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Keywords Abstract: User ratings on items like movies, songs, and shopping products are used
Movie Recomn}endatlon, by Recommendation Systems (RS) to predict user preferences for items that have
Recommendation Systems, not been rated. RS has been utilized to give suggestions to users in various domains

Collaborative Filtering,

o and one of the applications of RS is movie recommendation. In this domain, three
Netflix Prize

general algorithms are applied; Collaborative Filtering that provides prediction
based on similarities among users, Content-Based Filtering that is fed from the
relation between item-user pairs and Hybrid Filtering one which combines these
two algorithms. In this paper, we discuss which methods are more efficient in movie
recommendation in the framework of Collaborative Filtering. In our analysis, we use
Netflix Prize dataset and compare well-known Collaborative Filtering methods
which are Singular Value Decomposition, Singular Value Decomposition++, K-
Nearest Neighbour and Co-Clustering. The error of each method is calculated by
using Root Mean Square Error (RMSE). Finally, we conclude that K-Nearest
Neighbour method is more successful in our dataset.

isbirlikci Filtreleme Temelinde Film Oneri Sistemleri: Netflix Uzerinde Bir Vaka

Calismasi
Anahtar Kelimeler Oz: Filmler, sarkilar ve alisveris iiriinleri gibi 6gelerin kullanic1 degerlendirmeleri
Film F)n.eri, . Oneri Sistemleri (OS) tarafindan hentiz degerlendirilmemis tirtinleri tahmin etmek
Oneri Sistemleri, icin kullamlir. OS kullanicilara gesitli alanlarda 6neri vermek i¢in gelistirilmistir ve
;?:tlfr]lii(ngiﬂtreleme, 0S uygulama alanlarindan birisi de film 6nerisidir. Bu alanda ii¢ genel algoritma

kullanilmaktadir; kullanicilar arasi benzerlige dayanarak tavsiye veren Isbirlikgi
Filtreleme, kullanici-esya eslestirilmesindeki iliskiden beslenen icerik Tabanh
Filtreleme ve bu iki algoritmay: birlestiren Hibrit Filtreleme. Bu c¢alismamizda
Isbirlikgi Filtreleme cercevesinde hangi metotlarin daha etkili calistig1 incelenmistir.
Analizimizde Netflix Odiil veri seti kullamlmis ve iyi bilinen Isbirlikci Filtreleme
metotlari olan Tekil Deger Ayrisimi, Tekil Deger Ayrisimi++, K En Yakin Komsu ve
Es Kiimeleme kiyaslanmistir. Her metodun hatas1 Ortalama Hata Kare Koki
kullanilarak él¢iilmiistiir. Son olarak, K En Yakin Komsu metodunun veri setimizde
daha basarili oldugu sonug¢lanmistir.

*Corresponding Author, email: muhammed.sutcu@agu.edu.tr
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Movie Recommendation Systems Based on Collaborative Filtering: A Case Study on Netflix

1. Introduction

Companies have developed new concepts as technology has become an alternative to the classical methods used
in marketing and sales. Increasing competition in the market has created a need for new methods to be used in
this field. Recommendation systems (RS) is the one of the methods that provide competitive advantage by allowing
consumers spend more time on their websites or interface[1]. A recommendation system is an information
filtering system that helps user's decision-making process in certain positions by declining a range of possible
options and prioritizing these factors in given logic. RS is occurred to give offers to users in various domains and
one of the application fields of RS is movie recommendation.

Although recommender systems have broad application areas, Collaborative Filtering (CF) is the one of the most
used in research fields [2]. CF is used to predict a user's future preferences based on the user's past preferences.
Media content providers like Netflix, Spotify uses collaborative filtering methods in their recommender systems
[3]. The aim of this study is to compare results of different collaborative filtering methods as Singular Value
Decomposition (SVD), Singular Value Decomposition++ (SVD++), K-Nearest Neighbor (KNN) and Co-Clustering by
using Netflix Prize dataset.

Recommendation Systems is one of the most useful information systems for companies. General usage of these
systems contains two main purposes. One of them is providing more personalized suggestions to users so that
users can satisfy their needs among the various items or services. The other purpose is that companies can increase
their profits with accurate and immediate solutions for customers. By this way, companies can create customer
portfolios which serves to profit maximization purposes of companies[4]. According to the Forbes, Amazon’s
recommendation engine achieves %35 of annual total revenue of Amazon[5]. These data highlight the importance
of recommendation systems for the development of all technology companies, especially e-commerce. Differently
from previous articles, we present comprehensive comparable models as we know how profitable it is to discover
the right model in practice. Like in other recommendation systems, movie recommendation systems are deployed
with various techniques. Main techniques in the literature are Collaborative Filtering, Content Based Filtering and
Hybrid Filtering.

Collaborative Filtering is one of the most effective technique which based on the assumption that users who have
co-operated in the past will likely co-operate in the future. With this understanding CF tries to cluster users based
on their similarities. Therefore, unrated movie or item by a specific user can be inferred by analysing the cluster
that specific user belongs to [6][7][8][9].

Content Based Filtering (CBF) uses item-user pairing to give recommendation to users. Main assumption in the
CBF is that if a user was interested in item(s) in the past, he or she will likely have interest in it in the future. In the
movie recommendation field, CBF is used in various datasets [10][11].

Hybrid Filtering (HF), combines both Content Based Filtering and Collaborative Filtering, aims to maximize
recommendation accuracy. For instance, one RS can use CF to recommend similar things to similar uses and it can
also use CBF to give recommendation to specific user based on his or her past preferences. There are also studies
which uses HF in the literature [12][13][14][15].

In this study, data is gathered from kaggle.com, Netflix Prize Dataset where the data was published officially by
Netflix. The dataset includes movie ID, customer ID, ratings out of 5, and timestamp of the rating. Each movie ID
and each customer ID represents a specific movie and customer. Although the dataset is introduced with four text
files, in this study, we can use only one file to analyze because of insufficient technical infrastructure. Thus, our
dataset comprises 24.053.764 ratings given by 470.758 customers to 4.499 movies.

368



Movie Recommendation Systems Based on Collaborative Filtering: A Case Study on Netflix

Rating 5

Rating 3

Rating 2

Rating Scores

—

Rating 4 I
N
I
L

Rating 1

0% 5% 10% 15% 20% 25% 30% 35% 40%
Ranking Distribution

Figure 1. Distribution of ratings and counts

When the dataset is analyzed, we can easily demonstrate that people vote less at lower scores as shown in Figure
1. We assume that one of the most important reasons for this is that the audience did not choose to vote and closed
the movie before it was finished. So, this could be considered a limitation for the dataset.

4,5
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25
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m Std. Dev. of Ratings
15
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05 I I
0
5 6 7 8 9

1 2 3 4 10 11 12 13 14 15 16 17 18 19 20
Movie ID s
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Figure 2. Rating statistics

To understand the dataset better, several statistical analyses based on movie ratings are calculated and shown in
Figure 2. In order to easy to illustrate, we indicate the average scores and the standard deviations of the scores
given to the first 20 movies. It can be observed that movies that have higher ratings tend to have a lower standard
deviation.

Due to the huge number of movies in the dataset and the limited time of the people, every user rate only a small
portion of the movies. The grand objective in the study is to develop models to predict the scores that a particular
user will assign to a particular movie prior to the rating and propose an approach to the recommendation system
of Netflix. Therefore, several data analytics techniques have been applied. Recommender systems is one of the hot
topics of the field of data science due to their critical importance in e-commerce and streaming markets.
Collaborative filtering is the recommender system method that predicts items depend on users’ past experience.
In this research, we aim to appraise performance of each collaborative filtering algorithms and demonstrate most
effective algorithm.
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The remainder of this article is structured as follows: In section 2, we present the basic notations and definitions
used in the rest of the article. In section 3, we interpret the outputs of the applied methodologies and the
comparison of the outputs among themselves. In section 4, we conclude the article and present our suggestions
for future studies.

2. Material and Method

In this section, the methodologies that this article adopted will be explored. Methodology section is examined in
four subtitles: Singular Value Decomposition, Singular Value Decomposition++, K-Nearest Neighbor and Co-
clustering.

2.1. Singular value decomposition

Singular Value Decomposition (SVD) is the most used model of recommendation systems, and users and projects
can create it as an array format. In addition, SVD is a matrix factorization technique that reduces the number of
attributes in the data set by reducing the spatial dimension from N dimensions to K dimensions (here K <N)[16].
In the recommendation system, SVD divides the K-dimensional matrix created by users T and D into N-dimensional
matrices. The working principle of singular value decomposition is shared as follows:

fui=ﬂ+bu+bi+quu (1)

where, 7; is the prediction set, 4 expresses average ratings, b, expresses average rating given by user u minus g,
b; represents average rating of item i minus y, q; represents each item by vector and similarly p,, represents each
user by vector, g/ p,, represents dot product.

If user u is unknown, the deviation b, and p,, factors are assumed to be zero.

To predict all unknown scores the algorithm tries to minimize regularized squared error as follows:
A 2
D =R+ AGE + B+ 1l + lpl 1) @
Tui€Rtrain
where, r,; is rating and 7;; is prediction, A represents regularization parameters.

The minimization process is performed by a very basic stochastic gradient descent as follows:

bu < bu + V(eui - Abu)

b; < b; +y(ey — Ab;)

Py < Pyt v(eyi - g — Apy) (3)
9 < q; +v(eyi - Py — AG;)

where, e,; = 1,,; — 1,,; and y represents learning rate.
2.2. Singular value decomposition++
In matrix factorization techniques explicit feedbacks are considered. Different from SVD, SVD++ consolidates both

implicit and explicit feedback. In this regard, communities and user groups are performed as implicit feedback
[17]. Since user groups are communities are served, the formulation of SVD turns into the following one:

N _l 4
Tu = 0o+ by + by + gl o+ L7 Zjer, ) )
where y; terms there is a new set of item factors capturing implicit ratings.
2.3. K-nearest neighbor

K-Nearest Neighbor basically groups the users who have same minds about similar items. It is used for
classification and regression of similar inputs in the k-closest environment. In our dataset, we have data
classification problem to be solved and, we also try to cluster users to give them better recommendations. In this
context, we try to use user ratings to calculate similarities. In our analysis, we use 4 different KNN algorithms to
make comprehensive analysis. These are KNN Basic, KNN With Means which considers mean ratings of each
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individual user, KNN With Z Score which normalize z score of each user and KNN With Baseline which uses
baseline rating. The mathematical formulation of each KNN is given below in our analysis.

2.3.1. K-nearest neighbor basic

A ZvEng{(u) sim(u, v) - 1y,

Zvengc(u) sim(u, v)

Tui =

(5)

or

A ZjeN{f(i) sim(i, j) -

" Zjenkp Sim(@J)

A
where, 1,,; represents prediction, k represents number of neighbors, sim(u, v) and sim(i, j) express similarity
measures as they are explained in results section, r,; represents rating of user v on item i and similarly 7,,;
represents rating of user u on item j.

2.3.2. K-nearest neighbor with means

A Z"Engc(u) sim(u, v) - (ry; — iy)
Tui = Uy + :
ZvEN{‘(u) Slm(u, v)
(6)
or
;'ui =u; + ZiENﬁ(i) Sim(i'j) ) (ruf - .uj)

Zjentqpy Sim(L.j)

A
where, 1,,; represents prediction, u, represents mean of user u and similarly y; represents mean of item i, k
represents number of neighbors, sim(u, v) and sim(i, j) express similarity measures as they are explained in
results section, r;,; represents rating of user v on item i and similarly r,,; represents rating of user u on item j, x4,
represents mean of user v and similarly u; represents mean of item j.

2.3.3. K-nearest neighbor with z score

" ZVEN{((M) sim(u, v) - (i — y) /0y

Tyi = Uy t 0O
ui = Hu u ZVENl‘(u) sim(u, v)
3

(7)

or

; + Ljenkoy SIm@J) - (ruj — 1;)/9;
ui i i ZjEN,If(i) Slm(l,])

where, r,; represents prediction, y, represents mean of user u and similarly y; represents mean of item i, o;, and
o, represents the standard deviation of all ratings given by user u and v, k represents number of neighbors,
sim(u, v) and sim(i, j) express similarity measures as they are explained in results section, r,,; represents rating of
user v on item i and similarly 7,,; represents rating of user u on item j, u, represents mean of user v and similarly
u; represents mean of item j, g; and g; the standard deviation of all ratings given to item i and j respectively.

2.3.4. K-nearest neighbor baseline

. Tentny S ) - (o = byi)

Tyi = by + -
ui = Dui ZveN{‘(u) sim(u, v)

(8)

or
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A ZjEN{f(i) sim(i, j) - (ruj - buj)
Tyi = by; + i [, ]
Ljenko Sim(.J)

A
where, r,; represents prediction, b,; represents the baseline rating of user u for item i, k represents number of
neighbors, sim(u, v) and sim(i, j) express similarity measures as they are explained in results section, 7,;
represents rating of user v on item i and similarly ,,; represents rating of user u on item j, b,,; represents the
baseline rating of user v for item i and similarly b, ; represents the baseline rating of user u for item j.

2.4. Co-clustering

Co-Clustering concept was introduced by Thomas George and Srujana Merugu as novel algorithm under the
framework of collaborative filtering [18]. In this algorithm users and items form some clusters and some co-
clusters. Basically, users and items are assigned into some clusters C,, C; and some co-clusters C,;.

The prediction r,; is set follows as:

Tt = Cog + (tty — C) + (i — C) (9)

where, 1,,; represents prediction, C,; is average rating of co-cluster C,;, C, is the average rating of u's cluster, and
C; is the average rating of i's cluster. If the user is unknown, the prediction is r,; = ;. If the item is unknown, the

prediction is ry; = u,, . If both the user and the item are unknown, the prediction is r,,; = u.
3. Results

In our study, we aim to compare the Collaborative Filtering methods on the Netflix Prize dataset and find out which
method is more effective in the movie recommendation system. First, we import the data and then we clean the
missing data and make the data ready for model writing. These operations are made of using the Python language
3.8.2. version and in Jupyter Notebook as IDE as an environment. We use Pandas, NumPy, Math, and Re libraries
for data cleaning and missing data operations.

Movie_Id 3 8 16 17 18 26 28 30 32 33 .. 4472 4474 4478 4479 4485 4488 4490 4492 4493 4496
Cust Id

6 NaN NaN NaN NaN NaN NaN NaN 30 NaN NaN .. 3.0 NaN NaN NaN NaN NaN NaN NaN NaN NaN

7 NaN 50 NaN NaN NaN NaN 40 50 NaN NaN .. 3.0 NaN NaN 50 NaN NaN NaN NaN NaN NaN

79 NaN NaN NaN NaN NaN NaN NaN 3.0 NaN NaN .. 40 NaN NaN NaN NaN NaN 40 NaN NaN NaN

97 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN .. NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN

134 NaN NaN NaN NaN NaN NaN 50 NaN NaN NaN .. NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
2649370 NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN .. NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
2649378 NaN NaN NaN NaN NaN NaN 30 30 NaN NaN .. NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
2649388 NaN NaN NaN NaN NaN NaN NaN 3.0 NaN NaN .. 3.0 NaN NaN 3.0 NaN 3.0 NaN NaN NaN NaN
2649426 NaN NaN NaN 40 NaN NaN 40 40 NaN NaN .. NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN
2649429 NaN NaN NaN NaN NaN NaN NaN 50 NaN NaN .. NaN NaN NaN NaN NaN NaN NaN NaN NaN NaN

143458 rows x 1350 columns

Figure 4. Data sample before data cleaning
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Movie Id 3 8 16 17 18 26 28 30 32 33 .. 4472 4474 4478 4479 4485 4488 4490 4492 4493 4496
Cust Id

6 00 00 00 00 00 00 00O 30 00 00 .. 30 00 00 00 00 00 00 00 0.0 0.0

7 00 50 00 00 00 00 40 50 00 00 .. 30 00 00 50 00 OO0 00 00 00 00

79 00 00 00 00 00 00 00 30 00 00 .. 40 00 00 00 00 00 40 00 0.0 0.0

97 00 00 00 00 00 00 00 00 OO OO .. 00 00 00O 00 0O 00 00 00 00 00

134 00 00 00 00 00 00 50 00 00 00 .. 00 00 00 00 00 00 00 00 0.0 0.0

2649370 00 00 00 00 00 00 00 00 00 00O .. 00 00 00 00 00 00 00 00 0.0 0.0

2649378 0.0 00 00 00 00 00 30 3.0 00 00 .. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2649388 00 00 00 00 00 00 00 30 00 00 .. 30 00 00 30 00 3.0 00 00 0.0 0.0

2649426 0.0 00 00 40 00 00 40 40 00 00 .. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2649429 00 00 00 00 00 00 00 50 00 00 .. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

143458 rows x 1350 columns

Figure 5. Data sample after data cleaning

Since every movie is not rated by every user, some attributes have NaN value. Also, if any data is corrupted, it is
cleaned out. In Figure 5, data which is missing or corrupted as in Figure 4 is handled.

To visualize our dataset, we use Matplotlib and Seaborn libraries. Finally, we use Surprise library to apply methods,
similarity measures, creating train sets, validation sets, test sets and measuring error rates.

After we get our data ready for testing, we conduct SVD, SVD++, Co-Clustering methods. With these methods we
only get singular results. However, K-Nearest Neighbor methods offer different similarity measures. These are
Cosine, Mean Squared Difference (MSD), Pearson, and Pearson Baseline. In total K-Nearest Neighbor gives us 16
different outcomes. Therefore, in grand total we get 19 different outcomes to evaluate which method is the best.
Similarity measures’ mathematical formulations as follow:

cosine_sim(u, v) =

or (10)

ZuEUU-Tui *Tuj

2 2
\/ZuEUU Tui '\/ZuEUU 7"uj

cosine_sim(i,j) =

1
MSD(u,v) = o] : § (rui _Tvi)z
uv
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MSD defined then as follows:

1
MSD . , =~
Sim(wv) = pes (wv)+1
MSD sim(i ) = ! :
sim(i,j) = MSD(i,j) + 1

where, +1 represents avoiding possible dividing by zero problem.
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pearson_sim(u, v) =

or (13)
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The prediction models are tested on validation set at first and then they are tested on test sets. To evaluate
performances of each method and similarity measures we use Root Mean Square Error as performance indicator.
RMSE measures the square root of the difference between actual values and model predicted outcomes, with a
correction factor. RMSE take values between 0 and positive infinity. Ideally, lower RMSE score, closer to 0, means
that model fits for the data more accurately since the difference between actual value and predicted value gets
smaller. On the contrary, higher RMSE means that model gets far between actual value and predicted value.
Therefore, accuracy of the model decreases with this gap between actual and predicted value.

1 A
RMSE = |- Z (i — 7o)’ (15)
|R|/\ A

Tui€R

RMSE values for the models are as given in the following tables.

Table 1. K-nearest neighbor methods and related similarity measures.

SIMILARITY
MEASURES Cosine MSD Pearson Pearson Baseline
METHODS
KNN BASIC 0.9621 0.9022 0.9198 0.8855 *
KNN WITH MEANS 0.8789 0.8788 0.8677 0.8488 ***
KNN WITH Z SCORE 0.8819 0.8798 0.8667 0.8479 ***x
KNN BASELINE 0.8806 0.8782 0.8674 0.8482 **
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Table 2. SVD,SVD++ and Co-Clustering results.

SINGULAR
METHODS OUTCOMES
SVD 0.8506
SVD++ 0.8507
CO-CLUSTERING 0.8966

As it is explained in the previous sections, K Nearest Neighbour methods allow us to use similarity measures as
well. In the Table 1, K Nearest Neighbour methods are compared among themselves and the most successful
similarity measure is marked with star sign in each line. Also starred outcomes are compared among themselves
and having more stars at the end of each row means more successful results.

On the other hand, SVD and SVD++ models performed nearly same results in the Table 2. They have only 0.0001
point difference. When it comes to Co-Clustering method, we get relatively higher score which means that Co-
Clustering method is not fitting well the data as SVD and SVD++ does. So, it can be concluded that SVD has more
successful results.

When we compare all results together, with the Pearson Baseline similarity measure KNN With Means, KNN With
Z Score and KNN Baseline brings better results. However, SVD and SVD++ shows singular results and they are
better than KNNs with other similarity measures. Therefore, we can conclude that KNN with Means, KNN With Z
Score and KNN Baseline are better if they are conducted with Pearson Baseline method. Alternatively, SVD and
SVD++ gives more consistent results relatively since they don’t have similarity measures. In overall performance,
KNN With Z Score with Pearson Baseline similarity measure provides the best fit in our data set.

4., Discussion and Conclusion

In this study we propose a comparative collaborative filtering algorithms using the Netflix Prize dataset under the
framework of recommender systems. In the literature we find that each method under the collaborative filtering
is studied in different aspects and contexts. However, we use comparative method for collaborative filtering for
Netflix Prize dataset in particular. We try to find out which collaborative method is most suitable solution for the
Netflix Prize dataset. Using Python and related libraries, we process the data first and then imply different
collaborative filtering algorithms. Each algorithm’s and model’s success is measured with the Root Mean Square
Error. It is concluded KNN With Z Score method with Pearson Baseline similarity measure brings the most
successful outcome.

On the other hand, we only study on the quarter of the data because of the unsufficient technical infrastructure.
Thus, this study’s results may change if all data is processed in collective way but since the data is portioned it is
not expected to experience dramatic changes. Furthermore, Netflix dataset does not contain any information about
the contents of the movies. Therefore, content-based filtering and hybrid models (that works with content-based
filtering) cannot be used. In future studies content-based filtering and therefore hybrid models can be used by
retrieving data from IMDB or Netflix itself. These studies might reflect on movies’ contents, genres and so on. Also,
Hybrid models support the collaborative filtering. Therefore, more comprehensive study can be performed.
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Anahtar Kelimeler O0z: Giiniimiizde neredeyse her alanda kullanilan yazilimlarin gelistirilmesi
Yazilim tasarim kaliplary, stirecinde karsimiza ¢ikan takvim sikigikligi problemi ve kalite beklentisi nedeniyle
yeniden kullanilabilirlik, yeniden kullanilabilirlik kavrami 6n plana ¢ikmaktadir. Yazilimlarda yeniden
sorumluluk zinciri,

kullanilabilirlik arttirildiginda hizli, diisiik maliyetli yazilimlar gelistirmek miimkiin
olacaktir. Yazilimlarin yeniden kullanilabilirligi izerine literatiirde mevcut bulunan
calismalar incelendiginde en sik kullanillan yéntemin yazilim tasarim kaliplari
kullanimi oldugu ve yeniden kullanilabilirligi ciddi bir oranda artirdig
goriilmektedir. Bu calismada, elde edilen bu bulgulara dayanarak daha o6nce
gelistirilmis olan bir algoritma yo6netimine yo6nelik yeniden kullanilabilirligini
saglamak adina yazilim tasarim kaliplarinin kullanimina dayali bir gelistirme
yontemi onerilmistir. Onerilen yontem Aselsan biinyesinde mevcut bir proje
uygulanmis ve basarili sonuglar elde edilmistir.

ilgilerin ayrilig1

Using Software Design Patterns for Reusability

Keywords Abstract: Today, the concept of reusability comes to the fore due to the calendar
SOftwa_r? design patterns, congestion problem and quality expectation that we encounter during the
reusability, development process of software used in almost every field. When software

chain of responsibility,

) reusability is increased, it will be possible to develop fast, low-cost software. When
separation of concerns

the studies available in the literature on the reusability of software are examined, it
is seen that the most frequently used method is the use of software design patterns
and it increases reusability significantly. In this study, based on these findings, a
development method based on the use of software design patterns is proposed to
ensure the reusability of a previously developed algorithm management. The
proposed method was implemented in an existing project within Aselsan and
successful results were obtained.

*[lgili Yazar, e-mail: ali.aydilek1 @gmail.com

1. Giris

Glintimiizde neredeyse her alanda yazilim kavrami karsimiza ¢ikmaktadir. Yazilimlarin gelistirilmesi siirecinde
yasanan takvim sikisiklig1 problemi ve kaliteli yazilim beklentisi nedeniyle yeniden kullanilabilirlik kavrami 6n
plana ¢ikmistir. Yeniden kullanilabilirlik var olan yazilimin ayni sekilde veya ufak degisikliklerle yeni yazilimda
kullanilmasi olarak tanimlanabilir. Yazilimlarda yeniden kullanilabilirlik artirildiginda diisiik is giicliyle daha
biiyiik isler yapmak ve dolayisiyla hizh gelistirilen, diisiik maliyetli yazilimlar elde etmek miimkiin olacaktir.

Yazilimda yeniden kullanilabilirlik aktif aragtirma ve uygulama alanlarindan biridir. Yazilimin yeniden kullanimi
yalnizca iiretkenligi artirmakla kalmaz, ayni zamanda yazilim tiriinlerinin kalitesi ve siirdiriilebilirligi iizerinde de
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olumlu bir etkiye sahiptir [1]. Yazilimlarda yeniden kullanilabilirligi saglamak i¢in; yazilim tasarim kaliplarinin
kullanimi [2-13], yazilim framework kullanimi [14-17] , yazilim iirin hatti yaklasimi [18-22], servis tabanh
sistemler [23-28], konfigiire edilebilir sistem tasarimi [29-33], eski sistemin revize edilmesi[34-37], cephe
yonelimli programlama (Aspect-oriented programming) [38-40] gibi cesitli yontemler kullanilir. Yazilimin
yeniden kullanilabilirligi, bir yazilim bileseninin beklenen yeniden kullanim potansiyelini ifade eden bir 6zelliktir.
Yeniden kullanilabilirligi arttirmak adina yapilmasi gerekenlerden biri de bilesenleri miimkiin oldugunca
birbirinden bagimsiz sekilde tasarlamak ve kodlamaktir. Bir baska deyisle ilgilerin ayrilmas1 (Seperation of
Concern-SoC) ilkesine uygun kodlama ve tasarim yapmaktir. [41-47]

Hiirsch ve Lopes [44] ilgilerin ayrilmasi (SoC) yaklasimi {izerine bir arastirma yaparak mevcut uygulamalari ve
faydalarini degerlendirmislerdir. Calismalarinin sonucunda ilgilerin ayrilmasi yaklasiminin faydalarini, azaltilmis
karmasiklik, daha iyi anlasilabilirlik, artan esneklik ve yeniden kullanilabilirligin saglanmasi olarak ifade
etmislerdir.

Panunzio ve Vardanega [43] gomiilii ger¢cek zamanli yazilim gelistirmede ilgilerin ayrilmasi yaklasimi ile bilesen
tabanli bir yazilim gelistirme metodu sunmuslardir. Bilesen modeli, 6zellikle islevsel ve islevsel olmayan konular
arasinda kaygilarin ayrilmasini desteklemek icin tasarlanmistir. Yaklasimin yazilim varliklarina farkl ilgilerin
dikkatli bir sekilde tahsis edilmesiyle ilgilerin ayrilmasi saglanir. Olusturulan bilesenler eszamanlilik boyutunda
gorev, senkronizasyon, zamanlama gibi islevsel olmayan ilgilerden ayrilmistir. Bu da farkh islevsel olmayan
gereksinimler altinda farkli baglamlarda dogrudan yeniden kullanilabilmelerini saglamaktadir.

Zelinskyy ve arkadaslar1 [48] MEMS Program Modeli Olusturma islemi icin dekoratdér tasarim kalibin
onermislerdir. MEMS, karmasik bir yapidir ve insanlifin daha kii¢iik mikrosistemler olusturmasina izin veren yeni
teknolojiler, belirli boyutsal gereksinimleri karsilayan daha karmasik sistemler olusturmaya da izin vermektedir.
MEMS sistemlerinin 6nde gelen tiplerinden biri N-katmanli yapidir. Bu nedenle N-katmanl yapiya dayali olarak
olusturulan program modelinin esnek olmasi ve MEMS ile ilgili farkli yazilim uygulamalari gelistirirken
kullanilmasi miimkiin olmalidir. Bunu saglayabilmek adina dekoratér yazilim tasarim kalibinin uygulanmasini 6ne
sirmiisler ve uygulamislardir. Yaptiklari ¢alisma sonucunda ortaya koyduklar1 yap: esnek bir yapi olmustur.
Calisma zamaninda o6zellikler eklenebilir ve kaldirilabilir. Ayrica gelistirmis olduklar sisteme yeni bir dekorator
eklemenin de kolay oldugunu belirtmislerdir.

Tasarim kaliplar1 yeniden kullanilabilirlik i¢in yaygin olarak kullanilan bir yontemdir. Ampatzoglou [65] ve
arkadaslar1 yaptiklar1 ¢alismada tasarim modellerinin, siniflarinin ve yazilim paketlerinin yeniden
kullanilabilirligini deneysel olarak arastirmislardir. Bu arastirma i¢in 100 agik kaynakli proje tizerinde bir ¢calisma
yapmuslardir. inceledikleri yontemler arasinda yazilim tasarim kalib1 kullanimi énemli bir bagarim géstermistir.

Anguswamy ve Frakes [49] karmasiklik ve yeniden kullanim tasarim ilkeleri ile kod bilesenlerinin yeniden
kullanilabilirligi arasindaki iliski tizerine bir ¢alisma yapmuslardir. Bir bilesenin yeniden kullanilabilirligini,
bileseni yeniden kullanan kisiler tarafindan algilanan yeniden kullanim kolaylig1 olarak oélciilebilecegini ifade
etmisler ve yapmis olduklar1 ¢alismaya otuz dort denek katilmis ve her denek 5 bileseni tekrar kullanarak 170
yeniden kullanim 6rnegi olusturulmustur. Calismalarinda bir bilesenin karmasikligi ve yeniden kullanim kolaylig1
arasindaki iliskiyi bir regresyon analizi ile analiz etmislerdir. Calismalarinda karmasiklik arttikca yeniden
kullanim kolayliginin azaldig1 goriilmiistiir, ancak korelasyon anlamlh degildir. Bir diger sonug ise yeniden
kullanim tasarim ilkelerinden olan iyi tanimlanmis arayiiziin, netligin ve anlasilabilirligin, yeniden kullanim
kolayligini 6nemli dl¢lide artirdigini gérmiislerdir.

Bir baska calismada Ahmaro ve arkadaslar [2] yeniden kullanilabilirligin énemli bir kavram oldugunu ve
Malezya’'da bu konu hakkinda az arastirma oldugu i¢in bu konuda bir ¢galisma yaptiklarini belirtmislerdir. Yapmis
olduklar1 c¢alismada Malezya’da benimsenen yazilim yeniden kullanilabilirlik yaklasimlarini belirlemeye
calismislardir. Bunun i¢in bir anket hazirlayip Malezya’daki 183 yazilim mithendisine géndermisler ve cevaplarini
toplayip analiz etmislerdir. Arastirma sonucunda kullanilan yéntemlerin yazilim tasarim kaliplari, model tabanh
gelistirme, uygulama cerceveleri, servis tabanli gelistirme oldugu gézlemlenmistir. En ¢ok kullanilan 2 yontem ise
sirastyla yazilim tasarim kaliplari ve bilesen tabanli gelistirmedir.

Chen ve arkadaslari [3] yeniden kullanimi saglayabilmek adina gemi istifleme sisteminde adaptor tasarim kalibini
uygulamislardir. Bu sayede, sisteme uygun bir sekilde yeni islevler eklemenin kolaylasacagini ve bdylece kodun
yeniden kullanilabilirliginin ve siirdiiriilebilirliginin gelistirilecegini 6ne siirmiislerdir.

Kerji [4] yapmis oldugu ¢alismada farkli uygulamalara sahip belirli yazilim gereksinimlerinin uygulanmasini
basitlestirmek icin Web uygulamasina Dekorator Tasarim Modeli 6nermis ve uygulamistir. Standart web sayfasina
ek olarak oturum agan kullanici tiirtine bagh olarak, gerekli XHTML kodu olusturulacak ve tarayiciya islenecektir.
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Calismada XML web uygulamasinin degisen gereksinimlere uyarlanabilirligini artirmak i¢in kullanilir. XML
kullanimi, uygulamay1 gereksinimdeki degisikliklere karsi esnek hale getirmis ve bu da kod bakimini
kolaylastirmistir. Ortaya ¢ikan uygulama, performansta gelisme, yeniden kullanilabilirligi ve bakim kolayligini
artirmistir.

Sorumluluk zinciri (Chain of Responsibility) yazilim tasarim kalib1 6nemli tasarim kaliplarindan biridir. Bu tasarim
kaliplarinda zincir halkalari sabittir. Shirazi ve arkadaslari [5] ise dinamik zincir halkalarina sahip olmay1 miimkiin
kilan yeni bir tiir Sorumluluk Zinciri tasarim kalib1 6nermislerdir. Bu dinamik zincirin halkalari, 6nceliklerine goére
degistirilebilen ve 6ncelik siirecinde kullanilabilen halka pozisyonunu ifade eder. Bdylelikle daha esnek bir yap1
elde edilmektedir.

Sorumluluk zinciri (Chain of Responsibility) tasarim kalibi bir zincire benzer ve sorumluluk zincirinin bir isleyicisi,
talebi ele alir veya talep Sorumluluk zincirinin bir sonraki isleyicisine iletir. Yueping ve arkadaslari [6] yaptiklari
calismada, gozlemci oriintiisiiniin bir tiir bilesik oriintii haline gelmesi i¢in sorumluluk zinciri Oriintiisiine
gomiilmesini 6nermislerdir. Boylelikle sorumluluk zinciri ériintiisiiniin yeteneginin giiclenecegini ve daha esnek
olabilecegini belirtmislerdir.

Aygit agaclari, diigiim 6zelliklerine sahip gomiili bir sistem i¢indeki aygitlarin ve ¢evre birimlerini tanimlayan
yapilardir. Gelistiriciler aygit agaclarinin yapisi geregi aygit agaci uygulamalar1 olustururken ¢ogunlukla
zorluklarla karsilagsmaktadirlar. Bununla beraber farkli mikroislemci mimarilerine ait aygit agaci gelistirilmesi
zaman alic1 bir silire¢ olabilmektedir. Arslan ve Kardas [50] bu zorluklar1 asabilmek i¢in aygit agaci yaziliminin
model giidiimlii olarak gelistirilmesini saglayan DSML4DT isimli alana 6zgli bir modelleme dili 6nermislerdir.
Onerdikleri sistemi akilli ulasim sistemleri gelistiren bir firmada degerlendirmislerdir. Sonug olarak aygit agaci
yapilarinin %76’sinin 6nerdikleri model yoluyla otomatik olarak gelistirilebilecegini gostermislerdir. Mevcut
sistemle kendi onerdikleri yontemi karsilastirdiklarinda, onerdikleri yontemin gelistirme siirecini yariya
indirdigini belirtmislerdir. Gelistiricilerden aldiklar1 geri bildirimler sonucunda 6nerdikleri yontemin yeniden
kullanilabilirligi arttirdig1 sonucuna varmislardir.

Glnlumiuzde mikro servis mimarisi siklikla kullanilmaktadir. Biiyiik uygulamalar mikro servis mimarisiyle birlikte
kiciik servislere boliinerek yonetilebilmektedir. Mikro servislere olan ilginin artmasi mikro servis mimarisi ile
gelistirme yapilirken farkli yaklagimlarin ortaya ¢ikmasina neden olmustur. Bu yaklasimlardan biri de model
glidiimlii gelistirmedir. i¢6z ve Kalipsiz [51] yaptiklan ¢alismada mikro servis mimarisi kullanilarak restful web
servislerinin gelistirilmesi icin model giidiimli bir yontem 6nermislerdir. Yaptiklar1 degerlendirmeler sonucunda
onerdikleri yontemin yazilimin verimliligini arttirdigini, gelistirme siirecini hizlandirdigini ifade etmislerdir.

Bu c¢alismada yeniden kullanilabilirlik i¢cin yazilim tasarim kaliplarinin kullanilmasi iizerine bir arastirma
yapimistir. Bu bulgulara dayanarak daha 6nce gelistirilmis bir algoritma yénetiminin yeniden kullanilabilirligini
saglamak amaciyla yazilim tasarim kaliplarinin kullanilmasina dayali bir yontem 6nerilmistir.

2. Materyal ve Metot
2.1. Yeniden Kullanilabilirlik

Yazilimin yeniden kullanimi, yeni bir sistem olusturmak i¢cin miihendislik bilgisinin veya mevcut yazilim
bilesenlerinden elde edilen eserlerin kullanilmasidir [52-55]. Bir baska deyisle yeniden kullanilabilirlik gegmiste
gerceklestirilmis olan yazilim gelistirme etkinliklerinde elde edilen bilginin yeni sistemler gelistirmede
kullanilmasi olarak tanimlanmaktadir.

2.2. Yazilim Tasarim Kaliplari

Tasarim kaliplarinin varligi ilk olarak bir mimar olan Christopher Alexander [56] tarafindan ortaya konulmustur.
Christopher Alexander yaptigl arastirmalar sonunda benzer problemleri ¢6zmek i¢in olusturulan ve begenilen
(kaliteli) mimari yapilarda ortak o6zellikler (benzerlikler) oldugunu belirlemistir. Bu benzerliklere kaliplar
(patterns) adini vermistir. Her kalip gercek diinyada defalarca karsilasilan bir problemi ve o problemin
¢ozlimiinde izlenmesi gereken temel yolu tarif etmektedir. Bir problemle karsilasan tasarimci eger daha dnce
benzer problemle karsilagsan tasarimcinin uyguladigi basarili ¢6ziimii biliyorsa (kalip) her seyi yeniden kesfetmek
yerine aymi ¢dziimi tekrar uygulayabilir. Tasarim kaliplar1 gereksinimlerden tasarima ve uygulamaya kadar
uzanan ve her asamada degiskenlik gosteren karmasik soyutlamalardir. Tasarim kaliplar1 denenmis ve test
edilmis, kanitlanmis programlama ve kod yapilandirma yollari olarak da tanimlanabilir [57-59].
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Toplam 23 adet olan bu tasarim kaliplar1 temel olarak Yaratimsal, Yapisal ve Davranigsal olmak tizere 3 basliga
ayrilir.

2.2.1. Yaratimsal Tasarim Kaliplar

Yaratimsal tasarim kaliplari, tek onerisi nesneleri ve smiflar1 yaratma, baslatma ve yapilandirma isini
kolaylastirmak olan kaliplardir. Yazilim sistemindeki nesnelerin yaratilisi hakkinda yol gosterirler. Bu tiir
desenler, nesnelerin 6rneklerini olusturmamiz, bu nesneleri depolamamiz, nesnelerin kopyalarini olusturmamiz
gerektiginde kullanighdir [58-60].

2.2.2. Yapisal Tasarim Kaliplar

Yapisal tasarim modelleri, nesneleri daha biiytiik, daha yapilandirilmis bir yapida birlestirmenize yardimci olur.
Yapasal sinif kaliplari, genel olarak arayiizleri veya uygulamalari olusturmak i¢in kalitimi kullanilir [59,62].

2.2.3. Davranissal Tasarim Kaliplari

Davranigsal tasarim modelleri, bir kod tabanindaki birden ¢ok nesne arasindaki iletisime yardimci olmaya
odaklanir. Davranis kaliplari, algoritmalar ve nesneler arasindaki sorumluluklarin atanmasi ile ilgilidir.
Davranigssal tasarim kaliplar1 sadece nesnelerin veya siniflarin kaliplarini degil, ayni1 zamanda bunlar arasindaki
iletisim kaliplarini da tanimlar. Bu modeller, ¢alisma zamaninda takip edilmesi zor olan karmasik kontrol akisini
karakterize eder [59,62].

Tiplerine gore tasarim kaliplari Sekil 1’de verilmistir.

Yaratimsal Tasarim Yapisal Tasarim Kaliplari Davranissal Tasarim
Kaliplar Kaliplari
Factory Adapter Chain of Responsibility
Abstract Factory Composite Command
Builder Decorator [terator
Prototype Facade Observer
Singleton Flyweight Mediator
Mixin Memento
Module Promises
Proxy Strategy

Sekil 1. Tiplerine gore tasarim kaliplari

2.3. Uygulanan Yontem

Onerilen yéntemin uygulandig1 Aselsan biinyesinde gelistirilen projelerde ¢ok sayida algoritma kullaniimaktadir.
Bu algoritmalar ilgili algoritma birimi tarafindan gelistirilmekte ve Yazilim Konfigiirasyon Birimi tarafindan
kullanilmaktadir. Bu algoritmalarin yeniden kullanimu ile iliskili bazi problemler su sekildedir:

Projeden projeye bu algoritmalarin icerikleri degisebilir.
Girdi ve ¢iktilar1 degisebilir.
Bir projede kullanilan algoritma diger projede kullanilmayabilir.
Ayni proje igerisinde farkli durumlara gére bu algoritmalarin kullanilma sirasi ¢alisma zamaninda
degisebilmektedir. Ornegin projede kullanilacak A1, A2, A3 olmak iizere 3 tane algoritma oldugunu
varsayalim;

o Durum 1 Algoritma ¢alisma sirasi: A1-A2

o Durum 2 Algoritma ¢alisma sirasi: A1-A3

o ..vbolabilir.

B W e

Daha oOnce gelistirilmis olan sistemlerde bu problemlerin ¢6ziimii kodda biiyiik degisiklikler yapilarak
¢oziimlenmis durumdadir. Anlasilabilirlik son derece diisiiktiir. Ayrica bir algoritma ¢ikarilmak veya eklenmek
istendiginde birgok yeri etkilemekte ve etkiledigi yerlerde degisiklikler gerektirmektedir. ilgilerin ayrihig1 ilkesine
bagl bir gelistirme yapilmamistir. Bu nedenle de degisiklik yapma maliyeti yiiksektir ve yeniden kullanima uygun
bir kod yapis1 yoktur.
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Yapilan literatiir taramasi sonucunda yazilim tasarim kaliplarinin kullaniminin yazilimda yeniden kullanilabilirligi
artirdig1 goriilmiistir ve yeniden kullanilabilirligi saglamak adina en ¢ok tercih edilen yontemlerden biridir.

Onerilen yéntemde algoritmalarin ayr1 bir modiil icerisinde ele alinmasi kararlastirilmistir. Algoritmalarin bir sira
icerisinde calisacag1 goz oniine alindiginda ve literatiire de bakildiginda bunun icin en dogru tasarim kalibinin
Sorumluluk Zinciri (Chain of Responsibility) tasarim kalib1 oldugu goriilmistiir.

Sorumluluk zinciri tasarim kalibinin se¢ilmesinin nedenleri su sekilde siralanabilir;

Zincirin dugiimleri calisma sirasinda dinamik olarak eklenebilir veya ¢ikarilabilir.
o Gelistirmekte oldugumuz algoritma modiiliinde algoritmalarin isleyis siralar1 durumlara goére
degisiklik gosterebildigi icin c¢alisma sirasinda olusan farkli durumlarda farkli zincirlerin
kullanilabilmesini saglayacaktir.

Bir diiglimiin, zincirdeki bir sonraki diiglimiin istegi nasil ele aldigini bilmesi gerekmez.
o Yeni bir algoritma eklenecegi zaman diger algoritmalarin isleyisine bakilmasi gerekmeyecektir.
Bagimsiz olarak eklenebilecektir.

Bir zincir dUglimu gikarnldiginda diger dugimler bu durumdan etkilenmez.

o Onerdigimiz yéntemde her algoritma bir diigiimii ifade etmektedir. Bir algoritma bir projede
kullanilirken bagka bir projede kullanilmayabilir. Kullanilmayan algoritmay1 zincirden
cikardigimizda diger diigiimler bu durumdan etkilenmeyecegi icin baska bir degisik yapmaya
gerek kalmadan ilgili algoritmayi zincirden ¢ikarmak yeterli olacaktir.

Algoritma modiiliinde kullanilan siniflar ve veri yapilari su sekildedir:

1.

