 12,315 mg olarak dl¢iilmiistiir.
'650 °C’ye kadar olan kisimda ise %5,946 (0,742 mg) oraninda
bir kiitle kaybi belirlenerek kalan numune 11,574 mg olarak
oliilmiistiir. Uglincii asama ise 650 °C -800 °C araliginda
gerceklesmis olup %2,421 (0,302 mg) diisiis ile kalan numune
11,27 mg olarak olgiilmiistiir. Son asama ise 800 °C sonrasi
gerceklesmis olup %1,948 (0,243 mg) diisiis ile kalan numune
11,026 mg olarak Ol¢iilmiistiir. Analiz sonucunda toplam 1,451
mg (~%11,63) kiitle kayb1 meydana geldigi belirlenmistir.

MK-650 igin 14,112 mg numune kullamlmis olup 40 °C ile
~450 °C araliginda %1,396 (0,197 mg) oraninda bir kiitle kayb1
meydana gelerek kalan numune 13,926 mg olarak dlctilmiistiir.

e-ISSN: 2148-2683

gerceklesmis olup %1,003 (0,192 mg) diisis ile kalan numune
13,357 mg olarak oSlgiilmiistiir. Son asama ise 900 °C sonrasi
gerceklesmis olup %0,697 disiis ile kalan numune 13,258 mg
olarak dl¢iilmiistiir. Analiz sonucunda toplam 0,854 mg (~%6,05)
kiitle kayb1 meydana geldigi belirlenmistir.

MK-750 i¢in 16,679 mg numune kullanilmis olup ~425 °C
degerine kadar %1,449 (0,242 mg) oraninda bir kiitle kaybi
meydana gelerek kalan numune 16,451 mg olarak Sl¢lilmiistiir.
'800 °C’ye kadar olan kisimda ise %2,312 (0,387 mg) oraminda
bir kiitle kayb1 belirlenerek kalan numune 16,064 mg olarak
Slgiilmiistiir. Ugiincii asama 800 °C ile ~925 °C araliginda
gergeklesmis olup %1,022 (0,17 mg) diisiis ile kalan numune
15,893 mg olarak Slgiilmiistiir. Son asama ise 925 °C sonrasi
gergeklesmis olup %0,476 diisiis ile kalan numune 15,814 mg
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olarak 6l¢lilmiistiir. Analiz sonucunda toplam 0,865 mg (~%5,18)
kiitle kayb1 meydana geldigi belirlenmistir.

MK-1000 i¢in 19,203 mg numune kullanilmis olup ~825 °C
degerine kadar %0,799 (0,154 mg) oraninda bir kiitle kayb:
meydana gelerek kalan numune 19,049 mg olarak Slctilmiistiir.
Ikinci asama ise 825 °C sonrasi gerceklesmis olup %0,058 diisiis
ile kalan numune 19,038 mg olarak Olciilmiistir. Analiz
sonucunda toplam 0,165 mg (~%0,859) kiitle kayb1 meydana
geldigi belirlenmistir.

Termogravimetrik sonuglar genel olarak degerlendirildiginde
metakaolen numunelerinde meydana gelen kiitle kayiplarinin ham
numunelere kiyasla daha az oldugu goriilmektedir. Ayrica
metakaolenlerde kalsinasyon sicakligimin artisina bagli olarak
toplam kiitlede meydana gelen azalmanin daha disiik oldugu
belirlenmistir. MK-1000 haricinde diger numunelerin tamaminin
analizi dort asamada gerceklesmistir. i1k asamada genel olarak
yapida bulunen serbest su molekiilleri, nem ve kil tabakalari
arasinda yer alan katyonlara bagli absorplanmis su molekiilleri
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uzaklagmistir. Ikinci asamada yapida yer alan kil dis1 mineraller
ve organik bilesenler uzaklasmistir. Ugiincii asama ise
dehidroksilasyon sonucu meydana gelmistir. Son agamada ise
yapida yer alan CO, gazi uzaklagtirilmistir. Buna bagli olarak
kiitle kayiplar1 olusmustur. MK-1000 numunesi ise kalsinasyon
islemi esnasinda kiitle kayiplarinin ¢ogunu gergeklestirdigi igin
iki asamada tamamlanmistir. Kalsinasyon etkisinin metakaolen
numunelerinin termogravimetrik ozelliklerine etkisi
incelendiginde ise sicakligmin artis1 ile birlikte toplam kiitle
kaybinin azaldig goriilmektedir. En yiliksek % azalma ham kaolen
numunesinde, en az MK-1000 numunesinde meydana geldigi
belirlenmistir. Bu sonug, dnceden kalsinasyon iglemi uygulanan
numunelerde serbest su molekiilleri ve kil dist safsizliklar ile
organik bilesenlerin bir kisminin yapidan uzaklastigini ve
termogravimetrik analizlerde etkilerinin diisiik oldugunu
gostermektedir.
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Sekil 6. Numunelere Ait TGA Grafikleri
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4. Sonuc¢

Yapilan c¢alismada Sindirgi-Balikesir bolgesine ait kaolen
killerinden farkli kalsinasyon sicakliklari1 ile metakaolen elde
edilmesi ve termak Ozelliklerinin belirlenmesi amaglanmusgtir.
Deneysel ¢alismalar sonucunda ham ve kalsine numunelerin dio,
dso ve dog tane boyut dagilimlarinda kalsinasyon sicakligina bagh
olarak artig meydana geldigi belirlenmistir. Bu durum, olusan yeni
fazlarin giiclii bag yapilar1 olusturdugunu gostermektedir.

XRD sonuglar1 degerlendirildiginde ise kalsinasyon ile
birlikte kristobalit gibi yogun kristal yapili fazlarin olustugu
belirlenmistir. Ayrica 1000 °C sonrasinda mullit faz1 olustugu ve
refrakter malzeme halini aldig1 belirlenmistir.

Termogravimetrik analiz sonuglar1 degerlendirildiginde ise
ham, MK-650 ve MK-750 numunelerinde dort asamali kiitle
kayb1 meydana gelmesine ragmen MK-1000 numunesinde iki
asamada sonuclanmigti. Bu durum kalsinasyon sonucu olusan
yapinin termal stabilitesinin digerlerine kiyasla daha yiiksek
oldugunu géstermistir.

Yapilan calisma sonucunda Sindirgi-Balikesir bdlgesi
kaolenlerinin ham, 650 °C ve 750 °C kalsinasyonlar1 sonucunda
yapisinda oOnemli degisimler meydana geldigini;1000 °C
kalsinasyonda ise olusturdugu yiiksek kristal yap1 ile refrakter
malzeme olarak kullanilabilecegini gostermektedir.
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Abstract

The slope difference between the two surfaces is a physical magnitude that needs to be measured in areas such as physical therapy
diagnoses, construction, machinery, geology, geophysics, sports sciences, orthopedics. One of the devices used to measure the
inclination difference is the wireless inclinometer. The wireless inclinometer allows you to find the slope of a surface relative to the
ground. Inclinometers are widely used as a biomedical device, especially in the field of physical therapy. The wireless inclinometer
devices used in this area are imported products and their prices are very high compared to their costs. In this study, an electronic
device prototype was produced that can wirelessly measure the inclination difference of an object according to its gravity reference,
show the measurement on the screen as an angle value, and record it. To verify the data obtained through the device, the calibration of
the inclinometer is carried out with the inclinometer device with an accuracy of 0.001 degrees used in the Geomatics Engineering. In
this study; by making measurements on the designed wooden human model, the measurements found by the image processing method
were compared with the measurements of the wireless inclinometer device. The smallest angle difference between the angle measured
by the device and the angle measured by the image processing method was found to be 0.013 degrees. In this study, it is aimed to
develop a cost-effective domestic design and production device with superior features of the designed inclinometers.

Keywords: Range of motion of the joint, Physiotherapy, Biomedical device, Inclinometer, Calibration, Image processing

Biyomedikal Kablosuz Egim Ol¢er Cihaz Tasarimi ve Olciimlerinin
Goriintii Isleme Yontemi ile Karsilastirilmasi

Oz

Iki yiizey arasindaki egim farki, fizik tedavi tanilarinda, insaat, makine, jeoloji, jeofizik, spor bilimleri, ortopedi gibi alanlarda
dlgmeye ihtiyag¢ duyulan fiziksel bir biiyiikliiktiir. Egim farkini1 6lgmede kullanilan cihazlardan birisi ikili dijital egim 6lgerdir. Ikili
dijital egim Olger, iki yiizeyin yere gore yaptigi acilar arasindaki farki tek seferde bulmayi saglamaktadir. Egim 6lger cihazlar
biyomedikal bir cihaz olarak o6zellikle fizik tedavi alaninda yaygin kullanilmaktadir. Bu alanda kullanilan kablosuz egim o6lger
cihazlari ithal iirtinler olup fiyatlarinin maliyetlerine oranla ¢ok yiiksek oldugu goriilmektedir. Bu ¢alismada, bir nesnenin yer ¢ekimi
referansina gore egim farkini kablosuz olarak olgen, 6l¢iimii ag1 degeri olarak ekranda gosteren, kaydedebilen bir elektronik cihaz
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prototipi tiretilmistir. Cihaz iizerinden elde edilen verileri dogrulamak i¢in egim dlger cihazinin kalibrasyonu, harita mithendisliginde
kullanilan 0.001 derece hassasiyete sahip egim Olger cihaz ile yapilmigti. Bu ¢alisma igerisinde; tasarlanan ahsap insan modeli
iizerinde Ol¢iimler yapilarak, kablosuz egim Olcer cihaz dl¢limleri ile goriintli isleme yontemiyle bulunan dl¢iimler kiyaslanmstir.
Cihazin 6l¢tiigii ag1 ve goriintii isleme yontemiyle dlciilen ag1 arasindaki en kiigiik ac1 farki 0.013 derece bulunmustur. Bu ¢aligmada,
tasarlanan egim Olcer cihazi daha iistiin 6zelliklerde uygun maliyetli yerli tasarim ve tiretim cihaz gelistirilmesi amaglanmistir.

Anahtar Kelimeler: Eklem hareket acikligy, Fizik tedavi, Biyomedikal Cihaz, Egim dlger, Kalibrasyon, Goriintii isleme

1. Introduction

Today, in the field of physical therapy, the joint range of
motion of the patients is measured manually with the device
called goniometer. This situation both creates a loss of time and
increases the possibility of incorrect measurement.

Keskinoglu and Aydin (2021), in their study; they have
designed a low-cost, wireless and wearable electronic
goniometer for highly accurate and accurate measurements. The
stability of the measurements obtained using the Quaternion-
based Kalman filter was determined and the measurements of
the developed system were compared with the traditional
goniometer. In addition, the Graphical User Interface (GUI) is
designed to give visual feedback to the physiotherapist during
physical therapy in real time by performing 3D visualization of
movements and to analyze the measurement values
retrospectively.

Meng et al. (2016) in their study, reported a 60% reduction
in root-mean-quadratic error from 2.20 degrees to 0.87 degrees
in  human-joint angle measurement data obtained using a
personal wireless sensor network. The operation of the device
designed in the study is based on the monitoring of data received
from the worn wireless inclination sensors.

Yang et al. (2013) in their study, they proposed a robust
inclination meter system using three single-axis micro-
electromechanical system accelerometers and three single-axis
flow gate sensors. In the study; three precision axis sensor
models are formulated and calibrated using a simple and
effective linear model of tilt and azimuth. To improve the
accuracy of the proposed model, two different optimal solutions
are presented to minimize systematic error. To solve the
problems, the internal reflective Newtonian method and the
sequential quadratic programming method were used,
respectively. In experimental results; in our applied
measurement range (0-120), the maximum tilt angle error was
0.09 and in the measurement range (0-360) the maximum
azimuth angle error was 0.4 degrees.

Daponte et al. (2018) in their study; they have proposed a
new calibration method based on stereo vision for position
alignment of Inertial Measurement Unit (IMU) sensors used in
human motion tracking systems. In the study, the person to be
monitored was fitted with IMU sensors. In addition, visual
markings were placed on both IMU sensors and some turning
points in the body joints, obtaining data from a static stereo
image. The obtained measurement is verified by applying the
calibration method on the values, comparing them with an
inclinometer and a laser rangefinder.

Won and Golnaraghi (2010) in their study; introduced a new
three-axis accelerometer calibration method. The basic principle
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of the proposed calibration method is that the sum of the three-
axis accelerometer outputs is equal to the gravity vector when
the accelerometer is stationary. The goal of the proposed
method is to place the three-axis accelerometer at six different
tilt angles to predict six calibration parameters. The proposed
calibration method was also experimentally tested with two
different three-axis accelerometers, and the results were verified
using a mechanical inclinometer. According to the results they
obtained; the proposed method is able to accurately predict the
factors of earnings and biases, even when the initial estimates
are not close to the real values.

In their study, Jovanovic and Enright (2020), investigated
different inclination gauge models to predict the angle of
rotation, and now different calibration models to solve the error.
The methods developed in the study tested the successes of
different models and the developed method is confirmed. In the
study, two inclination meters using two different technologies,
micro electromechanical system (MEMS) and electrolytic
system are used to obtain measurements.

In their study, Wang et al. (2019) calculated the angular
slope of human limb muscle sequences by examining ultrasound
images. The data obtained from these calculations were used in
clinical diagnosis and treatments.

In their study, Liu et al. (2019) calculated the angle between
limb and rod using image processing methods using a
stabilization bar. The results obtained can be applied in
orthopedic treatment methods with low cost and high success
rate.

When the world height averages are considered, it is seen
that men and women have different measurements. Average
height lengths can vary between continents and even between
countries. According to 2019 data, the average length of men
and women in Turkey is 170.65 cm (NCD Risc, 2017).

In this study, after the design, production and calibration of
wireless inclination meter; measurements are carried out on the
wooden model, which is designed in average human dimensions
to compare the results. The results obtained are compared with
the slope measurements calculated using image processing
techniques and the results are evaluated.

2. Material and Method

The method applied in this study is shown on Figure 1. On
the human model, the joint range of motion was calculated both
with the data obtained from the designed wireless measuring
device and with the image processing algorithm. In the last step,
these values were compared.
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Measurement
I f |
[ from the Model ] [ magei Mode ]
Angle Calculations from Angle Calculations by
the Accelerometer Data Image Processing

Comparision of
the Results

Figure 1. Flow chart of the study

Angle values are found with a similar calculation in both
methods. The accelerations of 3-axis accelerometer are evaluated
as follows; the acceleration measured by the axis parallel to the
gravity is taken as y, the acceleration measured by the axis
perpendicular to the gravity and the movement axis of the device
is taken as x. In the image processing algorithm, the vertical
distance between the reference points on the wooden human
model is taken as y and the horizontal distance as x. Equation (1)
is used to find the angle value. This equation is detailed in the
image processing method section.

Angle = tan™! (%) (1)

2.1. Structure of the Wireless Inclinometer Device

The wireless inclinometer device designed in this study
consists of two structures, hardware and software. The electronic
circuit of the inclinometer device is shown in Figure 2. The
inclinometer circuit includes accelerometer, microcontroller,
wireless communication module and battery. The display circuit
includes microcontroller, wireless communication module and
computer interface.

Figure 2. Inclinometer circuit (project archive 121E424)

The slope values measured -with the help of sensors- by the
inclinometer device are sent to the receiver circuit wirelessly.
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The measured values are recorded with the help of the signal
receiver circuit integrated into the computer system. The
wireless receiver circuit integrated into the computer system
with the help of the USB bus is shown in Figure 3.

Figure 3. Signal receiver circuit integrated into the computer
system (project archive no. 121E424)

The measurements taken are shown in an interface program
written in C# programming language. This interface program is
shown in Figure 4.

& Form1

(=R v Connect
Roll Degree 0129 Offset
Roll with Offset 0,129
Desired Angle 100
Date_time 4.04 2022 124844
Last Record 0.138, 100, 4.04.2022 12:48:32, 188, 15516, 1296
val el Vel
Save
200 15604 1360

Figure 4. Computer interface program (project archive
121FE424)

In the interface program, the "Roll Degree" value is the
measurement in degrees from the slope measuring circuit. An
“offset” value is obtained by pressing the Offset button. This
value is subtracted from the Roll Degree value and displayed on
the screen, and the value in grad measured from the inclination
measuring device is written in the "desired angle value (Grad)"
section. In the last stage, the date and time information of the
measurement and the last recorded data.

The “xVal”, “yVal”, “zVal” values are the acceleration
values of the axes coming from the inclinometer circuit. In the
user interface, the circular display shows the horizontal direction
of the slope measuring circuit. When the Save button is pressed,
all values are saved in a file with a “.txt” extension.

The inclinometer circuit is mounted on the inclinometer
used in Geomatics Engineering for calibration. In this way, the
measurements measured by the two devices were compared and
calibrated using the curve fitting method.
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2.2. Calculation of Tilt Angle with Image
Processing Method

In the method used in the study, first the reference points
(red, green and blue) were determined for image processing and
then the lines passing through the center of these reference
points were found. The horizontal and vertical line lengths to the
center point to be used in the angle calculation are calculated
using the horizontal and vertical distances passing over the
reference points. The colors for the reference points in the study
were chosen randomly and the same colors were used on the real
model.

| 1 |
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I 1] |
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Figure 5. Displaying the angle between the reference points a)
Reference points b) Distances of the reference points used for the
angle calculation to the center point

Figure 5.a shows the reference points on the image. Red,
green and blue colored objects were used to represent these
points. In Figure 5.b, the horizontal vertical distances to the red
center point and the angles between the lines passing through the
red intersection point are shown. The angle calculations in
Figure 5.b are shown on Equations 2, 3 and 4.

al = tan™?! (i}—l) (2)
1
a2 =tan™! (%) (3)
2
f =180 — (al + a2) (4)

yl and y2 values show the vertical distances to the red
reference point, x1 and x2 values show the horizontal distances
to the red reference point. Angle al shows the angle between the
line drawn between the blue and the red points and the
horizontal line passing through the red point, the angle a2 shows
the angle between the line drawn between the green and the red
points and the horizontal line passing through the red point.
Angle f represents the angle between the two lines.

2.3. Two-dimensional Human Model Designed for
Measurement

The aim of this study is to follow the treatment processes in
the field of physiotherapy. In the first stage, the 2-dimensional
drawing of the model created by using the average dimensions
of the real human model for the application of the designed
device and the wooden model design are shown on Figure 6.

e-ISSN: 2148-2683

° (]
°
LY B
0 ‘ \ ) ¥ : .
. . m e . .
°
oEmada— o
a) b) c)

Figure 6. Designed 2D model and reference points a) Drawing
of the designed model b) Wooden form of the designed model c)
Determination of reference points on the designed wooden
model by image processing method and display of lines for slope
(project archive no 121E424)

3. Results

The measurement values obtained after the calibration of the
wireless inclinometer device were quite close to the real values.
The difference between the actual value and the value measured
by the wireless inclinometer device was found to be between -
0.5 and +0.5 degrees. The highest difference measured was
0.356 degrees, and the lowest difference value was -0.02
degrees.

The success of the inclinometer device, which is calibrated
and has a relatively small sensitivity value, on the designed
wooden human model has been tested with the software
designed using image processing techniques. The table of 4
different angle measurement values obtained using the image
processing interface is given in Table 1.

The measured values are the smallest precision
measurement values obtained from the head-neck and elbow
regions of the designed wooden model. Calculations were made
by converting image resolutions to 600x600 pixels.
Measurements were made with the software developed by
marking the red, green and blue points on the neck and elbow
regions of the wooden model, which was viewed with the help
of the camera.

Table 1. Slope measurement results obtained by image
processing method

Apart| .. Angle Real
of Size of Image Measured | Angle Difference
Body Image by Image Measur:ed
Processing | by Device
Neck | 600x600 | 1.jpg 50.689 50 0.689
Neck | 600x600 | 2.jpg 49.262 50 -0.737
Neck | 600x600 | 3.jpg 49.861 50 -0.138
Neck | 600x600 | 4.jpg 50.140 50 0.140
Neck | 600x600 | 5.jpg 50.129 50 0.129
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Neck | 600x600 | 6.jpg 80.483 80 0.483
Neck | 600x600 | 7.jpg 80.695 80 0.695
Neck | 600x600 | 8.jpg 79.215 80 -0.784
Neck | 600x600 | 9.jpg 80.013 80 0.013
Neck | 600x600 | 10.jpg | 79.261 80 -0.738
Elbow | 600x600 | 11.jpg | 40.411 40 0.411
Elbow | 600x600 | 12.jpg | 39.768 40 -0.231
Elbow | 600x600 | 13.jpg | 39.948 40 -0.051
Elbow | 600x600 | 14.jpg | 39.296 40 -0.703
Elbow | 600x600 | 15.jpg | 39.800 40 -0.199
Elbow | 600x600 | 16.jpg | 59.743 60 -0.256
Elbow | 600x600 | 17.jpg | 60.115 60 0.115
Elbow | 600x600 | 18.jpg | 60.091 60 0.091
Elbow | 600x600 | 19.jpg | 59.893 60 -0.106
Elbow | 600x600 | 20.jpg | 60.221 60 0.221

The measurement graph of 4 different angles obtained using the
image processing interface, the angles calculated by image
processing (Measured Angle: M_A) and the angles measured by
the developed wireless inclinometer device (Real Angle: R A)
values are shown in Figure 7. According to the measurement
results made with this technique, negative or positive deviations
were observed. In the tests performed, many measurements were
made and the data of the images -in which the 4 angles were
calculated closest to the real angle value- were evaluated. In the
study, the real angle and the tilt angle differences obtained by the
image processing method were compared. As a result, the
smallest angle difference was determined as 0.013 degrees in the
neck region, where the true angle value is 80 degrees. The
largest angle difference was obtained as 0.784 degrees in the
neck region, with the true angle value of 80 degrees.
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Figure 7. Measurement results obtained according to image
processing techniques a) Neck region 50 degrees b) Neck region
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4. Discussion

In this study, a wireless inclinometer circuit that can be used
in physical therapy and diagnostic procedures is designed and an
angle value can be measured relative to the horizontal axis using
this circuit.

Wireless inclinometer circuit is calibrated using an
inclinometer used in Geomatics Engineering. As a result of the
calibration, measurements were made with less than 0.5 degree
of error.

The results obtained were tested on the wooden model and
the results were recorded. The measurements taken on the
wooden model were confirmed by the measurements made using
image processing techniques. It is seen that the error rates are
small relative to conventional inclinometers used for this
purpose.

In this study, the designed device consists of hardware and
software interface. The software interface differs from its
counterparts thanks to its user-friendly measurement recording
feature and web interface. The use of image processing
technique in slope calculations and the comparison of the
measurement results with the designed device made this study
unique. The light intensity of the working environment is of
great importance in measurements made with image processing
techniques.

5. Conclusion

As a result, the designed device has become usable on real
cases and the measurement results have been verified. In future
studies, the device will be introduced in cooperation with health
institutions and feedback from employees is expected about its
use.
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Oz

2019 Aralik ayinda Cin’de ¢iktig1 diisiiniilen ve pek ¢ok kisinin 6liimiine sebep olan Covid-19 viriisii etkileri sonucunda 2020 Mart
ayindan itibaren Diinya Saglik Orgiitii (WHO-World Health Organization) tarafindan 2020 y1ili tiim diinyada kiiresel pandemi yil1 ilan
edilmistir. Covid-19 salginmnin dagilimi ve sonuglari iklimlere, bolgelere, demografik yapiya, niifusa, hijyen sartlarina ve bulag
durumunda farkliliklar gostermektedir. Hastaligin damlacik ve temas yoluyla insandan insana bulastigi bilimsel arastirmalarla
kanitlanmigtir. Covid-19 salginini engelleyecek ast c¢aligmalari siirdiirilmektedir. Uzun bir miiddet normal yagam diizenine
doniilmesinin miimkiin olmadigi, insanlarin asilansalar bile biitiin énlemlere aym titizlikle uymalar1 gerektigi goriilmektedir. Is
yerlerinde sosyal mesafe olmadan ¢aligmak zorunda kalanlarin, toplu alanlarda bir arada bulunmak zorunda kalanlarin Covid-19
virlisiine yakalanma riskleri daha ytiksektir. Bu nedenle, viriisiin toplum igerisinde yayilmasini engelleyecek en 6nemli tedbirler hijyen,
sosyal mesafeyi koruma, karantinada kalma ve maske takma olarak otoriteler tarafindan belirlenmistir. Buna bagli olarak bu ¢alismada
maske kullaniminin, kapali ortamda kalma siiresinin ve ortamin havalandirilmasinin Covid-19 salgin1 bulas riski {izerinde etkileri
arastirilmis ve bu parametrelerin birbiriyle olan iligkileri bulanik mantik (Fuzzy logic) yontemiyle degerlendirilmistir. Covid-19 viriis
bulas riskini minimum seviyeye indirebilecek ve maksimum seviyeye ¢ikarabilecek durumlar tespit edilmistir.

Anahtar Kelimeler: Covid-19, bulanik mantik, bulas riski, maske kullanimi, sosyal mesafe

Evaluation of the Parameters Affecting the Risk of Contamination of the
Covid-19 Virus with Fuzzy Logic

Abstract

As a result of the effects of the Covid-19 virus, which is thought to have emerged in China in December 2019 and caused the death of
many people, 2020 has been declared a global pandemic year by the World Health Organization (WHO) as of March 2020. The
distribution and consequences of the Covid-19 epidemic vary according to climates, regions, demographic structure, population, hygiene
conditions and contamination. It has been proven by scientific research that the disease is transmitted from person to person through
droplets and contact. Vaccine studies are continuing to prevent the Covid-19 epidemic. It is seen that it is not possible to return to normal
life for a long time, and that people should follow all precautions with the same meticulousness even if they are vaccinated. Those who
have to work without social distance in their workplaces and those who have to be together in public areas are at higher risk of
contracting the Covid-19 virus. For this reason, the most important measures to prevent the spread of the virus in the community have
been determined by the authorities as hygiene, maintaining social distance, staying in quarantine and wearing a mask. Accordingly, in
this study, the effects of mask use, duration of stay in the closed environment and ventilation of the environment on the risk of
transmission of the Covid-19 epidemic were investigated, and the relationships between these parameters were evaluated with the fuzzy
logic method. Situations that can minimize the risk of Covid-19 virus transmission and maximize it have been identified.

Keywords: Covid-19, fuzzy logic, use of mask, social distance, risk of transmission
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1. Giris

COVID-19 (koronaviriis hastaligi 2019) olarak adlandirilan
salgin hastalik, Diinya Saglik Orgiitii (DSO) tarafindan 12 Mart
2020°de kiiresel pandemi olarak ilan edilmistir (WHO-2020).
Salgin hastaligin temel kaynagi net olarak tesbit edilememistir.
Fakat, hayvanlar iizerinde yapilan genetik incelemeler sonucu,
onceden yarasalarda bulunan bu viriisiin, degisime ugrayip
pangolin ismli karmcayiyen tiirii gibi hayvanlara konak olarak
yerlestigi tesbit edilmigtir. Covid-19 salgin hastaligin temel
kaynagi olarak 6ne siiriilen Cin ve Giineydogu Asya’daki hayvan
pazarlarindanda satilan hayvanlar iizerinde mutasyona ugrayan bu
virlisiin insanlara bulasma &zelligi kazandig1 diistiniilmektedir
(Zhang vd., 2020). Buna ek olarak, SARS-CoV-2 ve buna bagli
virlislerin genetik dizilimleri {izerinde yapilan incelemelerde,
salgin hastaliklara sebep olan viriislerin laboratuvar ortaminda
tasarlanip iretildigine veya baska bir sekilde yapay ortamlarda
hayat bulduguna dair hicbir kanita rastlanilamamistir (Lv vd.
2020). Salgmin yayilimi ve etki sonuglari, sicaklik, nem, hane
halki sayist, hijyen durumu, bagisiklik durumu, viriilans faktorleri
demografik niifusun ozellikleri, viriisiin enfeksiyon bulasma
yetenegi, beslenme durumu, sigara kullanimi, patojenite, mevsim
sartlar1, bulagsma yolu, eslik eden hastaliklarin prevalansi, saglik
birimlerine erisim ve izolasyon sinir1, bulasabilirlik 6zellikleri,
vb. gibi ¢esitli etmenlere gore degisim gostermektedir (Akin ve
Gozel, 2020 ).

Covid-19 viriisii temelde yaklasik iki metreden yakin
uzaklikta ve damlacik yoluyla insandan insana bulagmaktadir.
Bununla birlikte Covid-19 viriisii tagiyan insanlarin, hapsirma ve
oksiirme sebebiyle ortama yaydiklart damlaciklara Covid-19
viriisii tagimayan negatif insanlarin ellerini bu damlaciklara temas
ettirmesi sonrasinda ellerini agiz, burun veya gozlerine goétiirmesi
sonucunda veya bu damlaciklara baska yollarla maruz kalmast ile
bulagmaktadir. Asemptomatik kisilerin solunum yolu salgilarinda
da Covid-19 viriisii tesbit edildiginden bulastirict olabilmektedir
(Anonim 1, 2020 - Anonim 2, 2020).

Heniiz COVID-19 viriisiine kargin tam anlamiyla etkili olan
bir tedavi yontemi bulunmamaktadir. Fakat agilama yontemiyle
virisin etkileri azaltilmaya calisilmaktadir. Bununla birlikte
tedavi ve asilarin daha etkili olabilmesi ile ilgili caligmalar devam
etmektedir. Viriisiin toplum arasinda yayilmasini 6nleyecek en
o6nemli etmenler, sosyal mesafe, el hijyeni ve karantinadir. Daha
fazla yayilmay1 engellemek i¢in erken tani, izolasyon ve erken
tedavi kritik 6nem tagimaktadir (Guan vd., 2020 — Sun vd., 2020)
Onleyici strateji yontemleri, hastalarin karantinas1 ve pozitif bir
hastaya erken teshis ve klinik bakim tedarigi asamasinda alinmasi
gereken uygun tedbirler dahil olmak iizere dikkatli enfeksiyon
kontroliine odaklanir (Guner vd., 2020).

Covid-19 viriis bulag riskini etkileyen parametrelerin
birbirleriyle olan iligkisinin incelendigi bu makalede bulanik
mantik yontemi, giinliik hayatta kullanmis oldugumuz bir¢ok
terimi igerisinde barindirmaktadir. Bir olay1 aciklarken, bir
tanimlama yaparken veya bir komut verirken kullandigimiz sozel
veya sayisal ifadeler bulaniklik igerebilmektedir. Bunlara 6rnek
olarak yasli, geng, uzun, kisa, soguk, sicak, 1lik, bulutlu, parcal
bulutlu, giinesli, hizli, yavas, ¢ok, az, biraz, fazla, ¢ok az, ¢ok fazla
gibi daha bek ¢ok sozel terim gosterilebilir. Kisilerin yaglarini
belirlerken onlara geng, orta yasli, ihtiyar vb. gibi terimler
kullanilir. Yolun kayganlik ve rampa durumuna gore arabanin gaz
veya fren pedalina biraz daha yavas veya biraz daha hizli basilir.
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Calisilan odanin 15181 yetersiz ise onu biraz artirir, yeterinden
fazla ise biraz azaltilir. Biitiin bunlar insan beyninin belirsiz ve
kesinlik icermeyen durumlarda nasil davrandigina ve olaylar
nasil degerlendirip, tanimlayip, komut verdigine dair birer
ornektir (Altas, 1999).

Covid-19 viriis bulag riskini artiran parametrelerden olan
maske takma orani, kapali ortamda kalma stiresi ve kapali ortam
havalandirma  siiresi oram1 bulanik mantik  yontemiyle
degerlendirilmistir. Bu parametrelerden, maske takma orani ve
kapali ortam havalandirma siiresi yiizde olarak, kapali ortamda
kalma siiresi ise [0-4] saat araliginda ifade edilmis ve az, yiiksek,
orta olarak tanimlanmistir. Bu degerlerin kesin net degerler
icermediginden, kesin degerlerinin sayisal olarak net
belirtilemeyeceginden bu parametrelerin birbirleriyle iligskisinde
bulanik mantik kavramindan yardim alinmustir..

2. Meteryal and Metod
2.1. Covid-19 Bulas Riski Parametreleri

Covid-19 siirecinin baslamasindan bu yana gegen siire
igerisinde toplumu olusturan bireyler viriisten nasil korunmasi
gerektigini zaman igerisinde Ogrenmislerdir. Ancak yapilan
aragtirmalarda Covid-19 viriisiine kars1 alinmasi1 gereken tedbirler
konusunda Dbireylerin gercken Onemi gostermedigi ortaya
cikmaktadir. Ozellikle kis aylarinda daha fazla kapali alanlarda
gegirilecek zamanlar daha fazla 6nem tagimaktadir. Maske takma,
kapali ortamimn havalandirmasi, kapali ortamda gecirilen siire
arasindaki korelasyon nasil olmaktadir bu incelenecektir.

Ispanya’da yapilan bir arastirmadan yola cikarak 4 kisilik bir
aile ele alinmustir (Anonim 3, 2020). Bu aileye 2 kisilik bir misafir
gurubu gelmekte ve bu misafirlerden birisi Covid-19 viriisiinii
tagimaktadir. Ancak enfekte olan kisi bunun farkinda degildir. Bu
yaklagimda 4 saatlik bir misafirlik siiresinin sonunda ne oldugu
incelenmistir.

Social gathering
in a living room

Sekil 1. Misafirlikte bir araya gelen aile (1 kisi enfektedir)
(Anonim 3, 2020)

Yapilan arastirmalar aile ve arkadaslar arasindaki ev
toplantilarinin viriis yayiliminda %50 etkili oldugunu gdsteriyor.
Sekil 1’de 6 kisiden birisinin Covid-19 virlislinii tasidig
goriilmektedir.
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After four hours without
safety measures

»
$ @

Sekil 2. Maskesiz bulunulan ortam (Anonim 3, 2020)

Giivenli mesafelerin korunup korunmadigina bakilmaksizin,
alt1 kisi, havalandirmasi olmayan kapali bir odada yiiz maskesi
takmadan birlikte dort saat yiiksek sesle konusarak gegirirse,
metodolojide agiklanan bilimsel modele gore bes kisi enfekte
olacaktir.

Sadece maskeler takildiginda enfeksiyon riski bilyiik dlgiide
devam etmektedir. Arastirmalara gore dort saat gibi uzun bir
stirede maskelerin bir etkisi olmadig1 bilinmektedir. Viriis yiizde
80 oranminda digerlerine de bulagmaktadir. Sekil 3’te Covid-19
virlisiiniin 1 kisiye bulagsmadig1 goriilmektedir.

Only face
masks used

\ L
5

Sekil 3. Maske takiliyor ancak ortam havasiz, siire 4 saat
(Anonim 3, 2020)

Sekil 4’te herkes maske taksa, ziyaret iki saat siirse ve oda
stirekli havalandirilsa bile viriisiin bir kigiye de olsa bulastigi
goriilmektedir.

Ventilating space
and reducing duration

14:00
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Sekil 4. Maske var, oda havali ve misafirlik 2 saat (Anonim 3,
2020)

Covid-19 viriisii hava yoluyla, 6zellikle kapali alanlarda
yayilmaktadir. Kizamik kadar bulasici olmasa da, bilim adamlari
artik aerosollerin (enfekte bir kisi tarafindan solunan ve kapali bir
ortamin havasinda asili kalan kii¢iikk bulagici pargaciklar)
iletilmesinin oynadigi rolii agik¢a kabul etmiglerdir (Anonim 3,
2020). Damlaciklarin iletimi ve durdurulmasi iizerine galigmalar
stirdiirilmektedir. Sekil 5’te aeroseller ve damlaciklarin boyutlari
ve durumlari belirtilmistir.

Bunlar 300 mikrometreden Bunlar, ¢api 100

daha bilyik olan ve mikrometreden kiigiik olan

hava akimlar: nedeniyle ve havada saatlerce asili

saniyeler iginde yere diisen pargaciklardir-  kalabilen solunum damlaciklaridir

Sekil 5. Aeroseller ve damlaciklar (Anonim 3, 2020)

Su anda saglik yetkilileri, Covid-19 viriis bulagmasiin ii¢
yolunun oldugunu belirtmektedirler: Konusma veya oksiiriikten
kaynaklanan kiigiik aerosollerin ve damlaciklarin yakinlarda
duran insanlarin gozlerine, agzina veya burunlarma ulasmasi
sonucu Covid-19 bulas gergeklesmektedir. Enfekte bir kisi
tarafindan solunan goériinmez bulasici parcaciklarin solunmasi, bir
kez agizdan giktiktan sonra sigara igmeye benzer sekilde davranir.
Havalandirma olmadan, aerosoller havada asili kalir ve zaman
gectikce giderek daha yogun hale gelir. Havasiz ortamda,
aerosoller havada asili kalir ve zaman gectikce giderek daha
konsantre hale gelir (Anonim 3, 2020).

2.1.1. Covid-19 Bulas Riskini Etkileyen Etmenlerin
Matlab Programinda Giris,Cikis Parametrelerinin
Degerlendirilmesi

Covid-19 viriisii bulag parametresi olan II. boliimde verilen
durumlardaki verilerden yola ¢ikarak Matlab programina bulanik
mantik yontemini uygularken giris ve ¢ikis degerleri Tablo 1°de
verilmistir. Maske takma orant “az, orta, yiiksek “olarak,
1.siitunda, kapali ortamda kalma siiresi “az, ¢ok “olarak 2.stiinda,
ortami havalandirma “az, orta, ¢ok ” olarak 3.siitunda, Covid-19
yakalanma riski “cok az, az, yliksek ve ¢ok yiiksek riskli” olarak
4. Siitunda verilmistir.
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Sekil 6. Maske var, oda havali ve misafirlik 2 saat (Anonim 3,

2020)
Tablo 1. Matlab Girig ve Cikis Degerleri
1. 2. 3. 4,
COViD 19
MASKE TAKMA KAPALI ORTAMDA ORTAMI YAKALANMA
ORANI KALMA SURESI HAVALANDIRMA RISKI
1 YUKSEK AZ AZ YUKSEK RiSKLI
2 YUKSEK AZ ORTA AZ RISK
3 YUKSEK AZ COK COK AZ RISKLI
4 YUKSEK COK AZ COK YUKSEK RiSK
5 YUKSEK COK ORTA YUKSEK RiSK
6 YUKSEK COK COK AZ RISK
7 ORTA AZ AZ YUKSEK RiSK
8 ORTA AZ ORTA YUKSEK RiSK
9 ORTA AZ COK AZ RISKLI
10 ORTA COK AZ COK YUKSEK RiSK
11 ORTA COK ORTA YUKSEK RiSK
12 ORTA COK COK AZ RISKLI
13 AZ AZ AZ COK YUKSEK RiSK
14 AZ AZ ORTA YUKSEK RiSK
15 AZ AZ COK AZ RISKLI
16 AZ COK AZ COK YUKSEK RiSK
17 AZ COK ORTA YUKSEK RiSK
18 AZ COK COK AZ RISKLI
Giris ve ¢ikis kiimeleri ise Matlab Programi vasitastyla Sekil A Membersp Function Edtor; o0 Fuzy Logie =
6’daki gibi tamimlanmaktadir. i
FIS Variables Mambarship funclion plots _u .
/A A
4 Fuzzy Logic Designer: covid19 Fuzzy Logic = a X, KE_ TOMIODRAEILAS RS /
File Edt View ‘2(;}; /
uDﬂ_.KiII.NU\_SUEE\J /
XX ]
nﬁm:\__:uresl - e /m It variable "MASKE_TAKMA_DRAN
R x: : Current Varabie Cisrrent Mambarstp Funcenn (cick on WF o seiect]
ORTAM_HAVALANDIRMA SURES! Neme MASKE_TAKMA_OR Hame "2
|nsn-m. cavidts Fuzzy Logic FiS Type mamdan | i 1 e =
And method min Current Variabie s e Params 1003
Or metnod PTG — coVID_19_BULAS_R
= Type outpail s [0 100 Help Close | ‘
Range 1o 100}
—— - e l
o centrod | Help Closs | |
|S"""5'°°““F"=m°'"" | Sekil 7. Maske takma orani
Maske takma oram1 aralik degerleri 100 {izerinden

Sekil 6. Giris ve ¢ikis kiimelerinin matlab ile tanimlanmasi
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degerlendirilerek % olarak Sekil 7°deki gibi tanmimlanmistir.
Bulanik mantik degerlendirmesinde 30 ve alt1 az, 20 ve 80 aras1

orta, 60 iizeri ise yiiksek olarak degerlendirilmistir.
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1 Az =[0,0,30]
2 ORTA = [20,50,80]
3 YUKSEK = [60,100,100]

# Membership Function Editor: covid 19 Fuzzy Logic [n] *
File Edit Veew

FIS Varisbios Marmbarahip huncfion phts

fRE_TOMIQCRMBLILAS RS

Input wariabin "CRTAMDA_KALMA_SORES|

Curment Varuie ‘Curnent Wasbarship Funcion (clck on WF to seict)
Marme: ORTAMOA KALMA_ | | Nome: .7
siRes|
Tise ot il e
Params -

002 |
Range Jio 4 -
Dby Fetga | [ Helg Close | |

= ||

Sekil 8. Kapali ortamda kalma siiresi

Kapali ortamda kalma siiresi ise Sekil 8°deki gibi
tanimlanmaktadir. Aralik [0-4] olarak tanimlanip, siire¢ 4 saat
tizerinden degerlendirilmektedir.

1Az=1[0,0,]
2 Cok =[1.5,4,4]

Wi i 8 iR O P
CHTA MAVALI O HAVALL

m \\/X/

infasl vt “ORTAL HLAMALANEIRMA_SORESE

Cortont Vil Cortil Misbirihics Fuscion i ick o BF & sl
Hame CRTAM_MAVALANDS | | Mew GETA MAWAL
s seEs)
Typa rout e i
Paramn 048 0d)
e 108 -
Diapley Funpe 168 I Hol Clase |

!wmwm:apusn I

Sekil 9. Ortami havalandirma stiresi

Kapali ortami havalandirma siiresi ise aralik degeri 100
verilerek % degeri iizerinden Sekil 9’daki gibi hesaplanmustir.
Tanim araliklar1 Az Havali, Orta Havali ve Cok Havali olarak
tanimlanmistir.

1 Az Havali =[0,0,40]
2 Orta Havali = [30,55,80]
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3 Cok Havali=[60,100,100]

4| Membership Function Editor: covid19 Fuzzy Logic ™ [m] =

File  Edit  View

Murmbership function plats
COK_AZ RISHLI AZ_RISKLI YUKSEK _RISK  COK_YUKSEK _RISK

_O_’l E‘m
FHE_ TAMRUAGORMASLLA:

_VQ\|
[MOA_KALMA ! SUI'ES:

AVMMDlRM.\_ELIRESI

oulpul variabis “COVID_19_BULAS_Rissi

Current Variabie Current Memberahis Function (<ick on MF 1o seiect)
Name :}w _19_BULAS i | | Hame COK_AZ_RISKL
Type output Type st
Params =
Range . S
Duglay Range 10 109} | tel Close ] ]
|

[ |

Sekil 10. Girdi degerlerine gére covid-19 bulas riski araliklar

Maske takma orani, kapali ortamda kalma siiresi ve bu
ortamin havalandirilmasinin  birbirleriyle iliskisi sonucunda
programa girilen girdi degerlerine gore covid-19 bulas riski sonug
deger araliklart degerleri Sekil 10°da gosterilmistir.

Matlab programinda ise input ve output degerleri kurallar
kesiminden Sekil 11°deki gibi tanimlanmustir.

1. If (MASKE_TAKMA_ORANI is YUKSEK) and
(ORTAMDA_KALMA_SURESI is AZ) and
(ORTAM_HAVALANDIRMA_SURESI is AZ_HAVALI) then
(COVID_19_BULAS_RISKi is YUKSEK_RISK) (1)

2. If (MASKE_TAKMA_ORANI is YUKSEK) and
(ORTAMDA_KALMA_SURESI is AZ) and
(ORTAM_HAVALANDIRMA_SURESI is ORTA HAVALI) then
(COViD_19_BULAS_RIiSKi is AZ_RISKLI) (1)

3. If (MASKE_TAKMA_ORANI is YUKSEK) and
(ORTAMDA_KALMA_SURESI is AZ) and
(ORTAM_HAVALANDIRMA_SURESI is iYI_HAVALANDIRILMIS)
then (COVID_19_BULAS_RISKi is COK_AZ_RIiSKLI) (1)

4. If (MASKE_TAKMA_ORANI is YUKSEK) and
(ORTAMDA_KALMA_SURESI is COK) and
(ORTAM_HAVALANDIRMA_SURESI is AZ_HAVALI) then
(COViD_19_BULAS_RiSKi is COK_YUKSEK_RisK) (1)

5. If (MASKE_TAKMA_ORANI is YUKSEK) and
(ORTAMDA_KALMA_SURESI is COK) and
(ORTAM_HAVALANDIRMA_SURESI is ORTA HAVALI) then
(COViD_19_BULAS_RiSKi is YUKSEK_RISK) (1)
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6. If (MASKE_TAKMA_ORANI is YUKSEK) and
(ORTAMDA_KALMA_SURESI is COK) and
(ORTAM_HAVALANDIRMA_SURESI is iYi_HAVALANDIRILMIS)
then (COVID_19_BULAS_RISKi is AZ_RIiSKLI) (1)

7. If (MASKE_TAKMA_ORANI is ORTA) and
(ORTAMDA_KALMA_SURESI is AZ) and
(ORTAM_HAVALANDIRMA_SURESI is AZ_HAVALI) then
(CoviD_19_BULAS_RiSKi is YUKSEK_RiSK) (1)

8. If (MASKE_TAKMA_ORANI is ORTA) and
(ORTAMDA_KALMA_SURESi is AZ) and
(ORTAM_HAVALANDIRMA_SURESI is ORTA HAVALI) then
(COVID_19_BULAS_RiSKi is YUKSEK_RiSK) (1)

9. If (MASKE_TAKMA_ORANI is ORTA) and
(ORTAMDA_KALMA_SURESI is AZ) and
(ORTAM_HAVALANDIRMA_SURESI is iYi_HAVALANDIRILMIS)
then (COVID_19_BULAS_RISKi is AZ_RiSKLI) (1)

10. If (MASKE_TAKMA_ORANI is ORTA) and
(ORTAMDA_KALMA_SURESI is COK) and
(ORTAM_HAVALANDIRMA_SURESI is AZ_HAVALI) then
(CoViD_19_BULAS_RIiSKi is COK_YUKSEK_RISK) (1)

11. If (MASKE_TAKMA_ORANI is ORTA) and
(ORTAMDA_KALMA_SURESi is COK) and
(ORTAM_HAVALANDIRMA_SURESI is ORTA HAVALI) then
(COVID_19_BULAS_RiSKi is YUKSEK_RiSK) (1)

12. If (MASKE_TAKMA_ORANI is ORTA) and
(ORTAMDA_KALMA_SURESI is COK) and
(ORTAM_HAVALANDIRMA_SURESI is iYi_HAVALANDIRILMIS)
then (COVID_19_BULAS_RISKi is AZ_RiSKLI) (1)

13. If (MASKE_TAKMA_ORANI is AZ) and
(ORTAMDA_KALMA_SURESI is AZ) and
(ORTAM_HAVALANDIRMA_SURESI is AZ_HAVALI) then
(COViD_19_BULAS_RIiSKi is COK_YUKSEK_RISK) (1)

14. If (MASKE_TAKMA_ORANI is AZ) and
(ORTAMDA_KALMA_SURESI is AZ) and
(ORTAM_HAVALANDIRMA_SURESI is ORTA HAVALI) then
(COoViD_19 BULAS_RIiSKi is YUKSEK_RIiSK) (1)

15. If (MASKE_TAKMA_ORANI is AZ) and
(ORTAMDA_KALMA_SURESI is AZ) and
(ORTAM_HAVALANDIRMA_SURESI is iYi_HAVALANDIRILMIS)
then (COVID_19_BULAS_RIiSKi is AZ_RISKLi) (1)

16. If (MASKE_TAKMA_ORANI is AZ) and
(ORTAMDA_KALMA_SURESI is COK) and
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(ORTAM_HAVALANDIRMA_SURESI is AZ_HAVALI) then
(COViD_19_BULAS_RiSKi is COK_YUKSEK_RIiSK) (1)

17. If (MASKE_TAKMA_ORANI is AZ) and
(ORTAMDA_KALMA_SURESI is COK) and
(ORTAM_HAVALANDIRMA_SURESI is ORTA HAVALI) then
(COViD_19_BULAS_RISKi is YUKSEK_RISK) (1)

18. If (MASKE_TAKMA_ORANI is AZ) and
(ORTAMDA_KALMA_SURESI is COK) and
(ORTAM_HAVALANDIRMA_SURESI is iYi_HAVALANDIRILMIS)
then (COVID_19_BULAS_RISKi is AZ_RiSKLI) (1)

Sekil 11. Covid-19 bulas riski parametrelerinin input ve output
degerleri

Matlab programina girilen gesitli girdilere gore programin
hangi sonuglari iiretecegi incelenecektir.
Sekil 12°de ornekte maske takma orani %95, ortalama kalma

stiresi ise 0.5 saat ve ortam havalandirmasi % 4 oldugunda Covid-
19 bulas riski %58.2 olmaktadir.

| Fudie Viewer. covid 19 Fuzzy Lagic =] b4
Fle  Edit View Options
MASKE TAKMA_CRANI = 95 ORTAMDA_KALMA_SURES| = 0.5 ORTAM_HAVALANDIRMA_BURES! =4  covip_19 BULAS RisWi= 582

= = |

— - = ——

=
L
L

= = C o~

= = [ T
[ =
!
!
L
L
L
L

& 55i & — : o0 —
|"°" 550 541 J[""“"" 10 | I"" _wn | oo | gown | w | ]

|ltm!5h‘\:nun‘|9!uu'uy:’ | | Help Chiss | ]

Sekil 12. Ornek matlab érnek girdi ve ciktilart

Sekil 13’te 6rnekte ise maske takma orani %50, ortamda kalma
stiresi 4 saat ve ortam havalandirma %50 oldugunda Covid-19
bulas oran1 %58.3 olmaktadir.

# Rule Viewsr, cowid 19 Fuzry Logic = [m]

MASHE TAMMA_DR&MI = 50 ORTAMDA WALMA SURESi=4 ORTAM HAVALANDSMA SURESI=S0 cowp 13 BULAS Rissis 583

]
|
|
]

— =

L
o
|
| [ —
o 100 o 4 0 100 =
|'ﬂ‘ sa4ls01 ”“‘“"‘" Ll Hm e | g | wown | w | |

|mmm'm!9!'ur:yu'c ]] 1o | Cose | I
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Sekil 14’te maske takma orani %6, kapali ortamda kalma siiresi Ortamda kalma siiresi azaldiginda ve maske takma orani
4 saat ve ortam havalandirma siiresi %5 oldugunda viriis bulasma  arttiginda Covid-19 bulasg oranin sifira yaklastigini Sekil 17°de
orant %90 olmaktadir. goriilmektedir.
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Sekil 16°da ise giris degerleri olan maske takma orant %100,
kapali ortamda kalma siiresi 4 saat ve ortam havalandirma .
stiresi %1 oldugunda viriis bulagma orani %90.3 olmaktadir. grafigi

3 boyutlu verilen Sekil 19°da ortam havalandirma siiresi ve
ortamda kalma siiresi arasindaki iliski goriilmektedir. Ortamda
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Bu degerleri 3 boyutlu grafiksel ekrandan da
goriilebilmektedir.
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Tablo 2. Covid-10 viriis bulas riskini etkileyen parametrelerin matlab programinda drnek ¢iktilart

KAPALI
MASKE ORTAMDA KAPALI ORTAM
TAKMA ORANI | KALMA SURESI | HAVALANDIRMA SURESI COVIiD-19 VIRUSU
(%) [0-4 SAAT] % BULAS RIiSKIi %

95% 0.5 SAAT 4% 58.20%

50% 4 SAAT 50% 58.30%

6% 4 SAAT 5% 90.00%

100% 0.1SAAT 100% 7.16%

100% 4 SAAT 1% 90.30%

Tablo 2°de matlab programina girilen 6rnek veriler ve elde edilen
sonuglar gosterilmistir. Kapli ortam havalandirma siiresinin
artmas1 ve maske takma oraninin artmasi ile Covid-19 viriisii
bulas riskinin en diisiik degerde yani 7.16% oldugu gozlenmistir.
Maske takma oraninin diisiik ve kapali ortam havalandirma
oraninin diisiik olmasi durumunda ise viriis bulas riski 90%
degerlerine g¢ikmaktadir. Sadece maske takilmasi durumunda
kapali ortam havalandirmasi ithmal edilirse yine viriis bulas riski
90.30% olarak olduk¢a yiiksek oldugu tespit edilmistir.
Onelmlerin hem maske hem de ortam havalandirmasi olarak
alimmasi viriis bulas riskini diisiirdiigii agiktir.

4. Sonuc ve Oneriler

Diinyay1 etkisi altina alan Covid-19 viriisiiniin yayilmast
devam etmekte ve bu 6liimciil viriise karsi herhangi bir kalici
tedavi yontemi bulunmamaktadir. Ancak alinacak tedbirlerle
Covid-19 viriisiiniin yayilmasi ciddi oranda engellenebilir. Bu
tedbirlerden ve en 6nemlilerinden birisi hijyen, bir digeri kapali
ortamda kalma siiresinin miimkiin mertebe az olmasi, kapali
ortamin iyi derecede havalandirilmis olmas: ve bir digeri ise
maske takmadir. Maske takmanin viriis ve hastalik yayilmasini
engelledigi bir gergektir, ancak yapilan ¢aligmalar gostermektedir
ki, bulunulan ortamin kapali olmast durumunda kapali ortamda
kalma siiresi arttiginda ve havalandirma orani diistiigiinde, maske
artik koruyuculugunu yitirmektedir.

Kapali ortam havalandirma siiresi ile maske takma orani
incelendiginde kapali ortam havalandirmasinin 6nemli bir etken
oldugu ¢ok agik sekilde goriilmektedir. Kapali ortam
havalandirma siiresi ve ortamda kalma siireleri arasindaki
korelasyonda ise ortam ¢ok iyi havalandirildiginda kapali
ortamda kalma siiresi artsa bile bulas riski azalmaktadir, ancak
havalandirma oram diistiigiinde ortamda kalma siiresi diigiik olsa
bile bulas riski devam etmektedir. Havasiz ortamda kalma siiresi

e-ISSN: 2148-2683

uzadiginda ise bulas riski en yiiksek seviyelere dogru artis
gostermektedir.

Bu c¢alismadan c¢ikarilacak en onemli sonuglardan birisi,
kapali ortam havalandirilsa bile kapali ortamlarda kalma siiresi
arttiginda bulag riskinin devam ettigidir. Maske takma Covid-19
virlisii yayilma siirecinde engelleyici bir faktor olsa da, havasi ve
kapali ortamlarda gegirilecek siireler maske takmanin 6nemini
ortadan kaldirmaktadir.
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Abstract

In this study, it is researched that could use (PV) panel for solar energy instead of DC power supply used in leachate treatment by
submerged electro membrane bioreactor for Antalya in Turkey. The study was made the analysis and modeling by MATLAB Simulink
of electric energy obtained solar powered or PV panels and present an engineering approach. SMEBR was operated under electrokinetic
conditions at a current density of 24 mA/cm?2 (11,5 A), exposure time 343 minutes. As a result, in the light of SMEBR electrokinetic
experimental results, it was found that a pair of PV panels connected in parallel provide 11.5 A for the SMEBR process for this region.
In obtained modelling, it was determined the number of panels increases dependent on the amount of volume. Also, it was understood
that PV system can work without battery via a control mechanism turn off the system, and it provides direct current. If a battery is added
to the system, it can continue treatment without interruption. But since this system will run for about six minutes, no battery cost will
be required.

