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Abstract

This paper proposes a deep recurrent neural network (DRNN) approach to model the one-hour-ahead wind
speed forecasting by using various meteorological sensory data from the North Wyke farm platform
(NWFP). To refine model input, mutual information analysis is applied to eliminate irrelevant sensory data.
The DRNN architecture employs three recurrent layers Long-Short Term Memory (LSTM), Gated
Recurrent Unit (GRU), and simple Recurrent Neural Network (RNN) to capture temporal relationships.
The proposed networks are tested using real-life, one-year data from the NWFP. The results showed a
strong correlation between the actual and predicted wind speed for LSTM, GRU, and RNN layers-based
DRNN, however, simple RNN slightly outperformed the other two recurrent layers. The distribution of the
network errors over the year is also analyzed. Although the observed meteorological data between the years
was from different distributions, the proposed network generalized well even though these data were altered
due to global warming.

Keywords: Wind speed prediction, Deep recurrent neural network, Intelligent systems, Time-series
prediction, Feature selection

Derin Tekrarlayan Sinir Aglar1 ve Ciftlik Platformu Ozellikleri Kullanilarak Bir
Saat Onceden Riizgar Hizi Tahmini

Oz

Bu makale, Kuzey Wyke ¢iftligi platformundan (NWFP) ¢esitli meteorolojik veriler kullanarak bir saat
oncesine yonelik riizgar hizi tahmini modellemek i¢in derin tekrarli sinir agr (DRNN) yaklasimim
onermektedir. Model girisini iyilestirmek icin karsilikli bilgi analizi kullanilarak ilgisi olmayan veriler
elenmistir. DRNN mimarisi, zamansal iliskileri yakalamak iizere {i¢ tekrarli katmani igerir: Uzun Kisa
Vadeli Bellek (LSTM), Kapili Tekrarli Birim (GRU) ve basit Tekrarli Sinir Ag1 (RNN). Onerilen aglar,

*Sorumlu yazar (Corresponding Author): Yoénal KIRSAL, ykirsal@eul.edu.tr
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NWFP'den gercek zamanls, bir yillik veri kullanilarak test edilmistir. Sonuglar, LSTM, GRU ve basit RNN
katmanlar1 temelli DRNN i¢in gercek ve tahmin edilen riizgar hizi arasinda giiglii bir korelasyon oldugunu
gostermistir; ancak basit RNN, diger iki tekrarli katmandan biraz daha iyi performans sergilemistir. Ayrica,
ag hatalarinin y1l boyunca dagilimi analiz edilmistir. Gézlemlenen meteorolojik verilerin yillar arasinda
farkli dagilimlardan olmasina ragmen, onerilen ag, bu veriler kiiresel 1sinma nedeniyle degismis olsa bile
iyi genelleme yapmustir.

Anahtar Kelimeler: Riizgar hizi tahmini, Derin tekrarlayan sinir agi, Akilli sistemler, Zaman serisi

tahmini, Ozellik se¢imi
1. INTRODUCTION

Analysis of meteorological variables and weather
forecasts is important for clean and renewable
energy sources. Wind energy is a significant part of
renewable energy and the most promising one
among renewable energy sources globally [1]. The
prediction of wind speed is an essential feature in
terms of wind power generation, agricultural areas,
ship route planning, etc. In addition, predicting
wind speed is a very important parameter for
estimating the energy expected to be produced from
wind turbines in the short and long terms. Based on
these estimation values, the profitability of power
generation plants can also be calculated. Moreover,
the agriculture farm platform can be organized
according to whether it is profitable to invest in
wind energy in a specific region. The accuracy of
short-and long-term wind power generation is also
of great importance in balancing electricity
generation using different resources [2, 3].

Continuous and strong wind speeds are required for
the uninterrupted and high-quality electricity
generation of wind turbines. However, the chaotic
nature and dynamic uncertainty of the wind pose a
major obstacle to wind speed prediction. Despite
this chaotic structure and uncertainty, there are
many methods developed for making predictions in
the literature. Wind speed prediction tools are
widely categorized into the physics-based model,
the statistical-based model, and the hybrid
prediction model [4]. The physical-based models
require a firm theoretical background, many
equations, and a high computational cost. Hence,
the physical-based models are widely used in
practice [5]. On the other hand, the statistical-based
models perform better than the physical-based
models in wind speed forecasting [6]. However,
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researchers develop statistical-based models for
evaluating time series to minimize the error in
estimation methods, and they also work on artificial
intelligence (AI) methods for prediction. The hybrid
prediction model is a combination of both adaptive
structure and Al methods.

Hybrid methods achieve better accuracy and better
wind prediction results compared to other
individual models [7]. Al approaches are the most
commonly used methods to predict wind speed
based on various data in the literature [8, 9]. The
main reason is that these methods can adapt
themselves rapidly and accurately to changing
trends within the datasets. In addition, Al
approaches obtain high precision and better
performance output measurements. They also
produce algorithms based on input data rather than
using a generalized model. Thus, to achieve better
accuracy and good wind prediction results, Al
models should be considered for such analysis. The
artificial neural network (ANN) [10], support vector
machines (SVM) [11], fuzzy logic [12], the
classification algorithms of random forest (RF)
[13], extreme learning machine (ELM) [14], and
deep learning architectures of long-short term
memory networks (LSTM) [15] are commonly used
Al approaches in the literature. Recently, due to the
uncertainty and complex structure of the wind
speed, deep learning has gained more interest in
wind speed prediction due to its imposing features,
such as handling big data, solving complex systems,
learning the feature hierarchy on its own, avoiding
data overfitting problems, and obtaining successful
results from unstructured data, etc. On the other
hand, it is most suitable for real-world applications.
The convolutional neural network (CNN), deep
recurrent neural network (DRNN), deep belief
network (DBF), gated recurrent unit neural

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024



networks (GRUNNSs), ELM, and LSTM are widely
used deep learning algorithms rather than the
traditional Al approaches [16].

This paper proposes the wind speed prediction
model based on a DRNN approach for the first time
regarding meteorological input variables from
dedicated meteorological sensors from NWFP. The
proposed network has been constituted with a five-
layered deep  architecture that contains
convolutional, recurrent, and fully connected dense
layers. This type of network is capable of learning
the temporal and sequential relationship between
the inputs and outputs of the system. Thus, it is
capable of predicting future expected wind features
in advance for the corresponding regions. Global
warming has changed the weather over the past
years; hence, all other meteorological features are
also believed to have changed, such as precipitation,
temperature, humidity, and so on. Therefore, the
proposed network does not only receive the most
relevant features, that is, the wind features. All other
meteorological features were also presented to the
network because there was always a causal
relationship between these features. The main
contributions of this study lie in the following
aspects:

1. Relevancy analysis of the sensor readings and
the derived features are analyzed and their
contributions to the wind speed are also
investigated.

2. A DRNN approach is proposed, considering
convolutional, recurrent, and fully connected
dense layers for the wind speed prediction of the
collected data from NWFP.

3. Different recurrent layers such as LSTM, GRU,
and Simple RNN are used on the DRNN’s
architecture, and their performances are
compared.

The remainder of this paper is organized as follows:
Section 2 presents the other studies about wind
speed predictions; Section 3 provides the proposed
prediction model and experimental methods;
Section 4 presents experimental results and
discussions; and finally, some conclusions are
drawn in Section 5.

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024
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2. RELATED STUDIES

A wind power short-term prediction based on
LSTM and discrete wavelet transform (WT) was
proposed in [17]. The results showed that the
prediction accuracy had been improved by the
proposed method. In [18] a novel wind speed
multistep prediction model was proposed by
combining the variational mode decomposition
(VMD), singular spectrum analysis (SSA), LSTM,
and ELM. The results showed that the proposed
model has the best multi-step prediction
performance. In addition, it was also more effective
and robust in extracting trend information. A
GRUNN-based wind speed error correction model
for short-term wind power forecasting was
presented in [19]. The feature of wind speed was
analyzed, and the standard deviation of wind speed
error was also extracted as weights for the
numerical weather prediction (NWP) wind speed
time series.

The proposed prediction model was compared with
existing models such as SVM and ANN. The results
show that the proposed model gives better
performance results than the existing models. In
addition, the GRUNNSs-based data-driven approach
was also proposed in [20] for wind power
forecasting. The proposed model was compared and
contrasted with the LSTM algorithm. The results
show that the GRUNNSs outperformed the LSTM in
terms of a faster training process and less sensitivity
to noise. In [21] a novel hybrid forecasting system
was proposed that is formed by effective data
decomposition techniques, DRNN, and error
decomposition correction methods. Four different
wind farm datasets in China were performed and
verified by the proposed model. The results showed
that the proposed model obtained a highly accurate
wind speed prediction compared to simple and
traditional models.

In [22] a new hybrid deep learning model was also
proposed for short-term wind speed forecasting. An
improved complementary ensemble empirical
mode decomposition with adaptive noise
(ICEEMDAN) and autoregressive integrated
moving average (ARIMA) are combined with the
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ELM technique. The experiments focused on pre-
processing and post-processing time series data. In
[23] a hybrid model based on the crow search
algorithm (CSA), WT, feature selection (FS) based
on entropy, mutual information (MI), and deep
learning time series prediction based on LSTM is
proposed for short-term wind speed forecasting.
The results showed that the proposed method can
outperform the most basic existing wind speed
forecasting methods. A deep learning-based
approach was proposed in [16] to characterize the
probability density function (PDF) of the wind for
short-term wind speed forecasting. The proposed
model considers CNN and GRU to learn features of
wind speed time series. Two actual data sets are
used from England and Iran in the analysis. More
accurate results have been obtained compared to
other deep mixture approaches.

In [24] ELM and LSTM methods have been used to
obtain VMD and SSA to complete the prediction.
On the other hand, two hybrid models were
proposed in [25] where one was formed by the
LSTM and DNN and the other was combined with
GRU networks and DNN. Moreover, three hybrid
models were also proposed in [26] to improve the
forecasting accuracy for wind speed. The WT is
first mapped into the original wind speed history
into several subseries. Then, for the low-frequency
sub-series, the RNNs were used to extract the
deeper features and involved in suitable machine
learning methods for predicting, while others were
still predicted by the normal methods. The results
show that deep learning models outperform
traditional approaches.

3. METHODOLOGY
3.1. Datasets

The NWFP is a globally unique but national UK
real-world farming platform established in 2010
[27]. The NWFP is located at North Wyke in the
southwest of England to understand grassland
management at the systems level [28]. The NWFP
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real-time data, as well as the experimental work, are
available to the public. In other words, the data
provided by the NWFP is open-access and free to
download. More information about the NWFP can
be found in [27,28]. The experiment data set was
used from August 12, 2017, to August 24, 2020.
There are 106,944 data points from 1,114 days of
data obtained on the farm platform in the given
specified period. The dedicated meteorological
equipment and sensors were installed to record six
different meteorological features as precipitation
(mm), air temperature (°C), relative humidity (%),
wind speed (m/s), wind direction (°) and solar
radiation (W/m2) at 15-min intervals. p, at, rh, ws,
wd and sr are the abbreviations used for the
precipitation, air temperature, relative humidity,
wind speed, wind direction, and solar radiation,
respectively, in this paper.

3.2. Feature Engineering

To produce more distinguishability between the
sensory data which are received at different dates
and times, several input features are generated. First
of all, the wind direction received from the sensor is
in the range of [0,360°]. Wind direction is cyclical
data so this can cause a problem while training the
network. Any two values close to 0 and 360° must
be close to each other as well. Otherwise, the large
difference makes a large network’s update by
gradient descent algorithm during training even if
these two degrees are close. Due to this reason,
wind direction and speed are transformed to the
wind vector (wx, wy) as given in Equations (1) and
(2). Here, wd data has been logged in the unit of
degree so that by multiplying this value with /180
that is simply converted to radian.

WX = WS * COS (Wli*on) )
Wy = WS * sin (M;‘;zn) )

Each sensory data is received at a specific date and
time, therefore, date and time information can also
be added to the network training alongside the
meteorological sensory data. In this way, the wind
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data could be associated with the time of the wind
data that occurred. Thus, this association provides
additional information to make the wind data more
distinguishable along the year by the neural
network. However, timestamped data (e.g. minutes,
hours, seconds, and so on) are all cyclical and repeat
in a certain period. In cyclical data, the quantitative
between each consecutive data is small depending
on the step size, however, this is not true between
the first and last values of the cyclical data. To
overcome this type of data, time-specific
information is transformed into two-dimensional
using cosine and sine functions. To do this, the date
and time data must be transformed to the total
second first. Therefore, each timestamp is
represented as the number no seconds that have
been passed since the 1st of January, 1970, i.e. the
beginning of Unix time. Afterwards, two-
dimensional (2D) features are generated by using
the date and time information of each perceived
sensory reading. Two different 2D features, these
are time of day (ds, dc) and time of year (ys, yc), are
generated as given in Equations (3) to (6),

ds = sin (“2%) 3)
de = cos (“27) “)
ys = sin (“27) )
yc = cos (“j‘”) (6)

where d =24 x60%60 and y = 365.2425 Xd, these are
total seconds in a day and a year respectively and ¢
indicates Unix time.

3.3. Feature Selection

After having obtained newly generated features
(these are wx, wy, ds, dc, ys and yc) alongside the
available sensory data, it is important to analyze all
features whether or not they carry relevant
information that contributes to the model of wind.
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MI Scores [%]

p at rh srwxr wy ds dc ys yc
Figure 1. Mutual information analysis between the
input features and the target outputs

Therefore, MI analysis is performed between all
input features and the target wind speed (ws). Figure
1 shows the MI outcome of each input feature
against each target output. The highest MI value
implies the most relevant input feature to model the
target wind speed. As seen in the figures, the highest
MI values are obtained for the time of year features
ys and yc. These results are expected because more
or less meteorological data are similarly repeated
every year with some deviation. Surely, this
deviation increases with global warming which
changes the climate. On the other hand, time of day
and precipitation features have less or about 2%
relevancy therefore these features are removed from
the inputs of the network which do not contribute to
modelling the future wind data. Figure 2 shows the
final input-output configuration of the DRNN
model, where the network receives the current input
features and predicts a one-hour-ahead wind speed.

—» ws .
(One-hour-ahead)

Figure 2. Inputs and outputs of the DRNN model
after MI analysis.

Furthermore, the input data of the DRNN model

were normalized by subtracting the mean and
dividing by the standard deviation of each feature
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before presenting them to the model. This method
is also known as data standardization and is given
in Equation (7). The target output data (ws) were
kept raw during the model training.

, _ xj—mean(x;)
V7T stdev(xp) ™
where X, and x; indicate the scaled and raw feature
1, respectively.

3.4. Deep Recurrent Neural Network

A deep recurrent neural network consists of
multiple different types of layers which are
convolutional, recurrent, and fully connected
layers. To capture the temporal and sequential
information from the data presented to the network,
it is important to use recurrent connections-based
layers such as LSTM, GRU, or a simple RNN layer
on the network. Such a network does not only work
on an input space but also on an internal state space
which enables one to learn the representation of
temporally or sequentially long-term dependencies
over unspecified intervals [29]. Otherwise, it is not
possible to learn a temporal model to predict the
future values of the desired wind speed.

a(t—l)——» tanh > a<t>
<)
Figure 3. The diagram of a simple RNN cell at

time t.

1) Simple RNN Cell: Simple RNN (Figure 3) was
introduced by Elman [30] where the activation of
hidden layer a‘®! is computed by feeding the hidden
layer with the current inputs x{© and with the
previously hidden activation values a‘*~Pas given
in Equation (8), this is also known as recurrent
connections that create a short-term memory to
remember the sequence of data presented to the
network. To learn the long-term dependency, the
simple RNN cells are connected sequentially to
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each other (see Figure 5) and the inputs of the
corresponding cell become the output of the
previous RNN cell unit, this is also known as
unfolding RNN. However, a large number of
unfolded simple RNN units can cause vanishing
gradient problems [31].

a® = 6,,(0,[a" 1, x O] + b,) (8)

where gy, indicates the hyperbolic tangent function,
0 is the connection weight matrix, and b is the bias
vector.

2) LSTM Cell: The LSTM contains a number of the
connected LSTM cell which has feedback
connections to present a memory behaviour that
remembers the values over arbitrary time intervals.
Another advantage of using LSTM cells is to
overcome the vanishing gradient problem when
adding many layers to the deep network [32].

clt=1) KX\ q_\ cl®
l alt)
1:}——»
F(ft) I,lgt) 0] Fg) T
forget dat tput
oo | |bae | [tenn | [ Comne
alt=1)

D)

Figure 4. The diagram of an LSTM cell at time ¢.

LSTM cell is composed of a forget gate, update
gate, cell state, output gates, and the hidden state as
shown in Figure 4. Forget gate I}<t> enables the
LSTM cell to reset the memory of the previous cell
state c{"Y. The gate receives inputs from the
previous hidden state a‘*~Yand the current
timestep’s input x‘* and a sigmoid function are
used to keep the output of the gate in the range of
[0,1], so that whenever the gate’s value closes to 0,
the LSTM cell forgets the majority of the previously
stored cell state, otherwise the stored cell state is
remembered for the next timestep when the gate’s
output closes to one.
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Furthermore, the LSTM cell computes the
candidate value ¢ which contains information
from the current timestep that may be stored in the
current cell state c{?”. Then, the update gate 1"f<t>
decides which part of the candidate could be passed
to the cell state. The sigmoid function is used in the
update gate that clamps the gate’s output in the
range of [0,1]. When the output of the update gate
closes to one, the majority of the candidate’s value
is passed to the cell state, otherwise, the value of the
candidate is not passed to the cell state when the
output closes to zero. Therefore, the new value of
cell state c{® becomes the combination of the
previous cell state and the candidate value. Finally,
the current hidden state a‘’ is computed by using

the output of output gate I"O(t). The equations of the
LSTM cell are given in Equations (9) to (14) [32].

I = oy(0;[a’0,x] + by) 9)
9 = g,(0[a0, 9] + b;) (10)
&t = 6, (0.[a*V, x| + b,) (11)
I = a,(0,[at™, x0] + by) (12)
6 = 1}“) o cft-1) _H}(f) o &t (13)
a® =1« g,(c®) (14)

where g and oy, are sigmoid and hyperbolic tangent
functions respectively, @ indicates the weight
vector of corresponding gates or candidate value, b
is the vector of bias term, superscript (t) implies the
timestep, [-] is the concatenate operation between
two vectors and ° is the Hadamard product.

3) GRU Cell: Similar to the LSTM, the GRU
(Figure 5) was also designed to overcome the
vanishing gradient problem when the number of
timesteps is increased (i.e. unfolding) on the
recurrent layer [33]. The only difference between
the GRU and from LSTM unit, the GRU does not
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have a separate memory cell state like shown in the
LSTM cell diagram in Figure 4 with c‘® notation
when computing the activation output, instead the
activation of the GRU is a linear interpolation
between the previous activation a®™" and the
candidate activation @~ values as given Equation
(18). Here, the candidate activation is computed
similarly to the traditional recurrent unit given in
Equation (8), unlikely the value of the reset gate I,
is also integrated by multiplying the gate’s value
with the previous state activation value. The reset
gate, Equation (17), yields a value in the range of
[0,1] because of the sigmoid function. As a result,
when the gate’s value closes to zero, the majority of
the previously computed hidden state is forgotten as
given in Equation (15). Finally, the update gate [,
Equation (16), decides how much information from
the previous state needs to be passed along to the
current state a‘®), therefore when the gate’s value
closes to one, the majority of the current state is
forgotten and the current state will mostly depend
on the candidate activation. The GRU cell equations
are listed as follows [33]:

a® = 0, (0,1 < a1, x0] + b,) (15)
I = 0,(0,[a,x®] +b,) (16)
! = g,(0,[a®,x®] +b,) (17)
alt = 1Pea® +(1 - ") « alt-V (18)
(t-1) >(x) (1) > alt)
2 X 2
(15
\ ]
©)
ol | T
fPitr it

0

Figure 5. The diagram of a GRU cell at time t.
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4) Deep Network Architecture: The detailed
architecture of the deep recurrent neural network
used in the following experiment is given in Figure
6. The network receives an input vector that is
constituted with raw meteorological sensory
data and the  generated input data
x = {ys,yc,st,rh,wx,wy,sr}. To incorporate
temporal input data into the network training, the
input data vector is arranged and 2,688 input data x
back in time are used for the observation of the past
input readings, therefore network looks back 40,320
min (2,688 data points % 15 min), here 15 min is the
sampling rate of the meteorological sensors. By
dividing 40,320 min with 1,440 (60 min x 24 hours)
results 28 days is the total days back in time where
the network uses.

However, instead of using every 15-minute input
data, every 2 data points (i.e. every 30 min) are
presented to the network, in this way dimensionality
of the network inputs is reduced. There is no
significant difference between 15- and 30-minute
sampled data according to autocorrelation analysis
[34]. As a result, 1,344 time-lag presents 28-day
data observation in past (see Figure 5, where the
1,344 time-lagged input vector x(©are shown at the
bottom of the figure).

Afterwards, time-lagged inputs are presented to the
1D convolutional layer where 256 filters are used to
extract sub-sequences from the input sequences of
the network. The convolution operation leads to
recognizing the input sequences at different
timesteps, therefore the sequences become
translation invariant. Then, the outputs from the
convolutional layer become the inputs to the first
recurrent layer. Here, two recurrent layers are
stacked on the network architecture. By stacking
multiple recurrent layers on top of each other, all
intermediate recurrent layers must return their full-
time sequence outputs rather than the output at the
last timestep [35]. This is shown in Figure 5 where
the outputs from recurrent cells at the first recurrent
layer (indicating with superscript 21 as the layer
number) are all connected to the associated next
recurrent cell on the following recurrent layer (i.e.
layer number B).
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Figure 6. Deep recurrent network architecture for
wind prediction. Superscripts [n] and
(t) indicate the n” layer and ¢" timestep,
respectively. The dimensions of layers
and the recurrent cell types for each

model are given in the dashed box

After each layer of the DRNN, a batch
normalization (BatchNorm) layer was added. The
BatchNorm layer is simply normalized to the
outputs from the previous layer which is connected
to the BatchNorm layer using the mean and standard
deviation of the current batch of input samples
during the training. The main advantage of using
batch normalization is that it overcomes the
accumulation of large error gradients that can cause
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the exploiting-gradient problem. In addition, by
obtaining normalized outputs, the backpropagation
algorithm produces a similar range of gradient
values that can help move directly and smoothly to
the local minimum of the loss optimisation. The two
parameters (y,1) are learnable in the BathNorm
process which is continuously learned during the
training of the model, as given in Equation (18).

y; = BatchNorm(x;) = yX; + A (19)
where x; indicates the previous activation outputs,
X; is the standardized value of x; using the batch
mean and standard deviation value of the i
connection.

Furthermore, the more layers are added to the
network, the network is more prone to become
overfitting. To overcome this issue, each node of the
network is connected with its corresponding next
node by using the dropout rate. Therefore, during
the training of the network, randomly selected
nodes and their connection weights are disabled
from the network’s architecture so that the weight
balance is spread to all the connection weights in
order not to rely on one feature. The last
timestamp’s output from the last recurrent layer is
then connected to a fully connected dense layer,
here the dense layer is an ordinary feedforward
neural network layer where a hyperbolic tangent
activation function is used. Then, another fully
connected layer is used at the top of the first dense
layer, and finally, the activation outputs from the
final dense layer are connected to the output dense
layer with linear (identity) activation function to
predict one-hour ahead wind speed Wws. The
network learns to predict t+4 timesteps forward of
the output data during the training because the
sampling rate of the sensory data is 15 min so t+4
represents one hour ahead of the information. It is
also important to note that only the recurrent layers
(layers 2 and 3) in Figure 6 were replaced with one
of the recurrent cell approaches (simple RNN,
GRU, or LSTM); thus, three different models were
generated: DRNN- with a simple RNN, LSTM, and
GRU. These models were trained separately, and
their validity was compared for this study.
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5) Network Training: Before the network is trained,
the obtained dataset is split into training, validation,
and testing sets with the ratio of 70%, 20%, and
10% respectively. The training set is used to learn
the model of the relationship between inputs and
target outputs presented to the network. A
validation set is used to validate the network
whether the network’s training becomes overfitting,
under-fitting, or optimal model therefore depending
on the validation results in each run, the selected
hyper-parameters can be changed to obtain the
optimal model at the end of the training process.
The initial learning rate ay is selected based on some
trial training runs and is found to be the best choice
to set 0.001. Generally, it is important not to select
a too-large learning rate, it may diverge the
learning, or too small may slow the convergence.
However, when the network learning is near the
local minimum on the loss landscape of the
network, the learning algorithm needs to make
smaller steps to reach the corresponding minima, so
this reason the learning rate is reduced
exponentially in each epoch of the training. The
current learning rate during the training can be
computed as follows [35]:

a=aye ™ (20)

In addition, momentum (f) and discount factor (p)
parameters for the root mean square propagation
(RMSprop) optimizer are also set apart from the
learning rate to remove the oscillation on the
computed gradients to speed up the network
learning. RMSprop optimizer is a more
sophisticated ~ version than the ordinary
backpropagation algorithm. This algorithm also
computes the gradients of the loss function (i.e.
mean of squares of errors as given in Equation (21)
for the network’s connection weights by simply
applying the chain rule to find the derivative from
the loss of the output layer backwards to the
corresponding layer’s connection weights.
£(ws, Ws) = — 7, (ws; — WS;)? Q1)
where m indicates the number of the data in the
current batch.
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Table 1. Training parameters for proposed DRNN

model
Parameter IDescription/Value
Optimization algorithm IRMSprop optimizer
Initial Learning Rate () [0.001
Momentum ([3) 0.99
Discount factor (p) 0.9
Decay rate (t) 0.05

\Weight initialization Xavier initialiser

Dropout rate 0.8
Number of epoch 200
Batch size 64

Once the gradients of the corresponding layer’s
connection weights are computed, then the
momentum is applied to the acquired gradients of
the connection weight matrix () and bias vector (b)
as given in Equations (22) and (23), and finally,
RMSprop is computed by taking the squared
gradients of the corresponding connection weights
in Equations (24) and (25). In this way, the moving
average of the gradients for each connection weight,
i.e. smoothed gradients, is used to update the current
connection weights of the network. After applying
momentum and RMSprop operations, ® and b of
the corresponding layer [I] can be updated as given
in Equations (26) and (27) [36].

a
Vi = BViL + (1 - ooy (22)
I I 0§
Vi = BVSl+ (1= B g (23)
af \?
sy = pShy + (1= p) (527) (24)
ylu
ol = gl _ 5 Yoo (25)
/Sg39+e
[1
pltl — pll _ o Yob (26)

’Sg%ﬁe

where € is a very small constant number to prevent
the denominator from becoming zero, i.e.
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€ =1077.Finally, the summary of all training
parameters for DRNN is listed in Table 1.

4. EXPERIMENTAL RESULTS AND
ANALYSIS

After three RNN layers-based DRNNSs are trained,
they are tested by using unseen test data from
September 2019 to August 2020.

T T
actual

——simpleRNN

30— —-LSTM

GRU

12-06 12-12 12-18 12-24 12-31 A
20+ / A4

-

wind speed [m/s]

i é01‘9'10 201‘971"1 201‘9‘71-2-;0-2‘(‘)'01 202!‘)702 202303 2‘02(‘)704 2026'05 20‘2‘0706 7202“0707 2026705 i
Date
Figure 7. Actual versus predicted values of all

DRNN models for one-hour ahead wind
speed prediction

As a result, the one-hour-ahead wind speed
predictions of the test dataset for the simple RNN,
LSTM and GRU-based DRNN are demonstrated in
Figure 7. As can be seen, there is some noise in the
predicted signals in comparison with true signals.
The data from training and testing must come from
the same distribution, otherwise, the trained
networks’ model can struggle to predict true values
and could have some fluctuations. These results are
expected because of global warming where the
seasons are getting changed. The neural network is
capable of learning the repeated patterns where
there is a correlation between inputs and outputs,
however, when the input data changes in the case of
global warming and the target output data does not
change in the way the inputs changed, it is certainly
impossible that the neural network generalizes the
altered data well enough because these data are not
seen during the network training so that the
knowledge of naturally altered data cannot be
embedded within the network’s weights during the
training.
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Figure 8. Box plot of the prediction errors over

months.

Further analyses are also carried out to examine the
network’s prediction errors along the months of the
year. Figure 8 shows the box plot of the network’s
prediction error in each month. It can be seen that
the highest number of errors were in December
2019 and August 2020. This is shown with the
median error values (middle horizontal line in the
box) which have the furthest distance to the zero
error for the corresponding months.

Furthermore, the difference between the lower and
the higher end of the boxes indicates how the
variability of the error data from the median error,
in other words, this is also called mathematically
interquartile range (IQR). The IQR values of these
two months are higher than the other months so
50% of the error data (the box indicates the middle
50% of data) are spread out more because the
network has high uncertainty on the predictions. In
addition, the whiskers of the boxes for the
corresponding months indicate that they have the
highest positive and negative errors among the other
months. There are also lots of outlier data points of
the prediction error which are indicated with the (+)
symbol for December 2019, May 2020, and June
2020. The network makes these types of outlier
predictions whenever the corresponding input data
are significantly different from the training data.
The data used in the network training are obtained
from earlier years than the test data used for the
network evaluation. This difference between the
years is possible because global warming causes
weather shifts over the years.
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To clarify whether the occurrence of the high errors
in December 2019 and August 2020 whether or not
is dependent on the distribution of training and
testing datasets, the Kolmogorov Smirnov (KS) test
is carried out to compare the raw meteorological
sensory data of these months in each year from 2017
to 2020. Suppose the relationship between the
sensory data of the specific month at the different
years is not changed due to global warming. In that
case, the acquired model of DRNN can generalise
the prediction well, even if the magnitude of those
data is changed in the following year. First of all,
the training data which belongs to August month
from 2017 to 2019 are separately compared with the
test data belonging to August 2020.

The results show that only precipitation data in 2019
and 2020 of the August month are from the same
distribution at the 5% significance level and the null
hypothesis is rejected for the other meteorological
sensory data (i.e. temperature, humidity, solar
radiation, wind speed, and direction). Similar
results are also obtained when comparing the test
data of December 2019 against the training data of
December 2017 and 2018. This is an expected
outcome and shows how well the acquired
network’s model generalizes the meteorological
data with an acceptable error rate even if they come
from a different distribution.

4.1. Comparison between LSTM, GRU and
Simple RNN

To assess the performance of the DRNN using
different recurrent layers, various statistical
analyses are carried out. Firstly, the correlation
coefficient values between the DRNN’s predicted
wind speed and the actual wind speed are computed
by using three different correlation analyses, these
are Spearman, Pearson, and Kendall correlation
coefficients. The value of the correlation coefficient
indicates how correlated predicted outputs are and
actual outputs, the wvalue 1 implies perfect
correlation, 0 is a random guess and -1 means
negative correlation. Furthermore, prediction errors
of the network on the test data are also interpreted
therefore mean absolute error (MAE), root mean
square error (RMSE), and mean absolute
percentage error (MAPE) are calculated.
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Table 2 shows the statistical results of all recurrent
layers using the same test data. As can be seen, there
is a strong correlation between the network-
predicted and actual wind speed for all RNN layer-
based DRNN where their values are over 0.8 for
both Spearman and Pearson correlations, however,
both GRU and simple RNN-based recurrent layers

on the DRNN architecture presents better than
LSTM-based layer. In addition, the simple RNN-
based DRNN demonstrates slightly better
performance than the GRU-based DRNN according
to the Spearman and Kendall coefficients, whereas
the GRU-based DRNN shows better performance in
terms of the RMSE metric.

Table 2.Correlation coefficient values and overall prediction errors between each RNN layer for 1-hour

ahead prediction

Spearman | Pearson | Kendall | MAE [m/s] RMSE [m/s] MAPE [%]
LSTM 0.8312 0.8943 0.6477 1.4819 1.9360 34.3462
GRU 0.8815 0.9237 0.7079 1.3402 1.7863 27.9873
Simple RNN 0.8829 0.9166 0.7089 1.3088 1.8010 26.7737

Similar results are also obtained when prediction
errors of the networks are analyzed. Both GRU and
simple RNN-based DRNN have close overall
prediction error according to MAE and RMSE,
however, the accuracy of the Simple RNN has
slightly better accuracy than GRU layers according
to the MAPE values which are 72.01% and 73.23%
(100 - MAPE) for GRU and simple RNN-based
layers, respectively. Further analyses are also
carried out between GRU and simple RNN-based
layers to investigate how widely prediction errors
deviate from the mean error, therefore
standard errors for both networks are
computed as  Oggry=0.0002056 m/s and
EsimpleRNNZO.OOOZBS my/s. This shows that the
prediction of using a simple RNN layer on the
DRNN is slightly spread out more than the GRU-
based layer. On the other hand, the confidence
intervals of the prediction errors with a 95%
significant level for GRU and simple RNN layers
are also reported as [0.6931, 0.6939] m/s and
[0.5581, 0.5590] m/s respectively. Although the
simple RNN-based DRNN has a higher standard
error, its prediction errors lie in the smaller range in
comparison with GRU-based DRNN.
Consequently, the lower error range yields better
network performance.

5. CONCLUSIONS

Due to global warming, weather conditions are
changing, and previously obtained forecasting
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models may fail to predict wind speed accurately.
Previous models that relied only on previous wind
speed information are no longer sufficient, as global
warming affects multiple meteorological factors
such as precipitation, temperature, humidity, and
solar radiation. Therefore, a deep recurrent neural
network is proposed to model the relationship
between multiple meteorological sensory data to
produce more robust wind speed predictions. This
approach can adapt to changes in weather
conditions and is capable of producing accurate
wind speed predictions even as wind speeds change
each year. The proposed model is designed for one-
hour-ahead wind speed predictions in an
agricultural area.

To predict future wind speed, raw meteorological
sensory readings are transformed into non-cyclical
features such as wind vectors and timestamps. The
mutual information of these features is analyzed to
determine their contribution to the prediction. Three
types of recurrent layers (LSTM, GRU, and simple
RNN) are tested in a DRNN architecture to model
the relationship between sensory data and wind
speed. The models are validated using unseen
sensory data from September 2019 to August 2020,
and statistical analyses are performed to compare
their performance. The results show that there is a
strong correlation between the predicted and actual
wind speeds for all models, which used different
types of recurrent layers. Furthermore, the
distribution of the mean prediction error along the
months of the year is also analyzed using box plot
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analyzes to highlight the month in which the highest
average error occurred. It is reported that the
networks performed worse in December 2019 and
August 2020 than in other months. To clarify this,
the Kolmogorov-Smirnov test is carried out, and it
is found that the training and the test sensory data in
these two months are not from the same continuous
distribution. These results are expected because
global warming affects the weather in different
ways between consecutive years. Thus, the sensory
readings between the years become significantly
different. In conclusion, a deep recurrent network is
capable of learning very high-degree nonlinear data,
and by combining multiple recurrent layers on the
network’s architecture, it becomes more powerful
than an ordinary one-layer recurrent neural network
to model the noisy sensory data.
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Abstract

PVC foam materials are preferred in many engineering applications because of their lightweight nature and
strength/weight ratio. They are mainly used as the core material in the middle of sandwich panels with
improved flexural rigidity. The mechanical performances of sandwich panels, such as flexural load-
deflection, core shear load, core shear failure load, and indentation failure load, directly depend on the
mechanical properties of the core material. In this study, compression tests of AIREX C70 PVC foams with
three different densities were performed. The elastic modulus and strength results obtained from the
compression tests were compared with the mechanical properties provided in the dataset supplied by the
material manufacturer. The core yield loads of a concept sandwich panel were then obtained using the
compression mechanical properties of the core, which were obtained from datasets and experimental
results. When the core yield loads obtained using both data were compared, it was revealed that the load
obtained using the dataset data was 23% inaccurate. Thus, the study explained why compression tests are
necessary even though the mechanical properties of PVC foam materials are known in the datasheet.

Keywords: AIREX C70 PVC foam, Sandwich panels, Core yield loads, Compression tests

Sandvi¢ Panellerde Cekirdek Malzeme Olarak Kullanilan PVC Kopiik
Malzemelerin Basing Yiiklerine Kars1 Performansi

Oz

PVC kopiik malzemeler, hafiflikleri ve mukavemet/agirlik oranlari nedeniyle bircok miihendislik
malzeme olarak kullanilirlar. Sandvi¢ panellerin egilme yiikii-sapmasi, ¢ekirdek kesme yiiki, ¢ekirdek
kesme kirilma yiikii ve ¢entik kirilma yiikii gibi mekanik performanslar1 dogrudan ¢ekirdek malzemenin
mekanik ozelliklerine baglidir. Bu ¢aligmada, ti¢ farkli yogunluga sahip AIREX C70 PVC kopiiklerin
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sikigtirma testleri gerceklestirilmistir. Basma testi sonuglarindan elde edilen elastik modiil ve mukavemet
sonuglari, malzeme tedarik¢isi tarafindan saglanan mekanik Ozellikler veri sayfasi verileri ile
kargilagtirilmistir. Daha sonra, konsept bir sandvi¢ panelin ¢ekirdek akma yiikleri veri foyiindeki ve
deneysel sonuglardaki gekirdegin basma mekanik 6zellikleri kullanilarak, elde edilmistir. Her iki veri ile
elde edilen ¢ekirdek akma yiikleri karsilastirildiginda, veri foyiindeki verileri ile elde edilen yiikiin %23
hatali oldugu ortaya ¢ikmistir. Boylece calisma, PVC kopiik malzemelerin mekanik 6zelliklerinin veri
foyiinde bilinmesine ragmen basma testlerinin neden gerekli oldugunu agiklamaktadir.

Anahtar Kelimeler: AIREX C70 PVC kopiik, Sandvi¢ paneller, Cekirdek akma yiikleri, Sikistirma

testleri

1. INTRODUCTION

The rapid emergence and growth of the use of
polymeric foams have been attributed to their
numerous advantages. These include their
lightweight properties, high strength/weight ratio,
and ability to provide excellent insulation [1,2].
Demand for these materials is expected to increase
because of the increasing use of lightweight
materials such as closed-cell foams, especially in
automotive structures. The lightweight nature of
these materials can help improve fuel economy and
reduce transportation pollution. In addition, the
high compressive energy of closed-cell foams can
be used to improve the damage tolerance of some
automotive structures. Therefore, due to their
exceptional lightweight properties, closed-cell PVC
foams are widely used in the production of
automobile, aerospace, and marine structures [3].
Owing to their high compressive and dimensional
stability characteristics, closed-cell foams are also
ideal for structural applications [4]. Foam cores
from polymers such as PVC have good
flammability and chemical resistance [S5]. PVC
foam is also a core material that produces wind
turbine blades [6]. Various engineering products,
such as sandwich panel cores, use PVC foams [7,8].
Because of their properties, such as their ability to
resist transverse loads, sandwich panels are
commonly used in engineering applications [9]. For
a sandwich structure, the role of the core in
transmitting the shear load between the facesheets
is significant. If the core is brittle or has low shear
strength, it can cause catastrophic failure. On the
other hand, high shear strength can cause
delamination because of the failure of the
facesheets’ adhesion. Although it has a high shear
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strength, PVC foam tends to behave non-linearly
[10].

The core material directly affects the flexural
behavior of sandwich beams, such as core shear
deflection, core yield load, and core shear failure
mode [11-14]. The core yield load depends on the
compressive strength capability of the core
material, especially when sandwich beams lose
their stiffness properties under bending load. When
analytical methods estimate the core yield load
values of sandwich beams, the compressive yield
strength of the core material is required [11].
Therefore, the compressive strengths of the PVC
foam material must also be known to estimate the
core yield-bearing load of a sandwich beam made
of the PVC foam core material.

This study investigated the compressive strengths
of AIREXC70 PVC foam, the preferred core
material of sandwich materials. There is a wide
range between the average and minimum values in
the supplier’s strength specifications for PVC
foams (Table 1). Therefore, using these values in
analytical calculations may increase the error rate in
providing reliable estimates. For these reasons, we
subjected three different AIREXC70PVC foam
materials used as cores in sandwich plates to
compression tests. Thus, the authors revealed where
the compression properties of the PVC foams they
tested fell within the property range in the data sheet
provided by the supporting company.

2. MATERIAL AND METHOD

The AIREX C70 foam is made from high-quality
closed-cell materials and exhibits exceptional
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stiffness and strength. This material is water
resistant and has excellent anti-chemical
capabilities. Its delicate cell design also helps in
bonding. AIREXC70 is suitable for various resins
and manufacturing processes. Owing to its
exceptional properties, AIREXC70 can be used as a
core material for various sandwich structures [15].
Figure 1 shows the three densities and thicknesses
of AIREX C70. They are widely chosen as the core
material for sandwich beams. The samples
exhibited 75, 48, and 130 kg/m’ densities. The
manufacturer of AIREXC70 provides the
mechanical properties of PVC foams. The
mechanical characteristics of the AIREX C70 PVC
foams are shown in Table 1.

Compression testing was performed on the three
densities of AIREX C70 PVC foams to check their
mechanical properties, as shown in Table 1. ASTM
C365 is the standard used for determining the
compressive modulus and strength of PVC foam
used for sandwich structures [16]. According to
standard procedures, five AIREX C70 PVC foam
samples were prepared with 30 mm thickness and
60X60 mm surface cross-section sizes. The test
samples are shown in Figure 2.

Ahmet CETIN, Necdet GEREN

Compression tests were performed on PVC foam
using ASTM C 365 [16]. The rigid plates, which
were 20 mm thick, were fixed to the lower and
upper jaws of the machine, as shown in Figure 3.
The specimen was then placed between them. The
cross-head motion was set at 0.50 mm/min. It was
ensured that the load was evenly distributed across
the specimen surface. The tests were resumed until
the foam was densified.

13041 10

Figure 1. AIREX C70 foams are used as the core
material

Table 1. Mechanical properties of the AIREX C70 foam materials [17]

Properties of the AIREX C70 Unit C70.48 C70.75 C70.130
Density kg/m’ 48 (min 43) 80 (min 72) 130 (min120)
Compressive strength MPa 0.60 (min 0.50) 1.45 (min 1.10) 3.0 (min 2.6)
Compressive modulus MPa 48 (min 35) 104 (min 80) 170 (min 145)
Tensile strength in the plane MPa 0.95 (min 0.80) 2.0 (min 1.6) 4.0 (min 3.0)
Tensile modulus in the plane MPa 35 (min 28) 66 (min 50) 115 (min 95)
Shear strength MPa 0.55 (min 0.50) 1.2 (min 1.0) 2.4 (min 2.1)
Shear modulus MPa 16 (min 14) 30 (min 24) 54 (min 45)

Figure 2. PVC foam specimens prepared for Figure 3. Compression test setup of the PVC foam

compression testing
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3. RESULTS AND DISCUSSIONS

Table 1 shows the mechanical properties of the
three PVC foams. Although the data collected by
the supplier company are shown in Table 1, the
average and minimum values of the foam materials
are not always the same. For instance, a high-
density PVC foam with an average density of
48 kg/m® can have a maximum density of 55 kg/m?
and a minimum density of 43 kg/m?®. The variance
between the densities at the extremes and the
average values is approximately 14.5%. The
mechanical properties of the foam are considered to
be the basis of its average value at 48 N/mm?’.
However, the minimum value for this material is
35 N/mm?. The difference is noteworthy, as it
amounts to 27%. Compression tests were performed
on the foams to determine their mechanical range.
These were compared with the materials used in the
study. The force-extension data obtained during the
compression tests are shown in the curves in Figure
4. The stress-strain curves presented in Figure 5
were then obtained.

The compressive modulus and strength of the PVC
foams were obtained from Figure 5. The mechanical
compression properties of the PVC foams obtained
from the tests are given in Table 2, with the
mechanical compression properties provided by the
supporting company. The data presented in the table
show that the compression properties of all tested
PVC foams are between the minimum and
maximum values presented in the data sheet. The
experimental compression modulus and strength
values of AIREX C70.48 PVC foam with a density
of 48 kg/m? are in the middle of the minimum and
average values presented in the data sheet. The
experimental compression mechanical properties of
80 kg/m3 density AIREX C70.75 and 130 kg/m’
density AIREX C70.130 PVC foams are close to the
minimum values presented in the data sheet.

It can be said that there is agreement between the
experimental results and the values presented in the
data sheet. However, this wide range in the data
sheet may lead to erroneous predictions in
application areas. For example, consider a sandwich
beam design made of AIREX C70.75 foam among
the foams tested in compression and plain woven
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fabric composite material. The mechanical
properties of the plain woven fabric composite
material used as the facesheet material of the
designed sandwich material were taken from the
literature. Facesheet material has a thickness of 0.82
mm, an elastic modulus of 50.2 (Ef), and tensile
strength of 674 MPa, respectively [18]. Let the
thickness (c) of the PVC foam material be 30 mm.
Also, assume the sandwich beam (b) width is 50
mm. The designer wants to estimate the core yield
load of this sandwich beam under bending loads.
The designer can predict the core yield loads (P;) of
the sandwich beam with the equations presented
below [11].

_ 20cb

P, =2 (1)
where,

k1
A= G @

With the foundation modulus k defined as;
k=-—"— (3)

Using the PVC foam material and facesheet
material properties given in the case study and the
set of equations, the core yield loads of the
sandwich were determined. Two different methods
were applied to the solutions. In the first case, P, is
obtained using the average elastic modulus of PVC
foam from Table 2. The second case calculation was
made using the experimental compressive elastic
modulus. Thus, the error probability for P; was
determined. The P, value obtained from the average
value of the data sheet was 1041 N. Otherwise, the
value of P; obtained using the compression modulus
obtained using the experimental result is 843 N. The
main mechanical properties are the experimental
compression test results for the PVC foam used.
Therefore, the force value was obtained with an
error of 23% in the first calculation method.

As a result, the PVC foams tested under
compression are within the value range given in the
datasheet. However, using the datasheet values in
analytical applications for design estimations
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increases the error rate in obtaining actual values.
The core yield loads obtained in the case study are
an excellent example.

On the other hand, PVC foam materials used as core
materials in sandwich applications do not only
require compressive mechanical properties. The
shear modulus of the core material of a sandwich
beam is required to obtain the force—deflection
curve under flexural loading. The maximum load
that a sandwich failing in core shear failure mode
can carry depends on the shear strength of the PVC

T
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foam. Moreover, the compression modulus and
strength are required to determine the maximum
load a sandwich with indentation failure can carry.
The mechanical properties of the PVC foam used as
the core material must be known for accurate and
precise estimation of all these parameters applicable
to the sandwich design. In this context, this study
explains the necessity of determining the
mechanical properties of PVC foams from
experimental data, although the mechanical
properties are given in the foam manufacturers’
datasheets.
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Figure 4. PVC foams compression load— extension curves a) 48 kg/m? density b) 80 kg/m? density c) 130
kg/m? density
Table 2. Compressive modulus and strength of the AIREX C70 PVC foams
AIREX : Data sheet Experimental results
70 Density Comp. strength Comp. modulus Comp. strength Comp. modulus
(kg/m®) (MPa) (MPa) (MPa) (MPa)
C70.48 48 (min 43) 0.60 (min 0.50) 48 (min 35) 0.55 42
C70.75 80 (min 72) 1.45 (min 1.10) 104 (min 80) 1.10 32
C70.130 130 (min120) 3.0 (min 2.6) 170 (min 145) 2.60 145
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Figure 5. PVC compression stress-strain curves a) 48 kg/m* density b) 80 kg/m® density ¢) 130 kg/m®
density
4. CONCLUSION application fields. A sandwich panel was designed,

Compression tests of the PVC foam materials used
in sandwich panel applications were conducted.
Three different densities of PVC foam were used in
this study. The mechanical property dataset of these
foams obtained from the supplier company is
provided in the study. However, the range between
the average and minimum values of the mechanical
properties is very large. Therefore, the actual
compression modulus and strength values of the
tested PVC foams were obtained. The compression
properties of 48 kg/m® density foams obtained from
the experimental results are between the average
and minimum values in the datasheet, whereas the
others are close to the minimum values.

A case study was also conducted to emphasize the

importance of correctly determining the mechanical
properties of PVC foams when designing for
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and the core yield load of this panel was obtained
by an analytical method using the compressive
mechanical properties of the PVC core material.
Two different calculations were performed. The
first method used the average compression modulus
and strength values in the datasheet. Second,
compression  properties obtained from the
experimental data were used. The load value
obtained using the dataset data was 23% inaccurate.

Thus, the study proved that even though the dataset
presents the mechanical properties of PVC foams,

the mechanical properties of the core used in the
sandwich panel need to be obtained by testing.
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Oz

Iklim degisikligi, insanlik icin en biiyiik ¢evresel tehlikelerden biridir. Iklim degisikliginde karbondioksit
(CO»), sera etkisinin baglica sebeplerindendir. Ulagim sektdrii, biiyiik CO, emisyon kaynaklarindan birini
olusturmaktadir. Bu makale, araglarinin anlik CO, emisyonlarini tahmin etmek i¢in bir yapay sinir agi
(YSA) modeli sunmaktadir. Araglarda CO, emisyonlarini tahmin etmek i¢in Linear Regresyon, XGBoost
Regresor ve K-Nearest Neighbours Regresorii olmak iizere ii¢ regresyon modeli kullanilarak kapsamli bir
yaklagim kullanilmistir. Arastirma, araglardaki CO, emisyonlarini tahmin etmek ve analiz etmek i¢in bu
yapay sinir aglarinin yeteneklerinden yararlanmaya odaklanmaktadir. Farkli modellerin kullanilmast,
dogruluk ve verimlilik agisindan performanslarinin karsilagtirmali olarak degerlendirilmesine olanak
saglamaktadir. Yiiksek dogruluk ve uygulanabilirlik saglayan bu yontem, motor hacmi, silindiri, sehir igi
ve sehir dis1 yakit tiiketimi gibi parametreler ile egzoz emisyonlarmin 6ngoriiciileri olarak kullanmaktadir.
Her parametrenin emisyon tahminlerine olan 6nemi, test ve egitim dogrulugu, kok ortalama kare hatasi,
ortalama mutlak hata, R? skor gibi sonuglar karsilastirilarak kapsamli bir sekilde analiz edilmistir. Bu
calisma, ozellikle arag emisyonlari baglaminda CO, emisyon tahmin metodolojilerinin ilerlemesine katkida
bulunmay1 amaglamaktadir. Bu arastirmanin bulgulari, ulagtirma sektoriinde karbon ayak izlerini azaltmak
icin siirdiiriilebilir ¢oziimler arayan politika yapicilar, ¢evreciler ve otomotiv miihendisleri i¢in dnem
tagimaktadir.

Anahtar Kelimeler: CO, emisyonu, Yapay sinir ag1, Yakit tiikketimi

Comparison of CO; Emissions Prediction in Vehicles Using Different Artificial
Neural Network Models

Abstract

Climate change is one of the greatest environmental threats to humanity. Carbon dioxide (CO) is one of
the main causes of the greenhouse effect in climate change. The transportation sector is one of the major
sources of CO, emissions. This paper presents an artificial neural network (ANN) model for estimating the
instantaneous CO, emissions of vehicles. A comprehensive approach using three regression models, namely
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Linear Regression, XGBoost Regressor and K-Nearest Neighbors Regressor, is used to predict CO,
emissions from vehicles. The research focuses on leveraging the capabilities of these artificial neural
networks to predict and analyze CO, emissions from vehicles. The use of different models allows for a
comparative evaluation of their performance in terms of accuracy and efficiency. This method, which
provides high accuracy and applicability, uses parameters such as engine displacement, cylinder, urban and
non-urban fuel consumption as predictors of exhaust emissions. The importance of each parameter to
emission predictions is comprehensively analyzed by comparing results such as test and training accuracy,
root mean square error, mean absolute error, R? score. This study aims to contribute to the advancement of
CO; emission estimation methodologies, especially in the context of vehicle emissions. The findings of this
research are important for policy makers, environmentalists and automotive engineers seeking sustainable
solutions to reduce carbon footprints in the transportation sector.

Keywords: CO; emissions, ANN, Fuel Consumption

1. GIRiS

Cogunlukla insan faaliyetlerinden kaynaklanan
CO, emisyonlari, kiiresel iklim degisikliginin
giderek artan zorluklarina o6nemli bir katkida
bulunmaktadir. Bu emisyonlarin  azaltilmasi
zorunlulugu, sera etkisini artirmadaki 6nemli
rollerinden kaynaklanmakta ve ekosistemler, hava
durumu ve deniz seviyeleri iizerinde olumsuz
etkilere yol agmaktadir. CO, emisyonlarinin farkli
kokenlerinin taninmasi, ¢evrenin korunmasina
yonelik biitlinciil stratejilerin formiile edilmesi igin
temel teskil etmektedir [1].

Cevresel siirdiiriilebilirlik konusundaki ¢agdas
soylemde, karbondioksit (CO;) emisyonlarinin
dogru tahmin edilmesi ve azaltilmast zorunlu
hedefler olarak 6ne ¢ikmaktadir. Toplumlar iklim
degisikliginin sonuglariyla bogusurken, 6énemli bir
karbon ayak izine sahip olan ulastirma sektord,
arastirma ve miidahale i¢in bir odak noktas: haline
gelmistir  [2]. Bu c¢aligma, etkinliklerini ve
niianslarimi ayirt etmek icin cesitli Yapay Sinir Ag1
(YSA) modellerinin karsilagtirmali bir analizini
kullanarak araglarda CO, emisyonu tahminini
arastirmaktadir.

Karbondioksit (CO,) emisyonlarmin daha genis
baglaminda, ulasim sektérii 6nemli bir rol
istlenmekte ve ¢evresel zorluklara onemli bir
katkida bulunmaktadir [3]. Geleneksel araglarda
yaygin olan ve yakitin yanmasi sirasinda dnemli
miktarlarda CO, agiga c¢ikaran icten yanmali
motorlar 6zellikle dikkat ¢ekmektedir. Bu emisyon
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kaynagi, kentlesmenin hizlanmas1 ve buna bagl
olarak kiiresel ulasim talebindeki artis géz Oniine
alindiginda daha da onem kazanmaktadir. Bu
egilimlerin kesismesi, genisleyen kentsel manzara
ve artan ulasim ihtiyaclari, geleneksel araclardan
kaynaklanan CO, emisyonlarinin etkisini toplu
olarak artirdigindan, ara¢ emisyonlarini ele alma
aciliyeti vurgulamaktadir [4,5].

Araglardan kaynaklanan CO; emisyonlarinin kesin
bir sekilde anlagilmasi ¢ok Onemlidir. Boyle bir
kavrayis, cevresel etkileri azaltmayir amaglayan
bilingli karar alma ve stratejik planlama igin
gereklidir [6]. Ulasim sektoriiniin ¢ok 6nemli
roliinii kabul eden bu c¢alisma, kapsamlt bir
karsilastirma icin yapay sinir ag1 modelleri
kullanarak CO, emisyonlarini tahmin etme ve
Ongorme gibi incelikli bir gorevi ele almaktadir. Bu
sayede, siirdiiriilebilir uygulamalarin ilerletilmesi
ve arag faaliyetleriyle iligkili ¢evresel ayak izinin
azaltilmasina yonelik devam eden arayista politika
degerlendirmelerinin  bilgilendirilmesi i¢in ¢ok
onemli i¢  goriilere  katkida  bulunmayi
amagclamaktadir [7].

Yapay zeka (YZ) alanindaki son adimlar, ¢evresel
zorluklara yenilik¢i ¢oziimler i¢in yollar agmustir.
Ara¢ emisyonlar1 baglaminda, Yapay Sinir Aglari
(YSA'lar) CO; emisyonlarini tahmin etmek ve
ongdrmek icin sofistike bir ara¢ sunmaktadir. Insan
beyninin karmasik mimarisinden esinlenen bu
modeller, verilerdeki karmasik oOriintiileri ayirt
etmede milkkemmeldir. Arastirmacilar, YSA'nin
yeteneklerinden yararlanarak, araglardaki CO;
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emisyonlarmi etkileyen ¢ok yonlii faktorleri
inceleyebilir, daha dogru tahminler ve bilingli karar
vermeyi kolaylastirabilir [8].

Bu arastirma, gesitli YSA modellerinin kapsamli bir
karsilastirmasin1 ~ yaparak  araglardaki  CO;
emisyonlar1  hakkindaki  sdylemlere katkida
bulunmay1 amaglamaktadir. Bu ¢alisma sayesinde,
farkli sinir ag1 mimarilerinin gii¢lii yonlerine ve
sinirlamalarina 151k tutmayr ve siirdiiriilebilir ve
cevreye duyarli bir gelecege giden yolda ilerlemeye
calisan politika yapicilar, aragtirmacilar ve endiistri
paydaslart i¢cin degerli bilgiler saglamayi
amaclamaktadir.

Bu ¢alismanin Boliim 1 kisminda problem hakkinda
genel bilgilere yer verilmistir. Caligmanin ilerleyen
kisimlart su sekildedir. Bolim 2 CO, emisyon
tahmini i¢in yapilmis literatiir c¢aligmalarini
icermektedir. Bolim 3 uygulamalar i¢in gerekli
olan materyal ve metodu, Bolim 4 yapilan
caligmalar ve tartismay1 kapsamaktadir. Boliim 5°te

ise, sonuglar ve gelecekteki caligmalar
acgiklanmustir.
2. LITERATUR TARAMASI

Zeng ve arkadaslari, ¢alismalarinda CO, tahmini
icin Yapay Sinir Agi, Destek Vektér Makinesi
(DVM) ve VT-Micro tekniklerini kullanmiglardir.
Ayrica, araglar igin gevresel olarak en uygun rotay1
bulmak i¢in, On-Board Diagnostics (OBD) portu
araciligiyla 30 saniye araliklarla hiz, ivme ve gaz
verisi kullanmiglardir. Yazarlar tarafindan belirtilen
sorun, sadece 2 ozellikle CO, emisyonunun koti
tahmin  edilmesidir [9]. Oduro ve ark.,
caligmalarinda aracin hizi ve ivmesini kullanarak
CO, tahmininin regresif analizini yapmuglardir.
Elde edilen sonuglar, ara¢ hizi ve ivmesinin CO,,
hiz ve ivme arasinda lineer bir iliski gosterdigini
gostermektedir. Hiz, ivmeye kiyasla CO, emisyon
faktorii ile daha giiclii bir iliskiye sahiptir [10].

Razak ve arkadaslari, gesitli yiiklerde bir dizel
motorunun GHG emisyonlarini azaltmak igin farkli
yakitlarin optimal karigimimi bulmak igin lineer
programlama yaklagimini kullanmistir. Caligmalari,
%70 dizel, %20 biyodizel ve %10 butanol
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karigimmin  kullanilmasinin = siilfir ve CO;
emisyonlarinda sirastyla %35 ve %36 azalmaya yol
actigint gostermistir [11].

Shim ve arkadaslari, ¢aligmalarinda bir ¢ift yakith
dizel motorunun toplu séndiirme olayini agmak i¢in
esdegerlik orani1 ve birincil yiikleme sicakliginin
etkisini  degerlendirdi.  Arastirmalar,  sarj
sicakliginin ve hava miktarinin kontroliiniin diigiitk
yiiklerde toplu sondiirme olayini hafifletmek igin
kullanisli bir teknik olabilecegini ortaya koydu [12].

Prabhu ve arkadaglari, CO, ve NOy gibi kirletici
emisyonlar1 6lgmek i¢in bir SCD motorunu ele
almustir. Yakit 6n 1sitilmis biyogaz igeriyordu ve 6n
1sitmanin 1s1 yiikiinii saglamak icin motordan ¢ikan
isinin bir 151 degistiricisinde geri kazanilmasi
saglanmistir. Sonuglar, ©6n 1sitma isleminin
%40,5'lik bir fren biyogaz tiiketimine yol agtigim
kanitlamagtir [13].

Roy ve arkadaslari, dort zamanli bir SCD'nin motor
performansini ve emisyonlarini tahmin ettiler. Bu
calismada, ESFC, nth, CO,, NOx ve PM gibi
parametreler degerlendirildi. Sarace ve ark., AIN
kullanarak cerium oksit nanopartikiillerinin dizel
motor performanst ve emisyonlart tizerindeki
etkisini incelediler. Sonuglar1, cerium oksit
nanopartikiillerinin NOy ve HC'yi 6nemli oOlciide
azaltigmi, CO emisyon oranlarimi  hafifce
arttirdigini ve yakit tiiketimini azalttigini gosterdi
[14].

Alfaseeh ve arkadaslari, uzun-kisa dénem bellegi
kullanarak kentsel bir alandaki sera gazi
emisyonlarint link diizeyinde tahmin etmek igin
cesitli sayida sinir ag1 katmanma sahip ¢oklu
modeller gelistirdiler ve daha derin sinir ag1
modelinin gelismis tahmin performanst
sergiledigini buldular [15].

Claudio ve arkadaslari, Dinamik Programlama (DP)
algoritmast tarafindan tahmin edilen tanktan
tekerlege karbondioksit emisyonlarmin tahmini igin
yenilik¢i, derin sinir aglarina dayali bir model

sunulmugtur. Kapsamli  bir simiilasyon seti
sirasinda %091'in tizerinde smiflandirma
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performanslari ve %1'in altinda ortalama regresyon
hatalar1 elde etmislerdir [16].

Jigu ve Sungwook yiiksek derecede dogruluk ve
pratiklik sunan YSA kullanarak dizel araglarin
karbondioksit nitrojen oksit ve karbon monoksit
emisyonlarini tahmin etmek i¢in yeni bir yaklagim
sunmuglardir. Calismalarinda dikkate alinan alti
parametreye ek olarak gaz pedali konumu, gaz
kelebegi konumu, VSP, egzoz gazi sicakligi, yol
egimi ve vites konumu gibi diger parametreler de
YSA girisi olarak kullantlmustir [17].

Natarajan ve arkadaglari, emisyonlar1 tahmin etmek
i¢in arag¢ Ozelliklerinden yararlanan toplu 6grenme
modelleri olusturmak amaciyla, hafif ticari arag
tasarimlari i¢in karbondioksit emisyonlarini tahmin
etmek amaciyla giiclendirme ve diger regresyon
modellerinin gelistirilmesini Onermislerdir.
Onerilen giiclendirme modeli Catboost, girdi olarak
yalnizca bir araba o6zelligi olsa bile CO;
emisyonlarint dogru bir sekilde tahmin etme
kapasitesine sahiptir. Catboost, literatiirde 6nerilen
diger algoritmalara gore veri islemeyi daha kisa
siirede ve daha az bellekle gergeklestirir. Calisma
% 95 bir dogruluk ile calismaktadir [18].

Al-Nefaie  ve  arkadaslari, ¢aligmalarinda
araclardaki CO, emisyonlarini tahmin etmek i¢in
derin 6grenme tabanli LSTM ve BiLSTM modelleri
gelistirerek, bu  modellerin  performansini
Kaggle'dan elde edilen veri setleri {izerinde
degerlendirmistir. BiLSTM modeli, en yiiksek
dogruluk ve tahmin degerleriyle R? %93.78 en iyi
performansi gostermistir [19].

Dong ve arkadaglari, c¢alismalarinda hibrid
elektrikli araglarm soguk baslangic emisyonlarini
tahmin etmek icin genetik algoritma ile optimize
edilmis bir sinir ag1 modeli gelistirmistir. Diigiik
maliyetli ve yiiksek tahmin dogruluguna sahip olan
bu model, farkli soguk baslangic sicakliklari ve
girdi parametreleri altinda CO, CO,, hidrokarbon
(THC), NOx ve partikik madde sayisi (PN)
emisyonlarin1  basariyla tahmin edebilmislerdir
[20].
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Paul ve arkadaslari, yapay zeka modellerinin enerji
tilketimine ve CO, emisyonlarma olan etkilerini
degerlendirerek, bu modellerin olumlu ve olumsuz
etkilerini nicelendiren bir yontem &nermislerdir. Ug
farkli YZ modeli iizerinde yapilan
degerlendirmeler, modellerin CO, emisyonlarinda
azalmaya katkida bulunabilecegini, ancak bu
azalmanin baglama bagli olarak degiskenlik
gosterdigini gostermistir [21].

Wang ve arkadaglari, ¢alismalarinda agir ticari dizel
araglarin NOy emisyonlarini tahmin etmek igin
gelistirilmis bir ¢ift-gizli-katmanli BP sinir ag1
modeli sunmustur. Yeni bir 6zellik mithendisligi
isleme yontemi kullanilarak model, gercek yol
emisyon testlerinde yiiksek dogrulukla
calismaktadir. Calisma sonucunda test dogrulugunu
%87.024 olarak bulunmustur [22].

Madziel c¢aligmasinda, start-stop teknolojisiyle
donatilmig bir ara¢ i¢in CO, emisyonlarini tahmin
etmek i¢in yapay zeka teknikleri kullanarak bir
hesaplama modeli olusturma metodolojisini
sunmustur. Ug farkli makine ogrenimi teknigi
analiz edilmis ve en iyi tahmin sonuglar1 gradyan
artirma yontemiyle elde edilmistir. Gelistirilen
modeller, CO, emisyonlarini mikro dlgekte ¢evresel
analiz i¢in yeni bir yontem sunmaktadir [23].

Literatiir taramasi, mevcut CO, tahmini ve
modelleme yoOntemlerinin temel olarak hiz ve
sikigiklik verileri ile birlikte 6zel sensérlerden
olustugunu gdstermektedir. Hiz ve ivme, CO,
emisyonu ile yiiksek derecede iliskili olmasina
ragmen, aracin emisyon karakteristikleri hakkinda
smirli bilgi saglayabilir. CO, modellemesi igin 6zel
sensorler, dogru olabilir ancak genis O&lgekli
uygulamalar i¢in ¢ok uygun degildir. Dahasi,
literatiirdeki CO, tahmini yontemleri bireysel arag
emisyonlarini etkili bir sekilde izlemekten acizdir.
Mevcut literatiiriin ~ incelenmesi, motorlarin
performansint  ve kirliligini  arastiran  farkli
caligmalar oldugunu gostermektedir. Ancak,
yazarlarin  bilgisine goére, motor performans
degerlendirmesi ve kirlilik iizerinde giris hava ve
sogutma suyunun etkisini inceleyen deneysel
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caligmalarda bir eksiklik bulunmaktadir. Baska bir
deyisle, literatiir hala farkli tasarim degiskenlerinin
dikkate alinarak motor performansi ve Kkirletici
emisyonlarin es zamanli olarak degerlendirilmesini
ve tahmin edilmesini igeren kapsamli aragtirmalara
ihtiyag duymaktadir. Bu eksikligin yapay zeka

yontemleri kullanilarak giderilebilecegi
Onerilmektedir.
3. YONTEM
Araglarin olusturdugu emisyonu tespit etmek igin
Linear, K-Nearest Neighbours, XGBoost yapay
sinir aglart  kullanilmistir. Model gelistirme

strecinin akis diyagrami gosterimi Sekil 1'de
sunulmugtur. Caligmada, gercek ara¢ verilerinden
elde edilen verilerden olusan bir veri seti
kullanilmistir. Veri setinde yer alan verilerin %80
oraninda egitim ve %20 oraninda test kiimelerine
ayrilmistir. Egitim verileri, model girdisi i¢in
onemli 6zellikleri belirlemek lizere korelasyon testi
de dahil olmak iizere 6n isleme tabi tutulmustur. On
islemenin ardindan veriler, CO, emisyonlarini
tahmin etmek {izere regresyon modellerini egitmek
icin kullanilir. Modellerin performansi daha sonra
tahmin kabiliyetini dogrulamak igin test verileri
kullanilarak degerlendirilir. Verilen regresyon
algoritmalartyla karsilagtirmali analiz yapilmistir.

3.1. Veri Seti

Veri seti Kanada’da hafif ticari araclarm yakit
tiketimlerini ve CO, emisyon verilerini
icermektedir. CO, emisyonu veri seti farkli marka
ve modelde araglar igin toplam 7385 satir, 12
siitundan olusan veri bulundurmaktadir [24]. Veri
seti igerisinde vites tiirli, vites sayisi, yakit tiri,
sehir i¢i kullanim, sehirlerarasi kullanim, CO,
emisyonu, motor hacmi, silindir sayis1 gibi teknik
bilgilerin yaninda marka model, iiretim yili, arag
smift gibi ara¢ kimlik bilgileri de yer almaktadir.
Veri setinin parametreleri arasindaki iligkiyi
anlamak icin, korelasyon testi sonucu Sekil 2'de
gorsellestirilmistir.  Ardindan, her bir giris
parametresinin korelasyonu ve giris ile hedef
parametreler arasindaki ikili korelasyona dayali
olarak iliski analiz edilmektedir. Sekil 3’de
korelasyon matrisi veriler arasindaki iliski
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histogram olarak verilmistir. Sekil 4’te yakit tipi ve
CO; emisyon verileri  arasindaki iliski
gosterilmistir.
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Veri Setinden Verileri Oku

1
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Sekil 1. Akis diyagrami
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Correlation Matrix
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Sekil 3. Korelasyon matrisi histogram grafigi
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Sekil 4. Yakit tipi ve CO; emisyon grafigi

Sehir i¢i yakit tiketiminin CO, emisyonu ile verilmistir. Motor hacmine gore farkli yakit
arasindaki iliski Sekil 5’de sehirler arasi yakit tiirlerine sahip araglarin olusturdugu CO, emisyonu
tiketiminin CO, emisyonu ile iliskisi Sekil’6 da  Sekil 7°de gdsterilmistir.
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Sekil 6. Sehirlerarasi yakit tiiketimi ve CO, emisyon grafigi
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Sekil 7. Motor hacmine gore farkli yakit tiirlerine sahip araclarin olusturdugu CO, emisyonu
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3.2. Lineer Regresyon

Lineer  regresyon, istatistik ve  makine
6grenmesinde sik¢a kullanilan temel bir modeldir.
Bu model, bir bagimli degiskenin bir veya daha
fazla bagimsiz degiskenle olan iliskisini dogrusal
bir denklemle modellemeyi amaglamaktadir. Lineer
regresyon, bu iligkiyi dogrusal bir denklemle temsil
etmektedir. Temel lineer regresyon modeli
genellikle su formda ifade edilmektedir:

Y =00+ 1 X1+ BoXo+ -+ BpXn + € (1)

Burada, Y bagimli degisken veya sonug, X
bagimsiz degisken, f modelin katsayisi ve € hata
terimidir. Lineer regresyonun temel amaci, bagimli
degiskenle bagimsiz degiskenler arasindaki iligkiyi
aciklamak ve bu iligkiyi temsil eden bir dogru veya
diizlem olusturmaktir. Bu dogru veya diizlem, veri
noktalarmin dagilimini en iyi sekilde yakalamaya
calismaktadir.

Lineer regresyon, dzellikle bagimsiz degiskenlerle
bagimli degisken arasindaki iliskiyi anlamak ve
tahminler yapmak i¢in sik¢a kullanilmaktadir.
Lineer regresyonun genis bir uygulama yelpazesi
bulunmaktadir. Ornegin, tahmin yapma, korelasyon
analizi ve optimizasyon gibi alanlarda siklikla
kullanilmaktadir. Bu model, bir evin satig fiyatini
tahmin etmekten hasta tedavi sonuglarini analiz
etmeye kadar bircok farkli alanda degerli bilgiler
saglayabilmektedir.

Bu modelin avantajlar1 arasinda basitlik ve
anlagilirlik  gelmektedir.  Ayrica, hesaplama
acisindan verimli oldugu icin biiyiik veri setleri
lizerinde hizli sonuglar elde etmek miimkiindiir.
Ancak, lineer regresyonun sinirlamalart da
bulunmaktadir. Lineer iligkileri modellemeye
uygun olmayan veri setleri igin bu modelin
kullanilmast dogru sonuglar vermeyebilir. Eksik
veya yaniltict veriler, modelin performansini
olumsuz etkileyebilmektedir.

Sonug olarak, lineer regresyon istatistik ve makine
O0grenmesinde temel bir ara¢ olarak kargimiza
¢ikmaktadir. Dogru bir sekilde uygulandiginda, bu
model veri analizi, tahminleme ve karar verme
stireclerinde biiyiikk avantajlar saglayabilmektedir.
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Ancak, her model gibi, lineer regresyonun da
smirlamalar1 ve dikkat edilmesi gereken noktalari
bulunmaktadir.

3.3. K-Nearest Neighbors Regresyon (K-NN)

K-Nearest  Neighbors  Regresyon  (K-NN)
algoritmasi, hem smiflandirma hem de regresyon
problemlerinde sik¢a kullanilan temel bir makine
O0grenmesi algoritmasidir.  Algoritmanin temel
amaci, bir veri noktasini ¢evresindeki en yakin k
komsunun etiketi veya degeri ile tahmin etmektir.
KNN algoritmasinin ¢alisma prensibi oldukga basit
ve anlagilirdir. Veri noktasi, benzerlik dl¢iitiine gore

diger tiim veri noktalarina olan mesafeleri
hesaplayarak, en yakin k veri noktasini
segmektedir.

Siniflandirma durumunda, en sik goriilen sinif veya
etiket tahmin olarak verilmektedir. Ornegin, bir e-
postanin spam olup olmadigini tahmin etmek igin
kullanilabilmektedir. Regresyon durumunda ise, en
yakin k veri noktasinin ortalama degeri tahmin
olarak kullanilmaktadir.

K-NN algoritmasinin avantajlari arasinda basitlik,
kolay = uygulanabilirlik  ve  anlasilabilirlik
bulunmaktadir. Baslangi¢ seviyesi kullanicilar igin
ideal bir tercih olmasini saglamaktadir. Ancak,
biiyiik veri setleri ve yiliksek boyutlu ozellik
uzaylarinda hesaplama maliyeti artabilmektedir. Bu

durum,  algoritmanmm  pratikte  kullanimim
siirlayabilmektedir.
Ayrica, K-NN algoritmasinin onemli

hiperparametreleri vardir. Ozellikle k degerinin
secimi  ve benzerlik Ol¢iitiiniin  belirlenmesi,
modelin performansini onemli ol¢iide
etkileyebilmektedir. Bu parametrelerin dogru bir
sekilde ayarlanmasi, algoritmanin  basarisin
artirmak i¢in kritik 6neme sahiptir.

Sonug¢ olarak, K-NN algoritmasi, veri analizi,
tahmin etme ve karar verme siireglerinde etkili bir
ara¢ olarak kullanilabilmektedir. Ancak, dogru bir
sekilde uygulanmasi igin hiperparametrelerin
dikkatlice secilmesi ve algoritmanin
smirlamalarinin bilinmesi gerekmektedir.
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3.4. XGBoost Regresyon

XGBoost (Extreme Gradient Boosting) son
zamanlarda makine Ogrenimi yarigmalarinda ve
endiistriyel uygulamalarda biiyiik basar1 elde etmis
bir 6grenme algoritmasidir. Gradient Boosting
yontemlerine dayanir, ancak ozellikle
Olgeklenebilirlik, hiz ve dogruluk agisindan
gelistirilmistir. XGBoost'un temel ¢aligma prensibi,
birgok zayif tahmin ediciyi bir araya getirerek giiglii
bir tahminci olusturmaktir. Model, Onceki
tahminlerin hatalarin1  diizeltmeye odaklanarak
ardisik olarak bu tahmin edicileri egitmektedir. Bu,
bir sonraki tahmin ediciyi egitmek i¢in kullanilan
veri setindeki hatalart minimize etmek igin bir
gradyan inisi yaklasimidir. XGBoost'un bazi 6nemli
Ozellikleri sunlardir:

Olgeklenebilirlik: Biiyiik veri setleriyle basa
cikabilir ve coklu islemcileri veya dagitilmis
sistemleri kullanarak hizli bir sekilde egitim
yapabilmektedir.

Hiz: Optimizasyonlar1 sayesinde diger gradient
boosting kiitiiphanelerine gore daha hizlidir.

Regiilarizasyon: Asir1 6grenmeyi Onlemek igin
cesitli regiilarizasyon tekniklerini desteklemektedir.

Esneklik: Siniflandirma, regresyon, siralama ve
diger birgok problem tiiriinii desteklemektedir.

XGBoost, endiistriyel uygulamalarda ve makine
Ogrenimi yarigmalarinda liderlik eden modellerin
olusturulmasinda yaygim olarak kullanilmaktadir.
Ozellikle regresyon analizlerinde, XGBoost'un hizli

ve Olgeklenebilir yapisi sayesinde etkileyici
sonuglar alinabilir.
4. ARASTIRMA BULGULARI

Bu ¢aligmada, araglardaki CO, emisyon tahmininde
kullanilan regresyon algoritmalarinin performansi
degerlendirilmistir. Linear, K-Nearest Neighbours,
XGBoost Regressor algoritmalari {izerinde egitim
gerceklestirilmistir. Modelin potansiyelini detayli
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bir sekilde incelemek amaciyla regresyon
algoritmalarimi1 ~ tanmimlayan  degiskenler  ve
hiperparametreler tizerinde kapsamli bir arastirma
gergeklestirilmigtir. Caligmada kullanilan Linear
Regresyon ile egitimde kullanilan parametreler
Cizelge 1'de verilmistir.

Cizelge 1. Lineer Regresyon Parametreleri

Parametre Deger
Fit_intercept true
copy_X true
n_job none
positive true
Max_iter 10
Random_state 10

Linear Regresyonun egitim sonucunda araglarda
CO; emisyonunu tahmin etmede %90.69 egitim
performanst ve %90.76 test performans: elde
edilmistir. RMSE 16.65, MAE 11.06, R? Skoru
90.76’dir. Linear regresyon algoritmasi ile tahmin
edilen araglardaki CO, emisyonu ve gergek
emisyon degerlerinin tahminini gdsteren grafik
Sekil 8'de verilmistir.

Cizelge 2. K-Nearest Neighbour Regressor
Parametreleri
Parametre Deger
Probability True
Epsilon 0.1
Degree 3
Max_iter 10
Random_state 10

K-Nearest Neighbour Regressor ile egitimde
kullanilan parametreler Cizelge 2'de verilmistir. K-
Nearest Neighbour Regresyonun egitim sonucunda
araglarda CO, emisyonunu tahmin etmede %97.76
egitim performansi ve %97.39 test performansi elde
edilmistir. RMSE 8.84, MAE 3.75, R?> Skoru
97.39°dir. K-Nearest Neighbour Regresyon
algoritmast ile tahmin edilen araglardaki CO,
emisyonu ve ger¢gek emisyon degerlerinin tahminini
gosteren grafik Sekil 9'da verilmistir.
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Sekil 8. Linear Regresyon ile gergek deger ve tahmin edilen deger grafigi

€02 Emission Prediction for KNN Regressor

True
= Predicted

0.007

0.006

0.005

0.004

Density

0.003

0.002

0.001

0.000

250 300 350
€02 Emission

Sekil 9. K-Nearest Neighbour Regresyon ile gergek deger ve tahmin edilen deger grafigi
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Cizelge 3. XGBoost Regresyon Parametreleri

Parametre Deger
booster gbtree
verbosity 1
eta 0.3
learning_rate 0.99
max_dept 6
n_estimators 50

0.008

0007

0.006

0.005

0.004

Density
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0.002

0.001

0.000

100 150

XGBoost Regressor ile egitimde kullanilan
parametreler Cizelge 3'te verilmistir. XGBoost
Regresyonun egitim sonucunda araglarda CO»
emisyonunu tahmin etmede 9%99.64 egitim
performanst ve %98.75 test performans: elde
edilmistir. RMSE 6.45, MAE 2.81, R? Skoru
98.75’tiir. XGBoost Regresyon algoritmasi ile
tahmin edilen araglardaki CO, emisyonu ve gercek
emisyon degerlerinin tahminini gdsteren grafik
Sekil 10'da verilmistir.

€02 EmissionPrediction for XGBoost Regressor

200

True
= Predicted

300 350 400

€02 Emission

Sekil 10. XGBoost Regresyon ile gercek deger ve tahmin edilen deger grafigi

Cizelge 4. Regresyon algoritmalarinin karsilastirilmasi

Regresyon algoritmasi d(f(;%:::umgu dogrl;flslflgu Rsl:(/IoSrE MAE skor R? skor
Lineer 90.69 90.76 16.65 11.06 90.76
K-Nearest neighbours 97.76 97.39 8.84 3.75 97.39
XGBoost 99.64 98.75 6.45 2.81 98.75
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Calismada uygulanan 3 farkli ydntem ile
araglardaki CO, emisyon tahmini
gerceklestirilmistir. Regresyon algoritmalarmin
performanslarinin degerlendirme metrikleri
ve algoritmalarin  basari 06l¢eklendirilmesine ait
veriler Cizelge 4’da sunulmustur. Sekil 11 ve Sekil
12°de sirasiyla egitilen modellerin egitim ve test
dogruluklar her bir regresyon modeli igin grafiksel
olarak gosterilmigtir. Sekil 13’te ise regresyon
modelleri i¢in R? skoru grafik ile gosterilmistir.

Cizelge 4 incelendiginde XGBoost Regresyon’un,
egitim dogrulugunda %99.64 ve test dogrulugunda
%098.75 ile en yiiksek performansi gosterdigini
ortaya koymaktadir. Bu degerler, XGBoost'un
yiiksek tahmin dogrulugu, diisiik hata oran1 ve hizli
islem siiresi ile 6ne ¢iktigini gostermektedir.

Calismanin sonuglaria gore, XGBoost Regresyon
en yiksek tahmin dogrulugu ve en diisiik hata
oranlartyla dikkat ¢ekerken, Linear Regresyon daha
sinirlt bir performans gostermektedir. K-NN ise
esnekligiyle ve dogrusal olmayan iligkileri
yakalama kapasitesiyle 6nemli bir alternatif olarak

Emrah ASLAN

karsimiza ¢ikmaktadir. Bu nedenle, tahmin
problemi ve veri setinin 6zelliklerine bagli olarak en
uygun algoritmanin se¢ilmesi 6nem arz etmektedir.

Bu galisma, araglardaki CO, emisyon tahmininde
kullanilan regresyon algoritmalarimin
performansin1 degerlendiren kapsamli bir analizi
sunmaktadir.  Ozellikle, Lineer, K-Nearest
Neighbours ve XGBoost Regresyon algoritmalari
iizerinde gerceklestirilen egitim ve test siirecleri,
detayli bir karsilagtirmali analiz saglamaktadir. Bu
tir bir performans degerlendirmesi, literatiirde
sik¢a karsilagilan uygulamalardan biri olup, farkl
algoritma tiirlerinin avantajlar1 ve smirlamalari
hakkinda 6nemli bilgiler saglamaktadir. Ancak, bu
calismanin 6zglnliigli, bu algoritmalara 06zgii
hiperparametrelerin ve degiskenlerin kapsamli bir
sekilde incelenmesi ve bu parametrelerin tahmin
performansi iizerindeki etkilerinin derinlemesine
degerlendirilmesindedir. Bu yaklagim, araglardaki
CO; emisyon tahmininde kullanilan regresyon
algoritmalarinin daha etkili bir sekilde segilmesine
ve uygulanmasina katkida bulunabilecektir.

Model Prediction Training accuracy

100

Training Accuracy

Linear Regression

Sekil 11. Modellerin egitim dogrulugu
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K-Nearest Neighbours Regressor
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Model Prediction Testing accuracy
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Linear Regression

XGBoost Regressor

K-Nearest Neighbours Regressor

Algorithm

Sekil 12. Modellerin test dogrulugu

Best Model Prediction R™2 Score

100

R”2 Score

20

Linear Regression

Sekil 13. Modellerin R? skoru
5. SONUCLAR

Araglardan  kaynaklanan CO, emisyonlarinin
eksiksiz bir bigimde anlasilmasi son derece
onemlidir. Bu anlay1s, ¢evresel etkileri azaltmaya
yonelik bilingli karar alimi1 ve stratejik planlama
icin temel bir gerekliliktir. Linear Regresyon,
XGBoost Regresor ve K-Nearest Neighbours
algoritmalar1  kullanilarak arabalar i¢in CO,
emisyonu tahmini sonuglari, bu modellerin tahmin
yetenekleri hakkinda degerli bilgiler sunmaktadir.
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XGBoost Regressor

Algorithm

K-Nearest Neighbours Reqressor

Birincisi, Linear Regresyon modeli %90,69 egitim
dogrulugu ve %90,76 test dogrulugu ile iyi bir
performans sergilemektedir. Orta diizeydeki
16,65'lik Ortalama Karesel Hata (RMSE) makul bir
hassasiyet diizeyine isaret ederken, 11,06'lik
Ortalama Mutlak Hata (MAE) CO; emisyonlarimin
tahmininde makul bir dogruluga isaret etmektedir.
90,76'lik R? skoru, tahmin edilen ve gergek degerler
arasinda  giigli  bir  korelasyon  oldugunu
gostermektedir. Ikincisi, K-Nearest Neighbours
modeli, %97,76'ik dikkate deger bir egitim
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dogrulugu ve %97,39'luk bir test dogrulugu elde
ederek iistiin performans gostermektedir. Dogrusal
Regresyona kiyasla 8,84'liik daha diigsiik RMSE ve
3,75'lik MAE, gelismis dogruluk ve hassasiyete
isaret etmektedir. Son olarak, XGBoost algoritmasi
%99,64 gibi yiiksek bir egitim dogrulugu ve
%098,75 gibi etkileyici bir test dogrulugu ile en etkili
algoritma olarak ortaya ¢ikmaktadir. En diisiik 6,45
RMSE, 2,81 MAE ve %98,75 en yiiksek R? skoru
ile XGBoost modeli, araglar i¢in CO, emisyonlarini
tahmin etmede iyi bir dogruluk, hassasiyet ve
tahmin yetenekleri sergilemektedir. Sonug olarak,
bu regresyon modellerinin  karsilastirilmas,
araglardan kaynaklanan CO, emisyonlarimin tahmin
edilmesinde makine Ogrenimi algoritmalarinin
etkinliginin altin1 ¢izmektedir. Sonuglar, XGBoost
modelinin diger modellere gore istinligiini
vurgulayarak, cevresel arastirma ve politika
olusturma  alanlarindaki  uygulamalar  igin
potansiyelini ortaya koymaktadir. Bu bulgular, CO,
emisyonu tahmininin, sirdirilebilir ve cevreye
duyarli ulasim ¢dzilimleri arayisinda daha dogru ve
bilingli karar vermenin yolunu agacaktir.
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Abstract

Chronic Obstructive Pulmonary Disease (COPD) ranks high among the leading causes of death, particularly
in middle- and low-income countries. Early diagnosis of COPD is challenging, with limited diagnostic
methods currently available. In this study, a artificial intelligence model named COPD-GradeNet is
proposed to predict COPD grades from radiographic images. However, the model has not yet been tested
on a dataset. Obtaining a dataset including spirometric test results and chest X-ray images for COPD is a
challenging process. Once the proposed model is tested on an appropriate dataset, its ability to predict
COPD grades can be evaluated and implemented. This study may guide future research and clinical
applications, emphasizing the potential of artificial intelligence-based approaches in the diagnosis of
COPD.

Keywords: Artificial intelligence, COPD, Deep learning, Transfer learning, Medical image processing

Akciger Grafilerinden KOAH Derecesinin Tahmin Edilmesi i¢in Yapay Zeka
Temelli Model Tasarimi: Bir Model Onerisi (COPD-GradeNet)

Oz

Kronik Obstriiktif Akciger Hastaligi (KOAH), o6zellikle orta ve diisiik gelirli iilkelerde 6lim nedenleri
arasinda st siralarda yer alir. KOAH'n erken teshisi zordur ve mevcut tani yontemleri siirlidir. Bu
calismada, radyografi goriintiilerinden KOAH derecelerini tahmin etmek i¢in bir yapay zeka modeli olan
COPD-GradeNet onerilmektedir. Ancak, model heniiz bir veri seti lizerinde test edilmemistir. KOAH'in
spirometrik test sonuglari ve akciger rontgen goriintiileri gibi bir veri setinin elde edilmesi zorlu bir siiregtir.
Onerilen modelin uygun bir veri setiyle test edilmesi halinde, KOAH derecelerini tahmin etme yeteneginin
degerlendirilip uygulanabilecegi diisiiniilmektedir. Bu c¢aligma, gelecekteki arastirmalara ve klinik
uygulamalara yol gosterebilir, KOAH teshisinde yapay zeka tabanli yaklasimlarin potansiyelini
vurgulayabilir.

Anahtar Kelimeler: Yapay zeka, KOAH, Derin 6grenme, Transfer 6grenme, Medikal goriintii isleme

*Sorumlu yazar (Corresponding Author): Serdar ABUT, serdarabut@siirt.edu.tr

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024 325



AI-Based Model Design for Prediction of COPD Grade from Chest X-Ray Images: A Model Proposal (COPD-

GradeNet)

1. INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) is
among the top three causes of death worldwide,
with 90% of these deaths occurring in low- and
middle-income countries. According to a report
published in 2021, globally, 3 million people died
due to COPD in the year 2012 [1]. It has been
assessed that COPD is a prevalent, preventable, and
treatable disease. COPD, characterized by chronic
airflow limitation, is a combination of bronchitis
(airway narrowing disease) and emphysema
(destruction of small air sacs). COPD causes
different types of damage in the lung parenchyma
from person to person due to structural differences
in the airways [2].

1.1. The Relationship Between COPD and Chest
X-Ray Images

In [3], it was stated that chest X-rays alone cannot
be used by clinicians to diagnose COPD and that
spirometric tests, the patient's symptoms, and health
history must be considered among many criteria for
COPD diagnosis. The lack of sensitive diagnostic
tests for early stages of COPD results in insufficient
diagnosis of this treatable disease in an estimated
60-85% of patients [4]. COPD creates a pattern of
damage on lung parenchyma [3], which is reflected
in chest X-rays through a technique [5,6] currently
being tested on mice [7] and cadavers [4]. The
findings obtained with this imaging technique
suggest that improvements in early diagnosis of
COPD can be achieved using X-ray images [4].
Considering that clinicians use biological vision
(human vision) and that the human eye tries to
understand images more by using shape
information while machine vision tries to interpret
images using texture information [8,9], we foresee
that the high-accuracy diagnosis of COPD from
chest X-rays through machine vision will be
possible in the near future.

In recent years, artificial intelligence methods,
especially deep convolutional neural networks
(DCNNs), have been widely used to enable
clinicians to automate tasks such as the
classification of COVID-19 from CT [10] and chest
X-ray images [11-13], determination of the severity

326

of COVID-19 [14], diagnosis of proximal femur
fracture from MR images [15], early detection of
pathological changes in bone microstructures [16],
disease diagnosis using laboratory test results [17],
determination of the effectiveness of Shapley value
in identifying low-quality and valuable data for
pneumonia detection [18], and localization of
common chest diseases on chest X-rays [19], and
improving the performance of radiologists in breast
cancer screening [20]. With the proliferation of
deep learning models, the field of medical image
processing has garnered widespread interest,
particularly in radiology [21-23]. The results of
these studies aimed at solving complex problems
suggest that the idea of predicting COPD stages
using artificial intelligence methods through chest
X-rays will be successful. Therefore, COPD-
GradeNet will fill an important gap in the literature.