U W

N

Algoritma Akis Buffer Yonetici Sinifi: Algoritma isleyislerinin kontrol edecek olan simiftir. Ayrica
algoritmalara ait veriler burada tutulacaktir. Modiiliin disariyla olan arayiiziinii saglayacaktir.

Algoritma Akis Isletim Sinifi: Akislar kontrol edecek olan siniftir.

Algoritma Akis Adimi Sinifi: Algoritma akis adimlarini kontrol edecek olan siniftir.

Algoritma Uyarlama Siift: Mevcut verilerden algoritmaya gerekli olan girdileri saglayacak olan siniftir.
Algoritma Kabuk Sinifi: Algoritma kiitiiphanesi ile olan arayiizii saglayacak olan siniftir.

Algoritma SoZ (Sorumluluk Zinciri) Yonetici Sinifi: Algoritma akislarininin yapilandirildigr ve ilgili akisa
ait algoritma sirasini yonetecek olan siniftir. Sorumluluk zinciri tasarim kalibinin uygulandigi siniftir.
Algoritma Rapor Sinifi: Algoritma sonuclarinda bir rapor olusturacak olan siniftir.

AkisBufferlari: icerisinde algoritma kullanici tarafindan génderilen veriyi, algoritma girdi ¢ikt1 bilgilerini
ve disaridan algoritmalarin kullanacagi bilgileri barindiran veri yapisidir.

Onerilen yénteme ait simif diyagrami Sekil 2'de verilmistir. Ticari gizlilik nedeniyle ¢éziimiin anlasilmasi icin
yeterli olan belli bash fonksiyon isimleri verilmistir. AlgoritmaUyarla ve AlgoritmaKabuk siniflar1 temel siiflar
olmak iizere yeni eklenecek olan uyarlama ve kabuk siniflari bu siniflardan tiiretilmektedir.
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Yeniden Kullanilabilirlik igin Yazilim Tasarim Kaliplarinin Kullanimi
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£ AlgeritmaAkislsletim

r—-""_f’_' &+ Verille)

1 R g+ AlgoritmaYapilandir() 1

g + AlgoritmaRaporuGonder()

=] AlgoritmaAkisAdimi

1

&+ Verilsle])
1 1

E AlgoritmaSoZYonetici ]
&+ AlgoritmaSonucuEkle() @ + Yapilandir{)

& + AlgoritmaRaporuQlustur() — % + SiradakiAlgoritmayiVer()
& + AlgoritmaRaporuGuncelle() 1 1

] AlgoritmaRapor

E AlgoritmaKabuk

£ AlgoritmaUlyarlama ;

&+ AlgoritmaUyarla() ) &+ Verilsle)

Sekil 2. Onerilen yénteme ait simf diyagrami

Onerilen sistemde her durum bir akisi ifade etmektedir. ilgili algoritmalar ilgili sirayla akislara eklenecektir.
Sistemde hangi algoritmalarin hangi siralamada kullanilacaginin belirlenebilmesi i¢in Algoritma SoZ Yonetici
sinifindaki Yapilandir() metodu kullanilacaktir.

Onerilen yéntem iki asamada degerlendirilebilir;

1. Algoritma Kullanici, Algoritma Yonetici ve Algoritma Modiili arasindaki islemler
2. Algoritma Modili icerisindeki islemler

2.3.1.Algoritma kullanici, algoritma ydnetici ve algoritma modiilii arasindaki islemler

Algoritma Kullanici, Algoritma Yonetici ve Algoritma Modiilii arasindaki islemlere ait sira diyagrami Sekil 3'te
verilmistir. Bu islemler asagida ifade edilmistir;

1. Algoritma Yapilandirilmasi
Algoritma modiiliiniin kullanilabilmesi i¢in 6ncelikle yapilandirilmasi gerekmektedir. Bu islem icin Algoritma
Kullanic tarafindan gerekli parametrelerle Algoritma Yonetici sinifina ait AlgoritmaYapilandir() metodu ¢cagrilir.
Algoritma Yonetici sinifi bu istegi aldiginda AlgoritmaAkisBufferYonetici sinifina ait AlgoritmaYapilandir()
metodunu ¢agirir.

2. Verinin islenmesi
Eldeki verinin islenebilmesi icin Algoritma Kullanic1 AlgoritmaYonetici sinifinin Verilsle() metodunu g¢agirir.
AlgoritmaYonetici bu istegi aldiginda gelen parametrelere gore verinin sistemde var olan hangi akisin kullanilarak
islenecegini belirler ve bu akisi calistirmak tizere AkisBufferYonetici sinifina ait Verilsle() metodunu ¢agirir.

3. Algoritma Raporunun Alinmasi
Algoritma Modiili veri isleme asamasini tamamlayip sonuclar1 raporladiginda AlgoritmaYonetici sinifina ait
AlgoritmaSonucu() metodunu ¢agirir. AlgoritmaYonetici bu istegi aldiginda gerekli cevrimleri yaparak Algoritma
Kullaniciya algoritma sonucunu iletir.

4. Algoritma Sonlandirilmasi

Algoritma Kullanic1 algoritmalarin sonlandirilmasini istediginde Algoritma Yonetici sinifinina ait Algoritma
Sonlandir metodunu ¢agirir. Algoritma Yonetici bu istegi Algoritma Akis Buffer Yonetici sinifina aktarir.
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5. Algoritma Parametrelerinin Gilincellenmesi

Sistem calisirken bazi degisimler sonucu Algoritmalarin ayar ve ilklendirme parametrelerinin glincellenmesi
gerekebilir. Boyle bir durum oldugunda isleyisi bozmadan giincelleme yapilabilmesi gerekir. Bu islem icin
Algoritma Kullanic1 Algoritma Yonetici sinifina ait AlgoritmaGuncelle() metonu cagirir. Algoritma Yonetici sinifi
bu istegi Algoritma Akis Buffer Yonetici sinifina iletir.

:AlgoritmaKullanici :AlgoritmaYonetici :AlgoritmaAkis BufferVonetici
T T T

i
AlgoritmaYapilandirl)

AlgoritmaYapilandir()

VeiilsleQ

I

Verilsle)

AlgoritmaSonucu)

AlgoritmaSonucu()

AlgoritmaSonlandir)

AlgoritmaSonlandir)

AlgoritmaSenlandif)

AlgoritmaSonlandi()

AlgoritmaGuncelle()

AlgoritmaGuncelle()

NN SR

Sekil 3. Algoritma Kullanici, Algoritma Yonetici ve Algoritma Modiilii arasindaki islemlere ait
sira diyagrami

2.3.2. Algoritma modiilii icerisindeki islemler

Algoritma Modili icerisindeki islemlere ait sira diyagrami Sekil 4‘te verilmistir. Bu islemler asagida ifade
edilmistir;

Verinin Islenmesi ve Raporlanmasi Asamalari;

1. AlgoritmaAkisBufferYonetici sinifina ait Verilsle() metodu ¢agrildiginda ilgili akis ait rAkisBufferlari
olusturulur.

2. Akislsletim sinifina ait Verilsle() metodu ¢agrilir.

3. Akislsletim smifi Algoritma SoZ Yonetici sinifina ait olan SiradakiAlgoritmayiVer() fonksiyonunu
cagirarak hangi algoritmay: isletecegine karar verir.

4. llgili algoritmanin uyarlama simfi yardimiyla eldeki veriler ve eger gerekiyorsa énceki algoritmalarin
sonuglari kullanilarak algoritma girdisi saglanir.

5. Algoritma girdisi ayarlandiktan sonra Algoritma Kabuk yardimiyla algoritma ¢agrilir ve sonucu alinir.
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6. Akis icerisindeki algoritmalar sirayla ¢calistirilir.

7. Akisa ait tlim algoritmalarin ¢alismasi tamamlandiginda Algoritma Rapor sinifi yardimiyla sonu¢ raporu
olusturulur

8. Sonug raporu Algoritma Yonetici sinifina gonderilir.

MgariemahkisBull eV anetici Migositnakapor AMgoremahkishletim Algeritma kivh dimi | [ Amitmatartoness | [Mgmemattatams ]| “AlgaritmaKshuk

Veral el

WVenlel]

Siaddabiklgeritmay Mol

Wil be[)

:.L-’l.lgnlirru\nnl.rl.l ]
I

H H
H : H ! H
! ﬁ;mmgkkn ] H i H
: ' '
| H H

= | : | :
igaritmaltapariihanit) H H \

AlgeeiderafapeeGendeo]

Sekil 4. Algoritma Modaiilii igerisindeki islemlere ait sira diyagrami

Bu c¢alismada Sorumluluk zinciri (Chain of Responsibility) tasarim kalib1 disinda Adaptor tasarim kalib1 da
kullanilmistir. Algoritma modiiliiniin kullanicisiyla arasinda adaptor gorevi yapacak olan Algoritma Yoénetim sinifi
tasarlanmistir. Bu siif algoritma kullanici ile algoritma modili arasinda adaptor gorevi gorecektir. Boylelikle
algoritma modili kullanicidan bagimsiz olarak ¢alisacaktir. Bu sekilde proje bagimhiliginin azaltilmasi
amaclanmaktadir. Proje farkliliklarinda algoritma modiiliiniin aynm sekilde kullanilarak Algoritma Yoénetim
sinifinda degisiklik yapilmasi amag¢lanmaktadir.

3. Bulgular

Giliniimiizde neredeyse her alanda kullanilan yazilimlarin gelistirilmesi siirecinde karsimiza ¢ikan takvim
sikisikligl problemi ve kalite beklentisi nedeniyle yeniden kullanilabilirlik kavrami 6n plana ¢ikmaktadir. Yeniden
kullanilabilirlik yazilim giivenilirligini artirir, siire¢ riskini azaltir, gelistirme stirecini hizlandirir ve is gliclinin
optimum seviyede kullanilmasini saglar. [54,63-64] Bu nedenlerden dolay1 bu makalede yeniden kullanilabilirlik
kavrami ele alinmis ve yeniden kullanilabilirligi saglamak adina bir ¢alisma yapilmistir.

Daha o6nce yapilan ¢alismalara bakildiginda yazilim yeniden kullanilabilirligini saglamak ve arttirmak i¢in en ¢ok
uygulanan yéntemlerden birisi yazilim tasarim kaliplarinin kullanilmasidir [2.49,65]. Daha 6nceki ¢alismalarda
yazilim tasarim kalibi1 uygulamalarindan basarili sonuglar elde edilmistir. [2-8,13]. Ge¢mis ¢alismalar referans
alinarak bu calismada da yeniden kullanilabilirligi saglamak adina yazilim tasarim kalib1 kullanilmis ve basaril bir
sonug elde edilmistir.
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Uygulanan projede verinin belli algoritmalar kullanilarak isletilip raporlanmasi gerekmektedir. Algoritmalar art
arda kullanildig1 ve bir algoritmanin sonucu diger algoritma tarafindan kullanilabildigi icin ve literatiirde de
yeniden kullanilabilirlik i¢in basarili sonuglar ortaya koyan Sorumluluk Zinciri tasarim kalibinin uygulanmasi
dogru bulunmustur. [5-6,59]

Sorumluluk zinciri tasarim kalibinin yani sira Adaptor tasarim kalibi da uygulanmistir. Algoritma Yonetici sinifi
Algoritma Kullanici ile Algoritma Modiilii arasinda adaptér gorevi gorecektir. Boylece Algoritma Kullanici,
Algoritma Modiliinlin arayiizleri ve igeriginden bagimsiz olacaktir. Projeden projeye olusabilecek bazi
farkliliklarda Algoritma Yonetici sinifinda diizenlemeler yapilarak Algoritma Modili degistirilmeden
kullanilabilir.

Yeniden kullanilabilirligi saglamak icin yapilmasi gerekenlerden birisi de ilgilerin ayrilig1 ilkesine uygun tasarim
ve gelistirme yapmaktir [41,42]. Onerilen Algoritma Modiilii projeden bagimsiz olacak sekilde tasarlanmis ve
uygulanmistir. Algoritma Kullanici ve Algoritma Modiili arasinda iletisimi saglamak icin Algoritma Yonetici sinifi
tasarlanmistir. Algoritma Kullanici Algoritma Modiiliintn igeriginden haberdar degildir ve icerigi Algoritma
Kullaniciy1 etkilemez. Algoritma Modiiliiniin genel olarak amaci veriyi islemek ve bu veriden bir rapor
olusturmaktir. Bu sayede, Algoritma Modiiliiniin icinde yapilacak olan degisiklik Algoritma Kullanicisini
etkilemeyecektir.

Projeden projeye Algoritma Modiilii’'nden beklenen sonu¢ raporu formati degisebilir. Bu durumda yapilmasi
gereken yalnizca Algoritma Modilii icerisindeki Algoritma Rapor sinifinda degisiklik yapmak olacaktir.

Yazilimda var olmayan bir algoritma eklenecegi zaman bu algoritmani uyarlama ve kabuk siniflar1 yazilima
eklenecek ve gerekli kodlama yapilacaktir. Bunun ardindan bu algoritma adimu ilgili akisa Algoritma SoZ Yonetici
sinifi icerisindeki yapilandir() metodu kullanilarak eklenecektir. Projede var olan algoritma baska projede
kullanilmayacag1 zaman sadece algoritma akislarindan ¢ikarilmasi yeterli olacaktir.

Algoritma modiiliiniin yeniden kullanilabilirligini artirmak i¢in islenmek iizere algoritmaya gelen veri char*
seklinde ele alinmistir. Veri ilgili metodun icinde projeye 6zgi tipe donistiirilmektedir. Boylelikle farkli
projelerde girdi tipi degistiinde metotlarin argiimanlarinin degisimine gerek duyulmayacaktir. Arayiizler ayni
sekilde kullanilabilecektir.

Yazilim kalitesinin ve yeniden kullanilabilirliginin degerlendirilmesi i¢in kullanilan yontemlerden biri nesne
yénelimli tasarim metriklerinin kullanilmasidir. [66-73] Onerilen yéntemin basarisini 6lgmek icin Chidamber ve
Kemerer'in gelistirdigi metrik kiimesinden yararlamlmstir [75]. ilgili metrikler ve tamimlar [66-73] Sekil5'te
verilmistir.

Metrik Tanimi

LCOM Ayrik  yontem iftlerinin  sayis1 ile
(Lack of Cohesion in Methods/Metotlardaki uyum eksikligi) | kullanilan benzer yontem iftlerinin
sayisini ¢cikarmak icin kullanilir.

DIT Bir simifin, o smiftan kalitim agacinin

(Depth of Inheritance Tree / Kalitim agacinin derinligi) kokiine kadar olan maksimum yol
uzunlugunu ifade eder.

CBO Belirli bir sinifin bagimh oldugu siniflarin

(Coupling between object classes/Nesne siniflar | sayisini ifade eder.
arasindaki bagimlilik)

NOC Bir smiftan direkt olarak tiretilmis
(Number of Children/Alt simif sayisi) siniflarin sayisini ifade eder.

RFC Bir sinifin nesnesi tarafindan alinan bir
(Response For a Class/Sinifin tetikledigi metot sayisi ) mesaja yanit olarak potansiyel olarak

ylriitiilebilecek yontemlerin sayisidir.

WMC Bir  smiftaki yontemlerin  agirhikl
(Weighted Methods Per Class / Sinifin agirlikli metot sayisi) | toplamini ifade eder.
Sekil 5. Kullanilan metrikler ve tanimlari [75]
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Metriklerin 6l¢iimi i¢cin “Understand” adl1 uygulama kullanilmistir. Sekil 6’da eski projeye ait nesne yonelimli
tasarim metrikleri, Sekil 7’de ise 6nerilen yontemin uygulandig1 projenin nesne yonelimli tasarim metrikleri
verilmistir.

SINIF LCOM | DIT CBO NOC RFC WMC
Algoritma 87 1 7 1 41 40
AlgoritmaKullanicisi 0 0 1 1 7 7
AlgoritmaParametreleri | 72 0 0 1 10 10
AlgoritmaTakipcisi 65 1 8 0 23 16
AlgoritmaUretici 0 1 3 0 3 3
XY_Algoritmasi 95 2 24 0 189 148
XY_AlgParametreleri 92 1 0 0 50 40

Sekil 6. Eski projeye ait nesne yonelimli tasarim metrikleri

SINIF LCOM DIT | CBO NOC RFC WMC
AlgoritmaAkisAdimi 75 1 6 0 28 28
AlgoritmaAkisBufferYonetici | 94 1 17 0 71 61
AlgoritmaAkisIsletim 83 1 10 0 37 37
AlgoritmaXKabuk 71 1 12 0 24 7
AlgoritmaXUyarlama 0 1 1 0 11 3
AlgoritmaYKabuk 91 1 17 0 32 15
AlgoritmaYUyarlama 0 1 6 0 14 6
AlgoritmaKabuk 100 0 4 2 17 17
AlgoritmaUyarlama 100 0 4 2 17 17
AlgoritmaRapor 89 0 21 0 38 38

Sekil 7. Onerilen yéntemin uygulandig1 projeye ait nesne yonelimli tasarim metrikleri

WMC degeri bir siniftaki fonksiyonlarin sayisini ifade eder. WMC degeri buyiidiik¢e sinif projeye 6zgii olma
yolunda ilerler. Bu nedenden 6tiirii de yeniden kullanilabilirlik diser. WMC degeri biiyiidiikce ayni zamanda bakim
maliyeti de artar. [66-73] Sekil 5 ve Sekil 6’ya bakildiginda énerilen yonteme ait siniflardan en biiyitk WMC
degerine sahip sinifin WMC degeri 61 iken daha 6nce gelistirilen yonteme ait siniflar arasinda en biiyiik WMC
degerine sahip sinifin WMC degeri ise 148'dir. Bu metrige bakildiginda onerilen yontemin yeniden
kullanilabilirliginin eski yonteme goére daha yiiksek oldugu ¢ikarimi yapilabilir. Ayrica eski yontemdeki bu en
yliksek WMC degerine sahip simif (XY_Algoritmasi sinifi) projeden projeye farklilik géstermesi ve degistirilmesi
beklenen smiftir. Bu nedenden étiirii de eski projenin yeniden kullanilabilirligi zordur. Onerilen yéntemde
projeden projeye farklilik gostermesi beklenen siniflarin WMC degerleri en biiyiik olaninin (AlgoritmaXKabuk
sinifi) WMC degeri ise 7’dir. Degistirilmesi ve bakim maliyeti diisiiktiir.

NOC degeri bir siniftan direkt olarak tiiretilmis siniflarin sayisini ifade eder. [66-73] Bilindigi tizere kalitim yeniden
kullanilabilirligi saglamanin ve artirmanin yéntemlerinden biridir. [70,74] Bu nedenle NOC degeri biiyiidiikce
yeniden kullanilabilirligin de artacagi sonucuna varilabilir. Sekil 5 ve Sekil 6’ya bakildiginda NOC degeri en biiyiik
siniflarin AlgoritmaUyarlama ve AlgoritmaKabuk siniflarinin oldugu goriilmektedir. Projeden projeye farkl olmasi
beklenen yerlerden en 6nemlileri algoritma girdi ve ¢iktilarinin degismesidir. Bu durumda da AlgoritmaUyarlama
ve AlgoritmaKabuk siniflarinda degisiklik yapilmasi gerekecektir. Bu siniflarin yeniden kullanilabilirligi artiracag:
NOC degerlerine bakarak goriilebilir.

CBO degeri bir sinifin bagiml oldugu siniflarin sayisini ifade eder. Nesne siniflari arasinda asir1 baglanti, modiiler
tasarima zarar verir ve yeniden kullanimi oénler. [66-73]. CBO degerlerine bakildiginda onerilen ydntemin
uygulandig1 projenin eski projeye gore daha diisiik CBO degerlerine sahip oldugu goriilmektedir. Bu da dnerilen
yontemim daha modiiler ve yeniden kullanilabilir oldugunu géstermektedir.
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4. Tartisma ve Sonug¢

Bu c¢alismada yeniden kullanilabilirligi saglamak icin yapilan ¢alismalar incelenmistir. Yapilan literatiir
taramasinda yeniden kullanilabilirligin yazilim gelistirme icin olduk¢a dnemli bir kavram oldugu ve yeniden
kullanilabilirligi saglamak ve artirmak icin en ¢ok uygulanan yoéntemlerden birinin yazilim tasarim kalib
kullaniminin oldugu goérilmistir. Bu bulgulara dayanarak daha o6nce gelistirilmis bir algoritma yo6netim
modiiliiniin yeniden kullanilabilirligini saglamak amaciyla yazilim tasarim kaliplarinin kullanilmasina dayali bir
yontem oOnerilmis ve Aselsan bilinyesindeki gelistirme siireci devam eden mevcut bir projeye uygulanmistir.
Bununla birlikte ilgilerin ayrilig ilkesine uygun olarak yazilim gelistirmenin de yeniden kullanilabilirligi artirdigi
literatlirde gozlemlendigi icin ilgili modiil ilgilerin ayrilig1 ilkesine uygun olarak gelistirilmistir.

Literatiirdeki calismalara bakildiginda [3-6] yeniden kullanilabilirligi saglamak i¢in tasarim kaliplarinin
kullanildig1 ¢alismalar ile 6nerdigimiz yontem benzer sonuglar ortaya koymustur. Tasarim kalibinin kullanimi
yeniden kullanilabilirligi arttirmistir. Yeniden kullanilabilirligi saglamak icin tasarim kaliplar1 6nemli bir
yontemdir. Incelenen ¢alismalarda adaptér, dekoratér ve sorumluluk zinciri tasarim kaliplar1 kullanilmistir.
Onerdigimiz yéntemde ise sorumluluk zinciri tasarim kalib1 kullanilmistir. Onerdigimiz yéntemi etkin kilan
noktalardan biri mevcut bir projeye uygulanmasi ve daha sonra gerceklestirilecek olan projelerde kullanilacak
olmasidir. Onerdigimiz yéntemin basaris1 makale kapsaminda incelenen ¢alismalarin [3-6] aksine yalnizca nitel
olarak degil nicel olarak da ortaya koyulmustur. Boylelikle 6nerilen yontemin basarisi daha net bir sekilde ifade
edilmisgtir.

Onerilen yéntemin basarimini daha net ortaya koyabilmek icin onerilen tasarimin baska bir projeye daha
uygulanarak sonuglarin degerlendirilmesi daha uygun olacaktir. Ancak proje biiytikligi, insan kaynag: ve zaman
kisitlar1 nedeniyle bu karsilastirma yontemi uygulanamamistir. Gelecek dénemde bdyle bir ¢alisma yapilmasi
planlanmaktadir. Bununla birlikte basarimin 6l¢iilmesi i¢in kullanilan yontemlerden biri olan uzman goriisii alma
yontemi de sonraki asamalarda uygulanacaktir.

Tesekkiir
Bu calisma Aselsan Akademi Lisansiistii Tez projesi kapsaminda desteklenmistir.
Kaynakga

[1] Gill, N. S. (2006). Importance of software component characterization for better software reusability. ACM
SIGSOFT Software Engineering Notes, 31(1), 1-3.

[2] Ahmaro, [. Y., bin Mohd Yusoff, M. Z., & Abualkishik, A. M. (2014, September). The current practices of software
reusability approaches in Malaysia. In 2014 8th. Malaysian Software Engineering Conference (MySEC) (pp. 172-
176). IEEE.

[3] Chen, X, Chen, ]J., Zhang, S., & Sui, L. (2010, July). Application of adapter pattern in container ship stowage
system. In 2010 2nd International Conference on Industrial and Information Systems (Vol. 1, pp. 120-123). IEEE.

[4] Kerji, V. K. (2011, April). Decorator Pattern with XML in web application. In 2011 3rd International Conference
on Electronics Computer Technology (Vol. 5, pp. 304-308). IEEE.

[5] Shirazi, M. N., Hejazi, M., & Dolatabadi, H. (2012). Applied Dynamic Chain of Responsibility in Web Application
Security. International Journal of Computer Theory and Engineering, 4(6), 917.

[6] Yueping, Z., Yuefan, L., & Kesheng, X. (2009, December). The Compound Pattern on the Chain of Responsibility
and Observer. In 2009 International Forum on Computer Science-Technology and Applications (Vol. 3, pp. 420-
422).1EEE.

[7] Gill, N. S. (2006). Importance of software component characterization for better software reusability. ACM
SIGSOFT Software Engineering Notes, 31(1), 1-3.

[8] Masoumi, S., & Mahjur, A. (2019). Reusable and interactive classes: a new way of object composition. Turkish
Journal of Electrical Engineering & Computer Sciences, 27(5), 3615-3632.

387



Yeniden Kullanilabilirlik igin Yazilim Tasarim Kaliplarinin Kullanimi

[9] Patil, S., Drozdov, D., & Vyatkin, V. (2018, July). Adapting software design patterns to develop reusable IEC
61499 function block applications. In 2018 IEEE 16th International Conference on Industrial Informatics (INDIN)
(pp- 725-732). IEEE.

[10] He, G. L., Wu, S., & Yao, . P. (2013, April). Application of design pattern in the JDBC programming. In 2013 8th
International Conference on Computer Science & Education (pp. 1037-1040). IEEE.

[11] Harrer, A., Pinkwart, N., McLaren, B. M., & Scheuer, 0. (2008). The Scalable Adapter design pattern: Enabling
interoperability between educational software tools. IEEE Transactions on Learning Technologies, 1(2), 131-143.

[12] He, Y., Wang, H., & Wang, L. (2015, December). Design and implementation of radar signal processing system
based on design patterns. In 2015 8th International Symposium on Computational Intelligence and Design (ISCID)
(Vol. 1, pp. 85-88). IEEE.

[13] Dai, W., & Vyatkin, V. (2013, November). A component-based design pattern for improving reusability of
automation programs. In IECON 2013-39th Annual Conference of the IEEE Industrial Electronics Society (pp.
4328-4333). IEEE.

[14] Rosellg, E. G., Lado, M. ]., Méndez, A.]., Dacosta, ]. G., & Cota, M. P. (2007). A component framework for reusing
a proprietary computer-aided engineering environment. Advances in Engineering Software, 38(4), 256-266.

[15] Al Dallal, J., & Sorenson, P. (2005). Reusing class-based test cases for testing object-oriented framework
interface classes. Journal of Software Maintenance and Evolution: Research and Practice, 17(3), 169-196.

[16] Chan, S. M., & Lammers, T. L. (1998, June). Reusing a distributed object domain framework. In Proceedings.
Fifth International Conference on Software Reuse (Cat. No. 98TB100203) (pp. 216-223). IEEE.

[17] Xin, T., & Yang, L. (2017, June). A framework of software reusing engineering management. In 2017 IEEE 15th
International Conference on Software Engineering Research, Management and Applications (SERA) (pp. 277-282).
IEEE.

[18] Pelechano, V. (2011, September). Systematic reuse of web services through software product line engineering.
In 2011 IEEE Ninth European Conference on Web Services (pp. 192-199). IEEE.

[19] Dikel, D., Kane, D., Ornburn, S., Loftus, W., & Wilson, J. (1997). Applying software product-line architecture.
Computer, 30(8), 49-55.

[20] Griss, M. L. (2000, June). Implementing product-line features with component reuse. In International
Conference on Software Reuse (pp. 137-152). Springer, Berlin, Heidelberg.

[21] Krueger, C. W. (2006, August). New methods in software product line development. In 10th International
Software Product Line Conference (SPLC'06) (pp. 95-99). IEEE.

[22] Ramler, R, & Putschogl, W. (2013, March). Reusing automated regression tests for multiple variants of a
software product line. In 2013 IEEE Sixth International Conference on Software Testing, Verification and
Validation Workshops (pp. 122-123). IEEE.

[23] Lee, J., Muthig, D., & Naab, M. (2010). A feature-oriented approach for developing reusable product line assets
of service-based systems. Journal of Systems and Software, 83(7), 1123-1136.

[24] Istoan, P., Nain, G., Perrouin, G., & Jézéquel, ]. M. (2009, October). Dynamic software product lines for service-
based systems. In 2009 Ninth IEEE International Conference on Computer and Information Technology (Vol. 2, pp.

193-198). IEEE.

[25] Zhu, H. (2005, August). Building reusable components with service-oriented architectures. In IRI-2005 IEEE
International Conference on Information Reuse and Integration, Conf, 2005. (pp. 96-101). IEEE.

[26] Shatnawi, A., Seriai, A., Sahraoui, H., Ziadi, T., & Seriai, A. (2020). ReSIde: Reusable service identification from
software families. Journal of Systems and Software, 170, 110748.

388



Yeniden Kullanilabilirlik igin Yazilim Tasarim Kaliplarinin Kullanimi

[27] Granell, C., Diaz, L., & Gould, M. (2010). Service-oriented applications for environmental models: Reusable
geospatial services. Environmental Modelling & Software, 25(2), 182-198.

[28] Wang, ], Yu, ], & Han, Y. (2005, October). A service modeling approach with business-level reusability and
extensibility. In IEEE International Workshop on Service-Oriented System Engineering (SOSE'05) (pp. 23-28).
IEEE.

[29] Baillarguet, C., & Piumarta, I. (1999). An highly-configurable, modular system architecture for mobility,
interoperability, specialisation and reuse. In Proceedings of the ECOOP'99 Workshop on Object-Orientation and
Operating Systems.

[30] Drechsler, R., Drechsler, N., Mackensen, E., Schubert, T., & Becker, B. (2000, September). Design reuse by
modularity: A scalable dynamical (re) configurable multiprocessor system. In Proceedings of the 26th Euromicro
Conference. EUROMICRO 2000. Informatics: Inventing the Future (Vol. 1, pp. 425-431). IEEE.

[31] Cannon, D. M. (1997). U.S. Patent No. 5,644,698. Washington, DC: U.S. Patent and Trademark Office.

[32] DeBusk, B. C., Cofer, M. C., Shanks, M. W., & Lukens, W. F. (1999). U.S. Patent No. 5,995,937. Washington, DC:
U.S. Patent and Trademark Office.

[33] Wang, |, Beu, J., Yalamanchilj, S., & Conte, T. (2012, November). Designing configurable, modifiable and
reusable components for simulation of multicore systems. In 2012 SC Companion: High Performance Computing,
Networking Storage and Analysis (pp. 472-476). IEEE.

[34] Sneed, H. M. (2006, February). Wrapping legacy software for reuse in a SOA. In Multikonferenz
Wirtschaftsinformatik (Vol. 2, pp. 345-360).

[35] Mishra, S. K., Kushwaha, D. S., & Misra, A. K. (2009). Creating Reusable Software Component from Object-
Oriented Legacy System through Reverse Engineering. J. Object Technol,, 8(5), 133-152.

[36] Thiran, P., & Hainaut, J. L. (2001, October). Wrapper development for legacy data reuse. In Proceedings Eighth
Working Conference on Reverse Engineering (pp. 198-207). IEEE.

[37] Sneed, H. M. (2001, October). Wrapping legacy COBOL programs behind an XML-interface. In Proceedings
Eighth Working Conference on Reverse Engineering (pp. 189-197). IEEE.

[38] Masoumi, S., & Mahjur, A. (2019). Reusable and interactive classes: a new way of object composition. Turkish
Journal of Electrical Engineering & Computer Sciences, 27(5), 3615-3632.

[39] Kaur, P. ], Kaushal, S., Sangaiah, A. K., & Picciallj, F. (2018). A framework for assessing reusability using
package cohesion measure in aspect oriented systems. International Journal of Parallel Programming, 46(3), 543-
564.

[40] AlSobeh, A. M., AlShattnawi, S., Jarrah, A., & Hammad, M. M. (2020). Weavesim: a Scalable and Reusable Cloud
Simulation Framework Leveraging Aspect-Oriented Programming. Jordanian Journal of Computers and

Information Technology (JJCIT), 6(02).

[41] Aksit, M., Tekinerdogan, B., & Bergmans, L. (2001). The six concerns for separation of concerns. In Proceedings
of ECOOP.

[42] Juhar, ]., & Vokorokos, L. (2015, November). Separation of concerns and concern granularity in source code.
In 2015 IEEE 13th international scientific conference on informatics (pp. 139-144). IEEE.

[43] Panunzio, M., & Vardanega, T. (2014). A component-based process with separation of concerns for the
development of embedded real-time software systems. Journal of Systems and Software, 96, 105-121.

[44] Hiirsch, W. L., & Lopes, C. V. (1995). Separation of concerns.

[45] Kim, Y. S., & Lee, S. H. (2008, October). Separation of Concerns Security Model for Extension of Component
Reuse. In 2008 International Symposium on Ubiquitous Multimedia Computing (pp. 23-28). I[EEE.

389



Yeniden Kullanilabilirlik igin Yazilim Tasarim Kaliplarinin Kullanimi

[46] Ober, I, & Ober, I. (2017). On Patterns of Multi-domain Interaction for Scientific Software Development
focused on Separation of Concerns. Procedia computer science, 108, 2298-2302.

[47] Kulkarni, V., & Reddy, S. (2003). Separation of concerns in model-driven development. IEEE software, 20(5),
64-69.

[48] Zelinskyy, A., Tesliuk, V., & Maloid, T. (2016, April). Applying decorator design pattern for MEMS program
model creation. In 2016 XII International Conference on Perspective Technologies and Methods in MEMS Design
(MEMSTECH) (pp. 19-21). IEEE.

[49] Anguswamy, R., & Frakes, W. B. (2012, September). A study of reusability, complexity, and reuse design
principles. In Proceedings of the 2012 ACM-IEEE International Symposium on Empirical Software Engineering and
Measurement (pp. 161-164). IEEE.

[50] Arslan, S., & Kardas, G. (2020). DSML4DT: A domain-specific modeling language for device tree software.
Computers in Industry, 115, 103179.

[51] I¢6z, B. & Kalipsiz, O. (2020). MODEL GUDUMLU YAZILIM GELISTIRME YAKLASIMI KULLANILARAK MiKRO
SERVIS GELISTIRILMESI . Miihendislik Bilimleri ve Tasarim Dergisi , Special Issue: International Conference on
Artificial Intelligence and Applied Mathematics in Engineering (ICAIAME 2020), 142-148

[52] Frakes, W. B,, & Fox, C. ]. (1996). Quality improvement using a software reuse failure modes model. IEEE
Transactions on Software Engineering, 22(4), 274-279.

[53] Prieto-Diaz, R. (1993). Status report: Software reusability. IEEE software, 10(3), 61-66.

[54] Sandhu, P. S, Kakkar, P, & Sharma, S. (2010, September). A survey on Software Reusability. In 2010
International Conference on Mechanical and Electrical Technology (pp. 769-773). IEEE.

[55] Kasikci, B. C., & Bilgen, S. (2009). Etkin Yeniden Kullanim: Yazihm Uriin Hatlarinda Degiskenligin
Modellenmesi. Ulusal Yazilim Miithendisligi Sempozyumu.

[56] Alexander, C., Ishikawa, S,, Silverstein, M. (1979). The Timeless Way of Building, Oxford University Press.
[57] Kuchana, P. (2004). Software architecture design patterns in Java. CRC Press.

[58] Radonjic, V. D., Bashardoust, S., Corriveau, ]. P., & Arnold, D. (2011). Design Patterns-A Modeling Challenge.
In Proceedings of the International Conference on Software Engineering Research and Practice (SERP) (p. 1). The
Steering Committee of The World Congress in Computer Science, Computer Engineering and Applied Computing

(WorldComp).

[59] Odell, D. (2014). Design Patterns: Creational. In Pro JavaScript Development (pp. 119-135). Apress, Berkeley,
CA.

[60] Lasater, C. G. (2006). Design patterns. Jones & Bartlett Publishers.
[61] Sarcar, V., & Metsker, S. ]. (2004). Design Patterns in C#. Addison-Wesley Professional.

[62] Gamma, E., Helm, R, Johnson, R, Vlissides, J., & Patterns, D. (1995). Elements of Reusable Object-Oriented
Software. Design Patterns. massachusetts: Addison-Wesley Publishing Company.

[63] Ahmaro, I. Y., Abualkishik, A. M., & Yusoff, M. Z. M. (2014). Taxonomy, definition, approaches, benefits,
reusability levels, factors and adaption of software reusability: a review of the research literature. Journal of

Applied Sciences, 14(20), 2396.

[64] Poulin, J. S. (1994, November). Measuring software reusability. In Proceedings of 1994 3rd International
Conference on Software Reuse (pp. 126-138). IEEE.

[65] Ampatzoglou, A., Kritikos, A., Kakarontzas, G., & Stamelos, 1. (2011). An empirical investigation on the
reusability of design patterns and software packages. Journal of Systems and Software, 84(12), 2265-2283.

390



Yeniden Kullanilabilirlik igin Yazilim Tasarim Kaliplarinin Kullanimi

[66] Calp, M. H., & ARICI, N. (2011). Nesne yonelimli tasarim metrikleri ve Kalite 6zellikleriyle iliskisi. Politeknik
Dergisi, 14(1), 9-14.

[67] Jamali, S. M. (2006). Object oriented metrics. A survey approach Technical report, Department of Computer
Engineering, Sharif University of Technology, Tehran, Iran.

[68] Cheikhi, L., Al-Qutaish, R. E., Idri, A., & Sellami, A. (2014). Chidamber and kemerer object-oriented measures:
Analysis of their design from the metrology perspective. International Journal of Software Engineering and Its
Applications, 8(2), 359-374.

[69] Thwin, M. M. T., & Quah, T. S. (2005). Application of neural networks for software quality prediction using
object-oriented metrics. Journal of systems and software, 76(2), 147-156.

[70] Gill, N. S., & Sikka, S. (2011). Inheritance hierarchy based reuse & reusability metrics in oosd. International
Journal on Computer Science and Engineering, 3(6), 2300-2309.

[71] Neelamegam, C., & Punithavalli, M. (2009). A survey-object oriented quality metrics. Global Journal of
Computer Science and Technology, 9(4), 183-186.

[72]Aggarwal, M., Verma, V. K,, & Mishra, H. V. (2013). An Analytical Study of Object-Oriented Metrics (A Survey).
International Journal of Engineering Trends and Technology (IJETT), 6(2), 76-83.

[73] Dadhania S., Galathiya S., (2014). Survey on Object Oriented Matrices. International Journal of Engineering
Research & Technology (IJERT), 3(3), 1432-1437.

[74] Senthil, V. S. (2019, April). Quantitative Assessment of Inheritance Hierarchies for Aspect Oriented Software
Development using a proposed Aspect Inheritance Reusability Model. In 2019 International Conference on

Automation, Computational and Technology Management (ICACTM) (pp. 573-576). IEEE.

[75] Chidamber, S. R., & Kemerer, C. F. (1994). A metrics suite for object oriented design. IEEE Transactions on
software engineering, 20(6), 476-493.

391



Erciyes Universitesi Erciyes University
Fen Bilimleri Enstitiisii Dergisi Journal of Institue Of Science and Technology
Cilt 37, Say1 3, 2021 Volume 37, Issue 3, 2021

Atik Kizartma Yagi Biyodizelinin Performans, Emisyon ve Yanma Karakteristiklerinin
Pamuk Yagi ve Aspir Yagi Biyodizelleri ile Karsilastirilmasi

ilker Ors'“'»: Murat Ciniviz' ", Bahar Sayin Kul' -

*1Selguk Universitesi Sivil Havacilik Yiiksekokulu Ugak Gévde ve Motor Bakimi, KONYA, TURKIYE
2Selguk Universitesi Teknoloji Fakiiltesi Makine Miihendisligi, KONYA, TURKIYE

(Almnis / Received: 11.04.2020, Kabul / Accepted: 12.09.2021, Online Yayinlanma / Published Online: 30.10.2021)

Anahtar Kelimeler 0z: Bu calismada, atik kizartma yagindan elde edilen biyodizel, tek silindirli direkt
Atik kizartma yag, enjeksiyonlu bir motorda yakit olarak kullanilmis, performans, yanma ve emisyon
Biyodizel, sonuglari petrol kokenli dizel yakiti, pamuk yag1 biyodizeli ve aspir yag1 biyodizeli
Dizel motor, ile karsilastirllmistir. Deney sonuglarina goére; atik kizartma yagindan iretilen
Pamuk yagy, biyodizel, geleneksel dizel yakitina gore motor performans parametrelerini diisiirse
Aspir yagl de diger biyodizel yakitlarina gore daha iyi performans parametrelerine sebep

olmustur. Pamuk ve aspir biyodizeli ile benzer yakit ozellikleri gostermesi
sayesinde, emisyon degerlerinde de dizel yakita gore o6nemli iyilesmeler
gozlemlenmistir. Yanma karakteristikleri bakimindan incelendiginde, maksimum
silindir basincinin atik kizartma yag1 biyodizeli ile elde edildigi gériilmektedir. Bu
sayede de diger biyodizellere gore daha yiliksek performans degerlerine sahiptir.
Biyodizel hammaddesi olarak tercih edilmesi durumunda diger biyodizeller ile
benzer sonuglarin elde edilecegi bu ¢alismanin sonuglari ile ortaya konulmustur.

Comparison of Performance, Emission and Combustion Characteristics of Waste Frying
Oil Biodiesel with Cotton Oil and Safflower Oil Biodiesels

Keywords Abstract: In this study, biodiesel obtained from waste frying oil was used as fuel in
WaSt_e frying oil, a single cylinder direct injection engine, the performance, combustion and emission
Biodiesel, results were compared with petroleum-based diesel fuel, cotton oil biodiesel and

Diesel engine,
Cotton oil,
Safflower oil

safflower oil biodiesel. According to the results of the experiment; although
biodiesel produced from waste frying oil reduced engine performance parameters
compared to conventional diesel fuel, it has caused better performance parameters
compared to other biodiesel fuels. Due to its similar fuel characteristics with cotton
and safflower biodiesel, significant improvements were observed in emission values
compared to diesel fuel. When examined in terms of combustion characteristics, it
is seen that the maximum cylinder pressure is obtained with waste frying oil
biodiesel. Thus, it has higher performance values than other biodiesels. It is
demonstrated by the results of this study that if it is preferred as biodiesel feedstock,
similar results will be obtained with other biodiesel fuels.
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Atik Kizartma Yagi Biyodizelinin Performans, Emisyon ve Yanma Karakteristiklerinin Pamuk Yag1 ve Aspir Yag1 Biyodizelleri ile Karsilagtirilmasi

1. Giris

Biyodizel, giinlimiizde en yaygin kullanilan alternatif dizel motor yakitlarindandir. Biyodizel, Yenilenebilir ve
strdiriilebilir 6zellikleri sayesinde biyodizel arastirmacilari cezbetmistir. Ayrica, atiklarin yok edilmesi igin
kullanilabilen ve sinirsiz hammaddeden tretilebilen ¢evre dostu bir yakittir. Bu 6zellikleri, onun en 6nemli
avantajlaridir. Dahasi, giiniimiiz dizel motorlarinda 6nemli bir yapisal degisiklik olmadan da kullanilabilirligi
biyodizelin sik sik giindeme gelmesine sebep olmaktadir.

Biyodizel tiretimi i¢in en ¢ok kullanilan yontem, katalizor olarak etanol ve metanol gibi kisa zincirli alkollerin
kullanildigy, katalitik bir reaksiyon olarak da bilinen ve biyokimyasal bir siire¢ olan transesterifikasyondur [1].
Biyodizel hem bitkisel hem de hayvansal yaglardan elde edilebilir. Biyodizel iiretim siireci i¢in kullanilacak
hammaddenin se¢iminde, yakitin kullanilacagi boélgenin iklimsel 6zellikleri, hammaddenin yenilebilen veya
yenilmeyen iiriinlerden olmasi, hammaddenin bélgesel bollugu, hayvansal ve bitkisel tiretim yogunlugu gibi ¢esitli
faktorler vardir [2,3]. Son yillarda, yakit olarak kullanilan biyodizel iiretiminde en ¢ok secilen hammaddeler kanola
[4,5], aycicegi [6,7], pamuk [8-9], hurma [10-11], aspir [12,13], soya fasulyesi [14,15] ve kolza tohumudur. Ancak,
biyodizel liretiminde kullanilan hammadde iiretim maliyetini de belirler. Biyodizelin yiiksek liretim maliyeti,
ticarilestirilmesinin 6niindeki en biiyiik engel olarak gériilmektedir. Bu nedenle, giiniimiizde kullanilan kizartma
yaglari, atik pisirme yaglari, atik hayvansal yaglar, sabun artiklari, sar1 ve kahverengi gresler de biyodizel iiretimi
icin hammadde olarak tercih edilmeye baslanmistir [16-18].

