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Abstract

Recommender systems have become more and more popular in online environments in recent years. Although
different approaches are introduced to build a powerful recommender system, collaborative filtering is one of the
most used approaches in the recommender systems. Yet, researchers still introduce new methods to improve
prediction performances in collaborative filtering. k nearest neighbor algorithm is one of the most dominant and
prevalent one in collaborative filtering. The underlying approach behind it is to select a predefined k neighbors for
an active user among all users. In the traditional algorithm, the value of k is constant and is determined before the
prediction process. Recently, scholars proposed to use dynamic k neighbor selection for each user. Inspired from
this work, we propose to improve prediction performance, accuracy and coverage, of collaborative filtering
systems under k nearest neighbor approach. We first propose that users who rate the target item should become
nominees for dynamic k neighbor selection instead of all possible users whose similarities can be calculated. The
similarity calculation is the most crucial point of the k nearest neighbor algorithm. Furthermore, we also propose
to use the significance-weighting approach in addition to the traditional Pearson correlation coefficient when
identifying the best dynamic k neighbors for each user. The experimental results on the two well-known datasets
show that the prediction accuracy and coverage improve in the dynamic k neighbor selection method by selecting
neighbors among users who rated the target item and introducing the significance-weighting factor into the
neighbor selection phase to find more eligible neighbors.

Keywords: dynamic k, significance-weighting, collaborative filtering, accuracy, coverage

Kullanic1 Tabanh Isbirlikci Filtrelemede Dinamik Komsu Se¢iminin
Tahmin Performansini Artirma

Oz

Oneri sistemleri son yillarda gevrimigi ortamlarda giderek daha popiiler hale geldi. Giiglii bir 6neri sistemi
olusturmak icin farkli yaklasimlar kullanilmasina ragmen, isbirlik¢i filtreleme oOneri sistemlerinde en ¢ok
kullanilan yaklagimlardan biridir. Buna ragmen arastirmacilar, isbirlik¢i filtrelemede tahmin performanslarini
iyilestirmek i¢in hala yeni yontemler sunuyorlar. k en yakin komsu algoritmasi, isbirlik¢i filtrelemede en dominant
ve yaygin algoritmalardan biridir. Bu algoritmanin arkasindaki temel yaklasim, aktif kullanicr i¢in tiim kullanicilar
arasindan 6nceden tanimlanmis k tane komsu seg¢mektir. Geleneksel algoritmada k degeri sabittir ve tahmin
isleminden 6nce belirlenir. Son zamanlarda, arastirmacilar her kullanici i¢in dinamik k komsu se¢imini kullanmay1
Onermislerdir. Bu ¢alismadan esinlenerek, en yakin komsu yaklasimi altinda isbirlikg¢i filtreleme sistemlerinin
tahmin performansmi, dogrulugunu ve kapsamuni, iyilestirmeyi &neriyoruz. Ilk olarak, benzerlikleri
hesaplanabilen olasi tiim kullanicilar yerine hedef Grlinu oylayan kullanicilarin dinamik k komsu secimi igin aday
olmalar1 Onerilir. Benzerlik hesaplamasi, en yakin komguluk algoritmasinin en dnemli noktasidir. Ayrica, her
kullanici i¢in en iyi dinamik k komsularini belirlerken geleneksel Pearson korelasyon katsayisina ek olarak 6nem-
agirliklandirma yaklagimini kullanmay1 6neriyoruz. Bilinen iki veri kiimesindeki deneysel sonuglar, daha kalifiye
komsular se¢gmek i¢in komsular1 hedef {iriinii oylayan kullanicilar arasindan segmenin ve komsu se¢me agsamasina
Onem-agirhiklandirma yontemi eklemenin dinamik k komsu se¢imi metodunun tahmin performansini iyilestirdigini
gostermistir.

Anahtar Kelimeler: dinamik k, 6nem-agirliklandirma, isbirlikgi filtreleme, dogruluk, kapsam
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1. Introduction

As the World Wide Web rapidly spread, people have begun to spend lots of time using it. People can
buy anything they want in seconds or they can watch a movie without going to a cinema. The main
problem is to find the right thing people need to buy or want to watch over the web. Recommender
system (RS) techniques offer users to solve the information overload problem by forming a system that
takes users’ preferences and makes a prediction users will likely prefer. RSs have become popular in
recent years [1]. They have been started to be used in many different sectors from product
recommendations on e-commerce web sites to the music recommendation. The majority of e-commerce
sites such as Netflix, Amazon, Spotify, and eBay use RSs to provide customers with personalized service
of their favorite products [2]-[4]. The purpose of these companies is to speed up their customers’
decision-making process with the help of RS.

There are mainly three types of RSs which are content-based RS, collaborative filtering (CF) and hybrid
RS [5]. In content-based RSs [6], [7], keywords are used to describe items. Algorithms used in content-
based RSs try to predict similar items for users that users like in the past. If the user did not like or buy
an item containing a specific keyword, there might be no chance to recommend this type of item to the
user, so the variety of suggestions is reduced, and this is undesirable. CF is the most known and popular
algorithms in RS [8]-[10]. It is based on the assumption that users with similar preferences in the past
will make the same choices in the future. Basically, CF systems collect users’ ratings about items by
explicitly or indirectly and compute the similarity between users or items and finally produce a
recommendation. One of the most important advantages is that it does not need content of items in
opposition to content-based RS. CF can correctly recommend complex items without requiring to know
the contents of them. The hybrid RS has emerged to eliminate the disadvantages of existing RSs and to
create a more efficient recommender system [11], [12].

CF algorithms can be divided into two main groups which are neighborhood-based and model-based.
Although neighborhood-based approaches use a whole user-item matrix to produce a recommendation
[13]-[15], model-based approaches use the ratings in the user-item matrix to learn a model [16]-[19].
Neighborhood-based approaches are also grouped in user-based and item-based [20]. In user-based CF,
the similarities between users are calculated whereas item-based CF calculates similarities between
items to make a prediction.

Many approaches are introduced in neighborhood-based CF in literature. However, k nearest neighbor
(k-nn) algorithm is the most famous and dominant one in user-based and item-based CF [13], [21], [22].
The algorithm begins by calculating similarities between users or items. The algorithm selects the most
similar neighbors among all users based on predetermined k value. The algorithm ends with a prediction
by using ratings of the k best neighbors. It is important to choose the k value correctly for the
performance of the algorithm. On the other hand, a significant issue is that the k is a fixed value. A
traditional k-nn algorithm does not allow users to choose their own k value. However, allowing users to
select a dynamic k value increases the accuracy of the prediction [23]. Similar to traditional k-nn
approaches, an active user, who is looking for a prediction, selects the best k neighbors among all users
whose similarities can be computed in the dynamic k neighbors algorithm [23]. This may lead a poor
coverage compared to accuracy [23]. In addition to accuracy, coverage is a prominent factor, as well.
Therefore, instead of choosing the best k neighbors among all possible users, an active user should select
the best k neighbors within users who rated the target item to increase the coverage when dynamic k
neighbor selection is utilized. Otherwise, there may be some neighbors in the best k neighbors who have
not rated the target item but join the prediction process, such an occurrence reduces the coverage result.

There is another prominent issue that needs to be addressed beyond the coverage. When the correlation
between users is calculated, a classical Pearson correlation coefficient (PCC) is used for the similarity
calculation between users. It considers commonly rated items of two users even if there is only one
common item. However, PCC does not weigh up the number of commonly rated items. When the
correlation is calculated as 1.0 between two users, it means that they match perfectly even if these two
users have only one co-rated item. However, this result may not be enough to tell that two users are
similar due to the fact that there is only one co-rated item. Therefore, as the number of co-rated items
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between users decreases, the similarity values between users should be decreased. Herlocker et al. [14]
propose to add a correlation significance-weighting factor to PCC. With the help of the weighted factor,
the similarity value of users with fewer common items is reduced. We propose to use modified PCC in
conjunction with the dynamic neighbor selection approach in our work.

The main contributions of this paper are summarized as follows:

e We study how to improve coverage and accuracy results of dynamic k neighbors for each user
while selecting neighbors among only users who rated the target item.

e We examine how the number of common ratings between two users besides dynamic k
neighbors approach affects the prediction accuracy and coverage.

e We finally scrutinize how much contribution we achieve over existing methods using two well-
known movie-recommender datasets by performing several experiments

The rest of the paper is organized as follows. In Section 2, the related work is given. Section 3 presents
detailed information about neighborhood-based CF algorithms and a correlation significance-weighting
factor approach. In Section 4, we describe our proposed method. In Section 5, several experiments are
performed to evaluate the proposed approaches. Finally, Section 6 represents our conclusion and
describes possible future research directions.

2. Related Work

Neighborhood-based schemes are the most popular algorithms used in CF systems, which are also called
as memory-based CF [14], [24]-[26]. Neighborhood-based algorithms are divided into two parts in terms
of the implementation, either user-based CF [24] or item-based CF [26]. User-based algorithms reveal
a correlation between users, whereas item-based algorithms scrutinize relationships between items. The
first comprehensive study on the design of the neighborhood-based CF is performed by Herlocker et. al
[14]. The researchers tested various parameters to improve the quality of predictions. According to their
study, different similarity weight functions have been tested and the PCC outperforms the others. In
addition to selecting and calculating similarities, determining similar neighbors is also important in
neighborhood-based algorithms. Although the most k similar neighbors are selected from descendingly
sorted similarities weights [24], threshold-based approaches are also used to select similar neighbors.
Kim and Yang [27] introduce a threshold-based approach to identify the best neighbors. If the similarity
weight value of users is greater than the predefined value, those users are selected as appropriate
neighbors.

Herlocker et. al [14] also point to a different issue. They claim that the number of commonly rated items
between users is a significant factor while calculating similarities. Considering the structure of RSs,
most of the items are unrated. Due to sparsity, it is difficult to find users with many co-rated items,
which may lead to inaccurate predictions. PCC only calculates similarities between users regardless of
how many items are commonly rated by two users. Therefore, it is not a good way to select the best
neighbors just by PCC. The study in [14] introduced a new term called “a correlation significance-
weighting factor” to decrease the effect of the similarity weight of a user when there are a few co-rated
items between users. They claim that the more co-rated items two users vote, the more reliable the
calculated similarity weight between them would be. Ma et al. [28] also use PCC-based significance
weighting instead of classical PCC. The researchers modified the approach which was proposed by
Herlocker et. al [14]. Polatidis and Georgiadis [29] proposed to use the enhanced PCC by dividing the
similarity process into multi-levels. Their algorithm contains four levels instead of one as in [14]. The
number of co-rated items is divided into four parts. The researchers define four positive numbers for
each level to add the similarity weights. As the number of co-rated items increases between two users,
the value of similarity weight is increased with the predefined positive number. Moreover, the
researchers add a threshold value and compare this value with the similarity weight. If the similarity
weight of users is greater than the threshold value and the number of co-rated items between users is
appropriate for any level, the similarity weight is updated with the value of that level.
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There are various studies that propose new approaches for neighborhood selections to increase the
accuracy of the predictions. Zeybek and Kaleli [23] propose a dynamic neighbor selection instead of a
constant number of neighbors. They claim that choosing the different number of k values for each user
gives better results than the traditional neighbor selection method. Their algorithm starts by determining
the best k value offline for each user and stores those values at a table to use at the online prediction
process. Their result shows that using dynamic k values outperforms the traditional method. Motivated
by this work, we examine how to improve the accuracy results using dynamic k values. Our study differs
from the work in [23]. The researchers select the most k similar neighbors regardless of whether the
target item is rated or not by those users. In our work, in the offline phase, we dynamically select the
most similar k neighbors for each user among users who rated the target item. We also add “a correlation
significance-weighting factor” to our study. Our aim is to improve the prediction accuracy and coverage
of the dynamic k neighbor selection method by selecting neighbors among users who rated the target
item and introducing the significance-weighting factor into the neighbor selection phase to find more
eligible neighbors.

3. Neighborhood-based CF Algorithms

CF systems are based on the fact that users who had similar tastes in the past will likely have similar
tastes in the future as well. The first step to form an effective CF system is to select similar users for an
active user. There are mainly two approaches to find similar users, which is also called neighbors or
neighbor users. These approaches are defined as correlation-based similarity and clustering. In this
paper, the correlation-based approach is used to select neighbor users.

Neighborhood-based CF algorithms are commonly used in RS. The underlying approach of
neighborhood-based CF is to find similar users when an active user asks a prediction for a target item
(). The algorithm starts by computing similarities between an active user and all users in the system.
There are numerous methods to compute similarities between the active user and other users. The most
popular and prevalent one is PCC [30]. Then, the algorithm selects the most similar k users as neighbors
of the active user. The algorithm ends by producing a prediction for the active user on q. Figure 1
illustrates a general view of the neighborhood-based CF algorithm.

Similarity weight matrix

1
2
@ < > 3
Users Computing similarities
between a and all users
n
Selecting the most similar
k users as neighbors
Target item (g)
1
8 | 2
[j =
— MF <—
Paq = = = Applying k-nn
. E e el
Active user (a) based CF P
algorithm

Figure 1 A General View of the Neighborhood-based CF Algorithm
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3.1 Similarity Calculation

PCC is commonly used in user-based CF systems. PCC calculates similarities between an active user
and other users as in Equation 1,

ZpEP(ra,p - Fa)(ru,p - T'u)
\/ZpEP(ra,p - Fa)z \/ZpEP(ru,p - Fu)z

where P demonstrates the set of items rated both an active user, a, and a user, u, Tap and Ty p represent
ratings for item p rated by a and u, respectively. 7, and r,, are the mean of P items’ ratings of a and u.
According to Equation 1, similarities are calculated in the range between -1.0 and 1.0. 1.0 illustrates that
two users are perfectly matched. It means they are the most similar. -1.0 shows the greatest degree of
dissimilarity of two users.

sim(a,u) =

)

3.2 Selecting k Neighbors

After calculating the similarities between users, the most important step is to select appropriate
neighbors in order to produce accurate predictions. There are mainly two neighbor selection methods.
The first one sorts calculated similarities and then selects top k users as the most similar neighbors [24],
[25]. According to the second one named correlation weight threshold, a threshold value is defined, and
all calculated similarities are compared to that value. If the similarity value is greater than the predefined
value, that user is selected as a neighbor of an active user [27]. In this paper, we use the first method
and select the most similar k users as neighbors.

3.3 Providing Predictions

After calculating similarities between the active user and all users using Equation 1 and selecting the
most k similar users for the active user, the prediction p, 4 is calculated as seen in Equation 2,

o Z§=1(ru_q - fu) sim(a, u)
Pa,g = Ta + k .
v_1sim(a,u)

)

where 7, and r,,are mean ratings for user a and user u respectively. k represents k-nearest-neighbors of
a. Ty,q is the rating of user u on item g and sim(a, u) illustrates the similarity value calculated using
PCC between user a and user u.

3.4 A Correlation Significance-Weighting Factor

As mentioned before PCC is the most common method to measure similarities between users and is able
to achieve higher performance than other similarity functions [30]. However, PCC does not take the
number of co-rated items between users into account. Table 1 shows an example of the user-item matrix.
The matrix contains six users and ten items. The first row of the table indicates the active user’s ratings.
The active user asks for a prediction for item 10.

Table 1 An Example of User-ltem Matrix
iy i i i ]

o~
[y
w
e~
Ry
|
e~
=]
(1
O
(1

is lg i 10
a 5 3 4 4 ?
w, 4 1 2 2 3 3
w, 3 3 3 4 3 5
w2 3 2 4 5 4
Uy 1 5 5 1 2 2 1
us 2 4 2 2 4 5

78



Sakarya University Journal of Computer and Information Sciences

Burcu Demirelli Okkalioglu

Table 2 shows the similarity weights between the active user and all users in Table 1. According to
Table 2, user 5 is the most similar neighbor of the active user. However, they have one common item
and it is hard to tell that they have similar preferences.

Table 2 Similarity Values Between the Active User and Other Users

sim(a,uq) sim(a,u,) sim(a, u;) sim(a,uy) sim(a, ug)

0,9487 0 -0,4264 -0,7921 1

Herlocker et al. [14] proposed an approach that adds a correlation significance-weighting factor to
classical PCC. A recommender system is usually sparse, and it is difficult to find users rated more ratings
common with the active user. The more items are rated by the user and the active user, the more they
have likely similar preferences. Herlocker et al. [14] proposed to use Equation 3, which adds a
correlation significance-weighting factor to the similarity calculation.

I, N1
u*sim(a,u), if I, N I,| <SW
sim'(a,u) = SwW (3)
sim(a, u), otherwise

In Equation 3, |I, n I,,| shows the number of co-rated items, which are rated by the active user and
user u. SW is a threshold value, which is a constant value. If the value of |[I, n I, | is less than SW, the
similarity weight is decreased. Otherwise, the similarity weight remains the same. Note that the more
co-rated items between users there are, the more reliable results would be.

4. Proposed Method

It is crucial that how many users are selected as the best neighbors in the k-nn based CF algorithms.
Most of the algorithms apply the fixed k value. It means that the system selects the fixed k best users
among all users whenever an active user attends in the system and wants a prediction for an item (q).
Zeybek and Kaleli [23] proposed to use dynamic k value for all users to improve accuracy. The
researchers show that accuracy results get better while the coverage decreases. Our method improves
the overall accuracy and coverage of the dynamic k neighbor selection method. After calculating
similarities between an active user and all users, similarities are sorted in the traditional k-nn based CF
algorithm, and top k users are selected. However, we propose that the best k users should be selected
among users who rated the target item, g, because some of the selected neighbors may not have rated
the target item. Even in the worst case, none of them may not have rated the target item. Such an
occurrence is closely associated with a decrease in coverage. Therefore, we first propose to select top k
neighbors among users who have rated the target item when calculating a dynamic k value for each user
offline.

We also claim that the number of co-rated items is prominent to get a higher prediction performance.
As seen in Table 2, the similarity value between a and user 5 is 1.0. It is the greatest similarity value. Is
it enough to tell that these two users have the same taste? Unfortunately, Table 1 shows that they have
only one common item. A few number of co-rated items between a and any user do not reflect the real
correlation. The more co-rated items two users have, the more reliable the correlation is. Herlocker et.
al [14] proposed to use a correlation significance-weighting factor in order to improve prediction
accuracy. According to their experimental results, the significance-weighting factor which is selected
50 gives the best results among other values. We also set the significance-weighting factor to 50 in our
experiment. If the number of co-rated items between users is less than the predefined weighting factor,
their similarity value was decreased using Equation 3. Otherwise, as seen from Equation 3 the similarity
value is equal to classical PCC.

We combine two approaches, significance-weighting factor in the correlation calculation and an update
to the neighbor selection, in our work as the second proposed method. After similarities are calculated
using Equation 1, we recalculate similarities using Equation 3 based on commonly rated items
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(significance-weighting). The first step is to identify k value for each user in dynamically. Note that top
k neighbors are selected among only users who rated the target item. This is the training phase. The
second, testing phase, is to produce predictions using the dynamic k-value selected in the first case.

5. Experiments

Throughout our experiments, we test if the accuracy and the coverage results get better than the existing
methods [14], [23]. We perform different experiments to test our intuition and demonstrate how dynamic
k values and the significance-weighting factor contribute to the results.

5.1. Datasets and Evaluation Metrics

A well-known recommender system data sets, MovieLens and FilmTrust are used in the experiments.
MovieLens is a movie recommendation website (www.grouplens.org) and each rating is based on a 5-
star scale. The standard 100K MovielLens data set, including 943 users and 1862 items, is used.
FilmTrust is also a movie recommender dataset that consists of 1508 users and 2071 items. The rating
values used in dataset are 0.5, 1, 1.5, 2, 2.5, 3, 3.5 and 4. Table 3 shows general information about
datasets such as the number of users, items, and ratings and rating range.

Table 3 Datasets

users items ratings rating scale
MovielLens 943 1682 100000 1-5
FilmTrust 1508 2071 35497 0.5-4

Mean Absolute Error (MAE) is used to measure the accuracy of the recommender system as given in
Equation 4, where p; is the prediction value, o; is the real rating value, and R is the number of provided
predictions. Since this metric measures the error between the predicted and original rating, lower MAE
results indicate a better prediction.

1 R
MAE == Ip= ol (4)
i=1

We also measure the coverage using Equation 5. Coverage is the percentage of the items that the
recommender system can produce a prediction.

# of provided predictions

(®)

coverage =
g # of all queried items for a prediction

5.2. Methodology

Our experiments are divided into two parts: offline and online phase. In all experiments, an active user
is selected using the leave-one-out cross-validation method (AllButl). Each time, one active user is
selected from the whole dataset as a test data and the rest of users form our training dataset. After
selecting an active user, a prediction is produced for each item (AllButl) to identify the best k value for
each active user offline. All k values are stored in a table for the stage of the prediction process.

In the online part, we randomly select five items among rated items by the active user as in [23] and
estimate predictions for those items using dynamic k values and predefined significance weight value.
We repeat this experiment 100 times to obtain average prediction results.

5.3. Experimental Results and Discussion
As explained before, each user should pick his value of k dynamically. Possible k values are set 5, 10,

15, 20, 25, 30, 35, 40, 45 and 50. After calculating dynamic k values for each user, these values are
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stored in the table. When the prediction process is executed, k value for the active user is looked up from
the table and top k neighbors among users who have rated the target item are selected.