1.2. Advancements Offered by Deep Learning
Tools

In the diagnosis of lung diseases, lung X-rays are
frequently used. Artificial intelligence-based
studies have been carried out to assist in the
diagnosis of emphysema [24], which can be seen in
individuals who smoke but do not meet the criteria
for COPD, despite being commonly seen in COPD
patients [25-28]. In these studies [29-31],
Computerized Tomography (CT) wused for
classifying emphysema or airway-dominant for the
classification of COPD disease was used as a model
input. Considering that the severity of emphysema
may not correlate with the severity of COPD and
that lung tissue characteristics of COPD patients in
the same stage may show significant changes [31],
and given that X-ray images that are more
economical and cause less radiation exposure will
be used in our project compared to CT, the COPD-
GradeNet model with the theoretical infrastructure
presented in this study differs from other studies on
COPD staging.

Wang et. al. [11] developed a machine learning
model using lung X-ray images to identify
pneumonia caused by COVID-19. With this deep
learning-based model, the diagnosis and severity of
pneumonia caused by COVID-19 were determined,
whether pneumonia was caused by COVID-19 was
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identified, and the lesion areas of pneumonia were
color-coded to provide information to radiologists.
The results of this deep learning-based artificial
intelligence model were reported to have a 98%
match with the diagnoses of radiologists [11]. In our
study, we aim to determine the disease level of
individuals classified into 4 different stages of
COPD and 1 control group without COPD, using
only lung X-rays, through deep learning models
according to the guidelines proposed in [3].

In a study proposing a machine learning-based
model to aid expert radiologists in distinguishing
COVID-19-induced pneumonia from other types of
pneumonia using lung X-ray images, 420 X-ray
images were analyzed [13]. Different feature
extraction methods were used to represent X-ray
images in lower dimensions. Based on these
features, a test set consisting of 25 COVID-19, 31
normal, and 28 non-COVID pneumonia X-ray
images was classified with an accuracy of 94%
(AUC) [13]. Most feature extraction methods used
in literature are similarly applied in different
applications [32]. For example, the local binary
pattern method is used in fingerprint applications
[33] as well as iris recognition applications [34].
However, deep learning methods learn problem-
specific features and perform data-driven
dimensionality reduction. Therefore, deep learning
can solve much more complex problems [35]. A
study on MR images compared feature extraction
methods and reported that deep learning methods
were successful compared to classical feature
extraction methods [36]. However, deep learning
models require a large number of samples [35]. The
lack of a large and shared dataset consisting of
labeled lung X-ray images for COPD stages is
thought to be the reason why this topic has not been
studied in the literature. In this study, we plan to
perform feature extraction with deep learning
methods as we believe COPD staging is a complex
problem. We expect that such a COPD-GradeNet
model will provide effective results with labeled
lung X-ray images of at least 500 individuals from
the control group and from each of the four stages
of COPD, totaling 2500 individuals.
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1.3. The Potential of Deep Learning Tools to
Adress COPD Issues

With the COPD-GradeNet model, the following
issues can be addressed by determining the stage of
COPD solely from lung X-rays without the need for
challenging spirometric tests. The difficulties of
relying on spirometric tests for a COPD diagnosis
can be overcome by taking a lung X-ray and
analyzing it with an artificial intelligence model.
Respiratory tests can be challenging, especially for
elderly patients, and depending on the operator and
the patient's condition, these tests may not
guarantee consistent results. Respiratory function
tests cannot be applied to patients with conditions
such as hemoptysis (coughing up blood),
tuberculosis, pneumothorax, recent heart attack or
stroke, Alzheimer's disease, and dementia who are
unable to follow commands. In addition, correct
measurements cannot be obtained from respiratory
function tests due to noncompliance with
commands due to factors such as the patient's
sociocultural level and mental illnesses [37].

The COPD-GradeNet we propose can provide an
alternative method to respiratory tests by being a
model based solely on using a lung X-ray for COPD
staging. Additionally, an COPD-GradeNet can be
created that will help with the diagnosis using a
radiography device, which is available in almost
every health center, instead of a respiratory function
test device that is not available in every center. CT
scans are taken to monitor the course of emphysema
caused by COPD. The radiation dose that the human
body is exposed to during a CT scan is between 10-
20mSv [38], and with multiple CT scans performed
at different times during a patient's follow-up, the
amount of radiation exposure can reach very high
levels that can exceed the carcinogenic effect
threshold. Therefore, clinicians around the world
tend to take fewer CT scans to protect the patient.
By creating a diagnostic model using X-ray
technology that exposes the body to radiation at a
lower level - between 0.02-0.15mSyv [38]- with the
COPD-GradeNet model, more observations can be
made at earlier stages with less harmful approaches.
See [39] for a more detailed comparison of CT and
X-ray. Considering that CT devices are not
available in every center due to costs and needs, but
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radiography devices are widely used, the proposed
COPD-GradeNet has the potential to reduce issues
associated with CT scans.

1.4. The Feature of the COPD-GradeNet Model
to Direct the Studies on this Subject

In the COPD-GradeNet, using a deep learning
model that performs feature extraction and
classification well, regions related to COPD on lung
X-rays will be colored. This process is called
localization. After localization, radiological images
can be analyzed and reported without human
intervention, opening the door to applications that
can be reported automatically. In addition, coloring
areas related to COPD on the image can speed up
clinicians' diagnosis and improve the diagnostic
abilities of inexperienced physicians for educational
purposes. Indeed, it has been noted that such
artificial intelligence models increase the success
rates and speed of correct diagnoses by medical
doctors [11]. While CT images are reported by
specialist radiologists in most countries of the
world, lung X-rays are not reported by radiologists
and are evaluated by clinicians. The proposed
model will shed light on the development of
systems that will also serve as artificial intelligence-
based reporting for major pathologies in the lungs.

1.5. The Aim and Objectives
GradeNet

of COPD-

The goal of the COPD-GradeNet is to create an
artificial intelligence-based model that can predict
the stage of Chronic Obstructive Pulmonary
Disease (COPD) from lung X-ray images. Receiver
Operating Characteristic (ROC) analysis will be
used to evaluate the performance of the Al-based
model in classifying the four stages of COPD. The
accuracy with which each stage of COPD can be
distinguished by the model will be determined by
the Area Under Curve (AUC) analysis. The model
is expected to produce promising results when the
mean AUC value of all groups in classifying the
stages of COPD reaches at least 0.80.

The dataset required for training the model includes

lung X-rays taken simultaneously with spirometry
from a total of 2,500 individuals, with at least 500

328

images from each of the four different stages of
COPD and a control group, which have been
diagnosed by expert clinicians. This dataset is
assumed to have labels indicating the spirometric
stage of COPD and accompanying lung pathologies
diagnosed by CT, obtained by examining the
spirometry test results conducted simultaneously
with lung X-rays. Spirometric measurements
should be evaluated as the gold standard for COPD
staging, while CT images should be used as the gold
standard for lung diseases such as emphysema and
bronchiectasis.

Preprocessing: The differences caused by
uncontrollable factors in X-ray images (brightness,
contrast, etc.) must be eliminated and the images
must be standardized in the dataset. This new
standardized dataset should be divided into subsets
of training (train), validation (validation), and
testing in an 8:1:1 ratio, respectively.

Distinguishing COPD from other lung diseases and
coloring the regions related to diseases: To
distinguish COPD from other lung diseases that can
be diagnosed with CT (Asthma, Congestive Heart
Failure, Bronchiectasis, Tuberculosis, Obliterative
Bronchiolitis, Diffuse Panbronchiolitis [3]), a
multilabel classifier should be used instead of a
multiclass classifier. At this stage, the probability of
COPD and other lung diseases can be estimated as
a percentage. It can be assumed that this goal has
been achieved if the AUC value of the model in
distinguishing COPD from other lung diseases is at
least 0.80. After the trained model achieves
classification accuracy, regions that are effective in
distinguishing (discriminative) diseases with the
highest probability predicted by the model can be
colored and weighted on the X-ray image using the
object localization technique [40,41]. Thus, the
discriminative regions that are effective in
distinguishing the disease with the highest
probability predicted by the model can be weighted
in the X-ray. As a result, an image that will be used
as input for the next stage of COPD staging will be
obtained. This image will be a weighted image of
the regions related to COPD, with other lung
diseases filtered out, which will improve the
performance of the COPD-GradeNet
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2. MATERIAL AND METHOD
2.1. Creation of Dataset

The lung images that will be used as input for the
COPD-GradeNet model, as well as information
such as respiratory function test results and the stage
of COPD, should be obtained. For this, X-ray
images of a total of 2,500 people should be
obtained, 500 from each group of non-COPD and
COPD with 4 stages, who have been diagnosed by
expert physicians. It is important to ensure
consistent data as the X-ray films are taken
simultaneously with respiratory function tests. It
should be noted that an equal number of samples
(500 each) should be selected from each stage when
selecting the X-ray images.

The dataset should be compiled by gathering
information about which stage of COPD the patient
is in spirometrically and any accompanying lung
pathologies determined by CT. Therefore,
classification based on spirometrically determined
staging from respiratory function tests should be
used as the gold standard for COPD staging. For the
detection of other lung diseases such as asthma,
congestive heart failure, bronchiectasis,
tuberculosis, obliterative bronchiolitis, and diffuse
panbronchiolitis, diagnoses made by expert
physicians from CT images should be used as the
gold standard.

Risk of insufficient dataset: There is a risk of not
obtaining at least 500 X-ray images from each of the
four levels, or even obtaining at least 500 images
from each class, but realizing that the problem is
more complex than anticipated (i.e., not being able
to obtain any model with AUC>0.80 for each class),
which may require more examples. To solve these
problems, data augmentation techniques [42,43]
such as random flipping in the x and y axes for
classes with insufficient X-ray images, random
rotation in the range of [a, 8] degrees, and random
scaling in the range of [x,y] can be used to derive
new data from existing data, which can improve the
performance of the COPD-GradeNet model.
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2.2. Preprocessing

The dataset should be created from the information
of individuals with COPD stages graded as Gradel,
Grade2, Grade3, and Grade4, and a control group
with the label GO, who do not have COPD (Figure
1-A). When these images are obtained
retrospectively, it should be considered that a
patient may have multiple follow-ups and multiple
finding labels at the same time. To reflect true
learning in COPD-GradeNet model's performance
metrics, one image should be taken from each
patient. Selecting images from the Anterior-
posterior (AP) views of these patients, rather than
the posterior-anterior (PA) views, is important as
lung patterns are clearer in AP images. A data table
should be created indicating which of the 6 diseases
were seen with COPD by reading each CT report
belonging to these individuals. This data table
should consist of columns that include a unique
random identification number for each sample, the
COPD stage of that individual, and whether the six
specified diseases were present or not (Figure 1-A).
model.

When considering that the X-ray images to be
obtained will be used in the training of an artificial
intelligence-based model, it is anticipated that
standardization processes should be performed on
these images at the preprocessing stage to create a
robust model. Examining X-ray images is an
important step for medical diagnosis, and problems
such as low contrast and low color range in these
images make it difficult to see information in bright
or dark areas [44].

Low contrast and low brightness problems are
commonly observed in X-ray images [45]. Deep
convolutional neural networks are developed by
taking inspiration from human vision [46-48]. In
order to improve the classification performance of
these deep networks, it is necessary to eliminate the
potential tonal differences that may occur in X-ray
images. Therefore, histogram equalization [49] will
be performed as a preprocessing step on all X-ray
images considered as input to the model.
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Figure 1. The formation scheme of the dataset. A) A representative data table showing the stages of COPD
and accompanying diseases. B) Histogram equalization process to be applied to each image

2.3. Deep Convolutional Neural Networks-

DCNNs

A paper by Yann LeCun and his colleagues, which
proposed the use of artificial neural networks in
computer vision, was rejected from a leading
conference in 2008. At the time, it was generally
believed that computer vision could not be solved
entirely with artificial neural networks, and that
there needed to be stages designed by hand. It was
assumed that a problem related to object recognition
could not be solved simply by using images and
labels. Concerns about displacing the skills of
programmers in computer vision with a general
learning technique procedure are thought to have
contributed to this situation [50].

Approaches to object recognition use machine
learning methods as a basis. In order to improve the
performance of these methods, larger datasets
should be collected, and better techniques should be
used to avoid overfitting. Before the idea of deep
convolutional networks, the datasets used in
computer vision (e.g. NORB [51], Caltech-256
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[52], etc.) contained relatively few examples,
numbering in the tens of thousands. For simple
recognition problems, models that use data
techniques derived from these relatively small
datasets (augmented) have achieved human-like
performance and surpassed human performance in
traffic sign classification [53].

However, since real-world objects exhibit
considerable variability from these datasets, larger
training datasets are required to achieve high
accuracy in recognizing these objects with
computer vision [50]. Recently, it has become
possible to create such datasets. ImageNet [54]
consists of 15 million labeled images from 22,000
categories, while LabelMe [55] consists of
hundreds of thousands of images that have been
segmented. Convolutional neural networks have
demonstrated high success rates in object
recognition and image classification within these
datasets [50,56].

To learn (classify) thousands of objects from
millions of images, enormous learning capacity
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models are required. However, the tremendous
complexity of object recognition necessitates
predicting the difficulties that will be encountered
in classifying such a large number of categories
using traditional methods. Therefore, to solve such
a problem with classical methods, one must have a
lot of prior knowledge. However, deep
convolutional neural networks (DCNNs) are able to
automatically learn this prior knowledge while
solving these types of problems. These networks,
whose depths and widths can be changed to control
their capacities, make strong and mostly accurate
assumptions about the nature of images (i.e., the
regularity of statistics and pixel dependencies). As
a result, compared to standard feedforward neural
networks with layers of similar sizes, DCNNs are
easier to train since they have much fewer
connections (locally-connected) and parameters
[50].

COPD - GradeNet

Model Pool

Input Image

L

AlexNet

VGGNet

ResNet

GoogleNet
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2.4. Differentiating COPD from Other Lung
Diseases

In order to design a deep convolutional neural
network model that will predict the stages of COPD,
which is the aim of our model, it is necessary to
distinguish between COPD and comorbid diseases.
For this purpose, modules for planned disease
differentiation and visualization of lesion sites are
shown in Figure 2.

Module-1, shown in Figure 2, has labels to indicate
the classes (7 different diseases) that will be the
output of the deep convolutional neural network.
The properties and weights of the classes at the
output of Module -1 become the input of Module-2
The details of these modules are explained in the
following subheadings.

Polling Layer

rﬁm

Module 2- Class Activation Map (CAM)

Module 1- Disease Classifier

Figure 2. Modules of the COPD-GradeNet model (Module 1 & Module 2)

2.4.1. Model Pool

The learning processes of deep convolutional neural
networks are affected by costs such as time and
hardware, so in order to facilitate the learning
process, the transfer learning technique based on the
principle of reusing the information obtained from
past tasks will be applied [57]. Because fine-tuning
anetwork with transfer learning is often much faster
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and easier than training a network with weights
randomly started from scratch. We predict that
COPD-GradeNet will be successful with the use of
this technique, which provides high classification
performance using a small number of training
images [58-60]. Since it is not known in advance
which trained network will have high performance,
the model pool consists of 4 networks such as
AlexNet [50], GoogLeNet [61], VGGNet-16 [62],
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ResNet-50 [63], which have proven themselves in
the literature. The models can be trained by
removing the final classification layers of these
networks and adding the classification layer
suitable for the purpose of COPD-GradeNet (Figure
2).

2.4.2. Module 1&2- Disease Classifier

In the classification of diseases, the development of
a standard terminology is very important in terms of
epidemiological studies, calculations of healthcare
costs, and national/international comparisons of
diseases, and according to a study [64] done to make
this standard classification by machines, deep
learning networks make great contributions to the
solution of multi-label classification problems.
provides. In a study [65] conducted to evaluate the
classification performance of COVID-19 using two
different datasets of labeled chest X-ray images of
16 different deep learning models, AUC 0.83-0.89
for the CheXpert dataset and AUC 0.983-0.988 for
the COVID-19 Image Data Collection dataset.
reported to have excellent performance. In the same
study, it was reported that even a certain amount of
shallow network models used approached high
performance. From this point of view, we think that
it will be possible to find a suitable deep mesh
model according to the complexity of the problem
to be solved as a result of the COPD-GradeNet
model.

The aim of a classifier model is to assign one or
multiple labels to each instance in a sample space
[66]. Most classification problems associate each
instance with only one class [67]. This is referred to
as a multiclass classification problem, where an
instance belongs to only one of multiple classes.
However, there are many classification problems in

Deep
Convolutional
Neural Network
(DCNN)

which each instance can be associated with one or
more classes. Such problems are known as
multilabel classification problems [67]. For
example, each patient can be simultaneously
diagnosed with multiple classified diseases, which
is an instance of a multilabel classification problem.
Since COPD, which is the disease the COPD-
GradeNet model is trying to solve, is often seen with
other diseases [3], it is necessary to distinguish
these diseases before staging COPD. The patterns
of the identified 7 different diseases can be seen
simultaneously in a person's lung X-ray, so a
multilabel classification approach will be used
instead of a multiclass classifier model. This will
allow for overlapping between different diseases,
and predictions will be made separately for each
disease instead of making a single final prediction.

The deep learning network created in the disease
classifier module should have approximately 2500
preprocessed lung X-ray images as training input.
The process for creating the database of these
images, including how the other 6 diseases that can
be seen with COPD will be labeled and how
preprocessing will be applied, has been explained
above. After these stages, a deep learning classifier
model will be designed to predict the class of these
diseases, which have been labeled by expert
physicians based on X-ray images (Figure 3). The
predicted class labels and pre-determined COPD
stages can be used as input for the task of coloring
the lesion regions in the next stage (Figure 2).

The activation function used in the output layer that
concerns Module-1 will be the sigmoid function.
Thus, the values calculated between (0,1) for each
of the 7 diseases will also indicate the probability of
having that disease (Figure 3).

Tuberculosis 0.17

quliferolive bronchiolitis  0.05

I Diffuse panbronchiolitis  0.01

Figure 3. Module-1: A diagram showing the input image, the deep network, and the output layer consisting

of 7 neurons
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At this stage, it is impossible to know in advance
what ratios of examples with diseases
accompanying COPD will be in the dataset. The
situation where at least 3 of the 6 diseases
accompanying COPD are below 5% can be
considered as an important risk criterion. In order to
solve this problem, the risks that will arise from data
insufficiency can be minimized by using a
multiclass classifier model that separates 3 groups
as “COPD”, “not COPD” and “at least one of the
other diseases” instead of modifying the multi-label
classifier model, since only COPD staging is aimed
to be performed in the next stage according to the
objectives of COPD-GradeNet model, and there
will be no internal evaluation on other diseases.

In the COPD-GradeNet model, after the disease
classification process is completed, the regions

Serdar ABUT

belonging to that disease will be colored on the X-
ray. In this coloring process, the original image will
be used in the form of grayscale and only the area
corresponding to the disease will be colored. Thus,
it will be ensured that the radiologist focuses on the
area where the disease is located.

The block diagram of the entire model to be
developed for COPD-GradeNet is roughly shown in
Figure 4. In this diagram, the COPD image is
transferred to another classifier for COPD staging
from 7 images, which have been colored (weighted)
with respect to the regions related to the disease as
the output of Module-2. The outputs of Module-3
consist of 5 classes: patients without GO COPD, and
stages determined according to the severity of
COPD between G1 and G4.
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Figure 4. Transfer of the image related to COPD from the localized images, which are the output of

Module-2, to Module-3

2.4.3. Module 3 — Prediction of COPD Stage

In Module-2, the effects of non-COPD diseases on
the X-ray images will be removed by weighting the
regions related to COPD. This way, the COPD
staging task will be executed in a healthy manner.
Similar to Module-1, a model pool will be created
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with AlexNet [50], GoogLeNet [63], VGGNet-16
[62], and ResNet-50 [63] networks that have
completed training on large datasets for the DCNN
model that will perform COPD staging. The model
that performs the best with transfer learning
approach from these networks will be selected and
the classification problem will be solved for COPD
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staging. Transfer learning-based DCNNs have been
successfully used in fields such as bioinformatics
[68], biomedical image processing [69],
recommender systems [70], autonomous vehicle
technology [71], natural language processing [72].
Transfer learning aims to enable systems to quickly
adapt themselves to new situations, tasks, and
environments. It provides machine learning systems
with the ability to leverage auxiliary data and
models to help solve target problems when there is
only limited data available in the target domain. The
technique of transfer learning makes these systems
more reliable and robust, ensuring that the machine
learning model achieves its expected performance
[73,74].

3. DISCUSSION

The lack of sensitive diagnostic tests, especially for
early stages of COPD, leads to insufficient
diagnosis of a treatable disease. With our proposed
COPD-GradeNet, it is believed that early diagnosis,
which will allow possible treatments, will be greatly
contributed, especially by being able to classify
Gradel from lung X-rays.

The advantages that deep learning models like
COPD-GradeNet can provide are as follows:

More Accurate and Reliable Results: Deep learning
methods enable accurate prediction of disease
levels by analyzing and learning from large
amounts of data, resulting in more accurate and
reliable results.

Fast _and Automatic Analysis: Deep learning
algorithms make data analysis fast and automatic,
allowing for faster detection of COPD levels.

Personalized Treatment: Deep learning algorithms
can help create personalized treatment plans by
accurately detecting the disease level. This can
improve the effectiveness of the treatment.

Reduced Risk of Death: Deep learning methods can
analyze various features used to predict COPD
levels and can predict the patient's risk of death.
This can increase the patient's chances of survival
by enabling earlier intervention in the treatment
plan.
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Data-Driven Decision Making: Deep learning
methods provide an objective approach to decision-
making by analyzing large amounts of data. This
helps doctors make data-driven decisions and
contributes to better management of disease levels.

4. CONCLUSION

This study being a theoretical model proposal, no
experimental results have been presented. The
model to be developed integrates a series of
techniques for the automatic use of the progression
of future Chronic Obstructive Pulmonary Disease
(COPD) with Deep Convolutional Neural Networks
(CNNs). By laying out the theoretical foundations
of COPD-GradeNet, the potential impact on early
diagnosis services and resource optimization in
primary healthcare has been emphasized when
implementing the model. Any specific limitations
related to the model's performance have not been
discussed. Consequently, the importance of
leveraging deep learning for COPD diagnosis has
been underscored, and further validation and testing
are encouraged to assess the real-world
applicability of COPD-GradeNet. Future data-
driven studies are recommended to explore the
integration of the model into clinical practice for
improved COPD management.
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Abstract

Selective catalytic reduction (SCR) technology in diesel engines is an exhaust after treatment system used
for abatement of nitrogen oxide (NOy) emissions. In order to synthesize Ag-Ni-TiO,/Cordierite catalyst in
the conducted study, a solution including silver nitrate (AgNO3), titanium dioxide (TiO,), and nickel (II)
nitrate hexahydrate (Ni(NO3),-6H>O) were used in the coating of the cordierite (2A1,03-5510,-2MgO) main
carrier structure. The prepared catalyst was characterized for morphological characteristics via scanning
electron microscope (SEM) and energy dispersive spectroscopy (EDS) analysis. The NOy reduction
measurements as catalytic was carried out at 20 °C intervals in the temperature range from 190 to 270°C at
1 kW and 3 kW motor loads and under 30000 h™! space velocity (SV). Ethanol was used as a reductant
during the experiments. As a results of the measurements, it was seen that the Ag-Ni-TiO,/Cordierite
catalyst exhibited a good NOy conversion efficiency with 93.8 % at 270°C at 3 kW.

Keywords: Selective catalytic Reduction, Catalyst, Cordierite, NOy emission

HC-SCR Sistemi i¢in Ag-Ni-TiO2/Kordiyerit Katalizoriiniin Hazirlanmasi ve NOx
Indirgeme Performansi

Oz

Dizel motorlardaki secici katalitik indirgeme (SCR) teknolojisi, nitrojen oksit (NOy) emisyonlarinin
azaltilmasi i¢in kullanilan bir egzoz son aritma sistemidir. Yapilan calismada Ag-Ni-TiO,/Kordiyerit
katalizoriinii sentezlemek amaciyla kordiyerit (2A1,03-5Si0,-2MgO) ana tagtyici yapinin kaplanmasinda
giimiis nitrat (AgNO3), titanyum dioksit (TiO») ve nikel (II) nitrat hekzahidrat (Ni(NOs),-6H>0) igeren bir
¢cozelti kullanildi. Hazirlanan katalizor, taramali elektron mikroskobu (SEM) ve enerji dagilim
spektroskopisi (EDS) analizi yoluyla morfolojik 6zellikler acisindan karakterize edildi. Katalitik olarak
NOxy azaltim 6lgiimleri, 190 ila 270 °C sicaklik araliginda 20°C araliklarla, 1 kW ve 3 kW motor yiiklerinde
ve 30000 h! alan hizinda (SV) gergeklestirildi. Deneyler sirasinda indirgeyici olarak etanol kullanildi.
Yapilan dl¢iimler sonucunda Ag-Ni-TiO»/Kordiyerit katalizoriiniin 270°C'de 3 kW'ta %93.8 ile iyi bir NOx
doniisiim verimi sergiledigi gorilmiistiir.

Anahtar Kelimeler: Segici katalitik indirgeme, Katalizor, Kordiyerit, NOx emisyonu
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1. INTRODUCTION

Nitrogen oxide (NOy) gases are harmful waste gases
released into the external environment as a result of
the combustion of fuel in diesel engines. It has
negative effects on the environment such as acid
rain, photochemical smog and ozone depletion [1].
Moreover, it also causes pneumonia, hay fever,
bronchitis and cancer [2-3]. To eliminate these
drawbacks of diesel engines, many systems are
being tried to reduce NOy. The most efficient and
effective among these systems is selective catalytic
reduction (SCR) system. In SCR system, ammonia
(NHs) as reductant and V,0s-(WO3 or M0Os3)/TiO,
catalyst as catalyst are commonly used. However,
having a narrow temperature range of 300-400°C
and the toxic effects of vanadium species prevent
these catalysts from being a satisfactory option [4].
Moreover, in usage of NH3, there are also negative
effects such as ammonia slip and catalyst
deterioration [5]. Therefore, recent efforts have
been made by researchers to improve the system
and overcome these problems. Among these
endeavors, various types of reductants and different
catalyst structures have been tested in the SCR
system. Thirupathi [6] reported that in the NHs-
SCR, the addition of Ni could expand the active
temperature range of the Mn/TiO, catalyst and
improve the NOy conversion performance. Ning et.
al. [7] informed that the addition of Ni on MIL-100
(Fe) catalyst significantly improved the NOx
conversion of C3Hg-SCR. Ning et. al. [8] reported
that the addition of Ni on MIL-100(Fe) catalyst
exhibited a 96.6 % NO conversion at 250°C under
2 %0, in CO-SCR. Shi et. al. [9] reported that
almost 100 % NO conversion performance of
Nig6sMng 35-MOF-74 catalyst reached at 175 °C in
CO-SCR. It also reported that compared with
monometallic Ni-MOF-74 or Mn-MOF-74,
bimetallic NiMn-MOF-74 catalyst achieved a
significant improvement in NO conversion
performance. Zhang et. al. [10] reported achieving
almost 100% NO conversion in CO-SCR for Ag;-
Ni-MOF-74 catalyst in the temperature range of
200°C to 300°C.

In this study, active nano materials were coated on
the cordierite main carrier structure. As a
consequence of the coating procedure, Ag-Ni-
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TiO,/Cordierite catalyst was prepared. In conducted
studies so far in the literature, NOy abatement
studies of nickel with ethanol reductant have been
restricted limited. Therefore, the NOy reduction
performances of the cordierite structure-supported
catalysts were performed in experiments in the SCR
test system with ethanol reductant at low
temperatures under real exhaust gas.

2. MATERIAL AND METHODS

2.1. Catalyst Preparation and Characterization

Cordierite material as a main carrier structure is of
400 cells per square inch (cpsi). In this study, 200
cm® volume was cut from cordierite and used for
catalyst production. First, in the powder catalyst
preparation stage, silver nitrate (AgNOs), Nickel
(IT) Nitrate Hexahydrate (Ni(NOs), * 6H>O) and
titanium dioxide (TiO,) nanoparticles were added to
200 mL of distilled water at 2.5%, 1% and 96.5%
by weight, respectively. The resulting solution was
stirred by heating to evaporate the water. The
remaining mud-like structure was dried in the oven
at 130°C for 3 hours. Then, calcination was carried
out in a muffle furnace at 550°C for 3 hours. The
completely dried catalyst was ground into powder.
The obtained powder catalyst and silicon dioxide
(Si10,), which is 1% of its weight, were added to 500
mL of distilled water and mixed for 1 hour. The
cordierite main carrier was immersed in the powder
catalyst solution to be completely wetted.
Afterwards, drying at 130°C for 3 hours and
subsequently calcination at 550°C for 3 hours were
carried out. Thus, the catalyst was made ready for
experiments in the SCR test system. The main steps
of the catalyst preparation process are demonstrated
in Figure 1.

Scanning electron microscopy-energy dispersive X-
ray spectroscopy (SEM-EDS) method was used to
analyze morphologically the surface of the coated
cordierite catalyst. In this way, the surface of the
catalyst was examined. The produced sample was
observed using the FEI Quanta 650 Field Emission
model SEM device at 20kV acceleration voltage.
The device has the magnification capacity in the
range of 6-1.000.000 x times (Figure 2). Before
being used in SEM, the non-conductive surface of
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the catalyst was overlaid with gold material of 2 A/s  device used for the gold plating process is displayed
by using the Q150R ES spray coating device. The in the Figure 3.

N
Chemical Materials ) Mixing the materials
AgNO; in 200 mL of
TiO, distilled water by
Ni(NOs), 6H,0 heating
J J

v

s )
Drying for 3 h at 130 °C of
catalvst slurry

Calcination at 550 °C
for3 h

v

s w A
Grinding to obtain Mixing the powder
powder catalyst > catalyst and SiO, in
\ J 500 mL of distilled
v ' ’
( )
Immersing the powder ]
catalyst solution of -ﬁ Drying for 3 hat 130 °C
cordierite
. J I
-
Calcination at 550 °C Ag-Ni-TiO,/Cordierite
for3h Catalyst

\

Figure 1. Steps in catalyst preparation

Figure 3. Gold plating process device
2.2. Performance Test of Catalyst
A diesel engine whose technical specifications are

given in Table 1 was used in this section. A
Figure 2. SEM analysis device performance testing system was used to investigate
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the NOx conversion rate with the use of ethanol as
reductant on Ag-Ni-TiO,/Cordierite catalyst. The
experimental test system is elaborated upon
schematically in Figure 4. An orifice plate and
manometer in the exhaust system was used in order
to evaluate the exhaust gas flow rate within the
system. Space velocity (SV) for the gas flow is
named as the ratio of the catalyst volume [V, (m?)]
to the volume flow of the exhaust gas [Vr (m*h)]

Diesel Engine

and is expressed as h'!. During the experiment, the
desired SV has been adjusted with the help of two
valves. An electric loading system of 1 and 3 kW
was used to load the engine. The exhaust gas
temperatures were adjusted with a heater added to
the system. Also, a k-type thermocouple was
employed for temperature measurement. Finally,
NOy emission measurements were carried out
through a pair of continental model NOy sensors.

Orifice
Plate

- . Exhaust

| Heater
'I 4
W P =
valves ."."
o
"y
Engine Loading Manometer L
System |  __.-- =5
_ ~Heater "y
"~ Temperature- === 1
, 4---- Ssemsor

LA

- = NOx Sensor”/
= -Reductant Injector
- - - - -NOx Sensor.

Figure 4. Schematic view of the SCR performance test system

Table 1. Diesel engine technical specifications

Model AKSA A2CRX08
Number of cylinders 2

Stroke 79 mm

Bore 80 mm
Cylinder volume 830 cm’
Compression ratio 23/1

Engine speed 3000 rpm
Cooling system Water-cooled

The experiments were carried out under the
utilization of ethanol reductant and a SV value of
30000 h!'. Moreover, in order to evaluate the
efficacy of the catalyst in NOy reduction,
particularly at lower temperatures, measurements of
NOx conversion ratios were conducted at 20°C
intervals within the temperature range of 190°C to
270°C.
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3. RESULTS AND DISCUSSIONS

3.1. Catalyst Characterization Results

Figure 5 indicates the SEM-EDS image of the
catalyst synthesized at 500x magnification. The
SEM-EDS results provided information about the
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change of its surface after coating of the cordierite
surface. SEM-EDS analysis was used to scan the
entire surface area of catalyst. Peaks of Ag, Ni, and
Ti metals on the cordierite structure surface after
scanning were observed. Additionally, Mg, Al, and
Si elements, which form the main cordierite

Himmet OZARSLAN

structure, were also observed. Figure 5 displays the
percentages of atomic and weight of the elements in
the surface area of the catalyst analyzed. Based on
these results of the analysis, it can be concluded that
the active components with catalytic effects are
distributed on the surface.

&}

el ‘ 0
i
%

Element Weight % Atomic % Net Int.
OK 45.39 60.87 341.16
Mg K 4.82 4.26 108.08
AlK 10.44 8.3 268.47
SiK 29.19 223 759.3
AgL 0.21 0.04 2.44
TiK 7.19 3.22 114.21
Ni K 2.76 1.01 20.16

Figure 5. Energy-dispersive X-ray spectroscopy of Ag-Ni-TiO,/Cordierite catalyst
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The SEM images at 5000x, and 10000x
magnification in order to determine the
morphological properties of the catalyst were
illustrated in Figure 6. The images demonstrate that
the cordierite has a porous and rough surface. It can
be clearly demonstrated at the images of the catalyst
that the active coating elements with catalytic
effects were irregularly distributed over uneven
surface of the cordierite. Besides, the catalytic

active elements did not cause clogging of the pores
of the cordierite structure, after the coating process.
Clustered forms of catalytic active substances were
visualized on the surface of the coated cordierite.
The images clearly demonstrate the distribution of
silver, nickel and titanium nanoparticles on the
coated cordierite surface. The catalytic active
substances were an irregular structure and different
appearance morphologically.

(b)
Figure 6. SEM image results of Ag-Ni-TiO»/Cordierite catalyst (a:5000x, b:10000x)

The SEM mapping image of the catalyst sample is  and Ti) that are assumed to show catalytic activity
displayed at 500x magnification in Figure 7. It has on the surface are distributed equally or
been observed that the coating elements (Ag, Ni, homogeneously on the surface. The turquoise spots,
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the green spots, and the red spots in the mapping
image correspond to silver (Ag), nickel (Ni), and
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titanium (T1) particles, respectively.

. 18% OK
- 8% MgK
() 19% a

45% SiK
2% Agl
| ER
. 3% NiK

Figure 7. SEM mapping result of Ag-Ni-TiO,/Cordierite catalyst

3.2. NOx Conversion Test Results

Figure 8 shows the NOx conversion rates obtained
with ethanol depending on temperature, space
velocity, and engine load for the Ag-Ni-
TiO,/Cordierite catalyst. As seen in the figure, the
NOx activity of the catalyst rised with the increment
in temperature, and the maximum NOy conversion
ratios were obtained at 270°C. In the experiments,
the catalyst activity increased depending on the
increment in exhaust gas temperature. It was
observed that temperature

had a significant effect on catalytic activity in this
temperature range. Similar results were available in
the literature [11-14]. Additionally, the tests
showed that the NO, conversion rates of the catalyst
increased with increment of the engine load. In the
experiments, the maximum NOx conversion rate
was obtained under 3 kW engine load. It is thought
that this situation occurs because the concentration
of O in the exhaust gas decreases due to increased
engine loads. Similar results were also found in the
literature [15-16].

Ag-Ni-TiOZICordierite

go

T T
801
701
60
50
40r
301
201
10F
,
0 210

(%)

N0X Conversion

T T T
| | L
230 250 27

L
19

0

Temperature (°C)

Figure 8. The NOy conversion results of the catalyst
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4. CONCLUSION

The findings obtained in the research are listed as
follows.

e SEM images of the catalyst show that the
synthesis process was successful.

e Increasing the exhaust gas temperature from
190°C to 270°C enhances the NOx conversion
performance.

e The catalyst has demonstrated promising
results. When test results were compared, NOx
conversion efficiencies were achieved as
90.48% at 1 kW and 93.8% at 3 kW for the Ag-
Ni-TiO,/Cordierite catalyst.

e The maximum NOy conversion rate was
obtained at 270°C at 3 kW, reaching 93.8%.
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Oz

Kastabala Antik Kenti Tiirkiye nin giiney kesiminde Osmaniye sehrinin merkezine 25 kilometre mesafede
bulunmaktadir. Antik kentte bulunan kayaclardan yapilan petrografik incelemeler neticesinde olivinli
mikro-gabro, granit, karbonatli kumtasi, bresik kiregtasi, fosilli kiregtasi, mikritik kirectasi, konglomera,
cakiltagi birimleri tanimlanmistir. Bu kayaglardan olivinli mikro gabro, granit ve bresik kiregtaslari
genellikle siitunlarda kullanilmigtir. Amfi tiyatroda fosilli kirectasi, mikritik kiregtagi ve amfi tiyatro
kenarlarindaki duvarlarda karbonatli kumtasi kullanilmistir. Bu kayaglarin bolgesel jeoloji ile uyumluluk
gosterdigi tespit edilmis olup, antik kentin bulundugu tepe ile yakinlardan getirilerek kullanilmigtir. Granit

olarak tanimlanan kayaclarm ise bolge jeolojisi icerisinde yer almamakta olup disaridan getirildigi
sonucuna varilmaistir.

Anahtar Kelimeler: Kastabala antik kenti, Osmaniye, Petrografi, Mineral, Kayag, Arkeoloji

Rock Types Used in the Ancient City of Kastabala and Petrographic Features

Abstract

Kastabala Ancient City is located 25 kilometers from the center of Osmaniye city in the southern part of
Turkey. Petrographic studies of the rocks found in the ancient city have defined olivine micro-gabbro,
granite, carbonate sandstone, brecciated limestone, fossiliferous limestone, micritic limestone,
conglomerate, and gravelstone units. Among these rocks, olivine micro-gabbro, granite, and brecciated
limestones were generally used in columns. Fossiliferous limestone and micritic limestone were used in
the amphitheater and carbonate sandstone was used in the walls around the amphitheater. It has been
determined that these rocks are compatible with the regional geology, and they were brought from the hill
where the ancient city is located and used. It has been concluded that the rocks defined as granite are not
part of the regional geology and were brought in from outside.

Keywords: Kastabala ancient city, Osmaniye, Petrography, Mineral, Rock, Archaeology
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1. GIRiS

Kastabala Antik Kenti Tirkiye’nin gilineyinde
Osmaniye kent merkezinin 25 km kuzeyinde yer
almaktadir (Sekil 1). Antik Dénem’de Ovalik
Kilikya bolgesinin en dnemli ve en eski tek kutsal
kenti olarak bilinmektedir. Kastabala ismi MO 5-4.
ylizyillara  tarihlenen = Aramice  yaztlarda
Kastabaliya/Kastabalaya olarak ge¢mektedir [1].
Luwi ve Hurri kiiltir bolgesi ve Kizzuwatna
Ulkesinin merkezinde yer alan Kastabala’nm
Hititler Donemi’ndeki ismi Kummanni oldugu
diisiiniilmektedir. Hititler Donemi’nde Kizzuwatna
Ulkesinin kutsal kenti olan Kummanni Luwice
kumani-, kumma- kutsal anlamina gelmektedir [2].
Bu nedenle Kastabala, Hellenistik Doénem IV.
AntiochosEpiphanes (MO 175-164) sikkelerinde
Hierapolis (Kutsal Kent) olarak ge¢mistir. Kentin
kutsal olmasii saglayan Kubaba Pirvagua kiiltii
Hellenistik ve Roma Donemlerinde Artemis Perasia
kiiltii olarak devam etmistir. Antik yazarlardan
Ptolemaeus, Plinius ve Strabon kent hakkinda
bilgiler vermislerdir. Artemis Perasia Tapinagi’nin
rahibeleri ¢iplak ayakla hi¢ act duymadan kizgin
korlar iizerinde yiiriimiislerdir [3]. Kastabala Antik
Kentinin buluntu ge¢misi Neolitik ve Kalkolitik
donemlere uzanmakla birlikte kentte Arkaik,
Klasik, Hellenistik, Roma Imparatorluk ve Ortagag
donemlerine ait mimari kalintilar
bulunmaktadir(Sekil 2). Bu mimari kalintilar
siitunlu caddeler (Sekil3), tonozlu kompleks yapi,
tiyatro (Sekil4), hamamlar, kutsal alanlar, nekropol
alanlari, anit mezarlar, su kemerleri, nympheum,
sarniclar, iglikler, kale ve Kkiliselerdir. Sehir
plancilig1 agisindan siitunlu cadde yerlesmenin ana
aksimni belirlemektedir. Siitunlu cadde bati-dogu
yoniinde egimli araziye uygun  Dbigimde
basamaklandirilarak  uzanmaktadir. Iki yanda
kaldirimli, tabani tag doseli siitunlu caddenin dogu
ucunda bir propylon mevcuttur. Siitunlu caddenin
dogu ucunda tiyatro yer almaktadir. Kademeli tas
siralardan olusan oturma basamaklarindan meydana
gelen seyirciler kismi, oyuncularin {izerinde
oynadiklar1 sahne binasi ve bunlarin arasinda
dairesel meydan olmak {izere ii¢ bdolimden
olusmaktadir.
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Kastabala antik kentinin bulundugu bdlge jeolojisi
incelendiginde Dogu Toros otokton kayaglari ile

iligkisi  goriilemeyen ve Adana Baseni ile
Amanoslar  arasinda  kalan Misis  grubu;
Dokuztekne, Andirin ve Karatas
Formasyonlarindan olusmaktadir. Yiiksek

kesimlerdeki kirectagi bloklar1 Eosen-Oligosen
yasli Bulgurkaya Olistostromu igerisinde yer
almakta olup, bu birim bdlgede Alt-Orta Miyosen
yash tirbiditik Karatas Formasyonu iizerinde
bindirmelidir [6]. Kuvaterner yash aliivyonlarla
ortilii durumda gozlemlenmektedir. Cogunlukla
serpantinitlerden  olusmus  moloz  akmasi
ozelligindeki Andirm  Formasyonu (melan;j1)
igerisinde, cakil boyutundan ¢ok biiyiik olistolitlere
kadar degisik boyutta Paleozoyik yash rekristalize
kiregtasi, Mesozoyik ve Eosen yaglh kirectaslari,
volkanik ve ofiyolit bloklar1 yer alir. Melan;j iginde
en ¢ok gbze carpan kayag¢ birimi, asinmaya karsi
olan dayanimindan dolay kiregtaslaridir. Ozellikle
Mesozoyik yasli  kiregtaglari  ve  dolomitik

kiregtaslar1 olduk¢a sert yapida oldugundan
yiikselim icerisindeki en yiiksek kesimleri
olusturmaktadir. Misis  uzanimi  boyunca

Bulgurkaya olistostromu, Jura’dan Oligosen’e
kadar degisen yas araliklarinda yiizlerce metre
boyutlara varabilen breslesmis kiregtasi bloklart ile
temsil edilmekte olup Sekil 5’de goriilmektedir [7,
8].

o ol 4 A . 3 X
Sekil 1. Kastabala Antik Kenti bdolgesinin yer
bulduru haritasi [4]

Bu calismanin amaci Kastabala Antik Kentini
olusturan amfi tiyatro, kemer, siitunlar ve hamam
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bolgelerinden malzemenin orijinal &zelliklerini
tahrip etmeden Ornekler derlemektir. Derlenen
Ornekler tizerinde petrografik incelemeler yapilarak
mineral ve kayac¢ tanimlamalarmin yapilmasi ve
bolge jeolojisi ile uyumlulugunun denetlenmesi
hedeflenmistir.

£

e B

Stitunlu Yol

e Eh

Sekil 2.Kastabala antik kenti yerlesim yerleri [4]

v

; B
Sekil 4. Tiyatro alani [5]
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Sekil 5. Calisma alan1 ¢evresindeki birimlerin

stratigrafik iliskilerini gosteren Olgeksiz
dikme kesit [9]

2. MATERYAL VE METOT

Caligmamizin ana materyalini Kastabala Antik
Kentinden alinan kayag¢ drnekleri olusturmaktadir.
Derlenen kaya¢ Orneklerinin mineral ve kayag
tanimlamalar1 hazirlanan ince kesitler iizerinde
polarizan mikroskop altinda gergeklestirilmistir.
Ince kesit analizleri Cukurova Universitesi Jeoloji
Miihendisligi Bolimii Laboratuvarlarinda
yapilmustir. Ince Kesit i¢in alinan kayac 6rnekleri
ilk once kaba kesme makinasinda kibrit kutusu
biiyiikliigiinde distan ige dogru tiim yapisin
gosterecek sekilde kesilir. Ornek hazirlandiktan
sonra polarizan mikroskopla inceleme
yapilmaktadir. Arastirmalar Jeoloji Miihendisligi
Boliimiinde Olympus BX51 polarizan mikroskopla
yapilmistir.
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3. BULGULAR VE TARTISMA

Kastabala Antik Kentinden alinan kayac¢ ornekleri
iizerinde detayli olarak petrografik incelemeler
yapilmistir. Incelemeler sonucunda elde edilen
veriler agagida detayli olarak anlatilacaktir

3.1. Petrografi

Calisma kapsaminda K-1, K-2, K-5, K-10, K-12, K-
13, K-18, K-23, K-24, K-25, K-33 ve K-35
numaralt  Orneklerin  petrografik incelemeleri
yapilmigtir.

K-1: K-1 numarali 6rnek amfi tiyatronun dogu
kesiminde bulunan alandan alnmstir. Ornek
olivinli mikro-gabro olarak tanimlanmis olup Sekil
6a’da goriilmektedir. Kayag ofitikdoku gostermekte
olup, mineralojik bilesimini plajiyoklas, piroksen,
olivin ve opak mineraller olusturmaktadir.
Plajiyoklas mineralleri kayag icerisinde yaklasik olarak %
57-60 oraminda bulunmaktadir. Plajiyoklas mineralleri
Ozsekilli-yant  Ozsekilli olup polisentetik  ikizlenmeler
belirgin  olarak  gozlemlenmektedir. ~ Polarizan
mikroskop altinda ¢ift nikolde gri tonlarinda
polarizasyon renkleri gostermekte ve kiigiik-orta
taneler halinde bulunmaktadir. Bazi plajiyoklas
kristalleri magmanin soguma hizina bagl olarak
kaya¢ igerisinde fenokristaller halinde Sekil 7°de
goriilmektedir. Klinopiroksen mineralleri kayac
icerisinde yaklagik olarak % 25-30 oraninda
bulunmaktadir. Klinopiroksen mineralleri yar1
ozsekilli-Ozsekilsiz  olarak  gdzlenmekte  ve
polarizan mikroskop altinda sari-yesilin tonlarinda
polarizasyon renkleri gostermektedir. Kiigiik-orta
tanelerden olugmakta olup, kaya¢ icerisine
plajiyoklas minerallerinin arasin1 doldurur vaziyette
bulunmaktadir. Tek yonde dilinimleri bazi
klinopiroksen kristallerinde gozlenmekte olup
dilinime gore egik sonme gdstermeleri nedeniyle
klinopiroksen olarak tanimlanmig ve Sekil 7°de
gosterilmektedir.  Olivin  mineralleri  kayac
igerisinde ¢ok kiiciik taneler halinde bulunmakta ve
demirli ayrisim (iddingsitlesme) gostermektedir.
Kayag igerisinde % 5-10 arasinda bulunmaktadir.
Opak mineraller kayag icerisinde yaklasik olarak %
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2-3 oraninda bulunmakta olup Sekil 7°de

goriilmektedir.

K-2: K-2 numaral1 6rnek mikritik kirectasi olarak
tanimlanmuigtir.  Mikritik  kiregtaginin - arazi
goriiniimii  Sekil 6b’de verilmektedir. Baglayici
malzemeyi mikritik ve sparitikkalsit ¢imento
olusturmakta olup Sekil 7’de goriilmektedir.

K-5: K-5 numarali 6rnek karbonathh kumtasi
ornegidir. Ornegin arazi goriiniimii Sekil 6¢’de
verilmektedir. Kayag igerisinde taneleri birbirlerine
baglayan baglayici malzemeyi baslica Kkalsit
¢imento ve taneler arasindaki bogluklari dolduran
kil matriks olusturmakta olup Sekil 7°de
goriilmektedir.

K-10: K-10 numarali drnek fosilli kiregtast olarak
tammlanmustir.  Orne@in arazi goriiniimii  Sekil
6d’de verilmektedir. Kayac baslica kalsit minerali
ve fosillerden olusmaktadir. Baglayict malzemeyi
sparitik ve mikritik kalsit ¢imento olusturmakta
olup Sekil 7°de goriilmektedir.

K-12: K-12 numarali 6rnek biresik kiregtasi olarak
tammlanmustir.  Orne@in arazi goriiniimii  Sekil
6e’de verilmektedir. Kaya¢ Dbaglica kalsit
mineralinden olugsmakta olup baglayict malzemeyi
sparitik kalsit ¢cimento olusturmakta ve Sekil 7°de
goriilmektedir.

K-13: K-13 numarali 6rnek konglomera olarak
tanimlanmustir. Ornedin arazi gériiniimii Sekil 6£de

verilmektedir. Kayag icerisinde magmatik kayag
parcaciklari, kalsit —minerali ve  Numulit
bulunmaktadir. Baglayici malzemeyi taneleri

birbirlerine baglayan kalsit ¢imento ve taneler
arasindaki  bosluklar1  dolduran kil matriks
olusturmakta olup Sekil 7°de goriilmektedir.

K-18: K-18 numarali ornek ¢akiltasi olarak
tanimlanmustir. Ornegin arazi goriiniimii Sekil 8°de
verilmektedir. Cakillart plajiyoklas, kuvars, kalsit,
muskovit, opak mineraller ve magmatik kayag
pargaciklari olusturmaktadir. Kayag igerisinde
taneleri birbirlerine baglayan kalsit ¢imento ve
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taneler arasindaki bosluklart dolduran kil matriks
bulunmakta olup Sekil 12°de goriilmektedir.

K-23: K-23 numarali 6rnek granit olarak
tanimlanmis olup graniiler doku gostermektedir.
Ornegin arazi goriiniimii Sekil 9°da verilmektedir.
Kayacin mineral bilesimini kuvars, plajiyoklas,
potasyumlu feldispat, amfibol ve opak mineraller
olusturmaktadir.  Kuvars  mineralleri  kayag
icerisinde yaklasik olarak % 33-40 oraninda
bulunmaktadir. Kuvars mineralleri 6z sekilsiz olup
orta-iri  kristaller halinde go6zlemlenmektedir.
Polarizan mikroskop altinda ¢ift nikolde grinin
tonlarinda polarizasyon renkleri gostermektedir.
Plajiyoklas mineralleri kayag igerisinde yaklasik %
27-36 oraninda bulunmakta olup 6zsekilli-yar
Ozsekilli  kristaller  halindedir.  Polisentetik
ikizlenmeler bazi plajiyoklas kristallerinde belirgin
olup, orta-biiyiik kristaller halindedir. Polarizan
mikroskop altinda ¢ift nikolde grinin tonlarinda
polarizasyon renkleri gostermektedir. Potasyumlu
feldispat mineralleri kayac igerisinde yaklagik
olarak % 24-41 oraninda bulunmakta olup orta-iri
kristaller halindedir. Bazi potasyumlu feldispat
minerallerinde pertitlesmeler gdzlemlenmistir. Polarizan
mikroskop altinda ¢ift nikolde grinin tonlarinda
polarizasyon renkleri gdstermektedir. Amfibol
mineralleri kaya¢ icerisinde yaklagik % 4-5
oraninda bulunmakta olup 0Ozsekilsiz kristaller
halindedir. Bazi amfibol kristallerinde
kloritlesmeler gozlemlenmistir. Polarizan
mikroskop altinda tek nikolde yesilin tonlarinda net
pleokroizma gostermektedir. Opak mineraller
kayag icerisinde yaklasik olarak % 1-2 oraninda
bulunmakta olup Sekil 12°de goriilmektedir.

K-24: K-24 numarali Ornek granit olarak
tanimlanmis olup graniiler doku gostermektedir.
Omegin arazi goriiniimii Sekil 9°de verilmektedir.
Kayacin mineral bilesimini kuvars, plajiyoklas,
potasyumlu feldispat, amfibol ve opak mineraller
olusturmaktadir. Kuvars  mineralleri  kayag
icerisinde yaklagik olarak % 36-43 oraninda
bulunmaktadir. Kuvars mineralleri 6z sekilsiz olup
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orta-iri  kristaller halinde go6zlemlenmektedir.
Polarizan mikroskop altinda ¢ift nikolde grinin
tonlarinda polarizasyon renkleri gostermektedir.
Plajiyoklas mineralleri kayag igerisinde yaklasik %
23-38 oraninda bulunmakta olup 06zsekilli-yari
Ozsekilli  kristaller  halindedir.  Polisentetik
ikizlenmeler fazla belirgin olmayip bazi kristallerde
kaolenlesme gozlenmekte ve orta-biiylik kristaller
halinde bulunmaktadir. Polarizan mikroskop
altinda ¢ift nikolde grinin tonlarinda polarizasyon
renkleri gostermektedir. Potasyumlu feldispat
mineralleri kayag igerisinde yaklasik olarak % 22-
38 oraninda bulunmakta olup orta-iri kristaller
halindedir. Bazi potasyumlu feldispat minerallerinde
pertitlesmeler gézlemlenmistir. Polarizan mikroskop
altinda cift nikolde grinin tonlarinda polarizasyon
renklerigdstermektedir. Amfibol mineralleri kayag
icerisinde yaklagik % 2-3 oraninda bulunmakta olup
Ozsekilsiz  kristaller  halindedir.  Polarizan
mikroskop altinda tek nikolde yesilin tonlarinda net
pleokroizma gostermektedir. Opak mineraller
kayag icerisinde yaklasik olarak % 1-2 oraninda
bulunmakta olup Sekil 12°de goriilmektedir.

K-25: K-25 numarali 6rnek konglomera olarak
tamimlanmustir.  Ornegin arazi goriiniimii  Sekil
10’da verilmektedir. Kayac icerisinde kalsit ve
demir oksitler bulunmaktadir. Baglayici malzemeyi
taneleri birbirlerine baglayan kalsit ¢imento ve
taneler arasindaki bosluklar1 dolduran kil matriks
olusturmakta olup Sekil 12°de goriilmektedir.

K-33: K-33 numarali 6rnek karbonatli kumtasi
olarak tanimlanmistir. Kayag¢ icerisinde kavki
parcaciklari bulunmaktadir. Baglayici malzemeyi
kalsit ¢imento ve taneler arasindaki bosluklar
dolduran kil matriks olusturmakta olup Sekil 12°de
goriilmektedir.

K-35: K-35 numarali 6rnek fosilli kiregtas1 olarak
tanimlanmistir.  Kaya¢ igerisindeki  baglayici
malzemeyi sparitik ve mikritik kalsit ¢imento
olusturmakta olup Sekil 12’de goriilmektedir.
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L 3 oy

Sekil 6. a) Olivinli mikro-gabro, b) Mikritik kiregtasi, c) Karbonatli kumtasi d) Fosilli kiregtasi, ) Biresik
kirectasi ve f) Konglomera 6rneginin arazi goriiniimi
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Sekil 7. K-1, K-2, K-5, K-10, K-12 ve K-13 numarali 6rneklerin ince kesitte CN goriiniimii (CN: Cift
Nikol, Pl: Plajiyoklas, Px: Piroksen, Ol: Olivin, Cal: Kalsit, Op: Opak mineral)

e

Sekil 8.Cakiltasi 6rneginin arazi goriinimii
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kiregtaslarinin Kastabala kalesinin yaninda bulunan
Ali kesigi olarak adlandirilan bolgeden (Sekil 11),
bresik kirectast ve karbonatli kumtaginin Aslantas
(Osmaniye)-Misis (Ceyhan), gabro &rneklerinin ise
Osmaniye kuzey kesiminde yer alan Ofiyolitik
birimlerden alinmis olabilecegi diistiniilmektedir.

Seki 10. Kongomera Orneginin arazi goriiniimii

Kastabala Antik Kentinden alinan 6rnekler iizerinde
yapilan petrografik incelemeler neticesinde olivinli
mikro-gabro, karbonatli kumtasi, bresik kiregtasi,
fosilli kiregtasi, mikritik kirectasi, konglomera, .

cakiltas1 ve granit birimleri tanrmlanmustir. Bunlarla cah 20

ilgili eski dénemlere ait ocak kanitlar1 bulunamamis  Sekil 11. Kastabala kale kisminm yakiminda
olup, jeolojik verilere gore kullanilan mikritik bulunan kesik alan1 [4]

500 Um

500pm

[ s00um | 2
Sekil 12. K-18, K-23, K-24, K-25, K-33 ve K-35 numarali 6rneklerin ince kesitte CN goriiniimii (CN:
Cift Nikol, PI:Plajiyoklas, Qtz: Kuvars, Kfs: Potasyumlu feldispat, Ms: Muskovit, Am: Amfibol,
Cal: Kalsit, Op: Opak mineral)
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4. SONUCLAR

Calisma alanini da igerisine alan bdlgesel jeoloji
incelendiginde Kastabala Antik Kentin’den alinan
orneklerin ince kesitlerinde saptanan olivinli mikro-
gabro, karbonatli kumtagi, bresik kirectasi, fosilli
kiregtas1, mikritik kiregtasi, konglomera ve ¢akiltasi
bolgeyi  olusturan  jeolojik  birimlerle ile
uyusmaktadir. Ancak Kastabala Antik Kentin’den
alman ve granit olarak tanimlamasi yapilan
orneklerin bolge jeolojisi igerisinde bulunmadigi
tespit edilmistir. Bunlarin  bélgeye disaridan
getirildigi disiiniilmektedir. Ayrica Kastabala kale
kisminin yaninda bulunan kesik alanindan malzeme
alindig1 saptanmigtr.
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Abstract

In the current study, the power generations obtained from gas turbines of an installed waste water treatment
plant were predicted, utilizing artificial intelligence method consisting of artificial neural network (ANN).
In this regards, a cumulative of 445 data, found in the power generation data cluster and found in the
physical and chemical data clusters has been used in the predictions based on the artificial intelligence
association method. Each instant data of these total 445 data corresponds to daily average power generation
(P) obtained from gas turbines of the facility and corresponds to physical and chemical parameters
including the temperature (7), degree of acidity (pH), conductivity (), as well as the daily total volumetric
flow of the waste gas to be burned at the gas generator (Q). Accordingly, the best prediction obtained by
ANN approach was concluded to generate the statistical accuracy results corresponding to 6.1279% mean
absolute percentage error (MAPE), 2.1540 MWh/day root mean square error (RMSE), and 0.9730
correlation coefficient (R) for power generation parameter.

Keywords: Artificial intelligence, Artificial neural network (ANN), Waste water treatment
Biokiitle Tipi Kurulu Atik Su Aritma Tesisinin Enerji Geri Kazanim Analizi
Oz

Bu c¢alismada, kurulu bir atik su aritma tesisinin gaz tiirbinlerinden elde edilen enerji tiretimleri, yapay sinir
aglarindan (YSA) yararlanilarak yapay zeka yontemi kullanilarak tahmin edilmistir. Bu dogrultuda, yapay
zeka iliskilendirme yontemine dayali tahminlerde, elektrik {iretimi veri kiimesinde bulunan ve fiziksel ve
kimyasal veri kiimelerinde bulunan 445 verinin tamami kullanilmistir. Bu toplam 445 verinin her bir anlik
verisi, tesisin gaz tiirbinlerinden elde edilen giinliik ortalama elektrik iiretimine (P) karsilik gelmekte olup;
ayrica, sicaklik (7), asitlik derecesi (pH), iletkenlik (o), ve ilaveten gaz jeneratoriinde yakilacak atik gazin
giinliik toplam hacimsel akisini (Q) da icermektedir. Buna gore, gii¢ liretim parametresi kapsaminda, YSA
yaklasimiyla elde edilen en iyi tahminin; %6.1279’luk ortalama mutlak ytizde hata (MAPE) degerine,
2,1540 MWh/giin ortalama karekok hata (RMSE) ve 0,9730 korelasyon katsayisina (R) karsilik gelen
istatistiksel dogruluk sonuglarini iirettigi sonucuna varilmistir.

Anahtar Kelimeler: Yapay zeka, Yapay sinir aglar1 (YSA), Atik su aritma

*Sorumlu yazar (Corresponding Author): Akin ILHAN, akinilhan@aybu.edu.tr

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024 359



Artificial Intelligence Predictions of Biomass Power of an Installed Waste Water Treatment Plant

1. INTRODUCTION

The increase of fossil fuel powered devices and
machines used in many engineering applications
has caused increase of greenhouse gas emissions
and unfortunately in parallel the global warming in
all over the World. Unlike renewable power
sources, fossil fuel sources will be depleted soon in
the near future. Accordingly, energy production
using renewable sources has demonstrated a
significant increase in all of the World. As such,
nearly whole of the World countries have at least
one type of energy plant that operates using a
renewable source [1]. Therefore, especially in the
last decades, energy plants powered by renewable
sources have an exceeding spreading potential
against the energy plants powered by conventional
fossil fuels. On the other hand, energy generation
obtained from biomass sources is among these
types, and biomass is one of the most substantial
renewable type today and it is utilized in energy
production in many countries of the World.

In this regards, the share of the World total installed
biomass power is exhibited in Figure 1, presented
as annual distributions starting from 2010 to present
day, and as well its 2025 projections are also
included. This figure also provides a projection of
the other energy sources in the near future, i.e., by
2025. It is indicated in this figure that reaching
2025, installations of the fossil fuels will
significantly decline back in terms of the
percentages. Even hydropower, which is one of the
leading types of renewable energy and which has
been applied for the first time in the World as a
renewable source and has a very large amount of
installation capacity considering all over the World,
has decreased considerably in percent today. Today,
the power generation capacities belonging to
hydraulic sources and solar sources are almost
equalized. Besides, by 2025, it is obvious that other
renewable energy types, especially solar and wind
energies, will result hydraulic energy installations
to decline further in percentage due to the increase
of those in installations all around the World. As
indicated in Figure 1, although bio-power
constitutes a low amount in total percentage; the
energy generation potential of plant and animal
waste, which is the source of bio power, is quite
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high and only a small amount can be converted into
useful energy yet. This situation will make bio
power a very important and widely used fuel type in
the future.

40 %
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Figure 1.2025 projections of the renewables
compared to fossil energy sources
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Figure 2. The biomass and total power installations
of Tiirkiye [2]

This situation manifests itself in this way, in
Tirkiye as well. Renewable power plant
installations also in Tiirkiye, have accelerated in the
last few decades. However, the biomass
installations of the country also boosted around 20
times in the last twelve years. As presented in
Figure 2, while total installed power of the country
has increased twice in the considered time range,
reaching 101,495 MW at the end of 2022, from
52,273 MW by 2011; whereas, the biomass
installations of the country have increased
approximately 20 times in the same year range,
reaching 2,172 MW at the end of 2022, from only
115 MW by 2011 [2].

The scientific studies taking part in the literature
include estimation implementations of physical and
engineering problems conducted mainly in three
different ways. Those consist of physical ways,
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statistical approaches, and machine learning or
artificial intelligence tools [3,4]. Physical methods
are also referred as the plain methods and those use
some physical information. The physical
information could be topographic data, roughness,
temperature, pressure, and even obstacles [5].
Besides, the certainties of the statistical approaches
are rather limited. In the study of Liu et al. [6], the
developed autoregressive integrated moving
average model was suggested in order to obtain
predictions of wind speed, considered in the railway
strong wind warning system. Besides, future wind
speed values that have not yet realized, i.e., one day
later’s or two day later’s wind speed data of a
chosen location of North Dakota were predicted
using fraction-ARIMA, which is again a type of
statistical models [7].

On the other hand, recent novel techniques
including ANN (artificial neural network) as well as
different machine learning methods are also
implemented in data forecasting. Especially, ANN
and machine learnings have been widely applied to
predictions of wind speed, until now [3]. Also, solar
energy being a more recent technology fairly
utilizes predictions performed by machine learning.
In this regards, Khosravi et. al. [8] have
implemented an algorithm of machine learning for
hourly solar irradiance estimations of the selected
region. Besides, LSTM approach was exerted on
predictions of the experimental results of wind
power, in the study of Shi et. al. [9]. The LSTM
estimation results had presented sufficient accuracy
compared against the measured data [9].

Waste-water is formed of clean water which was
used by people and later became to be dirty. As soon
as it becomes dirty, it may consist of many
undesired substances such as bacteria, food waste,
chemicals, and maybe some other undesired
substances. For instance, at every place of the
houses, waste water could be produced. These
locations may include the sinks, dishwashers, and
washing machines. In this context, the target of
obtaining treatment of the waste-water is to obtain
removal of undesired biological or chemical
substances dissolved inside the water as much as
possible [10].
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Exclusively, in the last decades, data predictions
have become significantly important. Among those,
the estimations of the future atmospheric conditions
can be given as an example. This is actualized in
order to determine future values of air temperature
or pressure, the wind speed and direction, the
precipitation conditions, else the humidity. Those
are rather helpful, for instance, in order to take
measures against natural disaster including floods
or hurricanes. During the travel of airplanes or road
vehicles, the information related with the
precipitation data or air temperature are certainly
required. Besides, to obtain safe travels of ferries or
ships in the sea, ocean, or rivers; predictions
performed on the wind speed, water wave height, or
water flow speed are generally utilized. In this
study, as an innovation, the prediction of the data
consisting of the gas generator daily power output
(P), with regards to the gas generator daily gas
consumption (Q), wastewater temperature (7),
wastewater conductivity (o) and the degree of the
acidity (pH) of waste-water of the past time-series
of an established wastewater treatment plant, was
executed. Although this study is not a hydrological
study; it includes the estimation of the energy
production obtained in gas turbines by the
combustion of methane gas, which is formed and
emerged as a result of hydrological wastewater
streams. On the other hand, data estimations have
the same general principles, as in the case of
predicting hydraulic data. In this regards, an
establishment of 7 different models was performed,
and in this way, the aforementioned physical and
chemical properties of the past wastewater data and
the daily power output (P) data are functionally
related. Accordingly, a total of 7 main different
models was tried and the best model was
demonstrated, in obtaining best predictions of the
power generation (P) obtained from the combustion
of the methane gas of the waste-water. In this way,
the estimation quality was compared between these
seven main models formed of inputs including the
historical time series of the gas generator power
output (P), compared against the inputs including
the physical and chemical properties of the waste-
water.
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2. MATERIALS AND METHODS
2.1. ANN

Artificial neural networks are mainly and widely
used in computational processes, and they resemble
a network of nerve cell of biological systems. The
neural network is a recently utilized computer
architecture. It is a novel algorithmic structure and
has a rapid and a superior learning capability,
compared to conventional computers or calculators.
It provides some basic computational operations to
easily solve or numerically converge to a solution
of complex or nonlinear problems, that are usually
impossible to be solved by analytical means [11,
12]. A neuron is the basic processing element of a
neural network. The back-propagation (BP)
algorithm necessarily starts with the calculation of
the output layer, which is the only layer where the
desired outputs are available but no intermediate
layer outputs, as demonstrated below in Figure 3
[13];

Output (pth) layer
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Figure 3. A perceptron of multilayer
2.2 Statistical Error Analysis

The quality test of the artificial intelligence
estimations has been executed using three different
statistical error parameters. As required, the
predicted outcomes are compared with the real
measured or observed data, using the mean absolute
percentage error (MAPE), the correlation
coefficient (R), and the root mean square error
(RMSE). As the name implies, depending on the
prediction accuracy, MAPE can take values in
between 0% and 100%. Besides, RMSE can take
any values in the positive real data set. However, the
approach of MAPE and RMSE close to zero
indicate higher accuracy and quality of the
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computations. Finally, the correlation coefficient
can take any real value in the data range of
0<R<1, else also including the boundary
integers of 0 and 1. However, while the correlation
coefficient (R) approaching to zero exhibits lower
correlations between the real data cluster and the
predicted data cloud, whereas, the correlation
coefficient (R) approaching to unity (one) shows
higher correlations between two data sets.

Following three equations give the mathematical
definitions of MAPE, RMSE, else R, respectively
[14]:

N 1o@-p(|
Lisi 0w
MAPE = 100x =0 (1)
1 . .
RMSE = [, p() - o @
R = (E&lp@)-pllo()-31) 3)

((Ep0-r1 (Sl lo-o012

In Equations (1), (2), and (3), 7 is used as the data
sequence in the data cloud to call any instantaneous
data. Again in these three equations, N corresponds
to the cumulative amount of the members of all data
set. Besides, the functions o(i) and p(i) are utilized
to call any instantaneous data, respectively in the
observed data cloud and the predicted data cloud, in
these three equations. Multiplying the error by 100
in Equation (1) makes the error value obtained in
percentage. In Equation (3), the abbreviation 0
indicates the average value of all real observed data
called between i=1 to i=N found in the real observed
data cloud. Finally, the denotation p shows the
mean value of whole predicted or simulated data
called between i=1 to =N found in the predicted
data cloud [14].

3. RESULTS AND DISCUSSIONS

Machine learning or artificial intelligence data
estimation finds a lot of use in both physical and
engineering applications. In this way, unrealized
future value of the physical data that is in
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consideration could be predicted with low margins
of errors, using machine learning, in the case of
having or forming a continuous data function. The
advantage of such types of modelling involves the
input data to be only the historical past time series
of the considered physical parameter, or some other
physical input parameters, without any detailed
technical knowledge of the measurement device
that is used or without performing to find solutions
to complex mathematical problems.

This study was executed using a total of 445 daily
average physical and chemical type of data of an
installed waste water treatment plant. The data
consisted of power generation (P) data of gas
turbines of installed waste water treatment plant as
well as the physical and chemical properties of
waste water of water treatment plant. As such, the
physical parameters include the temperature (7) and
the conductivity of wastewater (o), whereas, the
chemical properties include the degree of the acidity
of the wastewater (pH); besides, the wastewater was
evaluated in the wastewater treatment plant for
treatment processes as well as energy generation in
the gas generators. The energy generation from the
gas turbines is obtained by the generated methane
gas due to the decay of the biomass. Namely, the
methane (CH,) and stabilized biomass are generated
by the biomass digestions [15,16].

Among the total of 445 daily average data; 80% of
the cumulative data was utilized in order to obtain
proper trainings of the algorithms, whereas the rest
of 20% was used in testing of the algorithms.
Accordingly, in the simulations of the artificial
intelligence, ANN tool was used. Figure 4
illustrates all temperature (7) data cloud allocated
for training and testing, shown in orange and purple
colours, respectively. As shown in this figure, the
temperature (7) of the waste water is in the range of
12400 °C < T < 26.820°C. Else, the data
analysis has demonstrated that mean value of the
waste-water temperature is 21.061°C, in this data
range.
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—e—Trainingdata  —a— Testing data

Figure 4. The training and testing data clouds of
temperature (7) parameter

Figure 5 exhibits the entire electrical conductivity
(o) data cloud separated for training and testing,
shown respectively with grey and yellow colours. In
this regards, the conductivity (o) of the waste water
is in the range of 540.000uS/cm<o <
1,741.000 uS/cm. The waste-water conductivity
(o) data analysis had revealed that the average value
of data in this range is 1,315.250 uS/cm.
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Figure 5. The training and testing data clouds of
conductivity (o) parameter

The mean value of the degree of the acidity (pH)
was observed to correspond 7.493 in the data range
of 6.410 < pH < 8.570. Since mean value of the
degree of the acidity (pH) is over the value of 7.00,
the analysis has revealed that the general structure
of the solution is alkaline. It is also already observed
from Figure 6 that instantaneous values of the
measured pH data are generally over pH=7 line,
implying this alkalinity chemical structure.
Ultimately, Figure 6 indicates whole degree of
acidity (pH) data cluster discretized for training and
testing presented in blue and green colours,
respectively.
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Figure 6. The training and testing data clouds of
degree of acidity (pH) parameter

The average value of the daily average values of gas
generator gas consumptions (Q) was determined to
be 11,767.110 m’. Besides, the gas consumption
(Q) data cluster included values in the range of
0.000 m® < Q < 18,832.000 m3.  Accordingly,
Figure 7 presents the value distributions belonging
to whole gas generator daily gas consumptions (Q),
in which this cluster is similarly discretized for
training and testing presented in brown and red
colours, respectively. This figure involves only the
quantity of the consumed methane gas at the gas
turbines, to generate electricity, not all of the
quantity of the generated gas due to the decay of
biomass forming methane gas. In reality, the total
methane gas amount produced at the wastewater
treatment plant is greater than the total amount of
methane gas burned in the gas turbines, given in this
figure as daily distributions. However, some of
them escape or being lost from the facility without
being burned in the gas turbines. Under these
conditions, the total amount of methane gas burned
in the gas turbines to generate electricity is reported
to be 5.236 hm?, in this 445 days’ time interval.

Finally, the analysis of the data has exhibited that
the data range for the gas generator daily total
energy generation (P) to be in the range of
OMWh < P <48.780 MWh. Else, the medium
value of the power generation (P) was shown to be
31.911 MWh. All in all, Figure 8 demonstrates
whole gas generator daily total energy generation
(P) data cluster split for training and testing
displayed light grey and purple colours,
respectively. In gas generators, this energy
produced by the combustion of methane gas can be
considered as recovered energy. Because the
facility needs a serious amount of energy
consumption to carry out the wastewater treatment
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activity. This energy obtained from burning of
methane gas in the gas generators, meets a
significant part of the energy required for the
facility to continue its function, and as a result, it is
possible to significantly reduce the energy drawn
from the network or produced by diesel generators
in case of power outage. Because the energy drawn
from the electricity network or the diesel fuel used
for burning in diesel generators constitute a serious
expense item. In this way, the expense items
constituting high costs would be greatly diminished.
Besides, in the analysed 445 days, it is reported and
shown that total energy generations by burning of
the methane gas in the gas turbines correspond to
14.200 GWh of power.
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Figure 7. The training and testing data clouds of
the gas generator daily gas consumption
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Figure 8. The training and testing data clouds of
the gas generator daily total energy
generation (P)

Regarding the predictions of the generated power
(P) of the facility that is executed by the artificial
neural network (ANN), in this context, the daily
total energy generation (P) of the gas turbine is
defined according to the mathematical exponential
functional relation with respect to the waste water
temperature (7), the degree of acidity of the waste
water (pH), the conductivity of the waste water (o),
as well as the daily total volumetric flow of the
waste gas to be burned at the gas generator (Q).

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024



Among these 4 physical and chemical parameters
that were used as inputs; the waste water
temperature (7) was considered in “Kelvins” to
construct a better functional relation between inputs
and output, the degree of the acidity (pH) was
considered as usual as a dimensionless quantity to
be in between 0 and 14, the conductivity (o) was
handled in uS/um, whereas gas generator daily gas
consumption (Q) was taken with the unit of m*/day.
Finally, gas generator daily total power generation
(P) which is the dependent functional parameter
was obtained at the unit of MWh/day. But, the
instantaneous data points in Figures 4-8 were
provided in “degree Celcius”, uS/cm, non-
dimensional, m*/day, and MWh/day, respectively
for T, o, pH, O, and P. Accordingly, two units of
“degree Celcius” and uS/cm were considered
slightly different in ANN computations compared
to the demonstrated ones, respectively in Figures 4
and 5 for 7 and ¢. Namely, the instantaneous
“degree Celcius” temperature data were simply
converted to Kelvin by adding the value of 273.15
to each instantaneous data, and the instantaneous
conductivity uS/cm data were simply converted to
uS/um by dividing each instantaneous data by the
value of 10*. In this way, better quality algorithms
were created between inputs and outputs. Shortly,
the average daily values of the parameters such as
temperature (7), the degree of acidity (pH), the
conductivity (o), as well as the daily total flow of
the methane gas (Q) were either used directly or
modified with respect to the formerly defined
ranges of these physical and chemical parameters;
and those were finally processed with the
exponential function to obtain the correspondence
output power generation (P) of the gas generator of
the facility.

The ANN algorithm was structured at the epoch
number of 500 and the goal of the training
parameters was adjusted to 5x10°'°, implying that
the iterations would stop as soon as it converges
below this numerical value. In ANN computations,
as similar to computations of historical time-series,
for 4 inputs and 1 output; a total of 356 waste water
data was considered as averages or cumulative in
training stage, whereas, a total of 89 data was
considered as averages or cumulative in the testing
stage.
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The schematic representation of configured
structures of ANN models is exhibited in Figure 9.
Accordingly, a total of 7 main ANN models were
designed and explained in this figure. Besides, the
names of these main models are indicated in this
figure, with green color. The desired output in all
models is the output power (P) of the gas turbine, in
which the gas turbine generates power by
consuming methane gas that was obtained by the
decay of the ingredients of the waste-water. This
situation is depicted by P designation in these 7
main models, shown in Figure 9. Actually, power
generation (P) forms the output of these models.
Besides, two bias are required in each main model
to relate the inputs and outputs with a proper
equation. Those are shown as Bias 1 defined at the
hidden layer and Bias 2 defined at the output layer,
and indicated in this figure in this direction. At each
main model, as presented in this figure, a total of 8
different sub-models were created. Accordingly, the
hidden layer (HL) number was chosen in the range
of 3 < HL <10, with an increment of AHL =1,
between each consecutive sub-models, i.e.,
constituting a total of 8 different sub-models, for
each main model. To describe the inputs for the
main models; initially, Model 1 was generated
according to the inputs of waste-water temperature
(T) and the daily gas consumption of the methane
gas (Q). Secondly, Model 2 was formed again using
two inputs, however this time, the degree of the
acidity (pH) and the daily gas consumption of the
methane gas (Q). This was followed by Model 3,
including the inputs of the electrical conductivity of
the waste-water (o) as well as the daily gas
consumption of the methane gas (Q). Up to Model
3 and including this model, only two inputs were
considered as indicated in Figure 9. But, between
Model 4 and Model 6, three inputs were composed
to relate the inputs with the output parameter of the
power generation (P). In this regards, in Model 4,
the temperature of the waste-water (7), the degree
of the acidity (pH), and the daily gas consumption
of the methane gas (Q) were considered as inputs of
ANN algorithm. Whereas, in Model 5, the
temperature of the waste-water (7), the electrical
conductivity of the waste-water (o), and the daily
gas consumption of the methane gas (Q) were
selected as inputs of the output power generation
(P). Model 6, the final build with 3 inputs consists
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of the degree of the acidity (pH), the electrical
conductivity (o), and the daily gas consumption of
the methane gas (Q). Eventually, Model 7 is the
single model formed of four inputs. In this context,
it is designed to imply the temperature of the waste-
water (7), the degree of the acidity (pH), the
electrical conductivity (o), and the daily gas
consumption of the methane gas (Q), in order to
functionally relate these inputs with the output
parameter of power generation (P). All in all, 8
models were created for each main model, that have
been obtained by the alteration of HL number in the
range of 3 < HL < 10; that resulted a total of 56
models for 7 main models and the input to output
simulations were performed accordingly. All of the
models include the forecasts at training and testing
stages together. Accordingly, total of 445 data has
been shown together with its corresponding
predictions in these models.

In this study; the ANN artificial intelligence
algorithm was developed wusing daily gas
consumption of the methane gas (Q), the acidity
level of the wastewater (pH), the -electrical
conductivity of the wastewater (o) and the
temperature values of the wastewater (7). In
physics, a considered type of energy per unit mass
has a certain amount of energy content. For
example, air blowing as wind at a certain amount of
speed has a certain energy content per unit kg,
whereas water flowing as river again at a certain
amount of speed has a certain energy content per
unit kg. If their units are expressed as J/kg, and if
these values of the energy content are multiplied by
the amount of the substances belonging to the
relevant energy type displaced per unit time, the
amount of the energy rate at a certain mass flow rate
from the expression of (J/kg).(kg/s) will be
obtained. In other words, the energy produced in
physics has an inseparable connection with the
substance flow rate. This also applies to methane
gas entering to the gas generator. In other words, the
methane gas energy produced from the gas
generator has a directly proportional relationship
with the methane gas flow rate entering to the gas
generator. For this reason, in all 56 tested models in
total, that are obtained consisting of built 7 main
models and 8 intermediate models created for each
main model, the parameter of daily gas
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consumption of the methane gas (Q) was used
continuously, without any change, considered in
training, testing stages as well as during the creation
of the ANN algorithm. As a result, the predictions
of the energy production of methane gas formed
from the wastewater have been performed by
considering three other parameters such as
wastewater temperature (7), acidity level of
wastewater (pH), and electrical conductivity of
wastewater (o), with the methodology of selecting
any of those three alone or by randomly selecting
two of the three, or by considering all three together;
however, at all conditions always using the daily
gas consumption of the methane gas (Q).

Figure 10 exhibits the results of main Model 1,
formed of two inputs, including the output of the
real measured data of gas generator daily total
power generation (P), and its counterpart output
ANN predictions obtained at HL=3, HL=4, HL=5,
HL=6, HL=7, HL=8, HL=9, and HL=10. The
selected input parameters are both physical ones
including temperature (7) and the daily
consumption of the methane gas (Q). Therefore, this
main Model 1 includes the results of a total of 8 sub-
models, shown at the same figure. In this figure, the
light blue, pink, black, yellow, red, green, dark blue,
brown and grey colors were used to indicate
functional distribution curves of real power (P) data
as well as its estimations obtained at HL=3, HL=4,
HL=5, HL=6, HL=7, HL=8, HL=9, and HL=10,
respectively.

On the other hand, Figures 11 and 12 show the
output power generation (P) results of main Models
2 and 3, formed of two inputs, again considering
same ranges of hidden layers (HL). In this regards,
one input parameter is chemical, while the other is
physical in main Model 2; respectively
corresponding to the degree of the acidity (pH) and
the daily consumption of the methane gas (Q). On
the other hand, both parameters are physical in main
Model 3. I.e., the electrical conductivity (o) as well
as the daily consumption of the methane gas (Q)
were selected as inputs to obtain output parameter
of power generation (P). Same logic of coloring was
also taken into account in both figures for the
functional curves belonging to real measured data
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and corresponding estimates at different hidden
layers (HL). Similarly, Figures 11 and 12, each
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Figure 10. Model 1 results for gas generator daily
total energy generation (P)
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Figure 11. Model 2 results for gas generator daily
total energy generation (P)

Figure 13 presents main Model 4 data distributions,

now formed of three inputs, including the real
output power (P) data function given with respect
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involve the results of 8 sub-models obtained for
main Models 2 and 3.

Bias 2

Model 2

models

Model 5 Model 6

s

ub- * Sub-
s ML, 10)—n S

Model 7

. Sub-
10— models

to the predictions obtained considering different
hidden layers (HL) studied in the range of 3 <
HL < 10. The inputs are formed of two physical
and one chemical parameter. While the degree of
the acidity (pH) was chosen as the chemical
parameter, whereas, the temperature (7) as well as
the daily consumption of the methane gas (Q) were
selected as the physical parameters. Again 8 sub-
models are included in this figure as well as the real
data function is included. As similar to former main
models, the same colors and patterns have been
taken into account to indicate the real data function
and the estimations obtained at different hidden
layer (HL) numbers.
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Figure 12. Model 3 results for gas generator daily
total energy generation (P)
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P (MWh/day)

Figure 13. Model 4 results for gas generator daily
total energy generation (P)

The data distributions of main Model 5 consisting
of real output power (P) data set versus the
predictions at different hidden layer numbers,
formed of again three inputs, are exhibited in Figure
14. All of the studied parameters in this main model
are physical parameters, and no chemical parameter
was considered in this main model. In this regards,
the temperature (7), the electrical conductivity (o),
as well as the daily consumption of the methane gas
(Q) are used as physical parameters of the inputs to
obtain the output of power generation (P). Again
comparison of 8 sub-models has been revealed in
this figure. Same curve colors and curve patterns
were utilized for different hidden layers (HL),
considered in the range of 3 < HL < 10, as similar
to previous four main models.

P (MWh/day)

—--+= 4HL S HI
— —O9HL

— —8HL

Figure 14. Model 5 results for gas generator daily
total energy generation (P)

Figure 15 displays results of main Model 6
involving real output power (P) data cloud given
according to the estimations obtained at 8 distinct
hidden layer numbers. Model 6 was constituted of
three inputs to obtain power generation (P) which is
the output parameter. Apart from the chemical
parameter of the degree of the acidity (pH); the
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electrical conductivity (o), and the daily
consumption of the methane gas (Q) were selected
as the physical parameters. In main Model 6, the
study of 8 different hidden layer numbers resulted
again the comparison of the estimated power
generation results of 8 different sub-models that
were compared to the real measured output power
(P). In parallel to the former implemented main
models, same curve colors and curve patterns were
used in this main Model 6 for different hidden
layers (HL), considered in the range of 3 < HL <
10.

Final main model, i.e., Model 7 is the only one
formed of 4 inputs, in which one is the chemical, the
rest are the physical parameters. Eventually, the
outcomes of this model are demonstrated in Figure
16. In main Model 7, the degree of the acidity (pH)
was used as chemical parameter input, whereas, the
temperature (7), the electrical conductivity (o) and
the daily consumption of the methane gas (Q) were
utilized as the physical parameter inputs. In this
way, the advantages or disadvantages of using all
four of the inputs were tested in main Model 7,
according to the incomplete use of some of the
inputs which were tested in the former main models.
On the other hand, as similar to the former main
models; again the outcomes of 8 different hidden
layer (HL) numbers were studied and compared
with respect to the real measured data cloud of the
gas generator daily total energy generation (P). To
indicate the real or estimated data cloud function
curves, both same colors and same patterns of the
previous main models were taken into account as
denoted in Figure 16.
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Figure 15. Model 6 results for gas generator daily
total energy generation (P)
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Figure 16. Model 7 results for gas generator daily
total energy generation (P)

The statistical accuracy results of 7 main models as
well as 56 sub-models have been presented in
Tables 1 and 2, including MAPE, RMSE, and R. In
this regards, while Table 1 gives the statistical
errors of main Models 1, 2, 3, and 4; whereas, Table
2 provides the statistical errors of main Models 5, 6,
and 7. In both tables, the best results for each main
model giving the superior statistical accuracy
outcomes are indicated by bold color to be
distinguished from other sub-models provided at
different hidden layer numbers (HL). Besides, the
best result of all 7 main models is exhibited with
both bold and italic patterns. In this context, MAPE,
RMSE, and R results of main Model 5 at 9 HL found
in Table 2 generates the best outcomes, respectively
corresponding to 6.1279%, 2.1540 MWh/day, and
0.9730. The estimation function of this result is
reported as the function that converges most to the
real observed values of the gas generator daily total
energy generation (P), among 56 ANN models
tested in this ANN study.

Apart from the best result of all ANN computations,
the simulation performed at 5 HL of main Model 1
found in Table 1, the computation executed at 9 HL
of main Model 2 found in Table 1, the study
actualized at 6 HL of main Model 3 found in Table
1, as well as the trial conducted at 10 HL of main
Model 4 found in Table 1, performed better results
than their counterparts found in the same main
models. Similarly, in Table 2, sub-model results at
9 HL of main Model 5, sub-model outcomes at 8 HL
of main Model 6, else statistical error results of 5
HL of main Model 7 have generated relatively
preferable results than their counterparts found in
the same main models.
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Although, the estimated data function distribution
belonging to the sub-model of 9 HL of main Model
5 was shown in Figure 14 with brown color, since
this result outcame with the best convergence to the
real observed values of the gas generator daily total
energy generation (P); for this reason, to obtain a
better visualization of the prediction quality of this
model, the data distributions of the actual function
and the predicting function at this model are
displayed in Figure 17. In this figure, while the real
observed value distributions are indicated with a
curve of continuous orange color, whereas, its
corresponding estimations performed at 9 HL of
main Model 5 are demonstrated with dashed type
curve of light blue color. When the distributions of
the actual production data given in Figure 17 are
compared with the forecast distributions that
provide the best estimate and obtained in 9 HL of
main Model 5; it is seen that two function curves
overlap each other quite well and the estimated
curve captures the real production curve well, even
including the sudden break points. The correlation
coefficient of 0.9730 R for this superior model also
indicates the high compatibility of this implemented
model. On the other hand, the real measured data set
was indicated in Figure 8, to be in the range of
OMWh < P <48.780 MWh. Besides, the
forecasting data set of the model performed at 9 HL
of main Model 5, had generated the predicting range
to be in between 0.544MWh<P<
47.430 MWh. In this context, the discrepancy
errors of the boundary values of this predicting
range with respect to the real data cluster are
reported to be significantly small.

Although it is thought that using more input
parameters will strengthen the relationship with the
output, and accordingly, generate better prediction
results when associating a physical parameter with
mathematical equations by connecting it to other
physical parameters utilizing the artificial
intelligence method, this is not always the true.
During the introduction of an additional parameter
to the artificial intelligence while ensuring the
correlation of the relationship provides sometimes
higher success, this is true up to a certain threshold
value. Namely, introducing additional parameters to
artificial intelligence above the threshold value,
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may reduce the success of the algorithm. When the
studied main models are evaluated, during together
utilization situation of the parameters consist of
wastewater temperature (7), wastewater electrical
conductivity (o) and daily gas consumption of the
methane gas (Q) taking part in the framework of the
5% main model; in addition to these in the 7" main
model, adding the acidity level (pH) parameter of
wastewater to the artificial intelligence, does not
improve the modeling, on the contrary, it worsens
it. In this case, it is observed that the acidity degree
(pH) parameter of the wastewater, in addition to the
electrical conductivity (o) parameter, does not
actually provide a further prediction improvement,
on the contrary, it relatively worsens the prediction
error parameters. This is due to the fact that the
electrical conductivity (o) parameter and the

wastewater acidity (pH) parameter, all in all, are
directly related to each other in a physical aspect.
The more electrical conductivity (o) occurs in the
wastewater environment, the further the wastewater
gets away from its pH neutral environment and
more increase will occur in the acidity level (pH) of
the wastewater in the acidic or basic direction. For
this reason, during algorithm training with the
artificial intelligence, as in Model 7, simultaneous
utilization of two parameters consisting of electrical
conductivity (¢) and the degree of acidity (pH)
along with the other two parameters consisting of
temperature of the waste-water (7) and the daily
consumption of the methane gas (Q); does not
further improve the mathematical learning between
the instantaneous values of the artificial
intelligence's data cloud, conversely worsens it.