Biyodizelerin saflik, yanma, depolama ve akis gibi fizikokimyasal 6zellikleri, kullanimlar1 esnasindaki etkileri
belirler [19]. Ornegin, ester icerigi ve su icerigi degerleri safligin1 gosterir, parlama noktasi depolama giivenligini
belirtir, setan sayis1 yanma karakteristiklerini, bakir seridi belirtir korozyon degeri ise malzemeler iizerindeki
asinma etkisini gosterir. Bu 6zelliklerden en 6nemlisi, dizel motor yakiti olarak kullanilabilirliginin bir gostergesi
icin yogunluk, kinematik viskozite, 1s1l deger, setan sayisi1 ve soguk akis 6zellikleri gibi bazi yakit 6zellikleridir.
Yogunluk ve viskozite pliskiirtme ve atomizasyon o6zelliklerini belirler ve bu 6zellikler 6zellikle yanma ve
performans karakteristiklerini etkiler. Isil deger, yanma sonunda yakittan alinan enerji miktaridir ve biyodizelin
motor performansi ilizerindeki etkisini gosterir. Setan sayisi, yakitin kendiliginden tutusabilme 6zelligidir. Dizel
motor yakitlar i¢in ¢ok 6nemli bir parametredir. Ciinki atesleme gecikmesi, 1s1 salinim hizi, yanma baslangici,
kontrollii yanma gibi énemli yanma o6zellikleri setan sayisina baglidir. Soguk akis ozellikleri ayni zamanda
biyodizelin kullanilabilecegi iklim 6zelliklerinin secilmesi i¢in bir gostergedir. Biyodizel hammadde tiirleri bu
ozelliklere gore belirlenir.

Pamuk ve aspir, cografi sartlar1 uygun olan iilkeler icin énemli biyodizel hammaddelerindendir. Ozellikle aspir,
kurakliga dayanikli olmasi ve iriin verimliliginin yiiksek olmasi sebebi ile tercih edilmektedir. Pamuk ise daha
iliman iklimlerde yetisebilen bir bitkidir. Ayrica her iki yag da biyodizel iiretimi i¢in ideal yag asidi igeriklerine
sahiptir ve silfiir icermezler [12,20]. Aspir ve pamuk yagindan iiretilen biyodizelin dizel motorlarda kullanimi
lizerine bir¢ok calisma yapilmistir. Bu ¢alismalardan giincel ve 6nemli sonuglara sahip olanlardan bazilarina ait
sonuclar asagida sunulmustur.

Aydogan, dizel yakitin1 %20 oraninda aspir ayagi biyodizeli ile karistirarak belirli oranlarda biyoetanol ilave etmis,
performans, emisyon ve yanma karakteristiklerini incelemistir. Aspir biyodizelinin diistik alt 1s1l degerinin motor
performansini olumsuz etkiledigini, emisyonlari ise iyilestirdigini belirtmistir. Bununla birlikte, %20 biyodizel
karisiminin dizel yakitinki il benzer yanma karakteristikleri gésterdigini ortaya koymustur [21]. Ozcelik, dizel
yakita %2, 10 ve 50 oranlarinda aspir biyodizeli harmanlayarak motor performansi ve egzoz emisyonlari iizerine
etkilerini incelemistir. Sonuc¢ olarak, karisimdaki biyodizel miktarinin artmasi ile tork ve gii¢ degerlerinin
azaldigini, 6zgiil yakit tliketimi degerlerinin ise arttigini belirtmistir. Egzoz emisyon degerlerinde ise, karbon
monoksit (CO) ve hidrokarbon (HC) emisyonlarinda 6nemli bir azalma, azot oksit (NOx) ve karbon dioksit (CO2)
emisyonlarinda da artis oldugunu tespit etmistir. Ayrica, biyodizelin icerigindeki oksijen sayesinde, egzoz
emisyonlarinda dizel yakita gore ortalama olarak yaklasik %40’a kadar bir artis oldugunu gostermistir [22]. Aydin
ve Ogiit aspir yagindan elde ettikleri biyodizeli %5 oraninda dizel yakiti ile harmanlayarak motor performans
parametrelerini incelemislerdir. Biyodizelin diisiik 1s1l degeri nedeni ile tork ve gii¢c degerlerini azalttigini, 6zgiil
yakit tiiketimi degerlerini ise yaklasik %7’e kadar artirdigini tespit etmislerdir [23]. Celebi ve Aydin
calismalarinda, yakit olarak aspir biyodizeli ve %50 dizel-biyodizel karisimini bir dizel jeneratér motorunda test
etmisler, performans, emisyon ve yanma analizlerini incelemislerdir. En yiiksek silindir basinci ve 1s1 salimi hizi
degerlerini aspir biyodizeli ile elde etmislerdir. Performans parametreleri olarak, biyodizelin 6zgiil yakit
tiketimini artirdigini, termal verim degerlerini de azalttigini belirtmisler, bu artis ve azalmanin lineer oldugunu
gostermislerdir. Bunun yaninda eksik yanma yiiziinden CO emisyonlarinin artmasina ragmen HC emisyonlarinin
azaldigini belirtmislerdir. Ayrica hem NOx hem de COz emisyonlarinin arttigini ortaya koymuslardir [24]. Oguz ve
dig., yakit olarak saf aspir biyodizeli kullanarak performans ve emisyon sonuglarini dizel yakitinkiler ile
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karsilastirmislardir. Sonu¢ olarak, motor performansinda yaklasik %10 oraninda azalma, CO, HC ve SO:
emisyonlarin ¢ok dnemli bir azalma ve CO:z ve NOx emisyonlarinda ise gozle goriiliir bir atis oldugunu
¢alismalarinda sunmuslardir [25]. Aydin, bir jenerator dizel motorunda aspir yag1 biyodizelini ve %50 dizel yakitla
harmanlanmis biyodizeli yakit olarak kullanmis ve dizel yakitin performans, emisyon ve yanma parametreleri ile
karsilastirmistir. Aspir biyodizelinin hem silindir basincini hem de 1s1 salinim hizi degerlerini diistirdigiini,
performans degerlerini olumsuz etkiledigini, CO, COz, HC ve NOx degerlerini de artirdigini belirtmislerdir [26].

Keskin ve dig., pamuk yagindan trettikleri biyodizeli %20, 40 ve 60 oranlarinda dizel yakit ile harmanlayarak tek
silindirli bir dizel motorda yakit olarak kullanmislardir. Test sonuclarina gore, pamuk yag1 biyodizelinin
performans degerlerini diisiirdiigiinii, karisimdaki biyodizel oranin artmasi ile degerlerdeki diisme miktarinin
arttigini, maksimum tork degerlerinin %5.09’a, maksimum gii¢ degerlerinin %6.2’ye kadar azaldigini, 6zgiil yakit
tiiketimi degerlerinin ise ortalama olarak %7.8’e kadar arttigini ortaya koymuslardir. Bununla birlikte, partikiil
madde emisyonu degerlerinin %46.6’ya kadar azaldigini belirtmislerdir [27]. Subbarayan ve dig., calismalarinda
%25, 50, 75 ve 100 oranlarinda pamuk yag1 biyodizelini bir dizel motorda yakit olarak kullanarak performans ve
emisyon parametrelerine etkilerini incelemislerdir. En yliksek 6zgiil yakit tiiketimi degerinin saf biyodizel ile elde
edildigini, en diisiik degerin ise dizel yakitla elde edildigini, karisimdaki biyodizel oranina bagh olarak 6zgiil yakit
tiketimi degerlerinin %2.11’e kadar arttigini belirtmislerdir. Termal verim degerleri incelendiginde ise, %25
biyodizel iceren yakitin dizel yakita gére %1.65’e kadar termal verimi artirdigini ancak bioyodizel oranindaki
artisla bu degerin azaldigini gostermislerdir. Ayrica pamuk yag: biyodizeli, CO ve HC emisyonlarinin genel olarak
artmasina, duman ve NOx emisyonlarinin ise azalmasina sebep oldugunu ortaya koymuslardir [28]. Nabi ve dig.,
pamuk yagindan elde ettikleri biyodizeli %10, 20 ve 30 oranlarinda dizel yakitina karistirmislar ve yakit olarak
kullanmislardir. Pamuk yag1 biyodizeli karisimhi yakitlar dizel yakitina gore 6zgil yakit tiikketimi degerini
artirirken termal verimi degerini diisiirdiigiinii, CO emisyonu degerlerini %24’e kadar azalttigini, NOx emisyonunu
%10’a kadar artirdigini, partikil madde emisyonunu %24, duman emisyonunu ise %14 iyilestirdigini tespit
etmislerdir [29]. Sundar and Udayakumar ¢alismalarinda, dizel yakitina %5-20 oranlarinda hacimsel olarak %5’er
farkla pamuk yag1 biyodizeli ilave etmisler, performans ve emisyon sonuglarina etkilerini sunmuslardir. Sonug
olarak, biyodizel ilavesi ile termal verimin %4.13’e kadar azaldigini, 6zgul yakit tiikketiminin %17.1’e kadar
arttigini, CO ve HC emisyonlarinda sirasi ile %18.4’e ve %3.86'ya kadar bir azalma oldugunu, CO2 ve NOx
emisyonlarinin ise sirasi ile %14 ve %8 arttigini belirtmislerdir [30].

Bugiliniin sartlarinda her iki bitkinin tohumundan elde edilen yaglar basta kizartma yagi1 olmak tizere gida olarak
tiketilebilmektedir. Bu nedenle, bu yaglar da giinlimizde ticari degeri yiiksek olan yaglar sinifina dahil
olmugslardir. Bu yaglarin deger kazanmasi sebebi ile biyodizelin liretim maliyetler de ytlikselmistir. Boylece
arastirmacilar, hem maliyeti diisiirebilmek hem de atiklarin geri kazanimini saglayabilmek amaci ile biyodizel
liretiminde atik yaglarin kullanimina odaklanmiglardir.

Uyumaz ve dig., atik zeytin yagindan iiretmis olduklar1 biyodizeli %10 ve %20 oranlarinda dizel yakit ile
harmanlayarak dizel motorun ¢alisma parametrelerine etkilerini incelemislerdir. Sonug¢ olarak, yiiksek motor
yukiinde biyodizel ilavesinin silindir basinci, 1s1 salinim hizini artirdiginy, tutusma gecikmesini ve yanma siiresini
artirdigini, termal verimi %11.7’e kadar disiirdiigiinii, CO emisyonunu %17.6, duman emisyonunu %49.5
azalttigini, CO2 ve NOx emisyonlarini ise sirasiyla %8.49 ve %7.5 artirdigini géstermislerdir [31]. Calam, direkt
puiskiirtmeli bir dizel motorda yakit olarak atik kizartma yag: kullandig1 ¢alismasinda, biyodizeli hem tek yakit
hem de %50 karisimli yakit olarak test etmistir. Biyodizelin dizel yakita gore %3.25 daha diisiik motor torkuna,
%715.39 da 6zgiil yakit tiiketimi degerine sahip oldugunu géstermistir. Ayrica, biyodizelin daha yiiksek maksimum
silindir basinci degerine sahip olmasina ragmen daha diisiik 1s1 salinim hizina sahip oldugunu, yanma siiresinin de
dizel yakittan yaklasik 5 krank a¢is1 kadar daha kisa oldugunu belirtmistir. CO ve is emisyonlarinda ¢ok énemli bir
azalma meydana geldigini, NOx emisyonlarinin ise %50.45’e kadar arttigin1 sunmustur [32]. Aksoy ve dig. atik
kizartma yagindan natiiralize metodu ile elde ettikleri biyodizeli %30 oraninda dizel yakitla karistirmislar ve tek
silindirli bir dizel motorunda test etmislerdir. %30 biyodizel ilavesinin silindir basinci, 1s1 salimi1 hiz1 ve tutusma
gecikmesi degerlerini artirdigini, yanma stiresini ise kisalttigini belirtmislerdir. Biyodizel ilavesinin performans
degerlerini olumsuz etkiledigini, CO ve duman emisyonlarinin diisiirirken NOx ve CO2 emisyonlarini artirdigini
ortaya koymuslardir [18].

Gliniimiizde, biyodizelin yakit 6zellikleri yeni nesil dizel motorlarda saf olarak kullanimini pek miimkiin kilmasa
da ozellikle zirai araglar, agir is makineleri ve elektrik iireten jeneratorler halen yiiksek oranda biyodizelin
harmanlanarak yada saf yakit olarak kullanilmasina izin verecek dizel motorlara sahiptirler. Ancak, biyodizel
kullaniminin cazip hale gelebilmesi icin {iretim maliyeti olarak ¢ok yiiksek bir orana sahip olan hammadde
maliyetinin en aza diisiiriilebilmesi ¢ok dnemlidir. Bu ¢calismada da hammadde maliyetinin (atik kizartma yaginin
toplam biyodizel maliyetine oran1 %0, pamuk yaginin %17 ve aspir yaginin %32) azaltilabilmesine imkan
verebilmek amaci ile hammadde olarak atik kizartma yaginin tercih edilmesi i¢in bu yagdan iiretilen biyodizelin,
gliniimiizde popiiler olan pamuk ve aspir yagindan iretilen ile performans, emisyon ve yanma karakteristikleri
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karsilastirilmigtir. Boylece, atik kizartma yaginin, diger hammaddelerin yerini alabilecegini gdstermek
hedeflenmistir.

2. Materyal ve Metot

Test yakitlarinin hazirlanmasi, deney diizeneginin olusturulmasi, deneylerin yapilisi ve deneylerde kullanilan
6lciim cihazlarina ait 6zellikler asagida detayl olarak belirtilmistir.

2.1. Biyodizel iiretimi ve yakit 6zellikleri

Bu calismada, Aksaray Universitesi biinyesinde faaliyet gdsteren ogrenci kafeteryalarinda, sadece bitkisel
triinlerin kizartilmasi icin kullanilan atik kizartma yaglar1 toplanmis ve igerisindeki yabanci maddeler filtre
edilerek biyodizel hammaddesi olarak kullanilmistir. Kullanilan atik kizartma yaginin maruz kaldig: sicaklik 160-
180 oC’dir. Aspir ve pamuk tohumlari, bélgesel olarak faaliyet gosteren tarim {iriinleri tedarikgisi bir firmadan
temin edilerek presleme yontemi ile yaglar: ¢ikarilmis, ham aspir ve pamuk yaglari elde edilmistir. Elde edilen
yaglarin her birinden transesterifikasyondur yontemi ile biyodizel iiretilmistir. Transesterifikasyon siirecinde,
alkol olarak %99 saflikta metanol ve katalizor olarak ta sodyum hidroksit kullanilmistir. Elde edilen biyodizeller
ve petrol kokenli dizel yakita ait baz1 6nemli fiziksel 6zellikler Tablo 1'de verilmistir. Dizel yakit Dizel, Pamuk
yagindan tretilen biyodizel Pioo, Aspir yagindan liretilen biyodizel A100 ve atik kizartma yagindan iiretilen
biyodizel K100 olarak kodlanmistir.

Tablo 1. Test yakitlarinin bazi fiziksel ve kimyasal 6zellikleri

Dizel P100 A1o0 K100
Yogunluk [gcm3] 15°C'de 0.841 0.888 0.886 0.893
Viskozite [mm?2/s] 40°C’de 2.811 4.455 4.353 4511
Altisil deger [M]/kg] 43.88 39.31 38.59 40.71
Setan sayis1 50.4 54.8 55.7 58
Bulutlanma noktasi [°C] -8 0 -4 3
SFTN [°C] -14 -7 -10.5 -1
Donma noktasi [°C] >25 -17 -20 -15
0 atomu orani [%] - 14.25 11.26 10.55
Ester muhtevasi [%] - 97,73 98.18 97.95

2.2. Deney diizenegi ve test prosediirii

Deneylerde kullanilan motora ait teknik 6zellikler Tablo 2’de sunulmustur. Test motoru, direkt olarak bir saft mili
araciligl ile hidrolik bir dinamometreye baglanmistir. Motor torkunu 6l¢mek icin kullanilan yiik hiicresi 1 g
hassasiyete sahiptir. Motorun yakit tiiketimi 0.01 g hassasiyete sahip ytk hiicresi ile kiitlesel olarak 6l¢iilmistiir.
Egzoz gaz sicakliginin dl¢timii 1°C hassasiyete sahip PT100 sicaklik dlger ile yapilmistir.

Tablo 2. Test motorunun teknik o6zellikleri

Model 3LD510

Motor tipi Doért zamanl, Direkt enjeksiyonlu
Silindir say1s1 1

Silindir hacmi, cm3 510

Cap X Strok, mm X mm 85X 90

Sikistirma orani 17.5:1

Sogutma sekli Su sogutmal

Yanma analizi i¢in silindir basinci ve krank agisini 6l¢mekte kullanilan ekipmanlarin teknik 6zellikleri Tablo 3’de,
egzoz emisyonlarinin 6l¢iilmesinde kullanilan BOSCH BEA 350 ve MRU Optima 7 gaz analiz cihazlarinin teknik
ozellikleri de Tablo 4’de verilmistir. Yanma analizi i¢in dl¢iilen silindir basinci degerleri art arda gergeklesen 100
¢evrimin ortalamasi alinarak hesaplanmistir.

Tablo 3. Yanma analizi ekipmanlarinin teknik 6zellikleri
Basing Sensoru

Marka - Model Kistler - 6052C

Tip Piezoelektrik

Olgiim araligy, bar 0-250

Calisma sicakligy, °C -20 - 350
Amplifikator

Marka - Model Kistler - 5018A

Kanal sayis1 1
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Ol¢iim aralig, pC 2-2200000
Cikis sinyali, volt -10-10
Frekans, kHz 0-200
Calisma sicakligy, °C 0-50
Enkoder
Marka - Model Kiibler - Sendix 5000
Olgiim arahgi, d/d 0-12000
Calisma sicakligy, °C -40 - 85

Tablo 4. Egzoz emisyon cihazi teknik 6zellikleri

OLCUM OLCME ARALIGI HASSASIYET
CO [% v/v] 0-10 0.001
HC [ppm] 0-9999 1 ppm
NOx [ppm] MRU Optima 7 ile 0-5000 5 ppm
Duman [k, m-1] 0-100 0.1

Test diizeneginin sematik goriiniimii Sekil 1'de gosterilmistir. Deneylerden once, testlerde kullanilan tiim

cihazlarin kalibrasyonlar1 yaptirilmistir. Tim testler motorun ¢alisma

sicakligi

olan 85-110°C’de

gerceklestirilmistir. Tiim yakitlar icin maksimum tork degeri 1400 rpm motor hizinda elde edilmistir. Bu nedenle,
testler tiim yakitlar icin 1400 rpm motor hizinda %25, 50, 75 ve 100 motor yiikiinde gerceklestirilmistir. Yakit
tiiketimi, tork, basing, egzoz gaz sicakligi ve emisyon degerleri dl¢climleri ayni1 anda kaydedilmistir.

Sekil 1. Deney test dlizeneginin sematik gériiniimi

Data /Yaklt
Loger Kontrol Paneli
i 4 N
NOx MRU Hidrolik
Dinamometre
Egzoz Motor
Emisyon Enkoder N\ s
Cihaz1 :

Deneyler esnasinda dl¢iim ekipmanlart ile elde edilen sonuglarin dogruluklari ile hesaplamalarin belirsizligi Tablo

5'te verilmistir.

Tablo 5. Olciimlerin dogrulugu ve hesaplamalarin belirsizligi

Olgiimler Dogruluk Hesaplanan parametre Belirsizlik (%)
Hidrolik dinamometre +0.02% Tork 0.5784
Basing Sensoru +1% Glig 0.087
Enkoder +0.01rpm  Ozgiil Yakit Tiiketimi 0.764
Silindir Hacmi +1% Ortalama Efektif Basing 0.096
Silindir Basinci +1% Termal Verim 0.0014
CO2 +01% Toplam Motor Performansi 0.9553
co +0.01% Is1 Salinim Hizi 0.0066
Emisyon Ol¢giim Cihazi HC + 1 ppm Emisyonlar 0.0586
NOx +1ppm Toplam Sistem 0.8312
Duman +0.01%
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3. Bulgular

Deney sonuglari;; yanma analizi, motor performans parametreleri ve egzoz emisyon karakteristikleri olarak
incelenmistir.

3.1. Yanma analizi

Yanma analizi, tam ylik durumunda 6lgiilen silindir basinci degerlerine gore gerceklestirilmistir. Silindir basinci,
basta 1s1 salinim hiz1 olmak lizere yanma baslangici, yanma safhalari, yanma sonu, tutusma gecikmesi gibi diger
yanma Kkarakteristiklerinin belirlenmesinde kullanilir. Yakitin yogunluk ve viskozite degerleri, bir 6nceki
cevrimden kalan atik gaz miktar1 ve sicakligl gibi silindir basincini etkileyen pek ¢ok etken vardir. Silindir
icerisinde olusan basing, piston tepesine etki eden kuvveti olusturdugu icin 6nemlidir. Ciinkii bu kuvvet motor
torkunu da olusturan kuvvettir. Sekil 2, 1400 rpm motor hizinda tam yiik durumunda elde edilen krank agisina
bagh silindir basinci degerlerini gostermektedir. Biyodizelin yiiksek yogunluk degeri ptskiirtiillmesi esnasinda
daha yiiksek bir yakit yig1lmasina sebep oldugu icin daha erken piiskiirtiilmeye baslar. Boylece, daha fazla yakit
bir anda yanma basladigindan maksimum silindir basinci da yiiksek olur. Silindir basinci degerlerine gore,
maksimum silindir basinci Kioo yakiti ile 98.14 bar olarak tist 6lii noktadan 5 CA sonra elde edilmistir. Daha sonra
A1o00, P1oo ve Dizel yakitlar ile sirasi ile 93.75, 92.22 ve 91.15 bar olarak iist 6lii noktadan 6, 6 ve 9 CA sonra elde
edilmistir. Tablo 1’de de gortildigi gibi Koo en yiiksek yogunluk degerine sahiptir. Bu nedenle en ytiksek basing
degeri de bu yakitla elde edilmistir. Elde edilen bu sonuglar ve nedenleri Rounce ve dig. (33)’ nin, Su ve dig. (34)’
nin ve Lesnik ve dig. (35)’ nin ortaya koymus olduklari ¢alismalar ile biiyiik 6l¢iide benzerlik gdstermektedir.

mMr——————7—7 7T 17—

100 1 Dizel |
90 4

804
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Sekil 2. 1400 rpm motor hiz1 ve tam ylikte yakitlarinin krank agisina bagh silindir basinglarinin degisimi
eki e gosterilen 1s1 salinimi hizi egrileri, yakitlarin yanma suirelerinin ve hizlarinin bir gostergesidir. Biyodizel,
kil 3'de gosteril 1 h grileri, yakitl y lirelerini hizl bir gostergesidir. Biyodizel

yapisinda oksijen bulundugu icin daha hizli yanmaktadir. Yine Tablo 1’de goriildiigii gibi, P1oo yakiti en yiiksek
oksijen icerigine sahiptir. Bu nedenle de maksimum 1s1 salinimi hiz1 P1oo yakiti ile elde edilmistir.
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Sekil 3. 1400 rpm motor hizi ve tam yiikte yakitlarinin krank acisina bagli 1s1 salinim hizlarinin degisimi

Tablo 6. Yanma analizi verileri

Dizel P100 A100 K100
Piisklirtme ani1 [CA] tist 6li noktadan 6nce 13 14 14 15
Yanma baslangici [CA] iist 6lii noktadan dnce 6 8 8 10
Tutusma gecikmesi [CA] siire 7 6 6 5
CA10 [CA] iist 6l noktadan sonra 8 5 7 10
CA50 [CA] iist 6l noktadan sonra 28 23 24 25
CA90 [CA] iist 6li noktadan sonra 34 31 32 35
Yanma sonu [CA] 62 56 57 60
Toplam yanma siiresi [CA] siire 80 69 71 77

Tutusma gecikmesi, yakitin piiskiirtiildiigii an ile yanma basladigi ana kadar gecgen siiredir. Setan sayisinin ytiksek
olmasi yakitin daha erken tutusmasina etki eder. Tablo 6’da da goriildiigii gibi en yiiksek setan sayisina sahip olan
K100 yakit1 digerlerine gore daha erken tutusmaya baslamistir. Bu nedenle de daha diisiik tutusma gecikmesi
stiresine sahiptir. Diger biyodizeller de Dizel yakittan daha yiiksek setan sayisina sahip olduklari i¢in daha erken
tutusmaya baslamislardir. CA10, CA50 ve CA90 yakitlarin kiitlesel olarak yanma miktarlarinin gerceklestigi krank
acis1 degerleridir. Yani, CA10 yakitin %10’unun yandig1 krank agisini gosterir. P1oo’lin yiliksek oksijen miktari
yanma hizini artirdigi i¢in en kisa yanma siiresi de bu yakit ile elde edilmistir. Aksoy ve dig.[36] ile Aydin [26]’ da
benzer sonuglari ¢alismalarinda rapor etmislerdir.

3.2. Motor performans parametreleri

Birim gli¢ icin tliketilen yakit miktar1 6zgiil yakit tiiketimi olarak tanimlanir. Termal verim ise tliketilen yakitin
faydali ise dontisiim oranini gosterir. Hem Sekil 4 hem de Sekil 5, biyodizel yakitlarinin performans degerlerini
olumsuz etkiledigini gdstermektedir. Bunun en énemli nedeni, yakitlarin kalorifik degerleridir. Alt 1s1l deger,
performans parametreleri i¢in en belirleyici 6zelliklerden birisidir. En yiiksek 6zgiil yakit tiiketimi degerleri P1oo
yakiti ile elde edilmistir. P1oo, A100 ve Kioo yakitlarinin 6zgiil yakit tiiketimi degerleri Dizel yakita gore sirasi ile
ortalama %27.05, %24.1 ve %18.58 daha ytiksektir. K100 yakit1 ise P1oo ve A10o yakitlarina gore sirasi ile ortalama
%6.67 ve %4.45 daha iyi 6zgiil yakit tliketimi degerine sahiptir.
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Sekil 4. Farkli yiik kosullarindaki 6zgiil yakit tiiketimi egrileri

Kalorifik degerin yani sira yanmanin kalitesi de performansi 6nemli 6l¢iide etkilemektedir. Biyodizellerin yliksek
viskoziteleri piiskiirtiilen yakitin damlacik ¢aplarinin daha biiytik olmasina [37] ve bu nedenle yakitin kotii
atomizasyonu yuziinden silindir icerisinde sikistirilmis olan havaya iyi niifuz edememesine sebep olmaktadir.
Biyodizel yakitlarinin 1s1l degerlerinin diisiik olmasi ve yiiksek viskoziteleri nedeni ile P1oo, A100 ve Kioo yakitlari
icin Dizele gore sirasiyla ortalama %21.72, %18.09 ve %14.27 azalma go6zlemlenmistir. Biyodizel yakitlar
arasinda da yine en iyi termal verim degerleri Kioo yakiti ile elde edilmistir. Literatiirde de benzer sonuglar ortaya
konulmustur [24,32].
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Sekil 5. Farkl yiik kosullarindaki termal verim egrileri
3.3. Egzoz emisyonlari

Egzoz gaz sicaklhigl degerleri, emisyon olusumlarinda etkili bir parametredir. Silindir igerisinde, yanma sonu
olusan sicakligin bir gostergesidir. Biyodizel yakitlarinin oksijen icerigi yanma veriminin artmasina sebep olmus
ve boylece Dizel yakitina gore daha yiiksek egzoz gaz sicaklig1 degerleri elde edilmistir. Alt 1s1l degeri yliksek olan
K100 yakiti ise en yliksek egzoz gaz sicaklif1 degerine sahiptir. Ayrica, Sekil 6’da da goriildiigi gibi, motor ytikiiniin
artmasi ile daha fazla miktarda yakit silindire alindig1 i¢in tiim yakitlarin egzoz gaz sicakli1 degerleri de artmistir.
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Sekil 6. Farkli motor yiiklerindeki egzoz gaz sicakligl egrileri

Sekil 7, test yakitlarinin CO emisyonu karakteristiklerini gostermektedir. Yanma esnasinda, oksijen miktarinin
yetersiz olmasi yanma liriinlerinde CO gazinin olusmasina sebep olur. Renksiz, kokusuz ve oldukc¢a zehirli olan bu
gaz Euro normlari ile kontrol altinda tutulmaktadir. Biyodizel yakitlari oksijen icerdigi i¢cin CO emisyon degerleri
Dizele gore daha disiiktiir. P1oo yakiti ile ortalama %52’ye kadar bir azalma goriilmektedir. Kioo yakiti diger
biyodizellerden daha yiiksek CO emisyonuna sahip olmasina ragmen yine Dizele gore %32 oraninda daha
diistuktir. Fattah ve dig. [38] ile Uyumaz ve dig. [31] de CO emisyonlarinin biyodizel kullanimi ile azaldigini
gostermisledir.
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Sekil 7. Farkli motor yiiklerindeki CO emisyonu egrileri

Test yakitlarina ait HC emisyonu degerleri Sekil 8'de sunulmustur. Hidrokarbonlu yakitlarin yanmasi sonucunda
yanma uriinleri arasinda HC gazinin gériinmesi, yakitin tam olarak yanamadigini gosterir. Yani HC yanamamis
yakittir. Bazi arastirmacilar [26, 28] kotii atomizasyon ve zengin karisim nedenlerinden dolay: biyodizelin HC
emisyonlarini artirdigini ortaya koysa da farkli pek cok arastirmaci [33, 35, 38-41] biyodizelin oksijen igeriginin
yanma verimini iyilestirdigini ve boylece HC emisyonlarini azalttigini belirtmislerdir. Bununla birlikte, biyodizel
yakitlarin egzoz gaz sicakliklarinin yiiksek olmasi da HC emisyonlarinin azalmasi gerektiginin bir gostergesidir.
En diisiik HC emisyonu degerleri P1oo yakiti ile elde edilmis olup, K100 yakitinin HC emisyonu degerleri P1oo yakitina
gore %16.67 daha fazla olsa da Dizele gore ortalama %30.62 daha azdir.
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Sekil 8. Farkli motor yiiklerindeki HC emisyonu egrileri

Azot ve oksijen gazlar yiiksek sicakliklarda tepkimeye girerler. Silindir icerisinde yanma sonu olusan yiiksek
sicaklikta bu atomlarin tepkimeye girmesi i¢in yerlidir. Azot ve oksijen atomlar1 tepkimeye girerek NO, NO2, NO3
ve NOs gibi bilesimlerin a¢iga ¢ikmasina neden olur. Bu formlarin tamami NOx olarak adlandirilmaktadir. Bu
formlarin atmosfere salinmasi asit yagmurlarinin olusmasina sebep olmaktadir. NOx emisyonu, sicakligin
yukselmesi ve ortamdaki oksijenin artmasi ile daha fazla miktarda olusmaktadir. Biyodizellerin yanmasi sonucu
Dizele kiyasla ortaya ¢ikan yiiksek sicaklik ve oksijen icerikleri Sekil 9'da da goriildiigii gibi daha yiiksek emisyona
sebep olmustur. Benzer sonuclarinda gosterildigi farkli calismalar literattirde mevcuttur [23, 42-43]. Bu calismada
da, en yiikksek NOx emisyonu, Dizele gore %43.04 oranla daha yiiksek olarak Kioo yakiti ile elde edilmistir.
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Sekil 9. Farkli motor ytiklerindeki NOx emisyonu egrileri

Dizel motorlar, fakir karisimla calisan motorlardir. Ancak 6zellikle yiliksek motor yiiklerinde zaman zaman kismi
olarak karisimin zenginlesmesi duman emisyonunun olusmasina sebep olur. Sekil 10, test yakitlarindaki duman
emisyonlarinin degisimini gostermektedir. Biyodizel yakitlar icerisindeki oksijen zengin karisim bolgelerinin
olusmasini nispeten engelleyerek Dizele gore daha diisiik duman emisyonlarinin olusmasina sebep olmustur.
Ayrica Simsek [43]’e gore, biyodizelin aromatik bilesik icermemesi ve kiikiirt iceriginin diisiik olmasi, duman
emisyonlarinin 6nemli miktarda azalmasina sebep olmaktadir. En diisiik duman emisyonu P1oo ile elde edilse de,
Dizele gore Kioo yakitinin duman emisyonu degerleri de %31.51 gibi olduk¢a 6nemli bir oranda daha diistiktiir.
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Aksoy ve dig.[36], Celik ve dig. [45] de Ardebili ve dig. [46] de ayni sebeplerden dolayr duman emisyonunun
azaldigini belirtmislerdir.
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Sekil 10. Farkli motor yiiklerindeki duman emisyonu egrileri

4. Sonug

Biyodizel, motor performans parametrelerini olumsuz olarak etkilese de egzoz emisyonlarinda ¢ok 6nemli
iyilesmelere sebep oldugu goriilmektedir. Biyodizelin liretim maliyetlerinin hammadde se¢imi ile azaltilmasini
hedefledigimiz bu ¢alismada, atik kizartma yagindan iiretilen biyodizelin diger biyodizel yakitlari ile benzer yakit
ozellikleri ve yanma karakteristiklerine sahip oldugu goriilmektedir. Ozellikle hem pamuk hem de aspire gore
daha yiiksek motor performans degerleri elde edilmesi atik kizartma yag1 biyodizelinin en 6nemli tercih edilme
sebeplerinden birisi olabilir. Bunun yaninda, yakita bazi katki maddelerinin ilave edilmesi veya motor isletme
parametrelerindeki birkag basit degisiklik, biyodizelin yakit olarak kullanilabilirligini artiracaktir. Bu ¢alismanin
sonuclarina gore, biyodizel hammaddesi olarak yiiksek ticari degere sahip yaglarin yerine atik kizartma yag gibi
hammaddeler tercih edilebilir. Boylece, hem atiklarin dogaya daha az zararla bertaraf edilmesi saglanmis olur hem
biyodizelin liretim maliyeti azalmis olur hem de yenilenebilir ve siirdiiriilebilir yeni bir alternatif yakit secenegi
ortaya ¢ikmis olur.
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O0z: Ovaryum kanseri kadinlar arasinda yaygin olarak goriinen en éliimciil
kanserlerdendir. Ovaryum Kkanserinde sisplatin antikanser ilaci yaygin olarak
kullanilmaktadir. Fakat zamanla hiicrelerde sisplatine karsi diren¢ olusmaktadir.
Gelisen bu ilag direnci tedaviyi olumsuz etkilemektedir. ila¢ direncini erken safhada
hizli bir sekilde tespit edilmesi ovaryum kanserinin hem tedavisini hem de sag kalim
oranlarini olumlu etki olusturacag: agiktir. Bu ¢alismada, sisplatin ilacina karsi
gelisen direnci A2780 sisplatin direncli ovaryum kanser hiicreleri (A2780cis) ile
sisplatine duyarli A2780 hiicre hatlar1 yiizeyde-zenginlestirilmis Raman
Spektroskopisi teknigi (YZRS) ile incelenmis ve temel bilesen analizi ile iki hiicre
hatti arasindaki farkhlik makine 6grenmesi teknigi ile incelenmistir. iki hiicre
hattinin YZRS spektrumlari birbirine ¢ok benzer oldugu icin goz ile ila¢ direncini
ayirt etmede zorlanilirken temel bilesen analizi sonucu %84 dogruluk ile sisplatine
diren¢ kazanmis hiicreler duyarli hiicrelerden ayirt edilmistir. Bu yontemin daha da
gelistirilerek ileride klinik diizeyde analizlerde kullanilabilme potansiyeli
mevcuttur.

Investigation of Drug Resistance of Ovarium Cancer via Surface-enhanced Raman

Spectra (SERS)

Keywords
Surface-enhanced Raman
Spectra (SERS),

Ovarium Cancer,
Cisplatin,

Drug resistance,

Gold nanoparticles,
Principle Component
Analysis (PCA)

Abstract: Ovarian cancer is one of the deadliest cancers commonly seen among
women. Cisplatin anticancer drug is widely used in ovarian cancer. However, cells
have developed a resistance to cisplatin over time. This developing drug resistance
adversely affects the treatment. The rapid detection of drug resistance at an early
stage will have a positive effect on both the treatment and survival rates of ovarian
cancer. In this study, cisplatin-resistant ovarian cancer cells (A2780cis) and
cisplatin-sensitive A2780 cell lines were investigated by surface-enriched Raman
Spectroscopy technique (SERS) and analyzed by principal component analysis
(PCA). While the SERS spectra of the two cell lines were similar to each other so itis
difficult to distinguish by naked eyes, the cells that became resistant to cisplatin with
an accuracy of 84% as a result of principal component analysis were distinguished
from susceptible cells. This method has the potential to be further developed and
used in the clinical analysis in the future.
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1. Giris

Ovaryum kanseri (0C), tiim kadin tireme kanserleri arasinda en dliimciil olanidir ve kanser éliimlerinin besinci
onde gelen nedenidir. Genellikle sessiz katil olarak bilinen OC, belirsiz semptomlari nedeniyle ileri bir agsamaya
gelene kadar siklikla teshis edilemez ve tedavi edilmesini zorlastirir. ileri evre OC olan hastalarin tedavisi
genellikle sito-indirgeyici cerrahi olarak bilinen sagkalimin arttirilmasini saglamak amaciyla timér dokusunun
mikroskobik boyuta kiiciiltiilmesini daha sonrasinda cis-diamminedikloro-platin (II) (cis) ve paklitaksel ilaglariile
kombinasyon kemoterapisini icermektedir. Cis yaygin olarak kullanilan inorganik yapidaki tek antikanser
kemoterapi ilacidir. Tiim kanser hastalarinin %10-20’ sinin tedavilerinin bir déneminde cis ajani kullanilmaktadir
[1]. Cis, hiicrelere tasindiginda, kloriir iyonlar1 hiicresel DNA, RNA ve proteinlere baglanan ve replikasyonu,
transkripsiyonu, translasyonu ve DNA onarimini inhibe eden pozitif ytklii platin iyonundan ayrisir. Ancak
kemoterapi tedavisinde zamanla olusan ilag¢ direnci cis etkinligini azaltmaktadir [2].

Ote taraftan, OC, Tiirkiye’deki kadinlarda en sik gériilen 10 kanser tiirii arasinda yer almaktadir ve yasa gore
standardize edilmis hiz1 6.4 iken, tiim yas gruplarinda %3,5 dagilim degerine sahiptir [3]. 5 yillik ortalama
sagkalim orani yaklasik %40'tir, ancak ilerlemis hastalig1 olan hastalar (FIGO siniflandirmasina gore III ve IV
evreleri) yalnizca %10-20 gibi 6nemli 6l¢iide daha diisiik bir sagkalim oranina sahiptir [4]. Bu oranlar OC hastalar1
arasinda ytksek mortalite, gec tan1 ve kemoterapinin diisiik etkinliginden kaynaklanmaktadir. Hastaligin evresine
bakilmaksizin, kemoterapinin ilk asamasi, cis ve taksanin kombine bir kemoterapi rejiminden olusur [4]. Kanser
kemoterapisinin etkinligi, timorlerin tedaviye direnme veya direng gelistirme yetenegi ile sinirhdir [5]. Diisiik
kemoterapi etkinliginin temel nedeni kanser hiicrelerinin ila¢ direncidir. ila¢ direncinin hiicresel mekanizmalar1
cesitlidir. flacin hiicrelerde daha diisiik birikimi, hiicrede ilacin lokalizasyonunda degisiklik, ilacin daha yavas
inaktivasyonu, ila¢ DNA's1 ve hiicresel membranlar tarafindan hasarin daha hizli onarimi ve bu hasarlara tolerans
icin arttirllmis yetenek ve molekiiler hedeflerdeki, gen ifadesinde ve apoptozun diizenlenmesindeki degisiklikler,
onlari ilaglarin eylemlerine duyarsiz veya daha az duyarl hale getirir [4].

Normal Raman spektroskopisi biyolojik numunelerin otofliioresansindan ve diisiitk Raman sagilmasindan olumsuz
etkilenmektedir. Fakat bu sorunun iistesinden biyolojik molekiliin altin veya giimiis gibi kivrimli metal yiizeyler
tizerinde molekiil ve yiizeyin ¢ok yakin bir sekilde ylizey ile etkilesmesi neticesinde iistesinden gelinebilmektedir
[6]. Bu olaya Yiizeyde Zenginlestirilmis Raman Sac¢ilmasi (YZRS) denilir ve uzun zamandir biyolojik numunelerin
analizinde ve tespitinde yaygin olarak kullanilmaktadir [7]. Literatiirdeki ¢alismalar incelendiginde 1014 kat
ylizeyde zenginlestirilmenin olabildigi gosterilmistir [8]. Bu ylikseltgenme kat sayisi ile tek molekiiliin, molekiiler
diizeyde tespit edilebilecegi iddia edilse de gelistirilen yiizeyler ve nanoparcaciklar ile genel itibari ile 105-107
arasinda sinyal zenginlestirilmesi elde edilebilmektedir [9, 10]. YZRS'nin protein seviyesinden analizlerden,
bakteri, antibiyotige direncli bakteri, hiicre ve doku farklilasmasinin tespitine kadar ¢ok farkl seviyelerde yaygin
olarak kullanilmaktadir [11, 12, 13].

Bu calismada, ovaryum kanser hatti (A2780) cis cis direngli ovaryum kanser hattinin (A2780cis) cis karsi ilag
direncinin YZRS ve temel makine 6grenme teknikleri kullanilarak tayin edilip edilemeyecegi arastirilmistir.

2. Materyal ve Metot

Altin (III) klorit trihidrat (Sigma Aldrich, ABD), sodyum sitrat dihidrat (Sigma Aldrich, ABD), Dulbecco’s modified
Eagle’s Medium (DMEM) (Lonza, Isvicre), RPMI (Lonza, isvicre), Fetal sigir serumu (Fetal Bovine Serum-FBS)
(Biological Industries, israil), penisilin/streptomisin (Gibco, iskogya), Tripsin EDTA (Biological Industries, Israil).

2.1. AuNP sentezi

Altin nanopartikiiller (AuNP) Turkevich metodu kullanilarak sentezlendi [14]. Kisaca, 10 mg HAuCls, 100 mL saf
su icerisinde ¢6ziildii ve kaynayincaya kadar manyetik karistiricida isitildi. %1 hazirlanan sodyum sitrat
¢ozeltisinden 700 pL alinarak hizli bir sekilde kaynayan c¢ozeltiye eklendi. 15 dakika daha kaynatildi. Oda
sicakliginda sogumaya birakildi. AuNP’larin absorbsiyon spektrumu 200-700 nm araliginda Perkin Elmer Lambda
UV-Goriiniir Bélge Spektrometre kullanilarak elde edildi. Nanopargaciklarin zeta potansiyeli ve hidrodinamik ¢ap1
Zetasizer Nano ZS (Malvern, UK) kullanilarak belirlendi. Nanoparcaciklarin konsantrasyonu ve boyut dagilimi
nanopartikiil izleme analiz (NTA) cihazi Nanosight NS300 (Malvern, UK) kullanilarak belirlendi. Taramali-
Gecirimli Elektron Mikroskopu (STEM) gériintiileri ZEISS GEMINI 500 (ZEISS, Germany) cihazi1 kullanilarak elde
edildi.
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2.2. Hiicre kiiltiri

Insan ovaryum kanseri hiicre hatt1 A2780 ve cis direngli insan ovaryum kanseri hiicre hatt1 A2780cis, Prof. Dr.
Hiilya AYAR KAYALI (izmir Biyotip ve Genom Merkezi, IBG) tarafindan hediye edilmistir. Bu hiicrelerin orjinali
European Collection of Authenticated Cell Cultures (ECACC) ‘dan temin edilmistir. Cis ila¢ direncinin saglanmasi
icin Uretici firmanin tavsiyesi tizerine her 3-4 pasajda bir 1 pM cis besi yerine eklenmektedir. A2780 ve A2780cis
hiicre hatti RPMI besi yerinde kiiltiirlendi. Hiicre kiiltiiri ortami, %10 fetal sigir serumu (FBS), penisilin (100 U /
mL) ve streptomisin (100 U / mL) icermektedir ve hiicreler, 37 ° C'de %5 CO: ile muhafaza edildi.