Keywords: Electro Bioreactor, Electrocoagulation, Leachate, Solar Energy, PV Panel, MATLAB.

Elektro-membran Biyoreaktor Kombine Giines Enerjili Prosesler:
MATLAB Modelleme

Oz

Bu ¢alismada, Tiirkiye'de Antalya i¢in batik elektro membran biyoreaktdr ile sizint1 suyu aritiminda kullanilan DC gii¢ kaynag1 yerine
giines enerjisi i¢in (PV) panel kullanilabilecegi aragtirilmistir. Calisma, giines enerjili veya PV panellerden elde edilen elektrik
enerjisinin MATLAB Simulink ile analizi ve modellemesi yapilmig ve bir mithendislik yaklagimi sunmaktadir. SMEBR, 24 mA/cm2
(11,5 A) akim yogunlugunda, 3+3 dakika maruz kalma siiresinde elektrokinetik kosullar altinda ¢alistirildi. Sonug olarak, SMEBR
elektrokinetik deney sonuglar1 1s181nda paralel baglanmis bir ¢ift PV panelin bu bolge i¢in SMEBR islemi i¢in 11.5 A sagladigi
bulunmustur. Elde edilen modellemede hacim miktarina bagli olarak panel sayisinin arttig1 tespit edilmistir. Ayrica PV sistemin akiisiiz
caligabilecegi bir kontrol mekanizmasi ile sistemi kapattigi ve dogru akim sagladigr anlagilmistir. Sisteme pil eklenirse ¢aligmaya ara
vermeden devam edebilir. Ancak bu sistem yaklasik alt1 dakika calisacagi i¢in herhangi bir pil maliyeti gerekmeyecektir.

Anahtar Kelimeler: Elektro Biyoreaktor, Elektrokoagiilasyon, Sizint1 Suyu, Giines Enerjisi, PV Panel, MATLAB.
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1. Introduction

In the last decades, waste production has increased significantly
due to the overpopulation and the changing consumption habits
[1]. Landfilling is the most used final waste disposal method
around the world. In a landfill, leachate production is an inevitable
consequence of leaking through the decomposition and separation
of waste. Leachate is depending on factors such as landfill age,
precipitation, seasonal air exchange and waste composition, the
character varies and pollution load is higher than other
wastewaters [2], [3]. Therefore, its treatment is relatively difficult
[4]. The inability to achieve well treatment of leachate is seriously
affecting the receiving environment [5] [6]. Therefore, effective
treatment of leachate is becoming increasingly important in order
to protect the earth and groundwater resources [2]. Leachate needs
to be treated prior to its discharge into receiving waters and the
removal of organic matter and ammonium is always a pre-
requisite. Given the complexity of the leachate composition,
previous studies suggested that a combination of technologies is
usually required.

Akkaya et al. [7] researched leachate treatment with new hybrid
method called Submerge electro membrane bioreactor (SMEBR).
SMEBR, a novel method for wastewater treatment has been
combined with the membrane bioreactor (MBR) and the
electrokinetic processes [8]. Electrokinetic processes in this
method contains electrochemical phenomena such as
electrocoagulation (EC), electroosmosis and electrophoresis. For
EC processes in SMEBR, sacrificial metal electrodes (as anode
and cathode) are used to produce coagulating agent to dose the
polluted water and electrolytic gases are generated.

Electrodes are connected to a direct current (DC) power supply.
The electrical current applied power supply causes the dissolution
of metal into wastewater. When the metal ions began to appear on
the anode side in wastewater solution it reacted with hydroxide
ion (OH—) produced on the cathode side producing aluminum
hydroxide according to the following equations (for aluminum
anode/cathode) [9]:

At the anode: Al » AI3* + 3e~ )
At the cathode: 3H,0 + 3e™ — 1.5H,(4) + 30H™ 2
In solution: AIZS,y + 3H,0 — AL(OH)3(5) + 3H{q (3)

Electric energy is required in EC processes. Recently, several
authors researched that electrical energy in EC is obtained
environmentally friendly and renewable methods [10], [11], [12],
[13], [14]. Solar powered EC systems were improved because
direct sunlight is potentially the most powerful renewable energy
source. In this system, it was used DC supply directly from photo-
voltaic (PV) panel instead of power supply for EC. In less than an
hour, the Earth receives the same amount of energy from the sun
as is used globally by mankind in a year. In contrast to most of the
other energy technologies, solar energy is only limited by the cost
of conversion and the intermittency in time [15]. The utilization
of sunlight can be made with a wide variety of technologies that
use the physical principles of energy conversion.
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Figure. 1(a) and (b). The solar radiation resource possessed in
Turkey and Antalya respectively

Turkey represented in Figure 1(a) is in a very fortunate position
than many other countries in terms of efficient and solar energy
potential with the current geographical location. One of the most
solar energy potentials as shown in Figure 1(b) is Antalya in
Turkey. In this study, it is researched that could use (PV) panel
for solar energy instead of DC power supply used in leachate
treatment by SMEBR for Antalya. The aim of this work is the
analysis and modeling by MATLAB Simulink of electric energy
obtained solar powered or PV panels and present an engineering
approach.

2. Experimental Setup

2.1. SMEBR System

Leachate treatment by SMEBR was studied in the working
volume of 5.0 L. Aluminum (Al) was the material preferred for
both anode and cathode electrodes in SMEBR. In order to achieve
a homogenous mixture and sustain homogenous circulation, 1 mm
thick cylindrical and perforated Al anode and cathode electrodes
were used with the same surface areas (238.5 cm2) and the
perforation of 73.3 and 15.6%, respectively (Figure 2). The
diameters of the perforated anode and cathode electrodes were
15.8 and 5 cm, respectively and the distance between the
electrodes was 5.4 cm. Al electrodes were immersed inside the
mixed liquor approximately 18 cm from the bottom of SMEBR.
SMEBR was operated under electro-kinetic conditions at a
current density of 24 mA/cm2 (11,5 A) at 180 s/day for 25 days
(Stage 1) and 360 s/day for 25 days (Stage I1) [7].
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Hollow Fiber Membrane

Figure 2. SMEBR experimental setup
2.2. Model

SMEBR system presented in Figure 3 is modeled on MATLAB
Simulink 2020a environment. A renewable source, PV panel, is
the electric supply of the system. Irradiance and temperature
values are input variables for PV array, including two high power
SunPower SPR-415E-WHT-D panels connected parallel for the
SMEBR process needing 11.5 A. A storage capacitor is connected
to the output of the panel groups. The capacitor provides a
constant voltage of approximately 1.2 V source for electrodes. In
Figure 3., the MATLAB Simulink model is represented. In this
model, a resistor simulates electrodes as an electrical element.

Double-click
to open parameters .m file

Irradiance
(W/m2)

L
U

Temperature
(Deg. C)

kradiance (W/m2)
v meant - —M

Véc mean (V)
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Fmean

Pdc al

3. Results and Discussion

The efficiency of SMEBR in the treatment of young leachate
was investigated by Akkaya et al. [7]. An electrical field of 360
s/day was applied for another 25 days in the same current density
with 12-hour intervals during 5 days of HRT (Stage I1). At end of
this study, results demonstrated that the formation of electro-
kinetic conditions within a SMEBR with the addition of the
electrical field provided important contributions in terms of the
effluent quality. While the chemical oxygen demand (COD)
which is water pollution parameter, removal efficiency improved
by 3-6% in Stage I, it almost doubled in Stage 11 and was 6-15%.
Also, in SMEBR the temperature value was 2544 °C depending
on the ambient conditions.

SMEBR system integrated with a PV panel system presented
in Figure 3 operates at 25°C and 950 W/m?2 irradiance. The panel
supplies depend on the solar irradiation and the temperature of the
PV module which in turn is affected either in a continuous way or
suddenly depending on the weather conditions [12]. According to
the Antalya irradiance map (Figure 1.), the operating point is an
approximate and optimum value for the year. In the light of
experimental results [7], a pair of PV panels connected in parallel
provide 11.5 A for the SMEBR process for this region.

ll" “ |
| d I"). L] uL‘/:“
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L { H
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Figure. 3. MATLAB Simulink model of SMEBR system powered by PV source

The number of panels increases dependent on the amount of
volume. Turkey has 4-11 hours of insolation durations changing
by months, as reported by Turkish Energy Map, GEPA. The best
time for irradiance for our system is at noon. On the other hand,
this system does not work at night because of no battery. PV
system can work without battery via a control mechanism turn of
the system, and it provides direct current if the sun. If a battery is
added to the system, it can continue treatment without
interruption. But since this system will run for about six minutes,
no battery cost will be required.

The PV panel characteristics used in Figure 3 has been
investigated and extracted in Figure 4(a) and 4(b). In Figure 4(a)
case, SunPower PV panel connected to 1 series modules and 2
parallel strings is tested 25 °C, 27 °C, 29 °C and 45 °C, and
obtained current and power graphs as shown. When temperature
rises, the panel voltage will decrease. In Figure 4(b) case, the
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irridation is changed for 0.9 kW/m2, 0.95 kW/m2, 1 kW/m2 and
1.2 kW/m2 tests. If irridation increases, current and power are also
increase.
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Figure. 4. PV panel properties of the system under (a) varying
temperatures and (b) irridation conditions
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Figure. 5. Simulation results of PV system for varying
irridations at 27°C temperature (a) voltage graph and (b) current
graph

Output voltage and current waveforms are presented in Figure
5(a) and 5(b) respectively. According to the graphics, high level
of irridation causes higher current and voltage. This situation can
be an advantage for using SMEBR system.
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Figure. 6. Simulation results of PV system for varying
temperatures at 950 W/m? irridation value (a) voltage graph and
(b) current graph

Figures 6(a) and 6(b) show the output voltage and current
waveforms, respectively. The graphics show that a high level of
temperature results in the nearly same current and voltage.

It is widely recognized that any treatment method powered by
renewable energy such as PV panel has significance all over the
world where the solar energy is abundant throughout the year.

4. Conclusion

In this study, the use of solar energy, which is a renewable
energy source, and a hybrid treatment method, SMEBR, were
investigated. Instead of the electrical energy used in SMEBR, it is
aimed to use solar energy thanks to PV panels. Here, Turkey's
most solar region, Antalya, was selected and the electrical energy
obtained from PV panels was analysed and modelled with
MATLAB Simulink model and an engineering approach was
presented. It was concluded that a pair of PV panels connected in
parallel would be sufficient for the 11.5 A and 3+3 mins reaction
time required to treat the wastewater. Moreover, it was
determined that the number of panels increased depending on the
amount of volume in the modelling created. In addition, it has
been stated that if the system is operated in continuous mode day
and night, battery may be needed, but since it has a short reaction
time, no battery cost will be required.
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Oz

Bu ¢alismada, makine 6grenmesi modelleri kullanilarak cam elyaf ve epoksi regine takviyeli lamine kompozit malzemelerin yer
degistirme ve gerilme degerlerinin tahmin edilebilmesi hedeflenmistir. Calisma kapsaminda, kesiti belirlenen numune farkl
laminasyonlar i¢in malzeme 6zellikleri degistirilerek modellenmis ve Ansys yazilimi ile uygulanan ¢ekme kuvveti altinda toplam yer
degistirme ve Von Misses gerilmeleri ile veri seti olusturulmustur. Olusturulan veri seti ile makine 6grenmesi modelleri olan Saglam
regresyon ve Gauss igslemci regresyonu modelleri kullanilarak toplam yer degistirme ve Von Misses gerilmelerinin tahmin edilmesi
saglanmustir. Sonug olarak, Ansys yazilimi ile elde edilen ve egitim ve test amaciyla kullanilan veri seti degerleri ile her iki modelden
elde edilen ayn1 degerlerin kiyaslamasi yapilmistir. Ayrica, iki modele ait modellerin ¢aligma parametreleri goz 6niinde bulundurularak
dogruluk orani agisinda degerlendirmesi gergeklestirilmistir. Sonuglara gére, Gauss islemci regresyon modelinin ilgili ¢aligma agisinda
daha uygun oldugu belirlenmistir.

Anahtar Kelimeler: Kompozit Malzeme, Makine Ogrenmesi, Mekanik Ozellik.

Prediction of Displacement and Stress Values of Composite Materials
Under Load with Machine Learning Models

Abstract

In this study, the determination of displacement and stress values under certain load of glass fiber and epoxy resin laminated reinforced
composite materials by using machine learning models is targeted. In the scope of study, the modelling is done by changing the material
properties of varied laminations of composite samples via Ansys software and a tensile force is implemented in order to receive the total
deformation and Von Misses stresses under the implemented tensile force and creation of the dataset is completed. The robust linear
regression and Gaussian process regression models from machine learning algorithms are used to predict and determine the total
deformation and Von Misses stresses by training and testing the models with the dataset created. As result, the predicted values obtained
from trained and tested regression models and the real values obtained by modelling in Ansys are compared. Additionally, in
consideration of model parameters for both regression models, the evaluation of true responses and correct prediction/determination is
done. According to the results, Gaussian process regression model is determined as a better model for related study.

Keywords: Composite Material, Machine Learning, Mechanical Properties
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1. Giris
Kompozit malzemeler tasidigi karakteristik 6zellikleri
sebebiyle diger malzemelere gore pek ¢ok avantaji

bulunmaktadir. Takviye ve matris malzemelerin 6zelliklerinin
birlesimi bu malzemeleri mekanik 6zellikler bakimindan
kullanimint ¢ok avantajli hale getirmektedir. Ancak mekanik
ozellikleri net olarak bilinememektedir. Malzeme se¢iminde
degisik sartlar altinda (yik, darbe vs.) nasil davranislar
gosterecegini bilmek ¢ok biiylik bir 6neme sahiptir. Bu sebeple,
kompozit malzemeler iiretildikten sonra istenilen mekanik
ozellikleri tasidigimi dogrulamak amaciyla farkli yOntemler
kullanilarak 6zelliklerin belirlenmesi gerekmektedir.

Tespit edilmesi istenen Ozellie bagli olarak testler veya
sonlu elemanlar analizi yapilmasi kompozit malzemelerin
ozelliklerini tespit etmekte kullanilan yontemlerdir. Ancak her iki
yontem de zaman ve maliyet bakimindan her zaman avantajl
degildir.

Makine O6grenmesi, kompozit malzemelerin &zelliklerini
tespit etmekte son birkag yil icerisinde kullanilmaya baglanmis
farkli bir uygulamadir. Son yillarda literatirde mekanik
ozelliklerin tahmini i¢in pek ¢ok calisma yapildigi goriilmektedir.

Kondo, R. Ve arkadaslar1 bir caligmada (2017), seramik bazl
kompozit malzemelerin mikro yapisim1 ele alarak, iyonik
iletkenlik &zelliklerinin tespiti i¢in bir yapay sinir aglart modeli
caligmasi gergeklestirmistir [1].

Fatih Buyrul ve arkadaglar1 (2022) bir ¢aligmada, aramid
takviyeli malzemelerin mekanik 6zelliklerini deneyler sonu tespit
ederek bir yapay sinir ag1 gelistirmis ve deney sonucu elde edilen
degerlerin tahmini i¢in egitmislerdir [2].

Nateghi A. ve M. H. Ahmad (2019) tarafindan yapilan bir
calismada da insaat sektoriinde kullanilan beton bazli kompozit
malzemelerdeki karigma oraninin mekanik 6zellikler lizerindeki
etkisine dikkat c¢ekilmis ve yapilarin gii¢lendirilmesi amaciyla
kullanilan beton bazli kompozit malzemelerde 36 farkli karigim
oranina gore test yapilmistir. Bu testlerde elde edilen veriler ile
farkli karisim oranlarina gore gerilme kuvvetini ve gerilme
dayanimini tahmin eden bir yapay sinir aglar1 modeli
tasarlanmugtir [3].

Pathan, M. ve arkadaglar1 bir ¢aligmada (2017), kompozit
lamine tabakalarin viskoelastik 6zellikleri ve frekans ve sicakliga
karst duyarhiliklarinin  tahmini i¢in bir model ¢alismasi
gerceklestirmistir [4].

Z. Kaya ve arkadaslar1 (2020) yaptiklar1 bir ¢alismada, cam
elyaf/epoksi takviyeli kompozit malzemelerdeki kirilma
davranislarini bir makine 6grenmesi modeli analiz etmislerdir [5].

Bu c¢alismadaki amag, iiretilmesi planlanan kompozit
malzemelerin mekanik 6zelliklerini tahmin edebilen bir makine
o0grenmesi modeli olusturmak ve maliyet ile zaman bakimindan
dezavantajli olan yontemleri kullanmadan ya da ilgili yontemlerin
kullanilmasindan 6nce ¢alisma yapilmasi planlanan kompozit
malzemelerin 6zelliklerini 6ngdrebilmektir. Makine 6grenmesi
modelinde elyaf ve reginenin temel 6zellikleri olan yogunluk,
elastisite modiilli, kayma modiilii, poisson orani, kalinlik, ¢ekme
mukavemeti, basma mukavemeti ve kayma mukavemeti girdi
verisi olarak, yiik altinda numunende olusan toplam yer
degistirme ve Von Misses gerilmesi de ¢ikt1 olarak kullanilmusgtir.

e-ISSN: 2148-2683

2. Materyal Ve Yontem

Yapilan ¢aligma kapsaminda, cam elyaf takviye malzemesi ve
epoksi re¢ine matris malzemesinin birlesimiyle olusturulabilen
farkli laminasyon yapilarindaki kompozit malzemelerin
iiretilmeden 6nce belirli mekanik 6zelliklerinin makine 6grenmesi
modeli ile dngdriilmesi amaglanmistir.

Oncelikli olarak makine dgrenmesi modelinde kullanilmak
iizere bir veri seti olusturulmustur. Veri seti i¢in her laminasyon
yapisinin belli bir yiik altinda gdsterdigi mekanik 6zelliklerin
saptanabilmesi ve belirlenebilmesi amaciyla Ansys yazilimi
kullanilarak belirlenen kesite yiik uygulamasi yapilmis ve bu yiik
altinda her laminasyonun gosterdigi tepki kaydedilmistir. Daha
sonrasinda belirlenen &6zellikler liste olarak hazirlanmis ve girdi
ve ¢ikt1 olarak modelde kullanilmasi planlanan 6zellikler
belirlenmistir. Elde edilen veri seti ile 2 farkli makine 6grenmesi
modeli gelistirilmis ve modellerin verdigi sonuglara istinaden
hangi yontemin ve modelin daha dogru tahmin yaptig
kiyaslanmustir.

2.1. Veri Setinin Olusturulmasi

Veri setinin olusturulmasi kapsaminda dncelikle kullanilmasi
planlanan 5 tip cam elyaf belirlenmis ve ilgili cam elyaf tiplerinin
mekanik  Ozellikleri Ansys yaziliminda malzeme olarak
tanimlanmistir.  Aynt  sekilde takviye malzemesi olarak
kullanilmasit amacglanan epoksi regine ozellikleri de malzeme
tanimi olarak gergeklestirilmistir.

Tablo 1°de, calisma kapsaminda kullanilan 5 tip cam elyaf ve
epoksi re¢ine malzeme 6zellikleri gosterilmistir.

Veri setinin olusturulmast amaciyla Ansys ACP modiili
kullanilmustir.

Tablo 1. Cam eyaf've epoksi regine malzeme ézellikleri

Cam | Cam | Cam | Cam | Cam .
Epoksi

Parametre | elyaf | elyaf | elyaf | elyaf | elyaf recine

Tipl | Tip2 | Tip3 | Tip4 | Tip 5 ¢
Yogunluk

1 4 14
(kg/m™3) 350 50 300 300 800 50
Elastisite
modiilii 23990 | 10110 | 9900 | 15660 | 13340 | 5330
(Mpa)
Kayma
modiilii 9680 | 4150 | 3900 | 6230 | 5300 | 1910
(Mpa)
Poison 024 | 022 | 037 | 026 | 035 | 04
orani
Ralinlik 1.2 1 07 | 04 | 14 | o1
(mm)
Cekme
muk. 254,38 | 76,58 | 74,37 | 188,9 | 142,13 | 30,62
(Mpa)
Basma
muk. 211,27 (141,19 320,25 |431,87 | 296,76 | 139,42
(Mpa)
Kayme
muk. 123,7 | 77,73 | 42,96 | 112,49 | 84,76 | 16,44
(Mpa)
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Laminasyon tanimi yapildiktan sonra modele yiik
tanimlanmas1  yapilmigtir. Geometri bir kenardan sabit
varsayilmis, X yoniinden de ¢gekme kuvveti maruz birakilmigtir.

Belirtildigi sekilde yiik uygulandiktan sonra sonlu elemanlar
analizi ¢ozdiiriilmiis ve ¢cekme ylikiine karsilik malzemenin bu
yiik altindaki toplam yer degistirmesi ve Von Misses gerilmesi
tespit edilmistir.

Bu sekilde farkli kombinasyonlardaki kompozit malzeme
laminasyonlar1 modellenerek c¢ekme kuvveti etkisi altinda
gosterdikleri toplam yer degistirme ve Von Misses gerilmesi
kaydedilerek egitim ve test amaciyla veri seti olusturulmustur.

Egitim amaciyla olusturulan veri setinde 33 farkli
laminasyon tipi mevcuttur. Test amaciyla kullanilacak olan veri
setinde 11 farkli laminasyon kullanilmistir.

2.2. Makine 6grenmesi modellerinin olusturulmasi

Regresyon, bir bagimli degisken ile diger bagimsiz
degiskenler arasindaki iligkinin giiciinii belirlemeye ¢alisan, bu
giice gore tahminler ortaya koyan istatistiksel bir 6l¢limdiir ve
makine 6grenmesi algoritmalari arasinda 6nemli bir algoritmadir.
Bu nedenle, bu ¢aligma kapsaminda olusturulan veri seti 2 farkli
regresyon modeli ¢alistirilarak, regresyon modelleri arasinda
ilgili veri setine en uygun olan modelin tespiti i¢in kiyaslama
yapilmistir.

3. Bulgular ve Tartisma

Bu calismada 2 farkli regresyon algoritmast kullanilarak
sonlu elemanlar analizi ile elde edilen toplam yer degistirme ve
Von Misses gerilmesinin tahmi edilmesi amaglanmustir.

Caligmada kullanilan 2 regresyon algoritmasi, saglam lineer
regresyon ve Gauss iglemci regresyonu modelleridir.

Belirtilen modeller Matlab yazilimi Regression App modiili
kullanilarak olusturulmustur. Regression App modilil ile
modeller calistirildiktan sonra sonuglarin degerlendirilmesi ve
modeller arasinda kiyaslama yapilabilmesi i¢in dogrulama
RMSE, test RMSE ve dogrulama R-Square, model parametreleri
ile yanit grafigi, egitim verisi artik deger grafigi ve test verisi artik
deger grafigi elde edilmistir.

RMSE (Kok Ortalama Kare Hata), bir makine &grenmesi
modelinin, tahminleyicinin tahmin ettigi degerler ile gergek
degerleri arasindaki uzakligin bulunmasinda siklikla kullanilan,
hatanin biiyiikliigiinii 6lgen kuadratik bir metriktir. Iyi egitilmis
bir modelde bu degerin miimkiin oldugunca diisiik olmasi
beklenir.

R-Square, determinasyon katsayisidir. R-square her zaman
I'den kiigiiktiir ve genellikle 0'dan biiyiiktiir. Egitimli modeli
yanitin sabit oldugu modelle karsilastirir ve egitim yanitinin
ortalamasina esittir. Model bu sabit modelden daha kotiiyse, R-
square negatiftir. Iyi egitilmis bir modelde bu degerin miimkiin
oldugunca 1’e yakin olmas1 beklenir.

Yanit grafigi, veri setinde yer alan gercek ¢iktilar ile modelin
tahmin ettigi ¢ikt1 degerlerinin gosterildigi grafiktir.

Artik deger grafigi, tahmin edilen ve gergek yanitlar
arasindaki farki gostermektedir.

e-ISSN: 2148-2683

3.1. Saglam lineer regresyon modeli

Bu modelin diger regresyon modellerine gore farki ve
avantaji, aykiri degerlere karsi algoritmanin daha az duyarl
olmast ve lineer yapisint koruma amaciyla kiiciik agirlik
degerlerine sahip olmasidir.

Saglam lineer regresyon modelinde yer degistirme verisine
karsilik dogrulama RMSE 19.542, dogrulama RMSE 11.624 ve
dogrulama R-square 0,56 olarak elde edilmistir. Bu model ile elde
edilen yanmit grafigi Sekil.1 ve test verisi artik deger grafigi
Sekil.2’de verilmistir.

Saglam Lineer Regresyon

lam Yor

10 5 2
Dogar Adadt

Sekil 1. Saglam Lineer Regresyon — Egitim Veri Seti — Toplam
ver degistirme — Yanit Grafigi

Saglam Linear Regrasyon

clam Yar Degigtime

Artik Dedor - T

] 0 2 14 ®

Sekil 2. Saglam Lineer Regresyon — Test Veri Seti— Toplam yer
degistirme — Test Verisi Artik Deger Dogrulama Grafigi

Saglam Lineer Regresyon modelinde gerilme verisine
kargilik dogrulama RMSE 0,74, dogrulama RMSE 1.38 ve
dogrulama R-square 0,84 olarak elde edilmistir. Bu model ile elde
edilen yanit grafigi Sekil.3 ve test verisi artik deger grafigi
Sekil.4’te verilmigtir.
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Saglam Lineor Rogresyon

Gertmas

10 15 0 25 20
Dedar Adadt

Sekil 3. Saglam Lineer Regresyon — Egitim Veri Seti — Von
Misses Gerilmesi — Yanit Grafigi

Saglam Linear Regrasyon

Artik Deer - Vor

26 28 3 az 34 36 38
Sargek D e

Sekil 4. Saglam Lineer Regresyon — Test Veri Seti — Von Misses
Gerilmesi — Test Verisi Artik Deger Dogrulama Grafigi

3.2. Gauss islemci regresyon modeli

Gauss islemci regresyon modeli yapi itibariyle bir fonksiyon
uzayi iizerinde olasilik dagilimi kullanan, yorumlamasi nispeten
zor ancak dogruluk orani yiikksek bir modeldir. Bu modelin diger
regresyon modellerine gore farki ve avantaji olasilik dagilimi
sayesinde dogruluk oraninin nispeten yiiksek olmasidir.

Gauss islemci regresyon modelinde yer degistirme verisine
karsilik dogrulama RMSE 10.565, dogrulama RMSE: 15.821 ve
dogrulama R-square 0,87 olarak elde edilmistir. Bu model ile elde
edilen yanit grafigi Seki.5 ve test verisi artik deger grafigi
Sekil.6°da verilmistir.

Gauss Sdreg Regresyonu

Deger aded

Sekil 5. Gauss Islemci Regresyonu — Egitim Veri Seti — Toplam
ver degistirme — Yanit Grafigi
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Gauss Sireg Regresyonu

Atk Deder - Toplar

"
Gargek Doges

Sekil 6. Gauss Islemci Regresyonu — Test Veri Seti — Toplam yer
degistirme — Test Verisi Artik Deger Dogrulama Grafigi

Gauss islemci regresyon modelinde gerilme verisine karsilik
dogrulama RMSE 0.362, dogrulama RMSE 1.40 ve dogrulama R-
square 0,96 olarak elde edilmistir. Bu model ile elde edilen yanit
grafigi Sekil.7 test verisi artik deger grafigi Sekil.8’de verilmistir.

Gauss Sareg Rogresyonu
" Gerk Dwger
Tt Exb Do

Degor Aduc

Sekil 7. Gauss Islemci Regresyonu — Egitim Veri Seti — Von
Misses Gerilmesi — Yanit Grafigi

Gauss Sires Regrosyonu

erimes

24 28 28 3 az 34 a6 38
Sargek Duger

Sekil 8. Gauss Islemci Regresyonu — Test Veri Seti — Von Misses—
Test Verisi Artik Deger Dogrulama Grafigi

3.3. Model kiyaslamasi

Sonuglara istinaden, asagidaki tabloda her iki model olan
saglam lineer regresyon modeli ve Gauss islemci regresyonu
modeline ait parametrelerin yer aldigi bilgiler Tablo 2’de yer
almaktadir.
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Tablo 2. Test veri seti laminasyon ve sonug¢lar

Model Saglam lineer Gauss islemci
regresyon regresyonu
Cikt Toplam Yon Toplam \fon
verisi yer Misses yer Misses
degistirme | gerilmesi | degistirme | gerilmesi
Dogrulama
19.542 74 10. 362

RMSE 9.5 0.7 0.565 0.36
Test RMSE 11.624 1.38 15.821 1.4
Dogrul

CETIAMA ] 0.56 0.84 0.87 0.96
R-square

Test veri setindeki laminasyon yapilari i¢in iki modelin de
tahmin degerleri Tablo 3’te yer almaktadir.

Tablo 3. Test veri seti tahmin degerleri

Saglam lineer Gauss islemci Gergek ciktr degeri
regresyon regresyonu

;{eegr. Gerlime ;(eegr. Gerlime ::g_ Gerlime
(mm) (Mpa) (mm) (Mpa) (mm) (Mpa)
35.40 6.21 29.17 6.60 31.02 6.83
15.58 4.42 10.91 4.25 11.13 4.12
6.74 3.22 8.34 3.35 7.76 3.41
42.15 7.16 49.35 7.74 38.18 7.58
11.28 4.10 9.07 3.79 9.54 3.79
15.78 3.32 15.46 3.24 16.05 3.24
23.46 3.82 20.46 3.64 20.86 3.70
15.39 2.61 15.36 3.13 14.95 3.14
6.06 1.92 6.47 2.07 7.73 2.23
43.41 6.22 67.88 7.14 42.77 5.15
26.14 3.38 25.81 4.08 24.54 3.99

4. Sonuglar

Caligma kapsaminda oncelikle Ansys yazilimi kullanilarak
¢cekme kuvveti etkisi altinda farkli laminasyon yapilarindaki
kompozit malzemelerin yer degistirme ve Von Misses gerilme
degerleri ile 33 farkli laminasyondan olusan egitim veri seti ve 11
laminasyondan olusan test veri seti olusturulmus ve veri setleri
regresyon algoritmalarindan olusan saglam lineer regresyon ve
Gauss islemci regresyonu modellerini egitmek ve test etmek tizere
olusturulmustur.

Her iki model de belirli bir dogruluk oraninda yiik altindaki
kompozit malzemelerin yer degistirme ve gerilme degerlerini
tahmin eden sonuglar1 grafikleri ile beraber ¢ikt1 olarak vermistir.
Ancak Gauss islemci regresyonu modeli ile saglam lineer
regresyon modeline nispeten daha dogru sonuglar elde edilmistir.

Regresyon modellerinden R-square degeri 1’e yakin olan
model 0.86 ile Gauss islemci regresyonu modelidir. Ayn1 zamanda
Tablo 3’te belirtilen degerler de incelendiginde sonlu elemanlar
analizi ile elde edilen sonuglara daha yakin degerler elde edildigi
goriilmektedir.

e-ISSN: 2148-2683

Ayni zamanda, her iki model de Von Misses gerilme
degerlerini tahmin etme siirecinde daha dogru degerler vermistir.
Bunun sebebi, toplam yer degistirme veri setinde Von Misses
gerilme veri setine nispetle daha fazla aykirn degerler
bulunmaktadir. Bu sebeple, her iki model de aykiri degerler
sebebiyle daha yanlis tahmin etme egilimindedirler.

Elde edilen sonuglara gore, daha basarili sonug veren model
Gauss islemci regresyonu modelidir. Buna ek olarak, veri setinde
yer alan aykir1 degerler elimine edilip daha yakin degerlere sahip
bir veri seti olusturulur ise, ayni yontem daha da dogru sonuglar
verecektir.

Yapilan calisma ile, ilk defa {iretimi planlanan kompozit
malzemelerin yiik altinda gdsterdigi yer degistirme ve gerilme
degerleri herhangi bir test ya da analiz gergeklestirilmeden tahmin
edilebilmektedir. Bu sayede, ilk defa iiretilecek olan kompozit
malzemelerin  Ozellikleri iretim, test ve analiz Oncesi
bilinebilmektedir. Elde edilen bu tahminler ile iretim, test ve
analiz iglemlerine baglandiktan sonra basarisiz ya da beklentileri
kargilamayacak olan bir komozit malzeme c¢alismasi
onlenebilmektedir. Bu sayede, iiretim, test ve analiz maliyet ve is
yiikii 6nlenebilmektedir. Ayrica, yeni kompozit malzeme kesfi
i¢in referans alinabilecek bir veri elde edilebilecek ve galigmasi
planlanan yeni kompozit malzeme O6zellikleri igin 151k
tutabilecektir.
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Abstract

The rapid development in the field of communication and technology has led to a heavy increase in the data produced in digital
environment, and the need to take various active security measures has arisen in the case of robust secured data and end-to-end
transmission. In line with this need, widely used methods developed are Cryptography which scrambles the data to secure the
information, and Steganography techniques aiming to conceal data in digital objects so third parties cannot detect the transmitted
content. Image steganography techniques can be divided into two groups: spatial domain and transform domain. Spatial domain
techniques embed messages directly in the intensity of the pixels, while the transform domains also known as frequency domain images
are first transformed and then the message is embedded in the image. Many practices have been offered and developed in the literature
to provide secure transmission of the data. In this paper, data-hiding techniques based on frequency domain image steganography has
proposed. Among these techniques, the working principle of DFT has been explained, DCT and DWT techniques performed to embed
and extract secret data. As a result of the proposed methods, it has been achieved to obtain the maximum data embedding capacity in
the cover image by minimizing the distortion in the stego image. It has been observed that the size and quality of the JPEG stego images
have been obtained without deterioration after the data is hidden. The experimental results show successful extraction of the accurate
secret message. Some good PSNR of =50 dB and SSIM results of the proposed methods can represent successful restoration for the
same image.

Keywords: Information Security, DCT, DWT, DFT, Frequency Domain, Data Hiding.

Frekans Alam1 Gorintiu Steganografisine Dayalh Veri Gizleme

Oz

Internet ortaminda, saglam ve giivenli veri aktarimi s6z konusu oldugunda, gesitli aktif giivenlik 6nlemlerine ihtiyag duyulmaktadir. Bu
ihtiya¢ dogrultusunda yaygin olarak, sifreleme ve veri gizleme teknikleri kullanilir. Sifreleme veriyi anlagilmayacak sekilde
karigtirirken, veri gizleme ise verinin varligini anlagilmayacak sekilde gizlemektir. Veri gizleme igleminde goriintiilere veri gizlenmesi,
Goriintli Steganografisi olarak bilinir. Goriintii steganografinde kullanilan teknikler uzamsal alan ve doniisiim alani iki grupta incelenir.
Uzamsal alan teknikleri, gizlenecek bilgileri dogrudan piksellere yerlestirirken, frekans alan tekniklerinde doniisiim islemi
gerceklestirilir ve bilgi gizlemesi yapilir. Makalede, frekans doniisiim alanina dayali veri gizleme teknikleri kullanilmaktadir. Gizli
verileri ggmmek ve gikarmak igin DCT ve DWT teknikleri uygulanmistir. Onerilen yontemler sonucunda stego goriintiideki bozulmay1
en aza indirerek kapak goriintiisiinde maksimum veri gémme kapasitesi elde edilmesi saglanmistir. Deneysel sonuglar, gizli bilginin
bagarili bir sekilde dogru olarak ¢ikarildigini gostermektedir. Ayrica onerilen yontemlerin PSNR degeri ortalama 50 dB’in tizerinde
oldugu goriilmektedir.

Anahtar Kelimeler: Bilgi Giivenligi, DCT, DWT, DFT, Frekans Uzay1, Veri Gizleme.
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1. Introduction

The field of information security research has been
challenged by security issues in online data transmission and
communication to develop techniques to prevent any third-party
interception during communication over the internet [1]. One of
the methods to ensure the security of digital data is using
steganography, cryptography, and digital watermarking.
Steganography is hiding information in digital cover objects and
protecting embedded content by hiding the existence of valuable
data [2]. Methods of digital watermarking are used to protect the
ownership or copyright of original content [3]. Many
steganographic techniques have been proposed to provide secure
data exchange through an open communication channel. These
approaches are mainly hosted under two domains: In spatial
domain techniques [4] [5], and frequency domain techniques. In
the spatial domain data hiding, and replacement is directly applied
to the pixels of the image, LSB [6]is the commonly used method
in the spatial domain [7]. Whereas in the frequency domain the
cover image is transformed from spatial to frequency by applying
DCT, DWT, and DFT methods [8]. The generated image after
applying steganographic algorithms is called Stego-image. This
paper proposes data hiding in digital images by using
steganographic techniques based on frequency domains. Digital
steganography [9] is classified into image, audio, and video. In
this paperwork, image steganography techniques [10] are
preferred to achieve a maximum level of data embedding capacity
[11]. Images comprise square pixels in the type of RGB color,
bilevel, and greyscale images. RGB-colored images consist of
red, green, and blue which represents 8-bit pixel for each color
channel in a total of 24-bit pixel. Greyscale images contain Black
and White color tones in which each pixel represents 8 bits.

Pixel intensity in images is between 0 to 255 as shown in
Figure 1.
Color Channels

RGB COLOR IMAGE RGB COLOR IMAGES

R 147(100100111,

2 ! 166 (10011011); 1 Pixel = 3x8 bit =24 bits
[=]
. B 1ieninoein,

GREYSCALE COLOR IMAGES

0- Black
255- White

1 Pixel = 8 bits

Figure I Color Spaces in Digital Images

The method implemented is DCT which will give us a very
sharp data transition because of its high frequency. Data
Embedding process is first transformed the cover image using
frequency- oriented mechanism like discrete cosine transform
domain (DCT), then secret data is embedded by modifying some
frequency coefficients. The rest of this paper is organized as
follows. Section II literarure survey of the proposed methoda is
explained, in Section 3 Proposed Method is explained, in Section
4 Experimental results are discussed, and last Section 5 provides
the Conclusion of the paper.
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STEGANDGRAPHY MODEL

3 2
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Figure 2 Steganography model

1.1. Discrete Fourier Transform Domain(DFT)

In Fourier transform, DFT the secret image to be sent is
converted into its ASCII format according to the length of secret
data. The cover image with the size MxN is represented as a two-
dimensional function of f(x,y) in the spatial domain is also
subjected to two dimensional Discrete Fourier Transform. The
DFT consists of both real and imaginary coefficients. Therefore,
the secret image is embedded into the real coefficients of the DFT-
converted cover image. Once the embedding process is done, the
cover image is converted to its spatial domain by applying inverse
DFT to obtain the stego image. The receiver side can extract the
ASCII values of the embedded secret image from real coefficients
of the cover image by applying DFT.

DFT [12] is applied in the image according to the partition of
the sine and cosine frequency components. 2D Fourier
transform’s mathematical function f(x, y) is shown Equation
below.

. ux v

Fuv) = o SM S5 f (). e 2l W)

u, v are frequency parameters in the DFT domain.

FOry) = M50 fauv).e 2t R) (2)

x, y are the spatial variables in the image.

1.2. Discrete Wavelet Transform Domain(DWT)

Wavelet transform transforms an image from spatial to

transform domain. The Haar-DWT(HDWT) [13] is widely used
and it is the easiest transformation. The operation of 2D-DWT
consists of the construction of scanning images horizontally and
vertically. The procedure of these operations is explained as
follows:
Step 1: First pixels of the image is scanned from left to right in
the horizontal direction. The addition and subtraction operations
are applied to the neighboring pixels. Next is to store the sum on
the left blocks and the difference on the right, this operation is
illustrated in Hata! Bagvuru kaynagi bulunamadi.. This process is
repeated until all the scanned rows are processed. The mentioned
pixel summation is denoted as a low-frequency (L) and pixel
differences as a high-frequency band (H).
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Horizontal Operation on First row

| |
A+B|C+D || AB CD

| E> |

Figure 3 DWT Horizontal Scan on the first row

Step 2: Pixels are scanned from top to bottom in a vertical
direction. Addition and subtraction operations are performed on
adjacent pixels. Next is to store the sum on top and the difference
on the bottom. This operation is repeated until all columns are
processed as illustrated in Figure 4.

The Vertical Operation

M+N| O+P

N il >

Figure 4 DWT Vertical scan operation

The sub-bands LL denotes a low-frequency block and it is
very similar to the original image, any modification made to this
sub-band could be captured by the intruders' attention, other sub-
bands are Middle-level frequency(HL, LH), and high-
frequency(HH). Modifications done to the HH sub-band can not
be noticed by observers, it is imperceptible to the human visual
system. Wavelet transformation provides both spatial and
frequency embedding. Figure 5 shows the Barbara image with
4-Level DWT.

Figure 5 Barbara Image 4-Level DWT

1.2.1. Data Hiding Algorithm Process with DWT in
Image Steganography

Read cover Image (C).

Read secret message (S)

The secret message is converted to binary format.
The cover image is divided into 4 x 4 blocks.
Apply 2D- Haar DCT to get Low-frequency(LL),

akrwnE
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6. Middle-level frequency(HL, LH), and high
frequency(HH) sub-bands.

7. Apply LSB to each sub-band to replace secret data.

8. Calculate the inverse of 2D-HDWT for each 4 x 4
block.

9. Stego image(S) is finally produced.

1.2.2. Data Extraction Process with DWT in Image
Steganography

1. Read the stego image (S).

2. Divide the stego image into 4 x 4 blocks.

3. Extract coefficients in the transform domain by using
2D- HDWT for each 4 blocks.

4.  Apply LSB to extract the secret message from the
pixels.

5. Extract the secret message.

2.Literature Survey

Many steganography techniques based on transform domain
techniques have been found in the literature. Ramadhan J. Mstafa
et al [14] have proposed video steganography based on DCT-
DWT techniques. Their method focused on offering complete
security criteria such as robustness, imperceptibility, and so on.
First, they applied multiple object tracking (MOT) algorithm to
allocate specific regions of interest (ROI) in the Cover video, then
secret data is embedded in the chosen region by using DCT and
DWT coefficients. They achieved high-security results and the
algorithm is resistant to any possible attacks. Rufeng Chu et al
[15] proposed DCT -based image steganography technique which
takes advantage of the discrete cosine coefficients between the
adjacent pixel blocks. They achieved good-quality images and the
method is resistant to possible attacks. Abdelhafiz MM. ef al [16]
proposed a hybrid method based on the steganography domain
and encrypted domain together. The method used left the most
significant-bit (LMSB) areas in the image to hide the secret data
in the quantized DCT coefficients. Evaluations show good results
based on the quality measures and applied some steg attacks.
Mohamed Hamidi et al [17] proposed a watermarking method a
hybrid frequency domain consisting of DCT and DFT both
together. They applied Arnold transform (AT) to enhance the
security of their algorithm. They achieved robustness and
imperceptibility compared with similar methods. Shakir, H.R. et
al [18] proposed a crypto-stego based method that combined AES
encryption, Wavelet transform in steganography, and chaotic
pixel shuffling.

3. Proposed Method

The proposed method is aiming high embedding capacity
without compromising the original visual quality of the
reconstructed stego image and preventing any possible distortion.
JPEG-format greyscale color images with the size of (512 x 512)
are used for the experiment. JPEG images are maintained by
converting the RGB color model to JPEG-YCbCr color space.
The luminance channel is represented as (Y), whereas CbCr
channels are representing the chrominance components of the
color space. The proposed method uses a (Y) channel to embed
secret data because it is an ideal space for data hiding and it
provides a simple reconstruction of the original image. After
choosing the luminance channel(Y) we divide it into 8 x § non-
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overlapping blocks and apply DCT on each pixel blocks, next
quantization is applied on the obtained DCT pixel blocks then
standard JPEG quantization is utilized as shown in Table 1

The embedding and extraction process has shown in Figure 6 in
detail.

16 | 11 | 10 16 24 | 40 | 51 | 61
12 | 12 | 14 19 26 | 58 | 60 | 55
14 | 13 | 16 24 | 40 | 57 | 69 | 56
14 | 17 | 22 29 51 | 8 | 80 | 62
18 | 22 | 37 56 68 | 109 | 103 | 77
24 | 35 | 55 64 | 81 | 104 | 113 | 92
49 | 64 | 78 87 | 103 | 121 | 120 | 101
72 | 92 | 95 98 | 112 | 100 | 103 | 99

Table 1 JPEG Standard Quantization Table

3.1. DataHiding Algorithm process with DCT in
Image Steganography

Read the Cover Image(C)

Read secret message(M)

Convert secret messages into binary.

Divide the selected channel(Y) of the Cover Image(C)

into 8x8 non-overlapping blocks.

Apply and calculate DCT for each block.

Quantize each DCT block using the standard JPEG

quantization Table 1

7. Embed the secret message(M) by swapping with
calculated each DCT coefficient.

8. Stego image(S) is finally produced.

PoOnNPE

oo

Below the DCT mathematical function is shown in Eq. (3), and
Eq. (4) inverse DCT which is used to reconstruct the frequency-
transformed image into the spatial domain:

CQu,v) = £(x,y) T4 TY= @) - a(v) - cos [EZE21T] cos [222027] (3)

Foru,v = 0,1,2,3,........, N-1

IDCT(inverse DCT) function: (4)

0s [(2y+1)47vn]
2N

(2x +1)-uvn]

fO,y) = Cu,v) X¥50. 2= a(w) - a(v) - cos [

Cover image I

. Bx8 Block OCT non
Cusriapping Blocks

Stego Image

Take DST of
each Block

Secro

Information I
{Palntext

l Davide DET
coallicints by JPEC
quantization matrix

Arrange the blocks ta get
S1goImage

Coaveet ing
Bit-Stroam

T l Take IDCT of anch Block to
abtain image pixel bloks
Bt stronm of : Smbed 5
o Informsiion o
e vaild
G12000760070017 Coefficients
10100 Auktiply Coefficlents of sach
. block by JPEG quantization
matrix

Figure 6 Embedding process of DCT in Image Steganography
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3.2. Extraction Algorithm Process with DCT in
Image Steganography

Read the Stego Image(S)

Separate the Stego image into 8x 8 blocks of pixels.
Apply DCT for each Pixel block.

Use a quantization table Hata! Basvuru kaynagi
bulunamadi. to compress each block.

Calculate LSB for each DC coefficient.

Convert each bit into character and extract the secret
message.

PowbdE

oo

4. Experimental Results and Evaluations

Commonly used performance evaluation metrics [19] in data
hiding techniques such as PSNR, MSE, and SSIM are given in
this experiment as it’s calculated in Table 2 , and the equations
below are used to calculate these values:

1 - - ! 2
MSE = mxn Zgl ' Zg I(Xi:j - Xl',]') (5)
2
PSNR =10 * log;o (=) (6)
_ (2pxpy +c1)(20xy + c2)
SSIM(x'y)_(u,zc+,u)2,+c1)(a,%+a}2,+c2) (7)
Images
PSNR(dB SSIM MSE
512 %512 (dB)
DCT | DWT | DCT | DWT | DCT | DWT
Lena 4997 136.89 | 098 | 0.92 | 0.82 | 0.42
Peppers 36.26 | 37.2 | 095 [ 0.7 | 0.69 [ 0.49
Mandrill 48.67 | 47.54 1 092 | 0.96 | 0.93 | 0.68

Table 2 Method Evaluation Metrics
4.1. Histogram and Visual Quality Difference

The histograms of the proposed method are shown in the
figures Figure 7, Figure 8, Figure 9 below. It has been observed
that there is no difference between both cover image and stego
image after applying high JPEG compression and maximum data
embedding.

Figure 7 Histogram of Lena
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Figure 8 Histogram of Peppers

Figure 9 Histogram of Mandrill

5. Conclusions

This paper proposed secure data hiding algorithms based on
frequency domain in image steganograghy. The methods are
evaluated according to the criteria of imperceptibility, payload
capacity, and robustness. Some applied objective performance
measurement metrics are PSNR, MSE, and SSIM. Among the
proposed frequency domain steganography algorithms, DCT is
the one with the best results and strong robustness. DCT is the
most widely used technique in signal processing and linear
transformation in data compression, it has strong energy
compaction and is capable of achieving high-quality maximum
data compression ratios. Thus DCT is the recommended method
to apply for better data hiding in the frequency domain. The
proposed method is also evaluated under subjective
measurements, it has been observed that there was no visible
difference when the quality of the stego image compared with the
original cover image. Most of the time, due to the JPEG high
compression method applied by the DCT algorithm to the image,
block artifacts or quality degradation may occur in the image, and
it can be said that our algorithm prevents this issue.
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Abstract

Cardiovascular diseases are some of the most common diseases today. Congenital abnormalities, diseases caused by impaired heart
rhythm, vascular occlusion, post-operation arrhythmias, heart attacks and irregularities in heart valves are some of the various
cardiovascular diseases. Early recognition of them is very important for obtaining positive results in treatment. For this purpose, it is
tried to diagnose and detect cardiovascular diseases by listening to the sounds coming from the heart. During the rhythmic work of the
heart, the contraction and relaxation of the heart chambers and the filling and discharge of blood from the heart into the veins create the
sounds that are identified with the heart. Among the characteristic sounds of the heart, there can be some sounds similar to rustling
which are indicators of pathological conditions. These unexpected sounds, similar to rustling, are called heart murmurs.
Phonocardiograph device is used to record these mechanical sounds via microphone. Heart sounds recordings captured by a
phonocardiograph device are called phonocardiograms (PCGs). Expert physicians try to detect the heart murmurs by listening to the
heart sounds and examining PCGs. Ambient noise, the squeak of the microphone, and the patient's breathing sounds are the factors that
make this task more difficult and challenging. Computer-aided systems supported with machine learning, signal processing and artificial
intelligence algorithms offer solutions to help physicians in this regard. In this study, detection of heart murmur from PCG frames was
examined. PCG frames of equal length, obtained by fragmenting the PCG recordings into 1-second-long frames, were classified by
widely used machine learning methods namely C4.5 decision tree, Naive Bayes, Support Vector Machines and k-nearest neighbor. To
train those classifiers we used spectral features of PCG signals, averages of MFCC values and some refined features obtained from a
deep learning model which was inputted MFCC values. At the end of this manuscript the accuracies of those machine learning methods
were compared.

Keywords: Biomedical signal processing, machine learning, deep learning, heart murmur, PCG, classification.

Spektral Ozellikler ve MFCC Tabanh Ozellikleri Kullanan Klasik Makine
Ogrenmesi Metotlariyla PCG Parc¢a Simiflandirmasi

Oz

Giliniimiizde en sik rastlanan hastaliklardan birisi kalp damar rahatsizliklaridir. Dogustan gelen anormallikler, kalp ritminin
bozulmastyla ¢ikan hastaliklar, damar tikanikligi, ameliyat sonrasi ortaya ¢ikan aritmiler, kalp krizleri ve kalp kapaciklarindaki
diizensizlikler cesitli kardiyovaskiiler hastaliklardan bazilaridir. Bunlarin erken fark edilmesi tedavide olumlu sonuglar almak i¢in

oldukg¢a 6nemlidir. Bu amagla kalpten gelen sesler dinlenerek kardiyovaskiiler rahatsizliklarin teshis ve tanist yapilmaya ¢aligilmaktadir.
Kalbin ritmik ¢aligmasi esnasinda kalp odaciklarinin kasilip gevsemesi, kaninin kalpten damarlara dolup bosalmasi kalple 6zdeslesen
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sesleri meydana ¢ikarir. Kalbin karakteristik seslerinin iginde ise patolojik durumlarin bir gdstergesi olarak hisirtiya benzer sesler
duyulur. Higirtiya benzeyen beklenmedik bu sesler kalp tifiiriimii olarak adlandirilir. Bu mekanik sesleri mikrofon vasitasiyla kaydetmek
icin Fonokardiyograf cihazi kullanilir. Kalpten gelen seslerin alindig1 kayitlarda da fonokardiyogram denilmektedir. Degisken uzunlukta
olabilen bu kayitlardan iflirimii uzman hekimler dinleyerek tespit etmektedir. Ortam giiriiltiisii, mikrofonun cizirtisi, hastanin nefes
alig/veris sesleri ise bu gorevi zorlagtiran etmenlerdir. Makine 6grenmesi, sinyal isleme ve yapay zeka algoritmalariyla elde edilen
bilgisayar destekli sistemler bu konuda uzman hekimlere yardimci olacak ¢oziimler sunmaktadir. Bu ¢alismada PCG kayitlarinin 1
saniye uzunlugunda kesitlere pargalanmasiyla elde edilen esit uzunluktaki segmentlerinin makine 6grenmesi yontemleriyle normal veya
iifiiriim iceren seklinde siniflandirilmasi amaglandi. Bu amagcla yaygin olarak kullanilan ve meshur olan C4.5 karar agaci, Naive Bayes,
Destek Vektor Makinalar1 ve k-en yakin komsu siniflayicilart kullanildi. Ozellik olarak da PCG sinyallerinin spektral degerleri, MFCC
degerlerinin ortalamalart ve MFCC degerlerinden derin 6grenme ile elde edilen 6zellikler kullanildi. Farkli makine 6grenmesi
yontemlerinin performanslari dogruluk degerlerine gore karsilagtirildi.

Anahtar Kelimeler: Biyomedikal sinyal igleme, makine 6grenmesi, derin 6grenme, kalp iifiirtimii, PCG, smiflandirma.

1. Introduction

The heart is the core organ of human body which is responsible
of transporting blood to every part of the body through the veins.
It acts like a pump that works continuously and regularly. Located
above the diaphragm and between the two lungs, the heart is about
the size of a fist. Human heart beats around 100,000 times a day,
which corresponds to between 60 and 100 beats per minute [1],
[2]. The process from one beat of the heart to the following beat
is called as cardiac cycle. The cardiac cycle can take varying times
depending on the heart rhythm. For example, in someone with a
heart rate of 60, the cardiac cycle will take 1 second. With the
stimulation of the heart primarily by the SA node, blood flows
from the atriums to the ventricles and the heart relaxes. Then, with
the contraction of the ventricles, the blood passes into the
pulmonary and aortic vessels. During all this blood flow, the
valves in the heart (tricuspid, pulmonary, mitral and aortic valves)
open and close, and blood is transferred from one chamber to
another by producing mechanical sounds.

The sounds expected to be heard in healthy people are first (S1)
and second (S2) heart sounds. In addition to these, third (S3) and
fourth (S4) sounds may be present in special cases (pregnant
women, athletes, children). Apart from these, incomplete closure
of the heart valves, backflow of blood, narrow valves, and
deformations in the veins can make the blood utter a rustling
sound. These abnormal sounds are called heart murmurs.
Detecting and grading murmurs by listening and distinguishing
them from ambient sounds and noises is a challenging job that
requires expertise.

There are many tools used to examine the functioning of the
cardiovascular system. Phonocardiography is one of them. It is a
non-invasive, practical, inexpensive and common approach. The
sounds heard during the beating of the heart are recorded
electronically with a microphone held on the skin near the heart
with a phonocardiograph device. These recordings are called
phonocardiograms (PCGs). PCG recordings can be listened to
over and over again, examined in detail, and opinions from
different experts can be obtained. Although PCG examination has
been the studied for a long time, it is still an important problem
and attracts researchers [3], [4].