Table 1. Statistical accuracy results of ANN computations for Main Models 1, 2, 3, and 4

. Sub-model MAPE RMSE
Main model number (HL) (%) (MWh/day) R
3 7.5360 2.4845 0.9642
4 6.8609 2.3955 0.9664
5 6.7281 2.2849 0.9696
1 6 6.8729 2.3934 0.9665
7 6.6590 2.3414 0.9678
8 6.8875 2.3453 0.9673
9 7.9915 2.5423 0.9615
10 6.7889 2.2590 0.9689
3 6.9177 2.3609 0.9661
4 6.9086 2.3718 0.9658
5 6.9107 2.3743 0.9657
) 6 6.6623 2.2931 0.9682
7 6.7451 2.3305 0.9671
8 6.4806 2.3313 0.9670
9 6.1985 2.2516 0.9695
10 6.5529 2.2445 0.9695
3 6.4294 2.3052 0.9677
4 6.4940 2.3098 0.9676
5 6.4935 23119 0.9675
3 6 6.1689 2.2574 0.9691
7 6.3413 2.2815 0.9687
8 6.4656 2.3025 0.9680
9 6.4177 2.3050 0.9677
10 6.3311 2.2704 0.9689
3 6.7890 2.3103 0.9681
4 6.6291 2.3197 0.9677
5 6.8251 2.3460 0.9671
4 6 6.7508 2.3487 0.9667
7 6.7897 2.3346 0.9677
8 7.0165 2.4263 0.9651
9 6.7995 2.3430 0.9667
10 6.3995 2.2848 0.9693
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Table 2. Statistical accuracy results of ANN computations for Main Models 5, 6, and 7
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Figure 17. The results of 9 HL of 5" main Model
for gas generator daily total energy
generation (P)

Artificial neural network (ANN) type of artificial
intelligence (AI) on the data prediction is related
with the physical algorithmic interpretation of input
data to obtain corresponding magnitudes of the
output data with an acceptable error range. Here, the
amount and the type of selected input parameter and
even their physical units are important in capturing
the relationship between input and output variables.

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

Main model number Sulz;lnlnl(;del Ni‘;’l;E (Ml:’i’vlll?(fay) R

3 6.9356 2.4015 0.9656

4 6.9742 24134 0.9665

5 7.1193 2.4268 0.9647

6 6.7679 2.3788 0.9670

> 7 6.7910 2.3468 0.9682

8 6.7640 2.3550 0.9672

9 6.1279 2.1540 0.9730

10 7.2975 2.5900 0.9633

3 6.9145 2.3581 0.9663

4 6.6185 2.2525 0.9693

5 6.5877 2.2697 0.9689

6 6.8438 2.3049 0.9680

6 7 6.4537 2.3227 0.9673

8 6.5098 2.2350 0.9697

9 6.7482 2.3250 0.9674

10 6.5699 2.2501 0.9694

3 6.8162 2.3623 0.9665

4 9.0479 2.9186 0.9550

5 6.4265 2.2466 0.9706

7 6 8.9553 2.8297 0.9532

7 6.8448 2.3971 0.9670

8 7.1917 2.4647 0.9628

9 8.9645 2.8446 0.9528

10 6.8151 2.3540 0.9668
* On the other hand, it also becomes important as the
s0 | T " " —_ pumber of the hidden layers (HL) selected Will
5 il ,,Wh!j““ ‘{ﬂf MJﬂﬁ‘M ”:,} [ | increase and decrease the mathematical
= ;{S”“ﬂfk(h{?*ﬁ ! Hlay‘\!ﬂ ‘ ge i relationships in the equation that captures the output

(i v

value in the mathematical modeling. In the study,
appropriate mathematical models were created by
selecting the input parameters in different
combinations, that is, by creating different main
models; during the generation of the relationship
between all existing physical input parameters
found in the data cluster and the power output (P)
parameter. In addition, in order for the computer to
make the best calculations and simulate as quick as
possible; considering the physical units of input and
output parameters, the most appropriate physical
units were chosen. In this regard, the unit for the
temperature (7) parameter of the wastewater was
selected as Kelvin (K), the unit for its conductivity
was chosen as pS/um, the unit for the degree of
acidity was considered as dimensionless, the unit
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for the daily cumulative flow of the methane gas to
the gas generator was taken into account as m*/day,
and the power (P) obtained from the gas generator
was distinguished as MWh/day, and the simulation
calculations were carried out accordingly. Another
important factor that affects the sensitivity of the
study and increases the prediction success by
reducing error values or bringing the correlation
coefficient (R) value closer to 1 is the percentage
and number of the test data used in the training of
the algorithm. Generally, 80% of the total data in
the dataset is used for training, while the remaining
20% of the cumulative data is used for testing.
Although the percentages are adjusted in this way,
the large number of the total data considered in
estimations is important for the creation,
development and the improvement of the
mathematical algorithm. In case of insufficient data,
mathematical modeling is usually not sufficient for
simulation and unqualified predictions with high
error values or low correlation coefficients (R) may
occur. For this purpose, the number of the samples
of actual observed experimental training and testing
data should be increased as much as possible in
order to further reduce the error rates or to increase
the correlation coefficient values. In this way,
different physical input parameters in the data cloud
are learned and associated better by the artificial
intelligence algorithm, with respect to the output
parameter; and as a result, highly successful
prediction results that are closely approaching to the
real values could be obtained. In the current study,
different types of modelling combinations were
created, a variety of different numbers of hidden
layers (HL) were tested, as well as best physical
units of the physical parameters were adjusted. The
remaining regulation would be only on the increase
of the total number of the data samples, considered
in the computations, in order to obtain more
accurate predictions.

It may be necessary to deal with complex
relationships and differential equations in
analytically relating an important physical quantity
such as power output (P) to other known physical
parameters. In some cases, it may not be possible to
solve these equations using analytical methods.
Whereas, in many of the cases, complex, analytical
and non-stochastic problems cannot be solved
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directly. Besides, to solve these numerically,
advanced computers are needed and it is usually
quite time consuming. On the other hand, in some
cases, a direct relationship cannot even be
established between input and output parameters. In
determining the relationship between them,
artificial neural networks (ANNSs) provide fast,
precise and highly sensitive results. In the ANNS,
generally, the output parameter is easily obtained by
a mathematical relationship in which the input
parameters are substituted to their proper places in
an exponential function. The algorithm is easier to
design and use than the other methods. For example,
in this study, technical information of the facility is
not needed in estimating the power output (P)
obtained by combusting the methane gas in the gas
generators, in which the methane gas was acquired
due to the decay of the wastes of the waste-water in
the considered wastewater treatment facility. On the
other hand, in complex analytical relations or
empirical equations, either further technical
knowledge of the facility is required or more
physical input parameters and measurements on
those are needed. Whereas here, in the current
study, with artificial intelligence (AI), the output
power (P) parameter is only and rapidly associated
with the available physical and chemical parameters
found in the data cluster including temperature (7),
degree of acidity (pH), conductivity (), and the
methane gas daily consumption (Q).

VIR 3 + Model 2
| 0,99 e
\ =

I

Standard Deviation

0

Reference
© Standard Deviation ©

Figure 18. Taylor diagram for the output power
predictions (P)

The correlation coefficient (R) values and the
standard deviations of the best sub-models, in
which the best sub-models of each main models
were presented in Tables 1 and 2 using the bold
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color, are demonstrated in Taylor diagram, which is
shown in Figure 18. In this regards, the results of 5
HL of Main Model 1, 9 HL of Main Model 2, 6 HL
of Main Model 3, 10 HL of Main Model 4, 9 HL of
Main Model 5, 8 HL of Main Model 6 and 5 HL of
Main Model 7 have been indicated in this figure. It
is concluded that the results of the standard
deviations and the correlation coefficients (R) are
more or less close to each other for these best sub-
models. Accordingly, the correlation coefficient
range for these best sub-models were reported to be
in the range of 0.9691 < R < 0.9730, as shown in
Tables 1 and 2 as well as on Figure 18. On the other
hand, for the cited best sub-models of main Models
1,2,3,4,5, 6, and 7; the standard deviation values
were reported to correspond respectively to 9.3186
MWh/day, 9.1563 MWh/day, 9.0878 MWh/day,
9.2934 MWh/day, 9.3248 MWh/day, 9.0284
MWh/day, and 9.3278 MWh/day. Besides, the
standard deviation of the real measured output
power (P) was concluded to be 9.0987 MWh/day.
The standard deviation values of all these best
prediction sub-models being close to each other as
well as being close to the standard deviation value
of the real observed output power (P) data represent
the high accuracy of the predictions. Besides, high
correlation coefficients (R) dispersed so close to
each other on the Taylor diagram show the high
compatibility of the power data estimations with
respect to the real observed power (P) data.

4. CONCLUSION

In this study, data predictions on the daily total
energy generation (P) of a gas generator of an
installed waste water treatment plant, using the
physical and chemical parameters of the waste
water of this installed waste water treatment plant
were performed; using the techniques of artificial
intelligence methods.

In this context, a cumulative of 7 main models and
56 sub-models were created. The ANN predictions
indicated that best prediction outcome was obtained
with the utilization of 9 HL of main Model 5. This
best model was obtained by adjusting three
parameters as input, in which three of them were
selected as physical parameters, and no chemical
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parameter was utilized. Among those physical
parameters, the temperature (7), the electrical
conductivity (o), and the daily consumption of the
methane gas (Q) of the facility are taken into
account. Besides, this superior model of ANN had
given statistical error outcomes of 6.1279% MAPE,
2.1540 MWh/day RMSE, and 0.9730 R, for the
prediction of the physical parameter of the gas
generator daily total energy generation (P).

Accordingly, when three statistical error parameters
are taken into account, it was observed and
concluded that at this best model of artificial
intelligence tool of ANN, close and accurate results
of predictions could be acquired for power
generations (P) of the gas generator of the facility.
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Oz

Diinyada bireyleri bir yerden diger bir yere tasiyan karayolu tagimaciligi tilkelerin ekonomisinin gelismesi
anlaminda iizerinde durulmasi gereken 6nemli bir aragtirma konusudur. Giiniimiizde her alanda oldugu gibi
rekabet tasgimacilik sektoriinde de kendini gostermektedir. Otobiis {ireticisi firmalar bu rekabet
kosullarindan dolay1 tasarim ve model degisikligi calismalarinda pek ¢ok kriteri géz dniinde bulundurmak
zorundadir. Ozellikle pek cok kriterin oldugu problemlerin ¢oziimiinde Cok Kriterli Karar Verme (CKKV)
yontemlerinden yararlanilmaktadir. Bu ¢alismada otomotiv sektoriinde iiretim faaliyetinde bulunan yerli
bir firmada, yeni bir otobiis tasariminda Analitik Hiyerarsi Prosesi (AHP) ve Technique for Order

Preference by Similarity to Ideal Solution (TOPSIS) yontemlerinden faydalanilarak ideal yolcu koltuk
modeli se¢imi saglanmustir.

Anahtar Kelimeler: Cok kriterli karar verme, Otomotiv, Tedarik¢i se¢cimi, AHP, TOPSIS

Multi Criteria Making Methods Approach to Seat Model Selection in Design of
New Bus

Abstract

Road transportation which carries people from a place to another place in the World, is an important
research subject that should be emphasized in terms of the development of the economy of countries. Under
the current global conditions, competition shows its importance in the transportation industry as in every
industry. Because of these competition conditions, bus manufacturers have to consider about many criteria
in their design and facelift projects. In order to solve the problems which there are multi-criteria, Multi
Criteria Making Methods Approach, as in this study, are using. In this study, seat model selection was
provided by using Analytic Hierarchy Process (AHP) and Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS), considering all criteria in a new bus design project which have been worked from
a bus manufacturer which is working in domestic automotive industry in Turkey.

Keywords: Multi criteria making methods Approach, Automotive, Supplier selection, AHP, TOPSIS
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1. GIRiS

Rekabetin  her sektdrde kendini gosterdigi
giiniimiizde, isletmeler varliklarini siirdiirmeyi ve
basarili olmayir ancak miisteri beklentilerini
karsilayan  iiriin @ ve  hizmetleri  sunarak
saglayabilmektedir. Bu basar1 da ancak dogru proje

ve fizibilite caligsmalari ile miimkiin
kilinabilmektedir.
Hemen her sektérde oldugu gibi otomotiv

sektoriinde de pek cok yerli ve yabanci iretici
bulunmaktadir. Bu alternatif {ireticiler ve iiriin
cesitliligi misteriler i¢in pek ¢ok avantaj
dogururken fireticiler i¢in arag projelerinin dnemini
de arttirmaktadir.

Giliniimiiz piyasa sartlarinda yatinm ve proje
maliyetleri g6z 6niinde bulunduruldugunda yeni bir
otobiis tasarim projesinde dogru fizibilite
caligmasinin 6nemi daha net anlasilabilmektedir

[1].

Dogru proje ¢alismalart i¢in Oncelikle pazar
analizlerinin ¢ok iyi yapilmasi ve dogru pazara
hizmet edecek dogru aracin sunulmasinin Snemi
¢ok biiyiiktiir. Dogru pazara, miisteri beklentisini
karsilayan dogru {irlin sunulmasi proje basarisini
getirecektir [2].

Bu calismay1 gergeklestirdigimiz igletme, otomotiv
sektoriinde hizmet veren yerli bir otobiis
iireticisidir. Firma, pazar ve miisteri ihtiyaglarina ve
stratejik  planlamalarna gdre yeni  otobiis
tasarimlarini ve mevcut otobiislerin “model yiiz
degisimi” c¢alismasi olarak adlandirilan mevcut
modelden benzetimle yiiz degisikligi ya da
modifikasyon  olarak  degerlendirebilecegimiz
otobiis ve midibus projelerini Tiirkiye’deki
tesisinde gerceklestirmektedir.

Yeni ara¢ tasarim veya model yiiz degisimi
calismalarinda genellikle Satisg&Pazarlama, Ar-Ge,
Satin Alma, Uretim, Maliyetlendirme, Kalite,
Homologasyon (Onay ve Yiiriirliikk) ve Planlama
birimlerinden iiyeler yer almaktadir. Bu ¢aligma
kapsaminda, Cok Kriterli Karar Verme (CKKV)
yontemlerinden Analytic Hierarchy Process (AHP)
ve Technique for Order Preference by Similarity To
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Ideal Solution (TOPSIS) metotlarindan
yararlanilarak yurt dis1 pazarina yeni tasarlanan bir
otobiis i¢in otobiis yolcu koltuklarinin segimi
gerceklestirilmistir.

Caligmanin ¢ikis noktast yeni bir regiilasyon
kapsaminda Avrupa pazarinda yiiriirlige gececek
olan okul otobiisii modelidir. Dolayisi ile yasal
diizenleme-regiilasyona bagli bir ihtiyag soz
konusudur. Bu ihtiyag¢ dogrultusunda Fransa bayisi
tarafindan iletilen talebe istinaden yeni otobiis
calismasi ihtiyact Ust Yonetim ile paylasilmistir.
Yonetim Kurulu kararna istinaden fizibilite
caligmalar1 baglatilmistir.

Okul otobiisleri, aragtirma konusu olan igletmenin
sehir i¢i otobiis hattinda Tretilmektedir. Okul
otobiisleri, tasarim ve {iretim konsepti olarak gehir
ici otobiisler ile ¢ok benzer araglardir. Okul
otobiisleri ile sehir i¢i otobiisler, yolcu koltuklari
acisindan farklilik gostermektedir. Ek olarak okul
otobiislerinde, otobiis arkasindaki “Duracak
lambasi” ve yolcu koltuk kolgagi gibi bazi
aksesuarlarin bulundurulmasi zorunlulugu vardir.
Dolayist ile ¢aligma kapsamindaki okul otobiisleri
icin yeni bir tretim alami ihtiyact ya da tesiste
herhangi bir farkli yatirim ihtiyact séz konusu
degildir. Yeni otobiis liretimi mevcut kaynaklara
gore calisilmig ve planlanmustir.

Isletmenin benzer konseptte yurt igi pazarma
iirettigi yerli bir okul aract modeli bulunmaktadir.
Bu nedenle benzer tecrilbeye sahip olunan bir
modeli, Avrupa pazarina gore yeniden dizayn
edecek sekilde yol haritasi ¢ikarilmistir.

2. MATERYAL VE METOT
2.1. Materyal

Toplu tasimanin en ¢ok tercih edilen araglarindan
biri otobiislerdir. Hem sehir i¢i hem de sehirler arasi
yolcu tasimada maliyet, slire ve hizmet ulasim
kolaylig1 gibi ¢esitli etkenlerle otobiis tagimaciligi
uzun yillardir tercih edilir olmustur. Bu biiyiik
pazarda giiniimiiz kosullarinda otobiis markalari
arasinda da ciddi bir rekabet s6z konusudur.

Otobiisiin i¢ tasarimi, en az dig tasarimi ve mekanik
ozellikleri kadar 6nemlidir. Yolcu memnuniyeti ve
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yolculuk kalitesini dogrudan etkileyen i¢ alanlarin
dogru tasarimi konusu otobiis iireticileri i¢in kritik
konulardandir. Bir yolcu, bir otobiise bindigi zaman
once koltuklarin konforuna, yatma agisi, ayak
dayama ve kol dayama gibi fonksiyonlarina ve
monitér kullanim durumuna bakmaktadir. Arag
koltuklarinin rahathgi, ergonomisi, dayanikliligi,
doseme kalitesi, kol dayama, ayak dayama
opsiyonlari, koltuk yatma agisi, koltuk genisligi,
monitdr olup olmamasit gibi kriterler sec¢imleri
dogrudan etkilemektedir.

Calismanin yapildig1 yerli otobiis {ireticisi uzun
yillardir piyasanin 6nde gelen firmalarindan biridir.
Yeni regiilasyon kurallar1 geregi Fransa pazarindan
ihtiyac olarak bildirilen okul otobiisii i¢in ¢alisma
yapilmistir. Bu ¢alismada s6z konusu yeni otobiis
modelinde  yolcu koltuk setlerinin  se¢imi
degerlendirilmistir.

2.2. Metot

Yeni ara¢ tasariminda koltuk seti se¢imi igin CKKV
yontemlerinden AHP ve TOPSIS ydntemlerinden
faydalamilmustir. Tlgili segim calismasinda ilgili
departmanlarda ¢aliganlarin uzmanlik alanlar
dogrultusunda  bazt  kriterler  belirlenmistir.
Belirlenen kriterler dogrultusunda mevcut tedarik¢i
havuzundan segilen tedarikgiler ve bu tedarikgilerin
uyabilecek yolcu koltuk modelleri belirlenmistir.
Alternatifler i¢in 6ncelikle AHP metoduna gore en
uygun alternatif belirlenmistir. Sonrasinda da ayn1
kriterlere gore ilgili modeller TOPSIS yontemine
gore degerlendirilmistir.

Bu calisgmaya konu olan kriterler Cizelge 1’de
belirtilmistir.

Cizelge 1. Kriterler
No | Kriter kategorisi Kriter
K1 | Tasarim Koltuk agirlig
K2 | Tasarim Koltuk genisligi
K3 | Tasarim Opsiyon secenekleri
K4 | Tedarik Maliyet
K5 | Tedarik Lojistik avantaj
K6 | Tedarik Teslimat performansi
K7 | Tedarik Uretim kapasitesi
K8 | Kalite Uriin iade orani
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Caligmaya konu olan koltuk ireticileri ve koltuk
modelleri Cizelge 2’de belirtilmistir.

Cizelge 2. Alternatifler

No Uretici Alternatif

model

X1 X M3350NG

X2 X M3350

X3 X M3320L

Y1 Y Star30

Y2 Y Star40

2.2.1. AHP

AHP, CKKV yontemlerinden en yaygin olarak
kullanilan ve en popiiler ydntemlerin basinda
gelmektedir. AHP’nin temelleri 1968 yilinda Myers
ve Alpert tarafindan atilmistir. 1977°de ise Saaty
tarafindan bir model olarak gelistirilmistir. Zamanla
¢ok kriterli karar verme problemlerinin ¢6ziimiinde
uygulanabilir bir yontem haline gelmistir [3].

AHP yonteminde karar vericiler, karar vermede
onemli oldugu belirlenen kriterler, karara etkisi
oldugu disiiniilen kisitlar ve alternatifler soz
konusudur. flk adimda problem tanimlanir. Bu
asamada goriisleri aliman uzmanlar ile beraber
kriterler ve alternatifler belirlenmistir.

Ikinci asamada belirlenen kriterler dogrultusunda
kargilagtirma matrisleri olusturulur. Kosegenleri 1
olacak sekilde ikili karsilagtirmalara dayanan n
sayida kriterin oldugu A matris 6rnegi Esitlik 1°de
belirtilmistir.

a1 A2 aln'l
az1 G2z ... Qo
7 (M
lanl an2 annJ
Her bir kriter i¢in  alternatiflerin  ikili
karsilastirmalar1 ve kriterlerin kendi arasinda ikili
karsilagtirmalari yapilir. Karsilagtirma

matrislerinde kullanilan 6nem derecelendirmesi
Olgegi Cizelge 3’te belirtilmistir [4].
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Cizelge 3. Onem derecelendirme Slcegi [5]

deC)gIz{Zri Deger agiklamalari

1 Iki segenegin 6nemlerinin esit
olmasi durumu

3 1.seg¢enegin 2.segenekten biraz daha
onemli olmasinin karsilig

5 1.se¢enegin 2.secenege gore oldukca
onemli olmasinin karsilig

7 1.segenegin 2.segenege gore cok
onemli olmasinin karsilig
1.segenegin 2.secenege gore ciddi

9 bir baskinlik ile 6nemli olmasinin
karsilig1

2468 Seceneklerin denk olmasi

T durumunda kullanilan ara degerler

Her bir kriterin alternatiflere gore tek tek kendi
icerisinde  birebir  karsilagtirmalarina  dayali
degerlendirme yapilmaktadir. Hem kriterler hem de
alternatiflerin degerlendirmelerine gbre matris
elemanlarmin siitun toplamlarina boliinmesi ile
agirlik matrisleri elde edilir.

Sonraki adimda elde edilen agirlik matrislerinin
satir ortalamasi almir. Satir ortalamalarinin bir
araya getirilmesi ile 6zet agirliklandirma tablosu
elde edilir. Alternatifler icin elde edilen 06zet
agirliklandirma matrisi elemanlar ile elde edilen
kriter  agiliklar1  matrisinin ~ elemanlarinin
carpilmasi ile degerlendirme matrisi elde edilmis
olur. Son asamada elde edilen bu matris,
alternatifler arasindaki siralamayi verecek ve bu
sekilde ideal alternatif bulunmus olacaktir [6].

2.2.2. TOPSIS

TOPSIS olarak adlandirilan yo6ntemin temelleri
1981 yilinda Yoon ve Hwang tarafindan atilmistir.
1992 yilinda Chen ve Hwang tarafindan yontem
ortaya konmustur. Yontem var olan alternatiflerin,

belirlenen pozitif ve negatif ideal ¢oziim
merkezlerine  uzakliginin  degerlendirilmesine
dayanir [6].

Yontemde ilk olarak alternatifler ve kriterlerden
olusan karar matrisi olusturulur. Esitlik 1’de
belirtildigi tizere alternatiflerin n adet kritere gore
olusturuldugu 6rnek A karar matrisi olusturulur. A
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karar matrisine gore normalizasyon matrisi
olusturulmaktadir. Normalize matris olusturulurken
karar matrisi degerlerinin karelerinin siitun toplami
alinarak bu degerlerin kareleri alinir. Karar matrisi
elemanlarmin bu elde edilen degerlere boliinmesi
ile normalize karar matrisi degerlerine ulagilir.

Bir sonraki adimda degerlendirme kriterlerine
iliskin agirlik degerleri ile normalize matriste elde
edilen ilgili siitun elemanlarinin her birinin ¢arpimi
ile agirhiklandirilmis normalize matris elde edilir.
Esitlik 2°de w; agirhik degerlerinin belirlenen V'
agirliklandirilmig normalize matris gosterilmistir.

Bir sonraki adimda ideal (A+) ve negatif ideal (A-)
coziimleri belirlenir. Ideal ¢oziim degerleri
belirlenirken ~ V  agirliklandirilmis  matris
degerlerinin en bilyiigii alinir. Negatif ¢6ziim degeri
i¢in ise V matrisinin en kii¢iik degeri alinmaktadir.
Ideal ve negatif ideal ¢oziim degerlerinin formiilii
Esitlik 3 ve Esitlik 4’teki gibi belirtilmistir [8].

WiTi1 Waliz WnTin
WiTy1  Waly WnTon

VT . S @)
WiTm1 WaTm2 WnThn

At= {(miax Vij

jen (mnvilier) @
am={(minvy; | € ), (max vy, |j € ')} )

Yukaridaki formiillerde J degeri fayda degerini
gosterirken J' degeri ise kayip degeri
gostermektedir.

Ideal ve negatif ideal ¢dziimler belirlendikten sonra
alternatiflerin ~ ¢6ziim  noktalarina  uzaklig1
belirlenmektedir. Bunun icin Esitlik 5 ve Esitlik
6’da  belirtildigi  gibi  sapma  degerleri
hesaplanmaktadir. Esitlik 5, ideal sapma degerini
veya gosterirken Esitlik 6 negatif sapma degerini
gostermektedir [7].

5t = (S (v - )’ ()
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s7 = (X (v -V’ (6)

Son olarak formiillerle elde edilen sapma
degerlerine gore ideal ¢dziime yakilik degeri
hesaplanir. ideal ¢oziime yakinlik Esitlik 7’ye gore
hesaplanir. Bu deger 0 ile 1 arasinda bir deger
olmaktadir. Degerin maksimum deger olan 1’e esit
olmast durumunda mutlak ideal ¢6ziim degerinde

Merve OZMEN, Z. Figen ANTMEN

oldugu, 0’a esit bulunmast durumunda mutlak
negatif ideal ¢oziim degerinde oldugu anlamina
gelmektedir.

+_ S )
Lo osy+st

Calismada kullanilacak tiim firmalara ait alternatif
tiim koltuk modelleri ve kriterlerin 6zeti Sekil 1°de
belirtilmistir.

KRITERLER
Uriin
Koltuk  Koltuk Lojistik Teslimat Uretim lade
agirh@  genisligi Avantaj Performansi  Kapasitesi Orani
(K1) (K2) Opsiyon Segenekleri (K3) Maliyet (K4)  (K5) (K6) (K7) (K8)
Tesis,
A -2 ve 3 nokta emniyet kemeri personel ve
L -Sabit ve Hareketli Kolgak ekipman
-Canta Dayama kapasitesi
T M3350NG -Plastik Arkalik Giinliik yeni projeye
c (X1) 18kg  430mm  -Koltuk sensér ped uyumu 18.585.000,00 sevkiyat 97% uygun 1,50%
Tesis,
R personel ve
-2 nokta emniyet kemeri, ekipman
N -Sabit Kolgak kapasitesi
M3350 -Ganta Dayama Giinliik yeni projeye
A (X2) 28kg 440mm  -Plastik Arkalik 15.930.000,00 sevkiyat 97% uygun 1,50%
T Tesis,
| personel ve
-2 ve 3 nokta emniyet kemeri ekipman
F -Sabit ve Hareketli Kolgak kapasitesi
M3320L -Canta Dayama Giinliik yeni projeye
L (X3) 22kg 430 mm  -Plastik Arkalik 16.992.000,00 sevkiyat 97% uygun 1,50%
E -2 ve 3 nokta emniyet kemeri Tesis,
-Sabit ve Hareketli Kolgak Haftada 2 personel ve
R Star30 -Canta Dayama gin ekipman
(Y1) 17kg 430 mm__ -Plastik Arkalik 16.107.000,00 sevkiyat  95% kapasitesi 0,90%

Sekil 1. Model ve kriterlerin 6zeti
3. BULGULAR VE TARTISMA
3.1. Calismanin AHP ile Degerlendirilmesi

Analitik Hiyerarsi Prosesi ¢alisma metodolojisine
gore caligmada kullanilacak Tasarim, Tedarik ve
Kalite olmak iizere 3 ana kriter ve bunlarin altinda
koltuk  agirligi, koltuk  genisligi, opsiyon
secenekleri, maliyet, lojistik performans, {iretim
kapasitesi ve {iriin iade orani olmak {izere 8 alt kriter
belirlenmistir. Bu kriterler segilen 2 tedarikgiye ait

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

M3350NG, M3350, M3320L, Star30 ve Star40
olmak tizere 5 modelin se¢ciminde kullanilmistir.
AHP analizinde 6nce her bir kriter i¢in modellerin
degerlendirmesi ve agirliklandirmalar yapilmistir.
Kriter ve modellerin karsilastirmalarinda Cizelge
3’te paylasilan O6nem dereceleri kullanilmistir.
Kriterlerin birbirlerine gore derecelendirme ve
agirliklandirmalart yapilmistir. Belirlenen kriter
agirliklandirmalarina gore alternatif modellerin
kriter degerlendirmeleri yapilarak optimum sonug
elde edilmistir.
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3.1.1 K1 Kiriterine Gore Alternatiflerin 3.1.4. K4 Kriterine Gore Alternatiflerin
Agirhiklandirilmasi Agirhiklandirilmasi
Koltuk agirligr kriterine gore koltuk modellerinin ~ Maliyet kriterine gére koltuk modellerinin
birbirlerine gore Oonem dereceleri karsilagtirmasi  birbirlerine gére onem dereceleri karsilastirmasi
sonucu elde edilen matris Cizelge 4’te belirtilmistir.  sonucu elde edilen matris Cizelge 7°de
belirtilmistir.
Cizelge 4. K1 kriteri i¢in alternatiflerin agirliklart
X1 | X2 | X3 | Y1 | Y2 |Satir ortalamast|  Cizelge 7. K4 kriteri i¢in alternatiflerin agirliklar
X11]0,2110,26]0,290,18]0,29 0,25 X1 | X2 | X3 | Y1 | Y2 |Satir ortalamast
X210,03/0,04]0,020,06|0,02 0,03 X1{0,04|0,04]0,03|0,04]0,04 0,04
X310,07/0,19]0,10/0,11]0,10 0,11 X210,36/0,39{0,410,39{0,39 0,39
Y1]0,62/0,33]10,490,54|0,49 0,50 X310,20/0,13{0,14|0,13]0,22 0,16
Y2]0,07/0,19]0,10/0,11]0,10 0,11 Y1[0,36]/0,39]0,41]0,39(0,30 0,37
Y2]0,04]0,04]0,03]|0,06]|0,04 0,04
3.1.2. K2 Kriterine Gore Alternatiflerin
Agirhiklandirilmasi 3.1.5. KS Kriterine Gore Alternatiflerin
Agirhiklandirilmasi

Koltuk genisligi kriterine gore koltuk modellerinin
birbirlerine gore onem dereceleri karsilagtirmasi
sonucu elde edilen matris Cizelge 5’de
belirtilmistir.

Cizelge 5. K2 kriteri i¢in alternatiflerin agirliklar

X1 | X2 | X3 | Y1 | Y2 |Satir ortalamasi
X11(0,27(0,27{0,27(0,27{0,27 0,27
X210,09(0,09 (0,09 (0,09 0,09 0,09
X310,27(0,27{0,27(0,27{0,27 0,27
Y1(0,27(0,27{0,27 (0,27 0,27 0,27
3.13. K3 Kriterine Gore Alternatiflerin

Agirhiklandirilmasi
Opsiyon segenekleri  kriterine gore  koltuk

modellerinin birbirlerine gore 6nem dereceleri
kargilagtirmasi sonucu elde edilen matris Cizelge
6’da belirtilmistir.

Cizelge 6. K3 kriteri i¢in alternatiflerin agirliklar

X1 | X2 | X3 | Y1 | Y2 [Satir ortalamasi
X110,31/0,26(0,32 (0,31 (0,31 0,30
X210,03/0,03/0,010,03|0,03 0,03
X310,040,20|0,05|0,04 0,04 0,08
Y10,31/0,26(0,32(0,31(0,31 0,30
Y20,31/0,26(0,32(0,31(0,31 0,30
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Lojistik avantaj kriterine gore koltuk modellerinin
birbirlerine gore 6nem dereceleri karsilagtirmasi
sonucu elde edilen matris Cizelge 8’de
belirtilmistir.

Cizelge 8. K5 kriteri i¢in alternatiflerin agirliklar

X1 | X2 | X3 | Y1 | Y2 |Satir ortalamast
X1]0,25/0,25[0,25|0,25[0,25 0,25
X210,25/0,25[0,25|0,25]0,25 0,25
X310,25[0,25[0,25|0,25[0,25 0,25
Y1]0,13]0,13]0,13]0,13]0,13 0,13
Y2]0,13]0,13]0,13]0,13]0,13 0,13
3.1.6. K6 Kiriterine Gore Alternatiflerin

Agirhiklandirilmasi
Teslimat performans1 kriterine goére koltuk

modellerinin birbirlerine goére 6nem dereceleri
karsilastirmasi sonucu elde edilen matris Cizelge
9’da belirtilmistir.

Cizelge 9. K6 kriteri i¢in alternatiflerin agirliklar:

X1 | X2 | X3 ]| Y1 | Y2 |Satir ortalamasi
X11(0,25(0,25(0,25(0,25(0,25 0,25
X210,25(0,25(0,25(0,25(0,25 0,25
X310,25(0,25(0,25(0,25(0,25 0,25
Y1|0,13]/0,13]|0,13]0,13]0,13 0,13
Y2|0,13]/0,13]0,13]0,13]0,13 0,13
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3.1.7. K7 Kiriterine Gore Alternatiflerin

Agirhiklandirilmasi

Uretim kapasitesi kriterine gore koltuk modellerinin
birbirlerine gore 6nem dereceleri karsilagtirmasi

sonucu elde edilen matris Cizelge 10°da
belirtilmisgtir.
Cizelge 10. K7 kriteri i¢in alternatiflerin agirliklart
X1 | X2 | X3 | Y1 | Y2 |Satir ortalamast
X1{0,20/0,20{0,20(0,20{0,20 0,20
X21(0,20/0,20{0,20(0,20{0,20 0,20
X310,20/0,20{0,20(0,20{0,20 0,20
Y1(0,20/0,20{0,20|0,20{0,20 0,20
Y2(0,20/0,20{0,20/0,20{0,20 0,20
3.1.8. K8 Kriterine Gore Alternatiflerin
Agirhiklandirilmasi

Uriin iade orani kriterine gore koltuk modellerinin
birbirlerine gore onem dereceleri karsilagtirmasi

Cizelge 12. Kriterlerin agirliklar

Merve OZMEN, Z. Figen ANTMEN

sonucu elde edilen matris 11°de

belirtilmistir.

Cizelge

Cizelge 11. K8 kriteri icin alternatiflerin agirliklar

X1 | X2 | X3 | Y1 | Y2 |Satir ortalamast
X1/0,11(0,11{0,11|0,11|0,11 0,11
X210,11(0,11{0,11|0,11|0,11 0,11
X310,11(0,11{0,11|0,11|0,11 0,11
Y1]0,33|0,33]0,33]0,33 (0,33 0,33
Y21]0,33|0,3310,33]0,33(0,33 0,33
3.1.9. Kriterlerin Agirhiklandirilmasi ve

Degerlendirme

Uzmanlarin degerlendirme ve ortak kararlarina
istinaden belirlenen degerlendirme kriterlerinin
onem dereceleri ve elde edilen agirliklart Cizelge
12’de belirtilmistir.

K1 K2 K3 K4 K5 K6 K7 K8 Ortalama
K1 0,33 0,25 0,32 0,33 0,32 0,32 0,21 0,36 0,30
K2 0,04 0,03 0,02 0,04 0,02 0,02 0,05 0,02 0,03
K3 0,05 0,09 0,05 0,05 0,05 0,05 0,12 0,04 0,06
K4 0,33 0,25 0,32 0,33 0,32 0,32 0,21 0,36 0,30
K5 0,05 0,09 0,05 0,05 0,05 0,05 0,12 0,04 0,06
K6 0,05 0,09 0,05 0,05 0,05 0,05 0,12 0,04 0,06
K7 0,04 0,02 0,01 0,04 0,01 0,01 0,02 0,02 0,02
K8 0,11 0,18 0,16 0,11 0,16 0,16 0,16 0,12 0,15

Tiim kriterlere gore tiim koltuk modellerinin 6nem

modelleri ve kriterlerin 6zet agirliklart Cizelge

derecelendirmeleri ve agirliklart yapilmistir. Koltuk  13’teki gibidir.
Cizelge 13. Ozet agirliklandirma
Kriterler
K1 K2 K3 K4 K5 K6 K7 K8
5 X1 0,25 0,27 0,30 0,04 0,25 0,25 0,20 0,11
= X2 0,03 0,09 0,03 0,39 0,25 0,25 0,20 0,11
g X3 0,11 0,27 0,08 0,16 0,25 0,25 0,20 0,11
2 Y1 0,50 0,27 0,30 0,37 0,13 0,13 0,20 0,33
< Y2 0,11 0,09 0,30 0,04 0,13 0,13 0,20 0,33
Her bir kriter agirliginin ilgili modelin kriter  olusturulmustur. AHP degerlendirme sonuglari
agirhgimm ilgili modelin  kriter agirhgr ile  Cizelge 14’te belirtildigi gibi bulunmustur.
carpilmasi  sonucu  degerlendirme  matrisi
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Cizelge 14. AHP sonuglari

K1 K2 K3 K4 K5 K6 K7 K8 Toplam %

X1 | 0,075 | 0,007 | 0,019 | 0,012 | 0,016 | 0,016 | 0,004 | 0,016 | 0,1675 16,75%

X2 | 0,010 | 0,002 | 0,001 | 0,118 | 0,016 | 0,016 | 0,004 | 0,016 | 0,1853 18,53%

X3 | 0,034 | 0,007 | 0,004 | 0,049 | 0,016 | 0,016 | 0,004 | 0,016 | 0,1491 14,91%

Y1l | 0,151 | 0,007 | 0,019 | 0,112 | 0,008 | 0,008 | 0,004 | 0,048 | 0,3602 | 36,02%

Y2 | 0,034 | 0,002 | 0,019 | 0,012 | 0,008 | 0,008 | 0,004 | 0,048 | 0,1379 13,79%
Belirlenen  kriterler ~ dogrultusunda  Analitik ~ Kriterlerin agirhklar1  (Cizelge 12) ve Ozet
Hiyerarsi Prosesi metoduna gore olusturulan  Agirliklandirma (Cizelge 13) verileri kullanilmustir.

matrisler sonucunda Y1 firmasina ait Star30 modeli
en ideal alternatif olarak belirlenmistir (Cizelge 14).

3.2. Calismanin TOPSIS ile Degerlendirilmesi

Uzmanlar tarafindan belirlenen ana kriterler ve
bunlara bagli alt kriterlere gore 5 farkli alternatif
arasindan se¢im yapmak iizere bir diger CKKV

yontemi olan TOPSIS yonteminden

yararlanilmustir.

3.2.1. Kriterlerin ve Alternatiflerin
Agirhiklandirilmasi

TOPSIS yontemi ile degerlendirme sirasinda bir
onceki yontem AHP’de elde edilen alternatif ve
kriterlerin agirliklandirma ve 6nem
derecelendirmeleri kullanilmistir. Bir 6nceki metot
AHP’de oldugu gibi tiim alternatiflerin kriterlere
gore karsilagtirmalart  ve  agirliklandirmalari
yapilmigtir. Ayni sekilde kriterlerin de birbirlerine
gore Kkarsilastirma ve degerlendirmelerine gore
agirliklandirmalart yapilmistir. TOPSIS metodunda

Cizelge 15. Agirliklandirilmig normalize matrisi

3.2.2. TOPSIS Normalize ve Agirhklandirilmis
Normalize Matrisin Olusturulmasi

TOPSIS yontemine gore calisma yapilirken ilk
adim olarak belirlenen alternatif degerlerinin
kareleri alinarak bir matris elde edilir. Bu matriste
elde edilen degerlere gore siitunlarin toplami alinir
ve bu siitun toplamlarmin karekdk degerleri
almarak  normalizasyon degerleri asagidaki
formiille belirlenmis olur.

®)

Cizelge 13’teki 6zet agirliklandirma verileri elde
edilen karekok degerlerine boliinerek normalize
matris degerlerine ulagilmigtir. Bu degerlerin de
Cizelge 12°deki kriter agirliklari ile tek tek
carpilmasiyla Cizelge 15’te gosterildigi gibi
agirhiklandirilmis normalize matris degerleri elde
edilmistir.

Altenatifler/ |y K2 K3 K4 K5 K6 K7 K8
kriterler
X1 0,1306 0,0162 0,0370 0,0214 0,0347 0,0347 0,0090 0,0319
X2 0,0176 0,0054 0,0034 0,2099 0,0347 0,0347 0,0090 0,0319
X3 0,0591 0,0162 0,0093 0,0881 0,0347 0,0347 0,0090 0,0319
Y1 0,2620 0,0162 0,0370 0,2005 0,0173 0,0173 0,0090 0,0958
Y2 0,0591 0,0054 0,0370 0,0227 0,0173 0,0173 0,0090 0,0958
3.2.3. TOPSIS Pozitif ideal ve Negatif Ideal yiiksek deger, negatif ¢oziim degerleri igin

Coziim Degerlerinin Bulunmasi

Ideal ¢oziim degerleri igin her bir siitundaki en
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stitunlardaki en kiiciik degerler alinmistir. Cizelge
16’da pozitif ve negatif ideal ¢oziim degerleri
belirtilmistir.
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Cizelge 16. deal ¢oziim degerleri

Merve OZMEN, Z. Figen ANTMEN

K1 K2 K3 K4 K6 K7 K8
Pozitif ideal ¢6ziim 0,2620 | 0,0162 | 0,0370 | 0,2099 | 0,0347 | 0,0347 | 0,0090 | 0,0958
Negatif ideal ¢6ziim 0,0176 | 0,0054 | 0,0034 | 0,0214 | 0,0173 | 0,0173 | 0,0090 | 0,0319
3.2.4. Kriterlerin ve Alternatiflerin  karekokleri alinir. Boylece her bir degerin pozitif
Agirhklandiriimasi ideal ve negatif ideal ¢oziim degerine olan

Agirliklandirilmis normalize matris degerlerinin
pozitif ideal ve negatif ideal ¢6ziim degerlerine olan
farkin karesi alinir. Daha sonra elde edilen
matristeki satirlar toplanir ve toplam degerlerin

uzakliklar1 elde edilir. Elde edilen pozitif ideal
uzaklik degerleri Cizelge 17°de belirtilmistir. Elde
edilen negatif ideal uzaklik degerleri ise Cizelge
18°de belirtilmistir.

Cizelge 17. Pozitif ideal ¢oziim degerlerine uzaklik verileri

Alternatifler/ |y, K2 K3 K4 K5 K6 K7 K8
kriterler
X1 0,0173 | 0,0000 | 0,0000 | 0,0355 | 0,0000 | 0,0000 | 0,0000 | 0,0041
X2 0,0598 | 0,0001 0,0011 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0041
X3 0,0412 | 0,0000 | 0,0008 | 0,0148 | 0,0000 | 0,0000 | 0,0000 | 0,0041
Y1 0,0000 | 0,0000 | 0,0000 | 0,0001 0,0003 | 0,0003 | 0,0000 | 0,0000
Y2 0,0412 | 0,0001 0,0000 | 0,0350 | 0,0003 | 0,0003 | 0,0000 | 0,0000
Cizelge 18. Negatif ideal ¢coziim degerlerine uzaklik verileri
Alternatifler/ |, K2 K3 K4 K5 K6 K7 K8
kriterler
X1 0,0128 | 0,0001 0,0011 0,0000 | 0,0003 | 0,0003 | 0,0000 | 0,0000
X2 0,0000 | 0,0000 | 0,0000 | 0,0355 | 0,0003 | 0,0003 | 0,0000 | 0,0000
X3 0,0017 | 0,0001 0,0000 | 0,0045 | 0,0003 | 0,0003 | 0,0000 | 0,0000
Y1 0,0597 | 0,0001 0,0011 0,0321 0,0000 | 0,0000 | 0,0000 | 0,0041
Y2 0,0017 | 0,0000 | 0,0011 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0041

3.2.5. TOPSIS Sonuclar

Ideal ve negatif ideal uzaklik degerlerine uzakliklar
bulunduktan sonra negatif ideal ¢6ziim degerlerine
uzakliklarin ideal ve negatif ideal ¢ozim
degerlerine uzakliklara oranlanmasi ile elde edilen
siralamaya gore optimum sonu¢ bulunmaktadir.

Cizelge 19. TOPSIS Sonuglari

Elde edilen sonuglar ve yiizdelik oranlar1 Cizelge
19°daki gibi belirtilmistir.

Yiizdelik sonug¢ ¢izelgesinde belirtildigi {izere
%53,02 oranla Y tedarik¢isine ait Y1 modeli ideal
¢Oziime en yakin alternatif olarak belirlenmistir.

ALTERNATIF st S; c; Yiizde
X1 0,2385 0,1209 0,3365 19.34%
X2 0,2551 0,1901 0,4270 24.,55%
X3 0,2467 0,0832 0,2522 14,50%
Y1 0,0263 03117 0,9222 53,02%
Y2 0,2774 0,0833 0,2309 13.27%
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Cok Kriterli Karar Verme Yontemleri ile Yeni Otobiis Tasariminda Koltuk Modeli Se¢imi

4. SONUCLAR

Bir igletmenin basarist dogru kaynak ve
yatirimlarin, dogru proje ve isletme yonetimi ile
dogru pazara, dogru ve ihtiyaca yonelik iiriin ve
hizmet sunulmasi ile saglanabilir. Bu nedenle
calismanin yapildig1 otobiis iireticisi firmanin yeni
otoblis ¢alismalarinin 6nemi ve ne kadar titizlikle
calistlmas1 gerektigi bir kez daha anlasilmis
olmaktadir. Bu da yapilan c¢alismanin hem
ekonomiye hem de topluma sunacagi faydalar goz
ontine ¢ikartmaktadir [9].

Bu ¢alismada yeni okul otobiisiinde kullanilmak
lizere segilecek yolcu koltuk modellerine karar
verilmesi incelenmistir. Caligma kapsaminda koltuk
modelini segebilmek ig¢in ilgili departmanlarin
uzmanlarindan olusan karar vericiler tarafindan 8
kriter belirlenmistir. Yeni otobiis tasariminda yolcu
koltuklarinin se¢imi igin belirlenen 8 kriter
cergevesinde 2 farkli koltuk tedarikgisine ait toplam
5 koltuk modeli alternatifinin degerlendirilmesi
incelenmistir.

CKKV  yontemlerinden AHP ve TOPSIS
yontemlerinden faydalanilan c¢aligmada yapilan
degerlendirmelere gore Y koltuk tedarik¢isine ait
Star30 koltuk modelinin yeni otobiis i¢in en uygun
model alternatifi olduguna karar verilmistir.
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Oz

Laboratuvar faaliyetleri ger¢eklestiren kurum ve kuruluslarda giivenlik 6nlemleri dnemli hale gelmektedir.
Giivenlik onlemleri icin fiziksel, kimyasal ve biyolojik tehlikelerin siralanmasi tedbirler agisindan
onemlidir. Bu ¢alismada, toprak mikrobiyoloji laboratuvari igin giivenlik 6nlemlerinin Analitik Hiyerarsi
Prosesi (AHP) yontemiyle agirliklandirilmasi yapilmistir. Giivenlik 6nlemleri biyogiivenlik kabini, ¢ikisa
yakin el yikama i¢in lavabo, otoklav, laboratuvar giivenlik personeli, kendiliginden kapanan kapi ve
korumali penceredir. Sonrasinda, bu giivenlik 6nlemleri igin fiziksel, kimyasal ve biyolojik tehlikeler
Gergekligi Yansitan Eleme ve Se¢im (ELECTRE-Elimination and Choice Translating Reality) yontemiyle
stralanmugtir. Sonug olarak, fiziksel tehlikelerin en ¢ok dikkat edilmesi gerektigi sonucuna ulagilmistir.

Anahtar Kelimeler: Toprak mikrobiyoloji laboratuvari, Analitik hiyerarsi prosesi (AHP), Gergekligi
yansitan eleme ve secim (ELECTRE)

Ranking of Hazards According to Safety Precautions in Soil Microbiology
Laboratories

Abstract

Security measures are becoming important in institutions and organizations that carry out laboratory
activities. Listing physical, chemical and biological hazards is important for safety precautions. In this
study, safety measures for the soil microbiology laboratory were weighted using the Analytical Hierarchy
Process (AHP) method. Safety measures include a biosafety cabinet, a sink for hand washing near the exit,
an autoclave, laboratory security personnel, a self-closing door and a protected window. Afterwards,
physical, chemical and biological hazards for these security measures were listed using the Elimination and
Choice Translating Reality (ELECTRE) method. As a result, it was concluded that physical hazards should
be paid the most attention.

Keywords: Soil microbiology laboratory, Analytical hierarchy process (AHP), Elimination and choice
translating reality (ELECTRE)
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Toprak Mikrobiyoloji Laboratuvarlarinda Giivenlik Onlemlerine gire Tehlikelerin Siralanmast

1. GIRiS

Giinliik hayatta pek c¢ok tehlike ile karst karsiya
kalimmaktadir. Bazi tehlikeler hafif siddette
Onlenebilir ~ bazilar1  ise  Onlenemese  de
hafifletilebilir tehlikelerdir. Tehlikelerin sonucunda
giivenlik Onlemleri alinmadiginda maddi veya
manevi hasarlar olmaktadir. Kurallar koyularak
tehlikelerden korunmak ve Onlemler almak
gerekmektedir. Kurallara uymak ve tehlikeleri
yonetebilmek laboratuvar faaliyetleri i¢cin 6nemli
hale gelmektedir.

Analiz hizmeti veren bir laboratuvarin dogru ve
giivenilir sonu¢ elde etmesi yaninda laboratuvar
calisaninin ve c¢evrenin giivenliginin saglanmasi
gerekmektedir. Ozellikle, toprak mikrobiyoloji
laboratuvarinda standartlar1 ortaya koyan ve yeni
standartlarin  gelistirilmesi  i¢in  gelecekte
gerceklestirilecek olasi aragtirma c¢abalarma 11k
tutulmaktadir [1]. Tibbi mikrobiyoloji
laboratuvarlar1 ise hastalik riski yaratabilecek
6nemli bir ¢alisma gevresi olmaktadir [2]. Giinay ve
arkadaslar1 [3], ergonomik farkindaligi saglamak
icin mikrobiyoloji laboratuvari personeline yonelik
calisma sirasinda ortaya cikan sorunlar1 belirleyip
en aza indirgemek i¢in Onerilerde bulunmuslardir.
Pipetle c¢alisma, mikroskop ile ¢alisma ve
biyogiivenlik kabin ile ilgili sorular yoneltilmis
mikrobiyoloji laboratuvarlarinda esas olan, sorunlar
ve nedenleri ile ilgili degerlendirmelerde
bulunulmustur. Sahin ve arkadaslar1 [4], yapay zeka
calisma prensip ve yontemleri gézden gegirilerek
klinik mikrobiyoloji ve antibiyotik direncinin
islenmesi konusunu irdeleyen klinik caligmalar
incelenmistir.

Karar siirecini kriterlere gore modelleme ve karar
vericinin siire¢ sonunda elde edecegi fayday1 analiz
etme siirecine dayanan ¢ok kriterli karar verme
teknikleri mevcuttur. Analitik Hiyerarsi Prosesi
(AHP) ve ELECTRE bu yontemler igerisinde
popiilerdir. Kaya ve Kahraman [5], ¢evresel etki
kentsel endiistriyel planlama baglaminda entegre
bulanik AHP-ELECTRE yaklagimina dayanan bir

cevresel etki  degerlendirme  metodolojisi
onermektedir. Onerdikleri metodolojide kriter
agirhiklart  bulanmik  bir AHP  prosediirii ile

uretilmektedir. Alternatifleri en riskliden en az
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riskliye dogru siralamak i¢in bulanik baskinlik
iligkisi metodolojisi kullanmiglardir. Aziz ve
arkadaglar1 [6], Loukkos havzasimin smiflandirilmis
uydu  goriintilerini  ¢ikarmiglar, bu uydu
goriintiilerinin simiflandirilmasi, yigilma, barajlar,
su yollari, ekili alanlar, ¢iplaklik gibi veri setinin
cesitli siniflarin1 yeniden gruplandirmislardir. Bu
calismanin temel amaci, on alternatifin dikkate
alindigi ELECTRE TRI aracini kullanarak ¢evresel
gostergeleri siralamaktir. Altintas [7], kiiresel yesil
biiyiime endeksi boyutlarina ait degerler i¢in diinya
ekonomisinin biiyiik ¢ogunluguna hakim olan G7
iilkelerinin en son ve giincel olan 2019 yili yesil
bliyime  performanslarint  Entropi  tabanl
ELECTRE yontemi ile dlgmiistiir. Kiiresel yesil
biiytime endeksi boyutlarmin énemlilik dereceleri
Ol¢iilmiis ve bu derecelere gore yesil ekonomik
firsatlar, sosyal igerik, dogal sermayenin korunumu
ve sirdiriilebilir  enerji  kullanimi1  olarak
siralanmustir.

Laboratuvar giivenliginin temel ilkelerini giivenlik
faaliyetleri  olusturmaktadir.  Genel olarak,
laboratuvarda her personel, kendisine verilen
gorevleri yerine getirmek ve prosediirii izlemek i¢in
rol ve uzmanliklarina gére miimkiin olan her seyi
yapmakla yiikiimlidiir. Bu c¢aligmada, toprak
mikrobiyoloji ~ laboratuvart  igin  giivenlik
onlemlerinin AHP yontemiyle agirliklandirilmasi
biyogiivenlik kabini, ¢ikisa yakin el yikama igin
lavabo, otoklav, laboratuvar giivenlik personeli,
kendiliginden kapanan kap1 ve korumali pencere
olmak iizere incelenmistir. Giivenlik dnlemleri igin
fiziksel, kimyasal ve biyolojik tehlikeler ELECTRE
yontemiyle siralanmustir.

2. YONTEM

Bu calismada, toprak mikrobiyoloji laboratuvari
icin giivenlik  Onlemleri AHP  yontemiyle
agirhiklandirilmis  tehlikeler ise  ELECTRE
yontemiyle siralanmigtir.  AHP, orijinal olarak
Thomas L. Saaty tarafindan gelistirilen ¢ok kriterli
karar verme yontemlerinden biridir [8]. AHP
uygulamasinin adimlar1 asagidaki gibidir;

e Karar verme problemi tanimlanir.

e  Faktorler matrisi

olusturulur.

arast  karsilastirma
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e  Faktorlerin yiizde 6nem dagilimlar1 belirlenir.
e  Faktor kiyaslamalarindaki tutarlilik 6l¢iiliir.

e Her bir faktor igin karar noktasindaki yiizde
6nem dagilimlart bulunur.

ELECTRE yontemi ilk olarak 1966 yilinda
Benayoun ve ark. [9] tarafindan kullanilmistir.
Asagida, ELECTRE yonteminin adimlar1 yer
almaktadir [10].

e  Karar matrisi olusturulur.

e Standart karar matrisi Esitlik (1) kullanilarak
hesaplanir.  Ornegin, Y matrisinin yl11
elemanini hesaplamak i¢in, B matrisinin b11
elemani, matrisin bir siitun elemanlarinin
karelerinin toplamimin karekokiine bdoliinerek
elde edilir.

b

i

yij N
r 1
/zbki (1)
k=1

e  Agirlikli standart karar matrisi, standart karar
matrisinin her bir siitunundaki elemanlara
karsilik gelen agirlik degerlerinin ¢arpilmasiyla
olusturulur. AHP yontemi bu agirliklar igin en
popiiler olanidir.

e Kiimelerin uyum ve uyumsuzluk degerleri
belirlenir. Degerlendirme faktorii igin karar
noktalart bir digeri ile karsilagtirtlir.

e Uyum ve uyumsuzluk matrisi hesaplanir.

Uyum indeksi (m"l Juyum kiimesinde yer alan
kriterlerle iligkili agirliklarin  toplamudir.

Uyumsuzluk matrisi endeksi (n"l) Esitlik
(2)’de tanimlanmustr.

max ij — le‘
_ JEN,
ny =N @
max Z/gj — Zlf‘

J
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e Uyum ve uyumsuzluk iistiinliik matrislerinin
boyutu r*c'dir. Uyum esik degeri Esitlik (3) ve
uyumsuzluk esik degeri Esitlik (4) ile elde
edilir.

I

1 r
m—mZZmH 3)

k=1 I=1

IS

1 r r
—mzznﬂ (4)

k=1 I=1

Baskinlik matrisi, uyum ve uyumsuzluk
matrisleri esik degerinden daha fazla veya daha
az olmasina bagl olarak 1 veya 0 degerlerine
gore olusturulur.

e  Karar noktalarinin 6nem sirasi belirlenir.
3. ARASTIRMA BULGULARI

Toprak mikrobiyoloji laboratuvarlarinda kurallara
uyulmasi o6nemlidir. Bu ¢alismada giivenlik
Onlemleri, biyogiivenlik kabini, c¢ikisa yakin el
yikama i¢in lavabo, otoklav, laboratuvar giivenlik
personeli, kendiliginden kapanan kap1 ve korumali
pencere olarak belirlenmistir [11]. Biyogiivenlik
uygulamalarinda, laboratuvara giris-¢ikis
sinirlamasina uyulmas: 6nemlidir. Laboratuvarda
elleri dezenfekte amaciyla el yikama lavabosu yer
almalidir. Otoklav ile basing yardimriyla arindirma
islemi yapilmalidir. Laboratuvar giivenlik personeli
stireci takip etmelidir. Laboratuvar ana girisinden
otomatik kapilar bulunmalidir ve temiz alan ile kirli
alan smirlandirilmahidir. Ayrica, tedbir amagh
korumali pencere olmalidir.

Giivenlik onlemleri belirlendikten sonra hangi
tehlikelerin neden oldugu incelenmistir. Fiziksel
tehlikeler, elektrik, yangin, diisme — kayma ve

giiriiltii  olarak diisiiniilmektedir. Mikrobiyoloji
laboratuvarlarinda bazi maddeler igerisinde
kimyasal tehlikeler icermektedirler. Biyolojik

tehlikeler, numunelerin analiz ¢aligmalar1 sirasinda
tiiplerin agilmasi veya kesici delici alet kullanilmasi
durumlart biyolojik risklere neden olmaktadir
(Sekil 1).
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Sekil 1. Laboratuvar tehlike ve énlemleri

Cizelge 1°de, toprak mikrobiyoloji laboratuvari i¢in
giivenlik onlemlerinin agirlik degerleri
gosterilmisti. AHP yontemi kullanilarak beyin
firtinast teknigi ile puanlar belirlenmistir ve ikili
karsilagtirma matrisi olusturulmustur.
Laboratuvarlarda deneyimli uzmanlar tarafindan

pencere icin 0,03 olarak belirlenmistir. Bu
sonuglara gore, biyogiivenlik kabini en Onemli
giivenli 6nlemi olarak karsimiza ¢ikarken korumali
pencere en diisiik onlem olarak sonuclanmistir.
Tutarlilik indeksi 0,08 degeri ile 0,1°den kiigiik
oldugu igin degerler tutarli sonucuna varilmustir.

Cizelge 1. Giivenlik 6nlemlerinin agirlik degerleri

Giivenlik Onlemleri Agirlik
Biyogiivenlik kabini 0,49
Cikiga yakin el yikama i¢in lavabo 0,22
Otoklav 0,15
Laboratuvar giivenlik personeli 0,07
Kendiliginden kapanan kap1 0,05
Korumali pencere 0,03

ELECTRE yontemini uygulayabilmek i¢in Cizelge
2’de karar matrisi olusturulur. Fiziksel, kimyasal ve
biyolojik tehlikelere karsi alimacak onlemler igin
skorlar  belirlenmistir. Degerler, Esitlik (1)
formiiliine gore hesaplanarak standart karar matrisi
elde edilmistir (Cizelge 3). Agirlikli standart karar

skorlar verilmistir. Agirliklar sirayla, biyogiivenlik  matrisi, standart karar matrisinin her bir
kabini 0,49, ¢ikisa yakin el yikama icin lavabo 0,22,  siitunundaki elemanlara karsilik gelen agirhik
otoklav 0,15, laboratuvar giivenlik personeli 0,07,  degerlerinin carpilmasiyla Cizelge 4
kendiliginden kapanan kapt 0,05 ve korumali olusturulmustur.
Cizelge 2. Karar matrisi
Agirhk 0,49 0,22 0,15 0,07 0,05 0,03
= . Biyogiivenlik Cikisa yal.(u.l el Lal?.oratu.var Kendiliginden | Korumali
Onlemler/tehlikeler . yikama igin Otoklav giivenlik
kabini . kapanan kap1 | pencere
lavabo personeli
Fiziksel 3 9 7 9 8 9
Kimyasal 9 8 7 7
Biyolojik 8 7 5 8
Cizelge 3. Standart karar matrisi
- . Biyogiivenlik Cikisa yal_(u_l el Lalzoratuyar Kendiliginden | Korumali
Onlemler/tehlikeler . yikama i¢in Otoklav giivenlik
kabini . kapanan kap1 | pencere
lavabo personeli
Fiziksel 0,24 0,65 0,57 0,72 0,59 0,65
Kimyasal 0,73 0,57 0,49 0,56 0,67 0,50
Biyolojik 0,64 0,50 0,66 0,40 0,45 0,57
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Cizelge 4. Agirlikli standart karar matrisi

Melek ISIK

Agirhik 0,49 0,22 0,15 0,07 0,05 0,03
~- . Biyogiivenlik Cikisa yal_ﬂr_l cl Latzoratuyar Kendiliginden | Korumali
Onlemler/tehlikeler g yikama i¢in Otoklav giivenlik
kabini . kapanan kap1 | pencere
lavabo personeli
Fiziksel 0,12 0,14 0,09 0,05 0,03 0,02
Kimyasal 0,36 0,13 0,07 0,04 0,03 0,02
Biyolojik 0,32 0,11 0,10 0,03 0,02 0,02

Degerlendirme faktorii igin karar noktalar1 bir
digeri ile karsilastirilmasi ile Cizelge 5’de
gosterilmistir.  Uyum ve uyumsuzluk kiimesi
satirlarin her bir kriter ig¢in degerlendirilmesiyle
bulunmaktadir. Uyum kiimesinde olan degerlerin
disinda kalanlar uyumsuzluk kiimesi elemani
icerisinde yer almaktadir.

Esitlik (3) ve Esitlik (4) ile hesaplanan uyum
stlinlik degeri 0,52 ve uyumsuzluk {stiinlik
degeri 0,66 ¢ikmistir. Cizelge 6’da gosterilen uyum
matrisinde 0,52 degerine biiyiik veya esit degerler
Cizelge 8’de 1 olarak, kiigiik olan degerler de 0
olarak belirtilmistir.

Cizelge 8. Uyum iistiinliik matrisi

Cizelge 5. Degerlerin kargilastirilmasi Tehlikeler | Fiziksel | Kimyasal | Biyolojik

Uyum kiimesi Uyumsuzluk kiimesi Fiziksel - 1 0

cl2 2,3,4,5,6 di2 1 Kimyasal 1 - 1

cl3 2,4,5,6 d13 1,3 Biyolojik 1 0 -

21 1,5,6 d21 23,4

c23 1.2:4,5,6 d23 3 Cizelge 7°de gosterilen uyumsuzluk matrisinde

c3l 1.3,6 A3l | 245 0,66 degerine biiyiik veya esit degerler Cizelge 9’da

32 3.6 432 12,45 Db GEECTINC BUYUK veya estt Cegetiet L 12¢1ge

Cizelge 6’da olusturulan uyum kiimelerinden
secilen kriterlerin AHP agirhiklar1  toplanarak
olusturulmugstur. Sirayla, fiziksel tehlikelerin, 0,52
ve 0,37, kimyasal tehlikeler icin, 0,57 ve 0,86 ve son
olarak biyolojik tehlikede 0,67 ve 0,18 ¢ikmuistir.

Cizelge 6. Uyum matrisi
Tehlikeler Fiziksel Kimyasal Biyolojik
Fiziksel - 0,52 0,37
Kimyasal 0,57 - 0,86
Biyolojik 0,67 0,18 -

Uyumsuzluk matrisi, uyumsuzluk kiimesi iginden
Esitlik (2) ile olusturulmustur. Fiziksel tehlikelerin,
1, kimyasal tehlikeler igin, 0,08 ve 0,75 ve son
olarak biyolojik tehlikede 0,15 ve 1 bulunmustur

(Cizelge 7).

Cizelge 7. Uyumsuzluk matrisi

Tehlikeler | Fiziksel Kimyasal Biyolojik
Fiziksel - 1 1
Kimyasal 0,08 - 0,75
Biyolojik 0,15 1 -
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1 olarak, kiigiik olan degerler de O olarak
belirtilmisgtir.

Cizelge 9. Uyumsuzluk iistiinliik matrisi

Tehlikeler Fiziksel Kimyasal Biyolojik
Fiziksel - 1 1
Kimyasal 0 - 1
Biyolojik 0 1 -

Cizelge 8 ve Cizelge 9’daki hiicrelere karsilik gelen
sayilar ile garpilarak toplam baskinlik matrisi elde
edilir (Cizelge 10).

Cizelge 10. Toplam baskinlik matrisi

Tehlikeler Fiziksel Kimyasal Biyolojik
Fiziksel - 1 0
Kimyasal 0 - 1
Biyolojik 0 0 -

Cizelge 10’ da verilen toplam baskinlik matrisinde
fiziksel tehlikelerin kimyasal tehlikelere gore 1
degerini alarak daha istiin oldugu goriilmektedir.
Kimyasal tehlikelerin biyolojik tehlikelere gore 1
degerini alarak daha istiin oldugu goriilmistiir.
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Sonu¢  olarak, giivenlik  Onlemleri  igin
fiziksel>kimyasal>biyolojik  tehlikeler = olarak
siralanmustir.

4. SONUCLAR

Toprak mikrobiyoloji laboratuvari i¢in tehlikeler ve
bu tehlikelere karsi almmasi gerek giivenlik
Onlemleri biiyllkk o6nem arz etmektedir. Bu
calismada, giivenlik 6nlemlerinin AHP yontemiyle
agirliklandirilmasi yapilmistir. Biyogiivenlik kabini
0,49, cikisa yakin el yikama igin lavabo 0,22,
otoklav 0,15, laboratuvar giivenlik personeli 0,07,
kendiliginden kapanan kapt 0,05 ve korumali
pencere igin 0,03 olarak belirlenmigtir. Bu giivenlik
onlemleri icin fiziksel, kimyasal ve biyolojik
tehlikeler ELECTRE yontemiyle siralanmigtir.
Giivenlik onlemleri igin
fiziksel>kimyasal>biyolojik  tehlikeler  olarak
strastyla sonug elde edilmistir. Fiziksel tehlikelerin
oncelikli dikkat edilmesi gerektigi belirlenmistir.
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Oz

Kar erime optimizasyonu (snow ablation optimizer, SAO) algoritmasi, karin erimesinden ilham alinarak
2023 yilinda 6nerilen yeni bir metasezgisel algoritmadir. Bu ¢alismada, yapay sinir agmin agirliklarinin
giincellenmesi amaciyla SAO algoritmasi ile hibrit bir model gelistirilmistir. Gelistirilen hibrit model
aggregation, balance, liver, pathbased ve wine adli bes farkli veri seti {izerinde gri kurt, siirlingen arama,
guguk kusu ve siniis kosiniis algoritmalart ile olusturulan hibrit modeller ile karsilastirilmistir. Modellerin
basarisini 6l¢mek icin duyarlilik, 6zgiilliik, kesinlik ve fl-puani ad1 verilen dort farkli metrik kullanilmustir.
Modellerin her veri seti i¢in basar1 siralamasi ve tiim veri setleri igin ortalama basari siralamasi verilmistir.
Sonuglar incelendiginde, SAO modelinin tiim metrikler i¢cin wine veri setinde 2., diger tiim veri setlerinde
1. oldugu goriilmektedir. Ortalama basart sirasi agisindan ise SAO modeli tiim metriklerde 1.2 degeri ile en
iyi sonucu elde etmistir. Ayrica hibrit modellerin, egitim asamasindaki ortalama karesel hata degerlerinin
yakinsama grafikleri ¢izdirilmis ve SAO hibrit modelinin wine harig¢ diger tiim veri setlerinde karsilastirilan
modellerden daha hizli bir yakinsama performansina sahip oldugu gézlenmistir. Son olarak popiilasyondaki

pargacik sayisinin hibrit SAO modelinin basarisina etkisi analiz edilmis ve birey sayisinin 100 olmasi
durumunda bagarinin arttig1 gézlenmistir.

Anahtar Kelimeler:Kar erime optimizasyonu algoritmasi, Yapay sinir aglari, Makine &grenmesi,
Danigsmanli 6grenme, Siniflandirma

Training of Multilayer Artificial Neural Network with Snow Ablation Optimizer
Algorithm

Abstract

The snow ablation optimizer (SAO) is a new metaheuristic algorithm proposed in 2023, inspired by snow
melting. In this study, a hybrid model was developed with the SAO algorithm to update the artificial neural

*Sorumlu yazar (Corresponding Author): Ahmet OZKIS, aozkis@erbakan.edu.tr
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network weights. The developed hybrid model was compared with hybrid models created with gray wolf,
reptile search, cuckoo and sine cosine algorithms on five different data sets named aggregation, balance,
liver, pathbased and wine. Four different metrics called sensitivity, specificity, precision and f1-score were
used to measure the success of the models. The success ranking of the models for each data set and the
average success ranking for all data sets are given. When the results are examined, it is seen that the SAO
model ranks 2nd in the wine data set and 1st in all other data sets for all metrics. Regarding average success
rank, the SAO model achieved the best result with a value of 1.2 in all metrics. In addition, convergence
graphs of the mean square error values of the hybrid models in the training phase were drawn and it was
observed that the SAO hybrid model had a faster convergence performance than the compared models in
all other data sets except Wine. Finally, the effect of the number of particles in the population on the success
of the hybrid SAO model was analyzed and it was observed that the success increased when the number of
individuals was 100.

Keywords: Snow ablation optimizer algorithm, Artificial neural networks, Machine learning, Supervised

learning, Classification

1. GIRIS
Insanlik var oldugundan beri c¢ok gesitli
problemlerle kars1i karsiya kalmistir. Yakin

geemisimize kadar bu problemlerin ¢oziimii igin
sadece kendi akil ve zekasini kullanabilen
insanoglu, dijitallesme ile adeta ¢ag atlayarak cogu
problemin ¢oziimiinde bilgisayarlar1 kullanmaya
baslamigtir. Teknolojinin ilerlemesiyle beraber
depolanabilen veri miktarinin da ¢ok hizli bir
sekilde artmasi, Turing [1] basta olmak {izere bilim
insanlarma su soruyu sordurmustur: “Insanin
yapabildigi bazi gorevler makinelere ogretilebilir
mi?” Bu soru, giiniimiizdeki yapay zeka kavramina
giden yolu agmistir. Yapay zeka, insan ve hayvan
gibi biyolojik canlilardaki karar verme, tahmin etme
ve ¢Oziim bulma kabiliyetlerinin makinelere
ogretilmesidir [2]. Bu amaci1 gerceklestirmek i¢in
bilim insanlar1 ¢esitli ¢alismalar yapmistir.
Rosenblatt [3] tarafindan gelistirilen basit algilayici
modeli yapay zeka alaninin 6ncii ¢alismalarindan
biri olmustur. Rumelhart ve arkadaslari [4] ise
perceptron  modelinin  dogrusal  olmayan
problemleri ¢6zmesini saglayarak yapay sinir aglari
(YSA) algoritmasmin  gelistirilmesine  katki
sunmustur. YSA algoritmasi giinlimiizde goriintii
isleme [5-7], zaman serisi tahmini [8-10], regresyon
analizi [11-14], siniflandirma [15-17] ve kiimeleme
[18-20] gibi pek cok gergek diinya probleminin
¢ozlimiinde basariyla uygulanmaktadir.

YSA mimarisi, ndron denilen yapilardan olusur.
Noronlar ile girdi, ara ve ¢ikti katmanlari
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olusturulur. YSA mimarisi tizerinde hesap edilen
hata degerlerinin girdi katmanindan ¢ikti katmanina
dogru aktarilmasina ileri yayilim denir. {leri yayilim
sonucunda hesaplanan hatanin azaltilmasi igin
ndronlardaki agwrlik adi verilen sayisal degerlerin
giincellenmesi  islemine ise geri  yayilim
denilmektedir. YSA modelinde, geri yayilim
esnasinda agirliklarin giincellenmesi i¢in genellikle
tiirev tabanli teknikler kullanilmaktadir [21]. Ancak
tirev tabanli teknikler zorlayici problemlerle
karsilastiklarinda agirlik  degerlerinin  basartyla
giincellenmesi miimkiin olamamakta ve agirhik
degerleri yerel minimum noktalara
takilabilmektedir [2]. Bu sorunun {istesinden
gelmek i¢in, arastirmacilar pek ¢ok caligmada [21-
24] agin geri yayilimi asamasinda metasezgisel
algoritmalardan faydalanmislardir.

Metasezgisel yaklagimlar, canlilarin besin arama ve
hayatta kalma davranislarindan ilham alinarak bilim
insanlar1 tarafindan  gelistirilen doga esinli
algoritmalardir. Bu algoritmalar hizli, esnek ve
kolay uygulanabilir yapilarindan dolay1 sayisal
optimizasyon [25], kapasitesiz tesis yerlestirme [26,
27], riizgar tiirbini yerlestirme [28], knapsack [29]
ve YSA’nin egitilmesi [30] gibi bir¢ok gercek
diinya probleminin ¢6ziimiinde basari ile
uygulanabilmektedir. Giiniimiize kadar ¢ok sayida
metasezgisel algoritma gelistirilmis olsa da No Free
Lunch (NFL) [31] teoremindeki, hi¢bir algoritma
tiim problem tiirlerinde en basarili sonuca ulagsmay1
garanti edemez diisiincesinden hareketle halen yeni
algoritmalar onerilmektedir. Deng ve arkadaslari
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[25] tarafindan Onerilen kar erime optimizasyonu
(snow ablation optimizer, SAO) algoritmasi da NFL
teoreminden  hareketle  Onerilen yeni  bir
metasezgisel algoritmadir. Bu ¢alismada, YSA’nin
geri yayiliminda agirliklarin  yerel minimuma
takilma sorununu ortadan kaldirmak icin SAO
algoritmasi tabanli hibrit bir yontem gelistirilmistir.
Yontemin performans testi igin asagidaki adimlar
uygulanmistir:

e  Gelistirilen hibrit model literatiirde iyi bilinen
aggregation, balance, liver, pathbased ve wine
smiflandirma veri setleri iizerinde
calistirillmistir.

e Egitim ve test asamalarinda elde edilen
sonuglar icin sensitivity, specificity, precision
ve f1-score metrikleri hesaplanmustir.

e Gelistirilen modelin metrik sonuglari, guguk
kusu arama (cuckoo search, CS) algoritmasi,
gri kurt optimizasyonu (grey wolf optimizer,
GWO), siirlingen arama algoritmas1 (reptile
search algorithm, RSA) ve siniis kosiniis
algoritmasi (sine cosine algorithm, SCA) ile
olusturulan hibrit modellerin sonuglariyla
karsilastirilmistir.

e Modellerin, YSA’nin egitimi esnasinda her
iterasyondaki ortalama karesel hata (mean
squared error, MSE) degerleri iizerinden
yakinsama grafikleri verilmistir.

Elde edilen sonuglar SAO tabanli hibrit modelin
karsilastirilan diger modellerden ¢ok daha istiin bir
performans elde ettigini gostermistir.

Caligmanin geri kalan1 su sekilde organize
edilmigtir.  Bolim  1.1°de  literatiir  Ozeti
sunulmugtur. Boliim 2’de materyal ve metot
hakkinda bilgilere yer verilmistir. Bolim 3’te
yapilan deneysel caligmalar ve sonuglari verilmistir.
Bolim 4’te ise tartisma ve sonu¢ kismina yer
verilmistir.

1.1. Literatiir Ozeti

Ger¢ek  diinyada, YSA ve metasezgisel
algoritmalarin hibrit kullanimiyla ilgili pek g¢ok
calisma vardir. Singh ve arkadaslar1 [32] yesil
hindistan  cevizi  kabuklarmin  antioksidan
aktivitesini maksimuma tagtyabilmek i¢cin YSA ve
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parcacik slirli optimizasyonu (particle swarm
optimization, PSO) algoritmasin1 kullanmustir.
Bendine ve arkadaglart [33] diizglin olmayan
fonksiyonel derecelendirilmis piezoelektrik 1gmin
enerji hasadinin  gelistirilmesinde YSA ve
Lichtenberg algoritmasini kullanmiglardir. Yang ve
arkadaglar1 [34], maya fermantasyonundaki ¢ok

asamali  gbzenekli  hidrojellerin  hazirlama
kosullarint optimize etmek igin YSA ve genetik
algoritma (genetic algorithm, GA)’dan

faydalanmistir. Wang ve arkadaslari [35], kat1 oksit
yakit hiicresinde i¢ sicaklik farkini azaltmak
amactyla YSA ve GA tabanli bir model
onermislerdir. Cinar ve arkadaslar1 [36], bes sehrin
38 yila ait saatlik riizgar verileri ile Hindistan’daki
saatlik riizgar hizin1 tahmin etmek i¢in YSA ve
GWO algoritmasini birlikte kullanmistir. Bernard
ve arkadaglart [37] ise Ogrencilerin &grenme
stillerini belirlemek i¢cin YSA ve karinca kolonisi
optimizasyonu (ant colony optimization, ACO)
algoritmasmi  kullanarak  hibrit bir model
gelistirmislerdir. Zhang ve arkadaglar1 [38] YSA ile
ACO algoritmasimi birlikte kullanarak agik ocak
madencilik projelerinin sermaye maliyetini tahmin
etmek i¢in bir model 6nermislerdir.

Yukaridaki ¢aligmalarin yani sira siniflandirma veri
setleri {izerinde test edilmis pek ¢ok ¢alisma da
vardir. Mirjalili [39], GWO algoritmasint 5
smiflandirma ve 3 benchmark veri seti lizerinde test
etmistir.  Glilcii  [40], YSA’nin agirliklarini
yusufcuk algoritmasi (dragonfly algorithm, DA) ile
optimize etmistir. Onerdigi yontemi 8 farkli
smiflandirma problemi ve bir insaat mithendisligi
probleminde uygulamistir. Turkoglu ve arkadaslari
[41], yapay alg algoritmas: (artificial algae
algorithm, AAA) ile YSA’y1 egitmis ve onerdikleri
yontemi 10 farkli siniflandirma veri seti iizerinde
test etmislerdir.

2. MATERYAL VE METOT
2.1. Veri Setleri
Calismada, literatiirde siklikla kullanilan [42]

aggregation, balance, liver, pathbased ve wine veri
setleri kullanilmistir. Veri setlerinin %75’1 egitim,
%251 test asamasi i¢in ayrilmistir. Veri setleriyle
ilgili diger bilgiler Cizelge 1’de sunulmustur.
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2.2. Yapay Sinir Aglar1 (YSA)

Yapay sinir aglari, insan beynindeki sinir
hiicrelerinin 6grenme yontemini taklit eden bir
algoritmadir. YSA, mevcut verilerden 6grenebilme,
6grendigi bilgilerden genellemeler yapabilme, ¢ok
fazla degiskenle ¢alisabilme gibi avantajlara
sahiptir. Dogrusal ve dogrusal olmayan problemleri
¢cozebilmektedir. Performansini kesin olarak neyin

Cizelge 1. Veri setleri ve 6zellikleri

etkiledigi hakkinda tam olarak bilgi sahibi
olunamasa da bir¢ok calismada egitim algoritmasi,
veri kiimesinin diizenlenmesi, kestirim donemi
uzunlugu gibi faktorlerin performansini
etkileyebilecegi belirtilmistir [43]. YSA‘nin en
kii¢iik birimi yapay sinir hiicresi olarak adlandirilir.
Sekil 1’de bir yapay sinir hiicresinin; girdi, ¢ikti,
toplama fonksiyonu, aktivasyon fonksiyonu, agirlik
ve bias degerleri goriilmektedir [2].

Ornek sayist | Egitim 6rnedi sayist | Test 6rnei sayist | Oznitelik sayist | Simif sayist
aggregation 788 594 194 2 7
balance 625 469 156 4 3
liver 345 259 86 6 3
pathbased 400 226 74 2 3
wine 178 133 45 13 3
agirliklar
girdiler bias
Xl—»
aktivasyon fonksiyonu
Xz —»
@ net girdi gkt
— —
X3
toplama
. . fonksiyonu

Sekil 1. Yapay sinir hiicresi

YSA’nim yapisi, tek katmanh algilayict (TKA) ve
¢ok katmanli algilayict (CKA) olarak ikiye
ayrilmaktadir. YSA hakkindaki ilk ¢alismalar TKA
mimarileri {izerine olmustur. Ancak TKA’larin
sadece dogrusal problemleri dgrenebildiginin
anlagilmasi iizerine, dogrusal olmayan problemleri
de 6grenebilen CKA mimarisi dogmustur. CKA’lar
girdi ve ¢ikt1 katmaninin yani sira ara (gizli) katman
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adi verilen bir katmana daha sahiptir. CKA
mimarisinin 6grenme  kurali, ileriye dogru
hesaplama ve geriye dogru hesaplama olarak ikiye
ayrilir. Ileriye dogru hesaplama agin ¢iktisi
olusturma, geriye dogru hesaplama ise agirliklar
giincelleme safhasidir [2]. Sekil 2’de CKA
mimarisinin gorlintiisii verilmistir.
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Girdi katmam
Sekil 2. Cok katmanli algilayict modeli

Ara Katman

YSA mimarisi egitilirken, ileri yayilim yaptiktan
sonra veri setindeki gergek sinif etiketleri ve tahmin
edilen smif etiketlerine bakar. Buna gore her bir
orneklem i¢in bir hata degeri hesaplar. Bu
calismada, hata hesab1 i¢in Egitlik (1)'de verilen
MSE yontemi kullanilmistir.

> -9 M

Burada m egitim setindeki ornek sayisini, n sinif
etiketi sayisini, yj. ¢ikti icin beklenen degeri ve ¥
ise j. ¢ikt1 icin YSA tarafindan tahmin edilen degeri
ifade etmektedir.

r r
| Wi | Wiz | - | Wan | Wir | Wi

Sekil 3. Agirliklarin vektor olarak modellenmesi

Vektor uzunluklar veri setindeki 6znitelik sayisina,
ara katmandaki ndron sayisina ve veri setinin sinif
sayisma gore degismektedir. Oznitelik ve smif
sayist veri setine bagli oldugu icin sabittir ve
degistirilemez. Ara katmandaki ndron sayisi ise
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Cikasy
Wie

15

o Cilas.

Cilkas Katmam

2.3. YSA ve Metasezgisel Algoritmalarin Hibrit
Kullanim

fleri yayilim asamasinda hesaplanan MSE degerinin
en aza indirilmesi i¢in agirliklarin giincellenmesi
gerekir. Geri yayulim olarak adlandirilan bu agama
icin standart YSA’da tlirev tabanli teknikler
kullanilir. Caligmanin Giris boliimiinde detaylica
bahsedildigi iizere tiirev tabanl teknikler yerel
minimuma takilma sorunu yasayabilmektedir. Bu

sorunu ortadan kaldirmak igin  agirhiklarin
giincellenmesi asamasinda metasezgisel
algoritmalardan  faydalanilmistir.  Sekil — 3’te

YSA’daki agirliklarin vektdr olarak modellenmesi
goriilmektedir.

Whe | B | B2 |- - <] BL |

YSA mimarisini olugturan kullanicinin tercihine
gore tasarlanabilir. Bu ¢alismada standart olmasi
acisindan ara katmandaki noron sayisi Esitlik (2)’ye
gore belirlenmistir.
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araKatmandakiNoronSayisi = (oznitelikSayisi x 2) + 1 2)

Bu vektorler metasezgisel algoritmalar tarafindan
iiretilen aday ¢Oziimleri temsil eder. Vektordeki

agirhiklarmn  gilincellenmesi  islemi,  secilen
metasezgisel algoritmanin  konum gilincelleme
stratejisine  bagli olarak gergeklestirilecektir.

Metasezgisel algoritmadaki her bireyin uygunlugu,
o bireye ait agirlik vektdriiniin ileri yonii hareketi
sonucunda hesaplanan MSE degerine esittir. Sonug
olarak, ileri yayilim asamasinda standart YSA
yapisindan, hatanin geri yayilimi asamasinda ise
secilen  metasezgisel algoritmanin islem
adimlarindan  faydalanan hibrit bir model
gelistirilmis olur.

Bu arastirma makalesinde, 2023 yilinda 6nerilen
SAO algoritmasi kullanilarak hibrit bir YSA modeli
gelistirilmistir.  Bu model sayesinde SAO
algoritmasinin yerel minimumlardan kurtulmak igin

sahip oldugu stratejilerden YSA modelinin de
faydalanmasi saglanmustir.

2.4. Kar Erime Optimizasyonu Algoritmasi

Kar Erime Optimizasyonu (snow ablation
optimizer, SAO) algoritmasi, karin siiblimlesme ve
erime davranmigimi taklit eden metasezgisel bir
algoritmadir. Sekil 4’te gosterildigi gibi kar, fiziksel
olarak sivi su ve buhar olmak iizere iki forma
doniisebilmektedir. Bu iki forma karsilik gelen
stiregler de erime ve siiblimlesme siirecidir veya
eriyen su buharlagarak buhar haline de
gelebilmektedir [25]. Siiblimlesme eylemi, kati
maddelerin 1s1 ile eriyip siv1 hale gegmeden gaz hale
geemesi anlamina gelmektedir. SAO, karmn erime
ve siiblimlesme stireglerini taklit eder.

Siiblimasyon
(kesfetme siireci)

Sekil 4. Algoritmanin gelistirilmesinde ilham alinan kar effmé olay1 [25]

Metasezgisel ~ algoritmalardaki  en  biiyiik
sorunlardan biri kesif ve sOmiirii arast olusan
dengesizlik halidir. SAO bu iki durumu dengelemek
icin olusturulmus bir algoritmadir [25]. SAO
algoritmasinin isleyisinde yer alan i) baslatma, ii)
kesif ve iii) somiirii agamalar1 ve ikili popiilasyon
olusturma mekanizmasi asagida anlatilmaktadir.

D

Buharlasma

Buhar

(kesif stireci)

i) Baslatma asamasi: popiilasyon Esitlik (3)
kullanilarak arama uzayr sinirlan iginde rastgele
baslatilir. Burada Z, popiilasyonu temsil eden bir
matristir. N popiilasyondaki ajan sayisini, Dim
problemin boyutunu, L arama uzaymin alt sinir
degerini, U arama uzaymin {ist sinir degerini ve
ise [0, 1] aralifinda rastgele sayilardan olusan
NxDim boyutlu bir matrisi ifade eder.

Z11 21,2 Z1,Dim-1 Z1,pim
221 22,2 Z2,pim-1 Z2,pim
Z=L+0x(U-L)= : : : 3)
ZN-11 2N-1,2 ZN-1,Dim-1 ZN-1,Dim
ZNa ZNz2 ZN,Dim-1 ZNpim Ay pim
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ii) Kesif asamasi: kar veya su buharlastiginda
diizensiz bir sekilde dagilmaya baslar. Esitlik (4)’te
verilen Brownian hareketi bu diizensiz dagilimi
taklit eder.

2

Feyza Nur OZDEMIR, Ahmet OZKIS

Popiilasyondaki arama ajanlarinin  konumlari
Brownian hareketinden faydalanilarak Esitlik
(5)’teki gibi giincellenir.

Fon (5 0,1) = —— x exp(— ) @
BM ] - m p 2
Z,(t + 1) = Elite(t) + BM,(t) ® (6, X (G(t) — Zy(®)) + (1 — 6,) X (Z() — Zi(£))) ®)

Burada, i =1, 2, ..., N konumu giincellenen ajanin
indisini, ¢ o anki iterasyonu, BM;(t) Brownian
hareketini, & girdilerin ¢arpimini, 6; [0,1]
araliginda rastgele olusturulan bir say1y1, G(#) o ana
kadar elde edilen en iyi ¢éziimil, Z(?) popiilasyonun
siitun bazinda agirliklarmin ortalamasini igeren
vektorii temsil etmektedir. En iyi uygunluga sahip
ic birey ve en iyi uygunluga sahip N/2 bireyin

konumlarimin ortalamasi EliteHavuzu ad1 verilen bir
matriste tutulur. Elite(?), EliteHavuzu iginden
rastgele secilen bir ¢ozliimii ifade eder.

iii) Somiirii _asamasi: karm su haline gegme
davranigmi taklit eder. Ajanlarinin konumlari,
popiilasyondaki en iyi ¢ozlimlerin etkisiyle Esitlik
(6) kullanilarak giincellenir.

Z(t+1) = M X G() + BM(t) ® (8, X (G(6) — Zi()) + (1 — 0,) X (Z(t) — Z,())) (©)

Burada, M parametresi kar erime oranini, 6, [-1, 1]
araliginda rastgele bir say1y1 ifade etmektedir.

Ikili popiilasyon olusturma asamasi: bu asamada
kesif ve sOmiirii arasinda denge olusturmak
amaclanir. Su haline gelen karin bir kismi arama
esnasinda buharlagarak merkeziyetgiligini
kaybeder. Bu dengenin saglanmasi icin ikili
popiilasyon yapist olusturulmustur. Popiilasyon
arama sirecinin baglarinda esit sayida arama
ajanindan olusacak sekilde rastgele iki alt
popiilasyona ayrilir. Alt popiilasyonlardan ilki
kesiften, ikincisi sOmiiriiden sorumludur. Her
iterasyonda ikinci alt popiilasyonun ajan say1s1 birer
azaltilirken, ilkinin ajan sayis1 birer artirilir. Bu
mekanizmanin sézde kodu Sekil 5’te sunulmustur.

SAO algoritmasmin tam konum giincelleme
denklemi Esitlik (7)’de verilmistir.

Ikili popiilasvon olugturma mekanizmasi

N: poplilasyondaki ajan sayisi

Baslatma: t = 0, tmax, Na= N, = N/2
While (t < tma)
IfN. <N
Na=N;+1
Np=Np-1
End if
t=t+1
End while

Sekil 5. ikili popiilasyon olusturma mekanizmasi

Elite(t) + BM,(t) ® (6, X (G(t) — Z;(t))

+(1—6,) % (Z(t) — Z;(1))), i € index, ;
M X G() + BM, (1) ® (6 X (G() — Z,(2)) ™

+(1 = 6,) X (Z(t) — Zi(t))), i € index,

Esitlik (3)’te aciklandigi gibi, tiim popiilasyon bir
konum matrisidir. Dolayisiyla Esitlik (7)'deki
indexa ve indexp, tim konum matrisinde alt

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

popiilasyonlardaki bireylerin satir numaralarini
iceren bir dizi indeksi belirtir. SAO algoritmasinin
s06zde kodu Sekil 6’da sunulmustur.
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Uygunluklar: hesaplanir
Mevcut en iyi birey kaydedilir.
While (t < t02)

Foreach birey
End foreach
En iyi ajan giincellenir.

End while
En iyi ajan alinir.

Baslangic icin siiriideki birey sayisi, agirlik, tolerans degeri belirlenir:
Z,(i=12,..,N), t =0, tpax, No=N, = 2

Kar erime hizi hesaplanir.
Tiim popiilasyon rastgele iki alt popiilasyona ayrilir.

Esitlik 7 ile her ajanin konumu giincellenir.

Uygunluk fonksiyonu degerlendirmesi yapilir.