2.3. YZRS ol¢iimii

6 kuyucuklu hiicre kabinin her bir kuyucuguna 7500 hiicre/kuyucuk olacak sekilde hiicrelerin ekimleri
gerceklestirildi [2, 3]. Ekimi gerceklestirilen hticrelere AuNP verilmesi icin, kuyucuk icerisindeki besi ortami
uzaklastirildi ve bir kez PBS ile yikama yapildi. Yikama sonrasi her bir kuyucuga 750 uL FBS icermeyen besi ortami
ile 250 pL (1,15x101! parcacik/mL) AuNP ¢ozeltisi eklendi. 4 saat hiicreler besin ag¢ligina birakildi ve 4 saat
sonrasinda iizerlerine FBS iceren besi ortami ilave edildi. Hiicreler 24 saat AuNP’lar ile inkiibe edildi. Inkiibasyon
sonrasl hiicrelerden YZRS spektrumlari toplayabilmek i¢in kuyucuk icerisindeki besi ortami uzaklastirildi. PBS ile
bir kez yikama yapildi. Yikama sonrasi kuyucuga tripsin ilave edilerek hiicrelerin kiiltiire edildikleri
kuyucuklardan ayrilmasi saglandi. Hiicre iceren besi ortamindan 20 uL hacminde alinarak CaF: tizerine damlatildi
ve YZRS spektrumlari elde edildi. Biitiin YZRS dl¢timleri WITech alpha M+ Raman Mikroskop Sistemi kullanilarak
gerceklestirildi. 50x objektif lens ile hiicreler 10 mW lazer giiciinde yakin infrared 785 nm diyot lazer kullanilarak
uyarildi. Ornek iizerinde lazerin kalma siiresi 2 sn olarak ayarland.

2.4. Veri 6n isleme ve ¢ok degiskenli analiz

A2780ve A2780cis hiicre hatlarindan 400-1700 cm-! araliginda 20 spektrum toplanmistir. Veri tizerindeki guriiltii
bilesenlerini ortadan kaldirmak icin spektrumlar iizerinde taban hatt1 ¢ikarilmasi (5. Derece polinomiyal) ve
Savitzky Golay filtre ile yumusatma islemleri (5. derece 11 noktali) gergeklestirilmistir. Bu adimlar WITec Project
Plus 5 lizerinden gercgeklestirilmistir. Bu islemlerin ardindan tiim spektral vektorlerin ortalamasi 0, standart
sapmas! 1 yapilarak veri iizerinde standardizasyon islemi yapilmistir. Temel bilesen analizi, yiiksek boyutlu
uzayda yer alan spektral vektorlerin daha diisiik boyutlu uzayda gosterilmesini saglayan istatistiksel bir tekniktir.
Bu calismada temel bilesen analizi, MATLAB (Mathworks, USA) yazilimi kullanilarak ‘pca’ fonksiyonu ile
gerceklestirilmistir.

3. Bulgular

YZRS tek hiicre analizlerinde, hiicresel farklilasmada ve dokunun fizyolojik degisimlerinde yaygin bir sekilde
tercih edilmektedir [12, 13]. Clinki, YZRS ile tek hiicre mertebesinde, yikici ve girisimsel olmadan temassiz bir
sekilde spektrumlar alinabilmektedir. Ozellikle herhangi bir isaretleme yapilmaksizin hiicrelerden direkt
fizyolojik bilgi edinilebilmesi en 6nemli avantajidir. Bununigin hiicre igerisinden en etkin bir sekilde Raman sinyali
almamizi yarayan 50 nm’lik AuNP’lar sentezlenmistir. AuNP’larin elde edilmesinde genel kabul gérmiis sitrat
indirgeme Turkevich yontemi tercih edilmistir. Sentezlenen AuNP’lar fotonik, boyut, yiik yogunlugu olarak sirasi
ile UV-Vis, DLS, zeta-potansiyel, TEM ile karakterize edilmistir (Sekil 1). 50 nm AuNP’in karakteristik absorplama
piki olan 542 nm goriilmektedir (Sekil 1a). Devaminda, sentezlenen AuNP’lerin boyut dagilimi1 50 nm civarinda
oldugu DLS ile gosterilmistir (Sekil 1b). AuNP’lar sitrat ile indirgendigi i¢in negatif yiizey yiikiine sahip oldugu (-
30.3 mV) Zeta potansiyel ile gosterilmistir (Sekil 1c). Daha sonra yapilan TEM analizi ile pargaciklarin seklinin
kiiresel oldugu ve 50 nm civarinda oldugu gériilmektedir (Sekil 1d).
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Sekil 1. Sentezlenen AuNP’lerin karakterizasyonu. (A) UV/Vis spektrumu, (B) DLS boyut dagilim grafigi, (C)
Zeta potansiyel grafigi, (D)TEM gortintiisii (skala gubugu 100 nm’dir)

Hiicresel YZRS analizlerinde par¢acigin boyutu 6nem ihtiva etmektedir literattirde de belirtildigi iizere tek hiicre
ve 3B hiicre analizlerinde 50 nm boyutundaki AuNP’ler daha fazla YZRS etkinligi gostermektedir [15]. Bundan
dolay1 parcacik boyutu nanoparcacik izleme analiz (Nanoparticle Tracking Analysis) cihazi ile ayrica incelenmistir.
Sekil 2’de goriildiigli tizere parcaciklar 50 nm civarinda dagilim goéstermekte DLS ile goriilemeyen biiytk
pargaciklarin (100-200 nm araliginda) ihmal edilebilir 6lgekte oldugu anlasilmaktadir. NTA sisteminin boyut
analizi her bir parcacig tek tek hareketini analiz ettigi icin DLS’e gére daha dogru sonuglar verebilmektedir.
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Sekil 2. Parcacigin NTA boyut analizleri, (A) NTA video goriintiisiinden bir kesit, (B) NTA cihazi tarafindan
iiretilen AuNP boyuta bagh konsantrasyon grafigi, (C) NTA cihazi tarafindan iiretilen tanecikli boyut dagilimi.

Hem A2780 hem de A2780cis hiicrelerinden YZRS ile spektrumlar toplamadan evvel hiicreler PBS ile yikanmis ve
4 saat boyunca FBS’siz besi yerinde besin a¢ligina birakilarak tiim kiltiir edilen hiicrelerin benzer hiicresel
dongilide olmasi saglanmistir. Hiicreler besin agliginda iken her plakaya esit sayida (1,15x101! pargacik/mL)
AuNP’lar konulmustur ve 24 saat boyunca muamele edilmistir. 24 saatin ardindan besi yeri uzaklastirilip en az 10
farkli hiicreden YZRS 6l¢iimleri yapilmistir. Sekil 3 ve Sekil 4’'ten de gorildigi gibi her iki hiicre hattindan farkli
10 noktadan alinan spektrumlar her hiicre hatti igcerisinde tekrarlanabilir olarak gelmektedir. Elde edilen bu 10’ar
tane spektrumlarin ortalamasinin grafigi cizilerek A2780, A2780cis hiicre hatlar1 arasindaki benzerlik ve
farkliliklar Sekil 5’te gosterilmistir. Sekil 5B’de de spektrum ortalamasi siyah cizgi ile cizilirken alinan
spektrumlarin standart ortalamasi gri gizgiler ile ifade edilmistir. Burada bir noktay1 vurgulamakta fayda var.
A2780cis hiicre hattinin cis direncini saglayabilmek i¢in her 3-4 pasajda bir 1 uM cis besi yerine eklenmektedir.
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Bu deger A2780cis hiicre hattinin bizim hesapladigimiz 12 uM IC50 degerinin ¢ok altindadir. Ayrica cis ilacindan
bir girisinim gozlemlenmemistir.
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Sekil 3. (A) 10 farkl1 A2780 hiicresinden elde edilen tekrarlanabilir YZRS spektrumlari, (B) A2780
spektrumlari arasina off-set deger konularak daha ayrintili bir sekilde 10 6l¢iim arasindaki benzerliklerin
gosterimi.

—— A2780cis w

Raman Siddeti

450 60D 750 900 1050 1200 1350 1500 1650 450 600 750 900 1050 1200 1360 1500 1650
Raman Kaymasi (cm) Raman Kaymasi (cm’)

Sekil 4. (A) 10 farkli A2780cis hiicresinden elde edilen tekrarlanabilir YZRS spektrumlari, (B) A2780cis
spektrumlari arasina off-set deger konularak daha ayrintili bir sekilde 10 6l¢iim arasindaki benzerliklerin
gosterimi
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Sekil 5. (A) A2780 ve A2780 hiicre hatlarindan elde edilen spektrumlarin ortalamalarinin karsilastirilmasi, (B)
A2780 ve A2780cis hiicrelerinden elde edilen YZRS spektrumlari. Siyah cizgiler spektrumlarin ortalamalarini,
gri cizgiler standart sapmay1 gostermektedir.
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flaca direncli ve duyarl hiicre hatlarina ait spektrumlar tek tek incelendiginde YZRS ortalamalar1 spekturumlari
gozle ayirt edilemeyecek seviyede birbirine benzemektedirler. Bundan dolay1 temel bilesen analizi (PCA)
gerceklestirilmistir. Analiz neticesinde A2780 ve A2780cis hiicre hatlar1 birbirinden basariyla ayrilabilmistir Sekil
6.

A2780
A2780cis

l,
OOOO

. ® .0 (o
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-® - o 0
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Sekil 6. A2780 ve A2780cis YZRS spektrumlarinin PCA analiz grafigi
4. Tartisma ve Sonug¢

Ovaryum kanser kadinlar arasinda en yaygin goriilen kanser oldugu icin ve cis gibi kemoterapi ajanlari ile tedavi
edildik¢e zamanla kanser hiicreleri cis’e kars1 diren¢ kazanmaktadir. Kazanilan bu ilag direncinin hizli ve ucuz bir
sekilde tespit edilmesi siiphesiz ki tedaviye onemli katki saglayacaktir. YZRS'nin sahip oldugu avantajlar ile
hiicresel seviyede bu ila¢ direncini tespit edebilme potansiyeli mevcuttur. Altin ve glimiis gibi metalik
nanopargaciklar YZRS uygulamalarinda yaygin olarak kullanilmaktadir [10, 11, 12, 13, 15]. 50 nm boyutundaki
altin nanopargaciklarin etkin bir sekilde hiicreye endositoz ile alindig literatlirde vurgulanmistir [16]. Ayica 50-
nm altin nanoparg¢acigin diger metalik nanopargaciklar icerisinde en etkin YZRS aktivite gosterdigi yine literatiirce
gosterilmistir [15]. Bu sebeplerden dolay1 ¢alismada 50 nm boyutunda AuNP basari ile sentezlenmistir (Sekil 1
ve Sekil 2). Boyut analizi hem DLS hem SEM hem de NTA ile gosterilmistir. Sentezlenen bu AuNP’lar YZRS ile hiicre
analizleri i¢in uygun boyutlardadir.

Bu calismada, ilaca direngli ve duyarl hiicreler arasindaki spektral farkliliklari ortaya ¢ikarmak i¢in cok degiskenli
analiz teknigi tercih edildi. PCA, maksimum varyans miktarini koruyarak verilerin boyutunu azaltmak i¢in oldukca
kullanisl, denetimsiz bir makine 6grenimi teknigidir. Karmasik cok degiskenli verileri, temel bilesenler ad1 verilen
az sayida yeni degiskene déniistiiriir. ilk ana bilesen, veri kiimesinde olasi en yiiksek varyansa sahiptir ve varyans,
ilk bilesenden son ana bilesene dogru azalir. Burada PCA, grafiksel temsil saglamak i¢in veri setini daha diisiik
boyutlu uzayda gorsellestirmek i¢in kullamlmistir. U¢ boyutlu PCA grafigi temel bilesen 1 (PC1), temel bilesen 2
(PC2) ve temel bilesen 5 (PC5) olarak (Sekil 6’da) ¢izilmistir. 3 boyutlu PCA grafiginde; PC1, PC2 ve PC5 veri
setindeki varyansin %84 ile biiytik bir kismini tasimaktadir. Sekil 6'da gortldiigii gibi A2780 ile A2780cis arasinda
net bir ayrim vardir.

Tablo 1'de de YZRS spektrumlarindaki piklerin hangi yapilardan geldigi kisaca 6zetlenmistir. Tablo detayh
incelendiginde hem A2780 hem A2780cis hiicrelerinden gelen molekiiler sinyallerin birbiri ile yiiksek diizeyde
benzestigi net bir sekilde goériinmektedir. Fakat DNA'nin yapisi ile iligkili piklerin yer aldigi 600-900 cm?
bolgesindeki piklerin tepe noktasinda kayma s6z konusudur [17]. Bu piklerin genligindeki degisim iki hiicre
arasinda bir farklilig1 ortaya koymamaktadir. Fakat A2780 hiicre hattindan gelen 654, 752 ve 834 cm-! tepe noktal
pikler A2780cis hiicre hattinda biraz kayarak 651, 750, 832 cm"’e noktalarinda gelmistir. Burada DNA piklerinin
onciil olarak degerlendirilme nedeni, cis antikanser ilaci, kanser hiicrelerinde DNA'nin piirin bazlarina ¢apraz
baglanarak hiicrenin béliinmesini engeller. Boylelikle DNA’da hasara neden olur ve hiicre apoptoza gider. Cis’e
diren¢ kazanan hiicrelerin DNA yapilarinda boyle bir pik kaymasi olasidir. Ayrica 654 cm-V'deki pik tirozinin C-C
baglar1 arasindaki biikiilmeyi, 752 cm-1’deki pik ise tiriptofandan ve son olarak 834 cm-V'deki pik ise C-C ve NH3*
titresimlerinden geldigi literatiirde gosterilmektedir (Tablo 1’de referanslari ile bulabilirsiniz) Ote taraftan bu
piklerin genliginde gozle ayirt edilebilecek bir degisim s6z konusu degildir. Calismamizda elde edilen pikler
literatlirdeki hiicre YZRS calismalari ile yakinlik gdstermektedir [18, 19]. Gozle iki hiicre hattinin molekiiler
farkliligini YZRS spektrumlari iizerinde ayirt edebilmek oldukga giictiir. Bu noktada PCA analizinin 6nemi agikca
ortaya ¢ikmaktadir.

Sonug¢ olarak kanser kemoterapi yaklasiminda en 6nemli sorunlarindan olan ilaca karsi gelisen direncin
spektroskopik yontem olan YZRS ile hizli bir sekilde tayin edilebilme potansiyeli arastirilmistir. Bu ¢alismada cis’e
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duyarli A2780 ve cis’e direngli A2780cis hiicre hatlar1 YZRS ile Raman Spektrumlar1 alinarak PCA analizi
gerceklestirilmistir. PCA analizine gore bu iki hiicre hattim1 %84 dogruluk orani ile birbirinden ayirt
edilebilinmektedir. Daha yiiksek dogrulukta cis’e diren¢ kazanmis kanser hiicrelerini tespit edebilmek i¢gin
hiicreye spesifik AuNP’lar sentezlenerek ve farkli derin 6grenme yontemleri kullanilarak yeni sistemler

gelistirilebilinir.
Tablo 1: Hiicrelerden elde edilen spektrum bilgilerinin molekiiler yap: bilgisi.
A2780 A2780cis Molekiiler Yapi
502 cm! 500 cm? Polipeptitlerin S-S titresimi [20]
654 cm! 651 cm! C-C biikme (Tirozin) [21]
752 cm! 750 cm! Triptofan [22]
834 cm! 832 cm! C-C titresimi, NHs* titresimi [20]
1001 cm! 1001 cm'! Fenilalanin C-C iskeleti [21, 22, 23]
1129 cm! 1125 cm'! C-N protein gerilmesi; C-C lipid gerilmesi [22]
1217 cm-! 1215 cm'! P02 asimetrik titresimi [20]
1304 cm! 1305 cm'!? Lipidlerin C-H deformasyonu [22]
1353 cm1-1409 cm! | 1353 cm!-1411 cm! CH2 sallanmasi, C=N titresimi [20]
1553 cm! 1553 cm'! (az) Triptofan [22]
TesekKkiir

Bu calismada grafiklerin cizimi ve analizinde destek veren 6grencilerim Miinevver Akdeniz ile Fatma Uysal
Ciloglu'na tesekkiirii bir borg bilirim.
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Keywords Abstract: In this study, it is aimed to develop dielectric materials with high
MgO/CuO, dielectric coefficient for flexible capacitors. For this purpose, MgO/CuO
Graphene, nanoparticles were first synthesized by precipitation reactions. Then, these

Composite film,

Dielectric constant particles were added together with graphene nanoplates (GNPs) into PVDF in

different compositions to form a composite mixture. After this process, flexible
composite films of 30 pm thickness were formed with doctor blade and phase
inversion methods. In the characterization processes, it was determined that
MgO/CuO particles were successfully produced with an average size of 282 nm. On
the other hand, the highest capacitance and dielectric coefficient values of the
composite films were determined in the GNPs@MgO/CuO@PVDF sample as 2.8 nF
and 42.6 at 100 Hz frequency, respectively. As a result, it was concluded that the
dielectric properties were significantly improved with the use of graphene and
metal oxides together, and PVDF was very successful in terms of flexibility and
binding role.

GNPs@Mg0/CuO@PVDF Kompozit Filmlerin Hazirlanmasi ve Dielektrik Ozellikleri

Anahtar Kelimeler 0z: Bu caligmada, esnek kapasitorler icin dielektrik katsayisi yiiksek dielektrik
Mg0/Cu0, malzemelerin gelistirilmesi amag¢lanmistir. Bu amagla ilk olarak ¢oktiirme
Grafen, reaksiyonlar1 ile MgO/CuO nanopartikilleri sentezlenmistir. Daha sonra bu

Kompozit film,

Dielektrik sabiti partikiiller grafen nanoplakalar1 (GNPs) ile birlikte PVDF igine farkh

kompozisyonlarda eklenerek kompozit karisimi olusturulmustur. Bu islemin
ardindan doktor blade ve phase inversion yontemleri ile esnek yapili 30 um
kalinliginda kompozit filmler olusturulmustur. Karakterizasyon islemlerinde
MgO/CuO partikiillerinin ortalama 282 nm boyutunda basaril bir sekilde iiretildigi
tespit edilmistir. Ote yandan kompozit filmlerden en yiiksek kapasitans ve dielektrik
katsayis1 degerleri 100 Hz. frekansta sirasiyla 2,8 nF ve 42,6 olarak
GNPs@MgO/CuO@PVDF numunesinde tespit edilmistir. Sonu¢ olarak grafen ve
metal oksitlerin birlikte kullanimi ile dielektrik 6zellikler 6nemli 6l¢tide gelistirildigi
ve ayrica PVDF’'in esneklik ve baglayicilik rolii bakimindan oldukga basarili oldugu
sonucuna varimistir.

*Corresponding Author, e-mail: safapolat@karabuk.edu.tr

1. Introduction

The concept of energy has been one of the important research topics in almost all disciplines from past to present.
With the increase in the global population and the decrease in natural resources, it has begun to be investigated in
a concrete sense. In these studies, importance was given to the use of renewable resources without harming the
nature. In this context, energy production studies have been carried out so far by utilizing resources such as wind
[1], solar [2], hydrothermal [3], geothermal and biomass [4]. In fact, electrical energies obtained from these
sources are widely used in many areas of our daily lives. However, as an alternative to these energy sources,
triboelectric nanogenerators (TENGs) have been developed in recent years to provide the energy of electronic
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devices such as watches and phones from daily activities [5,6]. TENGs have been developed to generate electricity
from residual mechanical movements in our daily lives such as hand-arm movement, walking and running. The
working principle of these devices is based on the principle of placing an insulating material on two conductor
surfaces and rubbing them with each other [7]. Many studies have been carried out on this method for both
application and material development in order to achieve higher output [8]. In these studies, it was stated that the
use of materials with high dielectric coefficient increased the polarization and caused more electrification, which
resulted in higher voltage outputs [9]. In terms of application, it has been aimed to develop flexible materials due
to the human movement of the source [10]. On the other hand, there is no stable power output as sources like
TENGs actually convert kinetic energy into electricity through motion in nature [11]. Therefore, it is also very
important not only to obtain energy, but also to store it and make it available with appropriate outputs when
needed. In this respect, the development of flexible capacitors and supercapacitors has been an intense research
topic [12]. From these studies, it was concluded that it is a common requirement for the material to be developed
for both cases to be flexible and have a high dielectric constant. Apart from these, it is known that flexible and high
dielectric coefficient materials are also needed in biotechnological fields such as biosensor construction.

In this regard, when the studies done so far are examined, it has been observed that polymers such as poly-
vinylidene fluoride (PVDF), Polyvinylpyrrolidone (PVP), polyimide (PI), polyvinylchloride (PVC), fluorinated
ethylene propylene (FEP), and polytetrafluoroethylene (PTFE) are widely used [13-15]. Among these, PVDF is
the polymer preferred in new generation piezoelectric material applications due to its easy workability, high
temperature resistance, flame retardant feature, resistance to chemicals, abrasion, UV radiation, flexibility, low
production cost and non-toxicity [16-21]. In particular, many studies have been carried out that it can be used in
power microelectromechanical systems, wireless sensor networks, micro robots and implantable biological
devices [22-25]. However, the fact that the piezoelectric charge constant values are not at the desired levels has
brought some restrictions to the use of this material [26]. PVDF polymer, as it is commonly known, is a semi-
crystalline polymer with five different crystal structures (a, 8, y, 6 and €). Among them, the alpha phase is the most
common and has the highest thermal stability, while the beta phase is the most important in terms of piezoelectric
and pyroelectric properties. Therefore, the conversion of the most concentrated alpha to the beta phase is actually
the most necessary issue to increase the dielectric property of the polymer [23,24,27,28]. Various methods such
as mechanical stretching, heat treatment application, casting with a solvent mixture have been used in order to
achieve this [29-31]. Apart from these, another method especially used to increase the beta phase is to add
nanoparticles to the polymer. It is known that various nanoparticles such as graphene [32], graphene oxide [33],
carbon nanotube [34] and carbon black [35] have been used in studies carried out so far. In addition to these, it is
known that many metal oxide materials have been used as an additive in polymers due to their superior dielectric
properties due to their easy polarization [36-38]. In this context, structures such as MgO and CuO have been widely
used in different applications [39-43]. However, it is observed that there is a lack in the literature on detailed
investigations of these structures that can be obtained from chlorinated compounds of easily obtainable and very
low-cost Mg and Cu elements. Therefore, this deficiency can be eliminated by making investigations with low cost
2A group and transition metals

In this study, it is aimed to develop composite films with high dielectric constant that can be used for new
generation devices with flexible structure. For this purpose, firstly, MgO/CuO was synthesized from MgClz and
CuClz metal oxides. Then, this structure was added to PVDF together with graphene and mixed homogeneously.
When the mixture became muddy, it was plastered on a plate with the doctor blade method and then composite
films were obtained by phase inversion method. First of all, the synthesized metal oxides and films were
characterized by FTIR, XRD and SEM, and then the capacitance and dielectric coefficients were determined with
an LCR meter. According to the final result, it was understood that the effect of the MgO/CuO structure alone was
quite low, but it showed a high level of performance together with graphene.

2. Material and Method
2.1. Materials

MgClz, CuCl; salts and NaOH purchased from Aromel Kimya medical A.S were used for the synthesis MgO/CuO
structure. Polyvinylene fluoride (PVDF) polymer used as binder was purchased in bulk form from Kahvecioglu
plastic and its solvent dimethyl formamide (DMF) was purchased from Aromel Kimya. Graphene was obtained
from the company Nanografi. Production, measurements and use of various laboratory equipment such as pure
water, beaker, and high temperature furnace were carried out in Karabuk University Materials Research and
Development (MARGEM) laboratories.
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2.2. Production method of Mg0/CuO perovskit structure

For the synthesis of MgO/CuO structure, 13 mg of MgClz and 11 mg of CuClz salts were first dissolved in 50 ml of
distilled water. Then, 22 mg of NaOH were added so that both of these salts were precipitated in the hydroxide
structure and dissolved in 50 ml of distilled water in another beaker and transferred to the burette. Then the NaOH
solution was started to be dripped into the metal chloride solution. The drip rate was set at such a rate that the
entire solution would be finished in one hour. The obtained mixture was then filtered on watman filter paper, and
the residues were thoroughly washed several times with distilled water. It was dried in an oven at 70 °C for about
one day, along with the residues on the filter paper. The residues were then transferred to an alumina crucible and
calcined in muffle furnace at 700 °C for 2 hours. This last process was carried out to break the O-H bonds and
obtain the Mg0/CuO structure. After this process, MgO/CuO powder was transferred to a mortar, where they were
ground and made ready for use in composites. This production was repeated several times in order to produce
enough Mg0/CuO for all compositions.

2.3. Production of Composite films

For the production of composite films, first 50 mg of PVDF, 60 mg of active ingredient, 10 mg of graphene
nanoplates (GNPs) and 2 ml of DMF were added to a beaker and mixed on a magnetic stirrer at 100 °C. After the
PVDF was dissolved in DMF, mixing was continued until it reached a gel consistency. In the meantime, the
aluminium foil was taped from the edges on a 15x15 cm glass. The surface of the foil was thoroughly cleaned with
ethyl alcohol so that there were no wrinkles on the surface. Then, the mixture, which came to a gel consistency,
was poured on the foil, and plastered on the surface with the doctor blade method. After this process, the glass and
foil were immersed in a water-filled container and the active substance plastered on the surface was removed as
a film on the water surface. With this method, all productions were carried out in the compositions given in Table
1. The intended material was obtained by drying the composite films in an oven at 70 °C for about one hour on the
watch glass.

Table 1.

Sample PVDF MgO/CuO GNP
#1 50 mg - -
#2 50mg 30+30mg -
#3 50 mg - 10 mg

#4 50mg 30+30mg 10mg

GNP PVDF MgO/CuO

DMF |

Ultrasonical mixing doctor blade phase inversion
method method

Figure 1. Representation images of experimental methods

2.4. Characterization of Materials

In this part of the study, firstly, the characterization of the MgO/CuO compounds, which was synthesized, was
carried out. For this, chemical bond characterizations with FTIR, crystal structure analysis with XRD and particle
size analysis with SEM were performed. Afterwards, FTIR, XRD and SEM analysis of the composite films were
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performed, and the final composites were characterized in terms of their components and interactions. Apart from
these, in order to examine the dielectric properties, the films poured on the aluminium foil were dried there, and
a 15x15 mm metal plate was contacted on it. In this process, first the capacitance values (C) of the composite films
were measured with the LCR meter, and then the dielectric constants were calculated according to the formula in
equation 1 [44].

C =gy, At (1
Where ¢ is the dielectric constant of the free space (8.854x10-12 F/m), ¢, is dielectric constant, A is area (m2), and
tis thickness (m) of the composites.

3. Results

XRD analysis was first performed to characterize the products obtained after the productions. In this analysis,
MgO+CuO synthesis nanopowder were first analysed and then the composites of these powders combined with
GNP and PVDF were analysed. The results obtained are detailed in Fig. 2. According to the results obtained, two
sharp and high-intensity peaks were observed at approximately 32° and 39° with the 20 value. These peaks belong
to the (110) and (200) planes of CuO, respectively [45]. Apart from these, the peaks observed with lower intensity
at49°,53°,58° 61°, 66° 68° 72°and 75° also indicate CuO (-202), (020), (202), (-113), (022), (-311), (220), (311)
and (004) planes. Peaks belonging to MgO were observed at approximately 37°, 43°, 62°, 74° and 79° [46]. These
peaks belong to the (111), (200), (220), (311) and (222) planes of MgO [47]. Apart from these, very low-intensity
peaks observed also belong to CuO and MgO, but only sharp and intense ones were characterized. According to
these results, XRD analysis show that it can be said that the synthesized powders are completely composed of CuO
and MgO and no extra crystals are formed. Another analysis made with XRD is the composites of these powders
combined with GNPs and PVDF. As a result of this analysis, the presence of GNPs in the composite was tried to be
confirmed. According to the result given in a small graph embedded in the graph, it can be said that the peak
observed at approximately 29° belongs to the (002) plane of the graphene [48]. However, while this peak should
have been observed around 27°, it is thought that a shift of about 2° occurred and this was due to other crystals in
the composite.

MgO/CuO

. —— Composite

L]
GNP

‘ A

| .

I T i .

28 29 30 ” Aa

Count (a.u.)

|l N Ll v 1 M 1 M 1 M 1 M 1 M 1
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20
Figure 2. XRD results of composite films and Mg0O/CuO nanoparticles

FTIR analysis was carried out to confirm the accuracy of the crystal structures by chemical bonding between
atoms. The results obtained are given in Fig. 3 in detail. According to these results, the peaks observed at
approximately 2980 and 3020 cm! in wavenumber are due to the symmetrical and asymmetric stretching of -CHz
[49]. Apart from these, more characteristic and sharp peaks of PVDF were also observed. One of them is the peak
caused by the asymmetric and symmetrical -CF2 tension observed at 1167 cm! [50]. On the other hand, it is known
that PVDF contains alpha and beta phases. Approximately 1401, 1230, 1067, 875 and 834 cm-! of these peaks
indicate the vibration of the beta phase [50]. The low intensity peak observed at 764 cm-! corresponds to the alpha
phase [50]. The disappearance of this peak in composites actually means that the alpha phase has undergone
transformation. However, the presence of beta phase peaks in composites means that PVDF protects its main
skeleton without reacting with externally added components. Slight shifts were observed in the intensity and
location of these peaks in the composites, which is thought to be due to the presence of different components. As
for the synthesized metal oxide nanopowder, the peaks observed at 471, 574 and 642 cm-! are due to the vibration
of the Cu-O bond [51]. In addition, one of the broad peaks observed around 570 (561 cm1) is attributed to the
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vibration of Mg-O [52]. Based on these results, it can be said that both metal oxides and composites were
synthesized and produced for the desired purposes.
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Figure 3. FTIR spectrums of composite films and MgO/CuO nanoparticles

Microstructure investigations of the synthesized Mg0O/CuO nanopowder were carried out by SEM and the results
are given in figure 4 in detail. According to these results, the synthesized particles are mostly spherical in shape.
However, spherical particles differ in size. All these particles are in contact with each other and show a
homogeneous distribution. Image] program was used to determine the particle size distribution and average size.
According to the results given in Figure 4b, the particle size generally varies between 100 nm and 600 nm, with an
average size of 282 nm. About 5% of them are around 100 nm, 20% are 150-250 nm, 25% are 250-300 nm, and
most of the rest is 300-450 nm. Apart from these, about 5% of them are around 500-600 nm. Almost all these
particles have the same particle shape, indicating that both CuO and MgO occur in similar structures. This is
thought to be since it was synthesized in the same environment and under the same conditions. On the other hand,
the mapping images in figures 4c and d show a homogeneous distribution of copper and magnesium. This situation
shows that both copper and magnesium oxide are synthesized in an intertwined manner. As a result, in this study,

it can be said that the synthesis of nanoscale CuO and MgO was successfully synthesized at nanoscale by making a
homogeneous attempt.
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Figure 4. a) SEM images of Mg0O/CuO, b) histogram graph of particle diameter of MgO/CuO with inset images, c and d)
mapping images of MgO/CuO nanoparticles

On the other hand, the digital image and SEM images of the composite film of sample #4 are given in figure 5 as a representation.
According to these images, it is understood that the composite film has a very flexible structure. On the other hand, in the SEM
image, it is seen that the spherical MgO/CuO particles are homogeneously dispersed in the PVDF. The smaller particles in these
images are graphene nanoplates. In these images, there are also interparticle spaces called porosity. These are thought to be
due to the increase in viscosity with the addition of particles into PVDF during production. It is also thought that it may be due
to shrinkage of PVDF during drying. As a result, it can be said that composite films with flexible structure and homogeneous
distribution of particles are successfully produced by the methods used.

Figure 5. a) Digital images of flexible composite film (#4), b-c) SEM images of composite film (#4) at different magnifications

In order to determine the energy storage capacity of composite films, capacitance measurements were made with
LCR meters and dielectric coefficients were determined accordingly. The obtained results were detailed in figure
6. According to these results, the capacitance values of the composite films at 100 Hz frequency were measured as
140 pF for the undoped PVDF film (#1), 203 pF for the MgO/CuO doped film (#2), 1555 pF for the graphene doped
film (#3) and 2829 pF for the MgO/CuO and graphene doped film. When the frequency was increased to 1 kHz, the
capacitance value was measured as 122 pF in sample #1, 157 pF in sample #2, 778 pF in sample #3 and 1059 pF
in sample #4. When the frequency value was increased to 100 kHz, the capacitance values of these samples were
measured as 109 pF, 114 pF, 316 pF and 365 pF, respectively.

On the other hand, dielectric coefficient values at 100 Hz were measured as 2.11 for #1 sample, 3.06 for #2 sample,
23.4 for #3 and 42.6 for #4. These results were measured to be 1.84, 2.37,11.7 and 16 samples #1-#2-#3-#4 when
the frequency value was increased to 1 kHz. When the frequency value was increased to 100 kHz, the same samples
were measured as 1.64, 1.72, 4.76 and 5.5, respectively. According to these results, it was understood that the
samples with the highest dielectric coefficient values were obtained in #3 and #4 samples and at low frequencies.
In other words, it has been understood that when the synthesized metal oxides are used alone, the dielectric
coefficient of pure PVDF relatively increases, but when it is used together with graphene, it provides a superior
increase with a synergistic effect. It is an undeniable fact that graphene made the biggest contribution to this
increase. Likewise, this situation has been proven in many articles in the literature. However, the dielectric
constant value provided by graphene alone is lower than that provided by the metal oxide combination. Therefore,
the composition of the components that make up sample #4 is considerable. Therefore, the energy storage capacity
of this sample is higher than the highest values of other samples, even at high frequencies. For example, sample
#4's capacitance values at 100 Hz and 1kHz are about 1.6 nF and 2.8 nF, while sample #3's capacitance is only
around 1.6 nF at 100 Hz. Based on these results, it can be said that sample #4 can be used both in triboelectric
nanogenerators and in other fields due to its flexible structure and high capacitance value. It can also be said that
sample #3 can also be used in this context due to its relatively high capacitance value.

When it comes to the analysis of these results depending on the frequency variable, it is clearly understood that as
the frequency increases, the capacitance and the dielectric coefficient values related to it decrease. In this context,
it is known that electron jumps occur faster at low frequencies, which causes the polarization to increase rapidly.
[53,54]. However, at high frequencies, the relaxation time of the charge carrier is not as fast as the change of the
electric field over time, and this causes a decrease in capacitance [53]. Therefore, it can be said that higher
capacitance values are achieved at higher frequencies. On the other hand, when it comes to evaluating the amount
of supplements, Rozana et al. added 5% MgO to PVDF and measured &, value of around 5 at 104 Hz. [55]. Similarly,
Chen et al., determined &, value around 9 with 4% reinforcement at the same frequency [56]. The results of this
study are quite behind when only MgO supplementation is considered compared to the literature data. However,
the high amount of additives in this study brought along porosity and agglomeration, which are the most important
parameters that negatively affect the dielectric coefficient [57]. On the other hand, Rani et al,, measured &, value
as 6.6 at 100 Hz by adding 0.5% GNP and 5% CuO to the PVDF/PEDOT-block-PEG mixture, while adding 2.5% GNP

417



Calismanin ismi her kelimenin ilk harfi biiytik (baglaglar harig) ve “Cambria” fontunda 6,5 punto olacak sekilde buraya eklenmelidir

and 25% CuO, they measured 34 [45]. In addition, in another study, the dielectric coefficient was around 20 when
10% by weight graphene was added to a mixture of polystyrene (PS) and polyvinylidene fluoride (PVDF), but this
value reached up to 100 when the graphene amount was increased to 15% [58]. Based on these results, it is seen
that if the metal oxide ratio is used at a high rate, it reduces &, value, but if it is used with graphene at a high rate,
it has a synergistic effect and provides a higher increase than expected. The reason for this is understood in the
BN-ZnO-GNP study that nano-sized plate-shaped graphene structures provide very high capacitance by forming
many serial and parallel nano cells with metal oxide and PVDF dielectrics in the composite [54]. As a result, the
obtaining of different types of composites by combining graphene with various metal oxides is very promising in
terms of obtaining high dielectric constant materials.
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Figure 6. Frequency dependent changes of capacitance and dielectric constant values

4. Discussion and Conclusion

In this study, it is aimed to develop dielectric materials of flexible capacitors in order to increase the energy storage
capacity of new generation flexible electronic devices. For this purpose, firstly, MgO0/CuO nanoparticles were
synthesized by precipitation reactions and calcination process. Then, composite mixture was formed by adding
these nanoparticles together with graphene into PVDF in different compositions. Afterwards, composite films
were successfully produced with doctor blade and phase inversion methods. In the characterization processes, it
was understood that MgO/CuO particles were successfully produced with an average size of 282 nm. PVDF-based
flexible composites have been successfully produced by applying the methods together. In the capacitance and
dielectric constant measurements, the highest values were determined as 2.8 nF and 42.6 at 100 Hz, respectively.
According to these results, it can be said that #4 is promising for new generation electronic devices in terms of
both its flexible structure and high capacitance value.
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Anahtar Kelimeler 0z: Davranigsal arastirmalarda, énce hayvan davraniglarim kaydedip daha sonra
Fare Takip, videolar: izlemek ve gozlemleri analiz etmek bireysel yorumlama farkliliklari,
Davranig Analizi, dikkatsizlik veya yanlilik gibi nedenlerle analizlerde hata olasiligini arttirmaktadir.
Gergek Zamanly, Bunu azaltmak i¢in gelistirilen video takip sistemleri ile manuel kayit almaya kiyasla
Goriinti Isleme daha giivenli ve tutarli sonuclar elde edilmektedir. Ancak mevcut video takip

sistemlerinin de birtakim eksiklikleri/kisithiliklar1 (birden fazla nesneyi takip
edememe, anlik takip edememe ya da analiz edememe vb.) bulunmaktadir. Bu
nedenle bu ¢alismada davranis deneylerinin takip ve analizinde kullanilabilecek bir
yazilim gelistirilmistir. Yazilim ile deney aninda canli olarak kameradan alinan
goruntiiler cesitli goriintii isleme yontemleri kullanilarak analiz edilmektedir.
Analizler sonucunda arastirmaci tarafindan belirlenen alanlarda, farenin ne kadar
stre gecirdigi, bu alanlara giris ¢ikis frekanslari, farenin hizi, toplam kat ettigi
mesafe vb. bir¢ok veri anlik olarak hesaplanabilmekte ve diizenli olarak kayit altina
alinabilmektedir.

Development of Real-Time Mouse Tracking and Analyzing Software

Keywords Abstract: In behavioral research, recording animal behavior first and then watching

Mouse Tracking, and observing the videos increase the probability of errors in the analysis due to

ﬁehlar\lil_or Analysis, reasons such as individual interpretation differences, carelessness or bias. With the
ea mme,

video tracking systems developed to reduce this problem, safer and more consistent
results are obtained compared to manual recording. However, the existing video
surveillance systems also have some deficiencies / limitations (not being able to
track more than one object, not following them instantly or analyzing them, etc.).
Therefore, in this study, a software that can be used in the follow-up and analysis of
behavioral experiments has been developed. With the software, images taken from
the camera live during the experiment are analyzed using various image processing
methods. As a result of the analysis, how much time the mouse spent in the areas
determined by the researcher, the input and output frequencies, the speed of the
mouse, the total distance traveled and many similar data can be calculated instantly
and recorded regularly.

Image Processing
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Gergek Zamanl Fare Takip ve Analiz Yazilimi Gelistirilmesi

1. Giris

Psikoloji, fizyoloji, farmakoloji, sinirbilim gibi pek ¢ok bilim dali tarafindan davranisin nérobiyolojik temellerinin
arastirilmas1 ve ogrenme-bellek, anksiyete, stres ve otizm, depresyon gibi psikiyatrik hastaliklarin deney
hayvanlarinda modellenmesi ile ilgili calismalar uzun yillardir yiiriitiilmektedir. Ornegin, farelerin ve sicanlarin
davranislarini degerlendirmek, néropsikiyatrik hastaliklar hakkindaki anlayisimizi ilerletmek ve yeni ilag ve
asilarin gelisimdeki etkilerini test etmek i¢in kullanilmaktadir [1]. Noropsikiyatrik hastaliklarin hayvan modelleri
sosyal davranislarda bozulma ile karakterizedir. Bu nedenle kemirgenlerde sosyal davranislarin degerlendirilmesi
bu tiir ¢alismalarda olduk¢a 6nemlidir [2].

Kemirgenler ile ilgili davranigsal arastirmalarda canlilarin videolarini kaydetmek ve daha sonra bunlar1 kayith
goriintiillerden analiz etmek arastirmacilar arasinda halen yaygin bir uygulamadir. Ancak bu yaklasim, bireysel
yorumlama farkliliklari, dikkatsizlik veya yanlilik gibi nedenlerle analizlerde hatalarda neden olabilmektedir [1].
Davranisin farkli boyutlarini degerlendirme olanagi sunan cesitli deney diizeneklerinin gelistirilmesi ve
kullaniminin yayginlasmasi, manuel olarak gerceklestirilen gozlem ve kayitlarin yerine otomatize sistemlerin
kullanimini daha elverisli hale getirmistir. Bu amag i¢in gelistirilen video takip sistemleri, manuel kayit almaya
kiyasla daha giivenli ve tutarli bir sekilde ve daha uzun zaman dilimlerinde davranislarin incelenmesini
saglamaktadir [3].

Davranis analizi ile ilgili olarak halihazirda gelistirilmis farkli 6zelliklere sahip akademik ve ticari video takip
yazilimlar1 bulunmaktadir. Genel olarak ticari yazilimlar kendi iirettikleri platformlarda takip o6zelliklerine
sahiptir [4]. Bunun yaninda videolardan ve kameralardan farkli platformlarda takip islemi gerceklestiren ticari
yazilimlar da mevcuttur [5] [6]. Ancak bu yazilimlar oldukga yiiksek fiyatl yazilimlardir. Bu alanda gelistirilmis
akademik calismalar ele alindiginda ise UMA Tracker [7] ve ToxTrac [8] isminde iki ¢alismaya rastlanmistir. Bu
¢alismalarin ikisi de sadece videolar ile ¢alisabilmektedir. Canli goriintii izerinden analiz yapamamaktadir.

Bu calismada akademik ve ticari calismalardan farkl olarak gercek zamanl analiz yapan ve aninda ¢iktiy1 hizl bir
sekilde iiretebilen, herkes tarafindan kolayca kullanilabilecek tek ekranda birkac tiklama ile biitiin islemlerin
yapilabilecegi bir deney takip ve analiz yazilimi ortaya ¢ikarmak hedeflenmistir.