Before the detailed experimental results, we want to demonstrate how dynamic k values and MAE
change based on the proposed methods. Table 4 shows randomly selected ten users and their calculated
dynamic k values for FilmTrust dataset. Table 4 contains four columns. The first two columns show the
results for only dynamic k value and its MAE and the last two columns illustrate the results for the
proposed method. The number of co-rated items, which is indeed SW is set 50. “NaN” shows user 4 has
no neighbors or co-rated items with any users and his k value remains 50 as a default value. In such a
case, the k value is not important because the prediction cannot be provided for such users.

Table 4 Dynamic k Value for FilmTrust Users Based on the Proposed Method
the the best k when

best k MAE SW =50 MAE
u, 35 0.40045 15 0.32749
u, 10 0.22344 5 0.26139
u; 20 0.52459 5 0.35026
u, 50 NaN 50 NaN
Us 50 0.69064 10 0.63377
Ug 25 1.40790 25 1.33525
uy 15 1.07709 50 1.11342
ug 35 0.47680 20 0.44062
Ug 10 0.43242 25 0.30979
w45 1.39214 5 1.26631

We conduct a new experiment in order to measure the effect of nominating users who rated the target
item as possible neighbors in dynamic k neighbor selection. Recall that dynamic k neighbor selection
nominates all users whose correlation/similarity can be calculated [23]. Each user in the dataset is
selected as an active user and the rest form our training data. All rated items for each active user are
estimated and MAE is calculated. Figure 2 shows the experimental results and the experiment compares
four different approaches. The first and third use a fixed k value while the second and fourth algorithms
use dynamic k value. First, we would like to show how MAE results change when neighbors are selected
among users who have rated the target item. When Kk is fixed at 50, Figure 2 (a) shows that MAE is
0.8858 when neighbors are selected from all users while MAE is 0.7565 when neighbors are selected
from users who rated the target item for MovielLens dataset. Even only choosing a fixed k neighbors
among users who have rated the target item increases the accuracy dramatically. Furthermore, we also
compare dynamic k neighbor selection in [23] with our first proposed method. MAE of our first proposed
method is 0.7379 while MAE in [23] is 0.7961. Figure 2 illustrates that selecting dynamic k neighbors
among users who have rated the target item for each active user gets the best accuracy by outperforming
the previous two baseline methods and dynamic k neighbor selection in [23]. One can see in Figure 2
(b) that the accuracy results for FilmTrust dataset confirm our findings.

Besides accuracy, the coverage is also important in RS. Therefore, we also calculate the coverage values
for baseline methods and the first proposed method. As expected, the coverage in our method of
nominating users who rate the target item for the fixed k neighbor selection is better than nominating all
users regardless of their rating on the target item. Furthermore, in dynamic k neighbor selection, our
proposed method gives the best coverage. As mentioned before, we inspired from an earlier work by
Zeybek and Kaleli [23]. The most important difference in our study is to choose the value of k from the
users who have voted for the target item. When we compare our work with them, our coverage values
increase although their coverage decreases. As seen from Figure 3, the coverage for MovieLens is 0.91
and the coverage for FilmTurst is 0.87. However, Zeybek and Kaleli [23] have shown the value of
coverage in the range of 0.54 — 0.71 for MovieLens dataset in their work.
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MAE for MovieLens MAE for FilmTrust
0.8858
0.7565
0.7379
k=50 in k:_dynamic k=50  k=dynamic k=50 in k=dynamic k=50 k=dynamic
[23] in[23]  (rated_q) (rated_q) [23] in[23]  (rated_q) (rated_q)
EMAE 0.8858 0.7961 0.7565 0.7379 EMAE 0.6520 0.5791 0.5877 0.5538
(a) (b)
Figure 2 Accuracy Results Based on Selecting k (a) Accuracy Results for MovieLens; (b) Accuracy Results for
FilmTrust
Coverage for MovieLens Coverage for FilmTrust

kz[gg?]in dyrll(:mic (r:t:goq) k:rg?gna k=50 in k=dynami k=50 k=dynami
in [23] — (rated_q) [23]  cin[23] (rated_q) c
u Coverage 0.71 0.52 0.83 0.91 u Coverage 0.79 0.67 0.79 0.87
(a) (b)
Figure 3 Coverage Results Based on Selecting k (a) Coverage Results for MovieLens; (b) Coverage Results for

FilmTrust

We also test our second proposed approach. The number of co-rated items between users is crucial as
much as higher similarity weights. As discussed throughout the paper, higher similarities between users
may not always indicate that these two users have common tastes. Recall that the significance-weighting
factor tries to balance the similarity of two users by considering the number of commonly rated items
they have. The correlation significance-weighting factor is set 50 as in the work [14]. Figure 4 contains
two sub-figures which are MAE results for MovieLens and FilmTrust. In this case, our second proposed
method is compared with baseline methods. The first result shows the classical PCC with users who
have rated the target item while the second result depicts the modified PCC with the significance-weight
factor. The third result shows our proposed method’s result and allows the system to decrease similarity
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weights between users if the co-rated items are smaller than the threshold and choose dynamic k values.
Figure 4 illustrates that using dynamic k value for each user with the significance-weight factor increases
predictions of accuracy.

When we compare the results of Figure 4 with Figure 2, MAE for MovieLens of the baseline method,
the first proposed method, and the second proposed method is 0.7565, 0.7379 and 0.7166, respectively.
A lower MAE means a higher accuracy. FilmTrust dataset shows similar results. MAE for FilmTrust of
the baseline method, the first proposed method, and the second proposed method is 0.5877, 0.5538 and
0.5310. The accuracy for the second proposed method gives the best.

MAE for MovielLens MAE for FilmTrust

0.7565

0.5877
0.5805
k=50 k=50

(rated_q) (rated_q) and SN k=50 k=50 (rated_q) k=dynamic

SW=50 il (rated_q) and SW=50 and SW=50

u MAE 0.7565 0.7443 0.7166 u MAE 0.5877 0.5805 0.5310

(@) (b)
Figure 4 Accuracy Results Based on Selecting k with a Correlation Significance-weighting Factor (a) Accuracy
Results for MovieLens; (b) Accuracy Results for FilmTrust

Coverage for MovieLens Coverage for FilmTrust

k=50 k=50 k=dynamic k=50 k=50 k=dynamic
(rat; d q) (rated_g) and (rated_q) and (rat; ) (rated_g) and (rated_q)
-4 SW=50 SW=50 -4 SW=50  and SW=50
m Coverage 0.83 0.86 0.93 m Coverage 0.79 0.85 0.87
(a) (b)

Figure 5 Coverage Results Based on Selecting k with a Correlation Significance-weighting Factor (a) Coverage
Results for MovieLens; (b) Coverage Results for FilmTrust

After MAE results are given for the second proposed method in Figure 4, coverages for both datasets
are measured. As seen from Figure 5, our second proposed method increases the coverage. The coverage
of the classical PCC is 0.8308 while the coverage of the proposed method is 0.9247 for MovieLens.
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Likewise, the coverage of the traditional PCC is 0.7896 while the coverage of the proposed method is
0.8673 for FilmTrust. Approximately 8 to 10 percent of increase has been achieved with the
significance-weighting factor and the dynamic k neighbor selection.

A correlation significance-weighting factor is set 50 in all experiments. However, we also test to see if
the results change with different significance-weighting factor values. The values of significance-
weighting factors are set 20, 40, 50, 60 and 80. Note that dynamic k values for each user are selected in
each experiment based on the predefined significance-weighting value offline. The results are shown in
Table 5 and Table 6. When the results are examined, they are very close to each other. Table 5 illustrates
MAE and coverage results of MovieLens dataset. In previous experiments, we set the significance-
weighting factor as 50. However, someone may want to choose the significance-weighting factor as 40
according to this experiment.

Table 5 Movielens Results Based on Various Significance-weighting (SW)

SW=20 SW=40 SW=50 SW=60 SW=80
MAE 0.7201 0.7159 0.7166 0.7162 0.7150
Coverage 0.9236 0.9251 0.9247 0.9242 0.9237

The results in Table 6 demonstrate similar trends with Table 5. A correlation significance-weighting
factor may be set as 60 according to this experiment. However, the improvement is minimal. The reason
why the results are so close is that different k neighbors for each user are chosen for each value (SW).

Table 6 FilmTrust Results Based on Various Significance-weighting (SW)

SW=20 SW=40 SW=50 SW=60 SW=80
MAE 0.5358 0.5313 0.5310 0.5303 0.5298
Coverage 0.8676 0.8676 0.8673 0.8674 0.8668

We also perform t-tests to show whether our proposed approaches results are statistically significant. In
our experiments, null hypothesis regards that the prediction performances of the proposed approaches
are the same as the baseline method whereas the alternative hypothesis considers that the prediction
performances of the proposed approaches are better than the baseline method. Table 7 proves that the
proposed approaches are statistically significant at the 99% level of confidence interval (all p values <
0.01) and the alternative hypothesis is accepted. In other words, the proposed approaches improve
significantly the prediction performance based on the baseline method.

Table 7 Comparision of t-tests Between Baseline Method and Proposed Approaches

Movielens FilmTrust
Baseline method
(k=50 in[23]) vs. t=43.061 t =30.880
k = dynamic (rated_q) p = 4.4131e-225 p = 1.6734e-154
Baseline method
t=42.093 t=30.764

(k =50 in [23]) vs.

. p = 5.8468e-219 p =1.2178e-153
k = dynamic (rated_q) and SW=50

6. Conclusions and Future Work

Neighborhood-based approaches are used commonly in collaborative filtering systems. Researchers find
out new ways to improve the accuracy results of neighborhood-based approaches. Some of them propose
new best neighbor selection algorithms although some introduce new similarity metrics. k-nn based CF
algorithm is one of the most common neighbor selection algorithms in collaborative filtering. The
important point of the traditional k-nn based algorithm is to select a predefined number of users as the
best neighbors of the active user. A recent best neighbor selection algorithm offers to select dynamic k
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neighbors for each active user instead of a constant k value. However, there is a critical issue when
identifying the best neighbors: some of the selected neighbors should not have rated the target item.
This might cause a decrease in coverage. During the neighbor selection process, we propose that
dynamic k neighbors should be selected within users who have rated the target item. This criterion is
important to identify the best neighbors. We also propose to use modified PCC instead of classical PCC.
In the classical PCC, co-rated items between users participate in the similarity calculation. As the
number of co-rated items between users increases, the related correlation metric is likely to be more
reliable. This can be achieved by introducing significance weighting in similarity calculation. We
combine this approach with the dynamic neighbor selection approach.

As seen from MovieLens results, the coverage of the method which selects the best k neighbors
regardless of users who rated the target item is 0.71, whereas the coverage of the method which selects
the best k neighbors among the users who rated the target item is 0.83 in traditional fixed k neighbor
selection. Besides, when the dynamic k neighbors are selected among users who rated the target item,
the coverage value is increased to 0.91. The coverage of the proposed method with the significance-
weighting even reaches 0.93. Likewise, the coverage results of FilmTrust dataset increase approximately
from 0.79 to 0.87. Approximately 8 to 10 percent of increase has been achieved with the significance-
weighting factor and dynamic k value.

Mean absolute error results also decrease with the proposed methods. Mean absolute error of the
baseline method, which does not consider whether the target item is rated or not, is 0.8858 for
MovielLens whereas mean absolute error of the second proposed method, which considers if the target
item is rated and utilizes significance weighting, is 0.7166. FilmTrust dataset shows similar results and
mean absolute errors decrease with the proposed methods. The results show that it is prominent that
selected neighbors should be within users who have rated the target item.

We plan to offer a new user similarity metric to improve our proposed method. There are methods that
consider co-rated items between two users. These methods can be combined with existing user similarity
metrics to improve prediction performance.
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Abstract

In this study, we consider the solution of the road lighting problem by distributed algorithms over multi-agent
networks where the objective is to determine the powers of the lamps that provide the desired road lighting level
for a given road profile. The road is modeled as multiple road sections each with a length of 50 meters where a
lighting pole is located in the middle of each section. Under given assumptions, the illumination levels of the road
sections are expressed as linear functions of the powers of the lamps. When the processing units in the lighting
poles can communicate wirelessly with the neighboring processing units and make simple calculations, it is shown
that the power levels of the lamps that provide the desired lighting level for each road section can be calculated in
a distributed manner. Finally, the model and the proposed solution has been verified by a numerical example.

Keywords: multi-agent systems, distributed algorithms, distributed control, road illumination

Yol Aydinlatma Probleminin Cok Etmenli Aglarda Dagitik Co6ziimii
Oz

Bu calismada, verilen bir yol profili i¢in yol aydinlatma diizeyinin istenilen degerlerde olmasini saglayan lamba
giiclerini belirleme probleminin ¢ok etmenli sistemler {izerinde tanimlanan bir algoritma ile dagitik ¢oziimii ele
alinmistir. S6z konusu yol, elliser metrelik uzunluga sahip boliimler halinde modellenmis ve her bir bdliimiin
ortasinda bir aydinlatma diregi konumlandirilmistir. Yapilan varsayimlar altinda yol boliimlerinin aydinlanma
diizeyleri, lambalarin gii¢lerinin bir dogrusal fonksiyonu oldugu ifade edilmistir. Aydinlatma direklerinde bulunan
islem birimlerinin kendilerine yakin olan direklerdeki islem birimleriyle haberlesebildigi ve basit hesaplamalar
yapabildigi durumda, yolun istenilen bir aydinlik seviyesine sahip olabilmesi igin gerekli olan lamba giici
seviyelerinin, dagitik olarak hesaplanabildigi gosterilmis ve sayisal sonuglar ile modelin ve ¢oziimiin gecerligi
dogrulanmustir.

Anahtar Kelimeler: ¢ok etmenli sistemler, dagitik algoritmalar, dagitik kontrol, yol aydinlatmasi

1. Giris

Yolun yeterli ve dogru bir sekilde aydinlatilmasi, giivenli bir gece siiriisii i¢in biiylik 6neme sahiptir.
Istatistiklere gore dogru bir sekilde aydinlatilmamis bir yolda meydana gelen kaza oram, giindiiz
meydana gelen kaza oraninin ii¢ katidir [1]. Bunun yani sira, yolda seyir halinde bulunan araglarin
stirliciilerinin konforlu bir siirlis deneyimi yasayabilmeleri i¢in, yolun aydinlik seviyesinin belirli bir
deger araliginda ve parilti dagilimmin homojene olabildigince yakin olmasi istenmektedir [2]. Yol
aydinlatmasimin iyi olmadig1 yerlerde yapilacak dogru bir aydinlatma ile trafik kazalar1 kayda deger
oranda azaltilabilmektedir. Bu amagcla otoyol aydinlatma lambalarmin konumlandirilmalart ve bu
lambalarin gii¢lerinin dogru sekilde ayarlanmasi biiyik énem arz etmektedir.

Yol aydinlatma problemi, belirli varsayimlar altinda bir dogrusal denklem olarak ifade edilebilmekte ve
istenilen bir aydinlik seviyesini saglayan lamba giicii degerleri bu denklemin ¢6ziimii olarak
hesaplanabilmektedir. Ancak yolun belirli kisimlarinin farkli diizeyde aydinlatilmasi istendiginde, bu
yeni denklem sisteminin ¢dziilerek uygun lamba giiclerinin tekrar hesaplanmasi gerekmektedir. Bu
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¢alismada, islem birimleri ile giigleri kontrol edilebilen lambalara sahip bir otoyolun, istenilen aydinlik
seviyesini saglayacak sekilde, lamba giiclerini dagitik olarak hesaplama mekanizmasi incelenmistir. Bu
amagla, dogrusal denklem sistemlerinin ¢6ziimil igin yeni bir yaklagim olan ve ¢ok etmenli sistemlerde
kullanilan bir dagitik algoritmadan yararlanilmustir.

Literatiirde dogrusal denklem sistemlerinin ¢6zimii, arastirmacilarin iizerinde ¢ok uzun zamandir
calisilmakta oldugu ve birgok farkli miihendislik uygulamasinda karsilasilan 6nemli bir problemdir. Bu
amacla Jacobi yontemi, Gauss-Seidel yontemi, Kaczmarz yéntemi gibi birgok klasik algoritma basari
ile gelistirilmistir [3]. Bu algoritmalarin ortak 6zelligi, denklem sisteminin tamaminin bilindigi
varsayimina sahip olmalaridir ve bu nedenle merkezilestirilmis algoritmalar olarak adlandirilirlar.
Ancak kismi tiirevli diferansiyel denklemler [4], hesaplamal1 akigkanlar dinamigi [5], elektromanyetik
hesaplamalar1 [6], gli¢ sistemleri tahminlemesi [7] ve arama motorlar1 igin gelistirilen pagerank
algoritmalar [8] gibi bir¢ok pratik uygulamada denklem sistemindeki bilinmeyen sayisi ¢cok fazladir ve
merkezilestirilmis algoritmalarin bu denklem sistemlerini ¢ozmesi pratik degildir. Bunun yaninda,
dogrusal denklem sistemini olusturan denklemler birbirinden ¢ok farkli fiziksel konumlarda ortaya
cikabilecegi i¢in merkezilestirilmis bir algoritmanin kullanilabilmesi i¢in tiim denklemlerin merkezi
islemci tarafindan tek bir yerde toplanmasi gerekmektedir.

Merkezilestirilmis algoritmalarin aksine, dagitik algoritmalar ¢ok fazla degisken sayisina sahip dogrusal
denklem sistemlerinin ¢dziimil i¢in iyi bir alternatif olmasi nedeniyle son 10 yilda arastirmacilar
tarafindan ¢alisilmaktadir [7, 9-22]. Bu dagitik algoritmalar, denklem sisteminin yalnizca bir kismini
iceren birden fazla sayida alt sisteme ayirmakta ve her alt sistemin ¢ok etmenli sistemleri olusturan bir
etmen tarafindan ele alindig1 ve komsu etmenlerle bilgi paylagimi yaparak tiim denklem sisteminin
¢Oziimiinii bulmalarin1 saglamaktadir. Mou ve ark. tarafindan, etmenlerin komsulariyla kendi alt
sistemleri igin Qrettikleri ¢oziimii paylastiklari, komsularinin ¢éziimlerini de kullanarak ¢oziimlerini
giincelledikleri ve nihayetinde denklem sisteminin tamamina ¢dziim bulduklar bir dagitik algoritma
Onerilmistir [9]. Bu algoritmanin basarisinin ardindan, ayrik zamanda [10-16] ve slrekli zamanda [17-
21] benzer bilgi paylasim kisitlar1 altinda birgok algoritma gelistirilmistir. Gelistirilen bu algoritmalarin
temel ¢alisma mantig1, her bir etmenin denklem sisteminin bir alt kiimesine ¢6ziim iiretirken, komsu
etmenlerin denklemleri ile ¢6ziimlerinde oydasim (konsensiis) saglamaya ¢alismalaridir [22]. Denklem
sisteminin katsayilar matrisinin seyrek matris olmasi1 durumunda etmenler arasi bilgi paylasiminin daha
etkin bir sekilde yapildigi bir dagitik algoritma [10]’da verilmistir. Algoritmalarin baslangic
¢Oziimiiniin, denklem alt sistemini saglayan bir ¢6ziim olmak zorunda olmadigi, keyfi bir baglangi¢
vektorii se¢imi ile denklem sisteminin ¢oziilmesini saglayan bir algoritma ise [11]’de dnerilmistir.

Literatiirde Onerilen algoritmalarin bircogu, dogrusal denklem sisteminin tek ¢ézliimii oldugu durumda
¢Oziimii bulmay1 amaclamaktadirlar. Ancak bir denklem sisteminin sonsuz ¢éziimiiniin olmasi veya
¢Ozlimsiliz olmast durumu da s6z konusudur. Denklem sisteminin sonsuz ¢éziimiiniin oldugu durumda
en kiciik Oklid normuna sahip olan ¢dziimiin bulunabilmesini saglayan algoritmalar [11,12] de
gelistirilmisken, denklem sisteminin ¢dziimii olmadig1 durumda etmenlerin en kiiciik karesel hatayi
saglayan ¢Oziimii bulmasini saglayan algoritmalar [13, 17]’de verilmistir.