The period from one beat of the heart to the next beat is called
the cardiac cycle. First (S1) and second (S2) heart sounds
regularly follow each other. The consecutive S1 and S2 sounds in
each cardiac cycle are heard as a loop-dup. In healthy people,
there is a short silent period between these two sounds. The silent
interval between S1-S2 is called systole and the silent interval
between S2-S1 is called diastole. One of the most frequently used
processes in PCG analysis is to segment these four phases of the
heart sound signal according to the temporal start and end points.
Heart murmur sounds can be heard during all four phases of the
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cardiac cycle. Sounds coming from the heart are rhythmic and
consist of certain frequency components. First heart sound
consists of components in the frequency ranges 40-200 Hz and
second heart sound consists of components in the 50-250 Hz
frequency range [1]. On the other hand, the frequency range of the
heart murmurs is around 200-600 Hz [5].

Researchers have studied murmurs and other abnormalities in
PCG recordings for decades. For this purpose, competitions were
organized and data sets with various difficulties were shared.
Examples of these are the PhysioNet [6] datasets (CinC2016 and
CirCor2022) and the PASCAL [7] dataset. Other than these
publicly shared data sets, studies have also been carried out with
private data sets that are owned by institutes and hospitals.

Potes et al. [8] won the first place in the PhysioNet 2016
competition with their ensemble classifier of AdaBoost and
Convolutional Neural Network (CNN) classifiers. After
resampling the CinC2016 data set into 1000 Hz, they filtered out
the components outside the 25-400Hz range with a band-pass
filter. During the training phase of their model, they applied cross-
validation by randomly dividing data set into 80%-20% train/test
sets. They achieved 86% accuracy in the competition with their
model.

In another study using CinC2016 dataset [9], 88.7% accuracy
was obtained by using Random Forest (RF), Extreme Gradient
Boosting (XGB), k nearest neighbor (KNN) and their ensemble
form. In addition, Rath et al. [9] investigated the optimal k value
of the KNN method for PCG classification and determined it as
50.

Noman et al. [10] used the Cinc2016 dataset as well, and they
obtained 89.2% accuracy by combining two deep learning
models, one of them is 1D CNN and the other one is 2D CNN.
MFCC features were used in the training of the 2D CNN model.

CinC2016 data set was also used by Das et al. [11]. They first
performed segmentation and then murmur detection on the
cochleagram images. Those images were extracted from the PCG
recordings and then classified by deep neural network (DNN).
They achieved 98.3% accuracy by their model.

Arslan [12] applied 5 level Empirical Mode Decomposition
(EMD), Discrete Wavelet Transform (DWT) and Wavelet Packet
Transform (WPT) and then extracted the mean, standard
deviation, energy and entropy properties from the signals. Those
features were used to train KNN, Support Vector Machine (SVM),
RF and Extreme Learning Machine (ELM). Chowdhury et al. [13]
classified the CinC2016 dataset with 97.1% accuracy using a
DNN, which was trained with MFCC features extracted from
PCG signals.

Using PASCAL dataset, Ismail et al. [2] produced spectrograms
from PCG signals and then used them at the training of AlexNet
deep learning model. Additionally, they trained SVM classifier
with features obtained from those spectrograms by using a deep
learning method. Finally, classifications of AlexNet and SVM
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were combined to make overall classification by applying
majority voting.

A necessary process in the analysis of audio signals is to divide
the signal into equal-length parts. Having frames which are equal
with respect to length is generally necessary for feature extraction
and neural network training. Variable lengths can be
experimentally chosen. For example, Langley and Murray [14]
extracted features from the 5-second-long frames of PCG signals
without any segmentation and classified them with a decision tree.

In traditional machine learning approaches, it is desirable to
have good feature sets that represent the data as well as possible.
For this purpose, many features are extracted and used. However,
not all of these features are equally important in representing the
data. In addition, having a large number of features can sometimes
have a negative effect such as increasing the duration of
classification and consuming larger resources. To avoid this, the
feature space is sometimes narrowed by methods such as Principal
Component Analyses (PCA). In contrast to classical machine
learning models, deep learning models automatically extracts
features and put away manual feature engineering. We can say
that today, researchers are more interested in deep learning
methods due to good performance and automatic feature
extraction attribute.

In this study, we aimed to classify 1-second-long frames of
PCG recordings by using traditional machine learning methods.
We compared the performances of C4.5 decision tree, SVM,
Naive Bayes and kNN machine learning methods at classification
of abnormal (containing murmur) and normal (murmur-free) PCG
recordings. As features, we used MFCC based features and
spectral properties of PCG signals. Those classifiers were trained
and tested by 10-fold cross validation and their accuracies were
compared.

2. Material and Method
2.1. Database

We conducted our study using two datasets shared online by
PhysioNet [6] in 2016 and 2022. These are respectively
PhysioNet Computing in Cardiology Challenge 2016 (CinC2016)
[15] and CirCor Digiscope Phonocardiogram Data Set
(CirCor2022) [16]. Both datasets have PCG recordings with
murmur (abnormal) and without murmur (normal). In addition to
these two classes, the CirCor2022 dataset also contains a small
number of samples labelled as unknown. The details of the data
sets are given in the Table 1. By eliminating samples which are
labelled as unknown from the CirCor2022 dataset, we obtained a
database with two classes. We conducted our study using only
abnormal and normal samples.

As it can be seen in Table 1, the data sets consist of records
captured at different sampling frequencies. Therefore, all samples
were resampled to 1000Hz to eliminate this problem in the
preprocessing stage. In addition, PCG signals were normalized to
the [-1, 1] range.
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Table 1. Properties of the data sets used in this study. FS:
Sampling frequency in Hz.

Data set FS Total Distribution
Samples
665
CinC2016 2000 3240 abnormal,
2575 normal
604
. abnormal,
CirCor2022 4000 3118 2358 normal,
156 unknown
2.2. Method

The PCG records in our datasets are of variable size. During
preprocessing, the PCG signals were resampled to 1 kHz,
normalized and then split into 1-second-long frames. At the end
of splitting process, the CinC2016 data set was divided into 71344
frames, of which 16687 are abnormal and 54657 are normal. On
the other hand, the CirCor2022 data set was divided into 66300
parts, having 13070 abnormal and 53230 normal ones. The
abnormal/normal ratios of the datasets are approximately 31%
and 25%, respectively.

Unbalanced data affect negatively the training performance.
Therefore, we applied sliding window with 1-second-long
windows length and 50% overlap rate to augment the fewer class
frames. Equal numbers of normal and abnormal PCG signal
frames were obtained and used for training. The proposed method
in our study is shown in Figure 1.

In the feature extraction phase, we first obtained the Mel-
Frequency Cepstrum Coefficients (MFCC) which are frequently
used features in speech recognition. Like human ear, MFCC tends
to show more sensitivity below a certain frequency band during
distinguishing sounds and in this sense, it mimics human auditory
system [13], [17].

To obtain MFCC features, pre-emphasizing is the first step in
which high frequencies are amplified. Then the quasi-stationary
signal is divided into short frames across which the signal is
assumed to be stationary. Generally consecutive frames overlap a
pre-defined amount of time. Then a window (such as Hamming,
Hanning or etc.) is applied on the frames to reduce edge effects
and smooth the edges. Then Discrete Fourier Transform is applied
on the windowed frames to compute the periodogram. Then the
Fourier transformed signal is passed through Mel-filter bank (a
set of bandpass filters). This phase results in non-linear frequency
resolution. It is given in the Equations 1 and 2 where f is physical
frequency and fue is its Mel-frequency representation.

X (k) Ni me "5 0<k<N—1 @)
= x(n)e N SKS -
n=0 f
fMEL = 2595 10g10 (1 + m) (2)

Now Mel spectrum is fit into log format in which most of the
signal information is represented by the first few coefficients. M
is total number of Mel weighting filters and Hi(K) is the weight
given to k™" energy spectrum bin according to Equation 3.
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Fig. 1. Proposed method

N-1 3
Pryy = Z[|X(k)|2Hm(k)]: 0o<m<M-1 ®)

k=0

Finally, MFCCs are obtained by taking a discrete cosine
transform. This process converts the Mel spectrum to finite
sequence of cosine functions oscillating at different frequencies.
In Equation 4, MFCC(t,k) is k™ cepstral feature of t time frame
and Pg(t,n) is filtered power at time frame t for n' filter bank.
The number of MFCC:s for each frame is C and zeroth coefficient
can be excluded since it represents the average log energy of the
input signal.

MFCC(t, k) = (4)

2 log (Pf”t(t, n)) cos (ljv—n (n— 0.5)) ;

=0
k=012..,C-1

We obtained 5x99 MFCC features by choosing the window
size as 20 ms, the overlap rate as 10 ms and the number of
coefficients as 5 from the PCG frames with a sampling frequency
of 1000 Hz and a length of 1 second. During feature engineering
we firstly calculated the average of 5 coefficients of each 99 parts.
Then, we processed the MFCC features of 5x99 size with our
DNN model shown in Figure 2, and took the activation values of
the last fully-connected layer and converted them into 2 features.

Finally, we extracted 8 spectral features (spectral centroid,
spectral crest, spectral entropy, spectral flux, spectral kurtosis,
spectral roll off point, spectral skewness and spectral slope) from
1-second-long PCG frames. Those three feature sets were used to
train classifiers.

In our study, we used the classifiers implemented in the
Waikato Environment for Knowledge Analysis (WEKA) [18]
workbench. WEKA includes many classification methods,
clustering algorithms and data processing tools. It is free under
the GNU General Public License and it is widely used for data
mining. We aimed to obtain and present more general results by
using the methods found in WEKA instead of our own
implementation.

We used C4.5 decision tree (J48), SVM, Naive Bayes (NB)
and kNN (IBk) classifiers. For SVM, John Platt's sequential
minimal optimization algorithm implementation namely
weka.classifiers.functions.SMO classifier is used. Additionally,
51 is used as the k value in the kNN classifier. We applied 10-fold
cross validation.
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3. Experiment Results

Four classifiers’ performances were compared according to the
accuracy measure obtained at the end of 10-fold cross validation.
Experimental results are given in Figures 3 and 4 for CinC2016
and CirCor2022, respectively.

In the CinC2016 dataset, the highest accuracy was obtained as
86.4% using the average MFCC features with the C4.5 decision
tree classifier. In the CirCor2022 dataset, the highest accuracy
was observed as 74.6% with the SVM classifier, which uses the
features obtained by DNN model. Confusion matrices for the best
results are given in Tables 2 and 3. According to the confusion
matrix in Table 2, the weighted average of recall and precision
values are 0.864 and 0.866, respectively. According to the
confusion matrix in Table 3, the weighted average of recall and
precision values are 0.746 and 0.752, respectively.

Accuracy = (TP + TN) / ALL (5)
Recall = TP/ (TP + FN) (6)
Precision=TP /(TP + FP) @)

Table 2. Confusion matrix obtained as a result of training C4.5
decision tree classifier with MFCC averages using CinC2016
dataset. R. Abnormal: Real Abnormal, P. Abnormal: Predicted
Abnormal, R. Normal: Real Normal and P. Normal: Predicted

Normal
P. P. Normal
Abnormal
R. 49339 5318
Abnormal
R. 9559 45098
Normal

Table 3. Confusion matrix obtained as a result of training SVM

classifier with DeepNet Features using CirCor2022 dataset. R.

Abnormal: Real Abnormal, P. Abnormal: Predicted Abnormal,
R. Normal: Real Normal and P. Normal: Predicted Normal

P. P. Normal
Abnormal
R. 35631 17599
Abnormal
R. 9478 43752
Normal

As seen in Figure 3 in the experiments where we used the
CinC2016 data set, the classifier with the highest overall success
is the C4.5 decision tree. It is followed by kNN, SVM and NB,
respectively. Looking at the feature sets, the most successful
classifications were obtained with C4.5 and kNN when the
average MFCC was used as training set. However, this feature set
gave low accuracy results when used with SVM and NB
classifiers. The features produced using the deep learning model
gave an accuracy of approximately 80% in all classifiers. On the
contrary, other feature sets yielded variable performance results
in different classifiers.

e-ISSN: 2148-2683

In the experiments where we used the CirCor2022 data set, as
seen in Figure 4, all classifiers achieved an accuracy of
approximately 74.5% with the features we produced using our
deep learning model. The mean MFCC features were successful
in representing the data in second place. The lowest performance
was measured in experiments where SVM and NB classifiers
were trained with spectral features.

When we compare the experiments using the CinC2016 and
CirCor2022 datasets in general, it is seen that the CinC2016
dataset can be classified more successfully with the approaches
used in our study. There is a 12% difference between the best
results obtained in the experiments performed in the two different
sets. It is common in the both classification experiments made by
using deep learning features that all classifiers gave close results.

M Spectral (8) ™ Deep Net (2) AVG MFCC (5)
n 3 ™~
YN O Q. Q. N
8% | .8 3 288
o0
e}
| | | | m~| | | |
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Fig. 3. CinC2016 experiment results
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Fig. 4. CirCor2022 experiment results

4. Conclusions

In this study, we examined the classification performances of
traditional machine learning methods C4.5 decision tree, SVM,
NB and kNN. We used two datasets (CinC2016 and CirCor2022)
shared online publicly by PhysioNet. We extracted two MFCC-
based feature sets from these datasets. Firstly, we averaged the
MFCC coefficients. Secondly, we produced a new feature set with
our deep learning model, to which we provided the MFCC
features as input. In addition to these, we extracted features based
on spectral properties of the PCG signals and used them in the
classification.

The worst and best results in the CinC2016 dataset are 50.6%
and 86.4% respectively. The worst and best results we got in the

81



Avrupa Bilim ve Teknoloji Dergisi

CirCor2022 dataset are 54.4% and 74.6% respectively. C4.5
decision tree is appeared as the best classifier when we look at the
overall performance among the classifiers for solving defined
problem in this study.

Sound signals derived from the heartbeat and the mechanical
events of cardiovascular system triggered by the heart are
recorded in PCGs. PCG carries important clues for the detection
and diagnosis of various diseases. However, PCG has a non-
stationary characteristic because it is a biological signal. Due to
this fact, it is difficult to classify it with very high accuracy by
using classical machine learning methods. As a result, deep
learning-based models are needed in this area.

It is also important to note that the frame size of PCG segments
affects the results. Experiments with different frame lengths can
be done in the future. In addition, classifiers can be trained with
all of the features which are used independently in this study.
Moreover, ensembles of the classifiers can used.
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Abstract

Nowadays many studies have focused on food waste. With an expanding population and a wide variety of foods, the food sector is
always expanding. In addition to production, there is also an increase in the development of food waste. These wastes result in economic
difficulties, environmental damage, and the loss of priceless chemical components. The processing of fruits and vegetables generates
the most waste. Quince is a fruit that is difficult to consume directly and is usually processed into jam or fruit juice. In this study, some
emulsion properties of quince waste were investigated. Oil in water (O/W) emulsions formed with four different concentration (0.5%,
%1, %2 and %3) of quince waste and no quince waste for the control grup. The emulsions' major constituents were chicken breast and
corn oil. Quince waste decreased emulsion’ pH from 5.96 to 5.53. Emulsions manufactured with quince waste has the higher emulsion
stability for all used concentrations (between 83.2 to 85.6) with respect to the control (80.6). Quince waste emulsions were found to
have pseudoplastic character and exhibit shear thinning behavior. Quince waste samples used in study contribute the chicken type O/W
emulsion in terms of emulsion stability and rheological properties.

Keywords: Food waste, Quince waste, Emulsion capacity, Emulsion stability, Emulsion rheology.

Ayva Atiginin Emiilsiyon Ozellikleri

Oz

Giiniimiizde birgok ¢alisma gida israfina odaklanmigtir. Niifusun ve gida gesitliliginin artmasi ile gida sektori siirekli geniglemektedir.
Artan gida iiretimiyle beraber aciga ¢ikan gida atigi miktart da artmaktadir. Bu atiklar ekonomik kayiplara, gevresel hasara ve degerli
kimyasal bilesenlerin kaybina neden olmaktadir. Gida atiklarinin énemli bir kismimi meyve-sebze atiklari olusturmaktadir. Ayva,
dogrudan tiiketilmesi zor olan ve genellikle recel veya meyve suyuna islenen bir meyvedir. Bu ¢alismada ayva ati§inin bazi emiilsiyon
Ozellikleri aragtirilmistir. Ayva atifi igermeyen kontrol grubu ve ayva atigimin dort farkli konsantrasyonu (%0.5, %1, %2 ve %3)
kullanilarak su i¢inde yag (O/W) emiilsiyonlar1 olusturulmustur. Emiilsiyonlarin ana bilesenleri tavuk gdogsii ve misir yagidir. Ayva
at1g1, emiilsiyonun pH'in1 5,96'dan 5,53'e diigiirmiistiir. Ayva atig1 ile iiretilen emiilsiyonlarin stabilitelerinin (83.2 - 85,6) kontrole (80.6)
gore daha yiiksek oldugu belirlenmistir. Ayva atik emiilsiyonlarinin psédoplastik karaktere sahip oldugu ve kayma incelmesi davranisi
sergiledigi tespit edilmistir. Caligmada kullanilan ayva atig1 drnekleri, emiilsiyon stabilitesi ve reolojik 6zellikler a¢isindan tavuk tipi
O/W emiilsiyonuna katki saglamistir.

Anahtar Kelimeler: Gida Atig1, Ayva Ati§1, Emiilsiyon Kapasitesi, Emiilsiyon Stabilitesi, Emiilsiyon Reolojisi.
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1. Introduction

The food sector has put more of an emphasis on waste product
evaluation recently, both to prevent the loss of these essential
ingredients and to reduce environmental issues brought on by
these wastes [1]. The processing of food results in significant
amounts of food waste. Following the production of fruits and
vegetables, wastes contain the highest amount of food [2].
Lignocellulose, protein, fat, sugar, phytochemicals, and other
useful components are typically abundant in plant-derived wastes
[3] and they might be returned as worthwhile goods that benefit
the food, cosmetics, and pharmaceutical businesses financially

[4]. The analysis of these substances from food waste not only
lessens environmental concerns but also improves the economic
competitiveness and sustainability of the agri-food sectors;
because consumers prefer natural supplements, by-products of the
food sector that are high in dietary fiber and bioactive chemicals
are particularly useful [3, 4]

The quins fruits' usage in the food business is constrained by
their high lignin content. A barrier to the long-term storage of this
fruit is its propensity to decay and turn brown [5]. Due to its low
moisture level, high acidity, woody flesh, significant amount of
stone cells, and astringent flavor from lignum growth, quince fruit
is challenging to digest. Numerous studies have demonstrated the
value of quince jam and other by-products as a good and
affordable source of flavonoids, phenolic acids, and antioxidants
[1,6,7].

In this study, quince waste (QW) was investigated for some
emulsion properties. The effect of QW on emulsion formation and
their potential for chicken meat emulsion were investigated.

2. Material and Method

2.1 Materials

Quince waste (QW) is obtained in food research laboratory in a
similar way with fruit juice production. Quince waste was dried,
grinded and screened from 750p sieve kept at 4°C in a dark bottle.
Chicken breast and corn oil were purchased in a local market in
Samsun, Turkey.

2.2 Methods

2.2.1. pH analysis

A pH meter (Hanna Instruments HI2211) probe was inserted
into the emulsions to determine their pH [8].

2.2.2. Emulsion Capacity of the samples (EC)

The suspension and oil mixture was added to the emulsion
system and homogenized constantly as the burette slowly added
0.9-1.0 mL of maize oil at a time. Through the use of copper
conductor bars installed in the system, the instantaneous change in
the ammeter was used to gauge the emulsion's completion. Electrical
conductivity was observed, and the system was shut off when a
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sharp decline in conductivity was noticed. The total amount of oil in
the emulsion was used to calculate the emulsion capacity [9].

2.2.3. Emulsion Stability of the samples (ES)

The 10+0.9 g of prepared emulsions were weighed in a test tube
and heated in a water bath at 80+£2°C for 30 minutes. The samples
were centrifuged at 2000 g for 10 mins after they had cooled to room
temperature. The liquid phase was separated following
centrifugation and quantified in millilitres (mL); the emulsion
stability was determined with the following formula; [9]

ES(%)=100-(\VVolume of liquid separated from emulsion (mL))*10
2.2.4. Rheology of the emulsions

The emulsion samples were subjected to rheological
investigation in a HAAKE Mars Il Rheometer (HAAKE Co.,
Germany) with cone and plate geometry (diameter: 35 mm, gap
interval: 0.052 mm). For flow curve (steady-state) analysis, samples
were subjected to shear rates ranging from 0-100 s-1 for three
minutes while measurements were made at 25°C.

3. Results and Discussions

3.1. pH Analysis of the Emulsions

The pH value is one of the most important factor effect many
parameters of the emulsions. The pH values of the emulsions were
given in Table 1. The pH values of the emulsions were determined
to be between 5.53 to 5.96. According to the Duncan multiple
comparison test results, the addition of 0.5% and 1% quince waste
did not cause any change on the pH value of the emulsions
compared to the control group. The addition of 2% and 3% quince
waste caused a decrease in the emulsion pH, and statistically these
two ratios caused in the same decrease in pH.

3.2. Emulsion Capacity (EC)

The highest amount of mL fat that 1 g of protein can emulsify
is known as emulsion capacity (EC) [8]. The EC of quince waste
emulsions were given in Table 1. The EC values of the emulsions
were determined to be between 147.37-188.75 mL fat/g protein.
The addition of QW to the emulsion caused a decrease in the
emulsion capacity. While the EC of the control sample was 184.71
mL fat/g protein, the emulsion capacity decreased as the added
quince waste concentration increased. When the pH values of the
emulsions are examined, it is seen that the pH value of the control
group is 5.96 and pH values of the emulsions reduced by the
addition of QW. The isoelectric point and the solubility of proteins
is greatly impacted by the pH, a crucial environmental component
[10], so the EC value of the emulsions decreased depending on
pH. According to Duncan's multiple comparison test results, the
highest EC was determined in the sample 0.5% quince waste
added (168.96), and the lowest EC in the sample 3% quince waste
added (152.91).

84



European Journal of Science and Technology

Table 1. pH, EC and ES values of QW emulsions

%0 (C) 960.5 %1 %2 %3
PH  5.96:0.07 5.93+0.1A 5.83+0.1A 5.53+0.18 5.57+0.18
EC  184.745.9A 168.9+1.748 167.6+3.18C 160.2+1.3¢ 152.7+1.4P
ES  80.6+2.1B 83.2+0.6"B 85.6+2.4A 84.8+1.13AB 83.6+2.1AB

*Mean + standard deviation. A-D: There is a statistically significant difference in the same line (p <0.05)

3.3. Emulsion Stability (ES)

The capacity of an emulsion's qualities to withstand changes
over time is referred to as "emulsion stability." The rate of change
of an emulsion's characteristics increases with its stability.
Numerous physical and chemical mechanisms can cause
emulsions to become unstable [11]. The ES values of the quince
waste emulsions are between 85.60-83.20% and the ES values of
all concentrations are higher than the ES value of the control
sample. According to Duncan multiple comparison test, the
highest ES value was determined in the emulsion with 1% quince
waste. The ES values 0f 0.5%, 2% and 3% waste-added emulsions
were not statistically different from each other. Specific amino
acids provide proteins their hydrophobic and hydrophilic
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characteristics, which allow them to interact with both water and
oil molecules and function as emulsifiers. Protein contents of both
chicken meat and quince waste contributed the stability of
emulsions.

3.4. Emulsion Rheology

The emulsions obtained with different concentrations of
quince waste and the control emulsion were subjected to
rheological analysis without any heat treatment. The ratio of the
shear stress to the shear rate is what is known as viscosity
(resistance to flow). Viscosity curves of emulsions prepared with
quince pulp at different concentrations are given in Figure 1.

25 30 35 40

Figure 1. Viscosity curves of QW emulsions

Viscosity curves depict that viscosity decreased with
increasing shear rate, that is, emulsion samples were featured
shear thinning behavior. The highest viscosity was seen in 3%
QW emulsion, the higher quince waste concentration has higher
viscosity. At the 10 s™' shear rate, the viscosity of almost all QE
emulsions approximately reached to 5 Pa.s. Figure 1 depicted
Non-Newtonian behavior, which shows the viscosity decreasing
as shear rate increases. During dispensing, the shear force
reorganizes the random polymer chains into an aligned
conformation that reduces viscosity during the process. Most
polysaccharide solutions show non-Newtonian flow, and an
increase in shear rate affects viscosity [12].

Comparison between viscosities were done using the apparent
viscosity (nso) reference values at a shear rate of 50 s, reported
to be an effective shear rate [13]. Flow behavior graph for quince
waste emulsions were shown in Figure 2. The apparent viscosity
of QE samples were increased greatly when the quince waste
concentration was increased from 0.5% to 1%. The viscosities of
emulsions using 1%, 2% and 3% quince waste were similar.
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Figure 2. Flow behavior of QE samples

Figure 3 depicts the flow graph shear rate (y) versus shear stress
(1) of QE emulsions. The most concentrated sample (3% QE) at
the same shear rate resulted in higher shear stress. In increasing
concentrations, the polysaccharide aggregation probably forms a
three-dimensional network structure, so it requires more energy
to break the network structure [14].

85



Avrupa Bilim ve Teknoloji Dergisi

180
160
140
120
100

80

Shear stress (Pa)

60
40
20

0 5 10 15

20 25 30 35 40

Shear rate (1/s)
Figure 3. Flow behavior curves of QE samples

This behaviour is expected as an increasing shear-rate disrupts
the native structure of emulsion and aggregates, leading to a
decrease in overall resistance to flow. Hence, shearing action
during measurement of rheological properties affects the weak
forces, such as hydrogen bonding and van der Waals force [15].

An appropriate rheological equation could be used to fit the
shear-rate/shear-stress data. Ostwald de Waele model was
successfully applied to all of the emulsions formed with QW and
the results are given in Table 2. K; is the consistency index and is
related to the increase in viscosity of solutions, n; It is the flow
behavior index, a parameter that determines the shear thinning
quality of the solutions [15] [14] [16].

Table 2. Rheological analysis of QW emulsions

Ostwald de Waele Model %}Sg(%rtent
Quince waste Parameters —Y[Pas )
concentration *
K n r
(pa.s") Ts0
%0.5 225.2 0.5833 0.9935 0.291
%1 321.4 0.7287 0.9988 0.496
%2 382.8 0.7790 0.9984 0.501
%3 504.5 0.8523 0.9982 0.556

The degree of pseudoplastic behavior can be measured by the
flow behavior index (n). The n values of the quince emulsions
increased with increasing concentration and ranged from 0.5833
to 0.8523. Similarly, the K values increased in direct proportion
to the concentration and ranged from 225.2 to 504.5.

4. Conclusions and Recommendations

One of the important problems that the food industry needs to
solve is food waste. Fruits and vegetables wastes constitute the
majority of these wastes. Quince waste was investigated in order
to evaluate its emulsion properties. Quince waste pH directly
affected emulsion pH. Although the addition of quince waste
decreased the EC value of emulsions, it increased the stability of
the emulsions for all concentrations used. In general, the addition
of waste improved the textural properties of the emulsions.
According to the results of rheological analysis; Pseodoplastic
character and shear thinning behavior, which is usually seen in
polysaccharide solutions, were determined. To develop more

e-ISSN: 2148-2683

efficient emulsion treatments, it is essential to have a better
understanding of the factors that affect emulsion formation and
stability.

5. Acknowledgment

Analyses of this work were done by using authors affiliations’s
equipments and authors thank to their afiliations.

Nomenclature

EC : Emulsion capacity

ES : Emulsion stability
QW : Quince waste

QE : Quince waste emulsion

Declaration

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article. The author(s) also declared that this article is original, was
prepared in accordance with international publication and
research ethics, and ethical committee permission or any special
permission is not required.

References

1. Aksit, Z. and H. Gengcelep, Investigation of Tomato, Quince
and Grapefruit Waste; Compositions and Functional
Properties. Hittite Journal of Science and Engineering, 2021.
8(1): p. 19-26.

2. Salihoglu, G., et al., Food loss and waste management in
Turkey. Bioresource technology, 2017.

3. Jin, Q., et al., Integrated processing of plant-derived waste to
produce value-added products based on the biorefinery
concept. Trends in Food Science & Technology, 2018.

4. Elleuch, M., et al., Dietary fibre and fibre-rich by-products of
food processing: Characterisation, technological
functionality and commercial applications: A review. Food
chemistry, 2011. 124(2): p. 411-421.

5. Yin, H.-S, H.-M. Liu, and Y.-L. Liu, Structural
Characterization of lignin in fruits and stalks of Chinese
Quince. Molecules, 2017. 22(6): p. 890.

86



10.

11.

12.

13.

14.

15.

16.

European Journal of Science and Technology

Jouki, M., et al., Physical, barrier and antioxidant properties
of a novel plasticized edible film from quince seed mucilage.
international Journal of biological macromolecules, 2013. 62:
p. 500-507.

Wojdylto, A., M. Teleszko, and J. Oszmianski, Antioxidant
property and storage stability of quince juice phenolic
compounds. Food chemistry, 2014. 152: p. 261-270.

Gokalp, H., et al., Et ve Et Uriinlerinde Kalite Kontrolii ve
Laboratuvar Uygulama Klavuzu, Atatiirk Universitesi. Ziraat
Fak Ofset Tesisi, 1993(751).

Zorba, O., et al., Model system evaluations of the effects of
different levels of K2HPO4 NaCl and oil temperature on
emulsion stability and viscosity of fresh and frozen Turkish
style meat emulsions. Meat science, 1993. 34(2): p. 145-161.
Ulloa, J.A., et al., Production, physico-chemical and
functional characterization of a protein isolate from jackfruit
(Artocarpus heterophyllus) seeds. CyTA-Journal of Food,
2017. 15(4): p. 497-507.

McClements, D.J., Food emulsions: principles, practices, and
techniques. 2015: CRC press.

Sanderson, G., Polysaccharides in foods. Food Technology,
1981. 35(7): p. 50-&.

Cepeda, E. and I. Collado, Rheology of tomato and wheat
dietary fibers in water and in suspensions of pimento purée.
Journal of Food Engineering, 2014. 134: p. 67-73.

do Nascimento, G.E., et al., Rheological behavior of high
methoxyl pectin from the pulp of tamarillo fruit (Solanum
betaceum). Carbohydrate polymers, 2016. 139: p. 125-130.
Logaraj, T., et al., Rheological behaviour of emulsions of
avocado and watermelon oils during storage. Food
Chemistry, 2008. 106(3): p. 937-943.

Lundberg, B., et al., Rheology and composition of citrus fiber.
Journal of Food Engineering, 2014. 125: p. 97-104.

e-ISSN: 2148-2683

87



Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Ozel Say1 42, S. 88-99, Ekim 2022 P, Special Issue 42, pp. 88-99, October 2022

© Telif hakki EJOSAT a aittir LAl Copyright © 2022 EJOSAT
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

The Importance of Workplace- Occupational Safety in the
Perspective of Enterprise Sustainable Development and Performance

Aysenur Erdil”

" {stanbul Medeniyet University, Faculty of Political Sciences, Department of Business Administration, istanbul, Turkey,
(ORCID: 0000-0002-6413-7482), runesyalidre@gmail.com

(2nd International Conference on Engineering and Applied Natural Sciences ICEANS 2022, October 15-18, 2022)
(DOI: 10.31590/ejosat.1187860)

ATIF/REFERENCE: Erdil, A. (2022). The Importance of Workplace- Occupational Safety in the Perspective of Enterprise Sustainable
Development and Performance. European Journal of Science and Technology, (42), 88-99.

Abstract

Workplace- Occupational health and safety has grown more vital in order to safeguard the sustainability of firms' manufacturing
operations in order to adapt to competitive pressures circumstances and quick consumption. Recognizing the destruction of productivity
and image, as well as the money and spiritual expenses due to workplace fatalities and occupational diseases, implementing measures
and improving workplace health and protection would bring major benefits to individuals, businesses, and the country 's business.
Unsafe conditions, depending to studies, may be influenced through variables such as physical and technological environmental
circumstances, as well as personnel characteristics. Conditions including the framework of the technology and manufacturing industry,
the specifics of mining, development, and transportation lines of enterprise, ignorant and underqualified manufacturing workers,
incapacity to adjust to technological advancements, environmental degradation, production organization layout, and the failure to use
individual protective equipment and equipment guardians could all lead to occupational fatalities, particularly in underdeveloped and
emerging nations.. These circumstances are significant in the likelihood of workplace accidents. Throughout the scope of this research,
investigation is performed on the workspace functioning system, ergonomically design, and occupational physiological variables, which
are considered the drivers of occupational disasters in generally. A continuous improvement, total abilities and accomplishment (5S and
Total Productive Maintenance) Implementation is provided to enhance occupational security and functional productivity in a business
that manufactures white appliances. As a consequence of the specific application, an assessment was carried out in the perspective of
worker productivity and commercial performance of the operations.

Keywords: Enterprise Performance-Efficiency, Workplace-Occupational Safety, Sustainable Development.

Kurumsal Siirdiiriilebilir Gelisim ve Performans Acisindan Isyeri-is
Giivenliginin Onemi

Oz

Artan rekabet sartlarinda ve tiiketime hizli yanit verebilmek ve igletmelerin iiretim siireglerinin siirdiiriilebilirligini saglamak i¢in is
saglig1 ve giivenliginin 6nemi artnustir. is kazalar1 ve meslek hastaliklarinin sebep oldugu verimlilik ve isletmelerin vizyon kayiplarinin
yant sira maddi ve manevi kayiplari, olumsuzluklari da dikkate alarak igyerlerinde saglik ve giivenlik alaninda 6nlem almak ve
iyilestirmeler, gelistirmeler yapmak ¢alisanlara, isverenlere ve fiilke ekonomisine Onemli kazanmimlar saglayacaktir. Yapilan
aragtirmalara gore is kazalari, ¢alisanlarla ilgili sebeplerin yani sira fiziksel ve mekanik ¢evre kosullarina bagh faktorlerden de
kaynaklanabilmektedir. Ozellikle az gelismis ve gelismekte olan iilkelerde sanayi ve teknoloji endiistrisinin yapis1, insaat, madencilik
ve ulasim sektorlerindeki is yapisina ait 6zellikleri, egitim almamig ve vasifsiz sanayi ¢alisanlari, ileri teknolojiye uyum saglamadaki
eksiklikler, teknolojiye adapte olamama, ¢evre kirliligi, tiretim organizasyon yapisi gibi durumlar, kisisel koruyucu ekipman ve makine
koruyucu kullanmamak is kazalarina neden olabilir. Bu durumlar is kazalarmin meydana gelmesinde 6nemli yere sahiptir. Calisma
kapsaminda genel anlamda is kazalarinin nedenleri arasinda yer alan isletme caligma saatlerine yonelik sistemi, ergonomik kosullar
iceren yapi ve isletme, ¢alisma ortamina ait fiziksel kosullar1 ve faktorleri hakkinda aragtirma yapilmistir. Beyaz Egya Sektoriinde tiretici
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olan bir isletmede is giivenligini ve operasyonel verimliligi saglamak i¢in 5S ve Toplam iiretken bakim uygulama 6rnegi sunulmustur.
Uygulama sonucunda isletmede is ve isletme verimliligi yoniinde bir degerlendirme yapilmustir.

Anahtar Kelimeler: Kurumsal Performans-Verimlilik, Isyeri-Is Giivenligi, Siirdiiriilebilir Kalkinma.

1. Introduction

Sustainability is an expression that encompasses the concepts of
three components: profit-financial, environment and social sides;
nevertheless, the vast majority of companies and research
scientists are primarily concerned with the first two issues:
financial (in other words life cycle cost evaluation, cost benefit
assessment, and etc.) and energy-related concerns (such as energy
consumption, emissions reductions, recycling, and so forth).
Although sustainability seeks to strike an equilibrium between
economic  development, socioeconomic evolution, and
environmental protection, its implementation is difficult to grasp.
Generally, environmental organizations are considered
accountable for addressing concerns of sustainable development
which might result in, or be seen as, a deficit in the economic and
social dimensions. This study contends that by recognizing the
relationship  between  sustainability —and  safety, the
conceptualization of sustainability might well be better
comprehended (Nawaz et al., 2019; Pinto, 2014).

Relationship between safety and sustainability is recognized by
industry and specialists, it is frequently overlooked at the
operating and conceptual levels. The inadequacy of a safety
practices is the key cause for neglecting this essential link.
Internationally, the safety culture in cultures and businesses has
not progressed to meet aspirations; safety has still been regarded
as a responsibility until an accident happens. The safety cultural
heritage is especially significant in organizational contexts
because it encourages risk-based understanding at all stages,
which aids in seizing advancement opportunities via risk
management and minimization. The current research
demonstrates that a leadership styles and organizational training
program focused on transformative management and enhanced
the safety atmosphere and sustained productivity. This adds to the
evidence that leadership training is an effective occupational
health and safety strategy. The outcomes are consistent, regardless
of whether the administrators choose to improve safety,
productivity, or overall leadership qualities. The finding of
maintained productivity suggests that safety might well be
enhanced without reducing production and might even be
connected to leaders' better capacity to avoid unexpected
implications for one performance element, namely productivity,
while concentrating on the other, namely safety. Eliminating the
hazards at the top of the accident prevention strategy and, if not,
reducing the risks by using different methods are the top headings
of the headings, and their fulfillment can be achieved at the design
stage. Design and construction techniques that involve less risk of
occupational accidents are a dimension of the job. The other
dimension of the design is that the design is suitable for the
establishment and placement of occupational safety systems,
which are lower in the accident prevention hierarchy (Mohandes
and Zhang, 2021; Pinto, 2014).

The established model in this study provides safety experts and
researchers with an encompassing and exact comprehensive
rating system of the safety hazards that emerge on construction
sites in special methods. Regarding the first time, the safety
decisions makers participating in the evaluation phase are
allocated accurate relevance weights depending on their
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backgrounds, so addressing flaws in the traditional practice of
construction safety evaluation (where there is no differentiation
between safety decision - making with varying levels of
expertise). The inclusion of this critical matter leads in
significantly diverse rankings of detected safety hazards.
Furthermore, the concerned safety specialists are presented with
a highly complete final ranking scheme in an active arena, taking
into account all of the critical elements influencing constructing
worker safety (Jilcha and Kitaw, 2017; Pinto, 2014)

Lacking development fundamentals, sustainable improvement
cannot be considered. Previous studies identified these
components as the economy, the social, and the environment.
When these cornerstones are improved, sustainable improvement
emerges reliable in terms of workplace safety and health
enhancement. This research focuses on the connection between
workplace sustainability and technological development. Another
conclusion in this research indicates that workplace safety and
health development leads to sustainable growth via healthy
individuals, safer workplaces, lower accident costs, a regulated
environment, controllable workplace accidents, and increased
workplace safety understanding. The scholars have also sought to
pave the way for sustainable development via approaches to
workplace safety and health innovation and quality. This research
was performed out utilizing a desk review technique, with data
sources drawn from worldwide publications on occupational
safety, occupational health, innovation, and sustainable progress,
as well as the relationship between workplace safety, health, the
environment, and sustainable improvement (Torrecilla-Garcia et
al., 2021; Jilcha and Kitaw, 2017).

The research of Torrecilla-Garcia et al.(2021) attempt to evaluate
RDI (Research Development and Innovation) on workplace
health and safety in Spain. A Delphi study was undertaken with
eight professionals in study and occupational health and safety to
attain this goal. The conclusion has been that, when compared to
comparable regions such as the environment and quality, there
was insufficient encouragement and assistance for RDI in
occupational health and safety, and that it should become a
scientific primary concern to encourage new programs which
increase and fund innovation activities in this location. According
to the findings, the number of these initiatives is fewer than in
other categories, such as the environment and quality.
Furthermore, occupational health and safety initiatives receive
less financing than other programs in the abovementioned sectors
(Torrecilla-Garcia et al., 2021).

In this research, the observations encourage discussion and
possess the potential to spark new lines of inquiry in the future.
This research does have some restrictions. The empirical analysis
evaluated occupational health and safety programs to other
domains that are reasonably similar. Although sustainability seeks
to strike an equilibrium between economic development,
socioeconomic evolution, and environmental protection, its
implementation is difficult to grasp. Generally, environmental
organizations are considered accountable for addressing concerns
of sustainable development which might result in, or be seen as, a
deficit in the economic and social dimensions. This study

&9



Avrupa Bilim ve Teknoloji Dergisi

contends that by recognizing the relationship between
sustainability and safety, the conceptualization of sustainability
might well be better comprehended.

2. Literature review

2.1. Literature review for Sustainability of Occupational
Safety

The viewpoint places occupational health at the heart of
sustainable development (Molamohamadi and Ismail, 2014:198-
202). WHO (2012;1994) highlighted safe workplaces and healthy
employees as necessary for productivity as well as social,
economic, and environmental sustainability. According to
Amponsah-Tawiah ~ (2013), the most productive and
economically, socially, and ecologically beneficial firms are those
with the best workplace safety and health policies. Due to
BHPbilliton (2005), sustainable advancement is an essential
component of workplace safety, health, the environment, and
society, and it strives to drive continuous performance
development.

Design for Occupational Safety or Occupational Safety by Design
should be understood to mean ensuring the safety of construction
workers through the design of the permanent features of any
structure or project. It also indirectly affects the reduction of the
total project cost, indemnities arising from work accidents, delays
and project duration extensions caused by work accidents. In
addition to all these, benefits such as ensuring or strengthening
work safety during the operation phase of the project and during
maintenance should be counted (Szymberski, 1997).

The only direct cause of occupational accidents and diseases may
not be only undesirable working conditions and conditions,
negative working conditions that are suitable for the cultural and
social structure of the employee may also be one of the important
causes of decreases in the quality and quantity of production,
decreases in the level of work safety, excessive labor turnover and
absenteeism. . Ultimately, the consequences of such situations
will vary depending on sociocultural factors. For example, the so-
called social labor cost, which is emphasized nowadays in
developed countries and is sometimes the subject of acts of
violence is not very common in other countries. It is a fact that in
a place where there is a demand for labor, an enterprise that does
not improve its working conditions in line with technical and
economic progress cannot maintain a stable workforce and
achieve a profitable level of productivity (Rodriguez, 2018;
Robson et al., 2012; European Agency for Safety and Health at
Work, 2007).

Occupational Health and Safety (OHS) emerged after
industrialization and gained importance in working life; To put it
more accurately, it is stated as an area whose importance is being
understood day by day. The main purpose of this field, which was
born limited to the health and safety of the worker, but has been
developing more and more today, is expressed as the preparation
of a healthy and safe working environment in the workplace.
Understanding and addressing health and safety issues that
endanger employees in manufacturing processes is critical for an
institution's survival and development. To effectively evaluate and
estimate concerns, several approaches are employed. The
recommended technique improves the following highlighted
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issues in this research. The degree of difficulty in determining the
occurrence rating (O), severity rating (S), and detection rating (D)
(D). Acquiring the identical Risk Priority Number (RPN) score
with multiple O, S, and D configurations. RPN elements are
repeated. Considering the RPN is a combination of categorical
attributes, it is impossible to get a large number of transitional
variables. The RPN scale's counterintuitive statistical assets
(Mutlu and Altuntas, 2019).

2.2. Studies On the Relationship of Design and Occupational
Safety

Most of the time, the security of any system (job security) is not
a clear and specific initial purpose for the designer, and this
purpose is delegated to the occupational safety experts. However,
especially if industrial production is mentioned, contrary to
reactive occupational safety (taking measures against a critical
event after it has occurred), proactive occupational safety
approach requires foreseeing many issues related to any critical
event. For this, joint studies, analyzes and forward-looking
options need to be brought together. In summary, a proactive
occupational safety approach in design should consider three
basic issues (Gambatese et al., 2008; Behm, 2005; Gambatese and
Hinze, 1999)

- Different design stages and levels (customer, engineer, needs
analysis, specifications, etc.)

- Different management levels in the company (general
management, decision centers, local supervisors, implementation
level)

- Different risk levels (operator occupational safety and health
risk, socio-technical

Developers- Designers have a direct impact on constructing
worker safety. The design determines how a program would seem
and how a specific program or its components would be built.
Assembling procedures are frequently overlooked as being
imposed by the designers. In actuality, designers have a large
effect on how building jobs are carried out. Regrettably,
developers have been unaware of their impact, and as a
profession, they have not recognized the significance or relevance
of their position in safety. Some developers have indicated that
they purposely ignore addressing construction safety in order to
decrease their potential risk. When asked about their effect on
safety, designers frequently note a lack of skills and training to
address constructing worker safety. While they acknowledge that
their designs have an influence on safety performance, they claim
they do not know how to adapt their designs to enhance or assure
safety. This highlights the necessity for developers to have access
to a centralized body of knowledge in order to consider safety in
their projects (Behm, 2005; Weinstein et al., 2005).

Industrial sanitation measures are similar to the measures taken to
prevent accidents. It is a subject that requires both medical and
technical knowledge. This is a risk related to interdisciplinary
activities and ergonomics cannot be excluded from this rule. For
this reason, it is very important for the business management to
understand the problems and apply the most appropriate
approaches to the solution. It should be determined in accordance
with the special situations of employers and employees
(Rabinowitz and Hager, 2000; Robson et al., 2012; Judith, 2013).
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A few main basic principles can be established for industrial
health. The most effective preventive way, above all, is the
measures to be taken during the design phase of the building,
factory or work process, as seen in mechanical safety. Because the
developments and corrections to be made later will be very
expensive, and there may be some late measures in terms of
protecting the health of the workers. Hazardous processes
(processes that pollute the environment, make noise and
vibration) and harmful substances that pollute the workplace air
should be replaced with harmless or less harmful substances. In
the event that group technical methods and managerial methods
fail to reduce exposure to an acceptable level, workers should be
provided with appropriate protective tools. These properties of the
tool- workplace physical factors are defined as below (Judith,
2013; Li and Guldenmund, 2018; Robson et al., 2012; Hasle et
al., 2012; Frijters and Swuste, 2008; Hasle and Limborg, 2006;
Rabinowitz and Hager, 2000; Everly, 1986).

Workplace Physical Factors -Noise: Psychological effects of
noise; behavioral disorders, anger, general discomfort, boredom,
physical effects; temporary or permanent hearing damage,
physiological effects; Changes in body activity, increase in blood
pressure, circulatory disorders, acceleration in breathing,
acceleration in heartbeat, sudden reflexes, performance effects are
seen in the form of decrease in work efficiency, concentration
disorder, and inhibition of movements. According to the
researches, the noises originating from the workplaces affect the
hearing health and perception of people negatively, disrupt the
physiological and psychological balance, decrease the work
efficiency and increase the work accidents

Heat and Humidity: Working environments with high
temperatures cause distress and discomfort to people. Having the
working environment at the appropriate temperature level, in
other words, hot and cold working conditions suitable for the job,
the environment and the season increase the productivity of the
employees and reduce the work accidents.

Lighting: Employees in workplaces with adequate lighting can
see better than those who work in poorly lit workplaces, and
accordingly they get tired later. If the lighting in the working
places is less than necessary, eye and body fatigue occurs quickly
in the employees. This increases the likelihood of people having
an accident.

Ventilation and Dusts: The air of the workplaces with closed
working areas is polluted due to the sweating and respiration of
the workers and the gases, vapors and dusts that arise due to the
machines used in the workplace. Air pollution in the working
environment causes workers to not be able to breathe enough
oxygen. This causes the workers to get tired in a short time and
their behavior to deteriorate. In addition, the polluted air resulting
from inadequate ventilation in the workplace negatively affects
the sensitivities of the employees and results in them not showing
the necessary interest and attention to their work.

Emergency Measures: At the workplaces, alarm and evacuation
trials should be carried out once a year, these trials will be carried
out under the supervision of a team consisting of an authorized
and experienced supervisor, workplace guards and a sufficient
number of assistants, and will be organized in accordance with the
workplace fire plan. Determination of emergency assembly
places, necessary warning signs should be placed in emergency
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assembly areas. Environmental measurements such as Noise-
Dust-Lighting should be made by authorized institutions-
organizations the necessary measurement of the environment
should be made, the personal exposure value should be
determined, and necessary measures should be taken as a result of
the determination. The fire extinguishing drill must be requested
from the authorized fire extinguishing company and the
provincial disaster directorate, all personnel must be trained in
this regard. First aid and medical supplies in accordance with the
legislation must be supplied by the employer.

Vibration: ~ High-frequency vibrations affect both the
physiological health and mental activities of the employee. The
continuity of the vibration in the working environment makes the
employees tired and nervous. Fatigue and irritability and
physiological health problems in people exposed to vibration
predispose people to exposure to accidents.

Machine Selection and Machine Protectors: The operator using
the machine may be injured or even cause fatal accidents due to
the accidental contact of other people in this area or the operator
with moving parts while operating or working on the machine.

In generally, it may be stated that an occupational safety program
is a tool that provides for the ongoing harmonization of
occupational health and safety operations and company plans, and
therefore could be used to continuously develop and resolve
operations (Cakiroglu, 2007; Gallagher et al., 2001). The
followings are the purposes of the management and execution of
the national and international occupational health and safety
management  systems  (International  Organization  for
Standardization, 2009): a) Sustainable improvement in
occupational health and safety performance; b) compliance with
legislation and other standards; and c) achievement of
occupational health and safety standards.

Frijiters and Swuste (2008) investigated whether occupational
safety risks change according to flooring types and compared
wide flooring and hollow beam flooring methods. In this study,
only fall and stumbling type accidents were examined and only
floor construction and its sub-items were considered as work
items. It has also been shown by the case study that the risks of
fall-type work accidents are taken into consideration and the
design alternatives are chosen accordingly, at the design stage,
and it is underlined that hollow-beam flooring should be

preferred.
2.3. Occupational Safety in the Working Environment

Unsafe situations arise at many stages from the technology used
in production to machinery and workbenches, from various tools
and devices to hand tools and auxiliary equipment, from
workplace layout and storage to maintenance and controls, and as
a result, occupational accidents occur. It consists of insecure
behaviors of working people and insecure situations in the
workplace. During the production process, which has a variable
nature, management and control deficiencies and the insufficient
awareness of occupational safety in workers and employers are
secondary indirect causes of occupational accidents. It is not
possible to prevent occupational accidents without eliminating
these causes. To be able to work in a healthy, safe and efficient
way in the workplace; It is possible by arranging workplaces and
necessary equipment, factors such as sound, lighting, ambient
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temperature, work organization and management systems in
accordance with the structural, dimensional and psychological
characteristics of the employees. Deciding on the location of
factories and workshops is a strategically very important issue.
Due to incorrect placements, costs such as time losses, work
accidents, and productivity reductions arise. While things go more
smoothly and smoothly in facilities with the correct layout, even
those who work at the facilities with the wrong layout are
dissatisfied. Planning the factory with the right location in the
factory will provide important added values both economically
and sociologically, and will contribute to the efficiency of the
work done from the beginning and will provide returns to the
workplace (Li and Guldenmund, 2018; Frijiters and Swuste,
2008; King et al., 2005; Gallagher et al., 2001).

One of the reasons for the occurrence of accidents in the
enterprises is the incompatibility of the employees with the
machine they are working with. Although there are various
reasons for employee-machine mismatch; Studies have shown
that the physiological characteristics of the employees and their
attitudes and behaviors due to psychological reasons have an
important role in the worker-machine mismatch.

Work-related musculo - skeletal diseases (WMSDs) are arguably
the greatest expensive medical problems confronting culture
today. Preventative necessitates expenditures, and firms must do
a cost-benefit analysis of ergonomic initiatives. Return on
treatment is a new topic in workplace safety and health (OSH).
Several investigations have been conducted on the return on
investment in WMSD treatment in terms of the advantages to the
enterprise in which the protective measures are applied.
Nevertheless, it is equally necessary to assess the impact of any
intervention on community (externalities). A technique for doing
a fiscal and operational cost assessment on OSH programs was
created and tested in the context of WMSD treatment in a
Portuguese hospital. Six of the hospital's departments have had
their incidents and associated expenses examined. A financial and
economic cost-benefit assessment was conducted, and the benefit
cost proportion (B/C) was computed (Ramos, 2017: 14-25).

According to Hudson (2000), safety management has evolved
from a non - systematic but well series of operations and norms to
a systematic technique of improving outcomes. Nevertheless, this
is still unclear how development processes are supported and if
accreditation of health and safety management promotes a firm's
quality initiatives (Rocha, 2010; Robson et al., 2007; King et al.,
2005). Public health regulations and approaches to optimize
occupational health and safety (OHS) in small companies should
be developed with their functional, economic, and productive
characteristics in mind, and should address the need for
governmental, managerial, and congressional generalization on
the one hand, while increasing public holdings and financial
forces on the other. It is proposed that external advising and
intermediary assistance measures be strengthened in order to
promote understanding about and access to state funds. Efforts
should be made to influence companies' attitudes toward
occupational safety and to strengthen the culture of safety (Ramos
et al., 2017; Bonafede et al., 2016; Haslam et al., 2016).

Small businesses are more vulnerable to occupational threats than
bigger businesses, and they often have less resources to handle the
risks. Developing efficient methods to enhance the workplace
environment is thus a big task for regulations and other
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participants. The purpose of this work is to create a systematic
strategy for designing personalized intervention programs to fit
the needs of small businesses. The notion of realism assessment
could give insight into methods for transferring intervening
knowledge from one environment to another. This conceptual
technique is used to create a design model. The framework is an
effective framework for a methodical design approach. The
approach clarifies for both academics and operators how current
information could be utilized to build new management programs
(Bonafede et al., 2016; Haslam et al., 2016).

Emergency stop buttons on machinery and equipment of the
production facility; In accordance with the Occupational Health
and Safety (OHS) regulation, and other existing legislation and
standards in our country, there should be emergency stop buttons
on all machinery and equipment that can be used in an emergency
and are easily visible to employees (Bonafede et al., 2016; Haslam
etal., 2016).

Safety Sensors Available on Machinery; The safety sensors of the
machines applied by the authorized personnel should be checked
periodically. The employer should constantly warn that these
sensors should never be canceled by the employees (Bonafede et
al., 2016; Haslam et al., 2016).

Electrical  Installation,  Lighting, Internal Installation
Failure/Accident Precautions; Main panel casings, electrical
machinery equipment and sockets in common areas must be
grounded if the grounding is missing, and the measurements must
be repeated annually in accordance with the legislation, panel
covers are locked and insulating mats with appropriate cross-
section should be supplied under each electrical panel. It is
necessary to have maintenance and inspections carried out by
effective institutions/organizations/individuals once a year in
accordance with the legislation programs (Bonafede et al., 2016;
Haslam et al., 2016).

Descriptions, dimensions, etc. of all components used by the
manufacturer. Where additional explanation is required,
perspective or schematic pictures and spare parts lists should be
specified in the user manual and part codes should be defined.
Manufacturer's name, address, machine model, model year
information should be indicated on the asphalt plant in an easily
visible way directly or through an identification plate. Units of the
plant Moving or rotating parts on it must be protected in a way to
ensure the safe operation of personnel. A sufficient level of
operator training should be provided to the personnel who will use
the asphalt plant. The safety atmosphere of a company is defined
through how administrators combine the relative significance of
safety and production. This provides executives a prominent role
in organizational safety, and it implies that leadership training
might increase safety (Von Thiele Schwarz et al., 2016; Hasle et
al., 2012; Hasle and Limborg, 2006).