2. Materyal ve Metot

Bu ¢alismanin amaci deneysel davranis ¢alismalarinda kullanilmak iizere bir video takip sistemi gelistirmektir.
Yazilim python programlama dili ile agik kaynak kodlu, daha dnce kaydedilen deney videolarini kisitli 6zelliklere
gore analiz edebilen UMATracker isimli yazilim temel alinarak gelistirilmistir [7].

UMATracker deney aninda kaydedilmis videolarda bulunan farelerin dogru bir sekilde algilanabilmesi igin bir
gorintii filtre olusturma araci, videodan fareyi takip eden bir takip araci ve takibi kullanicinin belirleyecegi
alanlara gore yapan bir alan takip aracindan olusmaktadir. Bu arag ile dogrudan kameradan canli olarak analiz
yapilamamaktadir. Ayrica farenin ortalama hizi, en yliksek hizi, toplam kat ettigi mesafe (metrik olarak), alanlara
giris-cikis frekanslari analiz edilememektedir. Bu ¢alismada agik kaynak kodlu bu arag bu 6zellikleri kapsayacak
sekilde gelistirilmistir. Gelistirilen araglarla bir deneyin takip siireci su sekilde ilerlemektedir; bir deney 6n ¢ekimi,
bu ¢ekim goriintiilerinden filtre araci ile filtre olusturulmasi ve ardindan takip aracinda bu filtrenin kullanilarak
gercek zamanl deney ve takiplerinin yapilmasu.

2.1. Filtre araci

Calismada ilk olarak filtre araci iizerinde gelistirmeler yapilmistir. Filtre araci igerisinde ¢esitli goriintii isleme
secenekleri bulunmaktadir. Bunlara ornek olarak esikleme, gri tonlamaya donistiirme, ortanca filtre,
bulaniklastirma vb. verilebilir. Bunun yaninda literatiirde anomali tespitinde kullanilan yéntemlerden [18]
faydalanarak arka plan goériintiisiini filtreleyen ve bu sekilde fareyi tespit eden bir filtre de mevcuttur. Kullanici
bu filtreleri kullanarak fareyi arka planda net bir sekilde ayirir ve takip algoritmalar1 da bu sayede fareyi basarili
bir sekilde takip edebilmektedir. Bu kadar farkli goriintii isleme segeneginin olmasi farkl ortamlarda farkl 11k
degerlerinde de farenin takip edilmesini saglamaktadir. Sekil 1’de filtre olusturma siireci ve Sekil 2’de filtrenin
goriintii lizerine uygulanma asamalar1 sunulmustur.
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Dosya  Arkaplan  Ayarlar
Ac Filtre
Ag Video

Ac Resim E
I Ag Kamera | K | 7] || 53 |

Kaydet Filtre Kamera:

Kaydet Video Kameral i

Cikig Ctrl+Q oK Cancel

(a) (b)

@ | (b) © ()

Sekil 2. a) Deney goriintiisii; b) BGR2Gray (Gri Tonlama) Filtre; c) Median (Ortanca) Filtre; d)Treshold (Esik) Filtre

Mevcut filtre araci resim ve videolar ile ¢galismaktadir. Calisma kapsaminda bu aracta filtrenin dogrudan kamera
goriintiisiinden olusturulabilecegi sekilde gelistirme yapilmistir. ilk olarak filtre olusturmaya baslamak icin
kameradan goriinti alinmasini saglayan menii eklenmis (Sekil 1-a), daha sonra bu meniiye tiklandiginda
bilgisayarda o an aktif olarak kullanilan kameralarin listelendigi ve kullanicinin bunlardan birini sec¢ebildigi bir
pencere eklenmistir (Sekil 1-b). Son olarak kullanicinin sectigi kameradan anlik bir kare gériintti alinmakta ve
filtre olusturma ekranina getirilmektedir (Sekil 1-c). Boyle kullanici deney diizeneginin canli olarak goriintiisiinii
alarak o goriintiiye uygun filtre olusturabilmektedir.

Kameradan goriinti almak igin goriintii isleme calismalarinda en ¢ok kullanilan kiitliphane olan OpenCV
kullanilmistir [9]. Kameradan alinan deney diizenegi goriintiisiinde farenin filtre yardimi ile net bir sekilde
belirlenebilmesinin ardindan takip islemine gecilmistir.

2.2, Takip Araci

UMATracker halihazirda sadece video goriintiisiinden noktasal olarak fare takibi yapabilmektedir. Canli olarak bir
kameradan takip yapabilme, takip islemini belirli alanlara goére yapabilme, takip islemini video olarak kaydetme,
takip siirelerini hesaplama ya da belirli bir siireye gore takip yapma ozelliklerine ise sahip degildir. Bu ¢alisma
kapsaminda bu gelistirmeler yapilmistir.

Takip aracinda, filtreleme aracindaki kamera ile ilgili gelistirmelerin ardindan bu aracinda 6ncelikle kameradan
goriintli almasi saglanmistir. Goriintli alma islemi filtre araci ile ayni sekilde yapilmistir. Kullaniciy1 “Kamerayi A¢”
meniisiinde ya da arayiizdeki diigmeye tikladiginda kamera se¢cme secenegi ¢ikmakta ve kullanici kameray:
sectikten sonra arayilizde kameradan alinan goriintii canli olarak kullaniciya sunulmaktadir.

Kamera goriintiisii alinarak yapilan canli analizlerde en biiylik sorunlardan bir tanesi performans sorunlaridir.
Analiz yapilan bilgisayarin islem giliclinlin yetersiz olmasi durumlarinda takip isleminin canli olarak
gerceklestirilmesi miimkiin olmaz. Bu gibi durumlara ¢6zlim olarak farkli islem giiciine sahip bilgisayarlarda
yazilimin sorunsuz sekilde takip islemini gergeklestirebilmesi icin goriintiiniin ¢6zliniirliiglinlin ve fps (frame per
second - saniye basina goriintii sayisi) degerinin disiiriilmesi gerekir. Bu yiizden gelistirilen araca kameradan
alian goriintiiniin ¢6ziiniirliglini ve fps degerini belirleyebilme secenekleri de eklenmistir. Kameradan goriinti
alma, ¢6zlniirligl belirleme ve fps degerini belirleme kodlari1 ve mentileri Tablo 1’de sunulmustur.
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Tablo 1. Kamera ¢6ziiniirlik ve fps ayarlar: meniisii ile kodlart.

£k self.cap = cv2.VideoCapture(kamera)
Goriintil Ayarlar
oot self.cap.set(cv2.CAP_PROP_FRAME_WIDTH, cozX)
oo self.cap.set(cv2.CAP_PROP_FRAME_HEIGHT, cozY)

. self.cap.set(cv2.CAP_PROP_FPS, FPS)

FPS 10 =

Kamera goriintiisii acildiktan sonra kullanicinin daha o6nce hazirlayarak kaydettigi filtre dosyasini agmasi
gerekmektedir. Bunun i¢in arastirmacilara kolaylik olmasi agisindan programin ana klasoérii altindan bulunan
“filtre” klasoriiniin icinde bulunan kayith filtre dosyalar1 kullaniciya liste olarak sunulmaktadir. Sekil 3’te
klasordeki filtre dosyalar1 ve program i¢in liste halinde gosterilmeleri sunulmustur.

B B = | e

Dosya  Girs  Paylas  Goranam

Hizh Erigim
Filtreler

|

|

|

kare (1) :
kare (2) |
kare (3) |
kare (4) |
kare (5) I
kare (6) |
kare (7) :
|

|

|

|

|

|

|

|

v . Depo (D:) » SH » Takip » filtre

kare (8)
kare (9)

sil

Yiikle

Sekil 3. Filtre kayitlari ve listelenmesi

Kullanic1 kamera goriintisiinii agip filtreyi sectikten sonra farenin takibi baslamaktadir. Farenin takip edildigi
lizerinde yer alan isaret ile gosterilmektedir. Takip araci ile 4 farkl takip algoritmasi kullanilabilmektedir. Bunlar:
RMOT [10], Optical Flow DualTVL1 [11], K-means [12]ve GroupTracker [13]. Sekil 4’te GroupTracker algoritmasi
ile bir farenin takip edildigi ekran goriintiisii yer almaktadir. Ayrica ayni anda birden fazla fare de takip
edilebilmekte ve goriintii tizerinde gercek zamanli olarak numaralandirilabilmektedir.

Sekil 4. Kameradan alinan goriintiiden anlik olarak farenin takibi ve 0 olarak numaralandirilmasi

Fare takibinin basariyla gerceklestirilmesinden sonra farenin davranislariniz analiz etmek icin deney sahasi
lizerinde takip alanlar1 olusturulmalidir. Bunlar1 olusturabilmek icin dikdértgen ve elips ¢izme araglan
gelistirilmistir. Yazilimin araytizii gelistirilirken Qt grafiksel kullanici arayiizii gelistirme araci, takip alanlari ¢izimi
icinde Qt aracinin QShape bileseni kullanilmistir [14]. Kullanic1 arayiizde yer alan “Ekle” diigmesine tiklayarak
takip ekranina bir dikddrtgen sekil olusturmaktadir. Takip alaninin iizerinde ¢ikan ufak beyaz kareler stirtiklenip
birakilarak takip alaninin boyutu ayarlanabilmektedir. “Takip Alan1 Diizenleme” meniisiinden takip alaninin tipini
degistirerek yuvarlak ya da cizgiye dontstirebilmektedir. Ayrica takip alaniza bir isim ve renk verebilmektedir.
Buna ek olarak ¢alisma kapsaminda deney diizenekleri icin hazirlanmis alanlari kaydetme se¢enegi eklenmistir.
Boylece arastirmaci her deney yaptiginda tekrar tekrar bu alanlari olusturmak zorunda kalmamaktadir. Ayrica bu
alanlan kolayca segebilmesi i¢cin daha 6nce kaydedilmis alanlar kullanic1 araytiziinde liste halinde kullaniciya
sunulmaktadir. Sekil 5a’da kayith takip alanlari, Sekil 5b’de takip alanlarinin 6zellikleri ve Sekil 5c’de ise goriinti
lizerinde takip alanlarinin nasil gériintiilendigi sunulmustur.
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Kayith Takip Alanlan: Fare Takip
- Takip Alani Duzenleme
acik_alan ~ X
acik_yeni Takip Alanlari:
arti_en_iyi Name Color Type
kare
kare 1 vide k1 #afeeee Rectangular
kare_dik_bir_me k2 #afeeee Rectangular
iygun 5 M al -Re(tangular
s rtk - Rectangular o
a2 -Rectan ular
RS ° o)
(a) (b) (©)

Sekil 5. a) Kayith takip alanlari; b) takip alani diizenleme; c) takip alanlarinin goriinimii

Arastirmacilarin analiz etmek istedigi degerler arasinda farenin toplam kat ettigi mesafe ve ortalama hiz1 yer
almaktadir. Ancak mevcut arag ile bu yapilamamaktadir. Calismada bu analizleri yapabilmek i¢in arastirmacidan
kamera goriintiisii iizerinde gercek bir metreyi ifade eden c¢izgi tipinde bir takip alani olusturmasi ve adini da
metre yapmas! istenmektedir. Analiz asamasinda bu ¢izilen c¢izginin 6ncelikle piksel cinsinden uzunlugu
hesaplanmakta ve boylece Pisagor bagintisindan 1 pikselin ka¢ cm uzunluga karsilik geldigi bulunmaktadir.
Asagida bu islemin denklemi (1) ve kaynak kodu yer almaktadir.

mesafeHesapla Bagintisi:
mesafe = karekok (|x2 — x1|2 + [y2 — y1|2) (1
x1, y1: ¢cizginin baslangi¢ koordinatlari
X2, y2: ¢izginin bitis koordinatlari
metrePikselMesafe = self.anaPencere.mesafeHesapla(

float(self.anaPencere.metre[0][0]),
float(self.anaPencere.metre[0][1]),
float(self.anaPencere.metre[1][0]),
float(self.anaPencere.metre[1][1]),

)

Bir metrenin piksel cinsinden karsilig1 bulunduktan sonra farenin toplam kat ettigi mesafe hesaplanmaktadir.
Bunun i¢in de metre i¢in oldugu gibi farenin bir 6nceki koordinati ile bir sonraki koordinat1 arasindaki mesafe
Pisagor bagintisi ile hesaplanmaktadir. Kayit stiresince de bu piksel cinsinden degerler kimiilatif olarak
toplanmaktadir. Son olarak kayit sona erdiginde toplam kat edilen mesafe metrenin piksel cinsinden degerine
béliiniip 100 ile carparak farenin toplam olarak kag cm yol kat ettigi hesaplanmaktadir. Farenin ortalama hizi ise
toplam kat edilen mesafenin saniye cinsinden belirlenen kayit siiresine béliinmesi ile bulunmaktadir. Asagida bu
islemim kaynak kodu (2) sunulmustur.

hiz = toplamMesafe / kayitSuresi
toplamKatEdilenMesafe = (toplamPikselMesafe / metrePikselMesafe) * 100 (2)

Arastirmac fare, alanlar ve metrik dl¢iim i¢in 1 metrelik ¢izgiyi belirledikten sonra deney i¢in hazir duruma
gelmektedir. Bundan sonra deneye baslamak icin arayiizde bir kayit numarasi ve bu kayit ile ilgili girmek istiyorsa
bir agiklama girebilmektedir. Daha sonra deneyin siirecegi siireyi saniye cinsinden belirledikten sonra “Kaydi
Baslat” tusuna tikladiginda gercek zamanl olarak kayit ve analiz islemleri baslamaktadir. Kayit islemine
baslanildiginda ilk olarak ilk kameradan alinan goriintii cergevesi resim olarak kaydedilmektedir. Kayit siiresince
farenin koordinatlar siirekli olarak kayit altina alinmakta ve anlik olarak her video ¢ercevesinde kat ettigi mesafe
hesaplanmaktadir. Bununla birlikte farenin hangi takip alani icinde yer aldig bilgisi de kaydedilmektedir.

Kayit islemi tamamlandiginda anlik olarak yapilan analizlerin yaninda, toplam kat edilen mesafe, ortalama hiz
degerleri hesaplanmaktadir. Ayrica farenin takip alanlarinda bulunma durumlari incelenerek, belirlenen takip
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alanlarinda ne kadar siire bulundugu, ka¢ defa o takip alanlarina girip ¢iktig1 hesaplanmaktadir. Ciktilar ise bir
Excel dosyasi olarak Sekil 6’da sunuldugu sekilde arastirmaci i¢in kaydedilmektedir.

Otomatik Kaydet (@ ) [E] = ¥  sonucxlsy -

Dosya  Girig Ekle Sayfa Dizeni Formdller Veri Gozden Ge

Toplam Mesafe 464703 px

Metre(Pixel) 418,68 px

Mesafe 1.109,92 cm

Ortalama Hiz 3,76 cm/sn

Alan Ad Gegen Sire Girig Cikig

orta 0,3 1 1
thigmo 299,44 1 0

Sekil 6. Excel ¢iktisi
Tim bu analizler basta belirlenen kayit numarasi adinda agilan klasor icerisinde kayit.csv isimli bir dosyaya
kaydedilmektedir. CSV dosyalar1 bir ayrag isareti ile ayrilmis verilerin satir satir saklamak i¢in kullanilan bir metin

dosya bi¢imidir [15]. Tablo 2’de CSV dosyasinin icerigi ve alanlarin agiklamalari sunulmustur.

Tablo 2. CSV dosyasi ve icerigi.

x;y;ic;dis;sure;mesafe
422.15833333333336;77.67916666666667;1;0;1.325611
421.9298245614035;79.6774628879892;1;0;1.376595;2.0113189819123045
415.12200137080197;84.33036326250857;1;0;1.427593;8.24596498232285
391.0067491563555;85.8138357705287;1;0;1.478581;24.160837734822366

X, Y, ic, dis, sure ve mesafe stitun basliklarini ifade etmektedir. Alttaki noktali virtgl ile
ayrilmis degerler ise her kaydin ilgili situna gelen degerini ifade etmektedir. Sttunlarin
karsiliklari ise agagidaki gibidir.

x: farenin yatay eksende pozisyonu

y: farenin dikey eksende pozsiyonu

ic: ic isimli takip alaninda farenin bulunma durumu

dis: dis isimli takip alaninda farenin bulunma durumu

sure: bu veri kaydedildigi anda deneyin baslangicindan itibaren gegen siire

mesafe: farenin bir 6nceki durumu ile bu durumu arasinda kat ettigi mesafe

Son olarak kaydin baslangicinda kaydedilen resim {izerinde farenin gectigi tiim noktalar OpenCV kiitiiphanesinin
¢izgi ¢cizme araci kullanilarak cizilen cizgiler ile birlestirilerek farenin yol haritasi gérsel olarak analiz edilmektedir.
Gorsel analizin sonuclar1 Sekil 7a’da sunulmustur. Bunun yaninda tiim analiz islemi video dosyasi olarak ta kayit
altina alinmaktadir. Video kaydi da yine OpenCV kullanilarak kullanicinin belirlemis oldugu ¢6ziiniirliik ve fps
degerlerine gore Xvid biciminde sikistirllmis olarak kameradan alinan anlik goriintiilerin {izerine farenin
bulundugu noktaya yesil bir cember cizilerek yapilmaktadir. Xvid sikistirma bigimi kullanilmasinin sebebi, agik
kaynak kodlu 6zgiir bir bicim olmasi ve tiim platformlarda kullanilabilmesidir [20]. Ayrica sikistirma orani ve
kalite bakimindan ¢alisma siirecinde yeterli sonuglar iiretmistir. Video kaydinin 6rnek ekran goriintiisii Sekil 7b’de
sunulmustur.
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Pl B €« » »l D

Duraklatild

(a) (b)

Sekil 7. Farenin gectigi yollarin ¢izimi
3. Bulgular

Gelistirilen aracin yazilim gelistirme stlreci ve sonrasinda istenilen islemleri dogru bir sekilde yaptiginin
denetlenmesi i¢in hem daha 6nce analizi yapilmis calismalarla karsilastirmasi yapilmis hem de gercek zamanl
uygulamalar yapilmistir.

Yazilimin gelistirilmesinin ardindan ilk asamada gercek zamanli olarak ¢alismak cesitli sorunlar ortaya
¢ikarmistir. Bunlarin ilki salgin nedeniyle farkli arastirmacilarin ayni ortamda uzun siire ¢alismasinin zorlugudur.
ikinci zorluk gercek bir canl ile calismalar yapilirken siirekli olarak hatalarin ve eksiklerin tespit edilerek
giderilirken ayrica deney hayani ile ilgilenilmesidir. Ugiincii ve en biiyiik zorluk ise yazilim ile analiz edilen tiim
gorintiilerin dogrulugunun tespit edilebilmesi icin ayrica gergek olarak insan giicii ile analiz edilmesidir. Bu vb.
sorunlardan dolay1 ¢alismada ilk olarak daha énce analizi yapilmis goriintiiler ile ¢alisilmasina karar verilmistir.

Gelistirilen yazilim kayit edilmis videolar ile degil de sadece kameradan alinan goériintiiler ile ¢alisacak sekilde
gelistirilmistir. Ancak sanal kamera yontemi ile bu kisit asilabilmektedir. Bu yéntemde bir video bir sanal kamera
yazilimi ile sanki bilgisayara baglanan bir kameradan goriintii aliniyormusc¢asina gosterilebilmektedir.

Sanal kamera olusturmak i¢in OBS Studio yazilimi ve bu yazilimin VirtualCam eklentisi kullanilmistir [16] [17].
Arag yardimi ile fare deney videolar: kamera goriintiisii olarak sunulmustur. Sekil 8’de bir videonun OBS yazilimi
ile sanal kamera olarak yayinlanmasini ve Sekil 9’da gelistirilen takip yaziliminda gosterilmesi sunulmustur.

@ 0BS 25.0.8 (64-bit, windows) - Profil: Isimsiz - Sahneler: isimsiz - a X

Dosya (F) Dizenle Gérinim (V) Profil Sahne Koleksiyonu Araglar (T) Yardim (H)

3
.

Sahneler r y Ses Diizenleyici B  SahneGegisleri B Kontroler

Sahne ay o N 7 Soldur Yayini Baslat
2 - & Sp— e Kayd Basiat
__.0oc| sire 300ms T sdyoModu
= - o Ayariar
— 0.0¢ Chkss
/E: 00:00:00 ® REC: 00:00:00  CPU: 0.1%, 10.00 fps

Sekil 8. OBS yazilimi ile sanal kamera yayini
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(3 S Fare Takip - Tkip Arac e
Islem Fare Takip Group Tracker GMM Takip Alani Diizenleme Hizh Erisim
Gérint Ayarlan e deita n S| Takip Alanlan: Fitreler
cozx 800 Name Color Tpe WIN_KARE
#ofobjects |1 H | WIN_ART!
GozY &0 R = ||| |Heid _ e WIN_ART.2
) ‘ orta_alan #b0e0e6 Rectangular WINARTL3
FPs 0 [ Likeihood diff. threshold = WIN_ART_4
Restart from this frame vl Reclangubss
S |yan2  soerbos Rectangular
yan3  #98fbo8 Rectangular
‘yanA #98fb98 Rectangular
Kameray Kapat si
Kayt No Yikle
WIN_20201016_17_58_1] Kayith Takip Alanlan:
Kayt Agklama WIN 1
WIN2
De 2
o WIN3
WIN_ART!
WINLY
n
_’ 164.7, 523.9; )
Ignore mis-detection error
Arrow Path ks 2
s [ Reverse arrow color Taldp Alans Adk
Radus 3 g | |
Takip Gizgisi e s E Varsaylan Alan Kimesi Olarak Kaydet
— I “« > » » 701/1,000 z -
Tyl i #of overlay [o 3 el [si| Q] O si
| 5% [ opaque Yuvarlat 1,00 B Yikle

Sekil 9. Takip yazilimi

Gelistirilen takip araci daha once kare ve art1 seklindeki platformlarda kaydedilmis fare hareket mesafesi, ortalama
hizi ve belirlenen bolgelerde gecirdigi siire analizleri yapilmis 18 tane 5 dakikalik deney videosu ile karsilastirma
yapilarak test edilmistir. Bu videolar bu alanda kabul gérmiis Noldus yazilimi ile analiz edilmislerdir [21] [22].
Test yapabilmek i¢in dncelikle videolar i¢in filtre araci ile filtreler olusturulmustur. Daha sonra takip araci ile kare
ve art1 platformlar icin kayitlara uygun takip alanlari ¢izilmistir. Son olarak videolarin tamami yazilim ile analiz
edilmistir. Tiim islemin akis semas Sekil 10’da, sonuglarin daha énce yapilan analizlerle karsilastiriimasi Tablo
3’te sunulmustur.

Sanal Kamera s Al T Taklp.AIanIarl Takjp Numara5| Ciktilarin
Belirleme ve Sure Belirleme Karsilastiriimasi

Sekil 10. Test siireci adimlari

Tablo 3. Referans degerler ile takip ciktilarinin karsilastirilmasi

Kare Platform Art1 Platform
Ort. Hiz(cm/sn) Orta Alan(sn) Thigmo Ort. Hiz(cm/sn) | Ac¢ik Kol.(sn) Kap. Kol.(sn) Ortak Alan(sn)
Zone(sn)

Ref. GY Ref. GY Ref. GY Ref. GY Ref. GY Ref. GY Ref. GY
5,48 5,47 0,3 0,3 299,44 | 299,5 2,24 2,22 1,84 1,83 297,52 | 296,7 1,68 1,67
8,97 8,88 4,88 4,87 281,44 | 2813 2,68 2,58 0 0 301,04 | 300,81 | O 0
10,3 10,43 | 9,84 9,76 270,44 270,42 | 6,15 6,2 3,36 3,42 275,12 | 274,85 | 22,56 22,77
7,786 7,73 2,08 2,15 283,52 | 283,53 | 3,68 3,57 0,24 0,23 291,52 | 292,02 | 9,28 9,45
8,94 8,74 1,12 1,13 291,6 291,63 | 3,78 3,85 0 0 284,16 | 283,96 | 16,88 17,06
10,1 9,85 0,28 0,29 297,12 | 297,13 | 5,37 5,35 0 0 286,16 | 288,01 | 14,88 14,85
7,01 7,44 1,6 1,61 293,6 293,52 | 4,03 4,03 0 0 301,04 | 300,89 | 0 0
9,18 8,89 5,76 5,74 285,36 | 284,32 | 3,62 3,65 0 0 296,8 296,52 | 4,24 4,22
4,46 4,66 7,76 7,68 286,32 | 286,3 3,71 3,59 32,96 | 331 227,92 | 228,04 | 40,16 40,25

0,184 0,031 0,156 0,057 0,024 0,49 0,078

Tablo 3’te Ref. ile ifade edilen alanlar daha 6nce Noldus yazilimi ile analiz edilmis degerleri GY (Gelistirilen Yazilim)
ise ayni goriintii kayitlarinin gelistirilen takip yazilimi ile yapilmis analiz sonuglarini géstermektedir. Tablo 3’te
sonuclar incelendiginde referans analiz degerleri ile analiz sonuglari arasinda kare platformda ortalama hizlarda
0,184 cm/sn, orta alan gecgirme siirelerinde ortalama 0,031sn ve thigmo zone(kare platformun duvarlarina yakin
olan alanlar) siirelerinde ise ortalama 0,156 sn fark ortaya ¢ikmistir. Art1 platformda ortala hiz degerleri arasinda
ortalama 0,057 cm/sn, agik kol gecirme stirelerinde ortalama 0,024sn, kapali kol gecirme siirelerinde ortalama
0,49sn ve ortak alan gecirme siirelerinde ise ortalama 0,078sn fark ortaya ¢ikmigstir.
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Yazilimin, analizi daha dnce yapilmis olan videolar ile test edilmesinin ardindan gercek ortamda test islemi
gerceklestirilmistir. Test isleminde hem kare hem art1 platformda ikiser kere olmak tizere 5 dakikalik analizler
yapilmistir. Sekil 11’de test isleminden goriintiiler sunulmustur.

Sekil 11. Test platformu ve test islemleri

Bu siirecte alinan goriintiiler ayrica video olarak kaydedilmis ve Noldus programi ile de analiz edilmistir.
Gelistirilen yazilim ve Noldus yaziliminin tirettigi sonuglar karsilastirilmis ve Tablo 4’te sunulmustur.

Tablo 4. Referans degerler ile takip ciktilarinin karsilastirilmasi.

Kare Platform Art1 Platform
Ort. Hiz(cm/sn) Orta Alan(sn) Thigmo Ort. Hiz(cm/sn) | Acik Kol.(sn) Kap. Kol.(sn) Ortak Alan(sn)
Zone(sn)

Ref. GY Ref. GY Ref. GY Ref. GY Ref. GY Ref. GY Ref. GY
6,54 6,48 1,2 1,23 295,12 295,5 1,98 1,96 0 0 298,32 | 298,72 | 1,68 1,67
3,97 3,88 3,38 3,33 291,41 292,2 2,47 2,44 3,35 3,39 291,12 | 291,81 | 5,21 5,28

0,075 0,04 0,58 0,025 0,02 0,54 0,04

Tablo 4’te sonuglar incelendiginde referans analiz sonuglari ile yazilimin analiz sonuglari arasinda kare platformda
ortalama hizlarda 0,075 cm/sn, orta alan gegirme siirelerinde ortalama 0,04sn ve thigmo zone(kare platformun
duvarlarina yakin olan alanlar) siirelerinde ise ortalama 0,58 sn fark ortaya ¢ikmistir. Art1 platformda ortala hiz
degerleri arasinda ortalama 0,025 cm/sn, acik kol gecirme siirelerinde ortalama 0,002sn, kapali kol gegirme
siirelerinde ortalama 0,54sn ve ortak alan gecirme siirelerinde ise ortalama 0,04sn fark ortaya ¢ikmistir.

Yazilim hem daha 6nceden kaydedilmis ve analiz edilmis videolar hem de 2 art1 platform ve 2 kare platform ile
gercek zamanli olarak test edilmistir. Bu testler sonucunda elde edilen degerler yazilimin basarili bir sekilde deney
hayvanini takip edebildigini ve sonuglar1 analiz edebildigini gostermistir. Sonuclar incelendiginde ortalama
degerlerde ortaya ufak ta olsa farkliliklar ¢ikmistir. Bu farkliliklar farenin takip edilirken orta noktasina gore takip
edilmesinden kaynaklanmaktadir. Filtre olusturulurken yapilacak ufak deger degisiklikleri farenin orta noktasinin
hesaplanmasinda farkliliklara sebep olabilmektedir. Bunun sonucunda da degerlerde ufak farklar meydana
gelebilmektedir. Ancak bu ufak farkliliklar analizlerde anlaml farkliliklar olusturmamistir.

4. Tartisma ve Sonug¢

Bu ¢alisma sonucunda fareler ya da benzeri deney hayvanlar ile gesitli platformlarda davranis analizleri
yapilabilecek bir arag gelistirilmistir. Ortaya ¢ikarilan arag ile gercek zamanli olarak farenin pozisyonu, toplam kat
ettigi mesafe, ortalama hizi ve arastirmaci tarafindan deney platformu tizerinde belirlenen alanlarda ne kadar siire
kaldig1 ve bu alanlara giris-¢ikis frekanslari analiz edilebilmektedir. Ayrica farenin hangi rotayi izledigi gorsel
olarak kaydedilmektedir.
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Gelistirilen aracin gercek zamanl analiz 6zelligi sayesinde arastirmacilar dnce deney yaparak videoyu kaydetme
ve daha sonra videolar: tekrar analiz etmek yerine bir kerede tiim analiz islemini gerceklestirebilmektedir. Ayrica
filtrelerin ve takip alanlarinin kaydedilerek kolay bir sekilde kayittan yiiklenebilmesi sayesinde zaman ve emek
kazanci saglanmaktadir. Son olarak aracin referans bir ¢izgi ile mesafe hesaplayabilme 6zelligi herhangi bir
ylikseklikten cekilen tiim goriintiilerde metrik olarak dogru bir hesab1 miimkiin kilmistir.

Gelistirilen yazilim iizerine yapilacak gelecek calismalarda ip kameralardan goriinti alarak uzaktan davranis
analizi, Richardson vd. [18] ¢alismalarinda kullanilan yénteme benzer filtre aracina alternatif olarak derin
6grenme yontemleri ile birden fazla fareyi tanima, numaralandirma [19] ve takip yontemi, yazilimi tek bir kisinin
bilgisayarda ayar yapmadan kullanabilmesi i¢in sesli komutlarla kontrol 6zellikleri eklenmesi diistintilmektedir.
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Anahtar Kelimeler Oz: istatistiksel analizlerden biri olan regresyon analizinin temel amaci, tahmin
Ahsilmis En Kiigik Kareler, edilen degerler ile gercek gozlem degerleri arasindaki farki minimum yapmaktir. Bu
En Cok Olabilirlik, nedenle, ¢esitli tahmin yontemleri gelistirilmistir. Regresyon modeli olusturulurken

Kisitlanmis En Kiictik
Kareler,

genellikle alisilmis en kiiglik kareler (AEKK) veya en ¢ok olabilirlik (ECO)
Lineer Model yaklasimlarindan biri kullanilir. Bazi durumlarda, parametre vektdrii iizerine lineer
Moore-Penro,se esitlik veya lineer esitsizlik kisitlamalar1 konulabilir. Parametre vektorii tizerine
Genellestirilmis Tersi, lineer esitlik kisitlamas1 konuldugunda parametre, kisitlanmis en kiigiik kareler
Parametre Tahmini (KEKK) yaklasimi ile tahmin edilir. Ayrica kisitlanmis modeller altinda parametre
tahmini, matrislerin genellestirilmis terslerini (g-terslerini) igerir. Bu ¢alismada
klasik regresyon modelinde en kiiciik kareler tahmin edicileri, parametre vektori
iizerine esitlik kisitlamalar1 konularak ve matrislerin Moore-Penrose g-tersleri
kullanilarak elde edilmistir.

A Study on Parameter Estimation under Constraint in the Linear Models

Keywords Abstract: The main purpose of the regression analysis, which is one of the statistical
Ordipary Least Squares, analyzes, is to minimize the difference between the estimated values and the actual
Maximum Likelihood, observation values. Therefore, various estimation methods have been developed.

Constrained Least Squares,

Linear Model, Ordinary least squares (OLS) or maximum likelihood (ML) approaches are often

M . used when creating the regression model. In some cases, linear equality or linear

oore-Penrose Generalized . . € . .

Inverse, inequality constraints can be imposed on the parameter vector. When linear

Parameter Estimation equality constraint is imposed on the parameter vector, the parameter is estimated
by the constrained least squares (CLS) approach. Besides, parameter estimation
under constrained models includes generalized inverse (g-inverse) of matrices. In
this study, least squares estimators in classical regression model were obtained by
imposing equality constraints on parameter vector and using Moore-Penrose g-
inverses of matrices.

*{lgili Yazar, e-mail: yalcinfatmabuglem@gmail.com

1. Giris

Cesitli alanlarda, uygulama vasitasiyla toplanan veriler incelenir ve bu verileri modelleyen fonksiyon bulunmak
istenir. Verilere tam anlamiyla uyan fonksiyonu bulmak her zaman miimkiin olmayabilir. Regresyon analizi, bu
verilere en iyi sekilde uyan fonksiyonu bulma yontemidir [1].

Alsilmis en kiiciik kareler (AEKK) yontemi, regresyon analizinde siklikla kullanilan yéntemlerden biridir. Unli
matematikgi C. F. Gauss, AEKK yontemini 1795’de gelistirmistir. Bu yontemi ilk defa 1801’de Cres astroidinin
yoriingesini belirlemek icin kullanmistir [2]. Gauss’dan bagimsiz olarak A. Legendre 1805’de ve R. Adrain 1808’de
yontemi bulmuslardir [3].
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AEKK yontemi, pek ¢ok bilim dalinda (matematik, sosyoloji, miihendislik, tip, ziraat gibi) degiskenler arasindaki
iliskileri saptarken kullanilan arag¢lardan biridir [4].

AEKK yontemi Gauss-Markov Teoremi'ne gore, optimal yontemdir. Yani hata kareler toplamini (HKT’yi) minimum
yapmayl amaglayan bir yontemdir. Veriler icin birtakim varsayimlar saglandiginda yontem, giivenilir tahminler
elde edilmesini saglar [5-6]. Buyontemde, degiskenler arasindaki iliskiyi bulmak icin matematiksel model kurulur,
daha sonra da kurulan modelin gecerliligi arastirilir [7]. Eger kurulan model verilere uygun degilse yaniltici
sonuglar doguracaktir [8].

AEKK yo6ntemi, ge¢cmisten giiniimiize kadar matematikgilerin ve diger bilim adamlarinin yogun olarak tizerinde
calistiklar1 konu haline gelmistir [9-15].

Ancak baz1 durumlarda AEKK Kkestirimine lineer kisitlamalar koymak gerekebilir. Bu durumda lineer modellerde
kisitlama altinda elde edilen tahmine, kisitlanmis en kii¢tik kareler (KEKK) tahmini denir [16-21]. KEKK yontemi
ile elde edilen parametreler bu kisitlar1 saglamalidir. Amag yine HKT’yi minimum yapmaktir.

Bu ¢alismada amacimiz, lineer modellerde kisitlama altinda KEKK tahminini, matrislerin genellestirilmis tersinin
6zel bir hali olan Moore-Penrose g-tersi vasitasiyla bulmaktir. Bunun i¢in 6nce, AEKK ile KEKK tahminlerini ifade
edelim ve Moore-Penrose g-tersinden kisaca bahsedelim.

2. Materyal ve Metot

2.1. Alisilmis en kiiciik kareler (AEKK) tahmini

Z bilinenlerin t rankl bir s X t matrisi, w gozlenebilir bir s X 1 rasgele vektor, y parametrelerin bir ¢t x 1

vektorii, e, E(e) = 0 ortalamali ve var(e) = a*I kovaryansh bir hata vektorii ve 62 pozitif bir parametre olmak
lizere asagidaki genel lineer modelini g6z 6niine aliniz:

w=Zy+ e. (1
Y nin AEKK tahmin edicisi, asagidaki HKT yi y ya gore minimumlastirilarak elde edilir:

HKT(y) =e'e=wW—-2y)(w—-2y) =ww-—-2y'Z'w+Vy'Z'Zy.

HKT(y) nin minimum olmasi i¢in gerek sart

JHKT(y)

- v = 0’
ay’
—2Z'w+2Z'2Zy =0

olmasidir.

Boylece ¥ icin, Z'Zy = Z'w normal denklemler sistemi elde edilir.

Yukaridaki normal denklemler sistemi her zaman tutarhidir. Yani Z nin rankina bagh degildir. rank(Zg,; ) =t <
s olmasi halinde, normal denklemler sistemi icin ¥ ¢6zimu

y=Z'2)Z'w
ile verilir [22-26].

E(®) =E[(Z'2)"'Z'w] = (Z'Z)"'Z’'E[w] =y dir. Yani P, ¥ nin bir yansiz tahmin edicisidir.  nin kovaryans
matrisi ise,
var(y) = E[(Z'2)'Z'w - y)(Z'Z2)'Z'w — y)']
=E[(Z'2)'Z'Zy + e) - V)(Z'2)"'Z'(Zy + &) - V)']
=(Z'2)"'Z'E(ee2(Z'2) ' = 6?(Z'2)!
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2 _ W-Zpw-zp)’

bicimindedir. @ , @ nin bir yansiz tahmin edicisidir.
s—rank(Z)

2.2. Kisitlanmis en Kkii¢iik kareler (KEKK) tahmini
RY; t x 1 tipindeki tiim reel matrislerin bir kiimesi olmak iizere R’ nin bir alt uzayy,
d={y: Cy =28}

olsun. y icin parametre uzay1 ¢ alt uzayna kisitlanmistir. y, Cy = 4§ tutarl lineer denklemler sistemini
saglamak iizere, beklenen degeri Zy olan w yi gozleriz.

C ;x; matrisinin tam rankli oldugunda israr edecegiz; aksi halde gereksiz denklemlere sahip olacagiz.
Denklemlerin tutarl olmalarini garantilemek icin § € €(C) (C(C), € nin stitun uzay1) olmasi yeterlidir [27].

0 halde rank(C qxt) = q ve & bilinenlerin bir g X 1 vektorii olmak iizere, € sinirlama matrisi icin katsayilar
lizerine koyulan asagidaki q —sayida lineer kisitlamasini géz dniine aliniz:

Cy = 6. (2)

e'e = (w—Zy)'(w — Zy) amag fonksiyonu, (2) kisitlamasi altinda minimumlastirilarak KEKK tahmini elde edilir.
a' Lagrange ¢arpanlarinin bir g X 1 vektorii olmak tlizere, Lagrange fonksiyonu

L=ww-=-2yZ'wW+VY'Z'Zy — a'(8§ — Cy)
dir. [28]'deki calismaya gore M bir matris, m ve n vektorler olmak iizere,

a(m'Mm)

am =M+ M')m (= 2Mm, M simetrik oldugunda)
ve

a(m'n) B
am n

dir. Bu sonucu kullanarak, Lagrange fonksiyonunu y yave a ya gore diferensiyelleme asagidaki sartlari verir:
—2Z'w+2Z'Zy+ Ca =0,
Cy—-6=0. 3)

(3) esitligini soldan €(Z'Z)~! ile carpma
-2C(Z’2) ' Zw+2Cy+C(Z'2)"Ca=0

esitligini verir. C(Z'Z)~1C’' matrisi pozitif tanimhidir. Yukaridaki esitlikte ¥ = (Z'Z)~1Z'w ifadesini kullanarak,
a=(C(Z'Z)71c)1(2cy — 2Cy) = -2(C(Z'2)"1C’)"1(6 — CP)

elde edilir. @ nin bu degerini (3) esitliginde yerine koyarak, y nin KEKK tahmin edicisi
Ve=7+Z'2D)7C(CZ2)7C) - CP)

olarak bulunur [29-32].

7. tahmin edicisi, (2) esitligini saglar. Ustelik ¥, ¥ min bir yansiz tahmin edicisidir. ¥, nin kovaryans matrisine
gelecek olursak,

var(¥.) = E[¥c — V)@ —¥)'1 = M(Z'Z2)'Z'E(ee)Z(Z'2) (M) = 0’ M (Z'Z)' (M)
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olarak bulunur.

Burada M, = [I — (Z'Z)71C'(€(Z'Z)~'C")~1C], idempotent bir matristir ancak simetrik bir matris degildir [27].
Ayrica var(¥y, ) i¢in, var(¥.) = 6°M (Z'Z)~! denk ifadesi de yazilabilir.

2.3. Matrisler icin genellestirilmis tersler (g-tersler)
Fredholm ilk kez 1903’de g-ters kavramindan integral operatorleri ile ilgili calismasinda bahsetmistir. Matrislerin
g-ters kavrami ilk olarak E. H. Moore tarafindan 1920’de ifade edilmistir. Daha sonra bu, Penrose tarafindan
1955’de gelistirilmistir. 1900°lii yillarin ortasindan itibaren lineer programlamanin gelismesiyle g-terslere ilgi
daha da artmistir [33].
2.3.1. Moore-Penrose g-tersi
Herhangi bir P matrisi icin,

i. PGP = P ,iii. (PG)' = (PG),

ii. GPG = G, iv. (GP)' = (GP)
kosullarini saglayan tek bir G matrisi vardir. Bu matrise Moore-Penrose g-tersi denir ve P* ile gosterilir [34].
3. Bulgular

3.1. Moore-Penrose g-tersi ile KEKK tahmininin elde edilisi

Burada ¥, y1 elde etmek i¢cin bagka bir yontemi ortaya koyacagiz. Bunun icin, rank(C qxt) =q <t sart1 ve (2)

kisitlamasi altinda, € nin €* = €'(CC’)~1 Moore-Penrose g-tersini (C*, tektir) kullanarak (2) lineer denklemler
sisteminden asagidaki y* ¢oziimiinii elde ederiz:

y*=C*6+ (U —-C"C), §eR: 4)
£ € R? optimum vektoriinii bulmaya ¢aligalim ve buna ¢ diyelim. y* degerini (1) modelinde yerine koyarak

W—ZC'6=ZI-C'CO¢+ e

modelini elde ederiz. Bu takdirde ¢ nin @ tahmin edicisi, Z'Z¢ = Z'v normal denklemi saglar. O halde
P=U-CO¢=Z'2)"'Z7(W—-2C"8)=7—-C*5
oldugu goriiliir. n € R? keyfi bir vektor olmak tizere, yukaridaki ifadenin & igin ¢éziimiinden
E=(U-CTOZ'D) ' ZwW—-ZC* O +[I-U-CtO*UT-CTO)n
=(U-C*CO)(Z'D)'Z(Ww—ZC8+[I-T—-CTO)]ny
= —-CTC)(Z'2)'Z'(w—ZC*6) + C*Cn
olur. (4) ifadesinde & yerine & koyarak ¥, yi1 elde ederiz. Buna gore,

P.=C'6+ (I-CO{U-CTC)(Z'2)Z'(Ww—ZC*6) +C*Cn }
=C*'6+ (I-C*C)Z'2) ' Z'(W—ZC*6) =C*6+ (I - C*C)y (5)

elde edilir.

(Z'2)71c'[c(Z'Z)"1C']™! g-tersi, Moore-Penrose g-tersinin ii¢ 6zelligini saglar.
i.cctCc=¢,ii.ctcct = ct,iii. (CCY)' = CC*.