Bu makalede, verilen herhangi bir otoyol profili i¢in istenilen aydinlik diizeyini saglayacak olan lamba
gugclerinin belirlenmesi problemi -literatiirde yer alan merkezilestirilmis hesaplama yontemlerinden
farkli olarak- ¢ok etmenli aglar {izerinden dogrusal denklem sistemlerinin ¢oziimii igin tasarlanmis
dagitik bir algoritma kullanilarak ¢dziilmiistiir. Onerilen sistemin genel isleyisi Sekil 1°de gosterilmistir.
Aydinlatma direklerinde kablosuz iletisim yetenegine sahip olan akilli lambalarin her biri, iletisim
menzilinde bulunan komsu lambalardan gelen lamba giici kestirimlerini de kullanarak dagitik bir
algoritma yardimiyla yolda istenilen aydinlik seviyesine ulasmak i¢in gerekli lamba gii¢leri hesabini
giinceller ve komsu lambalarla paylasir. Bu giincellemeler sonucunda, tiim akilli lambalar istenilen
aydinlik seviyesine ulagsmak i¢in gerekli olan tiim lamba giiclerini belirler ve lamba giiciinii ayarlayarak
yolu istenildigi sekilde aydinlatabilir.
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s N

\_ Komsu lambalar /

Komsgu lambalarin
glg kestirimi

lllk Yol
algoritma J i. lambanin " aydinlatmasi

gui¢ kestirimi
i. lamba

Sekil 1 Akillt yol aydinlatma sisteminin igleyisi

Makalenin geri kalani su sekilde diizenlenmistir. B6liim 2°de ¢ok etmenli bir sistemde tanimlanmis akilli
yol aydinlatma modeli verilmis ve bu problemin dagitik olarak ¢oziilebilmesi i¢in kullanilabilecek bir
algoritma tanitilmistir. Bu algoritmanin yol aydinlatma probleminin ¢oziimiindeki basarimi Bolim 3°te
detaylar1 verilen benzetim ¢alismalari ile gosterilmistir. Bolim 4’°te ise, makalede elde edilen sonuglar
yorumlanarak gelecek ¢alismalardan bahsedilmistir.

2. Akilli Yol Aydinlatma Modeli

Bu béllimde, birden fazla lamba ile aydinlatilan bir otoyola ait yol boliimlerinin aydinlik seviyelerinin
lamba gii¢lerinin dogrusal bir fonksiyonu oldugu gosterilerek bu problemin ¢oézilebilmesi igin ¢ok
etmenli sistemler {izerinde tanimlanan dagitik bir algoritmanin detaylar1 verilmistir.

2.1 Akilli Yol Aydinlatma Sisteminin Cok Etmenli Ag Modeli

Bu boliimde, bir yola ait farkli egimlere sahip yol boliimlerinin birden fazla lamba tarafindan
aydinlatilmasinin dogrusal bir denklem sistemi seklinde modellenmesinden bahsedilmistir. Bu amagla,
Ornek bir yol aydinlatma sistemi Sekil 2’de gosterilmistir. Sekilde yol boliimlerinin aydinlik seviyeleri
yi (i = 1,..,n) ve lamba gucleri p; (j = 1,...,n) olarak temsil edilmekte olup; «;; ifadesi j. lambadan
¢ikan 1513 i. yol boliimiiniin normali ile yaptigi aciyr belirtmektedir. d;; ise j. lamba ile i. yol
boliimiiniin merkezi arasindaki mesafedir.

Ps

P,

Ps

Ys

Ys

Sekil 2 Bir yol boliimiiniin birden fazla lamba ile aydinlatilmasi

Bu tanimlamalar kullanilarak, j. lambanin i. yol boliminiin aydinlik seviyesine katkisi
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p; cos(a;j)

4y = 7z , eger j. lamba i. yol boliimiinii dogrudan aydinlatabiliyorsa
tj

1)

0 , diger durumlarda

olarak ifade edilebilir. Birden fazla lamba tarafindan aydinlatilan i. yol béliimiiniin aydinlik seviyesi

n

Vi = z Qai;jpj 2

j=1

denklemi ile ifade edilebilir. Yollarin toplam aydinlik seviyeleri y = [yq, V5, ..., ¥,]"7 ve lambalarin
gucleri p = [py,py, ..., ] " vektorleri tammlanarak,

y=Ap @)
dogrusal denklemi elde edilir. Bu denklemde yer alan A = [a;;], elemanlar1 negatif olmayan ve n X n
boyutlarinda bir matristir. Yol aydinlatma probleminin ¢oziilebilmesi i¢in, y = Ap denklemini saglayan

pT=A""y 4
vektorliniin hesaplanmasi gerekmektedir.

Yorum 1: Denklem 4’te yer alan p* ¢6ziminin hesaplanabilmesi i¢in son 10 yila kadar literatiirdeki
algoritmalarin temel varsayimi A matrisinin tiim satirlarinin bir merkezi islemci tarafindan biliniyor
olmasidir. Ancak yol aydinlatma probleminden de goriilecegi gibi, baz1 miihendislik uygulamalarinda
A matrisinin bazi satirlar1 ve y vektoriiniin aymi satirlara karsilik gelen elemanlar1 fiziksel olarak
birbirinden ¢ok uzak konumlarda ortaya ¢ikabilmektedir. Bu nedenle her bir yol béliimiiniin istenilen
aydinlatma diizeyine sahip olabilmesi i¢in gerekli olan lamba gii¢lerini belirleyebilme problemi, dagitik
olarak ¢ok etmenli sistemler iizerinde tanimlanarak ¢oziilebilir.

2.2 Dagitik Coziim Algoritmasi

Boliim 1°de bahsedildigi iizere dogrusal denklem sistemlerinin ¢6ziimil konusunda son yillarda gesitli
algoritmalar gelistirilmistir. Bu algoritmalar, siirekli ya da ayrik zamanda tanimli olmasina; baslangic
¢Oziimiiniin yerel denklem sistemini saglamak zorunda olup olmamasina ve ¢6ziim olmadig1 durumda
en kiiciik kareler ¢oziimiinii elde edebiliyor olup olmamasina gore farkli siniflara ayrilmaktadir. Bolim
2.1’de agiklanan yol aydinlatma probleminin ¢ok etmenli sistemler yardimiyla ¢6ziimii i¢in gerekli
tanimlar ve dagitik algoritma bu boliimde verilmistir.

Etmenler arasi iletisimin iki yonlii olarak saglandigi ve n > 1 adet etmenden olusan birgok etmenli
sistemi ele alalim. V = {1,2, ..., n} koseler kiimesi ve E < V x V kenarlar kiimesi olmak Uzere, ¢ok
etmenli sistem G = (V, E) gizgesi ile temsil edilebilir. Eger i. etmenden j. etmene bir bilgi akis1 mevcut
ise bu durumda (i,j) € E’dir ve i. etmen ile j. etmen komsu etmenlerdir. Bir i etmeninin komsular
kiimesi N; = {j : (j, i) € E} olarak tanimlanir ve i. etmeninin komsu sayisi | N;| olarak ifade edilebilir.
Eger agda bulunan her i ve j etmeni arasinda dogrudan veya dolayli bir iletisim mevcut ise, bu ag
cizgesine kuvvetli bagh cizge adi verilir. Her bir aydinlatma lambasinin giiciiniin bir islem birimi
tarafindan kontrol edildigi ve islem birimleri arasinda kablosuz iletisimin mevcut oldugu durumda,
aydinlatma lambalari etmen olarak tanimlanarak yol aydinlatma problemi ¢ok etmenli sistemde
tanimlanabilmektedir.

Ag1 temsil eden ¢izgenin kuvvetli bagli oldugu ve agdaki etmenlerin bildikleri y = Ap denkleminin alt
kiimelerinin birlesiminin y = Ap denklemine esit oldugu durumda, keyfi baslangi¢ vektorlerinden
baslayarak dogrusal denklem sisteminin essiz ¢oziimiine ulasabildikleri dagitik bir algoritma Wang ve
ark. tarafindan
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-1 .
pi(k + 1) = Pruucap Z wip; (k) + Al (4A]) i (i=1,..,n (5)

JEN;
olarak 6nerilmistir [12]. Burada p; (k) degeri k. adimda i. etmenin ¢dzim vektorini temsil ederken, w;;
parametresi j. etmenden i. etmene gelen ¢dziim vektoriiniin ¢arpildigi katsayidir ve

>0 ,eger(ji) € Eise
Wij { =0 ,diger durumlarda (6)
olarak tanimlanmaktadir. Bir i etmeninin komsu ¢6ziimlerini agirliklandirmak i¢in kullandig1 katsayilar
z Wij =1 (l = 1, ,Tl) (7)

denklemi saglanacak sekilde se¢ilmelidir. A; matrisi, i. etmen tarafindan bilinen y; = A; p; denkleminin
katsayilar matrisidir. Ppy,5(4,) Matrisi ise A; nin sifir uzayna iz diigiim matrisidir ve

-1 )
Pruncay =1— Al (AA]) 4 (i=1,..,n) (8)

denklemi ile hesaplanmaktadir [22]. Denklem 5°te verilen dagitik algoritmanin sézde kod yapis1 Tablo
1°de verilmistir.

Tablo 1 Kullanilan dagitik algoritmanin s6zde kod yapisi
fori=1ton
Pouncap < 1 — Al (AAD) T4
p;(0) « n elemanl: rastgele bir vektor
for each j € N;
wij < 1/[Ny]
end for
foreachj € {1,..,n}\ N;
W,:]' <0
end for
end for
for k = 010 k,,gs
fori=1ton
toplamHata < 0
for eachj € N;
pj(k) < komsu lamba j’nin k. adimdaki ¢ozimi
toplamHata < toplamHata + w;;p;(k)
end for
pi(k + 1) « Pruucay - toplamHata + AT (A,AD ™y,
end for
end for

Yorum 2: Etmenlerin Denklem 5’te verilen algoritmay1 kullanabilmesi i¢in 6ncelikle Pyy,5(4,) Matrisini
hesaplamalar1 gerekmektedir. Yol aydinlatma probleminin dogas1 geregi, y = Ap denklem sisteminin
her bir denklemi farkli bir fiziksel konumda ortaya ¢ikmaktadir ve etmenlerin bildikleri y; = A;p;
denklemlerinde bulunan A; matrisleri tek satirdan olusmaktadir. Bu nedenle 4;A] sayil bir degerdir ve
Pruii(a;) 'nin hesabr igin yiiksek islem giicti gerekmemektedir.

3. Benzetim Calismalar:

Bu bdlimde, Bolum 2.1°de detaylari agiklanan yol aydinlatma probleminin Boliim 2.2°deki algoritma
ile ¢c6zumin( gosterebilmek icin GNU Octave benzetim ortaminda yapilan ¢alismalardan bahsedilmistir
[23]. Bu amagla, 750 metre uzunlugunda ve (otoyol aydinlatma standartlarina uygun olarak) elliser
metre araliklarla aydinlatilmak istenen bir otoyol ele alinmustir. Benzetim ¢alismalari i¢in kullanilacak
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olan yol boliimleri dogrusal olarak modellenmis olup, egimleri bir 6nceki yol egiminden £%3’ten fazla
degismeyecek sekilde ve yol egimi hi¢bir zaman £%6’y1 gegmeyecek sekilde rastgele olusturulmustur.
Yol profili Sekil 3’te ve yol bolumlerine ait egim degerleri Tablo 2’de verilmistir.

(=]
o

(5]
(=]
T
1

Yukseklik (m)
(=}
*
*
*
1

I ! I ! 1
200 300 400 500 600 700

Mesafe (m)

[=]
jry
o
[=)

Sekil 3 Olusturulan 6rnek yol profili

Tablo 2 Benzetim ¢aligmalarinda kullanilan yol boliimlerinin egim degerleri
..Y..OI L1 2 3 4 5 6 7 8 9 10 |11 | 12 | 13 | 14 | 15
bolumi

Egim |0 (0,53|-1,11|-1,80|-1,31|-2,79 | -4,04 | -3,34 | -4,74 | -2,80 | 0,09 | 1,47 | 0,54 | 1,04 | -1,31
(%)

Her yol boliimii, yolun ortasina yerlestirilmis ve standartlara uygun olarak 15 metre yiikseklikteki bir
aydinlatma direginde bulunan bir lamba ile aydinlatilmak istendigi durumda, lambalar ve yol
boliimlerinin orta noktalari arasindaki mesafelerin degerleri Tablo 3’teki gibi olmaktadir.

Tablo 3 Lambalar ile yol boliimlerinin orta noktalar1 arasindaki mesafeler (m)

Lamba

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Yol bélumui

1 1500 52,48 101,65 151,38 201,22 251,05 300,84 350,63 400,35 449,96 499,54 549,02 598,49 648,07 697,75
2 51,91 15,00 53,00 101,97 151,58 201,28 250,98 300,73 350,41 399,99 44955 499,03 54851 598,10 647,79
3 100,52 51,38 1500 53,06 101,95 151,44 201,05 250,75 300,42 350,00 399,57 449,08 498,59 548,21 597,94
4 150,02 100,24 51,32 1500 52,95 101,73 151,14 200,78 250,42 300,01 349,60 399,14 448,70 498,37 548,13
5 199,81 149,89 100,27 51,44 1500 52,65 101,36 150,84 200,43 250,01 299,63 349,20 398,80 448,51 498,32
6 249,72 199,77 149,99 100,46 51,72 1500 52,26 101,07 150,50 200,03 249,65 299,25 348,89 398,63 44847
7 209,71 249,75 199,93 150,26 100,82 52,15 15,00 52,06 100,75 150,09 199,65 249,25 29891 348,68 39854
8 349,71 299,75 249,92 200,19 150,57 101,16 52,34 1500 51,66 100,28 149,69 199,25 24892 298,71 348,59
9 399,60 349,73 299,91 250,17 200,51 150,93 101,45 52,73 1500 51,15 99,88 149,30 19893 248,72 298,61
10 449,61 399,67 349,87 300,16 250,50 200,89 151,27 101,89 5321 1500 50,86 99,53 149,00 198,75 248,62
11 499,49 449,57 399,80 350,13 300,50 250,89 201,23 151,69 102,32 5351 1500 50,48 99,23 148,83 198,66
12 549,30 499,40 449,68 400,04 350,46 300,87 251,22 201,64 152,10 102,64 5385 1500 5025 99,15 148,82
13 509,09 549,21 499,53 449,94 400,40 350,85 301,22 251,63 202,03 152,41 102,95 54,08 1500 50,30 99,24
14 648,92 599,06 549,42 499,88 450,37 400,84 351,22 301,62 251,99 202,28 152,61 103,05 54,03 1500 50,43
15 698,80 648,97 599,35 549,83 500,35 450,84 401,21 351,60 301,94 252,18 202,41 152,64 10296 53,91 15,00

Lamba direklerine yerlestirilmis olan, basit hesaplamalar yapabilen ve haberlesme yetenegine sahip
islem birimleri vasitasiyla, tim yol boliimlerinin homojen olarak aydinlatilmasi amaglanmaktadir.
Benzetim ¢alismalarinda kablosuz haberlesme menzillerinin 50 ile 100 metre arasinda oldugu
varsayilmakta olup, her bir etmen yalnizca kendisine komsu olan etmenler ile haberlesebilmektedir. Bu
durumda ¢ok etmenli ag, Sekil 4’te verilen ¢gizge ile temsil edilebilir.

1 2 n
Sekil 4 Etmenlerin menzillerinin 50 ile 100 metre aras1 oldugu durumda etmenler arasi iletisimi temsil eden

cizge

Yol béliimlerinin tamaminin 8 lux seviyesinde aydinlatilmasi istendigi durum iginy = [8, ...,8] olarak
secilmistir. Lambalarin yol béliimlerini dogrudan aydinlatip aydinlatmadigi benzetim ortaminda
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hesaplanarak A; matrisleri olusturulmus ve etmenlerin baslangic degerleri p; (1) = [0, ...,0]" olarak
(yanmayan lamba) ve agirhk katsayilart w;; = 1/[N;| seklinde secilerek Denklem 5°te verilen
algoritma kullamlarak dagitik olarak ¢oziim elde edilmistir. Ornek bir etmenin (7. etmen) ¢dziimiiniin
zamana bagli degisimi Sekil 5’teki gibi olmaktadir. Sekilden de goriilecegi gibi, ¢dziim fonksiyonu
denklem sisteminin essiz ¢6ziimii olan ve Tablo 4’te verilen degerlere asimptotik olarak yakinsamugtir.

1800
1600
1400
1200

= 1000 [

4] 500 1000 1560
Zaman adimi

Sekil 5 Yedinci etmenin (lambanin), istenilen aydinlatma seviyelerine ulasilmasi igin gerekli lamba giicii
seviyelerini dagitik olarak hesab1

Tablo 4 Benzetim ¢aligmalarinda incelenen yol aydinlatma probleminin egsiz ¢6ziimii
Yol bélumi| 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15
Lamba |1746(1706|1709({1707|1710|1709|1708|1710({1712|1713|1714|1722|1719|1723|1764
gtcu

Tim etmenlerin denklem sistemini ¢ozdiigiinii gostermek amaciyla, etmenlerin ¢6zumlerindeki
hatalarin normlarinin toplamini ifade eden

n
hi) =) )=l ©
fonksiyonunun zamanla degisimi Sekil 6’da verilmistir. ~(k) nin asimptotik olarak sifira yakinsamasi
tiim etmenlerin denklem sistemini ¢6zdiigiinii, yani istenilen yol aydinlik seviyelerine ulasabilmek igin
her bir lambanin sahip olmas1 gereken gii¢ degerini belirleyebildigini géstermektedir. Her bir etmen,
bagli oldugu lambanin giiciinii bu ¢éziimden elde ettigi degere gore ayarlandiginda homojen yol
aydinlatmasi saglanabilmektedir.

«10*

h(k)

0 SéU 1000 1500
Zaman adimi

Sekil 6 Etmenlerin gerekli lamba giigleri seviyesini hesabindaki toplam hata normlarinin (h(k)) zamanla
degisimi
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Etmenler denklem sistemini yinelemeli olarak ¢ézerken, her zaman adiminda elde ettikleri ¢oziimleri
kullanarak lamba guclerini ayarladiginda, yol boliimlerinin aydinlik seviyesinin zamana bagli degisimi
Sekil 7”de gosterildigi gibi olmaktadir (S; (k), i. yol boliminin k. zaman adimindaki aydinlik seviyesini
temsil etmektedir).

&&’ =

0 . . | . . | . . |
o] 5 10 15 20 25 30 35 40 45 50
Zaman adimi

Sekil 7 Etmenler elde ettikleri ¢6zim vektorlerini kullanarak lamba giiclerini ayarladiklarinda, yol aydinlik
seviyelerinin zamana bagli degisimi

Yorum 3: Sekil 7°den de goriilecegi gibi istenilen aydinlik seviyesine ulasmak i¢in gerekli siire, Sekil
6’da gosterilen denklem sisteminin tamaminin ¢oziimii igin gerekli siireden ¢ok daha azdir. Bunun
nedeni, i. etmenin denklem sistemini ¢6zerken elde ettigi ¢6ziim vektdriiniin i. elemaninin (i. lambanin
giiclinlin) gergek ¢oziimdeki degerine diger elemanlardan ¢ok daha hizli yakinsamasidir.

4. Sonuclar ve Gelecek Calismalar

Otoyolun elliser metre araliklarla aydinlatildigi ve yol egiminin elliser metre araliklarla degistigi
varsayimi altinda, yolun homojen olarak aydinlatilabilmesi igin gerekli olan lamba giiclerinin
belirlenmesi problemi dogrusal bir denklem sistemi seklinde modellenmistir. Her bir lambanin, bagl
olduklar1 ve kablosuz iletisim yetenegine sahip basit iglem birimleri vasitasi ile gii¢ ayar1 yapabildigi
sistem i¢in, islem birimlerinin kendilerine yakin olan diger islem birimleri ile bilgi paylagimi yaparak
tiim denklem sistemini (dolayisi ile gerekli olan tiim lamba gii¢lerini) dagitik bir algoritma kullanarak
¢ozebildikleri gosterilmistir. Bulunan bu ¢6ziimler islem birimleri tarafindan kullanilarak lamba giigleri
ayarlandiginda, otoyolda istenilen aydinlatma seviyesine ulagsmanin miimkiin oldugu yapilan benzetim
calismalari ile dogrulanmigtir. Bulunan lamba giicili degerlerinin her lamba i¢in farkli ¢ikmasi, homojen
yol aydinlatmasi i¢in lambalarin farkli giiglerde aydinlatma saglamasi gerektigini gdstermektedir.
Gelecek calismalarda, otoyollarda daha yaygin olarak kullanilan refiijden ¢ift konsollu aydinlatma
sistemi i¢in problem modelinin gelistirilerek, uygulamaya yonelik pratik sonuglar elde edilmesi
planlanmaktadir.
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Abstract

Pap-smear test is used to detect cervical cancer, which ranks fourth in the ranking of cancer diseases in women
worldwide. In this study, it is aimed to design a computer based decision system that can detect cervical cancer at
an early stage. Normal and abnormal cells are found in the cervix images obtained as a result of the pap-smear test
and the abnormal cells are marked on the image. The features extracted from the images were examined with
pathologists and a dataset was created. For each of the 917 images in the Herlev dataset, these features were
extracted and stored in a dataset. Support Vector Machines (SVM), Naive Bayes, Random Forest (RF), Multilayer
Perceptron (MLP), Logistic Regression (LR), K- Nearest Neighbor (KNN) methods were applied to the created
dataset, and accuracy values between 83% and 92% were obtained.