3. Application Areas in the Industry-
Application Examples

In many countries, it is necessary to determine that a newly
established industrial structure fully complies with the existing
standards. When it comes to the layout of the workplace, attention
is more focused on measures to isolate processes that are
uncomfortable and dangerous. In addition, a free space of not less
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than 2 square meters should be provided to each worker in order
to prevent accidents. Walls and ceilings should be covered in a
way to prevent contamination and humidity and, if necessary, to
reduce noise transmission (Giirlesel, 2007; Giiray, 2003; opinion
of the author). 5S Application plays an important role in providing
Occupational Health and Safety for the sector.

3.1. Sectoral Applications

In this part , the 5S application due to Occupational Safety of 2
different companies that are examined within the scope of
Business Efficiency and Sustainability applications. The purpose
of total productive maintenance (TPM) is to improve the use of
equipment and workers, to make production efficient within the
enterprise. TPM basically starts with the 5S cleaning and ordering
process. The purpose of 5S is to organize the working
environment in the enterprise and to reduce waste to zero, and it
is a process at the center of TPM studies. (Elvan, 2012)

Implementation of 5S and TPM Activities in (TA) Engine
Overhaul Workshop of Turkish Airlines: The engine overhaul
workshop within the body of TA carries out the necessary
operations within the company and in the modification and
revision processes of the aircraft engines of its customers. In this
context, the operations are planned together with the engineers
and the maintenance operations are carried out. The maintenance
operations are primarily planned together with the motor
disassembly operations. After the dismantled motors are replaced
by the pedals for dismantling, the motor disassembly operations
are started. In this section, the employees are responsible for
disassembling the engine parts, cleaning the parts inside the
engine, and making the relevant fault finding. After the parts that
need to be repaired go to the repair shops, the parts returned from
the repair are sent to the planning department to be mounted on
the engines. At these stages, the parts are transported in the
dismantling vehicles so that the parts in the engine are not mixed
and organized (Elvan, 2012).

Reasons for Starting “5S” TPM Activities in the Workshop :The
aim of the business is to increase the efficiency of the company,
to reduce the costs in the maintenance process with the right
direction of the company resources and the employees to work
more efficiently with less workforce. In this sense, after seeing the
output in all these studies, the TPM steps applied as a result of the
efficiency of these processes are now planned to be standard. With
this study, the company planned to reduce its costs by 50% with
low cost and high output (Elvan, 2012).

Implementation of “58” Activities in Engine Overhaul
Workshop: TA aims at high efficiency with zero error and planned
operations with the TPM application in this workshop, under the
following headings (Elvan, 2012).

(i) Safety: Having an orderly, clean working environment in the
business is considered important in terms of taking precautions
against possible injuries. In this context, the 5S application has
enabled the company to take precautions against processes such
as falling and fire, which may be caused by scattered tools.
Employees are enabled to take precautions against potential
dangers that may occur with warning letters that they can see
visually. Thanks to the well-planned organizational structure,
there are no pieces of equipment around, as the equipment is
properly placed and the areas where they will put the equipment
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after work are properly determined. In this process, accidents have
been reduced to a minimum, especially since the chemical
substances are properly stored and their locations are clear after
use.

(ii) Efficiency and Production Flow: With the TPM system, the
necessary and unnecessary equipment was classified first, and
with this classification structure, the confusion and stress situation
that could occur during the equipment search process of the
workers was eliminated and productivity increased by
considering steps such as the frequency of use and proximity to
the machines. With the indicators showing the location of the
equipment, the employees know where to find the equipment they
want, even if they do not know the location of the equipment at
all. The cleaning and control of the equipment has also prevented
the loss of time that may arise unplanned.

(iii) Increased Quality: The cleaning and maintenance control
processes carried out on a daily basis have given the company the
opportunity to discover and regulate its damages in advance and
to prevent further damages early. In this way, if a problem is
observed while cleaning the machines or equipment or
performing daily checks, immediate intervention is made, thus
eliminating minor problems and preventing the occurrence of
medium and large-scale problems in the future. These previously
blocked processes help the company to get rid of the company at
a lower cost, since it is repaired in advance of the cost damage
that may occur after the loss of time or equipment failure.

(iv) Dominating the Entire Enterprise: In the studies carried out

with the guidance of the personnel working in the enterprise, the
following steps were taken to increase the efficiency (Elvan,
2012; Geng, 2007);

* Unnecessary tools have been removed from the work area and
classified as generally used equipment and unused equipment.

* Steps such as where the equipment will stand and which
equipment should be next to which machine have been
determined.

* By assigning numbers to the classified and regulated
equipment, it was determined where the personnel should put the
equipment after using it and where they could find the equipment
when they were looking for it. Thus, both time and cost loss are
reduced.

3.2.5S Strategy-Implementation

5S is a very simple and central method of simplification /
restructuring that consists of five steps, the purpose of which is to
help organize the work environment and eliminate waste. The
objective is to ensure that the environment you live and work in
is clean, tidy, healthy and safe, and to maintain these conditions.
58S, as you can guess, consists of 5 steps, the original is expressed
in 5 words in Japanese. 5S is generally of the initial techniques
which may be used in a firm that is establishing a strategy of
continuing development. A 5S application assists in defining the
basic guidelines for waste elimination and maintaining an
efficient, safe, and clean working atmosphere. Taiichi Ohno, who
invented the Production Process, and Shigeo Shingo, who not
only proposed the poka-yoke conception, promoted it extensively.
The principle of 5S is typically stated as a location for everything
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and everybody in its position. Sort, Straighten, Shine,
Standardize, and Sustain are the five steps in the 5S process for
building a more structured and productive workstation. 5S lays
the groundwork for implementing more sophisticated lean
manufacturing technologies and procedures (Implementing 5S
Methodology, 2022; Earn The Art & Science Of Manufacturing
Improvement From Vorne, 2022; What is 5S?, 2022; Bozkurt,
2013; Elvan, 2012).

Because companies realize the benefits of reverse logistics, they
make their strategy and long-term reverse logistics plan. Apart
from the automotive industry, reverse logistics is found in many
industries and markets, including electronics, computers,
chemicals, pharmaceuticals, online sales, construction machinery
and medical vehicles. Among the large companies that implement
reverse logistics, there are many companies such as BMW,
Delphi, DuPont, General Motors, HP, Dell, Caterpillar, Xerox,
Canon, IBM, Ford, Phillips (Nakiboglu , 2007; McAuley, 2003).

Dell: If any order is canceled or returned, almost 90% of the
returns, which makes eight hundred units, are quickly made
usable by refurbishing and reselling if necessary. All repurposed
products are put up for sale through the Global Dell Outlet and we
guarantee all of them just like new. The remaining 10%, which
cannot be renewed or resold, is recycled responsibly
(www.dell.com). The success of DELL, one of the leading
computer manufacturers, in recycling is another example that can
be given to the concept of reverse logistics.

Considering that a significant amount of waste will occur at the
end of the life of automobiles, it causes environmental pollution.
The selection of parts in the production of the car is a serious step
in minimizing the harmful effect on the environment at the end of
the car's life. The fact that these materials are composed of
recyclable materials is of great importance in terms of the
environment. If it is not possible, different material types should
be sought instead of plastic material. Tires, which are part of
automobiles, are a serious cause of environmental pollution when
they are not recycled. According to the information of the Tire
Manufacturers Association (LASDER), around 180,000 tons of
worn tires are produced in Turkey every year. New areas of use
can be created for tires that have completed their time. Truck and
bus tires can be coated to be reused. Tires with high calorific value
are used in cement plant, etc. It is burned in furnaces with high
temperature, energy is provided and waste generation is
prevented. Rubber is also used in the construction of asphalt, in
building the walls that prevent hearing, and in making the tartan
floor in sports and parking areas. three objectives: cost, quality,
and delivery dependability. The model was designed to find the
ideal number of items to order while taking into account customer
demand and supplier capacity restrictions.
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44 Set Japanese English
" 70, -
_!_H. A | S Sor
Seiton Setin Order / Straighten
Seiso Shine / Sweep
Seiketsu Standardize
Shitsuke Sustain / Self-discipline

Figure 1. Five-step process of 5S
Source: Whats 5S?, https://www.5stoday.com/what-is-5s/

Basically it starts with the 5S cleaning and ordering process. The
purpose of 5S is to organize the working environment in the
enterprise and to reduce waste to zero, and it is a process at the
center of TPM studies. The names of these steps are terms taken
from Japan, and names starting with the letter "S" in English. The
most important advantage of this application is that it can be
applied easily and it is used because of its easy structure. These
steps are defined as below (Bozkurt, 2013; Elvan, 2012; Giiven,
20006);

Sort :When the materials and equipment in the business are not
classified, we are faced with equipment clutter. In order to ensure
the order of this process, the equipment used should be classified
as necessary and unnecessary, and this classification should be
classified as frequently used, constantly used, never used, etc.
should be classified as Such a classification will not waste time
for employees in the process of finding these equipment (Bozkurt,
2013; Elvan, 2012; Giiven, 20006).

Set in Order: Due to the lack of equipment to be used by the
employees in the enterprises and the complicated arrangement of
the equipment in case of need, the employees both waste time and
get stressed during the search for the tools and reduce the
efficiency of the work. Equipment used in businesses should be
placed and marked by considering processes such as frequently
used situations and usage points.

Shine / Sweep: Cleaning can be done in the enterprise, in the
machines, around etc. It is necessary to clean the wastes that cause
all kinds of pollution at the points and to take precautions by
determining the processes that cause this pollution. Cleaning also
helps to detect the problems that may occur in the future in the
machines and to prevent the malfunctions that may occur in the
machines due to pollution. Cleaning, the decrease in the efficiency
of the machines in the operation, the increase in the damage at the
maintenance stage and the process of finding the main source of
pollution cause it to enter into a process that is just as difficult
(Bozkurt, 2013).

Standardization: This step is the step of ensuring the continuity of
the existing order obtained after the sorting and cleaning process
by applying it continuously. Standardization is an important step
towards maintaining a well-organized and dirt-free work
environment. It is expected that this standardization process
should be informed to the employees in writing and that the
employees should also follow these rules and cooperate in this
process (Elvan, 2012; Bozkurt, 2013).

Sustain / Self — discipline: The last item of the 5S step is to educate
the employees on why this 5S scope is important and why it is
important in terms of benefits, in order for these methods to
continue as a habit within the enterprise. Managers do a great job
here.
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Why should 5S work be done: Waste becomes visible and easy to
eliminate, this provides the Increasing control over equipment,
materials and workspace. It promotes morale in the business,
encourages teamwork because everyone can participate. It affects
a very large area. Setting - Setup times will be shorter, Quality
values, working safety and production and added value per unit
time definitely increase, expenditures decrease. 5S originated as
part of the Toyota Production System (TPS), a production process
pioneered by Toyota Motor Business executives in the early and
mid-20th centuries. This technique, often known in the West as
Lean manufacturing, strives to maximize the quality of goods or
services for consumers. This is frequently performed by
identifying and removing waste from manufacturing operations
(What is 5S?, 2022; Implementing 5S Methodology, 2022;
Hiyoruki, 1995).

58S application in the applied ABC Company. It was applied in the
white goods manufacturer-manufacturing industry to provide
Occupational Health and Safety for a business in this
Manufacturing Industry (see Table 1). This company is in

The current investigation proved probably one more of the
greatest significant benefits of using 5S method. This research
presents that, in addition to becoming a great method for
organizing and enhancing the organizational space, it is
particularly necessary to assure occupational safety. The findings
indicate that through employing the risk evaluation method, it
could essential to minimize overall risk through up to
approximately fifty percentage points by implementing 5S.
Companies should evaluate the capability of Occupational Safety
and Health Management Systems for the competitive strategy
when analyzing efficiency and creating performance standards.
As a corporation that focuses on efficiency, a company's
productivity might well be measured in terms created over time.
A cost-based firm, on the other hand, must evaluate its efficiency
in terms of input costs such as labor, materials etc. It's indeed vital
that the productivity measurement notifies us about how well
companies are operating in accordance to the critical success
factors of business via the Quality management system.

Marmara Region.

Table 1. 5 Pillars of Application for ABC Company- white goods manufacturer

Japanese|

English

Application Objectives-Description

Seiri

Sort

hodifications n organizaticonal context (for exampls, a reguest for daytime cleaning);

Crifering cleaners greater control ovwear the crganization, spesd, and timimnmgz of their job, as well as the
tecknolozy and team membars assigned to them;

Prosiding possikilities for professiomzl progression, corporate perks and rewards, and assistance from
irmumedizte managers to cleanars;

This could be used to identify things in »our workspace that do not help to your task The Fead Lakel
Misthod was nsad. addreszing the sowurces of pollution First, these pieces and things are arranged in a Fad
Lakel, and then thewy are collacted in a cemtralized =pot and arrangsd azain. The ones that wouold not be
utilized in the following step are mcineratad, while the others are regularky piled and kept cut=ide the work
place.

Seiton

Setin Order

Straighten

JMvIusculo - skeletal problems; "Workplace pressure, anxiousness, and slesping problems

Threat of mmusculoslkeletal disorders; O dangers from work devices, such as electric
dizcharge; Cleaning workers have the following cccupational health problems:

Using eve-catching tactics such as labeling and colored regions, workers could discover|
and replace whatever they are searching for. A pleasant working atmosphere. Settlements
and management that 1s efficient and produective.

Seiso

Shine/Sweep

Consider cleaning to be an important doty that might indirectly contribute to certain dangers|
and risks; analyvze the risks to cleaning employvees and adopt preventative strategies:
communicate information with all stalceholders involved, including the customer fimm, the)
cleaning provider, and the employees individually.

Mlalcing your workplace clean and cheerfiol. Worke engagement should be increased.
Identifying and eliminating sources of pollutants. Earning the titme spent searching for the|
material to increasze productivity and effectivenesz:. Fero-pollution realiFation cleaner -
better effective cleaning

Seiketsu

Standardize

Establishing a consistent overall preventative measures strategy that addres=zes technology.
workplace requirements, conditions of employment, social conmections, and the work
conditions; prioritizing collective safety precautions over individual safety precautions; amd)
providing acceptable information to the employees

A four-step procedure mmst be performed. Arranging: Who i= going to do what and when'?|
Mlaloing Assets: Consider the equipment, resources, and timeframe for the task to be done.
Implement: In ordinary life, carry owt activities swch as categorization, sorting, asmd)
cleaning. Regulate by tracking, comparing, and refurming to the preceding step.

Shitsuke

Sustain’
discipline

Seli]

Using fewer harardous cleaning chemicals and performing less wet worls building design|
proposals: making a concerted effort to eliminate repeated and demanding arm motions amnd|
bad workplace postures; Providing possibilities for career progression, professional perks)
and rewards., and assistance from direct supervisors to cleaners; adequate education and)
training; creation and assessment of tools and procedures; transition to less hazardous)
cleaning solutions and less wet operations; building design ideas_

Dieveloping checllists and uvtilizing themm om a regular basis, the findings ought to be|
available to everybody. and the process should be enhanced with ideas. Commmunicating as|
an everyday routine

Announcement is required. Imdividual accountability should be assumed by both the|
company and the worker.

Source: Adapted from Giirlesel, 2007; Giiray, 2003; Ho, 1999; Esit, 1998; Hiyoruki, 1995 by author; opinions of the author)

In this phase of this research, 5S method implementation was
examined on behalf of manufacturing efficiency, business
efficiency and achievement of this manufacturing company due
to outputs and inputs aspects of manufacturing system for the
evaluation in terms of management with the business anticipation
for an ABC Business (Manufacturer). This business is situated in
Marmara Region in Turkey in white goods manufacturing.

e-ISSN: 2148-2683

3. Results

The production system design was analyzed to assist in the
construction of the productivity for this white goods
manufacturing company's manufacturing department

Due to the obvious long-term viability of Occupational Safety and
Health Management Systems through the 5S Methodology,
efficiency is largely determined through performance. Long-term
requirements for a company's continuous existence include
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innovation, work effectiveness, and productivity. It may simply
be turned on if it delivers high levels of output, reliability, and
performance. Efficiency is the most important metric of corporate
performance since it effectively tends to reflect physical and
monetary advantages. Subconsciously, nevertheless, output
components do not show in effectiveness. The aim is to increase
efficiency while decreasing total costs. Output percentages ought
to be evaluated to assess this adjustment. The performance
assessment volumes for this manufacturing firm are calculated
using the 5S approach, as seen in Table 2.

Table 2. Productivity Assessment Efficiency Performance of
ABC Manufacturing Enterprise

2020 2021
gl;gm Sales Value of| 195.000 | 355.000
Products
Labor 90.000 | 165.000
Raw material | 62.000 | 95.000
Input  "\fachinery-
(TL) | agset 17.000 | 27.000
depreciation
Others 18.000 | 30.000

Table 3. ABC Manufacturing Company's Labor Supply, Raw
Materials, and Total Efficiency-Productivity Ratio

2020 2021
Labor
Efficiency
195.000/62.000=3,15 | 355.000/95.000=374
Raw
material
Efficiency
195.000/17.000=11.47 | 355.000/27.000=13.15
Machinery-
asset
depreciation | 195.000/18.000=10,83 | 355.000/30.000=1183
Total
Efficiency | 195.000/132.000=147 | 355.000/225.500=157
Productivity =Output / Input (1)

Labor force, raw material, and overall productivity-efficiency
ratios are estimated utilizing formulas (1) and (2) for the years
2020 and 2021. Table 3 displays the computed productivity
values.

Productivity Index=current period-year efficiency/base-year efficiency 2)
Labor force, raw material, and total Efficiency Ratios are
calculated using the formula (2), and the efficiency increase in

2021 is used as an indicator.

Table 4. Labor Efficiency, Raw Material Efficiency, and Overall
Productivity Index

e-ISSN: 2148-2683

Labor 3.74/3.15=1.1% 19% Increase -
Productivity Accruement
Index

Raw Material | 13.15/11,47=1.15 15% Increase-
Productivity Accruement
Index

Machinery- 11,83/10,83=1,09 9% Increase-
\asset Accruement
depreciation

Total 1,57/1,47=1,07 7% Increase-
Productivity Accruement
Index

Compared to 2020, the change in labor productivity in 2021 (see
Table 4) appears to have increased by 19%. Based on 2020, raw
material productivity increased by 15% in 2021. Compared to
2020, the Machine-asset depreciation change in 2021 also
increased by 9% compared to 2020. The overall productivity
change index in 2021 also increased by 7%, driven by the
Productivity-Labor Efficiency, Raw Material Efficiency, asset
depreciation and Total Productivity Index.

5. Conclusion

Occupational safety considers job-related potential risks as well
as general safety issues that could lead to injuries. Occupational
Health, on the other side, investigates potential health problems
and worker well-being. Considering safety to be a worker's
physiological health and healthcare to be almost everything,
including mental health are vital for occupational safety and
efficiency of the business. Employees who are in good health are
more productive. Employees should feel safe and devoted to their
employment when occupational safety is implemented properly.
They understand that they are being looked after at work and that
they will not compromise their safety or health. This is
particularly crucial because when employees speak out and
express worries regarding a particularly dangerous work, they
accomplish so knowing that their worries would be heard and
heeded. Coworkers respect each other would perform
productively if they maintain a good attitude. Occupational safety
would also open up new doors in your job. Employees who have
been trained could engage on the position of mental health
advocates, bringing a good attitude and serving as a connecting
point for their coworkers. The fundamental significance of this
study is that it demonstrated that a well-planned and monitoring
system may reduce potential risks and increase work safety and
working condition effectiveness. Thus, in order to maintain long-
term success, firms must constantly evaluate risk, engage in
strategy, and practice proactive risk management. Sustainable
involvement and monitoring initiatives could be created to have a
beneficial impact on the development of workplace safety and
environmental efficiency. Employees must take the responsibility
and cooperate together to safeguard their personal and their
colleagues' health and safety. According to the Basic Strategy on
Occupational Health and Safety of Business, the organization
works to safeguard the occupational health and safety of all
department workers and executives, suppliers operating on
construction locations, business associates, and other associated
organizations. The complexity of a state's financial, social,
cultural, political, and technical framework is critical to the
adoption and long-term viability of occupational health and safety
management systems. As a result, each state may develop its own
management structure based on its internal politics. Regardless of
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the fact that wealthy countries perform out these management can
help, emerging countries have difficulty executing them out. The
safety environment is a critical element in ensuring success. To
develop an effective management platform, occupational health
and safety practices must be adopted as a life habit, largely by the
persons who would be subjected to these management solutions.
The social infrastructure, technology development, and the
insecurity of the political landscape would all be considered in the
management platform that would be adopted in the state.
Moreover, the proposed framework should attempt to consider
population’s behavior responses and attitudes. As a result, when
developing the management platform, it is important to design
strategies that do not contradict societal norms and do not
overlook the framework of the nation's working environment.
Establishing an ergonomic working environment for the
employee will increase efficiency and significantly reduce work
accidents. All necessary measures should be taken to ensure that
the work equipment and raw materials used in the workplace are
suitable for the work to be done and that this equipment does not
harm the employees in terms of health and safety. When choosing
work equipment, it should be noted that the use of this equipment
does not pose an additional hazard, taking into account the special
working conditions in the workplace and the dangers in terms of
health and safety. If it cannot guarantee that the work machinery
is entirely safe for the employees' health and safety, necessary
steps should be made to decrease the risk to an acceptable level.
Furthermore, employees who are assigned to utilize work
equipment by the employer should be trained on the hazards that
may result from their use and how to prevent them. Employees
need to be provided with sufficient particular education in the
repairing, modification, monitoring, and maintenance of work
machinery.

According to the risk hierarchy, which is scientifically proven and
supported by facts, with the measures to be taken at the design
stage regarding occupational health and safety, the work to be
done on how the relationship between the designer. The risks of
occupational accidents can be eliminated to a large extent during
the project phase by making some changes, sometimes with
additions in the design, and making some changes at a very low
cost even in the preliminary design phase of the manufacturing. If
the maturation that design would create in the occupational safety
culture is realized, the catastrophic value of occupational
accidents can be reduced and healthier and safer working
environments can be created.
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Oz

Yasadigimiz ¢agin en hayati kaynagimin bilgi oldugunu herkes kabul etmistir. Bilgi her gegen giin daha fazla giic faktdrii olarak
hissedilirken, diisiinme ve algilama bigimlerimizde, aragtirma yontemlerimizde ve yasam tarzlarimizda biiylik degisiklikler meydana
gelmektedir. Bu baglamda 6zellikle son yillarda siber tehditlerin 6nemi ortaya ¢ikmakta ve bu tehditlerden korumanin yollar: tartigma
konusudur. Ortadaki Adam Saldiris1 (Man in The Middle MITM), ayn1 agda bulunan bir kisisel bilgisayar ile saldirganin etkilesiminden
baska bir deyisle, kisisel bilgisayar ile bilgisayar ag1 arasina saldirganin girmesi sonucu ortaya ¢ikan durumdur. Saldirgan, kisisel
bilgisayarin ag baglantisi ile arasina girerek, kisisel bilgisayarin tim ag trafiginin kendi {izerinde akmasini saglayarak tiim bilgileri
aninda yakalamasina ve degistirmesine izin verdigi i¢in ag giivenligi i¢in 6nemli bir tehdit olusturur. Bu siirecte magdur (kisisel
bilgisayar) hi¢bir sey olmamuisg gibi internete islem yapmaya devam eder ancak kisisel bilgisayar ile bagli oldugu tiim siteler ve sistemler
artik saldirgan tarafinda izlenebilir ve goriinlir durumdadir. Bu saldiri, saldirganin tiim konugmay1 kontrol ettigi bir gizli dinleme
bigimidir.

Bu calismada, sistem ya da bir baska deyisle ag yoneticisi olarak, sz konusu ataklarin bilgisayar aginda akilli yonetilebilir anahtar
cihazlar kullanarak ve gerekli diizenlemeleri yaparak ag giivenligini tam olarak saglanmasi garanti altina alinmustir.

Anahtar Kelimeler: Ortadaki adam saldirisi, siber saldiri, Siber giivenlik, Bilgisayar ag giivenligi, MITM .

Man-In-The-Middle Attack

Abstract

Everyone has accepted that the most vital resource of our age is information. As information is felt more and more as a power factor,
great changes are taking place in our ways of thinking and perceiving, our research methods and our lifestyles. In this context, the
importance of cyber threats has emerged especially in recent years and the ways to protect these threats are a matter of discussion.
MITM attacks pose a significant threat to network security as they interrupt communication between two systems and allow an attacker
to instantly capture and manipulate critical information. In this process, the victim continues to connect to the internet as if nothing has
happened, but all the sites you are connected to with the computer are now visible. This attack is a form of eavesdropping in which the
attacker controls all speech.

In this study, as the system, or in other words, the network administrator, it is ensured that the network security is fully ensured by using
smart manageable switch devices in the computer network of the said attacks and making the necessary arrangements.

Keywords: man-in-the-middle attack, Cyber security, Computer network security, MITM.
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1. Giris

1.1. Ag Kavram

Aralarinda elektronik bir baglanti bulunan bir grup bagimsiz
bilgisayara bilgisayar ag1 denilmektedir. Burada bilgisayarlarin
birbirine bagli olmasi, birbirleriyle veri aligverisi yapabilmeleri
anlami tagimaktadir. Bilgisayarlar arasindaki baglanti bakir tel,
optik kablo, radyo iletisim sistemleri, iletisim uydulart ve kisa
mesafeler icin kizilotesi iletisim sistemleri veya radyo
dalgalartyla haberlesen iletigim sistemleri olabilmektedir.

Bilgisayarlarin 6zerk olmasi, diger bilgisayarlar tarafindan
kontrol edilmedikleri anlamina gelir. Bir bilgisayar1 baska bir
bilgisayar  baslatilabiliyor, durdurulabiliyor ve  kontrol
edilebiliyorsa bagimsiz degildir. Bir kontrol iinitesi ve birkag
bagimli bilgisayardan veya birka¢ uzak terminal ve yazicidan
olusan bir sistem, bir bilgisayar ag1 olarak kabul edilmez.

Dagitilmis sistem ve bilgisayar aglar1 arasinda bazi farklar
vardir. Bunlardan en 6nemlisi, dagitik sistemlerde birden cok
islemcinin (ayr1 bilgisayarlar) kullaniciya seffaf (kullaniciya
goriinmez) olmasidir. Kullanici bir komut girdiginde istegi yerine
getirilir. Isletim sisteminin gérevi en uygun islemciyi segmek,
girdi dosyalarin1 bulmak, bu islemciye aktarmak ve sonuglari
uygun yerlere yerlestirmektir. Bu eylemler otomatik olarak
gerceklestirilmektedir. Diger bir deyisle, dagitik bir sistemin
kullanicisi birden fazla iglemci oldugunu fark etmez; sistemi tek
bir iglemci olarak kabul eder. Ag i¢inde, kullanicilar makineye net
bir sekilde baglanir ve gorevi acik¢a tamimlar, dogrudan
istedikleri yerde dosyalar ve ag1 kendileri yonetebilir. Merkezi
olmayan bir sistemde islemler agik olarak yapilmaz, tiim iglemler
kullanicinin  bilgisi diginda otomatik olarak yapilmaktadir
(Tanenbaum, 2003).

Giliniimiizde yayginlasan bilgisayar aglari, isletmeler igin
kaynak paylasimy, iletigim ortamlar1 ve elektronik ticaret firsatlari
sagladiklar1 i¢in maliyet, givenilirlik ve Ol¢eklenebilirlik
acisindan biiyiik bilgisayar sistemlerine gore avantajlara sahiptir;
Kisisel kullanicilar i¢in bilgiye, iletisime ve interaktif eglenceye
uzaktan erisim saglamaktadir. Bilgisayar aglari, kullanilan
aktarim teknolojisine gore iki kategoriye ayrilmaktadir: yaymn
aglart (LAN, MAN ve uydu aglar1) ve noktadan noktaya aglar
(WAN ve Bagl Aglar). Ote yandan fiziksel boyutlarina gore
kiiciikten biiyiige dort kategoriye ayrilirlar: LAN, MAN, WAN ve
bagli aglar (internetler). LAN'lar i tiir baglanti kullanmaktadir:
paylasilan yol, halka ve yildiz. MAN'ler iki veri yolu ile bir
DQDB mimarisi kullanmaktadir. WAN'lar yildiz, halka, agag, tam
baglanti, ¢apraz halka ve diizensiz baglant1 tiirlerini kullanabilir.
Kamu yaym aglart ile ilgili en 6nemli sey, bir¢ok kullanicinin tek
bir iletim ortami kullanmasi ve bilgilerini g¢ergeveler halinde
gondermesidir; MAC protokolil, iletim ortamina kullanici erigimi
saglar. WAN'lar ag alt aglarindan ve bilgisayarlardan
olugsmaktadir. Alt aglar, yonlendiricileri ve bunlar1 birbirine
baglayan iletim hatlarim icermektedir. Yonlendiriciler ayrica
"paket anahtarlama diigiimleri" olarak da bilinir. Birbirine bagl
aglarda iletisimin en yaygin ornegi internettir. Radyo dalgalan
veya kizilotesi 1sinlar yayan aglara kablosuz veya kablosuz aglar
denmektedir. Kiziltesi iletisim, birbirini gorebilen ve kisa
mesafede bulunan vericiler ve alicilar arasinda kullanilabilir.
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1.2. Siber Giivenlik

Siber giivenlik, sunucularin, bilgisayarlarin, elektronik
sistemlerin, mobil cihazlarm, aglarin ve verilerin kotii niyetli
saldirilara karsi korunmasidir. Buna BT bilgi giivenligi veya
elektronik bilgi giivenligi de denmektedir. Terim, isten mobil
bilisime kadar bir¢ok baglam i¢in gegerlidir ve birkag kategoriye
ayrilmaktadir.

* Ag gilivenligi; bir bilgisayar agimi hedeflenen
saldirganlardan ve/veya kotii amagli yazilimlardan ve davetsiz
misafirlerden koruma uygulamasi.

* Uygulama givenligi; Cihazlart ve yazilimlari
tehditlerden kurtarmaya odaklanmaktadir. Glivenligi ihlal edilmis
bir uygulama, korumak igin tasarlandigi verilere erisime izin
verebilir. Basarili bilgi gilivenligi, program veya cihaz
uygulanmadan ¢ok 6nce planlama agamasinda baslar.

* Bilgi Givenligi; kullamim, aktarim ve depolama
esnasinda verilerin gizliligini ve biitiinligiini korur.

* Operasyonel giivenlik, veri varliklarini isleme ve
korumaya yonelik siiregleri ve kararlari igerir. Bir kullanicinin aga
erismek i¢in hangi izinlere sahip oldugunu ve verilerin nasil ve
nerede saklanabilecegini veya paylasilabilecegini belirlemeye
yonelik tiim adimlar bu ¢ati altinda toplaniyor.

* Olaganiistii durum kurtarma ve is sitirekliligi, bir sirketin
bir siber giivenlik ihlaline veya operasyon veya veri kaybina
neden olan baska bir olaya nasil yanit verecegini tanimlar. Acil
durum kurtarma ilkeleri, kurulusun olaydan Oncekiyle aym
operasyonel kapasiteye geri donmek igin operasyonlarini ve
verilerini nasil kurtaracagim tanimlar. [s siirekliligi, bir kurulusun
belirli kaynaklar olmadan calismaya calisirken geri dondiigi
plandir.

1.3. Siber Saldir1

Siber uzaym olanaklarimi kullanarak bilgi calma veya
degistirme ve bilgi sistemlerinde tahribat veya bozulmaya neden
olma girigimi siber saldirt olarak adlandirilabilir. Siber savas ise
bu eylemlerin devlet tarafindan veya devletler diizeyinde
gerceklestirilmesi anlamina gelmektedir. Siber savasin en kafa
karistirict yonlerinden biri, siber savascilar veya devlet destekli
bilgisayar korsanlar1 veya bilgisayar korsanlari diger iilkelere
saldirdiginda siber savas olarak adlandirilmasi  gerekip
gerekmedigidir. S6z konusu durumda gercek hayatta oldugu gibi
siber uzayda da vekalet savaslari stratejisi izlenmektedir. Ulkeler,
uluslararasi yasalarla temastan kaginmak icin genellikle bu tiir
catismalar1 hizipler araciligiyla yiiriitiirler. Bagka bir iilkeye
saldiran bir grup siber savage1 aslinda bir tiir siber savastir.

2. Man In The Middle Kavranm (MITM)

Ortadaki adam saldirisi (Man In The Middle, MITM), ag
cihazlar1 ve kurban bilgisayarlar arasinda yetkisiz erisim yoluyla
verilerin sifrelenmesi ve sifrelenmemis verilerin izlenmesi
ilkesine dayanan bir saldir1 tiiriidiir.

MITM saldirilari, OSI modelinin ikinci katmaninda (veri
baglant1 katmani) uygulandigindan, saldirgan bagarili olursa,
saldirgan tiim trafik akisimi kontrol edebilir. Bu hakimiyet,
sifrelenmemis trafikten sifreli "HTTPS" trafigine kadar
siursizdir. Basarilt bir MITM saldiris1 sirasinda saldirganin
yapabilecegi islemler tamamen onlarin bilgisine, becerisine ve
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hayal giiciine birakilmistir. Giivenlik 6nlemleri, ag gilivenligine
kars1 iyi bilinen bir saldir tiirii olmasia ragmen, en az sayida

saldiriy1 igerir.

.
Web Baglantisi

Yeni Baglanti
A 3
Eftercag

Man in the Middle

Sekil 1. MITM atagimin Ornek resmi

Kullanicilarin bir kurulus iginde bilgileri paylagmalarinin ve
iletisim kurmalarinin birincil yolu, bir ag altyapt hizmetidir. Veri
paketi agda serbestce dolasir. Kendi IP adresine ait olmayan bir
paket alan cihazlar, istege bagli olarak o paketin icerigini gorebilir
veya degistirebilir. (Man-in-the-middle saldirisi, 2018; Rouse &
Cobb, 2015) MITM saldirisi, agdaki paketleri ele gecirmek ve
manipiile etmek olarak da 6zetlenebilir.

MITM saldirilar, iki sistem arasindaki iletisimi kestikleri ve
bir saldirganin kritik verileri aninda ele gegirmesine ve
degistirmesine izin verdigi i¢in ag giivenligi i¢in 6nemli bir tehdit
olusturur. Bu siiregte kurban hicbir sey olmamis gibi internete
baglanmaya devam eder ancak bilgisayarla iletisim kurdugunuz
tiim siteler artik goriiniir durumdadir. Bu saldiri, saldirganin tiim
konugmay1 kontrol ettigi bir gizli dinleme bigimidir.

Ornegin, istemci ile ana bilgisayar arasinda TCP
baglantisinin oldugu bir HTTP isleminde, farkli teknikler
kullanan bir saldirgan, orijinal TCP baglantisim1 iki yeni
baglantiya boler (Toward More Resilient Cyber Infrastructure: A
Practical Approach, 2016). ilk baglanti kurban ile saldirgan
arasinda, ikinci baglanti ise saldirgan ile sunucu arasindadir.
Saldirgan TCP baglantisint kestiginde, ele gegirilen iletisimin
verilerini okuyabilir veya degistirebilir. Alternatif olarak, bir
saldirgan kullanicinin tanimlama bilgilerini ¢alabilir. Bu ¢alinan
gerezler, bir kullanicinin oturumunu ele gegirmek ve bir
saldirganin bir web sitesinde bu kullaniciy1 taklit etmesine izin
vermek i¢in kullanilabilir.

Ayni teknik kullanilarak https baglantisi tizerinden MITM
saldiris1 da yapilabilir; Tek fark, her bir TCP baglantisi yerine yeni
SSL oturumlarmin kurulmasidir. Bu sefer farkli olan, tarayici ile
saldirgan arasindaki SSL baglantis1 ve saldirgan ile web sunucusu
arasindaki diger SSL baglantisidir. Genellikle, bu gibi
durumlarda, tarayici kullaniciy1 dijital sertifikanin kabul edilebilir
olmadig1 konusunda uyarir, ancak kullanici potansiyel tehdidin
farkinda olmadig1 i¢in uyariy1 yok sayar. SSL kullansaniz bile, bir
saldirgan HTTP trafiginizi SSLstrip ile yeniden yonlendirebilir.
Tim trafiginizi izleyen bir saldirgan, girdiginiz tiim sitelere
kullanic1 adinmizin ve sifrenizin goénderildigini agik¢a gorebilir.
Saldirgan, girdiginiz tiim bilgileri diiz metin olarak da gorebilir.
Kisacasi, bir saldirgan verilerinizin ¢ogunu c¢alabilir (Rouse
2015).
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MITM saldirilari, DNS sunucularini da hedefleyebilir. DNS
aramasi, web tarayicilarinin alan adlarini IP adreslerine ¢evirerek
web sitelerini bulmasini saglar. DNS, DNS sahtekarligi ve DNS
ele gecirme gibi MITM saldirilarinda, bir saldirgan DNS arama
stirecini  tehlikeye atabilir ve kullanicilar1 yanlis sitelere
gonderebilir, genellikle koti amacgli yazilim yayabilir ve/veya
hassas bilgiler toplayabilir. Saldirgan daha sonra gercek web
sitesiyle yeni bir baglant1 kurabilir ve kullanici ile orijinal web
sitesi arasindaki trafigi izlemek ve islemek icin bir proxy gorevi
gorebilir. MITM saldirilar genellikle ¢cevrimigi bankacilik ve e-
ticaret sitelerini hedef alir ve bu da izinsiz girig yapanlarin oturum
acma kimlik bilgilerini ve alternatif kritik ve degerli bilgileri ele
gegirmesine neden olabilir.

MITM sadece bir saldirt teknigi degildir, ayn1 zamanda web
uygulamasi gelistirme ve web giivenlik acig1 degerlendirmesinde
de kullanilabilir.

2.1. MITM Saldin Tiirleri

2.1.1. ARP Zehirlenmesi

Adres Coziimleme Protokolii (ARP), mantiksal ag adreslerini
ikinci katman (Veri Baglantis1 katmani) araciligiyla fiziksel
adreslere doniistiirmek i¢cin OSI modelinde kullanilan bir iletisim
protokoliidiir (Infosec Kilavuzu: Ortadaki Adam Saldirilarina
Kars1 Savunma, 2017).

Bilgisayarlarin iletisim kurabilmesi i¢in aglarda iki adresi
olmasi gerekmektedir. Birinci adres verisi mantiksal IP adresidir
ve ikinci adres verisi fiziksel MAC adresidir. Anahtarlar, trafigi
bir yerel alan agi (LAN) iizerinden ydnlendirmek ve trafigi bu
adres bilgilerine gore yonlendirmek i¢in aga bagl bilgisayarlarin
fiziksel MAC adres bilgilerini kullanmaktadir.

Cihazin fiziksel MAC adresinin bilinmedigi durumlarda
cihazin MAC adresinin IP adresi {izerinden belirlenmesi istenir.
Bilgisayarlar, mantiksal IP adresiyle bilinen bir bilgisayarin
fiziksel MAC adresini, ARP protokoliinii kullanan bir ag
iizerindeki bir ARP tablosu aracilifiyla 6grenir. Bu bilinen ve
Ogrenilen adres bilgileri, bilgisayarlarin ag {izerinde birbirleriyle
iletisim kurmasini saglar. Farkli bir ana bilgisayarin kimligine
biiriinmek isteyen bir saldirgan, MAC adresiyle yanit vermemesi
gere Arp zehirlenmesi, ag IP ve MAC adres eslemelerine
miidahale ederek ag ekipmanina ve bilgisayarlara erisim saglayan
davetsiz misafirler olarak tanimlanabilir. Bu saldirilarin amaci,
hedef sunucuya hedeflenen tiim trafigi bloke ettikten sonra,
istenen MAC adresini hedef sunucunun IP adresiyle
eslestirmektir. Bir saldirgan, ag hedefinin ve ag cihazinin ARP
tablolarint zehirlerse, bunlar ele gecirilecektir. Yani saldirgan,
hedef bilgisayarin tablosundaki MAC adresini "ag aygitinin MAC
adresi" ve ag aygitinin ARP tablosunu "hedef bilgisayarin MAC
adresi" olarak yazdirirsa basarili olur. Bu durumda hedef
bilgisayar ile ag cihazi arasindaki trafik saldirganin iizerinden
gecer. Saldirgan, bu trafigi gizlice dinleyebilir ve degistirebilir ve
ele gegirilen verileri, casusluk yapmak veya taraflar arasindaki
baglantiy1 degistirmek gibi koti amaghh amaglar ig¢in
kullanabilir.ken isteklere yanit verebilir.

2.1.2. DNS Yaniltmasi

Etki Alanm1 Adi Sunucusu (DNS), ARP yo6nteminin IP
adreslerini MAC adreslerine ¢dzmesi gibi, etki alan1 adlarini IP
adreslerine ¢oziimler. Siber suglular genellikle aglara sizmak igin
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kimlige birinme kullanir. Bu taktikler, saldirganlarin
gormemeleri gereken bilgilere erigmelerini saglar. Dolandiricilik
baska bir yaygin saldirt tiiridiir ve farkli bigimler alabilir. DNS
sahtekarligi, MITM saldirilarinda yaygin olarak kullanilmaktadir
(Tanmay, 2013).

DNS sahtekarlig1 veya DNS onbellek zehirlenmesi, bir DN'S
sunucusuna sizmaylr ve bir web sitesinin adres kaydini
degistirmeyi icerir. Bir DNS saldirgani, DNS yazilimi 6nbellegine
zehirli bir DNS erisimi enjekte ederek DNS yazilimindaki
kusurlardan yararlanan bir DNS sahtekarligi  saldirisi
gerceklestirir. Bu saldirt genellikle saldirganin, kimlik avi gibi
baska amaglar i¢in kullanilan kotii amacli bir web sitesine yanlis
bir IP adresi dondiirmesine neden olur.

Ornegin, bir DNS sizdirma saldirgant,
www.internetbanking.com gibi bir alan adi1 kullanarak bagka bir
ana bilgisayara ulasmaya calisir ve ana bilgisayara bozuk DNS
onbellek bilgilerini eklemeye ¢alisir. (Man in the Middle (MITM)
Attacks, 2018) Boylece kurban, bilgiyi giivenilir bir kaynaga
gonderdigine inanarak, kotii niyetli bilgisayara hassas bilgiler
gonderir.

Sonu¢ olarak, siteye erismeye calisan kullanicilar,
degistirilen DNS kaydi {izerinden saldirganin sitesine gonderilir.
Siber suglular genellikle mesru goriinen kotii niyetli web siteleri
olusturdugundan, DNS sahteciligini tespit etmek zordur.

ARP sahtekarligi, bir saldirganin IP/ag ge¢idini veya bu
durumda kurbanin DNS sunucularini degistirmek i¢in yetkisiz bir
DHCP sunucusundan ARP mesajlar1 gondermesidir. Saldirgan,
kurbanin DNS sunucusunu degistirerek bir DNS sahtekarligi
saldiris1 baglatabilir, bu da kurbanin DNS isteklerinin artik
bankanin IP adresini taklit edebilecek yetkisiz bir DNS
sunucusuna yonlendirildigi anlamina gelir. Her iki yontem de ayni
seyi dener (trafigi kotli amacgli makinelere yonlendirir veya iletir),
ancak farkli bir diizeyde ¢aligirlar, ARP yalnizca bir sonraki LAN
yonlendiricisini kandirir. Saldirt, bir kurbanin gegerli bir banka
SSL  sertifikas1 kullanarak http://www.yourbank.com'a goz
atmasina izin verir, ancak sunucunun IP adresi farkli bir IP'dir. Bu
sekilde, bir saldirgan banka bilgilerinize erisebilir ve hesabinizi
bosaltabilir. WEB tarayicilari, bir SSL sertifikasindaki yanlis bir
URL'den sikayet etmez (Tanmay, 2013).

Adres Coziimleme Protokoli (ARP) sahtekarligi, bir
saldirganin bir ARP istegine yanlis yanitlar gondermesidir. Bu
genellikle yonlendiricinin kimligine biirinmek ve bdylece bir
saldirganin trafigi kesebilmesi i¢in yapilir.

Etki Alan1 Adi1 Hizmeti (DNS) sahtekarligi, bir saldirganin
(bir ana bilgisayar adinin IP adresini ¢ézmek i¢in gonderilen)
DNS isteklerine yanlis IP bilgileriyle yanit vermesidir. Bu
genellikle kullanicilart yanlis web sitelerine yonlendirmek igin
kullanilir.

ARP sahtekarligi, ARP zehirlenmesi olarak da bilinir. Ag IP
ve MAC adreslerini birlestirerek saldirganlari kesintiye ugratarak
bir ag cihazim bilgisayara tamimlama olarak tanimlanabilir.
Yukarida, bilgisayarlarin ag i¢inde iletisim kurmak i¢in dncelikle
ARP protokoliinii kullandig1 belirtilmisti. Saldirgan, hedef ag
icindeki ve ag aygitindaki ARP tablolarini zehirleyebilirse, bu
nedenle hedef bilgisayar tablosunda "MAC Pandiyaraja'nin ag
aygitinin MAC adresi”, "hedef bilgisayar ag aygitinin MAC
adresini ARP olarak yazdirir. tablo" girilir. bir arada. Bu durumda,
hedef bilgisayar, saldirgan ile ag aygit1 arasindaki trafikten gecer.
Bu trafigi dinleyebilir ve diizenleyebilirsiniz (Hugo, 2016).
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Linux isletim sisteminin dogasi geregi ag bilgisayariniza test
etmek i¢in kullandigimiz gelen paketler icin Kali. Eger dyleyse,
test tamamlanamazsa, MITM IP Yonlendirme. Ikinci cagri
yonlendirme islemi nedeniyle IP ydnlendirme agindaki IP
paketleri ag1 ve oncelikle MITM'yi IP yeniden yonlendirmesi
etkinken test etmelidir. Linux ¢ekirdegi, IP yonlendirme i¢in tiim
altyapiy1 gizler ve dagitimi ¢ok kolaydir.

Terminalde IP yayin durumunu 6grenmek icin asagidaki
komutu ¢alistiriniz:

cat/proc/sys/net/ipv4/ip_forward

Doniis degeri 0 (sifir) ise IP ydnlendirme aktif degildir.
Etkinlestirmek i¢in asagidaki komutu galistiriniz.

echo 1 >/proc/sys/net/ipv4/ip_forward
Simdi IP yonlendirme sistemini aginiz.

Kali Linux ile birlikte gelen "arpspoof™ aract ile kurban, cihaz
ve ag arasina enjekte edilebilir. "Arpspoof" aract ag iizerinde
istenilen ARP paketlerini olusturup hedefe gonderir ve hedef ARP
tablosunu zehirlemeye calisir. "Arpspoof” araci asagidaki gibi
komutlarla kullanilabilir: Aga bagh tiim bilgisayarlar hedef IP
adresinin sonuna 102 24/Arptable eklenerek zehirlenebilir.
Yalnizca bir bilgisayarda ve ag aygitinda metin aramasi yapin
(Ramadhan, 2018),

Oncelikle hedefin ARP tablosu zehirlenir. Bunun igin
asagidaki komut kullanilmaktadir:

arpspoof-i [network interface]-t [destination ip] [network
device ip]

Yukaridaki komut, hedef bilgisayarin ARP tablosunda
yiritiilir ve ARP'yi zehirlemek igin siirekli olarak REPLY
paketlerini hedefe gondermektedir. Daha sonra ag cihazinin ARP
tablosu zehirlenir, bunun i¢in asagidaki komut kullanilir.

arpspoof-i [network interface]-t [network device ip]
[destination ip]
Komut, ARP tablosu ag cihazint siirekli olarak

calistirdiginda, hedefe toksik ARP REPLY paketleri gonderilir.
Ag cihazi ile hedef bilgisayara gonderilen ARP REPLY paketleri
arasia eklenir. Hedef bilgisayarin ARP zehir tablosunu falan
kastediyorum. AR ¢agrisinin girildigi hedef bilgisayar1 ve ag
cihazini agresif bir sekilde hedefliyoruz. Hedef ile ag cihazi
arasindaki trafigi iletebilirsiniz ve saldirgan bunu degistirebilir,
trafik akisini dinleyebilir (Rangwala, 2015).

Ornek olarak asagidaki iki drnek diger trafikte verilmistir.
Kali kurulumuyla birlikte gelen Linux "urlsnarf" istek hedefleme
aract trafigi azaltabilir. Bunun i¢in kullanilacak komutlar
asagidadir.

urlsnarf — click [network interface]

"Driftnet" araci ile Kali Linux kurulumu, ARP Spoofing ve
MITM saldirir kurbanin tarayici isteklerine ydnelik olarak
sayfalarda yer alan resimlerin ortamlar1 gerceklestirilmektedir.
Asagidaki komut ile yiiritiiliir.

driftnet-click [network interface]

2.1.3. SSL ve TLS Siyirma

HTTP en yaygimn Internet protokoliidiir. Cevrimigi olarak
yaptigimiz islerin ¢ogu, giinlik web taramasindan anlik sohbete
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kadar HTTP iizerinden yapilir. Bununla birlikte, HTTP iletigimleri
giivensizdir ve ele gecirilmesi nispeten kolaydir, bu da 6zellikleri
nedeniyle onlart MITM saldirilar igin ana hedef haline getirir.

Cogu sifreleme protokolii, ozellikle MITM saldirilarini
onlemek i¢in bir tiir u¢ nokta kimlik dogrulamas: icermektedir.
TLS (Aktarim Katmani Giivenligi) ve SSL (Giivenli Yuva
Katmani) protokolleri, giivenilir bir ag baglantis1 saglamak i¢in
ag sifrelemesini kullanir. En yaygin SSL protokolii tiirii, en yaygin
kullanicilarin karsilastigt HTTPS'dir. Bu protokol, geleneksel
HTTP protokolii (Koprii Metni Aktarim Protokolii) araciligiyla
iletisimden olusur ve SSL ve TLS sifrelemesi ile korunur. Bu
protokoller ag iletisimi igin daha iyi koruma saglasa da, MITM
saldirllarina karst savunmasiz olabilirler. Kullanici siipheli bir
sertifika gonderme konusunda uyarilmazsa, saldirgan sahte
sertifikalarla MITM saldiris1 gergeklestirebilir (Rouse & Cobb,
2015).

HTTPS kullanimi, ARP zehirlenmesine veya DNS
sahteciligine kars1 kapsamli bir savunma oldugundan, saldirganlar
paketleri engellemek ve HTTPS tabanli adres isteklerini HTTP
esdegeri uc¢ noktalara iletmek i¢in SSL soymayr kullanir ve
sunucunun = sifrelenmemis bir sunucu istemesini gerektirir
(Ramadhan, 2018).

SSL/TLS sertifikalari, saldirganlarin giivenli baglantilardan
0diin vermek i¢in ek adimlar atmasi gerektiginden, etkin MITM
saldirilarint da zorlasgtirir. Bir saldirgan, bir web sitesinin SSL
protokoliinii modiile eden SSLstrip gibi araglar kullanilarak
yararlanilabilen baglanti ele gecirme saldirilarini kullanarak bu
adimin 103 giivenligini ihlal edebilir. Bilgisayar korsanlari
TLS'ye girmenin yolunu buldu. Ornegin, HTTPS yazsaniz bile
(6rnegin  https://www.example.com), bilgisayar korsanlari
http://www.example.com yazip onu HTTP olarak degistirerek
sifrelenmesini engelleyebilir. Bu arada, tim kullanict oturumu
saldirgan tarafindan goriilebilir.

2.1.4. MAC Address Attact

Portlar arasi iletisim, switchler tarafindan sahip olduklari
MAC adres tablolarina bakilarak gergeklestirilir. MAC adres
tablosundaki port numaralarinda bilgisayarlarin MAC adresleri
porta bagli olup, s6z konusu portun hangi VLAN'a (Sanal Yerel
Alan Ag1) ait oldugu bilgisi bulunmaktadir. Switchler 6nce
portlara gelen gergevenin hedef MAC adresi kismina bakar,
ardindan ¢ergevedeki hedef MAC adresinin kendi MAC adres
tablosunda olup olmadigini sorgular, adres tabloda bulunuyorsa
cerceve gonderilir. Tlgili baglant1 noktasi, bu isleme anahtarlama
denir. Ancak, anahtar ¢ergevesinin hedef MAC adresi, anahtarin
MAC adres tablosunda bulunmadiginda, anahtar ¢ergeveyi tiim
baglant1 noktalaria gonderir. Bu, ilgili baglant1 noktasinin diger
tim baglanti noktalarina iletilmesine neden olur. Bu, bir
saldirganin tiim anahtar trafigini gizlice dinlemesine ve anahtarin
baglant1 noktalarin1 yok sayarak MAC adres tablosunu yanlig
MAC adresleriyle doldurmasina neden olur. Bu, anahtarin
verimliligini olumsuz yonde etkiler. Anahtarlama cihazlarinin
MAC adres tablosu doldurulurken sorunlar ortaya ¢ikar ¢iinkii
switchlerin MAC adres tablolari i¢in bir limiti vardir ve bu limit
cihazin marka, model ve donanimina gore degisiklik gdsterir.

3. MITM Saldirisindan Nasil Korunabilir

Ortadaki adam saldirisina kars1 birgok savunma mekanizmast
vardir. Baslica ortadaki adam saldirilari, SSL saldirisi, DNS
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saldirist ve ARP zehirlenmesidir. Bu saldirtya karst onlemler
asagida listelenmistir.

3.1. SSL'min Zayif Yonlerini Ortaya
Cikaran Saldirilar ve TLS Ile Alinan
Onlemler

TLS Aktarim Katmani Giivenliginin (TLS) kisaltmasi. TLS,
SSL protokoliiniin halefi ve Internet Miihendisligi Gorev Giicii
(IETF) tarafindan SSL tabanli gelistirilen bir giivenlik
protokoliidiir. Ag iizerinden veri gonderilip alinmasini ve veri
aktarimi sirasinda sifrelemeyi saglar. STARTTLS, yalnizca metin
mesajlarin1 korumak i¢in farkli bir baglanti noktas1 kullanmak
yerine sifreli baglant1 olarak giincellenen baglant1 protokolleri
icin TLS tarafindan gelistirilmis bir ¢oziimdiir. SMTP kullanirken
TLS, giivenli olmayan bir sunucu baglantisiyla baglar ve
STARTTLS komutuyla devam eder. Daha sonra veri aktarimi
strasinda giivenli bir baglantiya geger.

Standart algoritma, gonderilen ve alinan bilgilerin kesinlikle
dogru olmasini ve dogru alicinin bilgileri géndermeden o6nce
otomatik olarak sifresini ¢ozebilmesini ve sifresini ¢ozebilmesini
amaglar. Islemlerin ve verilerin biitiinliigiinii ve gizliligini
korumak i¢in her iki tarafta dogrulama yapilir. SSL/TLS isleviyle
caligmak i¢in sunucu tarafi anahtarina ve istemci tarafi
sertifikasina ihtiyaciniz vardir. Ozellikleri asagidaki gibidir;

*  Mesaj sifreleme ve sifre ¢cozme icin giivenlik ve gizlilik
saglar (Simetrik Anahtarlama).

+ lletiyi gonderen ve alan etki alanimin dogru konumda
olmasini saglar (Public/Private Key).

» Aktarilan belgelerin tarih ve saatini dogrular (Hashing
teknigi ile).