Eger (5) ifadesinde C* yerine (Z'Z)~1C’[C(Z'Z)~1C’]~* matrisini kullanirsak,

Ve ={@'D)'C[c@D)'C1™6+ U-{(Z'D)'C'[cZ' D' CT 07
= ? + (Z'Z)_IC'(C(Z'Z)_1C')_1(5 _ C?)
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oldugu goriliir. KEKK tahmin edicisinin kovaryans matrisine tekrar dénecek olursak,
var(¥.) = 6*(Z'2)" 1 + a*[—(Z'2)"1c*C—-CcTC(Z’2) 1+ CcTCc(Z'2)71ct ],
var(P) —var(¥.) = 6?*[(Z'2)"'Cc*C+ CctC(Z’Z)' - ctCc(Z'Z)~1ctC)

ifadesini elde ederiz.

Simdi AEKK tahmin edicisinin varyans matrisi (kovaryans matrisi) ile KEKK tahmin edicisinin varyans matrisinin
farkindan olusan matrisi inceleyelim. Bunun i¢in

X=[(Z'2)c*C+CcrC(Z'2) - ctc(Z' )¢t
diyelim. ¢ parametre uzayindan a € C(C') = NI — C*C) = NI — €'C'*) vektoriinii secelim (burada NV, sifir

uzay1 veya cekirdegi gosterir).a = C'b b € R? ve a € R? olacaktir. Béylece Moore-Penrose g-ters 6zelliklerini
kullanarak, her a € R i¢in

a'Xa=b'C[(Z'Z2)71C*C+CTC(Z'2)t - ctc(Z'2)~1ctCIC'h
= b'[C(Z'Z)"1C*CC + CCHC(Z'Z)"1C' — CCHC(Z'Z)"1ctCC'|b
=b'[C(Z'Z)IC +C(Z'2)"1C = C(Z'Z2)"1C'|b = b'[C(Z'Z)"1C']b

bulunur. Burada rank(Z,,, ) = t oldugundan, (Z'Z), (Z'Z)~! ve €(Z'Z)~1C' matrisleri pozitif tanimlidir. O halde
X de pozitif tanimhidir.

Bdylece, ¥, tahmin edicisinin varyansi, ¥ tahmin edicisinin varyansindan bir pozitif tanimli matris kadar eksiktir
[35-36]. Yani, var (§) = var (¥, ) dir. O halde, ¥, nin; 62 nin biliniyor olmasi sart1 veya kovaryans matrislerinin
kriteri ile Loewner siralamasi altinda ¥ dan daha etkin oldugu ispat edilmis olur.

Son olarak ¥, nin tekliginden bahsedelim. (5) ifadesini soldan Z'Z ile ¢arpalim.

ZZ9,=Z'ZC6+ZZ(I-CCOy=2ZC*86+Z'Zp=ZZC6+Z'v
=Z'ZC6+Z(w—-2C'8)=2Z'w

olur. Bu ifadeyi soldan (I — €C*C) ile carparak
I-Cc*C)(Z'Zy.—Zw) =0

elde ederiz. Buradan (Z'Zy,—Z'w) € N(I — C*C) oldugu yani, (Z'Zy. —Z'w) € C(C') veyaZ'Zy,=Z'w+
C'A, A € RY oldugu gorilir. Bu nedenle ¥, tektir.

3.2. KEKK tahmininin bir uygulamasi
Ordu ilindeki bir findik fabrikasinda, 2013-2017 yillar1 arasinda findiktan elde edilen gelir asagida Tablo 1. de

verilmistir[27].
Tablo 1. 2013-2017 yillar1 arasinda findiktan elde edilen gelir

Yillar Gelir (TL)

2017 1033132,457
2016 1062882,890
2015 1324114,990
2014 824509,375
2013 536710,989

Once parametre iizerine lineer kisitlama koyarak parametre tahminini, Moore-Penrose g-tersini kullanarak
hesaplayalim. Sonra Tablo 1. deki verilerden yararlanarak en kii¢lik kareler yontemi vasitasiyla 2021 yilindaki
gelirin kestirimini yapalim.
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(1) modeli géz oniline alindiginda, AEKK tahmin edicisi ¥ = 283186,7010 olarak bulunur. Simdi (2) lineer

kisitlamasini goz éniine aliniz. Ozel olarak € =

0 0
1] ve 6 = [123121,6451 ] secilirse, (2'2)"1C'[C(Z'Z)71C']™? g-
0 0

tersi, Moore-Penrose g-tersinin ti¢ 6zelligini sagladigindan,

7. =7+ @' c'(cZ2)tcH 66— (Z2)'c(cZ2)c)cy
= 283186,7010 + 123121,6451 — 283186,7010 = 123121,6451
elde edilir. O halde ¥., ¥ dan daha etkindir.

é=w-— y.Z =586905,2049 dur. Tablo 1. deki verilere gore model, w = 123121,6451 Z + 586905,2049
seklinde bulunur. O halde 2021 yilii¢in ( Z = 9 i¢in), tahmini findik geliri w = 1695000,011 TL olarak hesaplanir.

4. Tartisma ve Sonug

(1) modeline benzer lineer modeller i¢in parametrelerin tahmini ve bircok hipotezin testi, parametre vektori
lizerine lineer kisitlamalar koyarak da yapilir. Bu tahmin Lagrange carpanlari yontemi ile yapildig gibi farkl
yontemlerle de yapilabilir. Bu ¢alismada, KEKK tahminini matrislerin Moore-Penrose g-tersini kullanarak yaptik.
Bu calismada tartisilan konular, bu konuda c¢alisan arastirmacilara biraz da olsa katkida bulunacaktir.
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Keywords Abstract: Since the beginning of the Syrian Revolution, over 600 thousand people

Syrian revolution, killed across Syria. The civil war in Syria caused Turkey to be the largest refugee-

Eefugegs, hosting country worldwide and approximately 4 million Syrians immigrated to
ayseri,

Turkey. The integration and employment of the Syrian refugees in Turkey require
further research. The role of the architecture, engineering, & construction (AEC)
industry in the Turkish economy is vital. In this context, this study investigates the
impact of Syrian workers on the Turkish AEC industry, especially for the province
of Kayseri; under three different perspectives as Syrian workers, Turkish workers,
and Turkish employers. The topics of the research consist of; (i) causes of migration
& future plans, (ii) contributions, (iii) working conditions, and (iv) cheap labor. The
findings reveal that on many issues, there are conflicts between Syrian workers and
Turkish workers/employers.

AEC industry,
Labor force

Suriyeli insaat Iscilerinin Tiirk insaat Sektoriine Etkileri

Anahtar Kelimeler 0z: Suriye devriminin baslangicindan bu yana, Suriye genelinde 600 binden fazla
Suriye devrimi, insan hayatini kaybetmistir. Suriye'deki i¢ savas, Tiirkiye'nin diinyanin en fazla
Mﬁlted_ler' miilteci barindiran iilkesi olmasina neden olmus ve yaklasik 4 milyon Suriyeli
E?;S;r;’e S Tiirkiye'ye go¢ etmistir. Suriyeli miiltecilerin Tirkiye'ye entegrasyonu ve istihdami
isgiicil ’ daha fazla arastirma gerektirmektedir. Insaat sektortiniin Tiirk ekonomisindeki rolii

hayati 6nem tasimaktadir. Bu baglamda, bu ¢alisma Suriyeli is¢ilerin Tiirk insaat
sektori lizerindeki etkilerini, Kayseri ili dzelinde; Suriyeli isciler, Tiirk isciler ve
Tirk isverenler olmak tizere ii¢ farkli perspektifte incelemektedir. Arastirmanin
temel konu basliklary; (i) goclin nedenleri ve gelecek planlar, (ii) katkilar, (iii)
calisma kosullar1 ve (iv) ucuz isgiicii, seklindedir. Bulgular, bir¢ok konuda Suriyeli
isciler ile Tirk isciler/isverenler arasinda goris ayriliklarinin oldugunu ortaya
koymaktadir.

* Corresponding Author, e-mail: shayram@erciyes.edu.tr

1. Introduction

Global change is an interaction between countries that have been going on for centuries. The Middle East is the
most affected region by this change. There are many reasons for the emergence of the Arab Spring, which started
in 2010. The reasons can be listed as historical, social, and psychological, administrative, political, economic, and
other [1]. After March 2011 the civil war spread to Syria, according to the data of the 'Syrian Human Rights
Observatory' (SOHR), as of June 2021, it is estimated that over 606,000 people killed across Syria since the
beginning of the Syrian Revolution, including 495,000 documented [2]. Besides, 92% of the refugees emigrated to
Lebanon, Jordan, and Turkey; this is the largest migration movement in recent history. The civil war in Syria caused
Turkey to follow an “open door” policy and become the largest refugee-hosting country [3]. Approximately 4
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million Syrians have immigrated to Turkey [4]. As of June 2021, the Turkish Directorate General of Migration
Management (Go¢ idaresi Genel Miudirlagti, TDGMM) announced that of 3,684,412 persons, 54% were men and
46% were women [5]. It is estimated that this number is even higher when unofficial entrances are considered. As
the number of Syrian refugees increased, some precautions were taken by the Turkish authorities to control the
arrival of members of certain “dangerous” ethnic, ideological, and religious groups and to limit the number of
entries [6]. The provincial breakdown of Syrian refugees in Turkey, according to the data of ‘The Office of the
United Nations High Commissioner for Refugees’ (UNHCR) as of May 2021 is presented in Figure 1.
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Figure 1. The provincial breakdown of Syrian refugees in Turkey [7]

Following the Syrian refugee influx in Turkey, the aspect of civil society in integration and employment requires
further clarification and legislation [8, 9]. In this context, refugees in Turkey have been able to obtain a work permit
by applying through their employers since 2016 [10]. Namely, the Ministry of Labor and Social Security (Calisma
ve Sosyal Giivenlik Bakanlig1) issued “Regulation on Work Permits of Foreigners under Temporary Protection” in
January 2016 to further clarify and facilitate the access of Syrians to the job market under certain conditions [8].
Subsequently, a further work permit regulation was passed specifically for international protection applicants and
conditional refugee status holders in April 2016 [11].

The population of Kayseri province is 1,421,455 according to the data of 2021, with 5.70% of this population
registered as Syrians under temporary protection. In other words, six out of every 100 people living in Kayseri are
Syrians [5]. On the other hand, the number of registered Syrians under temporary protection to the Turkish
population is 4.39% across the country [5]. Based on the interviews with the provincial immigration
administration, primary care providers, non-governmental organizations and Syrian refugees in the sample of
Kayseri province, Sarigiil et al (2019) concluded that all participants, including Syrian refugees, see the general
situation and living conditions of Syrian refugees in Kayseri as good [12]. However, their main problems were
determined as; lack of communication, education, financial inadequacies, and adaptation problems.

The architecture, engineering, & construction (AEC) industry in the Turkish economy is defined as the 'locomotive
sector’ in terms of the numerous sub-sectors and as the 'sponge sector' in terms of employment. According to the
data of the International Labour Organization (ILO), 13.2% of the Syrian refugees work in the Turkish AEC industry
[10]. However, the Turkish Social Security Institution (Sosyal Giivenlik Kurumu, SGK) indicated that unregistered
employment in the Turkish AEC industry reached 37.74% as of 2019. The AEC industry is also vital in Kayseri,
which is one of the most significant industrial centres of Central Anatolia, and therefore requires a large labor
force. The labor force is partially met with Syrian workers. They provide cheap and unqualified labor, are thought
to benefit the economy of Kayseri; however, there is a debate on whether they actually negatively affect the
industry. For this reason, although the research was conducted on the scale of Kayseri province, it is thought that
the results may represent the Turkish AEC industry since the Syrian population rate in Kayseri is close to the
average of Turkey.
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Based on the aforementioned theoretical framework, the research question of this study was to determine the
contributions of Syrian construction workers to the Turkish AEC industry. The purpose of this study was to
investigate the impact of the Syrians on a more specific AEC industry, where unskilled labor is important; rather
than general studies on Syrian refugees. The survey research was conducted from three different perspectives as
Syrian workers, Turkish workers, and Turkish employers. The main topics of the research consist of; (i) causes of
migration & future plans, (ii) contributions, (iii) working conditions, and (iv) cheap labor.

Numerous studies discuss various refugee and immigrant problems worldwide and handle Syrian refugees.
However, since the majority of the Syrian refugees emigrated to Jordan, Lebanon, and Turkey as mentioned, the
literature review of this study was mainly focused on these countries.

Kattaa and Byrne (2018) stated that Syrians may obtain a work permit through the General Federation of
Jordanian Trade Unions (GFJTU) to work in the Jordanian AEC industry [13]. However, only 20% of interviewed
Syrian workers had work permits covered by social security; and only 8% reported that their working conditions,
as well as work permits, were checked during labor inspections. Lenner and Turner (2019) stated that Syrians in
Jordan primarily work in construction, wholesale, retail and repair trades, agriculture, and manufacturing [14]. It
was emphasized that the rent alone easily can exceed the meagre salary, which is much less than in the AEC
industry. It was concluded that the Jordanian economy could not offer Syrians a self-sufficient life.

Kobaissy (2016) stated that the work areas of the Syrians in Lebanon were limited to three sectors like agriculture,
cleaning, and construction [15]. However, the growing number of Syrian workers caused the protection of the
Lebanese workers. In 2015, the Lebanese government imposed visa requirements on Syrians, which limited the
Syrian migration. Corstange (2019) claimed that the study of Syrian public opinion is in its infancy, and presented
initial survey evidence from a large sample of displaced Syrians in Lebanon [16]. Betts et al (2020) on the other
hand assessed the role of municipal authorities and mayors in Turkey and Lebanon [17].

Syrian refugees living in Turkey have been the subject of research in developed countries. For instance, Akgiindiiz
et al (2015) from the Netherlands analysed the effect of the Syrian refugee influx in Turkey on the employment
rates [18]. They concluded that the employment rates of natives in various skill groups are largely unaffected. Del
Carpio and Wagner (2015) from the USA stated that the inflow of refugees to Turkey created higher-wage formal
jobs, allowing for occupational upgrading of Turkish workers and the wages increased [19]. Baban et al (2017)
from Canada stated that Syrian refugees in Turkey are 'neither guests nor refugees' due to identity, social, and
legal issues [20]. Toren (2018) from Germany claimed that Syrian refugees in Turkey are in a difficult process due
to living conditions, discrimination, bureaucracy, and language barriers [21].

Turkey-originated studies related to Syrian refugees started in 2011, the year immigration started. These studies
have generally been carried out in various provinces in four different dimensions as sociological, economic,
political, and labor market. Apak (2014) stated that Syrian refugees do not have adaptation problems of living in
the Mardin province, however, their expectations are not fully met and their homeland is indispensable for them
[22]. Ozkarsh (2014) concluded that in the Mardin province, 65% of the Syrian refugees’ primary reason to
immigrate to Turkey is to work and only 4% stated "trade" purposes [23]. Navruz (2015) emphasized the low level
of social acceptance of Syrian refugees in the Konya region by the local people and revealed that social acceptance
differs according to demographic and socioeconomic variables [24]. Assida (2016) concluded that refugees in the
Samsun province were working below the minimum wage compared to the local population, nevertheless, rental
prices have increased, and social peace has deteriorated [25]. Cengiz and Tekgii¢ (2017) stated that there is no
adverse employment or wage effects for native-born Turkish workers overall or for those without a high school
degree due to the Syrian influx [26]. Yilmaz (2017) concluded that the possible return of the Syrian refugees had
gradually decreased and that the Syrian population increased the economic and societal problems in the southern
border provinces of Turkey [27]. Aksu (2017) concluded that Syrian refugees had taken the place oflocals and that
this is why the unofficial job losses for Turkish workers were increasing [28]. Miznazi (2018) found that Syrian
refugees negatively affected the gross domestic product (GDP), increased the unemployment rate, and that there
is not enough data on the unregistered employment of Syrian refugees [29]. Parlak Biger et al (2018) pointed out
problems faced by Syrian construction workers working in Kayseri province and emphasized that some legal
sanctions should be imposed on Syrian workers and Turkish employers [30]. Cinar (2018) concluded that the
competition among workers in the construction labor market in Diyarbakir has become higher with Syrian
immigration, and the bargaining power of local workers has decreased [31]. Kale and Erdogan (2019) performed
interviews and surveys in Istanbul and purposed emphasizing the critical role of local authorities and
municipalities in refugee-hosting situations and integration processes [32]. They concluded that, unlike many
Western countries, a comprehensive refugee settlement and integration policy at the state level does not exist in
Turkey.
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The literature review indicates that the Syrian refugees in Turkey have been investigated in various sectors.
However, hosting millions of Syrian refugees, detailed and specific fieldwork in terms of the AEC industry has not
yet been performed in Turkey. The Syrian refugee issue is much more important for the AEC industry, which
requires an unskilled workforce, and should be deeply investigated. The current study offers a wider perspective,
as it is dealt with from the perspective of Syrian workers, Turkish workers, and Turkish employers rather than a
single perspective.

2. Material and Method

In this study, in order to examine the social, economic, and welfare levels of Syrian workers working in the Turkish
AEC industry in Kayseri province, and to investigate the contributions of these workers to the industry, the
"screening model" of qualitative models was used. The screening model is preferred to describe the structure of
objects, societies, institutions, and the functioning of events [33]. In order to explain a random phenomenon,
information about the phenomenon is required. For this reason, survey research is based on information obtained
from a large amount of data [34]. As a data collection tool, different branches of the AEC industry, in which Syrian
workers are efficient, were evaluated in terms of their demographic characteristics and the survey has been
prepared. Similar survey questions were directed to Turkish civil engineers, architects, subcontractors, and
workers working in the AEC industry in Kayseri, and their validity and reliability were analysed by taking expert
opinions. The survey study was conducted between February and May 2019. The data has been obtained from the
study conducted as a face-to-face interview and has been analysed statistically. According to the result of the
analysis, the impacts of Syrian workers working in the AEC industry in Kayseri province were determined and
solutions were suggested.

The survey study carried out consists of 3 sections and 55 questions. The first section consists of 11 questions
aimed at determining the demographic characteristics of the participants, the second section consists of 23
questions for Syrian workers to respond to, and the third section consists of 21 questions for Turkish workers and
employers to respond. While 51% (45 people) of the total 88 construction workers participating in the survey
were Turkish citizens, 49% (43 people) were Syrian citizens. All of the 45 employers (100%) participating in the
survey were Turkish citizens. No Syrian employer or subcontractor was found. All (100%) of Turkish and Syrian
workers participating in the survey were men. No female construction worker was found. However, 96% (43
people) of Turkish employers were men and 4% (2 people) were women. The age distributions of the respondents
are presented in Figure 2; in which TW: Turkish workers, SW: Syrian workers, and TE: Turkish employers.
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Figure 2. Age distributions of the respondents

Almost half of the Turkish workers (44%), a minority of Syrian workers (12%), and more than half of Turkish
employers (53%) are 39 years old and above. 69% of Turkish workers, 89% of Syrian workers, and 87% of Turkish
employers are married. Besides, 43% of Turkish workers, 63% of Syrian workers, and 48% of Turkish employers
have three or more children. At an educational level; 33% of Turkish workers, 37% of Syrian workers, and 18% of
Turkish employers were graduated from primary school. More than half (51%) of Turkish employers are
graduated from a higher education; and consist of 13% architects, 24% civil engineers, 33% subcontractors, and
30% other professionals (mechanical engineer, electrical engineer, construction technician, tradesman). The
occupational experiences of the participants are presented in Figure 3.
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Occupational Experiences
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Figure 3. Occupational experiences of the respondents

In terms of experience; 62% of Turkish workers, 30% of Syrian workers, and 53% of Turkish employers have more
than 10 years of occupational experience. The Syrians began to migrate to Turkey in the year 2011; up to 6 years
of experience with 51% of the total of Syrian workers can be interpreted as they began to work in the AEC industry
after they migrated to Turkey. In addition, the monthly income of 40% of Turkish workers, 76% of Syrian workers,
and 11% of Turkish employers are at or below the minimum wage. The monthly minimum wage in Turkey was
2,020.00 Turkish Lira (TL) when the survey was conducted (between February and May 2019), which corresponds
to approximately 318 euros in the average 2019 year exchange rate. Besides, while 9% of Syrian workers cannot
speak or understand Turkish and communicate via translator, 24% stated that they know very little Turkish, 53%
know moderate Turkish and 14% stated that they know Turkish well. No Syrian was encountered, who declared
that he knew Turkish very well. 54% of the Syrian workers stated that their relatives are in Kayseri as the reason
to migrate to Kayseri, 26% said they have job opportunities, 11% came by chance, 7% because the city is
conservative, and 2% declared that they came for other reasons.

In the second and third sections of the survey, 23 questions were asked to the Syrian respondents while 21
questions were asked to the Turkish respondents. Fifteen of these questions are common to both sides, while the
other questions are independent. The five-point Likert scale was used to reveal the perspectives of the
respondents. The commonly used five-point scale measures different response levels in the range of 1 = poor and
5 = excellent. The ranges in this study were categorized as; strongly disagree (1.00-1.80), disagree (1.81-2.60),
indecisive (2.61-3.40), agree (3.41-4.20), and strongly agree (4.21-5.00), [35].

Reliability analysis was conducted in order to understand the consistency of the data obtained within the scope of
the survey. One of the most common methods of calculating reliability, the Cronbach’s alpha () constant has a
value in the range 0-1, close to 1 indicating a high degree of reliability [36]. The a is calculated as follows;

k
ZUzyi

o =( 5 x|t (M

O X

Here; k: number of items (number of questions prepared with Likert scale), o?yi: variance of the i. item in the total
sample, o%: the variance of the total test score. The average a value for the fifteen common questions to both sides
(second and third sections) of this study was calculated as 0.82. Measurements with o value of 0.70 and above are
considered reliable [37]. Therefore, the scale can be defined as reliable. The obtained results of the second and
third sections of the survey were combined with the following section to verify the findings and elaborate further.

3. Results

One of the biggest difficulties experienced during the research is that employers of the Syrian workers were

reluctant to allow surveys of Syrian workers and when allowed, insisted on asking for the answers given by Syrians

during the survey. Another challenge is the timid attitudes of Syrian workers, who think that they will be reported,

especially those who are illegal. Another difficulty is the timid attitudes of Turkish employers towards the survey

study, fear of being complained about, and being asked to know how many Syrian workers they employ in their

organization. Ensuring the participation of Turkish workers in the survey was the easiest link of the study,
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however, the necessity of conducting the survey during working hours brought the perception that it was a waste
of time. The most debated issues following the immigration of the Syrians to Turkey are divided into four groups;
causes of migration & future plans, contributions, working conditions, and cheap labor.

3.1. Causes of Migration & Future Plans

Three main causes for Syrians to immigrate to Turkey were civil war, commercial purposes, and unemployment.
95% of Syrian workers, 62% of Turkish workers, and 64% of Turkish employers agree/strongly agree with the
civil war. No significant difference was observed between the perspectives of Turkish workers and employers.
40% of Syrian workers, 42% of Turkish workers, and 26% of Turkish employers agree/strongly agree with the
commercial purposes. At this point, the perspectives of Syrian and Turkish workers are similar, and Turkish
employers tend not to agree with the commercial purposes. 54% of Syrian workers, 33% of Turkish workers, and
38% of Turkish employers agree/strongly agree with unemployment. The Syrian workers associate their reason
for migration with unemployment; however, the Turkish workers and employers tend not to agree with the
unemployment. As a result, the most significant reason for the migration of Syrian workers to Turkey was seen as
the civil war in Syria, from three perspectives. While there can be a consensus on the main reason, Turkish
workers' putting the commercial purpose before unemployment can be interpreted as they have job concerns
because of the Syrians. According to Ozkarsh (2014), Syrians living in Mardin (south-eastern Anatolian region)
stated their reasons for migrating as unemployment (65%) and commercial purposes (4%), [23]. This difference
shows that the priorities of Syrians may have changed in the past five years.

Apart from the three main questions related to the causes of migration, more than half of the Syrian workers stated
that their relatives are in Kayseri as the reason for moving to Kayseri. The other reasons were the availability of
job opportunities, being chosen by chance, and the city being conservative. This result shows that sociologically,
Syrians have created their own neighbourhoods in Kayseri, do not get homesick, and even start to feel like Kayseri
is their hometown. The result obtained is similar to Apak (2014), [22], who concluded that Syrian refugees do not
experience adaptation problems related to life in the province of Mardin. However, it contradicts the conclusion
that their homeland is indispensable for them. The findings related to the issue of adaptation problems are also
contradict with Sarigiil etal (2019), [12].

Regarding Syrian workers' plans to return to Syria from Kayseri; 35% of Syrian workers, 29% of Turkish workers,
and 31% of Turkish employers agree/strongly agree. It can be stated that two-thirds of the Syrians do not intend
to return to the mainland. Moreover, Turks are more pessimistic about the return of Syrians to the mainland. The
result indicates that the level of social acceptance of refugees by Turks is low, as Navruz (2015) [24] indicated for
Konya (central Anatolian region). As Yilmaz (2017) [27] stated, Syrians are less likely to return home and in this
scenario, social cohesion efforts should begin immediately. Moreover, three-quarters of the Syrians are planning
to continue living in Kayseri and do not tend to change cities in Turkey. Although this finding indicates that Syrians
do not experience adaptation problems, as of July 2019, efforts to move Syrians from metropolitan cities (such as
Istanbul and Ankara) to the cities where they are registered, will create dissatisfaction for both Syrians and Turks.
At this point, it may be a more objective approach to refer to provinces where the Syrian settlement rate is less
than those with a higher rate by determining a standard rate (e.g. 5% of the population) for all cities.

3.2. Contributions

Whether it is a necessity to work in the AEC industry; 79% of Syrian workers, 65% of Turkish workers, and 60%
of Turkish employers stated that they agree/strongly agree with the necessity. There is a general dissatisfaction
in the AEC industry and Syrians seem more dissatisfied than the Turks do. Regarding the level of satisfaction with
the job opportunity in Kayseri; 77% of Syrian workers, 42% of Turkish workers, and 34% of Turkish employers
stated that they agree/strongly agree. Although three-quarters of the Syrian workers are satisfied with the job
opportunity in Kayseri, Turkish workers have two extreme opinions on this issue. It is interesting that Turkish
employers are more pessimistic than Turkish workers are since only one-third of Turkish employers are satisfied
with job opportunities in Kayseri. The findings contradict Akgiindiiz et al (2015) [18], who claimed that the
employment rates of natives are largely unaffected in Turkey. Therefore, what changes from 2015 to 2019?
Economic fluctuations started in the second half of 2018 in Turkey and caused higher construction costs, which is
thought to be the reason for the finding. Despite the positive attitude of Syrian workers, all three professions stated
that they reluctantly work in the AEC industry. The general dissatisfaction at this point can also be attributed to
reasons such as the heavy working conditions at construction worksites, absence of worker attrition, and the
reflection of economic problems on wages. The inference is similar with Cinar (2018) [31], that the competition
among workers in the construction labor market has become higher.
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Regarding the contribution of Syrian workers to the AEC industry in Kayseri; 72% of Syrian workers, 32% of
Turkish workers, and 37% of Turkish employers stated that they agree/strongly agree. While seven out of every
10 Syrian workers think that they contribute to the AEC industry in Kayseri, Turkish workers and employers are
much more pessimistic in terms of the sectoral contribution of Syrians with similar rates. In addition, almost half
of the Syrian workers (42%) agree/strongly agree with the self-criticism that they negatively affect the
employment of Turkish workers. Turkish workers are more rigid in this regard (78%), while Turkish employers
are relatively positive (69%). The authors opined that unregistered Syrian workers have a big share in this
difference; the problem is there is not enough data on the unregistered employment of Syrian refugees as Miznazi
(2018) [29] stated. However, it can be emphasized that Turkish employers intend to work with Syrian workers
due to some kind of financial reasons.

More than half of Syrian construction workers (58%) have worked in different jobs in Syria and have learned their
current profession in Turkey. In the AEC industry, where experience is of great importance, this situation causes
discontent among Turkish employees, who have been in the industry for many years. This is because about half of
the Turkish workers and employers opined that Syrian workers do not do quality work, do not work honestly, and
are preferred because of cheap labor and their own work capacities are negatively affected. This situation poses a
major problem for the Turkish housing sector, which is currently experiencing quality production problems due
to the lack of intermediate technical staff. Moreover, almost none of the Syrian workers do their own job and work
with an employer, and 93% of them stated that they work for a subcontractor.

3.3. Working Conditions

Construction sites require teamwork. Working together in harmony in the workplace is, therefore, a significant
parameter. Regarding the working harmony with each other; 86% of Syrian workers, 42% of Turkish workers,
and 49% of Turkish employers agree/strongly agree. Syrians are much more optimistic than Turkish workers are
and Turkish employers appear to be more optimistic than Turkish workers are. The Syrians positive attitude of
harmonious work is remarkable. However, the roles for ‘obligation to work together’ are changing. Regarding the
obligation of working together; 61% of Syrian workers, 35% of Turkish workers, and 33% of Turkish employers
agree/strongly agree. While Syrian workers have a negative and rigid view, Turkish workers and employers have
a more positive attitude towards this issue. For this reason, it can be stated that Syrian workers view work-life
more professionally than Turkish workers do. Another possibility may be an overly optimistic bias psychologically
due to their refugee situation.

Regarding the effective communication issue; 9% of Syrian workers, 49% of Turkish workers, and 62% of Turkish
employers agree/strongly agree that Syrian workers often have to use body language to communicate. On the
point of effective communication, it can be stated that Turkish workers have more problems than Syrian workers
do, while Turkish employers are more affected than Turkish workers are. The findings related to the issue of lack
of communication are similar to Sarigiil et al (2019), [12].

On the occupational health and safety (OHS) awareness of Syrian workers; 33% of Syrian workers, 23% of Turkish
workers, and 18% of Turkish employers agree/strongly agree that Syrian workers are paying attention to the OHS
rules. Both Syrian and Turkish workers stated that generally, the Syrian workers do not abide by OHS rules. It was
observed that Turkish employers are more pessimistic than Turkish workers are. Turkey ranks third in the globe
following El Salvador and Algeria; first in Europe in terms of occupational accidents [38]. The fact that the AEC
industry is ranked first in terms of fatal work accidents in Turkey and contains great risk in terms of the OHS.
Therefore, new regulations are urgently required within the scope of OHS, where serious legal improvements have
been made recently. The findings are similar to Parlak Bicer et al (2018) [30], emphasizing that some legal
sanctions should be imposed on construction workers and employers as soon as possible. On the other hand, the
fact that employers are not subject to legal sanctions in the event that workers without social security have an
occupational accident is another problem. Four of five Syrian workers do not have social security and they do not
need it. For this reason, it is essential to increase and systematize labor inspections in the Turkish AEC industry.

3.4. Cheap Labor

The Turkish employees/workers, who have lost their jobs in recent years, believe that they "lost their jobs due to
Syrians". It is thought that there is unfair competition between enterprises employing informal workers and those
employing registered workers and this inequality will damage work peace over time. It was stated by the
employers that the local people do not want to work in factories, there is a qualified personnel and labor force
deficit, and this gap has been closed with the arrival of refugees [39]. The rights of refugees allow them to apply
for a work permit in Turkey but the number of refugees who get them is unsatisfactory. Therefore, refugees and
immigrants are mostly involved in informal labor markets. The exploitation of labor is at its greatest in this
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manner. For example, if a refugee working in a job cannot receive the money he/she earned, it is not possible to
make a formal complaint.

As the reason for Syrian workers to move to Kayseri; 21% of Syrian workers, 31% of Turkish workers, and 25%
of Turkish employers agree/strongly agree with Kayseri having affordable prices. The fact that the city is cheap, is
not the reason for Syrians to live in Kayseri, is the prevailing opinion on both sides. Regarding the fact that Syrian
workers generally work in regular paid jobs; 76% of Syrian workers, 34% of Turkish workers, and 43% of Turkish
employers agree/strongly agree. There is a difference of opinion between Turkish and Syrian workers on this issue
because while Syrian workers point that they work in regular jobs, however, Turkish workers and employers
opined that Syrian workers do not work in regular jobs. Regarding the adequacy of their earnings; 49% of Syrian
workers, 52% of Turkish workers, and 60% of Turkish employers agree/strongly agree. It can be mentioned that
Syrian workers and Turkish workers share similar thoughts, while Turkish employers are more optimistic.

The monthly income of 40% of Turkish workers and 76% of Syrian workers are at or below the minimum wage
(2,020 TL, approximately 357 Euros in the average 2019-year exchange rate). Despite this, approximately half of
the Syrian and Turkish workers think that their earnings are sufficient. This finding contradicts the studies by
Sangiil et al (2019) [12] and Téren (2018) [21], who claim financial inadequacies for Syrian refugees. No Syrian
workers earn more than 3,000 TL per month and one of 5 Turkish workers earn over 3,000 TL, it can be interpreted
that Syrian workers have reduced the market value of the workforce in the AEC industry and Turkish workers are
negatively affected by this situation. These findings also contradict with Cengiz and Tekgii¢c (2017) [26] as well as
Akgiindiiz et al (2015) [18] and Del Carpio and Wagner (2015) [19], who concluded that no negative impact of
Syrian refugees on the native workforce. The main reason for this situation is considered to be unregistered
employment. The findings on the other hand are similar to those by Assida (2016) [25], who stated that in Samsun
(Black Sea region), local people have experienced decreases in income levels. The findings are also similar to Aksu
(2017) [28], who claimed unofficial job losses for Turkish workers.

Nevertheless, it is necessary to emphasize the age and work experience of the sample. Turkish workers, who are
39 years or older, make up 44% of Turkish workers but this rate is only 9% for Syrian workers. Although Turkish
workers have higher age and more work experience than Syrian workers do, they share the same satisfaction with
younger Syrians in terms of earnings sufficiency. Despite this, the fact that 'Kayseri city is cheap' cannot be the
reason for Syrians to live in Kayseri, is the dominant opinion by both sides. In addition, 43% of Turkish workers
and 38% of employers opined that the wages of Syrian workers are insufficient in Kayseri conditions. This
situation can be associated with the high population of Syrian families; a few members of each family actively
work. Therefore, they can sustain their livelihood, even if the money earned individually is small. The social
assistance of the Turkish Government is also effective in this hypothesis. Please note that the rate of marriage and
the number of children among Syrian workers is much higher than for Turkish workers.

4., Discussion and Conclusion

In this study, the impacts of Syrian construction workers on the Turkish AEC industry were investigated under
three different perspectives as Syrian workers, Turkish workers, and Turkish employers. Within the scope of the
findings obtained from the study and discussed in the previous section, the following conclusions were reached.

e Due to the possessive attitude of the Turkish Government in providing social assistance, covering health
costs, etc., the Syrian construction workers seem satisfied with their lives and wages in Turkey. The Syrian
refugees initially lived in container towns close to the border, and later emigrated to the provinces of
Turkey. For this reason, Turkish workers and employers criticize Syrians for taking advantage of Turkey’s
unconditional opening of border crossings. Thus, the view that the Syrian refugees' migration reason is
civil war, as it was in the beginning, weakens. This situation also increases tension between the sides. For
this reason, plans should be made for Syrians under temporary protection to be sent to conflict-free areas
in their home countries because temporary protected status in Turkey is a status that obliges them to
return to their homeland when conditions improve.

e Syrian workers create a negative impact on the AEC industry in Kayseri on the point of employment.
Turkish workers suffer from insufficient wages/job opportunities dwindled. Especially with the economic
recession that began in the second half of 2018, the situation was even more difficult. The future return
of Syrians to their countries creates a great expectation in terms of the construction market and
employment of workers. However, if Turkey does not make a political decision on the Syrians, they intend
to live in Turkey. Syrians working for low wages have started to raise capital and when they start working
as employers/subcontractors in the future, there is no concern for creating employment for Turkish
citizens. Apart from the fact that Syrians remain permanently, they do not have the idea of being beneficial
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to the city or the region, and there is the possibility that it may cause sociological deterioration. As of the
end of 2019, approximately 110 thousand Syrians have been accepted as Turkish citizens.

e  Although it is thought that Syrian construction workers have contributed positively to the industry on the
point of filling gaps and due to cheap labor, it is likely to face negative effects in the long term. It has been
observed that Turkish construction workers and employers have serious concerns about the loyalty and
ambition of Syrian workers. In this respect, it is wrong for Syrians to be preferred in every sub-sector of
the AEC industry for the reason they provide cheap labor. No clear data on the unregistered employment
of Syrians on a sectoral basis could be reached.

e The market value of Syrian workers is increasing. Especially, the Turkish workers' refusal to choose heavy
work in the AEC industry has caused Syrians to be assigned to such places in order to close these gaps.
Syrian youth fill this dynamic labor shortage. As Syrians noticed the difficulty of employing Turkish
workers in such heavy jobs, they tend to demand an increase in their salaries and some refuse to work for
low wages.

e Syrian workers are more likely to perceive the Turkish language than the Arabic language perception of
Turkish workers and employers. Despite this, one out of every three Syrian workers still does not use
Turkish, even at a basic level. This causes communication problems at the worksite. However, the effect
of two nations having different cultures and occupational ethics in working in harmony with each other,
being members of the same religion is too much to underestimate.

e It has been observed that Turkish employers are more positive to employ Syrian workers rather than
Turkish workers. The fact that they have to spend much more if they employ the same number of Turkish
workers, may have caused employers to approach Syrian workers more positively. Turkish workers with
the same status, on the other hand, cannot benefit from social aid, etc. and they clearly stated that they
feel inferior to Syrians in their home country. However, they do not give up their hospitality due to the
civil war in Syria. Therefore, in the employment of Syrian workers, at least social security, tax, health, etc.
should be ensured according to the same conditions as Turkish workers.

Within the scope of this research, five different limitations were encountered. The first is communication with
Syrians. Syrians generally have a low perception of the Turkish language. This situation caused trouble in
providing information about the study but a translator overcame the problem. The second is that unregistered
Syrian workers were not comfortable during the interview. It was expressed that the study carried out scientific
purposes and a sincere environment was provided as much as possible. The third is that Syrians experienced
differences in their understanding and interpretation of survey questions due to the different education levels. In
this context, the survey was organized using simple language as much as possible. The fourth is; in line with the
available possibilities (the necessity of conducting the survey face-to-face, and the necessity of different sample
groups) the survey study was carried out in the province of Kayseri. The lastlimitation is the age limit. The sample
of the study consisted of workers aged 18 and over.

The civil war in Syria caused Turkey to be the largest refugee-hosting country worldwide. As a novel field study
indicating the perspectives of both Syrian workers and Turkish workers/employers, this study can provide
guidance for the refugee policy of Turkey. Furthermore, this study will be beneficial for the stakeholders in the
AEC industry, which is of great importance in the developing Turkish economy, to have the knowledge and make
their plans for the future correctly. The results of this study are open to development and may guide further studies
in several countries hosting Syrian refugees.

Abbreviations and Acronyms

AEC : Architecture, Engineering & Construction

AFAD : Turkish Disaster and Emergency Management Authority
GDP : Gross Domestic Product

GFJTU : General Federation of Jordanian Trade Unions

ILO : International Labour Organization

OHS : Occupational Health and Safety

ORSAM : Center for Middle Eastern Studies

SGK : Turkish Social Security Institution

SOHR : Syrian Observatory for Human Rights

TDGMM : Turkish Directorate General of Migration Management
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Anahtar Kelimeler 0z: Bircok istatistiksel calismada dagihimlardan elde edilen tesadiifi sayilar
Tesadifi Sayilar, . kullanilir. Bir dagilimdan ters déniisiim yontemiyle tesadiifi say1 iiretilmesi, dagihm
Ters Doniisim Yontemi, fonksiyonun tersinin var oldugu durumlarda siklikla kullanilan bir yontemdir. Bu

En Cok Olabilirlik Yéntemi calismada ters doniisiim yonteminden faydalanilarak parcali ters doniisiim yontemi

onerilmistir. Ters doniisiim ve pargali ters doniisim yontemiyle liretilen tesadiifi
sayilarnn ilgili teorik dagilimla uyumlar incelenmistir. Ayrica her iki yontemle
iiretilen tesadiifi sayilarin parametre tahminine etkileri sayisal yaklasimlarla
arastirnlmistir. Ustel ve Pareto dagihmlarindan ters doniisim ve pargall ters
dontisim yontemiyle farkli parametre degerleri i¢in farkli biiytiklikteki tesadiifi
sayilar elde edilmistir. Elde edilen bu tesadiifi sayilar kullanilarak tistel ve Pareto
dagilimlarinin en ¢ok olabilirlik tahmin edicilerinin tahmin hatasi karsilastirilmistir.

Generating Random Number from a Continuous Distribution
Using the Piecewise Inverse Transform Method

Keywords Abstract: In most of statistical studies, the random numbers obtained by the
Random Numbers, distribution are used. Generating random numbers from a distribution using the
Inverse Transform Method, inverse transform method is a method frequently used in cases that includes the

Maximum Likelihood

T inverse of the distribution function. Using the inverse transformation method, the
Estimation

piecewise inverse transform method has been proposed in this study. The
compatibility of the random numbers generated by the inverse transform and the
piecewise inverse transform method with the relevant theoretical distribution has
been examined. Furthermore, numerical approaches were used to explore the effect
of random numbers generated by both methods on parameter estimation. The
inverse transform and piecewise inverse transform methods from the exponential
and Pareto distributions were used to generate random numbers of various sizes
for various parameter values. By using these random numbers, the estimation error
of the maximum likelihood estimators of the exponential and Pareto distributions
have been compared.
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1. Giris

Bir¢ok istatistiksel yontem tesadiifi orneklere dayandigindan, uygulamali istatistikciler genellikle "tesadiifi
sayllar” kaynagina ihtiya¢ duyarlar. Daha eski referans kitaplari, numunelerin secilmesinde veya bir deney icin
tasarim hazirlanmasinda kullanilmasi amaglanan tesadiifi sayilar tablolarini igerirdi ve istatistiksel uygulamalarda
bu tesadiifi say1 tablolar1 kullanilirdi. Giiniimiizde tesadiifi sayilarin basilmis tablolarinin kullaniminin yerini
neredeyse tamamen bilgisayardan tiretilen tesadiifi sayilar almaktadir [1].

Tesadiifi say1 iretecleri, bilgisayar simiilasyonlarinda, Monte Carlo yodnteminde, ¢ok-boyutlu integral
hesaplamalarinda, disbiikey olmayan genel optimizasyonlarda, bilimsel hesaplamalarda, elektronik kumar
ekipmanlarinda (¢evrimici kumar dahil) ve diger cesitli alanlarda kullanilmaktadir [2]. Ayrica, tesadiifi say1
tretegleri, sifreleme sistemlerin en Onemli yapi taslarindan biridir. Hassas verilerin korunmasi igin
ongorilemeyen gizli sifreler iiretmek icin tesadiifi say1 iiretegleri kullanilir ve tesadiifi say1 iiretegleri, giiclii
giivenlik ve gizlilik 6nlemleri icin sifrelemede 6nemli bir rol oynar [3].

Tesadiifi sayilar anket 6érneklemesi, sayisal analiz, bilgisayar programlama, deneysel fizik ve tesadiifi olaylarin
onemli rol oynadig1 bir¢cok uygulama alaninda kullanilmaktadir. Belirli bir dagilimdan tesadiifi sayilar dizisini
olusturmanin bir¢ok yolu vardir [4]. Bunlardan bazilar: ters doéniisiim yontemi, kabul-red yontemi ve ayrisim
yontemleridir. Son yillarda tesadiifi say1 Giretmek icin yeni yontemler gelistirilmistir. [5-13].