Keywords: Cervical cancer, Pap-smear, Segmentation, Classification

Pap-Smear Goriintiilerinden Rahim Agz1 Kanseri Tespiti
Oz

Diinya c¢apinda kadinlarda goriilen kanser hastaliklar1 siralamasinda dordiincii sirada yer alan rahim agzi kanserini
erken agamada tespit edebilmek i¢in pap-smear testi kullanilmaktadir. Bu ¢aligma kapsaminda rahim agzi1 kanserini
erken asamada tespit edebilecek bilgisayar temelli bir karar sisteminin tasarlanmasi1 amaglanmigtir. Pap- smear
testi sonucunda elde edilmis olan serviks goriintiilerinde normal ve anormal 6zellikli hiicreler bulunarak anormal
olan hiicreler goriintii tizerinde isaretlenmistir. Goriintiilerden gikarilan 6zellikler patoloji uzmanlari ile incelenmis
ve bir veri seti olugturulmustur. Herlev veri setinde bulunan 917 goriintiiniin her biri i¢in bu 6zellikler ¢ikarilmig
ve bir veri setine kaydedilmistir. Olusturulan veri setine makine dgrenmesi yontemlerinden Support Vector
Machines (SVM), Naive Bayes, Random Forest (RF), Multilayer Perceptron (MLP), Logistic Regression (LR),
K- Nearest Neighbor (KNN) yontemleri uygulanmistir ve %83 ve %92 arasinda dogruluk degerleri elde edilmistir.

Anahtar Kelimeler Rahim agzi kanseri, Pap-smear, Segmentasyon, Siniflandirma

1. Giris

Kanser, vicuttaki hiicrelerin anormal biylUmeleri nedeniyle meydana gelen ve glinimizde 100°den
fazla g¢esidi bulunan bir hastalik tiirtidiir [1]. Bu kanser gesitlerinden biri olan rahim agzi kanseri
kadinlarda en sik goriilen dordiincii kanser tiiriidiir. 2018 yilinda diinya ¢apinda yaklasik olarak 570.000
kadinda rahim agz1 kanseri goriilmiis ve 311.365 kadin bu hastalik nedeniyle hayatin1 kaybetmistir [2].
Servikal intraepitelyal neoplazi (SIN) anormallikleri ile iliskilendirilen Insan Papilloma Viriisii (IPV)
rahim agz1 kanseri vakalarmin %50’sinde hastalik kaynagi olarak goézlenmistir [3]. Bethesda Sistemi
SIN’i, disiik dereceli skuaméz intraepitelyal lezyon (DSIL), yuksek dereceli skuamdz intraepitelyal
lezyon (YSIL) ve skuaméz hiicre karsinomasi olmak tizere {i¢ gruba ayirir. Anormal goriiniimde olan
fakat kanser hiicresi olmayan kanser Oncusi olarak gorulen hcrelere displazi denir. Bethesda
Sistemi’ne gore yukarida belirtilen hiicre anormalliklerinden, DSIL hafif displazi, YSIL ise orta displazi
olarak siiflandirilabilir [4].
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Hastaligin teshisinde farkli yontemler mevcuttur. Mevcut yontemler arasinda en yaygin olarak
kullanilan tekniklerden biri goriintiilemedir. Gilinlimiizde rahim agz1 kanseri goriintiileme yontemi
olarak “Pap-Smear Testi” yaygin olarak kullanilmaktadir. [5].

Kanser hastaliginda ve kanser kaynakli 6liimlerde meydana gelen artis bu hastalik {izerinde yogun
calismalar yapilmasini beraberinde getirmistir. Yapay zeka ile birlikte bilgisayar temelli karar sistemleri
tasarlanmaya baglanmistir ve bu karar sistemleri giiniimiizde tip dahil bir¢ok alanda kullanilmaktadir.
Makine 6grenmesi yontemlerini kullanarak tibbi goriintii analizi alaninda yapilan ¢alismalar yaygin
sekilde devam etmektedir. Literatiirde bu alanda yapilan bir¢ok ¢aligma bulunmaktadir.

Taha vd. [6], pap-smear goriintiilerinin analizinde 6zellik ¢ikarimu igin Evrisimli Sinir Aglar1 (ESA),
simiflandirma i¢in ise SVM yontemini kullandilar.

Rahim agz1 kanseri teshisinde serviks hiicrelerinin ¢ekirdek ve sitoplazmalari ayri olarak ele alinmustir.
Bu nedenle hiicreye cekirdek ve sitoplazma segmentasyonu islemleri uygulanmistir. Segmantasyon
alaninda yapilmis olan calismalardan, Plissiti vd. [7], pap-smear gorlntiilerinde hiicre ¢ekirdegi ve
sitoplazmasint otomatik olarak siniflandirmak igin bulanik c-ortalama (fuzzy c-means) ve SVM
tekniklerini kullandilar. Calismalarinda hiicre ¢ekirdeklerini %99,25 dogruluk orani ile siniflandirdilar.

Wang vd. [8], hiicre ¢ekirdegini bulma ve segmantasyonu i¢in matematiksel morfolojiye sahip ortalama
kaydirma kiimeleme algoritmasini ve smiflandirict olarak SVM yontemini kullanmiglardir. Diger bir
calismada, Marinakis vd. [9], ¢alismalarinda 6zellik se¢imi igin genetik algoritmalari, siniflandirma igin
KNN yontemini kullanmigslardir. Genctav vd. [10], pap-smear goruntileri Gzerinde segmentasyon igin
watershed algoritmasim1 ve hiicreleri smiflandirmada ise denetimsiz 6grenme algoritmalarim
kullanmiglardir. Phoulady vd. [11], genisletilmis alan derinligi algoritmasini kullanarak serviks
hiicrelerinden ¢ekirdek segmentasyonu iglemi yapmigslardir. %96 hassasiyet ile diger metotlardan daha
iyi bir sonug elde etmislerdir. Diger bir calismada Win vd. [12] pap-smear gorintileri Gzerinde rahim
agz1 kanseri tespiti i¢in smiflandirict olarak Linear Discriminant (LD), SVM, KNN, boosted trees
(yiikseltilmis agaclar) ve bagged trees (torbali agaclar) yontemlerinin sonuglarinin kombinasyonu olan
bi yontem kullandilar ve bu yontem ile iki sinifli siniflandirma isleminde %98,27 dogruluk degeri elde
ettiler. William vd. [13] ¢alismalarinda pap-smear goruntilerinden serviks kanseri tespiti igin bir arag
gelistirme tizerine ¢aligma yapmuslardir. Calismalarinda siniflandirict olarak bulanik c-ortalama (fuzzy
c-means) yontemini kullanmiglardir ve %98,8 dogruluk degeri elde etmislerdir.

Bu ¢alisma kapsaminda pap-smear testi sonucunda elde edilmis olan goriintiilerde ilk olarak serviks
hiicrelerinin cekirdek ve sitoplazmalar1 ayr1 olarak bulunmustur. Cekirdek segmentasyonu igin iki ayri
yontem uygulanmistir. Bu yontemlerden ilki esikleme (thresholding) yontemi iken ikincisi K-ortalama
kiimeleme yontemidir. Sitoplazma segmentasyonu igin ise esikleme yontemi ve morfolojik islemler
kullanilmistir. Segmentasyon islemi ile goruntiide bulunan her bir ¢ekirdek ve sitoplazmadan bazi
ozellikler ¢ikarilmistir. Bu 6zelliklere hiicrenin normal veya anormal olarak siniflandirilmasinda ihtiyag
duyulmustur. Anormal olarak bulunan hiicreler simiflandirilmistir ve gorintl hiicre isaretlenmistir.
Goriintiilerden ¢ikarilan 6zellikler bir veri setine kaydedilmis olup patoloji uzmanlari ile incelenmistir.
Cikarilan ozellikler bir pap-smear gorunti veri seti ile denenmistir ve bir veri seti olusturulmustur.
Olusturulan veri seti SVM [14], RF [15], MLP [16], KNN [17], NaiveBayes [18] ve LR [19] yontemleri
kullanilarak normal ve anormal hiicre siniflandirilmasinda kullanilmustir.

Kullanilan materyal ve yontemler 2. Kisimda anlatilmis olup, Sonuglar 3. Kisimda belirtilmistir.

2. Materyal ve Metotlar

Calismada verilerin elde edilmesi isleminden siniflandirma iglemine kadar takip edilen adimlar Sekil
1’de gosterilmistir.
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Gorlntilerin oo e . Cekirdek Sitoplazma
Goruntd oniglemleri Segmentasyonu Segmentasyonu

Normal veya kanser .
hiicresi siniflandirma Veri seti olusturulmas Ozellik cikanmi
iglemi

Sekil 1 Calismada takip edilen adimlar

Calisma segmentasyon, 6zellik ¢ikarimi ve siniflandirma olmak {izere ii¢ temel adimdan olugmaktadir.
Goriintiileri segmentasyon islemine hazir hale getirmek icin goriintii {izerinde bazi Onislemler
uygulanmustir.

2.1 Veri Seti

Bu caligmada pap- smear goriintiileri kullanilmistir. Calismada ele alinan yontemler Herlev veri seti
[20] iizerinde uygulanmistir. Herlev Universitesi Hastanesi tarafindan hazirlanmus olan Herlev veri seti
4 tanesi anormal ve 3 tanesi normal olarak belirlenmis 7 simnifa ait 917 pap-smear gorintusiinden
olusmaktadir. Anormal olarak belirlenen kategorilerden carcinoma_in_situ’ya ait 150,
light_dysplastic’te 182, moderate_dysplastic’te 146 ve severe_dysplastic’ te 192 pap-smear gorintisi
bulunmaktadir. Normal olarak smiflandirilan  kategorilerden normal superficial’da 74,
normal_intermadiate’ta 70 ve normal_columnar’da 98 adet goriintii bulunmaktadir [21]. Goruntller
Uzerinde sirastyla 0n islemler, segmentasyon ve siniflandirma islemleri uygilanmistir.

2.2 Veri Onisleme

Rahim agz1 kanseri tespitinde hiicre ¢ekirdeginin énemli bir yeri vardir. Bu nedenle ilk olarak gorunt
tizerinde hiicre ¢ekirdegi kismi incelenmistir. Cekirdegi tek olarak ele alabilmek igin sitoplazma kismi
goriintiiden ¢ikarilmistir. Hiicre ¢ekirdegini sitoplazmadan ayirabilmek i¢in hiicreye segmentasyon
islemi uygulanmustir.

Bu calismada veri olarak pap- smear testi sonucu elde edilen serviks goriintiileri kullanilmusgtir.
Segmentasyon islemine hazirlik igin goriintiiler bazi 6n islemlerden gegirilmistir. Iyilestirme isleminde
amag goriintii iizerinde bulunan giiriiltiiniin temizlenmesi ve kontrastli§in artirilmasidir. Kontrastligin
artirlma amaci ise ¢ekirdek ve sitoplazma arasindaki koyulugun artirilarak g¢ekirdegin daha koyu
sitoplazmanin daha agik hale getirilmesidir. Giiriiltliyii gidermek i¢in boyutu 5 olan bir medyan filtre
uygulanmistir. Gorilintiiyii iyilestirmek igin ise Ayrik Kosiniis doniigiimii (AKD) ve Ayrik Dalgacik
Doniisiimil (ADD) yontemleri uygulanmisgtir.

Ayrik kosiniis doniigiimii goriintii sikistirma alaninda kullanilan ve bu alanda yiiksek performans
gosteren bir yontemdir [22]. AKD yonteminde amag¢ goruntlyu uzaysal alandan frekans alanina
cevirerek iyilestirmektir. AKD yonteminde her pikselin grilik seviyelerinin tutuldugu 8 x 8’ lik bir
piksel matrisi olusturulmustur ve bu matrise AKD yontemi uygulanmustir. Girdi olarak verilen
gorintuyl yeniden elde etmek igin ters ayrik kosiniis dontisiimii uygulanmistir. SIPAKMED [23] veri
setinden alinan Sekil 2 (a)’ da gosterilen giris goriintiisii icin AKD islemi sonucu elde edilen ¢ikisg
goriintlisii Sekil 2 (b)’de gosterilmistir.
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()
Sekil 2 (a) Giris goruntiisii (b) AKD sonrasi goriintii (€) ADD sonrasi goriintii

ADD, giris olarak verilen goriintiiyii ilk olarak L ve H olmak tizere 2 banda bdler. 2 boyutlu ADD ise
goruntdyd LL (low-low), LH (low-high), HL (high-low), HH (high-high) olmak (zere dért banda boler
[24]. LH, HL ve HH bantlar1 goriintiiniin yiiksek frekansa sahip alanlarini igerirken LL ise diigiik
frekansli alanini igerir [25].

Cekirdek ve sitoplazmayi birbirinden daha iyi ayirabilmek i¢in bu iki goriintii arasindaki zitlik orant,
¢ekirdek daha koyu, sitoplazma daha agik hale getirilerek artirllmigtir. ADD iglemi sonucu elde edilen
goriintii Sekil 2 (c)’ de de gosterilmistir.

2.3. Cekirdek Segmentasyonu

Bir serviks hiicresini normal veya anormal olarak olarak siniflandirabilmek i¢in hiicrenin ¢ekirdegi ve
sitoplazmasi ayri1 olarak ele alimmistir. Bu iki yapiy1 birbirinden ayirabilmek i¢in segmentasyon islemi
uygulanmstir.

Sekil 2 (c)’ de gosterilen ayrik dalgacik doniisiimii ile iyilestirilen gorintiide hiicre ¢ekirdeklerinin
yaygin olarak mavi renk spektrumunda oldugu goriinmektedir. Bu nedenle hiicre ¢ekirdeklerini tespit
edebilmek icin girig goriintiisiinde mavi renkli alanlarin bulunmasi gerekmistir. Bu alanlar1 bulabilmek
i¢in ilk olarak RGB renk uzayinda bulunan giris goriintiisit HSV (Hue, Saturation, Value) renk uzayina
doniistiirtilmiistiir. Daha sonra mavi renkli alanlar filtrelemek i¢cin Denklem 1’de a ile belirtilen mavi
renk alt simir1 Denklem 2’de t ile gosterilen mavi renk iist sinir1 belirlenmistir ve goriintiide bu
araliklarda bir maske olugturulmustur. Alt ve {ist sinir {i¢ degerden olusmaktadir Her bir deger HSV renk
uzaymin ii¢ kanalina (h, s ve v) denk gelmektedir. H degeri rengi, s degeri rengin doygunlugunu ve v
degeri rengin parlakligini ifade eder. Renk uzayinda bulunan tiim renkler belirli bir alt ve iist sinir renk
degerleri arasinda bulunmaktadir. a ve t dizilerinin ilk elemanlar1 (0-120) renk uzayinda mavi rengin
alt(0) ve st (120) renk degerini, ikinci elemanlar: rengin canlilik degerinin alt ve {ist sinirin1 ve g¢uncl
elemanlar ise mavi renginin belirlenen parlaklik alt ve tist sinirlaridir. Bu ¢alismada mavi renkli bolgeler
filtrelenecegi i¢in renk uzayida mavi renk alt ve ist sinir1 [0,120] arasi olarak belirlenmistir. RGB renk

102



Sakarya University Journal of Computer and Information Sciences

Akyol et. al

uzaymda mavi renk [0,0,255] seklinde ifade edilmektedir. [0,0,255] degeri HSV renk uzayina
¢evirilmistir ve h degeri olarak 0 elde edilmistir ve bu deger alt sinir olarak kullanilmigtir. Olusturulan
maske ile goruntiiye Denklem 3’te belirtilen bit bazinda mantiksal islemler uygulanarak elde edilen m
maske goruntlsu Sekil 3 (a)’da gosterildigi gibi maskelenmistir.

a=[0,0,55] (D
t =[120,255,255] (2)
g=f&m 3)
(@) (b)

Sekil 3 (a) Maskeleme iglemi ¢iktist (b) Hiicre gekirdeklerinin giris goriintiisii iizerinde isaretlenmesi

Maskeleme iglemi ile bulunan Sekil 2 (c) ile gosterilen f goruntiisu igin sirasiyla morfolojik agma ve

yayma islemleri uygulanmstir.
m= f oS (4)

g=fes ®)

Denklem 4’te HSV renk uzayinda maske uygulanan f imgesi i¢in s yapi elemani ile uygulanan
morfolojik agma islemi belirtilmistir. Denklem 5’te ise agma islemi ve s yap1 elemani ile uygulanan
morfolojik yayma islemi verilmistir.

Yayma iglemi sonucu elde edilen g goruntusii Sekil 3 (a)’da gosterilmistir. Elde edilen ¢ekirdek
maskeleri f giris gorintiisii tizerinde Sekil 3(b)’de gosterildigi gibi isaretlenmistir.

Cekirdek segmentasyonu isleminde kullanilan diger bir yontem ise K- ortalama (K-means) olmustur.
Bu yontemde k = 3 alinmigtir ve Sekil 4 (a)’da verilen girig goriintiisii igin k-ortalama iglemi sonucu
elde edilen goriintli Sekil 4 (b)’de gosterilmistir. Farkli K degeri degistirildigi zaman gorinti zerinde
yapilan kiimeleme isleminde bazi noktalarin yanls siniflara kiimelendigi goriilmiistiir. Sekil 4 (c)’de
goriildigi gibi K-ortalama yonteminde k = 5 degeri kullanildiginda ¢ekirdek igerisinde bulunan bazi
noktalarin yanlis kiimelere atandigi gézlemlenmistir. K de@eri 7 olarak alindiginda ise Sekil 4 (d)’de
goriildiigi gibi kiimeleme islemi sonucu elde edilen goriintiiniin bozuldugu ve yanlis kiimelere atanan
noktalarin sayisinin arttig1 gézlemlenmistir.
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(c) (d)

Sekil 4 (a) Girig gorintiisii (b) k = 3 icin K-means sonucu () k = 5 i¢in K-means iglemi sonucu (d) k = 7 igin
K-means islemi sonucu

2.4. Sitoplazma Segmentasyonu

AKD ve ADD yontemleri ile iyilestirilen smear goriintiilerinde hiicre ve sitoplazma arasindaki kontrast
artinllmistir. Cekirdek daha koyu, sitoplazma daha agik hale getirilerek segmentasyon asamasinda bu iki
yapinin birbirinden daha kolay ayrilabilmesi saglanmistir.

Hiicrenin sitoplazma bdliimlerini bulmak i¢in uygulanan adimlar Denklem 6 da gosterilmistir.
Sep=G—f (6)

Kontrasthig: artirilmis G girig goriintiisiinden esikleme yontemi kullanilarak bulunan ¢ekirdek kisimlar
cikarilmigtir. Kalan bolimlere OTSU esikleme yontemi ve Denklem 4 ve 5’te belirtilen morfolojik
islemler uygulanmustir. Yapilan islemler sonucu elde edilen goriintii Sekil 5’te gosterilmistir. Gortintlide
sitoplazma alanlar1 beyaz olarak goriinmektedir ve her biri kontur olarak kaydedilip 6zellik ¢ikarimi
alaninda belirtilen siniflandirma kriterleri hesaplanmustir.
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Sekil 5 Segmentasyon islemi sonucu sitoplazma

2.5. Ozellik Cikarimi

Bir serviks hiicresini anormal veya normal olarak smiflandirabilmek igin goriintiiden ¢ikarilan bazi
Ozellikler smiflandirma kriteri olarak kullanilmistir. Anormal hiicrelerde genellikle; konturda
diizensizlik ve c¢ekirdekte genisleme gozlemlenir. Koyu renk c¢ekirdege sahip olup yiiksek cekirdek-
sitoplazma oranina sahiptirler [26].

Yukarida belirtilen bilgilere dayanarak goriintii iizerinde asagidaki Ozellikler hesaplanmis ve
siniflandirma kriteri olarak belirlenmistir:

Cekirdek alam: Cekirdek olarak belirlenen her bir konturun alani

Sitoplazma alani: Sitoplazma olarak bulunan her konturun alani

Cekirdek koyuluk degeri: Cekirdek konturlariin grilik seviyeleri

Cekirdek cevresi: Cekirdek konturlarinin gevre hesabi

Sitoplazma ¢evresi: Sitoplazmalarin hesaplanan ¢evre degeri

Cekirdegin merkez koordinatlari: Her bir ¢ekirdegin merkezinin bulundugu (x, y) koordinatlari

Sitoplazmanin merkez koordinatlari: Her bir sitoplazmanin merkezinin bulundugu (x,y)
koordinatlar

Cekirdek/ Sitoplazma (C/S) oram: Hiicrede bulunan ¢ekirdek alaninin sitoplazma alanina orant

Cekirdek sitoplazma aras1 mesafe: Her bir hiicre ¢ekirdeginin o hiicrenin sitoplazmasi ile arasindaki
uzaklik

Cekirdek yuvarlakhgi: Cekirdek konturunun yuvarlakliginin hesaplanmasi Denklem 7 ile
gOsterilmistir.

Rnd = 4+mxalan (7)

cevrez

Sitoplazma yuvarlakhgi: Sitoplazmanin yuvarlaklik degerinin Denklem 7°ye gore hesaplanan degeri

Her hiicrede bulunan ¢ekirdek sayisi: Bazi anormal hiicreler birden fazla ¢ekirdekten olusabildigi
i¢in siiflandirma isleminde her bir hiicrede kag tane ¢ekirdek bulundugu hesaplanmustir.