* Belge arsivleri olusturmay1 kolaylastirir (sikistirma
teknikleri ile).

Tekrar HTTPS alirsak, HTTP trafigini SSL protokolii
tarafindan  saglanan kanal iizerinden iletilecek sekilde
yapilandirabiliriz. Bu kanal, sifreleme ve kimlik dogrulama
secenekleri veya her ikisi ile olusturulabilir, ancak kars1 tarafin
hem sifrelemesi hem de kimlik dogrulamasi gerekli degildir. OSI
katmani, HTTP'nin "Uygulama" katmani ile TCP protokolii
arasindaki gercek veri trafiginin "Tagima" katmani arasindaki SSL
"Sunum" katmaninda bulunan bir protokol y1ginina sahiptir.

3.2. SSL 3.0 ve Poodle Saldiris1 (2014)

TLS saldirisina karst Onlem, saldirganlarin  protokolii
diistirmesini engelleyen TLS FALLBACK SCSV eklentisidir.
Buna gore istemci, sunucuya diisiisii bildirir. Istemci, sunucuya,
oturumun daha yiiksek bir siiriim protokolii kullanarak sunucuya
baglanmaya calistigini, ancak el sikisma tamamlanmadan
oturumun sonlandirildigini bildirir. Bu durumda sunucu, istemci
tarafindan bildirilenden daha yiiksek bir siirim saglayabiliyorsa
baglantiyr  kapatmaktadir. Bu, saldirganlarin  sifreleme
protokoliinii tersine miihendislik yapmasini engellemektedir.

3.3. Freak Saldinis1 (2014)

Entrust'in internet sitesinde yer alan bilgilere goére siber
giivenlik arastirmacist Ivan Ristic, FREAK'in pratikte ¢ok etkili
olabilmesi i¢in birden fazla ajanin bir araya getirilmesi gerektigini
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vurguluyor; listede zayif bir ihracat sifreleme algoritmasi
saglayan ve ayni anahtar1 uzun siire kullanan bir sunucu, anahtar
kirma, zayif bir istemci bulma ve manipiilasyon saldirisi
bulunmustur. Ortadaki adam (MITM) saldirisi, yerel bir ag veya
kablosuz WiFi aginda gerceklestirilmesi kolay ancak
gerceklestirilmesi zor bir saldiridir.

Bu saldiriya karsi 6nlem olarak sunucu tarafli ¢dziimler daha
etkilidir. Sunucular, zayif giivenli sifreleme algoritmalarim
desteklememelidir (Hekim, 2015).

3.4. Beast (Canavar) Saldiris1 (2011)

BEAST'in iptali, parola blok zinciri (CBC) modunda
kullanilan orijinal vektdr (IV) degerini kullanir. Bu agda
gonderilen bir paket i¢gin kullanilan IV degeri, bir 6nceki paketin
son sifreli mesaj blogudur. Bu sekilde, sifreli trafigi izleyen bir
saldirgan, oturumun ¢erez bilgisinde kullanilan IV degerini tespit
edebilir. Saldirgan, 6nceki sifreli metin blogu olan IV degerini
aldiktan sonra, sifresini ¢6zmek istedigi sifreli metni igeren agik
degeri ve ulagmak istedigi hassas degeri (6rnegin, ¢erez bilgisi)
iki degeri kullanarak tahmin etmeye calisir. Saldirgan, diiz metin
tahmin edilebilirse IV'i XOR yapabilir ve ilgili sifreli metinle
ayn1i olup olmadigimmi kontrol edebilir. Ayniysa, saldirgan agik
metni alir. Boyle rastgele bir degeri tahmin etmek zor
olacagindan, bu saldir1 agik harf kod ¢6zme yontemini kullanir.
Bunu yapmak i¢in saldirganin kurbanla ayni agda olmasi ve bir
miidahale yapmasi gerekir. Ayrica trafigi manipiile edebilmeli ve
birden fazla istek paketi gondermeyi gerektiren olasi sorunlu
eslesmeleri kontrol edebilmelidir. Saldirgan bir seferde yalnizca
bir blok tahmin edebilir.

3.5. SSL Rc4'iin A¢iklar:

Bu saldir1 en iyi sonucu RC4 ¢ikisina verilen orijinal hasarla
verir. Bu nedenle kayan anahtarin ilk ¢ikti baytlarini azaltmak,
RC4'teki zafiyete TLS ¢6ziimleri arasinda yer aliyor ancak bunun
tim sunuculara ve istemcilere uygulanmasmin zor oldugu
vurgulaniyor. Bu nedenle uzmanlar, kotiye kullanimdan
kaginmak i¢in TLS'de RC4'ten kagimilmasi gerektigini
vurgulamaktadir (Hekim, 2015).

3.6. Heartbleed (Kalp Kanamasi) Saldirisi (2014)

Bu giivenlik a¢i1gma yonelik OpenSSL yamasi, yiik uzunlugu
alan1 veri uzunlugundan biiyiikse HeartbeatRequest mesajin
kaldirmaktadir. Bu giivenlik agigini dnlemek kolaydir, ancak bir
saldirganin hassas bilgiler iceren 06zel bellegi okuyabilmesi
nedeniyle giivenlik agigindan kaynaklanan potansiyel risk biiyiik
zarara neden olabilmektedir.

3.7. MITM'de DNS Degisikligi ve Yaralanma
3.7.1. DNS Onbellege Alma

Ayn1 problemde onbellege almak icin kullanilan cihazlari,
¢ok fazla saldirtya sahip DNS sunucularim1 ve DNS sunucusu
efektlerini 6nbellege alamaz.

3.7.2. DFAS

TCP iizerinden DDoS saldirilari1 engellemenin nispeten
kolay oldugunu s6ylenebilir. Bunun ana nedeni, TCP iizerinden
saldirirken, saldirganin gercek bir IP adresine mi yoksa sahte bir
adrese mi saldirdigin1 anlayabilmesidir (basit bir Boolean 3 el
sitkismas1 yapilirsa, IP gergektir). UDP {izerinden DDoS
saldirilarinin (UDP tagmasi, DNS tagmasi vb.) engellenmesi
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zordur ¢linkii saldiran IP adreslerinin gercek olup olmadigim
belirlemenin kesin bir yolu yoktur. UDP kullanan saldirilar,
genellikle ikinci bir paket blogunu (DfA) kabul etmek gibi bir
davranigsal engelleme yontemi kullanir. DFAS ydntemi, TCP
veya UDP olmak iizere ilk gelen paketi temel almaktadir. Ayni
paket geri gelirse, pakete uygun sekilde yanit verin ve ilgili IP
adresine giris yapmaya baglayin veya ilk paketin yanlis bir yanit
(yanlis sira numarasi SYN) dondiirmesini bekleyin. -ACK) .
istemci tarafindan gonderilen TCP istegine yanlis yanit verir ve
kars1 taraftan RST paketi beklenir. RST paketini aldiktan sonra I[P
adresinin gercek olup olmadigi belirlenerek paket belirlenir.
DFAS yontemi, saldir1 aninda ilk paketler lizerinde gergeklestirilir
(Sultana, 2018).

3.7.3. Hiz Stmirlama

Hiz sinirlama yontemi, IP adresleri ve UDP/DNS kullanan
saldirilarla baglantili olarak saldiran IP adresini engellemeyi
amaclar. Kaynak IP adresleri dogrulanamadigindan, UDP
saldirllarinin bu yontemi kullanarak engellenmesi zordur. Bu
yontem ile istenilen IP adresi bloke edilebilir (Sultana, 2018).

3.8. Arp Sahtekarhigim Onleme
3.8.1. Sanal Ozel Aglarla Sifreleme

Ag trafigi sifreli ise paketler yakalansa dahi okunamayacagi
icin caligmayacaktir. Verileri sifrelemenin ve ARP sahtekarliginin
olugsmasini 6nlemenin bir yolu, sanal 6zel aglar1 (VPN'ler)
kullanmaktir. Bir VPN kullanmak, ARP saldirilarini biiyiik 6l¢iide
onlemektedir.

3.8.2. Statik ARP Kullanim

ARP tablosunu statik olarak doldurmak, ARP duyurularina
ihtiya¢ duymadigt i¢in bu saldirty1 engeller, ancak biiyiik aglar
icin daha az karlidir. Ortaminizda birbiriyle siirekli iletisim
halinde olan iki sunucunuz varsa, ARP girigini statik olarak
ayarlamak, ARP onbelleginize herhangi bir saldiriya karst bir
koruma katmani eklemenize yardimci olabilir.

3.8.3. Algilama Aract Alma

Yaygin uygulamalarda bile, yiikksek ARP bilgisine sahip
olsaniz bile ARP saldirilarini tespit etmek kolay degildir. Miisteri,
IDS (Intrusion Detection System) veya ARP Monitor ile sistemi
dahili agda izleyebilir. Ornegin, Arpon ve Arpalert gibi acik
kaynak araglar1 kullanarak ARP protokolii giivenilir bir sekilde
calisir (Sultana, 2018).

Ag sirketleri tarafindan satilan {riinlere yonelik saldirilari
onlemek icin ARP korumasi veya Dinamik ARP Denetimi
ozellikleri etkinlestirilebilir.

3.8.4. Paket Filtrelemeyi Ayarlama

Bazi ARP saldirilarinda, saldirganin MAC adresini ve
kurbanin IP adresini igeren ARP paketleri LAN iizerinden
gonderilir. Bu gelen paketleri filtrelemek, bu toksik paketlerin
hedeflenen hasara neden olmadan kullanilabilmesini saglayabilir.
Ek olarak, ag1 daha kiigiik VLAN'ara bolmek ve yetkili
kullanicilart disaridan izole etmek, bir ARP zehirlenmesi
saldirisinin ylizey alanini azaltir.

4. Uygulanan Yontem

Siber saldirilara kars1 alinacak dnlemler ¢ok 6nemlidir. Son
kullanicinin belli dnlemleri alinmasi kesinlikle gereklidir. Ancak
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sistem yoneticisi ya da bir baska deyisle bilgisayar ag yoneticisi
tarafindan alinan 6nlemler ¢ok daha 6nemli ve verimli olacaktir.
Sonug olarak kesin 6nleyici 6nlem olacaktir.

Sistem yoneticisinin almasi gereken Onlemleri ve kendi
bilgisayar agimizda almis oldugumuz Onlemleri sirasiyla
belirtelim.

4.1. Tiim Bilgisayar Aginda Yonetilebilir Akilli Ag
Anahtarlar1 Kullanilmah

Bilgisayar1 ag yoneticisi, yonettigi sistemde kesinlikle akilli
yonetilebilir ag anahtarlar1 kullanmak zorundadir. Siber
saldirilara kars1 bilgisayar ag1 iizerinde onlem almanin en temel
kosulu budur.

Bizim yaptigimiz ¢aligmada, kurumun tiim bilgisayar aginda
yonetilebilir ve akilli ag anahtarlar1 kullanilmisgtir.

4.2. Olay Kayit Sunucusu Kurularak Bilgisayar
Agindaki Tiim Ag Anahtar Cihazlarimin Tiim
OlaylariKayit Altina Almasi Saglanmah

Bizim yaptigimiz ¢aligmada, tiim bilgisayar aginda kullanilan
yonetilebilir ve akilli ag anahtarlar1 olay kayit sunucusuna
baglanmistr.

4.3. Tiim Ag Anahtar Cihazlarina Yabanci Bir Ag
Anahtar Cihazimin Baglanmasim1 Engelleyici
Ayarlar Yapilmahdir.

Bilgisayar ag anahtarlarinin tiim baglanti uclarinin sadece
bilgisayar baglanabilecek konfigiirasyonunda ayarlanmasi c¢ok
onemlidir. Bunun nedeni herhangi yetkisiz bir kisinin bilgisayar
agina sistem yoneticisinin kontrolii diginda farkli bir ag anahtar
baglanmasin1 ya da herhangi bir sunucu baglanmasini
engellenmesi icindir.

Yapilan ayarlar,

switchport mode access

switchport port-security

switchport port-security aging time 2

switchport port-security violation restrict

switchport port-security aging type inactivity

macro description cisco-desktop spaning-tree portfast
spaning-tree bpduguard enable

Yukarida verilen tanimlamalar yapildiginda ag anahtarini
baglanti uglarina bilgisayar 06zelligi disinda higbir cihaz
baglanamaz. Eger bagka bir cihaz baglanir ise port kendini kapatir.
Ayn1 zamanda log sunucusuna da olay kaydi yapilmis olur.

4.4. DHCP Saldirilarim1 Onleyici Ayarlar Yapilir
ip dhep snooping vlan 1
ip dhep snooping information option allow-untrusted
ip dhcp snooping
ip dhep snooping limit rate 100

Saniyede 100 paket sinirt normal olarak konulabilir. Ag
yoneticisinin kararina bagli olarak degisebilir.

4.5. ARP Saldirilarim Onleyici Ayarlar Yapihr
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ip arp inspection vlan 1

Bu ayar ile varsayilan saniyedeki arp paket sinir1 15 adettir.
Istendiginde degisik paket sayilari da ayarlanabilir.

4.6. Otamatik Olarak Devre Dis1 Kalan Uclar

Kural dis1 calisma oldugunda ag anahtarinin ilgili ucu devre
dis1 kalir.

Devre dist kalan uglart belli bir zaman sonra kendiliginden
tekrar devreye almak igin belli ayarlar1 yapmamiz gerekecektir.

errdisable recovery cause arp-inspection
errdisable recovery cause bpduguart
errdisable recovery cause psecure-violation
errdisable recovery interval 300

Burada verilen 300 saniye sonra kendiliginden ucun aktif
olmas1 komutudur. Istenirse zaman ayar1 degistirilebilir.

5. Sonuc¢

Katman 2 saldirilari, LAN'lar (Yerel Alan Aglar1) nedeniyle
giivenlik duvarlarina veya saldiri tespit sistemlerine miidahale
etmez. Genel olarak, izinsiz giris tespit veya dnleme sistemleri,
bir i¢ aga girebilecek harici bir agdan gelen saldirilar tespit etmek
veya Onlemek i¢in kullanilir. Bu sistemler ii¢lincii ve daha {ist
diizey koruma igin tasarlandigindan, i¢ agdaki bir saldirgan, ig
agdaki anahtarlara yapilan saldirilari algilayamaz veya
onleyemez. Ag giivenligini saglamak i¢in tiim OSI katmanlar
korunmalidir. Ust diizey giivenligin olmamas1 ve ikinci diizey
giivenligin olmamasi, yetersiz ag giivenligini gosterir. Birinci kat
saldirilari da 6nemlidir. Ornegin, agmn sunuculari ve diger
cihazlar1 kesintisiz bir gii¢ kaynagina veya jeneratére bagl
degilse, agin tiim giivenlik dnlemleri alinmis olsa bile, elektrik
kesintisi durumunda ikinci katman ve daha yiiksek giivenlik

Onlemleri ¢alismayacaktir. Ya da giic anahtart herkesin
ulasabilecegi bir yerdeyse ve yeterli giivenlik Onlemleri
alinmazsa, elektrik kesintisi durumunda sistem

calismayacagindan st katlarda alinan dnlemler ¢aligmayacaktir.

Sunucu sertifikas1 dogrulamasi yalnizca istemcide yapilir ve
istemcinin sertifikasi bir dogrulama noktasi oldugundan sunucuya
aktarilamamaktadir, bu nedenle istemci dogru sunucuyla
konustugundan emin olmalidir. Sunucu (giivenilmeyen) bu karari
istemciye vermektedir. SSL miidahalesinde, sunucunun bakis
acisindan TLS istemcisi bir giivenlik duvar/AV'dir. Dolayistyla
sunucu tarafi sorunu, beklenen istemcinin (tarayicinin) konusup
konusmadigin1 (giivenlik duvari/AV) tespit etmektir. Bunu
yapmanin en giivenli yolu, istemcinin kimligini dogrulamak igin
istemci sertifikalarini kullanmaktir - ve 6rnegin, istemci kimlik
dogrulamasi kullanilirsa, MITM beklenen istemci sertifikasini
saglayamadigi i¢in SSL korsanlig1 caligmamakta, TLS anlagmasi
basarisiz olmaktadir. Yalnizca istemci sertifikalar1 nadiren
kullanilmaktadir. Basarisiz bir TLS anlasmasi, istemcinin
sunucuyla SSL giivenliginden 06diin vermeden iletisim
kurabilecegi anlamina gelmez, ancak istemci sunucuyla iletisim
kuramamaktadir. Alternatif bir yaklasim, TLS istemcisinin
parmak izine, yani parolalara ve parolalara ve 6zel uzantilarin
kullanimia dayali olarak TLS istemci tiiriinii belirlemek igin
bulugsal yontemleri kullanmaktir. Teori orijinali yamltsa da,
ClientHello aslinda bir SSL yakalama proxy'sine sahip degildir.
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Internet kullamcilarimin SSL/TLS, DNS ve arpspoofing
saldirilarina kars1 almasi gereken dnlemler detayli olarak analiz
edilmektedir. Ag giivenligini  degerlendirmede  makine
o0grenmesinin etkinligi nedeniyle; son zamanlarda daha da 6nem
kazanmistir. Benzer sekilde, veri vergilendirmesinde yeni makine
ogrenimi teknikleri daha hizli biiylir ve daha verimlidir. Makine
O0grenimini uygularken, ortadaki adamin dogasi dinamik oldugu
icin dikkate alinmasi gereken farkli seyler vardir. Bu nedenle,
gbzlem yonteminin uyarlanabilirligine ihtiya¢ vardir. Veri kiimesi
boyutunu azaltan smif pargalartyla bir 6zellik segme ydntemi
gelistirmek, devam eden bir konudur.

Sonug olarak, isin 6ziine bakarsak, bilgisayar ag yoneticisinin
alacagi dnlemlerin kesin olarak etkili olacagi gozlemlenmistir.
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Abstract

Flat feet is a condition that negatively affects the quality of life of the person and causes various health problems, such as early fatigue,
pain in the feet, inward pressing, bump in the knees, and low back pain. When flat feet is untreated, it causes various health problems
as progress an age such as deformity in the feet and calcification in the waist. Therefore, flat feet should be determined through various
systems in order to apply the right treatment methods. The Internet of Medical Things (IoMT) is internet-based technology used in
health care. IoMT is based on the principle that the data are collected through numerous sensors, pre-processed from smart devices,
transferred through the access points, and analyzed through the server to enhance patients' health. In this study, [oMT-based smart shoes
were designed to observe the pressure differences in healthy foot compared to flat feet by the gait trials performed with the insole. In
the smart shoe design, three force sensors are placed in the medial and lateral forefoot and rear foot to measure intense pressure on the
sole. During the walking test, an accelerometer was used to collect speed data, and a Bluetooth module was used for wireless
communication. This smart shoe has also been designed as a cost-effective alternative to existing motion capture systems.

Keywords: Internet of Medical Things (IoMT), Pressure Sensor, Smart Shoes, Gait Analysis, Flat Feet, Smart Insole

Diiz Taban ve Saghkh Taban Yiiriiyus Analizi icin Medikal Nesnelerin
Interneti Tabanh Akilh Ayakkabi Tasarim

Oz

Diiztabanlik, erken yorulma, ayaklarda agr1, ice dogru basma, dizlerde ¢arpma, bel agrisi gibi kisinin yagsam kalitesini olumsuz yonde
etkileyen ve cesitli saglik sorunlarina neden olan bir durumdur. Diiztabanlik tedavi edilmediginde yas ilerledik¢e ayaklarda sekil
bozuklugu, belde kireglenme gibi ¢esitli saglik sorunlarina neden olmaktadir. Bu nedenle, dogru tedavi yontemlerinin uygulanabilmesi
icin gesitli sistemler vasitastyla diiz tabanliligin tespit edilmesi gerekmektedir. T1ibbi Nesnelerin Interneti (IoMT), saglik hizmetlerinde
kullanilan internet tabanli bir teknolojidir. IoMT, verilerin ¢ok sayida sensor araciligiyla edinilmesi, akilli cihazlar tarafindan 6nceden
islenmesi, erisim noktalar1 araciligiyla aktarilmasi ve hastalarin saghgimi iyilestirmek i¢in sunucu iizerinden analiz edilmesi ilkesine
dayanmaktadir. Bu ¢alismada, gergeklestirilen yiiriiylis testleri ile saglikli taban ve diiz taban arasindaki basing farklarinin
gozlemlenmesi i¢in IoT tabanli akilli ayakkabi tasarlanmistir. Akilli ayakkabi tasariminda, ayak tabanina yogun olarak diisen basinci
olemek i¢in orta ve yan 6n ve arka ayaga ii¢ kuvvet sensorii yerlestirilmistir. Yiiriime testi sirasinda hiz verilerini toplamak i¢in
ivmedlger ve kablosuz iletisim igin Bluetooth modiilii kullanilmistir. Tasarlanan ayakkabi ayni zamanda mevcut hareket yakalama
sistemlerine uygun maliyetli bir alternatif olarak tasarlanmaistir.

Anahtar Kelimeler: Medikal Nesnelerin Interneti, Basing Sensorii, Akilli Ayakkabi, Yiiriiyiis Analizi, Diiz Taban, Akill1 Taban
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1. Introduction

People with flat feet have either a very low arch or no arch at
all. This means that one or both feet may be flat on the ground. A
human foot has 33 joints, over 100 muscles, tendons, and
ligaments that hold 26 different bones together. Arches provide a
spring to the step and help distribute body weight across the feet
and legs. The structure of the arch determines how a person walks.
Arches must be tough and flexible to adapt to stress and various
surfaces. The feet of people with flat feet can turn inward while
standing and walking. This is known as pronation and can cause
the feet to point outward.

Pain in the feet, which can occur because of strained muscles
and ligamentous injury, is the most common symptom of flat feet.
Abnormal stresses on the knees and hips can cause pain in these
joints. The pain affects the arch of the foot, cuffs, knees, hips,
waist, and mostly lower legs. Flat feet can also cause unequal
distribution of body weight. This may cause the shoes to wear out
irregularly or faster and may lead to long-term injuries. Figure 1
shows the pressure distributions and arch ratios in high
arched/claw feet, normal and flat feet (Imaizumi, Iwakami, &
Yamashita, 2011).

{ High arch Y\

§ Flat foot

Arch height ratio

0.12 0.25 )

Figure 1. The pressure distributions and arch ratios in high
arched/claw foot, normal and flat feet

Internet of Things (IoT) technologies used in health care are
called the Internet of Medical Things (IoMT) (Bozbuga, Tekbas,
& Giilsegen, 2021). IoMT is based on the principle that the data
are collected through numerous sensors, pre-processed from
smart devices, transferred through the access points, and analyzed
through the server to enhance patients' health. The IoMT plays a
key role in enhancing its products' quality, efficiency, and
effectiveness in the healthcare field (Kumar, Arora, Gupta, &
Saini, 2021). Smart shoe designs have been made in order to
detect healthy foot and flat feet by using [oMT technologies.

There are many loT-based smart shoe studies in the literature
that collect various variables such as pressure, coordinate (GPS),
speed, and so on. Mark Sullivan et al. has designed a smart [oT-
shoe that detects abnormal gait patterns by analyzing foot pressure
variations to detect gait instability in the elderly (Sullivan, Knox,
& Ding, 2017). Wai Kit Cheng et al. have developed a
personalized three-dimensional design shoe based on elderly foot
care and safety, using GPS RFID technologies and location
tracking technologies (Cheng, Lam, Lin, & Ge, 2019).
Mohammadreza Abtahi et al. have introduced MagicSox, a new
smart textile system that touches with multiple sensors scattered
over the surface of the foot. MagicSox has developed to measure
gait abnormalities in remote settings such as patients' homes so
that clinicians and physiotherapists can evaluate their patients
daily. They have also developed an Android smartphone
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application that uses Bluetooth low energy (BLE) and automates
MagicSox's multisensor data collection (Abtahi, Gyllinsky,
Paesang, Brlow, Constant, Gomez, Tully, D’Andrea, &
Mankodiya, 2018). Haisheng Xia et al. have designed a
customized smart shoe to predict the angle of foot progression
during walking. They realized the smart shoe design by placing
an electronic module with inertia and magnetometer sensing on
the sole of a standard walking shoe. The smart shoe can be
wirelessly charged, and the collected data (sampled at 100Hz) can
be stored locally on the shoe for up to 160 hours (Xia, Xu, Wang,
Hunt, & Shull, 2017).

In the study, an IoMT-based smart shoe was designed to
observe the pressure differences between healthy foot and flat feet
by performing gait trials. In the smart shoe design, a total of three
force sensors are placed in the medial-lateral forefoot and rearfoot
where the pressure is intense on the sole of the foot. During the
walking test, an accelerometer was used to collect speed data, and
Bluetooth technology was used for wireless communication.
Although systems such as motion capture cameras or force
platforms provide very precise and accurate data, these systems
are fixed and very expensive. Thanks to the developed smart
shoes, walking tests can be performed in the field or in the
laboratory as desired. It facilitates the access of many patients and
researchers to gait tests with its portability, lightness and comfort
advantages, as well as being an inexpensive alternative.

The paper is organized as follows: In Section 2, components
and architecture of the developed smart shoe are explained, and
the design and implementation of the system are presented in
section 3. The paper is concluded in section 4 with final remarks.

2. Material and Method
2.1. Gait Analysis

Gait analysis is a method used to identify biomechanical
abnormalities in the gait cycle, as well as a tool for evaluating
walking and running patterns. It is a pioneering work area for
many technologies with its features such as identifying overactive
or underactive muscles in the feet, which may lead to potential
injuries and inefficiencies in the future (Whittle, 2007).

Gait analysis is more reliable than many methods, as it allows
for measurements with computers and videography and frame-by-
frame tracking of movements. In addition to the advantages of
videotaping the session, motion capture camera systems assist in
the interpretation of data through computer technology and
complex measurements of angles, forces, and electromyography.
Gait analysis is performed with a force platform and infrared
cameras that detect markers placed on the subject. These systems
are very expensive, highly sensitive, and limited to specialized
laboratory environments.

Gait analyses are performed with two types of tests, static and
dynamic. In static testing, the patient remains stationary on the
force platform, and the acquisition is taken by the cameras. In the
dynamic test, the patient performs the movements determined
according to the type of diagnosis (walking straight, running,
climbing stairs, etc.). The data collected from these two tests are
analyzed with analysis methods adjusted to the system used and
the patient is diagnosed. Figure 2 shows a gait analysis made with
the motion capture camera system.
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Figure 2. Gait analysis made with the motion capture
camera system

2.2. System Architecture

This section describes the hardware components used in
smart shoe design. Afterward, the circuit design that creates the
smart shoe design is mentioned.

Arduino Nano development board was preferred as a
microcontroller in the design since it is very useful for wearable
technologies and provides users with a flexible movement
opportunity thanks to its small size. There is an Atmega328P
microcontroller, 14 digital input/output pins (6 PWM outputs), 8
analog inputs, 16Mhz crystal, a USB socket, an ICSP connector,
and a reset button on the development board (Arduino, 2022).
Bluetooth module (HC-06) has been used for wireless
communication. Bluetooth is a communication protocol
developed for short-distance communications, using the 2.4 - 2.48
GHz ISM band. The communication distance between the
Bluetooth modules varies between 20-200 meters, and the
communication speeds are up to 50 Mbps (HC-06, 2022).

In the system design, a force-sensing resistor has been used
to measure the foot pressure. Force-sensing resistor are sensors
that detect physical stress, compression, and weight. RP-C183-
LT model thin film pressure sensor is used in the designed system.
These sensors have been preferred because of their small size, low
cost, and especially for smart shoe technology. ADX1.345 model
accelerometer was used to collect speed information in smart shoe
design. Figure 3 shows the smart shoe circuit diagram, Figure 4
shows the designed circuit, and Figure 5 shows the developed
smart shoe system.

Figure 3. Circuit diagram
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Figure 4. Designed Circuit

Figure 5. Developed smart shoe system

2.2. Gait Test

In the study carried out, two tests, static and dynamic, were
applied to the subjects in order to make a comparison of healthy
foot-flat feet. The first subject has a healthy foot and is 27 years
old, 1.70 m tall, and 53 kilos. The second subject, on the other
hand, has flat feet and is 22 years old, 1.71 meters tall, and 57
kilograms. In static and dynamic tests, speed and pressure values
were collected from the right feet of the subjects.

The static test has performed with the subjects standing still
and upright. The static test was carried out to obtain pressure data
on the medial-lateral forefoot and heel of the subjects while
standing still. The subject stood still for a few seconds at a single
point in the area to be tested, and the collected data was
transferred to the microcontroller via the Bluetooth
communication module. At the end of the test, the data were
recorded locally, and dynamic test was started. The tests were
repeated several times to obtain correct data. Figure 6 shows how
the static test is performed.

Figure 6. Static test
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The dynamic test was carried out to collect pressure data on
the soles of the feet during the gait of the subjects. Subjects
walked at a normal pace at a predetermined distance in the test
area. The tests were repeated several times to obtain correct data.
Figure 7 shows how the dynamic test is performed.

Figure 7. Dynamic test

3. Results and Discussion

As a result of the tests, the locally recorded data has been
uploaded to the Thingspeak platform and graphed. ThingSpeak is
an IoT analytics platform service that allows the aggregate,
visualization, and analyze live data streams in the cloud
(Thingspeak, 2022). The sensors are named forcel, force 2, and
force3 in the graphs. Forcel is the heel sensor, force?2 is the lateral
forefoot sensor, and force 3 is the medial forefoot sensor. In Figure
8, the placement of the sensors on the designed shoe is shown.

Figure 8. The placement of the sensors on the designed shoe

Considering the values obtained from the static tests, a
pressure of approximately 10 Newtons is observed in the medial-
lateral forefoot region of the subject with a healthy foot, while a
pressure of approximately 40 Newtons is observed in the heel
part. Velocity values are fixed due to static tests in x-y
coordinates. Figure 9 shows the static test graph of a person with
a healthy foot.
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Figure 9. Static test graph of a person with healthy foot
(Pressure values on the left, speed values on the right)

In the dynamic tests of the subject with a healthy foot, it can
be understood that the force3 value decreases to zero between the
second and third seconds. In the third-fourth second interval, the
heel touches the ground again and the pressure values increase as
the load is increasing. In the fifth second, when it reaches its
highest point, it is observed that the left foot moves away from the
ground and the load is placed on the right foot. In a healthy foot,
pressure is applied to the heel area most intensely. According to
the values of force2 and force3 sensors, it is seen that pressure is
applied more to the medial forefoot in the static test, while more
pressure is applied to the medial in the dynamic test. Figure 10
shows the dynamic test graph of a person with a healthy foot.
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Figure 10. Dynamic test graph of a person with healthy foot
(Pressure values on the left, speed values on the right)

Considering the values obtained from the static tests, a
pressure of approximately 10 Newtons is observed in the medial-
lateral forefoot region of the subject with flat feet, the lateral
forefoot is around 15 Newtons while a pressure of approximately
50 Newtons is observed in the heel part. Velocity values are fixed
due to static tests in x-y coordinates. Figure 11 shows the static
test graph of a person with flat feet.
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Figure 11. Static test graph of a person with flat feet (Pressure
values on the right, speed values on the left)
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In the dynamic tests of the subject with flat feet, it can be
understood that the force3 value decreases to zero between the
fourth and sixth seconds. From the first peak value, it is seen that
the load gets on the right foot between the first and second
seconds. Between the second and fourth seconds, the load is
slowly transferred to the left foot. It is observed that the load gets
on the right foot again between the sixth and seventh seconds It is
seen that the pressure is applied mostly to the medial part in the
lateral-medial forefoot part (force2-force3). At the same time,
pressure is applied more in the lateral part in the static test, while
in the dynamic test it is applied more in the medial part. Figure 12
shows the dynamic test graph of a person with flat feet.

Force / Time dinamikaduz o XY 1 dinamikaduz o

. Force . Gyro Data

Figure 12. Dynamic test graph of a person with flat feet
(Pressure values on the left, speed values on the right)

In the static test, it was observed that the pressure was applied
to the heel most intensely and to the lateral part of the lateral-
medial region on both soles (flat feet-healthy foot). However, it
was determined that the pressure was applied more on flat feet
than on healthy feet in all regions. In the dynamic test, when flat
feet and healthy foot were examined together, it was observed that
the values were higher for flat soles and that the pressure
increased and decreased more rapidly during foot change during
walking on flat soles in the lateral-medial region.

4. Conclusions

Motion capture cameras and force platform systems are
preferred for more sensitive and accurate data acquisition.
However, these systems, which are only measured in specialized
laboratories, are expensive and sensitive, making it difficult for
patients and researchers to access them. Gait tests were carried
out successfully with [oMT-based smart shoes, designed to be an
alternative to these systems, and the flat feet and healthy foot
pressure values were observed and compared. However, even
though the gait pattern trends were followed correctly, the limited
amount of force sensors and low quality of the sensors caused
inaccurate force values. Therefore, future studies must include
high-quality and an adequate number of sensors. With the
designed shoes, tests can be carried out practically and quickly
with wireless communication (Bluetooth technology) in any
region without an internet connection. Due to its low cost and
practical use, it is a design that is accessible to both patients and
researchers.

In future studies, it is considered to develop a design more
compatible with wearable technology by adding more sensors to
the design. In addition, it is planned to make real-time foot
classification online by sending the data to be collected to the
Thingspeak environment instantly.
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Abstract

The development of the industry has resulted in a proportional increase in waste materials. Waste industrial products play a major role
in the pollution of nature along with seas, lakes, and various water resources around the world. Organic dyes, which do not degrade in
nature and have carcinogenic effects, are important industrial wastes. The improvement of wastewater is a research topic that has gained
importance in recent years. In this study, the biosorption of Congo red dye from aqueous solution with dried mint leaves was
investigated. The experiments were carried out at 20 °C and the natural pH of the dye. The process was optimized by examining the
parameters of initial dye concentration, amount of biosorbent and contact time. It was determined that the biosorption equilibrium
conformed to the Langmuir isotherm (R?=0.9815) and the maximum biosorption capacity (qmax) was 60.24 mg/g. In addition, the process
conforms to the pseudo-second-order (R?>=0.9946) kinetic model. As a result of the process, the removal of the Congo red dye from the
dried mint leaves from the aqueous solution was achieved at a level of approximately 70%.

Keywords: Mint, Biosorption, Congo red, Isotherm, Dye.

Kurutulmus Nane Yapraklari ile Kongo Kirmizisi Biyosorpsiyonu; izoterm ve
Kinetik Calismalar

Oz

Sanayinin geligsmesi, atik maddeler ile orantili olarak bir artisa neden olmustur. Atik sanayi triinleri, diinya genelinde denizler, géller
ve gesitli su kaynaklari ile birlikte doganin kirlenmesinde biiyiik rol oynamaktadir. Dogada bozulmayan ve kanserojen etkileri olan
organik boyalar 6nemli endiistriyel atiklardir. Atiksuyun iyilestirilmesi son yillarda énem kazanan bir arastirma konusudur. Bu
calismada, kurutulmusg nane yapraklari ile sulu ¢o6zeltiden Kongo kirmizist boyasinin biyosorpsiyonu arastirilmigtir. Deneyler 20 °C'de
ve boyanin dogal pH'inda gerceklestirilmistir. Proses, baglangic boya konsantrasyonu, biyosorbent miktari ve temas siiresi parametreleri
incelenerek optimize edilmistir. Biyosorpsiyon dengesinin Langmuir izotermine (R>=0.9815) uygun oldugu ve maksimum
biyosorpsiyon kapasitesinin (gmax) 60.24 mg/g oldugu belirlendi. Ek olarak, proses sdzde ikinci dereceden (R?=0.9946) kinetik modele
uygundur. Proses sonucunda sulu ¢ozeltiden kurutulmus nane yapraklarindan Kongo kirmizisi boyasinin uzaklastirilmasi yaklasik %70
diizeyinde saglanmistir.

Anahtar Kelimeler: Nane, Biyosorpsiyon, Kongo kirmuzisi, izoterm, Boya.
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1. Introduction

With the developing industry, organic dye wastes in the
aquatic ecosystem are seriously harmful due to their toxic and
carcinogenic properties [1]. Some dyes with carcinogenic and
mutagenic properties can affect the brain, kidney, liver, excretory
and respiratory system or nervous system. This can lead to serious
health problems [2]. Various methods such as adsorption,
electrocoagulation, ion-exchange, ultrasound irradiation or
biodegradation are used to remove dyestuffs from water.
Adsorption is a simple, inexpensive and easily applied method. A
diazo dye with an amine group in its structure, Congo red is
utilized in a variety of sectors including paper and textiles [3,4].

Many different material groups can be used for adsorption.
Materials with different properties and structures such as metal
oxides, carbon-based materials such as graphene, hydrogels,
polymer reinforced composites or aerogels are selected as
adsorbent [2][5][6]. However, various natural materials such as
plants, bacteria or agricultural wastes are also used as biosorbent.
These biosorbents are both easy to obtain and inexpensive [7]. In
this study, mint leaves were chosen as biosorbent.

In this study, removal of Congo red dye from aqueous
solution was studied by biosorption of dried mint leaves. The
effects of initial dye concentration, amount of biosorbent and
contact time on biosorption were investigated. The equilibrium
and structure of the biosorption process were investigated by
Langmuir, Freundlich and Temkin isotherms and pseudo-first-
order (PFO), pseudo-second-order (PSO), Elovich and
Intraparticle diffusion kinetic models.

2. Material and Method

The mint leaves used as biosorbent were obtained from the
local markets Congo red from the Harleco Company. Mint leaves
were left to dry on their own at room temperature. It was then
crushed by hand. Congo red dye was prepared as 1000 mg/L stock
solution. In order to reduce the margin of error, other solutions
were prepared by dilution from this solution and used. In the
study, experiments were carried out with a batch system and a dye
volume of 100 mL. The biosorption process was examined for 240
minutes by adding certain amounts of mint leaves to the dye
solution. Samples taken from the suspension at certain times were
filtered. Absorbance measurements were made in UV/Vis
spectroscopy at 497 nm, the maximum absorbance wavelength of
Congo red. All experiments were performed at room temperature
at 20°C. Some properties of Congo red are given in Table 1.

Table 1. Physical and chemical properties of dye

Dye Congo red
Chemical formula C32H22NsNa206S;
lonic structure anionic
Color Blue-red
Amax 497 nm
Molecule weight (g/mol) 697

Biosorption efficiency and biosorption capacity values (q)
were calculated according to Equations 1, 2 and 3.
Co—C
Co

Biosorption ef ficiency(%) = ( ) * 100 )
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__ (Co-Ce).V

@
3)

Here C (mg/L) denotes the dye concentration. Co is the initial dye
concentration, Ct is the dye concentration at time t. ge is the
biosorption capacity (mg/g) at equilibrium, gt is the biosorption
capacity (mg/g) at t. V is the dye volume (mL) and m is the
amount (g) of biosorbent.

qe -
qt = (Co-Ct).V

m

3. Results and Discussion

Congo red was used as a model dye compound in this work,
and the biosorption process of dried mint leaves was examined by
optimizing the initial dye concentration (10-250 mg/L), the
amount of biosorbent (1-10 g/L), and the contact time (0-240
min). In Fig. 1, graphs of variation of biosorption efficiency and
biosorption capacity according to different parameters are given.
Fig. 1a, the biosorption capacity increased with the increase of the
initial dye concentration, but the biosorption efficiency decreased.
This may be due to the saturation of the biosorbent surface at high
dye concentrations [8]. The interaction between the concentration
of the dye and the accessible pores on an adsorbent surface
determines the effect of initial dye concentration [9]. According
to Figure la, the concentration with the highest biosorption
efficiency is 25 mg/L. While examining the effect of the amount
of biosorbent in Figure 1b, the initial concentration was kept
constant as 25 mg/L. While the amount of biosorbent was 0.5 g/L,
the biosorbent efficiency (%70.34) reached its highest value. The
aglomeration of the biosorbent may be the cause of the decline in
biosorption capacity as the amount of biosorbent rises [8]. In Fig.
lc, it is seen that the biosorption efficiency and biosorption
capacity increase linearly in the first 15 minutes, and then the rate
slows down.

Equation 4 represents the Langmuir isotherm. Here, qmax is
the maximum adsorption capacity and Ky is the isotherm constant.
The value of Ry given in Equation 5 is again the Langmuir
isotherm constant and gives an idea about the suitability of the
isotherm. The isotherm is unfavorable if Ry exceeds 1 and
favorable if it is between 0 and 1 and irreversible if it is equal to
0. Equation 6 expresses the Freundlich isotherm, K and is the
isotherm constant. If is between 0 and 1, the isotherm is suitable.
Equation 7 formulates the Temkin isotherm. Bt and K are related
constants.

v = T G &) @
L= 1+1(1L.Co ®)
Lnge = LnKf + (%) LnCe (6)
qe = Br LnK; + BrLnCe @)

In Figure 2 a, b and c, there are graphs of Langmuir,
Freundlich and Temkin isotherm models, respectively. When the
graphs are examined, it is seen that the highest regression value
(R?=0.9815) belongs to the Langmuir isotherm. This result shows
us that the biosorption is monolayer and has a homogeneous
surface [1]. The gqmax value was calculated as 60.24 mg/g and the
Ky constant as 0.0095 L/mg. The Ry value is calculated as 0.42,
which means that the isotherm is favourable.

Examination of biosorption kinetics was maintained at an
initial dye concentration of 25 mg/L, a biosorbent amount of 0.5
g/L, and a contact time of 240 minutes. Equation 8 defines PFO
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model, Equation 9 defines PSO, Equation 10 Intraparticle
diffusion and Equation 11 define Elovich kinetic model.
Respectively, k; is the PFO model, k; is the PSO model, k; is the
intraparticle diffusion model, and o and P are the reaction
constants over the Elovich model.

— fey
log(qe — q¢) = logqe — 5t ®)
t 1 1
L= +1t 9)
qt k2.qe2  qe
— 1/2
qr = kig. tY? + C (10)
1 1
q: = -In(a.B) +=Int (1)
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Fig 1. Graphs of biosorption efficiency and biosorption capacity

for different parameters, a) Initial dye concentration, b)
biosorbent amount, ¢) contact time
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Fig 2. Isotherms a) Langmuir, b) Freundlich and c¢) Temkin

Biosorption kinetics are important for studying the structure
and equilibrium data of biosorption [2]. When Figure 3 is
examined, it is seen that the highest regression value (R?>=0.9946)
is suitable for the PSO model. Compliance with the PSO model
indicates that chemical adsorption takes place in the biosorption
process [9]. The rate constant k, value of the PSO model was
calculated as 0.017 g/mg.min The regression value (R?) for PFO
was determined as 0.3, for intraparticle diffusion 0.6247 and for
the Elovich model 0.8957.

Color changes of mint leaves before and after biosorption are
given in Fig. 4a and b. Since the color of the natural pH value of
Congo red is red, mint leaves were dyed red at the end of 240
mins. This result indicates that the mint leaves adsorbed the dye
on its surface.
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The possible biosorption mechanism of mint leaves to
Congo red dye is monolayer biosorption according to the results
of the data. It was determined that there was chemical adsorption
according to PSO on the surface of the biosorbent, which was
determined to have a homogeneous surface. These results were
determined at the natural pH of the dye itself. These results may
vary for acidic or basic media.
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Fig 4. Unloaded mint leaves, b) Loaded mint leaves

4. Conclusions and Recommendations

In this study, dried mint leaves were used as biosorbent and
Congo red anionic dye was removed from the aqueous solution.
The initial dye concentration was 25 mg/L, the biosorbent amount
was 5 g/L, and the biosorption efficiency was 70% at the end of
the 240 min contact time. Studies were carried out at the natural
pH of the dye. The process of biosorption was determined to fit
the Langmuir isotherm and pseudo-second-order reaction kinetics
model. The gmax value was calculated as 60.24 mg/g. As a result
of this study, it was concluded that mint leaves can be used as a
biosorbent. It can be used to protect the ecological system by
means of biosorption by growing at the waterside where industrial
wastes are found.
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Abstract

An anomaly is the occurrence of an exception that affects network security. The requirement for abnormality detection in a network is
Anomaly detection, which detects and removes anomalous flow from the network. The Border Gateway Protocol (BGP) is the most
common external Gateway Protocol used to communicate with autonomous systems to share routing and reachability information. This
protocol's abnormal behavior may be caused by a variety of factors, including inadequate provisioning, malicious attacks, traffic or
equipment issues, and network operator mistakes. BGP was built on the assumption of trust, and as a result, it has been hacked numerous
times over the years. Code Red I is one well-known assault that targets BGP networking and produce abnormalities in its operation.
These attacks were utilized as the dataset for training the model using network traffic data. The goal of this study is to detect the events
that triggered an anomaly in the BGP during a time, as well as to detect an anomaly from the BGP throughout that time interval using
the training dataset model. We present real association rule mining for BGP anomaly detection in the Intrusion Detection System (IDS).

Keywords: BGP Anomalies Detection, Datamining, Association Rules, Dataset, Code Red I, Apriori Algorithm.

Iliskilendirme Kurah Madenciligi Algoritmasimi Kullanarak BGP

Anomali Tespiti

Oz

Anomali, ag giivenligini etkileyen olagan disi durumun ortaya ¢ikmasidir. Bir agdaki olagandisi durumun algilanmasi gereksinimi,
agdan anormal akis1 algilayan ve kaldiran Anomali tespitidir. Smir Ag Gegidi Protokolii (BGP), yonlendirme ve erisilebilirlik bilgilerini
paylagmak i¢in otonom sistemlerle iletisim kurmak i¢in kullanilan en yaygin harici Ag Gegidi Protokoliidiir. Bu protokoliin anormal
davranisi, yetersiz tedarik, kotii niyetli saldirilar, trafik veya ekipman sorunlart ve ag operatorii hatalarit gibi gesitli faktorlerden
kaynaklanabilir. BGP giiven varsayimi iizerine insa edilmistir ve sonug olarak yillar i¢inde birgok kez saldirtya ugramigtir. Code Red I,
BGP agini1 hedef alan ve isleyisinde anormallikler iireten iyi bilinen bir saldir1 tespitinde kullanilan verisetidir. Veriseti i¢indeki saldirilar
tiirleri, ag trafigi verilerini kullanarak modelin egitimi icin veri kiimesi olarak kullanilmigtir. Bu ¢alismanin amaci, bir siire boyunca
BGP'de bir anormalligi tetikleyen olaylari tespit etmek ve ayn1 zamanda egitim veri seti modelini kullanarak bu zaman araligi boyunca

BGP'den bir anormalligi tespit etmektir. izinsiz Giris Tespit Sisteminde (IDS) BGP anomali tespiti igin gercek birliktelik kurali
madenciligi sunuyoruz.

Anahtar Kelimeler: BGP Anormali Tespiti, Veri madenciligi, Birliktelik Kurallari, Veri kiimesi, Code Red I, Apriori Algoritmasi.
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1. Introduction

The Internet is a decentralized network that spans the whole
globe and is composed of tens of thousands of autonomous
systems (ASs). An AS is a group of routers that work together
under the same technical management. They connect to each other
with an Interior Gateway Protocol (IGP) like Open Shortest Path
First (OSPF) and to other ASs with an Exterior Gateway Protocol
(EGP) like Border Gateway Protocol (Hoarau, Tournoux,&
Razafindralambo, 2021). Both the declaration of a new route for
a prefix and the withdrawal of an existing route may be sent by a
router in the same packet. Because routers only send updates
when anything has changed. It is possible that the internet may
one day reach a "steady state" in which receiving fresh update
notifications is unnecessary. The Internet’s BGP routing, on the
other hand, seems far from stable (Zhao, Band, Elnaffar, Sookhak,
Mosavi, & Salwana, 2021). Changes in BGP routing can occur for
a variety of reasons.

An active BGP session between two routers is required for
the exchange of update messages. Each router uses local policies
to determine which route is the "best" for each prefix and whether
or not to broadcast it to the neighbor. Alterations to the BGP
routing might potentially result in performance issues. A single
event, such as a failed connection, might trigger a series of
changes as routers seek other routes. During this phase of
convergence, packets destined for the target prefix may become
stuck in forwarding loops (Garcia-Luna-Aceves, 2022 ; Griffin,
& Wilfong, 2019). Internet Service Providers (ISP) execute their
relationships via routing policies. ISP may employ traffic
engineering to regulate traffic direction and routing protocols
through route prepending. Based on their algorithms, routing
protocols are divided into three categories: link-state, such as
OSPF (Alotaibi, H. S., Gregory, & Li, 2022).

Distance vector (i.e. Routing Information Protocol (RIP))
and PATH vector (i.e. BGP) are two types of vectors. By sending
path-vector signals, Autonomous System Boundary Routers
(ASBR) use BGP to let people know which networks can be
reached (Edwards, Cheng, & Kadam, 2019). When a path vector
message is received, each router must check the advertised path
against its policy. If the message conforms to the routers policy, it
is updated in both the routing table and the message itself before
being sent to the next neighbor (Szymoniak, Siedlecka-Lamch,
Zbrzezny, Zbrzezny, & Kurkowski, 2021). It makes the necessary
changes to the routing table in order to maintain a track of the
autonomous systems that are required to be traversed on the way
to the target system. It adds its AS number to the message and
replaces the following router item with its identity. BGP is
divided into two types: Internal Border Gateway Protocol (IBGP),
which connects BGP routers inside an AS to External Border
Gateway Protocol (EBGP), which runs between BGP routers
across ASs. On the other hand, are connected by a dedicated link
between peers or a third party like the Internet Exchange Point
(IXP). Over the years, BGP has experienced multiple revisions
and modifications. Version 4 of BGP is now in use. as documented
in RFC4271(Deshpande, Thottan, & Sikdar, 2019).

When we talk about attacks, we are talking about cyberattacks
that cover all areas of technology, including network protocols
even extending to the Internet of Things(IoT) devices,
increasingly, IoT devices are becoming areas where cyberattacks
are common, Networks in internal networks also threaten BGP
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backbones as layers ( Ozalp, Albayrak, Cakmak & Ozdogan,
2022). This protocol's abnormal behavior may be caused by a
variety of factors, including malicious attacks, traffic or
equipment issues. In our study, we contributed to the literature in
terms of (Kong, Jong, & Ryang, 2019) where author used a novel
practical association rule mining approach for anomaly detection
in the Intrusion Detection System (IDS). Moreover, the study
followed to improve the association rule mining approach, He
proposed a realistic technique for mining uncommon association
rules from the network packet database, and showed the benefits,
but it did not cover the scientific need because the fragility of the
rules did not resulted in the detection of anomalies (Safara, Souri,
& Serrizadeh, 2020). There are also fundamental differences
between the studies (Badhon, Kabir,& Kabir, 2021 ; Telikani,
Gandomi, & Shahbahrami, 2020). and the current study, which is
different from the previous studies, and those differences lie in the
idealism of the proadcast that was followed to contribute to
accurate scientific results. our study is to detect the events that
triggered an anomaly in the BGP during a time, as well as to detect
an anomaly from the BGP throughout that time interval using the
training dataset model, and appriori frequent pattern algorithm.
moreover, we use additional optimizing tools to verify and
visualized the rules that resulted.

2. Material and Method

Today, there are models and methodologies in studies to detect
anomalies in BGP protocol. As in current attack detection studies,
in addition to anomalies, frequently seen types of attacks are also
investigated (Ozalp, & Albayrak,2022). Also As we have seen
today, the methods of hybrid models are gaining importance in the
detection of BGP anomalies (Uluer, Albayrak, Ozalp, Cakmak &
Altunay, 2022).

2.1. Anomaly Detection

Anomaly detection is a method of processing data that does
include an Unsupervision data process that may be used to
identify anomalies in a dataset, where are outlier data points in a
dataset that contradict the data's typical trend. These data points
or data deviate from the typical activity patterns of the dataset In
real-world datasets, anomalies and outliers are frequent. They
may be caused by data corruption, failed experiments, or human
error. Because the existence of anomalies might affect the models
performance, the dataset should be devoid of an anomaly in order
to train a robust data science model (Alazizi, Habrard, Jacquenet,
He-Guelton, & Siblini, 2019).

A methodology that had been used in this study to detect the
anomaly of the BGP is using the technique of association rule
mining algorithm, where Apriori algorithm used to detect
Anomalies, rules based on anomalies value of the attributes on the
dataset of BGP, and compare that results and take the best of them.
The Fig. 1 shows a flowchart of the methodology that had been
used in.
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Figure 1: A Methodology of BGP anomaly detection

2.1.1. Dataset

Code Red I, is the most well-known attacks. These attacks
served as the training data for the model. Code Red I was used as
a test dataset. Based on their Pearson's correlation coefficient
value, a few selected features and the Top 5 features were chosen
to be able to distinguish between anomaly and non-anomaly BGP
update signals. The dataset for this study was downloaded from a
website in "CSV" format and was ready to use Kaggle2020
(Moore, Shannon, & Claffy, 2020). Several announcements,
average AS- PATH length, and maximum edit-distance are all
included in this dataset. Code Red I was one well-known Border
Gateway Anomalies that happened in January 2003, September
2001, and July 2000. BGP update messages from the Reseaux IP
Europeans’ are accessible to the public via the Network
Coordination Centre (NCC) and include Code Red I. At the model
preparation stage, data is collected, data is integrated, outliers and
extreme values are removed(Chandola,Banerjee, & Kumar, 2021)

Data is converted into data mining language, and data is
reduced by removing superfluous variables from the model. The
dataset was reviewed to improve data quality and discover
missing or noise, as well as whether there is a deviation or
anomalous value in the study data. It is required to eliminate
variables that will not be used in the analysis to prepare the
dataset. The dataset was evaluated using Weka preprocessing and
SPSS statistics (Awadlesh, 2019).

2.1.2. Association rule algorithm for anomaly detection

The Apriori algorithm, which is one of the top ten data mining
methods, is a similar technique to mining association rules. The
basic idea is to mine repeated element groups in two stages: first,
create a candidate group and then build a descending closed list.
There is a wide variety of applications for Apriori algorithms,
such as in the business world and the protection of computer
networks(Verma, Malhotra, & Singh, 2020).

Input: dataset D, Minimum Support ¢, Minimum Confidence &
Output: Rt All association rules
Method:
1- L1 =large 1-itemsets;
2- for(k=2; Lk1# &; k++) do begin
3-  Ck =apriori-gen(Lk-1); //generate new candidates from
Lk
4-  for all transactions T € D do begin
5-  Ct=subset(Ck,T); //candidates contained in T.
6- for all candidates C € Ctdo
7-  Count(C)=Count(C)+1; // increase support count of C by

1
8- End
9- Lk={C €Ct| Count(C) > ¢ x |D|}
10- End
11- Li= tk Lk
; 12- Re=GenerateRules(Lt, &)

associations between entities. It is an important subject of study
in data mining and a long-standing issue. The mining of recurrent
element sets is divided into two stages: the formation of the item
set and the drawing of a decreasing closed list. We use the Apriori
algorithm in the Weka application to determine the rang
association rule based on minimum support and minimum metric
that called confidence.We can distinguish between correlation
rules and the best rules that result from Apriori algorithm
implementation and focusing on the correlation ratio through the
value of confidence, support and left(Naresh, P& Suguna, 2019).