Bir dagilimdan ters dontlisim yontemiyle tesadiifi say1 lretilmesi, dagilim fonksiyonun tersinin var oldugu
durumlarda siklikla kullanilan bir yontemdir. Ters déniisiim y6nteminde (0,1) araligindan diizgiin dagilim ile
uyumlu n birimlik bir 6rneklem se¢ilmesi hedeflenir ve bu 6rneklemin dagilim fonksiyonun tersi altindaki gériintu
kiimesi tretilen tesadiifi sayilar verir. Fakat buradaki temel problem (0,1) araligindan iiretilen n tane tesadiifi

saymnin diizgiin dagilim ile uyumlu olup olmamasidir. Cok nadirde olsa, (O,l) araligindan iiretilen 6rneklemin
diizgiin dagilim ile uyumsuzlugu olasidir. (0,1) araligindan tretilen 6rneklemin diizgiin dagilim ile uyumsuzlugu,

orneklemin dagilim fonksiyonun tersi altindaki gériintii kiimesi ile iiretilen tesadiifi sayilarinda ilgili dagilima
uyumsuzlugu problemini ortaya ¢ikaracaktir. Bu problemin meydana gelmemesi i¢in, bu ¢alismada pargal: ters
donlisiim yontemi dnerilmistir.

Bu ¢alismada 6ncelikle literatiirde var olan ters doniisiim yontemine yer verilmistir, daha sonra ters d dniisiim
yonteminden faydalanilarak pargali ters doniisiim yontemi 6nerilmistir. Ters dontisiim ve parcali ters doniisiim
yontemiyle liretilen tesadiifi sayilarin uyum iyilikleri ve parametre tahminine etkileri sayisal yaklasimlarla analiz
edilmistir. Bu calismadaki sayisal hesaplamalar R programi kullanilarak gercgeklestirilmistir.

2. Materyal ve Metot
2.1. Ters Doniisiim Yontemi

F dagilim fonksiyonuna ait bir X tesadifi degiskenin dagilimindan say1 iiretebilmek igin en sik kullanilan
metotlardan biri, F dagilim fonksiyonunun genellestirilmis tersi olan
F1:(0)—>R

u— F(u)=inf {x:F(x)>u} (1)

fonksiyonuna dayali X = F_l(U) doniistimiini kullanmaktir. U tesadiifi degiskeni (0,1) aralig1 tlzerindeki
diizgiin dagilima sahiptir. Sekil 1'de goriildiigi gibi F_l(U) tesadiifi degiskeninin dagilim fonksiyonu F olmak
lizere F_l(U)dénﬁsﬁmﬁ ile ortaya ¢ikan tesadiifi degisken X tesadiifi degiskeninin kendisidir. Boylelikle

X =FYU) doéniigiimii integral déniigiimii olarak bilinmektedir. U (0,1) diizgiin dagihmdan iiretilen sayilar

integral doniisiimii yapilarak X tesadifi degiskenin dagilimindan iretilmis sayilar olup ve herhangi bir X
tesadifi degiskenin dagilimindan say1 tiretme islemi ¢6ziilmiis gibi gériinmektedir. Fakat buradaki problem bazi

dagilimlar i¢in F = genellestirilmis ters fonksiyonunun agik bir sekilde ifade edilememesidir.
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Sekil 1. Dagilim Fonksiyonu

X siirekli bir tesadiifi degisken oldugunda dagilimin destek kiimesi F artan bir fonksiyon olup yukaridaki
doniisim X = F_l(U) bi¢imini alir. Bu durumda, X = F_l(U) tesadiifi degiskenin dagilim fonksiyonu,

(2)

dir. F dagilim fonksiyonunun F ' ters fonksiyonunun degerlerinin hesaplanabilir olmasi durumunda stirekli bir
X tesadiifi degiskeninin dagilimindan sayi tiretmek i¢in kullanilan algoritma

1. U(021) dagimindan U fiiretilir.

2. X= Ffl(U) hesaplanir.

seklinde ifade edilir [14].
2.2. Parcali Ters Doniisiim Yontemi

Ters dagilim fonksiyonu elde edilebilen herhangi bir siirekli dagilimdan n tane tesadiifi say1 liretmek icin asagidaki
yontem Onerilmistir.

X siirekli tesadiifi degiskeninin olasilik yogunluk fonksiyonu f(x) ve dagilim fonksiyonu F(x) olsun. U € (0,1)

olmak iizere dagilim fonksiyonunun tersi F_l(u)ile gosterilsin.

Ters donilisiim yonteminde (O,l) aralifindan n tane tesadiifi say1 lretilir ve bu sayilarin F‘l(u) fonksiyonu
altindaki goriintii kiimesi, lretilen tesadiifi sayilar1 verir. (0,1) araligindan diizgiin dagilim ile uyumlu bir
orneklem secilebilmesi i¢in; (0,1) araligi k tane esit arahga (pargaya) bolindiginde her arahktan n/k tane
tesadiifi say1 bulunmasi beklenir [14]. (0,1) aralig1 n tane esit araliga boliindiigiinde ise her araliktan bir tane
tesadiifi say1 secilmesi beklenir. Bu bakisa acisiyla (O,l) araligindan diizgiin dagilim ile uyumlu bir érneklem
secilebilmesi icin asagidaki yontem 6nerilmistir.

Pargali ters doniisiim yonteminde (0,1) araligl n tane (n > 2) esit araliga boluniir. Her araliktan bir tane tesadtifi

say1 secilir. Dolayisiyla her aralikta gozlenen frekans ile beklenen frekans sayisi birbirine esit olur ve (0,1)
araligindan diizgiin dagilim ile uyumlu bir 6rneklem segilebilmesi garanti altina alinmis olur. Ayrica her araliktan

tesadiifi olarak say1 se¢ildiginden segilen drneklemin tesadiifiligi bozulmaz. Bu drneklemin Ffl(u) fonksiyonu
altindaki goriintii kiimesi, parcali ters doniisiim yontemi ile liretilen tesadiifi sayilar1 verir.

h =1/n olacak sekilde aralik genisligi h (0 <h< 1) belirlenir. X, =0, X,,; =1 ve X;;; =X +h, olmak iizere n
tane esit aralik

D =(x, %) i=12,...,n (3)

seklinde ifade edilir.
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3. Bulgular

Bu bsliimde 6ncelikle Ustel ve Pareto dagilimlarinin olasilik yogunluk fonksiyonlarina, dagilim fonksiyonlarina ve
ters dagilim fonksiyonlarina yer verilmistir, daha sonra ters doniisiim ve parcali ters doniisiim ydntemleri
kullanilarak iiretilen tesadiifi sayilarin ilgili teorik dagilim ile uyumlu olup olmadig: arastirilmistir.

Tahmin teorisinde yapilan ¢alismalar incelendiginde; genellikle yeni tahmin metotlar gelistirilip bu tahmin
edicinin 6zellikleri incelenir ve diger tahmin edicilerle karsilastirilarak yeni tahmin edicinin daha iyi sonugclar
verdigi iddia edilir. Farkli tahmin edicilerin performanslar1 karsilastirilirken, parametre tahmini icin ayni
orneklem kullanilir. Esasinda ayni orneklemin kullanilmasi farkli tahmin edicilerin benzer sartlar altinda
calismasini test etmek icin gereklidir. Fakat se¢ilen 6rneklemin parametre tahminin nasil etkiledigi gz ardi edilir.
S6z konusu bu etki bu boliimde, ters doniisiim ve pargali ters doniisiim yontemiyle liretilen tesadiifi sayilar icin
parametre tahminleri yapilarak arastirilmistir. Bunun icin Ustel ve Pareto dagihmlarindan ters déniigiim ve parcali
ters donlisiim yontemiyle tesadiifi sayilar lretilerek ve bu sayilar en ¢ok olabilirlik yonteminde (Maximum
Likelihood Estimation MLE) kullanilarak parametre tahminleri elde edilmistir. Ayrica, 6rneklem seciminin
parametre tahmin hatalarina etkileri 100000 tekrar ile yapilan benzetim (simiilasyon) sonuglarina gore
tartisilmistir.

3.1. Ustel Dagilhim

Ustel dagiliminin olasilik yogunluk fonksiyonu, dagilim fonksiyonu ve ters dagilim fonksiyonlari sirasiyla asagidaki
gibidir.

f(x):%e_g, x>0, 6>0, (4)
F(x)=1-¢ ? (5)
F () =-6In(1-u) (6)

Ustel dagiimindan elde edilen tesadiifi sayilar (Xl, Xgyeues Xn) olmak iizere en ¢ok olabilirlik yontemiyle elde edilen
parametre tahmin edicisi

2% %

seklindedir [15].
3.2. Pareto Dagilimi

Pareto dagilimimin olasilik yogunluk fonksiyonu, dagilim fonksiyonu ve ters dagilim fonksiyonlar1 sirasiyla
asagidaki gibidir.

fO)=vAx Y x>2v>0 (8)
.

F(x) :1_(1) ©)

Fiu)=—2

Yiu (10)
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Pareto dagilimindan elde edilen tesadiifi sayilar (Xl,Xz,...,Xn) olmak iizere en ¢ok olabilirlik yontemiyle elde
edilen parametre tahmin edicileri

R n
V=—— —
n
S 1)
= 4
A=min (X, Xy,....X,) (12)
seklindedir [16].

3.3. Ustel ve Pareto Dagihimlarindan Uretilen Tesadiifi Sayilar icin Uyum lyiligi Testi

Uyum iyiligi testleri verilerin teorik bir dagilim ile uyumluluguna karar verirken kullanilir. Bu alt boliimde ters
doniisim ve parcali ters donilisiim yontemleri kullanilarak tretilen tesadiifi sayilarin ilgili teorik dagihm ile
uyumlu olup olmadigi, Vasicek [17] ve Song [18] tarafindan gelistirilen Vasicek-Song uyum iyiligi testi ile
arastirilacaktir.

Ters doniisiim ve pargall ters déniisiim yontemleri kullanilarak Ustel ve Pareto dagilimlarindan n biiyiikligiinde
tesadiifi sayilar Uretilmistir. Parcali ters doniisiim yontemi icin R program kodlari ekler boliimiinde verilmistir (Ek
A, B). N defa tekrarla iiretilen 6rneklemlerin Vasicek-Song uyum iyiligi testi sonuclarinin basari ytizdeleri Tablo
1’de verilmistir. Pargali ters doniisiim yontemiyle elde edilen tesadiifi sayilarin ilgili teorik dagilimla uyumlu
olduklari Tablo 1'de goriilebilir. Vasicek-Song uyum iyiligi testi i¢in kullanilan R program kodlar1 ekler bolimiinde
verilmistir (Ek C, D).

Tablo 1. N tekrar icin Vasicek-Song uyum iyiligi testini basari ile gecen 6rneklem yiizdeleri

Tesadiifi 0 =3 parametre degeri igin Ustel dagilimdan elde | =3 , v=5 parametre degerleri icin Pareto
Tek sayl edilen tesadiifi sayilar dagilimdan elde edilen tesadiifi sayilar
ekrar | .
sayisl .UI:Etmek n n
icin
() kullanilan
yontem 100 500 1000 5000 10000 100 500 1000 5000 10000
100 TD %90,00 | %90,00 | %92,00 | %93,00 | %95,00 [ %95,00 | %95,00 | %96,00 | %96,00 | %97,00
PTD %100 %100 %100 %7100 %7100 %100 %7100 %7100 %7100 %100
500 TD %91,40 | %93,00 | %94,00 | %95,00 | %95,60 | %95,20 | %96,00 | %96,00 | %96,60 | %97,10
PTD %100 %100 %100 %100 %100 %100 %100 %100 %100 %100
1000 TD %92,20 | %93,50 | %94,40 | %95,20 | %95,40 | %96,00 | %96,30 | %96,50 | %97,00 | %97,40
PTD %100 %100 %100 %100 %100 %100 %100 %100 %100 %100
5000 TD %92,36 | %93,54 | %94,88 | %95,82 | %95,98 | %96,44 | %96,57 | %96,72 | %97,09 | %97,40
PTD %100 %100 %100 %7100 %7100 %100 %100 %7100 %7100 %100
10000 TD %92,44 | %94,16 | %94,97 | %95,98 | %96,15 | %96,50 | %96,64 | %97,08 | %97,18 | %97,50
PTD %100 %100 %100 %7100 %7100 %7100 %7100 %7100 %7100 %100

TD: Ters Donlisiim Yontemi, PTD: Parcgali Ters Doniisim Yontemi.

3.4. Ustel ve Pareto Dagilimlari i¢cin Tahmin Hatalar

Ustel ve Pareto dagiimlardan ters déniisiim ve parcali ters déniisiim yontemiyle tesadiifi sayilar liretilerek ve bu
sayllar en ¢ok olabilirlik yonteminde kullanilarak parametre tahminleri elde edilmistir (Tablo 2-3). Par¢ali ters
doniisiim yontemiyle elde edilen tesadiifi sayilarla yapilan parametre tahmin degerlerinin ilgili parametreye yakin
oldugu Tablo 2 ve 3’de goriilebilir.

Tahmin hatalarini belirmek icin hata kareler ortalamasi (Mean Square Error (MSE)) ve yan (Bias) siklikla
kullanilan ifadelerdir. Herhangi bir dagilimin parametresi « olsun. Budagilimdan elde edilen 6rneklemle yapilan

parametre tahmini & olmak ilizere bu islemin N defa tekrarlanmasiyla elde edilen parametre tahminleri
(&, @,, ....éy ) olsun. Bu durumda Bias ve MSE degerleri asagidaki gibi hesaplanir.
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MSE:%Z(a—o?j)z (13)

: 1<,
Blas:{WZajJ—a (14)

=

Ustel ve Pareto dagilimlarindan ters déniisiim ve parcali ters doniisiim ydntemiyle farkli parametre degerleri icin
elde edilen farkl biytkliikteki tesadiifi sayilar kullanilarak MLE yontemiyle elde edilen parametre tahminlerinin
tahmin hatalari1 Tablo 4’ de verilmistir. Tablo 4’ deki MSE ve Bias degerlerinin hesaplanmasi icin N =2100000
alinmistir. Parcali ters doniisiim yontemiyle tiretilen tesadiifi sayilarla elde edilen parametre tahmin hatalarinin
diistik oldugu Tablo 4’ de goriilebilir.

Tablo 2. Ustel dagilimindan iiretilen tesadiifi sayilarla parametre tahmini (MLE)

Tesadiifi say1 | Tesadifi say1 tiretmek icin
tiretmek icin | kullanilan yéntem
kullanilan Ters Parcali ters
parametreler doéniisiim déniisiim
yontemi yontemi
n 0 0 0
10 0,135421 0,187969
50 0,153780 0,195997
100 0,2 0,175468 0,199157
1000 0.188099 0,200534
10000 0,202628 0,200016
10 4,026891 4,486173
50 4,311213 4,886172
100 5 4,691717 4,936796
1000 4,786572 5,001553
10000 4,977142 5,000673

Tablo 3. Pareto dagilimindan iiretilen tesadiifi sayilarla parametre tahmini (MLE)

Tesaduﬁ sayl Tesadiifi say1 tiretmek i¢in kullanilan yontem
iretmek icin
kullanilan Ters donlisim Parcali ters donilisim
parametreler yontemi yOontemi
n v A v 1 v 1
10 0,169195 | 0,125484 | 0,215459 | 0,125338
50 0,178069 | 0,110815 | 0,188452 | 0,103756
100 | 0,2 0,1 0,220184 | 0,106167 | 0,203468 | 0.104284
1000 0,201603 | 0,101256 | 0,199698 | 0,100255
10000 0,200666 | 0,100184 | 0,199975 | 0,100044
10 6,277114 | 3,055834 | 5,200356 | 3,077080
50 5916255 | 3.063270 | 5,118619 | 3,009089
100 5 3 5,240104 | 3.063606 | 5,079140 | 3,003876
1000 5,183275 | 3,002184 | 4,997209 | 3,000258
10000 5,021925 | 3,000006 | 4,999836 | 3,000006
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Tablo 4. Tahminler icin MSE ve Bias degerleri

Tesadiifi say1 .
iiretmek i¢in Ustel Dagilim Pareto Dagilimi
kullanilan
n yontem 9=3 0=1 v=>5; A=3 v=23; A=1
™ 0,88738430 0,09943783 7,15897400; 0,00769656 2,56851500; 0,00247909
10 (0,00851277) | (0,00141232) | (1,25884000; 0,06141827) | (0,74665030; 0,03466414)
PTD 0,09637399 0,01067126 0,39690930; 0,00132542 0,14204690; 0,00041302
(0,00010601) | (0,00004911) | (0,33242300; 0,03140792) | (0,19960940; 0,01750820)
™ 0,30095120 0,03321997 1,18906700; 0,00080592 0,42944720; 0,00025874
30 (0,00027901) | (0,00050562) | (0,35506610; 0,01999320) | (0,21436420;0,01120998)
PTD 0,01075075 0,00120851 0,03945450; 0,00013764 0,01425646; 0,00004248
(0,00033482) | (0,00010697) | (0,09255411;0,01015159) | (0,05525725;0,00562991)
™ 0,18068500 0,01995932 0,61937820; 0,00029299 0,22388990; 0,00009080
50 (0,00123703) | (0,00009666) | (0,20900980; 0,01206964) | (0,12636250; 0,00672942)
PTD 0,00390774 0,00043450 0,01423956; 0,00004860 0,00505620; 0,00001505
(0,00009044) | (0,00002874) | (0,05257971;0,00602788) | (0,03156033;0,00335457)
™ 0,08995953 0,01004041 0,27810180; 0,00007211 0,10081600; 0,00002247
100 (0,00027665) | (0,00019313) | (0,10452800; 0,00600257) | (0,06154215;0,00334814)
PTD 0,00097471 0,00010793 0,00356202; 0,00001210 0,00127007; 0,00000374
(0,00000820) | (0,00001915) | (0,02565159; 0,00300882) | (0,01550005;0,00167395)
TD 0,00901250 0,00100522 0,02531483; 0,00000070 0,00914023; 0,00000022
1000 (0,00007130) | (0,00008257) | (0,00971054; 0,00059545) | (0,00557434;0,00033314)
PTD 0,00000978 0,00000108 0,00003550; 0,00000012 0,00001270; 0,00000003
(0,00000548) | (0,00000074) | (0,00248776;0,00030022) | (0,00150268; 0,00016657)
TD 0,00089463 0,00009997 0,00250247; 0,00000001 0,00090781; 0,00000001
10000 (0,00003750) | (0,00000645) | (0,00102305;0,00005982) | (0,00041938;0,00003342)
PTD 0,00000009 0,00000001 0,00000034; 0,00000001 0,00000012; 0,00000001
(0,00000113) | (0,00000044) | (0,00025028;0,00003008) | (0,00015068;0,00001666)

TD: Ters Doniisiim Yontemi, PTD: Parcali Ters Dontlisiim Yontemi, (): Bias degerleri parantez icine yazildi.
4. Tartisma ve Sonug

Pargali ters doniisiim yénteminde (0,1) araligindan diizgiin dagilim ile uyumlu bir 6rneklem segilebilmesi garanti

altina alinmis oldugundan dolay1 bu 6rneklemin dagilim fonksiyonun tersi altindaki goriintii kiimesi ile iiretilen
tesadiifi sayilarin ilgili teorik dagilimla uyumlu olmasi garanti altina alinmistir.

Siirekli dagilimlarin parametrelerine bazi degerler atanarak ters doniisiim ve parcali ters dontisiim yontemiyle
tesadiifi sayilar olusturulmustur ve bu tesadiifi sayilar kullanilarak en ¢ok olabilirlik tahmin edicileri elde
edilmistir. Parcali ters déniisiim ydntemi ile olusturulan 6rneklemlerin parametre tahminlerinin MSE ve Bias
degerlerinin diisiik oldugu gorilmiustir. MLE yonteminde pargali ters donilisiim yontemiyle elde edilen
orneklemin kullanilmasi tahmin hatalarini azaltmaktadir.

Onerilen yonteme benzer yaklasimla; dagilim fonksiyonun tersi elde edilemeyen siirekli dagilimlarda, olasilik
yogunluk fonksiyonunun tanim kiimesi esit yogunluklu ardisik n tane pargaya boéliiniip ve bu pargalarin sinirlari
belirlendikten sonra her bir parcadan birer tesadiifi sayi secilerek ilgili teorik dagilimla uyumlu tesadiifi sayilar
iretilebilir.

Tesekkiir

Bu ¢alisma, birinci yazarin ikinci yazar danismanliginda hazirladig yiiksek lisans tezinden iiretilmistir.

Cikar Catismas1 Beyam

Yazarlar arasinda herhangi bir ¢cikar ¢atismasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyani

Yapilan ¢alismada, arastirma ve yayin etigine uyulmustur.
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Ekler

EK A. Parcali ters déniisiim yéntemi ile Ustel dagilimdan n tane tesadiifi say1 {iretilmesi icin R kodlar1

teta <- 3 # parametre

n <- 1000 # Orneklem bluyuklugu
h <- 1/n # araligin genisligi
U <- n+l

sindeg <- seqg(from = 0, to =1, length.out =0U)
orn <- c()

for(i in 1:n)

{k <- sindeg[i]

m <- sindeg[i]+h

orn <- c(orn, runif(l, k, m))}
usteltesadufisayi <-( -(teta) * ( log(l-orn)) )
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Ek B. Pargali ters doniisiim yontemi ile Pareto dagilimdan n tane tesadiifi say: iiretilmesi icin R kodlar1

Imd <- 3 # skaler parametre

v <- 5 # sekil parametresi

h <- 1/n # araligin boyu

U <- n+l

sindeg <- seqg(from = 0, to =1, length.out =0U)
orn <- c{()

for(i in 1:n)

{k <- sindeg[i]

m <- sindeg[i]+h

orn <- c(orn, runif(l, k, m))}
paretotesadufisayi <- ((lmd)/ ((l-orn)”(1/v)))

Ek C. Ustel dagihm icin Vasicek-Song uyum iyiligi testi

usteltesadufisay1 #Uyum iyiligi test edilecek &rneklem
install.packages ('vsgoftest') #Zorunlu paket [19].

library ('vsgoftest')

install.packages ('devtools"')

devtools::install github ('pregnault/vsgoftest')

vs.test (usteltesadufisayi, densfun = 'dexp')

Ek D. Pareto dagilimi i¢in Vasicek-Song uyum iyiligi testi

paretotesadufisayi #Uyum iyiligi test edilecek Orneklem
install.packages ('vsgoftest') #Zorunlu paket [19].
library('vsgoftest')

install.packages ('devtools"')

devtools::install github ('pregnault/vsgoftest')

vs.test (paretotesadufisayi, densfun = 'dpareto')
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Keywords Abstract: In [1], Sulaiman has proved a theorem dealing with |A| summability of the
Summability factors, k

Absolute matrix summability series Za"/lnX - In the present paper, generalized absolute matrix summability has
Infinite series, been studied. The known theorem on |A| summability has been generalized to the
Holder’s inequality, «

Minkowski’s inequality @— |A;5|k summability method under some suitable conditions.

Genellestirilmis Matris Toplanabilme i¢cin Carpanlar

Anahtar Kelimeler

. Oz: Sulaiman [1], Za A X  serisinin |A| toplanabilmesi ile ilgili bir teorem
Toplanabilme ¢arpanlari, monon k

Mutlak matris toplanabilme, ispatlamistir. Bu makalede genellestirilmis mutlak matris toplanabilme ¢alisilmistir. |A|
Sonsuz seriler, x
Hélder esitsizligi, toplanabilme {izerine bilinen teorem uygun baz sartlar altinda ¢—|A;5|k toplanabilme

Minkowski esitsizligi metoduna genellestirilmistir.

*[lgili Yazar, e-mail: bagdagulkartal@erciyes.edu.tr

1. Introduction

Let Zan be an infinite series with its partial sums (sn ) .Let A= (a ) be a normal matrix, i.e., a lower triangular

matrix of non-zero diagonal entries. Then A defines the sequence-to-sequence transformation, mapping the
sequence s =(s ) to As =(4 (s)), where

v=0
Let ((p") be any sequence of positive real numbers. The series Zan is said to be summable ¢—|A;6|k , k>1 and

620, if

i(/’jmm |A,, (-4, (S)|k <o (see[2]).

n=1

If we take §=0 and @, =n, then q)—|A;5|k summability reduces to |A|k summability [3].

Given any normal matrix 4 = (a ) two lower semimatrices 4 = (EHV) and A= (ém) are defined as follows:

nv
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a, :Zam,, nv=0,1,.. (D
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4y, :‘500 =4y, 4, :‘5;1'/ _En—l,v » n=1,2,.. (2)
n n n

A (s) =)a s = Zam/ay and A4, (S) =>4 a - (3)
v=0 v=0

2. Material and Method
Absolute summability of an infinite series is an attractive topic in the field of summability. Many different studies

on this topic have been done by researchers, see ([1, 4-29]). In 2013, Sulaiman [1] proved the following lemmas
and theorem.

Lemma 1: If Zn_lxln is convergent, then (1) is non-negative and decreasing, 4 log =0(1) , and
nAA = 0(1 /(logn)z) .

Lemma 2: If Zn’l/lnX” is convergent, and the conditions

nAA =0(4)) as n—>,

(4)
i/ly =0(nl)) as N1—®
(5)
are satisfied, then
nAAX =0(1), (6)

ilﬂAXn =0(1) as M—o, (7)
inlﬂAzX” =0(1) as M—>w. (8)
n=1

Theorem 1: Let (4), (X,) be two sequences such that ZH’lxlan is convergent, and the conditions (4)

and (5) are satisfied. Let 4= (3 ) be a normal matrix with non-negative entries satisfying

nv

2, =1, n=0,1,., 9)
a_, za, fornzv+1, (10)
na, =0(1), 1=0(na,,), (11)
n-1
Zawa’\uv =0(an11)' (12)
v=1
1 |4
If t¥ =0(1) (C,1), where ¢, =—12rar, then the series Zanlan is summable |A|k L k>1.
v+14<

3. Results

The aim of this paper is to generalize Theorem 1 for (p—|A;5|k summability method under some suitable

conditions.

Theorem 2: Let (4,), (X,) be two sequences such that Zn’lﬂn/\’l is convergent, and the conditions (4), (5), (9)-

1

(12) are satisfied. Let ((p” ) be any sequence such that

pa =0(1), 1=0(p,a, ), (13)
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mii PlA (@) :0(¢)fk’1) as m-—>m, (14)
n=v+1
S o, =0(0") as mow, (15)
n=v+1
iawéll,V+l =0(ann)' (16)
v=l

If (pf]‘tyk =0(1) (C,1),ie. Z(pfktf =0(n),where (ty) as in Theorem 1, then the series Zanlan is summable

v=1

p-|4;s] , k>1 and 0<o<1/k.

3.1. Proof of Theorem 2

~
n

- 6
Let & =4 X and (M) be the A -transform of the series Zané’” . By (3), we get AM :Za’”—"va .

v

v=1 14
Here, by Abel's transformation, we get
AM, ZA { n V]Zra + 2 ZVa
— = AV (aI]V )HV + aII,V+1A9V + aAﬂVaV (V + 1)t + n + 1 a 0 t
oy v+1 v+1 V(V+1) v n ™"
n+1ann911t11 +H 1A ( )evtv +§énv+1A0Vtv +§M:Mnl +M112 +Mn3 +Mn4'
v=1 v=1 ' = 4 ' ’ ’ '

First, by using the facts that ¢ a _=0(1) and na, =0(1),we have

n nn
" Skk1 kXA skena | A+1 f
Z¢n |Mn,1 = z(pn 3”” gntn
n=1 n=1 n
Sk+k-1 k k k
- 0(1)Z¢ Iln 0[1 n

n=1

=00l (0,2,) 2,000,

- 0(1)2(/)“61",,92‘ .
5/{ k-1, k
= 0(1)27".
Here 6/ =0(1), then we get
m éke t

Z(paku( 1 |M | _0(1)2

n=1

Applying Abel’s transformation, we have

S - f“[i(pfkffj {ipon(grra)
n=1 n=1\_r=1 n=1

n n+l n n n n

A o 0 0 nAf@ +6 - A6
" n n+1 n(n+l) o+l
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Then, we have

m m-1 Ag 9
Yoty | = T TGN
=~ n n, =~ 17+1 HZ m
m— 1
= 0(1)ZAO +0(1)Z X +0(DA_X =0(1) as m—>x,

by using the hypotheses of Theorem 2 and Lemma 2.

, 1 1
Now, using Holder’s inequality with indices & and &, where k >1 and K + © =1, we have

m+1 m+ k

Sk+k-1 Sk+k-1
2.0 Z
n=2

Z‘A (4, )0,
et "{Z}

A,(4,)

6k+k 1Z‘A

By using (2), (1), (10) and (9), it follows that

5 n-1yv - am/) = nz—lan—l,v - an—l,O - ianv +an0 + a[m = 5[1—1,0 _an—l,O - 5]10 + anO + arm S ann'
v=1 v=1 v=0 v=0
Thus,
St <Se (n,a,) " Ea. (3, Jere:
v=1l
= 0(1)295‘ oS o
n=v+l
= 0(1)zgo‘”‘awef k=0(1) as m—w,
asin M.

Again using Holder’s inequality, and using the conditions (16), (13), (15) and (11), it follows that

m+1 m+1 n-1 k
Sk+k-1 _ Sk+k-1 A
Z (0" Mn 3 - Z g011 au V41 A 91/ tV
n=2 n=2 v=1
m+l n-1 n-1 k1
Ok+k-1 k 1 k A
< Z¢ 3” V+1 (AQ ) VV awan,v+1
n=2 v=1 v=1
& sk k1A £k gk
=020 (9,2,)) 24,..(86,) ¢
n=2 v=1
< k k k
_ 1 Sk o
- 0(1)2(A6V ) Z n v+l
n=v+1

—0(1)z(pf’k(Ae) thvkt,

Since (vag,)"" =0(1), we obtain

m+1
Sk+k-1
27

n=2

M

n3

0 (A6 )t
v=1

= 0(1)i¢:‘ktf (A2, X, +2,,AX))
v=1

v v+l

=0 g tiar X, +0() el A, AX,.
v=1 v=1
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For the first part, using the condition (4), and using Abel’s transformation, it follows that

X m A X
v j+0(1)[2¢f"th—m m
v=1

Then, by using the hypotheses of Theorem 2 and Lemma 2, we obtain

v=l \ r=1

qu’kr AL X, 0(1)2(2 s j {ly

wt (X A/lX z AX,
Z(p“‘t AL X, 0(1)2 (
|4

] +OA X

4

_0(1)2 ;Y +0(1)ZA/1 X, +0(1)m21/1 AX, +O(DA X,

=0(1) as m— o,

Also, for the second part, again using Abel’s transformation, and the conditions (4), (7), (8), (6), we
get

m-1

i@fkty’%vAXV = (Zvl(pf’*tf] A(AVAXV ) +(i¢fktyk jimAXm
v=1 v=1

v=1\ r=1

—0(1)"iV(M AX, + 2 A*X )+0(1)m,1 AX,

v=1

m-1
—0(1)2/1 AX, +>vA AX, +0(1)mA AX,

v=1 v=1

=0(1) as m—>w,

Therefore, we get Zgoﬁk”‘ 1|M , “=0(1) as m—o.

a,
n=2

Finally, using (12), (11), (13) and (15), we have

k

m+1 Skekot m+1 ?kkln_lé\ Ht
+k— _ Ok+k— nv v v
DI UM IED WA I s
n=2 n=2 v=1 14
k-1
n-1
Sk+k-1 A kklk A
D) CIERTRER) Y
nVVVW v nv
=1\ V v=1

m+1 sk k-1 n-1 R ok
= 0(1)2 (011 (wnann) zam/ ev tv aw
n=2 v=1
m+1

—om3eta, 3 o',

n=v+1

—O(l)Zgo‘)kaWQVk -«

Then, as in Mm' we obtain
1
gojk*k’1|MH4 =0(1) as m—> .
n=2

466



Factors for Generalized Matrix Summability

Thus, we obtain Z(pjk”"l |M ¥ <oo for r= 1,2,3 and r =4, which complete the proof of Theorem 2.
n=1

n,r

4. Discussion and Conclusion
In this paper, a general theorem on ¢ —|A;§|I summability factors of an infinite series has been obtained and it

reduces to Theorem 1 in case of 6=0 and ¢ = n.Therefore, the conditions (13)-(16) are automatically

satisfied.
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Anahtar Kelimeler Ozet:Bu calismada sol-jel spin kaplama teknigiyle hazirlanmis stronsiyum bizmut
Akillimalzemeler, tantalat (SrBi2Ta209(SBT))ince filmin elektriksel 6zellikleri ve mikroyap 6zellikleri
Ferroelektrik ince film, arasindaki iliski detayli olarak arastirilmistir. SBT ince filmin ylizey mikroyap1
Elektriksel ozellikleri atomik kuvvet mikroskobu (AFM) ileincelenmistir. Yiizey morfolojisi
karakterizasyon, incelemesinden degisik sekilli homojen olmayan bir zerre boyutu dagilimi
Mikroyapiy, gozlenmistir. Kristal yapianalizi x-151n1 kirinimi metodu (XRD) ile karakterize
Sol-jelspin kaplama edilmistir. XRD kirinim deseninden ince filmin (115) yoniinde baskin polikristal

seklinde zayif kristallendigi belirlenmistir. Kapasitans 6zellikleri kapasitans-gerilim
(C-V)olgiimii ile yapilarak degerlendirilmis; ve yaklasik simetrik bir kelebek tipi
histerise egrisi gozlenmistir. Ferrelektrik 6zellikleri kutuplanma (polarizasyon, P)-
gerilim (V) olgiilerek analiz edilmistir. Bu baglamda P-V histerise egrisindeki zayif
ferroelektrik o6zellikler zayif kristallenmeye, zerre boyutundaki farkliliklara,
gozeneklilige ve yliksek kacak akima atfedilmistir. Kacak akim davranisi akim
yogunlugu-elektrik alan (J-E) 6l¢iimiiyle arastirllmistir. Burada diisiik alanlarda
kacak akimdaki ani artisin farkli boyut ve sekillerdeki zerrelerden dolay1 olusan
ylizey piirtizliligi ve fazla miktardaki gozeneklerle iliskilendirilmistir. Elde edilen
bulgular baglaminda SBT ince filmin zayif elektriksel davranisi zayif kristallenmeye,
kii¢iik zerre boyutuna, zerre sinirlari arasindaki amorf fazin varligina, yiiksek kusur
yogunluklarina, gézenek yogunluguna, film/elektrot ara yiizeyinin zayif kalitesine
ve ince filmin ylizey piriizliligine baglanmistir. SBT ince filmin mikroyapi
olusumu ve 6zelliklerinin ferroelektrik ve elektriksel 6zellikler iizerinde kritik bir
etkiye sahip oldugu vurgulanmistir.

Impact of Microstructure on theFerroelectricandElectricalProperties of
StrontiumBismuthTantalateThin Film

Keywords Abstract:In the current study, it was investigated the relationship between the
Smart materials, electrical properties and microstructural properties of strontium bismuth tantalate
Ferroelectricthin film, (SrBi2Taz09 (SBT)) thin film prepared by sol-gel spin coating technique in detail.
ElectricalCharacterization,  Surface microstructure properties of SBT thin film was investigated by a tomic force
Microstructure, microscope (AFM). Based on the analysis of the surface morphology it was observed
Sol-gelspincoating non-homogenous grain size distribution. Crystal structure analysis was

characterized by x-ray diffraction (XRD) method. From the XRD diffraction pattern,
it was determined that the thin film was weakly crystallized in a dominant (115)
direction. Capacitive properties were probed by capacitance-voltage(C-V)
measurement and a nearly symmetric butterfly type hysteresis loop was observed.
Ferroelectric properties were analyzed by means of polarization-voltage (P-V)
measurements. Accordingly, weak ferroelectric properties were attributed to the
weak crystallinity, difference of grain size, porosity and high leakage current.
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Leakage current behavior was studied via currentdensity-electric field (J-E)
measurements. Here, abrupt increase in the leakage currentin low field was
correlated with the surface roughness due the difference in grain size and form and
the plenty of porosity. In the context of the findings, the poor electrical behavior of
the SBT thin film was ascribed to weak crystallinity, small particle size, presence of
the amorphous phase between the particle boundaries, high defect densities, pore
density, the poor quality of the film / electrode interface, and the surface roughness
of the thin film.It is emphasized that microstructure formation and properties of SBT
thin film have a critical effect on ferroelectric andelectrical properties.

*{lgili Yazar, e-mail: nurvetkrkgct@gmail.com

1. Giris

Bas dondiriicii bir hizla hem islevsellik ve hem de ¢esitlilik acisindan gelisen elektronik teknolojisinde akilli
malzemeler genellikle kristal seklinde elektronik aygitlarda ince film veya nanoyapilar seklinde
kullamlmaktadirlar. ince nano/mikro filmlerde kristallerin olusumu ve mikroyapisi iiretim teknolojisi ve
sartlarina kritik bir sekilde baglhdir. Boylece iiretilecek olan elektronik aygitlarin belirgin 6zellikleri de dolayisiyla
degisik fiziksel ve kimyasal depolama ydntemleri ve sartlari sonucu olusan ince filmin mikroyapi kalitesine
dayahdir. Ozellikle bilisim teknolojisindeki muazzam gelismelerden dolayr mevcu telektronik iiriinlerin
fonksiyonel ozelliklerinin iyilestirilmesive daha islevsel malzemelerin arastirilmasi zorunlu olmustur.
Kendiliginden elektriksel kutuplanma ve bunun dis elektriksel alanla ¢evrilmesi, piezoelektriklik ve piroelektriklik
davranis gibi zengin fiziksel oOzellikleri sayesinde ferroelektrik malzemeler nanoteknolojik,elektronik ve
spintronik cihazlarin tasariminda ve islevselliginin artirilmasinda ciddi katki saglama potansiyellerine
sahiptir[1].Ferroelektrik malzemelerin farkli fonksiyonel ozellikleri arasinda en cazip olani kayith bilginin
elektriksel alan kesintiye ugrasa veya olmasa bile bilginin u¢madig1 (kaybolmadigi)Ferroelektrik Rastgele Erisim
Bellekleridir (FeERAM veya NV-FeRAM ). FeRAMler dijital belleklerdeoldugu gibi bilgi okuma/yazma islemleri ikili
say1 sisteminde ‘1’ ve ‘0’ olarak kodlandig iki kalici elektriksel kutuplanmanin (+Pr,-Pr) uygulanan dis elektrik
alan altinda histerise bir sekilde dondiirtilebilmesi(anahtarlanmasi veya ¢evrilmesi) ile calisir [2].

Kristal yap1 agisindan bakildiginda bizmut tabaka yapili ferroelektrikler (Bi202)2*(Am-1BmO3sm+1)?- genel kimyasal
formiilii ile Aurivillius fazli olarak adlandirilan bilesiklerin ¢ok katmanli ailesine aittir. SBT in tabakali yapisi
psedii-tetragonal c-ekseni boyunca (Bi202)?* tabakalar arasina yerlestirilen (SrTaz207)%iki perovskit benzeri
tabaka bloklarin istiflenmesiyle olusur [3].BOs oktahedral kendiliginden kutuplanma sergiler ve (Bi202)2*
tabakalar paraelektrik yalitkan tabakalar olarak davranirlar ve elektronik 6zellikleri kontrol ederler[4].Bizmut
tabakali perovskitbenzeri bir ferroelektrikolan stronsiyum bizmut tantalat(SrBizTa:09 (SBT))FeRAM
uygulamalari i¢in en popiiler malzemelerden biridir[5]. Clinkii bu alanda ¢ok kullanilan PZT (Kursun Zirkonyum
Titanat) ile kiyaslandiginda SBT ihmal edilebilir yorulma, yliksek anahtarlanma hizi, diisiik anahtarlanma voltaji
ve metal elektrotlarla bile diisiik kacak akim yogunlugu gibi tistiin 6zelliklerinden dolay1 daha ¢ekici hala gelmistir
[6].Fakat cesitli mithendislik uygulamalar igin SBT ferroelektrik ince filmler diisiik kalici kutuplanma degeri,
yliksek kristallenme sicakligi (>750 °C) ve diisiik Curie sicaklig1 gibi baz1 dezavantajlara sahiptirler [7].Bundan
dolay1 yapilan ¢alismalarinbiiyiik bir ¢ogunlugunda cesitli metal oksitlerle asilanmis stokimetrik olmayan fazda
iletken metal-oksit elektrotlar iizerinde SBT ince filmleri biiyiitiillerek bu énemli olumsuzluklarin giderilmesi
amaglanmistir[8].Sol jel yontemiyle Pt/Ti althk tizerinde 47 nm ve 98 nm araliginda hazirlanan Eu-SBT ince
filmlerin kalic1 kutuplanma degerinin ince filmin kalinligina gore degisiklik gosterdigi bildirilmis [9]. Bunlara ek
olarak son yillarda geleneksel kapasitor tipli yerine transistor tipli (1T-tipli, FeFET)FeRAMlerde ferroelektrik ince
filmlerin diger ilgili elektronik cihazlarda olugu gibi asil islevi yoneten ferroelektrik ince film malzemelerin
kimyasal bilesimleri, mikroyapilari, kapasitor ve transistor icindeki biitiinlesme stiregleri incelenmektedir. FeFET
tipli FeRAMler saklama stiresinin kisa olmasi nedeniyle hentiz ticari bir iiriine déntstiriilememistir. Bozgeyik
tarafindan bir FeFETt ransistor tipi ferroelektrik rastgele erisimli bellek uygulamasi icin, Ba ve Zr birlikte modifiye
edildigi SBT ince filmlerin ferroelektrik ve elektriksel 6zellikleri ayrintili bir sekilde incelenmis ve uygun aday
olabilecegi vurgulanmistir [10].
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Yakin zamanda Takahashi ve Sakaistronsiyum bizmut tantalat FeFET {iretimi i¢in yeni bir ydntem
onermislerdir.Bu ¢alismada basaril bir sekilde iiretilen SBT-FeFETlerin, 105 saniyede 6l¢iilen 109 cevrimle bilgiyi
uzun sire tutma o6zelligine sahip oldugunu bildirmislerdir [11] .Ayrica elektriksel 6zelliklerini inceleyerek
malzeme ve dolayisiyla uygulama o6zelliklerini gelistirmeye ve iyilestirmeye yonelik arastirmalar devam
etmektedir.

Elektriksel dipolmoment dogasi geregi yiik miktari ve ayrisma uzakligina bagh oldugundan dolay1 kristal yap1 goz
Oniine alindiginda ferroelektri kince filmlerin fiziksel ve elektriksel 6zellikleri kristal kusurlar, safsizliklar, zerre
boyutu, bi¢cimi, dagilimi ve go6zeneklilik seviyesinin dedahil oldugu mikroyapi bilesenlerine, ince filmin
ylizey/araylizey ve kimyasal kompozisyon gibi bir ¢ok yapisal degiskene oldukca duyarhdir. Bu degiskenleri
kontrol etmek ve elektriksel 6zelliklere etkisini anlamak, bu malzemelerden tiretilen teknolojik cihazlarin etkin
kalite kontroliinii saglamak, malzeme 6zelliklerini dogru yorumlamak ve fonksiyonel 6zelliklerini gelistirmek
oldukca hayati 6neme sahiptir.

Sunulan ¢alisma sol-jel spin kaplama yontemiyle iiretilmis SBT ferroelektrik ince filmin kutuplanma, kagak akim
ve kapasitans gibi elektriksel 6zelliklerinin zayif kristal yapiya bagh olarak nasil degisim gosterdigi iizerine
yapilmis bir aragtirmadir. Sol-jel spin kaplama teknigi ile Pt/TiO2/Si02/Si alttas lizerine tabaka tabaka kaplanip
750 °Cde tavlama ile tretilen SBT ince filmin elektriksel karakterizasyonukutuplanma-gerilim (P-V), akim
yogunlugu-gerilim (J-V) ve kapasitans-gerilim (C-V) gibi 6l¢iimlerine dayal analizler yapilmistir. ince filmin kristal
yapist XRD ve ylizey analizi AFM ile ¢alisiilmistir. Kagak akim (akim yogunlugu (J-V)) 6l¢iimiinii diger kapasitans
ve ferroelektrik dlciimler olan C-V ve P-V ile birlikte degerlendirilmistir. Serbest yiik tasiyicilarinin hareketinin ve
yapisal kusurlar, yiizey piirtzliliigi, safsizliklar, zerre (sinirlari, boyutu, bigcimi, dagilimi) ve elektrot ara ytizeyleri
gibi diger etkiler ile nasil bir etkilesim icerisinde oldugu kapsamli bir sekilde degerlendirilmistir.