2.6. Simiflandirma ve Degerlendirme

Cekirdek ve sitoplazma alaninin hesaplanmasi ¢ekirdek genislemesi durumunun 6lgulebilmesine olanak
sagladigi i¢in hiicreyi anormal olarak simiflandirmada biiyiik 6nem tasir. Bu nedenle her bir sitoplazma
ve ¢ekirdek konturu igin goriintliden alan 6zelligi ¢ikarilmistir. Elde edilen alan bilgilerinden 6nemli bir
teshis kriteri olan C/S orani hesaplanmistir. Segmentasyon islemi sonucunda gorlintide birden fazla
¢ekirdek ve sitoplazma konturlari bulundugu igin her ¢ekirdegin igerisinde bulundugu sitoplazmasi ile
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eslestirilmesi gerekmistir. Bu eslestirme isleminin dogru yapilmamasi sonucunda yanlis C/S oram
hesaplanacagi icin eslestirme islemi dogru oran bulmada 6nemli yer tutmaktadir. Eslestirme islemi
asamasinda her bir ¢ekirdek ve sitoplazma i¢in ¢ikarilan merkez koordinatlar1 kullanilmistir.

Her bir ¢ekirdek icin ( x,, y,) ikilisi ve her sitoplazma icin (x,, y,) ikilisi konturun merkezinin
bulundugu x ve y koordinatlarin1 belirtmektedir. Her sitoplazma iginde ¢ekirdek bulundurdugu ig¢in
sitoplazmanin merkez koordinatlar ile i¢ginde bulundurdugu ¢ekirdegin merkez koordinatlar1 arasinda
bulunan mesafenin az olmasit gerektigi diisliniilmiistiir. Bu iki nokta arasindaki mesafeyi 6lgmek igin
Denklem 8’te gosterilen Euclidean mesafesi yontemi kullanilmustir.

d= \/(xn - xs)z + n — ys)z (8)

Sekil 6°da verilen referans gorintisu icin Denklem 8’ te belirtilen d uzaklik degerinin 1.00 degerine
esit veya daha kiigiik olmas1 dogru ¢ekirdek- sitoplazma eslestirme sonucu verdigi gozlemlenmistir. d
uzaklik degeri olarak hesaplama isleminde dogru eslestirme sonucunu veren minimum deger kabul
edilmistir. Minimum deger alinmasinin nedeni ise d mesafesinin yiiksek bir deger alinmasi1 durumunda
Sekil 6’da iizerinde ornek olarak alinan bir g¢ekirdek oklar ile gosterilen ¢ sitoplazma ile de
eslestirilebilir ve bu durum yanlis g¢ekirdek-sitoplazma eslestirme sonucunu ortaya g¢ikarmaktadir.
Sitoplazmasi ile eslestirilen her bir ¢ekirdek yuvarlak igine alinmstir.

Sekil 6 Cekirdek-Sitoplazma eslestirme

Eslestirilen her bir ¢ekirdek ve sitoplazma i¢in C/S orani hesaplanmistir ve veri setine kaydedilmistir.
Veri setinde mesafesi 1.2 ve altinda olan hiicrelerde C/S orani olarak hesaplanan deger, diger
durumlarda 0 olarak alinmistir.

Koyu renk g¢ekirdege sahip olan hicreleri bulmak igin her bir ¢ekirdek konturunun ortalama koyuluk
degeri hesaplanmus ve ilgili ¢ekirdek ile ilgili verilere kaydedilmistir. Daha sonra veri setinde yogunluk
Ozelliginin altinda bulunan tiim degerlerin ortalamasi bulunmustur. Bir ¢ekirdegin konturu hesaplanan
ortalama degerinden biiyiikse hiicre koyu renk ¢ekirdege sahip oldugu diistintilmiistiir.

Anormal hiicre siniflandirma kriterlerinden biri olan sitoplazmada bulunan hiicre sayis1 hesaplanmuistir.
Eger bir sitoplazmada birden fazla ¢ekirdek bulunuyorsa bu hiicreler anormal olarak degerlendirilmistir.
Bu hesaplama isleminde ¢ekirdek konturlarinin merkezlerinin arasindaki mesafe bulunmustur. Mesafe
hesaplama isleminde her ( x,, y,) ¢ekirdek merkez koordinatlart i¢in Denklem 8 ile verilen mesafe
bulunmustur ve bu d mesafesinin 5.00’1n altinda olmas: durumunda sitoplazma icerisinde bulunan
cekirdek sayisi artirilmustir. Sekil 7’°de verilen gorinti [27] igin birden fazla ¢ekirdege sahip olan hiicre
bulunmustur ve gorintu Uzerinde yuvarlak igerisine alinmistir.
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Sekil 7 Iki cekirdege sahip hiicrenin gériintii {izerinde goriiniimii

Makine 6grenmesi yontemleri ile basar1 orani yiiksek bir siniflandirma yapabilmek icin veri sayisinin
fazla olmasi gerekmektedir. Bu nedenle Herlev veri seti kullanilarak bu veri setinde bulunan 917 gérinti
igin ilk olarak ¢ekirdek ve sitoplazma segmentasyon islemleri yapilmistir. Sekil 8 (a)’da belirtilen
goriintii icin ¢ekirdek ve sitoplazma segmentasyonu islemlerinin sonucu Sekil 8 (b) ve (c)’de

gosterilmistir.
n
(a) (b)

©

Sekil 8 (a) Giris gorlintiisii (b) Cekirdek segmentasyonu (c) Sitoplazma segmentasyonu

Cekirdek ve sitoplazma segmentasyonu isglemlerinden sonra siniflandirma kriteri olarak belirlenmis
ozellikler veri setinde bulunan 917 gorinti i¢in bulunmustur. Goriintiilerden ¢ikarilan 6zellikler ile
olusturulan veri setinden normal ve anormal hiicrelere ait bazi veriler Tablo 1°de gosterilmistir. Herlev
veri setinde bulunan 7 kategori bu galisma kapsaminda normal ve anormal olmak iizere iki kategoriye
indirgenmistir. Tablo 1° de goriildiigii gibi normal hiicrelerin simf 6zelligi 1 olarak, anormal hiicrelerin
ise 0 olarak etiketlenmistir. Herlev veri setinde, Sekil 8 (a)' da goriildiigii gibi her sitoplazma bir ¢ekirdek
icerdigi i¢in sitoplazmada bulunan g¢ekirdek sayis1 ve c¢ekirdek sitoplazma aras1 mesafe smiflandirma
kriterleri i¢inde kullanilmamustir.

Tablo 1°de gosterilen CekirdekCevre ve StpCevre 6zellikleri gekirdek ve sitoplazma konturlarinin ¢evre
hesabini ifade etmektedir. Nrnd ve SRnd 6zellikleri ise Denklem 7°de verilen denklem ile hesaplanmig
olan ¢ekirdek ve sitoplazmalarin yuvarlaklik oranini belirtmektedir. Anormal hiicrelerin ¢ekirdeklerinde
genisleme goriildigi igin CekirdekAlan 6zelligi ile belirtilen ¢ekirdek alanlari ile StpAlan Gzelligi
belirtilen sitoplazma alaninin birbirine yakin oldugu bu nedenle NC_Orami olarak belirtilen
CekirdekAlan/StpAlan oranlarmin yiiksek ¢iktig1 goriilmiistir.
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Tablo 1 Normal ve anormal hiicrelere ait baz1 veriler

NC_Oram | CekirdekAlan | StpAlan | CekirdekCevre | StpCevre NRnd SRnd | Class
1.189425684 4825.5 4057 267.8650047 | 393.8893892 | 0.84512359 | 0.3285 0
0.80497289 34155 4243 228.5512966 341.060962 | 0.8216687 | 0.4583 0
0.01559438 569 36487 92.76955187 752.055909 | 0.8906882 | 0.8106 1
0.15582719 3639.5 23356 599.168608 691.712764 | 0.6928079 | 0.6134 1

Olusturulan veri seti tizerinde makine 6grenmesi yontemlerinden olan SVM, LR, MLP, RF, NaiveBayes
ve KNN yontemleri uygulanmistir ve elde edilen sonuglar Tablo 2°de gosterilmistir. Degerlendirme
isleminde 6l¢iit olarak dogruluk (accuracy), hassasiyet (precision), duyarlilik (sensitivity) ve 6zgunlik
(specificity) degerleri kullanilmustir.

SVM yonteminde cekirdek fonksiyonu olarak linear kullanilmistir ve diizenleme parametresi (C) 1.00
olarak alinmustir.

MLP yo6nteminde aktivasyon fonksiyonu olarak ReLU (Rectified Linear Unit) kullanilmistir ve gizli
katman sayis1 3 olarak belirlenmistir. Her bir gizli katmanda bulunan diigiim sayis1 10 ve 100 degerleri
arasinda degistirilerek basar1 degerleri 6l¢iilmiistiir. Olgiimler sonucunda diigiim sayisinin 40 ve iistiine
ciktigr siniflandirma iglemlerinde egitim setinde basari artarken test setinde basari azalmistir. Bu
nedenle her katmanda bulunan diigiim sayis1 30 olarak alinmistir.

RF yonteminde ormanda bulunan aga¢ sayisini belirten n_estimators degiskeni 10 olarak alinmustir.

Tablo 2 Siniflandirma yontemleri ve dogruluk degerleri

SVM RF MLP LR KNN NaiveBayes
(k=9)

Dogruluk

(%) 89.2 92.04 90 87.5 90 83.8
Hassasiyet

(%) 82 80 93.1 100 85.2 72.9
Duyarhhk 91.2 95.5 85.7 85.8 90.8 86.3

(%)
Ozgiinliuk

(%) 82 80 93.1 100 85.2 72.9

Smiflandirma basaris1 olarak RF ydntemi en iyi sonucu vermistir. Naive Bayes yonteminin basari
oraninin diigiik olmasi bu yontemin istatistiksel veriler ile daha iyi sonug vermesi olarak diigiiniilmiistiir.
MLP yo6nteminde basar1 oraninin %90 olarak kalmasi veri sayisinin yeterli miktarda olmamasi olarak
diistiniilmiistiir.
Literatiirde bu alanda yapilan ¢alismalar, kullanilan yontemler ve elde edilen dogruluk degerleri Tablo
3’te verilmistir.

Tablo 3 Literatiurde Herlev veri seti ile son yillarda yapilan ¢aligmalar
Calisma ad1 Siniflandirict Dogruluk
degeri
(%)
Chankong vd. [28] | Linear discriminant analysis, | 99.27
KNN, Bayes, SVM, ANN

William vd. [29] Fuzzy c-means 98.8
Zhang vd. [30] ESA 98.3
Win vd. LD+SVM+KNN+ boosted 98.27

trees + bagged trees
Onerilen yontem SVM, KNN, RF, LR, MLP, | 92.04
NaiveBayes

108



Sakarya University Journal of Computer and Information Sciences

Akyol et. al

Calismanin smiflandirma basarisi Tablo 3 ile verilen Herlev veri seti {izerinde yapilan diger ¢alismalara
gore diisiik kalmigtir. Bunun nedeni olarak ise goriintiilerden ¢ikarilan dzellik sayisinin bu ¢aligmalarda
bulunan 6zellik sayisina gore az olmasi diisliniilmiistiir.

3. Sonuglar

Bu ¢alisma kapsaminda pap-smear goriintiileri kullanilarak serviks hiicrelerinin normal veya anormal
olma durumu bulunmustur. Calisma segmentasyon, 6zellik ¢ikarimi ve siniflandirma olmak iizere iig
ana boliimden olusmaktadir. Segmentasyon isleminde i¢in renk- tabanli esikleme ve K-means olmak
lizere iki farkli yontem kullanilmistir. Ozellik ¢ikariminda ise goriintiilere matematik temelli islemler
uygulanarak siniflandirma kriterleri belirlenmistir. Onerilen renk-tabanli segmentasyon ve matematiksel
islemler ile yapilan 6zellik ¢ikarimi yontemleri dogru ¢ekirdek- sitoplazma eslesmesi yaptigi igin ve
hiicrelerde bulunan fazla ¢ekirdek sayilarini tespit edip anormal hiicreleri gérinti Uzerinde buldugu igin
birden fazla hiicre iceren pap-smear test sonuglarinda patoloji uzmanlarina hastaligin teshisinde katki
saglayacaktir.

Olusturulan veri seti genisletilerek DSIL, YSIL i¢in daha belirleyici ve sayica fazla kriterler ve daha
fazla pap-smear goruntlisu eklenerek rahim agzi kanserini daha erken ve daha basarili sonuglar ile tespit
eden bilgisayar-temelli bir arayliz gelistirilerek ¢alisma tekrar yapilabilir.
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Abstract

In the study, it is aimed to classify the apples as rotten and robust by using the deep learning algorithm of the apple
images taken from the CAPA database. In the proposed model, the processing steps are image reading,
preprocessing and classification of apples, respectively. In the image reading stage, images taken from the image
database were used. The applied deep learning architecture consists of introduction, convolutional, activation,
pooling, memorization, full connection and conclusion layers. The data used in this architecture are divided into
two as 80% training and 20% test data. Four different wavelength, 16 kinds of image combinations were used for
the training and testing of the system. At the classification stage, a success rate of 91.25% was achieved in detecting
rotten and robust apples. As a result, it is predicted that the proposed model can be used in the fruit processing
industry to automatically classify rotten and robust apples.

Keywords: apple classification, deep learning, image processing, rotten, apple

Saglam ve Ciiriik Elmalarin Derin Ogrenme Algoritmasi ile
Simiflandirilmasi

Oz

Yapilan ¢aligmada, CAPA veri tabanindan alinan elma goriintiilerinin derin 6grenme algoritmasi kullanilarak,
elmalarin ciiriik ve saglam olarak siniflandirilmasi amaclanmistir. Onerilen modelde islem adimlari sirastyla
goriintii okuma, dnisleme ve elmalarin siniflandirilmasidir. Goriintli okuma agsamasinda, goriintii veri tabanindan
alman goriintiiler kullanilmistir. Uygulanan derin 6grenme mimarisi giris, evrisimsel, aktivasyon, havuzlama,
ezberleme, tam baglant1 ve sonuglandirma katmanlarindan olusmaktadir. Bu mimaride kullanilan veriler, %80
egitim ve %20 test verisi olmak tizere ikiye ayrilmistir. Sistemin egitim ve test islemleri icin dort farkli dalga
boyunda, 16 ¢esit goriintii kombinasyonu kullanilmistir. Siniflandirma agamasinda, ¢iiriik ve saglam elmalarin
tespit edilmesinde %91.25 basar1 oranina ulasilmistir. Sonug olarak, 6nerilen modelin meyve isleme sanayisinde
curk ve saglam elmalarin otomatik olarak siniflandirilmasinda kullanilabilecegi 6n goriilmektedir.

Anahtar Kelimeler: elma siniflandirma, derin 6grenme, gorintii isleme, ¢iiriik, elma

1. Giris

Elmanin, icerdigi mineral ve vitaminler acgisindan beslenmedeki rolii biiyiiktiir. Taze bir elmanin
%84’linli su olusturmaktadir. Geri kalan %16’lik kuru kisminda ise karbonhidratlar, proteinler,
vitaminler, pektinler ve gesitli mineraller bulunmaktadir. Bu minerallerin kandaki asit-baz dengesi
uizerinde olumlu etkileri bulunmaktadir. Ozellikle giinde bir elma yemenin kanser riskini dahi énemli
Olciide azalttig tespit edilmistir [1].

Elma, diinya iizerindeki toplam meyve tiretiminin yaklasik %12’sini olusturarak, muzdan sonra ikinci
sirada yer alan 6nemli bir meyve tiiriidiir. Bununla beraber elma gida sektériinde, regel, elma suyu, elma
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stras1 ve sirke gibi tiriinlerin ham maddesi olarak kullanilmaktadir. Ayrica, liretimin son agsamasinda atik
olarak elde edilen elma posasinda bile insan saglig1 i¢in 6nemli olan pektin maddesi bulunmaktadir [2].

Elma posasinin bile bu kadar 6nemli olmasinin yani sira meyve olarak tiiketilmesi de olduk¢a 6nemlidir.
Bu nedenle elmalarin meyve olarak tiiketilmesi igin ilk olarak saglam ve ¢iiriik elmalarin ayirt edilmesi
gerekmektedir. Bu ayrim islemi, teknolojinin gelismesine bagli olarak siniflandirma makineleri
tarafindan yapilmaktadir. Bu makineler gorlintii isleme tabanli c¢aligmakla beraber, kontrol
mekanizmalarinin ig¢erisinde birgok siniflandirma algoritmasi bulundurmaktadir.

Teknolojinin gelismesine paralel olarak siniflandirma algoritmalarinda da siirekli yeni yontemler
gelistirilmektedir. Bu siiflandirma algoritmalar1 da goriintiiden elde edilen 6znitelikleri temel alarak
siiflandirma yapmaktadir. Bu nedenle elma goriintiilerinde bulunan sap ve ta¢ kisimlar ile glrtkler
karigtirilmakta ve bu kisimlar bazen ¢iiriik olarak nitelendirilebilmektedir. Bu durum ile ilgili olarak
literatiirde yapilan siniflandirmalarda iki yaklasim mevcuttur. Bunlardan ilkinde elma goriintiilerinde
sap ve tag bolgeleri bulunmamaktadir. Boylece geri kalan elma yiizey goriintiileri lizerinde saglam ve
ciirik smiflandirilmast yapilmaktadir. Diger yaklasimda ise elma goriintiilerinde sap ve ta¢ bolgeleri
bulunmaktadir. Bu yaklagimda goriintiilerden ilk olarak sap ve ta¢ bolgeleri ayirt edilmekte ve akabinde
siniflandirma islemi gergeklestirilmektedir [3].

Leemans ve arkadaglar1 2002 yilinda yaptiklar ¢alismada, 1170 adet elma goriintiisiinden (528 Golden
Delicious, 642 Jonagold) olusan goriintii veri tabanimi kullanarak, saglam ve cilirik meyve
siniflandirmasini gergeklestirmislerdir. Elma siniflandirma islemini; goriintii elde etme, zemin renk
simiflandirmasi, kusur boliimlendirme, sap-ta¢ tanima, kalite siniflandirma ve meyve simiflandirma
olarak alti adimda gerceklestirmislerdir. Golden Delicious’da %78 ve Jonagold’da %72 oraninda
siniflandirma basarisi elde etmiglerdir [4].

Sofu ve arkadaglarinin 2013 yilinda, tasarladiklar1 sistem ile elma goriintiilerini elde etmislerdir.
Gelistirdikleri yazilim ile elmalarin renk tahmininde %99 ve cins tahmininde %95.52 dogrulukla
siniflandirma basarisin1 yakalamislardir. Uygulanan algoritma sayesinde, elma iizerindeki lekelerin
tespitini herhangi bir filtreye gereksinim duymadan %70 basar1 ile gergeklestirmislerdir [5].

2016 yilinda, Comert ve arkadaslar1 600 adet saglam, 600 adet ¢iiriilk elma goriintiisiinden olusan bir
veri tabam kullanarak, elmalar1 siniflandirmiglardir. Goriinti alma-6nisleme, ¢iiriik bolgelerin tespit
edilmesi ve elmalarin siniflandirmasi olmak iizere 3 adimda olusturduklart modelde, evrisimsel sinir ag
yontemlerinden olan Faster R-CNN yontemini kullanmiglardir. Derin 6grenme ve goriintii islemenin
birlikte kullanildigi bu yaklasim sayesinde %84.95 dogru siniflandirma oranina ulagmiglardir [3].

Lu ve arkadas1 2018 yilindaki ¢alismalarinda, elmalarin yiizey ve yiizey alti kusurlarinin daha iyi
algilanmasi i¢in aydinlatmanin 6nemi lizerinde durmuslardir. Bu nedenle aydinlatmanin direkt bileseni,
genlik bileseni ve bunlarin kombinasyonlarini kullanarak elde ettikleri gériintiiler ve esnek hesaplama
yontemleri sayesinde siniflandirma islemlerini gergeklestirmislerdir [6].

Siddigi 2019 yilinda yaptig1 calismasinda, 244 ciiriik elma goriintiisiinden olusan bir goriintii veri
tabanini kullanarak elmalar1 siniflandirmistir. Bu siniflandirmada, ¢iiriik elmalardaki ¢iiriigiin yerini
bulmak icin YOLO (you only look once) ve SSD (single shot multibox detector) yontemlerini
kullanmustir. SSD tabanli sistemin YOLO tabanli sisteme gore daha basarili oldugunu tespit etmistir [7].

Yu ve arkadaglar1 2019 yilinda, elma goruntileri izerindeki sap ve tag bolgeleri ile ¢rik bolgelerin
ayrimini yapmak i¢in bir ¢aligma ger¢eklestirmislerdir. Bu ¢alismada elmalarin alt, {ist ve diger yiizey
goriintiilerinin bulundugu gri formatta bir goriintii veri tabami tizerinde c¢aligmiglardir. Bu veri
tabanindaki 60 adet elma goriintiisiini egitim, 30 adet elma goriintiisiinii de test i¢in kullanmislardir.
Hazirladiklar algoritmada K-means kiimeleme yontemi sayesinde %96 siniflandirma basar1 oranini elde
etmislerdir [8].

Goriintii isleme ile elma smiflandirilmasi islemlerinde kullanilan teknolojilerin giin gectikce gelistigi
goriilmektedir. Bunun ile birlikte, donanim teknolojisinin degismesine paralel olarak gelisen bir¢ok
giincel smiflandirma algoritmasi bulunmaktadir. Bu ¢aligmada giincel siniflandirma algoritmalarindan
olan derin 6grenme algoritmasi kullanilmistir. Gergeklestirilen ¢calismada, CAPA veri tabanindan alinan
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goriintiilerin derin 6grenme algoritmasi kullanilarak, elmalarin ¢iiriik ve saglam olarak siniflandirilmasi
saglanmigtir.