Table 1. Type of relation and association model of apriori algorithm

Scheme Relation Instances Attributes Top rules Associator model
Code Red I-
weka.associations. APRIO | weka.filters.unsuperv
RI-P2-1-1-N10-T0-C ised.attribute. 7199 42 5 (full training set)

09-D0.05-U1.0-M 0.1 | NumericTo Nominal-

R first-last
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When experimenting, the improved Apriori algorithm was used
by applying Weka(Zhang, Yang, & Zhao, 2021) and tuning its
properties to implement the process of detecting anomalies value
from the BGP Anomaly Detection dataset Code Rede I where the
minimum support value was set to 0.95 and set the confidence to
be 0.9 and number of cycles performed=1 and the result of the
total Frequent Item Set was 39 as summarized in Table 2.

Table 2. Support and confidence of Apriori Algorithm

Criteria value
Minimum support 0.95
Minimum metric<confidence> 0.9
Number of cycles performed 1
Size of the set of large itemsets L(1) 8
Size of the set of large itemsets L(2) 18
Size of the set of large itemsets L(3)

Size of the set of large itemsets L(4)

3. Research Results and Discussion

After adjusting the Num Rules property in the Apriori
algorithm to the value of 5 and setting the value of the Minimum
Support to the value of 0.95 and the Confidence at the value of
0.9 and converting the data type in the Dataset to Numeric to
Nominal, we noticed the emergence of the best five anomalous
association rules based on the frequency of the occurrence of
anomalous values of the associated attributes in them. As the
anomalous association rule is 1, it is the result of the recurrence
of the anomalous value of a Maximum AS- PATH lengthl5
correlates with the appearance of the anomalous value of a
maximum correlation rule 2 is the result of the recurrence of edit
distance 12 at Instance 6898, and anomalous the anomalous value
of the attribute maximum edit distance 12 correlates with the
appearance of the anomalous value of a maximum AS-PATH
length15 at Instance 6898. The anomalous association rule 3 is the
result of the repetition of the anomalous values of each of the
attributaries, maximum edit distancel6 maximum AS- PATH
length 15 and correlates together with the appearance of the
anomalous value of the attributes maximum edit distance 1 at
instance 6859, and the anomalous correlation rule 4 is the result
of the repeated occurrence of the outliers for each of the attributes
maximum edit distance 12 and maximum edit distancel6
maximum edit distancel5 and maximum AS-PATH length 15

outliers are correlated together with the appearance of the outliers’
maximum edit distance 12 and maximum AS- PATH length 15 at
instance 6859, and the anomalous correlation rule 5 is the result
of the repeated outliers. The best five abnormal association rules
resulting from the experiment are explained as follows:

1. Maximum AS-PATH lengthl5 6898 ==> Maximum edit
distancel2 6898 <conf:(1)> lift:(1.04) lev:(0.04) [288]
conv:(288.41).

2. Maximum edit distancel2 6898 ==> Maximum AS-PATH
lengthl5 6898 <conf:(1)> lift:(1.04) lev:(0.04) [288]
conv:(288.41).

3. Maximum edit distancel6 Maximum AS- PATH length15 6859
==> Maximum edit distancel2 6859 <conf:(1)> lift:(1.04)
lev:(0.04) [286] conv:(286.78).

4. Maximum edit distancel2 Maximum edit distancel6 6859 ==>
Maximum AS- PATH lengthl5 6859 <conf:(1)> lift:(1.04)
lev:(0.04) [286] conv:(286.78).

5. Maximum edit distancel5 Maximum AS- PATH lengthl5 6839
==> Maximum edit distancel2 6839 <conf:(1)> lift:(1.04)
lev:(0.04) [285] conv:(285.95).

Table 3. shows the values of the attributes that appeared in
the results of the experiment and the associated rules, so that the
minimum support was set at a value of 0.95 and the confidence at
a value of 0.9, as well as showing the value of the instance and its
corresponding order for each attribute [24]. Depending on the
algorithm showing the anomalous association rules and the values
of the instance and according to the order specified in the dataset
and the assignment of the instance label, the value of 1 was
determined for the label instance if there is an anomaly in any
attributes in the dataset. The value of -1 for label instance if there
is no anomalous value for any attributes in the dataset.
Furthermore, the RNN algorithm in which the dataset is
configured does not recognize the value -1 and it is denoted by
the value 0. Based on the foregoing, the result of the visualization
process for the attributes dataset values by using the Weka
framework is shown in the figures below. As can be seen in the
next figures, and based on the anomalous values and rules
resulting from the visualization of the Apriori algorithm
experiment, assigning the value -1 to the regular value,
represented by the blue color, and the value 1 to the anomalous
values, represented by the red color for the label attribute in the
class colour visualization process, it appears as follows:

Table 3. Type of relation and association model of Apriori algorithm algorithm

List of Attributes Minimum Confidence

Result of Rules Instance

Maximum AS-PATH lengthl5

Maximum edit distancel 2

Maximum edit distancel 6
0.95 0.9

Maximum edit distancel 2

Maximum edit distancel 5

Maximum AS-PATH length 15 ==>

Maximum edit distance 12 6898

Maximum edit distance 12 ==>

Maximum AS-PATH length 15 6898

Maximum edit distance 16,
Maximum AS-PATH length 15 =—>
Maximum edit distance 12

6859

Maximum edit distance 12,
Maximum edit distance 16 ==>
Maximum AS-PATH length 15

6859

Maximum edit distance 15,
Maximum AS-PATH length 15==>
Maximum edit distance 12

6839
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In Fig. 3 anomalies appear for each of the attributes maximum
AS-PATH length 15 and maximum edit distance 12 that represent
the x-axis and the y-axis in red at the point (0,0), as
appear more intensely at the point (1,1).

well as they

In Fig. 4 anomalies appear for each of the attributes maximum
edit distancel2 and Maximum AS-PATH length15 that represent
the x-axis and the y-axis in red at the point (0,0), as well as they,
appear more intensely at the point (1,1).

X: Maximum AS-path length15 (Nom) 'j Y: Maximum edit distance12 (Nom) 'J
Calour: Label {Nom) ¥| | Selectinstance v
Clear || Open | Save i ©

Plot: Code_Red_l-weka.filters.unsupervised.attribute.Numeric ToNominal-Rfirst-li
1

B Fesular value ) 2nomalou: vale

Maximum edit distance12

Maximum AS-path15

Class colour

Figure 3: Visualization of the first anomalous rule

| X: Masimum edit distance12 (Nom) 'j | Y: Maximum AS-path length15 (Mom) X
| Colour: Label {Nom) j | Select Instance Jd]
B R COT A - Jitter ')

Plot: Code_Red_l-weka.filters.unsuparvised.attribute Numeric ToNominal-Rfirst-l
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i
¢

Maximum AS-path length15

il

Maximum edit distance12

Class colour

Figure 4: Visualization of the second anomalous rule

In Fig. 5 anomalies appear for each of the attributes maximum
AS-PATH length15 and maximum edit distancel2 that represent
the x-axis and the y-axis in red at the point (0,0), as well as they
appear more intensely at the point (1,1).

In Fig. 6 anomalies appear for each of attributes maximum edit
distance16 and maximum AS-PATH length15 that represent the x-
axis and the y-axis in red at the point (0,0), as well as they appear
more intensely at the point (1,1).

In Fig. 7 anomalies appear for each of the attributes maximum
AS-PATH lengthl5 and maximum edit distancel2 that represent
the x-axis and the y-axis in red at the point (0,0), as well as they
appear more intensely at the point (1,1)
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Figure 5: Visualization of the third anomalous rule
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Figure 6: Visualization of the fourth anomalous rule
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Figure 7: Visualization of the fifth anomalous rule

4. Conclusion and Future Studies

Attacks, configuration errors, and power outages are

examples of abnormal BGP events that should be caught early on,
because they might lead to anomalous or pathological routing
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behavior at the global or prefix level. Association rule mining is a
key research area in data mining. Whereas Apriori association rule
mining uses as a collection of rules that are based on hashing
method among infrequent item sets to detect BGP anomalous. We
provide a framework to systematically evaluate BGP routing data
discovering rules of anomalous BGP events.

The framework is specifically trained to learn the rules of
aberrant BGP events using data mining techniques. Worm event
rules were deduced from BGP data that collected during the Code
Red I. This method is effective in locating the flow linked with
the unusual events. Thus, Apriori association rule mining
algorithm enables network managers and the BGP anomaly
detector to make more informed decisions.
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Oz

Hipertermik onkolojide tiimore genellikle kemoterapi veya radyoterapi ile kombinasyon halinde lokalize 1sitma uygulanarak hastalik
tedavi edilir. Tiimdre ince bir mikrodalga antenin yerlestirildigi kistmdan 1sitma saglanir. Burada kanser hiicrelerinin 6ldiiriildigii
pthtilagmis bir bolge iiretilir. Yapilan bu ¢alismada mikrodalga etkisi altinda dokunun sicaklik degisimi, doku deformasyonu ve 6zgiil
absorpsiyon orant (SAR) hesaplanmisgtir. 2.45 GHz frekansinda koaksiyel yuvali anten ile karaciger dokusu modellenerek Comsol

programinda niimerik olarak ¢6ziim yapilmistir. Farkli mikrodalga giicleri (10-20-30W) alinarak 2-4 ve 6 dakika sonrasina ait dokunun
sonug simiilasyonlar1 elde edilmistir. Elde edilen sonuglarin literatiir bilgileri ile uyumlu oldugu goriilmiistiir.

Anahtar Kelimeler: Mikrodalga 1sitma, Ozgiil sogrulma orami, Mikrodalga hipertermi, Comsol.

Numerical Investigation of Tissue Heating with Coaxial Slot Antenna
Using Microwave Heater

Abstract

In hyperthermic oncology, the disease is treated by applying localized heating to the tumor, usually in combination with chemotherapy
or radiotherapy. Heating is provided to the tumor from the part where a thin microwave antenna is placed. Here, a coagulated area is
produced where cancer cells are killed. In this study, the temperature change, tissue deformation and specific absorption rate (SAR) of
the tissue under the microwave effect were calculated. The liver tissue was modeled with a coaxial slot antenna at a frequency of 2.45
GHz and a numerical solution was made in the Comsol program. Result simulations of tissue after 2-4 and 6 minutes were obtained by
taking different microwave powers (10-20-30W). It has been seen that the results obtained are compatible with the literature information.

Keywords: Microwave heating, Spesific absorption rate (SAR), Microwave Hyperthermia, Comsol.
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1. Giris

Son yillarda kanser tedavisinde kullanilan mikrodalga ile
hipertermi konusu 6nem kazanmistir. Mikrodalga ile tedavide
mikrodalga osilatdriiniin elektromanyetik enerjisine maruz kalan
anten kullanilmaktadir (Jiao vd., 2012). Hipertermik onkolojide
kanser, genellikle kemoterapi veya radyoterapi ile kombinasyon
halinde tiimér dokusuna lokalize i1sitma uygulanarak tedavi
edilmektedir. Derin yerlesimli tiimorlerin cevreleyen dokuya
zarar vermeden segici olarak isitilmasiyla ilgili zorluklardan
bazilar, 1sitma giicliniin ve mekansal dagilimin kontroli, sicaklik
sensorlerinin tasarimi ve yerlestirilmesidir. Olas1 1sitma teknikleri
arasinda, RF (radyo frekans) ve mikrodalga i1sitma klinik
arastirmacilarin biyiik ilgisini ¢ekmistir. Mikrodalga pihtilagma
tedavisi, tiimoére ince bir mikrodalga antenin yerlestirildigi
tekniklerden biridir. Mikrodalga ile tiimdr isitilir, 50°C'nin
iizerindeki sicakliga ulasilan ve kanser hiicrelerinin etkin bir
sekilde yok edildigi bir pihtilasma bolgesi iiretilir (Wongtrairat
vd., 2011).

Son yillarda, mikrodalga 1siticilarin gesitli tibbi uygulamalari
genis capta arastirilmaktadir. 2.45 GHz ve 915 GHz
frekanslarinda bir deneyde kullanilan “Cap-choke anten” adl1 yeni
anten Onerilmistir (Pisa vd., 2001; Hurter vd., 1991). Frekans
yansima katsayist ve doku igindeki SAR degeri bu antenlerin
performanslart i¢in 6nemlidir. Calisma frekansi genellikle ISM
bandina ayrilmis frekanslardan biri olan 2.45 GHz dir (Jesus ve
Rubio, 2011).

Hurter vd., (1991) bilgisayar simiilasyonunu kullanarak “ii¢
eksenli kiskagli dipol anten” ad1 verilen yeni bir anten tasarimini
arastirdilar ve bunun dipol antenden daha yiikksek SAR
degerlerine sahip oldugunu ve yerlestirme derinliginin etkisini
azaltmaya yardimci oldugunu kesfettiler.

Mikrodalga (MW) ablasyon yontemi, kanseri tedavi etmek
icin bagka bir alternatiftir ve hastalar i¢in yeni bir tedavi segcenegi
olarak ortaya c¢ikmustir (Wright vd., 2005). RF ablasyonuna
benzer sekilde, MW akimu tipik olarak segici hedeflenen alanlara
Joule 1sis1 iiretilmesine neden olan bir anten araciligiyla kanser
dokularina iletilir. Bununla birlikte, RF probundan aktif doku
1sitma bolgesi, elektrotu ¢evreleyen birkag milimetre ile sinirlidir.
Bu ablasyon bolgesinin geri kalani termal iletim yoluyla
sitilmaktadir (Vogl vd., 2008).

Niimerik simiilasyon, yeni varsayimsal tasarimlari
degerlendirmek i¢in hizli ve ekonomik bir yol sundugundan, RF
ve MW ablasyonu ¢alismalarinda yaygin olarak kullanilmaktadir
(Berjano ve Hornero, 2004). Bununla birlikte, MW hepatik
ablasyon i¢in onceki tiim sonlu eleman analizleri iki boyutta
gerceklestirilmistir (Yang vd., 2006). Kabiri ve Rezaei (2022)
caligmalarinda karaciger kanseri tedavisinde mikrodalga alan
1sinlamast ve lazer emisyonunu kullanmiglardir. Hipertermi
tedavisi icin 50s 1sitma siiresini esas almiglardir. Mikrodalga anten
ile timoriin tamaminin yok edilebilecegini gostermislerdir.

Bu caligmada, mikrodalga giicii degistirerek koaksiyel yuvali
antenin karaciger dokusu iizerindeki sicaklik degisimi, SAR etkisi
ve doku deformasyonu Comsol programinda niimerik olarak
incelenmistir. Farkli mikrodalga gii¢lerinin doku tizerindeki etkisi
2, 4 ve 6 dakikalik siireler igin arastirilmistir. Sonuglar gorsel
olarak sunulmustur.

e-ISSN: 2148-2683

2. Materyal ve Metot

Sekil 1 anten geometrisini gostermektedir. Halka seklinde
ince bir koaksiyel kablodan olusur. 1 mm'lik yarik, kisa devreli
uctan 5 mm dis iletken lizerinde kesilir. Hijyenik amaglar i¢in,
anten PTFE'den (politetrafloroetilen) yapilmis bir kilif (kateter)
icine yerlestirilmistir. Geometrik bilgiler ve materyal bilgisi
Cizelge 1’de verilmistir.

Koaksiyel anten

175 mm
_letken
Karaciger - Yalitkan
dOkmll _—Kanal
M 1.0 mm
h 4
Yuva __ y —
Tl /
l vy ‘m m
¥ Deosswen) |

Sekil 1. Mikrodalga pihtilagma tedavisi icin anten geometrisi

Cizelge 1. Koaksiyel antenin geometrik boyutlar: ve materyal
ozellikleri (Jiao vd., 2012)

Ozellik Deger
Merkezi iletkenin ¢ap1 0,29mm
D1s iletkenin i¢ ¢ap1 0,94mm
D1s iletkenin dis ¢ap1 1,19mm
Kanal gap1 1,79mm
Karaciger dokusu elektriksel 1.69 (S/m)
iletkenligi

Karaciger dokusu 1s1 iletkenligi ~ 0.512 (W/m-K)

Karaciger dokusu yogunlugu 1060 (kg/md)
Karaciger dokusu 6zgiil 1s1 3,60 x 10% (J/kg-K)
Kan yogunlugu 1000 (kg/md)

Kan 6zgiil 1s1s1 4.18 x 103(J/kg-K)
Kan baglangi¢ sicakligi 37°C

Oncelikle agdan bagimsizlik ¢alismasi yapilmustir. Sonug
degerlerinin %1 hassasiyeti esas almmistir. Ag sayist 3858
secilmigtir. Matematiksel ifadeler Comsol program: (Comsol
Multiphysics 5.3, 2017) kullanilarak ¢oziilmiistiir. Analizde
¢oziim kolayligi olmasi i¢in silindirik malzemenin doénme
simetrisinden dolay1 2 boyutlu model kullanilmistir.

Sekil 2. Model geometrisi ve ag yapisi
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2.1. Teorik Analiz
20 mm
Stireye bagli olarak 1s1 transferi denklemi asagidaki gibi 0 "
yazilabilir; 20
80
37.0224 80
aT 60
pCp E +V. (_kVT) = prbWb (Tb - T) + Qmet + Qext (1) 6 70
49 20 N
Burada k karacigerin 1s1l iletkenlik katsayis1 (W/mK), p, kan o 50
yogunlugu (kg/m®), C, kanmn o6zgil 1sis1 (j/kgK), T, kanmn 5 o
sicaklig1 (K), Qye¢ metabolizmanin 1s1 kaynagi (W/m3), Q. dis Lex 0 o
1s1 kaynagi (W/m®) dir. o
(b)
Ist transferi denklemine ek olarak dokuda meydana gelen
deformasyonu  hesaplamak i¢in  Arrhenius  denklemi
kullanilmaktadir. 20 0'“'“ 100
-20 bso
80
Z—Ctl = Aexp (2) 37.0356% 80
5 70
Burada A frekans faktorii (s*), AE aktivasyon enerjisi (J/mol) s
(Jiao vd., 2012). a3 > 20
0 50
3. Arastirma Sonuclar ve Tartisma i 20 s
&2 0
-20 mm

Koaksiyel yuvali anten ile farkli mikrodalga giigleri
kullanilarak 2-4 ve 6 dakikalik siirede karaciger dokusu ©)
tizerindeki sicaklik dagilimi Sekil 3-6 ve 9°da verilmigtir. 10 W-
20 W ve 30, W’hk nykrodalga giigl.ermde doku igerisindeki Sekil 3. 10W mikrodalga giiciinde doku érneginin (a)2-(b)4 ve
sicaklik degerinin 6 dakika sonra sirast ile 100.08°C, 162.79°C ve (0)6 dakika sonraki sicaklik dagilimlart
225.35°C’ye ulagtigr goriilmiistiir. Isitma giiclindeki artis ile

dogru orantili olarak sicaklik degerlerinde de artis tespit mm ,
edilmistir. Sicaklik degerinin anten kismina yakin yerde 32
maksimum oldugu, yiizeye dogru ise 37°C’ye yakin oldugu 70
goriilmektedir. Burada kan akigindan dolay1 viicut sicakligr diisiik ZZ o
kalmaktadir. 10W-20W ve 30W igin Sekil 4-7 ve 10°da 2-4 ve 6 55 p:s
dakika sonraki nekrotik (6li) dokunun degisimi sonuglar o 0.7
verilmistir. Sekil 4c de 6 dakika sonra 6lii dokunun 20mm 40 0.6
¢apindaki bir alan oldugu goriilmektedir. Sekil 7°de ise bu durum 35 05
g e . coe e o1 . 30
yaklagik olarak iki kati alana etki ettigi sdylenebilir. Is1 artisi ile 25 0.4
stirenin doku igerisindeki deformasyonda o6nemli bir ozellik 20 0.3
oldugu tespit edilmistir. 1(5, -
C] 2 0.1
20 mm 85 -40 -ZlO 6 2‘0 40 6‘0 mm
0
-20 80 (a)
80 75 -
i 80
65 70
40 mm 60 :Z 0.9
20 55 55 0.8
55 55 451(5) 0.7
0 45 40 0.6
z 35
v x 8 29 40 = 0.5
-20 mm 25 0.4
20 iz
15 :
(@ i
5
0 0.1
-40 -ZlO 6 2‘0 40 6‘0 mm
(b)
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75¢
70 z
65¢ 0.9
601
55} 0.8
50
45¢ %7
40 0.6
35
301 0.5
251
20 0:
15¢ 0.3
10
5 0.2 g
ok Yd ox
-210 -2‘0 EJ 2‘6 4;0 6‘0 mm
(©)
Sekil 4. 10 W mikrodalga giiciinde (a)2-(b)4-(c)6 dakika sonraki
nekrotik (61ii) doku
Sekil 5-8 ve 11°de 3 farkli mikrodalga giiciinde anten
ekseninden 2.5mm uzaklikta dl¢lilen SAR degerleri verilmistir.
Koaksiyel yuvali antende, en yiiksek olani antenin tepesine, diger
ikisi anten yuvasina karsilik gelen {i¢ tepe noktasi vardir. Bu
nedenle, radyasyon koaksiyel yuva, anten yuvasinda en zayif ve
antenin Uistliinde en gii¢cliidiir. Gergek termoterapide, en iyi 1sitma
etkisini elde etmek i¢in antenin en giiclii radyasyon noktasin
tiimdr dokusunun ortasina denk getirilmesi gerekmektedir. Elde
edilen sonuglarin literatiirde verilen veriler ile uyumlu oldugu v

goriilmistiir (Saito vd., 2001).
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Sekil 10. 30 W mikrodalga giiciinde (a)2-(b)4-(c)6 dakika
sonraki nekrotik (6lii) doku
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Sekil 11. 30 W mikrodalga giiciinde él¢iilen SAR degeri

4. Sonuc¢

Bu ¢alismada koaksiyel yuvali anten ile mikrodalga 1sitmanin
doku sicakligindaki degisimi ile 61ii doku ve SAR etkisi sonuglari
verilmistir. Bu sonuclara gore antenin timdr hiicresine yakin
kistmda olmasi etkisini daha da artirmaktadir. Simiilasyon
caligmalart ile sicaklik dagilimi dnceden tespit edilip saglikli
dokuya zarar verilmeden zararli dokunun ortadan kaldirilmasi
miimkiin hale gelebilmektedir. Yapilan ¢calismada mikrodalga giic
ve siire kontroliinin dokunun sicakligr iizerinde etkili bir
parametre oldugu goriilmiistiir. Gii¢ seviyesindeki yiikselme SAR
degeri, sicaklik etkisi ve O6li doku miktarinda artisa sebep
olmustur.

Mikrodalga hipertermi tedavisi teknolojisi, kanser bdlgelerini
43°C ye kadar 1sitmakta ve ayni anda normal dokulara miimkiin
oldugunca daha az zarar verip sonunda timdr hiicrelerini
oldiirmektedir. Zararli dokuyu ortadan kaldirmak i¢in isitmada
antenin etrafinda olsa bile iist sicaklik 200°C'yi ge¢cmemelidir
(Jiao vd., 2012; Yadava vd., 2003). Dolayis1 ile bu ¢alismada 10W
ve 20W’lik mikrodalga giiclinde 2-4 ve 6 dakika 1sitilsa bile
dokunun sicakligit 200°C’nin altinda kalmaktadir. 30 W’lik
1sitmada ise 2 dakikalik bir iglemin yeterli oldugu goriilmiistiir.
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Oz

Giiniimiizde, insansiz hava araglarinin (IHA), basta savunma ve eglence olmak iizere kullanim alanlar1 her gecen giin genislemektedir.
Uriin tasimacilig1 agirlikli olarak fosil yakit kullanan araglar ile insanlar tarafindan gergeklestirilmektedir. Bu durum insan faktdriinii
de hesaba kattigimiz zaman bircok sorunu yaninda getirmektedir. Uriin tasimacilig1 alaninda otonom dronlarin kullanilmas1 zaman,
yakit ve insan giiciinden tasarruf saglayacaktir. Giiniimiize kadar bu konuda bir ¢ok girisimler meydana gelmis olsa da bunlarin biiyiik
cogunlugu Ozel firmalar tarafindan gelistirilmis olan, kaynak koduna erigsimin veya araglar ilizerinde ihtiya¢ halinde gerekli
modifikasyonlarin gergeklestirilmesinin miimkiin olmadig1 araglardir. Ayni zamanda ¢ogu zaman bu araglarin kumanda ile
yonetilmeleri gerekmektedir. Bu durum yetkili pilot gelistirilmesi ve insan faktoriiniin ise katilmasina yol agmaktadir. Bu ¢alismada,
ArduPilot ve dronlarla Mavlink iizerinden haberlesmeyi saglayan agik kaynak kodlu bir uygulama hazirlanmasi amaglanmistir. Bu
mobil uygulamada; ugus yazilimi DroneKit kiitiiphanesi ile ve araglara gorev bilgilerini génderme yazilimi Flutter kullanilarak
hazirlanmigtir. Bu ¢alisma sonucunda elde edilen uygulama ile kullanicilar ArduPilot destekleyen ticari dronlar veya kendi insaa ettikleri
dronlar ile otonom bir sekilde {iriin tagiyabilmektedirler.

Anahtar Kelimeler: Tha, dron, otonom ugus, mobil uygulama, lojistik, iiriin tasima

Autonomous Order Distribution with Mobile App Controlled Drone

Abstract

Recently, the areas of use of unmanned aerial vehicles (UAVS), especially in defense and entertainment, are expanding day by day.
Product transportation is mainly carried out by people using fossil fuel vehicles. This situation brings many problems when we take into
account the human factor. The use of autonomous drones in the field of product transportation will save time, fuel and manpower.
Although there have been many initiatives in this regard until today, most of them are tools developed by private companies, where it
is not possible to access the source code or make the necessary modifications on the tools if needed. At the same time, these vehicles
often need to be managed by remote control. This leads to the development of competent pilots and the involvement of the human
factor. In this study, it is aimed to prepare an open source application that enables communication with ArduPilot and drones over
Mavlink. In this mobile application; the flight software was prepared with the DroneKit library and the software for sending mission
information to the vehicles using Flutter. With the application obtained as a result of this study, users can carry products autonomously
with commercial drones that support ArduPilot or with drones they have built.

Keywords: Unmanned aerial vehicle, drone, autonomous flight, logistics, product handling
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1. Giris

Insansiz hava araci teknolojisinin gelismesi ile beraber
kulllanim alanlar1 da genislemistir. Eglence, hizmet, savunma gibi
farkli alanlar bu teknolojinin gelismesinden Onemli dlglide
istifade etmeye baslamistir. Bu trende ayak uydurmak ve dron
teknolojisini  tasimacilik alaninda  kullanmak amaciyla,
komutlarina mobil bir uygulamadan alan ve siparis dagitim
gerceklestirilen bir calisma yapilmigtir. ArduPilot otopilot
yazilimi ile birlikte dron kontrolii saglanirken, ugusun
gerceklesecegi konum bilgileri Flutter ve Dart programlama dili
kullanilarak hazirlanan mobil uygulama ile drona aktarilmistir.

Uriin tasimaciligr alaminda dronlarin kullanilabilmesi amact
ile gelistirilmekte olan bu projede ArduPilot otopilot yazilimlar
ile calismakta olan ve genellikle hobi/eglence sektorlerinde
kullanilmakta olan dronlarmn, ucuz ve aktif bir bigimde son
kullaniciya kolay bir bicimde ulastirilmast hedeflenmistir. Bu
amag¢ dogrultusunda son kullanicilarin dron ile iiriin tasirken
kargilastiklar1 en biiyiik sikintilar gdz Oniine alinmig ve aracin
herhangi bir egitim almamis kisiler tarafindan kullanilmasi
durumunda bir ¢ok sikintinin meydana geldigi fark edilmistir. Bu
nedenle kullanicilarin {iriin tasimak i¢in kullandiklar1 dronlari
manuel olarak (kumanda vasitasiyla) kontrol etmek yerine mobil
uygulama ile haritadan hedef konumlarin secilmesi ve aracin
otonom olarak hareket etmesi gibi bir ¢dziim bulunmustur.

Giinlimiizde otonom olarak hareket etmekte olan bir ¢ok dron
olmasina ragmen bunlarin biiylik c¢ogunlugu o6zel firmalar
tarafindan gelistirilmistir. Bu durum kaynak kodlara erisimi
kisitlamakla beraber, hazirlanan yazilimlarin kisitli cihazlar ile
uyumlu olmast ve modifiye edilememesi gibi sorunlar
dogurmaktadir. Bu c¢aligma kapsaminda hazirlanan proje
sayesinde acik kaynak kodlu ArduPilot otopilot yazilimini
kullanmakta olan herhangi bir araca hedef gorev bilgilerinin
aktarilmasi saglanabilecektir (ArduPilot, 2022).

Flutter ile gelistirilmis olan bir mobil uygulama sayesinde
kullanicilar harita iizerinden istedikleri konumlari se¢ip, tasinacak
olan malzemelerin bilgilerini girdikten sonra araci istedikleri
konumlara goreve gonderebilir ve aracin anlik konum, batarya,
gorev bilgilerini mobil uygulama iizerinden
gozlemleyebilmektedir. Flutter, Google firmasi tarafindan
gelisgtirilmekte olan ¢apraz platform uygulama gelistirme kitidir
(Flutter, 2022). Bu sayede daha 6ncesinde dron pilotlugu ile ilgisi
olmayan bir ¢ok kisi bir ka¢ adimda araglarini ugurabilir ve
paketlerini teslim edebilirler. Bu iki uygulamanin birbirleri ile
uyum icinde c¢aligmalari gelecekte otonom ugus ve iiriin
tasimacilik sektorlerinde gercgeklestirilecek olan aragtirmalarin
oniinil agacagina inanilmaktadir.

Hazirlanan ugus kodlarinin test edilebilmesi amaciyla Emild
markasina ait Navio 2 otopilot kart1 ile ¢galigmakta olan 4 motorlu
bir dron kullanilmigtir. Navio 2, ArduPilot otopilot yazilimi ile
caligmakta olan, giiniimiizde bir ¢ok gelistirici tarafindan tercih
edilen ve sorunsuz bir ugus icin gerekli olan bir cok sensore sahip
bir ucus kartidir. Navio 2 ugus karti, hem ArduPilot hem de
droneKit kiitiiphanesi ile hazirlanmig olan ugus kodlarinin

iizerinde c¢alisabilmesi i¢in Raspberry Pi 4 ile birlikte
kullanilmaktadir.

Literatiire  bakildiginda  dronlarin  lojistik  alaninda
kullanilmas1 amaciyla bir takim c¢alismalarin  yapildig:

goriilmektedir. Ancak bu caligmalar igerisinde aracin hedef
bilgilerinin bir mobil uygulama tizerinden gonderilmesi ve aracin
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otonom olarak hareket ettigi ortak bir projeye rastlanilmamustir.
Yapilan ¢aligmalar genellikle dronlar yardimu ile iiriin tagimasina
yonelik olmasina ragmen bu araglar pilotlar tarafindan manuel
olarak yonetilmektedir. Otonom olarak ugus gergeklestiren
araglar ise 0zel firmalar tarafindan gelistirilmis olup kullanicilara
kaynak kodlarini sunmamaktadirlar. Ayni1 zamanda kullanicilar bu
araglar iizerinde istedikleri modifikasyonlar1
gerceklestirememektedirler. Dronlarin agirlikli olarak kullanildig:
bir diger alan ise savunma alanidir. Bu alanda otonom araglar
uzun zamandir kullanilmasina ragmen her gecen giin gelistiriciler
sektore yenilikler kazandirmaktadirlar. Ancak bu alanda yapilan
caligmalarda araglarin kontrolleri oldukca karmasik bir arayiize
sahip masaiistli uygulamalari ile gergeklestirilmektedir. Bu alanda
tim c¢aligmalarin incelenmesi miimkiin olmadigindan son
zamanlarda literatiire kazandirilan bazi ¢caligmalar ele alinmigtir.

Han vd. tarafindan 2019 yilinda yapilan ¢aligmada, dronlarin
iiriin tasimacilig1 alaninda kullanilmasina yonelik gelistirilen bir
arastirmada rota hesaplanmasi iglemlerinde kullanilmasi igin
matematiksel bir model gelistirilmis ve test edilmistir (Han, Ozer,
Baris, Ozgiir, & Aktin, 2019). 2021 yilinda Yetis vd.,
aragtirmalarinda THA’larin kargo araglar ile birlikte ¢alisarak
rota optimizasyonunda kullanilmas1 ile ilgili deneyler
gerceklestirmiglerdir. Elde ettikleri sonuglara gére bu yontem ile
probleme gore %4-%6.24 kazang elde ettiklerini belirtmislerdir.
Ancak bu ¢alismada dronlar iiriin tagimaciligi alaninda dogrudan
kullanilmaktan ziyade birer ara¢ olarak kalmislardir (Yetis,
Giingor, & Karakose, 2021). Diizgiin tarafindan 2021 yilinda
gerceklestirilen bir bagka ¢aligsmada ise dronlarin lojistik alaninda
kullanilmasi ile ilgili pratige dokiilememis bir calisma yapilmigtir
(Diizgiin, 2021). Dronlarin aktif olarak kullanildigi bazi
calismalarda ise dronlar yardimui ile belirli alanlarin veya yapilarin
3 boyutlu modellemelerinin hazirlanmasi amaglanmigtir. Bu
caligmalarda arag (drone), iizerine yerlestirilen kamera ile birlikte
pilotlar tarafindan hedef alanlarda ugurulmakta ve fotograflar
¢ekilmektedir (Alptekin & Yakar, 2020; A. Ulvi, Yakar, Yigit, &
Kaya, 2020; C. Ulvi, 2022). Aras, 2021 yilinda gerceklestirdigi
calismasinda dronlarin kentsel giivenlik alanlarinda nasil
kullanilabilecegi lizerinde durmustur (Aras, 2021). 2022 yilinda,
Kogyigit vd. arkeolojik kazilarda arazi hakkinda daha detayli bilgi
almak ve kazinin yapilacagi alani belirlemek amaci ile dronlari
kullanmiglardir. Bu ¢alismada Mersin Anamur il¢esinde
gerceklestirilen Anemurium antik kenti kazisinda IHA’lar
kullanilmustir (Kogyigit, Durduran, & Alkan, 2022).

2. Metot

Projenin gelistirilmesine ilk olarak mobil uygulamanin
tasarlanmasi ile baslanmistir. Mobil uygulamanin gelistirilecegi
ortam Flutter olarak belirlenmistir. Flutter’in se¢ilmesinin baglica
sebeplerinden bir tanesi, gelistirilen uygulamalarin {izerine
eklemeler yapilmadan farkli ortamlarda (Android, 10S, Web,
Windows) ¢aligtirilabilmesidir (Documentation, 2022). Bu amag
dogrultusunda uygulama icerisinde yer almasi gereken sayfalar ve
kullanilacak olan eklentiler belirlenmistir. Projede tasarlanacak
sayfalar sirasiyla:

Kullanic1 Girig/Kayit
Ana Ekran

Gorev Belirleme
Gegmis Gorevler
Uriin Islemleri

olarak belirlenmis ve ilk olarak uygulamanin firebase ile olan
baglantisi kurulmustur. Firebase, Google tarafindan gelistirilen ve
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desteklenen {icretsiz bir depolama platformudur. Firebase’in;
kullanici hesap islemlerinin, gorev/iiriin bilgilerinin ve gegmis
gorev bilgilerinin tutulmasi i¢in uygun bir platform olmasi ve
capraz platform g¢aligabiliyor olmasindan dolay1 tercih edilmistir
(Firebase, 2022).

Kullanicilarin hedef konumlar1 segebilmeleri icin Google
Maps eklentisi projeye dahil edilmis ve bu eklenti kullanilarak
gorev belirleme ekrani tasarlanmistir. Sekil 1 (a) Google Maps
eklentisinin  mobil uygulama igerisindeki  kullanimim
gostermektedir. Kullanicilar harita iizerinde istedikleri konumun
iizerine tiklayarak o konuma aktarilacak olan iriinleri
secebilmektedirler. Olusturulan her gorev bir liste iizerinde
tutulmaktadir. Kullanicilar ekranin sol tarafindan saga dogru
siirikleme hareketi yaparak olusturduklart goérev listesini
gorebilmektedirler. Ayn1 zamanda kullanicilarin harita iizerinden
secim yapmak yerine dogrudan adres iizerinden arama
yapabilmeleri i¢in Gorev Belirleme sayfasina ait olan app bar
kismina adres arama boliimii eklenmistir. Araca hedef konuma ait
olan adres bilgisi yerine enlem ve boylam bilgileri gonderildigi
icin geo_location kiitiiphanesi kullanilarak girilen adres bilgileri
enlem boylam bilgilerine doniistiiriilmektedir. Ayn1 sekilde harita
tizerinden se¢im yapildigi zaman ekrana gelen pencere lizerinde
kullanicilarin  segtikleri konumun dogru oldugundan emin
olmalar1 igin geo location kiitiiphanesi kullanilarak enlem-
boylam bilgileri adres bilgilerine doniistiiriilmiis ve kullaniciya
gosterilmistir. Sekil 1’de harita ekrani ve bu ekran iizerinden
gorev konumlariin belirlenmesini ile ilgili gorseller sunulmustur.

Her dronun tasiyabilecegi agirlik miktar1 degisken
oldugundan dolay1 simiilasyon ile gergeklestirilecek olan
denemelerde ortalama olarak 5 kg limit belirlenmistir.
Olusturulan gorevlerde aracin tek seferde tastyacag iirlinlerin
toplam agirhigt 5 kg’t gegmesi durumunda gorevler Firebase
tizerine kaydedilmez. Bu sayede araca tasiyabileceginden fazla
agirhk yiiklenerek kazalara sebep olmasinin Oniine gecilmeye
caligtlmigtir.

Son olarak Realtime Database iizerinde tutulacak olan gérev
bilgilerinin bir modeli olusturulmustur. Sekil 2’de Realtime
Database tizerinde 6rnek bir gérevin tutulma bigimi gosterilmistir.
Bir gorevle ilgili tutulacak olan bilgiler:

Enlem

Boylam

Uriin Listesi

Gorev Olusturma Tarihi
Gorev Bitig Tarihi
Kullanici ID

olarak belirlenmistir.

Mobil uygulamanin bir diger asamasinda iiriin iglemlerinin
gerceklestirildigi sayfa hazirlanmigtir. Sekil 3’te gorseli verilen bu
sayfa ile kullanicilar; stokta bulunan firiinlerin isim, fiyat ve
agirlik bilgileri ile ilgili ekleme, silme ve gilincelleme islemleri
gergeklestirebilmektedir. Uriinlere ait bilgiler Firebase’de Cloud
Firestore iizerinde tutulmaktadir. Daha 6nceden kaydedilmis olan
bu bilgiler kullanicinin gérebilmesi amaciyla Cloud Firestore’dan
uygulamaya alinarak bir listeye aktarilmaktadir. Akabinde, Stack
ve Swiper kullanilarak olusturulmus olan bir pencerede
kullanicilarin = hizmetine sunulmaktadir. Stack, olusturulan
widget’larm iist liste dizilmesini saglayan bir yapidir. Swiper ise
kullanicilarin {ist iiste dizilmis olan Widgetlar’t (bu durumda
Container) soldan saga veya sagdan sola olacak bigimde
kaydirarak yer degistirmelerini saglayan bir yapidir.
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Enlem : -35.36317486004554
Boylam ; 149.16370477527377
Mahallesi Monara Highway Bina
e 10423 Australian Capital Territory
Grassland
Nature Reserve

Tuzlu Fistik
355TL[1.0Kg

Canberra Model Aircraft

Club Flying Field
mandalina

3337TL|1.0Kg

Makarna
307TL|05Kg

6 Tuighurfeist i ste ek klendi
Google

(b) Uriin segimi

Mahallesi Monare Highway Bina 10423
Australian Capital Territory

Sr— Enlem:-35.36317  Boylam :149.1637
Nature Reserve

Mahallesi Monaro Highway Bina 10423

e Australian Capital Territory
Eniem |-35,36430  Boylam :149.1639
Mahallesi Monaro Highway Bina 10423
Canbera Model Aircraft Australian Capital Territory
g  ClubFiying Field Enlem-35.36433  Boylam :149.1651
° 'y
Google 6
> [Z] Necmettin Er... &
1 oz 3 _a s & 1 .3 3
qwerr t yuiop

(c) Adres arama (d) Gorev listesi

Sekil 1.Mobil uygulama kullanici ekranlari

woylam "149.16360788047314"
enlem "-35.36316228283200"

rihl "15/04/2022 12:37.57°
arihi: "15/04/2022 12:37:57"

i "Ekmek”
“Ekrmek”

2 'mandalina”

1serIl “xb5%FBn6IONbgfimTeyBdGvZPG2”

Sekil 2. Realtime Database iizerinde 6rnek bir gérev

148



European Journal of Science and Technology

Uriin Ekleme Sayfasi

yat: 35.5
0

Fiyat:
Adirlik 7.

Sekil 3. Uriin ekleme ekran1

Mobil uygulamay: kullanacak olan kullanicilarin kayit ve
girig yapacagi karsilama ekrani da bir diger sayfa olarak ele
alinmis ve tasarlanmistir. Bu amagla Firebase’in Authentication
ozelligi kullanilarak mail-parola g¢ifti ile hesap olusturma ve giris
yapma iglemlerinin gergeklestigi bir sayfa olusturulmustur.
Firebase, kullanicilarin mail adresleri, telefon numaralar1 veya
kullanict adlar1 kullanarak hesap olusturmalarini ve uygulamaya
giris yapmalarin1 saglamaktadir. Ayrica kullanicilarin istemesi
durumunda; gmail, facebok veya Apple hesaplar1 kullanilarak,
ekstra islem gerceklestirmeden hesap olusturulabilmektedir. Bu
sayede hangi aracit hangi kullanicinin kullandigt kayit altina
almacak ve karisikliklarin oniine gegilmis olacaktir. Aymn
zamanda 3. sahislarin araglara erisiminin Oniine gecilmis
olacaktir.

Projenin ikinci asamasinda Python ve DroneKit kiitiiphanesi
kullanilarak ArduPilot ile ¢aligmakta olan dronlar i¢in bir ugus
yazilimi hazirlanmistir. ArduPilot firmasi gelistiricilere yardim
etmek ve gelistirme siirecinde meydana gelebilecek olan kazalar
minimuma indirmek amaciyla gergek araglar lizerinde ¢alismakta
olan otopilot yazilimlarini gergek araglara ihtiya¢ olmadan ayni
sekilde simiilasyon iizerinde galistirilmasina imkan saglamaktadir
(ArduPilot, 2022). Bu sayede gelistiriciler APM2, Gazebo
Mission Planner gibi GCS (yer kontrol istasyonu) yazilimlar
iizerinden  gergek  araca  sahip  olmadan testlerini
gerceklestirebilmektedir (Simiilasyon testleri Mission Planner
iizerinde gercgeklestirilmistir). Dronekit, gelistiricilerin ArduPilot
ile MavLink iizerinden disiik gecikme hiz1 ile iletisime
gecebilmeleri amaci ile gelistirilmis olan acik kaynak kodlu bir
API’dir (DroneKit, 2022).

Otonom ugus yazilimmin gelistirilmesi islemine ilk olarak
Realtime Database lizerinde bulunan gorev bilgilerinin pyrebase
kiitiiphanesi kullanilarak araca indirilmesi ile baglanmigtir.
Pyrebase, gelistiricilerin python programlama dili kullanarak
firebase islemleri gerceklestirebilmelerine olanak saglayan bir
kiitiphanedir (GitHub-Pyrebase, 2022). Sekil 4’te mobil
uygulamada hazirlanan ve ugus yazilimina gonderilen gorev
bilgileri gosterilmektedir.
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Sekil 4. Ugus yazilimina gonderilen gorev bilgileri

Bir sonraki adim olarak ara¢ hakkinda kontrollerin yapildig:
ve kalkisini saglayacak olan fonksiyon hazirlanmstir. Indirilmis
gorev bilgilerine ait olan enlem ve boylam bilgileri bir listeye
eklenmis ve mavlink diigiimii kullanilarak aracin sirastyla bu
konumlar1 ziyaret etmesini saglayacak fonksiyon hazirlanmistir.
Mavlink dronlar ile haberlesme gerceklestirilirken kullanilan,
hafif ve basit bir haberlesme yontemidir (Guide, 2022). Tiim bu
siiregler Mission Planner iizerinde simiile edilerek kontrol
edilmistir. Bir konum ziyaret edildigi zaman o konuma ait goérev
bilgilerinin Realtime Database iizerine kaydedilmesini
saglayacak ayr1 bir fonksiyon mevcuttur. Gergeklestirilen
gorevlerin saklanmasi sayesinde bir gegmis gorev listesi
olustugundan projenin mobil uygulama kisminda bir ge¢mis
gorevler sayfasi olusturulmustur. Kullanicilar gegmis gérevlerini
secerek gorev olusturma sayfasina gitmek zorunda kalmadan bu
sayfa  {lizerinden hizli bir bi¢cimde yeni gorevler
olusturabilmektedirler.

Son olarak kullanicilarin araglari hakkinda konum, goérev
bilgilerini anlik olarak seyredebilmeleri amaciyla mobil
uygulamanin ana sayfasi tizerinde bir alan olusturulmustur. Bu
alanda kullanicilar araca ait batarya, konum (enlem-boylam)
toplam gorev sayist ve o an gerceklestirilen gérev numarasi ve
aracin gorevde olup olmadigi bilgilerini gorebilmektedirler.
Hazirlanan otonom ugus kodu simiilasyon testlerinden basariyla
gectikten sonra gergek arag iizerinde denemeler gerceklestirmek
amaciyla galigmalara baglanmistir.

Gergek ugus denemelerinin yapilmasi amaciyla 4 motorlu bir
dron insa edilmeye baslanmis ve bu amag¢ dogrultusunda yapilan
aragtirmalar sonucunda ArduPilot yazilimini destekleyen otopilot
kartlar1 arasindan sahip oldugu sensorlerin ve kullanilan
malzemelerin dayaniklilifi géz oniinde bulundurularak Emlid
Navio 2 se¢ilmistir. Navio 2 Raspberry Pi bilgisayarlar ile birlikte
kullanilan agik kaynak kodlu bir otopilot kartidir. Navio 2 sahip
oldugu sensorler sayesinde araca ekstradan sensor takilmasi
gereksinimini ortadan kaldirmaktadir (Navio2, 2022). Bu durum
aracin gelistirilmesini kolaylagtirmakta ve gerekli durumlarda
yeni diizeneklerin eklenmesini kolaylastirmaktadir. Ayn1 zamanda
acik kaynak kodlu ArduPilot otopilot yazilimi ile birlikte
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calisabildigi i¢in kullanicilarin kendi gelistirmelerini yapmalarina
olanak saglamaktadir. Navio 2 sadece dronlarda degil aym
zamanda denizalti, RC arag, helikopter gibi bircok aracta
kullanilabilmektedir. DroneKit adli kiitiiphane yardimi ile
kullanicilar kendi otonom arag yazilimlarini

calistirabilmektedir. ArduPilot yazilimin c¢alisacagi single board
computer (SBC) olarak ise Raspberry Pi 3 secilmistir. Raspberry
Pi, Raspberry Pi vakfi tarafindan gelistirilmekte olan tek kart bir
bilgisayardir (Vikipedi, 2022). Aragta kullanilacak olan motorlar
olarak ise DJI marka firgasiz motorlar kullanilmugtir. Sekil 5°te
goriintileri

hazirlanan farkli  agilardan  ¢ekilmis

sunulmustur.

aracin

(a) Yandan goriintii (b) Ustten goriintii

Sekil 5. Hazirlanan aracin farkli agilardan goriintiisii

Gergek ara¢ ile gerceklestirilen denemelerde pyrebase
kurulumu sirasinda belirli kiitiiphanelerin giincellenmesi Emlid
yazilimmin g¢alismamasina sebep olmustur. Bu nedenle Flask
kullanilarak bir API gelistirilmis ve araca aktarilmasi gereken
gorev bilgileri burada tutulmustur. Bu sayede goérev bilgileri araca
Firebase iizerinden degil Flask iizerinden HTTP istekleri ile
aktarilmistir. Sekil 6°da, hazirlanan aracin dis mekandaki ugus
testlerine ait bir goriintli sunulmustur.

Sekil 6. D1s mekan ugus testleri

3. Sonug ve Tartisma

Dronlar ile otonom olarak {iriin tasinmasi ve araca
gonderilecek olan goérev bilgilerinin kullanicilar tarafindan
kolayca belirlenebilmesi amaciyla bir mobil uygulama ve ucus
yazilimi hazirlanmistir. Mobil uygulama, Navio 2 otopilot karti
ile calismakta olan bir arag¢ fiizerinde test edilmistir Hem
simillasyon hemde gercek araglarla gerceklestirilen denemeler
sonucunda gii¢lii GPS ve internet sinyali alinmasi durumunda
dronlara gorev bilgileri bir mobil uygulama iizerinden
aktarilmigtir. Gorev bilgilerini alan ara¢ otonom olarak hedef
konumlara belirlenen sira ile ulasabilmistir. Elde edilen sonuglar
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dogrultusunda aragta daha giiclii bir GPS anteni ve daha giiglii
bataryalar kullanilarak aracin ugus kalitesinin artirilabilecegi
diisiiniilmektedir.

Sonraki c¢aligmalar igin proje gelistirilerek sadece iiriin
tagimasi alaninda degil ayn1 zamanda hastaneler arasi ilag/organ
vb materyallerin taginmasi veya iizerine yerlestirilecek olan bir
kamera yardimi ile dogal afet bolgelerinde kayip/yarali kisi arama
kurtarma ¢alismalarinda kullanilabilecegi diisiiniilmektedir.

4. TesekKkiir

Bu ¢alismanin  hazirlanmasina, 2209-A  proje ¢agrist
kapsaminda destek veren TUBITAK kurumuna tesekkiir ederiz.
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Oz

Uretim tesislerinde, manuel diye tabir ettigimiz el ile ayiklama yonteminin yerini giderek yayginlasan sensor temelli ayirma sistemleri
almaya baslamustir. Ozellikle, proseslerde iiretim performansim artirmak icin iiretim takibinin yan1 sira insan giiciine gereksinim
olmadan, optik makineler ile bu islemleri yapmak artik tercih sebebi olmaktadir.

Caligma kapsaminda optik makineleri iizerinden beslenen, istenen (beyaz) ve istenmeyen (koyu) iiriin seklinde {iriin spesifikasyonu
yapilmustir. Uriin olarak ise, manuel secimde zorluk cekilen 5-10 mm ebatlarindaki kuvars malzemeler tercih edilmistir. Miisteri {iriin
kalite spektrumuna uymak igin iki ayr1 besleme iiriin se¢ilmis olup, farkli besleme hizlarindaki bu iiriinlere ait veriler incelenmistir.
Yapilan ¢alisma kapsaminda optik makinesine giren besleme numunesinin ¢ikig verileri incelendiginde, farkli besleme hizlarinda (10-
20 ton/sa) istenen beyaz renk iiriinde makine se¢im verimliligi 99,3-98,4% olarak bulunmustur. Yine farkli besleme hizlarinda (10-20
ton/sa) istenmeyen iriin olan koyu renkli (Pasa) iriindeki verimlilik ise 91,2-83,2% olarak elde edilmistir. Farkli besleme
miktarlarindaki pasa triindeki kacak diye tarif edilen beyaz iiriin oranlari ise 8,8-16,8% olarak bulunmustur. Bu durum besleme
miktarindaki artistan kaynakli olup, koyu tiriindeki beyaz {iriin (nihai iiriin) olarak tarif ettigimiz kagak oranin1 arttirmigtir. Kalite kabul
kriterine gore iiriin igerisinde 1-2% oraninda koyu malzeme olmasi iiriiniin isletme i¢indeki Mikronize ve Degirmen Uniteleri icin
besleme harman regetesinde kullanilabilecegini gostermistir.

Anahtar Kelimeler: Optik Smiflandirma, Optik Makine Verimi, Cevher Zenginlestirme.

Increasing of Efficiency and Production Quality by Enriching 5-10 Mm
Quartz Ore with Optical Separator: A Case Study

Abstract

Sensor-based separation systems, which are becoming increasingly common in production facilities, have started to replace the manual
sorting method. In particular, it is now preferred to carry out these operations with optical machines without the need for manpower as
well as production follow-up, in order to increase the production performance in the processes.

Product specification was made in the form of desired (white) and undesired (dark) products fed through optical machines within the
scope of the study. As the product, quartz materials of 5-10 mm dimensions, which are difficult to choose manually, were preferred.
Two separate feeding products were selected and the data of these products at different feeding rates were examined in order to comply
with the customer product quality spectrum.

When the output data of the feed sample entering the optical machine within the scope of the study was examined, the machine selection
efficiency was found to be 99.3-98.4% for the desired white colour product at different feed rates (10-20 tons/h). On the other hand, the
productivity in the dark coloured (waste) product, which is an undesirable product at different feed rates (10-20 tons/h), was obtained
as 91.2-83.2%.

Keywords: Optical Sorting, Efficiency of Optic Sorting Mechanical, Ore Enrichment.
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1. Introduction

The manual sorting method, which we call manual, is an old
ore preparation application, and it still maintains its functionality
today. However, this sorting method has started to be replaced by

sensor-based separation systems, which are becoming
increasingly common.
Automatic applications based on the surface and

mineralogical properties of the material will allow the evaluation
of primary and secondary sources with higher efficiency and
purity thanks to these separation systems [1].

The history of sensor-based discrimination in the mining
industry goes back to a hundred years. The first commercial
applications in agriculture in the 1950s were followed by the raw
material applications in the 1970s, and the first automatic
separation equipment was brought to the sector for waste recovery
in the early 1980s [1]. Since this date, as well as in mining [2-4],
it has made great progress and continues to be used in the food [5]
and recovery [6] industry.

In optical separation technology, the single or multiple use of
sensors that can identify in a wide electromagnetic wavelength
spectrum from alternating current (10* m) to gamma radiation (10
12 m), makes it possible to define many different materials [7].

Optical separation technology has been a good alternative to
traditional methods in the separation of minerals (intricate, etc.)
that are very difficult to identify physically in the mining industry.
There are many applications where enrichment studies are carried
out with the use of optical separation technology. In one of these
studies, Tessier et al. [8] showed that nickel ore can be enriched
with an optical separator. Lane et al. [9] defined metals such as
copper, lead and zinc spectroscopically and formed a data source
for optical separation. Batchelor et al. [10], on the other hand,
studied the pilot scale microwave classification of copper ores in
their study in 2016. In their study, they found that low average
moisture content, co-mineralization of copper and iron sulfides
(or bulk sulfide classification) reduced drift and provided better
stability performance. Giilcan and Giilsoy [11] investigated the
effects of feed rate and particle size on separation performance
with the use of magnesite, quartz, lignite, hematite, copper and
gold ore samples. Apart from these studies, there are also different
studies on the identification and enrichment of limestone [12] and
chromite [13] ores with visible light source using optical sorter
devices.

Although the visible light region and ore identification and
enrichment studies are intensively included in the literature, there
are few studies on the effect of feed amounts on the definition of
the visible light source according to the physical properties of
minerals. The aim of this study is to adjust the machine settings
according to the color characteristics of the quartz in order to
obtain the desired selection efficiency during the selection of the
quartz produced in the composite stone industry with the optical
machine, and thus to perform the efficient selection process.

1.1. Field of Study and Feature

The place where the study was carried out is Aydin and Mugla
quartz fields, and a facility operating was chosen as an example
in these regions. The company to which the selected facility is
affiliated is a company that has been mining and processing quartz
since 1991. Quartz rocks are blasted and crushed in open pit mines
in the firm example. The company operates its own mineral

e-ISSN: 2148-2683

processing plants for crushing, washing and sorting of raw
materials.