N

Sekil 6. SAO algoritmasinin sézde kodu [25]
2.5. Karsilastirma Algoritmalari
2.5.1. Guguk Kusu Arama (CS) Algoritmasi

CS algoritmasi, Yang ve arkadaslar1 [44] tarafindan
gelistirilmis bir algoritmadir. Bu algoritma, guguk
kuslariin yuva parazitligine dayanir [45]. Yang ve
arkadaslari1 [44] bu algoritmay1, asagidaki {i¢ kuralla
aciklamislardir:

e Disi guguk kusu oncelikle rastgele bir yuva
secerek yumurtasini birakir.

e En kaliteli yumurtalara sahip, en iyi yuvalar bir
sonraki nesillere aktarilir.

e Ev sahibi kus genellikle guguk kusu tarafindan
birakilan yumurtayr tespit ederek konakg1
yumurtay1 yuvasindan atar ya da kendi yuvasini
terk ederek yeni bir yuva kurar.

25.2. Gri Kurt
Algoritmasi

Optimizasyonu (GWO)

GWO algoritmasi, Mirjalili ve arkadaslar1 [46]
tarafindan, gri kurtlarin avlanma ve liderlik
ozelliklerinden ilham alinarak olusturulmusg
metasezgisel bir algoritmadir. Alfa, beta, delta,
omega olarak isimlendirilen dort tiir gri kurt ile
liderlik 6zellikleri simiile edilmistir [46]. Alfa en
iyi, beta ikinci en iyi, delta iigiincii en iyi ¢ozliimii
ifade ederken, omega popiilasyonun geriye kalan
¢Oziimlerini ifade eder.
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2.5.3. Siiriingen Arama Algoritmasi (RSA)

RSA, Abualigah ve arkadaslari [47] tarafindan
timsahlarin ~ davraniglarindan  ilham  alinarak
gelistirilmis metasezgisel bir algoritmadir. Bu
algoritmanin iki ana asamasi vardir. Bunlar, avin
kusatilmast ve avlanmasi olmaktadir. Bu iki
asamanin da ikiser arama stratejisi vardir. Kesif
asamasina ait iki strateji, yiiksek yiriiyiis ve gobek
ylirliyligii arama yontemleridir. SOmiirii agamasinin
stratejileri ise av koordinasyonu ve av is birligidir.

2.5.4. Siniis Kosiniis Algoritmasi (SCA)

SCA, Mirjalili [48] tarafindan, matematikte ayni
isme sahip olan siniis ve kosiniis fonksiyonlarindan
ilham alinarak  Onerilmig metasezgisel bir
algoritmadir. Kesif agamasi igin siniis, sOmiirii
asamasi i¢in kosiniis fonksiyonu kullanilmistir.

2.6. Karmasiklik Matrisi (Confusion Matrix)

Karmagiklik matrisi, modelin dogrulugunu, veri
setlerinin siniflandirma basarisini 6l¢gmeye yarayan
ve literatiirde siklikla kullanilan bir performans
Ol¢iim yontemidir. Karmasiklik matrisinde tahmin
edilen smif etiketi ve gergek sinif etiketi {izerinden
Sekil 7°de verilen durumlara gore ¢esitli
hesaplamalar yapilir.
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Tahmin

Megatif Pozitif

Dofru Negatif
(True Negative, TN)

Yanlig Pozitif

Negatif -
(False Pozitive, FP)

Dogru Pozitif
(True Pozitive, TP)

Yanlis Negatif
(False Negative, FN)

Pozitif

Gergek Durum

Sekil 7. Karmagiklik matrisi

Tahmini sinif pozitif ve gergek sinif pozitifise dogru
pozitif (True Positive, TP), tahmini sinif negatif ve
gergek smif negatif ise dogru negatif (True
Negative, TN), tahmini sinif pozitif ve gergek smif
negatif ise yanlis pozitif (False Positive FP),
tahmini sinif negatif ve gercek siif pozitifise yanls
negatif (False Negative, FN) olarak isimlendirilir.
Bu bilgiler kullanilarak agagidaki metrikler elde
edilmistir.

. TP
Sensitivity = _—
TP +FN

Specificit N
ecifici = _—
peclidly TN + FP

L TP
Precision = e

TP+FP
Sensitivity * Precision
Fl-score =

*
Sensitivity + Precision

e Sensitivity, dogru pozitif degerlerin toplam
gercek pozitif degerlerine boliinmesi ile elde
edilir. Pozitif smifa ait degerlerden dogru
tahminlerin oraninin ne oldugu hakkinda bilgi
Verir.

Feyza Nur OZDEMIR, Ahmet OZKIS

e Specificity, gercek negatif degerlerin, toplam
gercek negatif degerlere bolinmesi ile elde
edilir.

e Precision, dogru pozitif degerlerin toplam
tahmini pozitif degerlerine bdliinmesiyle elde
edilir. Bu metrik, dogru tahminlerin ne oranda
oldugu hakkinda bilgi verir.

e Fl-score ise, sensitivity ve precision
metriklerinin harmonik ortalamasidir. Esit
dagilmayan veri setleri i¢in hatali modeller
olusturmanin Online ge¢mesi bakimindan
6nemli bir metriktir.

Tiim metrikler en kotii 0, en iyi 1 degerini alirlar.
3. DENEYSEL CALISMALAR

Bu galismada gelistirilen SAO hibrit modeli, CS,
GWO, RSA ve SCA algoritmalari ile gelistirilen
hibrit modellerle karsilagtirilmistir.  Deneysel
calismalar aggregation, balance, liver, pathbased ve
wine veri setleri izerinde yapilmistir. Veri setleri
%75 egitim, %25 test verisi olarak ayrilmistir.
Agirlik  degerleri [-10, 10] arama uzaymda
olusturulmustur. Her bir yontem, her bir veri setinde
50 birey ve 400 iterasyon i¢in 30 kez calistirtlmstir.
Elde edilen sonuglar i¢in hesaplanan sensitivity,
specificity, precision ve fl-score metriklerinin
ortalama, standart sapma ve basari siras1 degerleri
verilmistir. Ayrica ¢izelgelerin en alt satirinda,
yontemlerin  ortalama basar1  sirast  (OBS)
verilmistir.

Cizelge 2. SAO, CS, GWO, RSA ve SCA algoritmalarinin sensitivity metrigine gore ortalama, standart

sapma ve basari sirast degerleri

SAO GWO RSA CS SCA

Veri seti ort. std. sira ort. std. sira ort. std. | swra | ort. std. sira ort. std. | sira
aggregation | 0,355 | 0,122 1 0,340 | 0,121 2 0,220 {0,058 | 5 0,294 | 0,050 3 0,257 10,031 | 4
balance 0,684 | 0,084 1 0,605 | 0,017 2 0,542 (0,083 | 5 |0,604 0,037 3 0,565 10,073 | 4
liver 0,396 | 0,033 1 0,377 | 0,034 3 0,35510,037| 5 0,377 0,031 2 0,359 0,032 | 4
pathbased | 0,600 | 0,076 1 0,540 | 0,053 3 0,384 10,160 | 5 |0,554 0,065 2 0,458 | 0,155 | 4
wine 0,683 | 0,077 2 0,701 { 0,119 1 0,594 (0,145 5 | 0,663 | 0,057 3 0,638 | 0,059 | 4
OBS 12 (1) 22(2) 5(5) 2,6 (3) 4(4)
Cizelge 2’deki sensitivity sonuglari incelendiginde, modelinin  ardindan  2.swrada  yer  aldig
SAO hibrit modelinin 5 veri setinin 4’tinde ilk siray1 ~ gozlenmektedir. OBS degerlerine bakildiginda

elde ettigi, wine veri setinde ise GWO hibrit

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

SAO hibrit modelinin 1.2 ortalama ile diger
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algoritmalardan istiin bir performansa sahip oldugu
goriilmektedir. Kargilastirma modellerinin OBS

degerlerine bakildiginda ise basar1 siralart GWO
(2.2), CS (2.6), SCA (4) ve RSA (5) seklindedir.

Cizelge 3.SAO, CS, GWO, RSA ve SCA algoritmalarinin specificity metrigine gore ortalama, standart

sapma ve basar1 siras1 degerleri

SAO GWO RSA CS SCA
\Veri seti ort. std. sira ort. std. sira ort. std. | swra | ort. std. sira ort. std. sira
aggregation | 0,911 | 0,025 1 0,910 | 0,026 2 0,883 10,021 5 {0,903]0,008 3 0,895 0,011 4
balance 0,919 0,016 1 0,899 | 0,014 2 0,84510,071| 5 0,895 0,026 3 0,865 | 0,062 4
liver 0,729 1 0,032 1 0,710 | 0,034 3 0,688 10,036 5 |0,7110,030 2 0,693 | 0,031 4
pathbased 0,795 | 0,039 1 0,764 1 0,025 3 0,685|0,082| 5 (0,772 0,031 2 0,723 10,0789 | 4
wine 0,855 0,031 2 0,863 | 0,052 1 0,800 | 0,076 | 5 |0,845] 0,025 3 0,833 10,0310 | 4
OBS 1,2 (1) 2,2(2) 5(5) 2,6 (3) 4(4)

Cizelge 3’teki specificity sonuglari incelendiginde,
sensitivity metrigiyle ayni performans sonuglarma
ulasildig1 gézlenmistir. SAO hibrit modelinin 5 veri
setinin 4’iinde ilk siray1 elde ettigi, wine veri setinde
GWO hibrit modelinin ardindan 2.sirada yer aldigi
ve OBS agisindan 1.2 ortalama ile diger

algoritmalardan daha iyi bir performansa sahip
oldugu goriilmektedir. Karsilastirma modellerinin
OBS degerlerine bakildiginda ise basari siralari
GWO (2.2), CS (2.6), SCA (4) ve RSA (5
seklindedir.

Cizelge 4.SAO, CS, GWO, RSA ve SCA algoritmalarinin precision metrigine gore ortalama, standart

sapma ve basari sirast degerleri

SAO GWO RSA CS SCA

\Veri seti ort. std. sira ort. std. sira ort. std. | swra | ort. std. sira ort. std. | sira
aggregation | 0,301 | 0,111 1 0,296 | 0,110 2 0,155(0,059| 5 0,233 | 0,048 3 0,197 {0,029 | 4
balance 0,670 | 0,100 1 0,578 | 0,009 3 0,543 | 0,033 5 0,599 | 0,090 2 0,559 | 0,031 4
liver 0,431 { 0,038 1 0,378 | 0,098 3 0,287 {0,117 | 5 0,407 | 0,066 2 0,347 (0,104 | 4
pathbased | 0,647 | 0,116 1 0,527 | 0,131 3 0,334 | 0,202 5 0,624 | 0,095 2 0,473 (0,228 | 4
wine 0,591 | 0,135 2 0,606 | 0,171 1 0,513 { 0,212 5 0,566 | 0,114 3 0,528 [ 0,084 | 4
OBS 1.2 (1) 24(2) 5(4) 24(2) 4(3)
Cizelge 4’teki precision sonuglari incelendiginde, performansa  sahip oldugu  goriilmektedir.
SAO hibrit modelinin 5 veri setinin 4’iinde ilk siray1 ~ Karsilastirma modellerinin  OBS  degerlerine

elde ettigi, wine veri setinde GWO hibrit modelinin
ardindan 2.sirada yer aldigi gozlenmektedir. OBS
degerlerine bakildiginda SAO hibrit modelinin 1.2
ortalama ile diger algoritmalardan istiin bir

bakildiginda GWO (2.4) ve CS (2.4) ayni basar1
sirastyla SAO modelinin ardindan 2. olmuslardir.
SCA (3) ve RSA (4) modelleri ise performans
acisindan diger modellerin gerisinde kalmustir.

Cizelge 5.SAO, CS, GWO, RSA ve SCA algoritmalarinin f1-score metrigine gore ortalama, standart sapma

ve basari siras1 degerleri

SAO GWO RSA CS SCA

Veri seti ort. std. sira ort. std. sira ort. std. sira | ort. std. sira ort. std. sira
aggregation | 0,294 | 0,120 1 0,288 [ 0,116 2 0,153 {0,057 | 5 |0,237 (0,041 3 0,200 [ 0,029 | 4
balance 0,663 | 0,083 1 0,582 { 0,016 3 0,509 {0,100 | 5 |0,582 (0,041 2 0,536 [ 0,080 | 4
liver 0,377 | 0,049 1 0,342 | 0,064 3 0,290 | 0,073 5 10,350 | 0,055 2 0,318 [ 0,062 | 4
pathbased | 0,525 | 0,103 1 0,456 | 0,046 3 0,305 (0,135 5 |0,467 (0,077 2 0,372 (0,132 | 4
wine 0,613 | 0,097 2 0,634 | 0,148 1 0,514 | 0,175 5 10,58710,071 3 0,560 | 0,069 | 4
OBS 1,2 (1) 2,4 (2) 54 2,4 (2) 4(3)
400 C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024




Cizelge 5’teki fl-score sonuclart incelendiginde,
precision metrigiyle ayni performans sonuglarina
ulasildig1 gézlenmistir. SAO hibrit modelinin 5 veri
setinin 4’iinde ilk siray1 elde ettigi, wine veri setinde
GWO hibrit modelinin ardindan 2.sirada yer aldigi,
OBS degerlerine bakildiginda ise SAO hibrit
modelinin 1.2 ortalama ile diger algoritmalardan
iistlin bir performansa sahip oldugu goriilmektedir.
Karsilastirma modellerinin  OBS  degerlerine
bakildiginda GWO (2.4) ve CS (2.4) ayn1 basari
sirastyla SAO modelinin ardindan 2. olmuslardir.

Aggregation

Feyza Nur OZDEMIR, Ahmet OZKIS

SCA (3) ve RSA (4) modelleri ise performans
agisindan diger modellerin gerisinde kalmustir.

Sekil 8’de ise hibrit modellerin egitim asamasindaki
MSE degerleri iizerinden hata yakinsama grafikleri
cizdirilmistir. Yakinsama grafikleri incelendiginde
SAO hibrit modelinin wine veri setinde GWO hibrit
modelinin ardindan ikinci oldugu, diger tiim veri
setlerinde ise en hizli yakinsama performansini elde
ettigi gdzlenmistir.

Balance
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Sekil 8. MSE yakinsama grafikleri
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3.1. Onerilen Hibrit
Genisliginin Etkisi

Modelde Popiilasyon

Bu béliimde, calismada Onerilen SAO hibrit
modelinin basarisinda metasezgisel algoritmanin
sahip oldugu pargacik sayisinin etkisi incelenmistir.
Bu amagla SAO’daki parcacik sayisi 10, 20, 30, 40,
50, 100, 150 ve 200 olarak ayarlanmis ve adil
karsilastirma yapmak amaciyla her bir model 20000
uygunluk sayisi i¢in ¢alistirilmistir. Modeller
tarafindan elde edilen metrik degerleri, basar1
siralar1  ve OBS degerleri Cizelge 6-9°da
sunulmustur.

Cizelge 6. SAO hibrit modelinin 10, 20, 30, 40, 50,

sensitivity metrik degerleri

Cizelge 6, 7 ve 8’deki sensitivity, specificity ve
precision metrik degerleri incelendiginde, parcacik
sayis1 100 oldugunda 2.8 OBS degeri ile en basarili
sonuglara ulasildigr goézlenmistir. Cizelge 9’da
verilen F1-score metriginde ise parcacik sayisi 40
oldugunda 2.8 OBS degeri ile en basarili sonuglar
elde edilirken, pargacik sayisinin 30, 50 ve 100
olarak ayarlandigi durumlarda 3.2 OBS degeri elde
edilmigtir.  Elde edilen sonuglar  birlikte
degerlendirildiginde, pargacik sayisinin 10, 20 gibi
diistik degerler ya da 150, 200 gibi yiiksek degerler
almasinin modelin basarisin1 olumsuz etkiledigi,
50, 100 gibi degerlerin ise modelin basarisini
artirdig1 goriilmektedir.

100, 150 ve 200 parcacik sayilari igin elde ettigi

Pargacik sayisi 10 20 30 40

ort. std. sira ort. std. sira ort. std. sira ort. std. sira
aggregation 0,329 | 0,103 7 0,333 0,089 6 0,362 0,100 2 0,333 0,095 5
balance 0,644 | 0,050 7 0,684 | 0,076 1 0,679 0,090 4 0,681 0,087 3
liver 0,390 | 0,039 5 0,389 0,033 6 0,381 0,036 8 0,401 0,031 1
pathbased 0,529 | 0,093 7 0,578 0,087 5 0,616 0,100 1 0,579 | 0,091 4
wine 0,659 | 0,070 6 0,679 | 0,089 5 0,712 0,116 1 0,693 0,094 3
OBS 6,4 4,6 3,2 3,2
Pargacik sayisi 20 100 150 200

ort. std. sira ort. std. sira ort. std. sira ort. std. sira
aggregation 0,355 0,122 4 0,391 0,107 1 0,356 0,085 3 0,310 | 0,081 8
balance 0,684 | 0,084 2 0,670 | 0,076 5 0,666 0,090 6 0,604 | 0,040 8
liver 0,396 | 0,033 4 0,398 0,026 3 0,399 0,027 2 0,386 | 0,033 7
pathbased 0,600 | 0,076 2 0,585 0,062 3 0,399 0,027 8 0,567 | 0,056 6
wine 0,683 0,077 4 0,693 0,097 2 0,399 0,027 8 0,650 | 0,063 7
OBS 32 2,8 5,4 7,2

Cizelge 7.SAO hibrit modelinin 10, 20, 30, 40, 50, 100, 150 ve 200 parcacik sayilari i¢in elde ettigi
specificity metrik degerleri

Pargacik sayisi 10 20 30 40

ort. std. sira ort. std. sira ort. std. sira ort. std. sira
aggregation 0,905 0,021 8 0,906 | 0,021 5 0,911 0,023 3 0,906 | 0,022 6
balance 0,913 0,015 6 0,921 0,020 1 0,919 0,022 4 0,920 | 0,018 2
liver 0,724 | 0,039 5 0,722 0,033 6 0,715 0,036 8 0,734 | 0,031 1
pathbased 0,761 0,047 7 0,784 | 0,045 5 0,805 0,052 1 0,785 0,046 4
wine 0,843 0,032 6 0,851 0,038 5 0,867 0,048 1 0,859 | 0,039 3
OBS 6,4 4,4 3.4 3,2
Pargacik sayisi 20 100 150 200

ort. std. sira ort. std. sira ort. std. sira ort. std. sira
aggregation 0,911 0,026 2 0,921 0,022 1 0,911 0,018 4 0,905 0,021 7
balance 0,919 | 0,017 3 0,916 | 0,017 5 0,912 0,023 7 0,895 0,020 8
liver 0,729 | 0,033 4 0,731 0,026 3 0,732 0,027 2 0,720 | 0,033 7
pathbased 0,796 | 0,040 2 0,787 0,032 3 0,732 0,027 8 0,778 0,028 6
wine 0,855 0,031 4 0,860 | 0,044 2 0,732 0,027 8 0,838 0,032 7
OBS 3 2,8 5,8 7

402 C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024



Feyza Nur OZDEMIR, Ahmet OZKIS

Cizelge 8. SAO hibrit modelinin 10, 20, 30, 40, 50, 100, 150 ve 200 pargacik sayilari i¢in elde ettigi
precision metrik degerleri

Pargacik sayisi 10 20 30 40

ort. std. sira ort. std. sira ort. std. sira ort. std. sira
aggregation 0,272 | 0,103 7 0,276 | 0,078 6 0,313 0,115 2 0,291 0,084 5
balance 0,654 | 0,108 6 0,683 0,098 1 0,663 0,097 5 0,667 | 0,099 4
liver 0,420 | 0,093 6 0,430 | 0,063 4 0,405 0,077 8 0,426 | 0,066 5
pathbased 0,536 | 0,160 7 0,607 | 0,130 5 0,692 0,101 1 0,617 | 0,137 3
wine 0,565 0,128 7 0,578 0,139 5 0,632 0,169 1 0,623 0,159 2
OBS 6,6 4,2 3.4 3.8
Pargacik sayisi 20 100 150 200

ort. std. sira ort. std. sira ort. std. sira ort. std. sira
aggregation 0,302 | 0,111 3 0,338 0,105 1 0,295 0,089 4 0,254 | 0,056 8
balance 0,670 | 0,100 3 0,673 0,109 2 0,645 0,104 7 0,580 | 0,031 8
liver 0,432 | 0,038 3 0,445 0,031 2 0,448 0,036 1 0,408 0,062 7
pathbased 0,647 | 0,116 2 0,598 0,116 6 0,448 0,036 8 0,616 | 0,116 4
wine 0,591 0,136 4 0,596 | 0,148 3 0,448 0,036 8 0,570 | 0,119 6
OBS 3 2,8 5,6 6,6

Cizelge 9. SAO hibrit modelinin 10, 20, 30, 40, 50, 100, 150 ve 200 pargacik sayilari i¢in elde ettigi
fl-score metrik degerleri

Pargacik sayisi 10 20 30 40

ort. std. sira ort. std. sira ort. std. sira ort. std. sira
aggregation 0,268 0,105 7 0,274 | 0,083 5 0,298 0,104 2 0,270 | 0,089 6
balance 0,632 | 0,065 7 0,672 0,081 1 0,662 0,091 4 0,665 0,088 2
liver 0,360 | 0,069 7 0,366 | 0,055 6 0,353 0,062 8 0,383 0,051 1
pathbased 0444 | 0,111 7 0,495 0,110 5 0,548 0,138 1 0,502 | 0,115 3
wine 0,583 0,091 6 0,607 0,112 5 0,651 0,141 1 0,633 0,117 2
OBS 6,8 4.4 3,2 2,8
Pargacik sayisi 20 100 150 200

ort. std. sira ort. std. sira ort. std. sira ort. std. sira
aggregation 0,294 | 0,120 3 0,336 | 0,110 1 0,284 0,078 4 0,252 0,074 8
balance 0,663 0,083 3 0,655 0,078 5 0,640 0,086 6 0,581 0,034 8
liver 0,378 0,049 4 0,381 0,036 3 0,382 0,044 2 0,367 0,052 5
pathbased 0,525 0,104 2 0,501 0,079 4 0,382 0,044 8 0,478 0,069 6
wine 0,614 | 0,097 4 0,623 0,122 3 0,382 0,044 8 0,579 | 0,084 7
OBS 32 32 5,6 6,8

4. TARTISMA VE SONUC

Bu c¢alismada, yakin zamanda onerilen SAO
algoritmast ile YSA’daki agirhik degerlerinin
egitilmesi igin hibrit bir model gelistirilmistir.
Gelistirilen model 5 farkli veri seti (aggregation,
balance, liver, pathbased ve wine) {izerinde 4 farkli
metasezgisel algoritma (GWO, RSA, CS ve SCA)
ile olugturulan hibrit modeller ile karsilagtirilmistir.
Modellerin ~ basaris1  sensitivity,  specificity,
precision ve fl-score metrikleri {izerinden
kargilastirilmistir.  SAO  algoritmasmin  dort
metrigin tamaminda ortalama bagari sirasi agisindan
en iyi performansi elde ettigi gozlenmistir. Ayrica
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hibrit modellerin, egitim asamasindaki ortalama
karesel hata degerlerinin yakinsama grafikleri
¢izdirilmis ve SAO hibrit modelinin wine harig
diger tiim veri setlerinde karsilastirilan modellerden
daha hizli bir yakinsama performansina sahip
oldugu gozlenmistir. Parcacik sayisi ile ilgili

yapilan deneysel c¢aligmalar ise 100 birey
kullanlmasi ~ durumunda ~ SAO  modelinin
basarisinin  arttigin1  gostermistir.  Ozetle, bu

calismada elde edilen bulgular, SAO algoritmasinin
YSA’daki agirlik degerlerinin giincellenmesinde
Oonemli bir basariya sahip oldugu gozlenmistir.
SAO’nun elde ettigi basarida yerel minimumlardan
kurtulma stratejilerinin 6nemli bir pay1 oldugu
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disiiniilmektedir. Bu sebeple ileriki ¢aligmalarda
SAO’nun; derin 6grenme, siniflandirma, kiimeleme
gibi yerel minimumlara sahip ¢esitli ger¢cek diinya
problemlerinin ¢dziimiinde tek basina veya hibrit
olarak kullanilmasi 6nerilmektedir. Ayrica siirekli
problemlerin yant sira SAO’nun ikili veya
kombinatoryal problemlerin ¢Oziimiine
uyarlanmasit ve performansinin test edilmesi de
onemli katkilar saglayabilir. Son olarak SAO’nun
wine veri setinde diger veri setlerinde oldugu kadar
basarili olamamasi dikkat ¢ekicidir. Bu duruma
wine veri seti i¢in olusturulan modelin boyut
sayisinin  diger veri setleri i¢in olusturulan
modellerden daha c¢ok boyuta sahip olmasi yol
acmig  olabilir. SAO’nun yiiksek boyutlu
problemlerde performansinin iyilestirilmesi de ayr1
bir arastirma konusu olabilir.
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Abstract

Pectin, which is used as an additive in the food, cosmetics, pharmaceutical, and health sectors due to its
safety, non-toxicity, low production cost, and high availability, is used as a thickener, gelling agent,
brightener, stabilizer, emulsifier, and fat and sugar replacer in low-calorie foods. It is also used in milk and
dairy products as a stabilizer to prevent proteins from clumping. In this study, the rheological properties of
pectin and milk mixtures with pectin/milk powder (w/w) ratios of 0.1, 0.25, 0.5, 0.75, 1 and 1.5 were
examined. First, a flow curve test was applied in the range of 0,01-1000 s™' to obtain the viscosity curves
and yield stress values of the samples. Then, an amplitude sweep test was performed at a fixed frequency
of 10 rad/s and in the strain range of 0.01-100% to determine the linear viscoelastic range (LVR) of the
samples and the solid and liquid structure of the samples. To determine the time-dependent behavior of the
samples in non-destructive deformation, frequency sweep tests were performed at constant strain (0.01%)
in the LVR range obtained from the amplitude sweep test and in the range of 0.1-100 rad/s. Finally, three
interval thixotropy tests (3ITT) were performed to observe the structural recovery of the samples. As a
result of rheological tests, it was determined that pectin-free milk showed Newtonian properties, other
samples showed shear thinning properties, and viscosity values increased as the pectin rate increased. While
all samples are solid at low strains, the liquid feature becomes dominant at high strains. It has been observed
that as the pectin ratio in milk increases, the strain values at the yield point, where the liquid feature becomes
dominant, also increase. Except for the sample with the highest pectin content, it was observed that the
dominance of the storage modulus over the loss modulus was greater at low frequencies than at high
frequencies. As a result of 3ITT, it was determined that the percentage of recovery at the 600th second
increased as the pectin rate increased.
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Degisen Miktarlarda Pektinin Siite Eklenmesinin Siitiin Reolojik Ozelliklerine
Etkisi

Oz

Giivenli olmasi, toksik olmamasi, diisiik liretim maliyeti ve yiiksek bulunabilirligi ile gida, kozmetik, ilag
ve saglik sektorlerinde katki maddesi olarak kullanilan pektin; bu alanlarda kivamlastirci, jellestirici,
parlatici, stabilizator, emiilgator olarak ve diisiik kalorili gidalarda yag ve seker ikamesi olarak
kullanilmaktadir. Siit ve siit {rlinlerinde kivam arttirci olarak kullanilmasinin yaninda proteinlerin
topaklanmasini 6nlemek amaciyla stabilizator olarak da kullanimi mevcuttur. Bu ¢alismada, pektin/siit tozu
(a/a) oran1 0,1, 0,25, 0,5, 0,75, 1 ve 1,5 olan pektin ve siit karigimlarin reolojik 6zellikleri incelenmistir. Ik
olarak, numunelerin viskozite egrilerini ve akma gerilmesi degerlerini elde etmek igin 0,01-1000 s
araliginda akis egrisi testi uygulanmstir. Daha sonra, numunelerin dogrusal viskoelastik araligin1 (LVR)
ve numunelerin kati ve sivi yapisinini belirlemek i¢in 10 rad/s sabit frekansta ve %0.01-100 gerinim
araliginda genlik tarama testi yapilmistir. Numunelerin tahribatsiz deformasyonda zamana bagli davranigini
belirlemek igin genlik tarama testinden elde edilen LVR araligindaki sabit gerinimde (%0.01) ve 0.1-100
rad/s araliginda frekans tarama testleri yapilmistir. Son olarak, numunelerin yapisal yenilenmesini
gozlemlemek amaciyla ii¢ aralikli tiksotropi testi (3ITT) yapilmistir. Reolojik testler sonucunda pektin
icermeyen siitin Newtonian zellik gosterdigi, diger 6rneklerin kesme incelmesi 6zelligi gosterdigi ve
pektin orami arttikga viskozite degerlerinin artig1 belirlenmistir. Tiim 6rnekler diisiik gerinimlerde kati
ozellikte iken, yliksek gerinimlerde siv1 6zellik baskin hale gelmektedir. Siitteki pektin orani artikca sivi
ozelligin baskin hale gectigi akma noktasindaki gerinim degerlerinin de yiikseldigi gortilmiistiir. Pektin
orani en yiiksek 6rnek hari¢ diger 6rneklerde depolama modiiliiniin kayip modiilene baskinliginin diisiik
frekanslarda yiiksek frekanslara gore daha fazla oldugu gézlemlenmistir. 3ITT sonucunda, 600. saniyedeki
yapisal yenilenmenin pektin orani artikca artig1 belirlenmistir.

Anahtar Kelimeler: Pektin, Siit, Reoloji, Gida

1. INTRODUCTION against metastasis [6] of cancer and the growth of
primary tumors [7] in many types of cancer, such as

colon cancer [8], prostate cancer [9], pancreatic

Pectin, the structural component of plant cell walls,
Y P P w cancer [10], and breast cancer [11].

is an excellent carbohydrate polymer produced
from natural sources [1]. Today, the main source of
pectin, which is used commercially as a thickener,
gelling agent, brightener, stabilizer, and emulsifier,
is citrus peel (85.5%), although apple pulp (14%)
and sugar beet pulp (0.5%) are also used as sources
[2]. Extracted pectin is included as a functional food
ingredient in numerous food products because it is
a safe, non-toxic substance with low production
costs and high availability [3,4]. Pectin has many
health and nutritional benefits. As a soluble dietary
fiber, it has various beneficial gastrointestinal and
physiological effects. With a diet rich in pectin, it is
possible to reduce total cholesterol and low-density
lipoprotein (LDL) level in the blood without
affecting high-density lipoprotein (HDL) levels [5].
Pectin has shown chemoprotective properties

Rheology studies the flow and deformation of
matter under the influence of force. When an
external force is applied, the ideal solids deform
while the ideal liquids flow. Materials between
these two exhibit viscoelastic properties. For the
materials to have the desired flow properties,
materials called rheology modifiers are added to the
fluid [12]. Rheology modifiers are added to many
products used in sectors such as food, pharmacy,
and cosmetics, according to the requirements of the
application, such as food packaging and storage
conditions, aroma release, and 3D food printing
[13]. In the present study, the effect of adding pectin
to milk at different rates on rheological properties,
which is essential in the food industry, was
examined.
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2. MATERIALS AND METHODS
2.1. Materials

Lean milk powder was purchased from Bagdat
Baharat (Ankara, Tiirkiye), and apple pectin (E440)
originating from France was purchased from
Alfasol (Istanbul, Tiirkiye). Medium-gelling apple
pectin was used in this study. The nutritional values
of lean milk powder used in the experiments are
given in the table below.

Table 1. Nutrition facts of lean milk powder.

Nutrition facts per 100 g
Energy 383kcal/1603kJ
Total fat 1.61g
Saturated fat 1.08¢g
Total carbohydrate 52.10g
Total sugars 48.63¢g
Fiber Og
Protein 38.6g
Salt 0.58g

2.2. Sample Preparation

Milk was obtained by adding milk powder to
distilled water in a milk powder-to-water ratio of
1:9 (w/v) and mixing at 300 rpm for 40 min. Then,
various weights of pectin were added to the
resulting milk and mixed at 1000 rpm for 20 min to
obtain pectin milk mixtures. The amounts of
materials used in the preparation of samples are
given in Table 2 and samples are henceforth
referred to as MP1, MP2, MP3, MP4, MP5, and
MP6.

Table 2. Water, milk powder, and pectin amounts in
the samples.

Distilled |y | pectin
Sample water

iy |PoVer® | (2
MP1 18 2 0.2
MP2 18 2 0.5
MP3 18 2 1
MP4 18 2 1.5
MP5 18 2 2
MP6 18 2 3
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2.3. Rheological Measurements

Rheological measurements were performed using
an MCR 302e rheometer (Anton Paar, Austria) with
a 50-mm diameter parallel-plate tool. On the other
hand, a 26-mm cup and bob double gap measuring
system was used to measure the rheological
properties of milk. The flow and viscosity curves
were obtained from the rotational test, which was
performed at shear rates ranging from 0.01 to 1000
s! for pectin and milk mixtures and from 1 to 1000
s! for milk. The duration of a data point decreased
logarithmically from 30 s to 1 s for mixtures and
linearly from 10 s to 1 s for milk. The rheological
tests were preceded by a pre-shear of 20 s at 1 s\,
The amplitude sweep test was carried out at a
constant angular frequency of 10 rad/s in a strain
range of 0.01 to 100% to record the storage module
(G") and loss module (G"). The frequency sweep
was performed to obtain G', G" and complex
viscosity (In*|) in the frequency range of 100 rad/s
to 0.1 rad/s and at a constant strain of 0.01%, which
was within the linear viscoelastic range determined
in the amplitude sweep test. A three interval
thixotropy test (3ITT) was conducted to observe the
structural breakdown and recovery of samples. In
this test, a constant frequency of 10 rad/s and a
constant strain of 0.5% (within the linear
viscoelastic range) were chosen at intervals of 1 and
3. In interval 2, the sample was sheared for 120 s at
a shear rate of 100% and a constant frequency of 10
rad/s. A constant temperature of 25°C was chosen
for all experiments. A  peltier-controlled
temperature system with an active hood was used to
control the temperature very precisely and to ensure
that the temperature gradient in the samples was
<0.1°C. RheoCompass (Anton Paar, Austria)
software was used to process the results and draw
the graphics.

3. RESULTS AND DISCUSSIONS

3.1. Viscosity Measurements

The viscosity curves of the samples obtained from
the rotational tests are shown in Figure 1. Samples
MP1, MP2, MP3, MP4, MP5 and MP6 showed
shear thinning behavior of viscoelastic solids. That
is, as the shear rate increased, the viscosity of the
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samples decreased. This behavior is an important
feature desired in the 3D printing of foods.
However, milk that does not contain any pectin
showed Newtonian behavior. The viscosity of milk
at 25 °C was found to be around 1.9 mPa.s.
Compared to the viscosity of water, there was no
significant increase in the viscosity of milk obtained
by adding milk powder to water with a milk
powder/water (w/v) ratio of 1/9. On the other hand,
adding pectin to milk, even in low amounts, appears
to significantly increase viscosity, and viscosity
values increased by increasing the amount of added
pectin.

3.2. Amplitude Sweep Tests

Amplitude sweep tests were also applied to obtain
the storage modulus (G') and loss modulus (G") of
samples as a function of shear strain (%). G'
represents the solid component and G" represents
the liquid component of the sample. As can be seen

from Figure 2, G' is more dominant than G" in all
samples, which shows that the samples have
viscoelastic solid properties. The solid feature is
most dominant in MP6 and the magnitude of this
dominance decreases as the amount of pectin in the
samples decreases. Using this test, the linear
viscoelastic regions (LVER) of the samples were
also determined. The region in the graph where G'
exhibits a plateau is referred to as the LVER. In the
LVER, the applied stress is not large enough to
cause structural distortion of the structure. Beyond
the LVER boundary, the sample begins to deform
permanently, and the sample stability is not at a
level that prevents precipitation within the sample.
Therefore, it is of great importance to know the
LVER limit of the samples. As the pectin amounts
increased, the linear viscoelastic regions of the
samples lengthened. While the LVER limit for MP6
was 7.02%, it was 5.37%, 2.91%, 2.07%, and 1.07
for MP5, MP4, MP3, and MP2, respectively. This
limit was below 1% for MP1.
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Figure 1. Viscosity vs shear rate graph of the samples
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Yield stress is the minimum stress required to
initiate flow [14]. Yield stress is essential in the
design of food packaging and applications such as
3D food printing. For food to come out of its
package, it is necessary to apply more stress than
shear stress. In extrusion-based 3D printing, the
applied stress must exceed the shear stress. While
the yield stress of MP6 was found to be 426 Pa, this
value was determined to be 93.2 Pa for MP5, 16.89
Pa for MP4, 3.778 Pa for MP3, 0.5543 for MP2, and
0.05347 Pa for MP2. As can be seen, as the pectin
ratio in the samples increases, the yield stress

Veli OZBOLAT

increases. A larger yield stress indicates that the
structure is more stable, the layer thickness is
higher, and the character is more gel-like. When
stress is applied to materials below the yield stress,
no significant change is observed in their internal
structure. At stresses below the yield stress value,
the material exhibits reversible viscoelastic
behavior. However, as the shear rate increases, non-
covalent interactions in the gel under shear stress
are broken, causing the material to exhibit viscous
flow.
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The point where G' curve intersects with G" curve
is called the flow point. Beyond this point, the G"
value exceeds the G' value and it flows like a liquid.
Table 3. shows the shear strain, shear stress, and
storage modulus values of the samples at their flow
points. While a shear stress of 2229.1 Pa is required
for MP6 to flow like a liquid, this value decreases
as the pectin rate in the samples decreases. In
particular, for MP2 and MPI1, the required shear
stress reaches values very close to 0.
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1
Shear Strainy in %
Figure 2. Amplitude sweep test results of the samples

3.3. Frequency Sweep Tests

Frequency sweep tests were also performed to
determine the time-dependent changes in the
storage and loss modulus of samples at constant
shear strains. The tests were performed between 0.1
and 100 rad/s, and the constant shear strains were
within the linear viscoelastic region determined as a
result of the amplitude sweep tests. As seen in
Figure 3A, because G' values of MP6, MP5, MP4,

411



Effects of Adding Pectin to Milk in Varying Amounts on the Rheological Properties of Milk

and MP3 were higher than their G" values, the
samples exhibited typical gel-like behavior.

Table 3.Shear strain, shear stress, and storage
modulus values of the samples at flow

The dominance of G' over G" is higher at low
frequencies, except for MP6, and is lower at high
frequencies. For MP2, G" became dominant over G'
after a crossover point (0=12.6 rad/s and
G'=G"=12.99 Pa), indicating that the sample

P Omtssil sh St behaved as a viscoelastic liquid after this point. As
S | ¢ ez.lr ¢ car 0(;‘alge the frequency increased, this feature became more
ampe S(l(;/al)n s(ll;zs)s m(EP:)us evident. Figure B shows the shear-thinning
MP1 1 30 3 0.030031 15342 behavior of the samples. As can be seen from Figure
MP2 2.08 0 4752 1'6 151 3C, samples with low pectin amounts have more
MP3 1 0 3 9.8738 6 4' 484 liquid character, while MP6 has the least liquid
MP4 29'3 9'9 599 5 46 43 feature because the more the elastic modulus
MP5 49 4 491,67 704.82 delien.di on frequency, the more liquid-like the
MP6 71.9 2229.1 2195.7 materiatis.
A MP2 ) MP3 MP4 ) MP5 MP6 B MP2 »
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Figure 3. Frequency sweep test results: A) storage and loss modules vs. angular frequency, B) complex
viscosity vs. angular frequency and, C) loss factor vs. angular frequency.

3.4. Thixotropy Tests
Under high force, the structural strength of the

materials decreases and recovers over a certain
period when the force is reduced or removed. In this
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study, low shear strain (0.5%) was first applied for
120 s, then high shear stain (100%) was applied for
120 s to ensure that the material undergoes
structural deformation, and finally, its regeneration
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was investigated by applying 0.5% shear strain for
600 seconds. While all samples showed solid
properties in the first interval, i.e., at low shear
strain, they exhibited liquid properties when high
shear strain was applied in the second interval
(Figure 4). As the shear strain is reduced again in
the third interval, the G' values of the samples

10000
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increase more than G'. While MP1 and MP2 still
showed liquid properties in the third region at 600
s, MP3 started to exhibit solid properties again after
435 s. When the shear strain applied in MP4, MP5,
and MP6 is reduced to 0.5%, the G' value
immediately exceeds G'. This indicates that these
samples exhibit solid properties in the third interval.
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Figure 4. Three interval thixotropy test (3ITT) results of the samples

Recovery values calculated as the percentage of the
G' value at the 600th second in the third region
corresponding to the G' value at the 120th second,
the last data point of the first interval, are given in
Table 4. While MP1 had 52.56% recovery at the
600th second, this value increased as the pectin rate
increased in the samples, and the recovery value
became 89.70% in MP6. Recovery values at 600 s
were calculated as 57.75%, 77.38%, 86.37%, and
88.36% for MP2, MP3, MP4, and MP5,
respectively.

Table 4. Recovery values of the samples at 600 s.

Sample Recovery (%) at 600 s
MP1 52.56
MP2 57.75
MP3 77.38
MP4 86.37
MP5 88.36
MP6 89.70
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4. CONCLUSION

In this study, flow curve, amplitude and frequency
sweep, and thixotropy tests were applied to examine
the rheological properties of samples obtained by
mixing milk and pectin in different ratios. From the
flow curve test, it was observed that the milk had
Newtonian properties and, with the addition of
pectin, it exhibited shear thinning, which is a
desired feature in applications such as 3D printing.
It was observed that viscosity values increased
significantly as the amount of pectin added
increased. Yield stress, which is important for
applications such as food packaging design and 3D
printing, was calculated to be highest in MP6 with
426 Pa. As the amount of pectin mixed into the
same amount of milk increased, the flow point,
which is the point where the material turns into
liquid, was observed at higher shear strain values.
Shear strain and storage modulus values also
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increase with the amount of pectin. This means that
samples with high pectin content must be exposed
to more stress to show liquid properties. While
samples containing low pectin appear to have liquid
character at high frequencies, all samples are solid-
like at low frequencies. This shows that it will
exhibit solid properties during shelf waiting time,
which is especially important for food products.
While the recovery percentages at 600 s increased
as the pectin amounts in the samples increased and
reached 86.37% in MP4, the addition of more pectin
increased the recovery value slightly and reached
89.70% in MP6.
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Oz

Ring iplik manikalarinin en 6nemli elemanlarindan olan kopgalar, iplik kopuslarini dogrudan etkiledigi i¢in
maliyete ve kaliteye etki eden bir faktor olarak g6z 6niinde tutulmalidir. Bu ¢aligmada kaplama malzemesi,
tel profili ve agirlik bakimindan farkli kopealar kullanilarak Uretim parametreleri sabit tutularak ring
kompakt penye iplik tiretimi gergeklestirilmistir. Uretilen ipliklerin kalite testleri yapilarak, sonuglar kopca
tiirlerine gore degerlendirilmistir. Uretim esnasinda kopga omiirleri de tespit edilmistir. Kopcalar genel
olarak degerlendirildiginde; tel profili UDR olan safir kaplama kopga en uzun 6miirlii kopga olmustur. Bu

kopganin, bilezik hareket yolundaki genisletilmis temas yiizeyi ve kaplama tiirii, yiiksek ig devrinde ytliksek
performans saglamistir.

Anahtar Kelimeler: Ring iplik, Kopca, Kopga dmrii, Iplik kalitesi, Penye iplik, Kompakt iplik

Effects of Traveller Type on Yarn Quality and Traveller's Life Time in the
Spinning of Compact Combed Yarn

Abstract

Travellers, one of the most important elements of ring spinning machines, should be taken into
consideration as a factor affecting cost and quality, as they directly affect yarn breaks. In this study, ring
compact combed cotton yarn was produced by using different travellers in terms of coating material, wire
profile and weight, keeping the production parameters constant. Quality tests of the produced yarns were
carried out and the results were evaluated according to traveller types. Traveller's life time was also
determined during production. When the travellers are evaluated in general; the sapphire coated traveller
with UDR wire profile has become the longest life time traveler. The extended contact surface on the ring
movement path and coating type of this traveler provide high performance at high spindle speed.

Keywords: Ring yarn, Traveller, Traveller's life time, Yarn quality, Combed yarn, Compact yarn
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1. GIRiS

1828°de icat edilen ring egirme teknolojisi, 1800’1
yillardan bu yana iplik tiretiminde kullanilmakta ve
giiniimiizde kisa elyaf iplik¢iliginde pazar pay1 en
yiiksek teknoloji olarak varligini korumaktadir.
1970’lerin  sonlarindan bu yana ring iplik
makinasinin verimliligi % 40 arttirilmistir. Bu artis;
daha kiigiik bilezikler ve kopslar kullanilarak,
bileziklerde ve kopgalarda Onemli gelismeler
saglanarak ve otomasyonun arttirilmasi ile
gercgeklestirilmistir [1,2].

Ring iplik makinelerinde iplige verilen biikiim, ig-
bilezik-kopca iicliisii ile saglanmaktadir. Ipligin
masuraya sarilirken i¢cinden gectigi, iplige gerginlik
veren ve ayni zamanda igle birlikte biikiimi
saglayan metalik veya plastik pargaya kopca adi
verilmektedir. Bilezik, ring iplik makinesinde ig
etrafindaki halkadir ve kopcanmn doniis yolunu
olusturmaktadir. Kopga bilezige takilidir ve iplik
aracilig1 ile siiriikklenerek donmektedir. Kopga-
bilezik arasindaki siirtiinme, ig devrini sinirlamakta
ve yiiksek hizlara ¢ikilmasina engel olmaktadir.
Celik  kopcalara yiizey kaplama islemleri
uygulanarak siirtlinmeye ve aginmaya karsi direng
kazandirilmaktadir. Kullanilan elyaf 6zelliklerine,
iplik numarasina, iretim hizina bagli olarak
kullanilan kopga tiirii degisebilmektedir. Kopga
tiirti; sekil, tel profili, kiitle ve kaplama bakimindan
farklilik gostermektedir [3].

Kopgada olmasi gereken temel ozellikler agagida
verilmistir.

e Mevcut bilezik formuna uygun olmali, bilezik
ile iyi bir temas yiizeyi bulunmali,

e Miimkiin oldugunca az 1s1 olugturmali, iyi bir 1s1
transferine  sahip  olmali  (siirtlinmeden
kaynaklanan sicakligin g¢abucak bilezige ve
havaya transfer edebilmeli),

e Piiriizsiiz calisma yiizeyi olmali,

e Kopcanin  bilezigin  {izerine
bastirabilmesi i¢in elastik olmali,

e Bilezigi asindirmamasi icin bilezikten biraz
daha yumusak malzemeden yapilmis olmali,

e Kopgayr elyaf uguntusundan koruyan, dogru
ayarlanmis olan uygun kopga temizleyicileri
kullanilmali,

e Yiiksek asinma dayanimina sahip olmalidir [3].

kirilmadan
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Kopcanin kiitlesi, bilezik ile kopga arasindaki
stirtinme kuvvetini ve balon gerginligini belirleyen
onemli bir etkendir. Eger kopga belirli bir iplik
numarasi i¢in ¢ok hafifse iplik {izerinde olusturulan
gerilim disiik olacak ve bu da gevsek, yumusak bir
sekilde sarilmis kops ile sonuglanacak ve ayrica
iplik balonu da genis olacaktir. Diger yandan ¢ok
yiiksek kopega kiitlesi yiiksek iplik gerginligine ve
daha sik iplik kopuslarina neden olur. Kopga
numarasit [SO’ya gore 1000 adet kopcanin gram
olarak agirhigidir [3].

Kopca, ring iplik makinelerinin en Onemli
elemanlarindandir. Kopgalar, iplik kopuslarini
dogrudan etkiledigi i¢in maliyete ve kaliteye etki
eden bir faktér olarak gz Oniinde tutulmalidir.
Literatiirde ring iplik tretiminde kopca ile ilgili
yapilmig bir¢ok c¢alisma vardir. Bunlardan bazilari
asagida verilmistir.

Farkli agirlik, tip ve kaplamalardaki kopgalarin
mikroliflerden egrilen akrilik ipliklerin tilyliiligiine
etkileri  arastirilmistir  [4].  Farkli  bikiim
seviyelerinde ve farkli kopga agirliklarinda tiretilen
ring ve kompakt ipliklerin performans ozellikleri
karsilagtinnlmistir [5]. Calismada Flansl ve Flans2
bileziklerle, farkli agirlik ve farkli kaplama tiiriinde,
M tipi, dr ve f olmak {iizere 2 ayr tel kesitinde
kopealar kullanilarak iplik tiretimi gerceklestirilmis
ve ipliklerin fiziksel testleri yapilmistir. Kopca
agirlik artist  genel olarak iplik 6zelliklerini
iyilestirmistir. Ayrica f profilli kopgalarda tiiyliiliik
genel olarak dr kesitli kopcalardan daha yiliksek
cikmustir [6]. ki farkli agirlikta kopea kullanilarak
ve 5 farkli karisim oraninda Ne 16/1 PES/CO
karigimi ipliklerin iretildigi calismada, degisen
karisim oranlarmin ve degisen kopga agirliklarinin
iplik tiyliiligii tizerine etkileri incelenmistir. Kopga
agirhgmm artisiyla iplik tiyliligliniin azaldigi ve
diger iplik oOzelliklerinin ise pek degismedigi
goriilmistiir [7]. Farkli inceliklerde pamuklu ¢orap
iplikleri i¢in uygun kopga numarasinin segimine
yonelik olarak yapilan ¢alismada, iplik tiyliligi,
diizgiinsiizliik, iplik hatalar1 ve 1000 ig-saat basina
uc kopma orani degerlendirilmistir [8]. Iplik
numarasl, bitkiim faktori, ig hizi, kopga agirligi ve
on silindir ¢apmin iplik kesitindeki lif paketleme
yogunlugu iizerindeki etkisi analiz edilmistir [9].
Ring iplik egirme sisteminde iiretim hatt1 ve kopca
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agirhiginm iplik 6zelliklerine etkisi incelenmistir.
Nikel kaplama, 3 farkli agirlikta, E1 1 hd EM
kopcalar kullanilmigtir. Kopga agirligimin artmasi
penye ipliklerin hata sayis1 ve tiiyliilik degerlerini,
karde ipliklerde de tiiyliilik ve kopma kuvveti
degerlerini olumlu etkilemistir [10]. Her bir
katlanmis iplik tipini (ring/ring, kompakt/kompakt
ve ring/kompakt) liretmek icin, ii¢ biikkiim (TPM)
seviyesi ve i¢ kopga agirligi seviyesi secilerek
yiiriitiilen ¢alismada, katlanmig iplikten siiprem
orgiilerin iplik biikiimiine ve kopga agirligina baglh
olarak  termal  Ozelliklerindeki  degigimler
tartigilmugtir [11].

Calismada, Cr kaplamali ve kaplamasiz olmak
tizere iki tir kopcanin yiizey ozellikleri SEM
goriintiileri  ile incelenmistir. Ayrica kopga
kaplamanin iplik 6zellikleri tizerindeki etkilerini
gormek amaciyla bu kopgalar kullanilarak tiretilen
ipliklerin tiyliliigi Slciilmiistiir [12]. Kisa elyaf
ring iplik makinalarinda enerji tiiketimini etkileyen
faktorlerden biri olarak dngoriilen kopga 6mriiniin
enerji tiiketimine etkisinin incelendigi ¢alismada,
kopganin 12-13 giinliik kullanim 6émrii boyunca 1
kg iplik tiretimi i¢in tiiketilen enerji miktar: analiz
edilmistir. Yapilan degerlendirmeler sonucunda;
kopga kullanim siiresinin artmasiyla birlikte enerji
tiiketiminin, kopganin 1. giinii ile son giinii arasinda
%7,7-13,3 civarinda artis gosterdigi
gozlemlenmistir [13]. Farkli markalara ait iki adet
aynt numarada kopga kullanilarak ve iretim
sirasinda tiim iglem parametreleri ayni tutularak Ne
30 numarada iplikler iiretilmistir. Kopga yapis1 ve

Cizelge 1. Pamuk kalite degerleri
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malzeme Ozelliklerinin iplik o6zellikleri iizerinde
etkili oldugu belirtilmistir [14]. Ne 30 numara karde
iplik icin uygun kopga segimine yonelik olarak
yapilan caligmada, iplik kalite parametrelerinin
uygun kopga agirligi secimiyle iyilestirilebilecegi
ifade edilmistir. 5/0 kopganin, 4/0 kopcaya gore
optimum tiyliliik, diizglinlik, mukavemet ve
uzama degerleri verdigi vurgulanmistir [15]. Bir
baska calismada, ring egirme sirasinda kopga
agirhigl, iplik numarasi, biikim seviyesi ve ig
hizinin kopga ve bilezik sicakliklar1 tizerindeki
etkisi modellemistir. Asir1 kopga 1sisinin, ig hizini
ve iplik diretiminin verimliligini sinirlayacagi
vurgulanmustir [16].

Bu caligmanin amaci; ring kompakt penye iplik
iretimi i¢in segilen ii¢ farkli kopga tiiriiniin hem
iplik kalite 6zelliklerine etkilerini arastirmak hem
de bu kopgalarin  kullanim  Omiirlerini
degerlendirerek karsilagtirmaktir. Boylece kompakt
iplik {iretiminde, yiiksek ig devirlerinde optimum
bilezik—kopca eslesmesi ile ayni zamanda
maksimum kopga dmrii hedeflenmistir.

2. MATERYAL VE METOT

2.1. Materyal

Calismada hammadde olarak Yunanistan sawgin
pamugu kullanilmistir. Dort ayr1 balyadan alinan
pamuk numunelerinin, Premier Art2 High Volume
Cotton Tester cihazi ile Olgiilen kalite degerleri
Cizelge 1’de verilmistir.

Numune no | UHML Ul STR ELG MIC Rd +b CG T.CNT | T.AREA
1 29,06 84,5 31,0 6,8 4,08 76,4 9,4 21 4 66 0,43
2 29,67 84,6 33,3 6,8 3,78 76,2 9,4 21 4 72 0,55
3 29,19 83,1 32,0 6,9 3,95 76 9,4 31 3 90 0,55
4 29,52 82,5 31,6 6,8 402 [764 | 94 21 4 34 0,54
Ortalama 29,36 83,68 | 31,98 6,83 3,96 76,3 9,4 21 4 78 0,52
Test sonuglarina gore ¢aligmada kullanilan pamuk  2.2. Metot

elyafi, mikroner degerine gore ince, lif uzunluguna
gore orta uzunlukta, renk ve temizlik derecesi
bakimindan ise beyaz ve temiz smifta yer
almaktadir. Ayrica lif mukavemetine gore g¢ok
saglam, iiniformite indeksi yiiksek, kopma uzamasi
yiiksektir.
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Ring kompakt penye iplik iiretim hatti asagida
Ozetlenmistir.

e Harman-Hallag
e Tarak
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Kompakt Penye Iplik Uretiminde Kopga Tiiriiniin Iplik Kalitesine ve Kopga Omriine Etkileri

» I.Pasaj Cer

* Vatka

* Penyoz

» II. Pasaj Cer
+ Fitil

* Ring-Kompakt

Ring Kompakt K-45 iplik makinesinin tiretim
parametreleri Cizelge 2’de verilmistir.

Cizelge 2. Iplik makinasi iiretim parametreleri

iplik No Ne 30/1
iplik Tiirii Penye triko
i3 Devri (d/dk) 20800
Biikiim katsayisi (a,) 3,10
Fitil No Ne 0,74
Bilezik Tiirii Flans 1, T
Bilezik Cap1 (mm) 38
C1 HD TW 3/0
Kopea Tiirii C1 HR TW 3/0
C1 EL UDR 4/0

Calismada kullanilan bilezik, Briacker Titan olup
yiizey alani Flang 1 ve T tipidir. Kopga sekli se¢imi
son derece dnemli olup, bilezik sekli ve iplikle tam
olarak koordine edilmesi gerekir. T seklinde bilezik
ile C seklinde kopgalar yaygin olarak
kullanildigindan ve C kopgcalar, ¢ok diigiik agirlik
merkezi sayesinde diizgiin ¢alisma sagladigindan
bu calisgmada C tipi koga segilmistir. T flansh
bilezik i¢in C seklinde kopgalarin, bilezik yiizeyine
temas alani nokta seklindedir (Sekil 1). Kopga,
calisma sirasinda kendisini yiike gdre optimum
sekilde ayarlar [17].

Sekil 1. T flansli bilezik ve C kopga

Ozellikle yiiksek performansli kopgalarda seklin
yani sira tel profili, malzeme ve yiizey kaplamasi
secimi de dnemlidir. Yanlis se¢im yapilirsa iplikte
istenmeyen diizeyde gerilme meydana gelmekte ve
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bu durum iplik tiiyliilligiine, kalin yer olusumuna,
iplik kopuslarina yol agabilmektedir [17].

Caligmada kullanilan kopgalarin tel profilleri HD,
HR ve UDR olarak isimlendirilmekte ve Sekil 2°de
gosterilmektedir [18]. Secilen tel profilleri, bilezik
hareket yolunda genigletilmis temas ylizeyine
sahiptir ve bu nedenle yiiksek performans
ongoriilmektedir. Ayrica s6z konusu tel profilleri,
calisilan hammaddeye de uygun olarak secilmistir.

) hd
é J yari yuvarlak genig
N
( yart yuvarlak
~ g
" udr
ultra var1 yuvarlak
-

Sekil 2. Caligmada
profilleri

kullanilan  kopgalarin  tel

Tim kopgalarin hammaddesi ¢elik olup, C1 HD
TW ve C1 HR TW kopgalara 6zel nikel kaplama,
Cl1 EL UDR kopgalara ise o6zel safir kaplama
yapilmistir.

Kopga numaralar1 3/0 (ISO’ya gore 40 mg) ve 4/0
(ISO’ya gore 35.5 mg) olarak calisilan hiza ve iplik
numarasina gore secilmistir.

Uretilen kopslardan numuneler alnarak iplik
testleri yapilmistir. Numuneler, ayni ring kompakt
iplik makinasinin 817-826 arasindaki 10 iginden
alinmis olup, bu iglerin giinliik kontrolleri ve rutin
bolgesel temizlikleri yapilip, dis etkenlerin
calismaya etkisi minimuma indirilmeye
caligtlmistir. Kullanilan kopgalarin rodaj siiresi 16
saattir. Rodaj bittikten sonra kopslar alinarak kalite
kontrol testleri yapilmustir.

Iplik mukavemet ve uzama testleri “Premier
TensoMaxx5” cihazi ile 500 mm test uzunlugunda
ve 5000 mm/dk test hizinda &lgiilmiistiir. Iplik
diizgilinsiizligli (CVm), iplik hatalar ve tiyliiliik
(HI) testleri ise “Premier 1Q5” cihaziyla 400 m/dk
test hizinda yapilmstir.
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3. ARASTIRMA BULGULARI

3.1. C1 HD TW 3/0 Kopca ile Yapilan Uretim
Sonuglari

Tim kopgalarin rodaji bittikten sonra 2.giinden
itibaren iiretilen kopslardan numune aliarak testler

Pinar DURU BAYKAL, Ozgiir AKBAS

yapilmistir. 7. giinde C1 HD TW 3/0 kopgalar
incelendiginde; kopca {izerinde ¢izikler, kilcal
catlamalar, elyaf toplanmasi ve hatta kaplamanin
ayrilmasi goriilmiistiir. Uretimde cok fazla kopusa
sebebiyet verdigi icin deneme 7. giinde
sonlandirilmustir. Iplik test sonuglar1 her giin i¢in 10
kopsun ortalamasi olarak Cizelge 3’te verilmistir.

Cizelge 3. C1 HD TW 3/0 kopga i¢in 7 giinliik ortalama kalite degerleri

Kopca % Ince yer Ince yer | Kalin yer | Kalin yer Neps o,
galsma | 7| (-30%) (-50%) (+35%) | (+50%) | (+200%)/ | HI | °* | Rkm
siiresi /Km /Km /Km /Km Km
2.giin 11,44 504,7 0,3 123,9 6,7 10,3 246 | 476 | 1746
3.giin 11,43 517,9 0,3 137,4 6,8 8,6 247 | 474 | 1709
4.giin 11,48 528,6 0 141,7 7,4 10,1 247 | 472 | 1745
5.giin 11,37 482,0 0,3 127,8 7,1 11,2 2,66 | 482 | 17,39
6.giin 11,62 557,9 0 151,7 7,4 12,3 2,57 | 459 | 1710
7.giin 11,54 508,5 0 149,3 73 10,3 247 | 438 | 1711
Ortalama | 11,48 516,6 0,15 138,63 7,12 10,47 2,52 | 467 | 1727
St.sapma | 0,09 25,52 0,16 11,22 0,31 1,23 0,08 | 016 | 018

Ayrica tiim giinlerin ortalamasi ve standart sapmasi
da gizelgede gosterilmistir. C1 HD TW 3/0 kopca
ile {iretilen ipliklerin kalite degerleri 2.giinden
7.gline genel olarak benzer egilim gostermistir.

3.2. C1 HR TW 3/0 Kopca ile Yapilan Uretim
Sonuglari

Cl HR W 3/0 kopga ile firetilen ipliklerin test
sonuglart 2. giinden 9. giine olmak iizere Cizelge
4°te verilmistir.

Cizelge 4. C1 HR TW 3/0 kopga i¢in 9 giinliik ortalama kalite degerleri

Kopc¢a % nce yer Ince yer | Kalinyer | Kaln yer Neps %
caliyma CVm (-30%) (-50%) (+35%) (+50%) (+200%)/ | HI Uzama Rkm
siiresi /Km /Km /Km /Km Km
2.giin 11,27 524,5 0 148,4 14,2 19,3 2,05 5,07 17,83
3.gilin 11,26 5433 0 138,5 10,8 23,0 2,00 4,94 17,50
4.giin 11,28 553,8 0 155,6 10,4 19,3 2,01 5,09 17,43
5.glin 11,27 547,8 0 136,2 10,1 17,8 1,67 5,09 17,67
6.glin 11,21 516,6 0 1299 6,3 15,4 1,88 5,30 17,99
7.glin 11,43 576,1 0,8 163,3 12,6 21,8 1,87 4,94 17,38
8.glin 11,34 558,5 0 156,0 11,5 25,8 1,89 5,09 17,31
9.giin 11,27 545,8 0 158,5 11,1 20,8 1,75 5,08 17,56
Ortalama | 11,29 545,8 0,1 148,3 10,88 20,4 1,89 5,08 17,58
St.sapma 0,07 18,75 0,28 12,09 2,28 3,21 0,13 0,11 0,23

Dokuzuncu giinde, kopgalar incelendiginde; kopga
iizerinde ¢izikler, kilcal catlamalar, elyaf
toplanmast ve hatta kaplamanin ayrilmasi
goriilmiis, bu durum ¢ok fazla kopusa sebebiyet

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

verdigi i¢in deneme sonlandirilmistir. C1 HR W 3/0
kopga ile iiretilen ipliklere yapilan kalite testleri
sonucunda 2. ve 9. giinler arasindaki degerlerde ¢cok
biiyiik farkliliklar goriilmemistir.
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3.3. C1 EL UDR 4/0 Kopca ile Yapilan Uretim
Sonuglari

C1 EL UDR 4/0 kopga ile iiretilen ipliklerin test
sonuglar1 2. giinden 11. gline olmak iizere Cizelge
5’te verilmistir. Kopganin 11. giiniinden itibaren
iplik kopuslarinda artiglar olmus ve deneme 11.
giiniinde sonlandirilmistir. Ancak diger kopcalarda

kalite testleri sonucunda baz1 degerlerde bir miktar
artis gozlenmekle birlikte sonuglar benzerdir.

Kopgalar genel olarak degerlendirildiginde; C1 EL
UDR 4/0 en uzun 6miirlii (11 giin) kopga olmustur.
Bu kopganm tel profili (udr), bilezik hareket
yolundaki genisletilmis temas yiizeyi ile yiiksek ig
devrinde yiiksek performans saglamistir. Yine bu

goriilen deformasyonlara rastlanmamustir. kopgada kullanilan  safir  kaplama yiiksek
C1 EL UDR 4/0 kopga ile iiretilen ipliklere yapilan performanslh kopealar igin gelistirilmistir.
Cizelge 5. C1 EL UDR 4/0 kopga i¢in 11 giinliik ortalama kalite degerleri
Kopga % inceyer | Inceyer | Kahnyer | Kalinyer Neps %
caliyma CVm (-30%) (-50%) (+35%) (+50%) (+200%)/ | HI Uzama Rkm
siiresi /Km /Km /Km /Km Km
2.giin 11,48 732,1 0 160,4 9,7 19,3 2,37 4,89 17,20
3.giin 11,55 767.8 0,6 165,4 10,7 15,6 238 | 496 | 17,68
4.giin 11,46 7174 0 175,9 12,3 20,1 236 | 472 | 17,48
5.giin 11,49 723.,8 0,3 167,1 13,2 18,3 2,34 4,72 17,45
6.giin 11,51 751,2 0,3 166,8 10,5 17,1 2,38 4,72 16,83
7.giin 11,62 806,2 0 189,7 10,7 20,7 2,39 4,74 16,82
8.glin 11,59 747,7 0,6 196,9 14,8 22,7 2,38 4,81 16,77
9.giin 11,61 774.4 0,3 180,2 13,1 20,0 237 | 463 | 16,60
10.gilin 11,65 777,6 0,9 195,9 11,9 23,3 2,36 4,73 16,88
11.glin 11,69 816,5 0 189,6 10,3 23,1 2,37 4,73 17,01
Ortalama | 11,57 761,47 0,3 178,79 11,72 20,02 2,37 4,77 17,07
Stsapma | 0,08 33,36 0,32 13,60 1,62 2,57 0,01 | 0,10 | 0,36

Kopganin iplik kalite parametrelerine, o6zellikle
tilyliiliik tizerine biiyiik etkisi vardir [8]. Calismada
kullanilan kopgalar ile elde edilen tiyliilik
degerleri diisiik ve birbirine yakindir. Ig devri
arttikga iplik tiyliliigiiniin arttigi bilinmektedir.
Calismadaki ig devri yiiksektir ancak kompakt

sistem sayesinde tiiyliiliik azaltilmistir.

3.4. Iplik Diizgiinsiizliigii (%CV) Bakimindan
Genel Degerlendirme

Kopga tiirlerinin dlgiilen iplik diizgiinsiizligi
degerleri kopga Omiirlerine gore Sekil 3’te toplu
olarak verilmistir.

% CV
11,7 _ a
11,6 - A A il -
11,5
11,4
11,3
11,2
11,1
11
10,9
2.gin 3.gin 4.gn 5.gin 6.gin  7.gln 8.gin 9.gin 10.gln 11.gin ort.
W C1HDTW 3/0 WC1HRTW 3/0 C1EL UDR 4/0

Sekil 3. Kopga tiiriiniin iplik diizgiinsiizliigi tizerindeki etkisi
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Sekilde, kopga tiirleri arasinda ve ayrica kopgalarin
calisma gilinleri arasinda diizgilinsiizliik degerleri
acisindan farkliliklar oldugu acikc¢a goriilmektedir.
Genel olarak ¢aligma siireleri arttik¢a diizgiinsiizliik
degerlerinde bir miktar artiy gdzlenmektedir.
Ortalama olarak en diisiik diizgiinsiizlik degerini
veren kop¢a C1 HR TW 3/0 olmustur. Ortalama
diizgiinsiizliik degerleri Uster istatistikleri 2023’¢
gore degerlendirildiginde, C1 HD TW 3/0 kopgalar
%354, C1 HR TW 3/0 kopgalar %49, C1 EL UDR

Pinar DURU BAYKAL, Ozgiir AKBAS

4/0 kopgalar %57 kalite seviyesinde c¢ikmustir.
Buna gore tiim kopcalarin Uster kalite degerleri
birbirine yakindir.

3.5. liplikte ince Yer Hatas1 Bakimindan Genel
Degerlendirme

Farkli kopgalar ile iiretilen ipliklerin ince yer
hatalart kopg¢a Omiirlerine gore Sekil 4 ve 5’te
verilmistir.

900

800

700

600

500

400

300

200

100

0

W C1HDTW 3/0

ince yer (-30%) / km

2.gun 3.gin 4.gun 5.gun 6.gUn 7.gun 8.gun 9.gun 10.gun 11.gun ort.

W C1HRTW 3/0

C1ELUDR 4/0

Sekil 4. Kopga tiiriiniin iplikte ince yer hatasi (-30%) lizerindeki etkisi

Ortalama olarak en diisiik ince yer sayisint veren
kopga -30% i¢in C1 HD TW 3/0 olurken, -50% igin
ise C1 HR TW 3/0 olmustur. Ortalama ince yer
hatalar1 (-50%) Uster Istatistikleri 2023’¢ gore
degerlendirildiginde, C1 HD TW 3/0 kopcalar
%25, C1 HR TW 3/0 kopgalar %5, C1 EL UDR

4/0 kopgalar %38 kalite seviyesinde c¢ikmustir.
Buna gore C1 HR TW 3/0 kopgalar, ince yer hatasi
bakimindan en kaliteli iplikleri tiretmektedir. Uster

Istatistiklerinde, -30% ince yer hatast igin
degerlendirme bulunmamaktadir
ince yer (-50%) / km
0,9 p
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1 .
(o] = = — e
2.glin 3.gin 4.gln 5.gin 6.gin 7.gin 8.g0n 9.glin 10.gin 11.gin ort.
BC1HDTW 3/0 B C1HRTW 3/0 C1ELUDR 4/0
Sekil 5. Kopga tiiriiniin iplikte ince yer hatasi (-50%) iizerindeki etkisi
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3.5. Iplikte Kalin Yer Hatas1 Bakimindan Genel
Degerlendirme

Kalin yer hatalari, kopga tiirlerine ve kopga
Omiirlerine gore Sekil 6 ve 7°de verilmistir.
Ortalama olarak en diisiik kalin yer sayisini veren
kopga C1 HD TW 3/0 olurken, en yiiksek kalin yer
hatas1 C1 EL UDR 4/0 kopga ile elde edilmistir.
Ortalama kalin yer hatalart (+35%) Uster
Istatistikleri 2023’ gore degerlendirildiginde, C1

HD TW 3/0 kopgalar %44, C1 HR TW 3/0 kopgalar
%47, C1 EL UDR 4/0 kopcalar %58 Kkalite
seviyesinde ¢ikmistir ve genel olarak yakin kalite
seviyelerindedirler. Uster Istatistikleri 2023’e
gore (+50%) kalin yer hatalar1 degerlendirildiginde,
Cl1 HD TW 3/0 kopgalar %15, C1 HR TW 3/0
kopcalar %38, C1 EL UDR 4/0 kopgalar %42
kalite seviyesinde olup, burada C1 HD TW 3/0
kopealar, ilk %15°1ik kalite dilimi ile digerlerinden
belirgin olarak ayrilmaktadir.
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Sekil 6. Kopga tiiriiniin iplikte kalin yer hatasi (+35%) {izerindeki etkisi
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Sekil 7. Kopea tiiriiniin iplikte kalin yer hatasi (+50%) {izerindeki etkisi

3.6. Iplikte Neps Hatasi1 Bakimindan Genel
Degerlendirme

Neps hatalari, kopga tiirlerine ve kopga Omiirlerine
gore Sekil 8’de verilmigtir. Ortalama olarak en
diisiik neps sayisint veren kopga C1 HD TW 3/0
olmustur.  Ortalama neps sayilar1  Uster
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Istatistikleri 2023’e gore degerlendirildiginde, C1
HD TW 3/0 kopgalar %12, C1 HR TW 3/0 kopgalar
%38, C1 EL UDR 4/0 kopgalar %37 Kkalite
seviyesinde ¢ikmistir. C1 HD TW 3/0 kopgalar neps
bakimindan en kaliteli iplikleri tiretmistir, diger
kopgalarin Uster kalite dilimleri arasinda fark
yoktur.
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v]
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Sekil 8. Kopga tiiriiniin iplikte neps hatas1 (+200%) tizerindeki etkisi

3.7. Iplik  Tiiyliliigii
Degerlendirme

Bakimindan  Genel

Farkli kopca tiirleri ile iiretilen kompakt penye
ipliklerin tiiyliiliik degerleri kopga Omiirlerine gore

olmustur. Ancak kopgalarin ortalama iplik
tiiyliiliigii degerleri Uster Istatistikleri 2023’e gére
degerlendirildiginde, tim kopgalar %5’lik kalite
seviyesinde c¢ikmistir. Bu durumda kopga tiirii
tiyliiliik  kalite parametresi agisindan  fark

Sekil 9°da verilmistir. Ortalama olarak en diisiik  yaratmamustir.
tiyliliik degerini veren kopga C1 HR TW 3/0
Taylaltk (HI)

™
n

0

2.gin 3.gin 4.gin 5.gin 6.gin 7.gln &.gin 9.gin 10.gin 11.gin

HC1HDTW 3/0 EC1HRTW 3/0 M CLELUDR4/0

Sekil 9. Kopea tiiriiniin iplik tiyliligi tizerindeki etkisi

3.8. iplik Kopma Mukavemeti Bakimindan
Genel Degerlendirme

Kopga tiirlerinin kopma mukavemeti degerleri
kopga Omiirlerine gore Sekil 10’da verilmistir.
Ortalama olarak en yiiksek mukavemet degerini
veren kopga C1 HR TW 3/0 olmustur. Ancak
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kopgalarin ortalama iplik mukavemeti degerleri
Uster  Istatistikleri 2023  esas  alinarak
degerlendirildiginde, tiim kopcalar %95°lik kalite
seviyesinin iizerinde ¢ikmigtir. Bu durumda kopga
tiiri mukavemet agisindan fark yaratmamis olup,
iplikler Uster istatistiklerine gore en diisiik kalite
diliminde yer almistir.
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Sekil 10. Kopga tiiriiniin iplik kopma mukavemeti iizerindeki etkisi

3.9. Iplik Kopma Uzamas1 Bakimindan Genel
Degerlendirme

Kopga tiirlerinin kopma uzamasi degerleri kopga
omiirlerine gore Sekil 11°de verilmistir. Ortalama
uzama degerleri Uster Istatistikleri 2023’e gore

degerlendirildiginde, C1 HD TW 3/0 kopgalar %74,
Cl HR TW 3/0 kopgalar %55, C1 EL UDR 4/0
kopcalar %69 kalite seviyesinde c¢ikmustir.
Ortalama olarak en yiiksek uzama degerini ve en iyi
kalite dilimini veren kopca C1 HR TW 3/0
olmustur.
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EC1HRTW3/0 mClELUDR4/0

Sekil 11. Kopga tiiriiniin iplik kopma uzamasi iizerindeki etkisi

3.10.Kop¢a Omrii  Bakimindan  Genel

Degerlendirme

Calismada kullanilan C1 EL UDR 4/0, en uzun
Omiirlii kopga olurken onu sirasiyla C1 HR TW 3/0
ve C1 HD TW 3/0 izlemistir (Sekil 12).

Kisa elyaf iplikgiliginde, bilezik/kopga sistemi,
aktif bir yaglama maddesinin eklenmedigi "kuru
yaglama" kosullar altinda ¢alisir. Bilezik ve kopga
arasindaki gerekli yaglama maddeleri elyaf
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tarafindan saglanir. Pamukta, elyaf parcalart ve
dogal pamuk mumu, yaglama filmi olusturur.
Diisiik (dar) iplik bosluguna sahip kopgalar iyi
yaglama saglarken genis iplik boslugu daha az
yaglama olusturur. Yetersiz yaglamada ise kopga
asinmasi artar [17].

Kompakt ipliklerde, iplik tiyliiliigii son derece
disik oldugundan yaglama i¢in gereksinim
duyulan elyaf uglar1 biiyiik 6l¢iide mevcut degildir.
Elyaf yaglama filminin yetersiz olmasindan dolayz,
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kompakt iplik  egrilmesinde  bilezik-kopga
stirtiinmesi geleneksel ipliklerdekinden yiiksektir.
Bu nedenle kompakt iplik egirmede yaglama igin
yararlanilacak az sayidaki elyafi bilezik ve kopca
arasindaki temas bolgesine yaklastirmak i¢in daha
algak kemerli ve daha dar kopgalarin kullanilmasi
oOnerilir [18].

Pinar DURU BAYKAL, Ozgiir AKBAS

Bilezik hareket yolundaki genisletilmis temas
ylizeyi ile dar iplik bosluguna sahip C1 EL UDR
kopca, egirme sirasinda gergeklesen iyi yaglama
nedeniyle en uzun 6miirlii kopga olmustur. Ayrica
bu kopcada kullanilan ve yiiksek performansli
kopegalar igin gelistirilmis olan safir kaplama da
kopga dmriiniin artmasinda etken olmustur.

Kopg¢a Omrii (Giin)

12
10 11
8 9
6 7
4
2
0
C1HDTW 3/0 C1HRTW 3/0 C1EL UDR 4/0
Kopga Tiiri

Sekil 12. Kopga tiirlerinin kopga dmiirleri

4. SONUCLAR
Kopganin iplik kalite parametreleri, o6zellikle
tiylillik tizerinde biiyiikk etkisi vardir [8].

Caligsmada kullanilan kopgalar ile iiretilen ipliklerin
tiiyliiliik degerleri Uster Istatistikleri 2023’e gore
%S5’lik kalite seviyesindedir. Bu durumda kopca
tirdi iplik tiiyliliik kalite parametresi agisindan fark
yaratmamis olup kompakt iplik tiretimi i¢in segilen
kopgalar uygundur.

Calisma sonuglari genel olarak
degerlendirildiginde, yiiksek ig devrinde ¢alisilan 3
farkli kopga ile iiretilen kompakt penye ipliklerin
kalite parametreleri arasinda biiyiik farkliliklar
goriilmemistir.

Egirme sirasinda kopca, temas bolgesinde yiiksek
mekanik ve termal gerilime maruz kalmakta; ortaya
¢ikan hasar (¢atlaklar, ¢izikler ve kaplamalarin
ayrilmasi) kopganin daha hizli bozulmasma yol
acmaktadir [12]. Kopga omiirleri, ortalama 4 — 25
giin aras1 degiskenlik gostermektedir. Kopga dmrii
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iplik kalitesine ve kopuslara etki ettigi gibi bilezik-
kopga arasindaki siirtiinme her gegen giin artmakta,
bu da enerji tiketiminin yiikselmesine sebep
olmaktadir. Enerji tiikketiminin optimizasyonu
bakimindan kopga kullanim dmriiniin ¢ok dikkatli
secilmesi gerekmektedir [13].

Uretimi yapilacak iplik numarast i¢in miimkiin olan
en hafif kopca se¢imi enerji tiikketiminin azaltilmasi
bakimindan 6nemlidir [13]. Ayrica hiz ne kadar
artarsa  kopganin o kadar hafif olmasi
onerilmektedir [18]. Kompakt iplik iiretiminde
bilezik / kop¢a yaglamasinin az olmasi nedeniyle 1-
2 numara daha hafif kopcalarla ¢aligilmasi tavsiye
edilmektedir [18]. Calismada kullanilan C1 EL
UDR 4/0 kopga, digerlerinden 1 numara daha
hafiftir.

Tim  degerlendirmeler 1s18inda,  calismada
kullanilan C1 EL UDR 4/0, Ne 30 penye kompakt
iplik {iretimi i¢in en uygun kopca olarak
belirlenmistir.
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Oz

Yogun bakim iiniteleri saglik sisteminde merkezi bir rol oynamaktadir. Hastanede kalig siiresi, hastane
yonetimi kalitesinin 6nemli bir gostergesidir. Simiilasyon, ¢izelgeleme, planlama gibi alanlarda hasta kalig
stirelerinin istatistiksel olarak tanimlanmasi gerekir. Ancak bu veriler oldukca carpikti ve bu nedenle
istatistiksel modelleme zorlu bir is olabilir. Karma dagilim modelleri, bu zorlugun iistesinden gelebilecek
kabiliyete sahip modellerdir. Bu ¢alismada, iki farkli yogun bakim iinitesinde (genel cerrahi, koroner)
gozlemlenen oldukga ¢arpik hasta kalis siiresi verilerinin modellenmesi igin karma dagilim yaklasimi
kullanilmistir. Karma dagilim modellerini gelistirmek igin dort farkli dagilim (normal, Weibull, gamma,
lognormal) kullanilmigtir. Karma dagiliminin optimal bilesen sayis1 Bayes bilgi kriteri degeri yardimiyla
belirlenmis ve dagilim parametreleri beklenti-maksimizasyon algoritmasi kullanilarak tahmin edilmistir.
Bilesen ve parametre tahmini yapilan karma dagilimin model gegerliligi, ortalama mutlak yiizde hata ve R?
degeri kullanilarak degerlendirilmis ve gercek veri setlerini olduk¢a yiiksek dogrulukla temsil ettigi
gorilmiistiir.

Anahtar Kelimeler: Kalis siiresi, Performans metrikleri, Karma dagilim, Tahmin, Yogun bakim iinitesi

Modeling the Length of Stay in the Intensive Care Unit
by Using Mixture Distribution

Abstract

Intensive care units play a central role in the healthcare system, and the length of stay in hospitals serves as
a significant indicator of hospital management quality. Statistical characterization of patient lengths of stay
is essential in areas such as simulation, scheduling, and planning. However, these data are often highly
skewed, making statistical modeling a challenging task. Mixture distribution models are capable of
overcoming this challenge. In this study, a mixture distribution approach was employed to model the highly
skewed patient length of stay data observed in two different intensive care units (general surgery, coronary).
Four different distributions (normal, Weibull, gamma, lognormal) were used to develop mixture
distribution models. The optimal number of components for the mixture distribution was determined using
the Bayesian information criterion value, and distribution parameters were estimated using the expectation-
maximization algorithm. The validity of the mixture distribution was evaluated using mean absolute

*Sorumlu yazar (Corresponding Author): Selin SARAC GULERYUZ, selin.sarac@toros.edu.tr
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percentage error and R-squared value, demonstrating its ability to represent real datasets with high

accuracy.

Keywords: Length of stay, Performance metrics, Mixture distribution, Prediction, Intensive care unit

1. GIRIS

Kalis siiresi, hastanin hastaneye ilk yatigindan
taburculuk tarihine kadar gecen siire olarak
tanimlanir [1]. Hasta kalis siiresi, bakim
hizmetlerinin kalitesini, hastane performansini ve
hastane kaynak tiikketimini degerlendirmek igin
temel gostergelerden biri olarak kabul edilir [2-6].
Hastanenin yatak kapasitesi, ekipman, personel ve
zaman gibi kisitlamalarini yonetmek i¢in hasta kalis
stiresinin dogru bir sekilde belirlenmesi gerekir.
Sadece hastane yoOnetimi degil, hasta ve sigorta
sirketleri de bu 6ngoriiyii biitgelerini yonetmek i¢in
kullanabilir [7].

Yogun bakim {initeleri (YBU), kritik durumdaki
hastalara yogun ve 6zel tibbi bakim saglar [8]. Son
on yilda, yogun bakim {initesine olan ihtiyag
artmistir [9]. Hastane biitgesinin yaklasik %15 -
%20'si yogun bakim hastalarina aittir [10]. Bu
nedenle yogun bakim {nitelerinden en verimli
sekilde yararlanilmalidir. Hasta kalis siiresi igin iyi
bir tahmin, yatak kapasitesi, ekipman, personel ve
zaman gibi ciddi sekilde smirlt kaynaklarin daha iyi
operasyonel planlamasi anlamina gelir [6]. Ayrica,
hasta kalig siiresi tahmini hastalarin bekleme
stirelerini azaltmaya yardimci olur. Sonug olarak,
yogun bakim {initesindeki hasta kalig siirelerini
onceden tahmin etmek hastane ydnetimi, sigorta
sirketleri ve hasta ailesi i¢in son derece faydalidir.

Hasta kalig siiresi genellikle gesitli faktorlere bagli
olan olduk¢a carpik veriler olmasi nedeniyle
modellemeyi  zorlasgtirir  [11].  Esneklikleri
sayesinde, carpik dagilimlar ve rastgele olaylar,
karma dagilimlar ile modellenebilir [12]. Ancak,
smirli sayida ¢aligsma, yogun bakim {initesinde hasta
kalis siiresini tahmin etmek i¢in karma dagilim
modeli kullanmigtir. Karma dagilimlar bilesenleri
kisa, orta veya uzun vadeli hasta kalig siiresini
tanimlayabilir, boylece hastane yOnetimi yatarak
tedavi lizerindeki baskiyi takip edebilir [13]. Yogun
bakim iinitesinde uzun siireli kalig siiresi, iyi
gelistirilmis bir hasta kalig siiresi tahmin modelinin
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yardimiyla belirlenebilir. Boylece, tahmin modeli
klinik karar vermeyi gelistirmeye yardimci olabilir.
Bu ¢aligmada, her bir yogun bakim iinitesi i¢in hasta
kalis siiresini tahmin eden karma dagilim modeli
olusturmay1 amaglamaktadir. Bu amagla dort farkl
stirekli karma dagilim (normal, Weibull, gamma,
lognormal) ele  alinmustir  ve  sonuglar
karsilastirilmistir.

Son on yilda saglik verilerinin tahmini ve
modellenmesi i¢in ¢esitli yontemler kullanilmustir.
Bazi ¢alismalar, makine Ogrenimi yontemlerine
dayali olarak hasta sayisi veya hastalarin kalig
siiresini tahmin etmeye c¢aligmistir [6,9,14-16].
Ancak karma dagilim  modelleri, ¢arpik
dagilimlardan olusan verilerin modellenmesinde de
oldukca etkili oldugu goriilmiistir [17]. Karma
dagilim modelleri, sadece ekonomi ve pazarlamada
degil, ayn1 zamanda saglik alaninda; anatomi,
biyoinformatik, hiicre biyolojisi, kronik hastaliklar,
genetik, geriatri, enfeksiyon hastaliklari, goriintii
isleme, ortopedi, farmakoloji, beslenme, kadin
hastaliklari, psikiyatri gibi bilim dallarinin yani sira
hastanede i gilicii ve sigorta biitgesinin
planlanmasinda da kullanilmistir [18-21]. Hasta
kalig siiresi verileri bazi c¢aligmalarda normal,
negatif binom, iistel, Weibull, Poisson ve lognormal
karma dagilimlarina uyarlanmigtir [23-29].

2. YONTEM

Bu calismada, Adana’da bir arastirma hastanenin
bilgi sistemi veri tabanindan toplanan bir yillik
kabul ve taburcu siiresi verileri kullanilarak iki
farkli yogun bakim iinitesinin giin cinsinden hasta
kalis siiresini hesaplanmistir. Planlama agisindan,
giinlik tahmin modeli, saatlik tahminlerden daha
faydalidir [6]. Bu nedenle, bu ¢aligmada giinliik
tahmin modelleri benimsenmistir. Tiim iglemler, 64
bit Windows 10 igletim sistemine sahip diziistii
bilgisayarda, RStudio (siirim 4.1.2) kullanilarak
hesaplanmustir.
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Karma orant (m;,m,,...,m;), bilesen sayist (k) ve
dagilim parametreleri f}(x;0,),,(x;0,),...,f (x;6;)
olmak tizere ii¢ komponent ile tanimlanir.

f)=m, f, (x;0)+m £ (x;0,)+...+ m i (x:0,) (1)

0<m<l1 i=1,2,....k 2)
Y m=1 A3)
Karma dagilimlarin genel bir gdsteriminde

parametreler i¢cin vy semboliinii kullanilabilir.
Karma dagilimlar igin genellestirilmig gosterim
Esitlik 4°te verilmistir.

fow)= 2k mif(x;6; ) 4)

Karma dagilim il veri modellemenin ilk zorlugu, k&
ile ifade edilen optimal bilesen sayisin
belirlemektir. Optimal & sayisim bulmanin ana
hedefi, verileri iyi ayrilmig kiimelere bolmektir.
Baska bir deyisle, heterojen veri setini, homojen
pargalara aymrmaktir [31]. Akaike Bilgi Kriterleri
(AIC) ve Bayesian Bilgi Kriterleri, modelin
dogrulugu optimal bilesen sayisini olan k degerini
belirlemen i¢in yaygin olarak kullanilmaktadir
[28,32].

AIC, 2k-2InL(y), BIC ise -In(n)k-2InL(y)
formiiliiyle hesaplanir [33,34]. Her iki formiilde de
L(y) karma dagilim modelinin olabilirlik
tahminindeki deger ve k aday bilesen sayisini
gosterir. BIC, AIC’den farkli olarak gozlem sayisi
olan n degerini de hesaba katar ve daha tutarli bir
model secimi yapabilir. Her iki yontemde de en
kiiciik deger en uygun modeli temsil etmektedir.

En uygun karma dagilim tiirii ve optimal bilesen
sayist ~ bulunduktan sonra karma dagilim
parametreleri tahmin edilmelidir. Maksimum
olabilirlik veya Beklenti Maksimizasyonu (EM)
yontemi, olasiligt maksimize eden veri seti
parametrelerini  bulmaya c¢alisan ve Dempster
tarafindan 1977 yilinda 6nerilen bir algoritmadir. n
gozlem tarafindan olusturulan & bilesenli bir karma
dagilim modelinin tiim degerlerinde L(y)'yi
maksimize eden 0(xi,...,x,) degerine 6'nin
maksimum olabilirlik tahmini denir [35].
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Tiim karma dagilim modelleri, farkli dogruluk
dereceleriyle hasta kalis siiresini tahmin edebilir.
Onemli olan en yiiksek dogrulukla hasta kalis
stiresini modelleyebilmektedir. Ortalama mutlak
yiizde hatas1 (MAPE), tahmin performansini
degerlendirmek i¢in kullanilir [36]. MAPE, gercek
(v;) ve tahmin edilen degerler (¥;) arasindaki yiizde
hatayr temsil eder ve 100/n Z{‘:l|yi—§li /yi|
formiiliiyle hesaplanir. MAPE degerinin diisiik
olmasi, daha dogru bir tahmine isaret eder.
MAPEin %10 degerinin altinda olmasi, oldukga
dogru bir tahmin sonucu olarak kabul edilir [37].
R-kare (R?), gercek ve tahmin edilen degerler
arasindaki iliskinin benzerligi ve giici ile
degerlendirilir [38]. R?, 0-1 aras1 deger alir ve 1’e
ne kadar yakinsa model uyumu o kadar yiiksektir.
y; gercek, §; tahmin edilen ve ¥ hesaplanan gergek
ortalama deger olmak iizere; I—Z(yi—?i)2 / (yi—y)2
formiiliiyle hesaplanir.

3. ARASTIRMA BULGULARI

Caligmamizda bir Arastirma Hastanesi’nin genel
cerrahi (GC) ve koroner (K) yogun bakim iiniteleri
(YBU) olmak iizere iki farkli birim ele almmistir ve
bir yil boyunca kaydedilen gelis ve bu birimlerden
¢ikis zamanlari kullanilmistir. Veri igeriginde hasta
gizliliginin saglanmasi amaciyla kisisel bilgiler
bulunmamaktadir. Cikis ve giris zamanlari
arasindaki fark alinarak ilgili birimde her bir
hastanin kalis siiresi hesaplanarak yeni bir veri seti
olusturulmus ve bu veri seti calismada analiz
edilmistir.