2. Materyal ve Metot

Calismada, Gembloux Tarim Universitesinde bir arastirma sonucunda, Jonagold elma gériintiilerinin
olusturdugu CAPA goriintii veri taban1 kullanilmistir. Bu veri tabanindaki goriintiler 450, 500, 750 ve
800 nm dalga boyunda alinmistir. Alinan goriintiiler saglam, ciiriik, sap ve ta¢ kisimlarinin goriintiileri
olmak tlizere dorde ayrilmaktadir. Bu goriintiilerden 280 adeti saglam, 246 adeti ¢liriik, 148 adeti sap ve
145 adeti tag goriintiileridir. Belirtilen her bir goriintiiniin de dort farkli dalga boyutunda kombinasyonu
bulunmaktadir. Bu nedenle goriintii veri tabani toplamda 3276 adet goriintiiden olugsmaktadir. Calismada
kullanilan ¢iiriik goriintiileri gesitli dis ylizey kusurlarma (pas rengi, morarma, ¢iiriime, giines yanigi,
dolu hasar1 gibi) sahiptir. Bu goriintiiler 430x560 piksel boyutlarinda ve her bir piksel bagina 8 bit
¢Oziiniirliige sahiptir [9]. Gergeklestirilen ¢alismada sadece 280 adet saglam, 246 adet ¢liriik olmak iizere
toplam 526 adet elma goriintiisii kullanilmistir. Kullanilan goriintiiler icerisinde sap ve ta¢ kisimlar
bulunmamaktadir.

Literatlirde son yillarda yapilan, elma goriintiilerinden saglam ve ¢iiriikk olarak siniflandirma ile ilgili
yapilan ¢alismalar incelendiginde, hiperspektral ve multispektral goriintiileme sistemlerinin kullanmldigi
gorilmektedir [10-16]. Fakat tercih edilen sistemlerin genellikle laboratuvar ortaminda g¢alisabilecek
nitelikte oldugu ve maliyetlerinin ise ¢ok fazla oldugu goriilmektedir. Bu sebeple, ilerleyen donemlerde
maliyeti daha diisiik sistemlerle bu goriintiilerin alinacag: agikardir. Ancak, gelistirilen yazilimlarin bu
sistemler ile entegrasyonunun saglanmasi daha da dnem kazanmaktadir. Giiniimiizde birgok sisteme
entegre edilebilen derin 6grenme algoritmalarinin tarim sektoriinde de birgok alt alana uygulanmaktadir.
Bu nedenle ¢aligmamizda giincel siniflandirma algoritmalarindan olan derin 6grenme ile giiriikk ve
saglam elmalarin siniflandirma islemleri test edilmis ve uygulanmustir.

2.1 Derin Ogrenme

Gilinlimiiziin popiiler konularindan olan derin 6grenme, esnek hesaplama yontemlerinin en son geldigi
noktalardan birisidir. Ilk esnek hesaplama modellerinden olan yapay sinir aglar1 (YSA), zamanla
gelistirilerek Evrisimsel Sinir Ag1 (ESA) modelleri olusturulmustur. Derin 6grenme mimarisinin
temelini de gelistirilen ESA’lar olusturmaktadir. ilk YSA modellerinde gelistiriciler sirastyla, 6znitelik
elde etme ve en iyi Oznitelikleri segme islemlerini gergeklestirdiler [17]. Sonrasinda gelistirilen ESA
modellerinde ise, gelistiriciler ellerindeki verilerden 6znitelik ¢ikarma islemini, ESA’nin igerisinde
bulunan filtrelere yaptirmiglardir. Ayrica, bu filtreler sayesinde elde edilen veriler ESA’da dogrudan
kullanilmaktadir. ESA sonucunda elde edilen veriler istenildiginde farkli siniflandirma algoritmalarinda
da kullanabilmektedir. Derin 6grenme algoritmalarinda ise, tiim 6znitelik ¢ikarma islemleri gelistirilen
ESA’larda oldugu gibi filtreler yardimu ile otomatik olarak yapilmaktadir [18].

Sonuclandirma
[SoftMax)

Aktivasyon Katmam
- Katmam
Girig (Relll} Ezberleme -
GEriinti Katmani ' Katmani
r —
- - ﬁ
= —— = Sonug
. — | &
Ewrigimsel Hawvuzlama
Katmani Katmani —

Tam
Baglant
Katmani

Sekil 1 Derin 6grenme mimarisi

Bunun ile birlikte siniflandirma algoritmasi da bu ag yapisimn igerisinde bulunan softmax katmaninda
gerceklestirilmektedir [19]. Derin Ogrenme algoritmalarinda, gelistiricilerin sadece disaridan uygun
veri tiplerini aga sunmasi yeterlidir. Kullanimmin bu denli kolay olmasindan dolay1 pek ¢ok farkli
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arastirma alaninda oldugu gibi uygulama agirlikli olan tarim teknolojilerinde de derin Ogrenme
algoritmalar yaygin olarak kullanilmaya baglanmistir [20].

Derin Ogrenme mimarilerinin 6zellikle goriintii isleme ve siniflandirma uygulamalarinda yaygin olarak
kullanildig1 goriilmektedir [21-23]. Bu ¢alismada da goriintiiler tizerinden siniflandirilma yapilacak
olmasi nedeniyle derin 6grenme algoritmasi tercih edilmistir. Kullanilan derin 6grenme mimarisinin
genel yapist Sekil 1’de verilmistir.

Sekil 1°de gosterildigi lizere derin 6grenme mimarisi kendi igerisinde katmanli bir yapiya sahiptir. Bu
katmanlar sirasiyla; giris, evrisimsel, aktivasyon, havuzlama, ezberleme, tam baglant1 ve sonuglandirma
katmanlaridir. Bu katmanlarin detaylar1 Tablo 1°de gosterilmistir.

Tablo 1 Derin §grenme modeli katmanlari ve 6zellikleri

Giris Katmani; Derin Ogrenme algoritmalarinda giris katmania
genellikle goriintiiler aktarilmaktadir. Aktarilan bu goriintiiler farkli tiir,
boyut ve igerikteki verilerden olugabilmektedir. Bu nedenle bu katmanda
veriler belli bir standarda getirilerek kendisinden sonraki katmana
aktarilmaktadir.

Evrisimsel Katmani; Giris katmanindan gelen belli standarttaki veriler
iizerinde, boyutlarm gelistiricilerin  belirledigi nxn boyutlarindaki
filtrelerin dolastirilarak yeni 6zniteliklerin ¢ikartilarak daha kiigiik bir veri
matrisinin elde edildigi katmandir.

Aktivasyon Katmani; Bu katmanin gorevi evrisimsel katmanindan elde

| edilen matris degerlerinin kullanilan algoritmaya bagli olarak negatif
/ degerlerin pozitife doniistiiriilmesidir. Bunun igin, sigmoid, tanjant

. hiperbolik, adim ve ReLU gibi farkli aktivasyon fonksiyonlar
g 0 5 kullanilmaktadir.

Havuzlama Katmani; Aktivasyon katmanindan gelen verileri daha kiiciik
boyutlardaki matrislere indirgemek i¢in kullanilan katmandir. Bu veri
indirgeme iglemi agmn daha hizli calismasim saglamasina ragmen, bazi
durumlar icin verilerde az miktarda da olsa kayba neden olabilmektedir.
Veri indirgeme i¢in ortalama, en kiiciik deger ve en biiyiik deger matrisleri
gibi farkli birgok matris de kullanilabilmektedir.

Ezberleme Katmani; Agim egitim setini ezberleyebildigi az sayida veriye
sahip egitim setlerinde, agin ezberlenmesinin Oniine ge¢mek igin
kullanilan katmandir.

Tam Baglanti Katmani; Kendisinden once gelen tim verileri alarak tek
boyutlu bir matrise ddniistiiren katmandir. Ornegin, tam baglant: katmani
2048x%1 olarak segilirse, 32x32x100 boyutundaki veriler bu katmanda,
102400%2048 boyutlarinda bir agirlik matrisi olusturur.

Sonuclandirma Katmani; Derin Ogrenme mimarisinin son katmani olan
h bu katman, tam baglant1 katmanindan gelen verilerin degerlendirilerek
9 agm cikisinin olusturuldugu katmandir. Burada, siniflandirma bilgisinin
yaninda gergeklestirilen uygulamaya bagli olarak herhangi bir egrinin

katsayilart da hesaplanabilmektedir. Genellikle derin  &grenme

algoritmalarinda sonuglandirma katmaninda softmax siniflandiricisi
kullanilmaktadir.

SOFTMAX
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3. Bulgular ve Tartisma

Gergeklestirilen uygulama Matlab ortaminda, CAPA goriintii veri tabani lizerinde Sekil 2’de gosterilen
derin 6grenme mimarisi kullanilarak saglam ve ciiriik elmalarin siniflandirilmasi saglanmistir. Bu

agsamada ilk olarak sistemdeki 4 farkli dalga boyunda kaydedilen goriintiiler alinarak sistemin girisini
olusturacak bir veri tabani olusturulmustur.

Konvoliisyon Tam

Baglanti SONUC
g Hawuzlama .o w ‘ Katmani

H ! — Katmani RN AN , .

- ; T B\ RSB\ N (e
EEERELTNEL o rTH + el + o2 W\ Y +
’ L AR O \E/ e 3 -
‘ oo g W
Girig Katmani

[, Katmam
Gorunta

+
SOFTMAX

Aktivasyon

Katmani (ReLU) Ezberleme

Katmani

Sekil 2 Elma siniflandirmasinda kullanilan genel derin 6grenme mimarisi

Elmalarmn farkli dalga boylarindaki gorintiilerine ek olarak, RGB formatindaki sonuglarin daha iyi
cikabilme ihtimali i¢in goriintillerin RGB formati elde edilerek, hazirlanan yeni veri tabanina

eklenmistir. Sekil 3’de veri tabaninda bulunan, iki farkli siniftaki elmaya ait goriintiiler, sirasiyla
gosterilmistir.

RGHE 4%0nm Erm TEOnm B0
RGE 450nm Sllideamn TEOnm L]

ojojeleo

Sekil 3 Ciiriik ve saglam elmaya ait RGB ve tiim dalga boylarindaki goriintiileri

Veri tabani olusturma isleminden sonra, alinan goriintiiler katmanli mimariye sahip derin 6grenme
algoritmasina gonderilmistir. Caligmada kullanilan mimari arka arkaya {i¢ adet evrisimsel yapiin
eklenmesi ile olusturulmustur. Olusturulan her bir evrisimsel yapida (Sekil 4) sirasiyla; evrisimsel (3x8),
normalizasyon, aktivasyon (sigmoid), havuzlama (2x2 enbiiyiik), evrisimsel (3x16), normalizasyon,
aktivasyon (sigmoid), havuzlama (2x2 enbiiyiik), evrisimsel (3x32), normalizasyon, aktivasyon

(sigmoid), havuzlama (2x2 enbiiyiik) katmanlar1 bulunmaktadir. Mimarinin son katmaninda ise, tam
baglant1 ve softmax katmani bulunmaktadir.

Gorlintl

.I

Tam Baglanti

—*  Sonug

Aktivasyon 1.3
Havuzlama 1.4
Evrisimsel 2.1

Aktivasyon 2.3
Havuzlama 2.4

Aktivasyon 3.3

Havuzlama 3.4

Katman
SoftMax
Katman

Evrisimsel 1.1
Normalizasyon 1.2
Evrisimsel 3.1

Normalizasyon 2.2
Normalizasyon 3.2

Sekil 4 Calismada kullanilan derin 6grenme siniflandirma mimarisi

Tasarlanan yapinin egitilmesinde k-fold 4 degeri igin verilerin %80°1 egitim, %20’si test verisi olarak
kullanilmistir. Bunun yaninda, 6grenme katsayisi olarak 0.005 degeri alinmistir. Sistemin egitim ve test

islemleri i¢in RGB renk uzayindaki degeri ve Tablo 3’de kullanilan farkli dalga boylarindaki degerleri
sirastyla test edilmigtir.
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Hata (Confusion) matrisi bir simiflandirma modelinin tahminlerinin, ne kadar basarili oldugunu
ozetleyen MxM seklide bir tablodur. Bu tablonun bir ekseninde tahmin edilen sonuglar, diger ekseninde
de gergek degerler gosterilir. Hata matrisi, siniflandirici tarafindan yapilan hatalart ve hata tlrleri
hakkinda, ayn1 zamanda da model performansi konusunda genel bilgi verir. Bu nedenle gergeklestirilen
calismanin hata matrisi Tablo 2’de sunulmustur.

Tablo 2 Hata matrisi

Gergek Degerler
'E) Pozitif Negatif
5
%D Pozitif (22%) (;g)
'2:% Negatif (Zlgl) gzl\(l))

Tablo 2°de, “TP” tahmin sonucu pozitif gercek degeride pozitif olani, “FN” tahmin sonucu negatif
gergek degeride pozitif olani, “TN” tahmin sonucu negatif gercek degeride negatif olani, “FP” tahmin
sonucu pozitif ger¢ek degeride negatif olan degerleri ifade etmektedir.

Dogruluk (Accuracy), dogru tahmin edilen drneklerin (TP ve TN), toplam tahmin edilen érneklere
bélinmesiyle elde edilir. Yapilan ¢alismanin dogrulugu Denklem 1 ile hesaplanmis ve %91.25 olarak
bulunmustur.

TP +TN

3 _ .
Dogruluk = 4 p Fp y FN + TN @

Tablo 3’de test goruntleri ile tim sistemden elde edilen simiflandirma basarisi ayrintili olarak
verilmistir. Tablo 3’de de goriildiigii lizere 450nm ile 500nm dalga boylarinda %91.25 bagar1 orani ile
smiflandirma islemi gergeklestirilmistir. Elde edilen bagarim oraninin literatiirde bulunan benzer
calismalarla ayrintili olarak kiyaslamasi Tablo 4’de sunulmustur. Onerilen model ayn1 veri tabanimi
kullanan diger c¢alismalar [4,26,27] ile karsilastirildiginda, sadece {i¢ evrisimsel katman ile %91.25
basar1 oranimi yakalamis bulunmaktadir. Bu nedenle, ¢aligmaya daha fazla sayida evrigimsel katman
eklenerek bu oranin ¢ok daha yukartya cekilebilecegi agik¢a 6n goriilmektedir. Su anki ¢aligmada
temelde sadece ili¢ evrisimsel katman kullanilarak, birgok gomiilii sisteme de kolayca adapte
edilebilecek bir yap1 sunulmustur.

Tablo 3 Siniflandirma basar1 sonuglari

No Kullanilan Degerler Iterasyon | Basar1 Oram %
1 | RGB 1000 75.91
2 | 450nm, 500nm, 750nm, 800nm 1000 86.35
3 | 450nm, 500nm, 750nm 1000 88.87
4 | 450nm, 500nm, 800nm 1000 87.06
5 | 450nm, 750nm, 800nm 1000 84.33
6 | 500nm, 750nm, 800nm 1000 85.56
7 | 450nm, 500nm 1000 91.25
8 | 450nm, 750nm 1000 88.70
9 | 450nm, 800nm 1000 87.09
10 | 500nm, 750nm 1000 86.53
11 | 500nm, 800nm 1000 85.16
12 | 750nm, 800nm 1000 75.97
13 | 450nm 1000 89.45
14 | 500nm 1000 90.71
15 | 750nm 1000 71.38
16 | 800nm 1000 72.40
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Tablo 4 Elmalarda ciiriik tespiti i¢in literatlirde yapilmis ¢alismalar

o Basan
Yazar Yil _IIE_LTS Gg;“:;fu Yontem Orani
Y (%)
Leemans ve dig. [4] 2002 | Jonagold 642 Tek gizli katmanli YSA 72
Leemans ve dig. [4] | 2002 | Solden 528 | Tek gizli katmanli YSA 78
Delicious
I[_zef]mans ve Destain 2004 | Jonagold 400 Kmeans kiimeleme 73
Xing ve Yumusatma, Esikleme,
Baerdemaeker [25] 2005 | Jonagold 160 Hyperspectral goriintileme 75
Unay ve Gosselin CNN, SOM, k-NN, LDC, QDC, LR,
[26] 2006 | Jonagold 526 SVM. MLP, CFNN, ENN, LVQ 84.8
Unay ve dig. [27] 2011 | Jonagold 526 (|_34ch, k-NN, Fuzzy k-NN, SVM, 935
Mohana ve Multifractal, Fourier ve Radon
Prabhakar [26] 2015 | Jonagold 200 doniigtimleri, SVM, ANN, k-NN, 94
LDC ve AdaBoost
Farkli Lab-HSV Renk Uzaylari, Kmeans
Dubey ve Jalal [29] 2015 tiirler 320 kimeleme, SVM 93
Fuji Hyperspectral gorintileme, Ridler,
Luve Lu[30] 2017 120 Unimode ve Otsu esikleme %0
Zhang ve dig. [31] 2017 | Fuji 155 SVM, Hyperspectral 92.5
Comert ve dig. [3] 2019 fuirlgl 1200 | Faster R-CNN 84.95
Onerilen Metot 2020 | Jonagold 526 Deep Learning (Softmax) 91.25

4. Sonug

Bu calismada gida sektoriinde oldukea fazla alanda kullanilan bir iiriin olan elmanin saglam ve ¢iiriik
olarak smiflandirilmasi amaglanmigtir. Bu amag¢ dogrultusunda, CAPA goriintii veri tabani ve derin
O0grenme algoritmasi kullanilarak, saglam ve ¢iiriikk elmalar siniflandirilmistir. Kullanilan goriintii veri
seti tekrar diizenlenmis ve farkli dalga boylarmda 16 degisken durum g6z dniinde bulundurularak egitim
ve test islemleri gerceklestirilmistir. 450nm ve 500nm dalga boylarmin birlikte kullanildig:
goruntilerden elde edilen 6znitelikler ile basart oraninin %91.25 oldugu tespit edilmistir.

Laboratuvar ortamlarinda olusturulan goriintii isleme tabanli ¢alisan otomasyon sistemleri genellikle
kamera, aydinlatma ve bilgisayardan olusmaktadir. Bunlarin kontrolii ise ¢ogu zaman manuel olarak
yapilmaktadir. Halbuki {iretim ortamlarinda g¢alisan otomasyon sistemleri ise kamera, endiistriyel
bilgisayar, aydinlatma iiniteleri, motor siiriicii iiniteleri gibi kompleks bir sistemden olusmaktadir.
Bunlarin kontroliide otomatik olarak yapilmaktadir. Uretim ortamindaki sistemlerin hizli bir sekilde
calisabilmesi icin yazilim ve donanim uyumunun olmasi sarttir. Halbuki laboratuvar ortaminda
gergeklestirilen sistemlerde bdyle bir uyum ve hiz aranmamaktadir. Glinimizde ise teknolojinin
gelismesine bagli olarak islem kapasitesi yiiksek bircok gomiilii sistem gelistirilmistir. Buna paralel
olarak da daha oOncesinde ayr1 yazilim ve donanim sistemleri birlestirilerek tek platformda
gergeklestirilmektedir [32]. Gergeklestirilen algoritma gomiilii sistem iizerinde c¢aligtirilabilecek
nitelikte oldugu i¢in kameradan goriintii alma, alinan goriintiiyii isleme ve dis ortamda bulunan kontrol
kartlar1 ve stirticiilerin kontrol edilmesi yazilimsal olarak ayni platfomda gelistirilebilecektir. Bu nedenle
calismanin basar1 orani, tiim sistemin gergek liretim ortamlarindaki durumu g6z Oniine alindiginda
kullanilabilecek niteliktedir.
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Abstract

This study addresses a novel perspective for analyzing the source of confidence in human behavior. The
concept of confidence was examined via the relationship between two phenomena in the area of machine
learning and psychology, namely the Dunning-Kruger effect and the curse of dimensionality. A relationship
was established between these two phenomena which were investigated in the light of neuroscience. This
study claims that confidence is highly related with the total time it takes to reach specific information and
this relationship is inversely proportional. Image gender classification algorithm was used to analyze this
relationship for this study and the curves which were obtained as a result of this analysis was compared
with the curve of Dunning-Kruger effect and curse of dimensionality. This relationship has been explained
by the knowledge of human's problem-solving ability and mathematical models of memory.

Keywords: Neuroscience, Artificial Intelligence, Dunning-Kruger, Memory Model, Cognitive Science

Boyutun Laneti ve Dunning-Kruger Etkisi Arasindaki iliskinin
Incelenmesi

0Oz

Bu caligma insan davranisindaki giivenin kaynaginin incelenmesi ile ilgili yenilik¢i bir bakig agist
icermektedir. Gliven kavrami, makine 6grenmesinin ve psikoloji biliminin iki fenomeni olan boyutun laneti
ve Dunning-Kruger etkisine gore incelenmistir. Bu iki fenomen arasindaki iliski sinir bilimi 1s18inda
incelenmigtir. Bu ¢aligmaya gore bireyin giiveni o konudaki 6zel bilgiye erisme siiresi ile alakalidir ve bu
iligki ters orantilidir. Cinsiyet imgelerinin siniflandirilmasi siirecinde bu iligki analiz edilmistir ve bu siire¢
sonucunda elde edilen egriler Dunning-Kruger etkisi ve boyutun laneti kavrami ile kargilastirilmustir. Bu
iliski insanoglunun problem ¢6zme yetenegi ve hafizanin matematiksel modellerine ait bilgiler kullanilarak
aciklanmistir.