1.2. Minerals by Color, Composition and Size
Sorted

Precise sorting is needed for quartz minerals in the study area.
Therefore, sieving was done by feed material size before sorting:
-20+50 mm size stones are processed with a higher priority; -5+10
mm size stones are sent to the sorting line in a separate batch.
After crushing and washing (via trommel sieve), the process
consists of four basic steps as the sorting process. In the first step,
the minerals are sieved according to their size and only -20+50
mm stones pass to the next step. In the second stage, the optical
color machine extracts the wastes and colored pebbles from the
quartz pieces with a capacity of 10-12 tons/hour. In the third stage,
the remaining minerals were divided into two parts, one being the
white quartz mineral and the other dark quartz mineral. Finally,
these two sections were manually sorted by product type, with
residual gravel and waste removed. The composition and sizing
processes of the processes are performed as shown in Figure 1.

* Products are crushed in the desired size in the crusher

+ Itis washedin a washing sieve (viaTrommel)
+ Classified by size

+ -20+50 mm stones sent to Optical Sorter Machine

Figure 1. Composition and Sizing Process Sequence.

1.2. Optical Color (Colour) Machine Working
Principle

The Optical Color (Visible light sensor) machine works for
color detection and mineral extraction. Multiple material
properties such as size, shape, gloss and color distribution are
processed simultaneously. The lighting unit on the machine
consists of technological liquid cooled LED technology. It can
provide stable and repeatable sorting results. The material
entering the machine is fed evenly through a vibro feeder
(vibration feeder) into a channel where it is detected by the
COLOR camera. This information is recorded and evaluated by
electronic system. At the end of the trough is an injection module
with several separate valves. If the sensor system detects the
particles to be separated, individual valves are opened at the exact
position and the material is expelled by means of compressed air.
The extracted material is divided into two fractions in the
separation chamber. These are desirable and undesirable products.
The image of the Optical Color Machine is shown in Figure 2 and
the working principle of the Optical Color machine is shown in

Figure 3.
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Figure 2. Optical Color Machine
Fed Product

Desirable
Production ggction

Separation Undesirable
Production

Figure 3. The Working Principle of the Optical Color Machine

2. Application

An optical sorter machine with a visible light sensitive
(Color) and linear reading sensor/camera was used within the
scope of the study. Product specification will be made in the form
of desired (white) and undesired (dark) products fed through
optical machines in the study. Firstly, a 5-10 mm white product
will be fed to the optical machine, and this product will come out
of the optic in white and dark colours with a size of 5-10 mm.
Then, the rust (dark) product will be fed to the optical machine,
and at the exit of this product, dark and white products in 5-10
mm dimensions will come out. In the control and observation of
the products themselves, gram, and percentage ratios of the
products on the basis of colour will be examined. Tomra Quartz
Color Sorting Optical Machine, shown in Figure 2, was used to
distinguish quartz minerals on a colour basis in the study. As seen
in Figure 4, white feed quartz minerals of 5-10 mm were fed to
the Optical machine, first of all. Then, the Pasa product shown in
Figure 5 was fed.
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Figure 4. Fed Product — White Material (5-10 mm) Figure 5. Fed Product — Waste (Dark

Material, 5-10 mm)

As a result of the classification, the products are shown as dark
and white product images in Figure 6 and Figure 7.

Dark
Product

Figure 6. Visual Classification of Output White Product (White-
Dark).

Dark
Product

White
Product

Figure 7. Visual Classification of the Removed Waste Product
(Dark - White).

Two separate sensitivity settings were made for each feeding
tonnage to the optical machine. Because it is to detect the fugitive
product (Final white product) in the dark product by feeding the
waste material other than the final product back into the system.
In addition, the purpose of feeding two separate products to the
system is due to the fact that a maximum of 1-1.5% of the product
is allowed to leak (undesirable dark) product in order to meet the
product acceptance criteria according to the customer's
perspective. At other rates, the product quality will not be
sufficient, and it will cause a negative situation in terms of quality
in customer preference.

The second feed product, which we describe as rust in the
feed product, is the product we describe as dark in the first feed
product. Since these products contain white quartz materials, we
feed them back to the system to recover them. In this feedback,
the sensitive setting of the machine needs to be made again.
Because the characteristic of the feeding product has changed
(Due to the intense color feature, we change the blowing). In the
first feed, the dark color product is blown in the machine sensitive
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settings, while in the second feed, the final product, which we call
leakage (final product in the unwanted product), is blown.

3. Findings

It is essential to determine the optimum conditions in
production feeding. This is also related to the machine to be fed.
In this context, it is of great importance to operate optical
machines efficiently in the field of study. Machine efficiency is
directly proportional to the correct feeding of the production.

The feeding tonnage settings made on the machine must be
selected correctly, in order to achieve the desired efficiency during
the selection of the final product in the Optic machine. Thus, by
making this choice correctly, the color characteristic of the final
product is also chosen correctly. In the study, weight meters were
used to obtain efficiency values. The data obtained as a result of
weighing the products coming out of the optical machine with a
calibrated precision scale (Figure 8) are shown in Table 1.

Figure 8. Accuracy Calculation of the Products Coming Out of
the Optical Machine by Weighing.

As can be seen from Table 1, while the feed amount in the
Optical Unit is 10 tons/h, the white ratio in the rust (dark colored
feed material) material is 12%. When the feed tonnage was
increased to 15 tons per hour, it was observed that the white ratio
in the rust material was 14%. When the feed tonnage is adjusted
as 18 tons/h, it is seen that the white ratio in the waste material is
16%. Likewise, when the feed tonnage is adjusted to 20 tons/h,
the white ratio in the rust material is 18%.

As can be seen from the values, the increase in the amount of
feed increased the white ratio in the rust material up to 18%. In
addition, the low amount of dark matter in the product is
important according to the product Quality Acceptance criteria.
According to the quality acceptance criteria, the presence of 1-2%
dark material in the product showed that the product can be used
in the feed blend recipe for Micronized and Milling Units in the
enterprise.
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Table 1. Final Amount and Percentage Calculation of Optical Machine Based Feed Products.

Band Sample of Waste Stone (Dark) Band Sample of Final Product (White
Size Coloured coloured)
of Percenta Percenta
NA Feed . Percenta Percenta
DATE M E |feed Tonnage Programme Name Afdjustr_ne_nt Amount Amou_nt ge ge Amount Amou_nt ge ge
OF rodu (tons/h) of Sensivite of Dark of White Amount Amou_nt of Dark of White Amount Amount
UNI ct Prod. Prod. of Dark of White Prod. (gr) Prod. of Dark of White
7 (mm) @ @ Prod. Prod. 9 (@) 0 0
(%) (%) Prod. (%) | Prod. (%)
80-22
* 5_
10 MEDIUM SEr:]\'rﬁ'V'TE 5-10 1o 562 54 91,2% 8,8% 6 896 0.7% 99,3%
15 MEDIUM SENSIVITE5-10 92-28 835 140 85,6% 14,4% 14 727 1,9% 98,1%
mm
88-36
15 MEDIUM SENSIVITE5-10 92-28 760 95 88,9% 11,1% 68 994 6,4% 93,6%
mm 88-36
15 MEDIUM SENSIVITE5-10 90-26 765 103 88,2% 11,8% 35 1102 3,1% 96,9%
mm 88-36
w
% 15 MEDIUM SENSIVITE5-10 88-24 771 96 88,95% 11,05% 49 989 4,7% 95,3%
Q mm _
S 88-36
N 2 18 MEDIUM SENSIVITE5-10 92-28 780 155 83,4% 16,6% 30 960 3,0% 97,0%
S = mm 88-36
o S S
—
2 3 o MEDIUM SENSIVITE 5-10 92-28 812 129 86,3% 13,7% 21 1100 1,9% 98,1%
- > 18 mm 88-36
<
—
o
o " MEDIUM SENSIVITE5-10 92-28 855 133 86,5% 13,5% 27 1182 2,2% 97,8%
g mm 88-36
s
S 18 MEDIUM SENSIVITE5-10 92-28 906 127 87,7% 12,3% 31 1098 2,7% 97,3%
mm 88-36
20 MEDIUM SENSIVITE 5-10 85-30 840 195 81,2% 18,8% 19 1023 1,8% 98,2%
mm 80-45
2% MEDIUM SENSIVITE 5-10 85-30 856 176 82,9% 17,1% 24 1106 2,1% 97,9%
mm 80-45
20 MEDIUM SENSIVITE 5-10 85-30 858 193 81,6% 18,4% 19 1005 1,9% 98,1%
mm 80-45
20 MEDIUM SENSIVITE 5-10 85-30 762 154 83,2% 16,8% 17 1053 1,6% 98,4%
mm 80-45

e-ISSN: 2148-2683 155



Avrupa Bilim ve Teknoloji Dergisi

35

—

19

FEED TOMMAGE (tons)
.
i

.

PERSENTAGE of CONTRABAND (%)

Leskage Percentage
of the White Product
in Dark Product
(%) 12121618

e Lesksge Percentage of the White
Product in Dark Preduct
%112 1416 18
Feed Tonnage (Tons) 10 15 18 20

12 14 16 18

10 15 18

Figure 9. Product Selection and Performance Status of Optical
Machine.

The maximum feeding capacity of the machine is
10t/h, and as can be seen from Figure 9, the leakage
percentage increases as the feeding tonnage increases.
This is an undesirable condition, and a low level of feeding
capacity is a desired product quality-oriented result.
However, it is ensured that the capacity is determined by
considering the optimum quality spectrum, considering
the production performance and the increase in costs. In
the study, it is seen that the most suitable conditions for
providing both the desired maximum capacity and product
quality are 10 tons/h feed tonnage, as can be seen in Table
1 values and Figure 9 display. However, when the
producer only considers the production performance,
when the feed tonnage increases, the number of illegal
products in the final product increases. Thus, there will be
a decrease in revenues due to material losses that can be
sold as the final product. However, there will be no
reduction in production costs per ton. In addition, in
feeding tonnages to be selected above the machine
capacity, there may be an increase in repair costs due to
early maintenance due to machine fatigue and increased
deformation rate. For these reasons, the decrease in
product quality and the increase in costs will not benefit
the operator economically and efficiently.

3. Results and Discussions

The machine selection efficiency was found to be 99.3-
98.4% for the desired white colour product at different feed
rates (10-20 tons/h) when the output data of the feed
sample entering the optical machine within the scope of
the study was examined. The productivity value in the dark
coloured (Waste Product) product, which is an undesirable
product at different feed rates (10-20 tons/h), was obtained
as 91.2-83.2%. The ratio of white product, which is
defined as rust and leakage in the product at different
feeding amounts, was found to be 8.8-16.8%. This
situation is due to the increase in the amount of feed, and
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it increased the leakage rate, which we describe as the
white product (final product) in the dark product.

For the most part, businesses are production oriented.
For this reason, they attach importance to the increase in
ton-based production amounts. However, machine-based
efficiency calculation is important and directly affects the
production performance of the enterprise. Therefore, while
determining the selection criteria depending on the
material characteristics of the optical machines, it is useful
to determine the most optimum feed amount values. In this
context, the use of optical separators in the most optimum
conditions in the ore enrichment processes of quartz
minerals will increase the product quality and minimize the
problems of goods supply and waste material (dark
coloured). In addition, it will work with maximum
capacity, ensure that the final product is produced without
re-feeding, and these processes will be carried out without
loss of production, considering the desired quality in the
operation of the system.
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Abstract

This paper presents the position control of the slider-crank mechanism in the simulation environment. The slider-crank mechanism
was first 3D modeled in the Solidworks environment. This model was afterwards converted to xml format. The slider-crank
mechanism's simulink blocks were made using the xml file from the Matlab model, which allowed the 3D model to be imported into
Matlab. These Simulink blocks were used to implement the PID control approach for angle control of the model's input limb. In order
to achieve this purpose, additional blocks required from the simulink have been added to other existing blocks. It has been determined
that the mechanism's target reference point rotates 90 degrees in 0.01367 seconds. It was discovered that the error value was 0.03114.
It is evident from the results that the mechanism's PID control method allows for quick position control with a very tiny margin of
error. Solidworks is a program that may be used to create the final design of the slider-crank mechanism that will be created using this
method. By deciding on the material that will be used to make the mechanism, it is simpler to achieve adequate control coefficients
for practical applications when the same operations are repeated. This will free up time for additional study.

Keywords: Position control, Slider-Crank, Mechanism control, Simmechanics, Modeling.

Krank Biyel Mekanizmasinin Pozisyon Kontrolii

Oz

Bu makale, simiilasyon ortaminda krank biyel mekanizmasinin konum kontroliinii sunmaktadir. Krank biyel mekanizmas ilk olarak
Solidworks ortaminda 3B modellenmistir. Bu model daha sonra xml formatina doniigtiiriilmiistiir. Krank biyel mekanizmasinin
simulink bloklari, Matlab modelinden xml dosyasi kullanilarak yapildi ve bu, 3B modelin Matlab'a aktarilmasina izin verdi. Bu
Simulink bloklar1, modelin girig uzvunun ag1 kontrolii i¢in PID kontrol yaklagimini uygulamak i¢in kullanildi. Bu amaca ulagmak icin
mevcut diger bloklara simulinkten gerekli ek bloklar eklenmistir. Mekanizmanin hedef referans noktasinin 0.01367 saniyede 90
dereceye ulastig1 elde edilmistir. Hata degerinin ise 0.03114 oldugu tespit edildi. Mekanizmanin PID kontrol ydonteminin ¢ok kiigiik
bir hata pay ile hizli pozisyon kontroliine izin verdigi sonuglardan agikga goriilmektedir. Solidworks, bu yontemle olusturulacak
krank biyel mekanizmasinin son tasarimini olusturmak i¢in kullanilabilecek bir programdir. Mekanizmayi yapmak i¢in kullanilacak
malzemeye karar vererek, ayni islemler tekrarlandiginda pratik uygulamalar i¢in yeterli kontrol katsayilarina ulasmak daha kolaydir.
Bu islem ek calisma i¢in zaman kazandiracaktir.

Anahtar Kelimeler: Konum kontrolii, Krank-Biyel, Mekanizma kontrolii, Simmecanics, Modelleme.
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1. Introduction

Mechanisms are devices that allow for the transfer of
movement and change one type of movement into another. In
many areas nowadays, mechanisms are used. The crank-
connecting rod mechanism is one of the systems that finds
widespread use. Internal combustion engines often use a crank
connecting rod mechanism to convert translational movement to
rotational movement, while pumps and compressors typically
use a crank connecting rod mechanism to convert rotational
movement to translational movement.

In the literature studies carried out so far, the position
control of the crank-connecting rod mechanism is made by using
the PID controller optimized with the Ziegler Nichols Method
[1], the position control of the crank-connecting rod mechanism
is carried out with the sliding mode controller and its dynamics
are examined [2], proposed of a fuzzy mesh structure for the
position control of the crank-connecting rod mechanism [3], the
position control of the crank-connecting rod mechanism is made
using PID fuzzy control [4], a genetic algorithm-based CTC
system is proposed for the position control of the crank-
connecting rod mechanism used in the ship propeller [5], the
crankshaft using adaptive calculated torque technique -the
position of the connecting rod mechanism is controlled [6], the
output of the crank-connecting rod mechanism is connected to a
pendulum, its control and dynamics are examined [7], the
collective parameter approach is preferred, the dynamic behavior
of the crank-connecting rod mechanism is modeled with a
driving force applied in the crank-pin center, and compared in
real time [8], optimum values of crank-connecting rod length
were investigated for cutting multi-layered materials [9], an
experienced self-adjusting PID control method was proposed for
the position control of the crank-connecting mechanism [10],
constant speed control to the crank-connecting rod mechanism is
recommended for machine tools [11], the crank-connecting rod
mechanism is used for the climbing part of the mast climbing
robot [12], the crank-connecting rod is proposed as a part of the
resonance control unit in the power output system [13], A self-
adjusting control method based on generalized minimum
variance control is proposed for the rotational speed control of
the crank-connecting rod mechanism [14], crank-connecting rod
is used in vibrating olive harvesters [15], crank-connecting rod is
used in pressing [16], to design task space controllers for crank-
connecting rod without using mechanism dynamics and
linearization methods in which a new method is proposed [17]
are available.

In this study, first of all, the crank-connecting rod
mechanism was designed as three-dimensional using Solidworks
solid modeling program. The generated crank-connecting rod
mechanism was transferred from Solidworks program to
Simmecanics. By using the blocks of the automatically formed
mechanism, the position control of the input part of the
mechanism was carried out with the PID control method.

2. Material and Method
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2.1. The Slider-Crank Mechanism in Three
Dimensional: Getting a Model

The Solidworks solid modeling program was used to design
the slider-crank mechanism in three dimensions, which will be
positioned using the PID approach. Four rotating sections were
created specifically for this use. The other three movable rods
have also been designed because the initial member of the slider-
crank mechanism is the fixed element. By integrating the rods
with the components that will allow for rotation, the solid model
of the slider-crank mechanism was created. The entrance limb
was moved to see if the mechanism was functional, and it was
noted that the other limbs also moved.

2.2. Converting the Solid Model of the Slider-
Crank Mechanism for Simulation

First, the slider-crank mechanism's xml file had to be
constructed by exporting it from Solidworks in order to be
imported into Matlab/Simmechanics as a solid model. Writing
the xml file generated by the smimport command on the Matlab
main command line resulted in the creation of the mechanism's
Simulink blocks. The slider-crank system has been imported into
Matlab, as shown in Fig. 1. The Simmecanics simulink blocks,
which are created when employing the solid model of the
mechanism, are also depicted in Fig. 2.

3 © —J— Time 2
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dl 1 RiGD

=0 p— Tlafslar‘l Krt 1 RIGID Pns"ul!: DlsL'n _RIGD '?ewuze! 53 1_RIGID R=Wh|£1 5[21 RiGID

Fig. 2 Simulink blocks of slider crank mechanism

2.3. PID Control of Slider-Crank Mechanism

The mechanism that generates Simulink blocks in the blocks
necessary to carry out position control in Simmechanics is added
as the first step in the PID control phase. Controlling the
placement of the other components of the mechanism entails
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checking the position of the input member, or the portion of the
mechanism where the motor is located. Only the position control
of the entering limb was created because the mechanism only
has one degree of freedom. The block diagram for the
mechanism's PID control is shown in Fig. 3.

ilx)=0 Tra'\shm] Kn _RIGID Prigmatic piston_1 RIG:DRm.nI.IkZ al_1_RIGID Hu wolel 62 1_RIGID

w0
" —

&
Vo

Fig. 3 Block diagram of mechanism with PID

The PID gain coefficients that were determined by calculations
on the block model are shown in Fig. 4.

FID ControBier el

This block implements continuous- and discrete-time PID control algarithms 2nd includes advanced features such as anti-
windup, external reset, and signal tracking. You can tune the PID gains automatically using the “Tune..." button (requires
Simulink Control Design).

Contraller: | PID = Form: |Parallel
Time domain:
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| Main [ PID Advanced
Controller parameters

Data Types state Attributes

Fllter coefficlent (M):

238.320190191955
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Derivative (D) 0.316442136721816 &
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Fig. 4 PID gain coefficients

3. Results and Discussion

The position of the input member of the slidr-crank
mechanism was asked to attain 90 degrees using the PID control
approach. The desired reference position value is given while the
settling time is 0.01367 seconds, as can be shown in Fig. 6. The
graph shows that 96.94 is the highest value ever attained. A
maximum overshoot of 7.71% was obtained, resulting in the
reference value that was desired.

Fig. 7 gives a close view of the angle value of the input
limb. It is seen in the graph that it is very close to 90 degrees. It
takes different values between 89.99 and §9.998 values.
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The entry limb's angle value should increase to 90 degrees.
The output angle value on the display screen reaches 90 degrees
after the PID control is applied, as shown in Fig. 5.

Fig. 5 Block diagram with output angle value
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Fig. 6 Input Link Position Control of Slider Crank
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Input Link Position Control of Slider Crank Mechanism
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Fig. 7 Close View of Input Link Angle

The input limb's error value is displayed in Fig. 8. At the
point of settling, when 90 degrees was attained, the error value
was calculated to be 0.003114. It can be observed that this error
value is quite modest and within acceptable bounds.

Input Link Angle Error of Slider Crank Mechanism
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4. Conclusions and Recommendations

In this study, a solid model of the slider-crank mechanism
was made, and it was then converted from Solidworks to
Matlab/Simmechanics. The mechanism's position was controlled
by applying the PID control approach to the blocks created in the
Simmechanics environment. It was adequate to execute the
position control of the input component using the slider-crank
mechanism because it only has one degree of freedom. With a
maximum overshoot of 7.71% and an inaccuracy of 0.003114,
the movement finished in 0.01367 seconds and met the intended
90 degree reference value.
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Fig 8 Input Link Angle Error

Fig. 9 gives a close view of the error value of the input limb.
It is seen in the graph that it is very close to 0 degrees. It takes
different values between 0.011 and 0.001 values.
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Oz

Tarimsal atik kaynakli biyokiitleler, katma degerli karbonlu malzemelerin sentezi i¢in bol, dogal ve uygun fiyatli bir karbon kaynagi
sunmaktadir. Bu tarimsal atiklarin nano 6lcekli irinlere doniistiiriilmesi, grafen tipi nanomalzemelerin ticari liretimi i¢in ¢evre dostu,
uygun fiyatli, basit ve dlgeklenebilir yeni sentez yontemlerinin gelistirilmesine dayanmaktadir. Bununla birlikte, tiim tarimsal atiklar,
GO iiretimi i¢in gerekli olan karbonlu bir iiriin gérevi gérmektedir. Buna dayanarak, bu ¢alismada, GO hazirlamak i¢in yeni biyokiitle
malzemeleri ve ekonomik yaklasimlar Onerilmektedir. Bununla beraber, grafen sentez yontemlerinin avantaj ve dezavantajlari
tartigilarak yesil nanoteknoloji incelenmistir. Biyokiitlelerden karbon bazli nanomalzemelerin sentezi iizerine yapilan bazi g¢aligmalar
incelenerek grafenin saglik uygulamalarindaki yeri arastirilmistir. Lignoseliilozik biyokiitlelerin karbon temelli nanomalzemelere nasil
donistiirildiigi aragtirilarak mekanizmasi tartigilmistir.

Anahtar Kelimeler: Tarimsal atik, Yesil sentez, Grafen oksit, Grafen, Nanomalzeme.

A Brief Overview of the Synthesis of Carbon-Based Nanomaterials
from Biomass

Abstract

Biomass from agricultural waste offers an abundant, natural and affordable carbon source for the synthesis of value-added carbonaceous
materials. The conversion of these agricultural wastes into nanoscale products relies on the development of environmentally friendly,
affordable, simple and scalable new synthesis methods for commercial production of graphene-type nanomaterials. However, all
agricultural waste acts as a carbonaceous product required for GO production. Based on this, in this study, new biomass materials and
economical approaches were proposed to prepare GO. In addition, the advantages and disadvantages of graphene synthesis methods
were discussed and green nanotechnology was examined. Some studies on the synthesis of carbon-based nanomaterials from biomass
were examined and the place of graphene in health applications was investigated. How lignocellulosic biomass was converted into
carbon-based nanomaterials was investigated and its mechanism was discussed.

Keywords: Agricultural waste, Green synthesis, Graphene oxide, Graphene, Nanomaterial.
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1. Giris

Biyokiitle, genellikle biyolojik fotosentez  yoluyla
sentezlenebilen, dogadan tiiretilen bitkiler veya bitki bazlh
materyaller olarak bilinir. Biyokiitlenin enerji iiretiminde ve baska
bir kimyasal iiretimde kullanilmasi, tarima dayali iilke igin
ekonomik  biiylimeye yardimci olacaktir.  Biokiitlelerin
degerlendirilmesi fosil yakita olan bagimliligin azaltilmasina,
tarim, orman yonetimi, petrol ve kimya endiistrisinde daha fazla
is firsat1 yaratilmasina yardimci olur. Kiiresel enerji talebinin
yaklasik %25'i biyokiitle atiklari tarafindan olusturuldugu icin
enerji arzinda hayati bir rol oynamaktadir (Kamal, Othman, and
Jabarullah 2020).

I¢inde bulundugumuz yiizy1l, biyokiitle yonetiminde yerel ve
ticari agidan uygun katma degerli iriinlere yonelik artan
zorluklara tamik olmustur. Bu baglamda, biyokdmiiriin
gelistirilmesi i¢in biyokiitlenin kullanimi, bitki korumada giibre,
boyalarin gelistirilmesinde dolgu maddeleri, yar1 iletkenler,
organik sentezde yesil kataliz ve su aritmada adsorban gibi
uygulamalar i¢in biiylik ilgi gOrmiistir. Bununla birlikte,
nanoyapilarin sentezi i¢in yenilenebilir kaynaklarin kullanimi son
yillarda ilgi odagi haline gelmistir. Ham biyokiitle ve tarimsal
atik, katma degerli karbonlu malzemelerin sentezi i¢in bol, dogal
ve uygun fiyatlh bir karbon kaynagi sunar. Son zamanlarda,
yiikksek performanslhi elektronik cihazlar, su aritma ve enerji
uygulamalar1 i¢in biyokiitlenin degerli nano O6lgekli iriinlere
doniistiiriilmesi, grafen tipi malzemelerin ticari tiretimi i¢in uygun
fiyathh yeni Onciileri belirleme ¢abasiyla bilim adamlar1 ve
endiistriden kiiresel olarak biiyiik ilgi goérmektedir. Tarimsal
mahsullerin iiretimi ve hasadi farkli alanlarda kullanilabilecek
tarimsal atiklar iiretir. Kiiresel yillik biyokiitle miktar1 1x10'°
metrik tondur; bu miktar, 2050 yilina kadar dngoriilen kiiresel
ekili alan artigina bagli olarak artmaya devam edecektir. Ancak
tarim ¢opliigiiniin biiylik bollugu ve kotii yonetimi dogaya sorun
¢ikarmaktadir. Bu nedenle onu alternatif bir sekilde kullanmak
gerekir. Son yirmi yilda, fullerenler, grafen ve nanotiipleri igeren
karbon arastirmalarinda bir dizi atilima ve ilging bir sekilde,
biyokiitle veya tarimsal atiklarin termokimyasal yodntemi
kullanilarak grafen iretilebildigine tanik olduk. Bu amagla, piring
samani, piring kabugu, talas, cay atiklari, kenevir, seker kamisi
kiispesi, muz kabugu, karpuz kabugu, portakal kabugu ve ananas
yapragi gibi tarimsal atiklarin karbon bazli nanomalzemelerin
hazirlanmasinda kaynak olarak kullanimina artan bir ilgi vardir.
Yerkabugunda en bol bulunan 15. elementi olan karbon, gii¢lii ve
ayarlanabilir bir liiminesansa sahiptir ve karbondaki kuantum
etkisi hem temel hem de teknolojik olarak son derece dnemlidir.
Karbon nanotiipler, fullerenler ve grafen gibi karbon
nanomalzemeler, yiiksek gerilme mukavemeti, korozyona karsi
olaganiistii direng ile milkemmel elektriksel-termal iletkenlik ve
kararlilik gibi dstiin fiziksel ve kimyasal Ozelliklere sahiptir
(Ahuja vd. 2022; Baweja and Jeet 2019; Kamal Ghadiri vd. 2020;
Karna vd. 2017; Mohan, B, and Panicker 2019; Safian, Haron,
and Mohamad Ibrahim 2020; Singhal vd. 2022; Tamilselvi vd.
2020). Karbon atiklariin geri doniistiiriilmesi ve grafen ile grafen
okside donistiiriilmesi birgok ekonomik ve c¢evresel fayda
saglayabilir ve birgok uygulamada kullanilabilir (Sahila Grace ve
Littis Malar 2020). Ayrica, biyokiitle kaynaklarindan grafenin
stirekli gelistirilmesi ve basarili bir sekilde uygulanmasi, yeni
islere ve gelecekteki ekonomiyi beslemek igin potansiyel olarak
biiyiik bir gelir kaynagina yol agabilir (Saha ve Dutta 2021).
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2. Grafen, Sentez Yontemleri Avantaj ve
Dezavantajlar

Giintimiizde gozenekli karbon, karbon nanotiipler ve grafen
gibi karbonlu malzemeler, yiiksek yiizey alani ve gézenek boyutu,
islevsellestirme kolayligi ve kimyasal olarak kararli yapilar
nedeniyle biiylik ilgi gérmektedir (Arifin vd. 2020). Bunlarin
arasindan grafen ve tiirevleri, benzersiz yapilar1 ve fiziksel,
kimyasal, termal ve diger 6zellikleri nedeniyle son zamanlarda
dikkat cekmektedir. Grafenin iki boyutlu (2D) altigen kafesi, sp2-
bagli karbon atomlarindan meydana gelen bir agdan olusur ve
serbest formda kararli olan "en ince malzemeyi" temsil eder. Sira
dis1 mekanik ozellikler ve iyi dagilim performans ile birlikte
miikemmel elektronik o6zellikler, termal iletkenlik ve yiiksek
yiizey alani, grafeni kompozit malzemelerin yapisal
modifikasyonu ve diger bir¢ok uygulama i¢in umut verici bir aday
yapmaktadir. Karbon bazli bir diger nanomalzeme olan grafen
oksit (GO), fizik, kimya, biyoloji ve tip dahil olmak {izere ¢esitli
bilimsel ve miihendislik alanlarinda 6ngériilen genis uygulama
yelpazesi nedeniyle disiplinler arasi biiyiik ilgi gérmiistiir. GO
sentezlemenin orijinal yontemi, dumanli nitrik asit i¢indeki bir
grafit karisimina potasyum kloratin eklenmesine dayanmaktadir.
Bu sentetik protokol, konsantre siilfiirik asidin yani sira dumanli
nitrik asit kullanilarak ve reaksiyon boyunca birden fazla alikuot
halinde klorat eklenerek gelistirilebilir. Yaygin olarak kullanilan
Hummers yonteminde grafit, konsantre H,SO4 asidinde KMnO4
ve NaNOs'iin islenmesi boyunca oksitlenir. Tiim bu prosediirler
sirasinda, ayni zamanda patlayici olan NO,, N,O4 ve ClO, gibi
¢ok sayida toksik ve zararli gaz yayilir. GO hazirlamada en 6nemli
iki adim sunlardir: i) indirgeme (GO'dan oksijen gruplarinin
¢ikarilmasi), ii) Kimyasal iglevsellestirme (GO'ya baska kimyasal
islevler ekleme). Son birka¢ yilda, grafen ve grafen oksit
malzemelerin sentezi i¢in elektro-kimyasal, kimyasal, mekanik ve
ultrasonik pul pul dokiilme, epitaksiyel biiyiime, mekanik
eksfoliasyon teknikleri, kimyasal buhar biriktirme (CVD)
teknikleri gibi cesitli teknikler gelistirilmistir. Bununla birlikte, bu
tekniklerin ¢ogu olduk¢a karmasik ve pahalidir. Ticari olarak
temin edilebilen GO o6rneklerinin ¢ogu, Hummers yontemiyle
veya bunun degistirilmis bir versiyonuyla sentezlenmistir. Ticari
olarak temin edilebilen grafen oksidin gram basina maliyeti
yaklagik 200 dolardir (Hashmi vd. 2020; Somanathan vd. 2015).
Diinya grafen pazarmin ise 2022 yilina kadar 150 milyon sterlini
agmasi1 beklenirken, grafenin potansiyelini gergeklestirmek igin
bu endiistriyel zorluklarin {iistesinden gelinmesi gerektigi
bildirilmistir (Yan vd. 2020). Bununla birlikte, grafen iiretimi igin
Olceklenebilir bir yontemin nasil olusturulacagi konusunda
zorluklar ortaya ¢ikmaktadir (supriadi vd. 2017). Bu yontemler ne
Olceklenebilir ne de ekonomiktir. Bu nedenle, siiper kapasitorler
ve piller gibi elektrik enerjisi depolama cihazlari igin elektrot
malzemelerinin gelistirilmesine yonelik yiiksek kaliteli grafen
iretimi i¢in Slgeklenebilir, yenilenebilir ve uygun maliyetli bir
stireg gelistirmek son derece ragbet gormektedir (Purkait vd.
2017).

2.1. Yesil Nanoteknoloji

Son zamanlarda, grafen oksidi biiyiik, diiz ve bozulmamis
grafen tabakalarina doniistiirme girigimleri sirasinda karsilasilan
zorluklar ve problemler bir¢ok teorik ve deneysel arastirmaya yol
agmistir (McDonald-Wharry, Manley-Harris, ve Pickering 2013).
Yesil bazli nanomalzemelerin sentezine odaklanan diinya
capindaki mevcut arastirma ilgisi dikkate deger bir oranda
artmaktadir. Yesil nanoteknoloji, toplumumuzun karst karsiya
oldugu kiiresel siirdiiriilebilirlik anlasmazliklarina verimli, uygun
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maliyetli, basit ve ¢evresel olarak tolere edilebilir ¢oziimler
saglama yetenegine sahip esnek bir platform olarak ortaya
¢ikmisti. Mevcut egilime dayali olarak, nanomalzemelerin
iiretiminde hammadde olarak biyokiitlenin kullanilmasi, yerel ve
kiiresel kirliliklerle ilgili problemlerle basa ¢ikmak i¢in biyo-
tabanli ekonomi ve yesil segenekler olarak kabul edilmistir (Amir
Faiz vd. 2020). Yukarida bahsedilen yontemlerin dezavantajlari
gdz Oniine alindiginda, biyokiitleden tiiretilen karbonlu
malzemelerin tliretilmesi sadece ¢evresel olarak siirdiiriilebilir ve
Olgeklenebilir degil, ayn1 zamanda pahali kimyasal reaktiflerin
kullanilmasina gerek olmadig: icin diisiik maliyetlidir. GO'nun
hazirlanmas1 i¢in biyokiitle malzemesinin Onciil olarak
kullanildig1, kontrol edilebilir katman araligi ile elde edilen
grafitizasyon karbonu kullanilir. Bu noktada piroliz, biyokiitle
atiklarindan karbon bazli malzeme iretmek igin etkili bir
yontemdir. Biyokiitle atiklar1 (6rnegin, kitosan ve glikoz) yiiksek
potansiyelli bir karbon besleme stogudur. Esas olarak piroliz
teknikleri ile karbonlu malzemelere doniistiiriilebilirler. Piroliz
proseslerinde, baglangi¢c materyalini olusturan karbon zincirleri,
katalizorler veya sablonlar varliginda inert atmosfer altinda termal
ayrismaya ugrayarak hidrokarbonlara, aktif karbona, CNT'ye ve
grafene doniistiiriliir. Her kaynagin kullaniminin yani1 sira uygun
tiretim yollariin se¢iminin, iiretilen grafen ve grafen ile ilgili
malzemelerin nihai 6zelliklerini dogrudan etkiledigine dikkat
edilmelidir. Atik kirliligi her gegen giin arttigindan, grafen ve
tirevlerinin  iretimi  konusunda  gerekli  arastirmalarin
yapilabilmesi igin bilim camiasinin atik yonetimi konusundaki
son gelismelere biiylik 6nem vermesi gerekmektedir. Literatiirde,
karbon bazli kuantum noktalarinin sentezinde seker kamisi
kiispesi gibi tarimsal atiklarin toksik olmayan bir baslangic
malzemesi olarak kullanildig: bildirilmistir (Baweja ve Jeet 2019;
Berktas vd. 2020; Zhu, Shi, ve Chen 2015).

2.2. Biyokiitlelerden Karbon Bazh
Nanomalzemelerin Sentezi Uzerine Yapilan Bazi
Cahismalar

Shams ve arkadaglari, nitrojen atmosferi altinda 1200 °C'de
kafur yapraklarinin termal pirolizi ile grafen elde etti. Primo ve
digerleri, herhangi bir katalizor veya asit yardimi olmadan
hazirlanan kitosan filmlerinin tavlanmasi ve pirolizi yoluyla ilk
spin kaplama kitosan ¢ozeltisiyle milkemmel elektronik
ozelliklere sahip N-katkili grafeni sentezledi. Ayrica, Chen ve
digerleri, diinya ¢apindaki muazzam iiretimi nedeniyle bugday
samanint bir oncii olarak seg¢ti ve hidrotermal ve grafitlestirme
islemlerini kullanarak miikemmel elektrokimyasal ozelliklere
sahip yiiksek kaliteli birka¢ katmanli bozulmamis grafen levhalar
elde etti. Ayrica, Ding ve digerleri, kagit hamuru enddistrisi atig1
olan siyah likorden iletken ve seffaf ince grafen filmleri
sentezlemek i¢in yesil, basit ve 6l¢eklenebilir bir yontem bildirdi
(Berktas vd. 2020).

2.3. Grafenin Saghk Uygulamalarindaki Yeri

Grafen ozellikle saglik sektoriinde son zamanlarda 6nemli bir
yere sahiptir. Grafen bazli biyouyumlu malzemelerin toplu
iretimine  yOnelik  aragtirmalar,  biyosensorler, aritma
membranlari, sthhi maddeler vb. gibi genis uygulama alanlar
nedeniyle hiz kazanmisti. Modern cagdaki tip ve sanitasyon
endistrisindeki en biiyiik zorluklardan biri, cesitli bakteri
suslarinin  evriminin ve adaptasyonunun sinirlandirtimasidir.
flaglara ve diger antibiyotiklere kars1 bakteriyel direngteki tutarli
iyilesme, arastirmacilari daha iyi tarama ile yeni antibakteriyel
ajanlar aramaya zorlamistir. Grafen ve grafen tiirevleri,
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miikemmel antibakteriyel ve antimikrobiyal dzellikler sergiler,
terapdtik teslimatlar sirasinda meydana gelebilecek bakteriyel ve
mikrobiyal enfeksiyonlart 6nlemek/en aza indirmek igin temel bir
husustur. Grafenin keskin kenarlar1 araciligiyla bakteri hiicre
zarlarm1  pargalayabildigi ve bdylece onu bakterisidal
uygulamalar i¢in umut verici bir aday haline getirebildigi daha
onceki arastirmalardan kanitlanmugtir. Inorganik
nanopartikiillerle gomiilii grafenik yapilar, antibakteriyel
performanslar1 ve memeli hiicrelerine karsi diisiik sitotoksisiteleri
ile de iyi bilinmektedir (Baweja ve Jeet 2019; Valentini vd. 2018).

2.4. Lignoseliilozik Biyokiitleden Karbon Temelli
Nanomalzemelere Doniisiim

Lignoseliilozik biyokiitle, hiicre duvarinda bulunabilen
karmasik lifli bir malzemedir. Ug ana yapisal birim seliiloz,
hemiseliiloz ve ligninden olusur. Lignoseliilozik biyokiitle, ¢esitli
uygulamalarda potansiyel bir siirdiiriilebilir hammaddedir (Kamal
vd. 2020). Lignin agisindan zengin biyokiitle, yiiksek sabit karbon
iceriginin bir sonucu olarak yiiksek termal stabiliteye ve diisiik
reaktiviteye sahip komiirler verir (Rajagopal, Komiyama, ve
Borhan 2021). Literatiirde “biyokarbonlar” olarak da adlandirilan
lignoseliilozik biyokiitlelerin sahip oldugu seliiloz ((C6H1005)n)
ve hemiseliiloz bilesenlerinin, grafenin altigen kristal yapisiyla
ilgili baglar1 oldugu ve dolayisiyla bu bilesenlerin tek tabakali
grafen tipi malzeme elde etmek igin potansiyel olarak
indirgenebilecegi bildirilmistir (Karami vd. 2022; McDonald-
Wharry vd. 2013; Tamilselvi vd. 2020). Sentetik mekanizmada,
grafen bazli nanomalzemelerin olusumu iki adimdan
olusmaktadir. Ilk basta glikoz iiretmek igin seliilozun
hidrolizlenmesi ve grafen bazli nanomalzemeleri elde etmek i¢in
glikozun takip eden dongiisel yogunlastirilmasidir. Tiim siire¢ su
sekilde detaylandirilabilir: Ilk olarak, deiyonize su, hidrotermal
kosullar altinda yiiksek sicaklik ve basingta biiylik miktarda H+
ve OH iiretmektedir. Boylece, selillozun hidrolizi, herhangi bir
asit veya selilloz yoklugunda, H+'nin etkisi altinda art arda
gerceklesir. Daha sonra, selillozdan glikoz, selobiyoz ve
levoglukozan  gibi  ¢esitli  bilesenler fretilir.  Hidroliz
reaksiyonunun ilerlemesiyle, glikozun {iriin verimi giderek
yiikselir ve glikoz ana iiriine doniisiir. Sonug olarak, glikozun
hidroksil gruplari, bitisik hidrojen atomlar1 ile reaksiyona
girerken, formil gruplar1 hidroksil gruplari ile reaksiyona girerek
hidrotermal kosul altinda glikozun dehidrasyonuna yol agar. Ayni
zamanda, glikozlarin karbon atomlari, grafen yapisinin temel
birimi olan aromatik halkalar1 olusturmak i¢in kovalent olarak
birbirine baglanir. Bdylece, glikozlar, dongiisel yogunlagma
yoluyla grafen kuantum noktalarina (GQD) doniistiiriiliir. Ayni
zamanda, karbonizasyon ile karbonhidratlarin kalintilarindan
karbiir ¢okeltileri de olusur. Sonunda, cokeltileri reaksiyon
driinlerinden ayirarak santrifiijleme yoluyla grafen bazh
nanomalzemeler elde edilir (Abhilash, Swetha, ve Meshram
2022).

4. Sonug¢

Tiim tarimsal atiklar, GO {iretimi i¢in gerekli olan karbonlu
bir iirtin gorevi gérmektedir (Hashmi vd. 2020). Ayrica, GO
hazirlamak ig¢in yeni biyokiitle malzemeleri ve ekonomik
yaklagimlar bulmak biiyiik bir zorluktur (Zhu vd. 2015). Cesitli
biyokiitle malzemeleri arasinda misir kogani, piring kabugu,
Aycigek sap1 ¢aligmalarda GO'nun hazirlanmasi igin kullanilan
ucuz, ¢evre dostu ve yenilenebilir dogal bir malzemedir. Bu
tarimsal atiklar arasindan, piring tanelerinin koruyucu kaplamasi
olan piring kabugu, piring ve yenilenebilir atiklarin 6giitiilmesinin
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bir yan iriiniidiir ve geltik pirincinin kuru agirligimin agirlikca
%16-25"ni olusturur. Diinyada yilda yaklasik 120 milyon ton
piring kabugu tiretilmektedir. Piring kabugunun diisiik yogunlugu
ve daha az ticari ilgisi nedeniyle, silika nanopargacik sentezi
disinda yiiksek degerli uygulamalar1 genellikle fark edilmeden
birakilir. Piring kabugu kiilii (ortam atmosferinde yanmig piring
kabugu yan {iriinil); silika, aktif karbon, zeolitler, grafen vb.
sentezinde genis uygulamalara sahiptir. Pirin¢g kabugu, evsel ve
endiistriyel islemede kullanimi sadece alternatif bir ¢oziim
saglamakla kalmaz bertaraf sorununa degil, ayn1 zamanda yakma
veya depolama konularina ve bunlarin katma degerli iriinlere
doniistiirilmesinde daha fazla faydaya deginir (Abhilash vd.
2022; Arifin vd. 2020).
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Oz

Cok yonlii ve ¢ok katmanli tabaka tabaka (LbL) kaplamalar uzun yillardan beri arastirmacilarin ilgisini ¢eken bir konudur. Bu durumu
ortaya ¢ikaran temel sebepler, yaklasimin ¢ok yonliiliigii ve istikrarli bir sekilde artmaya devam eden genis bir uygulama yelpazesine
sahip olmasidir. Kontrollii yiizey modifikasyonu ileri malzemeler gelistirmenin de anahtar1 oldugundan, nano dlgekte yapilandirilmis
malzemelerden LbL esasli olanlarin hazirlanmasi ve uygulama alanlarinin arastirilmasi giderek daha popiiler hale gelmektedir. Bu
calismalarda ele alinan uygulama alanlar1 arasinda -¢evre kirliliginin 6nlenmesi/iyilestirilmesi, ekolojik denge ve ¢evresel kaynaklarin
korunmasi, ekonomik siirdiiriilebilirligin gozetilmesi vb. de 6ne ¢ikarilarak- atik aritimi, membran uygulamalari, siiperhidrofobik
kaplamalar, ultraviyole koruyucu kaplamalar, elektroaktif kaplamalar, hiicre uygulamalar1 vb. bulunmaktadir. Stiperhidrofobiklik ve
stiperhidrofobik 6zellige sahip malzemeler, kendi kendini temizleme 6zellikleri nedeniyle hem akademide hem de endiistride biiyiik ilgi
gormektedir. Nanoteknolojinin ortaya ¢ikmasiyla birlikte, stiperhidrofobiklige ulagmak i¢in yiizey mimarisinin ve ylizey kimyasinin
kontrol edilmesini saglamak miimkiindiir. Siiperhidrofobik yiizeylerin benzersizligi sayesinde bu konudaki ilerlemelerin gelecekte
onlarca y1l siirmesi beklenmektedir. Bu derleme ¢alismasi son yillarda kontrolii daha da zor hale gelen ¢evresel problemlerden birisi
olan sulardaki yagsi kirliliklerin/organik atiklarin giderimine yonelik olarak oOnerilen siingerik sorbentlere odaklanmaktadir. Bu
baglamda, siingerik sorbentlere LbL teknigi ile kazandirilmis ¢esitli 6zellikler yaninda temelde hidrofobik/siiperhidrofobik karakter
kazandirilmis polimerik siingerlere iligkin avantaj/dezavantajlar irdelenerek yapilan ¢alismalar gdzden gegirilmistir.

Anahtar Kelimeler: Tabaka tabaka kaplama, Polimerik siinger, Hidrofobik.

A Review On The Role Of LbL Technique In Post Modification Of
Polymeric Sponges

Abstract

Multipurpose and multilayered layer-by-layer (LbL) coatings have been a topic of interest to researchers for many years. The main
reasons for this situation are the versatility of the approach and the wide range of applications that continue to increase steadily. Since
the controlled surface modification is also the key to developing advanced materials, the preparation of nano-structured materials based
on LbL and the investigation of their application areas are becoming more and more popular. Among the application areas covered in
these studies -preventing/improving environmental pollution, protecting ecological balance and environmental resources, observing
economic sustainability, etc. also highlighting- waste treatment, membrane applications, superhydrophobic coatings, ultraviolet
protective coatings, electroactive coatings, cell applications, etc. exists. Superhydrophobicity and materials with superhydrophobic
property are of great interest in both academia and industry due to their self-cleaning properties. With the progress of nanotechnology,
it is possible to control surface architecture and surface chemistry to achieve superhydrophobicity. Thanks to the uniqueness of
superhydrophobic surfaces, advancements in this area are expected to continue for decades. This review study focuses on sponge
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sorbents recommended for the removal of oily pollutants/organic wastes in water, which is one of the environmental problems that have
become more difficult to control in recent years. In this context, the advantages/disadvantages of polymeric sponges with essentially
hydrophobic/superhydrophobic character, as well as the various properties that have been imparted to sponge sorbents with the LbL

technique, have been reviewed.

Keywords: Layer by layer coating, Polymeric sponge, Hydrophobic.

1. Giris

Kat1 yilizeylerin 1slatilabilirligi ve 1slatilabilirligin kontrolii;
fizik, kimya, biyoloji, malzeme ve miihendislik gibi pek ¢ok
caligma alam1 ig¢in Onem tagiyan bir konudur. Temelde
islatilabilirlik yiizey iizerine damlatilan suyun sahip oldugu temas
acisidir ki bu a¢1 90°’den biiyiikse yilizey hidrofobik ve 150°’den
biiyiik ise de siiperhidrofobik olarak tanimlanir. Doga her zaman
arastirmacilarin ilgisini ¢eken ve onu taklit ederken yeni
teknolojilere erisilmesine imkan saglayan fenomenlerle dolu
olmast nedeniyle kuvvetli bir motivasyon kaynagi olmustur.
Dogada yer alan niliifer yapraklari, su egrelti otu (salvinia
molesta) ve su boceklerinin bacaklari gibi &rneklerden ilham
almarak, hem akademik hem de endiistriyel uygulamalar
acisindan ilgi ¢ekici olan siiperhidrofobik yiizeyler, pargaciklar,
stingerler, aerojeller vb. aragtirmacilar tarafindan ¢alisiimakta ve
tasarlanmaya devam edilmektedir. Ciinki siiperhidrofobik 6zellik
malzemenin yapisma direnci, buzlanma direnci, kirlenme direnci
ve kendi kendini temizleme gibi 6zelliklerinin 6ne ¢iktig1 anten
ve camlara karn yapismamasi, deniz tasitlari i¢in kirlenme
onleyici boyalar, leke direngli kiyafetler, kendi kendini
temizleyen tasit on camlari, yag-su aywrma islemleri, mikro
akigkanlar, kontrollii ila¢ salinimi gibi uygulamalar agisindan
elzemdir (Darmanin & Guittard, 2015; L. Li vd., 2016; X. M. Li
vd., 2007).

Bu uygulama alanlarinin belki de en 6nemlilerinden birisi,
kiiresel bir oncelik haline gelen bir arastirma alani olmasi
sebebiyle, su kaynaklarinda kirlilige sebep olan yag ve petrol
tirevlerinin giderimidir. Ham petrol sizintilari, petrokimya ve
metaliirji endiistrileri, ilag fabrikalar1 ve toksik organik ¢oziiciiler
kiiresel 6lcekte ciddi ¢evre kirliligine neden olmaktadir. Yerinde
yakma, kimyasal oksidasyon, yiizeyden styirma, filtrasyon ve
sorpsiyon da dahil olmak iizere petrol sizintilari, yags:i maddeler
ve organik dokiintiiler i¢in bazi temizleme tekniklerine iliskin
¢aligmalar literatiirde bulunmaktadir. Bunlarin arasinda yerinde
yakma, kimyasal dispersantlar, yiizeyden siyirma gibi teknikler
kullanim sonrasi ikincil kirlilikler olusturmalari, yiiksek isletme
maliyetleri ve yiiksek enerji gereksinimleri gibi dezavantajlara
sahiptir. Diger taraftan su veya polar olmayan organik bir
¢0Oziiciiniin sadece birinin gegisine izin veren membranlar veya
1zgaralarin kullanildig filtrasyon ile dogrudan suyu iterken yag:
tutan aerojel, siinger/kopiik gibi fonksiyonel malzemelerin
kullanimima dayanan sorpsiyon teknikleri ise etkili, ucuz ve
minimum ¢evresel etkiye sahip olanlardir (Vasquez vd., 2019).
Biiyiik miktarda suya uygulanmasini zorlu kilan, temizlenecek
suyun toplanmasinin ardindan yercekimi etkisiyle ayrilmasini
gerektiren filtreleme ile karsilagtirildiginda ise yine sorpsiyon
teknigi daha basit ve etkili olmasi sebebiyle, petrol sizintilarini ve
organik ¢oziictileri gidermek icin yaygin olarak tercih edilen bir
yontem haline gelmistir (Zhang vd., 2020).

Yag ve coziiciilerin sorpsiyonu i¢in yiiksek yag sorpsiyon
kapasitesine ve  yag-su segiciligine sahip, yeniden
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kullanilabilecek ucuz ve gevre dostu malzemeler gerekmektedir
(Kong vd., 2018). Bilindigi iizere sorbentler fiziksel veya
kimyasal etkilesim i¢in genis yiizey alami saglayarak, kirlilik
olusturan bileseni adsorplayarak ve/veya absorplayarak geri
kazanan malzemelerdir. Sularda meydana gelen
sizintr/dokiilme/desarj kaynakli kirliligin temizliginde 6nemli bir
rol oynarlar ve iki sekilde kullanilabilirler: engeller gibi
cevreleme araglarina yedek olarak su veya karadaki dokiilmelerin
son izlerini temizlemek i¢in pasif bir temizleme araci olarak veya
¢ok kiigiik dokiilmeler igin birincil kurtarma araci olarak.
Sorbentler dogal veya sentetik malzemeler olabilirler. Dogal
sorbentler organik (aga¢ kabugu veya ahsap fiberi, kus tiiyii, turba
yosunu, saman vb.) ve inorganik malzemeler (kil, perlit,
vermikiilit vb.) olarak gruplandirilabilir. Sentetik sorbentler ise
polimer esasli ve karbon esashi iiriinlerden olusmaktadir.
Sorbentlerin kullaniminda ana kisitlama ytiksek sermaye maliyeti
ve sorbent malzemenin dzelliklerine bagli olarak diisiik sorpsiyon
kapasitesidir. Bazi sorbentler de hem yag hem de suyu
tutmalarindan dolayr bir siire sonra suda batabilirler. Sentetik
organik sorbentlerden polimerik olanlar (poliiiretan, polipropilen,
polietilen ve ¢apraz bagli polimerler) hidrofilik ve oleofilik
karakter tagimalari sebebiyle yag dokiilmelerine karsi yaygin
olarak kullanilan ticari malzemelerdir. Bununla birlikte bu
sorbentlerin tek basina sorpsiyon kapasitesi ¢ok da yiiksek
degildir (Fingas, 2011; H. Li vd., 2012). Bugiine kadar, inorganik
sorbentler, dogal organik sorbentler ve sentetik organik sorbentler
gibi ¢esitli malzeme tiirleri kapsamli bir sekilde incelenmistir.
Ancak sorpsiyon kapasitesi, yeniden kullanilabilirlik ve diisiik
maliyetle Dbiliylk miktarda iretilebilme OSlgiitlerini  de
kargilayabilecek ideal yag emici maddeler elde etmek hala zorlu
bir siirectir.

2. Polimerik Siingerler/Kopiikler ve
Kullanim Alanlari

Polimerik siingerler/kdpiikler bir polimer matrisi ve bir gaz
fazindan olusan iki fazli malzemelerdir. Goriiniiste basit olan bu
tanim nihai fiziksel 6zellikler agisindan muazzam bir karmasikligi
engellemektedir; ¢iinkii her bir fazin 6zellikleri, fazlarin
geometrik konfigiirasyonu (boyutlar veya dagilim agisindan) ve
aralarindaki etkilesimlerde 6nemli bir rol oynamaktadir. Bu
malzemeler, yastiklar ve silteler, termal ve akustik yalitim,
paketleme, mobilya, mihendislik malzemeleri, konut
dekorasyonu ve elektronik cihazlar vb. dahil olmak iizere ¢ok
cesitli uygulamalarda kullamim alani bulan malzemelerdir.
Metalik ve inorganik (6rnegin seramik ve cam) gozenekli
alternatifleriyle  karsilastirildiginda,  polimerik  gdzenekli
malzemeler Onemli o&l¢lide daha hafif (diisik yogunluklar
nedeniyle), daha diisik maliyetli ve daha genis bir basing
dayanimui yelpazesine sahip olduklarindan (elastikten esnege, yari
rijitten rijite kadar) ilgi ¢ekici olmakla birlikte, sprey kopiirtme
dahil olmak tizere bir dizi yontem kullanilarak 6nemli Slctide
disiik sicakliklarda iiretilebilirler. Bununla birlikte, nano-hiicresel
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polimerler ile polimer ve nanokompozit kopiiklerin gelistirilmesi,
elektromanyetik kalkanlama, enerji depolama, su iyilestirme
uygulamalar1 gibi konularda kopiik oOzelliklerinin daha fazla
anlagilmast  ve kullanilmasi, potansiyel uygulamalarim
genisletmektedir.