Cizelge 1°de gozlem sayisi (n), ortalama deger (u),
medyan, standart sapma (o) carpiklik ve basiklik
degerleri hesaplanmistir ve genel cerrahi ve koroner
yogun bakim {initelerinde hasta kalig siiresinin
betimleyici istatistikleri olarak Cizelge 1.’de
Ozetlenmistir.

Genel Cerrahi YBU’de toplam 730, Koroner
YBU’de ise 1421 hasta kaydedilmistir. GC YBU’de
hastalarin ortalama kalig siiresi 6.2 giin iken K
YBU’de bu siire 3.6 giindiir. Her iki YBU’de de
standart sapma degerleri ortalama degerlere
oldukca yakindir. Ortalama ve standart sapma
degerlerine gore her iki YBU’de de hasta kalis
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stirelerinin oldukca farklilik gdsterdigi yorumu
yapilabilir. Carpiklik ve basiklik degerleri bir veri
setinin degiskenligini 6l¢mek icin kullanilan 6nemli
karakteristiklerden birisidir. Incelenen iki YBU’de
de carpiklik ve basiklik degerlerine gore, verilerin
oldukga asimetrik oldugu goriilmektedir. Asimetrik

Cizelge 1. Betimleyici istatistikler

davranisin izlenebilecegi bir diger kiyaslama ise
ortalama ve medyan degerleridir. Bu iki degerin esit
olmast durumda, gozlemlerin simetrik dagilim
oldugu yorumu yapilabilir. Ancak ele alinan iki
YBU’de de bu durum séz konusu degildir ve
asimetrik bir davranig beklenmektedir.

YBU Gozlem Ortalama Medyan Standart Carpikhik Basikhik
sayisi sapma
Genel cerrahi 730 6.22 3.9 6.05 1.8 3.05
Koroner 1421 3.66 2.7 3.12 2.8 11.8
Distribution of Length-of-Stay (day)
GENERAL SURGERY ICU
200- Jﬂn
4‘2 1:0 - M
3 622
S 4q0
¢ct: 50-
o 10 20 30
LoS (day)
0 10 20 30
LOS_day
CORONARY ICU
Mean
366
g 400-
= 200-
H
0- [ I
o 1ID ZID a0
LoS (day)
EII 1IE| ZIEI
LOS_day

Sekil 1. Kalis siiresi histogram ve kutu grafikleri

Sekil 1'de, carpiklig1 vurgulamak igin histogramlar
ve kutu grafikleri ¢izilmistir. Ortalama ve medyan
degerler arasindaki farklar kutu grafiklerinde agikca
goriiliir ve verilerin ¢arpikligini destekler. Ayrica
kutu grafiklerinde gozlemlenen uzun kuyruklar
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hasta kalig siiresi dagilimlarinin, her iki yogun
bakim hasta kalis siireleri i¢in saga carpik dagilimi
dogrular. Kutu dagilimda goriilen siyah noktalar
aykirt  degerleri  temsil eder. Betimleyici
istatistikler, histogramlar ve kutu grafiklerinden
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elde edilen bilgiler 15181nda, her iki yogun bakim
iinitesinden elde edilen kalis siiresi degerlerinin
asimetrik, aykir1 degerler igeren ve saga carpik
dagilima sahip oldugunu séylenebilir.

Bu 6zelliklere sahip bir veri setinin bilinen herhangi
bir teorik saf dagilima uymasi genellikle miimkiin
degildir. Ancak zaman seri modelleme, simiilasyon,
gizelgeleme, planlama gibi pek ¢ok uygulamada
verilerin istatistiksel olarak temsil edilmesi gerekir
[39,40].

Genel cerrahi ve koroner yogun bakim tinitelerinde
hastalarin kalig siiresi bilinen saf dagilimlarla
uygunlugu ki-kare (y?) testiyle sinanmigtir. Ho
hipotezi verilerin secilen aday saf dagilimla uyumlu
oldugunu kabul eder. y? testiyle hesaplanan p degeri
secilen anlamlilik diizeyinin (o = 0.05) altinda ise
Ho reddedilir [41]. x? testi; Weibull, gamma,
lognormal ve normal dagilimlar i¢in test edilmis ve
test edilen tim aday dagilimlar i¢in p degeri 0.00
olarak hesaplanmustir.

Cizelge 2. BIC degerine gore en iyi model se¢imi

Selin SARAC GULERYUZ

Bilinen herhangi bir saf dagilima uymayan g¢arpik
verilerin temsilinde olduk¢a iyi sonuglar verdigi
literatiir ile desteklenmis karma dagilim yaklagimi
kullanilabilir [27,39].

Karma dagilim ile modellemede ilk adim bilesen
sayisi k degerinin belirlenmesidir ve AIC ile BIC
degerleri kullanilir. Keribin makalesinde [42],
BICmin karma dagilimlarinin model segiminde
AlC'den daha dogru bir tahmin sagladigini
gostermistir. Bu bilgiler 1s1ginda, bu ¢aligmada en
uygun karma dagilim modellerini se¢gmek i¢in BIC
degeri kullanilmistir. Cizelge 2.’de k& = 2,34,5
degerleri i¢in model uygunlugu dort aday karma
dagilim ile degerlendirilmis ve en kiiciik BIC
degerine sahip kombinasyon en uygun model olarak
secilmigtir. Buna gore, hem genel cerrahi hem de
koroner yogun bakim iiniteleri i¢in en uygun karma
dagilim modeli ti¢ bilesenli lognormal karma
dagilimidir.

BIC (Genel cerrahi)

Model k=2 k=3 k=4 k=5

Normal 4712.11 3974.394 4124.87 4137.91

Weibull 3987.09 3941.879 3937.54 3944.28

Gamma 3941.39 3921.717 3920.50 3933.23
Lognormal 3914.89 3907.893" 3908.87 3924.80

BIC (Koroner)

Model k=2 k=3 k=4 k=5

Normal 6206.80 6010.978 5891.41 5897.27

Weibull 5990.96 5939.896 5887.64 5902.89

Gamma 5892.25 5711.206 5684.03 5709.576
Lognormal 5826.12 5659.703" 5663.96 5687.55

Cizelge 3’te karma dagilimlarmin  uygun 24.07 giin, ve kalan popiilasyon olan %4.6'y1

parametrelerinin tahminlerini gosterilmistir. Genel
cerrahi yogun bakimda kisa siireli yatan hastalar,
yilda ortalama 2.04 giin ile niifusun %36.9'unu
olusturmaktadir. Orta siireli yatan hastalar, yilda
747 gin, yani bir haftadan fazla olmak {izere,
niifusun %58.5' ile yaridan fazlasini olustururken,
uzun siireli yatan hastalar, {i¢ haftanin iizerinde
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olusturmaktadir.

Benzer sekilde koroner yogun bakimda popiilasyon
sirastyla %11.8, %46.7 ve %41.4 kisa (1.11 giin),
orta (2.41 giin) ve uzun (5.74 giin) yatan hastalar
olmak {iizere ii¢ boliime ayrilmistir. Genel cerrahi
yogun bakimdan farkli olarak, koroner yogun
bakimda hastalarin kalig siiresi daha kisadir.
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Cizelge 3. EM algoritmasi kullanilarak tahmin edilen parametreler

Model Parametreler
k T, My [
0.369 2.04 0.77
Genel cerrahi Lognormal 3 0.585 7.47 5.23
0.046 24.07 3.03
0.118 1.11 0.077
Koroner Lognormal 3 0.467 241 0.88
0.414 5.74 3.66

Sekil 2°de BIC yardimiyla segilen en uygun karma  bakilarak veri setinin karma dagilim ile oldukga iyi
dagilim modeline gére yogunluk grafikleri ¢izilmis  bir uyum yakaladigi goriilmektedir.
ve veriyle kiyaslanmistir. Yogunluk grafiklerine

Genel Cerrahi YBU
Lognormal karma dagilim (k=3)

0.254
%DJE— 1
.. 2
& 010
0.054 ?
0.001 i : ! = — ] I
0 10 20 30 40
Data
Koroner YBU
Lognormal karma dagilim (k=3)
0.61
Comp
=
E 0.41 1
2 2
0.2 3
0.0 J : : : : .
0 5 10 15 20
Data

Sekil 2. Genel cerrahi ve koroner YBU karma dagilim yogunluk grafikleri

Hem Genel cerrahi YBU’de hem de Koroner Acikca goriilebildigi gibi, karma dagilim modeli
YBU’de kaydedilen hasta kalis siiresi ii¢ bilesenli  kullanilarak YBU kalig siiresi modellemede yiiksek
karma dagilim ile temsil edilmistir. Verinin karma  dogruluk elde edilmistir. MAPE, genel cerrahide
dagilim yaklagimiyla temsil giictiniin test edilmesi 942 77, koronerde ise %1.92'dir ve bu da oldukca
icin MAPE ve R? degeri hesaplanmis ve sonuglar dogru tahmin olarak kabul edilir. Benzer sekilde, R?
Sekil 3’te paylagtlmistir. degerlerine bakarak (genel cerrahide 0.991,
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koronerde 0.995) karma dagilim ile kalig siireninin
modellenmesinin yiiksel giivenilirlikte oldugu

Genel Cerrahi YBU

[ (2% e
= (=] =
1 1 1

Gercek Degerler

Selin SARAC GULERYUZ

sOylenebilir.

R2 =0.991
MAPE = %2.77

20 30

Tahmin Edilen Degerler

Koroner YBU

30-

20-

Gercek Degerler

D_I 1
0 10

R2 =0.995
MAPE = %1.92

20

Tahmin Edilen Degerler
Sekil 3. Genel cerrahi ve koroner YBU karma dagilim tahmin performansi

4. SONUCLAR

Yogun bakim iinitesi hastanede pahali ve sinirlt bir
kaynaktir. Bir birimdeki hastalarin kalig siiresi
yapisini anlamak, kaynak tahsisi de dahil olmak
iizere planlama i¢in olduk¢a onemlidir. Hastalarin
iinitelerdeki kalis siirelerinin dogru tahmini, hastane
kaynaklarinin daha iyi planlanmasina Onemli
Olciide yardimcr olabilir. Ancak kalis siiresi
dagilimmin olduk¢a c¢arpik olmasi istatistiksel
olarak uymay1 zorlastirir.

Verilerin  modellemesinde karma dagiliminin
kullanilmasi, gergek zamanli verilerin daha dogru
temsil edilmesine olanak tanir. Simiilasyon
modelinde girdi parametresi olarak karma
dagilimini kullanarak hastalarin kaynak tiiketimini
daha dogru bir sekilde takip edilebilir.

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

Karma dagilim modelinin temel faydasi, bir
birimdeki kalig siiresi donemlerini tanimlama
yeteneginde yatmaktadir. Karma dagiliminin
bilesenleri hastalarin kalis siiresi ortalamasinin,
standart sapmasinin ve grup biylkligiiniin
tanimlanmasini saglar. Bu istatistikler daha sonra
yonetim tarafindan planlama igin kullanilabilir.
Ayrica, karma dagilim yardimiyla, popiilasyonu tek
bir beklenen grup olarak ele almak yerine kisa, orta
veya uzun donemler daha dogru bir sekilde temsil
edilebilir.

Bu makale iki yogun bakim {initesinde (genel
cerrahi ve koroner) hastalarin kalig siiresini tahmin
etmek icin  karma  dagilim  modellerini
kullanmaktadir. i1k olarak bilesen say1s1 BIC degeri
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kullanilarak  se¢ilmis daha sonra  bilesen
parametreleri EM  algoritmasi  yardimiyla
hesaplanmistir. MAPE ve R?, karma dagilim
modellerinin  tahmin  giiclinii  dlgmek  igin
performans kriterleri olarak kullanilmustir.

Sonuglardan da anlagilacagi lizere, yiiksek derecede
carpik veriler, karma dagilim modelleri kullanilarak
yiiksek dogrulukla modellenebilmektedir.

Bu makale, saglik hizmetlerinde verilerin
modellenmesinin ~ ve  kaynak planlamasinin
gelistirilmesine katkida bulunmaktadir. Gelecekteki
aragtirmalarda optimal personel ve ekipmani
belirlemek icin karma dagilim yaklasimi saglik
hizmetleri verilerine uygulanabilir. Ayrica karma
dagilim modeli simiilasyon modellerinde girdi
parametresi olarak kullanilabilir. Karma dagilim
parametreleri cinsiyet, hasta Oykiisii, sosyo-
ekonomik durum, yas gibi hasta 6zellikleri dikkate
alinarak giincellenebilir ve hesaplanabilir.
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Abstract

Nowadays especially production companies gathering a huge data due to their daily transactions on the own
systems. Production companies should handle this raw data as handling the raw materials too. Today,
scientific studies carried out for this purpose are gathered under the title of BigData. The BigData creates
many helps to companies’ competitive advantages according to their competitors. For this view, the purpose
of this study was to determine the best demand forecasts method and forecasting period by using BigData
at forest production industry. Using the time series analysis module of the WEKA program, the algorithm
and data set providing the most accurate estimate for each of the selected decor papers were determined.
As a result, it is thought that this study will provide a route map for about choosing right data period and
forecasting method for the forest products.
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Zaman Serisi Analizinde Dogru Tahmin Yontemini, Veri Kiimesini ve Donemi
Sec¢mek I¢in Bityiik Veriyi Kullanma

Oz

Giiniimiizde 6zellikle tiretim firmalar1 kendi sistemleri tizerinde yaptiklari giinliik islemlerden dolayi bitylik
miktarda veri toplamaktadir. Uretim sirketleri, ham maddeyi ele aldig1 gibi bu ham veriyi de ele almalidir.
Gilinliimiizde bu amagla yapilan bilimsel ¢alismalar biiyiik veri baslig1 altinda toplanmaktadir. Biiyiik veri,
sirketlerin rakiplerine gore rekabet avantaji saglamasina birgok katki saglamaktadir. Bu dogrultuda bu
calismanin amaci, orman iriinleri sektoriinde bilyiik veri kullanarak en iyi talep tahmin yontemini ve tahmin
donemini belirlemektir. Calismada, WEKA programinin zaman serisi analiz modiilii kullanilarak segilen
dekor kagitlarinin her biri i¢in en dogru tahmini saglayan algoritma ve veri seti belirlenmistir. Sonug olarak
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bu ¢alismanin orman iirlinlerine iliskin dogru veri periyodu se¢imi ve tahmin yontemi konusunda bir yol

haritasi olusturacag diistiniilmektedir.

Anahtar Kelimeler: Biiylik veri, Veri madenciligi, Zaman serisi analizi, Talep tahmini, Orman f{iriinleri

sektorii

1. INTRODUCTION

Thanks to technological developments and Industry
4.0, competition among the companies in the
production sector has been increasing. Due to this
increased competition, companies wanting to
maintain their market share produce products of
higher quality and lower cost compared to their
competitors, and try to shorten delivery times. In
this age of online shopping, it is also imperative to
stand out in an environment where customers can
search for products instantly and find suppliers
instantly. Manufacturers want to reduce their
product costs as much as possible in order to
increase their profitability and make a difference
without sacrificing quality, but they have to give
their customers timely deadlines. Although it varies
by sector, raw material costs are at the top of the
product costs in many sectors. Thus, in order to
reduce product costs, first the purchase costs of raw
materials must be reduced. There are various
solutions that manufacturers can use to reduce raw
material costs and these solutions can be grouped
under three distinct categories. The first of these is
improvements in the production process and R&D
studies. Manufacturers can examine solutions such
as R&D studies, substitute raw material trials, and
reduction of waste rates aiming to reduce the raw
material usage rates in a way that does not change
the quality characteristics of the products. The
second category is related to suppliers. Solutions
such as increasing the number of companies
supplying raw materials, establishing good
communication with suppliers, and avoiding
purchases with foreign currency payments since the
exchange rate is unbalanced in developing countries
can be listed under this heading. Thirdly, when
determining purchasing strategies, an accurate
demand forecast can be made and the determination
of raw material order sizes, order frequency, and
cost can be presented as a solution. Preparing an
accurate budget plan and making the right amount
of raw material connections at the right time are
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among the strategies that can be done at the
purchasing stage to reduce raw material costs [1].

In today's world where the competition is so high, it
is not only sufficient to lower the prices in order to
retain customers, but it is also of great importance
to deliver the desired product to the customer on
time. Purchasing strategy and demand forecasting
are of great importance for companies in order to
give accurate deadlines and to comply with the
given deadline. The vast majority of companies
today benefit from big data. In order for companies
to gain competitive advantage, big data needs to be
analyzed in a way that will reduce costs and
increase customer satisfaction. Machine learning
techniques are frequently used in big data analysis.

2. LITERATURE REVIEW

When we evaluate the studies in the literature; It is
useful to group and interpret the demand forecasting
studies made about i) production and materials, ii)
fashion products, and iii) non-fashionable products.

2.1. Studies Related Demand Forecasting of
Production

Much research has been carried out on demand
forecasting in recent years. Kaes and Azeem (2009)
[2] conducted a demand forecasting and supplier
selection study at a knitted composite factory which
produces fabrics for export. The most suitable
model for the selected raw material was scanned by
applying different demand forecasting techniques.
By examining the results of an analytic hierarchy
process (AHP) for demand forecasting and supplier
selection, suggestions were made to improve the
level of material management and increase profits
by reducing waste. Kim et. al. [3] investigated why
mass customization is needed in Smart
Manufacturing and looked for appropriate demand
prediction techniques by comparing the traditional
linear analysis method ARIMA time series analysis
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with the nonlinear analysis method LSTM neural
network model. Arif et. al. [4] examined product
demand forecasting in production facilities using
machine learning methods. They used KNN,
Random Forest, FNN, ANN, and the Holt-Winters
model algorithms.

In their study, Gupta and Sihag [5] used the
Gaussian process, M5SP model, random forest and
random tree techniques to predict which materials
should be used in which proportions of concrete
mixes with the highest concrete strength. As a result
of the comparisons, it is seen that the results
obtained with the Gaussian process technique are
better. Panarese et. al. [6] developed a machine
learning-based platform for sales forecasting using
a gradient boosting approach. In this study, it is
presented that XGBoost regression model is more
accurate in predicting future sales in terms of
various error metrics, such as MSE, MAE, MAPE
and WAPE. Nasseri et. al. [7] applied machine
learning in retail demand prediction. In this study,
they used over six years of historical demand data
from a retail entity. The dataset included daily
demand metrics for more than 330 products with 5.2
million records. It is presented in this study that
spanning three perishable product categories,
reveals that the ETR model outperforms LSTM in
metrics including MAPE, MAE, RMSE, and R2.

2.2. Studies Related Demand Forecasting of
Fashionable Products

Aksoy et. al. [8] developed a decision support
system for demand forecasting in the clothing
industry. Yunishafira [9] conducted a demand
forecasting study by using the historical sales data
of a store in the clothing industry that buys and sells
ready-made products. In the study, time series
methods including moving average, simple
exponential smoothing, and the holt-winters model
were used. While the simple moving average made
the most accurate estimates, the results of the study
indicated that interpreting the results would better
help company managers determine both supply
chain and operations management. Ren et. al. [10]
conducted an extensive literature review on demand
forecasting methods for trendy products and
examined how the fashion retailer's future demand

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

Serap AKCAN, Murat AKCIL, Metin OZSAHIN

forecasting and inventory planning problem was
handled in practice through a real-life case study.

2.3. Studies Related Demand Forecasting of
Non-fashionable Products

Yadav and Ghosh [11] used MSARIMA and
ARMAX forecasting models to forecast monthly
demand for farm tractors in India. As a result of
their research, it was seen that the ARMAX model
made better predictions than the MSARIMA model.
Their belief was that accurate monthly forecasts of
farm tractors would help manufacturers better
manage raw materials, inventory and supply chains.

Huber and Stuckenschmidt [12] presented a daily
retail demand forecasting using machine learning
methods. Spiliotis et. al. [13] compared statistical
and machine learning methods for daily SKU
demand forecasting. Panigrahi and Behera [14]
focused on a model that can determine the near-
optimal structure for artificial neural networks used
in time series forecasting in their study using a large
number of experimental data sets. As a result of this
study, they developed an adaptive DE-based
modelling scheme (DEMS) to determine the near-
optimal architecture of ANN for a time series.
Moroff et. al. [15] presented a study for assessing
innovative demand forecasting models. They used
the Holt Winters - Triple exponential smoothing
(ETS), Seasonal Auto-Regressive Integrated
Moving Average Extended (SARIMAX), Extreme
Gradient Boosting (XGBoost), Random Forest
(RF), Long-term short-term memory (LSTM), and
Multilayer  Perceptron (MLP) for demand
forecasting. Ngo et. al. [16] made demand
prediction for the electricity consumption forecasts
of buildings, which is one of the important study
areas in the literature. In this study, the ANNs, SVR,
and MSRules were applied to predict future
building energy consumption. As a result of the
study ML models can be proposed as an effective
method for forecasting energy consumption in
buildings. The ML for an ensemble approach has
proved predictive performance in predicting the
next 24-h energy consumption.

439



Using Bigdata for Choosing the Right Forecasting Method, Dataset and Period in a Time Series Analysis

Pham et. al. [17] used the machine learning
algorithms such as random tree (RT), random forest
(RF), decision stump, M5P, support vector machine
(SVM), locally weighted linear regression (LWLR),
and reduce error pruning tree (REP Tree) in their
study. Estimation was made using datasets
containing data such as groundwater level, average
temperature, precipitation and relative humidity for
the period 1981-2017 obtained from two wells in
the northwest region of Bangladesh. Bagging-RT
and Bagging-RF models gave the best results by
making the most accurate estimation in the study,
where the whole data set was used as the training
(1981-2008) and test (2008—2017) dataset.

2.4. Evaluation of the Literature and the
Contribution of the Study to the Literature

This study, which we think will make an important
contribution to the literature will complete the
following deficiencies according to the literature
review.

i. As we examined no research related to decor
paper in which demand estimations were made
using time series analyses could be found.

ii. Forecasting demand using big data is a difficult
problem to solve. In the present study, monthly
and annual real sales bigdata from 2009-2021
for Melamine-Faced Chipboard (MFC) were
obtained and analyzed from a company
operating in the forest products sector.

iii. The topic of demand forecasting for fashion
products in the clothing industry is a trending
research area. But home fashion or forest
industry demand forecasting are areas that are
rarely studied. Fashionable demand forecasting,
especially for forest products, is a needed and
important research area for manufacturing
companies.

iv. As far as the studies in the literature are
examined, in order to decide on the best
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forecasting method, the importance of choosing
the right data set and the right forecast period in
demand forecasting in general emerges. For this
reason, there is a great need for a guide to help
decision makers in this regard. In this study, the
demand forecasting problem was examined to
help guide the strategic decisions of the
company providing the huge sales data. This
BigData has divided 3 parts as all data (2009-
2019), last 6 years data (2015-2021) and last 3
years data (2019-2021). For these purposes,
future demand forecasts for decor papers used in
the production of MFC, which changes
according to the current trend, were made using
the time series analysis module of the WEKA
program in an effort to help determine the
purchasing strategy of the business.

3. METHODOLOGY

Today, almost all companies use an enterprise
resource planning (ERP) software. This type of
software is an important structure used in all
departments of a company from accounting and
purchasing to production and planning and is a tool
used to connect all units and processes [18]. Thanks
to these types of software systems, records of all
work done can be kept. But this unprocessed and
raw data is just a chunk of data unless properly
analyzed and made sense of. This is where the
concepts of data mining and big data come into
play. Data mining is defined as making a large
number of data interpretable in line with desired
targets or categorizing the desired data from big
data [19]. The tools used in the development and
dissemination of data analysis are important. Some
of the most used data analysis tools are open source
RapidMiner, WEKA, R Tool, and KNIME [20].
WEKA is a preferred analysis tool in data mining
applications due to its ease of use, compatibility
with every operating system, algorithms, and the
fact that it is open source. In this study, the time
series analysis module of WEKA program was
used. The flow chart of the methodology used in the
study is shown in Figure 1.
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Figure 1. Flow chart of the research methodology
3.1. Time Series Analysis

Algorithms that analyze historical data within a
time series enable this data to make predictions for
the future by analyzing which trend the data moves
on, how seasonal natural conditions are a factor,
what effect long-term trends create, and whether
there are exceptions in certain periods within the
data.

In this study, the following WEKA time series
algorithms  were used:  RandomSupSpace,
CVParemeterSelection, MultiScheme, WIHW,
InputMappedClasifier, Zeror, RepTree,
DecisionStump, LWL, RondomCommitte,
RandomForest, M5P, Randomtree, DecisionTable,
Bagging, Regression, InputMappedClasifier, Zeror,
RepTree, DecisionStump, LWL,
RondomCommitte, RandomForest, MS5P,
Randomtree, DecisionTable, Bagging, Regression,
DecisionClasifier, RegressionClasifier, SMO,
Regression, and Rules. While running these
algorithms, the settings in WEKA and used by
default were left constant. In this section,
definitions of the SMOreg, LinearRegression,

M5Rules, MS5P, RandomizableFilteredClasifier,
MultilayerPerceptiron, RondomCommitte,
RandomForest, and AdditiveRegression

algorithms, which are some of the most used
algorithms in the literature, are given.

The SMOreg (Sequential Minimal Optimization
Regression) algorithm uses the support vector
machines method [21].
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LinearRegression is a method used to examine the
numerical relationship between variables. Linear
regression analysis is wused to explain the
relationship between the variables and to create a
model that describes this relationship. Simple
Linear Regression is also known as Multiple Linear
Regression according to whether the variables are
dependent or not [22].

The M5Rules algorithm divides the data from the
whole into parts to create a model tree. Then, the
best branches are chosen to create a rule. For the
remaining samples, the algorithm continues to work
through this branch [23].

The M5P algorithm is an improved version of the
previously produced M5 algorithm. It creates a
regression tree model using experimental data and
then a linear regression analysis is performed on
each branch within the tree model. First, the data is
separated according to the determined features and
the standard deviation value is used at the nodes to
break up the dataset and find which attribute is the
best [23].

Randomizable Filtered Classifier is actually a
variant that uses RandomProjection and IBk
algorithms with a filter that can bring random
selection functionality to the FilteredClassifier
algorithm [24].

The MultilayerPerceptiron algorithm is used for
classification by the back propagation method and
learning a multilayer perceptron as the name
suggests. One of the most important features is that
the created network can also be created manually
[25].

The RondomCommitte algorithm is used to generate
a collection of randomly selected classifiers [26].

The RandomForest algorithm is a supervised
classification algorithm. As the name suggests, it
randomly creates a forest. There is a direct
relationship between the number of trees in the
algorithm and the result it can achieve. The higher
the number of trees, the higher the chance of
obtaining accurate results [27].
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The AdditiveRegression algorithm is used to obtain
more accurate results in non-linear values and in
cases where linear regression fails [28].

3.2. Performance Statistics

Error tests are essential for measuring the accuracy
of the predictions made by the prediction models
created by the estimation algorithms and to express
them numerically. The main task of these tests is to
numerically show the difference between the actual
values of the predictions made with the help of
models created by prediction algorithms. The
smaller this difference, the better the prediction.
When using prediction algorithms, the aim is to
determine which will make the most accurate
prediction. Error measurement techniques are used
to determine which algorithm, that is, the model
produced by which algorithm, makes the best
prediction.

In prediction algorithms, the error is calculated by
subtracting the estimated value from the actual
value (eq.l). To examine the adequacy of the
proposed models, their errors should be
investigated. For this purpose, mean absolute error
(MAE) (eq. 2), mean square error (MSE) (eq. 3),
root mean square error (RMSE) (eq. 4), and mean
absolute percentage error (MAPE) (eq. 5) are used
as performance statistics.

Ei=A:—F; )
MAE = (3, |Ac = Fe)/n 2)
MSE = (3_ (Ac = F)?)/n 3)
RMSE = \/(Z:zl(At —F)?)/n 4)
MAPE = w 100 (5)

where, n = number of observations, A; = actual
value at observation t, F; = estimate value for
observation t, E;= error value at observation t and
t = time period. The aim of the present study was to
determine the algorithms that make predictions with
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the least error and the best data set in the time series
analysis method. For the 5 selected decor papers,
monthly and annual purchase amounts from 2009 to
2021 were analyzed separately and the values
realized in 2021 were compared with the estimates
made by the algorithms, and the algorithms with the
lowest error rate, that is, the most accurate
estimation, were determined together with the data
sets. Estimations were made with the forecast
module of the WEKA analysis tool. As it is
predicted that the effect of the pandemic and the raw
materials crisis will continue beyond 2021, this year
was chosen for the test data. A further aim of this
study was to guide the business in issues such as
determining order lots, order frequency, and the
annual total cost of decor paper, all of which are
important aspects of the decor paper purchasing
strategy (considering supplier constraints).

4. IMPLEMENTATION

In this study, 5 different decor papers were selected
from among the raw materials purchased by a
company operating in the forest products sector.
Decor paper was chosen as it affects costs the most,
is used extensively in production, and is difficult to
plan for due to the diversity in selection. To prepare
the data set for the 5 selected decor papers, the
company's real MFC sales data from the years 2009
to 2021 were taken over the SAP system and
transferred to Excel. This study was implemented
by using these steps;

i. All data preprocessing was carried out in Excel.
The data set consisted of 391,845 rows and 20
columns after noisy data and erroneous entries
were removed.

ii. The calculations made on the annual and
monthly sales amounts of the 5 decor papers
selected in this big data, and the monthly and
annual usage amounts for each type of paper
were calculated using in Excel using the
previously mentioned formulas and new data
sets were created.

iii. These new datasets are broken down into 2009-
2021, 2015-2021, 2019-2021. Then, in order to
process the data in WEKA, the Excel files were
converted to. arff using the ExceltoArff
application.
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iv. In the data set, the Year or Month attribute was
formatted as “Date” and Amount as “Numeric”.
On the time series data set, the attributes in the
"Date" format were taken as independent
variables and the "Amount" attribute that
occurred over time was evaluated depending on
time.

The annual and monthly usage amounts of 5 decor
papers selected from the big data were used as test
data, while the data from the other years were used
as training data.

5. RESULTS AND DISCUSSION
5.1. Computational Results

The data set was analyzed together with the time
series prediction algorithms in the forecast module
of the 3.9.5 version of the WEKA program. The
time series prediction algorithms used in this
analysis were the RandomSupSpace,
CVParemeterSelection, MultiScheme, WIHW,
InputMappedClasifier, Zeror, RepTree,
DecisionStump, LWL, RondomCommitte,
RandomForest, M5P, Randomtree, DecisionTable,
BaggingMappedClassifier, RegressionByS5Discretative,
and the Kstar RegressionByRegress
MultilayerPerceptiron. The data sets created for 4
different periods for 5 selected decors were run with
time series prediction algorithms, and the
algorithms with the least MAPE, MAE, RMSE, and
MSE error values were determined. In the analysis,
the default settings for WEKA's prediction
algorithms were utilized. The prediction values of
the training data for the test data period were
compared with the actual values in the test data and
are provided below in tables 1 through 5 along with
their demand forecasting performance values. As
indicated in Table 1, the MultilayerPerceptron
algorithm yielded the best estimate for decorl on an

Table 1. Performance comparison for Decorl dataset
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annual basis with a MAPE error rate of 1.54% using
the 2019-2021 dataset. Figure 2 shows the
predictive value and the actual value of the
MultilayerPerceptiron — algorithm. Again, the
algorithm that gives the second-best estimation is
the DecisionTable algorithm with a MAPE error
rate of 1.80% on an annual basis and using the
2009-2021 data set. The best estimate on a monthly
basis was the DecisionStump algorithm with the
2019-2021 data set and a MAPE error rate of
34.15%. In Figure 3, the graph showing the actual
value and the predicted value of the DecisionStump
algorithm is given. As seen in Table 2, the
RandomSupSpace algorithm gave the best estimate
for decor2 on an annual basis with a MAPE error
rate of 11.13% using the 2009-2021 dataset. Figure
4 shows the predictive value and the actual value of
the RandomSupSpace algorithm. Again, the
algorithm that gives the 2nd best estimation is the
Kstar algorithm with a MAPE error rate of 16.79%
on an annual basis and using the 2015-2021 data set.
The best estimate on a monthly basis was the
MS5Rules algorithm with the 2019-2021 data set and
the MAPE error rate of 24.19%. In Figure 5, the
graph showing the actual value and the estimated
value of the M5Rules algorithm is given. Table 3
indicates that the RegressionByDiscretization
algorithm gave the best estimation for decor3 on an
annual basis, with the same result as the 2009-2021
and 2015-2021 datasets, with a MAPE error rate of
1.61%. Figure 6 shows the predictive value and the
actual value of the RegressionByDiscretization
algorithm. Again, the algorithm that gives the 2nd
best estimation is the SMOreg algorithm with a
MAPE error rate of 5.68% on an annual basis and
using the 2019-2021 data set. The best estimate on
a monthly basis was the 2009-2021 data set and the
RepTree algorithm with a 29.68% MAPE error rate.
In Figure 7, the graph showing the actual value and
the estimated value of the RepTree algorithm is
given.

Algorithms (Decorl) MAE MAPE RMSE MSE Data set t
MultilayerPerceptiron 215.82 1.54 215.82 46,577.49 2019-2021 Year
DecisionTable 252.00 1.80 252.00 63,504.00 2009-2021 Year
DecisionStump 252.00 1.80 252.00 63,504,00 2015-2021 Year
DecisionStump 441.30 34.15 563.04 317,009.00 2019-2021 Month
M5Rules 471.70 37.73 666.52 444,252.76 2009-2021 Month
DecisionTable 518.20 43.72 739.06 546,207.34 2015-2021 Month
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MultilayerPerceptiron 2019-2021
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Figure 2. The best predicted value on an annual basis for Decorl
DecisionStump 2019-2021
3500
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1500
1000
500
0
1 2 3 4 5 6 7 8 9 10 11
=@=gactual =@=predicted
Figure 2. Actual and best forecast values on a monthly basis for Decorl
Table 2. Performance comparison for Decor2 dataset
Alggrithms (DecorZ) MAE MAPE RMSE MSE Date set t
RandomSupSpace 3,447.74 | 11.13 | 3,447.74 11,886,903.03 2009-2021 | Year
Kstar 5,202.14 | 16.79 | 5,202.14 | 27,062,294.94 2015-2021 | Year
M5Rules 668.50 24.19 851.69 725,376.07 2019-2021 | Month
RondomCommitte 850.28 28.07 | 1,058.70 1,120,846.93 2009-2021 | Month
Kstar 9,62900 | 31.08 | 9,629.00 | 92,717,641.00 2019-2021 | Year
RepTree 938.94 31.70 | 1,088.69 1,185,253.43 2015-2021 | Month
444 C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024
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RandomSupSpace 2009-2021
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Figure 4. The best predicted value on an annual basis for Decor2

M5Rules
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Figure 5. Actual and best forecast values on a monthly basis for Decor2

Table 3. Performance comparison for Decor3 dataset
Algorithms (Decor3) MAE | MAPE | RMSE MSE Data Set t

RegressionByDiscretization 436.33 1.61 436.33 190,386.78 2009-2021 Year
RegressionByDiscretization 436.33 1.61 436.33 190,386.78 2015-2021 Year

SMOreg 1,54060 | 5.68 | 1,540.60 | 2,373,441.49 | 2019-2021 | Year

RepTree 729.60 | 29.68 | 929.04 863,114.35 2009-2021 | Month
RegressionByDiscretization 737,33 | 29.83 | 938.81 881,358.00 2015-2021 | Month
RandomSupSpace 749.01 | 30.33 | 951.69 905,722.83 2019-2021 | Month
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RegressionByDiscretization 2009-2021
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Figure 6. The best predicted value on an annual basis for Decor3

RepTree 2009-2021
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Figure 7. Actual and best forecast values on a monthly basis for Décor3

Table 4. Performance comparison for Decor4 dataset

Algorithms (Decor4) MAE | MAPE | RMSE MSE Data set t
M5P 4,626.05 | 4.66 |2,286.42 | 5227,706.14 | 2009-2021 | Year
RepTree 5,988.33 | 12.19 | 5,988.33 | 35,860,136.11 | 2015-2021 | Year
RandomForest 6,916.00 | 14.08 | 6,916.00 | 47,831,056.00 | 2019-2021 | Year
Bagging 1,418.26 | 30.85 | 1,730.82 | 2,995,754.47 | 2019-2021 |Month
RandomSupSpace 1,384.38 | 30.98 | 1,730.65 | 2,995,150.81 | 2009-2021 |Month
Bagging 1,371.72 | 31.13 | 1,731.58 | 2,998,364.29 | 2015-2021 |Month
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Figure 8. The best predicted value on an annual basis for Decor4
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Figure 9. Actual and best forecast values on a monthly basis for Decor4
Table 5. Performance comparison for Decor5 datasets
Algorithms (Decor5) MAE | MAPE | RMSE MSE Data set T
Kstar 162.00 2.02 162.00 26,244.00 2015-2021 Year
Bagging 316.35 3.95 316.35 100,076.69 2009-2021 Year
SMOreg 3,416.05 | 42.66 | 3,416.05 | 11,669,393.09 | 2019-2021 Year
Bagging 473.46 51.33 839.88 705,406.72 2019-2021 | Month
M5Rules 490.53 56.02 866.33 750,528.29 2015-2021 | Month
IBK 608.27 | 61.92 925.73 856,981.00 2009-2021 | Month
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Figure 10. The best predicted value on an annual basis for Decor5
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Figure 11. Actual and best forecast values on a monthly basis for Decor5

Table 6. Best Method and Period for Periodic data set according to MAE results

11

Data Set Décor 1 Décor 2 Décor 3 Décor 4 Décor 5
2009-2021 Decision Tree, | Random Regression By | RandomSup Bagging,
(All Data) Yearly Committee, Discretization, | Space, Yearly
Monthly Yearly Monthly
2015-2021 Decision Tree, | RepTree, Regression By | Bagging, KStar, Yearly
(Last 6 years) | Monthly Monthly Discretization, | Monthly
Yearly
2019-2021 Decision M5Rules, RandomSup Bagging, Bagging,
(Last 3 years) | Stump, Yearly | Monthly Space, Monthly Monthly
Monthly
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Table 7. Best periodic data set and method for decors according to MAE results

Decor 2009-2021 2015-2021 2019-2021
Décor 1 Multi-Layer

Perceptron, Yearly
Décor 2 MS5Rules, Monthly
Décor 3 Regression By

Discretization, Yearly

Décor 4 Bagging, Monthly
Décor S Bagging, Monthly

Table 4 indicates that the the best estimate for
decor4 was the MSP algorithm with a MAPE error
rate of 4.66% on an annual basis and using the
2009-2021 data set (Table 4). Figure 8 shows the
estimated value and the actual value of the M5P
algorithm. Again, the algorithm that gives the 2nd
best estimation is RepTree algorithm with a MAPE
error rate of 12,19% on an annual basis and using
the 2015-2021 data set. On a monthly basis, the
Bagging algorithm gave the best estimate with the
2019-2021 data set and a MAPE error rate of
30.85%. In Figure 9, the graph showing the actual
value and the estimated value of the Bagging
algorithm is given. Table 5 shows that the Kstar
algorithm gave the best estimate for decor5 on an
annual basis with a MAPE error rate of 2.02% using
the 2015-2021 data set (Table 5). Figure 10 shows
the predictive value and the actual value of the Kstar
algorithm. Again, the algorithm that gives the 2nd
best estimation is Bagging algorithm with 3.95%
MAPE error rate on an annual basis and using the
2009-2021 data set. On a monthly basis, the
Bagging algorithm gave the best estimate with the
2019-2021 data set and the MAPE error rate of
51.33%. Figure 11 shows the actual value and the
estimated value of the Bagging algorithm.

5.2. Determining the Best Forecasting Method
and Period

Using the data related to the 5 selected decors, the
most appropriate estimation method and estimation
period for the decor papers are examined here. For
this purpose, all results are summarized in Table 6
and Table 7 by looking at the results of the MAE,
that is, the average absolute error performance
variable. When the data in the table is examined, it
is not seen that there is a dominant method in all
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decor papers. Considering the average absolute
error value performance according to the selected
data set and period, it is seen that the method differs.
On the other hand, when we take the data of the last
3 years as a basis, it is seen that the best results are
with the monthly period selection, and in longer
periods, the annual and monthly distributions are
approximately equally. In general, it is seen that
both monthly and annual period selections can be
made. In Table 7, the best method and data set,
period matching was made on all decor pages, again
according to the MAE value. When Table 7 is
examined, it is seen that the best performances are
realized when data from the last 3 or 6 years are
used in all décor papers except Decor 1. In these
decors, the weight was also obtained from the
monthly estimates. There is no common best
practice for all décor papers. This result also makes
sense. Demand behavior may differ across all
products of a firm, which comes from the nature of
demand. On the other hand, in this sense, it is
possible to conclude that it is more accurate for
decision makers to use the data of the last 3 or 6
years and to make monthly forecasts while using
them at forest industry like this study.

Validation of our results according to near
literature, we can see that likely results were
founded. Yildirim et all [29] were studied about
forecasting on production of Non-Wood Forest
Products (NWFP) using Turkey import and export
value between 1989 and 2011 years. They used
MAPE and RMSE values as accuracy of prediction
by using ANN models. They founded best results
by using yearly import and export values when two
hidden ones and one output layer, providing the
closest results to the real values. Their MAPE value
for test data was reached to 4.66.
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Another work was studied by Lin et al. [30]. In their
study, they presented forecasting supply and
demand of the wooden furniture industry in China.
They used ARIMA model as forecasting algorithm.
They found the MAPE value as 5.2666 for
forecasting accuracy value future among 2018 and
2023 years. An also they took in account yearly
data as period.

6. CONCLUSION

Due to various reasons such as energy and shipping
container crises and fluctuations in exchange rates,
there are constant changes in raw material prices
and difficulties in raw material supply. This has
made it difficult to prepare an accurate budget at the
purchasing stage and to create the right purchasing
strategies at the right time. Purchasing strategies
made with only experience and foresights from the
market are not sufficient in a period when
technology is so prominent, and competition is so
intense. It is an undeniable reality that companies
need to use technology and data science in order to
stay one step ahead of their competitors and make a
difference. Using ERP Systems like SAP,
companies create huge raw data. Today companies
and decision makers come across a question, how I
can handle this data to produce beneficial results
according to competition. At Forest industry like all
other industries when it comes to competition,
demand comes to mind. Therefore, accurately
predicting future demand is closely related to many
corporate activities, including purchasing and sales.
Scientific studies about this topic are related to
nearly Big Data. For this reason, applications where
decision makers can see how they will process Big
Data will be of great benefit.

For all purposes in this study 5 different decor
papers were selected from among the raw materials
used in production in order to determine the
purchasing strategies of an enterprise operating in
the forest products sector. Specific to these decors,
time series analyses were carried out using the
monthly and annual real sales data of the enterprise
from the years 2009 to 2021 together with quantity
attributes, and the test data for 2021. Looking at the
estimation results, it is seen that different
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algorithms give the best estimates for different data
sets. Considering that the data sets were prepared
according to certain time periods, it can be
concluded that the estimates vary according to time
periods. The importance of not only the algorithms,
but also the periodic data sets used are revealed in
order to obtain the best estimation results in time
series analysis techniques performed on products
such as decor paper that change according to current
trends and tastes. As a result of the estimation
results obtained from this study, the company will
be able to make future estimations by considering
the best algorithms and data sets for the selected
decor papers while making their future purchasing
plans and will be able to develop a more efficient
purchasing strategy by considering the results that
will occur while making its plans. In addition, using
the workflow developed in this study, the company
will be able to create an integrated strategy by
determining the best dataset, period and algorithms
for the decor papers that are not covered in the
study. Using an artificial intelligence application, it
will be possible to automatically run the data on
SAP over this flow and display the current best
estimates for next month or year.
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Oz

Bu galisma, 6 Subat 2023 Kahramanmaras Pazarcik (Mw=7.7) ve Kahramanmaras Elbistan (Mw=7.6)
depremlerinin, bolgedeki celik yap1 stokunun iizerindeki etkilerini incelemeyi amaglamistir. Bu maksatla,
depremlerden en ¢ok etkilenen illerden olan Hatay pilot il olarak seg¢ilmistir. Bu dogrultuda, bes katl bir
celik gergeve bina, Cevre ve Sehircilik Bakanligi tarafindan yaymlanan “Deprem Bolgelerinden Yapilacak
Binalar Hakkinda Ydnetmelik Egitimi Ders Notlar1” kitabindan temsili olarak se¢ilmis olup, 2007 Deprem
Yonetmeligi ile 1980 Celik Standardina (TS648) uygun olarak tasarlanmistir. Ardindan; bu gergevelerin
sayisal modelleri olusturulmustur. Tasarlanan binalar Hatay ilindeki 11 farkli konumda tanimlanmistir.
Hatay ilinde segilen farkli konumlar, kaydedilen yer hareketlerinin konumlar arasi tagima islemine tabi
tutulmamasi i¢cin AFAD’a bagli TADAS istasyonlartyla ayni pozisyonda secilmistir. ivmedlgerlerden
alman 11 adet kayit uygulanirken kaydedilen diisey ivmeler de numerik analizlerde dikkate alinmigtir. Her
bir bina tipi igin segilen 11 farkli konum ve dogrultu dikkate alinarak, dogrusal olmayan zaman tanim
alaninda analizler yapilmistir. Calisma kapsaminda toplam 11 adet deprem senaryosu igin, sismik
performanslar elde edilmistir. Sonuglar incelendiginde, lilkemizde ge¢mis yillarda kullanilmis olan tasarim
ve deprem yonetmeliklerine uygun olarak tasarlanmig celik ¢erceveli orta yiikseklikteki binalarin sismik
dayanimlarinin Kahramanmaras merkezli depremlerde ele alinan 11 farkli konumun hepsinde yetersiz
kaldig1 ve gogme durumunun dénlenmesinin miimkiin olmadigi ortaya konmustur.

Anahtar Kelimeler: Deprem, Celik, Bina tasarimi, Sismik dayanim

*Sorumlu yazar (Corresponding Author): Altan ZERVENT, azervent@mitasindustry.com
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A Retrospective View on Earthquake Resistant Design of The Steel Frame
Structures in Tiirkiye

Abstract

This study aims to investigate the effects of the February 6, 2023 Kahramanmaras Pazarcik (Mw=7.7) and
Kahramanmaras Elbistan (Mw=7.6) earthquakes on the steel building stock in the region. For this purpose,
Hatay, one of the most affected provinces by these earthquakes, was selected as the pilot province.
Accordingly, a five-story steel frame building taken from the book “Training Lecture Notes for the
Buildings in Earthquake Zones” published by Ministry of Environment and Urbanization was designed in
accordance with the 2007 Earthquake Regulations and the 1980 steel standards (TS648). Subsequently,
numerical models of these frames were generated. The designed buildings were defined at 11 different
locations in Hatay province. The different locations selected in Hatay province were chosen in the same
positions as the TADAS stations affiliated with AFAD to avoid the process of transferring recorded ground
motions from the positions of stations to the building sites. A total of 11 records obtained from
accelerometers were individually applied, while the recorded vertical accelerations were considered in the
numerical analyses. Nonlinear time history analyses were performed considering the 11 different positions
and directions for each building type. In the scope of this study, seismic performances were obtained for a
total of 11 different earthquake scenarios. The results indicate that medium-rise steel frame buildings
designed in accordance with the design and earthquake regulations used in the past years in our country are
all inadequate in terms of seismic resistance during earthquakes centered in Kahramanmaras and the
collapse cannot be prevented.

Keywords: Earthquake, Steel, Structural design, Seismic performance

sayida can kaybina neden olmustur. Depremlerde

1. GIRIS

06 Subat 2023 tarihinde saat 04:17°de Dogu
Anadolu Fay Zonu (DAFZ) iizerinde merkez {issii
Kahramanmarag Pazarcik olan biiyiik bir deprem
meydana gelmistir. 7.7 ve 7.6 biytikligiinde iki
depremin ayni bolgede ve yaklagik 9 saat arayla
meydana gelmesi diinyada Ornegine pek
rastlanmayan bir durumdur [1,2]. Depremin
moment bilyiikliik (My,) cinsinden biiyiikligii Afet
ve Acil Durum Yonetimi Baskanligi (AFAD)
tarafindan 7.7 olarak agiklanmigtir (Enlem: 37.288°
N, Boylam: 37.043° E). {lk verilere gére depremin
derinligi yaklasik 8.6 km olarak belirlenmistir [3,4].
Depremlerden sonra yiriitillen birgok saha hasar
calismalarina gore agir hasar alan veya yikilmisg
oldukca fazla miktarda yigma ve betonarme bina
bulundugu [5,6] gozlemlenmistir. Fakat, celik
yapilarin veya g¢elikle giiclendirilmis prefabrike
yapilarin gorece olarak daha az hasar aldigi
gozlemlenmistir [7-10]. Kahramanmaras'ta
meydana gelen depremler; birgok ili etkileyerek
altyapi1 ve binalarda 6nemli hasara yol agmis ve ¢ok

454

kaydedilen en biiyiikk yer ivmeleri Hatay,
Kahramanmaras ve Gaziantep illerindedir [3].
Olgiilen yer hareketi kayitlarinin bazi bolgelerde
Deprem Yonetmeligi’nde ongoriilen degerlerin gok
tizerinde oldugu ifade edilmistir [1].

Ulkemizde Deprem Yonetmelikleri sirasiyla 1940,
1944, 1949, 1953, 1962, 1968, 1975, 1998, 2007 ve
2018 yillarinda; Celik Yapilarin Hesap ve Yapim
Kurallar1 ise 1980 ve 2016’da yaymlanmistir.
Aralik 1980°de yaymlanan TS 648 “Celik Yapilarin
Hesap ve Yapim Kurallar1” Amerikan AISC/ASD
(1978) yonetmeliginin esaslarina dayanmaktadir.
Subat 2016°da yaymlanip, Eyliil 2016’da yiiriirlige
giren “Celik Yapilarin Tasarim, Hesap ve Yapim
Esaslarina Dair Yonetmelik” AISC 360-10
yonetmeliginin esaslarina dayanmaktadir. [11,12].
6 Subat 2023 Kahramanmaras Pazarcik (My=7.7)
ve Kahramanmaras Elbistan (My=17.6)
depremlerinden etkilenen bolgelerdeki ¢elik binalar
bu yonetmeliklerdeki kurallar  ¢ercevesinde
tasarlanmistir. Bu sebepten dolay1 yasadigimiz bu
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yikici depremlerin etkilerinin ve sonuglarinin
geemise yonelik bir bakis agisiyla teorik diizlemde
degerlendirilmesi biiyilk 6nem arz etmektedir. Bu
calisma 2007 deprem yo6netmelikleri (TDY 2007)
ile 1980 ¢elik standardina (TS648) uygun olarak
tasarlanmis ve deprem yiiklerinin tamaminin
gergevelerle  tasindigt  bir  binanin  sismik
yeterliliklerini Hatay bolgesindeki 11 ivme
Olgerlerden alinan kayitlarin Ozelinde
degerlendirmeyi amaglamaktadir.

Bu c¢alismada TDY 2007 [13] ve TS 648
yonetmeliklerine uygun yapilmis 5 katli bir ¢elik
bina ele alinacaktir. ilgili 5 katl celik bina 2012°de
Zekai Celep, Erkan Ozer ve Nuray Aydmoglu
tarafindan yazilmis olan “Deprem Bolgelerinde
Yapilacak  Binalar ~ Hakkinda  Yo6netmelik
Aciklamalar ve Ornekler Kitab1” isimli eserde
hesabi yapilmis bir yapidir [ 14]. Belirtilen sartname
ve standarda uygun olarak bu ¢alisma kapsaminda
dizayn edilmis olan ¢elik yapi, en yogun yikimin
gergeklestigi Hatay bolgesindeki ivmedlgerlerden
alinan ivme kayitlart kullanilarak zaman tanmim
alaninda dogrusal olmayan hesap yontemine gore
SAP2000 V.25.1 programit ile analiz edilmistir [ 15].
Boyutlandirmasi ve detaylandirilmas: yapilmis ve
tamamen projesine gore insa edildigi varsayilan
binanin deprem etkisi altinda degerlendirilmesi,

(TBDY2018) kurallar1 ¢ergevesinde yapilmistir
[16].

2. MATERYAL VE YONTEM

2.1. Bina Ozellikleri

Binanin Hatay’da TDY 2007 esas alinarak Z2
zemin smifina sahip bir arazide insa edildigi
varsayilmis olup yapinin kullanim amacinin konut
oldugu diisiiniilmistiir. Etkin yer ivmesi katsayisi
Aop=0.4, bina onem katsayis1 I=1.0, spektrum
karakteristik  periyotlar1 Ta=0.15s  Tp=0.40s,
tastyici sistem davranis katsayist R=8, hareketli yiik
katilim katsayisi, n=0.30 olarak dikkate alinmistir
[8]. Bina, 6’sar metrelik bes agiklikli, 8’er metrelik
i¢ aciklikli ve yiikseklikleri, ilk kati 4m sonraki
katlar1 3’er metre olan, bes katl1 kolon ve kirislerden
olusan ¢elik bina olarak TDY 2007 ve TS 648
kriterlerine gore tasarlanmistir. Cerceve
dogrultusuna dik diizlemdeki akslar aras1 mesafe 8
m’dir. Calismada binay1 temsilen dikkate alinan
cergeveler Sekil 1 ve 2’de, kat plani ise Sekil 3’te
goriilebilir. Ayrica, binanin tasiyici elemanlariin
kesitleri Sekil 1-3°te belirtilmektedir. Cizelge 1°de
katlara etkiyen deprem yiikleri verilmistir. Cizelge
2’de ise tasarim sonucunda bulunan yap1

Tiirkiye Bina Deprem Yonetmeligi 2018 elemanlarmin profilleri ve malzemeleri verilmistir.
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Sekil 1. Tagtyici sistem geometrisi- 1 Aksi
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Sekil 3. Bina kat plan1 (Ikincil kirigler gosterilmemistir)
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Cizelge 1. Katlara etkiyen deprem kuvvetleri TDY2007+TS648-1980

Deprem dosrultusu 1.Kat 2.Kat 3 Kat 4. Kat 5.Kat Toplam
prem ¢og (kN) (kN) (kN) (kN) (kN) (kN)

Fix 98.51 172.37 246.11 319.97 349.04 1186.0

Fiy 91.72 160.48 229.14 297.90 324.96 1104.2

Cizelge 2. Tasiyici sistem elemanlarinin enkesit profilleri ve malzemesi (TDY2007+TS648-1980)

Tastyict sistem elemant Enkesit profili Yapi geligi
Ikincil kirisler (tiim katlarda) IPE 360 Fe37
Ana kirigler (tim katlarda) HE 400 A Fe37
+0.00 / + 7.00 kotlar1 arasindaki tiim kolonlar HE 550 B Fe37
+7.00 / + 16.00 kotlar1 arasindaki tiim kolonlar HE 550 A Fe37

2.2. Model Detaylar:

Yapinin sonlu elemanlar modelleme ve analizi 3
boyutlu olarak SAP2000 v.25.1 programi
kullanilarak gerceklestirilmistir. Kolonlar, birincil
ve ikincil kirigler ilgili kesit boyutlar1 programa
girilerek c¢ubuk eleman olarak modellenmistir.
Biitiin kolonlar zemine rijit bir sekilde baglanmistir.

Kat dosemeleri, c¢elik kiriglere mesnetlenen ve
trapez profilli sac levhalar lizerinde yerinde dokme
betonarme olarak insa edilen kompozit déseme
sisteminden meydana gelmektedir. Diizlemi i¢inde
rijit bir diyafram olusturan betonarme ddsemelerin
celik kirislere baglantisi igin, boyutlar1 ve yerlesimi
konstriiktif olarak secilen kayma ¢ivilerinden
faydalanilmistir. Doseme yiikleri normal katlarda
zati  yikler (¢elik  konstriikksiyon  harig)
g=3.8kN/m?, hareketli yiikler q=2.0kN/m? olarak;
cat1 katinda ise zati yiikler (gelik konstriiksiyon
hari¢) g=4.1kN/m?, hareketli yiikler q=1.0kN/m?
olarak alinmistir. Normal katlardaki duvar yiikleri
3.0kN/m olarak dikkate alinmistir. Katlara etkiyen
deprem yiikleri ise yoOnetmeliklerin ilgili
maddelerine uygun olarak hesaplanmis ve bu
degerler Cizelge 1°de sunulmustur. [8]

2.3. Yer Hareketleri

Incelenen ¢elik gercevelerin deprem performanslart

zaman tanim  alaninda  analizler yoluyla
belirleneceginden yer hareketlerine ihtiyag
duyulmaktadir. Bu ¢aligmada, 6 Subat 2023

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

depremlerinde, Sekil 4’te gosterildigi tizere, Hatay
bolgesinde 11 istasyonda dogu-bati ve kuzey-giiney
dogrultusunda kaydedilen yatay ivme kayitlari ile
diisey dogrultuda kaydedilen ivme kayitlari
kullanilmistir [11]. Biitiin ivme kayitlarinin tasarim
ivme spektrumlart dogu-bati yonii igin Sekil 5’te,
kuzey-giiney yonii i¢in Sekil 6’da ve diisey dogrultu
icin Sekil 7°de karsilastirmali olarak verilmistir.
Sekil 5°te goriilecegi lizere dogu-bati yoniinde
incelenen binanin salinim periyodunun bulundugu
aralikta (0.2-0.4s) gerceklesen en biiyiik spektral
ivme 3129 nolu istasyonda 4.69g, en diisiik spektral
ivme ise 3124 nolu istasyonda 1.09g ile
hesaplanmistir. Kuzey-giiney dogrultusu dikkate
alindiginda ise en biiyiik spektral ivme yine 3129
nolu istasyonda 5.35g olarak, en disiik spektral
ivme ise 3136 nolu istasyonda 1.08g olarak
hesaplanmistir. Spektrum gorsellerinde ayrica
istasyonlarin ortalama, ortalama+standart sapma ve
ortalama-standart sapma grafikleri de
gosterilmektedir. Sunulan spektrumlardan
goriilecegi tlizere ilgili bolgede 2007 Deprem
Yonetmeligi’nin 1.5 kat artirillmis spektrum egrisi
ile 2018 Deprem Y 6netmeligi’nin DD1 diizeyi i¢in
belirledigi tasarim spektrumlar: 11 ivme kaydimnin
ortalama-standart ~ sapma  degerine  karsilik
gelmektedir. DD2 diizeyi dikkate alindiginda ise
Deprem Y onetmeliklerinin tasarim spektrumlarimin
ivme kayitlarindan elde edilen spektrumlarin
altinda oldugu belirlenmistir. 1975 Deprem
Yonetmeligi'nin tasarim spektrumlarinin hem 6
Subat 2023 depremlerinin ivme spektrumlarindan,
hem de 2007 ile 2018 Deprem Yonetmeligi’nin
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tasarim spektrumlarinin altinda kaldig1
gozlenmistir. Ayrica, kiyaslamak amaciyla 1995
yilinda gerceklesmis olan Kobe Depremi’ne ait
kayitlar da [12] spektrumlara eklenmis olup, 6
Subat depremlerine iliskin ivme degerlerinin biiyiik

kismmnin  Kobe Depremi’nde ortaya ¢ikan
degerlerden  daha  biiyiikk oldugu  ortaya
koyulmustur.

 Kuzuculu

X Doityol
=

3t

Payas

LEEVIED]

Sekil 4. Calismada kullanilan istasyonlar

2.4. Yontem

3 boyutlu c¢erceve olarak modellenen yapi
TBDY2018 Boliim 5.7 kurallarma gore [10] daha
once belirtilen 11 adet ivme kaydi kullanilarak
zaman tanim alaninda dogrusal olmayan yontem ile
analiz edilmis ve TBDY2018 Boliim 15 ile Ek 5C
kurallarina gore her bir tasiyict elemanmn deprem
performans analizleri yapilmustir.
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Sekil 5. Dogu-Bati yatay deprem spektrumlari
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Sekil 7. Diisey Deprem Spektrumlari

3. BULGULAR VE TARTISMA

Analiz sonuglart kat bazli olarak Cizelge 3 ila 7
arasinda Ozetlenmis, Sekil 8 ila 13 arasinda ise
grafiksel olarak gosterilmis ve detayli analiz
sonuglari ise ekte verilmistir. Sekil 13°te TDY 2007
ve TS 648-1980’e gore tasarlanmig binanin tiim
elemanlarmin deprem performans Ozeti her bir
istasyon verisi igin ayr1 ayri verilmistir. Sonuglar,
11 istasyon verisine gore yapilan degerlendirmede
kolonlarin bir kisminin Gogme bolgesinde yer
aldigimi  gostermektedir.  Birinci  kat  kiris
performanslar1 dikkate alindiginda ise sadece 3123
nolu istasyon verisine gore kirislerin %5.3’1 Gogme
bolgesinde, geri kalani ise Belirgin Hasar ve Sinirli
Hasar Dbolgesinde bulunmaktadir. 3139 nolu
istasyonda %31.6’s1 Gogme bolgesinde; geri kalan1
ise, Ileri Hasar, Belirgin Hasar ve Simrli Hasar
bolgelerinde  bulunmaktadir. Diger istasyon
kayitlarina goére yapilan analizlerde ise kiriglerde
gocme goriilmemektedir. Birinci kat kolonlarinda
ise tiim istasyonlarda gd¢me performansina ulagan
kolonlar bulunmaktadir.
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Cizelge 3. Birinci kat sonuglar1 (TDY2007+TS648-1980)

Deprem Kaydi | 3123 | 3124 | 3125 | 3126 | 3129 | 3135 | 3136 | 3139 | 3141 | 3142 | 3145
Gogme 53 0.0 0.0 0.0 0.0 0.0 0.0 31.6 0.0 0.0 0.0
KiRIS ileri Hasar 10.5 5.3 0.0 5.3 5.3 0.0 0.0 5.3 0.0 0.0 21.1
% Belirgin Hasar | 36.8 | 52.6 | 36.8 | 21.1 | 47.4 | 15.8 | 10.5 0.0 42.1 15.8 | 26.3
Sinirlt Hasar 474 | 42.1 | 632 | 73.7 | 474 | 842 | 89.5 | 632 | 579 | 842 | 52.6
Gogme 66.7 | 50.0 | 33.3 | 333 | 66.7 | 20.8 8.3 583 | 333 | 16.7 | 50.0
KOLON ileri Hasar 0.0 16.7 4.2 16.7 0.0 0.0 25.0 | 25.0 | 16.7 4.2 16.7
% Belirgin Hasar | 33.3 | 25.0 | 458 | 29.2 | 33.3 | 458 | 16.7 0.0 50.0 | 45.8 | 16.7
Sinirlt Hasar 0.0 8.3 16.7 | 20.8 0.0 33.3 | 50.0 | 16.7 0.0 333 | 16.7
Kiris Ozetleri (TDY2007&TS648-1980)
100,0 mGogme
80,0
60.0 mileri Hasar
40,0 O Belirgin Hasar
20,0 L
0,0 B Sinirli Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145
Kolon Ozetleri (TDY2007&TS648-1980)
100,0 mGogme
80,0
60,0 mileri Hasar
40,0 |_i I_‘ I_H O Belirgin Hasar
sl el ofi sl Ji s
0,0 I . ® Sinirl Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145

Sekil 8. Birinci Kat Kolon ve kirislerin deprem performans 6zetleri (TDY2007+TS648-1980)

Ikinci kat kiris performanslar1 dikkate alindiginda
ise sadece 3129 nolu istasyon verisine gore
kirislerin %36.81 Ileri Hasar bolgesinde, geri kalan1

yapilan analizlerde ise kirislerde gogme veya ileri
hasar goriilmemektedir. Ikinci kat kolonlarnda
3123, 3126, 3129, 3139 ve 3145 istasyonlarinda

ise Belirgin Hasar ve Sinirli Hasar bolgesinde  kolonlarmn  bir kismi gbé¢me performansina
bulunmaktadir. Diger istasyon kayitlarina goére ulagmaktadir.
Cizelge 4. Ikinci kat sonuglar1 (TDY2007+TS648-1980)
Deprem Kayd: | 3123 | 3124 | 3125 | 3126 | 3129 | 3135 | 3136 | 3139 | 3141 | 3142 | 3145
Gogme 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
KIRIS Ileri Hasar 53 0.0 0.0 0.0 0.0 0.0 0.0 | 36.8 0.0 0.0 0.0
% Belirgin Hasar | 47.4 | 52.6 | 36.8 | 26.3 | 39.5 | 15.8 | 10.5 0.0 | 42.1 | 158 | 474
Sinirli Hasar 474 | 474 | 632 | 73.7 | 60.5 | 84.2 | 89.5 | 63.2 | 57.9 | 842 | 52.6
Gogme 4.2 0.0 0.0 | 333 | 16.7 | 0.0 0.0 16.7 | 0.0 0.0 16.7
KOLON Ileri Hasar 125 | 4.2 0.0 0.0 4.2 0.0 0.0 83 16.7 | 0.0 0.0
% Belirgin Hasar | 16.7 | 29.2 | 20.8 0.0 | 20.8 | 4.2 0.0 83 0.0 0.0 0.0
Sinirlt Hasar 66.7 | 66.7 | 79.2 | 66.7 | 583 | 95.8 | 100 | 66.7 | 83.3 100 | 83.3
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100.0 Kiris Ozetleri (TDY2007&TS648-1980)

80,0

60,0 mileri Hasar
40,0 O Belirgin Hasar
20,0 H

0,0 B Sinirh Hasar

3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145
Kolon Ozetleri (TDY2007&TS648-1980)

mGogme

100,0
80,0

60,0 mileri Hasar
40,0 -I_I I O Belirgin Hasar
20,0 ’_| I ’—I I

0,0 l_l l B Sinirl Hasar

3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145
Sekil 9. ikinci Kat Kolon ve kiriglerin deprem performans 6zetleri(TDY2007+TS648-1980)

mGogme

Uciincii kat kirislerindeki hasar seviyeleri tim 3124, 3125, 3126, 3129, 3139 ve 3145
istasyonlarda Belirgin Hasar ve Smirli Hasar istasyonlarinda gé¢me performansina ulasanlar
bolgesindedir. Ugiincii kat kolonlarinda ise 3123,  vardir.

Cizelge 5. Uciincii kat TDY2007+TS648-1980 sonugclar
Deprem Kaydi | 3123 | 3124 | 3125 | 3126 | 3129 | 3135 | 3136 | 3139 | 3141 | 3142 | 3145
Gogme 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
KIRIS Ileri Hasar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% Belirgin Hasar | 36.8 | 36.8 | 158 | 184 | 26.3 | 15.8 53 36.8 | 21.1 53 26.3
Sinirli Hasar 632 | 632 | 842 | 81.6 | 73.7 | 842 | 94.7 | 63.2 | 789 | 94.7 | 73.7

Goeme 16.7 | 16.7 | 42 | 292 | 125 | 0.0 0.0 | 333 | 0.0 0.0 | 16.7
KOLON Tleri Hasar 42 4.2 8.3 42 | 208 | 0.0 0.0 0.0 0.0 0.0 0.0

% Belirgin Hasar | 33.3 | 25.0 | 20.8 | 0.0 | 16.7 | 12.5 | 16.7 | 41.7 | 50.0 | 0.0 | 16.7
Sinirli Hasar | 45.8 | 54.2 | 66.7 | 66.7 | 50.0 | 87.5 | 83.3 | 25.0 | 50.0 | 100 | 66.7

Kiris Ozetleri (TDY2007&TS648-1980)

100,0 mGogme

80,0
60,0 o ileri Hasar
40,0 O Belirgin Hasar
20,0

0,0 B Sinirhi Hasar

3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145

100.0 Kolon Ozetleri (TDY2007&TS648-1980)

80,0

60,0 o leri Hasar
40,0 O Belirgin Hasar
20,0 L I
0,0 l B Sinirh Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145
Sekil 10. Ugiincii kat kolon ve kiriglerin deprem performans 6zetleri (TDY2007+TS648-1980)

mGogme
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Dordiincii kat kirig performanslart incelendiginde,
tim istasyonlarda kirislerin Belirgin Hasar ve
Smirlt  Hasar bolgesinde  bulundugu  tespit
edilmistir. Dérdiincii kat kolonlarinda sadece 3123,

3124 ve 3129 istasyonunda kolonlarin bir kismimin
fleri Hasar performansina ulastigi
gozlemlenmektedir. Diger kolonlar ise ise Belirgin
Hasar ve Snirlt Hasar bolgelerindedir.

Cizelge 6. Dordiincii kat TDY2007+TS648-1980 sonuglari
Deprem Kaydi | 3123 | 3124 | 3125 | 3126 | 3129 | 3135 | 3136 | 3139 | 3141 | 3142 | 3145
Gogme 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

KIRIS Tleri Hasar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% Belirgin Hasar | 13.2 | 23.7 | 0.0 | 158 | 263 | 0.0 0.0 53 7.9 0.0 | 132
Sinirli Hasar | 86.8 | 763 | 100 | 84.2 | 73.7 | 100 100 | 94.7 | 92.1 | 100 | 86.8

Goeme 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

KOLON Tleri Hasar 8.3 16.7 | 0.0 0.0 4.2 0.0 0.0 0.0 0.0 0.0 0.0
% Belirgin Hasar | 8.3 125 1 0.0 | 16.7 | 458 | 0.0 0.0 | 583 | 333 | 0.0 | 20.8
Sinirli Hasar | 83.3 | 70.8 | 100 | 83.3 | 50.0 | 100 100 | 41.7 | 66.7 | 100 | 79.2

Kiris Ozetleri (TDY2007&TS648-1980)

100,0 mGogme
80,0
60.0 D 1ileri Hasar
40,0 O Belirgin Hasar
20,0
0,0 B Sinirh Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145
Kolon Ozetleri (TDY2007&TS648-1980)
100,0 mGogme
80,0
60,0 mileri Hasar
40,0 O Belirgin Hasar
20,0
0,0 B Sinirh Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145

Sekil 11. Dérdiincii kat kolon ve kirislerin deprem performans 6zetleri (TDY2007+TS648-1980)

Besinci kat kirig performanslari dikkate alindiginda
tiim istasyonlarda kirigler Belirgin Hasar ve Sinirlt
Hasar bolgesinde bulunmaktadir. Besinci kat
kolonlar1 incelendiginde ise sadece 3129

istasyonunda kolonlarin bir kisminin Belirgin Hasar
performansina ulastigi, digerlerinin ise Sinirli Hasar
bolgesinde kaldig tespit edilmistir.

Cizelge 7. Besinci kat TDY2007+TS648-1980 sonuglari
Deprem Kaydi | 3123 | 3124 | 3125 | 3126 | 3129 | 3135 | 3136 | 3139 | 3141 | 3142 | 3145
Gogme 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
KIRIS Tleri Hasar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% Belirgin Hasar | 5.3 0.0 0.0 0.0 53 0.0 0.0 0.0 0.0 0.0 0.0
Sinirlh Hasar 94.7 100 100 100 | 94.7 100 100 100 100 100 100

Goeme 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tleri Hasar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16.7 | 0.0 0.0 0.0 0.0 0.0 0.0
83.3 | 100 100 100 100 100 100

KOLON
% Belirgin Hasar | 0.0 0.0 0.0 0.0
Sinirli Hasar 100 100 100 100
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Kiris Ozetleri (TDY2007&TS648-1980)
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Sekil 12. Besinci kat kolon ve kirislerinin deprem performans 6zetleri (TDY2007+TS648-1980)

Sonuglara gore, 1998 ve 2007 yili Deprem
Yonetmelikleri kullanilarak TS 648’deki minimum
kosullara goére tasarlanan kolonlarm, 3136
istasyonu hari¢, tamammin 6 Subat 2023
Depremlerinde Gogme Performans Seviyesinde yer
alacagi ve 6 Subat 2023 Depremlerinde yeterli
performans1  gosteremedigi  ortaya  ¢ikmuistir.
Kiriglerin kolonlardan ¢ok daha 1iyi davranig

sergiledigi, bu durumun deprem yonetmeliklerinin
tasarim ilkesine uygun olmadigi, ¢linkii ele alinan
cergevelerde oOncelikli olarak kolonlarin  ug
bolgelerinde plastik mafsallari olustugu ve global
deprem performansinin bu sebeple yeterli seviyede
olamadig1 gozlenmistir. Ekler boliimiinde ornek
olarak bir kolon hesab1 sunulmustur.

Kirig Performanslari

100,0 mGogme
80,0
60,0 mileri Hasar
40,0 O Belirgin Hasar
20,0
0,0 B Sinirli Hasar
3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145
Kolon Performanlari
100,0 mGogme
80,0

60,0
40,0
20,0

3123 3124 3125 3126 3129 3135

Sekil 13. Tiim bina elemanlar

4. SONUCLAR

Bu caligmada 2007 Deprem Y 6netmeligi ile TS 648
kullanilarak minimum kosullarda tasarlanmis 5
kath celik binanin 6 Subat 2023 depremlerinde
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3136

Dileri Hasar
O Belirgin Hasar

B Sinirlt Hasar

3139 3141 3142 3145

Hatay Bolgesi’nde kaydedilen 11 adet ivme kayd1
altindaki deprem performansi ayrmtili bir bigimde
irdelenmistir. ~ Yapilan  analizler = sonucunda
asagidaki sonuglara ulagilmistir:
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* 6 Subat 2023 Depremlerinde Hatay’da 11
istasyonda kaydedilen ivme kayitlar1 kullanilarak
yapilan analizlerin tiim istasyonlar igin global
performans degerlendirmesi yapildiginda ele alinan
cercevenin Go¢me Performans Seviyesinde oldugu
ve hedeflenen Kontrolli Hasar Performans
Seviyesini karsilayamadig1 belirlenmistir.

* Hatay’da kaydedilen 11 adet ivme kaydindan
timiinde yapilan zaman tanim alaninda dogrusal
olmayan analizlerde kolonlarin bir bolimiiniin
goeme bolgesinde yer aldig1 gézlenmistir. 3129 ve
3123 istasyonlar1 kaydi ile yapilan analizlerde bina
en kotii performansi sergilemistir.

* Kuvvetli kolon - zayif kiris felsefesine gore
tasarlanan binalarda gégme performans seviyesinin
meydana gelmesinin sebeplerinden biri olarak 6
Subat 2023 Depremlerinde ortaya gikan ivmelerin
deprem yonetmeliklerinin 6ngordiigi ivmelerden
biiyiik  olmast ve  moment taleplerinin
karsilanmasinda mevcut yapisal elemanlarin
yetersiz kalmasi gosterilebilir.

* Deprem kayitlarinda goriilen ¢ok yiiksek diisey
ivme degerlerinin, giicli kolon — zayif Kkirig
davranig1 olusmaksizin, kolonlarin eksenel yiik
altinda  plastiklesmesiyle  gogme  durumu
olugmasina yol actig1 gdzlemlenmistir.

Sonu¢ olarak deprem yonetmeliginin ve ¢elik
yapilar standardinin minimum kosullar1 gézetilerek
deprem yiiklerinin sadece c¢ergeveye tasitildigi
yapilarda yeterli deprem performansi
sergileyemeyecegi gortilmiistiir. Kolon boyutlar
belirli bir kapasiteyi garanti etse de kolonlarin
yeterli deprem performansini saglayamadigi, bu
hususun kolon boyutlarindan kaynakli oldugu
belirlenmistir. Kolon boyutlar1 ¢erceve rijitligini
etkileyen en Onemli parametrelerden biri
oldugundan c¢ercevenin yatay deplasmanlarmin
artmasi ile kolonlarin moment taleplerinde artiglar
olmaktadir. Bu taleplerin bu c¢alismada ele alinan
yeterli minimum kesitlerle karsilanamayacagi
gozlenmistir. 1. ve 2. derece deprem bolgelerinde
yapilan orta yiikseklikteki gelik yapilara, celik
capraz kullanilma zorunlulugu yonetmeliklere
eklenmelidir.
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6. EKLER

Eksenel yiiklerdeki yiiksek basing degerlerinden
biri B301 numarali kolondaki 3129 Istasyon
kayitlarinin analizinden 6lgiilen 3223.32 kN’dur.
Kolonun eksenel yiik kapasitesi 5112.5 kN’dur.
Kolonun kuvvetli yoniinde olusan plastik donmesi
0.014 radyan, zayif yonde olusan plastik donmesi
ise 0.047 radyandir. TBDY2018 Ek 5C.1.2°deki
kurala gore g¢elik elemandaki eksenel yiik,
plastiklesme aninda ¢elik elemanmn beklenen
eksenel basing dayaniminin yarisindan fazla ise
kolonlarda dogrusal olmayan sekil degistirmelere
miisaade edilmemektedir.
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gdcme bolgesindedir.
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Ek Cizelge: Yapisal bilesenlerin tiim kayitlar altinda gosterdikleri performans seviyeleri

Deprem 3123 3124 3125 3126 3129 3135 3136 3139 3141 3142 3145

Eleman Tipi Eleman Kat

Kiris K211 1 KH KH KH

Kirig K212 1 KH KH KH

Kirig K214 1 KH KH KH

Kirig K215 1 KH KH KH

Kirig K311 1 KH KH KH

Kiris K312 1 KH KH KH

Kiris K314 1 KH KH KH

Kirig K315 1 KH KH KH

Kiris KCl11 1 GO KH KH

Kiris KC12 I JeoowEl G0 KH

Kirig KC13 1 GO KH KH

Kirig KDI1 1 GO KH KH

Kiris KDI2 I B KH

Kirig KDI13 1 GO KH KH

Kirig K221 2 KH KH KH

Kirig K222 2 KH KH KH

Kirig K224 2 KH KH KH

Kiris K225 2 KH KH KH

Kiris K321 2 KH KH KH

Kirig K322 2 KH KH KH

Kirig K324 2 KH
Kirig K325 2

Kirig KC21 2 KH
Kiris KC22 2 KH
Kiris KC23 2 KH
Kirig KD21 2 KH
Kirig KD22 2 KH
Kirig KD23 2 KH
Kolon A201 1 KH
Kolon A301 1 KH
Kolon B101 1

Kolon B201 1

Kolon B301 1

Kolon B401 1

Kolon Cio1 1

Kolon €201 1

Kolon C301 1

Kolon C401 1

Kolon DI01 1

Kolon D201 1

Kolon D301 1

Kolon D401 1

Kolon E101 1

Kolon E201 1

Kolon E301 1

Kolon E401 1

Kolon F201 1

Kolon F301 1

Kolon B202 2

Kolon B302 2

Kolon C202 2

Kolon C302 2

Kolon D202 2

Kolon D302 2

Kolon E202 2

Kolon E302 2

Kolon B203 3

Kolon B303 3

Kolon €203 3

Kolon €303 3

Kolon D203 3

Kolon D303 3

Kolon E203 3

Kolon E303 3

Kolon B204 4

Kolon C204 4

Kolon C304 4

Kolon D204 4

Kolon D304 4

Not: Ustteki tabloda kayitlarin tamaminda Sinirli Hasar ve Kalict Hasar performansi gsteren bilesenler
sunulmamustir.
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Oz

Bu cahgmada; Ulkemiz madenciliginde &nemli yer tutan dogaltas ocak-tesislerinde,
standart/yonetmeliklere uygun alinan titresim ve giiriiltii 6l¢imleri alinmigtir. Elde edilen sonuglar Giiriiltii
ve Titresim YoOnetmeligine gore degerlendirilmistir. Ocaklardan alinan &lgimlerde, sondaj makinesi
kullanan operatorlerinin hem tiim viicut titresimi (4,8 m/s?) hem de giiriiltii maruziyetinin (89,3 dBA)
yiiksek oldugu goriilmistiir. Fabrikadan alinan giiriiltii 6l¢tim degerlerinde ise S/T makinelerinin (90,6
dBA), ebatlama makinelerinden (85,5 dBA) daha fazla giiriiltiiye yol agtiklar1 ortaya ¢ikmigtir. Elmas tel
kesme makinesi kullanan g¢alisanlarin el-kol titresimi 6l¢limlerinde elde edilen degerlerde her ne kadar
giinliik maruziyet simir degeri olan 5 m/s? degerinin asilmadig1 goriilmiis ise de giinliik maruziyet eylem
degeri olan 2,5 m/s>’nin iki ocakta asildig1 goriilmiistiir. Calismada son olarak, yapilan 6l¢iimler sonucunda
elde edilen verilerdeki sinir degerlerin tizerindeki degerlerle ilgili olarak ocaklar/fabrikada alinabilecek
onlemler sunulmustur.

Anahtar Kelimeler: Dogaltas madenciligi, Is saghig1 ve giivenligi, Titresim, Giiriiltii

Investigation of Vibration and Noise Exposure in the Quarry-Factory
Environment in Natural Stone Mining

Abstract

In this study, vibration and noise measurements were carried out in accordance with the
standards/regulations in natural stone quarries, which are an important part of the mining industry in our
country. The results obtained were evaluated according to the Noise and Vibration Regulation.
Measurements taken in the quarries showed that both whole-body vibration (4.8 m/s?) and noise exposure
(89.3 dBA) of the operators using the drills were high. Noise measurements from the factory showed that
S/T machines (90.6 dBA) were noisier than sizing machines (85.5 dBA). Although it was found that the
daily exposure limit value of 5 m/s* was not exceeded in hand-arm vibration measurements of workers

*Sorumlu yazar (Corresponding Author): Ali Ekrem ARITAN, aritan@aku.edu.tr
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using diamond wire cutting machines, the daily exposure action value of 2.5 m/s?> was exceeded in two
natural stone quarries. Finally, the study presents the precautions that can be taken in the quarries/factory
in relation to the exceedances of the limit values in the data obtained as a result of the measurements.

Keywords: Natural stone mining, Occupational health and safety, Vibration, Noise

1. GIRIS

Insanlar yerlesik hayata basladiklar andan itibaren,
yasadiklart  yerlerde, yaptiklart  yapilarda,
ibadethanelerde  ve  sanatsal calisma  ve
tasarimlarinda dogaltas kullanimi bir uygarhk
simgesi olmustur. I¢inde bulundugumuz zaman
diliminde de yapilarin dis ve i¢ dekorasyonlarinda,
siis egyalarin yapimlarinda, kent mobilya ve
kaldirim taslarinda, yapilarin dis cephe kaplamalar1
gibi yerlerde bolca kullanildig1 goriilmektedir.
Sehirlerin  biiylimesi, insan niifusunun artmasi
dolayisiyla dogaltas talebi de artmaktadir.

Ulkemiz dogaltas rezervleri bakimindan diinya
siralamasinda st  siralarda  bulunmaktadir.
Tiirkiye’nin diinya iizerinde bulundugu cografi
konumu rezervlerimizin fazla olmasmin sebebi
olarak karsimiza ¢ikmaktadir. Tiirkiye Alp
kusaginda yer almaktadir ve dogaltaslar da mineral
ve renk zenginligine sahiptir. Ulkemizde yaygin
olarak dogaltag rezervleri mevcuttur. Tirkiye’nin
dogaltas muhtemel rezerv toplami 5,1 milyar
m?’tiir. Bu rezerv miktar1 diinya rezervinin yaklasik
olarak  {i¢te  birini  olusturmaktadir  [1].
Afyonkarahisar Ili de bu zengin rezervlerden
nasibini almistir. Artan dogaltas talebinin
karsilanmast icin Ulkemizde son yillarda iiretim de
artmistir. Bu artigla birlikte sektor galisanlarin
meslek hastaliklar1 ve is kazalarina ugrama riskleri
de artmaktadir.

Ulkemizde 2012 yilinda ¢ikarilan 6331 Sayili s
Saglig1 ve Giivenligi Kanunu ile birlikte bu risklerle
miicadele konusunda calismalar hiz kazanmistir.
Burada hem calisanin sagligi-giivenligi garanti
altina almmaya c¢alisilitken hem de is giicii
verimliligi artirilmaya g¢alisilmaktadir. Bu 6nemli
calismalarin yapilmasi sektor ¢alisanlarinin iglerine
motive olabilmelerini, saglamak acisindan da ayr1
bir 6nem tagimaktadir. Motivasyonun geregince
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saglanamamas1 hem is kazalarini hem de saglik
acisindan problemleri artiracaktir. Calisanin rahat
bir bi¢imde c¢aligmast bu manada ¢ok Onem
kazanmaktadir. Burada c¢alisanin rahatim1 kot
yonde etkileyen sebeplerin basinda fiziksel riskler
gelmektedir.

Genel olarak ocak ve fabrikalarda karsilasilan
fiziksel risk etmenlerinden baglicalar titresim ve
giiriiltii  olarak  goriilmektedir. 1s saghg ve
giivenliginin temel sorunlarindan birisi olan fiziksel
risk etmenleri, dogaltas madenciliginde de
kargimiza ¢ikmaktadir. Bu etkenlerden o6zellikle
titresim ve giiriiltli dnemli riskler barindirmaktadir
(karpal tiinel sendromu, gecici/kalici isitme
kayiplar1 vb.). Bu dogrultuda bakildiginda dogaltas
madenciliginde kullanilan birgok makine ve
donanimin  sektdr c¢alisanlarinin  sagliklarini
etkileyebilecegi bir gergektir. Kesme islemi
esnasinda olusan giiriiltii ise ¢alisanlarin isitme
saghgi ile dogrudan iliskilidir. Ayrica titresim
makinelerde ariza ve yorulmalara da sebep
olmaktadir.

Bir cisim bir denge konumu etrafinda belirli bir
periyotta salinim hareketi yaptiginda titresim olusur
[2]. Genel olarak bakildiginda, ortamin kati oldugu
durumlarda ortaya c¢ikan ve dokunuldugunda
hissedilen, frekans1 diisik ve genligi yiiksek
mekanik salinimlardir. Bagka bir sekilde soylenmek
istenirse; potansiyel enerjinin kinetik enerjiye,
kinetik enerjinin potansiyel enerjiye doniismesi
olayma titresim (vibrasyon) adi verilmektedir.
Titresim salimima sahip bir harekettir. Titresim
hareketinin birbiri ile baglantili dort parametresi
bulunmaktadir. Bunlar frekans, ivme, hiz ve yer
degistirmedir [3].

Giiriiltii tanimlamasi yapilirken oncelikle giirtiltitye
sebep olan sesi tanimlamak gerekir ki; bir maddenin
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titresimi ile olusan ve bu titresimin uygun
ortamlarda (hava, sivi veya gaz) yayilmasi ile
meydana gelen enerji dalgasmma ses adi
verilmektedir [4]. Frekans ve siddet, sesin niteligini
belirlemektedir. Frekans, sesi meydana getiren
saniyedeki titresim sayis1 olarak ifade edilmektedir
ve birimi Hertzdir (Hz). Sesin giddeti olarak ifade
edilen Desibel ise ses dalgasinin i¢erdigi enerjinin
birim alandaki enerjiye oranmdir. Birimi ise
Desibeldir ve (dBA) seklinde gosterilir. Bulunulan
ortamda ses dalgalarmin siddeti ve yogunlugu
giriilti  diizeyini belirler. Ortam ve kigisel
maruziyet Ol¢iimlerinde giiriiltiiniin siddeti (dBA)
dikkate alinmaktadir [5]. Endiistrideki giirtlti,
calisanlar lizerinde 6zellikle fizyolojik ve psikolojik
etkiler birakir. Giiriiltii, isitme diizeyini ve sagligina
olumsuz yonde etki eden, kalic1 ya da gegici igitme
sorunlarina sebep olan ve is verimini diisiiren
seslerdir [6,7]. Ulkemizde giiriiltiiniin tespiti igin
yaymlanmig olan yonetmelik; 2013  yilinda
yayinlanmis olan Calisanlarin Giiriiltii ile Tlgili
Risklerden Korunmalarina Dair Y6netmeliktir [8].

Dogaltas sektoriinde, iiretim yapilan ocaklarda
elmas tel kesme makineleri olusturduklart giiriiltii
diizeyleri bakimindan incelenmesi gereken bir konu
olarak karsimiza cikmaktadir. Elmas tel kesme
makinesinde kesme iglemi, 6zel bir siralama ile
dizilmis elmas boncuklu tel yardimi yapilmaktadir.
Makine yere sabitlenmis ray iizerinde hareket eder
ve telin sogutmasi su ile saglanmaktadir.

Elmas tel kesme makinesi ile bloklarin ocak
aynasindan kesilmesi ve blok ebatlama islemi
esnasinda olusan giiriiltii, calisanlarin meslek
hastaligina yakalanmasi riskini dogurmaktadir.
Olusan bu riske karsilik ortamda calisanlarda
onlemler alinmalidir, kisisel koruyucu donanimlar
kullandirilmalidir.  Ayrica blok kesme islemi
sirasinda kesilen dogaltasgin firlamasi, tel kaymasi-
kopmast vb. tehlikeler, kullanilan makinelerde,
makine ile insan arasina konulan paravan vasitasi
ile engellenmeye calisiimaktadir [9].

Literatiire bakildiginda, dogaltas ocaklarmmda ve
dogaltas isleme fabrikalarinda fiziksel risklerin
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bulundugu goriilmektedir. Hem el-kol hem de viicut
titresimi  bakimindan risklerin olmast ayrica
onlemlerin artirtlmasi gerektigini bize
gostermektedir. Ayrica, giiriiltii problemi de bir¢cok
madencilik  kolunda oldugu gibi dogaltas
madenciliginde de sorunlara (isitme sorunlari)
sebep olacak diizeylere ulasabilmektedir.

Caligma kapsaminda; eclmas tel kesme islemi
strasinda olusan el-kol titresim ve giiriiltii maruziyet
Olciimleri yapilmistir. Ocaklarda, giiriilti ve
titresim maruziyetini  incelemek i¢in  sondaj
makinesi, ekskavator, kamyon ve yiikleyicilerden
de Olglimler alinmustir. Bir dogaltas isleme
fabrikasindan da giiriiltii 61¢timleri alinmustir.

2. MATERYAL VE YONTEM

Calisma, Afyon ili sinirlart igerisinde bulanan 3
dogaltas ocaginda yapilmistir. Ocaklar Iscehisar ve
Emirdag ilge smirlart igerisinde bulunmaktadir
(Sekil 1). Ocaklarda iiretim elmas tel kesme ile
yapilmaktadir.
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Sekil 1. Olgiim alman ocak yerlerini gdsteren
harita [10]

Caligsanlardan alinan giiriiltii 61¢timleri “Svantek SV
1041S  Giiriiltii  Seviyesi Olgiim Cihaz1” ile
yapilmistir. Cihaz, 6l¢iim yapilan alanlarin kararli
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bir giiriiltiiye sahip olmasi nedeni ile ‘Slow’ (yavas)
modunda ve A agirhkta kullanmilmigtir. Kararl
giiriiltilye sahip alanlarda yapilan &lglimlerde
‘Slow’ ya da ‘Fast’ konumu arasinda istatistiksel bir
degisiklik gozlenmemis olup, farkliliklar kararsiz
giiriiltii 6lgiimlerinde ortaya ¢ikmaktadir. Yapilan
Olciimlerde TS 2607 ISO 1999 standardi
kullanilmigtir [11]. Makineleri kullanan
operatorlerin, 8 saatlik bir ig giinii i¢in maruz
kaldiklar1 giriiltii seviyeleri (Lexgn) Esitlik 1’de
verilen  formiil  kullanilarak  hesaplanmistir.
Yorumlamalar Lex sy degerlerine gore yapilmustir.