Anahtar Kelimeler: Sinir Bilimi, Yapay Zeka, Dunning-Kruger, Hafiza Modeli, Biligsel Bilim

1. Introduction

Throughout history, humankind has explored the causes of their behavior and brain activity which has
been a black-box since the ancient Greeks. Neuroscience, which is known as the science of the brain,
has opened a way to systematically analyze human behavior [1]. Neuroscience is a branch of science
that examines the relationship of the nervous system with behavior and learning. Research into human
behavior will never end. As neuroscience can develop, measure and observe living beings, its popularity
increases day by day. Additionally, neuroscience is an interdisciplinary science which is related to areas
such as, mathematics, linguistics, engineering and computer science [2,3]. Neuroscience provides an
understanding of various diseases in the brain including Parkinson’s disease and brain tumors [4].
Nowadays, research on the brain has reached a new era thanks to brain imaging techniques such as
Magnetic resonance imaging (MRI), especially functional MRI [5,6]. Neuroscience also investigates
how the brain processes new information and stores it which is highly important for the field of
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education and there are several studies conducted in this area to increase the learning ability of a student
in the classroom [7-9]. Another area of interest in neuroscience investigates the reasons behind the
decision one makes regarding social life. This trending topic opens a new perspective in the area of
advertising as it helps to analyses the reasons customers prefer certain products. Customers’ product
preferences are analyzed in many different ways by neuroscientists to make products more attractive
[10]. Another area which is investigated in the scope of neuroscience is the vision ability of human
beings.

Neuroscientists try to understand the stages of how a real object is transformed into a representation in
the brain which is a process that also leads to the understanding and development of the areas of
computer vision and artificial intelligence [11,12]. According to research in this area, the human brain
performs edge detection and determines the shape at first contact after which the colors and other
information available are processed. In this study, the relationship between psychology and machine
learning was investigated and the source of confidence was analyzed according to this relationship.
Firstly, the Dunning-Kruger effect, a phenomenon in psychology, was explained and then another term
in the area of machine learning which is known as the curse of dimensionality was explained briefly.

The common part of these two terms was discussed in the light of computational neuroscience. Although
these two phenomena occur at different times and in different areas, their graphical representations are
quite similar. The area of computational neuroscience creates a bridge between these two phenomena
and explains briefly the reason for similarity in terms of graphical representation. Additionally, this
study gives information in a different perspective to understand the main reason for confidence in human
behavior. According to this study, the main reason of self-confidence is not only related with the general
knowledge of humans but also related with the amount of time it takes to reach a piece of information
in a specific subject.

2. Dunning-Kruger Effect

The Dunning-Kruger effect, a theory received a Nobel Prize in 2000, was first proposed by Justin Kruger
and David Dunning in 1999. In general, this theory examines the relationship between self-confidence
and achievements with human behaviors [13, 14]. It is said that people who suffer from the Dunning-
Kruger effect have high self-confidence in a subject despite having inadequate knowledge in that
specific subject whereas people who do have knowledge don’t declare this fact. The basic illustration
of the Dunning-Kruger effect is shown in Figure 1.

A

Confidence

efeccccccccccaPp

v

Novice Experience Expert

Figure 1 Dunning-Kruger confidence curve
In this study, the relationship between these two phenomena in the fields of machine learning and human
behavior was investigated. The relationship between the amount of information and self-confidence is
similar in various ways to the curse of dimensionality, an important phenomenon in machine learning.
According to Bellman’s curse of dimensionality, if there is a larger data set than there should
be(“required”) to solve a problem, this will decrease the performance of the solution to the problem.
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3. Bellman’s Curse of Dimensionality

The term of the curse of dimensionality was first introduced by Belman in 1961 [15,16]. According to
this term, number of feature must be an optimal size to represent data in the storage area and increase
the number of the feature do not always give the satisfying result on classification, clustering or
regression. In general, the cost of the algorithm increases exponentially with the dimension of the
information. This cost makes the calculation impossible or too difficult for large space dimensions.

The problems with increasing dimensions (d) in the dataset are as follows:

Sparsity on the input becomes more obvious and the redundant part in the dataset increases rapidly.
*The decreasing performance of the algorithm dramatically depends on the increase of dimensions.
*The similarity measurement or classification process of the algorithms becomes redundant due to input
and test data becoming the same as each other. The purpose of using a method such as a classifier or a
similarity measurement becomes useless.

*Even though the computation and data storage ability of computers have evolved significantly since
the term curse of dimensionality was first discussed, computation time and area of usage in the storage
are still critical issues in the area of machine learning.

The curve of the curse of dimensionality is shown in Figure 2 and the classifier performance is
represented via Equation 1.

. Correct ClassificationPercentage(%
ClassifierPerformance = ge(*) (8]

ComputationTime

Optimal
Numbers of Features

Classifier
Performance

Dimensionality (Number of Feature)
Figure 2 Bellman’s curse of dimensionality

As shown in Figure 2, there is a number about an optimal number of feature for classifier performance
and this peak point gives information about the optimal representation of features in a dataset with this
classifier algorithm.

4. Human Problem Solving and Cognitive Science

According to recent studies in the area of neuroscience, the main reason for the decrease in cognitive
ability is the size of information received over time. In a study by Ramscar et al., the processing speed
of the brain was found to decrease over time with the size of the stored information and the cognitive
model they proposed was tested with linguistic models for the simulation of the human brain [17]. The
present study consolidated the relationship between the human brain and machine learning via
classification algorithms. As noted at the beginning of this study, processing speed not only affects
learning ability but also manipulates human behaviour such as confidence. Processing new information
must have a computation cost. This cost is highly related to the size and location of information.
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Old studies have suggested that the brains of adult individuals have become stable and do not develop
over time. However, it has been observed with current studies in neuroscience that this situation is
contrary to what is believed and the neural clusters of human memory are dynamically reconstructed
especially at lower level clusters. In the basic studies in the field of human memory, it is foreseen that
the human brain consists of three basic parts and these are as follow: after image, primary and secondary
memory [18, 19]. Thanks to the developing cognitive and neuroscience today, human memory is
predicted to consist of four categories: 1. sensory buffer memory (SBM), 2. short-term memory (STM),
3. long-term memory (LTM), and 4. T action buffer memory (ABM). These categories are classified
according to data saving period and the type and size of the stored data [20]. For example, LTM is
defined as a category of memory in which knowledge and skills are kept permanently and the storage
ability of LTM is about limitless due to large number of neurons (at 100 x 109 level) and much more
potential synaptic connections (at 108,432 level). The basics of human knowledge and long-term
memory can be represented by an Object-Attribute-Relationship (OAR) model based on the synaptic
structure of human memory [21]. The model of OAR is representing dynamic and hierarchical
information clusters which are stored in the memory and this model provides to develop a logical model
of cognitive knowledge bases. The mathematical model of OAR model which is stored at LTM is given
in Equation 2 [18].

OAR = (0,A,R) 2

where O is a finite set of objects identified by unique symbolic names, A is a finite set of attributes for
characterizing each object, and R is a set of relations between objects and attributes. The illustration of
OAR model is shown in Figure 3.

r(()l _, ()2)

r(4y,451)

Figure 3 The OAR model of human memory architecture

As shown in the OAR model, the memory architecture of human is consist of the enormous number of
networks. These memory structures are similar to the neuron structure, which is the basic building block
of the process a, dynamically solving problems. Because neuron structures are also a network structure
that contains many interactive and complex relationships with each other. These neuron structures are at
the basis of artificial neural networks that form the basis of today's machine learning.

In this study, radial basis function (RBFN) neural networks were used to model the classification process
of the human brain [22]. RBF neural networks are generally used to create a nonlinear function between
inputs and outputs and the topology of RBF is a form of three-layered feed-forward neural networks.
The first layer is defined as the input layer, the hidden layer consists of structures containing a large
number of nonlinear RBF activation functions and the third layer is defined as the output layer. The
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preliminary structure that separates the RBF neural network from traditional multilayer neural networks
is the structure of the activation function and Gaussian transfer function is used as an activation function
in RBFN structure [23]. The illustration of Gaussian transfer function is given in Figure 4. The value of
radius (o) is determines the behavior of the model to be created on RBFN. The larger value of selection
on sigma causes underfitting, while the low sigma value leads to overfitting on the stage of function
approximation or classification.

#(x)

<«
o3

radius

¢ —cenler X
Figure 4 Gaussian Activation Function

The structure of RBFN is given in Figure 5.

Hidden Layer

Figure 5 Generic illustration of RBFN structure

The output of activation function ¢; is given in Equation 3 and x is equal to input value, c; is ith center,
a; is spread of jth transfer function, and ||. || is Euclidean norm.

Billlx = il = exp (-4 )

)
20;

The output (y,) of the node m at the output layer can be determined as Equation 4.

Vi = ey Wik (%) 4)
RBFN is a popular alternative to MLP structure due to rapid training process and a simple structure and
it has the capability of universal approximation.
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5. Image Classification and Curse of Dimensionality

In this study, the optimal numbers of the feature selection process were realized with an image
classification problem. In this problem, gender classification was performed with principal component
analysis (PCA) and Radial Basis Function (RBFN) [24,25]. The proposed technique was tested using
Aberdeen facial images from Psychological Image Collection at Stirling (PICS image database) [26]. In
this dataset, there were 130 input images for each gender and 70 of them were selected for training image
while the rest of the images were used for the testing process. The detection of classifier performance
was obtained as a result of the cross-validation of the dataset. The flowchart of the classification process
is shown in Figure 6.

= RBFN  e— M%imm'ﬁoﬁ

TEST
IMAGE

Figure 6 Gender detection from the images

The error percentage of gender classification according to the number of features dimension is shown in
Figure 7. As can be seen from the figure, the increase of the selected feature number is meaningless after
the first four features after which this kind of selection only causes a decreasing performance in the
algorithm.

60

0 L L L L L 1
2 4 6 8 10 12 14 16 18 20
Number of selected Feature(n)

Figure 7 Percentage of error

The computation time of the algorithm versus the selected feature size is shown in Figure 8. As
expected, the total computation time of the classifier increased with feature size.
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Figure 8 Computation time

The classifier performance of the gender classification process was performed according to Equation 1.
As a result of this computation, a specific curve very similar to the curse of dimensionality curve was
obtained as shown in Figure 9.
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Figure 9 Classifier performance

The selection of the first two components is necessary to achieve optimal classification performance for
this gender classification process. Additionally, this curve is also very similar to the curve of the
Dunning-Kruger effect. In the image classification process, using the RBFN structure, it was provided
to simulate the classification skills of people on computer systems [27]. The results of studies in the
field of cognitive science are supportive of this similarity. Hong et al conducted analyzes on students to
examine the relationships between cognitive parameters and self-confidence in the area of education
[28]. In the study in which 6 different hypotheses were analyzed and the partial least squares (PLS)
method was used to analyze the research hypotheses. The hypothesis which is related to our research
paper is 6th hypothesis and the hypothesis question is analyses the relationship between self-confidence
enhancements (SCE) relevant to learning progress (LP) is examined in the 6th hypothesis. Path graphic
showing the relations obtained as a result of the analysis is given in Figure 10.

a=0319 1=3.291 p<0.001 ~

LEARNING
PROCESS

Figure 10 Relationship between SCE and LP
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As a result of the analysis, there is a positive correlation between SCE to the learning process and this
result supports the relationship between the self-confidence and performance of data access as we
suggest in this article.

6. Results

In this study, the source of confidence in human behaviour was explained according to the curse of
dimensionality. Image gender classification and a number of component selections were performed to
obtain classifier performance. The obtained curve was found to be very similar to the curse of
dimensionality. This study explained the reason for confidence being not only inadequate amounts of
information about a specific subject but also the processing time information on the brain. This study
provides a new perspective to the Dunning-Kruger effect in psychology and also uses neuroscience to
explain the source of confidence. In this study, the storage area was defined as the human brain. This
enhancement is the increase in total area and time it takes to reach specific information on the brain like
a storage area on computer system. This means there must be a way to the optimal representation of data
on the brain to increase confidence. The phenomena about machine learning and psychology are not as
far apart as it is thought. In fact, they are highly correlated with each other and can be used to describe
the origin of human behavior. Human memory structure and types are explained. The results of the
studies supporting the proposed relationship were analyzed within the scope of the article. As a result
of this study, processing speed and the total time it takes to reach correct information are highly
correlated with confidence in human behavior and this result was explained in this multidisciplinary
study utilizing information theory, machine learning and neuroscience.
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Abstract

Due to the three-dimensional (3D) structure of the human eye, 3D technology was used in this research. Transition
to 2D and 3D analysis is important, claiming that binocular vision will lose dimension during fatigue. Thus, a
single-stream video consisting of random 2D&3D parts was watched by nine volunteers. The dynamic behavior
and power spectral density (PSD) of the volunteers’ brain signals were considered for a comprehensive quantitative
analysis. The dominant EEG bands and time intervals were selected in 2D to 3D (2D_3D) and 3D to 2D (3D_2D)
transitions by analyzing power differences based on short-time Fourier transformation (STFT). Taking into
account this information, applying effective feature extraction and classification techniques, the behavioral
patterns of channels representing the brain lobes of the volunteers were analyzed. Hjorth parameters and statistical
methods were used as feature extraction methods. The k-nearest neighbors (k-NN) and linear discriminant analysis
(LDA) algorithms were applied to classify 2D_3D and 3D_2D transitions. The results revealed that, thanks to the
comprehensive classification analysis of the 2D_3D and 3D_2D transitions, the change in the activity power of
the brain cortex can be represented. The dominance of the temporal and frontal lobes between the channels
representing these transitions cannot be excluded.

Keywords: EEG, 2D&3D, transition, classification, anaglyph

EEG Kullanarak 2D&3D Video Gecisinin Tespitinde Frontal ve
Temporal Loblarin Etkinligi

Oz

Insan goziiniin {i¢ boyutlu (3B) yapis1 nedeniyle, bu arastirmada 3B teknolojisi kullanilmistir. Binokiiler gérmenin
yorgunluk esnasinda boyut kaybedecegini iddia ederek 2B ve 3B’ye gecis analizi 6nemlidir. Boylece rastgele 2B
ve 3B pargalardan olusan tek akisli bir video dokuz goniillii tarafindan izlenilmistir. Goniillillerin beyin
sinyallerinin dinamik davranisi ve gii¢ spektral yogunlugu (GSY), kapsamli bir nicel analiz i¢gin dikkate alinmustr.
Baskin EEG bantlar1 ve zaman araliklari, kisa zamanli Fourier doniisiimiine (KZFD) dayali gii¢ farkliliklarim
analiz ederek 2B’den 3B’ye (2B_3B) ve 3B’den 2B’ye (3B _2B) gegislerde segilmistir. Bu bilgiler dikkate
alinarak, etkili 6zellik ¢ikarimi ve siniflandirma teknikleri uygulanarak, goniilliilerin beyin loblarini temsil eden
kanallarin davranis kaliplar1 analiz edilmistir. Oznitelik ¢ikarma yontemleri olarak Hjorth parametreleri ve
istatistiksel yontemler kullanilmigtir. 2B_3B ve 3B_2B gegislerini siniflandirmak igin en yakin komsular (e-YK)
ve dogrusal diskriminant analiz (DDA) algoritmalar1 uygulanmistir. Sonuglar, 2B 3B ve 3B_2B geg¢islerinin
kapsamli siniflandirma analizi sayesinde beyin korteksinin aktivite giiciiniin degisiminin temsil edilebilecegini
ortaya koymustur. Bu gegcisleri temsil eden kanallar arasindaki temporal ve frontal loblarin baskinlig1 géz ardi
edilemez.

Anahtar Kelimeler: EEG, 2B&3B, gecis, siniflandirma, anaglif
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1. Introduction

Studies in 2D&3D areas have been rapidly developing because these areas form real feelings and a sense
of sensibility in people. This development is manifested in different domains of the scientific world,
from the medical to the entertainment and education sectors. These areas of application have been taken
into account by researchers in the category of entertainment [1], health [2]-[3], industry, and architecture
[4]. Thanks to the excitement created by this technology, it attracts a great deal of attention from young
people [5]. In addition to being the focus of attention of 3D technology, it has some disadvantages. In
case of frequent use, it can lead to habits as well as health problems such as headaches, eye fatigue, and
physical discomfort [6]. 3D technology has a long history, spanning from the invention of stereoscope
in the 18th century to the 3D TV in the 20th century [7]-[8].

Some studies have evaluated the visual differences resulting from watching 2D&3D images using the
electroencephalogram (EEG) [9]-[10]. Measurement of ionic voltage fluctuations of brain neurons is
defined as EEG. The EEG method is preferred because it is the most important and reliable physiological
measurement in evaluating mental activities. This method is the physiological method used to record
the electrical activity produced by the brain through electrodes placed on the scalp surface. By using the
frequency region of signals, especially frequency bandwidths, EEG enables this information to help
reveal the functional states of the brain [11]-[12].

In order to grasp the logic of 3D technology, the human eye structure must be taken into account. It is
also useful to learn how the eyes and the brain work. People see the world with eyes looking in two
directions at a distance of about 6 cm [13]. Unlike some animals [14], people have the ability to see
binoculars due to the eye structures. Each eye has a certain field of view when the other eye is closed.
Although the visual information in the environment can only be perceived with one eye, the fields of
vision of the eyes overlap. This information is transmitted to a region of the brain behind the head, and
synthesizes overlapping visual information to create a single coordinated image. In summary, what we
see is the result of signals sent from the eyes to the brain. In general, the brain receives signals from
both eyes (ocular) at the same time. The information contained in the signal for each eye is slightly
different, and with a well-functioning binocular vision, the brain can understand these differences; Also
it can be used to assess distances and coordinate eye movements [15]-[16]. This difference in the retina
is known as binocular disparity. In 1838, Wheatstone showed that these subtle differences between
retinal images are detected by the brain and provide a powerful clue to the depth structure of the world
around us [16]. This ability is known as (binocular) stereoscopic or stereo vision. It is also often
described as a 3D vision. One of the reasons why binocular vision is so important is that it allows to
perceive depth and relationships between objects.

EEG analysis of 2D and 3D technology can generally be classified as eye fatigue detection [17], game
analysis [18], [19], detection of power spectrum differences in brain waves [20], [8], and investigation
of the effects of stereoscopic disparity on event-related potentials [21]. Few of these studies have
focused on a brief look analysis of brain signals in 2D and 3D video watching instead of comprehensive
analysis, and none of them has examined the 2D and 3D transitions of video watching modes.

Taking into account the basis of 2D and 3D technology, until 2011 very few studies in this area actually
focus on the quantitative benefits of 3D visualization [22]. Many studies have proved that despite the
complexity of 3D technology, it performs better than 2D in terms of model visualization [23]. Thanks
to the excitement and realistic feelings created by 3D technology, its expansion continues rapidly in
today's research. Therefore, it is important to understand the comprehensive analysis of brain activation
patterns underlying 2D and 3D studies [24].

The viewing of the television screen from different distances and how this distance affects the human
visual system was also evaluated in detail [17]. Time interval and screen distance are among the
important factors in 3D watching. The visual fatigue survey for 2D versus 3D has been carried out in
[25]. By using EEG-based 2D and 3D concentrated games, a biomedical feedback system has been
developed in [3]. In this study, by utilizing 2D and 3D technology and nonlinear methods concentration
check on human individuals was performed . In five physiological status analysis of [18], EEG signal
complexity was evaluated using two parameters. In the case of openness of the eye and in 3D mode,
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complexity increasing was observed. The depth degree of 3D images and the relationship between visual
disturbance were also explored in detail in [21]. As a result of the depth of 3D technology, a considerable
increase in ERP components (P1) was observed compared to 2D. The amplitude of this component can
be adjusted by changing the degree or perception of depth. Brain areas sensitive to binocular vision and
perception of depth were analyzed in [9], [26] based on Brodmann areas (BA). These regions were
determined as temporal, parietal and occipital.

This study is a basic step towards evaluating our hypothesis which is based on the human eye structure.
In this hypothesis, the analysis of the moment of transition to 2D_3D and 3D_2D is important, claiming
that 3D vision will lose dimension during fatigue. Behavior analysis and classification of brain signals
in these transitions are the main goals of this research. In the process of watching a single anaglyph
video consisting of random 2D and 3D parts, electrophysiological responses discussed in detail.
In a brief description of this detailed analysis, the power spectrograms of the electrophysiological
responses achieved on the presentation of the 2D_3D and 3D_2D transitions were obtained using the
STFT. Thus, it is possible to get an idea about the behavior of each channel by considering the power
spectrum difference of transition states. In addition, based on this visual information, important
frequency bands, time windows, and channels that maximize the power difference of the transitions
were brought to the fore. In order to obtain an acceptable performance classification technique, effective
feature extraction methods were applied by selecting dominant frequency and time intervals.