Son zamanlarda, yagi emip suyu itebilen hidrofobik ve
oleofilik  karakterdeki polimerik kdopiiklerin — gelistirilmesi
vasitastyla yliksek verimli ayirma yaklagimlari dnerilmektedir.
Birbirine bagl agik gdzenekli yapilariyla iliskili olarak, yag veya
suya kars1 olaganiistii afinitelerinden dolay1 (veya itmeden dolay1)
fonksiyonel yiizeyler ve gozenekli yapilariyla bazi polimerik
sorbentler yag veya ¢oziicii temizliginde, agir metal iyonlarimi
sudan uzaklastirmada ve giimiig/bakir gibi nanopartikiiller
ekleyerek bakterisit su filtreleri gelistirmek gibi uygulama
alanlarinda  kullanilmaktadir  (Barroso-Solares vd., 2018;
Sakhadeo & Patro, 2022; Suethao vd., 2020).

Koptik seklindeki politiretan (PU) ve melamin (MF) gibi
ticari olarak temin edilebilen malzemeler; elastisite, boyut
kontrollii iiretim, diigiik maliyet, genis bir 6zgiil alana ve emilim
icin yeterli bosluga sahip olmalar1 gibi sebeplerle dikkat
cekmektedirler. Ornegin MF, melamin ve formaldehitin
kondenzasyon polimerizasyonu sonucunda elde edilen bir
kopolimerdir. Islenmemis MF hidrofiliktir ve bu durum yag ile
suyu ayrabilmesi i¢in kimyasal modifikasyonlarinin yapilmasini
gerektirir. Temel olarak hidrofilik MF’nin hidrofobik hale
getirilebilmesi i¢in hidrofobik fonksiyonel gruplarin asilanmas,
MF yiizeyine hidrofobik karakter saglayacak monomerlerin
polimerizasyonu, karbonizasyon veya indirgenmis grafen oksit,
Fe304 vb. nanomalzemelerin siinger yapisina emdirilmesi gibi
teknikler kullanilmaktadir. Bununla birlikte bu gibi ydntemler
hem pahali modifikasyon ajanlarinin ve toksik kimyasallarin, hem
de UV isin1, ultrases, mikrodalga ve bazi inert gazlar altinda
yiksek 1s1l islem kullanilmasini gerektirebilir. Tim bu
dezavantajlar ~ MF’nin  endiistriyel = olarak  hidrofobik
modifikasyonunu dolayisiyla yag-su ayirmak amaciyla yaygin
kullanimint siirlamaktadir (Feng vd., 2017). MF modifikasyonu
i¢in literatiirde farkli yaklagimlar uygulanmigtir. Li ve ¢alisma
arkadaslari, bakir nanoparcaciklariin MF {izerine bakir asetatin
hidrazin hidrat ile indirgenmesiyle es anli olarak kaplandigini
rapor etmiglerdir. Elde ettikleri modifiye MF’nin petrol,
zeytinyagi, dizel, soya yagi, aseton, karbon tetrakloriir, kloroform,
toluen ve siklohekzan igin 60-145 g/g araliginda degisen
absorpsiyon kapasitesine sahip oldugunu tespit etmiglerdir (Z. Li
vd., 2019). Sun ve calisma arkadaslari, MF’ye modifikasyonla
oleofilik 6zelligin yan1 sira anti bakteriyel 6zellik kazandirmay1
amaglamuglardir. Grafen oksit igeren ¢ozelti ortamina AgNO3 ve
p-fenilendiamin eklemisler, grafen oksitin indirgenmesini ise
dopamin kullanarak saglamiglardir. Nanokompozit emdirilen
MF’nin absorpsiyon kapasitesinin farkli yag ve organik ¢oziiciiler
icin 30-50 g/g arasinda oldugunu belirtmislerdir (Sun vd., 2019).
Shang ve ¢alisma arkadaslart MF, paslanmaz gelik 1zgara, naylon
ag ve pamuk kumas gibi ticari tiriinleri PDA ve 1H,1H,2H,2H-
perflorodekantiyol varliginda modifiye etmislerdir.
Caligmalariyla, substrat tiirii farkli olsa da oda sicakliginda
su/etanol/amonyak/dopamin karisimina daldirilarak —substrat
ylizeyinde lotus yapragina benzer bir yapinin elde edilebilecegini
gostermiglerdir. Modifiye MF i¢in absorpsiyon kapasitesinin
petrol, petrol eteri, n-hekzan, aseton, etanol, soya yagi, motor
yagl, metil silikon yagi, diklorometan, triklorometan ve
tetraklorometan icin  60-80 g/g araliginda degistigini
belirlemiglerdir (Shang vd., 2016).
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Yaygin arastirilan bir diger malzeme olarak poliiiretan kopiik
(PUF) biiyiik olgekte imalata uygun, diigik maliyetli, diisiik
goriiniir yogunluk ve yiiksek fiziksel/kimyasal dayanima sahip,
hava kosullarina kars1 yiiksek dayaniklilik ve diisiik 1s1l iletkenlik
sergileyen, esnek ve gdzenekli hidrofilik bir polimerdir. Ozellikle
gozenekli yapilari, miikemmel elastikiyetleri ve yiizeydeki gesitli
kimyasal modifikasyonlardan kaynaklanan kayda deger bir
sorpsiyon kabiliyetine sahip olmalar1 nedenleriyle PUF
kompozitleri yag-su ayirma sorbenti olarak yogun bir sekilde
arastirilmaktadir (Kong vd., 2018). Bununla birlikte PUF
heterojen bir yag-su sistemine daldirildiginda hem suyu hem de
yag1 ¢ekebildigi icin diisiik yag seciciligine sahiptir. Ciinkii di-
/poli- fonksiyonel hidroksil (poliol) veya amino igeren
bilesiklerin  di-/poli-izosiyanatlarla  reaksiyonu sonucunda
olustugu i¢in PU’nun hem yag1 hem de suyu emmesini saglayan
cok sayida eter, ester, karbamat ve amit grubu bulunmaktadir.
Sorbent olarak verimli olabilmesi icin, yiiksek sorpsiyon
kapasitesine sahip olmanin yami sira, bu malzemelerin suyu
itmesi, yani hidrofobik karaktere sahip olmasi, bir diger ifadeyle
suyun goézeneklerine girmesine izin vermemesi gerekmektedir.
Ayn1 zamanda bu malzemeler oleofilik karaktere de sahip olmali
yani yag1 ¢ekmelidir. Bu nedenle, polar olmayan PUF yiizeyi
olusturup, heterojen bir sistemde polar olmayan sivilarin
sorpsiyon isleminde etkinligini artiran ve sonu¢ olarak su gibi
polar sivilarin sorpsiyon kapasitesini azaltan bir modifikasyonun
uygulanmasi gerekmektedir. Bu baglamda gbézenekli morfolojiye
sahip PUF yiizeyinin yapida bulunan hidrofilik gruplarla
etkilesime  gececek  molekiillerle  kaplanmasi  yontemi
uygulanabilir bir secenektir. Fenner ve calisma arkadaslari
sorpsiyon ¢evrimlerinden sonra sorbent emme kapasitesini
korumak i¢in diizosiyanat kullanarak hidrofobik ve oleofilik
ozelliklere sahip sorbentlerin {iretimi i¢in grafen oksit (GO) ile
PU kopiiklerin kolay ve ucuz sekilde kaplanmasi iizerine
calismislardir. Ayrica GO’nun iki farkli ¢6ziicii (etanol ve petrol
eteri) igindeki dagilimi ve PU kaplama tizerindeki etkilerini
karsilagtirmislardir. Hazirladiklart GO katkili kopiiklerin petrol
icin sorpsiyon kapasitesini yaklasik olarak 60 g/g olarak
belirlemiglerdir. ~ Li  ve  arkadaslan PUF  yapisim
oleofilik/hidrofilik yapmak amaciyla yiizeyi yag ve apolar
¢oziiciilere karsi afiniteye sahip bir monomer olan laurilmetakrilat
ile kaplamiglar ve modifiye edilmis PUF kiiplerin su emiliminin
%24-50 azaldigini, dizel veya gazyagi emiliminin %18-27
arttigin1 rapor etmislerdir. Wu ve arkadaslari silika solii ve gazolin
ile modifiye edilen PUF sorbentinin hem statik hem de dinamik
kosullar altinda 100 g’dan fazla motor yagini adsorbe edebilirken
yalnizca 0,1 g’dan daha az su tuttugunu rapor etmislerdir (Fenner
vd., 2018; Keshavarz vd., 2015; H. Li vd., 2012; D. Wu vd.,
2014).

Literatiire gore, daha disiik yiizey enerjisine sahip olan
malzemelerin su ile verdikleri temas agilarinin daha yiiksek
olmast ve hali hazirda hidrofobik olan bir yiizeyin
piiriizliligiiniin arttirilmasiyla hidrofobik karakterin
iyilestirilebilmesi bilgilerinden yola ¢ikilarak; piirtizlii bir
mikroyapt ve diisiik yiizey enerjisine sahip malzemelerin

kombinasyonuyla  siiperhidrofobik  yiizeyler hazirlamanin
miimkiin oldugu aciktir. Secilen yiizeylerin
hidrofobik/siiperhidrofobik hale getirilmesi i¢in uygulanan

islemler arasinda yukaridan asagiya yaklagimlar olarak
adlandirilan litografi, kalip-esasli teknikler ve plazma islemleriyle
asagidan yukariya yaklagimlar olarak adlandirilan kimyasal
depozisyon, kolloidal olusum, kendi kendine olugma, LbL
yaklasimi, sol-jel metodu gibi pek ¢ok farkli teknik bulunmaktadir
(Darmanin & Guittard, 2015; L. Li vd., 2016; X. M. Li vd., 2007).
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3. Tabaka
Esaslan

Tabaka (LbL) Tekniginin

Tabaka tabaka (LbL) kaplama yontemi, farkli malzemeler
arasindaki sinerjinin basit ve diigsilk maliyetli bir sekilde elde
edilebildigi nano yapili filmlerin iretiminde kullanilan bir
yaklasimdir (Crespilho vd., 2006). Decher ve ¢alisma arkadaslari
tarafindan, substratin dogast ve boyutundan biiyiik oSlgiide
bagimsiz olan basit bir yaklagimla, secilen tabakalarin diizenli
birlesmesi ile nano yapili filmlerin tiretimi i¢in gelistirilmistir. Bu
teknikle, elektrolit ¢ozeltileri veya polielektrolitlerdeki yiiklii
malzemelerin sirali bir sekilde adsorplanip bir destek iizerine
biriktirilmesi ile ¢ok tabakali kompozit filmler hazirlanabilir ve
hemen hemen her kimya ve sekle sahip diiz veya desenli, seffaf
veya piiriizlii substrat yilizeyinde fonksiyonel kaplamalar kolayca
olusturulabilir (Deniz, 2018; Kharlampieva vd., 2009; Seyrek &
Decher, 2012).

Kaplama seklindeki ince filmlerin olusturulmasi, yiizeyi
pozitif veya negatif olarak sartlandirilmig substratin kendi
yikiiniin zitt1 ile baglamak kosulu ile karsit yiiklii kaplama
¢ozeltilerinin daldirarak kaplama (Deniz & Deligoz, 2019;
Okutan vd., 2020; Okutan & Deligdz, 2019), sprey kaplama
(Arslan vd., 2020), dondiirerek kaplama (De Saint-Aubin vd.,
2012) vb. yontemlerle substrat iizerine biriktirilmesi, aralara ek
yikama ve gerekli ise kurutma adimlarinin eklenmesiyle
gerceklestirilir. Her adimda substrat yiizeyine bir miktar kaplama
¢Ozeltisi biriktirilir ve yiizey yiikii tersine ¢evrilmis olunur. Bu zit
yiiklii tabakalar birbirlerine genellikle hidrojen baglari,
elektrostatik etkilesimler, yiik transfer etkilesimleri, kovalent bag,
metal koordinasyon baglar1 vb. ile baglanirken, polielektrolitler
kullanilmast durumunda olusan polielektrolit komplekslerinde
hidrofobik etkilesimler, Van der Waals etkilesimleri vb. de
olusabilmektedir. (Deniz & Deligdz, 2019; Saqib & Aljundi,
2016).

LbL yaklasimmi c¢ekici kilan &zelliklerden birisi; kiigiik
organik  molekiiller, polimerik elektrolitler, elektroaktif

polimerler, organik boyalar, yar iletken kuantum noktalari,
karbon esasli malzemeler, elektrokimyasal olarak aktif tiirler,
inorganik nanomalzemeler ve biyolojik olarak aktif molekiiller
gibi ¢ok cesitli fonksiyonel molekiillerin nanoyapili filmler igine
dahil edilmesi olasiligidir. Kaplama malzemesi olarak segilen
ajanin yigm Ozellikleri ve biriktirme ortam sartlari (derisim,
iyonik kuvvet, pH, sicaklik vb.) elde edilecek olan filmin
kalinligini, bilesenlerin kendi aralarinda ve substratla olan
etkilesimini, uygulamada kullanilacak olan nihai malzemenin
yanit davranisint ve film yiizey oOzelliklerini etkilemektedir
(Kharlampieva vd., 2009; Lengert vd., 2020). Silikon substratin
poliallilamin hidrokloriir ve poli akrilik asit; poli akrilik asit kapl
ZrO, pargaciklart1 ve poliallilamin hidrokloriir; florlanmis
polivinilpiridin, Nafion, polidiallildimetilamonyum kloriir ve poli
(sodyum 4-stiren siilfonat) gibi farkli polielektrolit ¢iftleriyle LbL
kaplanmasiyla susbtrat yiizeyinin piiriizliigiiniin artmasindan
dolay1 su temas agisinda farkli oranlarda bir artma gozlendigine
ancak yine de malzemenin daha hidrofobik veya siiperhidrofobik
hale evrildigine iliskin sonuclar literatiirde karsimiza ¢ikmaktadir.
Ayrica ayni ¢aligmalar yapist geregi daha diisiik ylizey enerjisine
sahip florlu polianyon ve polikatyonlar kullanilmast durumunda
ileri bir hidrofobiklestirme islemine gerek kalmadigini rapor
etmislerdir (Han vd., 2005; Jisr vd., 2005; X. M. Li vd., 2007,
Zhai vd., 2004).

Tablo 1’de verildigi iizere farkli agilardan su kirliligini ele
alan LbL esasli ¢aligmalar mevcuttur. Ayrica, alev geciktirme (K.
Y. Guo vd., 2020; Jordanov vd., 2020; Maddalena vd., 2021; Yang
vd., 2015; Zhou vd., 2015; Zilke vd., 2020), is dnleme (Pan vd.,
2015), elektriksel iletkenlik, basing sensorii (Huang vd., 2017; Ma
vd., 2018; X. Wu vd., 2016), hareket sensorii (Hanif vd., 2021;
Tang vd., 2019), termal iletkenlik (Wang & Wu, 2018),
elektromanyetik girisim (Lu vd., 2022; Xu vd., 2015) gibi farkli
ozelliklerin iyilestirilmesine yonelik PUF ve MF gibi cesitli
polimerik siingerlerin LbL kaplama ile modifikasyonuna iligkin
cesitli calismalar da yapilmis ve iistiin 6zellikte malzemeler elde
edildigi rapor edilmistir.

Tablo 1. Literatiirde su kirliligini ele alan LbL esasl 6rnek ¢calismalar

Calisma konusu

Referans

Petrol rafinerisi atiklarinin iglenmesinde polietilen imin/titanya esasli LbL filmlerin
fotokatalitik aktivitesinin incelenmesi

(Mansouri vd., 2014)

Pamuk kumas iizerine alev geciktirici ve siiperhidrofobik 6zellik gosteren LbL
kaplamanin sirastyla alkilamonyum fonksiyonel silseskioksan/fitik asit kompleksi ve
hiyerarsik yapili titanyum oksit@polidimetilsiloksan kompozitiyle saglanmasi

(W. Guo vd., 2020)

Gozenekli polisiilfon membran iizerine ¢ekirdek-kabuk yildiz blok kopolimerinin LbL
uygulamasi ile su arittm membranlarimin hazirlanmasi

(Diep vd., 2016)

ITO substrat iizerine sodyum montmorillonitin, poliemeraldin tuzu ve polietilen imine
karg1 LbL kaplanmasiyla elde edilen elektrokimyasal sensoriin agir metal dedeksiyonu

icin kullanilmasi

(Ferreira vd., 2014)

ITO substrat tizerine lizerine katyonik altin nanokiireler ve nanogubuklarla anyonik
sodyum montmotrillonit kil mineralinin ek polielektrolitlerle LbL yoluyla
kaplanmasiyla hazirlanan elektrokimyasal sensoriin agir metal dedeksiyonu igin

kullanilmasi

(De Almeida vd.,
2020)

Polisiilfon membran iizerine atik lignosiilfat ve polietileniminin LbL kaplanmasi
yoluyla kirlenme 6nleyici membran yiizeylerinin elde edilmesi

(Guvd., 2019)

Tek ve harman polielektrolitlerin karbon nanotiip katkisiyla NF 90 ticari nanofiltrasyon
membrani lizerine LbL kaplanmasiyla permeat akisi, sodyum/klor iyon rejeksiyonu
gibi performans parametrelerinin iyilestirilmesi

(Ergiin vd., 2020)

Siirdiiriilebilir su 1slah1 i¢in polidopamin esasli LbL kaplamalarin nanofiltrasyon
membrani lizerine kaplanmasi

(Meng vd., 2020)
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Bununla birlikte; LbL yaklagimi pratik polimerik siinger
sorbentlerin {iretiminde ve ¢evreci uygulamalarinda heniiz giicli
bir goriinlim kazanmamis olsa da, teknik yeni nesil siingerik
sorbentlerin ¢ok islevli kaplamalarmin yapilmast adiminda
evrensel bir ara¢ olabilme potansiyeline sahiptir. Bu nedenle, bu
derlemede, LbL teknigi kullanilarak fonksiyonellestirilmis
polimerik siinger sorbentlere vurgu yapilarak, yaygin olarak
kullanilan sorbentlerle karsilagtirildiginda c¢evre kirliliginde
kullanimi irdelenmistir.

4. LbL Teknigi Ile Modifiye Edilmis
Polimerik Siingerler ve Yag-Su Ayirma
Verimlilikleri

Zhu ve calisma arkadaglari, petrol dokiintiilerinin acil
bertarafinda absorbent malzemelerle iliskili yangin riskini de géz
Ontinde bulundurarak, PUF’u kitosan ve nano-montmorillonit ile
LbL kaplayarak hidrofobik bir yiizey elde etmek igin
polidimetilsiloksan ile modifiye etmislerdir. Kaplanmis
kopiiklerin, iyi yag emme kapasitesi, yag-su ayirimi i¢in yiiksek
secicilik ve geri doniistiiriilebilirlik sergiledigini; kalorimetrik ve
termogravimetrik analiz sonuglarina istinaden kaplamanin
yaniciliginin azaltilabilecegini ve PUF’larin termal stabilitesinin
iyilestirebilecegini ortaya koymuslardir. Tabaka sayisindaki
artisin, modifiye PUF’a daha yiiksek yag emme kapasitesi, alev
geciktirme Ozelligi ve termal stabilite sagladigini tespit
etmislerdir. Hi¢ kaplama yapilmamis olan PUF’a gore 3, 5 ve 8
¢ift tabaka kaplama yapilmasi durumunda ortalama yag
absorpsiyon kapasitesinin sirasiyla %12,45; %43,44 ve %52,51
oraninda arttig1; su temas agisinin ise 101,18°’den 120,12°’ye
yiikseldigi rapor edilmistir. Inorganik malzeme oran1 maksimum
bozunma hizini1 1075 s’den 1091 s’ye diislirmiis ve piroliz tiriinleri
miktar1 da azalmistir (Zhu vd., 2022).

Pan ve calisma arkadaslari, siiperoleofilik ve hidrofobik
esnek modifiye PUF imal etmek igin pozitif yiikli kitosan ve
negatif yikli titanat nanotiipler ile LbL kaplama yapmuslar,
ardindan dodesil merkaptan modifikasyonu kullanilarak yiizeyin
daha hidrofobik hale gelmesini saglamislardir. Kopiik yiizeyinin
pliriizliligiiniin kaplanan ¢ift tabaka sayisiyla arttigi rapor
edilmistir. Modifiye edilmis PUF, agirligmin 29 katina kadar
gesitli yaglart hizli ve segici bir sekilde emebilmis ve emilen
yaglar basit bir sikma islemi ile toplanabilmistir. Ayrica, 50
absorpsiyon dongiisiinden sonra, modifiye PUF yiiksek
absorpsiyon kapasitesini koruyabilmistir (Pan vd., 2015).

Guo ve calisma arkadaslari, mekanik olarak esnek,
stiperhidrofobik ve alev geciktiricic PUF nanokompozitleri
hazirlamak i¢in son derece basit bir su bazli kaplama yaklagimi
onermislerdir. LbL kaplama teknigi, hibrit amonyum
polifosfat/grafen oksit ciftinin elektrostatik etkilesimler yoluyla
tabakalastirilmasinda kullanilmig ve ardindan yiizey silan ile
fonksiyonellestirilerek PUF  ylizeyi sliperhidrofobik hale
getirilmigtir. PUF’un su temas acgist 88°’den 158,4°’ye kadar
ylkseltilmigtir. Yaklagik 2 s’lik alev dedeksiyon yanit siiresi ve
200°C’deki yanit siiresi ile (115,2 s) literatlirdeki benzerlerine
gore one ¢iktig1 ve bu malzemenin yangin giivenligi ve 6nleme
caligmalarina yeni bir bakis agisi sunacagi rapor edilmistir (K. Y.
Guo vd., 2020).

Son olarak Huang ve Yuan, indirgenmis grafen oksit ve demir
bazli metal-organik kafes yapilariyla PUF’u LbL kaplayp,
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hidrazin hidrat buharinda indirgeme yoluyla duman bastirma ve
yag adsorpsiyon 6zelligini gelistirmek icin modifiye etmislerdir.
LbL tekniginin kullaniminin duman iiretim hizi ve miktarim
azalttigini, yag adsorpsiyon deneylerinin ise kaplanmig PUF’un
yiiksek yag adsorpsiyon kapasitesine, tekrarlanabilirlige, yag-su
seciciligine sahip oldugunu ve 10 dongiiden sonra bile
adsorpsiyon kapasitesini korudugunu rapor etmiglerdir (Huang &
Yuan, 2021).

5. Sonuclar ve Oneriler

Polimerik siinger/kopiik gibi malzemelerin gézenekli yapisi
nedeniyle sahip oldugu umut verici yag-su ayirma malzemesi
olma olasiligi, hidrofilik karakter ve =zayif segicilik gibi
dezavantajlarla smirlanabilir. Yag-su segiciliginin saglanarak
stiperhidrofobik yiizeylerin olusturulmasinda pek ¢ok yaklagim
kullanilmaktadir, ancak bu yiizeylerin olusturulmasinda kritik
standardin ne oldugu konusunda hala belirsizlikler vardir. Buna
ragmen siiperhidrofobik malzeme alani1 giderek daha fazla ilgi
gormekte ve potansiyel uygulamalarina yonelik caligmalar
artmaktadir. Bu derleme ¢alismasinda, siiperhidrofobik
malzemelerin hizli gelisimi ve genis potansiyel uygulamalar1 géz
Oniine alinarak, bu malzemelerin O6nemi ve malzemelerin
hazirlanmasinda LbL tekniginin rolii hakkinda bir literatiir
taramasi yapilmstir. Literatiirdeki g¢alismalar incelendiginde,
sulardan yags1 kirliliklerin/petrol atiklarinin/organik ¢oziiciilerin
gideriminde sorbent olarak siinger/kopiikk  kullanilacagi
durumlarda ve 6zellikle PUF gibi yanma dayanimi diisiik olup
yanarken ortama biiyiik miktarda duman salan 6rneklerde yanma
direncinin malzemeye kazandirillabilmesi amaciyla LbL
tekniginden yararlanildigi  goriilmektedir. LbL adiminda
kullanilacak olan her bir tabaka yanma dayanimi gosterebilecek
anyonik ve katyonik kaplama ¢iftleri olabilecegi gibi, bu
bilesenlerden herhangi birisi ya tasidigi fonksiyonel gruplarin
ylizey gerilimi agisindan ya da zincir polaritesinden dolay1
kaplamaya daha hidrofobik bir davranis kazandirabilmektedir.
Ayrica, ¢oklu tabakalarin arasina birlestirilmis nanomalzemelerle
pliriizlilik iyilestirilebilmekte ve Cassie-Baxter modeline gore
daha hidrofobik yapilar elde edilebilmektedir. Yani kisacasi, LbL
tekniginin secimi; istenilen Ozellige yonelik segilebilecek
bilesenlerin genig bir yelpazeye sahip olmasi, LbL tabakalarinin
kalinlik kontroliiniin molekiiler diizeyde kolaylikla yapilabilmesi
ve islemin yapboz gibi asama agsama nihai iirliniin insasina izin
vermesi gibi 6nemli avantajlar saglamaktadir. Bununla birlikte,
bu teknigin genellikle hidrofilik karaktere sahip olan
polielektrolitler gibi anyonik ve katyonik bilesen ¢iftleri
kullanimiyla gergeklestirilmesi ek bir hidrofobiklestirme adimini
zorunlu kilar. Gozenekli malzemeler ele alindiginda, farkl
gbzenek ve hiicre boyutuna sahip olabilen her ¢ift tabakanin
nanodan mikroya ve makro Olgege kadar degisebilen boyutu
gozenek daralmasmma yol acarak sorpsiyon kapasitesini
etkileyebilir. Bu teknikle iiretilmis malzemelerde, stres transferi
ve stres konsantrasyonu bolgeleri olan ara tabaka arayiizlerinin
varligl, delaminasyon ve catlak ilerlemesiyle ilgili mekanik
sorunlari arttirabilir. Dezavantajlarindan birisi de sorbent iiretim
stiresinin tabakalarin sirali adsorpsiyonuna yonelik kullanilan
teknige de bagli olmak kosuluyla (daldirarak kaplama, sprey
kaplama gibi) uzamasi olabilir.

Tim avantaj ve dezavantajlar1 ele alindiginda farkli
malzemelerin sinerjistik etkilerinin ayni1 teknik icerisinde basit bir
sekilde son iiriine kazandirilabilmesi sebebiyle LbL yonteminin
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stiperhidrofobik kaplamalarin yapiminda tercih edilebilecegi
ancak 6n kosulun ilk etapta mekanik dayanimin arttirilmasi
oldugu degerlendirilmistir. Zira, mekanik 6zellikler, sulardan
yagst kirliliklerin aritilmasi gibi zorlu ortamlarda ele alinan
uygulamalar ac¢isindan kirliliklerin sorbentten uzaklagtirilmasi
adiminda kullanilan teknikler de diisiiniildiigiinde malzeme igin
oldukg¢a 6nemli olacaklardr.
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Abstract

In this study, waste corncobs are ground and used in the polyester composite. Homogeneous distribution is provided by mixing it into
unsaturated polyester (UP) as a filler under laboratory conditions. Then, methyl ethyl ketone peroxide (MEKP) and cobalt octoate (Co
Oc) catalysts are added to the mixture. After mixing the additives and fillers used in certain amounts for a short time, the polyester
composites are poured into standard molds and waited for curing. The density, Shore D hardness, and thermal decomposition behavior
of the composite obtained after curing have been investigated. As the amount of corncob in the mixture increases, the density of the
polyester composite decreases. Besides, the rise in the ratio of this filler in the mixture also increases the porosity of the polyester
composite. In the thermal conductivity measurements, it is seen that the thermal conductivity coefficient of the polyester composite
increases, albeit slightly, according to the increasing amount of filler. Also, corncob reinforcement reduces both Shore D hardness and
activation energy of the polyester composite. According to the results obtained, it was observed that the use of corncob reinforcement
above 3 wt.% negatively affected the surface morphology and mechanical properties of the composite. While obtaining an economical
and light polyester composite, attention should be paid to the amount of filler so that both thermal and mechanical properties are not
weakened.

Keywords: Polyester composite, Waste corncob, Thermal conductivity, Activation energy, Density, Hardness.

Atik Misir Kocam Takviyeli Polyester Kompozit

Uretimi ve Karakterizasyonu

Oz

Bu caligmada atik musir koganlar1 6giitiilerek polyester kompozitte kullanilmigtir. Laboratuvar kosullarinda dolgu maddesi olarak
doymamus polyester (UP) igerisine karistirilarak homojen dagilim saglanir. Daha sonra karisima metil etil keton peroksit (MEKP) ve
kobalt oktoat (Co Oc) katalizorleri eklenir. Belirli miktarlarda kullanilan katki ve dolgu maddeleri kisa siire karistirildiktan sonra
polyester kompozitler standart kaliplara dokiilerek kiirlenmesi icin beklenir. Kiirleme sonrasi elde edilen kompozitin yogunlugu,
Shore D sertligi ve termal bozunma davranigi incelenmistir. Karisimdaki misir kogani miktart arttikga polyester kompozitin
yogunlugu azalir. Ayrica karisimdaki dolgu maddesinin oraninin artmasi polyester kompozitin gozenekliligini de artirmaktadir. Isil
iletkenlik l¢iimlerinde, artan dolgu miktarina gore polyester kompozitin 1s1l iletkenlik katsayisinin az da olsa arttig1 goriilmektedir.
Ayrica musir kogan1 takviyesi, polyester kompozitin hem Shore D sertligini hem de aktivasyon enerjisini azaltmaktadir. Elde edilen
sonuglara gore agirlikca % 3'iin iizerinde musir kocan1 takviyesi kullaniminin kompozitin yiizey morfolojisini ve mekanik 6zelliklerini
olumsuz yonde etkiledigi goriilmiistir. Ekonomik ve hafif bir polyester kompozit elde edilirken hem termal hem de mekanik
ozelliklerin zayiflamamasi i¢in dolgu miktarina dikkat edilmelidir.

Anahtar Kelimeler: Polyester kompozit, Atik misir kogani, Termal iletkenlik, Aktivasyon enerjisi, Yogunluk, Sertlik.
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1. Introduction

Today, studies on the production of polyester composites are
becoming widespread. Many biomass wastes are used especially
to reduce their density and thermal conductivity. Nanoparticles
such as graphene and carbon nanotubes are used to strengthen
their mechanical properties [1]. Besides, biomass with a fibrous
structure can also increase the mechanical strength of the
composite. However, it is necessary to pay attention to the
amount of fillers used to improve the surface morphology, pore
structure and surface hardness of the composite obtained [2].

In studies in the literature, fillers such as borax, colemanite,
ulexite, clay, tincal, aerosil, alumina, pumice, perlite, and
diatomite were used in polyester composites. Generally, light
fillings are preferred to reduce the density of the obtained
composite. High-density inorganic additives are used to increase
the hardness and density of the produced polyester composite [3-
8].

Besides, some polymeric wastes and recycling products are
also used in the production of polyester composites. Thus, both
environmentally harmful wastes are eliminated and economical
composites are obtained [9,10].

It is known that fillers physically strengthen the structure of
the composite. Some biomass wastes, modified castor, and palm
oils can react chemically. With the use of these, biocomposites
can be produced. Thus, fewer petrochemicals are used and
environmentally friendly composites are obtained [11-13].

In this study, corncob with a fibrous structure is used as a
filler in the polyester composite. Such biomass wastes are
preferred to obtain low-density and economical polyester
composite. Both the surface morphology and mechanical
properties of polyester are improved by the use of filler at an
optimum ratio. Also, the thermal stability of the polyester
composite should be considered. The density, porosity, hardness,
flexibility, and thermal conductivity coefficient of the composite
produced according to the purpose of use can be changed by the
filler ratio.

2. Material and Method

Waste corn cobs used in experimental studies were obtained
after harvesting in Elazig. Unsaturated polyester (UP), methyl
ethyl ketone peroxide (MEKP), and cobalt octoate (Co Oc) were
supplied from Turkuaz Company.

After drying at 75 °C for 3 hours, the waste corn cobs were
ground to -50/100 mesh particle size and prepared as a filling
material. After adding the prepared filler into the unsaturated
polyester, it was mixed at 1000 rpm for 5 min. Then, certain
amounts of MEKP and Co Oc components were added to the
mixture and mixed at 1000 rpm for 2 min, and cast into standard
molds. After the obtained polyester composite was cured for 24
hours, necessary tests and analyzes were carried out [14,15].

Figure 1 shows the grain structure of the waste corn cob after
drying and grinding. In Figure 2, the polyester composite
production process is briefly described. Table 1 lists the amounts
of each component used in the composite.
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Figure 1. Waste corncob and its ground powder

M:EKF"?
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Mixture

Figure 2. Polyester composite production scheme

Table 1. Quantities of additives and fillers used

UP (Q) MEKP (g) | Co Oc (g) Filler (g)
9.80 0.15 0.05 0.00
9.70 0.15 0.05 0.10
9.65 0.15 0.05 0.15
9.50 0.15 0.05 0.30
9.30 0.15 0.05 0.50

3. Results and Discussion

According to the results obtained, it is seen that corncob
reinforcement reduces the density of the polyester composite
(Fig.3). Similarly, as the amount of filler increases, Shore D
hardness of the composite decreases (Fig. 4). Fig. 5 shows the
variation of the thermal conductivity coefficient of the polyester
composite. It is understood from this graph that the thermal
conductivity coefficient is increasing, albeit slightly.

Density of polyester composite (kg/m?)

1178

Corncob mass ratios (%)

Figure 3. The effect of corncob ratio on the density of composite
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Figure 4. The effect of corncob ratio on the hardness of
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Figure 5. The effect of corncob ratios on the thermal
conductivity coefficient of the composite

Activation energies calculated in thermal decomposition
experiments of the polyester composite are given in Table 2. It is
stated that the activation energy of the polyester composites
obtained decreases as the filler increases. Activation energy (Ea)
values have been calculated according to the Coats-Redfern
method. In this method, the highest correlation coefficients were
obtained with the three-dimensional diffusion equation.
Activation energies of corncob reinforced polyester composites
in the range of 0.2 to 0.8 conversion ratio were calculated in
thermal decomposition experiments (inert environment) carried
out from about room temperature to 10 °C/min heating rate up to
600 °C.

Table 2. Calculated activation energies of composites

Mass ratios Activation energy
(%) (Ea: ki/mol)
0 114.53
1 110.85
3 107.64
5 104.91

e-ISSN: 2148-2683

4. Conclusions and Recommendations

In the production of polyester composite, 3 wt.% corncob
reinforcement has been determined as the optimum ratio. The
use of a higher rate of biomass filler negatively affects both the
hardness and activation energy of the composite. Also, a high
ratio of corncob reinforcement adversely affects the surface
morphology and pore structure of polyester composites
produced.

The use of biomass wastes such as waste corncob as filler in
resins such as polyester and epoxy can be suitable for obtaining
low-density, economical, easy-to-process, and flexible
composites. Besides, it is recommended to distribute the biomass
homogeneously and to keep the curing time longer than pure
polymer in composite production.

References

[1] Yanen, C., and Aydogmus, E. Characterization of Thermo-
Physical Properties of Nanoparticle Reinforced the Polyester
Nanocomposite, Dicle University Journal of the Institute of
Natural and Applied Science, 10(2), 121-132, 2021.

[2] Das, S., Chaudhuri, A., & Singha, A. K. Fabrication,
microstructural and mechanical properties of arecanut leaf
sheath fibre reinforced polyester resin composites. The
Journal of The Textile Institute, 113(9), 1942-1949, 2022.

[3] Orhan, R., Aydogmus, E., Topuz, S., and Arslanoglu, H.
Investigation of thermo-mechanical characteristics of borax
reinforced polyester composites, Journal of Building
Engineering, 42, 103051, 2021.

[4] Dag, M., Yanen, C., and Aydogmus, E. Effect of Boron
Factory Components on Thermophysical Properties of
Epoxy Composite, European Journal of Science and
Technology, 36, 151-154, 2022.

[5] Yanen, C., Dag, M., and Aydogmus, E. Investigation of
Thermophysical Properties of Colemanite, Ulexite, and
Tincal Reinforced Polyester Composites, European Journal
of Science and Technology, 36, 155-159, 2022.

[6] Aydogmus, E., and Arslanoglu, H. Kinetics of thermal
decomposition of the polyester nanocomposites, Petroleum
Science and Technology, 39(13-14), 484-500, 2021.

[7] Sahal, H., and Aydogmus, E. Investigation of
Thermophysical Properties of Polyester Composites
Produced with Synthesized MSG and Nano-Alumina,
European Journal of Science and Technology, 34, 95-99,
2022.

[8] Sahal, H., Aydogmus, E., and Arslanoglu, H. Investigation
of thermophysical properties of synthesized SA and nano-
alumina reinforced polyester composites, Petroleum Science
and Technology, 1-17, 2022.

[9] Aydogmus, E., Arslanoglu, H., and Dag, M. Production of
waste polyethylene terephthalate reinforced biocomposite
with RSM design and evaluation of thermophysical
properties by ANN, Journal of Building Engineering, 44,
103337, 2021.

[10]Aydogmus, E., Dag, M., Yal¢mn, Z. G., and Arslanoglu, H.
Synthesis and characterization of EPS reinforced modified
castor oil-based epoxy biocomposite, Journal of Building
Engineering, 47, 103897, 2022.

[11]Aydogmus, E. Biohybrid nanocomposite production and
characterization by RSM investigation of thermal
decomposition kinetics with ANN, Biomass Conversion and
Biorefinery, 12, 4799-4816, 2022.

178



European Journal of Science and Technology

[12]Sahal, H., and Aydogmus, E. Production and
Characterization of Palm Oil Based Epoxy Biocomposite by
RSM Design, Hittite Journal of Science and Engineering,
8(4), 287-297, 2021.

[13]Aydogmus, E., Dag, M., Yal¢m, Z. G., and Arslanoglu, H.
Synthesis and characterization of waste polyethylene
reinforced modified castor oil-based polyester biocomposite,
Journal of Applied Polymer Science, 139, 525256, 2022.

[14]1Demirel, M. H., and Aydogmus, E. Production and
Characterization of Waste Mask Reinforced Polyester
Composite, Journal of Inonu University Health Services
Vocational School. 10(1), 41-49, 2022.

[15]Demirel, M. H., and Aydogmus, E. Waste Polyurethane
Reinforced  Polyester ~ Composite, Production and
Characterization, Journal of the Turkish Chemical Society
Section A: Chemistry, 9(1), 443-452, 2022.

e-ISSN: 2148-2683 179



Avrupa Bilim ve Teknoloji Dergisi

l European Journal of Science and Technology
Ozel Say1 42, S. 180-186, Ekim 2022

Special Issue. 42, pp. 180-186, October 2022

© Telif hakki EJOSAT a aittir AT . e Copyright © 2022 EJOSAT
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Optimization of Gas Distribution in Istanbul Using Minimum
Spanning Tree with Probabilistic Approach

Mehmet Savsar!, Abdulrahman A. Hetari?

1Uskudar University, Faculty of Engineering and Natural Sciences, Department of Industrial Engineering, Istanbul, Turkey. msavsar@gmail.com
2Uskudar University, Faculty of Engineering and Natural Sciences, Department of Industrial Engineering, istanbul, Turkey. a.556688@hotmail.com

(2" International Conference on Engineering and Applied Natural Sciences ICEANS 2022, October 15-18, 2022, Konya, Turkey)
(DOI: 10.31590/¢josat.1202232)

ATIF/REFERENCE: Savsar, M. & Hetari, A. A. (2022). Optimization of Gas Distribution in Istanbul Using Minimum Spanning Tree
with Probabilistic Approach. European Journal of Science and Technology, (42), 180-186.

Abstract

The minimum spanning tree (MST) is a method that aims to find the minimum distance for connecting all vertices or nodes in a network
of cities or any other centers. For finding the minimum distance that connects all nodes, two different types of algorithms have been
commonly used: Kruskal and Prim algorithms. Our objective in this research is to find the most cost-efficient process for linking the
natural gas pipeline’s pathways in Istanbul using minimum spanning tree with randomness or uncertainty in the distances between
different districts, which are represented by vertices. The goal is to minimize total pipeline distance which connects all districts in
metropolitan area of Istanbul. The method proved to be very useful in solving this problem.

Keywords: Minimum Spanning Tree, Prim Algorithm, Kruskel Algorithm, Gas Distribution Network, Optimization.

Istanbul Gaz Dagitimimin Olasihiksal Yaklasimla Minimum Yayilma
Agaci Kullanilarak Optimizasyonu

Oz

Minimum yayilan aga¢ (MST), bir sehir agindaki veya diger merkezlerdeki tim kdoseleri veya diigiimleri birbirine baglamak icin
minimum mesafeyi bulmay1 amaglayan bir yontemdir. Biitiin merkezleri birbirine baglayan minimum mesafeyi bulmak i¢in yaygin
olarak iki farkl1 algoritma tiirii kullanilmistir: Kruskal ve Prim algoritmalari. Bu aragtirmadaki amacimiz, Istanbul'daki dogal gaz boru
hattinin giizergahlarini, koselerle temsil edilen farkli ilgeler arasindaki mesafeleri, rastgelelik veya belirsizlik altinda minimum yayilma
agac1 kullanarak en uygun maliyetli birbirine baglamaktir. Hedef, Istanbul metropoliten bdlgesindeki tiim ilgeleri birbirine baglayan
toplam boru hatt1 mesafesini en aza indirmektir. Burada agiklanan yontem, bu sorunu ¢6zmede ¢ok yararli oldugunu kanitladi.

Anahtar Kelimeler: Minimum Yayilan Agac, Prim Algoritmasi, Kruskel Algoritmasi, Gaz Dagitim Sebekesi, Optimizasyon
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1. Introduction

The natural gas is essential for generating various useful
resources in all countries. Generating electricity or providing
ddistributed or central heating for homes and other facilities in
cities essentially depends on the gas distribution network. The
distribution of natural gas is defined as moving the gas from the
distribution point to various consumer points in a network. There
has been so many researches for design of an optimal natural gas
network distribution through the use of minimum spanning tree
method, all with varying results of efficiency depending in the
measurement and novelty of the distribution points in the graph.
References (1-5) provide some related research papers.

Our aim is to distribute the natural gas between 30 district
points in the metropolitan city of Istanbul, using the minimum
spanning tree (MST) technique, so that we can get the most
optimized pathways in a very cost efficient manner. The
consumers in those 30 districts are in total of about 4.6 million
according to a report from the main natural gas company in
Turkey (IGDAS).

There are three types of natural gas systems: Linear, Tree
structured and Cyclic. According to our algorithms result we will
find out which system suits the pipeline pathways. There are
several algorithms that exist and can be used to get different
degrees on effective results, namely Kruskal, Prim and Boruvka
algorithms. We will be utilizing the prim algorithm, due to the fact
that the tool we use is limited in regards to the available
algorithms to be processed.

The prim algorithm was founded in 1957 by Robert C. Prim
and rediscovered by Edsger Diijkstra in the same year. And thus,
the algorithm is also known as DJP algorithm. In this paper we
will try to cover the 30 districts in Istanbul and construct an MST
that nets us a suitable algorithm result.

In the present day, our issues deal with the distribution of gas
throughout a city, utilizing it as one of the main sources of energy
and consumed for various other purposes. Using an MST
procedure, we attempt to connect every district of Istanbul based
on minimum total distance resulting in minimum total cost.

MST has been used for optimizing connection points between
several distribution points, various path-line systems such as
electrical pathway, water supply pipelines, transportation routes
and Network lines.

Our goal when using the MST is to optimize the length of the
route, or path lines of the pipes that are distributing from its nodes
towards the consumers. Two of the methods of calculating
distribution probabilities are utilized to find the most accurate and
precise distance, namely normal distribution and uniform
distribution. In this paper, we will discuss in detail the
methodology used and how we optimized our results

2. Methodology

The Minimum spanning tree consists of nodes and lines,
where each nodes represents a district in the city and the lines are
the distances between pairs of specific districts. In a gas
distribution network, connecting lines between the nodes end up
forming a loop or a cycle in the network if they end up connecting
the node to itself. We can denote the nodes by N and the lines by
L in the network (N, L) that we are creating. In the pipeline
network, the natural gas flows in an oriented direction, i.e. in one
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directions. If all the pipelines are connected, then such graph
would be called a directed graph.

We have 30 districts and as such 30 nodes to work with, and
we have 52 lines connecting these nodes. A spanning tree has the
lines equal to the total number of the nodes subtracted by 1, i.e.,
L=N-1. Each directed graph has too many spanning trees, through
the use of the algorithms you get the optimum network for
distribution, resulting in an MST.

We obtained the fixed distances between district centers using
google map’s “measure distance” feature. This is a feature in
Google maps to measure the straight line distance between two
points that one chooses. It is not very precise, yet simple to use.
You have to access it by right clicking on the point you would like
to start measure form and choose “Measure Distance”. Figure 1
illustrates the measuring process. We tried to be as accurate as
possible, there was no maps that showed the distribution network
of the current gas pipelines in Turkey, most likely for security
reasons. Thus, we used some of the main centers of IGDAS
service in all the relative districts as a reference for an estimation
of their exact distribution location.

£
=g i

f: i

Figure 1. “Measure distance” command used in google maps

Since the distances were not accurate and precise, we
assumed 20% less or more error value by utilizing some
probabilistic concept to convert the actual constant distances into
random values. This was unavoidable as we did not have any other
way to get exact values. We applied to different probability
distributions, which were normal and uniform distributions to
represent the distances. For the uniform distribution related
probability distribution function (pdf) and cumulative distribution
function (cdf) formulas are as below. Figures 2 and 3 ilustrate
related functions.

f(x)=1/(b - a)
F(x) = | f(x)dx=(x-a)/(b-a)

a<x<b

X=a
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Figure 2. Uniform probability density function

Fix)

0 a b X

Figure 3. Uniform probability cumulative function

Next, we generated a uniform random variable X between a
and b, which represents the distance between a and b, using
inverse transformation. To to generate the random distance X
between a and b, the cumulative distribution function which is
between 0 and 1 ia set to a uniform random number between 0
and 1 (denoted as U) and by inverse transform, we determine X
as a function of U.

Fx)=(x-a)/(b-a)=U,
where U can be found using excel function RAND()
U=RAND ()

We can calculate the uniform distribution using this formula,
for the 52 arcs we have. The random number generation has been
repeated for 16 times, i.e., a sample of 16 random networks are
generated and the MST slgorithm is applied to each to determine
the average total distance that is best representative of the system.
The random distance is obtained using the inverse transformation
as follows:

x=a+U(b-a)

We find the optimum distance by trying 16 iterations and
determining the MST for each followed by their average with the
least error coefficient.

In case if the normal distribution is assumed for the random
distances between districts, the fixed distance obtained by google
is assumed to be the mean value and the standard deviation sigma
is set as 20% of the mean.

6=0.2* ()

Figure 4 shows the normal probability distribution function,
for which the integral of the cumulative, and consequently its
inverse is not straightforward. Fortunately, excel has a function to
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generate random variates from normal distribution as:
NORM.INV(Probability, Mean, Std. Dev.), where probability is
the U value. The function returns a random number from normal
distribution with the specified mean and the standard deviation.
The random distances are generated according this procedure for
the complete gas distribution network.

We generate Distance=Xj; between all pairs of centers i and j.
This procedure or sampling is repeated for 16 iterations. Finally,
we substitute the values of Xjj into the subgraph, and apply the
prim algorithm so that we find the MST for each sample of n=>5
cases.

Next’ the average MST and the 95% confidence interval on
the average is determined. Th upper confidence limit (UCL) and
the lower confidence limit (LCL) values are calculated as follows:

UCL =X + 1.96(sigma/Sqrt(n))
LCL =X - 1.96(sigma/Sqrt(n))

The Mormal Digtributian
L]

[

Figure 4. Normal probbility distribution function

After applying and processing our values we are confident by
95% of the accuracy of our distance measurements.. We decided
to use Tuzla as the central point of distribution due to its proximity
in relevance to the other nodes. And then we run the prim
algorithm to get the MST. Figure 5 is a sample case example.

Figure 5. On network example and the MST (dark lines)
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The procedure can be as outlined in steps as follows:

Step 1. Determine the Xj; distances between pairs of district
centers for all centers using the Google Map measure feature.

Step 2. Generate random distance values using uniform or
normal distribution by assuming the non-precise constant
distances as base. In case of uniform distribution, assume the
limits or parameters of the distribution a and b as £20% of the
constant distance, respectively and in case of normal distribution,
assume the mean, p=Constant Distance value and standard
deviation 6=20% of the constant distance value.

3. Analysis of Results

As it was mentioned in the previus section, we generate a
distribution network with distances between pairs of centers using
the google map first. Next, we use the Prim algorithm to
determine the MST for the generated network. The MST is
obtained by using the algorithm available in the web through the
‘https://algorithms.discrete.ma.tum.de/graph-algorithms/
sub-weighted

link:
mst-prim/index_en.html’. Figure 6 illustrates a
graph determined.

Figure 6. Districts-to-districts sub weighted graph of Istanbul.
MST graph for the fixed distance measurements

These values between the nodes are the fixed distances
between the districts which have been obtaned through the use of
google maps. The total weight of the MST graph for the gas
distribution network using the fixed values, is the sum of all the
edges which equals 246 km. Since we are not quite sure of the
precision of our values, we use the probability distribution to
generate distances.

MST: Normal Distribution Case

As it was explained in previous section, distances are
generated based on normal distribution. Table 1 illustrates random
distance generation for three distance values (NORMI to
NORM3), five samples for each case.
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Step 3. Determine the MST for the distribution network with
random distance values.

Step 4. Repeat step 2 and 3 for enough iterations as sample
size n. Find total minimum distance MST for each sample.

Step 5. Determine the average total minimum distance based
on the samples of n minimum spanning threes (MST) and
construct a confidence interval on the mean value.

Table 1. Random generation of distances (normal distribution)

1 |min 5.2 112 84

2 |max 18 16.8 12.6

3 |mean 6.5 14 10.5

4 |sigma 1.3 2.8 21

5 RAND1 NOEM1 RAND 2 NORM?2 RAND 3 NORM 3
6

7 0.8098 7.64 0.0458 928 0.7313 11.79
8 0.28%3 5.78 0.1872 11.51 0.7807 12.13
g 0.8630 792 0.0606 9.66 0.3304 9.58
10 0.2374 5.57 0.3169 12.67 0.2342 8.98
1 0.5244 6.58 0.8577 17.00 0.0503 7.05

Figure 7 shows the related network for the first sample case.
The total weight of the MST for the 1% iteration (sample 1), is the
sum of all the edges which equals 250.49km. Figure 8 shows the
MST for the second sample or the 2" iteration of random
distribution network. Figure 9 shows the distribution network and
the MST for the 3™ sample; Figure 10 shows the MST for the 4™
and Figure 11 shows the MST for 5" sample random network
generated.

Figure 7. MST for the network based on 1% sample of
random distances for normal distribution (MST=250.49 km)
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Figure 8. MST for the network based on 2™ sample of
random distances for normal distribution (MST=246.61 km)

Figure 9. MST for the network based on 3™ sample of
random distances for normal distribution (MST=264.52 km)

Figure 10. MST for the network based on 4% sample of
random distances for normal distribution (MST=278.9km.

Figure 11. MST for the network based on 5™ sample of
e-ISSN: 2148-2683

random distances for normal distribution (MST=247.06 km)
MST: Uniform Distribution Case

As it was explained in previous section for uniform
distribution, distances are generated based on cumulative uniform
distribution function. Table 2 illustrates random distance
generation for three district pair distance values, five samples for
each case. A and B are the minimum and maximum values or the
range of uniform distribution set by +20% of the constant value
obtained from Google map. Figure 12-16 show the related
networks and MST for each sample of 5.

Table 3 summarizes all the results obtained by optimization
for both the case of normal distribution and the uniform
distribution. The table shows the minimum total distance, which
connects all city centers, obtained by the MST Prim algorithm.
Furthermore, the average total distance and the standard deviation
values are also calculated. The number of samples (sample size)
was kept small, because it was very much time consuming to
construct the distribution network for each sample of distance
generated. However, the average and the standard deviation
indicate that the sample size was sufficient to represent the data
and to determine a confidence interval on the mean. A 95%
confidence interval was calculated on the mean for the each case
using the formula below:

LCL and UCL = p £ Zps S/n'?

Values are given in Table 3. The confidence limits assure that we
are 95% sure that the true mean is within these upper and lower
limits.

Table 2. Random generation of distances (uniform distribution)

A 84 36 36

B 12.6 4 4

MEAN 103 45 45

RAND3 X3 RAND4 X4 RANDS X3

0.1067 8.85 0.9624 5332 0.7349 49.23
0.0553 8.63 0.8255 50.86 0.6186 47.13
0.8872 12.13 0.7562 49.61 0.2464 40.43
0.8477 11.96 0.9892 53.81 0.5739 46.33
0.0444 8.5% 0.3088 41.56 0.7413 4934

Figure 12. MST for the network based on 1* sample of
random distances for uniform distribution (MST=273.46 km)
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Figure 13. MST for the network based on 2™ sample of
random distances for uniform distribution (MST=269.29 km)

Figure 14. MST for the network based on 3™ sample of
random distances for uniform distribution (MST=257.89 km)

Figure 15. MST for the network based on 4" sample of
random distances for uniform distribution (MST=264.70 km)
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Figure 16. MST for the network based on 5" sample of
random distances for uniform distribution (MST=263.39 km)

Table 3. Minimum total distance connecting all centers by MST

MSTs Minimum total Minimum total
distance (MST) distance (MST)
(normal) (uniform)
MST 1 250.49km 273.46km
MST 2 246.61km 269.29km
MST 3 264.52km 257.89km
MST 4 278.9km 264.70km
MST 5 247.06km 263.39km
Mean 257.52 km 265.75 km
Standard deviation 14.00 km 5.93 km
95% Lower Conf. Limit 245.24 260.55
95% Upper Conf. Limit 269.79 270.94

4. Conclusions

Through the use of random variates with normal and uniform
distributions, we could get more reasonable distance
measurements for the edges in the network to be processed by the
Prim algorithm of the MST. Taking a sample of 5 for each case of
normal and uniform distribution, gas distribution network is
constructed and sub-weighted graphs were processed by Prim’s
algorithm. One of the principles of the minimum spanning tree is
that the number of edges should be equal to Number of Nodes—1,
or (n - 1). In our case, it was 30-1=29 edges. MST was obtained
for each sample of random network constructed.

Introduction of probabilistic measures in estimating distances
between districts proved to be extremely useful in dealing with
uncertainties in measurements. The total distance of the MST with
fixed value came out as 246 km. Taking 5 samples by generating
different random networks, the average total minimum distance
came out to be 257.52 km with a standard deviation of 14 km, and
95% lower and upper confidence limits of 245.24 km and 269.79
km respectively for normally distributed distances. In case of
uniformly distributed distances, the average of five samples came
out to be 265.75 km with a standard deviation of 5.93 km and 95%
lower and upper confidence limits of 260.55 km and 270.94 km
respectively. The confidence limits provide us a 95% assurance
that the average total minimum distance would be between
specified limits. This is a more meaningful information as
compared to using constant values that we have no assurance
about their accuracy.

In conclusion, the procedure outlined in this paper can be
useful for the gas distribution companies to establish distrition
networks with minimum total dstance, which direcly results in
minimum total distibution costs.
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