2. Materyal ve Metot

SBT prekiirsor ¢ozeltisi spin kaplama metoduyla 1 cm2Pt/Ti/SiO2/Si (100) alt tas lizerine 2500 rpm donme hizinda
30 saniyede kaplanmistir. Organik bilesiklerin u¢gmasi icin 1slak film énce 155°C de 2 dk. sonra 240°C3 dk. ve daha
sonra 400 °C 2 dk. olmak tizere sicak tabla lizerinde kurutulmustur. Sonrasinda hizli termal tavlama (RTA )
firiminda 750 ‘Cde 1 dk. oksijen atmosferinde tavlanmistir. Bu siire¢ 5 defa tekrarlani pen sonundaRTA
firlninda750 °Coksijen atmosferinde 30 dk. kristallenme yapilmistir .Platin (Pt) iist elektrotlarelektron demeti
biriktirme metodu ile3,14x10-4 cm2lik yuvarlakelektrotlar seklinde maske kullanilarak olusturulmustur. Kristal
yap1 x-151m kirmim metoduyla (XRD) X Pert-Pro MPD, Philips le analiz edilmistir. ince film yiizey morfolojisi bir
atomik kuvvet mikroskobu (AFM) NanoScope III Digitallnstrument le ¢alisilmistir. Uygulanan gerilime karsin
kagak akim yogunlugu degisimi J-vy HP4156C yariiletken parametre analizori
(semiconductorparameteranalyzer) ile dl¢lilmiistiir. Ayrica kapasitansin uygulanan gerilime karsi1 degisimi (C-V)
1 MHz frekans degerinde bir LCR metre ileyapilmistir.Ferroelektrik ozellikler ferroelektrik test sistemi
(ToyoCorp., FCE-1A/Fop-100V) kullanilarak oda sicakliginda 10 kHz frekansta ol¢iilmiisttir.

3. Bulgular

SBT ince filmin kristallenme 6zelligi x-1s1n1 kirinim metodu (XRD) ile 6l¢iilmiistiir(Sekil 1).XRD 6l¢ciimiinde pikler
disindaki temel sinyal siddetlerine nazaran belirgin yiiksek siddet ve keskin dar pikler goéziilkmektedir. XRD
kirinim deseninde yaklasik 39° de Ptalttastan kaynaklanan genis ve oldukea yiiksek siddette pik disinda SBT in
karakteristik (115) ve (202) pikleri daha diisiik siddette goziikmektedir. Ayrica bu piklere nazaran ¢ok daha diistik
siddetli (117), (020)/(200) ve (0010) pikleride bulunmaktadir. Buradan numunenin degisik kristal diizlemlerinde
kristallendigi ve boylece ¢ok kristal (polikristal) sekilde oldugu anlasilmistir. Diger taraftan bu diisiik siddetli ve
dar pikler SBT ince filmin ¢ok zayif kristallenme gdsterdiginin belirtisidir.
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Sekil 1. SBT ince filmin XRD Kkristal kirinim deseni.

XRD deseninden numunenin ¢ok dusiik siddet ve genis pikler gostermesinin nedeni tavlama siirecinden
kaynaklanan zerre boyutlarinin etkisidir. Dolayisiyla ¢ok ufak zerre boyutlarive homojen olmayan zerre boyut
dagilimi zayif kristallenme ve buna baglh olarak gelisen orglide kusurlara yol agabilmektedir [12].Burada
bilinmeyen zayif pikler yiiksek sicakliklarda bizmut bilesiginin kolay uguculugu ve platin alt elektrot ile kolay
difiizyonu sonucu meydana gelebilen ikincil fazlar olabilir [13].Ayrica ferroelektrik 6zellikler zerre boyutlarina
bagh olarak degiskenlik gdsterebilmektedir. Ozellikle nanoboyutta kristal boyutlarinda ferroelektrik ézellikler
zayiflamakta ve hatta yok olmaktadir. Ornegin 80 nm zerre boyutunda mikroyapizayif kristallenme ve buna bagh
olarak zayif ferroelektrik ve elektriksel 6zellikler sergiler[14]. Ferroelektrik malzemelerin 6zellikleri ve kalic
polarizasyon degeri sentezleme ve tavlama siirecine bagliolarakfarkliliklar géstermektedir. Dolayisiyla zerre
boyutu kiiciildiikge kalic1 polarizasyon degeri de azalmaktadir. Bdylece zayif kristallenmenin neden
oldugumikroyapi ¢ok diisiik polarizasyona ve zerreler arasi sinirlarin neden oldugu yiiksek kacak akima neden
olacaktir. Ayrica tavlama siirecine bagli olarak film ytlizeyinde olusabilecek mikrokiriklarda kacak akim kanallari
olusturmasindan dolayi1 ferroelektrik ve elektriksel 6zelliklerin zayiflamasinda etkin mikroyapi olumsuzluklaridir.

Kullanilan 1s1l islemlerin yontemi ve siireci, depolanan malzeme, iiretim teknikleri, kimyasal bilesimdeki
farkliliklar vb. degiskenlerin, zerre boyutu ve sekli, ince filmin kristallenme Kkalitesi, gozeneklilik, ylizey
piriizliligl ve amorf veya olasi ikincil fazlar gibi ince filmlerin mikroyapisal 6zellikleri etkiledigi bilinmektedir.Bu
ylzden ince filmin mikroyapisini karakterize etmek cihazin ¢alisma performansi i¢in son derece dnemlidir. Sekil
2 deSBT ince filminatomik kuvvet mikroskobu (AFM) ile taranan yilizey morfolojisinin mikroyapi goriintiisii
gosterilmektedir.
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Sekil 2.Pt/Ti02/Si02/Si ylizeyler lizerinde 750 °C de tavlanan SBT ince filmin AFM goriintiisii.

AFM goériintiisiinden zerre sinirlari ve gdzenekler ile birbirinden ayrilan ¢ogunlukla kiiresel sekilli biiytik ve kiigiik
zerreli, homojen olmayan bir mikroyap: dagihimi gériilmektedir.irili ufakli zerrelerin boyutlar1 70 nm ve120
nmarasinda bir degisim gostermektedir. Ferroelektrik ince filmlerin kalitesini belirlemede mikroyap: bilesenleri
(zerrelerin boyutu, bicimi, zerreler arasi sinirlar, ylizey morfolojisi, gozenek yogunlugu, ikincil veya olasi amorf
fazlar) ferroelektrik ve elektriksel 6zellikler tizerinde kritik etkiye sahiptirler. Zerrelerin boyutu, sekli ve dagilimi
film piiriizliltgi tizerindeetkin bir rol oynar.SBT ince filmin yiizey piiriizliligii yaklasik olarak 12 nmdir. ince
filmlerin liretimi esnasinda kullanilan sentezve tavlama siirecine iliskin parametreler (kullanilan yéntem,kimyasal
kompozisyon, kurutma vetermal islemlere ait silireler, tavlama gaz atmosferi v.b.) yilizey piirizliliigiine
etkileyicifaktorlerdir. Genel anlamda bunlar zerre biiylimesine yol agarak, zerrelerin boyutlarinda ve bigcimlerinde
farklhiliklar meydana getirebilmektedir. SBT ince filmde meydana gelen yiizey piriizliligi degisik boyutlarda ve
sekillerde olusan zerrelerin varligina ve bosluklara atfedilebilir. AFM deki koyu bolgeler derinlerdeki zerreleri,
gozenekliligi veya farkli boyutlardaki ikincil fazlarin varhgini gésterebilir. Gozeneklerin, bosluklarin, kusurlarin ve
ikincil fazlarin varligi mikroyapidabelirli kusurlara yol agar. Meydana gelen ikincil fazlar ince filmi
kristallendirmek i¢in kullanilan isil islemler boyunca zerre ylizeylerini kaplar ve zerre sinirlarinda ytizey ytklerine
yol acar. Ciinkii zerre sinirlar1 kusurlar ve safsizliklar i¢in diisiik potansiyel enerji bolgeleri saglayabilir [15]. Sol-
jel spin kaplama tiretim tekniginin olagan siiregleri olan sicak tablada kurutma ve 750°C de kristallenme i¢in
tavlama sonrasi SBT ince filmlerin yiizey morfolojisinin piriizliliginden dolay: diisiik gerilim altinda bile film
profil kalinliginin belirgin farklilik géstermesiyle iist ve alt elektrotlar aras1 mesafenin ciddi bir sekilde azalmasina
bagh olarakolusanyiiksek elektrik alandan dolayielektriksel karakterizasyon siirecinde geri doniisiimsiiz
elektriksel(dielektrik)bozunmaya (yanmaya) yol acacaktir.

Ince filmin mikroyapisindaki bu tiir olumsuzluklar P-V, J-E, C-V gibi elektriksel &zellikleri olumsuz sekilde
etkileyebilmektedir.J-E karakteristigine bagl olarak kagak akim yogunlugunun belirli elektriksel alan altindaki
degerinin tespit edilmesiferroelektrikaygit teknolojisinde cihazlarin performansi ve miihendislik agidan
giivenilebilirliginin tespiti agisindan olduk¢a O6nemli bir gereksinimdir. Temelde yiiksek kagak akiminin
ferroelektrik 6zellikleri ve ayrica bilgi saklama potansiyeliniyok ettiginden dolay1 minimize edilmesi gerekli olan
bir olumsuzluktur. Ayrica cihazlarin kullanimi esnasinda asir1 gii¢ kaybi ve 1sinma gibi performansinda birtakim
olumsuzluklara yol a¢tigindan dolay1 mevcut uygulamalarda kagak akimin miimkiin oldugu kadar az olmasi arzu
edilen bir durumdur [16].Bunun yani sira dijitalbelleklerde elektriksel yiikler seklinde depolanan bilgiler kacak
akimin ¢ok biiyiik olmasi halinde bilgilerin silinmesine ve yok olmasina neden olmaktadir. Elektriksel
kutuplanmayla kodlanan bilginin miimkiin oldugunca uzun siire saklanabilmesi icin ferroelektrikkapasitor veya
tek transistorli (Ferroelektrik Alan Etkili Transistor (FeFET) 1T-tipli) FeRAMlerde kullanilan ferroelektrik ince
filmin yalitkanhk ozelligi oldukca yiiksek olmalidir. Bagka bir ifade ile kacak akimin minimize edilmesi
gereklidir.Ferroelektrik ince filmlerde kagak akimkaynagi olarak oksijen bosluklari difiizyonu, bosluk ytkii sinirh
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emisyon, Poole-Frenkel emisyonu, Schottky emisyonu, tiinelleme gibi iletim mekanizmalarina ilaveten
elektrotlarin tiirdi, ince filmin kompozisyon biitiinliigii ve mikroyapinin da dahil oldugu degisik mekanizmalar
onerilmistir [17]. Yapisal ve kimyasal bozukluklar (bizmut/oksijen bosluklari, yapisal carpikliklar, zerre sinirlari,
film/elektrot ve ferroelektrik film-yalitkan tabaka arayiizeyleri) yasak bant araliklarinda yerellesmis elektronik
durumlara yol acabilmektedir [18]. Ferroelektrik ince filmlerde bu yapisal ve kimyasal bozukluklar serbest ytiik
tasiyicilar, kristal kusurlar ve safsizliklari tuzaklayarak yiiklii hale gelebilmektedir. Elektriksel olarak aktif hale
gelen bu yukli kusurlar yliksek kacak akima yol agmaktadir.Sekil 3 akim yogunlugu-elektriksel alan (J-
E)degisimini gostermektedir.
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Sekil 1. SBT ferroelektrik ince filmin elektriksel alana bagh kagak akim yogunlugu degisimi.

Diisiik elektriksel alan bélgesinde (0-10 kV/cm) kacak akim yogunluguani sekilde artmaktadir. Uygulanan
elektriksel alanin artirilmasiyla (10-100 kV/cm) zerre sinirlarinda tuzaklanan yapisal ve kimyasal kusurlarin
(iyonlar ve elektronlar)kacak akima katki saglamalar1 beklenir.Ciinkiiyiiksek elektriksel alan bolgelerinde
elektronlar tuzaklarin disina ¢ikarak kagak akimda ¢ok biiyiik bir artisa sebep olmaktadirlar[19].Bundan dolay:
uygulanan elektriksel alan artirilmaya devam edildik¢e (100-200 kV/cm) kacak akimdaki artisin da devam etmesi
beklenir. Ince film/elektrotarayiizeylerinpiiriizlii morfolojisi, olas1 malzeme kusurlarinin varhig ve ince filmin
mikroyapisininmikroelektronik  cihazlarin  ¢alisma  kosullarimive  verimini olumsuz bir sekilde
etkilemektedir.Dolayisiyla gézlenen yiiksek kacak akim kristallenmedeki farkliliklar nedeniyle zerre boyutundaki
ve yiizey mikroyapisindaki farkliliklara atfedilebilir[20].Ferroelektrik ince filmdeki elektriksel karakterizasyon
stirecinde diistik alanlarda meydana gelen kacak akimytizey tizerinde kritik kusurlar gibi davranan gézenekler ve
bosluklarin yiiksek seviyesine de baglanabilir [21]. Kacak akim davranisi ince filmin ylizey piirtizliliigiine 6nemli
6lciide baghdir ve artan film puriizlulaga ile artar. Plirizli yiizeyler ince film/elektrotarayiizeyinde tersinim
(inversion) tabakasi iizerinde kuvvetli bir etkiye sahip oldugundan dolay1 elektronik enerji seviyelerinin yer
degistirmesi beklenir. Bu durum cihazin islevini degistirebilir. Piiriizliiliigiin sebep oldugu film yiizeyindeki
ylikselip alcalmalar nedeniyle film kalinlig1 degisimi yerel elektriksel alanda degisimlere sebep olabilir.Belli bir
gerilim yiizeyi piiriizlii bir ince film kapasitore uygulandiginda elektriksel alan zerreler arasi derin dalgalanmalar
arasindaki cukurlarda daha yiliksek olacak. Bunun sonucu olarak elektriksel yiiklere daha yiiksek kuvvet
uygulanarak ivmelenmeleri saglanacak ve nihayetin de daha yiiksek kagak akim yogunlugu o6lciilecektir[22].Bu
durum alt ve ist elektrotlar arasindaki malzeme, kristal yapi, ylizey morfolojisi ve mikroyap1 gibi basta gelen
farkliliktan kaynaklanmaktadir.

Kapasitans ol¢iimii gozoniine alinarak kapasitansin maksimum deger ianahtarlanabilir kutuplanmanin oldugu
zorlama gerilim (Vc) degerine baghdir ve kendiliginden kutuplanma anahtarlanmasinin yiiksek oldugu yerde
gozlemlenebilir [23]. Sekil 4 de goriildiigii gibi SBT ince filmin C-V egrisi tam simetrik olmayan yaklasik simetrik
kelebek tipi bir ¢evrim degisimi sergilemektedir.
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Sekil 2.SBT ferroelektrik ince filmkapasitansinin gerilime bagl degisimi.

Bunun nedeni alt ve iist elektrodun ayni malzeme olsa da ince film {iretim siirecinde degisik 1s1l siireclerden
kaynaklanan araylzmikroyapinin farkliligindan vemikroyapidaki olumsuzluklardan kaynakliolmasidir.
Dolayisiylabir yonde zorlayici voltaj degerindeki meydana gelen farkliliklardankaynaklanmaktadir. SBT gibi
bizmut tabaka yapili ferroelektrikleranizotropik olduklarindan dolay1 dielektrikézellikleridomain duvari ve
hareketini 6nemli dl¢iide etkileyen zerre boyutu, kristal yap1 ve yonelimi ile yakindan iliskilidir [24].Kii¢lik zerre
boyutlarina sahipince filmlerde domain duvarlarinda daha ¢ok sabitlenme etkisi meydana gelmektedir. Domain
duvarindaki sabitlenmeden dolayianahtarlanma hizi azalacaktir ve bu durum dielektrik sabitini diisiirecektir. C-V
6l¢limiine gore hesaplanan dielektrik sabiti degeri (er) 90dir. Halbuki bu deger diger ¢alismalarda 190 civarindadir
[25]. Bundan dolayibiiyiik bir dielektrik sabiti iyi kristalize olan biiyiik zerreli SBT ince filmlerde beklenir.Zerre
boyutundaki artis dielektrik sabitini artirir ve domain duvar: hareketini daha kolay yapar [26]. C-V egrisindeki
asimetri sentez ve tavlama kosullarina bagl ve diger parametrelerden etkilenen zerre boyutundaki farkliliklara
da atfedilebilir. Bundan baska film/elektrot araytizeyindeki ylizey pirizliliigii gibi domainlerin dénmesini
engelleyen ekstra durumlar meydana gelebilir.Dielektrik filmdeki kii¢iik gézenekler (pinholes) gibi kusurlar ve
metal/dielektrik arayiizeyinde meydana gelen piiriizliilliikler yalitkan malzemenin dielektrik sabitini etkileyen
kapasitor alani icinde elektrik alan 6zelliklerini degistirebilir [27].Dolayisiyla dielektrik sabiti sentez yontemi,
tavlama siireci, mikroyapi, bosluklar, kusurlar, domain duvarlar1 ve benzeri ¢esitli faktorlere bagh oldugu
sonucuna varilir.

Ferroelektrik ince filmin hafiza aralig1 hakkinda bilgi veren histerise egrisi zorlayici elektriksel alan (Ec), doyum
polarizasyonu (Ps) ve kalic1 kutuplanma (Pr) gibi ferroelektrik parametreleri hakkinda bilgi verir.Sekil 5 SBT ince
filmin kutuplanma-elektrik alan (P-E) histerise déngiisiinii gostermektedir. Buradan gorildigi gibi yukarida
bahsedilen olumsuz mikroyap: ve kristal yapidan dolay1 yliksek polarizasyonlu ve doyuma ulasmis iyi bir P-V
egrisi elde edilmedigi goziilkmektedir.
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Sekil 3.SBT ferroelektrik ince filmin P-V histerise egrisi.

SBT ferroelektrik ince filmin bu sekilde P-V ferroelektrik davranisi zerrelerin boyutu ve sekliyle yakindan
iligkilidir. Bundan dolayi zayif kristallenmeninzayif ferroelektriklik ve buna baglh olarak ¢ok diisiik polarizasyona
neden olmasi beklenir. Bu nedenle polikristalferroelektrik ince filmlerde zerre boyutu ve domain yapisi elektriksel
ozellikleri belirleyen etkin faktérler arasinda yer almaktadirlar. lyi kristalize olmayan ufak zerreler zayif
ferroelektrik 6zellik sergiler. Kritik zerre boyutu (80 nm) ninaltindaki ufak zerreler genellikle tek bir domain
yapisi sergileme egilimindedir. Tek domaine yakin boyutlara sahip zerreler bir dis alan altinda ¢ok kararhdirlar
ve numunelerde domain ¢ekirdeklenmesi zordur. Bu nedenle kii¢tik bir kalici kutuplanmaoldukgaufak zerreli
filmlerde beklenir [28]. Diger bir deyisle ¢coklu domainlerinbaskin oldugu biiyiik zerrelere sahip olan film biiyiik
kalic1 kutuplanmaya yol acan anahtarlanmayi daha kolay yapar. Bundan dolay1 biiytik zerre boyutlu SBT ince
filmler daha iyi ferroelektrik 6zellikler gosterirler. Kalici kutuplanma degerinin SBT ince filmlerin kristallesme
kalitesine, zerre boyutuna ve bicimine biiyiik 6l¢tide bagl olmaktadir. Ferroelektrik 6zellikler (kalic1 kutuplanma,
doyum polarizasyonu ve zorlayici voltaj veya zorlayici elektriksel alan ) domain yapisi, domain ¢ekirdeklenmesi
ve domain hareketliligi gibi 6zellikler tarafindan etkilenir. Ferroelektrikanahtarlanmaesnasinda hareketli yiikler
ve yik kusurlar1 uygulanan elektriksel alanin etkisinden dolay1 domain sinirlarinda birikebilir. Yiik kusurlari
domainlerin belli bir yoniinii kilitleyerek domain yonelimlerini engeller ve béylece domain duvarlarinin hareketini
zorlastirir. Dolayisiyla bu sabitlenme ferroelektrikhisterise egrisinin zorlayici alan degerini artirir ve
ferroelektrikkutuplanmanin miktarim azaltir [29]. Ozetlemek gerekirse SBT ferroelektrik ince film numunenin
zayif elektriksel davranisi zayif kristallenme, zerrelerin boyut ve sekli, ylizey piirtizliiliigi, gozenekliligi, kusurlarin
yuksek seviyesi, zerre sinirlari arasindaki amorf fazin varhigi ve film/elektrot arayiizeyinin zayif kalitesi ile
yakindan iliskilidir.

4. Tartisma ve Sonug¢

Sol-jelspin kaplama yontemiyle iiretilmis olan bizmut tabaka yapili bir ferroelektrik olan SBT ince filmin
olciilmiiselektriksel o6zellikleri (P-V kutuplanma, C-V kapasitans, J-E kacak akim) ve AFM le taranmis yiizey
morfolojisinin mikroyapist analiz edilerekmikroyapi, ferroelektrik ve elektriksel ozellikler arasi
iliskiarastirlmistir.ince filmin yiizey morfolojisi AFM den, kristallenme kalitesi XRD den ve elektriksel él¢iimler
(J-E, C-V, P-V) araciligiyla incelenmistir. XRD kirinim deseninde genisleyen pikler ufak zerre boyutunun varligina
atfedilmistir. AFM mikro-gorintiisiinden iki sekilli zerre boyutu ile homojenolmayan bir mikroyapinin oldugu
anlasilmistir. Ince filmin kalia kutuplanma degerinin zerrelerin boyutu, sekli, siirlar1 ve filmin
kristallenmekalitesiyle yakindan iligkili oldugu goériilmiistiir. SBT ince filmin C-V egrisi tam simetrik olmayan bir
davranis sergilemistir. Bu baglamda P-V histerise egrisindeki zayif ferroelektrik 6zellikler zayif kristallenme, zerre
boyutundaki farkliliklara, gézenekliligeve ytliksek kacak akima baglanmistir. Diisiik alanlarda kagak akimdaki ani
artis biiytik ve kiiciik farkli boyut ve sekillerdeki zerrelerden kaynaklanan yiizey piriizliligii ve fazla miktardaki
gozeneklilik ile iliskilendirilmistir. Ince filmlerin kristallenme kalitesinin kullanilan 1s1l islem siirecine bagh olarak
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zerrelerin boyutunda ve seklinde farkliliklar oldugu gorilmistiir. Yiksek yiizey pirizliliginferroelektrik
malzemelerin kutuplanma, kapasitans ve kacak akimgibi elektriksel 6zelliklerini olumsuz yonde etkiledigi ortaya
konulmustur.Dolayisiylabunlara dayanarak 6zellikle bellek uygulamalarinda uzun vadede bilgi derleme ve cihaz
giivenirligi saglamak icin ince filmin dielektrik ve yalitkanlik 6zellikleriyle iliskili olan ferroelektrik kristalin 6zgiin
kristal yapisi, mikroyapisi, arayiizey ve yiizey morfolojinin iyi belirlenmesi gerektigi vurgulanmistir.Bu kapsamda
ferroelelektrik ince film ferroelektrik olmayan diger ikincil fazlarin olmadig1 tek fazli ve mimkiin oldugunca
homojen zerre yapisina sahip olmadir.Genel olarak ferroelektrik ince filmlerinbizmut tabaka yapil
ferroelektriklerin ve 6zel olarak da SBTnin iyi elektriksel 6zellikler sergileyebilmesi i¢cin iyi derece kristallenmesi,
mikrokiriklar ve diger 6liimcil yapisal kusurlarin olmamasj, film ytizey ve film-elektrot araytizeylerinin miimkiin
oldugunca piriizsiiz olmas1 gerektigi anlasilmistir .Ayrica elektronik ve diger yapisal kusurlardan
kaynaklanabilecek hareketli serbest yiiklerin olmamasi yapilan 6l¢iim sonuglarinin yorumlanmasiyla ortaya
konulmustur. Biitiin bu 6zellikler bu tiir ferroelektrik ince film malzemeler i¢in gerekli kimyasal sentezleme, alttas
ve elektrot malzemeleri, liretim stirecindeki 1sisal uygulamalar vetiimiiyle temiz oda kosullarindaki sartlarin iyi
takip edilmesi ve gelistirilmesiyle elde edilebilecektir.

Sonug olarak bu c¢alisma ile literatiire 6zellikle SBT ve diger ferroelektrik malzemelerin transistor ve kapasitor
gibi degisik katmanl aygit yapilar i¢in bilimsel katk: ince film ve elektrot iiretimi 6zelinde aktif ince filmin
kristallenme, zerre sinirlari, kristal kusurlar, safsizlik fazlari, gézeneklilik ve ylizey piiriizliligi gibi mikroyapisal
kusurlarin ferroelektrik ve elektriksel 6zellikleri kritik sekilde etkileyen tiretime dayali faktdrler oldugunun somut
bir érnekle acikca ve detayl bir sekilde vurgulanmasidir. Ozellikle bellek uygulamasi ve diger olas: elektronik
aygitlarda lretim asamasinin her kademesinde 6nciil mikroyapi analizinin yerinde (in situ) xrd ve buna entegre
elementel analiz EDS (EDX) imkanlari ile yapimi istenilen tek fazli kristal yap1 olusumu ve stokiometri agisindan
bilgi saglayacaktir. Elektronik aygitlar degisik tabakalardan olustugundan dolay1 siireglerde 1sisal tavlamalara
ihtiyac oldugundan dolay1 sonrasinda 6zellikle kristal yapida olusabilecek sorunlar yerinde tespit edilebilecektir.
Bu calisma bu tir olasi yapisal sorunlarin aygit iiretim siirecleri olan alttas lizerine ince film iretimi ve
elektrotlama da karsilasilabilecek mikro yap1 bozukluklarinin elektriksel ve ferroelektrik 6zelliklere olan olumsuz
tesirlerini yerli yerinde bir o6rnekle ortaya koymakla literatiire ilgili elektronik aygitlarda in situ
karakterizasyonun 6nemine katki saglamistir.

Biitiin bu arastirmalardan edinilen tecriibeye dayanarak ve yukarda ki tartismalar baglaminda ileri ¢alismalarda
sol-jel gibi kimyasal depolama iiretim yontemlerine alternatif olarak pulslu lazer depolama (PLD) ve sac¢tirma gibi
fiziksel depolama yontemleri ile stokiometrik sapmalardan uzak elementel bilesen kompozisyon saglandig1 ve
homojen kristal yapinin olusumu yaninda iiretime dayali kimyasal kirlilikten ve fiziksel kusurlardan irak iyi
kalitede araytizeylere sahip ince film ve aygit tiretimi hedeflenmektedir.
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Abstract: Internet of Things (IoT) technology allows the control and management
of systems independent of humans. IoT-based agriculture applications have become
widespread as a solution to the problems of food consumption and water scarcity in
agriculture as the world population has increased gradually. Soil moisture is an
important factor for agriculture production and hydrological cycles and the
prediction of soil moisture is required in developing agricultural practices. In this
study, an loT-based irrigation system prototype is presented which consists of
Esp8266 Wifi module, humidity and temperature, soil moisture, rain and ultraviolet
sensors connected to the Arduino Uno board. Using the prototype system, data are
collected from the pilot area determined in half-hour periods for 55 days and saved
the cloud with ThingSpeak. The soil moisture value is estimated by applying
different machine learning regression models such as multiple linear, polynomial,
support vector, decision tree and random forest regression using the collected data.
To examine the success of the algorithms, the obtained results are compared
according to the coefficient of determination and the mean square error criteria. It
is found that the random forest regression model has found to be superior to other
machine learning algorithms for soil moisture estimation.

Nesnelerin interneti Sulama Sistemi Verileri Kullanilarak Toprak Neminin Tahmini i¢in
Makine Ogrenimi Regresyon Modellerinin Karsilastirilmasi

Anahtar Kelimeler
Toprak Nem Tahmini,
Makine Ogrenmesi
Regresyon Modelleri,
Nesnelerin interneti,
ThingSpeak

0z: Nesnelerin interneti (I0T) teknolojisi, sistemlerin insanlardan bagimsiz olarak
kontrol edilmesine ve yonetilmesine olanak tanir. [oT tabanl tarim uygulamalari,
diinya niifusunun giderek artmasiyla tarimda gida tiiketimi ve su kitlig1 sorunlarina
¢oziim olarak yayginlasmistir. Toprak nemi, tarimsal liretim ve hidrolojik dongiiler
icin 6nemli bir faktordiir ve tarimsal uygulamalarin gelistirilmesinde toprak
neminin tahmin edilmesi gerekmektedir. Bu ¢alismada Arduino Uno kartina bagh
Esp8266 Wifi modiilii, nem ve sicaklik, toprak nemi, yagmur ve ultraviyole
sensorlerinden olusan IoT tabanli bir sulama sistemi prototipi sunulmustur.
Sunulan prototip sistemi kullanilarak pilot bir alandan 55 giin boyunca yarim saatlik
periyotlarla veriler toplanmis ve bu veriler ThingSpeak ile bulut iizerinden
kaydedilmistir. Toplanan veriler kullanilarak ¢oklu dogrusal, polinomal, destek
vektori, karar agaci ve rastgele orman regresyonu gibi farkli makine 6grenimi
regresyon modelleri uygulanarak toprak nem degeri tahmin edilmistir. Bu
algoritmalarin bagarimini incelemek i¢in elde edilen sonuglar belirlilik katsayisi ve
ortalama kare hatasi kriterlerine gore karsilastirilir. Rastgele orman regresyon
modeli toprak nem tahmini i¢cin diger makine 6grenmesi algoritmalarindan daha
iistiin bulunmustur.
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Comparison of Machine Learning Regression Models for Prediction of Soil Moisture with the use of Internet of Things Irrigation System Data

1. Introduction

With the rapid developments in network technology, the number of objects connected to the Internet is
increasing day by day. In direct proportion to this increase, applications and application areas based on the
loT, which can carry out things independently of people by facilitating people’s lives, have developed. With
the development of application areas, the volume of data produced by loT applications has also increases
[1]. IoT applications are network technology in which interconnected devices that can collect data for
continuous control of systems, communicate with each other, can be remotely monitored or controlled. loT
technology enables the world to be smart and appears in many areas such as smart city, smart
environment, smart grids, security and emergencies, smart retail, home automation, animal husbandry and
smart agriculture [2].

One of the most basic human needs is water and water scarcity has become a universal problem due to the
increasing world population [3]. This problem requires the optimum use of available water resources. Food
demand dominates the water consumption as it uses 85% of agricultural water resources worldwide. [4]. In
addition to preventing the consumption of resources, smart agriculture has an important role in contributing to
environmental sustainability and reducing costs. Systems that irrigate periodically used in agricultural activities
neglect external factors that may affect soil moisture. Such a system causes the consumption of water resources as
well as the inefficiency of the soil by over irrigation. It is important to accurately measure the relationship between
soil and water in smart farming practices. The parameter that directly reflects the water requirement of the soil in
agricultural applications is soil moisture. For this reason, accurate soil moisture estimation can give an idea about
the irrigation needs and the suitability of the area for agriculture in the long term. In the field of smart agriculture,
which is one of the 1oT application areas, many studies have been carried out to remotely monitor environmental
data, provide an information system for agriculture, and collect basic data for smart precision irrigation [5-9].

Liu [10] developed an loT-based land monitoring system that includes sensors for COz, temperature and humidity,
soil moisture, light intensity, and pH value. He was used a camera to record photos and videos of his field of study.
The data received from the sensors with the microcontroller were transmitted to the web portal and the data was
stored in the SQL database ZigBee technology was used for communication, solar energy and battery power were
used for the devices used.

Yang et al. [11] proposed an IoT-based greenhouse system where environmental data from sensors such as
humidity, temperature, amount of light, CO2, Oz, 03, NOz were stored and analyzed with Hadoop. In the proposed
greenhouse system, data sent with ESP8266 Wifi module was stored in MySQL and transferred to the cloud
platform and analyzed with Hadoop HDFS. The analyzed data was presented to the user via the web and android
interface.

Shekhar et al. [12] proposed a smart irrigation system to determine the water demand of the area using the K-
nearest neighbor algorithm (KNN). Humidity and temperature data received from the environment were sent to
Raspberry Pi via the gateway. The collected data and the predicted data with the KNN algorithm were stored and
displayed on the cloud server.

Gorthi and Dou [13] made a comparison of different models developed for the prediction of soil moisture content
using the data obtained from soil moisture experiments between June 23 and July 12. Soil moisture content was
used as a model output. The models developed include basic regression models such as polynomial regression,
adaptive basic function generation, Bayesian frame-based relation vector machines, multivariate adaptive
regression based on iterative partitioning, classification and regression trees based on continuous class learning,
and multi-layer perceptron networks. the neural network based model was more efficient than other models with
0.0024 mean square error (MSE) value.

Prakash et al. [14] used multiple linear regression, support vector regression, and recurrent neural network
methods to estimate soil moisture for 1,2 and 7 days in three different datasets (with 569, 4749 and 92 samples)
collected from different online pools. As a result of the evaluation, it was seen that the multiple linear regression
is superior with the coefficient of determination (R?) value of 0.975 for 1 day before, 0.939 for 2 days before and
0.786 for 7 days before.

Goap et al. [15] developed a Raspberry Pi and Arduino based system in the rose garden to collect data. In the
experimental study, soil moisture sensor (VH-400), temperature and humidity sensor (DHT22) and Ultraviolet
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(UV) sensor were used. Regression analysis was performed in R programming. Multiple linear regression (MLR),
ridge regression, weighted linear regression and support vector regression (SVR) were created for the data
obtained from the sensor. SVR found the best result with 0.9383 R value.

Sing et al. [16] developed an application to optimize the use of water by estimating the soil moisture value. Air
temperature, air humidity, soil moisture, soil temperature, radiation sensors were installed to collect data from
the IoT-based smart irrigation system and also weather forecast data from the Internet was used to estimate the
soil moisture value. Machine learning techniques such as Gradient Boosted Regression Tree (GBRT), Random
Forest (RF), MLR and Elastic Net Regression (ENR) were used for prediction. The results show that GBRT
outperforms the other methods with R2 of 0.94.

When it examined the studies given above MLR, SVR, neural networks are the commonly used methods in soil
moisture estimation. In the addition to the mostly evaluated methods in the literature, in this paper the
performance of polynomial regression (PR), decision tree regression (DT) and RF algorithm are also evaluated.

The rest of the paper is organized as follows. In section 2, system design architecture and machine learning
algorithms are given. In section 3, the results are shown. Finally, discussion and conclusions are given in section
4.

2. Material and Method

Machine Learning is the automatic detection of meaningful patterns in data [17]. There are various machine
learning algorithms such as regression, classification, clustering, neural networks regarding the properties of the
problems. In this section, the regression methods used in the study are briefly introduced.

2.1. Machine Learning Regression Algorithms

Multiple Linear Regression; MLR models the linear relationship between the dependent (target) variable with a
numerical value and a set of independent variables. Thanks to this defined relationship, all information about
independent variables can be found and this information can be used to produce more effective and accurate
estimates. Its mathematical representation is given in Eq.1.

y= ﬁo + ﬁIXI + ﬁZXZ-I_ ..... + ﬁNXN + € (1)

Polynomial Regression; PR is a method that tries to explain such a relationship when there is a nonlinear
relationship between data. Its mathematical representation is given in Eq.2.

Y =P+ PiX1+ BoXiXp + BaXT ...+ ByXi + € )
N is the degree of polynomial here. Nonlinear connections are expressed between the independent variables used
in the model.

Support Vector Regression; Before being used as a regression method, the support vector machine [18] used for
classification aims to cover the maximum data point by keeping the margin range wide. This method, which has
different kernel functions, allows us to draw curves suitable for our data set. Mathematical representation of linear
SVR is given in Eq.3 and nonlinear SVR is given in Eq.4.

y=;(0{i— a;).<x;,x> +b 3)
N
y= ) (@@= a).< Q). Q(x) > +b 4)

Decision Tree Regression; It is the regression method that makes predictions using the tree structure [19]. In the
structure created according to the data points, the decision variables are found in the nodes, and the values found
by calculating the region averages as a result of the forecast are found in the leaves. The number of leaf nodes gives
the dependent variables produced by estimation. The prediction process starts from the root node, tests the
decision variables and continues until the leaf reaches the nodes. The last leaf node reached by the method is the
result of the node estimation.
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Random Forest Regression; Random forest regression generates multiple decision trees on a randomly selected
dataset. The arguments that are input for the prediction process move through each tree structure created, reach
the leaf node and generate the value. It produces predictive value by taking the average of the leaf node values
found by each tree [20].

2.1. System Design Architecture

The block diagram of the system used to collect data from the IoT based irrigation system is given in Figure 1. The
data received from the sensor node in the system is read by Arduino and saved to the cloud with the Esp8266 Wifi
module.

Sensor Node

loT Gateway and Network

Cloud and Services Data Visualization

Sensor

l Temperature and Humidity
(DHT22)

Soil Moisture Sensor
(HL-69)

Toprak Nem Tahmini Veri Seti
Ultraviolet Sensor
(uv)

A5 Rain Sensor
L

Figure 1. Block Diagram of the System

The environmental data taken from the sensors are exported to the internet and stored in the cloud system.
ThingSpeak API (Application Programming Interface) is used to save data in the cloud system. ThingSpeak API is
an open source interface that listens to incoming data, includes time information and outputs for humans through
visual graphics and for machines through easily parsable code [21]. Esp8266 Wifi module sends data received
from sensors to ThingSpeak. The ThingSpeak channel created to record the data received from the prototype
system is given in Figure 2. In the soil moisture estimation data set channel, 5 areas are created to record the data
from the system.

The key of the channel is used to write the data to the correct channel. In addition to storing data, ThingSpeak
offers visualization and remote monitoring of these data over the internet.

CJ1ThingSpeak™ channels ~  Apps ~

Support -~

Dataset for Soil Moisture Predict

Channel 1D: 691911
Author: balpay

Access: Private
Public View Channel Settings Sharing APl K

Channel Settings
Percentage complete 309
Channel ID 691911

Name Dataset for Soil Moisture Predict

Description

Field 1 Temperature
Field 2 Humic fity
Field 3 Ultraviyole(UV
Field 4 Rain

Field 5 Soll Molsture

Figure 2. ThingSpeak Channel
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An HTTP request is sent by the system to the ThingSpeak channel with the Esp8266 Wifi Module. Within this
request, there is a channel-specific write key and data of 5 fields read from sensors via Arduino. During 55 days,
data has been taken from the system every half hour and recorded in ThingSpeak. The data recorded in the channel
is taken in .csv format and used for training and testing the models. In the data set containing 2395 samples in
total, the data received as "NAN" when the sensor could not read is completed by using the average strategy in the
preprocessing stage.

As the soil moisture parameter is affected by the momentary environmental conditions, the soil moisture
information of the previous day is also important. For this reason, the average soil moisture information of the
previous day is included in the data set.

2.2. Data preprocessing

Since the statistical properties of the attributes in the data set are different, some attributes may override others
while the model is being formed. In this case, there are 2 methods in data science as normalization and
standardization to reduce the attributes to the same plane. In normalization, the smallest value is set to 0 and the
largest value is set to 1. In standardization, the mean value (p) is set to zero. In this study, the min-max
normalization method calculated by Eq.5, in which the values are spread between 0 and 1, has been used as a pre-
process. The data set has been randomly divided into 75% training and 25% testing for use in experimental
studies. The calculations are performed in the Python programming language compiler Spyder. Machine learning
library scikit-learn is used for normalization, training and testing data creation, and running regression algorithms.

, X — Xmin
X'= (5)

Xmax — Xmin
3. Results

In this study, machine learning algorithms MLR, PR, DT, SVR and RF regression methods are used. The models of
these methods are run using the scikit-learn library. While training the regression models in the experiments,
temperature, humidity, UV, rain and the previous day's average soil moisture parameter data collected from the
field are used. The success of the models trained on the basis of R and MSE values are evaluated. These two criteria
basically indicate how close the estimates produced by the models are to the real values. The proximity of the value
to 1 in the RZ method and the value to 0 in the MSE method show the success of the regression models. Predictions
are made by giving test data as input to the regression models created as a result of the training. The graph showing
the estimated and actual soil moisture values of the MLR model is given in Figure 3.
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Figure 3. Multiple linear regression values

Figure 4 shows the graph showing the predicted values of the PR model. While creating the polynomial regression
model, the polynomial degree is calculated as 2.
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Figure 4. Polynomial regression values

The graph of the SVR model using ‘rbf” as the kernel function is given in Figure 5.
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Figure 5. Support vector regression values

Figure 6 shows the graph showing the predicted values of the DT model. In the DT regression model, the maximum
depth parameter of the tree is taken as 5.
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Figure 6. Decision tree regression values

Figure 7 shows the graph showing the predicted values of the RF model.
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Figure 7. Random forest regression values

Figure 3-7 shows the values predicted by each regression algorithm against the real values in the test data. Since
the real values do not match the predicted values in Figure 3, which belongs to the MLR, the spread of the graph
over a wide area is seen. This makes it difficult to establish a trendline for the model, and the margin for error is
high. While creating the PR model, the polynomial degree was taken as 2 and a graph with a narrower spread was
obtained compared to the MLR. SVR model shown in Figure 5, on the other hand, obtained better predictions than
MLR and PR, since the outputs of DT model in Figure 6 are the values calculated in leaf node, the model gives
certain discrete outputs in the predictions. A graded graphic has been observed and the performance of the model
is better than MLR, PR and SVR. In the RF model shown in Figure 7, it has been observed that the actual and
predicted values coincide. In addition, when Figure 3-7 is examined independently from R2? and MSE values, it is
seen that the actual and predicted values in Figure 7 have a trend line and produce better results than other
algorithms. R? and MSE values calculated according to the real and predicted values on the test set of MLR, PR, DT,
SVR and RF models that estimate the soil moisture value are given in Table 1.

Table 1. R and MSE values of the algorithms

Regression Algorithms R2 MSE

Multiple Linear Regression 0.681 0.0077
Polynomial Regression 0.730 0.0065
Support Vector Regression 0.751 0.0060
Decision Tree Regression 0.836 0.0039
Random Forest Regression 0.926 0.0018

4. Discussion and Conclusion

Soil moisture is a critical parameter used to develop smart irrigation systems, measure soil fertility, monitor
droughts, increase crop yields, improve weather forecasts, predict floods, and has a complex relationship with
environmental factors. In this study, models that predict the soil moisture value, which has an important place in
agricultural practices, have been presented. The success of these models has been compared according to Rz and
MSE criteria. During the training and testing of the models, the data obtained from the system developed for 55
days are used. MLR, PR, SVR, DT and RF regression algorithms have been applied for estimation. In the RF
regression model, R2 and MSE values have been calculated as 0.926 and 0.0018, respectively, and this model has
been found to be more successful than other models. Here, the failure of the multiple linear regression method
shows that there is no linear relationship between the attributes in the estimation of the soil moisture value. The
fact that tree-based methods are more successful is that they can discover complex relationships between
attributes, and that the variable value range is narrower because the data set used in the study is collected in a
short period.

As a future study, the effect of enriching the dataset by using more sensor nodes and using different data
preprocessing steps on the performance of the methods will be analyzed. Also, with the advancement in
technology, weather forecast accuracy has improved significantly. Weather forecast data can be used to predict
changes in soil moisture.
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