Lexsi=Laeqt10 log [Te/To] (1)

Lgx sn: Giiriilti maruziyet diizeyi (dBA).

Lacq : Esdeger giiriiltii seviyesi (dBA).

Te : Calisma giiniinde etkin olarak maruz kalinan
periyot (saat).

Ty : Referans maruz kalma periyodu (= 8 saat).

Titresim Ol¢timii; ivmeodlgerlerden alinan verilerin
islenmesi ve kaydedilmesi igin “Cesva VC431
Titresim Olgiim Cihaz1” kullanilmistir. Cihaz ISO
8041:2005, ISO 2631-1, ISO 2631-2, ISO 2631-5
ve ISO 5349  standartlarinda  Ongoriilen
gereklilikleri karsilamaktadir. El-kol titresimi igin
wh (ISO 5349) filtrelerini kanallar bazinda
ayarlamak miimkiindiir. 50 m/s? peak titresim ivme
degerleri kaydedilebilmektedir. Yapilan dl¢iimlerde
TS EN 1032+A1, TS EN ISO 5349-1 ve TS ISO
2631-1/A1 standardi kullanilmastir [12-14].

3. ARASTIRMA BULGULARI
3.1. Ocaklardan Ahnan Ol¢iimleri

Ozellikle dogaltas ocaklarinda ¢alisanlarin muhatap
olduklari el-kol titresimi maruziyeti olusturan elmas
tel kesme makineleridir. Elmas tel kesme makinesi
kullanan c¢alisanlarin maruz kaldiklar1 titresim ve
giiriiltii degerleri, Emirdag ve Iscehisar bolgesinden
secilen 3 dogaltas ocaginda 6l¢iilmiistiir (O;, O,
03). Olgiim sonuglar1 Cizelge 1°de verilmistir. O,
ve O, ocaklarinda 2 adet, O3 ocaginda ise 1 addet
elmas tel kesme makinesi vardir.
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Cizelge 1. Elmas tel kesme makinesi kullanan
calisanlarin giiriiltii ve el-kol titresim
maruziyet degerleri

Yer Titresim | Lmin | Lmax LAeq | Lexsh
(m/s?) (dBA) [(dBA) |(dBA) [ (dBA)
1,89 75,60 {90,10 81,90 | 81,00
o 1,82 77,06 191,53 [82,00 [81,10
325 80,65 91,88 |83,80 |82,90
0: 3,51 82,28 |87,32 84,30 |83,40
O3 3,66 82,59 [87,71 84,80 |83,90

Ayrica 3 farkli dogaltas ocaginda yiikleyici, sondaj
makinesi, ekskavator ve kamyon kullanan
calisanlarin maruz kaldiklar1 giiriiltic degerleri de
tespit edilmistir (Cizelge 2). Yiikleyici, ekskavator
ve kamyon kullanan operatorler igin giiriiltii
maruziyet Olglimleri, araglarin kapali kabinleri
igerisinde yapilmistir.

Cizelge 2. Makineleri kullanan  operatorlerin
giiriiltii 6l¢iim degerleri (dBA / Lex gn)

Glrilti
Degeri Lmin Lmax LAeq LEX,Sh
(dBA)
Makine Yiikleyici
(0]} 81,9 87,2 84,7 84,1
02 87,0 91,1 88,9 88,3
03 85,7 97,3 88,4 87,8
Makine Sondaj Makinesi
(0]} 86,6 93,1 88,2 87,6
02 82,2 95,9 88,8 88,2
03 82,8 97,5 89,9 89,3
Makine Ekskavator
01 85,4 93,1 87,4 86,8
02 86,4 92,9 88,0 87,4
03 82,1 95,9 88,7 88,1
Makine Kamyon
01 85,3 91,6 86,9 86,3
02 75,8 90,3 80,7 80,1
03 80,9 81,6 82,4 81,8

Giiriiltd 6l¢timii yapilan her ii¢ ocak i¢inde, makine
operatorlerinin maruziyetleri i¢in 6l¢iilen degerlerin
(Lexgn), Giriilti  Yonetmeliginde belirtilen en
disik maruziyet etkin degerinden yiiksek oldugu
Sekil 2°de goriilmektedir.
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Operatorlerin Guriltl Maruziyet Degerleri
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Sekil 2. Makineleri kullanan operatorlerin giiriiltii maruziyet diizeyleri (dBA)

Tiim viicut titresim maruziyeti ile ilgili 3 ocakta  Cizelge 3. Ocaklarda makineleri kullanan
yapilan  calisma  sonuglar1t  Cizelge 3’de operatorlerin/calisanlarin  tiim  viicut
goriilmektedir. titresim maruziyet degerleri (m/s?)
Olgiim Yapilan Makine / Olgiim Degerleri (m/s?)
Sekil 3"’de ye.rilen grafikte, farkli "ocak_llarda .mak.ing Yer Yiikleyici Sondaj Ekskavator | Kamyon
operatdrlerinin maruz kaldiklari tim viicut titresimi Makinesi
goriilmektedir. Makine operatérlerinin tamamimin O 0,83 3,32 3,15 1,45
eylem degeri iizerinde titresime maruz kaldiklari Oz 1,30 3,48 L15 0,99
acikca goriilebilmektedir. 0s 114 4,80 0,81 1,83
Olgiim alinan dogaltas ocaklarinda makineleri kullanan
operatdrlerin/calisanlann tiimviicut titresim maruziyet degerleri
{m/s%)
5,5
5
45 mYikleyici = Sondaj Makinesi = Ekskavadr Kamyon
2 — — — — Giinkik maruziyet s dege mfs?
_35 4 Giinlilk maruziyet eylem degeri mys®
B 3]
.-
7
15 A
 ——— S BT R o B S
ol 02 03
Dogaltas Ccaklarn
Sekil 2. Makineleri kullanan operatorlerin giiriiltii maruziyet diizeyleri (dBA)
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3.2. Fabrika Giiriiltii Olciimleri

Fabrikalar yani kapali alanlarda akustik ve giirtiltii
problemleri  calisanlar i¢in  biiyiikk duyma
sorunlarina (gegici/kalict duyma kayiplarina) yol
acabilmektedir. Bunlarin tespiti i¢inde standartlara
uygun yapilan Ol¢iimler alinarak  tespitler
yapilmalidir. Bu amagla dogaltag ebatlama yapan
bir fabrikadan, her makinenin 1 m 6niinden giiriiltii
Olciimleri alinmig ve Cizelge 4°de verilmistir.
Fabrikada 5 S/T, 2 ebatlama finitesinden 6l¢limler
alinmistir. Ozellikle giiriiltiiniin yogun oldugu bu
bolgelerde olgiimler alinarak c¢aliganlarin giiriiltii
maruziyetleri tespit edilmistir. Olgiim alman
S/T’lerde farkli jeolojik ve mekanik ozelliklerde
dogaltaglar  kesildigi = goriilmiistiir. ~ Fakat
dogaltaslarin bu ozellikleri ile ilgili
kiyaslama/istatistiksel bir ¢caligma yapilmadig i¢in
bu dzelliklere deginilmemistir. Sekil 4’de fabrikada
giiriiltii 6lgiimlerinin alindig1 makinelerin yerlerini
gosteren Olgeksiz bir plan bulunmaktadir. S/T’ler
arasinda bir bolme bulunmamaktadir. Ayni sekilde

ebatlama makineleri arasmnda da bir bdlme
bulunmamaktadir.
|
Kapi
s/T1 s/T4 s/T5
EBAT
s/T2 1
EBAT
2
s/T3
Kapi ————————————————— Kapi —
Sekil 4. Olgiim  yapilan  makinelerin ~ fabrika

igindeki konumu

Cizelge 4’de fabrikada bulunan makinelerden
alman giirtlti Olglim degerleri goriilmektedir.
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Burada 6zellikle S/T’lerin olusturdugu giiriiltiiniin

(dBA), ebatlama makinelerinin olusturdugu
giiriiltiiden  (dBA) daha  yiiksek  oldugu
goriilmektedir.

Cizelge 4. Fabrika icinde makineleri kullanan
calisanlarin giirilti 6l¢im degerleri

(dBA)

Oleiim Yeri Giiriilti Degeri (ABA)
Linin Limax Laeq Lex sn
Ebatlama 1| 84,2 91,3 85,8 85,2
Ebatlama 2| 84,7 90,9 86,1 85,5
S/IT1 85,9 91,2 87,5 87.9
S/T2 86,8 | 100,6 90,9 90,3
S/T 3 81,6 95,4 88,2 87,6
S/T 4 89,2 | 102,5 92,4 91,8
S/T 5 87,8 | 100,3 91,2 90,6

4. SONUCLAR

Ocaklarda kullanilan sondaj makinelerinde, el-kol
titresim maruziyeti, sekiz saatlik ¢aligma siiresi igin
giinliik maruziyet eylem degeri olan 2,5 m/s*>’den
biiyiik degerler 0, ve 03 ocaklarinda 6l¢iilmiistiir.
Maruziyet sinir degeri olan 5 m/s? degerinin ise 3
ocakta da asilmadig1 goriilmiistiir (Cizelge 1).

3 ocakta bulunan yiikleyici, sondaj makinesi,
kamyon ve ekskavator operatdrlerinin tim viicut
titresim maruziyetleri Olgiilmiis; elde edilen
sonuclar Cizelge 3’de verilmistir. Tiim degerlerin
yonetmelikte verilen maruziyet eylem degerinin
tizerinde oldugu Sekil 3’de acik¢a goriilmektedir.
Yonetmelikte tiim viicut i¢in maruziyet eylem
degeri 0,5, smur degeri ise 1,15 m/s*’dir. Eylem
degerinden kasit, dnlem alinmasi gereken deger
iken sinir deger ise ¢alismayi kisitlayacak degerdir.

Giriiltii 6l¢iimlerinde; elmas tel kesme makinesinde
yapilan Ol¢liimlerde elde edilen degerler her ne
kadar maruziyet sinir degeri olan 87 dBA’dan
diisiik olsa da en diisiikk maruziyet etkin degeri olan
80 dBA gectigi icin yine de onlemler alinmalidir.
Kulaklik, tikag vb. koruyucu donanimlar
calisanlarin kullanimi temin edilmeli ve ¢alisanlara
bu KKD’lerin kullanimlarn ile ilgili bilgilendirici
egitim mutlaka verilmelidir.
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Ocakta alinan girilti olglimlerinde titresim
Olciimlerinde oldugu gibi yine sondaj makinesi en
yiksek  giiriilti  seviyesiyle Dbirinci sirada
bulunmaktadir. Makine {izerinde incelemeler
yapilarak  kaynaginda giiriiltd ve titresim
maruziyetlerini azaltici faaliyetler yapilmalidir.
Bunun yani sira ¢alisanlara uygun ve etkin kigisel
koruyucu donanimlar dagitilmalidir.

Fabrika igerisinde yapilan giiriiltii ol¢limlerinde
ebatlama makinelerinin ikisinde de en yiiksek
maruziyet etkin degeri olan 85 dBA’y1 gectikleri
goriilmektedir.

S/T makinelerinin ise maruziyet sinir degeri olan 87
dBA’nm asildig1 Cizelge 4’de goriilmektedir. S/T
4’tin olusturdugu giiriiltii 92,4 dBA ile en yiiksek
diizeyde bulunmustur.

Alinabilecek onlemleri ele alirsak;

- Tabi oncelik ortamda korunma Onlemleri
olmalidir. Ocak sartlarinda da olsa fabrikada da olsa
giiriiltiiyli ve titresimi azaltacak onlemler iizerinde
ozellikle Is Giivenligi Uzman1 ve ocak sorumlusu
(daimi nezaret¢ci) Maden Miihendisinin birlikte
calismalar yapmalar1 ¢ok daha iyi sonuglar
verecektir.

- Giiriiltii Yonetmeliginde belirtildigi iizere, “Bu
islerle ilgili risklerin en aza indirilmesi i¢in uygun
tedbirler alinir” maddesi uyarinca Onlemler
almmalidir. Makinenin ~ kesim esnasinda
olusturdugu bu giiriiltiiden ¢alisanlar1 koruyabilmek
icin, c¢aliganlarin kigisel koruyucu donanimlarini
(KKD) muhakkak kullanmalar1 saglanmalidir.

- Giiriiltiiniin ve titresimin olusturdugu risklerle
miicadelede tabi ki sadece KKD’lerin kullanimi
yeterli olmayabilir. iste bu sebeple; titresim ve
giiriiltiiniin  etkisini azaltici/6nleyici ekipmanlar
kullaniminin yani sira ¢aligsanlara muhakkak bu iki
fiziksel risk konularinda egitimler verilmelidir.
Kisisel  koruyucu  donanimlarin  kullanimi
konusunda hem 0&zendirici ¢aligmalar yapilmali
hem de kullanilmamast konusunda caydirict
onlemler mutlaka alinmalidir. Odiil sisteminin
uygulamaya konulmasi ¢alisanlar arasinda KKD
kullanimini tegvik edecektir.
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- Makine bakimlart makinelerde olusan titresim ve
giiriiltiinlin =~ azaltilmas1  bakimindan  6nem
tagimaktadir.

- Fabrika i¢inde giiriiltii azaltic1 panel kullanilmasi
faydali olacaktir.

- Fabrika icinde giiriiltiisii yiiksek olan makinelerin
ayr1 bir boliimde yer almasi giiriilti maruziyetini
azaltic1 bir etken olacaktir.

- Ayrica; Titresim esasinda bakildiginda sadece
calisanlar igin degil makineler icin de biiyiik
problem olusturabilecek bir sorundur. Makinelerde
titresim olmasi genelde arzu edilmez. Makinelerde
titresim olusumu sirasinda, makine pargalarina
titresim sonucu uygulanan kuvvet sonucunda;
giiriiltii, yiiksek gerilmeler, asinma, malzeme
yorulmasi gibi istenmeyen davraniglara meydana
gelir. Bu da makinelerde daha fazla ariza meydana
gelmesine sebep olur.

Sonug olarak bakildiginda dogaltas sektdrii hem
titresim hem de girilti bakimindan kisisel
maruziyetin yiiksek oldugu bir madencilik kolu
olarak kargimiza ¢ikmaktadir.
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Abstract

The need for energy in the world is increasing day by day and various energy production methods are used
to meet this need. Production of hydrogen from biomass is one of these methods. Hydrogen production
from biomass is a promising process to produce hydrogen and energy which has advantages such as the
ability to use sustainable energy sources like biomass and solid waste, being carbon neutral, and increasing
energy independence thanks to the variation of resources and the availability of local resources. The
catalysts used in this process which can be conducted in three separate ways, affect hydrogen and energy
production positively or negatively. One of the most important steps in effectively acquiring the ideal
amount of product is predicting the outcomes of this procedure. This article compares a support vector
regression (SVR) and random forest (RF) model to predict how various inputs used to produce hydrogen
from biomass will affect hydrogen output. Additionally, the effect of catalyst addition on hydrogen yield
in biomass processes was examined. In this context, 57 experimental studies from the literature were
selected as a data set. From this data, 90% was selected for training and 10% for testing. The outputs were
evaluated according to parameters such as R2, RMSE and MSE. The results show that RF and SVR models
can significantly predict catalyst activity and hydrogen production.

Keywords: Hydrogen, Biomass, Random forest, Support vector regression

Biyokiitleden Hidrojen Uretiminde Rastgele Orman ve Destek Vektor Regresyon
Modellerinin Kiyaslamasi

Oz
Diinyadaki enerji ihtiyact giinden giine artis gostermekte ve bu ihtiyacin karsilanmasi igin, ¢esitli enerji

iiretim yontemleri kullanilmaktadir. Bu yontemlerden biri biyokiitleden hidrojen iiretimidir. Biyokiitle ve
atik benzeri yenilenebilir enerji kaynaklarindan yararlanma kabiliyeti, karbon nétr olmasi, kaynak cesitliligi

*Sorumlu yazar (Corresponding Author): Giilbahar BILGIC TUZEMEN, glbhrblg@gmail.com
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ve yerel kaynaklarin kullanilabilirligi sayesinde enerji bagimsizligimi artirmasi gibi avantajlar1 bulunan
biyokiitleden hidrojen iiretimi, gelecek vaat eden bir hidrojen ve enerji iiretim siirecidir. Ug farkli yontem
kullanilarak gergeklestirilebilen bu siirecte kullanilan katalizorler, hidrojen iiretimine olumlu ve olumsuz
etki etmektedir. Bu siirecin sonuglarini tahmin etmek, optimum miktarda tiriinii verimli bir sekilde elde
etmede kritik bir adimdir. Bu makalede, biyokiitleden hidrojen iiretmek i¢in kullanilan gesitli girdilerin
hidrojen ¢iktisini nasil etkileyecegini tahmin etmek igin bir destek vektor regresyonunu (SVR) ve rastgele
orman (RF) modelini karsilagtirilmistir. Ayrica biyokiitle siireclerinde katalizor ilavesinin hidrojen verimi
lizerinde etkisini incelenmistir. Bu baglamda literatiirden 57 deneysel ¢alisma veri seti olarak segilmistir.
Bu verilerden egitim i¢in %90 ve test i¢in %10 se¢ilmistir. Sonuglar R2, RMSE ve MSE gibi parametrelere
gore degerlendirilmistir. Sonug olarak RF ve SVR modellerinin katalizor aktivitesini ve hidrojen tiretimini

onemli 6l¢iide tahmin edebildigini gdstermektedir.

Anahtar Kelimeler: Hidrojen, Biyokiitle, Rastgele orman, Destek vektor regresyonu

1. INTRODUCTION

Nowadays, the majority of H» is produced
commercially using inefficient and unsustainable
methods like coal gasification and methane vapor
reforming. Using tried-and-true thermochemical

processes like pyrolysis, liquefaction, and
gasification, carbonaceous materials may be
converted into Hy-rich syngas and other

hydrocarbons [1].

The effective thermochemical conversion process
called gasification may combine solid biomass into
flammable gases, such as carbon monoxide, carbon
dioxide, hydrogen, methane, light hydrocarbons,
and coal. Solid biomass may then be converted into
electrical energy using this procedure. The catalytic
gasification of municipal solid waste (MSW) is one
of the best methods for producing syngas, or
hydrogen-rich gas, from renewable sources [2].
This gas is utilized as feedstock for fuel cell
applications and hydrogen combustion engines to
release stored energy, or it can be used to create
hydrogen to synthesize methanol and ammonia [3].
Moreover, because of the easy conditions and lower
temperatures, it also lessens the creation of thermal
NOx [2].

Among thermochemical processes, gasification is
seen as the most promising because of its high
conversion efficiency and ability to manage various
kinds of waste. Nonetheless, the tar produced
during gasification is one of the primary issues. Tar
content tends to clog pipelines, auxiliary
equipment, and heat exchanger tubes, which raises
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maintenance costs and reduces process efficiency
overall. Significant efforts have been made to
remove tar from fuel gas. Thermal processes such
as catalytic cracking and high-temperature cracking
have been the primary methods used so far. Because
catalytic cracking can operate at comparatively
lower temperatures and has high tar removal
effectiveness, it is believed to be the most effective
technology for minimizing tar production in the gas
mixture. Due to their unique features in a variety of
sectors, nanomaterials have garnered a lot of
interest recently as catalysts in comparison to their
bulk counterparts.

Many researchers have reported on various
catalysts for gasification and pyrolysis processes,
each with a different promoter and support [4,5].
Dolomite, nickel, dolomite, and olivine have been
extensively used as catalysts in biomass gasification
due to their affordability, availability, and ability to
significantly reduce tar content in the gasifier
effluent [2,6,7].

When paired with transition metal promoters, a
catalyst may be used in a variety of ways to catalyze
the conversion of MSW. For example, the impact of
incorporating transition metal-containing Ni-CaO-
based catalysts into Ni-CaO-based catalysts (such
as Fe, Cu, Co, and Zn) for gasification and pyrolysis
processes has been studied [5,8]. This can improve
the process's energy density and efficiency while
also raising the total production of syngas and
hydrogen [9]. Also, the catalytic characteristics of
nanoscale NiO (nano-NiO) particles have garnered
significant interest. More precisely, nano-NiO
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particles may be applied to the surface of different
carriers (such as alumina and Al,Os) to produce the
supported catalyst at a lower cost [10].

Recently, as in many different fields, there has been
a great interest in machine learning (ML) to
optimize the operating conditions of the gasification
system. Regression analysis, artificial neural
networks (ANN) [11,12], tree-based approaches
like classification and random forest (RF) [13]
based on regression trees (RT) and extreme trees,
and support vector machines (SVM) [14] are
frequently supported when modeling hydrogen
generation processes from biomass [15].

Random forest, first introduced by Breiman [16], is
a machine-learning technique that has become
popular for prediction, analyzing variable
importance, outlier identification, classification,
and variable selection. The RF model uses a group
of decision trees and an average of their estimations
to solve classification or regression problems
effectively. The branches of a tree are visited
according to a set of constraints and relationships
from root to leaf, and each tree selects the most
popular one from its branches. These forecasts of
related trees are averaged to acquire estimation.
Input handling without entries, a smaller number of
parameters high accuracy and noise resistance are
some of the advantages of RF [16].

Decision trees in RF improve the efficiency of
optimization models thanks to their high diversity
and low bias. Furthermore, RF has a lower
overfitting risk, and it has a hyperparameter for
determining the number of estimators (trees) in it.
In Figure 1, the schema of the RF algorithm is
given. As seen in Figure 1, input data is presented
to all the decision trees in the RF. From top to
bottom, the nodes of a decision tree are called root,
node, and leaf. The root node does not have parent
nodes, while leaves do not have any children [17].

A support vector regressor (SVR) is an SVM-based
model that is specialized for regression problems.
SVR is distinguished by its kernels, number of
support vectors, margin control, and sparse
solutions. The regression of the SVR is like the
regression of neural networks. The main difference
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is that in the SVR, input layer weights are a subset
of training samples. Even though SVR is less
known than SVM, it has been a more effective tool
in value estimation. In the training phase, it equally
deals with high and low estimations that are
wrongly done. In the SVR, the complexity of
computations does not change according to input
space; this is one of the benefits of the SVR.
Besides, the SVR predicts highly accurately and is
successful in generalization [18,19]. The schema of
the SVR is given in Figure 2.

Mathematical models of the catalytic gasifier
system can help cut down on the cost and duration
of labor-intensive trials. However, gasification and
pyrolysis are complex processes that mostly occur
because of overlapping interactions, including
solid-gas and gas-gas [19]. In the literature, many
researchers have reported on various RF, SVR, and
hybrid models for gasification and pyrolysis (the
production of hydrogen-rich gas with and without
catalysts) processes.

Mutlu, A.Y. and Yucel [20] employed RF and
SVM-based classifiers to forecast the composition
of syngas emitted during the gasification process
because of their capacity to discern subtle patterns
in noisy and complicated datasets. Both binary and
multi-class classifiers, such as least squares SVM
and RF, are trained using calorific values with
discrete levels, yielding classification accuracy of
over 89% and 96%, respectively. Two types of
classifiers have been developed to anticipate the
calorific value and composition of the producer gas
generated in a downdraft gasifier during the
gasification of woody biomass. The proposed
methods were created and evaluated using 10-fold
cross-validation on 5237 data samples. Binary and
multi-class classifiers yielded prediction accuracy
rates of more than 96% and 89%, respectively.

Elmaz, F. et. al. [21] assessed regression techniques
(SVR, DTR, PR, and MLP) to predict the CHy4, H,
CO, and heating value (HHV) outputs of the
downdraft biomass gasification process using an
experimentally acquired data set. For HHV
determination coefficient (R?)>85 outputs and
outputs, respectively, MLP and DTR were obtained,
and they beat the other methods. Quadratic PR had
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the worst performance of all the recommended
techniques. With R?>>0.9 for the majority of
outcomes, multilayer perceptron and decision tree

regression fared better than the other modeling
approaches.

Tree 1 Tree 2 Tree K
y1 Y2 Yk
output
Figure 1. The random forest algorithm
A
X2 @ Class 1
o
s
?L\
GO, .
)
°
°
o
X1 i
Figure 2. The support vector regression
Leng et. al. [41] developed RF models with high  prediction models for three-phase product

accuracy and outstanding generalization capacity to
compare  both  pyrolysis conditions and
comprehensive raw material parameters. In this
work, gradient boosting, RF-based regression
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distribution and bio-oil HHV were built by
collecting experimental data of rapid pyrolysis of
lignocellulosic biomass in bubbly fluidized bed
from earlier literature. As input attributes,
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comprehensive raw material properties and
pyrolysis circumstances were considered and
compared. With its high accuracy and outstanding
generalization ability, the RF has been
demonstrated to be the most appropriate algorithm
for predicting three-phase product yields and bio-oil
HHYV among other algorithms.

Xing J et. al. [23] used an RF model to forecast the
primary chemical components of biomass based on
the final analysis. Two datasets were constructed
for the RF model's training and application using
previously published information. The application
findings demonstrate that the current RF model can
predict chemical components for a variety of
biomasses with high accuracy; the predicted values
for lignin, hemicellulose, and cellulose are 0.962,
0.904, and 0.862, respectively.

Considering this information, the RF and SVR
models were chosen to optimize the conditions for
hydrogen production processes from biomass and to
predict the effect of the catalyst. To collect
information for data set preparation, literature
studies on hydrogen production by gasification or
pyrolysis were evaluated. In this context, 57
published data samples have been collected from
experimental studies conducted in the literature.
Data from 57 datasets were applied to build and
evaluate ML models. As an information preparation
process, the inputs are approximate analysis of
biomass waste feedstocks, their volatile matter
(VM), fixed carbon (FC), hydrogen (H), sulfur (S),
carbon (C), nitrogen (N), and oxygen (O),
temperature and the name of the catalyst were
determined as. Only hydrogen production was
considered as output. These examples were divided
into training and application types, at rates of 90%
and 10%, respectively, as in previous machine
learning studies. To our knowledge, this is the first
study in the literature on the effect of catalyst use.

In the second stage of this study, the dataset,
preprocessing methods, and model evaluation
metrics were explained. Afterwards, at the third
stage, results obtained from this study were given
with related graphics. Finally, in the fourth chapter,
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a summary of this study and plans for further
research were given.

2. MATERIALS AND METHODOLOGY
2.1. Sample Experimental Dataset Collection

Literature studies on hydrogen obtained from
pyrolysis and gasification experiments were
evaluated for data set preparation. In the created
dataset, MSW samples include kitchen garbage,
paper, textiles, plastic, dried sewage sludge, cassava
shells, pine sawdust, corn stalks, sawdust, etc.
Different biomasses were used. According to earlier
machine learning research, such samples are split
into training and test types with proportions of 90%
and 10%, respectively. In this case, the RF model's
inputs are the carbon percent, hydrogen-carbon
ratio, and oxygen-carbon ratio; the output is the
hydrogen yield. Figure 3 is the visualization of the
use of machine learning algorithms for hydrogen
output prediction by input and output. Table 1
describes the independent variables of the data set,
and Table 2 shows examples of datasets. The data
were collected from the sources specified in the
literature [2,8,24-35]. Data in which catalysts were
not used in production processes where hydrogen
was released was also included in the study.

Carbon
Hydrogen

Oxygen

‘Temperature

Volatile 0 0 .

matter =) Oe
Prediction

Fixed i)

carbon (SVR, RF)

Ash
Catalyst
Sulfur

Figure 3. ML algorithms for hydrogen prediction
approaches
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Table 1. The description of independent variables of input and output

Symbol Unit
Carbon C wt%
Hydrogen H wt%
Oxygen [6) wt%
Nitrogen N wt%
Sulphur S wt%
Input Vqlatile matter VM wt%
Fixed carbon FC wt%
Ash wt%
Ni-Fe-WMP
Catalyst CaO
NiO/MD B
Ni-Zn-WMP etc.
Temperature °C Celsius
Output Hydrogen Yield HY (vol.%)
Table 2. Sample of data set
C H [8) N S VM FC Ash Catalyst Tem. HY
52.2 5.5 40 2.3 0 82.7 12 5.3 Nickel based 850 46.5
51.81 576 | 30.22 | 0.26 0.36 82.28 11.79 5.93 CaMg (COs). 700 27.01
42.11 5.33 37.08 1.42 0.11 73.62 12.43 10.5 CaO 650 61.23
50.48 | 5.92 | 42.14 | 0.27 0.02 75.6 22.9 1.5 without catalyst 848 15.5
5026 | 6.72 | 42.66 | 0.16 0.2 77.71 16.94 0.34 CaO 650 46.6
42.11 5.33 37.08 1.42 0.11 73.62 12.43 10.5 CaO 650 58.69
46.36 | 5.75 | 43.62 | 2.26 0.32 82.18 16.13 1.69 Nickel based 900 52.3
52.2 5.5 40 2.3 0 82.7 12 26.14 Nickel based 850 46.3
5026 | 6.72 | 42.66 | 0.16 0.2 77.71 16.94 0.34 CaO 700 56.1
5026 | 6.72 | 42.66 | 0.16 0.2 77.71 16.94 0.34 CaO 800 53.8
52.2 5.5 40 2.3 0 82.7 12 26.14 Nickel based 850 47.8
42.11 5.33 37.08 1.42 0.11 73.62 12.43 10.5 CaO 650 60.28
51.81 576 | 30.22 | 0.26 0.36 82.28 11.79 5.93 CaO 900 48.63
42.54 | 586 | 31.35 1.07 0.2 64.19 16.87 9.26 CaO 700 29.8
49.74 | 7.82 41.6 0.82 0.05 86.4 10.61 4.77 | without catalyst | 1000 51.36
40.31 529 | 21.21 5.73 1.32 61.56 7.01 26.14 | without catalyst 793 45.35
51.81 576 | 3022 | 0.26 0.36 82.28 11.79 5.93 CaO 750 347
47.1 5.9 46.9 0.1 0 74.6 18.1 1.1 Nickel based 800 49
5026 | 6.72 | 42.66 | 0.16 0.2 77.71 16.94 0.34 CaO 750 60.8

Both RF and SVR models have hyperparameters
that affect model performance positively and
negatively. The RF has hyperparameters such as the
number of estimators (number of trees), criterion,
max depth, min samples split, min samples leaf,
max features, bootstrap, and random state. Cost (C),

kernel, epsilon, gamma, degree and shrinking are
hyperparameters used in the SVR model. In this
study, the number of estimators, min samples split,
and min samples leaf hyperparameters in the RF
model and in the SVR model, C, kernel, and epsilon
hyperparameters were used as presented in Table 3.

Table 3. Tuning parameters and values of applied methods

Method Tuning parameter Value
Number of estimators 10
RF Min samples split 2
Min samples leaf 1
Cost (C) 2.811
SVR Kernel linear
Epsilon 0.67
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2.2. Feature Extraction and Preprocessing

Once data collection was completed, some data pre-
processing techniques were applied to the dataset to
improve the models’ performance. Since ML and
deep learning models struggle to work with
categorical data, they must be presented
numerically. Therefore, the one-hot encoding
method was applied to the dataset. This method
transforms every categorical data into a column, and
the presence and absence are respectively indicated
with 1 and 0 values. Thanks to one-hot encoding,
models understand the dataset better and perform
better [12]. Another pre-processing technique that
was applied to the dataset was normalization.
Normalization is the scaling of data to a certain
general range or distribution. That allows
comparison between different data sets and
improves performance. Besides, it reduces the
complexity of the calculation process and
calculation time. In this study, the dataset was
normalized to a (-1, 1) interval by using the
corresponding Python library [36]. The dataset was
split into training and test sets once pre-processing
was finished. The remaining 90% of the data was

Table 4. Evaluation indicators of models’
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utilized in the test set for model evaluation, with the
training set being used for model training.

2.3 Evaluation

Following model development, the model accuracy
and performance were assessed. The models'
performance was assessed using the determination
coefficient (R?), variance, mean square error
(MSE), root mean square error (RMSE), and mean
absolute error (MAE) [2].

In our example, the RF and SVR models include
storage data obtained from the biomass gasification
and pyrolysis methods. As part of the information
preparation process, the inputs were determined as
the name of biomass waste feedstocks, VM, FC, C,
H, N, S, O, temperature, and -catalyst. The
output/targeted variable was selected as H». For the
training data, a total of 52 runs (or 90% of the data)
and 5 runs (10% of the data) were chosen by [37].
R?, RSME, MAE and MSE, represented by the
equations in Table 4 respectively, were used for the
model's accuracy values.

rediction performance

Method

Mathematical expression

Mean absolute error

1
zzin=1|fi =il

Mean square error

1 n 2
;Zi=1(fi —¥i)

Root mean square error

’1
;Zin=1(fi - ¥)?

Determination coefficient

1- Zi=1(.Vi - fi)z/zin=1 (yi - X)Z

3. RESULT AND DISCUSSION

3.1. Performance Evaluation of Test Results

Table 5 shows the results of the two models' ML
analyses (RF and SVR). The models used in this
study were evaluated separately for both train and
test sets based on MAE, MSE, RMSE, and R2. The
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values of each metric are given in Table 5 and
Figure 4. The data that are divided into test and
training data at different rates have a coefficient of
determination that ranges from 0.57 to 0.98,
according to the results. R? was found to be 0.98 in
the RF model and 0.94 in the SVR model. For the
test data in the RF model, the minimal values of the
criterion MAE, MSE, and RMSE were determined
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to be 1.00, 1.31, and 1.15, respectively. For the test
data in the SVR model as well, the minimum values
of the criterion MAE, MSE, and RMSE were
determined to be 1.34, 3.67, and 1.92, respectively.
For the training data in the RF model, it was
discovered that the minimal values of the criterion
MAE, MSE, and RMSE were 2.64, 12.00, and 3.47,
respectively These results indicate that the RF
model is more performant than the SVR model.

Figure 4 shows the hydrogen yield prediction
performances of the RF (a) and SVR (b) models on
the training set. The expected values are shown with
the red line and predictions are shown with stars
The RF model’s training RMSE and R? values were
obtained as 3.47 and 0.93, respectively, while these
values were obtained as 1.15 and 0.98 in the test
dataset. These values proved its dependability in
forecasting unknown data. The performance of the
SVR model in the test set (R = 0.94 and RMSE =

1.92) showed that the model was good at
forecasting unknown data. However, the SVR
model's deficient performance on the training
dataset, with an R> = 0.57 and an RMSE = 8.80,
showed its low predictive ability with known data.
In Figures 5 and 6, prediction performances of the
RF and SVR models in the test dataset are given.
While real values are shown with the red line,
estimations of the models are shown with circles.

The relative error distribution of the models is given
in Figure 7. Analysis of relative error distribution is
used for analyzing the reliability and performance
of the models. It helps to understand how accurate
or inaccurate the predictions are and to improve the
models accordingly. In Figure 7, The blue and
orange dots show the test and train error distribution
of the RF model, while the green and red dots show
the test and train error distribution of the SVR
model, respectively.

Table S. Analysis of train and test set outcomes of models

Method Dataset MAE MSE RMSE
RF Train 2.64 12.00 3.47
Test 1.00 1.31 1.15
Train 6.35 77.42 8.80
SVR
Test 1.34 3.67 1.92
a) RF Model's Hydrogen Yield - Prediction Graphic b) SVR Model's Hydrogen Yield - Prediction Graphic
R"™2:0.93 R"2:0.57
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Figure 4.
models on the training dataset
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Hydrogen yield prediction performances of random forest (a) and support vector regressor (b)
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Figure 5. Prediction performance and R? score of random forest model
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Figure 6. Prediction performance and R? score of support vector regression model
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3.2. Sensitivity Analysis

When assessing the degree of relationship between
two variables, the Pearson correlation coefficient is
commonly employed. A Pearson correlation
coefficient (r) matrix is displayed in Figure 8, with
each row denoting a variable from the dataset and
each column representing the same variables [38].
The correlation coefficient between two variables is
shown in each cell. The hydrogen generation is
shown to be significantly influenced by the
feedstock and experimental operating conditions, as
indicated by the Pearson correlation coefficient
matrix. The high positive correlations between
feedstock attributes show that the choice of
feedstock has a major effect on hydrogen
generation. The positive relationship between
carbon, hydrogen, volatile mixtures, and fixed
carbon mixtures shows that the composition of the
feedstock has a direct effect on the hydrogen yield.
In contrast, the mixture of nitrogen, sulfur, and
temperature has a negative relationship with
pyrolytic product yields [15]. Since each feature
contributes separately to the model, the absence of
significant correlations between multiple input
features helps preserve all these features. The
negative correlation in both trait values indicated
that these products reduced yield. Other attributes,
on the other hand, showed fewer effects on
hydrogen yield, with absolute correlation values
less than 0.15. For instance, there was a 0.49
correlation coefficient between the carbon and
oxygen levels of biomass characteristics. This result
was in line with earlier experimental research [39].

The significance of specifying input variables in the
hydrogen output of the RF model for the biomass
process is illustrated in Figure 9. It is evident that
the catalyst is a key factor in the predicted generated
gas (26 % together), while it is also important for
temperature (14%), H (16 %), N (7 %), FC (6 %),
VM (6 %), ash (6 %) and less important for C (7 %),
0 (0.0256 %) and S (5%). Therefore, this study has
proven that the catalyst has a powerful, positive
effect on HP.
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4. CONCLUSIONS AND FURTHER
RESEARCH

Because biomass has a high conversion efficiency,
gasification has drawn interest from academic and
industry researchers. Nonetheless, the primary
obstacle to the advancement of biomass gasification
is tar production. Researchers have employed
different catalysts to break down tar and create H»-
rich gas. Machine learning can help the process,
though, as there is still a dearth of material in this
field in the literature. Based on earlier research, the
best catalyst to employ for this purpose was
identified. This work uses SVR and RF algorithms
to anticipate hydrogen generation. The machine
learning evaluation accurately predicted the sort of
catalyst that would be utilized to produce hydrogen
from waste biomass. In addition, an assessment of
each variable's relative relevance was made. For the
RF and SVR methods, the R? values were 0.98 and
0.94, respectively. From the modeling results, it was
seen that nickel-based and calcium-oxide catalysts
would be more suitable. Furthermore, the training
phase yields accuracies of 1.15 to 1.92 of RMSE,
and 1.00 to 1.34 of MAE. It was evident from the
modeling findings that catalysts based on calcium
oxide and nickel would be more appropriate.

According to our knowledge, this is the first study
in the literature on the effect of catalyst use.
Additionally acquiring experimental data is a costly
and prolonged process. Therefore, the dataset used
in this study is limited. This limitation has a
negative impact on the training and generalization
abilities of the models. In further research, better
results may be obtained by collecting a dataset that
has more samples and a balanced distribution. In
addition, the models have some limitations. The
SVR model has limitations such as the
determination of  the kernel function,
hyperparameter adjustment and data scaling. The
SVR model’s performance is dependent on its
kernel function and hyperparameters. Determining
the right type of kernel function and finding the best
hyperparameters are crucial while using that model.
The SVR model is also affected by the data scaling.
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Improper scaling data may affect the performance the high cost of computation and the long
negatively. The RF model has limitations such as  processing time.
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Figure 9. Feature importance (%) of input variables on hydrogen output of RF model for Biomass process
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Abstract

Alzheimer's disease is a prevalent neurological disorder affecting millions of people worldwide, often
associated with the aging process, leading to the death of nerve cells in the brain and loss of connections.
Recently, promising results have been demonstrated in diagnosing Alzheimer's disease using deep learning
models, and various approaches for early diagnosis have been proposed. However, the imbalance in health
datasets, particularly those containing rare cases, can lead to performance losses and misleading results
during model training. This study focuses on these imbalance issues, evaluating the effectiveness of
different balancing methods using the Alzheimer's MRI dataset. In this context, the performance of
SMOTE, ADASYN, and Weight Balancing methods is compared using a custom model. Experimental
results indicate that, compared to the original imbalanced dataset, Weight balancing outperforms in terms
of accuracy, precision, recall, and F1 score. While SMOTE and ADASYN show improvement in various
metrics, they are considered inferior to the Weight Balancing method. This study contributes to selecting
data-balancing methods to enhance the accuracy of deep learning models in Alzheimer's disease
classification and emphasizes the importance of addressing class imbalances in health datasets.

Keywords: Deep learning, Convolutional neural networks, SMOTE, ADASYN, Weight balancing

Alzheimer Hastalig1 Siniflandirmasi icin Veri Dengeleme Yontemlerinin
Karsilastirmah Bir Calismasi

Oz

Alzheimer hastaligi, diinya genelinde milyonlarca insani etkileyen yaygin bir ndrolojik bozukluktur ve
genellikle yaslanma siireciyle iliskilidir; beyinde sinir hiicrelerinin 6liimiine ve baglanti kaybina neden olur.
Son zamanlarda, derin 6grenme modelleri kullanilarak Alzheimer hastaliginin teshisi konusunda umut
verici sonuglar elde edilmis ve erken teshis icin cesitli yaklasimlar 6nerilmistir. Ancak, 6zellikle nadir
durumlart igeren saglik veri setlerindeki dengesizlik, model egitimi sirasinda performans kayiplarina ve
yaniltict sonuglara yol acabilir. Bu ¢alisma, bu dengesizlik sorunlarina odaklanarak, Alzheimer MRI veri
seti i¢in farkli dengeleme yontemlerinin etkinligini degerlendirmektedir. Bu baglamda, 6zel bir model
kullanilarak SMOTE, ADASYN ve Agirlik Dengesi yontemlerinin performansi karsilastirilmaktadir.

*Sorumlu yazar (Corresponding Author): Yahya DOGAN, yahyadogan@siirt.edu.tr
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Deneysel sonuglar, orijinal dengesiz veri setine kiyasla Agirlik Dengesi yonteminin dogruluk, hassasiyet,
geri c¢agri ve F1 skoru acgisindan daha {istiin oldugunu gostermektedir. SMOTE ve ADASYN, c¢esitli
metriklerde iyilesme gostermesine ragmen, Agirlik Dengesi yontemine kiyasla daha diigiik performansa
sahip olduklan gozlemlenmistir. Bu g¢alisma, Alzheimer hastaligi siniflandirmasinda derin &grenme
modellerinin dogrulugunu artirmak igin veri dengeleme yontemlerinin se¢imine katkida bulunur ve saglik
veri setlerinde sinif dengesizliginin ele alinmasinin 6énemini vurgular.

Anahtar Kelimeler: Derin 6grenme, Evrisimsel sinir aglar, SMOTE, ADASYN, Agirlik dengeleme

1. INTRODUCTION

Alzheimer's disease, a prevalent neurological
disorder that impacts approximately 50 million
individuals globally, presents a significant
challenge in the field of healthcare [1]. As this
neurodegenerative disease progresses, it poses a
serious threat to an individual's general health,
potentially leading to death in the event of complete
brain failure. Because of the broad loss of nerve
cells across the brain, Alzheimer's has a far-
reaching impact, extending to basic skills such as
writing, speaking, and reading. Notably, people in
the cognitive stages of Alzheimer's disease may
have difficulty identifying their family members.

The insidious nature of Alzheimer's disease,
distinguished by its gradual onset of symptoms,
makes accurate and early diagnosis difficult [2].
The importance of early-stage identification, on the
other hand, cannot be stressed, as it allows for rapid
intervention and therapy, ultimately contributing to
a better prognosis for people suffering from this
complicated neurodegenerative disorder [3]. In this
context, developing efficient diagnostic methods is
critical to improving our ability to combat
Alzheimer's disease and lessen its devastating
effects on people and society as a whole.

Deep learning algorithms have seen substantial
success in a variety of fields [4-7]. Consequently,
the importance of deep learning-based approaches
in the diagnosis of Alzheimer's disease has been
rapidly increasing [8-11]. Various methods have
been presented in this field to assist clinicians in
making educated medical decisions as diagnostic
aids for Alzheimer's disease. Lu et. al. [12]
introduced an innovative multimodal deep neural
network employing a multistage technique for the
detection of dementia. Their method demonstrated
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notable success, achieving an accuracy of 82.4% in
predicting mild cognitive impairment (MCI) and
identifying individuals who later developed
Alzheimer's disease within three years. The model
exhibited a notable sensitivity of 94.23% in
Alzheimer's disease detection and achieved an
accuracy of 86.3% for the non-demented class.
Ahmed et. al. [13] proposed an ensemble CNN
model for Alzheimer's disease (AD) diagnosis that
used a feature extractor and the Softmax classifier.
The model, designed to avoid overfitting,
performed well, obtaining an accuracy of 90.05%
by utilizing MRI images centered on the left and
right hippocampal sections. Liu et. al. [14] utilized
siamese neural networks to assess whole-brain
volumetric asymmetry. They used the MRI cloud
approach to produce low-dimensional descriptors
for designated atlas brain structures. They
employed a unique non-linear kernel method to
normalize features, eliminating batch effects across
different datasets and populations. Using the ADNI
dataset, the networks achieved a balanced accuracy
of 92.72% in the classification of MCI and
Alzheimer's disease. Sarraf et. al. [15] suggested a
deep learning pipeline for feature categorization
that focused on processes that don't change with
scale or shift and included a CNN model trained on
a large dataset. The model performed well, with
accuracy rates of 94.32% for functional MRI and
97.88% for MRI images.

The analysis of datasets in the field of healthcare
typically begins with the challenges encountered in
the process of collecting samples related to specific
health conditions or diseases. One of these
challenges arises from the rarity of certain health
conditions or the limited number of samples
belonging to specific classes, leading to an
imbalance in the datasets. The collection of samples
associated with rarely occurring diseases or specific
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health conditions can adversely affect the
effectiveness of analysis and classification models.
This imbalance can lead to performance losses and
misleading outcomes during model training. This
study focuses on addressing the imbalance issues in
healthcare  datasets and investigates the
performance of methods developed to overcome
this challenge.

In the case of Alzheimer's disease diagnosis with
deep learning algorithms, imbalanced datasets are a
common issue. This occurs when one class has
significantly more examples than the other. For
instance, in Alzheimer’s disease, the number of
non-diseased individuals typically far exceeds that
of diseased individuals. This imbalance negatively
impacts the performance of classification models.
In imbalanced datasets, the model tends to overfit
the majority class and fails to learn accurately from
the minority class. Consequently, it correctly
classifies majority class examples but performs
poorly on minority class examples. This leads to
significant performance issues, especially when the
minority class is critically important. In
Alzheimer’s disease, misclassification of the
minority class can have serious consequences, such
as missed opportunities for early intervention and
treatment. Although overall accuracy might appear
high, these metrics can be misleading for the
minority class. In this context, the performance of
dataset balancing methods is analyzed using the
Alzheimer's MRI dataset.

2. MATERIALS AND METHODS

This section covers the dataset, model, strategies for
dealing with data imbalances, training details, and
metrics.

In this study, the Alzheimer's MRI Dataset [16]
from the Kaggle website was used, which included
four separate classes: non-demented, very mild,
mild, and moderate. It is important to highlight that
the dataset is unbalanced. The class distributions are
as follows: Non-demented (3200 samples), very
mild (2240 samples), moderate (64 samples), and
mild (896 samples). Figure 1 shows a histogram
indicating the distribution of each class. This
dataset comprises a total of 6400 MRI images
representing various levels of dementia.
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Figure 1. Class distribution of the Alzheimer's
MRI dataset

The dataset was partitioned into three independent
subsets during the training process-training, testing,
and validation sets-to properly evaluate the model's
performance. Specifically, 85% of the dataset has
been set aside for training, with the remaining 15%
set aside for testing. Furthermore,15% of the
training dataset has been put aside to serve as the
validation set to assess the model's generalization
abilities. Figure 2 shows several random samples
from the dataset

MRI dataset

A. Model

To assess the performance of proposed
interventions for the data imbalance problem, a
custom model was created. The primary objective
of this model is to classify a given input image and
generate probability distributions for four different
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classes as outputs. The model incorporates
convolutional layers for feature extraction and
complexity reduction, activation functions to
introduce non-linearity, pooling layers to decrease
the size of feature maps, batch normalization layers
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to normalize inputs for each layer within the
network, and dense layers for -classification
purposes. In Figure 3, details of each layer used in
the model, such as the number of kernels, kernel
size, input, and output dimensions, are provided.

Figure 3. A custom model created for comparing various approaches to address the issue of data imbalance

B. Methods for Addressing Data Imbalance

In this section, we discuss dataset balancing
methods for imbalanced classification problems,
where there is a skewed distribution of classes in the
dataset and one class (usually the minority class)
has significantly fewer examples than the others.

1. SMOTE (Synthetic Minority Over-Sampling
Technique) [17]: This method draws inspiration
from a technique used in handwritten character
recognition, aiming to produce synthetic examples
for the minority class. Rather than resorting to
replacement over-sampling, a more specific
approach is introduced by producing synthetic
examples in the feature space as opposed to the data
space.

The minority class is the focus of this method, and
synthetic examples are constructed by extending
along line segments linking any or all of its k nearest
neighbours. The number of neighbours chosen at
random from the k nearest neighbours is determined
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by the degree of oversampling. The current
implementation makes use of information from the
five closest neighbours. For example, if a 200%
over-sampling is desired, two neighbours are
chosen at random from the five closest neighbours,
and a synthetic example is constructed in each
direction.

Creating synthetic examples entails calculating the
difference between the current example's feature
vector and its nearest neighbor. This difference is
then multiplied by a number between 0 and 1, and
the result is added to the feature vector. As a result,
a point is generated randomly within the line
segment connecting two specific features. This
novel method efficiently broadens the deciding
zone of the minority class, encouraging broader
representation.

SMOTE  offers several advantages and
disadvantages for addressing class imbalances in
datasets. Advantages include improved minority
class representation by generating synthetic
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examples, enhanced model performance in terms of
accuracy, recall, and F1 score by providing a
balanced training dataset and reducing overfitting
by creating varied samples instead of duplicating
minority class samples. Additionally, SMOTE
helps establish better decision boundaries by
broadening the minority class's decision zone and
applies to various classification algorithms, making
it a versatile tool.

Disadvantages include the potential introduction of
synthetic noise into the dataset, which can
negatively impact model performance if the
generated samples are not representative of the true
data distribution. The method also increases
computational complexity as synthetic samples are
generated and the k-nearest neighbors are
determined, particularly for large datasets. There is
a risk of overgeneralization, where the classifier
may become too lenient in distinguishing between
classes, reducing specificity.  Furthermore,
SMOTE’s effectiveness is sensitive to parameter
settings, such as the number of nearest neighbors (k)
and the degree of over-sampling; poorly chosen
parameters can adversely affect performance. In
high-dimensional feature spaces, the nearest
neighbor search and synthetic sample generation
can become less effective, potentially leading to
suboptimal results.

2. ADASYN (Adaptive Synthetic Sampling) [18]:
In this method, an adaptive approach, inspired by
recently successful synthetic methods such as
SMOTE [17], SMOTEBoost [19], and
DataBoostIM [20], is proposed to make learning
from imbalanced datasets. The dual goal is to
decrease bias while also enabling adaptive learning.
The fundamental concept underlying the ADASYN
algorithm involves employing a density distribution
as a criterion to autonomously determine the
number of synthetic samples required for each
minority data instance. The degree of class
imbalance is initially estimated using Equation 1 as
follows:

d =mg/m (1

Where d € (0,1] defines mg; and m; as the
quantities of minority and majority class instances,
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respectively. If d is less than a predefined threshold
for the maximum tolerable degree of class
imbalance, Equation 2 determines the required
amount of synthetic data samples for the minority
class. This ratio d € (0, 1] indicates the extent of
imbalance in the dataset. A lower value of d
signifies a higher degree of imbalance.

G=(m —my)xp 2

The total number of synthetic samples G needed for
the minority class is determined by the difference
between the majority class instances m; and the
minority class instances mg, multiplied by the
balance level parameter f. This ensures that the
dataset moves towards a balanced state as defined
by B. The parameter § € [0, 1] indicates the targeted
balance level following synthetic data generation. A
value of §§ = [ signifies the creation of a completely
balanced dataset after the augmentation process.
For each instance, x; in the minority class, the K
nearest neighbors are identified based on Euclidean
distance in an n-dimensional space, and the 7; ratio
is calculated as follows:

_ N
Ti—;,

i=123,..,mg 3)
Where A; represents the count of instances in the K
nearest neighbors of x; that are from the majority
class, resulting in 7; € [0, 1]. This ratio helps in
identifying how challenging it is for the model to
classify the minority instance correctly. r; is then
normalized as follows:

fi=r/YEm 4

Where 7; represents a density distribution. This
ensures that the synthetic samples are generated in
proportion to the difficulty of the minority
instances. The computation of the quantity of
synthetic data samples to generate for each minority
instance x; is determined as follows:

9i=TixG (%)
Where G denotes the overall quantity of synthetic

data instances needed for the minority class, as
specified in Equation (2). This adaptive approach
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ensures that more synthetic samples are generated
for the harder-to-learn minority instances. For each
minority class data instance x;, a loop from 1 to g;
is created, and synthetic data samples are generated
using the following equation.

si= x4+ (g — x)x A (6)
A randomly selected minority data instance, Xx,;, is
chosen from the K nearest neighbors of data x;.
Here, (x,; — x;) is the vector of distinction in an n-
dimensional space, and A is a random number: A €
[0,1]. Physically, it is a metric that evaluates how
weights are distributed among various instances
within the minority class, considering their
respective difficulty levels in learning. The dataset
obtained after applying ADASYN not only
achieves a balanced representation of the data
distribution based on the specified balance level
(determined by the S coefficient) but also directs the
learning algorithm to focus on these particularly
challenging instances. This is a significant
distinction, particularly when compared to the
SMOTE, where an equal number of synthetic
samples are produced for each minority data
instance.

ADASYN  offers several advantages and
disadvantages for addressing class imbalance in
datasets. Advantages involve adaptive sample
creation, which creates more synthetic examples for
harder-to-learn instances, allowing the model to
focus on challenging cases. This adaptive approach
can improve overall classifier performance,
particularly in terms of recall for the minority class.
ADASYN provides dynamic balancing by adjusting
the number of synthetic samples based on the
density distribution of the minority class, resulting
in a more balanced and representative dataset.
Additionally, by generating synthetic samples
based on the local data distribution, ADASYN
helps reduce the risk of overfitting compared to
methods that simply duplicate minority class
samples.  Disadvantages include increased
computational complexity due to the need to
calculate  nearest neighbors and  density
distributions, especially for large datasets. The
method can potentially introduce noise if the
synthetic examples do not accurately represent the
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underlying data distribution. The performance of
ADASYN is sensitive to parameters such as the
number of nearest neighbors (K) and the balance
level (B), and improper parameter settings can lead
to suboptimal results. In high-dimensional spaces,
the nearest neighbor search and the generation of
synthetic samples can become less effective,
leading to poor model performance. Furthermore,
the adaptive nature of ADASYN can make it more
complex to implement and tune compared to
simpler over-sampling methods.

3. Weight balancing [21]: While most deep
learning algorithms tend to struggle with biased
class data, the effectiveness of these models can be
significantly enhanced by adapting existing training
algorithms to accommodate the skewed distribution
of classes. This adaptation involves assigning
distinct weights to both majority and minority
classes, thereby influencing the classification
dynamics during the training phase. The primary
objective is to penalize misclassifications made by
the minority class by augmenting its class weight,
while simultaneously diminishing the weight of the
majority class.

One commonly employed method in this context is
weight  balancing, frequently utilized in
classification models. This method entails the
assignment of varying weights to different classes,
aiming to increase the model's sensitivity to the
minority class. Many classification algorithms offer
the flexibility to assign class weights during
training, with higher weights allocated to the
minority class. This strategic weighting makes
misclassifications of minority class instances more
impactful in terms of the overall loss function,
motivating the model to prioritize and improve
predictions for the minority class. Weighting is
applied to different classes in a dataset, taking into
account the distribution of example counts across
the classes, as illustrated below.

Ns

w; = @)

- Nc x Ns;

Where w; represents the weight assigned to each
class, Ns denotes the total sample count, Nc refers
to the total count of unique classes within the target
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variable, Ns; represents the total number of rows
associated with the respective class i. By dividing
the total number of samples by the product of the
number of classes and the samples corresponding to
each class, the formula dynamically calculates
weights that reflect the relative proportions of each
class in the dataset. This ensures a more nuanced
and balanced consideration of different classes
during the model training process, contributing to
improved performance, especially in scenarios with
imbalanced class distributions.

Weight balancing offers several advantages and
disadvantages in addressing class imbalance in
datasets. One significant advantage is its ability to
enhance model sensitivity by increasing the weights
of the minority class, thus improving recall and
precision for these instances. Moreover, it is a
versatile technique that can be easily applied to
various machine learning and deep learning
frameworks, making it flexible and adaptable.
Additionally, weight balancing contributes to
overall performance enhancement by reducing bias
towards the majority class, thereby improving
metrics such as Fl-score and AUC. It can also be
seamlessly integrated into different classification
algorithms, further enhancing its utility. From an
implementation standpoint, weight balancing is
relatively simple, often requiring only minor
adjustments to the loss function or training process.

However, weight balancing is not without its
drawbacks. One potential issue is the risk of
overcompensation, where setting weights too high
for the minority class can lead to overfitting and
poor generalization of new data. Furthermore,
altering weights during training might result in
computational costs, especially for massive datasets
with many classes. The effectiveness of weight
balancing is heavily dependent on accurately
estimating class distribution, and incorrect weight
assignments can result in suboptimal performance.
Tuning weight values to find the optimal balance
requires careful validation, which can be time-
consuming and computationally expensive. Lastly,
weight balancing may have a limited impact on
severely imbalanced datasets, necessitating the use
of additional techniques such as synthetic data
generation for better results.
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C. Training Details

The model was trained for 20 epochs from scratch,
with a categorical loss function used throughout the
training phase. Because of its known success with
large datasets and complex models, the Adam
algorithm [22] was used as the optimizer. During
training, validation accuracy was continually
assessed to evaluate model performance and
minimize overfitting. In the convolutional and
dense layers, ReLU activation functions were
utilized, whereas the softmax activation function
was utilized in the final fully connected layer. For
each data imbalance approach, the model was
trained from scratch.

D. Metrics

The confusion matrix is a commonly used set of
metrics for determining how effectively
classification models perform. The confusion
matrix encompasses four distinct concepts: True
Positive (TP), False Positive (FP), True Negative
(TN), and False Negative (FN). A confusion matrix
is typically represented in the following tabular
format:

Table 1.The confusion matrix breaks down
predictions into four categories: TP when
the actual class is positive and the model
correctly predicts it as positive; FP when
the actual class is negative, but the model
incorrectly predicts it as positive; TN when
the actual class is negative, and the model
correctly predicts it as negative; FN when
the actual class is positive, but the model
incorrectly predicts it as negative

Positive Negative
Predicted positive N FP
Predicted negative FN TP

To evaluate method performance through the
confusion matrix, four metrics were used: accuracy,
precision, recall, and F1 score. Accuracy assesses
the proportion of correctly predicted instances by a
model, serving as a comprehensive measure to
evaluate the overall effectiveness of a classification
model.

TP+TN

Accuracy = ———
TP+TN+FP+FN

®)
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The precision metric assesses the accuracy of a
model's positive predictions by determining the
proportion of correctly identified positive instances.
This metric specifically focuses on minimizing the
occurrence of false positive predictions in a
classification model.

TP
TP+FP

Precision = )
The recall metric assesses a model's ability to
accurately identify positive instances, providing the
percentage of real positive values that were
correctly predicted. The goal of this metric is to
reduce the number of incorrect negative predictions
in a classification model.

TP
TP+FN

Recall = (10)
The F1 score is a metric that represents the
harmonic mean of precision and recall metrics,
offering a balanced measure that considers both
false positive and false negative predictions
generated by a classification model.

Precision x Recall

F1Score=2x (1)

Precision+Recall
3. EXPERIMENT AND RESULTS

This section presents a quantitative comparison of
the SMOTE, ADASYN, and Weight balancing
methods for the Alzheimer MRI dataset with
unbalanced sample counts among classes. In this
context, we first trained a custom model from
scratch using the existing dataset and then analyzed
its performance. The classification report of the
model is presented in Table 2.

Table 2.Model performance without dataset
balancing
Precision | Recall | Fl-score
0 0.98 0.97 0.98
1 0.94 0.96 0.95
2 0.99 0.95 0.97
3 1.0 0.83 0.91
Accuracy 0.97
Macro Avg 0.98 0.93 0.95
Weighted Avg 0.97 0.97 0.97
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In the absence of applying a dataset balancing
method, an accuracy value of 97% was obtained.
Upon analyzing the overall classification
performance through macro avg, encompassing
precision, recall, and fl-score metrics, scores of
98%, 93%, and 95% were respectively achieved.
Macro avg provides a comprehensive overview,
particularly beneficial in evaluating performance
metrics collectively in multi-class classification
problems. It takes into account the imbalance
among classes by treating each class's contribution
equally. It computes and subsequently averages
performance metrics for each class, considering
their contributions. This approach ensures a fair
evaluation of overall performance, irrespective of
significant variations in performance across classes.
When evaluated for specific classes, Class 3, with a
limited number of instances, shows significantly
low recall and F1-score metrics. Figure 4 depicts the
validation loss and accuracy graphs for the relevant
model.

—e— Training Loss
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0.9 1
0.8 1
0.7
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0.5 Validation accuracy
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Epoch
Figure 4. Validation loss and accuracy graphs of
the model trained without applying data
balancing.
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Figure 5 (a) presents the confusion matrix for the
unbalanced dataset. Notably, 13 instances from the
non-demented class are misclassified as very mild,
while the remaining 499 instances are correctly
classified. Similarly, in the very-mild class, 12
instances are misclassified as non-demented, 1 as
mild, and the remaining 296 instances are correctly
classified. For the mild class, 6 instances are
misclassified as very-mild, while the remaining 127
instances are correctly classified. Lastly, in the
moderate class, 1 instance is misclassified as very
mild, and the remaining 5 instances are correctly
classified.

In the second stage, the model performance was
examined by applying the data balancing process
using the SMOTE method. In this approach, the
sample count for each class was designed to be the
same as the class with the highest number of
instances. Accordingly, the imbalance was
addressed, ensuring that the sample count for each
class was adjusted to 3200.

Hen dermertac Neaste [rey———

(c) ADASYN
Figure 5. Comparison of confusion matrix results:
(a) Unbalanced, (b) SMOTE balanced,
(c) ADASYN balanced, and (d) Weight
balanced.

Table 3 presents the performance report for the
relevant method. When the SMOTE method is used
for balancing, a decrease in model performance is
observed. The accuracy value has decreased from
97% to 94% compared to the original dataset.
Similarly, precision and fl-score decrease, while
the recall value increases by 1%.
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Table 3.Model performance when the SMOTE
data balancing method is applied.

Precision | Recall | Fl-score
0 0.99 0.98 0.99
1 0.91 0.87 0.89
2 0.90 091 0.90
3 0.97 1.0 0.98
Accuracy 0.94
Macro Avg 0.94 0.94 0.94
Weighted Avg 0.94 0.94 0.94

Figure 6 shows the validation and loss graphs for
the model trained using the relevant approach. In
addition, Figure 5(b) shows the confusion matrix
for the model trained using the SMOTE approach.
In the non-demented class (510 examples), 6 are
very mild, 1 is mild, and the rest are correctly
classified. For the very mild class (466 examples),
5 are non-demented, 48 are mild, 9 are moderate,
and the remaining are correctly classified. In the
mild class (472 examples), 2 are non-demented, 31
are very mild, 8 are moderate, and the rest are
correctly classified. In the moderate class (472
examples), 1 is misclassified as very mild, and the
rest are correctly classified.

—e— Training Loss
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Figure 6. Validation loss and accuracy graphs of
the model trained to apply the SMOTE
data balancing method.
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In the third stage, the model's performance was
assessed using the ADASYN method, and Table 4
displays the corresponding performance report.
Results indicate superior performance with
ADASYN compared to the original and SMOTE
methods for the Alzheimer's MRI Dataset. For the
class with the fewest examples, i.e., 3, the original
model had a recall and f1 scores of 83% and 91%,
respectively. These scores were 100% and 98% in
the SMOTE method, respectively, while the
ADASYN method achieved 100% performance in
both metrics. Overall averages show 97% accuracy
in the original dataset, %94 with SMOTE, and 98%
with ADASYN.

Table 4.Model performance when the ADASYN
data balancing method is applied.

Precision Recall | Fl-score
0 0.99 0.97 0.98
1 0.95 0.98 0.96
2 0.96 0.92 0.94
3 1.0 1.0 1.0
Accuracy 0.98
Macro Avg 0.97 0.97 0.97
Weighted Avg 0.98 0.98 0.98

Figure 5(c) presents the confusion matrix derived
from the training process employing the ADASYN
method. Within the non-demented class, which
included 493 examples, 10 instances were classified
as very mild, 3 as mild, and the remaining were
accurately classified. In the very mild class, which
consisted of 330 examples, 5 were designated as
non-demented, 3 as mild, and the remainder were
correctly classified. The mild class, which consisted
of 127 examples, saw two cases classified as non-
demented, eight as very mild, and the remainder
correctly classified. Ultimately, within the moderate
class, comprising 481 examples, all instances were
accurately classified. Figure 7 illustrates the
validation and accuracy graphs of the model trained
using the ADASYN data balancing method.
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Figure 7. Validation loss and accuracy graphs of
the model trained to apply the ADASYN
data balancing method.

Finally, the model's performance was assessed
using the Weight-balancing method. In this
approach, the dataset is not augmented; instead,
weights are assigned based on the distribution of
examples in the dataset. The goal is to increase the
weight of the minority class to enhance the model's
attention to it. In this context, considering the
number of examples in the dataset, weight values of
0.5, 0.71, 1.79, and 25.0 were assigned to the non-
demented, very mild, mild, and moderate classes,
respectively. Table 5 summarizes the results from
training the model with this method.
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Table 5.Model performance when the Weight Table 6.Performance comparison of data balancing

balancing method is applied. methods on test dataset
Precision | Recall | Fl-score Accuracy | Precision | Recall F1
0 0.98 0.97 0.98 score
SMOTE | 94.17 94.05 | 94.03 | 94.02
! 0.96 0.97 0.9 ORJINAL | 9656 | 93.01 | 97.63 | 95.12
2 0.99 0.99 0.99 ADASYN | 97.90 96.84 | 97.30 | 97.05
3 1.0 1.0 1.0 Jeight | 9740 | 9832 | 9820 | 98.26
Accuracy 0.97 g
Macro Avg 0.98 0.98 0.98
Weighted Avg 0.97 0.97 0.97 161 —~— Training Loss
1.4 Validation Loss

Upon examining Table 5, it is observed that the 1.2

highest scores are obtained, particularly for the 1.0

minority class, i.e., moderate. Looking at the macro 0.81

average scores, the model achieved the highest 0.6

performance scores, reaching 98% for precision, 04

recall, and fl-score. When compared to the model

trained with the original dataset, there is a 5% 021

increase in the recall metric and a 3% increase in the eop 0 e

f1-score metric. In Figure 5(d), the confusion matrix 123456789 ésolc:‘ 1213141516 171819 20

obtained when the model is trained using the weight 1.04

balancing method is provided. The results show

that, out of 512 examples in the non-demented class, 081

13 were classified as very mild, 1 as mild, and the

rest were correctly classified. In the very mild class, 061

with 309 examples, 10 were misclassified as non-

demented, while the others were correctly 0.41

classified. In the mild class with 133 examples, only

1 example was incorrectly classified as very mild. 0.2

Finally, in the moderate class with six examples, all
were correctly classified. Figure 8 displays the
validation loss and accuracy graphs obtained when
the model is trained using the weight balancing
method.

Ultimately, the test dataset was separated before
applying data balancing methods, and the
performance of the methods was evaluated in this
manner. Table 7 reveals that similar to previous
experimental results, the weight-balancing method
outperforms the others. The SMOTE approach
produces worse results than the model trained on the
original dataset. Similarly, the ADASYN method
also yields better results than the original model.
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Figure 8. Validation loss and accuracy graphs of
the model trained to apply the Weight
balancing method.

4. CONCLUSION

This study aimed to address the challenges posed by
imbalanced datasets in Alzheimer's disease
classification, focusing on the effectiveness of three
data balancing methods: SMOTE, ADASYN, and
Weight Balancing. The experiments were
conducted using the Alzheimer's MRI dataset, and
a custom deep-learning model was used for
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evaluation. The results indicate that, compared to
the original imbalanced dataset, the Weight
Balancing method consistently outperforms in
terms of accuracy, precision, recall, and F1 score.
The method assigns weights based on class
distribution, enabling the model to pay more
attention to the minority class, which is particularly
beneficial in the context of imbalanced health
datasets. While SMOTE and ADASYN methods
improve various metrics, they are considered
inferior to the Weight Balancing method. The
ADASYN method, in particular, demonstrated
superior performance, achieving the highest scores
for precision, recall, and F1 score, especially for the
minority class, i.e., moderate. The study emphasizes
the critical role of addressing class imbalances in
health datasets for accurate and reliable model
training. It contributes valuable insights into
selecting data balancing methods to enhance the
accuracy of deep learning models in Alzheimer's
disease classification. The Weight Balancing
method, with its ability to adapt class weights
during training, stands out as a robust approach for
improving model performance in scenarios with
imbalanced class distributions. In future work,
further exploration of different data balancing
methods and validation on diverse datasets could
provide additional perspectives on optimizing deep

learning models for Alzheimer's disease
classification.
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Oz

Orman yanginlari son yillarda sik meydana gelen bir afet olup, yanginlar sebebiyle ormanlarda yasayan
canlilarin yasam alanlar1 yok olmaktadir. Bitki ortiisliniin rtiiniin yok olmastyla erozyon, sel-tagkin ve
hava kirliligi gibi dogal afetlerin sayisinda ve hizinda artma goriiliir. Gelisen uydu teknolojileri ile orman
alanlarinin gézlemlenmesinde uzaktan algilama tekniklerinin kullanimini miimkiin olmustur. Bu ¢aligmada
23 Agustos 2020°de Adana’nin Kozan ilgesinde meydana gelen orman yangini sonrasi degisen bitki Ortiisii
Sentinel-2B MSI uydu goriintiileri kullanilarak gozlemlenmistir. 29 Temmuz 2020 ve 28 Agustos 2020
tarihinde algilanmis Sentinel-2B MSI uydu goriintiilerine Normalize Yanma Oran1 (NBR) bant oranlama
teknigi uygulanmis, Fark Normalize Yanma Oran1 (dINBR) fark yontemi kullanilarak yanan alanlar
belirlenerek, dogruluk analizi yapilmistir. Calisma sonunda yanan ve zarar goren alan dNBR yontemi ile
28,26 km?2 olarak hesaplanmis olup, yontemin %96 oraninda yiiksek bir dogruluk sagladigi tespit edilmistir.
Sentinel-2B MSI gériintiilerine Normalize Fark Bitki Ortiisii Indeksi (NDVI) uygulanarak yangin sonrasi
bolgede yapilan agaglandirma ¢aligmasi 25 km?2 lik bir alanin bitki ortiisiine kavustugu tespit edilmistir.

Anahtar Kelimeler: Normalize yanma orani, Fark normalize yanma orani, Sentinel-2B, Orman yangini,
Normalize fark bitki ortiisii indeksi

Investigation of Burned Forest Areas Using Remote Sensing Techniques: The Case
of Kozan Forest Fire

Abstract

Forest fires are a frequent disaster in recent years, and the habitats of creatures living in forests are destroyed
due to fires. With the loss of vegetation cover, there is an increase in the number and speed of natural
disasters such as erosion, floods and air pollution. With developing satellite technologies, it has become
possible to use remote sensing techniques in observing forest areas. In this study, changing vegetation after
the forest fire that occurred in Kozan district of Adana on August 23, 2020 were observed using Sentinel-
2B MSI satellite images. Normalized Burn Ratio (NBR) band ratio technique was applied to Sentinel-2B
MSI satellite images detected on July 29, 2020 and August 28, 2020, burned areas were detected using the

*Sorumlu yazar (Corresponding Author): Sevim Yasemin CICEKLI, s.y.cicekli@gmail.com
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Differenced Normalized Burn Ratio (INBR) method, the accuracy analysis was performed. At the end of
the study, the burned and damaged area was calculated as 28,26 km? using the dNBR method determined
that the method provided a high accuracy of 96%. By Normalized Difference Vegetation Index (NDVI)
method to the Sentinel-2B MSI images, the afforestation work carried out in the post-fire region revealed

an increase in vegetation cover of an area of 25 km?.

Keywords: Normalized burn ratio, Differenced normalized burn ratio, Sentinel-2B, Forest fire,

Normalized difference vegetation index

1. GIRIS

Orman yanginlari, bitki Ortiisiinii tahrip olmasina,
bu alandaki canlilarin yasam alanlarinin zarar
gormesine ve ekonomik kayiplara  sebep
olmaktadir. Orman yangmlarinin gézlemlenmesi,
olusan tahribatin tespit edilmesi ve yanan alanlarda
zaman igerisinde meydana gelen degisimlerin
analiz edilmesi ekolojik ve ekonomik agidan
onemlidir. Uydu teknolojilerine meydana gelen
yenilikler ve gelismeler ile orman alanlarinin
gozlemlenmesinde ve orman yanginlarmin
analizinde  uzaktan  algilama  tekniklerinin
kullanimini miimkiin olmustur.

Literatiirde orman yanginlarinin hasarlarini tespit
etmek amaci ile wuzaktan algilama teknikleri
kullanilarak yapilmis birgok ¢alisma vardir.
Ozdemir ve Demir, izmir Karabaglar bolgesinde
2019 yilinda ¢ikan orman yangini uydu
gorintiilerini  kullanarak Normalize Fark Bitki
Ortiisii Indeksi (NDVI), Normalize Yanma Orani
(NBR), Yanmis Alan Indeksi (BAI), Yalin Toprak
Indeksi (BSI) teknikleri kullanarak analize etmis ve
%99 oraninda dogrulukla Fark Normalize Bitki
Ortiisii Indeksi (INDVT) ve Fark Normalize Yanma
Oran1 (NBR) (dNBR) kullanarak yanan alani
hesaplamustir [1]. Yilmaz ve arkadaslari, Canakkale
Gelibolu’da meydana gelen orman yanginini
Landsat-8 ve Sentinel-2 uydu goriintiilerine BAI,
Normalize Fark Nem Indeksi (NDMI), NBR ve
NDVI teknikleri uygulamistir. Her iki uydu teknigi
igin de en iyi sonucun Fark Normalize Fark Bitki
Ortiisii indeksi (INDVI) yonteminin verdigi tespit
edilmistir [2]. Bright ve arkadaslar1 (2019) Landsat
uydu goriintiilerini kullanarak Kuzey Amerika’da
yangin sonrasi iyilesmeyi NBR yontemi ile
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gozlemlemis ve yedi yillik siireci incelemistir [3].
Tsotgerel ve arkadaslari, Mogolistan’da meydana
gelen orman yanginindan sonra 2015-2018
Landsat-8 wuydu goriintiilerine NBR, NDVI
uygulamis ve degisimi gézlemlemistir [4]. Bigakg1
ve Yildiz, dNBR ve dNDVI yontemi ile Belen
orman yangininda hasar almig alani tespit etmistir
[5]- Cavdaroglu, Mugla’da meydana gelen orman
yanginini dNBR ve NDVI yontemlerini kullanarak
analiz etmistir [6]. Yilmaz ve arkadaslari, Belen
orman yangininda hasar géren alam1 dNBR ve
NDVI yontemleri kullanarak analiz etmistir [7].
Bant oranlama teknikleri yiiksek dogruluk
saglayarak, daha hizli ve ekonomik olarak sonug
vermektedir.

Adana’nin Kozan ilgesinde 23 Agustos 2020°de bir
orman yangini meydana gelmis, cok genis bir alana
yayilmis, yerlesim yerleri bosaltilmis ve yanginin
kontrol altina alinmasi yaklasik ii¢ giin siirmiigtiir
[8]. 2021 yilinda bolgede yeniden bir agaglandirma
caligmasi1 baslamistir [9]. Bu c¢alismanin amaci,
Adana’nin Kozan ilgesinde 23 Agustos 2020°de
meydana gelen ve ¢ok biiyiik bir alana zarar veren
orman yangini sonrast Sentinel-2B MSI uydu
goriintiileri ile zarar goren alanin tespit edilmesi ve
bolgede yangin sonrasi agaglandirma galismalari
yapildigindan iyilesme miktarmin belirlenmesidir.
29 Temmuz 2020 ve 28 Agustos 2020 tarihlerinde
algilanmig Sentinel-2B uydu gdriintiilerine NBR ve
dNBR indeksleri uygulanmis, yanan bdlge ve
yanma miktarlart belirlenerek dogruluk analizi
yapilmigtir. 29 Temmuz 2020, 28 Agustos 2020 ve
24 Temmuz 2023 Sentinel-2B MSI goriintiilerine
NDVI uygulanarak yangin sonrasi bolgede yapilan
agaclandirma ¢aligmast bitki Ortiisiiniin artis1 tespit
edilmistir.
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2. MATERYAL VE METOT
2.1. Cahisma Alam

Calisma alani, Adana’nin Kozan ilgesinde yer
almaktadir. 23 Agustos 2020’de Kozan ilge
merkezinin kuzey dogusunda yer alan Kuyubeli
Koyii’nde baglayip, giineye dogru yayilan ve {i¢ giin

Sevim Yasemin CICEKLI

siren orman yanginin sebep oldugu hasar

aragtirlmistir.  Yangindan Kuyubeli, Camlarca,
Karahamzali, Boztahta, Cirikli, Eskimantas
koyleri de etkilenmistir. Bu nedenle Kuyubeli,
Camlarca, Karahamzali, Boztahta, Ciiriikli,

Eskimantag kdyleri ¢caligma alaninda bulunmaktadir
(Sekil 1)

mmmmm

Sekil 1. Calisma alan1 [10,11]

2.2. Veri Seti

Bu ¢aligmada 29 Temmuz 2020, 28 Agustos 2020
ve 24 Temmuz 2023 tarihinde algilanmis Sentinel-
2B  uydu gorintileri kullanmilmistir.  Uydu
goriintiileri Avrupa Uzay Ajanst (ESA) web
sayfasindan temin edilmistir [10]. 29 Temmuz 2020
tarihinde algilanmis Sentinel 2B goriintii 828
megabayt, 28 Agustos 2020 tarihinde algilanmig

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

Sentinel 2B goriintii 821 megabayt ve 24 Temmuz
2023 tarihinde algilanmis Sentinel 2B goriintii 827
megabayt boyutundadir. Sentinel-2B, 7 Mart
2017'de firlatilan bir Avrupa optik goriintiileme
uydusudur. Avrupa Uzay Ajansi'nin Copernicus
Programi kapsaminda firlatilan ikinci Sentinel-2
uydusudur. Sentinel-2B uydu goriintiileri Cizelge
1’de  Sentinel-2B  uydusunun bantlarma ait
ozellikleri yer almaktadir [10]. (Sekil 1)
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Cizelge 1. Sentinel-2B bantlar1 ve 6zellikleri [10]
Sentinel-2B Uydu bantlar:

Bant-1 Kiy1 Aerosol

Bant-2 Mavi

Bant-3 Yesil

Bant-4 Kirmizi

Bant-5 Bitki ortiisii kirmizi kenar

Bant-6 Bitki ortiisii kirmizi kenar

Bant-7 Bitki ortiisii kirmizi kenar

Bant-8 NIR (Yakin kizil6tesi, Near-infrared)
Band-8A Bitki oOrtiisii kirmizi kenar

Band-9 Su buhari

Band-10 SWIR cirrus (Kisa dalga kizil otesi, Short wavelength

infrared )

Band-11 SWIR (Kisa dalga kizil 6tesi, Short wavelength infrared )
Band-12 SWIR (Kisa dalga kizil 6tesi, Short wavelength infrared )

2.3. Metot

Sentinel-2B  goriintiileri, ESA web sayfasindan
temin edilmistir [10]. Kullanilan goriintiiler, L1C
serisi oldugundan ve atmosferik diizeltmeleri
yapilmis halde sunulmustur bu nedenle 6n isleme
asamasinda yalnizca goriintiilerin kesilmis ve NBR

Ozellikler
Dalga boyu Coziiniirliik
(mikrometre) (m.)

0,442 60
0,492 10
0,559 10
0,665 10
0,703 20
0,739 20
0,779 20
0,833 10
0,864 20
0,943 60

1,376 60
1,610 20
2,185 20

uygulanirken kullanilan NIR banti 10 m., SWIR
bant1 20 m. ¢dziiniirliiklii olmasindan dolayi, NBR
icin kullanilan bantlar 20 m.’ye yeniden
orneklenmistir (Sekil 2). Goriintiilerin kesilmesi ve
yeniden Ornekleme islemi ESA’ya ait SNAP
yaziliminda yapilmistir. (Sekil 1)

29 Temmuz 2020 Sentinel-2B
Uydu Gériintiisit

Goriintii On isleme

NBR Bant
Oranlama

dNBR Teknigi

28 Agustos 2020 Sentinel-2B
Uydu Gériintiisii

\/

Dogruluk Analizleri

Karsilagtirma

24 Temmuz 2023 Sentinel-2B
Uydu Gériintiisii

Goriintii On isleme

NDVI Bant
Oranlama

ve

Sekil 2. Is akis diyagrami
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2.3.1. Normalize Yanma Oram (NBR) ve Fark
Normalize Yanma Orani (ANBR)

Arastirma bolgesinde yer alan yanmis bolgeleri ve
yanma siddetini belirlemek igin literatiirde yaygin
olarak dNBR indeksi kullanilmaktadir [12]. NBR,
hesaplamada NIR ve SWIR; bantlari kullanilir.
Formiilii Esitlik 1°de yer almaktadir.

__ NIR-SWIR,
" NIR+SWIR,

NBR (1

Sentinel 2B uydu goriintiilerinde bant 8, NIR ve
bant 12 SWIR; yi temsil eder (Cizelge 1). NBR
hesaplanirken bant 8 ve bant 12 kullanilmistir.

NBR deger araligi -1 ila 1’dir. NBR degerinin -1
degerine yakin olmasi yanmus bitki rtiisii anlamina
gelmektedir. dNBR ise meydana gelen yangim
Oncesi ve sonrast hesaplanan degerlerin farki
almarak elde edilmektedir [12]. dNBR formiilii
Esitlik 2°de yer almaktadir.

dANBR = NBRince = NBRsonra 2

2.3.2. Normalize Fark Bitki Ortiisii indeksi
(NDVI)

Bitki ortiistinii belirlemek igin NDVI yontemi
siklikla kullanilir [13]. NIR ve kirmizi bantlari

kullanilarak Esitlik 3’de yer alan ifade ile
hesaplanmaktadir.
NDV] = MIR-KIRMIZI 3)

NIR+KIRMIZI

Sentinel 2B uydu goriintiilerinde bant 8, NIR ve
bant 4 kirmizi bandi temsil eder (Cizelge 1). NDVI
hesaplanirken bant 8 ve bant 4 kullanilmustir.

2.3.3. Hata Matrisi

Caligmada hatalarin tespit edilmesi i¢in hata
matrisleri kullanilmistir. Hata matrisinde diisey
stitun kullanilan kontrol noktalarini (referans veri),
yatay siitun ise degerlendirmesi yapilacak veriyi
temsil eder [14]. Hata matrisinin sematik gosterimi
Sekil 3’te sunulmustur.

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024
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Degerlendimesi yapilacak Veri Toplam

Referans Veri

Toplam

Sekil 3. Hata matrisi sematik gdsterimi

Matris  {lizerinde  dogruluk  smiflandirilmis
piksellerin toplam sayisinin (kdsegen toplami)
referans piksellerin toplam sayisina boliinmesiyle
elde edilir [15].

Kappa degeri dogruluk analizi yapan bir yontem
olup, hata matrisinin kdsegen elemanlari, satir ve
stitun degerleri toplami ve toplam hiicre sayisini

kullanir  [16]. Kappa formiilii Esitlik 4’te
sunulmustur.

sziﬁ=1xii_zlr:1(xi+*x+i)
Kappa = 4)

N2-=3T_ (Xip*x4i)

Kappa denkleminde “r” smif sayismi, “xii” Hata
matrisinin kdsegen elemanlari, “x;;” Satir toplami,
“x+” Siitun toplami, “N” Hata matrisindeki toplam
hiicre sayisini temsil eder [16].

3. BULGULAR VE TARTISMA

3.1. Bulgular

Goriintiilere NBR, dNBR ve NDVI yontemleri
uygulanmis, hata matrisleri olusturularak dogruluk
analizleri gergeklestirilmistir.

3.1.1. NBR ve dNBR Yontemleri ile Elde Edilen
Bulgular

29 Temmuz 2020 ve 28 Agustos 2020 tarihli
goriintiilere NBR bant oranlamasi uygulanmistir
(Sekil 4). NBR yonteminden sonra, elde edilen
NBR goriintiileri kullanilarak dNBR fark yontemi
uygulanmustir (Sekil 5).
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Sekil 4. (a) 29 temmuz 2020 NBR goriintiisii, (b) 28 Agustos 2020 NBR goriintiisii
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750000 755000 TEO0DOD

4164000 4172000

4156000

750000 755000 TEODOD

TES000 770000

4164000 4172000

4156000

TES000 770000

Sekil 5. INBR goriintiisii

Yanma derecelerine gore smiflama isleminde
kullanilacak esikleri belirlemek igin, Avrupa
Orman Yangmlarn Bilgi Sistemi (EFFIS) web
sayfasindan Sentinel-2 uydular1 i¢in alinan yanma
derecelerine gore dNBR araliklar1 Cizelge 2’de
verilmistir.

EFFIS’den temin edilen bilgiler ve histogram
lizerinden  geometrik  araliklar  kullanilarak
belirlenen yanma siniflari olusturulmustur (Sekil 6).

Cizelge 2. Yanma  derecelerine gére dNBR

araliklari [17]

4164000 4172000

4156000

TS0000 TSS000 TEOO00 TESO00 FYo000

TS0000 TSS000 TEOO00 TESO00 FY0000

Simif dNBR arahg
Yanmamis <0,1
Az 0,1 -0,270
Orta-az seviye yanmis 0,270 — 0,440
Orta yiiksek seviye yanmis | 0,440 — 0,660
Cok Yiiksek seviye yanmig | >=0,660
] dNBR
% [ ] Azseviye Vanmug Alan
N B ot 4z Seviye Vanmig Alan
B o= Sevive VanmigAlan
I vk Sevipe Vanmigalan

Sekil 2. INBR goriintiisii
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29 Temmuz 2020 ve 28 Agustos 2020 NBR
goriintilleri  karsilastirildiginda  yanmis  orman
alanindaki NBR degerinin degistigi ve 1 degerine
yaklagtigi  goriilmektedir (Sekil 4). dNBR
goriintiilerinde yanan alanlar 0,1-1 araligmdadir.
dNBR goriintiisinde orman yangininda zarar
gormiis alanin, dNBR degerinin diger alanlardan
farkli oldugu ve 1 degerine yakin oldugu
goriilmektedir (Sekil 5, Sekil 6).

Cizelge 3. NDVI siniflar araliklan

3.1.2. NDVI Yoéntemi ile Elde Edilen Bulgular

29 Temmuz 2020, 28 Agustos 2020 ve 24 Temmuz
2023 tarihli  Sentinel gorintiilerine NDVI
uygulanmistir.  NDVI  haritalart = olusturulurken
kullanilan araliklar Cizelge 3’de yer almaktadir.
Literatiirdeki ¢aligmalarda kullanilan degerler ve
histogram  iizerinden = geometrik  araliklar
kullanilarak siniflar olusturulmustur (Sekil 7).

Siif NDVI arahg
Su alam <-0,046 [18],[19]
Bos alan -0,046- 0,25 [19]
Seyrek bitki ortiisii 0,25- 0,35 [20], [19]
Orta yogunluklu bitki ortiisii 0,35-0,5 [20], [19]
Yogun bitki ortiisii 0,5-1 [20], [19]
T-'lSDDID TSE000 ?SDDDID ?B-‘lDDID TES000 ?TZDDID
NDVI
: S N e
2 2 [ | Boshlm
N v [ seekBitki Ontisia
[ odta Togumhakhn Bitli Grtisi
- - - -% [ EE
741800'0 75-2000 75800‘0 ?SDDDID . 784100'0 TBSDDID 772-50I0 E
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Sekil 7. 29 Temmuz 2020 (a), 28 Agustos 2020 (b) ve 24 Temmuz 2023 (c¢) NDVI haritalar
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Bitki ortiisiiniin orman yangini sebebi ile aldigi
hasardan dolay1, 28 Agustos 2020 tarihli goériintiiye
ait NDVI haritasinda, 29 Temmuz 2020 tarihli
goriintiiye ait NDVI haritasindan farkli olarak
yanmig alaninin  bos alan siifi  olarak
goriilmektedir. Yapilan agaclandirma caligmasi
sonrasinda 24 Temmuz 2023 tarihli goriintiiye ait
NDVI haritasinda ise yanmig alanin bitki ortiisiinde
artis oldugu goriilmektedir (Sekil 7).

3.1.3. Hesaplanan Yanma Simflar1 ve Dogruluk
Analizi

Orman  yangminda  zarar  géren  alanlar
hesaplanmustir. Toplam 28,26 km? alan yanmus olup
2,35 km? (235 hektar) alan tamamen yanmustir.
Olusturulan yanma siniflarmin piksel sayilar1 ve
alanlar1 Cizelge 4’de sunulmustur.

Cizelge 4. Hesaplanan yanma siniflari

Yanma siifi Piksel (?(i?l;l)
Yiiksek seviye yanmig alan 5879 2,35
Orta seviye yanmig alan 22977 9,19
Orta az seviye yanmis alan | 29459 11,7
Az yanmis alan 12578 5,02

Caligma alani iizerinde rastgele se¢ilmis ve NDVI
smifi bilinen 100 adet kontrol noktasi ile dogruluk
analizi yapilmigtir. Hata matrisi olusturulmus ve
NDVI yoénteminin dogrulugu Cizelge 5’deki gibi
hesaplanmustir.

Cizelge 5. NDVI dogruluklari ve kappa degeri

Goriintii tarihi dgg:lflluk I;:gg?
29 Temmuz 2020 %93 0,900
28 Agustos 2020 %91 0.874
24 Temmuz 2023 %88 0.832

dNBR yonteminin dogrulugunu tespit etmek igin
¢alisma alani tizerinde dNBR sinifi bilinen 100 adet
kontrol noktas: rastgele secilerek, hata matrisi
olusturulmus ve dNBR yonteminin dogrulugu %96
olarak, kappa degeri 0,81 olarak hesaplanmustir.
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3.2. Tartisma

Calismada elde edilen sonuglar, literatiirdeki
caligmalarda elde edilen sonuglarla uyumludur.
Ozdemir ve Demir, yanan alanlar1 Sentinel MSI
verileriyle hesaplanan dNBR yontemleri ile %99
dogrulukla [1], Yilmaz ve arkadaslari yanmis
alanlar1 Sentinel-2 goriintiileri i¢in dNBR %89
dogrulukla [2] tespit etmistir. Oncii ve
Corumluoglu, Tinazli Izmir bolgesinde orman
yngini i¢in yaptiklart ¢alismada, yanmis alanlar
NBR yontemi ile % 99,2, NDVI yontemi ile %99,5
dogrulukla tespit etmistir [21]. Yiksel, Mersin
Giilnar’da yanmis orman alanint dNBR yontemi ile
%88,89 dogrulukla tespit etmistir [22].

2020 yangin1 sonrasinda olusan hasar sonrast 2021
yilinda baslayan aga¢ dikme ¢alismalari ile 25 km?
alan bitki ortiisline kavugmustur.

28 Agustos 2020 ve 29 Temmuz 2020 NDVI
haritalar1  incelendiginde bos alan smifinin
degisiminin ayni goriintiilere ait NBR haritalar1 ve
dNBR haritasinin yanmis alanlari temsil eden
smiflart ile uyum sagladigi gozlemlenmektedir. 24
Temmuz 2023 NDVI ve 28 Agustos 2020 NDVI
haritalari karsilastirildiginda agaclandirma
caligsmasi sonrasinda bos alan sinifi azalmis oldugu
ve dNBR haritasinda yanmis alanlar1 temsil eden
bolgenin bitki ortlisiindeki artig goriilmektedir.

Calismada elde edilen sonuglar, uzaktan algilama
tekniklerinin orman yanginlariin arastirilmasi ve
zarar goren bitki Ortiisiinin  takip edilmesi
konusunda biiyilk bir Oneme sahip oldugunu
gostermekte  olup, literatiirdeki  ¢aligsmalarin
sonuclar1 ile uyum saglamaktadir. Oncii ve
Corumluoglu, uzaktan algilama tekniklerinin orman
yanginlarinin analiz edilmesi ve orman yangin
bolgesindeki farkli noktalarda ¢ikan yanginin neden
oldugu toplam hasarn ve hasar yogunluk
seviyelerinin kisa siirede belirlenmesinde 6nemli
bir ara¢ oldugunu tespit etmistir [21]. Yiiksel, uydu
goriintiilerinin yanan alan tespit edilmesinde ve
yanma siddetlerinin hesaplanmasinda
kullanilabilecegini belirtmistir [22].
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4. SONUC

Orman yanginlari, ekolojik ve g¢evresel agidan
biiyiik bir 6neme sahip orman alanlar1 igin biiylik
bir tehdit olusturmaktadir. Teknoloji, orman
yangmlar1 sonras1 zarar goren alanlari yiiksek
dogrulukla tespit edilmesi i¢in uzaktan algilama
tekniklerinin kullanimini yaygimlastirmistir ve bant
oranlama teknikleri siklikla kullanilan bir yontem
olmustur. Bu ¢aligmada 23 Agustos 2020 tarihinde
Adana ili Kozan ilgesinde meydana gelen orman
yangini sonucunda yanan alani tespit etmek, yangin
haritalarin1 dretmek ve agaglandirma ¢aligmasi
sonrasi iyilesme miktarmni hesaplamak i¢in NBR,
dNBR ve NDVI yontemleri kullanilmistir.

Meydana gelen yangindan etkilenen orman alani
dNBR yontemi ile 28,26 km? bulunmustur. Hata
matrisi olusturulmus ve %96 dogruluk tespit
edilmigtir. Ayrica 25 km?® lik iyilesme NDVI
yontemi ile tespit edilmistir. Elde edilen sonuglar
literatiirdeki calismalardan elde edilen sonuclarla
uyum saglamistir.

Uydu  teknolojilerinin kullanimu, orman
yanginlarint hizli bir sekilde tespit edilmesi, analiz
etme ve yorumlamanin daha kolay olmasini
saglayacaktir. Sonu¢ olarak, uzaktan algilama
teknikleri orman yanginlarimin goézlemlenmesi ve
analizinde biiyiikk bir Oneme sahiptir. Yanmis
alanlarin tespit edilmesi, yanan orman alanlarinin
yeniden agaclandirilmasi ¢aligmalart i¢in uzaktan
algilama goriintiileri kolaylikla kullanilabilir

Dabha ileri aragtirmalarda yangini etkileyen sicaklik
ve riizgar gibi ek parametrelerin de dahil edilebilir.
Yanmus alanlarda ekolojik zarari tahmin etmek i¢in
calismaya yeni parametreler dahil edilebilir.
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Oz

Indigo boyarmaddesi, insanligin kullandig1 en eski boyarmaddelerden bir tanesidir. 20. Yiizy1l’in bagindan
itibaren, denim (kot) kumasi ve bu kumastan yapilan pantolonlar (jeans) Diinya ¢apinda yayginlagmistir.
Indigo boyarmaddesi tekstilde kullanilan diger boyarmaddeler ile kiyaslandiginda kimyasi ve boyama
mekanizmas1 bakimindan bircok noktada farkliliklar gostermektedir. Bu ¢alisma kapsaminda kopiik
aplikasyon yontemi ile %100 pamuklu ipliklere indigo boyarmadde ile boyama yapmak ve klasik metotlara
alternatif bir yaklagim gelistirmek hedeflenmistir. Kopiik aplikasyonu yapabilmek icin bir aparat
tasarlanmis ve imalati gerceklestirilmistir. Gelistirilen yeni aparat kullanilarak, ¢dzgii ipliklerine kopiik
aplikasyon teknigi ile indigo boyamalar yapilarak denim kumas dokunmustur. Elde edilen numunelerin
renk, haslik, dayanim ve elastikiyet gibi performans &zellikleri arastirilmistir. Boylece galisma sonunda
kopiik aplikasyon yonteminin indigo boyama igin uygulanabilirligi kanitlanmistir. Kopiik aplikasyon
yontemi ile indigo boyamanin konvansiyonel yonteme gore avantajlari, yatirim maliyeti ve yerlesim alanin
daha az olmasi, boyama sonu ¢ikan atiklarin g¢evreye olan etkisinin az olusu ve daha az iplik telefinin
¢ikmasi olarak siralanabilmektedir.

Anahtar Kelimeler: indigo, Denim, Boyama, K&piik, Renk, Hashik
Dyeing of Cotton Yarns with Indigo Dyestuff Using the Foam Application Method

Abstract

The indigo dyestuff is one of the oldest dyestuffs used by humanity. Since the beginning of the 20th century,
denim fabric and trousers made from this fabric have become widespread around the world. Indigo dyestuff,
when compared to other dyestuffs used in textiles, differs in many respects in terms of its chemistry and
dyeing mechanism. Within the scope of this study, it was aimed to dye 100% cotton yarns with indigo
dyestuff using the foam application method and to develop an alternative approach to classical methods.
An apparatus for foam application has been designed and manufactured. Using the newly developed
apparatus, indigo dyeing was done on the warp threads using the foam application technique. The denim
fabric is woven with dyed threads. Performance properties of the obtained samples such as color, fastness,

*Sorumlu yazar (Corresponding Author): Siddik YAVUZ, sddkyavuz@gmail.com

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024 515



Pamuklu Ipliklerin Kopiik Aplikasyon Metodu Kullamlarak Indigo Boyarmadde ile Boyanmast

strength and elasticity were investigated. Thus, at the end of the study, the applicability of the foam
application method for indigo dyeing was proven. The advantages of indigo dyeing with the foam
application method compared to the conventional method can be listed as lower investment cost and
residential area, less environmental impact of the waste produced after dyeing, and less yarn waste.

Keywords: Indigo, Denim, Dyeing, Foam, Colour, Fastness

1. GIRIS

Indigo boyarmaddesi, bulundugu cografyaya gére
degisik tiirleri ve adlar1 olan, ancak yaygin olarak
“indigofera” olarak adlandirilan bir bitkinin
6ziinden elde edilmistir. Bu boyamanin ge¢misi gok
eskilere dayanmaktadir. Degisik kaynaklarda
yapilan arkeolojik kazilarda M.0.4000 yillarinda
kullamldig1 varsayilmaktadir. indigo bitkisinden
elde edilen 6z, canl1 mavi renk tonlar1 elde etmek
i¢in kullamlmistir. Indigo, denim (kot) kumasin
¢ozgi ipliklerini boyamak amaci ile kullaniimakta
olan bir boyarmaddedir. indigo boyarmaddenin
sentetik olarak {iretiminin denim kumas liretiminin
yayginlasmasi1 {iizerinde olduk¢a etkisi vardir.
Tarihte indigo boyama, c¢ile haline getirilen
ipliklerin kazanlarda hazirlanan boyarmaddenin
icine  daldirlip  ¢ikartilmasiyla  yapilmistir.
20. yy.’in basindan itibaren makinalar devreye
girmis ve boyama islemi makinalarda yapilmaya
baglamustir.

Giincel literatiir incelendiginde, denim kumaglar
iizerine gergeklestirilen ¢aligmalarin ¢ogunun hazir
giyim asamasindaki efektlendirme veya kumas
olusumu esnasinda uygulanan bitim islemleri ile
ilgili oldugunu gérmek mimkiindir [1-7].
Literatiirde denim kumastakinin aksine, indigo
boyarmadde ve alternatif boyama yontemleri
lizerine deneysel caligmalara rastlanmadigi tespit
edilmistir. Bu c¢aligma tespit edilen bu eksigin
giderilmesi i¢in 6nemli verileri igermektedir [8-13].
Kopiik aplikasyon ile ilgili yapilan galigmalar
incelendiginde ise tekstilde apre uygulamalari
iizerine gergeklestirilen caligmalara
ulagilabilmektedir. Bu baglamda k&piik aplikasyon
teknigi ile indigo boyarmaddenin kullanildigi,
boyama teknigi acgisindan bu detaydaki ilk
caligmadir [14-18].

Indigo boyama, kullanilan boyarmaddenin ve
boyama islemi i¢in kullanilan makine yapilarindan
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dolay1 attk su orani en fazla olan boyama
yontemidir. Boyama prosesleri ve makineleri
incelendiginde halat boyama ve slasher ¢ozgii
boyama ydntemlerinde 3-4 tekne 6n terbiye, 10-12
tekne boyama ve 3-4 tekne de son yikama olmak
iizere toplamda 20 civarinda tekne bulunmaktadir.
Boyama isleminin baslamasi i¢in en kiiciik
makinalarda bile yaklagik 30 ton civari indigo
boyarmadde igeren renkli su kullanilmasi
gerekmektedir. Boyama islem sirasinda her 6n ve
ard yikama teknesi i¢in ayrica asir1 bir su tiiketimine
ihtiyag duyulmaktadir. Tiketilen su, icerdigi
boyarmadde ve yardimci kimyasallar bakiminda da
oldukga kirletici bir yapiya sahiptir. Bu sebeple
stirdiirebilir indigo boyama yontemleri gelistirilerek
kimyasal ve su tiiketimlerinin azaltilmasi hedeflen
¢aligmalar biiyiik bir 6nem arz etmektedir.

Indigo boyama, halat boyama, agik en ¢ozgii(slaser)
boyama ve looptex olmak iizere 3 farkli yontem ile
yapilmaktadir. Ticari olarak halat boyama ve agik
en ¢ozgii boyama ¢ok yaygindir. Looptex denilen
yontem ise verimlilik ve kalite etkilerinden dolay1
¢ok yaygin kullanilmamaktadir [2].

Bu caligmada asil amag, var olan bu boyama
yontemlerinden bir tanesini (slasher tip, acik en
¢Ozgli boyama) modifiye ederek, cevreci bir
boyama elde etmektir. Ozellikle son yillarda
tekstilde kullanimu gittikce artan ve daha ekonomik
olan kopiiklii aplikasyon yontemi ile hem yatirim
maliyetleri hem de iiretim maliyetleri ve verimliligi
daha uygun olan yeni bir metot gelistirilecegi
Ongorillmiistiir. Bu 6ngodriiden yola g¢ikarak kopiik
aplikasyon ile indigo boyama yapabilmek igin
gelistirilen yeni aparat, yatay konumlandirilmis
olan bask: silindirlerinin iizerine yerlestirilmistir.
Kopiik ve azot gazi besleme sistemleri bu aparata
eklenerek, sistem c¢alisir duruma getirilmistir.
Koptik aplikasyon sistemi ile indigo boyama
yonteminin ¢6zgii ipliklerine uygulanabilirligi, bu
calismada kanitlanmistir. S6z konusu yeni
yontemin saglayacagi avantajlar belirlenmistir.
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2. MATERYAL VE METOD
2.1. Materyal

Bu calismada belirtilen amaglar dogrultusunda
kopiik aplikasyonunu gergeklestirmek igin agik en
(slasher) boyama makinesi iizerinde yeni bir
makine/aparat gelistirilmistir.

Gelistirilen makinede kopiik aplikasyonu sirasinda
ortamda bulunan oksijen ile kopiik formunda olan
indigo  boyarmaddenin  reaksiyona  girerek
yiikseltgenmesini engellemek i¢in aparata azot gazi
baglantilar1 yapilmistir. Acik en (slasher) indigo
boya makinasina ait bir adet boyama teknesi
iizerinde ¢0zgii gecis yoni ve silindir doniis yoni,
diger tekne baglantilar1 degistirilmistir. Gelistirilen
aparat Sekil 1’de goriildiigii gibi 6n iglemi dnceki
teknelerde yapilan ¢ozgli ipligi, aparatin {ist
kisminda bulunan ve serbest donen silindirler
arasindan gegirilerek tekne {stiinden bulunan
tahrikli ve yatay konumlandirilmig olan silindirler
lizerinden kopiik aplikasyonu yapilarak baski
isleminden sonra oksidasyon bdolgesine sevk
edilerek kopiik aplikasyonu ile boyama islemi
gerceklestirilmistir.

Yeni Aparat

Boya Teknesi
Baski Silindiri

Sekil 1. Kopiik aparatinin tekne iistii yerlesimin
gorinusi

Calisma kapsaminda boyamada kullanilan ¢6zgii
ipligi Ne 14/1 ring santuk ve hammaddesi %100
pamuktur. Caligma kapsaminda boyama, terbiye ve
yikama iglemleri sirasinda kullanilan kimyasallar
Cizelge 1’de gosterilmistir.

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024
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Cizelge 1. Calismada kullanilan kimyasallar

Proses Isim Girevi / Ozellik
S1v1 indigo Indirgenmis indigo
— Kostik 48 Be?
O < W
S = E Islatic1 Sivi
a § =) Hidrosiilfit Indirgeyici — Toz
z 32 <[ Sitrik Asit Toz
~ Iyon tutucu Sivi
Islatic1 Sivi
o Kostik 48 Be’
= »
= E Islatic1 Sivi
§ = Yumusatici Noniyonik- Stvi
E % Yumusatict Polietilen- Sivi
Sitrik Asit Toz
2.2. Metot

Caligma kapsaminda 100% indigo boyarmadde ile
actkk en boyama (slasher) makinasinda
konvansiyonel sistem ile boyanan bir regete
referans olarak alimmustir. Referans alinan bu
“regete 17 olarak numaralandirilmistir (Cizelge 2).
Referans numune disinda 10 farkli proses
olusturulmus ve bu prosesler dogrultusunda 10
farkli boyama yapilmistir. Toplamda 11 proses
uygulamasi yapilmustir. Cizelge 2’de de detaylari
verilen ve bu caligmada degiskenlik gosteren
parametreler asagidaki gibidir;

- Aplikasyon yontemi (konvansiyonel emdirme,
kopiik)

- Makina ¢aligma hiz1 (5-10 ve 20 mt/dk)

- Boyama ortami (azot — atmosfer)

- Baska silindirleri basinci (2,5 bar, 3 bar ve 4,5 bar)
- Boyarmadde konsantrasyonu (300 g/L — 400 g/L)
- Kopiik yogunlugu (200 g/L, 250 g/L ve 300 g/L)

Cizelge 2’den de goriilecegi gibi referans proses
1’de indirgenmis sivi boyarmadde kullanilirken,
diger denemelerde indirgenmis sivi boyarmadde
kopiik jeneratdriinde kopiik formuna gevrilmistir.

Emdirme metodunda boyarmadde su ile taginirken,
kopiik tekniginde bu su ve hava ile saglanmaktadir.
Stvi indigo referans denemede klasik slasher
boyama makinesinde, emdirme metoduna gore
uygulanmustir.

Makine hizi, baski silindiri basinct ve kopiik
yogunlugu pamuklu ipliginin boyarmadde alim
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oranint degistireceginden, ¢aligmada da degisken
olarak se¢ilmistir. Boyarmadde konsatrasyonu
referans denemede 400 g/L segilirken, kopiik
uygulamalarinda bu 300 g/L olarak belirlenmistir.
Ayrica bazi denemeler, indigo boyarmaddenin hava
ortamindaki stabilitesini artirmak ve kopik
uygulama sartlarin1 belirleyebilmek i¢in azot gazi
kullanilarak yapilmistir.

Cizelge 2. Boyama i¢in uygulanan prosesler

Bu, indigo boyarmaddenin life penetre olamadan
yiikseltgenmesini azaltabilme ve boyarmaddeyi
hava sartlarindan koruma amaciyla alinmig bir
onlemdir. Azot gazi ile havadaki oksijen miktari
seyreltilmis ve havanin oksitleme kapasitesi
distirilmistiir.

Proses Aplikasyon Aplikasyon Hiz Baski Indigo l?opukv
no yontemi ortami (m/dKk) (bar) kons. yogunlugu
(g/L) (g/L)
1 (Ref) Emdirme Atmosferik 20 3,0 400 -
2 Kopiik Atmosferik 5 2,5 300 200
3 Kopiik Azot 5 2,5 300 200
4 Kopiik Azot 5 3,0 300 300
5 Kopiik Atmosferik 5 3,0 300 300
6 Kopiik Atmosferik 5 3,0 300 250
7 Kopiik Atmosferik 10 3,0 300 250
8 Kopiik Azot 5 4,5 300 250
9 Kopiik Azot 10 3,0 300 250
10 Kopiik Azot 5 3,0 300 250
11 Kopiik Atmosferik 5 4,5 300 250
Konvansiyonel boyama icin boyarmadde ve Cizelge 4. On islem uygulanan recete
kimyasallar, tekne ici boya konsantrasyonu ve pH’1 | Kimyasal ve boyarmadde g/L
sabitlendikten sonra tekneye otomatik dozaj | Kostik (sodyumhidroksit) 35
sistemleri ile belirlenen oranda beslenmektedir. Bu ~ [Islatict 15
L .
calismada referaps alinan re?gete icin %4 lik Cizelge 5. Dokuma bilgileri
oraninda sivi indigo beslemesi yapilmistir. Tekne Cézgii iplik no Ne 14/1 RS
ici pH degeri 12 igin lfostlk 11avras1 ygp{lmlstlr. Bu Cizgii tel sayisi (adet) 5484
calismada kopiik aplikasyon sistemi ile yapilan Tarak numarasi (tel/dis) 70/4
indigo boyamasi igin uygulanan regete (Proses 2-11 Tarak eni (cm) 196
icin) ise Cizelge 3’de gorildigi gibidir. Atk iplik (Ne) 20/1-44 dtex
Merserizasyon olarak nitelendirilen ve boyamadan Atk siklig (tel/cm) 20
onceki teknelerde uygulanan 6n islem igin [ Orgi 3NZ

uygulanan recete Cizelge 4’de goruldigi gibi
hazirlanmistir. Bu islem 6zellikle ¢6zgii ipliklerinde
ring efektinin olusabilme durumu i¢in gerekli bir
uygulamadir [12].

Cizelge 3. Boyama regetesi

Kimyasal ve boyarmadde g/L

S1v1 indigo (indirgenmis) 300

Hidrosiilfit (toz) 15

Islatict (ylizey aktif) 20

Kostik (48 Be°) 15

Kopiik Ajani 30
518

Bu ¢alismada iiretilen ham pamuklu kumaslar igin
sirastyla yakma, kismi merserize, fikse, kimyasal
apre ve sanfor prosesleri uygulanmistir.

Test yapilmadan once boyanmis ve dokunmusg
kumaslara ev tipi yikama iglemi yapilmistir. Ev tipi
yikama islemi, evde kullanilmakta olan yikama
makinalarinda 3 defa, 60 dakika siireyle, 60°C
sicakliktaki iglem olarak tanimlanmaktadir. Renk
Olciimleri ise sadece ev tipi yikama Oncesi elde
edilen numuneler {izerine yapilmistir. Renk
Olciimleri spektrofotometre kullanilarak
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gergeklestirilmigtir. Testler, Cizelge 6’da gosterilen
standartlara gére yapilmistir.

Cizelge 6. Uygulan testler ve standartlari

Yapilan test adi Test standardi
Gramaj ASTM D 3776
Elastikiyet ASTM D 3107-07
Potluk ASTM D 3107-07
Kopma muk. ASTM D 5035 -95
Yirtilma muk. ASTM D 1424 - 83
Sertlik (stifness) ASTM D 4032 -94
Siirtiinmeye karsi renk haslig: AATCC 8 -94

3. BULGULAR

3.1. Renk Ol¢iimii Testi Sonuclar

11 proses ile elde edilen numunelerin renk
Olciimleri Sekil 2°de gosterilmistir. Yeni gelistirilen
prosesler i¢in kritik karar noktalar1 goz Oniine
alindiginda, odaklanilmas: gereken en Onemli
konunun kumaslarin renk ile ilgili parametrelerinin
oldugunu  sdylemek  miimkiindir. =~ Mamul
kumaslarin L* degerleri Sekil 2°de gosterilmistir.
Sekil 2 incelendiginde kopiik boyama yontemi ile
elde edilmis numunelerin renk degerlerinin
tamaminin referansa gore agik oldugu, daha yiiksek
Olgiilen L* degerlerinden anlasilmaktadir. Bilindigi
gibi CIELab renk sistemine gore L* degeri 0
(siyah)-100 (beyaz) araliginda degisen bir
biiyiikliiktiir ve deger biiyiidiik¢e beyaza daha yakin
bir ton almaktadir.

Kopiik aplikasyon sistemi ile yapilan tim
caligmalar i¢inde, konvansiyonel slasher boyama
renk koyuluguna en yakin boyamalarin P4, P5 ve P6
proseslerinde elde edildigi gorilmiistiir. Cizelge
2’de goriildiigii gibi P6-P7 ve P9-P10 proseslerinde

35
30

23,7 30,1 27,8 28,6
24,7
25
20
15
10
5
o
P1 P2 P3 P4 PS5

L*

Siddik YAVUZ, Onur BALCI

sadece hiz degiskeni farklilik gostermistir. Sekil
2’de gorildiigii gibi proses hizi artikga L* degeri
artmis, yani renk acgik tonda ¢ikmustir. Bu veriler
1s1ginda  hizin  etkisinin  atmosferik  ¢alisma
sartlarinda daha belirgin olarak ortaya ¢iktig1 tespit
edilmistir. Bu da atmosferik sartlarda indigo
boyarmaddenin daha kolay okside olmasi ve hizdan
daha fazla etkilenmesi ile agiklanabilmektedir.
Hizin artmas1 atmosferik sartlarda teknedeki
boyama ¢ozeltisinin daha fazla havalanmasina,
karigmasina ve Hidrosiilfit oraninin da bozulmasina
neden olmaktadir. Hidrosiilfit oranin degismesi
boyama ¢ozeltisinin bozulmasin ve renk degisimine
neden olmaktadir. Azot varlig1 bunu azaltmaktadir.

Boyamanin yapildig1 ortam (atmosferik ortam ve
azot ortami) agisindan renk sonuglari Sekil 2°de
verilen L* degerleri lizerinden incelendiginde, P5-
P4 proseslerinin L* degerleri karsilastirildiginda,
azot ortamu ile yapilan sonucu iiretilen numune
kumasin rengi daha koyu 6l¢tilmiistiir. P7-P9 ve P2-
P3  proseslerinde tersi bir durum oldugu
goriilmektedir. Bunun sebebi ilgili proseslerde
calisma hizinin 10 metre/dk olmasi
gosterilebilmektedir. Baski  silindirlerine
uygulanan basing parametresine gore renk degerleri
incelendiginde, uygulanan baski degeri artikea,
kismi de olsa renk koyulugunun azalmakta oldugu
goriilmektedir. Uygulanan kopiik  yogunlugu
parametresine gore renk verileri incelendiginde,
kopiik yogunlugu fazla olan P5 prosesinin renginin,
kopiik yogunlugu az olan P6 prosesinin rengine
gore daha agik oldugu goriilmektedir. Kopik
yogunlugunun  fazla  olmasi,  boyarmadde
¢ozeltisinin penetrasyonunu diistirmiistiir. Sekil 2
incelendiginde P6, P11’e gore daha koyu olarak
Ol¢iilmiistiir.

28}5 i i 3i5 i
P& P7 P8 P9 P10

29,1

P11

PROSESLER

Sekil 2. Numunelerin L* degerleri
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Renk olgiimii ¢iktilarindan olan a* degeri, rengin
kirmiz1 veya yesil degerlerini gostermektedir. Bu
calismada elde edilen numune kumaslarin a*
degerleri Sekil 3’te gdsterilmistir. Sonuclar
incelendiginde, rengin kopiik boyama sonrasi,

0,95
I 0,58
P4 P5

15

0,99
1

0,5 0,32
0,18

P1 P2 P3

klasik boyamaya gore kirmizihigmi kaybettigi ve
yesil tona kaydigi soylenebilmektedir. Bu renk
degisiminin derecesi, yapilan isleme gore degisiklik
gostermistir.

0,77
0,55

02
0,08 I
H -

P6 H

PROSESLER

Sekil 3. Numunelerin a* degeri

Bu caligmada elde edilen mamul kumaglarin b*
degerleri de 6l¢iilmiistiir ve proses bazinda ¢ikan
sonuclar Sekil 4’te gosterilmistir. CIELab renk
uzayinda Olgiilen bu deger, kumas renginin sar1
veya mavi degerlerini gostermektedir. P2-P11
denemelerinden elde edilen numunelerin b*
degerlerine bakildiginda, P1’e goére rengin daha
mavi Ol¢iildiigi gorilmektedir. P7-P6 ve P9-P10
proseslerinde sadece hiz degiskenleri farklilik
gostermektedir. Test sonuglari incelendiginde
mavilik degerlerinde hiza bagli O6nemli bir

b*
'
=
o

Sekil 4. Numunelerin b* degerleri
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P1
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144 45 BB qag

I P9 P10 P11
-0,2
-0,6
degisiklik tespit edilmemistir. Deney plani
icerisinde incelenen bir diger konu kopik

aplikasyonun yapildig1 ortam ile ilgilidir. P7-P9,
P2-P3 ve P5-P4 prosesleri ile iiretilen numune
kumaglarin  Sekil 4’te verilen b* degerleri
incelendiginde, azot ortami ile ¢alismanin mavilik
degerini ya degistirmedigi veya diisiik miktarda
mavi tona kayacak sekilde degistirdigi tespit
edilmistir. Sekil 4 incelendiginde kopiik yogunlugu,
konsantrasyon, basing degisiminin b* degeri
iizerinde dnemli bir etkisi olmadig1 belirlenmistir.

I ‘
-14 1o -14,1
15— 2 154

PROSESLER
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3.2. Siirtiinmeye Karsi Renk Hashgl Testi
Sonuglari

Bu calismada elde edilen kumaslarin mamul ve ev
yikama sonrasi formlarina kuru siirtme hasliklari ve
yas siirtme haslik testi uygulanmistir, sonuglar
Cizelge 7°de gosterilmistir. Proses 2-11’in renk
haslig1 performanslarinin konvansiyonel
uygulamaya (Proses 1) kiyasla daha yiiksek
oldugunu soylemek miimkiindiir. Bu durum
agirlikli olarak yas haslik degerleri i¢in daha net
olarak ortaya ¢ikmigtir. Bu boya penetrasyonun
artist ve boyarmaddenin elyafa daha iyi niifuz
etmesiyle agiklanabilmektedir.

Cizelge 7. Kumaslarin renk haslik degerleri

Siddik YAVUZ, Onur BALCI

3.3. Gramaj Testi Sonuglari

Bu calisma sonucu elde edilen kumaglarin gramaj
testi, mamul ve yikanmis 6rnekler olarak ayri ayri
yapilmistir. Sonuglar Sekil 5°de gosterilmistir.

Sekil 5 incelendiginde, konvansiyonel prosese
kiyasla, kopiikle boyanan numunelerin gramaj
degerlerinin degisen miktarlarda daha diisiik oldugu
tespit edilmistir. Bunun temel nedeninin kopiik
uygulamasinda daha az boyarmaddenin kumasa
aktarilmis olmasi ve kopiik uygulamasmin klasik
slasher sisteminde oldugu gibi 10 alkali banyoya
sahip olmamasi gosterilebilmektedir. Sekil 5
incelendiginde, ©n islem, kopik yogunlugu,
boyama konsantrasyonu, yikama tekne sayisi,

Mamul Yikanmis silindir baski degeri ve boyama ortaminin gramaj
Proses . .. . . . - :
numune numune iizerinde 6nemli derecede etkisi olmadigi tespit
no o
Kuru | Yas | Kuru Yas edilmistir. Boyama konsantrasyonu ve boyama
P1 4 1/2 4 2 ortaminin gramajda %1-3 arasinda degisime neden
P2 4 1/2 4/5 2/3 oldugu, ancak bunun bilinen +%3 degisim tolerans
P3 4 12 4/5 2/3 limitleri igerisinde kaldig1 i¢in Onemsiz oldugu
P4 4 2 4/5 23 sonucuna varilmigtir. Boyama konsantrasyonun
PS 4 2 4/5 2/3 artistnin - ve  atmosfer ortaminda boyamanin
P6 3; 4 2 4/5 2; 3 gramajda diisiik miktarda artisa neden oldugu tespit
g; ; /j ; :ﬁ 2 233 edilmistir. Kopiikk yogunlugu degiskeninde ise
yogunlugu fazla olan uygulamadan elde edilen
P9 3/4 2 4/5 23 . R . o
numunenin gramaji, diisik olana gore %3,2 daha
P10 3/4 2/3 4/5 2/3 iiksek cikmustir. Bu da tol limitleri 1duk
P11 34 3 15 34 yiiksek ¢ikmustir. Bu da tolerans limitlerine oldukga
yakindir.
B Mamil Kumas Yikanmis Kumas...
350
332
330 314
= 313 313 313 313
S 312 308 305 307
£ 310 301
S~
)
= 290 281 - 274
272
;g}, 270 I I I >4 I 266 763 263 267 265 265
i TR RER
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
PROSESLER
Sekil 5. Mamul ve yikanmis numunelerin gramaj (gr/m?) degerleri
3.4 Elastikiyet Test Sonugclari yikama sonrasinda elastikiyet degerleri

Ol¢tilmiistiir. Bu 6l¢tim sonucunda ¢ikan degerler
Sekil 6’da verilmistir. Sekil 6 incelendiginde
numunelerin mamul ve yikama sonrasi elastikiyet

Uygulanan tiim prosesler sonucu elde edilen kumasg
numunelerinin hem mamul olarak hem de ev tipi
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degerleri %48 ile %42 arasinda degismistir. Orijinal
kumasin elastikiyeti %48 iken, kopiik aplikasyon
yontemleri ile boyama yapilan kumaslarin
elastikiyet degerleri %48 ile %42 arasinda
Ol¢ililmistiir. Mamul elastikiyet degerleri ise %24

60 B Mamiil Kumags

48 48 48 48 48

X

E 24, 23, 23, 24, 23,

>

£ 20

i

il

“ o
P1 P2 P3 P4

FPF?OSESLEIQ P7

ile %21,2 arasinda ger¢eklesmistir. Dolayistyla
kopiik uygulamalari-referans ve kopiik
uygulamalarinin kendi igerisinde 6nemli farklarin
olmadig1 yorumu yapilabilmektedir.

H Yikanmig Kumas...

44 2 44 44 44 42
21 zi i Zi Zi ZI
P8 P9 P10 P11

Sekil 6. Kumaglarin mamul ve yikama sonrasi elastikiyetleri

3.5. Kopma ve Yirtilma Mukavemeti Test

Sonugclari

Numune kumasglarin mamul formunda ¢6zgii ve atki
kopma mukavemeti degerleri Sekil 7 de,

B Mamiil Kumag(C6zgii)

gosterildigi gibi proses bazli anlamli bir degisim
gorillmemistir.  Mamul  formunda  yirtilma
mukavemeti degerleri ise Sekil 8’de gosterilmistir.
Gerek ¢ozgii gerekse de atki yirtilma mukavemeti
degerlerinde 6nemli bir degisim tespit edilmemistir.

B Mamil Kumag(Atki)

80
g€ 60
S 40
s
520
g
g 0
< P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
s
5 PROSESLER
X
Sekil 7. Mamul numunelerin ¢6zgii ve atki kopma mukavemetleri (kgf)
B Mamiil Kumag(Cozgii) B Mamiil Kumag(Atki)
6000 4922 4986 5064  455; 4733 4939 4798 4753 4800  49%

4000
2000

Yirtilma Mukavemetleri

4112
hs ﬁg ES FO E)O ﬁs ﬁ7 ﬁ)o ﬁs ES ﬁo
T
2 0
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

PROSESLER

Sekil 8. Mamul numunelerin ¢6zgii ve atki yirtilma mukavemetleri (gf)
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3.6. Sertlik (Stifness) Test Sonuclari

Hem mamul hem de evsel yikama sonrasi
numunelere sertlik (stifness) testi yapilmig ve
sonuglart Sekil 9’da gdsterilmistir. Test sonuglari
incelendiginde, konvansiyonel boyama yontemine
gore kopiik aplikasyonu ile iretilen kumaslarin
sertlik degerlerinin azaldig1r tespit edilmistir.
Bilindigi gibi konvansiyonel slasher boyamada
¢ozgii iplik grubu 10 tekneye dalma hareketi
yapmakta ve her seferinde iizerine sikma ve ¢ekme
nedeniyle gerilim yiiklenmektedir. Ancak kdopiik
aplikasyonda dalma yapilan tekne tektir. Bu
gerilimin kumasin yumusaklik degeri iizerinde
olumsuzluga neden olabilecegi diistiniilmektedir.
Yikama prosesinin yapilmasi sertlik degerini

B Mamiil Kumag

0,70
0,58
0,60 0,54
0,47 0,47
050 0,45 4 4¢ 0,45 046
T 0,4%
< o040 0,39
a
o 0,30
&
o 0,20
0,10
0,00
P1 P2 P3 P4 P5

Siddik YAVUZ, Onur BALCI

artirmistir. Kopiik aplikasyon teknesi iizerindeki
baski silindirlerinin basing degerlerine bagli olarak

yapilan  degerlendirme incelendiginde, tim
proseslerde diisiik baski uygulanan numunelerin
sertlik  degerlerinin  daha az  olgildigi

goriilmektedir. Ozellikle 2,5 bar baski uygulanan
P2-P3 proseslerinin sertlik degerlerinin, diger
proseslere gore yiiksek olmast, bu iligkiyi daha agik
bir sekilde gostermektedir. Aplikasyon esnasinda
kullanilan kopligiin  yogunluguna bagli olarak
yapilan degerlendirmede ise kopiik yogunlugu fazla
olan P4 ve P5 proseslerinin sertlik degerlerinin daha
ylksek oldugu goriilmektedir. Yani kopiik
yogunlugu artik¢a ¢6zgii ipligine niifuz eden indigo
boyarmaddesi artmakta ve bu da kumasin daha sert
tutumda olmasina sebep olmaktadir.

Yikanmig Kumasg

0,50 0,47

0,43
0,39 0,39 0,40

0,37
0'33 0,34

0,3%
I I I 0,33
P6 P7 P8 P9 P10 P11

0,43

PROSESLER
Sekil 9. Numune kumaslarin Stifness (sertlik) degerleri

3.7. Tiiketim Analizi

Calisma kapsaminda gelistirilen yeni aparat ile
uygulanan kopiiklii sistem ile indigo aplikasyon
recetesinin, enetji, is¢ilik, boyarmadde — kimyasal,
randiman ve atik iiretimi degerleri, konvansiyonel

Cizelge 8. Tiiketim analiz verileri

yontem ile yapilan indigo boyama regetesinin
verileri ile kiyaslanmistir. Bu ¢alisma sonucu elde
edilen veriler Cizelge 8’de  verilmistir.
Hesaplamalar birim kumas (metre) {izerinden
yapilmustir.

Parametre Konvansiyonel yontem Kopiik aplikasyon yontemi
Enerji 3,2 kW/metre 2,4 kW/metre
iscilik 1028 metre/kisi 1028 metre/kisi
Boya - Kimyasal 20 gram/metre 16 gram/metre
Randiman / Verimlilik 15 metre/dakika 20 metre/dakika
Kati atik (iplik) 13,8 gram/metre 8,08 gram/metre
Siv1 atik (kimyasal —boyarmadde) 0,06 litre/metre 0,009 It/metre
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- Enerji Tiiketimi

Caligma kapsaminda gelistirilen yeni aparat vasitasi
ile yapilan kopiik aplikasyon sistemi ile indigo
boyama yonteminin, konvansiyonel (slasher) indigo
boyama sistemlerine gore enerji tiiketimleri
kiyaslanmistir. Konvansiyonel yontemde toplamda
16 boya ve yikama teknesi kullaniliyorken, kopiiklii
sistemde 7 adet boya ve yikama teknesi
kullanilmistir. Bu degisime bagl olarak, ortalama
tiketimi 4 kWh olan motorlardan 9 adet motor
kullanim dig1 kalmigtir. Bu da saatlik 36 kWh enerji
tasarrufu saglamaktadir. Boya tonunu daha da
koyulastirmak icin 2 tekne daha eklenme olasiligini
eklediginde ise saatlik 28 kWh elektrik tasarrufu
elde edilmis olacaktir. Yani konvansiyonel yontem
ile 3,2 kW /mt , kopiik yontemi ile 2,4 kW/mt enerji
tiiketimi tiiketimi olacaktir.

- Iscilik

Kopiik aplikasyon sistem ile yapilan indigo boyama
yontemi i¢in gerekli olan is¢i sayisi, konvansiyonel
yontem ile kiyaslandiginda sayisal bir degisim
olmayacag1 diistinilmektedir. Ancak is¢i basina
diisen i3 yogunlugunun daha az olacagi
soylenebilmektedir. Cilinkii bu sistemde makine
temizligi, ek kimyasal takipleri ve hazirlanmalar1 ve
tekne i¢i parametrelerinin kontrolii gibi noktalar,
daha az veya hi¢ olmayacaktir. Her iki yontem igin
bir vardiya igin (yaklagik 8 saat) birim eleman
basina diisen Uretim 1028 metre/kisi olarak
gerceklesmistir.

- Boya ve kimyasal tiiketimi

Kopiik aplikasyon sistem ile yapilan ¢alismalardan
P2 ve P3 prosesleri icin tiiketim maliyetleri
hesaplanmistir. Kopiik aplikasyonu igin hazirlanan
cozeltiden 1 litre ile yaklasik 25 metre ¢ozgii ipligi
boyanmigtir. 1 litre ¢dzeltide 300 gram, %40 lik
boyarmadde  bulunmaktadir.  Konvansiyonel
yontem ile yapilan boyamada ise 300 gram, %40°lik
boyarmadde ¢dzeltisi ile yaklasik 15 metre ¢ozgii
boyanabilmektedir. Bu veriler incelendiginde birim
bazinda yaklagitk %65 oraninda daha az
boyarmadde kullanildig1 gozlemlenmistir. Ancak,
kopik aplikasyonu yapilan boyamada renk
derinliginin daha agik olmasi, kopiik uygulama

524

sayisinin  artirilmasini  zorunlu  kilmaktadir. Bu
cergevede 2 adet daha kopiik aplikasyon aparati
eklenip ve boyarmadde tiiketimleri hesaplanmasi
gerekmektedir. Ayrica uzun metraj caligmalar
yapilmasi zorunludur. Kopiiklii aplikasyon ile
ihtiyag duyulan boyarmadde tiketimi
konvansiyonel boyamaya gore yaklagik %20 daha
az olacag1 ongoriilmektedir.

- Randiman (Verimlilik)

Yapilan c¢alisma kapsaminda elde edilen veriler
incelendiginde, kopiikk aplikasyon sistemi ile
yapilan boyamalarda renk verilerinin en iyi oldugu
hiz 5 metre/dakikadir. Konvansiyonel yontemde ise
kullanilan hiz 20 metre/dakika olarak verilmistir.
Yeni  sistem  gelistirilmeden  kullanilmasi
durumunda, iiretim randimani daha diisiik olacaktir.
Ancak eklenecek yeni aparatlar (6zellikle kopiik
aplikasyon noktasinin artirilmasi) ile {retim
randimaninin konvansiyonel yonteme
yakinlastirilacagi ongoriilmektedir.

- Ank iiretimi

Calisma kapsaminda uygulamasi yapilan kopiiklii
sistem ile indigo boyama yonteminde iiretim
sirasinda ¢ikan kati ve sivi atiklarin, konvansiyonel
sisteme gore daha az oldugu gériilmiistiir. Ozellikle
boyama oOncesi ve sonrasinda olusan “renkli
iistlibii” denilen atik iplik miktarinin, boyamasi
20.000 metre olan bir ¢ozgii ipligi grubu igin
yaklagik %40 daha az olacagi ongorillmektedir.
Boyama sonrasinda drenaja verilen boyarmadde ve
kimyasal miktar1 agisinda incelendiginde, 20.000
metre olan bir ¢ozgii ipligi icin yaklasik %85
civarinda bir iyilesme olacagi Ongoriilmektedir.
Ciinkii konvansiyonel yontemde her tekne icinde
bulunan 1200 litre civarindaki boyarmadde ¢ozeltisi
belli araliklarla drenaja atilmak zorunda iken,
kopiikli  yontemde bu sekilde bir atik
olugsmamaktadir. Sadece kopik yapmmi ve
beslemesi sirasinda dnemsenemeyecek bir miktar
kayip olugmaktadir.

4. SONUCLAR

Bu calisma kapsaminda kopiik aplikasyon sistemi
kullanilarak, agik en ¢ozgii boyama (slasher)
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makine {lizerinde yapilan modifikasyon ile pamuk
ipliginin  indigo boyarmadde ile boyanmasi
hedeflenmistir. Belirlenen hedef dogrultusunda bir
aparat  gelistirilmistir. ~ Yapilan yeni aparat
kullanilarak indigo boyama iglemi 10 farkli deneme
ile smanmistir. Kopiik aplikasyon ile indigo
boyanan ¢ozgii ipliklerinden ayni Ozelliklerde
kumas iiretilmis ve ayni sartlarda terbiye edilerek
mamul kumaglar elde edilmistir. Konvansiyonel
yontem ve kopilik aplikasyonu ile boyanan 11
kumasmm  gramaj, elastikiyet (%), kopma
mukavemeti, yirtilama mukavemeti, kuru ve yas
stirtiinmeye kars1 renk haslig, sertlik (stifness) ve
renk Olgim (CIELab degerleri) testleri ile
performanslari belirlenmeye caligilmustir.
Indirgenmis formda bulunan sivi indigonun,
eklenen kopiik yapici kimyasal ile kopiik jeneratorii
kullanarak kopiik olusturulabilecegi goriilmiistiir.
Ayrica olusan bu kopiigiin yogunlugunun, jenerator
ve eklenen kopik ajam1 ile rahatlikla
degistirilebilecegi de tespit edilmistir.
Atmosferdeki hava yerine, jeneratdre baglanan azot
gazinin etkisiyle, kopiik olusumu sirasinda indigo
boyanin  yiikseltgenmesi  engellenmistir. Bu
calismada boyanan 11 farkli ¢ozgii dokuma
isletmesinde ayn1 makinada ve ayni parametrelerde
dokunmustur. Tim  proseslerde dokuma
randimanini negatif yonde etkileyecek herhangi bir
sorun ile karsilagilmamistir. Ayrica dokunmus ve
mamul yapilmig kumaglarin  fiziksel Kkalite
ozelliklerinin de genel hatlariyla olumsuz
etkilenmedigi sdylenebilmektedir.

Bu ¢alisma sonunda konvansiyonel boyamaya gore
boya ve enerji tiiketiminin daha az, isciligin daha
diisiik olacagi belirlenmistir. Ayrica her boyama
sonunda ¢evreye verilen zararin kopiiklii sistem ile
daha az olacagi gozlemlenmistir. Dolayisiyla bu
proses icin, daha siirdiiriilebilir bir boyama prosesi
tanimi yapmanin yanlis olmayacagi
sOylenebilmektedir.

Kopiik aplikasyon ile indigo boyama yapilan 10
farkl1 proses incelendigi zaman, hem test sonuglar1
acisindan hem de boyama esnasinda yapilan
gozlemler bakiminda olumlu sonuglar oldugu gibi,
gelistirmeye acik negatif verilerin de oldugu tespit
edilmistir. Ozellikle renk derinliginin (6zellikle L*
ve b*) gelistirilmesi gereken en 6nemli performans
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oldugu belirlenmistir. Kopiik  aplikasyonda,
emdirme metoduna gore diigiik miktarda
boyarmadde iplige aktarilmaktadir. Bunun ilk
nedeni daha diisiik pick-up degerinde apliklasyon
yapilmasi, digeri ise 10 tekne yerine tek tekne
kullanilmasindan kaynakli, iplik dalma sayisi ve
stiresinin diigmesidir. Bu halka efektinin olusmasi
ve renk derinligi agisindan problem teskil ettigi
ispatlanmigtir. Bunu ¢6zebilmek igin boyarmadde
konsantrasyonunun artmasi ve kopiik aplikasyon
tekne sayisinin artirilmasi oOnerileri
sunulabilmektedir. Fiziksel performans agisindan
sonuglar  irdelendiginde  kdpiik-konvansiyonel
uygulamalar veya kopiik aplikasyonun kendi
arasinda Onemli bir fark tespit edilmedigi
belirlenmistir. Bu agidan konu incelendiginde,
kopiik aplikasyonun slasher boyama makinesi
iizerinde yapilacak modifikasyonlarla iyi bir
alternatif olacag diisiiniilmektedir.
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Oz

Stirdiiriilebilirlik performansini belirlemek i¢in kullanilan geleneksel yontemler, genellikle kesin verilere
dayanir ve belirsizlikleri dikkate almaz. Ancak, ger¢ek diinyada, siirdiiriilebilirlik performansini etkileyen
faktorler genellikle belirsizdir. Bu nedenle, siirdiiriilebilirlik performansini objektif bir sekilde
degerlendirmek icin belirsizlikleri ele alabilen bir yontem gereklidir. Stirdiiriilebilirlik, ¢evresel, ekonomik
ve sosyal boyutlariyla karmasik bir kavram olup, bu boyutlarin etkilesimi, igletmelerin uzun vadeli basarisi
iizerinde 6nemli bir etkiye sahiptir. Bu g¢alisma, bu boyutlar arasindaki iliskileri ve 6nem siralarini
belirlemek i¢in bulanik mantik prensiplerini entegre eden bir Fuzzy Analitik Hiyerarsi Prosesi (AHP)
yaklagimini 6nermektedir. Fabrikalarin siirdiiriilebilirlik performansini belirlemek i¢in Fuzzy AHP yontemi
kullanilarak alt1 temel kriterin siirdiiriilebilirlige olan etkisi degerlendirilmistir. Bu alt1 temel kriter alaninda
uzman kisiler ve fabrika yonetimi ile birlikte; enerji verimliligi, atik yonetimi, su kullanimu, is¢i sagligi ve
giivenligi, toplumsal katilim ve sorumluluk, ve tedarik zinciri yonetimi olarak firmalarin siirdiiriilebilirlik
performansini belirlemek i¢in secilmistir. Calisma sonucunda bir fabrika i¢in “Enerji Verimliligi” kriterinin
0,27 puan ile diger kriterlerden ¢cok daha dncelikli oldugu saptanmustir.

Anahtar Kelimeler: Bulanik AHP, Siirdiiriilebilirlik, Enerji firmalari, Enerji verimliligi

Assessment of a Company's Sustainability Performance Under Uncertainty: Fuzzy
AHP Approach

Abstract

Traditional methods used to determine sustainability performance generally rely on precise data and do not
take uncertainties into account. However, in the real world, factors affecting sustainability performance are
often uncertain. Therefore, a method capable of addressing uncertainties is necessary to objectively assess
sustainability performance. Sustainability is a complex concept with environmental, economic, and social
dimensions, and the interaction of these dimensions has a significant impact on the long-term success of
businesses. This study proposes a Fuzzy Analytic Hierarchy Process (Fuzzy AHP) approach that integrates
fuzzy logic principles to determine the relationships and priorities among these dimensions. Six key criteria
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C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024 527



Bir Firmanin Belirsizlik Altinda Siirdiiriilebilirlik Performansinin Degerlendirilmesi: Bulanik AHP Yaklasimi

influencing sustainability were evaluated using the Fuzzy Analytic Hierarchy Process method to determine
the sustainability performance of factories. These six key criteria, selected in collaboration with experts and
factory management, include energy efficiency, waste management, water usage, worker health and safety,
social engagement and responsibility, and supply chain management. The study concluded that for a
factory, the criterion of "Energy Efficiency" is prioritized with a score of 0.27 compared to other criteria.

Keywords: Fuzzy AHP, Sustainability, Energy companies, Energy efficiency

1. GIRiS

Giiniimiizde, isletmelerin siirdiiriilebilirlik alaninda
gosterdikleri performans, hem c¢evresel hem de
sosyal etkiler agisindan giderek daha fazla 6nem
kazanmaktadir. Endiistriyel faaliyetlerin artan
cevresel etkileri ve sosyal sorumluluk beklentileri,
isletmeleri  siirdiiriilebilirlik  ilkelerine  uyum
saglamaya ve bu ilkeleri is stratejilerine entegre
etmeye  yoOnlendirmektedir. Bu  baglamda,
stirdiiriilebilirlik kavrami, isletmelerin faaliyetlerini
cevresel, ekonomik ve sosyal agidan dengelemesini
ve uzun vadeli basarilarini  saglamasini
gerektirmektedir.

Sanayi endiistrisi gibi biiyiik 6l¢ekli tiretim tesisleri,
cesitli  siirdiiriilebilirlik  kriterlerinin  etkilerine
maruz kalan ve bu kriterleri yonetmek i¢in karmagik
stratejiler  gelistirmesi gereken Onde gelen
sektorlerden biridir. Bu kriterler arasinda enerji
verimliligi, atik yonetimi, su kullanimy, is¢i sagligi
ve gilivenligi, toplumsal katilim ve sorumluluk, ve
tedarik zinciri yoOnetimi gibi Onemli faktorler
bulunmaktadir. Her biri, isletmenin
stirdiiriilebilirlik performansini belirlemede kritik
bir rol oynar ve etkilesimleri karmasik bir denge
gerektirir. Bu ¢aligmanin amaci, fabrikalarin
strdiiriilebilirlik  performansini  belirlemek ve
gelistirmek icin kullanilabilecek etkili stratejileri
arastirmaktir. Enerji verimliligi, atik yOnetimi, su
kullanimi, is¢i sagligi ve giivenligi, toplumsal
katilim ve sorumluluk, ve tedarik zinciri yonetimi
gibi ana kriterler, bir fabrikanin siirdiiriilebilirlik
performansini analiz etmek i¢in se¢ilmistir.

Gerek belirsizlik altinda yapilan analizler gerekse
bir enerji firmasindan alinan gercek verilerin
kullanildig1 bu ¢alisma, farkli bir bakis agist ile ele

almmustir. Bu kapsamda, fabrikalarin
sirdirilebilirlik ~ kriterlerine  olan  etkisini
528

belirlemek amaciyla Fuzzy AHP (Fuzzy Analytic
Hierarchy  Process) yontemi  kullanilmustir.
Glinlimiizde ¢ok yaygin olarak kullanilan bu
teknigin cok sayida degisik sektore uygulandigi
goriilmektedir.

Saaty, Analitik Hiyerarsi Siirecimin (AHP)
aksiyomatik temelleri incelenmistir. AHP'nin
matematiksel yapisi ve temel prensipleri detayli bir
sekilde ele almmustir [1]. Ozgen ve Sagh
calismalarinda Tiirkiye'de yenilenebilir enerji
kaynag1 se¢imi i¢in Fuzzy AHP ve PROMETHEE
(Preference Ranking Organization Method for
Enrichment Evaluation ) yontemleri kullanilmustir.
Caligma, yenilenebilir enerji projelerinin se¢ciminde
karar verme siirecinde kullanilabilecek etkili
yontemleri sunmaktadir [2].

Kahraman ve Sener, riizgar tiirbini se¢imi igin yeni
bir yontem olan Fuzzy AHP ve Pitagorcu bulanik
kiimeleri kullanarak, riizgar enerjisi projelerinin
planlanmas1 ve gelistirilmesinde karar verme
stirecinde kullanilabilecek yenilik¢i bir ydntem
onermistir [3]. Kwak ve Lee, organizasyonel
stirdiiriilebilirligin degerlendirilmesi i¢in yeni bir
yaklasim olan Fuzzy AHP ve aralik degerli
intuitionist bulanik TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution)
yontemleri kullanarak organizasyonlarin
stirdiiriilebilirlik performansinit degerlendirmek i¢in
etkili bir metodoloji sunmustur [4]. Deng ve Wu,
otomotiv endiistrisinde yesil tedarik zinciri
yonetimi i¢in Fuzzy AHP tabanli bir karar verme
modelini inceleyerek, yesil tedarik zinciri yonetimi
stratejilerinin belirlenmesinde ve yesil
uygulamalarin entegrasyonunda etkili bir arag
sunmustur [5]. Chen ve Li, siirdiiriilebilir tedarik¢i
secimi i¢in Fuzzy AHP, ELECTRE (Elimination
and Choice Translating Reality) ve TODIM
(Tomada de Decisdo Interativa Multicritério)
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yontemlerini birlestiren yeni bir hibrit ¢ok kriterli
karar verme modeli sunmustur. Tedarik¢i se¢imi
siirecinde belirsizlikleri ele almak icin etkili bir
yaklagim 6ne slirmiistiir [6]. Kahraman ve Cebi, ¢ok
kriterli tedarik¢i se¢imi problemine Fuzzy AHP
yontemi uygulanmistir. Fuzzy AHP'nin, tedarikgi
secimindeki belirsizlikleri ele almak ve karar
vericilere esneklik saglamak igin etkili bir arag
oldugu gosterilmistir [7]. Yazdani-Chamzini ve
Keramati, iran'da yenilenebilir enerji projelerine
yatirim yapilmasini Onceliklendirmek i¢in Fuzzy
AHP tabanl bir yaklagimi inceleyip, yenilenebilir
enerji yatirimlariin planlanmast ve
onceliklendirilmesinde etkili bir ara¢ sunmustur [8].
Chen, yesil tedarikgi se¢imi i¢in Fuzzy ¢ok kriterli
karar verme yontemlerini inceleyerek yesil
tedarik¢i  se¢iminde kullanilan farkli  Fuzzy
yontemlerini karsilagtirir ve gelecekteki aragtirma
alanlarma odaklanmistir [9]. Wang ve Kuo,
havacilik  endiistrisinde  karbon  dengeleme
projelerini degerlendirmek ve se¢mek i¢in Fuzzy
AHP tabanli bir yaklagimi inceleyip, havacilik
endiistrisinde karbon ayak izinin azaltilmasina
yonelik stratejilerin  gelistirilmesine rehberlik
etmigtir [10]. Lee ve Lin, akilli schirlerin
stirdiiriilebilir kalkinmasint degerlendirmek igin
entegre bir Fuzzy AHP ve DEMATEL (Decision-
Making Trial and Evaluation Laboratory)
yaklagimint  incelemistir. ~ Akilli  sehirlerin
strdiirtilebilirlik performansini analiz etmek ve
iyilestirmek i¢in etkili bir ¢alisma sunmustur [11].
Liu ve Liu, bulanik analitik hiyerarsi siireci (Fuzzy
AHP) kullanarak c¢evresel, sosyal ve kurumsal
faktorlerin yatirim kararlarinda nasil
degerlendirilebilecegini incelemistir [12]. Ozdemir
ve Akdogan, bulanik ¢ok kriterli karar verme
yontemini kullanarak yesil inovasyon yonetimini
degerlendirmistir. Caligmada, yesil iriin tasarimi,
yesil tedarik¢i se¢imi ve pazarlama stratejileri gibi
yesil inovasyon siireclerinin  siirdiiriilebilirlik
boyutlar1 ile nasil entegre edildigi incelenmistir
[13]. Atay ve Kahraman, bulanik mantik
modellerini kullanarak iklim degisikligi risklerini
degerlendirmistir. Bu ¢alisma, belirsizliklerin ve
karmagikliklarmm  bulantk  mantik  ile nasil
yonetildigini ve isletmelerin iklim degisikligi ile
ilgili stratejilerini  nasil  sekillendirebilecegini
gostermistir [14].
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Bu caligmalar, Fuzzy AHPnin yenilenebilir enerji,
riizgar enerjisi ve organizasyonel siirdiiriilebilirlik
gibi farkli alanlarda nasil kullanilabilecegine dair
giincel bir bakis agis1 sunmaktadir.

2. MATERYAL VE METOT

Fuzzy AHP (Fuzzy Analytic Hierarchy Process)
yontemi, belirsizlik ve bulaniklik igeren karar
verme siireglerinde kullanilan bir metodolojidir. Bu
metodoloji, bulanik mantik prensiplerini, karar
verme siirecindeki belirsizlikleri ele almak igin
gelistirilmis olan Analitik Hiyerarsi Siireci (AHP)
metodolojisiyle birlestirir. Lotfi Zadeh, bulanik
mantik alaninda temel c¢alismalartyla bilinirken,
Thomas L. Saaty, AHP metodolojisini gelistirerek
karar verme problemlerine uygulanabilir hale
getirmistir [15-17].

Fuzzy AHP, AHP'in temel prensiplerini kullanir
ve bu prensipleri bulanik kiime teorisine dayandirir
[17]. Olusturulan teoride S;, i. degerinin bulanik
sayilardaki karsilig1 olarak tanimlanmistir. Bulanik
karsilastirma degerleri ise Méi olarak ifade
edilmistir. Bu gosterim, i. kriterin j. kritere gore
iicgensel bulanik say1 karsiligini ifade etmektedir.

Chang’in  teorisi adim adim denklemlerle
aciklanmustir [18]:
1.Adim: 1. oOlgiite gore bulanik sentetik mertebe

degerleri hesaplanir.

Si= ;'n=1Méi *[ 7:12;'111\/[;1‘ I )
j - 1 1 1
[Z?=1271=1Méi] =1 ]

n [R=rry P
Yisq Wi Ximimi Ximgli

2. Adim: M, ve M, nin birbirlerine gore tiggensel
bulanik sayilarin olabilirlik dereceleri hesaplanir.

My= (L, my, up) = My = (1, my, uq)

V(My = M,)=

( 1, my = my @)
L= u,

L—u

i 0,
O G —w) = (m— 1)

digerleri

3.Adim: Her satir igin ikili karsilastirmalar yapilir
ve minimum degerleri alinir.
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i={l,2,...n}i¢cind’ (4;))=min V (§; = S,) (3)

4.Adim: n# iolmak flizere agirhk vektori
hesaplanir.

W’ = ((d' (A),d" (42), v e d” (AT 4)
i={12,....n}

5. Adim: Hesaplanan agirlik vektorleri normalize
edilir ve buradaki W sayis1 bulanik bir say1 degildir.

W= ((d(4y), d(Ay),..d (A7 (5)
i=1{12,..n}

2.1. Alternatif Kiime Tanmmm ve Karar
Vericinin Dilsel Degerlendirmesinin Elde
Edilmesi

Bulantk AHP yonteminin baglangici itibariyle
kriterlerin belirlenmesinin ardindan, uzmanlarin

Cizelge 1'de verilen dilsel degerler 6lgegine gore
kriterlere iliskin goriislerini belirtmiglerdir.

Cizelge 1. Saaty'nin 1-9 dil 6lgegi [19]

D}lsel Uggensel bulanik Onem derecesi
terimler sayilar
Esit 1 (1,1.1)
Zayif 3 (2/3,1,3/2)
Oldukea 5 (312.2.512)
giiclii
Cok giiclii 7 (5/2,3,7/2)
Kesin 9 (7/2,4,9/2)
Bu degerlendirmeye gore fabrikanin

stirdiiriilebilirlik kriterleri; Enerji Verimliligi, Atik
Yénetimi, Su Kullanim, Is¢i Sagligi ve Giivenligi,
Toplumsal Katilim ve Sorumluluk, Tedarik Zinciri
Yonetimi olarak belirlenmistir. Bu kriterler
belirlendikten sonra Adim 2’ uygulanarak ikili
karsilagtirma matrisi olusturulmustur (Cizelge 2).

Cizelge 2. Uzman goriisleri ve fabrika yonetimi ile belirlenen bulanik karsilagtirma matrisi

§.m §> g °§= z §§§] §:§.51
"% | IE | g¢ |2eg|E5E|ii
|27 |5 |8 §|FsE (277
Enerji verimliligi 1 5 3 3 4 2
Atik ydnetimi 1/5 1 1/3 1/2 2 1
Su kullanimi 1/3 3 1 2 3 2
Isci saghp ve giivenligi 1/3 2 1/2 2 1
Toplumsal katilim ve sorumluluk 1/4 1/2 1/3 1/2 1 1/2
Tedarik zinciri yonetimi 1/2 1 1/2 2 1
Bulanik sayilar ile elde edilen karsilasirma  normallestirilmis matris elde edilmistir.
matrisine 3. ve 4. Adim uygulanarak Cizelge 3’deki
Cizelge 3. Karsilagtirma matrisinin normallestirilmesi
§- 3 § > cz Ué g é gg §= N
5|27 |5 & E|EzE|ETR
Enerji verimliligi 0,50 0,29 0,33 0,27 0,30 0,28
Atik ydnetimi 0,10 0,17 0,11 0,09 0,15 0,14
Su kullanimi 0,20 0,30 0,20 0,18 0,23 0,28
Isci saghp ve giivenligi 0,20 0,23 0,11 0,09 0,15 0,14
Toplumsal katilim ve sorumluluk 0,12 0,11 0,09 0,07 0,07 0,59
Tedarik zinciri yonetimi 0,16 0,29 0,22 0,18 0,15 0,14
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Daha sonra her bir kriterin agirligi Denklem 5
uygulanarak hesaplanmistir. Wg  hesaplanirken
satirlarin minimum degerleri kullanilmigtir. Daha
sonra Wg degerleri 0 ile 1 arasinda
normallestirilerek Cizelge 4 elde edilmistir.

Ws=(0,28, 0,09 0,18 0,27 0,30 0,59)

Normalize Wg = (0,27 0,20 0,17 0,10 0,08 0,19)

Normallestirilmis  matrisin = elde  edilmesinin
ardindan kriterlerin oncelik degerleri
hesaplanmustir.
Cizelge 4. Kriterlerin oncelik degerlerinin
hesaplanmasi
Enerji Verimliligi 0,27
Atik YOnetimi 0,20
Su Kullanim 0,17
Isci Sagligi ve Giivenligi 0,10
Toplumsal Katilim ve Sorumluluk 0,08
Tedarik Zinciri Y O6netimi 0,19

Cizelge 4’deki agirhiklar, her bir kriterin 6nem
derecesini  yansitmaktadir. Bu  agirliklar
kullanilarak, fabrikanin sirdiiriilebilirlik kriterleri
onceliklendirilmistir. Buna gore;

e  Enerji Verimliligi: 0.27
e  Atik Yonetimi: 0.20
e SuKullanimi: 0.17
e Isci Sagligi ve Giivenligi: 0.10
e Toplumsal Katilim ve Sorumluluk: 0.08
e Tedarik Zinciri Yo6netimi: 0.19
olarak belirlenmistir.

Bu agirliklar dikkate alinarak, fabrikanin
stirdiiriilebilirlik performansint en ¢ok etkileyen
kriterin 0,27 puan ile "Enerji Verimliligi" oldugu
goriilmektedir. Ardindan, sirasiyla 0,20 puan ile
"Atik Yonetimi", 0,19 puan ile "Tedarik Zinciri
Yonetimi", 0,17 puan ile "Su Kullanimi", 0,10
puan ile "Isci Saglig1 ve Giivenligi" ve 0,08 puan ile
de "Toplumsal Katilim ve Sorumluluk" kriterleri
gelmektedir.

Bu onceliklendirme, fabrikanin siirdirilebilirlik
cabalarinda hangi alanlara Oncelik verilmesi
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gerektigi konusunda bir yol gdosterici olarak
kullanilabilir.

3. ARASTIRMA BULGULARI

Bu c¢alismada, fabrikalarmin siirdiiriilebilirlik
performansini belirlemek igin alt1 temel kriterin
etkisi Fuzzy AHP yontemi kullanilarak
degerlendirilmistir. Aynt zamanda belirlenen alt1
temel kriterin  siirdiiriilebilirlige olan etkisi
degerlendirilmis ve onceliklendirilmistir.

Caligmada, stirdiiriilebilirligi etkileyen faktorlerin
belirlenmesi i¢in uzman goriislerinden ve fabrika
yonetiminden yararlanilmistir. Ardindan, Fuzzy
AHP yontemi kullanilarak faktérlerin 6nem siralart
belirlenmis ve agirliklar1 hesaplanmistir.

Enerji verimliligi, belirlenen alt1 kriter arasinda en
yiiksek oncelige sahip olarak belirlenmistir. Bu
sonug, enerji  verimliliginin  fabrikalardaki
strdiiriilebilirlik performans: iizerindeki Onemini
vurgulamaktadir. Fabrikalarin enerji tiiketimini
azaltmak ve enerji verimliligini artirmak icin ¢esitli
stratejiler gelistirmesi kritik 6neme sahiptir.

Atik yonetimi ve tedarik zinciri yonetimi, diger
O6nemli  siirdiiriilebilirlik  kriterleri  olarak
belirlenmistir. Atik yonetimi, atiklarin azaltilmasi,
yeniden kullanimi ve geri doniisiimii gibi stratejileri
icermektedir. Tedarik zinciri yonetimi ise, tedarikg¢i
iliskilerinin yonetimi, tedarik zinciri transparanligi
ve siirdiiriilebilirlik  kriterlerinin  tedarikgilere
yayilmasi gibi alanlar1 kapsamaktadir.

Su kullanimy, is¢i saglig ve giivenligi ve toplumsal
katilim ve sorumluluk da 6nemli siirdiiriilebilirlik
kriterleri olarak belirlenmistir. Bu kriterler, su
kaynaklarinin  korunmasi, is¢i saglignim ve
giivenliginin iyilestirilmesi ve toplumla etkilesimin
artirtlmas1 gibi alanlarda fabrikalarin ¢abalarini
odaklamasi gerektigini gostermektedir.

Bu ¢aligmanin bulgulari, benzer iiretim tesisleri i¢in
strdiirtilebilirlik stratejilerinin gelistirilmesine ve
uygulanmasina degerli bir katki saglamaktadir.
Enerji verimliligi, atik yonetimi ve tedarik zinciri
yonetimi gibi Oncelikli alanlara odaklanarak,
fabrikalar g¢evresel etkilerini azaltabilir, kaynak
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verimliligini artirabilir ve sosyal sorumluluklarini
yerine getirebilirler. Ayrica, Fuzzy AHP yontemi
gibi analitik araglarin, karmasik siirdiiriilebilirlik

problemlerinin ¢oziimiinde etkili bir sekilde
kullanilabilecegini gostermektedir.

4. SONUC

Gilintimiizde, isletmelerin siirdiiriilebilirlik
performansin1  degerlendirmesi ve iyilestirmesi
giderek daha Onemli hale gelmektedir.

Stirdiiriilebilirlik, ¢evresel, ekonomik ve sosyal
boyutlariyla karmasik bir kavram olup, bu
boyutlarin etkilesimi, isletmelerin uzun vadeli
basaris1 lizerinde Onemli bir etkiye sahiptir.
Siirdiiriilebilirlik kavraminin igletme ve endiistriyel
stireglerdeki onemini vurgulamak ve
stirdiiriilebilirlige etki eden faktorlerin belirlenmesi
ve Onceliklendirilmesi amaciyla Fuzzy AHP
yontemi kullanilmistir. Fuzzy AHP yoOntemi,
isletmeler icin siirdirilebilirlik performansini
degerlendirmede kullanilan &nemli bir analitik
aractir. Bu yontem, geleneksel AHP'nin aksine
belirsizlikleri daha iyi ele alabilir ve faktorler
arasindaki iligkileri daha gergek¢i bir sekilde

modelleyebilir. Ozellikle stirdiiriilebilirlik
performansini etkileyen faktorlerin
onceliklendirilmesi ve yonetilmesi konusunda

Fuzzy AHP, karar vericilere degerli bir analitik
gerceve sunar.

Bu makalede, Fuzzy AHP yonteminin temel
prensipleri tanitilarak bir fabrika iizerinde
stirdiiriilebilirlik performansi, degerlendirme 6rnegi
iizerinde uygulanmustir. Sonug olarak
stirdiiriilebilirlik performansint en ¢ok etkileyen
kriterin 0,27 puan ile "Enerji Verimliligi" oldugu
gorilmiistiir.

Bu kapsamda bir fabrikanin enerji verimliligini
arttirabilmesi igin birka¢ strateji ve uygulama
sunulabilir;

Enerji Verimliligi Degerlendirmesi: Oncelikle,
firmanin mevcut enerji kullanimini ve verimliligini
degerlendirmek i¢in bir enerji denetimi yapilabilir.
Bu denetim, enerji kullanimiyla ilgili mevcut
verilerin analizini igerebilir ve hangi alanlarda
iyilestirmeler yapilabilecegini belirleyebilir.
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Enerji Tasarruflu Ekipmanlar: Enerji verimliligini
artirmak i¢in enerji  tasarruflu  ekipmanlar
kullanilabilir. Enerji Yonetim Sistemleri (EMS):
EMS'ler, enerji kullanimini izlemek, kontrol etmek
ve optimize etmek icin kullanilir. Bu sistemler,
enerji tiiketimini zamanlamak, cihazlart otomatik
olarak kapatmak veya enerji kullanimini optimize
etmek i¢in akilli algoritmalar kullanabilir.

Calisgan Egitimi ve Farkindalik: Caliganlari enerji
tasarrufu konusunda egitmek ve farkindaliklarini
artirmak  Snemlidir. Yenilenebilir  Enerji
Kaynaklari: Firma, kendi enerji ihtiyacinin bir
kismin1  yenilenebilir  enerji  kaynaklarindan
karsilayabilir. Giines enerjisi panelleri veya riizgar
tirbinleri gibi yenilenebilir enerji sistemleri
kurarak, enerji maliyetlerini azaltabilir ve gevresel
etkilerini azaltabilir.

Enerji Verimliligi Politikalart ve Tesvikler:
Fabrika, enerji verimliligini tesvik etmek icin
politikalar ve tesvikler gelistirebilir.

Tim c¢alisma sonucunda, Fuzzy AHP'nin
stirdiiriilebilirlik performansinin belirlenmesinde ve
karar verme siireclerinde etkili bir arag¢ oldugu
goriilmiistiir. Ozetlenen adimlar ve yapilan 6rnek
calisgma ile Fuzzy AHP'nin basarili bir sekilde
uygulandigi ve karar verme siirecinde etkin bir rol
oynadig1 soylenebilir.
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Abstract

This study proposes an Enterprise Resource Planning (ERP) based Industry 4.0 maturity. The model aims
to make the vast array of Industry 4.0 technologies comprehensible and actionable for Small and Medium
Sized Enterprises (SMEs) by mapping them to specific ERP functions, thus enabling a more agile and
tailored approach to digitalization. A comprehensive literature review revealed limited research on this
integrated approach and highlighted the need for a model that supports quick assessments and adaptable
implementation strategies. A sample application has been conducted in a manufacturing company and it
has been seen that the model leverages ERP's modularity to address company-specific needs and includes
rapid evaluation features that provides to the dynamic requirements of SMEs, enhancing their competitive
edge in the digital landscape. Additionally, the findings serve as a valuable guide for ERP
designers/vendors, providing insights into the integration of Industry 4.0 technologies that can enhance
ERP system capabilities.

Keywords: Maturity model, Industry 4.0, Enterprise resource planning, ERP

ERP Tabanh Endiistri 4.0 Olgunluk Modeli Onerisi
Oz

Bu ¢alisma Kurumsal Kaynak Planlamasi (ERP) tabanli bir Endiistri 4.0 olgunluk modeli 6nermektedir.
Onerilen model, ¢ok ¢esitli Endiistri 4.0 teknolojilerini belirli ERP islevleriyle eslestirerek, bu teknolojileri
Kiigiik ve Orta Olgekli Isletmeler (KOBI'ler) igin anlasilir ve uygulanabilir hale getirmeyi, boylece
dijitallesmeye daha gevik ve &6zel bir yaklasim saglamayi amaglamaktadir. Yapilan kapsamli literatiir
taramast ERP-Endiistri 4.0 entegrasyonu hakkinda kisitli ¢alismalar oldugunu gostermis, hizli ve ¢abuk
adapte edilebilir bir degerlendirme modelinin gerekliligini ortaya koymustur. Gelistirilen model ile bir
iiretim sirketinde ornek bir uygulama yapilmis ve modelin, ERP'nin modiilerliginden yararlanarak sirkete
ozel ihtiyaglar1 karsiladigi ve KOBI'lerin dinamik gereksinimlerini karsilayarak dijital ortamda rekabet
giiclerini artiran hizli degerlendirme Ozelliklerini igerdigi goriilmiistiir. Ek olarak bulgular, ERP

*Sorumlu yazar (Corresponding Author): Kerem ELIBAL, keremelibal@gmail.com
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tasarimcilari/tedarikgileri i¢in degerli bir rehber gorevi gormekte ve ERP sistem yeteneklerini
gelistirebilecek Endiistri 4.0 teknolojilerinin entegrasyonuna iliskin bilgiler saglamaktadir.

Anahtar Kelimeler: Olgunluk modeli, Endiistri 4.0, Kurumsal kaynak planlamasi, ERP

1. INTRODUCTION

Assessing the current situation in the context of
Industry 4.0 and taking action plans according to
this assessment is a crucial concept for an effective
digital transformation which can made by maturity
modelling concept. Not only the lack of consensus
about Industry 4.0 concepts and definition [1-4],
also the variety of proposed dimensions of Industry
4.0 maturity models [5] are causing confusion for
the practitioners. Manufacturing organizations,
especially Small and Medium Sized Companies
(SMEDs) are facing difficulties in the selection and
implementation of Industry 4.0 solutions [6].
Limitations in time, financial resources, and the
availability of qualified practitioners are some of
the constraints for SMEDs which they challenge
during the digital transformation process [5].

A recent literature review which is conducted by
Elibal and Ozceylan [5] showed that in 57 academic
publications 341 different dimension have been
proposed to assess the readiness of digitalization.
This variety arise some questions such as; i) to
which dimension should be focused, ii) what are the
value-focused dimensions, iii) what kind of
practices of Industry 4.0 leverage the digitalization
of an organization in an agile way. Current maturity
models may be insufficient for making fast
evaluations and plans to answer these questions
while agility is the most important factor for
organizations; especially for SMEs because of their
limited resources. To overcome this problem, an
ERP based Industry 4.0 maturity model will be
proposed in this study.

ERP applications are going to be assumed as the
core functions of an organization and Industry 4.0
concepts are going to be described via mapping
these ERP functions. Thus, it is expected that; (i)
Industry 4.0 concepts will be come down to an
understandable  level for the assessment
participants, (ii) an agile assessment and planning
will be possible which is more applicable especially
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for SMEzs, (iii) modularity of ERP will provide the
modularity of the model, (iv) company/case specific
assessments may be possible.

A literature review which has been conducted at
Scopus and IEEE Xplore databases with the search
query mentioned in Table 1 (at 13-05-2024) showed
that there are very limited studies about the
reviewed concept and this result leveraged the
motivation of this paper. Among 11 publications
found, only the study of Basl and Novakova [7]
proposed an ERP 4.0 maturity model.

Table 1.Search query for ERP based maturity
model publications

( TITLE-ABS-KEY ( erp ) AND TITLE-ABS-
KEY ( maturity ) AND ( TITLE-ABS-KEY (
"industry 4.0" ) OR TITLE-ABS-KEY (
"manufacturing 4.0" ) ) OR TITLE-ABS-KEY (
"smart manufacturing" ) OR TITLE-ABS-KEY (
"smart factory" ) OR TITLE-ABS-KEY (
"factory 4.0" ) OR TITLE-ABS-KEY (
"industrie 4.0" ) OR TITLE-ABS-KEY ( "fourth
industrial" ) )

Basl and Novakova [7] proposed four dimensions
as mentioned below;

e The overall model of providing ERP services
aiming at cloud

e Integrated technology trends 4.0 aiming at IoT,
digital twin, blockchain, etc.

e Improved core functionality of ERP like
planning and decision support

e Increasing levels of automation and robotization
of business processes supported by ERP

While the study of Basl and Novakova [7] provides
valuable insights into ERP-based Industry 4.0, it
offers a foundational understanding of how modern
ERP systems can integrate advanced Industry 4.0
technologies. Their work outlines essential trends
and offers a preliminary framework for evaluating
ERP 4.0 maturity. This approach is instrumental in
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understanding the evolution of ERP systems in the
context of Industry 4.0, highlighting the increasing
importance of cloud computing, IoT, AI, and
automation in modern enterprise systems. However,
it remains a general framework. The model lacks
specificity in its practical implications and does not
provide detailed guidance on how to integrate
specific technologies with various ERP functions.
This limitation poses challenges for businesses,
especially SMEs, in implementing effective digital
transformation strategies.

This paper aims to build a comprehensive ERP-
based Industry 4.0 maturity model designed to
facilitate digital transformation in SMEs by
integrating core ERP functions with advanced
Industry 4.0 technologies. The model aims to make
the vast array of Industry 4.0 technologies
comprehensible and actionable for SMEs, enabling
a more agile and tailored approach to digitalization.
Some practical expected benefits from the proposed
model can be summarized as below;

e The model's modularity allows for rapid
evaluation and adaptable implementation
strategies tailored to the specific needs of SMEs.
This flexibility is crucial for SMEs, which often
face constraints in time, financial resources, and
availability of qualified practitioners. While
organizations use ERP systems according to
their needs, improving current modules of ERP
in the context of Industry 4.0 provide a value-
focused enhancement. Modularity of the model
will enable SMEs to adopt and integrate
Industry 4.0 technologies incrementally,
reducing the complexity and cost associated
with large-scale implementations. By breaking
down the the model into manageable modules,
SMEs can prioritize their most critical needs and
implement solutions that provide the most
immediate benefits. For example, a SME might
start by integrating IoT capabilities into its
inventory management module to gain real-time
visibility into stock levels and reduce waste.
Once this module is successfully implemented
and provides benefits, the company can then
focus on other modules, such as Al-driven
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predictive maintenance or advanced data
analytics for decision support. A Human
Resources (HR) module may not be used in the
organization so the digitalization in this area
may be supposed to be not crucial. This step-by-
step approach allows SMEs to spread out costs
over time and reduce the risk of disruption to
their operations. Moreover, modularity of the
proposed model ensures that the ERP system
can be easily customized to fit the unique
processes and workflows of each SME. This
customization is particularly valuable because it
allows the ERP system to grow and evolve
alongside the business, adapting to new
challenges and opportunities without requiring a
complete overhaul. As a result, SMEs can
achieve a more scalable and sustainable digital
transformation.

e The proposed model provide valuable insights
for ERP designers and vendors, guiding the
development of new ERP solutions that are
better aligned with the evolving needs of
modern businesses. This can lead to the creation
of ERP systems that fully leverage Industry 4.0
technologies, offering enhanced functionality
and competitive advantages.

In order to propose an ERP based Industry 4.0
maturity model that mainly aims to provide
expected benefits mentioned above, in section 2 the
literature review about ERP and Industry 4.0 will be
investigated. In section 3, a draft of proposed model
will be presented. A sample application will be
presented in section 4, and finally conclusions and
future research suggestions will be done.

2. LITERATURE REVIEW

As the aim of this paper is to propose an ERP based
Industry 4.0 maturity model, to understand the
relationship between these concepts, a literature
review has been conducted at Scopus Database (13-
05-2024) with the search query mentioned in Table
2. Among 307 publications found, 34 of them are
investigated in order to identify which Industry 4.0
technologies are used in ERP systems. Highlighted
technologies are summarized in Table 3.
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Table 2.Search query for ERP-Industry 4.0 related  |[28] IoT
publications [29] Real time data
( TITLE-ABS-KEY (erp) AND TITLE-ABS- [30] IoT
KEY ("industry 4.0") OR TITLE-ABS- [31] Cloud Database
KEY ( "manufacturing 4.0" ) OR TITLE-ABS- [32] Augmented reality
KEY ("smart  manufacturing" ) OR TITLE- [33] 10T, RFID, real time analyses, social
ABS-KEY ( "smart factory" ) OR TITLE- media analyses
ABS-KEY ( "factory 4.0") OR TITLE-ABS- [34] Cloud Database
KEY ( "industrie 4.0") OR TITLE-ABS- [35] 10T, real time data, ML, Al
KEY ( "fourth industrial") OR TITLE-ABS- | |[36] Cloud computing, IoT
KEY ( "4th industrial" ) ) AND ( LIMIT- [37] 10T, big data, mobil devices, cloud
TO (LANGUAGE, "English")) computing
[38] Big data, cloud technologies
[39] Automated warehouse
Table 3.Highligted Industry 4.0 technologies in  |[40] Machine interconnection
ERP [41] Digital twin
Publications|Industry 4.0 technologies in ERP
[8] Information integration Table 3 provides an overview of various
[9] Connection of machines, real time publications related to the application of Industry
monitoring, planning decisions 4.0 technologies within Enterprise Resource
[10] Tablet computers and mobile phones, Planning (ERP) systems, spanning from 2012 to
big data analytics, virtual application, 2024. The listed technologies include Cloud
mntegration Wlt_h social networks Computing, IoT (Internet of Things), Big Data, Al
[L1] Cloud computing, I.OT - (Artificial Intelligence), and RFID (Radio
[12] Autonomous robot integration . .
[13] RFID Frequency Identlﬁcatlon), among others. These
[14] Mobile devices, cloud computing, big technologies are .1r.1tegrated into ERP systems to
data, IoT, digital production and enhance capabilities such as real-time data
additive manufacturing, A, ML, virtual| ~ processing, mobile computing, and sensor-based
assistance monitoring, aiming to improve automation,
[15] CPS, 10T, actutators, sensors, big data connectivity, and decision-making processes in
[16] RFID business environments. Each publication focuses on
[17] Mobility, integration, smart devices, different aspects of these integrations, highlighting
big de}t?’ data analytl.cs, cl.oud advancements in ERP functionality through the
(18] Cognitive technologles, big data, IoT, adoption of Industry 4.0 technologies. Via the
cloud computing, VR and AR, . . .
corporate portal, wireless mobil gained 1n§1ghts from Table 3, a draft model will be
solutions, electronic data interchange proposed in section 3.
EDI
[19] (Clouzl ERP 3. ERP BASED INDUSTRY 4.0
[20] Big data, cloud computing, AL, IoT MATURITY MODEL
[21] IoT
[22] IoT, sensors, CPS, big data, cloud In this section ERP based Industry 4.0 model will
computing be presented. The proposed model includes 13 sub-
[23] Cloud ERP dimensions under six main dimensions which are
[24] RFID also the common modules of an ERP system;
[25] Blockchain planning and manufacturing, customer relationship
[26] Sensor, real time process monitoring management, warehouse management,
[27] Big data, system integration, cloud, and procurement, human resources, finance and
automatic identification and data capture. | ccounting [42-44], as in illustrated in Figure 1.
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Figure 1. Dimensions of the proposed model

For each dimension Level 1 and Level 5 statements
had been defined. As in shown in Table 4,
participants will be asked to select a level between
1 and 5 according to the statements. It is possible

Table 4. Level definitions of the proposed model

that some of the ERP modules may not be used in
the organization or the mentioned concept may not
be relevant, so the “not relevant” options may be
selected in this situation.

ERP Module Dimension Level-1 Level-5
Planning and M2M communication  |[No M2M communication  |Highly integrated M2M communication
Manufacturing Data collection and Manual input into ERP Real time data collection and
monitoring monitoring via [oT, sensors, data
capture, etc.
Scheduling Manuel scheduling via data |Al based scheduling with real time data
in ERP
Customer Customer Manual analytics via ERP  |Highly integrated customer portal,
relationship communication social media listening, etc.
management Demand analysis Manual analysis via data in |Al based demand prediction
ERP
Warehouse Communicable raw No communication Highly integrated communication via
management materials, semi-parts 10T, RFID, etc.
Warehouse stock Manual monitoring in ERP |Real time monitoring via sensors, data
monitoring capture, etc.
Procurement Supplier communication [Manual data in ERP Highly integrated supplier portal, social

media listening, etc.

Supplier analytics

Manual analytics via ERP

Al based supplier analytics via real time
data, social media listening, etc.

Human Resources

Performance analytics

Manual analytics via ERP

Al based performance analytics via real
time data, data capture, etc.

Employee education

Manual analytics via ERP

Al based education predictions,
electronic and online education
environmnet with AR, VR

Finance and
Accounting

Customer-supplier
accounting

Manual analytics via ERP

Al based tracing and risk analyses

Cost-budget tracing

Manual analytics via ERP

Al based cost and budget analyses with
real time data, predictive insights
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Table 4 outlines a comprehensive overview of
different ERP modules, highlighting the transition
from basic (Level-1) to advanced (Level-5) levels
of integration and functionality. Each dimension
within these modules is described with its Level-1
and Level-5 states, providing a clear picture of how
operations can evolve with technological
advancements.

In the Planning and Manufacturing dimension,
M2M communication at Level-1 involves no
interaction between machines, while at Level-5,
machines are highly integrated, sharing data in real-
time to optimize production. Data collection and
monitoring evolve from manual input into ERP
systems to real-time data gathering using IoT,
sensors, and data capture technologies. Scheduling
progresses from manual, ERP-based methods to Al-
driven, real-time scheduling, enhancing efficiency
and responsiveness.

The Customer Relationship Management (CRM)
dimension shows a shift from manual customer
communication and data analysis within ERP
systems at Level-1 to highly integrated customer
portals and social media listening tools at Level-5.
This integration allows for better customer
engagement and more accurate demand analysis
through Al-based predictions.

In Warehouse Management, communicable raw
materials and semi-parts move from no
communication at Level-1 to real-time tracking and
integration via [oT and RFID technologies at Level-
Warehouse stock monitoring advances from manual
checks to real-time monitoring using sensors and
automated data capture, ensuring more accurate and
efficient inventory management.

The Procurement dimension highlights
improvements in supplier communication and
analytics. At Level-1, supplier interactions and
analytics are manually handled within ERP
systems, whereas at Level-5, these processes are
enhanced through highly integrated supplier portals
and Al-based analytics, utilizing real-time data and
social media listening for better decision-making.
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Human Resources demonstrates a transition from
manual performance analytics and employee
education tracking to Al-based systems that provide
real-time data and predictive insights. At Level-5,
performance analytics leverage real-time data
capture, while employee education benefits from
Al-driven predictions and advanced training
environments utilizing AR and VR technologies.
Finally, the Finance and Accounting dimension
shows how customer-supplier accounting and cost-
budget tracing evolve from manual analytics in ERP
systems to Al-based tracing, risk analyses, and real-
time budget assessments. This shift enables more
accurate financial management and predictive
insights, ultimately improving overall financial
health and decision-making processes.

4. APPLICATION

The proposed draft model has been applied to an
automotive sub-contractor, BCS Metal Co., which
is located in Gaziantep/Tirkiye. The company
mainly produces bus, midi-bus, truck and trailer
chassis and has an ERP system with the modules of
production and planning, customer and supplier
management, warchouse management, human
resources and finance-accounting. The model has
been presented to the executive of the company and
the level assignments from 1-5 has been done for
each sub-dimension as in shown in Table 5.

Table 5. Level assignments of the company

ERP Module Dimension Level Not
Relevant
Planning and |M2M 1
Manufacturing |Data collection | 3
Scheduling 2
Customer Customer 3
relationship  |Demand analysis | 1
Warehouse Communicable -
management  |Warehouse stock | 2
Procurement  |Supplier 1
Supplier analytics| 1
Human Performance 2
Resources Employee 1
Finance and Customer- 2
Accounting Cost-budget 3
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The company declared that “communicable raw
materials, semi-parts” dimension is not relevant
with their needs and business, so the radar chart of
the model has been constructed with 12 dimensions
as shown in Figure 2.

M2M communication

Data collection and
monitoring

Cost-budget tracing

Customer-supplier Scheduling
accounting i

Employee education Customer communication

Performance analytics Demand analysis

Supplier analytics Warchouse stock monitoring

Supplier communication

Figure 1. Maturity radar chart

The results obtained by applying the model to BCS
Metal Co. can be used as a basic guide to create the
company's digital transformation roadmap. The
maturity levels determined for each ERP module
clearly reveal the company's current status and
development needs. These results can determine
which areas the company needs to make
improvements, enabling more effective use of
resources. Targets should be set, especially for
dimensions at low levels, and improvements in
these areas should be prioritized. In addition, the
flexibility and modular structure provided by the
model allows the company to manage the digital
transformation process step by step and in
accordance with the specific needs of the company.
In this way, the steps to be taken towards
digitalization become clear and strategic plans can
be created to increase the competitiveness of the
company.

5. CONCLUSION

In this paper, an ERP based Industry 4.0 model has
been proposed and a sample application has been
conducted. Motivation of the study is developing a
maturity model that provides a structured
framework for assessing and advancing digital
transformation in SMEs by integrating core ERP
functions with Industry 4.0 technologies. This
approach not only makes Industry 4.0 concepts
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more accessible and actionable for SMEs but also
supports agile and tailored digitalization strategies
that address specific organizational needs and
constraints. Organizations may use the model
according to the modules of applied own ERP
system. Not only for organizations, the model also
may be used as a guide for ERP designer and/or
vendor to adapt the system according to the Industry
4.0 technologies.

Sample application showed us an organization can
assess the own situation of the digitalization
according to the ERP modules used. The model
appears to have the potential to clearly determine
the steps companies will take towards digitalization
according to their needs.

Rapid technological developments and the
increasing needs of organizations increase the
diversity of both ERP modules and Industry 4.0
technologies day by day. This study should be
considered as an initial study, and the development
of the dimensions (according to ERP modules) and
maturity statements (according to Industry 4.0
technologies) of this model with different research
methods (such as Delphi Technique) should be
considered as a future study. A sectoral separation
has also been identified as an important future
study.

In addition, the implementation of the developed
model in manufacturing companies and evaluation
of its effectiveness should be considered as an
important future study.
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Abstract

In the study, a sheet metal is bent to analyze the punch force, Von Misses stresses and plastic strains on the
metal for friction and non-friction cases. The 2-D v-bending forming is modelled in program. Model
includes a die, a punch and a blank. Solid mechanics physics interface has been used in program. The
analyze has been run with friction and non-friction cases for different strain-hardening exponents and sheet
metal thicknesses. The sheet lengths and widths are 60 mm. Thickness of sheet metal is varied between 1.0
to 3.0 mm. The strain hardening exponent has been altered from 0.1 to 0.5. It is computed that the punch
force has been increased as thickness of sheet metal and strain hardening exponent decreases. The achieved
maximum punch force is at values of 1.12x10° N, 3.75x10° N and 4.05x10° N for thickness of 1.0-mm, 2.0-
mm and 3.0-mm respectively when strain hardening exponent is 0.3. Also, as the strain hardening exponent
increases from 0.1 to 0.5, the maximum punch force lowers from 2.03x10° N to 8.08x10* N for 1 mm
thickness at friction case. Moreover, the maximum punch force reached up to 9.13x10* N for 1 mm thick
sheet metal at non-friction case when the strain hardening exponent is 0.1. It is concluded that the maximum
Von Misses stress has been calculated at the tip of sheet metal.

Keywords: Numerical, Sheet metal, Punch, Thickness, V-bending, Strain hardening exponent
V- Biikmenin Sayisal Modellenmesi

Oz

Caligsmada, siirtiinmeli ve siirtiinmesiz durumlar i¢in zzimba kuvvetini, Von Misses gerilmelerini ve metal
lizerindeki plastik gerinimleri analiz etmek igin bir metal levha biikiilmistir. 2 boyutlu v-biikkme
sekillendirme programda modellenmistir. Model bir kalip, bir zimba ve bir sac levhadan olugmaktadir.
Programda kati mekanik fizigi arayiizii kullanilmistir. Analiz; farkli peklesme iisteli ve sac kalinliklari igin
strtiinmeli ve siirtiinmesiz ortam kosullarinda yiiriitiilmiistiir. Sac uzunluklar1 ve genislikleri 60 mm'dir.
Sac kalinliklart 1,0 ila 3,0 mm arasinda degigsmektedir. Peklesme iisteli 0,1'den 0,5'e kadar degistirilmistir.
Sac kalinlig1 ve peklesme iisteli azaldik¢a zimba kuvvetinin arttig1 hesaplanmistir. Elde edilen maksimum
zimba kuvveti, peklesme iisteli 0.3 oldugunda 1,0 mm, 2,0 mm ve 3,0 mm kalinlik i¢in sirasiyla 1.12x10°
N, 3.75x10° N and 4.05x10° N degerlerindedir. Ayrica siirtiinmeli durumda 1 mm kalinlik i¢in peklesme
tisteli 0,1'den 0,5'¢ arttikga maksimum zimba kuvveti 1.49x10° N to 8.08x10* N'ye diiser. Dahast, peklesme

tisteli 0.1 iken maksimum zimba kuvveti siirtiinmesiz durumda 1 mm kalinligindaki sac i¢in 9.13x10* N
degerine ulagmistir. Maksimum Von Misses gerilmesinin sacin ucunda hesaplandigi sonucuna varilmistir.

Anahtar Kelimeler: Sayisal, Sac metal, Zimba, Kalinlik, V-biikme, Peklesme iisteli

*Sorumlu yazar (Corresponding Author): Ergin KOSA, erginkosa@beykent.edu.tr
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A Numerical Modelling of V-Bending

1. INTRODUCTION

Bending is performed in terms of different forming
processes such as v-bending [1,2], air bending [3],
flanging [4], u-bending [5], rotary draw bending
[6], three-point bending [7], hemming [8,9] and
seaming [10]. V-bending process is dominantly
used in manufacturing of automobile industry [11].
Some of the researches are focused on spring-back
problem [12,13], bend radius [14], bend angle
[15,16] and strain hardening [17].

Researchers studied on bending experimentally and
numerically [12,18,19]. Cao et. al. [20] changed
temperature and speed of bending during forming
of stainless steel. It was found that as temperature
increased from 600°C to 850°C, springback angle
was reduced continuously. Bending speed has an
influence on springback angle so that spring back
angle is decreasingly increased as the bending speed
increased from 0 mms™ to 5 mms™'. Dhilip et. al.
[21] realized finite element analysis of 3-D model
of sheet metals in ANSYS program. The maximum
principal stress and elastic strain was computed for
annealed 1020 carbon steel, aluminum and stainless
steel. Thipprakmas and Sontamino [15] used bent
hole parts to observe effect of hole and hole position
on the springback character of material
experimentally. It was observed that bent hole parts
show higher springback character when comparing
to bent non-holed parts. Ozdemir [22] investigated
the bending behavior of continuous glass fiber-
reinforced composite sheets. Dwell time, pressure,
bending angle and die radii were the studied
parameters in Ozdemir's work.

As a result of the work, it was found that the most
suitable option to reduce springback problem is at
90° bending angle and 120 s dwell time under 3
MPa pressure for a die radius of 6 mm. Li et. al. [23]
bent titanium tubes to focus on effect of forming
temperature and bending angle on springback
numerically and experimentally.

It was concluded that increase in forming
temperature lowers the springback and unlike
springback increases with bending angle. Pritima et
al. [24] analyzed the bending of AISI 1040 sheet
metal. Effect of width of sheet, velocity, holding
time are some of the parameters studied in the work.
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It was evident that decrease in holding time,
increase in width and rise in punch speed increase
the springback. Krinninger et. al. [25] used stainless
steel and microalloyed steel to investigate the
influence of bending angle, punch velocity and
bending radius on springback angle. It was
concluded that as the punch velocity increases from
10 mm/s to 300 mm/s, it lowers the springback
angle and as the bending angle or bending radius
increases, the springback angle increases. Nakajima
et. al. [26] focused on the bending of square tubes
and used mandrel to get an accurate square cross
section of aluminum tubes as workpiece after press
bend and utilized restraint plate to decrease the
deviation of thickness of square tubes. Gupta and
Payal [27] bent the electrogalvanized steel to search
the effect of die width and galvanized thickness.
The findings showed that spring back increases with
the increase of coating thickness and spring back for
rolling of direction 90° orientation is more than
rolling direction 0° orientation. Hotaka et. al. [28]
used repeated bending to develop formability of
twin roll cast Mg-Al-Zn-Sn alloy. Two methods
such as repeated bending by differential speed
rolling and repeated bending by using three rolls
were applied. After bending processes, the solution
heat treatment of the pre-strained material was
performed. Thus, the microstructure of specimens
was changed. Then, the specimens were bent by V-
bending. It was concluded that repeated bending by
using three rolls was effective to develop
formability of specimens and achieved springback
angles of specimens were lower after V-bending.
Ornekgi and Eksi [29] investigated springback
properties of 6061 aluminum in V-bending for
different die angles and widths. It was found that
springback decreased as the die width increased and
as die angle increased, springback also increased.
Also, the ANOVA results showed that die width
was more important than die angle in terms of
springback.

Sofia et. al. used [30] USS CR980XG3TM steel to
analyze and clarify the dependence of springback
on the tool’s geometry and the V-bending tools with
different bending angles of 60°and 90° and punch
radii of 5° and 10° were selected. It was concluded
that as the punch radius increased or die angle
decreased, the mean springback increased.
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In the work, the model of a sheet metal has been
analyzed numerically in a multiphysics program.
The punch force and displacement have been
examined for different strain hardening exponents
and thicknesses of sheet metal at friction and non-
friction conditions. The work provides to determine
the effect of parameters on punch force in fields of
metal bending.

2. METHODS
2.1. V-Bending Model

V-bending is preferred to be analyzed in the work.
Because v-bending is commonly utilized in low
manufacturing processes. V-die angles varying
from obtuse to acute are able to be manufactured.
The v-dies are cheap and basic compared to other
bending operation equipment [31].

Model of the bending is shown in figure 1. V-
Bending forming consists of a punch, a die and a
sheet metal as illustrated in figure 1. Because of the
symmetric process, just one half of the geometry is
used. The length and the width of the sheet metal is
60 mm and die angle is 90°. The model was run at
friction and non-friction mediums.

The parameters such as strain hardening exponent
and sheet metal thickness affecting the punch force
have been studied on the work for different cases.
For friction case, Coulomb friction coefficient was
defined between punch with sheet metal and die
with sheet metal as 0.2. The sheet material is
selected as an aluminum alloy due to the fact that it
has an advantage of lightweight because of
comparatively low density and demonstrates
relatively high ductility [32]. The material
parameters of the blank material and the parameters
that are changed for the representative blank
material is given in table 1.

The material of punch and die are structural steel.
The material properties have also an influence in
forming is given in table 2. Strain hardening is one
of the most vital effects on material to become it
stronger. Hardening functions are given as;

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

Ergin KOSA

Hollomon hardening function [33]:

o =Ke" (1)
Ludwing equation [34]:

o=o0,+ Ke" 2

n is strain-hardening exponent, it gets the value of 0
for perfectly plastic solids and the value of 1.0 for
perfectly elastic materials. The elasto-plastic
material model is built for the work of v-bending
process. K is Hollomon hardening parameter in
units of N.mm. € is strain in units of mm/mm.

0.0257m 5
0.027 3
0.0157 <—— Punch 3
0.017 E
0.0057] Blank Material 3
o : . E
-0.0057 E
-0.017 -
-0.0157 ] 5
E +«——— Die 3

-0.02
-0.0257 3
-0.037 mE

[} bo1 ooz bo3 o4  bos  0o6

Figure 1. V-bending model

Punch and die are defined as rigid bodies. Thus,
duration of simulation can be reduced when the
bending metal is modelled as deformable with
homogeneous solid element. The punch is adjusted
as full contact with top surface of the blank. The
displacement of the punch is determined as equal to
the depth of die. The displacement behavior of
punch is given in figure 2. Figure 2 describes how
the punch movement has been changed according to
time. Maximum punch displacement is 28 mm.

In the mesh, the maximum element size was
0.00402, the minimum element size was 0.00003,
the maximum element growth rate was 1.3, the
curvature factor was 0.3 and the resolution of
narrow regions was 1.
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punch(t) (mm)
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-28& 1 1 1 1 1

0 0.2 0.4 0.6 0.8 1
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Figure 2. Displacement of punch

2.2. Numerical Modelling of Bend Forming

Method of finite element analysis is an active and
an adequate choice to assist the design and analyze
the bend forming.

The 2-D model contains several nonlinearities such
as boundary nonlinearity (contact), material
nonlinearity (elastoplastic material) and geometric
nonlinearity. It is assumed that plain strain is
occurred because out of plain thickness is wide. Due
to the fact that the thickness of the plate is small
when comparing the tool, moderate strains are
occurred in spite of large displacements and
rotations. The augmented Lagrangian contact
technique is adopted. Solid mechanics physics
interface was defined and user-controlled mesh was
applied. MUMPS solver was used for the stationary
solver.

Table 1.Material properties of representative blank

material
T
Hollomon hardening parameter, K [550.4 MPa
Strain hardening exponent, n 0.1-0.3-0.5
Initial yield stress, Go 150 MPa
Young’s modulus, E 70.5 GPa
Density, p 2700 kgm™
Thickness ;82?‘2 Omm-
Width 60 mm
Length 60 mm
Poisson ratio, v 0.342
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Table 2. Material properties of structural steel die

and punch
Term Steel die anfl punch
material
Young’s modulus, E 200 GPa
Density, p 7850 kgm3
Poisson ratio, v 0.30

3. RESULTS AND DISCUSSIONS

3.1. Effect of Sheet Thickness in Friction Case

The effect of thickness on punch force was
investigated due to being one of the parameters
determining the machine capacity. So, the thickness
of plate was changed. The 1.0-mm, 2.0-mm and 3.0-
mm thick plates were bent under friction case. The
friction coefficient was defined as 0.2. Figure 3
emphasizes variation of the punch force according
to punch action in the case strain hardening
exponent of 0.3 for different sheet metal thickness
at friction case. The punch force is reached up to
1.12x10° N, 2.38x10° N and 4.05x10° N for
thickness of 1.0-mm, 2.0-mm and 3.0-mm
respectively as illustrated in figure 3. The amount
of maximum stress and the region of maximum
stress on the sheet metal in friction case for the
thickness of 2.0 mm are shown in figure 4. Von
Mises stress distribution on blank material, punch
and die are depicted in figure 4. Equivalent plastic
strain on the sheet metal for the case of strain
hardening exponent of 0.5 for 1 mm thick sheet
metal in friction case is illustrated in figure 5.

450000

400000

350000

300000

250000

200000

Punch Force [N]

150000
100000

50000 o0, o8

0 00088868°€°

Punch Displacement [mm]

o friction th=1 mm @ friction th=2 mm friction th=3 mm

Figure 3. Punch force according to displacement
for different thickness of sheet metal at
friction case for strain hardening
exponent of 0.3
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Figure 4. Stress distribution on surface of sheet
metal in v-bending at friction case for
thickness=2.0 mm and strain hardening
exponent of 0.3
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Figure 5. Equivalent plastic strain on sheet metal
in v-bending for the case of strain
hardening exponent=0.5 and

thickness=1.0 mm in friction medium

As the thickness of blank metal is increased, the
punch force raises. The punch force increases
exponentially as the displacement increases. Figure
3 shows that it needs much more force and energy
to form it as the cross-section area increases.

3.2. Effect of Strain Hardening Exponent in
Friction Case

The effect of thickness on strain hardening
exponent was investigated. Small plastic strains
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were defined for plasticity model. So, the strain
hardening exponent was taken as 0.1, 0.3 and 0.5 at
friction case. The sheet plates having different strain
hardening exponents were bent under friction case.
As the strain-hardening exponent increases, the
punch force to bend the sheet material by an angle
of 90° decreases. Figure 6 emphasizes variation of
the punch force according to punch action for
different strain hardening exponent and 1.0 mm
thick sheet metal at friction case. As shown in figure
6, as the strain hardening exponent increases from
0.1 to 0.5, the punch force to deform the blank
material decreases from 2.03x10° N to 8.08x10* N
at a displacement rate depicted in figure 2.

200000 =
175000
— 150000 .
=
125000 .

100000 .

Punch Force [

75000
50000 e

25000 . snes

D teens . L

Displacement [mm]

e friction n=0.1 ® friction n=0.3 friction n=0.5

Figure 6. Punch force according to displacement
for different strain hardening exponent of
Imm thick sheet metal material at
friction case

The amount of maximum stress and the region of
maximum stress on the sheet metal in friction case
for the strain hardening exponent of 0.5- and 1.0-
mm thick sheet plate are shown in figure 7. Von
Mises stress distribution on blank material, punch
and die for strain hardening exponent of 0.5 are
depicted in figure 7. The equivalent plastic strain on
sheet metal in the case of strain hardening exponent
of 0.3 for 3.0 mm thick sheet metal at friction
condition is illustrated in figure 8.
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Figure 7. Stress distribution on surface of 1 mm
thick sheet metal in v-bending for n=0.5
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Figure 8. Equivalent plastic strain on sheet metal
in v-bending for the case of strain
hardening exponent  =0.3 and

thickness=3.0 mm in friction medium

3.3. Effect of Sheet Thickness in Non-Friction
Case

The effect of thickness on punch force was
investigated. So, the thickness of sheet metal was
varied. The 1.0-, 2.0- and 3.0-mm thick plates were
bent under non-friction condition. The punch forces
keep increasing to deform the sheet metal within the
die. As the blank is sufficiently deformed after a
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certain point, it needs a lower punch force to
suppress the sheet metal into the die. Figure 9
emphasizes variation of the punch force according
to punch action for different sheet metal thickness
in the case of strain hardening exponent of 0.3 at
non-friction case. As the punch reaches the forming
shape, the sheet metal gets in contact with the
bottom of the die, thus the force increases
remarkably to end the bending as illustrated in
figure 9. At non-friction case, the punch force raises
from 5.67x10° N to 14.21x10° N, as the thickness of
material increases from 1.0 mm to 3.0 mm as seen
in figure 9.
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non friction th=3 mm

Figure 9. Punch force according to displacement
for different thickness of sheet metal at
non friction case for strain hardening
exponent of 0.3

The amount of maximum stress and the region of
maximum stress on the sheet metal for the strain
hardening exponent of 0.3 are shown in figure 10.
The amount of maximum stress and the region of
maximum stress on the sheet metal in non-friction
case for the thickness of 2.0 are shown in figure 10.
As depicted in figure 10, the highest Von Misses
stress was computed at tip of the V-bended sheet
metal. The equivalent plastic strains on sheet metal
in the case of strain hardening exponent of 0.5 for
1.0 mm thick sheet metal at non-friction condition
were illustrated in figure 11.
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Figure 10. Stress distribution on surface of sheet
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for thickness is 2.0 mm and strain
hardening exponent of 0.3
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Figure 11. Equivalent plastic strain on sheet metal
in v-bending for the case of strain

hardening  exponent =0.5 and
thickness=1.0 mm in non-friction
medium

3.4. Effect of Strain Hardening Exponent in
Non-Friction Case

The effect of thickness on strain hardening
exponent was investigated. Isotropic hardening
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model was chosen. Small plastic strains were
specified for plasticity model. So, the strain
hardening exponent was taken as 0.1, 0.3 and 0.5 at
non-friction medium. The sheet plates having
different strain hardening exponents were bent
under non-friction condition. Figure 12 emphasizes
variation of the punch force according to punch
action for different strain hardening exponent and
1.0 mm thick sheet metal at non-friction case. As
the strain hardening exponent increases from 0.1 to
0.5, the punch force to deform the blank material
decreases from 9.13x10* N to 191 N at non-friction
case as shown in figure 12. The amount of
maximum stress and the region of maximum stress
on the sheet metal in non-friction case for the strain
hardening exponent of 0.5 and 1.0 mm thick sheet
metal are shown in figure 13. As illustrated in figure
13, the highest Von Misses stress was calculated at
tip of the V-bended sheet metal. In non-friction
case, equivalent plastic strain on 3 mm thick sheet
metal in the case of strain hardening exponent of 0.3
are depicted in figure 14.
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Figure 12. Punch force according to displacement
for different strain hardening exponent
of Imm thick sheet metal material at
non-friction case

551



A Numerical Modelling of V-Bending

8
0.015 <10

0.01F
0.005
15
-0.005
-0.01

-0.015

-0.02

-0.025

-0.03

1 0

0 0,101 0,‘02 0.‘03 0,104 m
Figure 13. Stress distribution on surface of 1.0
mm thick sheet metal in v-bending for
strain hardening exponent of 0.5

0.025} . 034
002l | 0.32
0.015F g 0.29
0.01F g 0.25
0.005} 1 022

-0.005 1

-0.01r B
-0.0151 o
20.02F 0.08

-0.025 B 0.05

-0.03F . 0.02

1 1 I 1 1 1 1 0
0 0.01 0.02 0.03 0.04 0.05 m

Figure 14. Equivalent plastic strain on sheet metal
in v-bending for the case of strain

hardening  exponent =03 and
thickness=3.0 mm in non-friction
medium

4. CONCLUSION

The change in punch force was investigated in the
work of v-bending analysis. The punch force
increased exponentially as the deflection increases
in v-bending analyzes for the blank metal thickness
value of 1.0, 2.0 and 3.0 mm. The results show that
as thickness of the blank metal increases, there must
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be higher force to bend it by an angle of 90°. If the
non-friction case and friction case are compared in
terms of punch force capacity, at friction case it
requires higher punch force to form the sheet metal
due to Coulomb friction between the punch-sheet
metal and sheet metal-die. Practically, the surfaces
are able to be lubricated to lower the friction.

Although the strain hardening exponent indicates
the how much the metal can be strengthened, for the
small plastic strains, lower the value of n, greater is
the punch force.

Also, the blank material starts to be bent, it will need
more punch force. Results demonstrate that as the
sheet metal deforms, it becomes stronger and
harder. The strain hardening exponent was lowered
from 0.5 to 0.1, the punch force reached the highest
value of 2.03x10° N for the 1 mm thick sheet metal
at friction case and 9.13x10* N for the 1 mm thick
sheet metal at non-friction case.

The findings provide a comprehensible approach at
the bending region and can help to understand the
effect of parameters on forming to improve the
design of the forming actions for different sheet
metal bending applications.

5. NOMENCLATURE

o stress [N.m?]
oy yield strength [N.m?]

K hardening parameter

€ strain [mm.mm']

n strain hardening exponent
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Oz

Alzheimer hastaligi (AH) ilerleyici bir beyin hastaligidir ve yash yetiskinlerde demansin 6nde gelen
nedenidir. Hastaligin ilk asamalarinda tedavi daha etkili oldugu i¢in erken teshis hayati 6nem tagimaktadir.
Derin 6grenme tekniklerinin, AH tespiti de dahil olmak ftizere tibbi goriintiilemede etkili oldugu
kanitlanmistir. Bu ¢aligmada, manyetik rezonans goriintiileme goriintiilerinden AH siniflandirmasi igin bir
Inception modiilii ile bir stkma ve uyarma blogunu birlestiren yeni bir yontem tanitilmaktadir. Inception
modiilii, farkli olgeklerde ¢oklu paralel evrigimler kullanarak evrigimsel sinir ag1 dogrulugunu
arttirmaktadir. Stkma ve uyarma blogu, minimum ek parametre ile performansi arttirmaktadir. Dort sinifli
Kaggle veri seti lizerindeki deneysel sonucglar ile %98,28'lik bir dogruluk degeri elde edilmistir.
Literatiirdeki son c¢alismalarla yapilan karsilastirmalar, onerilen yontemin AH'yi yiliksek dogrulukla
smiflandirmadaki basarisint agik¢a gostermektedir. Bu yaklasim, tibbi goriintiilerden AH'yi dogru bir
sekilde siniflandirarak daha erken teshis ve miidahaleye olanak saglama konusunda umut vaat etmektedir.

Anahtar Kelimeler: Inception modiilii, Stkma-uyarma blogu, Alzheimer hastaligi, Smiflandirma

Inception and Squeeze-Excitation Network Based Deep Learning Model for
Classification of Alzheimer's Disease from MRI Images

Abstract

Alzheimer's disease (AD) is a progressive brain disorder, the leading cause of dementia in older adults.
Early identification is vital, as treatment is more effective in the disease's initial stages. Deep learning
techniques have proven to be effective in medical imaging, including AD detection. This study introduces
a novel method for AD classification from MRI images, combining an Inception module and a squeeze-
and-excitation block. The Inception module increases convolutional neural network accuracy by using
multiple parallel convolutions at different scales. The squeeze-and-excitation block enhances performance

*Sorumlu yazar (Corresponding Author): Hiiseyin FIRAT, huseyin.firat@dicle.edu.tr
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with minimal added parameters. The experimental results on the four-class Kaggle dataset yielded an
accuracy of 98.28%. Comparisons with recent studies in the literature clearly demonstrate the success of
the proposed method in classifying AD with high accuracy. This approach holds promise for accurately
classifying AD from medical images, enabling earlier diagnosis and intervention.

Keywords: Inception module, Squeeze-and-excitation block, Alzheimer’s disease, Classification

1. GIRIS

Alzheimer hastalig1t (AH), geri doniisii olmayan ve
kronik nodrodejeneratif bir hastaliktir ve yaslhlar
arasinda demansin Onde gelen nedenidir [1].
Terapotik ilerlemenin baslamasi ve etkili hasta
tedavisi igin AH prognozunun erken ve kesin
analizi gereklidir. Diinya Saglik Orgiitii, AH'in
besinci en dnemli 6liim nedeni olarak kanseri geride
biraktigin1 ve 2050 yilina kadar AH hastalarinin
sayisinin 152 milyona ulagsmasiin beklendigini
bildirmistir. Bu da 21. yiizyillda énemli bir saghk
sorunu teskil edecektir [2]. AH, beyin hiicrelerini
kademeli olarak tahrip eden, hafiza kaybma ve
bilissel sorunlara neden olan ve nihayetinde gergek
yasamin giinlilk aktivitelerini  gerceklestirme
yeteneginin kaybmi hizlandiran uzun sireli
ndrolojik bir beyin hastaligidir [3]. AH hastaligina
yakalan insanlar yavas yavas hatirlama veya
disiinme gibi biligsel islevlerini kaybedecek ve
sonunda  gilinlik  aktiviteleri  gergeklestirme
yeteneklerini  kaybedeceklerdir. AH  gelisimi
baglaminda, hafif biligsel bozukluk (HBB) normal
bilisten AH'ye uzanan siire¢ boyunca zihinsel
becerilerde hafif bir diislisli temsil ederken, HBB
olan bireylerin %33'tinden fazlasi bes yil veya daha
uzun bir siire iginde AH'ye ilerleyecektir [2]. Bunun
yani sira, AH'nin klinik Oncesi bir asamasi olan
HBB, normal yaslanma ile AH arasinda gegici bir
durumdur.

Ne yazik ki AH'nin nedeni ve mekanizmasi hala
tam olarak anlagilamamigtir ve iyilestirici bir
tedavisi yoktur. Ancak hastaligin ilerlemesi ilag
tedavisi, egzersiz ve hafiza egitimi yoluyla
yavaglatilabilmektedir. Bu konuda AH'min erken
tespiti ve HBB'nin dogru tanist hastaligin
ilerlemesini  geciktirmek ve hastanin yasam

kalitesini  arttirmak acisindan  biiylik  6nem
tasimaktadir. Bununla birlikte, doktorlar néro
gorintilleme  ve  bilgisayar  destekli  tani

yaklagimlarini kullanarak AH'yi erken evrelerinde
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onemli 6lgiide daha az dogrulukla
smiflandirabilmektedirler. Bilgisayarli Tomografi
(BT) taramasi, Pozitron Emisyon Tomografisi
(PET) taramasi1 ve ozellikle Manyetik Rezonans
Goriintiileme (MRG) taramasi dahil olmak {izere
noro-goriintilleme, tibbi tanida hayati bir rol
oynamaktadir [4]. Insan viicudu hakkinda bilgi
saglayan etkili bir non-invaziv yontemdir. Tibbi
teshis siirecinin ilerlemesi, giiniimiizde bilgisayar
destekli teshis alaninda muazzam arastirma alani
olusturmustur [5].

Bilgisayar destekli teshis sistemi, geleneksel ve
derin 6grenme tabanli olarak ayirt edebilecegimiz
goriintli analiz tekniklerine dayanmaktadir. Bunlar:
on isleme, segmentasyon, oOzellik ¢ikarma ve
siniflandirma seklindedir. Goriintii 6n isleme, olasi
bozulmalar1 veya gereksiz verileri ortadan
kaldirmak veya daha sonraki islemler i¢cin dnemli
Ozellikleri  vurgulamak ve gelistirmek i¢in
goriintllyii analiz etmeden Once hazirlamaktadir.
Daha sonra, segmentasyon adimi dnemli bolgeleri
bir sonraki adimda ¢ikarilan renk, yogunluk veya
doku gibi ortak 6zelliklere sahip piksel gruplarina
ayrrmaktadir. Segmentasyonun amaci, goriintii
temsilini basitlestirmek ve daha anlamli ve analiz
edilmesi daha kolay bir hale getirmektir. Son adim,
denetimli veya denetimsiz makine Ogrenimi
yaklagimlarmi kullanarak nesnelere bir etiket
atamaktan olusan simiflandirmadir. Ancak son
yillarda, evrisimsel sinir agmin  (ESA)
Onerilmesinden bu yana derin  Ogrenme
algoritmalar1 ortaya cikmistir. ESA’lar &zellik
tanimlayicilarina veya belirli 6zellik ¢ikarma
tekniklerine ihtiya¢ duymadan 6zellikleri bagimsiz
olarak ¢ikarabilirler [6].

Derin 6grenme algoritmalar1 geleneksel makine
O0grenme yontemlerinden farklhidir. Goriintli 6n
islemine ¢ok az ihtiya¢ duyarlar veya hic ihtiyag
duymazlar. Onceden 6zellik segimi gerektirmeden
ham goriintiilerden otomatik olarak optimum bir

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024



veri temsili ¢ikarabilirler, bu da daha objektif bir
siiregle sonuclanmaktadir. Bu nedenle, derin
O0grenme algoritmalar1 ince ve yaygin anatomik
anormallikleri tespit etmek i¢in daha uygundur. Son
yillarda tibbi goriinti analizinde yaygin olarak
kullanilmakta ve siniflandirma, segmetasyon gibi
calisma alanlarinda olduk¢a basarili sonuglar
tiretmektedir.

Literatiirde son yillarda AH’1n siniflandirilmasi i¢in
cesitli derin 6grenme tabanli ¢aligmalar yapilmustir.
Bunlardan bazilar1 su sekildedir: [3] nolu
calismada, MRG goriintiileri kullanarak AH’1
tanimlamak i¢in giivenilir ve verimli bir yontem
gelistirmek  i¢in  derin ESA  kullanmayi
amacglamaktadir. Bu  dogultuda, Alzheimer
Hastaligi Tespit Ag1 (Detection of Alzheimer’s
Disease Network - DADNet), parametreleri ve
hesaplama maliyetlerini azaltirken Alzheimer
hastaligiin ~ evrelerini  dogru  bir  sekilde
smiflandirmak igin sifirdan gelistirilmistir. Kaggle
veri seti kullanilarak %90 dogruluk degeri elde
etmislerdir. [7] nolu ¢aligmada, MRG goriintiileri
kullanilarak AH siniflandirilmasi igin hafif bir derin
ESA gelistirdiler. Kaggle veri seti iizerinde
gerceklestirilen deneysel caligmalar sonucunda
%95,93 dogruluk degeri elde ettiler. [8] nolu
calismada, AH smiflandirilmasi igin gelistirilen
ESA tabanli yontem ile kaggle veri seti kullanarak
%94,63 dogruluk elde ettiler. [9] nolu ¢alismada,
AH siniflandirilmasi igin 6nceden egitilmil ResNet
kullanilarak kaggle veri seti ile %94,10 dogruluk
elde ettiler. [10] nolu ¢alismada, destek vektor
makineleri (DVM) ile birlikte iki farkl1 ESA tabanli
yontem kullanarak AH smiflandirilmast igin
deneysel caligmalar yaptilar. Tk yontemde AlexNet
ile birlikte DVM kullanarak kaggle veri seti
tizerinde %94,84 dogruluk degeri elde ederken,
ikinci yontemde ResNet ile birlikte DVM
kullanarak ayni veri seti iizerinde %94,14 dogruluk
degeri elde ettiler. [11] nolu c¢alismada, Kaggle
platformundan elde ettikleri MRG goriintiilerinden
AH siniflandirilmasi i¢in ESA tabanli bir yontem
onerdiler. Onerilen bu yontemi DEMentia
NETwork (DEMNET) olarak adlandirdilar.
Onerilen bu yontem ile gerceklestirilen kapsamli
deneysel ¢alismalar sonucunda %95,23 dogruluk
degeri elde ettiler.
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Bu galismada, AH’in MRG goriintiilerinden ¢ok
smifli olarak smiflandirilmasi igin ESA tabanli yeni
bir yontem 6nerilmistir. Onerilen yontem Inception
modiilii ve sikma-uyarma blogunun birlesiminden
olusmaktadir. Inception modiiliniin kullanim ile

farkli  Olgeklerde ¢oklu paralel evrigimler
gergeklestirerek  ESA’larin verimliligini  ve
smiflandirma performansini arttirmak

amaglanmigstir. Inception modiilii ayrica daha biiyiik
filtreler uygulamadan dnce giris tensoriindeki kanal
sayisint azaltmak i¢in kullanilan 1x1 evrisim
katmani igermektedir. Bu, smiflandirma
dogrulugunu korurken agin hesaplama maliyetini
azaltmaya yardimci olmaktadir. Ayni zamanda
bellekten verimli bir sekilde tasarruf edilmesi
saglanmaktadir. Stkma-uyarma blogunun ESA’nin
temsil kalitesini arttirmak icin tasarlandifli goz
oniline alindiginda, hem o6zellik ¢ikarma hem de
siiflandirma performansimi arttirmak i¢in  bu
arastrma kapsaminda Onerilen yonteme dahil
edilmistir.  Stkma-uyarma  blogunun &nerilen
yonteme entegrasyonu, genel parametre sayisinda
yalnizca minimum artigla siniflandirma
performansini arttirma yeteneklerinden
kaynaklanmaktadir. Onerilen yontemin
smiflandirma performansinin analizi i¢cin Kaggle
platformunda yer alan MRG  gorintiileri
kullanilarak deneysel caligmalar yapilmistir [12].
Deneysel ¢aligmalar sonucunda %98,28 dogruluk
degeri elde edilmistir.

Bu c¢alismanin geri kalaninda oncelikle veri seti,
Onerilen yontem ve Onerilen yoOntemin arka
planinda kullanilan Inception modiilii ile sikma-
uyarma blogunun yer aldigi materyal ve metot
bolimii Bolim 2’de yer almaktadir. Ardindan
deneysel calismalar ve siniflandirma sonuglarinin
verildigi Bolim 3 gelmektedir. Son olarak,
calismanin genel bir Ozetinin yer aldigi sonug
boliimii Boliim 4’te bulunmaktadir.

2. MATERYAL VE METOT
2.1. Veri Seti
Bu g¢alismada kullanilan veri seti, Manyetik

Rezonans Goriintilleme (MRG) tarama goriintiileri
ve ilgili siif etiketleri bilgilerine sahip halka agik
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bir platform olan Kaggle’dan alinmistir [12]. Bu
veri seti 4 siif (hafif bunamig-mild demented, orta
derece  bunamig-moderate demented, bunak
olmayan-non demented, ¢ok hafif bunamis-very
mild demented) ve toplam 6400 MRG goriintiisii
icermektedir. Bu 4 siifta yer alan goriintiiler ise su

sekildedir: 896 hafif bunamis, 64 orta derece
bunamis, 3200 bunak olmayan ve 2240 ¢ok hafif
bunamig. MRG goriintii drnekleri, dort farkli sinifa
ait 150 x 150 piksellik {i¢ kanalli (RGB)
goriintiilerdir. Bu 4 sinifa ait 6mek MRG
goriintiileri Sekil 1°de verilmistir.

Orta Derece Bunamis

Hafif Bunamis
Sekil 1. Ornek MRG gériintiileri

2.2. Inception Modiilii

Inception modiilii, ESA’larda smiflandirma ve
nesne tanima igin kullanilan bir yap1 tasidir. Bu
modiil, 2014 yilinda ImageNet Biiyiik Olgekli
Gorsel Tanima Yarismasini kazanan GooglLeNet
mimarisinde tanitilmistir. Bu modiil, paralel olarak
farkli boyutlarda (I1x1, 3x3 ve 5x5) filtreler
kullanarak birden fazla 6lgek ve ¢oOziiniirlikteki
goriintiilerden verimli bir sekilde 6zellik ¢ikarmak
icin tasarlanmustir. Bu, agin goriintiideki hem ince
taneli hem de kaba taneli ayrintilar1 yakalamasini
saglamaktadir. Inception modiilii ayrica girdinin
boyutlulugunu azaltmaya ve hesaplama
performansint arttirmaya yardimct olan  1x1
evrisimsel katman igerir. Ayrica modiil, 6zellik
haritalarint kii¢iiltmek i¢in havuzlama islemlerini
kullanir, bu da agir1 6grenmenin etkisini azaltmaya
yardimct olabilir. Inception modiilii, derin aglar
olusturmak icin bir araya getirilebilmekte ve ¢esitli
goriintii  tanima  gorevlerinde son teknoloji
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Bunak olmayan Cok Hafif Bunamis

performans elde edebilmektedir [13,14]. Inception
modiiliiniin yapist Sekil 2'de verilmistir.

2.3. Sikma-Uyarma (SU) Blogu

SU blogu, ESA’lar i¢in hesaplama yiikiinii dnemli
Olciide arttirmadan kanal iligkilerini gelistiren bir
cergceve sunmaktadir. Bu blok, aldig1 giris
ozelliklerini yeniden kalibre ederek 6nemli 6zellik
bilgilerini etkili bir sekilde gelistirir. SU blogunun
kullanilmasi,  kanallar  arasindaki  karsilikla
bagimliliklarin gelistirilmesine katkida bulunur ve
boylece goriintii siniflandirma gorevleri igin 6zellik
bilgilerinin uygunlugunu arttirir. Sekil 3’te SU
blogunun yapisal taslagmi  gosterilmektedir.
Baglangigta, SU blogu mevcut kanal sayist ile
birlikte bir 6zellik haritas: alir. Daha sonra, Global
Ortalama Havuzlama (GOH) kullanilarak her kanal
tek bir sayisal degere donistiiriiliir ("sikma" olarak
adlandirilir). Bu siiregte, her kanalla iliskili 6zellik
haritalari, GOH gibi bir kanal tanimlayict teknigi
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kullanilarak 1x1 6zellik haritalarina yogunlagtirilir.
Bu asama, genel kanal bilgilerini kapsayan bir
skaler deger tiretir. "Sitkma" igleminin birincil amac1
kiiresel bir alic1 alan olusturarak kiiresel bilginin alt
ag katmanlari tarafindan bile kullanilmasin
kolaylastirmaktir. "Sikma" isleminin ardindan
"uyarma" siireci devreye girerek, Dbelirlenen
parametrelere dayali olarak her bir 6zellik kanali
icin agirliklar olusturur. Bu parametreler, 6zellik
kanallar1 arasinda var olan korelasyonlar1
yakalamak i¢in agik¢a egitilir. Mimari, yontemin
karmasikligini yonetmek, genellestirmeyi
kolaylagtirmak  ve  kanal  korelasyonlarmi
modellemek i¢in bir darbogaz yapisi sunmak iizere
iki tam baglantili katman (Fully connected-FC)
igerir. Ik FC katmanu, 6zellik boyutlarmi azaltmaya
yarar ve bu boyutlar daha sonra bir sonraki FC
katmaninda orijinal boyutlarina geri genisletilir. Bu
iki FC katmanm1 arasinda ReLU aktivasyon

1x1, 64
> ..
2B Evrisim

Hiiseyin FIRAT, Hiiseyin UZEN

fonksiyonu kullanilarak aga dogrusal olmayan bir
yapt kazandirilir ve boylece agin karmagik kanal
korelasyonlarina daha iyi adapte olmasi saglanir.
Dogrudan bir FC katmaninin aksine, iki FC
katmaninin kullanilmasi modelin dogrusal olmayan
Ozelliklerini gelistirerek karmasik kanal iligkilerine
daha iyi uyum saglarken ayni zamanda hesaplama
yiikiinii ve parametre sayisini azaltir. FC-ReLU-FC
dizisinden sonra, 0 ile 1 arasinda degisen
normallestirilmis  agirliklart  hesaplamak i¢in
sigmoid fonksiyonu ¢agrilir. Daha sonra,
normallestirilmis agirliklar her kanalin
ozelliklerine gore ayarlamak i¢in bir dl¢ceklendirme
prosediirii  uygulanir. Daha da o6nemlisi, SU
blogundaki bu iglemler minimum ek hesaplama
yiikiine neden olur. Bu blok, siniflandirma
performansini arttirma kabiliyeti nedeniyle ¢esitli
yontemlere kolay bir sekilde entegre edilebilir [15-
17].

1x1, 96 3x3, 128
2B Evrigsim 2B Evrigsim
1x1, 16 5x5, 32
2B Evrisim 2B Evrisim
3x3
» 2B Maksimum —P‘ Ll 32 ’—
Havuzlama A3 1Fem
Sekil 2. Inception modiilii
Sikma Uyarma
=
- = g
S—e(3|e g
Olgeklendirme

C
WxHxC

Sekil 3. SU blok yapisi
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2.4. Onerilen Yontem

Onerilen yontem Sekil 4’te gosterildigi gibi
Inception modiillerinin ve sikma-uyarma blogunun
birlesiminden olusmaktadir. Onerilen ydntemde
girdi MRG goriintiileri  oncelikle 150x150x3
boyutuna yeniden boyutlandirilmistir. Girdi MRG
goriintiilerine dncelikle 3x3 ¢ekirdek boyutunda 64
filtreli 2  boyutlu (2B) evrisim islemi
uygulanmaktadir. Ardindan sirasiyla 3x3 g¢ekirdek
boyutunda maksimum havuzlama, 3x3 ve 1x1
¢ekirdek boyutunda ve 128 filtreli 2B evrigim islemi
uygulanmaktadir. Bu islemlerden sonra elde edilen
ozellik haritast ilk Inception modiiliiniin girisine
verilmektedir. Inception modiili Sekil 2’de
gosterildigi gibi uygulanmaktadir. ilk Inception
modiiliiniin  ¢iktisina  sirasiyla  3x3  gekirdek
boyutunda 64 filtreli 2B evrisim, 3x3 ¢ekirdek
boyutunde maksimum havuzlama, 3x3 ve 1x1
¢ekirdek boyutunda ve 128 filtreli 2B evrigim
islemleri uygulanmaktadir. Bu islemlerin sonunda
elde edilen ozellik haritasina ikinci Inception
modiili  uygulanmaktadir.  Ikinci  Inception
modiiliiniin ¢iktisina sirastyla 3x3 ¢ekirdek boyutu
ve 128 fitreye sahip 2B evrigsim, 3x3 ¢ekirdek
boyutuna sahip maksimum havuzlama ve 1x1
cekirdek boyutu ve 128 filtreye sahip 2B evrigim
islemleri  uygulanmaktadir.  Ayrica, ReLU
aktivasyon fonksiyonu tiim evrisim katmanlarina
uygulanmaktadir. Tiim bu islemlerin sonunda elde
edilen ozellik haritast SU blogunun girigine
verilmektedir. SU blogu Sekil 3'te gosterildigi gibi
stkma, uyarma ve Olgeklendirme asamalarindan
olugsmaktadir. SU  blogunda bu islemler
gergeklestirildikten sonra GOH ve ardindan toplu
normalizasyon (Batch normalization) islemleri
gerceklestirilmektedir. GOH, standart evrisimsel
sinir  aglarinda tam  baglantili  katmanlar
degistirmek i¢in tasarlanmis bir havuzlama
islemidir. GOH ile son katmandaki siniflandirma
gorevinin karsilik gelen her smifi i¢in bir 6zellik
haritast olusturulmaktadir. Ozellik haritalarinmn
listiine tam baglantili katmanlar1 eklemek yerine,
her bir 6zellik haritasinin ortalamasi alinmakta ve
elde edilen vektdr dogrudan softmax katmanina
aktarilmaktadir. Ayrica dnerilen yontemde GOH’un
kullanmanin avantaji, GOH ta optimize edilecek bir
parametre olmamasi ve dolayisiyla bu katmanda
asir1 0grenmenin Onlenmesidir. GOH’un ¢iktisi,
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ozellikleri  siniflandirmak i¢in  bir  softmax
fonksiyonuna verilmektedir. Bununla birlikte,
softmax'tan dnce, egitim siirecini kolaylastirmak ve
hizlandirmak icin toplu normallestirme
uygulanmaktadir. Son olarak, Softmax her sinifa
olasilik degerleri atamaktadir.

Onerilen yontemin 6zgiin katkis1, Inception modiilii
ile sitkma-uyarma blogunu birlestirerek daha az
parametre ile yiiksek performans elde etmesidir.
Evrisimsel sinir ag1 tabanl derin 6grenme modelleri
kullanan diger c¢alismalardan farkli olarak, bu
yontem, Inception modiilii sayesinde, farkli
evrisimsel cekirdek boyutlar1 kullanilarak girdi
goriintiilerinden  ¢esitli  Olgeklerde  dzellikler
cikarilmaktadir. Bu, modelin farkli detaylar1 ve
Ozellikleri yakalayabilmesini saglamaktadir. Ayni
zamanda, yontemin zengin ve ¢ok yonlii 6zellikler
ogrenmesi acisindan onemlidir. Bu modiil ayrica
1x1 evrisimler kullanarak ¢apraz kanal modelleri
ogrenmekte ve ¢oklu evrisim katmanlariyla
modiiliin ¢ok yollu 6zellik ¢ikarma kapasitesinden
faydalanmaktadir. Bu, agin genel 6zellik ¢ikarma
yeteneklerine katkida bulunarak yiiksek dogruluk
saglamaktadir.  Sikma-uyarma  blogu, kanal
dikkatini arttirarak onemli ozelliklerin daha iyi
ogrenilmesinde etkilidir. Bu blok, ek islem maliyeti
neredeyse olmadan performans artigi saglamakta ve
herhangi bir modele kolayca eklenebilmektedir. Bu
iki yontemin kombinasyonu, daha az parametre ile
caligarak hesaplama maliyetlerini diigiirmekte ve
daha verimli bir yontem sunmaktadir.

3. DENEYSEL CALISMALAR
3.1. Parametre Detaylar

Calisma kapsaminda deneysel caligmalar kaggle
platformunda python programalama dili ve keras ile
tensorflow kiitiiphaneleri kullanilarak
gerceklestirilmistir. Kaggle platformunda donanim
hizlandirict olarak TPU kullanilmistir. Deneysel
caligmalarda  tim  goriintiiler 150x150x3
boyutundadir. Veri setinde yer alan 6400 goriinti,
egitim, dogrulama ve test veri seti i¢in sirastyla
%380, %10 ve %]10'a boliinmiistiir. Yani, 5120
goriintli egitim, 640 gorintii dogrulama ve 640
goriintii test icin kullanilmistir. Onerilen yontemi
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egitmek
sekildedir. Batch size degeri olarak 128 alinmustir.

icin kullanilan hiperparametreler su
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Yontem 100 epok’ta egitilmistir. Optimizer olarak
Adam kullanilmstir.

3x3 Evrisim, 64 3x3 Evrisim, 128
3x3 Maksimum 3x3 Maksimum Cikn
Girdi MRG goriintiileri havuzlama havuzlama
. . .. Hafif B
150x150x3 3x3 Evrisim, 128 1x1 Evrisim, 128 AL Sunamts
1x1 Evrisim, 128 ¢
¢ Sikma-Uyarma :
Inception Blogu Orta Derece Bunamig
Modiil 1 i
Il kA
— GOH |
3x3 Evrisim, 64
3 Bunak Olmayan
3x3 Maksimum ¢
havuzlama :
.. Batch
3x3 Evrigim, 128 Normalization
1x1 Evrisim, 128 ¢ Cok Hafif Bunamis
. Softmax
Inception
Modiil 2
— [

Sekil 4. Onerilen yontem
3.2. Degerlendirme Olgiitleri

Onerilen yéntemin performansmni kiyaslamak igin
farkli degerlendirme Olgiitleri  kullanilmistir.
Asagidaki dort 6lgiit, bir smiflandiricinin gesitli
olgiitlerini gozlemlerken yaygin olarak
kullanilmaktadir.

e Dogruluk, dogru tahminlerin  ydntem
tarafindan yapilan toplam tahmin sayisina
oranint temsil etmektedir. Dogruluk Esitlik
1’deki gibi hesaplanmaktadir.

TP+TN
TP+FP+TN+FN

Dogruluk = @)

e  Cok sinifli siniflandirma baglaminda kesinlik,
her sinif i¢in bir yontem tarafindan yapilan
pozitif tahminlerin dogrulugunu degerlendiren
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bir Olgiittiir. Kesinlik, pozitif olarak tahmin
edilen orneklerin kagmim gergekten smifa ait
oldugunu o6lgmektedir. Esitlik 2’deki gibi

tanimlanmaktadir.
Kesinlik = i 2
eI = TP Y FP @

e Duyarlilik, yontemin toplam gercek pozitif

orneklerden (gergek pozitifler + yanlis
negatifler) ilgili tim ornekleri (gercek
pozitifler) dogru bir sekilde tanimlama
yetenegini degerlendirmek icin

siniflandirmada kullanilan bir dlgiittiir. Baska
bir deyisle, yontem tarafindan dogru sekilde
tanimlanan gergek pozitif drneklerin yiizdesini
6lgmektedir. Esitlik 3’teki gibi
tanimlanmaktadir.
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TP

TP +FN )

Duyarlilik =

e Fl-skoru, ¢ok sinifli smiflandirmada kesinlik
ve duyarlilik arasinda bir denge saglamak i¢in
kullanilan bir 6lgittiir. Hem kesinlik hem de
duyarlilik tek bir degerde birlestirilerek bir
yontemin genel performansini degerlendirmek
icin kullanigh bir 6l¢iit haline getirir. F1-skoru,
kesinlik ve duyarhiligin harmonik ortalamasi
olarak hesaplanmakta ve yanlig pozitifler ile
yanlis negatifler arasinda bir denge bulmak
istenildiginde 6zellikle degerlidir. Esitlik 4°teki
gibi hesaplanmaktadir.

Kesinlik x Duyarlilik
*
Kesinlik + Duyarlilik

F1 —skoru = 2 4)

Esitlik 1, 2, 3 ve 4’teki TN, TP, FN ve FP karisiklik
matrisinden elde edilmektedir. Gergek Negatifler
(TN), model tarafindan negatif sinif (6r. "0" veya
"hayir") olarak dogru sekilde tahmin edilen
orneklerin sayisint temsil eder. Bunlar, modelin
gercekte ait olmadiklar1 halde oOrnekleri pozitif
sinifa ait degilmis gibi dogru bir sekilde tanimladigt
durumlardir. Gergek Pozitifler (TP), model
tarafindan pozitif siif (6rnegin, "1" veya "evet")
olarak dogru tahmin edilen Orneklerin sayisini
temsil eder. Bunlar, modelin 6rnekleri gercekten
pozitif sinifa ait olduklarinda pozitif sinifa ait olarak
dogru sekilde tanimladigi durumlardir. Yanlis
Pozitifler (FP), aslinda negatif sinifa ait olduklari
halde model tarafindan yanlighikla pozitif smuf
olarak tahmin edilen drneklerin sayisini temsil eder.
Bunlar, modelin negatif bir tahminde bulunmasi
gerekirken pozitif bir tahminde bulundugu
durumlardir. Yanlis Negatifler (FN), aslinda pozitif
simnifa ait olduklar1 halde model tarafindan
yanliglikla negatif smif olarak tahmin edilen
orneklerin sayisint temsil eder. Bunlar, modelin
pozitif bir tahminde bulunmasi gerekirken negatif
bir tahminde bulundugu durumlardir.

3.2. Deneysel Sonuclar

Deneysel ¢aligmalar sonucunda 6nerilen yontemin
karisiklik matrisi Sekil 5’te verilmistir. Sekil 5’e
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gore, 91 hafif bunamis goriintiisinden, 88
goriintiiniin ~ dogru  sekilde  simiflandirildigi
goriilmektedir. Bu sinifta 1goriintii bunak olmayan
ve 2 goriintli de ¢ok hafif bunamis olarak yanlis
tahmin edilmistir. Orta derece bunamus sinifinda yer
aln 8 goriintliniin tamami dogru bir sekilde tahmin
edilmistir. 319 bunak olmayan goriintiiden 318’inin
dogru, 1 goriintiiniin ¢ok hafif bunamis olarak
yanlis tahmin edildigi ve son olarak 222 ¢ok hafif
bunamig goriintiiden 215’inin dogru, 7 goriintiiniin
bunak olmayan gorilintii olarak yanlis tahmin
edildigi goriilmektedir. Bu karisiklik matrisinden
yola cikarak smif bazli dogruluk degerleri su
sekildedir: hafif bunamig smif %99,53, orta derece
bunamig smif %100, bunak olmayan smif %98,59
ve ¢ok hafif bunamis smif %98,44°tiir. 4 smifin
genel dogruluk degeri %98,28 iken, makro ortalama
degeri %99,14’tiir.

H 88 0 1 2
g

s}

g8 o0 8 0 0
£ &

o

3. o 0

%

g

T g 0 0

% g

o

Hafif Bunamig Orta Derece Bunak Olmayan Cok Hafif
Bunamig Bunamis

Sekil 5. Onerilen yéntemin karigiklik matrisi

Literatiirden ayni1 veri setini kullanan ¢aligmalar ile
gergeklestirilen kargilagtirma  sonuglart  Cizelge
1’de verilmistir. Inception modiilii ve SU blogunun
birlesiminden olusan dnerilen yontem ile %98,28
dogruluk, %99,04 kesinlik, %98,31 duyarlilik ve
%98,67 F1-skoru elde edilmistir. Onerilen yonteme
en yakin sonuglar %95,93 dogruluk ve kesinlik,
%95,88 duyarlilik ve %95,90 F1 skoru ile [7] nolu
caligmada gelistirilen hafif derin ESA yontemi ile
elde edilmistir. Diger yontemlerden onerilen
yonteme en yakin sonuglar %95,23 dogruluk, %96
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kesinlik, %95 duyarlilik ve %95,27 F1 skoru ile
[11] nolu ¢alismada onerilen ESA yontemi ile elde
edilmistir. Bu yontemlerin yani sira, [3] nolu
caligmada Onerilen ESA yo6ntemi ile %90 dogruluk,
%091,34 kesinlik, %87,34 duyarlilik, %88,09 F1
skoru, [8] nolu ¢aligmada gelistirilen ESA yontemi
ile %94,68 dogruluk, %94,75 kesinlik, duyarlilik ve
F1 skoru, [9] nolu ¢alismada Onerilen 6nceden
egitilmis ResNet50 mimarisi ile %94,10 dogruluk,
%96,50 kesinlik, %94,75 duyarlilik, %95,5 F1
skoru elde edilmistir. [10] nolu ¢aligmada iki farkli

Hiiseyin FIRAT, Hiiseyin UZEN

yontem Onerilmistir. {lk yontemde AlexNet ve
Destek vektor makineleri (DVM) kullanilarak
%94,84 dogruluk, %93,02 kesinlik, %94,32
duyarlilik ve %93,66 F1 skoru elde edilirken,
ResNet50 ve DVM’nin kullanildigi  ikinci
yontemde, %94,14 dogruluk, %91,41 kesinlik,
%91,92 duyarlilik ve %91,66 F1 skoru elde
edilmigtir.  Karsilastirmada  kullanilan  tiim
yontemler goz 6niine alindiginda dnerilen yontemin
acik bir gekilde daha basarili sonuglar trettigi
goriilmektedir.

Cizelge 1. Coklu smiflandirma goérevi icin Onerilen yontemin literatiirde yer alan farkli yontemler ile

karsilastirilmasi

Calhisma Yontem

Performans

[3] ESA — DADNet

Dogruluk = %90
Kesinlik = %91,34
Duyarlilik = %87,34
F1-skor = %88,09

[7] Hafif Derin ESA

Dogruluk = %95,93
Kesinlik = %95,93
Duyarlilik = %95,88
F1-skor = %95,90

[8] ESA

Dogruluk = %94,63
Kesinlik = %94,75
Duyarlilik = %94,75
F1-skor = %94,75

[9] Onceden egitilmis ResNet50

Dogruluk = %94,10
Kesinlik = %96,50
Duyarlilik = %94,75
F1-skor = %95,5

[10] AlexNet+DVM

Dogruluk = %94,84
Kesinlik = %93,02
Duyarlilik = %94,32
F1-skor = %93,66

[10] ResNet50+DVM

Dogruluk = %94,14
Kesinlik = %91,41
Duyarlilik = %91,92
F1-skor = %91,66

[11] ESA - DEMNET

Dogruluk = %95,23
Kesinlik = %96
Duyarlilik = %95
F1-skor = %95,27

Derin ESA

Onerilen yontem (Inception + SU)

Dogruluk = %98,28
Kesinlik = %99,04
Duyarhhk = %98,31
F1-skor = %98,67
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Onerilen yontemin farkli derin 6grenme tabanli
yontemler ile karsilastirilmast  Cizelge 2’de
verilmistir. Cizelge 2’de yer alan tiim yontemler
sifirdan egitilmis ve sonuglart elde edilmistir.
Onerilen yontem ile %98,28 dogruluk, %99,04
kesinlik, %98,31 duyarlilik ve %98,67 F1 skoru
elde edilmistir. Onerilen yénteme en yakin
sonuglar, %97,81 dogruluk, %98,50 kesinlik,
%98,35 duyarlilik, %98,42 F1 skoru ile ResNet152,
%97,66 dogruluk, %98,45 kesinlik, %98,13
duyarlilik, %98,29 F1 skoru ile InceptionV3,
%97,81 dogruluk, %98,41 kesinlik, %94,80
duyarlilik, %96,57 F1 skoru ile InceptionResNetV2
yontemlerinde elde edilmistir. Diger yontemlerin
dogruluk, kesinlik, duyarlilik ve F1 skorlari
incelendiginde, VGG16 ile %87,81, %84,97,
%81,81, %83,36, VGGI19 ile %74,69, %72,03,
%65,52, %68,62, ResNetl101 ile %96,41, %97,32,
%96,90, %97,11, MobileNet ile %89,69, %92,92,

%86,63, %89,66, EfficientNetBO ile %96,88,
%97,92, %96,59, %97,25, EfficientNetB1 ile
%97,03, %98,15, %91,13, %94,51 degerleri
bulunmustur. Tim sonuglar incelendiginde,

Onerilen yontem, en yakin degeri elde eden
ResNet152’den %0,47 dogruluk, %0,54 kesinlik ve
%0,25 F1 skoru daha bagarili degerler liretmistir.
Bunu yani sira ResNetl52 yaklasik 58 milyon

parametre igerirken, Onerilen yontem yaklasik 1
milyon parametre icermektedir. Buradan da
Onerilen yontemimiz ile daha az parametre ile daha
basarili sonuglarin elde edildigi agik bir sekilde
goriilmektedir. Ayrica Onerilen yontemin egitim
(train)-dogrulama (validation) dogruluk (accuracy)
ve kayip grafikleri Sekil 6’da verilmistir. Sekil 6
incelendiginde, egitim dogrulugunun yaklasik 40
epok’ta %100’e ulagti1, dogrulama dogrulugunun
yaklagik 60 epok’a kadar dalgalanma gosterdigi
goriilmektedir. Kayip (Loss) grafiginde ise yaklagik
20 epok’a kadar egitim kaybi azalmakta ve 20
epok’tan sonra 0’a yaklagsmaktadir. Dogrulama
kaybi ise yaklasik 55 epok’a kadar dalgalanma
gostermekte ve 55 epok’tan sonra 0’a
yaklagmaktadir.

Onerilen yéntemde kullanilan Inception modiilleri
ve SU blogunun bilesen analizi yapilmis ve Sekil
7’de verilmistir. Sadece Inception modiilleri
kullanildiginda  %96,34, sadece SU blogu
kullanildiginda  %97,28 dogruluk degeri elde
edilmektedir. Her iki bileseni iceren Onerilen
yontem (Inception + SU) ise %98,28 dogruluk
degeri elde etmistir. Inception ve SU blogunun
birlikte kullaniminin siniflandirma dogrulugunu
arttirdig1 goriilmektedir.

Cizelge 2. Onerilen yontemin farkli derin 6grenme tabanli yontemler ile karsilastirilmasi

Model Dogruluk Kesinlik Duyarhhk F1-skor Parametre
(%) (%) (%) (%) sayisl

VGGl6 87,81 84,97 81,81 83,36 14,718,788
VGG19 74,69 72,03 65,52 68,62 20,028,484
ResNet101 96,41 97,32 96,90 97,11 42,674,564
ResNet152 97,81 98,50 98,35 98,42 58,387,332
InceptionV3 97,66 98,45 98,13 98,29 21,819,172
MobileNet 89,69 92,92 86,63 89,66 3,237,060
InceptionResNetV2 97,81 98,41 94,80 96,57 54,349,028
EfficientNetB0 96,88 97,92 96,59 97,25 4,059,815
EfficientNetB1 97,03 98,15 91,13 94,51 6,585,483
Onerilen yontem 98,28 99,04 98,31 98,67 943,397
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Sekil 6. Onerilen ydntem igin egitim (train)-dogrulama (validation) grafikleri. Soldaki dogruluk ve sagdaki
kayip grafigi

Inception SuU Inception + SU

Dogruluk (%)

Sekil 7. Onerilen yontemin bilesen analizi

4. SONUCLAR azaltmada kritik bir 6neme sahiptir. Geleneksel

yontemlerle yapilan teshislerin zorluklar1 goz
Alzheimer Hastaligt (AH), yashh bireylerin o6niinde bulunduruldugunda, yapay zeka ve
yasamlarini derinden etkileyen ciddi bir hastaliktir. ~ 6zellikle derin 6grenme yontemleri AH'nin erken
AH'nin erken ve dogru teshisi, hastaligin etkilerini  teshisinde 6nemli bir rol oynamaktadir. Bu
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calismada, MRG goriintiileri kullanilarak AH'yi
tespit etmek ve siniflandirmak i¢in derin 6grenme
tabanli yeni bir yontem gelistirilmistir. Gelistirilen
bu yontem, Inception modiili ve sikma-uyarma
blogunun birlesiminden olugsmaktadir. Inception
modiilii, (1) farkli evrisimsel cekirdek boyutlart
kullanarak girdi goriintiilerinden gesitli 6l¢eklerde
ozellikler ¢ikarmaktadir. (2) 1x1 evrisim kullanarak
agin genel 6zellik ¢ikarma yeteneklerini arttirmakta
ve ¢apraz kanal modelleri 6grenmektedir. Bu, sinir
agmda yiiksek dogruluk saglamaktadir. (3) Coklu
evrisimsel katmanlar kullanarak ¢ok yollu 6zellik
cikarmay1 saglamaktadir. Bu, agin performansini
arttirmakta ve yiksek dogruluk saglamaktadir.
Sikma-uyarma blogu ise neredeyse hicbir ek islem
maliyeti gerektirmeden siniflandirma gorevlerinde
performans artis1 saglamaktadir ve herhangi bir
modele kolayca eklenebilmektedir. Onerilen
yontemin performansint  degerlendirmek igin,
Kaggle platformunda halka agik dort sinif igeren bir
MRG veriseti lizerinde kapsamli deneysel
caligmalar gergeklestirilmistir. Deneyler
sonucunda, Onerilen yontem %98,28 dogruluk,
%99,04 kesinlik, %98,31 duyarlilik ve %98,67 F1
skoru elde etmistir. Onerilen yontem, literatiirde
ayni verisetini kullanan son yillardaki farkli
caligmalarla  karsilastirnildiginda,  performans
acisindan daha {istiin sonuglar vermistir. Ayrica
literatlirden farkli derin 6grenme tabanli yontemler
ile yapilan kapsamli degerlendirmeler sonucunda,
Onerilen yontem daha diisiik parametre sayisi ile
daha basarili sonuglar elde etmistir. Bu bulgular,
onerilen yontemin AH smiflandirmasinda ytiksek
dogruluk ve giivenilirlik sagladigmi ortaya
koymaktadir. Inception modiilii ve sikma-uyarma
blogunun birlesimi, modelin  performansini
arttirmis ve yontemin etkili bir teshis aract olma
potansiyelini gostermistir. Bu, hem erken teshis
hem de tedavi silirecinde Onemli katkilar
saglayabilmektedir. Bunun yami sira, Onerilen
yontemin daha az parametre sayisi ile daha {istiin
sonuglar elde etmesinin g¢esitli olumlu etkileri
bulunmaktadir. (1) Daha az parametre, yontemin
daha az hesaplama kaynag1 gerektirmesi anlamina
gelmektedir. Ayrica, yontemin depolama ve bellek
kullanimim azaltarak kaynak tasarrufu
saglamaktadir. (2) Onerilen yontemin daha hizl
egitilmesini ve daha hizli ¢ikarim yapmasini saglar.
Sonug¢ olarak, AH teshisinde Onerilen yontem
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erken teshis i¢in umut verici bir arag olarak

kullanilabilir.  Gelecek c¢alismalarda, Onerilen
yontemin  farkli  AH  verisetleri iizerinde
degerlendirilmesi ile ilgili caligmalar

yiiriitilmektedir. Ayrica, doktorlarmn Alzheimer
hastaligin1 daha hizli ve etkin bir sekilde teshis
etmesine yardimci olacak gercek zamanli bir
uygulamanin gelistirilmesi hedeflenmektedir.
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Abstract

This study investigates the optimal dyeing concentrations of cotton, wool, and viscose fabrics with sodium
copper chlorophyllin (SCC). Using SSC above the optimal concentration increases the amount of SCC in
the wastewater, which is a disadvantage. Pre-finished 100% cotton, wool and viscose 1 x 1 rib knitted
fabrics were dyed with varying SCC concentrations. Optimal dyeing concentrations were determined using
UV-Vis spectrophotometry, showing dye absorption decreasing as SCC concentration increases.
Equilibrium was reached at approximately 7 ml/L for cotton and viscose, and 3 ml/L for wool. Color
measurement values and K/S values of the dyed samples were obtained according to the CIELab color
system. The K/S values of dyed cotton, viscose, and wool fabrics rose as the concentration of SCC
increased, reaching a peak at 9 ml/L for viscose and 12 ml/L for cotton and wool. Rubbing and perspiration
fastness were rated good to excellent.

Keywords: Sodium copper chlorophyllin, Natural dyeing, UV-visible spectrophotometer, Color fastness

Pamuk, Yiin ve Viskon Kumaslarin Sodyum Bakir Klorofil ile Dogal Boyanmasi

Oz

Bu ¢aligmanin amaci pamuk, yiin ve viskon kumaslarin sodyum bakir klorofil (SCC) ile optimum boyama
konsatrasyonlarinin arastirilmasidir. On terbiyesi yapilmis %100 pamuk, yiin ve viskon 1 x 1 ribana rme
kumaglar farkli SCC konsantrasyonlariyla boyanmistir. Optimal boyama konsantrasyonlarini belirlemek
icin UV-Vis spektrofotometre kullanilarak SCC konsantrasyonunun boya ¢ekimine etkisi incelenmistir.
SSC’nin optimal konsantasyondan fazla kullanilmasi bir dezavantaj olarak atik suyun SCC miktarini artirir.
SCC konsantrasyonunun artmasiyla boya ¢cekiminin azaldig1 ve pamuk ve viskon i¢in yaklagik 7 ml/L, yiin
icin ise 3 ml/L civarinda dengeye ulastif1 goriilmiistiir. Numunelerin K/S degerleri ve renk Slgiimleri
CIELab renk sistemi kullanilarak 6l¢iilmiistiir. K/S degerleri yiin kumaglarda 12 ml/L'ye kadar, pamuk ve

viskon kumaslarda ise 9 ml/L'ye kadar artmistir. Siirtiinme ve terlemeye karsi renk hasligi degerlendirilmis
olup boyali kumaslarin haslik degerleri iyi ile miikemmel arasindadir.

Anahtar Kelimeler: Sodyum bakir klorofil, Dogal boyama, UV-vis spektrofotometre, Renk haslik

*Sorumlu yazar (Corresponding Author): Gamze GULSEN BAKICI, serapakcan@tarsus.edu.tr
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1. INTRODUCTION

Compared with synthetic dyes, natural dyes are
known to be eco-friendly, biodegradable, less toxic
and less allergenic, as they are derived from natural
resources classified as plant, animal, mineral and
microbial dyes [1-3]. However the use of natural
dyes for textile dyeing has been dramatically cut
down since the discovery of synthetic dyes in 19th
century as synthetic dyes can produce a wide range
of bright shades, with fairly good color fastness,
dyeing reproducibility and low cost [4,5]. In recent
years there is a reviving interest in the dyeing of the
textile materials with natural dyes due to the
increasing popularity of concept of eco-friendly
textiles based on naturally sustainable goods [6-8].
There are some studies on the coloring of different
types of fabrics using natural dyestuffs. Bahtiyari et.
al. pigmented cotton fabrics using extracts from
pomegranate peel, nutshell, orange tree leaves,
alkanet roots, and dyer's chamomile via the pigment
printing method [9]. In 2015, Davulcu developed
polypropylene (PP) fibers dyed with natural dyes by
adding hyperbranched polymer (HBP) using melt
spinning. They used walnut shell, oak gall, dyer’s
chamomile, sage tea, and cehri as natural dye
sources [10]. Tutak et. al. studied on usability
pomegranate peel natural dye solution on wool
fabrics [11].

In several studies textile materials are colored in
variable tones of mainly yellow, red and blue colors
by using the natural dyestuffs that obtained from
different types of plants and insects. To obtain a
green color, textile materials are usually dyed blue
with indigo first and then, the mordanted material is
dyed a second time with a yellow plant [ 12]. Natural
green extracts consisting of chlorophyll molecules,
which are abundant in all green plants, algae and
cyanobacteria, are also used as fabric dyeing
colorants [13,14]. Despite attempts to use
chlorophyll as a natural green dye, it often yields a
dull yellow or brownish color due to the loss of
magnesium ions from the chlorophyll molecules
during extraction and processing. As a derivative of
natural chlorophyll, sodium copper chlorophyllin
(SCC) is a natural edible pigment and a water-
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soluble bright green colorant with good stability
[15,16].

There are several studies which reported SCC
application in dyeing textiles. Park and Park dyed
cotton fabrics with natural chlorophyll derivatives
(chlorophyllin, Chlin) with and without chitosan
treatment to enhance textile coloration and
antimicrobial activity [17]. Hou et. al., dyed silk
into a bright green shade with SCC and were
investigated kinetics and thermodynamics of SCC
adsorption on silk in dye bath with and without
sodium chloride at different temperatures [15]. Xiu-
Liang et. al., were investigated the adsorption
kinetics of SCC on silk fabrics and the dyeing
mechanism in order to improve the dye up-taking
process control and provide a theoretical guidance
for dyeing process optimization of SCC on silk
fabrics [18]. Zhang and Tao, studied the eco-
friendly dyeing of silk fabric with SCC using
different mordanting methods as well as a non-
mordanting method [19]. Zhao et. al., employed
ethylenediaminetetraacetic acid disodium salt and
sodium citrate as additives to treat dyed cotton
fabrics and studied on photofading of SCC and
gardenia yellow [20]. Liu et. al., firstly used SCC as
an environmentally friendly dyestuff to dye the
wool fibers, then the dyed woolfibers was
phosphorylated with phosphoric acid to obtain
flame retardant woolfibers [16].

This study aims to explore the potential usability of
sodium copper chlorophyll (SCC) as an alternative
for the textile dye industry, which is actively
seeking sustainable and renewable resources for
textile production. The investigation focuses on its
effectiveness in dyeing various types of fibers.
Fabrics were pre-treated and then dyed with
different concentrations of SCC  without
mordanting. The effect of SCC concentration on
dye exhaustion was determined by
spectrophotometric method in order to investigate
the optimal dyeing concentrations. Color
measurements and color fastness of dyed samples
against rubbing and perspiration were also
evaluated.
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2. MATERIAL AND METHOD
2.1. Material

100% carded cotton ring spun yarn with Ne 20/1
yarn count, 100% carded viscose ring spun yarn
with Ne 20/1 yarn count and 100% worsted wool
yarn with Nm 5/1 yarn count were used. The yarns
were knitted with flat knitting machines of 10 gauge
thus 100% cotton, 100% wool and 100% viscose 1
x 1 rib fabrics were produced. Tito Co. Ltd. supplied
the commercial sodium copper chlorophyll dye
liquid.

2.2. Method
2.2.1. Pre-Finishing Process

The cotton fabric underwent bleaching in a
laboratory-type machine at 95°C for 4 hours. The
bleaching solution consisted of 6% H»O,, 4g/L
(46°Be) NaOH, 0,5 g/L oil remover soap, 0,5 g/L
anticreasing agent, 0,8 g/L ion trapping agent, 0,5
g/L wetting agent, and 0,8 g/L peroxide stabilizer.
The liquor ratio was chosen to be 30:1. The fabric
was rinsed and neutralized. After bleaching anti-
peroxide process was applied. The pre-finishing
treatment for wool and viscose fabrics was
performed at 40°C for 60 minutes using a solution
containing 5 g/L of oil remover soap in a laboratory
dyeing machine, with a liquor-to-goods ratio of
30:1.

2.2.2. Dyeing Process

The dyeing of cotton, viscose and wool fabrics were
carried out in exhaust dyeing method with a
laboratory-type dyeing machine at 60°C for 60
minutes at a liquor-to-goods ratio of 10:1. Dyeing
was done with different concentrations of SCC as
given in Table 1. The fabric underwent two cold-
water washes and was then dried under room
temperature conditions.
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Table 1. SCC concentrations

Sample code SCC Conc.
Cotton | Viscose Wool (ml/L)
Cl \%! Wil 1
C3 V3 W3 3
C5 \'%A) W5 5
C7 V7 W7 7
C9 \E W9 9
C12 Vi2 W12 12
2.2.3. Dye Exhaustion

The method employed with a Shimadzu UV-1800
UV/VIS spectrophotometer (Eksoy Company,
Turkey) relies on an absorbance-concentration
curve generated using dye solutions of known
concentrations. This curve is then used to determine
the concentration of a dye solution with an unknown
concentration. Maximum absorption wavelength
(Amax) was identified as 626.5 nm. Calibration
curve is given in Figure 1. As seen in Figure 1, it is
observed that the absorption values of the dye
solutions increase linearly with the increase in dye
concentrations.

1

05

Absorbtion

0,159 . | \
#0075 ‘

0 0,02 0,04 0,06 0,08 01 0,12

Concentration y=177411x +0,0064

Figure 1. Calibration curve

The exhausted and unexhausted amounts of SCC
were determined by calculating the difference in
dye concentration in the dyebath before and after
dyeing. The percentile of exhausted dye was
calculated with Equation (1) by the initial and
ultimate concentrations of the dye bath;

Dye Exhaustion (%)= [((Cb- Ca)/Cb) x 100] (1)
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Cb represents the initial concentration of the dye
bath, while Ca denotes the final concentration of the
dye bath [21].

2.2.4. Color Measurements & Color Strength

K/S values and the CIELab color values of the dyed
samples were measured by Datacolor 850
spectrophotometer (Eksoy Company, Turkey) using
an illuminant D65 and 10° standard observer. Total
colour difference AE [equation (1)] is calculated to
determine the color difference between reference
sample and other samples [14].

AE =((Aa?) + (Ab?) + (AL2))2 ©)
K/S= (1-R)’/2R 3)

where, R=relectance, K=absorption coefficient and
S=scattering coefficient of dye [22].

2.2.5. Fastness Tests

Color fastness tests to rubbing and perspiration of
dyed fabric samples were evaluated according to
ISO 105-X12 and ISO 105-E04, respectively.

3. RESULTS AND DISCUSSION
3.1. Dye Exhaustion

To investigate the effects of SCC concentration on
the dye exhaustion and K/S values of dyed samples,
cotton, viscose and woll fabrics were dyed with
different concentrations of SCC as indicated in the
experimental section. The results obtained are
represented in Table 2.

As seen in Table 2, with increase in the SCC
concentration, the amount of exhausted SCC
increases. It is expected that the exhausted amount
of SCC should increase with increase in the amount
of SCC particles available for sorption in the dyeing
bath. But percentile value of the dye exhaustion
decreases with increase in the SCC concentration,
till it reaches the optimum concentration. This
situation was considered as the saturation of the
fibers in terms of dye uptake in a certain time with
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the increasing amount of dye molecules in the
dyeing bath and less space should left for the
remaining dwangye molecules to diffuse into the
inner area of fibers. Table 2 indicates that the
percentile value of dye exhaustion decreased with
an increase in the SCC concentration and reached
equilibrium when the SCC concentration is about 7
ml/L for cotton, 7 ml/L for viscose and 3 ml/L for
wool fabrics. More increase in the SCC
concentration should result the increase in the
amount of SCC that should remain in the effluent.
That means the load of unexhausted dye remaining
in the effluent can be reduced using a maximum
amount of 7 ml/L concentration of SCC while
dyeing cotton, 7 ml/L concentration of SCC while
dyeing viscose and 3 ml/L concentration of SCC
while dyeing wool.

Table 2.Effect of concentration of SCC on dye
exhaustion and K/S of the dyed cotton,
viscose and wool fabrics

SCC Dye
Sample Conc. Exhal}llstion U;exhauited K/S
code | L) [[(%) [mLy| PYe D)
C1 1 [50,00] 0,5 0,5 0,35
C3 3 [30,00] 09 2.1 0,67
§[cs 5 (2400 1.2 38 0,84
g C7 7 |1429] 1,0 6,0
Co | 9 |1667] 1,5 75 0,93
Ciz| 12 [1583] 1,9 10,1 L1l
Vi 1 |40,00] 04 0,6 0,45
V3 3 [2666] 0.8 0,2 0,79
2 vs | 5 20,00 1,0 40 0,91
-E Vi | 7 1571 1,1 5.9
vo | 9 |17,77] 16 74 0,96
viz| 12 |1500] 18 102 0,90
Wi| 1 |50,00] 05 0,5 0,67
W3 | 3 [40,00] 1,2 1.8
3 W5[ 5 [4000] 2,0 3,0 1,16
= W7 | 7 |37.14] 2.6 44 126
W9 | 9 [40,00] 3,6 5.4 131
Wi2| 12 |41,66] 50 7,0 137

3.2. Color Measurement & Color Strength

To investigate the effects of SCC concentration on
the color parameter and color difference, the
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CIELab system was used. C7, V7 and W3 were
taken as reference samples in the color
measurement results of the cotton, viscose and wool
fabrics as the percentile dye exhaustion reached
equilibrium when the SCC concentration is about 7
ml/L for cotton, 7 ml/L for viscose and 3 ml/L for
wool fabrics. As seen in Table 3, L* refers to the
lightness-darkness  values from 100 to O,
representing white to black. Both the a* value and
b* value denote the red-green values that run from
negative (green) to positive (red) and the yellow-
blue values that run from negative (blue) to positive
(yellow) respectively. Characteristic value c*
represents the chroma or purity of the color. The
dyed cotton and viscose fabrics showed L* values
close to each other, while wool fabrics showed
lower L* values causing darkness compared to
cotton and wool fabrics. Moreover an increase in
the SCC concentration of dyeing cotton, viscose
and wool fabrics caused similar trends in terms of
L*, a*, b*, C* and ho values. In Table 3, the L*
value increased when the SCC concentration
changed from 1 ml/L to 3 ml/L, but decreased with
more increase in the SCC concentration. When
calculating the color difference, AE, from the
reference samples using the L*, a* and b* value, the
color difference was higher while dyeing with lower
concentrations of SCC than dyeing with higher
concentrations of SCC

The K/S values of cotton, viscose and wool fabrics
were in a range of 0.35—1.11, 0.45 - 0.90 and 0.67
— 1.37 respectively. This indicates that viscose
fabric was dyed a deeper color than cotton and wool
fabric was dyed a deeper color than viscose. It is
clear from Table 3 that the value of K/S depends on
the concentration of the SCC used as well as the
origin of the fibre. The results revealed that K/S
increases with the increased percentage of SCC
concentration. This may possibly be due to the
increasing amount of dye molecules in the dyeing
bath that should be exhausted. The maximum K/S
values were obtained at 9 ml/L concentration of
SCC while dyeing viscose and 12 ml/L
concentration of SCC while dyeing cotton and
wool.

C.U. Miih. Fak. Dergisi, 39(2), Haziran 2024

Gamze GULSEN BAKICI, Deniz Mutlu ALA

Table 3.Effect of concentration of SCC on dye
exhaustion of the dyed cotton, viscose and
wool fabrics

Si;‘:ﬁle L* a* b* | AE | K/S
Cl1 | 8522 | 541 | 849 | 4,67 | 0,35
C3 [ 80,11 | 7,45 | 934 | 2,11 | 0,67

§ [ Cc5 [7800 | 827 | 932 | 1,06 | 0,84

g C7 | 76,52 | 933 | 9,46
C9 | 76,75 | 823 | 926 | 0,93 | 0,93
C12 | 7541 | 9,76 | 9,19 | 0,64 | 1,11
V1 | 83,69 | 485 | 9,19 | 3,39 | 0,45
V3 | 79,05 | -6,59 | 9,57 | 1,19 | 0,79

g V5 | 77,53 | 6,77 | 9,01 | 0,42 | 0,91

£ | V7 7649 | 688 | 892
V9 | 76,87 | -7,03 | 8,51 | 0,45 | 0,96
V12 | 77,41 | 6,81 | 829 | 0,65 | 0,90
W1 | 76,39 | -6,34 | 14,24 | 2,84 | 0,67
W3 | 7225 | -8,90 | 13,65

= [ W5 [7043| 975 [ 13,33 | 1,07 [ 1,16

S [ W7 | 6955 | 1032 | 12,93 [ 1,77 | 1.26
WO | 68,94 | -10,22 | 12,78 | 1,92 | 1,31
Wiz [ 6829 | 964 | 1274 | 184 | | 37

3.3. Color Fastness Test Results

Table 4, 5 and 6 outlines the color fastness results
to rubbing (dry and wet) and perspiration (acidic
and alkaline) of cotton, wool and viscose fabrics
dyed with different concentrations of SCC without
mordanting. As expected the grades of color
fastness to rubbing for the dry test are higher than
the grades for the wet test. Color fastness to rubbing
for wet test of wool samples ranged 4/5, which were
mostly higher than than the cotton and viscose
fabrics (ranged grade from 3/4 to grade 4/5). All of
the fabrics showed excellent grades of color
fastness to rubbing for the dry test (grade 5). In
terms of the gray scale assessment, the grades of
staining of perspiration fastness on all the dyed
cotton, viscose and wool fabrics revealed good
fastness with a grade range between 4/5 and 5 both
for acidic and alkaline medium, while the grades of
color change ranged between 3/4 to 5. From the
color fastness test results it can be concluded that
SCC dye exhibits good fastness to rubbing and
objective fastness to perspiration.
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Table 4. Color fastness to perspiration (acidic)

Table 6. Color fastness to rubbing

*Multifiber (1-Acetate, 2-Cotton, 3-Polyamide, 4-Polyester, 5-
Acrylic, 6-Wool)

Table S. Color fastness to perspiration (alkaline)

Alkaline
Sample Color staining* Change
code
1 2 3 4 5 6
C1 5 5 5 5 5 5 4/5
C3 5 5 5 5 4/5 5 4/5
C5 5 5 5 5 4/5 5 4/5
Cc7 5 5 5 5 4/5 5 4/5
C9 5 5 4/5 | 4/5 | 4/5 | 4/5 4/5
Cl2 | 4/5 | 4/5 | 4/5 | 4/5 |45 4 4/5
Vi 5 5 5 5 5 5 4/5
V3 5 5 5 5 5 5 4/5
V5 5 | 4/5 | 4/5 | 45 5 5 3/4
V7 5 | 4/5 | 4/5 | 45 5 4/5 3/4
V9 5 |45 | 45|45 5 4/5 3/4
V12 5 | 4/5 | 4/5 | 4/5 5 | 4/5 4
W1 5 5 5 5 5 5 4/5
W3 5 | 4/5 | 4/5 | 45| 45 5 4/5
W5 5 | 4/5 | 4/5 | 4/5)| 4/5 5 4/5
W7 5 |45 | 45| 4/5 | 4/5 5 4/5
W9 5 5 4/5 | 4/5 | 4/5 5 5

W12 5 5 5 5 5 | 4/5 4/5

*Multifiber (1-Acetate, 2-Cotton, 3-Polyamide, 4-Polyester, 5-
Acrylic, 6-Wool)
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Acidic i
Sample Color staining* Change Szcl:)r:l[zle e
code > Dry Wet
11213141516 C1 5 4/5

C1 5 4/5 5 5 5 5 4/5 C3 5 4/5
C3 s las| s | s ]| 5|5 | a5 C5 5 4
C5 5 (455|515 ] 5 4/5 Cc7 5 4
C7 | 5 45| 5|5 | 5|5 5 5192 g 3‘/‘ -
C9 s las| 5| 5] 5] s 5 Vi 5 /5
ciz | s a5 5] 5] 5] 5 5 V3 5 4
V1 s 15| s 5] 5] s 5 V5 5 3/4
V3 5 5 5 5 5 5 5 V7 5 3/4
Vs | 5 | 5| 55| 5|5 4 \)’192 g gﬁ
V7 5 las|as|as]| s |as5] 4 Wi 5 /5
V9 5 La5 | a5 a5 | as|as] 34 W3 5 4/5
vi2 | 5 a5 a5 a5 |as|as5] 4 W5 5 4/5
W1 515 5 15| 5 5 4/5 W7 5 4/5
W3 | 5|5 ]| 5|55 |5 | 45 “’192 g ig
ws | s | 5| s | 5|5 ]| 5] 45 W

w7 | 5| 5| 5|5 |5 |5 | 45

wo 1 5 s T 55T 55 5 4. CONCLUSION

wi2 | 5 |45 |45 45| 5 |45 5

The effects of SCC concentration on the dye
exhaustion and color parameters in dyeing cotton,
viscose and wool fabrics has been studied. Fabrics
were pre-treated and then dyed with different
concentrations of SCC without mordanting. The
dye exhaustion values which were determined by
spectrophotometric method indicates that the
percentile dye exhaustion decreased with an
increase in the SCC concentration and reached
equilibrium when the SCC concentration is about 7
ml/L for cotton, 7 ml/L for viscose and 3ml/L for
wool fabrics. More increase in the SCC
concentration results with an increase in the amount
of SCC that should remain in the effluent. The K/S
values of dyed cotton, viscose and wool fabrics
increased with increasing the concentration of SCC
up to 9 ml/L while dyeing viscose and up to 12 ml/L
while dyeing cotton and wool. The fastness ratings
to rubbing and perspiration of cotton, viscose and
wool fabrics dyed with different concentrations of
SCC are good to excellent. Only in few cases color
fastness to rubbing for wet test and color change
after the color fastness to perspiration were
observed fair to good level. Based on the color
fastness results, it can be said that the fastness
values of the SCC are suitable for the dyeing
process.
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Cukurova Universitesi Miihendislik Fakiiltesi Dergisi miihendislik bilimlerindeki giincel bilimsel ve teknik
geligmeleri arastirmacilara ve milhendislere ulastirmayi hedeflemektedir. Tiim miihendislik alanlar ile ilgili
teorik/deneysel ve uygulamaya yonelik calismalar Dergi’nin ilgi alanindadir. Cukurova Universitesi
Miihendislik Fakiiltesi Dergisi daha 6nce baska hicbir yerde yayimlanmamis, 6zgiin ve giincel bilimsel arastirma ve
uygulamalar1 iceren makale ve kisa bildirileri ile Dergi’de daha énce yayimlanmis makalelerle ilgili tartigmalart
kabul etmektedir. Ceviri ve derleme makaleler kabul edilmemektedir. Makaleler Tiirkge veya Ingilizce olabilir.
Dergi’ye gonderilen yazilar yayinlansin veya yayimlanmasin iade edilmez. Makaleleri yayinlama yetkisi dergi yayin
kuruluna aittir.

Makalenin tamamu bilgisayar ortaminda hazirlanmali baskiya hazir bigimde iki adet (birisinde yazar adlari ve
adresleri olmamak iizere) Dergi web sayfasinda verilen 6rnek sablona uygun hazirlanms olarak elektronik
ortamda veya e-posta ekinde gonderilmelidir.

Makale, A4 (210x297 mm) boyutlu kagida, Windows uyumlu Word ortaminda, Times New Roman font kullanilarak,
birer aralikla yazilmali, ana basliklar 12 Punto (koyu), yazar adlar1 12 Punto (koyu), alt basliklar ve metin 10 punto
olmalidir.

Cizimler ve ¢izelgelerle birlikte, makaleler 15 sayfadan, kisa bildiriler 4 sayfadan daha uzun olmamahdir. Makale
Tiirkce ise: Tiirkce Bashk, Ingilizce Bashk, Oz, Anahtar Kelimeler, Abstract (Ingilizce 6z), Keywords, Metin,
Semboller (gerekliyse), Tesekkiir (gerekliyse) ve Kaynaklar,

Makale ingilizce ise: ingilizce Baghk, Tiirkce Bashk, Abstract, Keywords, Oz (Tiirkce 6z), Anahtar Kelimeler,
Text, Notations (gerekliyse), Acknowledgments (gerekliyse) ve References sirasi i¢inde diizenlenmelidir.

Baslik kisa ve acik olmaly, igerigi yansitabilmelidir. Oz (ve Abstract) ¢alismanin amacini, kapsamini, yontemini ve
ulasilan sonuglart kisaca tanimlamali ve 150 kelimeyi asmamalidir. En az {i¢, en fazla bes tane anahtar kelime
verilmelidir. Bashk, Oz ve Ingilizce baslikli Abstract birinci sayfaya sigdirilmali ve ana metin ikinci sayfadan
baslatilmalidir. Metin yalm bir dil ve anlatimla yazilmali, makale Tiirkce ise Tiirkce, makale Ingilizce ise Ingilizce
yazim kurallarina uygun olmalidir.

Bolim ve alt boliim bagliklart numaralanmalidir. Denklemler numaralanmali ve bu numaralar satir sonunda parantez
icinde gosterilmelidir. Yazilarda yalmizca SI birimleri kullanilmalidir. Semboller uluslararast kullanima uygun
secilmeli; her bir sembol ilk kullanildig1 yerde tanimlanmalidir. Tesekkiir olabildigince kisa olmali, caligmaya katkisi
ve destegi bulunan kisi ve kuruluslar belirtilmelidir. Cizelgeler, ¢izimler ve fotograflar metin igine yerlestirilmeli, her
birine numara ve baslik verilmeli ve bagliklar ¢izim ve fotograflarin altina, ¢izelgelerin iistiine yazilmalidir.

Kaynaklar metinde koseli parantez i¢inde numaralanmali ve kaynaklar listesinde metin i¢inde verilis sirasina uygun
bicimde belirtilmelidir. Etik kurallar1 geregince, alintilar tirnak i¢inde verilmeli ve bir referans numarasi ile kaynak
belirtilmelidir. Kaynaklarda su bilgiler verilmelidir:

Makale ise: Yazar(lar)in soyadi, adinin bas harfi., y1l. makalenin tam baslig1. derginin adi, cilt, say1, baslama ve bitis
sayfalari.

Kitap ise: Yazar(lar)in soyadi, adinin bag harfi., yil. kitabin tam adi. cilt numarasi, varsa editorii, yayinlandig yer,
son sayfa no.

Bildiri ise: Yazar(lar)in soyadi, adinin bag harfi., yil. bildirinin tam baslig1. konferansin adi, yapildig: yer.

Elektronik ortamdan alinms ise: Bildiri sadece CD/DVD’de yayinlanis ise: Yazar(lar)in soyadi, adinin bas harfi.,
diger yazarlar, yil, bildirinin adi. konferansin adi (CD/DVD), yapildig1 yer, yil. “Konferansin adindan hemen sonra
parantez igerisinde CD/DVD oldugu belirtilecektir.”

Tez ise: Yazarin soyadi, adinin bag harfi., yil. tezin ad1. derecesi, sunuldugu kurum, son sayfa no.

Rapor ise: Yazarin soyadi, adinin bag harfi., diger yazarlar, yil. raporun adi. tiiri, numarasi, kurulusun adi,
yaymlandig1 yer.

Web Sitesi ise: Yazar(lar) belli ise; yazarin soyadi, adinin bas harfi., diger yazarlar, varsa yaymlandigi yil. yazinin
baslig1, web adresi (http:/www.xxxxx.xxxx.xxx), Erisim Tarihi: giin.ay.y1l.

Kurum/Kuruluslara ait ise; Kurum adi, varsa yayinlandigt yil. yazimin bashg, web adresi
(http://Www.XXXXX.XXXX.XxX), Erisim Tarihi: giin.ay.y1l.

Elektronik kitap/rapor ise: Yazar(lar)in soyadi, adinin bas harfi veya kitap/raporu yayimlayan kurum veya
kurulusun adi, varsa yaymlandigi yil, konunun tam adi, Erisim Tarihi: giin.ay.y1l.