By evaluating this hypothesis, the effects of 2D_3D and 3D_2D transitions on brain signals in terms of
time, frequency, and channel can be determined in a single video of 2D and 3D parts. In this way, it is
hoped that the researchers will be able to provide information about the parameters to be considered in
the studies on 2D and 3D technology (visual processing, classification, early detection of drivers falling
asleep, etc.). The results of the study will contribute to the literature on the comprehensive brain
dynamics underlying 2D and 3D technology and the parameters affecting these dynamics.

2. Material and Method

In this section, information was given about volunteers, video production, EEG recording, data
processing, and analysis methods.

2.1. Volunteers

Nine volunteers (four women and five men) without neurophysiological disorders participated in the
experiments. The average age and standard deviation (SD) were 34.12 and 2.072 years, respectively.
The experiments were carried out according to the experimental procedures No. 24237859-806
approved by the Ethics Committee of the Faculty of Medicine, Karadeniz Technical University.
Volunteers were informed about this protocol in advance, and their written consent was obtained.

2.2. Video Production

A 135-second video was watched by the volunteers five times. This video consisted of 8-second 2D and
3D random parts. In the adjustment of this anaglyph video, the 3D version of the SAW video [27] was
converted to 2D using the Xilisoft 3D Video Converter program [28]. Later, the 3D version was
converted to a 3D anaglyph format using the IQmango 3D converter program [29]. The resulting parts
were combined by applying the Idoo video program [30]. The selected glasses must be independent of
any imaging system to view 2D and 3D video segments in a single video, considering TV features [20].
Thus, anaglyph glasses [31] were found to be suitable for this scenario according to the working
principle.

2.3. EEG Recording

A 32-channel Micromed Italy Brian Quick device was used for EEG data recording. The experimental
environment and the system are presented in Figure 1. The EEG cap consisted of 21 electrodes, and the
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animation graphic of this cap is presented in Figure 2. In the experiments, the Cz electrode was
determined as a ground electrode. EEG recordings were made by trying to keep the electrode resistance
values below 10 K Ohms on average. Considering the EEG bandwidth of 0-100 Hz, sampling frequency
(fs) was chosen as 512 Hz to ensure sufficient time resolution and prevent data exchange in long-term
recordings.

The experiments were conducted in a dimly lit room. The subjects were asked to sit in a comfortable
chair about 85 cm from the TV stand, relax, and minimize body movements during the experiment. Each
recording lasted 135 seconds and was repeated five times. There was insulation isolation in the EEG
system used to protect each experiment from the electrical impact. In the device used, a filter that passes
between 0.1-120 Hz was applied to clear the recorded EEG signals from internal and external artifacts.
In addition, a 50Hz notch filter was employed to eliminate mains noise.

(e) (D
Figure 1 EEG system a) EEG amplifier, (b) gel, (c) EEG isolation, (d) EEG cap, (e) EEG recording area, (f)
Anaglyph glasses

Figure 2 The animation graphic of the EEG cap
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2.4. Scenario

In this scenario, the movie consisting of random 2D and 3D videos was watched by the volunteers. The
aim was to analyze and classify 2D and 3D transitions. An EEG recording example of the sequence of
the video, consisting of 8-second 2D and 3D random parts, is illustrated in Figure 3. In Figure 3, the
orange-colored arrows represent the 2D_3D transitions, and the green arrows the 3D_2D transitions. In
the transition analysis, there is a total of nine transitions (five 2D_3D and four 3D_2D transitions). The
window length of five seconds was taken into account in terms of epoch category. This category is
presented in Table 1. In this table, according to Figure 3, window lengths of 5 seconds were selected for
analysis, considering the critical transitions from 2D to 3D (2D_3D) and from 3D to 2D (3D_2D). As
mentioned before, each recording was repeated five times. Thus, due to the window length of 5 seconds
and the existence of nine epochs, a total of 45 epochs was included in the analysis.

2D D 3D 2D 2D 3D 3D 2D 3D 3D 2D D 2D 3D 3D

~-8-second
135-second

2D
58 66 84 9 109 116

§ 16 24 32 40 48 56 (64|72 80 88 96 104 112 |120 128 135

> O

Figure 3. Details of the video

Table 1. Epoch category
5-second window length from 2D 3D 5-second window length from 3D_2D
13-18, 37-42, 63-68, 96-101, 113-118 21-26, 55-60, 81-86, 106-111

2.5. Preprocessing

Following the EEG signal recording, the recordings were split into two sub-data sets, namely 5-second
window lengths covering 2D_3D and 3D_2D transitions. Since there were nine transitions in each of
the five trials, 45 epochs were taken into account. In addition, each sub-data set represents 20 channels
of nine volunteers. To take the first step of data analysis, the average of five trials was calculated in
order to get an idea of the choice of dominant bands and to minimize noise. In addition to applying a
notch filter at 50 Hz to clear the network noise [32], a third-order bandpass Butterworth filter to clean
the noise signal in the frequency range of 1-55 Hz was employed. The order of the filter was chosen by
trial and error. All the data had to be normalized in order to eliminate this problem and provide the
opportunity to compare different volunteers. The z-score normalization method [33] was adopted to
minimize amplitude changes and enhance the classification performance.

2.6. Time-Frequency Analysis Process and Band Selection

Time-frequency analysis was applied to get a more effective idea about the processed data. Thus, in the
2D_3D and 3D_2D transition analysis, the time intervals representing the maximum difference of PSD
and the dense frequency range were taken into account. In other words, the behavior change between
2D 3D and 3D_2D transitions is well demonstrated. The spectrogram method based on STFT [34] was
used to accomplish this. The STFT is an expanded version of the traditional Fourier analysis used for
the analysis of non-stationary data. This technique analyzes the local frequency content of the signal
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with floating windowing [35]. By adjusting the width of this window, valuable information about
unpredictable EEG signals can be obtained. Due to the unknown nature of the EEG signals, the soft-
behavior Hanning window was chosen. One of the suitable features of this window is that it has a wide
peak unlike its narrow side lobes. Thus, in order to capture the related time and frequency resolution,
taking into account the frequency range desired, the window size was considered as 512 sample lengths.
The overlapping of the window was noted as ‘window size -1°[8].

The transition effect of 2D_3D and 3D_2D anaglyph video watching was evaluated on the power of
brain signals for different frequency bands. To gain the goal, the average EEG power spectrogram of all
the epochs belonging to the nine volunteers in each sub-data set was achieved separately for 20 channels.
As a result, when the average EEG power spectrograms were investigated for the effective time
windows, differences were observed between the average power spectrograms of the 2D_3D and 3D_2D
transitions on the dominate frequency and channels. Based on the spectrogram graph, in 2D_3D and
3D_2D transition analysis, the delta band was determined as the dominant band in approximately all
EEG channels representing brain lobes during the comparison phase. Considering the epoch averages,
this band selection was calculated according to the average results of the volunteers in each channel. In
the next step, taking into account the dominant band and time intervals obtained from this section, the
feature extraction process was performed for 5-second epochs by selecting 1-1.5 and 1.5-3-second time
intervals at 2, 3, and 4Hz frequencies.

2.7. Feature Extraction

The main purpose of the feature extraction method in EEG signals is the extraction of features that
effectively reflect the frequency, time, and spatial properties of the signal. Here, selecting effective
values of time-frequency windows that best represent the differences between the power spectra
showing the 2D_3D and 3D_2D transitions can be defined as the feature extraction method. Considering
the STFT-based spectrogram graph, two feature extraction methods were utilized in the dominant band
and time intervals. One is the SD and max of statistical functions, and the other is Hjorth parameters
[36]. Three parameters of the Hjorth method are activity, mobility, and complexity. The mathematical
representation of these parameters is shown respectively in Equations 1, 2, and 3.

Activity = %Z,"l’;&[x(n) — x)? = variance(x(n)) Q)
. _ |Activity(x(n)) __ |variance(x(n))
mOblllty - \/ Activity - \/variance(x(n)) (2)
. __|variance(k(n))variance(x(n))
Complexity = \/ variance(x(n))? (3)

where x(n) and x{n) are the first and second derivatives of the signal, respectively. While these three
parameters contain information on the frequency spectrum of a signal, they also help analyze the signals
in the time domain. In addition, lower computational complexity can be achieved by their use.

Ultimately for each channel, in the SD and max feature extraction method, considering the dominant
frequency and time windows, the feature vector dimension was determined as 3*2*2 and in the Hjorth
method as 3*3. The band selection and feature extraction method is summarized in Figure 4 as block
diagram representation.
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Preparation of data
EEG data collection sets

Time-frequency signal analysis
(STFT)

Average of records

Feature extraction

Epochs range adjusting

SD, max Hjﬂl'l']'l.

Preprocessing

PSD calculation and spectrogram analysis for average
epochs

Select the dominant bands and time intervals based on the
results of the average 9 people

Figure 4 Flow diagram summarizing band selection and feature extraction method

2.8. Classification Techniques and Performance Evaluation of Classification

To achieve the goals of this study, namely 2D_3D and 3D_2D transition classification, k-NN and LDA
classification techniques were employed. Since this study has two classes, the chance level is 50%.
Additionally, sensitivity and specificity [16] were used to evaluate classifier performance and
classification accuracy. The basic definition of these techniques is briefly presented below.

The supervised and simple k-NN technique that is sensitive to the local structure of the data is also used
in pattern recognition for different classification and regression processes [27]. This algorithm has a
lazy learning mechanism, and it tries to make estimations by memorizing the training dataset instead of
learning it. During the estimation process, it looks for the nearest neighbors, taking into account the
entire data set [28]. The class of the new sample is determined by looking at the closest k neighbor's
class according to the distance in the learning set. In this study, these distances were calculated using
the Euclidean distance function. Setting the k or neighborhood parameter directly affects the
performance of this algorithm. If k is too small, it affects noise sensitivity, and it is too large, it affects
the neighbors of other classes. There is no clear method for choosing k. As used in this study, in general,
the optimum k is selected by using the cross-validation method.

The LDA algorithm is used in machine learning and pattern recognition to separate two or more classes
of problems. Its basic principle is based on the linear combination of features. This algorithm actually
reveals the modeling differences of classes by moving the high-dimensional space features to a smaller
size [29].

To evaluate the classification result validation, K-fold cross-validation was applied. K-fold cross-
validation was employed to evaluate the classification result validation. In this study, the K value was
chosen as 10. After cross-validation, the k value of k-NN was obtained. Here, class 2D_3D and 3D_2D
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were defined as the positive and negative sample, respectively. To move on to the classification stage,
the epochs of each class were randomly divided into two test and training sets. The classification process
was repeated 20 times to avoid unlucky splitting.

3. The Research Findings and Discussion

If we want to summarize the outcome of the time-frequency analysis of EEG data, the difference of the
average power spectra based on the average epochs in the evaluation of 2D_3D and 3D_2D transitions
was shown for 20 different channels. Thus, dominant time intervals and effective frequency band were
determined in this transition classification. As a result, the delta and 1-1.5 and 1.5-3 seconds time
intervals were the best criteria representing the power difference. The k-NN classification results of 9
volunteers (V) in each channel were shown in Tables 2 and 3 for SD, max and Hjorth feature extraction
methods, respectively. Likewise, LDA classification results were presented in Tables 4 and 5,
respectively.

When looking at the classification results of 9 volunteers on 20 channels, it is not overlooked that the
LDA and Hjorth methods are generally more successful. With a general view in terms of brain lobes,
the frontal, temporal and partially parietal lobes appear to be highly successful. Considering the general
average classification result in the LDA classification algorithm, T3 and Pz were chosen as the channels
with the best results in SD, max and Hjorth methods with success of 66.67 % and 66.25 %, respectively.
Since this study consists of two classes, it is observed that the classification results are low. In this case,
it is necessary to increase these results by applying another method.

Table 2 k-NN classification results for nine volunteers in each channel, and the average classification accuracy
(SD, max)

V1 V2 V3 V4 V5 V6 V7 V8 V9 | Average
Fpl 60 55 50 65 55 60 60 60 60 58.33
Fpz 50 50 55 60 60 70 65 65 45 57.78
Fp2 45 60 55 65 65 60 70 65 50 59.45
F3 50 65 55 50 65 50 55 65 70 58.33
F4 65 50 50 65 55 65 55 60 55 57.78
F7 55 50 55 60 45 65 50 60 55 55
F8 45 30 65 55 65 65 60 45 35 51.67
C4 65 45 60 55 65 50 45 45 60 54.45
C3 75 60 50 50 60 55 85 35 55 58.33
Fz 50 50 65 45 85 50 65 60 60 58.88
P3 65 55 60 60 70 70 55 55 70 62.23
P4 50 60 65 60 40 70 55 55 65 57.78
Pz 60 50 55 70 70 55 70 60 75 62.78
0O1 50 60 55 50 60 45 55 55 60 54.45
02 60 50 60 50 50 75 55 55 65 57.78
T3 60 60 45 45 45 55 50 60 60 53.33
T4 55 55 50 75 50 55 50 50 75 57.22
T5 60 55 40 55 50 60 65 50 50 53.12
T6 65 55 55 65 55 60 50 60 60 58.33
Oz 60 65 45 65 60 45 55 65 65 58.33
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Table 3. The k-NN classification results of nine volunteers in each channel, and the average classification

accuracy (Hjorth)
V1 V2 V3 V4 V5 V6 V7 V8 V9 Average

Fpl 60 60 55 65 55 60 65 60 60 60
Fpz 55 70 50 60 60 70 65 65 45 60
Fp2 40 65 50 65 60 60 70 65 50 58.34
F3 65 55 55 60 65 50 55 65 75 60.55
F4 55 65 60 65 60 65 55 60 55 60
F7 35 70 65 60 40 50 40 60 50 52.22
F8 60 60 50 55 75 65 60 40 35 55.56
C4 35 50 55 55 65 50 45 45 60 51.12
C3 60 55 70 55 60 55 80 25 50 56.67
Fz 50 50 50 45 75 60 65 60 50 56.11
P3 50 55 45 65 70 70 55 55 70 59.44
P4 60 45 55 60 40 70 50 50 65 55
Pz 70 65 60 70 70 55 70 60 60 64.45
01 60 30 60 60 60 55 70 60 60 57.22
02 60 40 75 55 40 75 55 55 55 56.67
T3 50 65 60 45 45 55 50 60 60 54.45
T4 50 55 65 80 50 60 50 50 75 59.44
T5 65 60 50 55 50 60 65 50 65 57.78
T6 60 60 45 65 50 60 65 55 55 57.22
Oz 70 50 55 65 60 55 60 65 65 60.55

Table 4. LDA classification results of nine volunteers in each channel, and the average classification accuracy

(SD, max)
V1 V2 V3 V4 V5 & V7 V8 V9 Average

Fpl 55 45 50 50 60 70 55 45 55 53.89
Fpz 40 50 50 55 60 65 55 60 65 55.56
Fp2 40 50 55 70 65 60 45 65 55 56.11
F3 55 50 50 55 60 60 55 45 70 55.56
F4 45 40 55 65 70 70 60 55 60 57.78
F7 60 45 45 50 60 60 80 65 70 59.45
F8 45 65 50 55 40 55 65 50 60 53.89
C4 55 50 60 55 70 70 60 65 70 61.67
C3 75 55 50 65 55 55 80 75 70 64.45
Fz 55 50 80 50 65 55 65 70 45 59.44
P3 65 75 70 65 70 50 60 60 60 63.89
P4 55 55 60 60 65 50 40 60 60 56.12
Pz 55 80 60 65 55 50 80 90 60 66.11
01 45 55 55 50 60 50 45 40 75 52.77
02 50 70 55 50 55 50 45 70 60 56.11
T3 60 60 75 55 85 70 65 60 70 66.67
T4 60 70 45 65 50 60 60 65 75 61.12
T5 50 75 65 65 65 50 70 65 60 62.78
T6 65 60 50 60 55 55 35 55 60 55
Oz 50 60 65 55 65 60 40 60 65 57.78
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Table 5. LDA classification results of nine volunteers in each channel, and the average classification accuracy

(Hjorth)
V1 V2 V3 V4 V5 V6 V7 V8 V9 Average

Fpl 55 60 40 50 60 70 55 45 55 54.37
Fpz 70 55 45 70 60 65 55 60 65 60
Fp2 70 55 45 55 65 60 45 65 55 57.5
F3 50 80 60 65 60 60 55 45 70 59.37
F4 45 45 55 50 70 70 60 55 60 56.25
F7 70 70 50 55 60 60 80 65 70 63.75
F8 85 60 60 55 40 55 65 50 60 58.75
C4 65 55 45 65 70 70 60 65 70 61.87
C3 60 60 55 50 55 55 80 75 70 61.25
Fz 75 60 45 65 65 55 65 70 45 62.5
P3 65 65 55 60 70 50 60 60 60 60.62
P4 50 65 65 65 65 50 40 60 60 57.5
Pz 70 65 70 50 55 50 80 90 60 66.25
o1 55 65 60 50 60 50 45 40 75 53.12
02 55 75 45 55 55 50 45 70 60 56.25
T3 70 45 50 65 85 70 65 60 70 63.75
T4 65 60 65 65 50 60 60 65 75 61.25
T5 50 50 65 60 65 50 70 65 60 59.37
T6 65 65 65 55 55 55 35 55 60 56.25
Oz 75 65 60 55 65 60 40 60 65 60

3.1. Temporal and Frontal Lobe Activity Using Voting

The three channels with the best accuracy rates in all volunteers for all classifiers are listed in Table 6
below. Considering the table of the results presented in the previous section, it can be seen that the
channels in the temporal and frontal regions are effective and dominant. Therefore, we can say that these
regions are important in 2D and 3D video watching. In order to improve the classification results, three
channels from the frontal and temporal lobes with the best accuracy in each volunteer are identified in
Table 7. That is, in Table 6, the channels from the parietal, occipital, and central lobes are replaced by
the best channels from the frontal and temporal lobes. For a good understanding, for example, in the
first volunteer (V1) of Table 2, in the three best channels (C3, F4, T6), the C3 channel was replaced by
the channel (Fpl), which gave the best result from the frontal or temporal lobe. The combination of
these channels is presented in Table 7.

Table 6 Three channels with the best success in nine volunteers for SD, max, and Hjorth feature extraction

methods
k-NN LDA
SD and max Hjorth SD and max Hjorth
V1 C3,F4,T6 Oz, Pz, F3 C3,T6, P3 F8, Fz, Oz
V2 F3,0z,T3 Fpz, F7, Fp2 Pz, T5, P3 F3, 02, F7
V3 F8, Fz, P4 02,C3,T4 Fz, T3, P3 Pz, T5, T4
\Z! T4, Pz, Fpl T4, Pz, Fpl Fp2, T4, T5 Fp2, F4, T4
V5 Fz, P3, Pz F8, Fz, P3 T3, F4,P3 T3, F4,C4
V6 02, Fpz, P4 02, Fpz, P3 Fpl,F4,T3 Fpl,F4,T3
V7 C3, Fp2, Pz C3, Fp2, Pz F7, Pz, C3 F7,C3, Pz
V8 Fpz, Fp2, F3 Fpz, Fp2, F3 Pz, C3, 02 Pz, C3,Fz
V9 T4, Pz, F3 T4, F3,P3 T4, F8, P3 T4,01, F3
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Table 7 The three best channels selected from the frontal and temporal lobes

k-NN LDA
SD and max Hjorth SD and max Hjorth
V1 F4,T6, Fpl F3, T5, Fpl T6,F7, T4 F8, Fz, Fpz
V2 F3, T3, Fp2 Fpz, F7, Fp2 T5, T4, F8 F3,F7,T6
V3 F8, Fz, T6 T4,F7,F4 Fz, T3, T5 T5,T4,T6
V4 T4, Fpl, T6 T4, Fpl, Fp2 Fp2, T4, T5 Fp2, F4, T4
V5 Fz, Fp2, F3 F8, Fz, F3 T3, F4, Fp2 T3,F4,T5
V6 Fpz, F4, F7 Fpz, F8, F4 Fpl, F4, T3 Fpl, F4, T3
\24 Fp2, Fpz, Fz Fp2, T5, T6 F7,T5,T3 F7,T5,T3
V8 Fpz, Fp2, F3 Fpz, Fp2, F3 Fp2, F7, T4 Fz, T4, T5
V9 T4, F3, Fpl T4,F3,T5 T4, F3, F7 T4, F3, F7

After selecting the best three channels’ combination as a result of the classification process, the result
improvement analysis was performed with inter-label voting [37]. According to the decision
mechanism, the result is explained for each epoch. This decision mechanism is summarized in Table 8.
The label of two (or three channels) must be 1 to be considered the estimated epoch label 1 or “2D_3D”.
On the other hand, if the estimated epoch label for two channels (or three channels) is 2 and considered
“3D_2D”, it takes the value of 2.

Thus, in the proposed hypothesis, in both feature extraction methods, only the 2, 3, and 4 Hz from the
delta band and the temporal and frontal lobes from the EEG brain lobes were used to classify the 2D_3D
and 3D_2D transitions. Meanwhile, the voting flow chart is displayed in Figure 5.

The 2D_3D and 3D_2D transitions’ classification results for nine volunteers by using the voting process
are presented in Table 9. In this table, the EEG signal analysis of each volunteer has been made for the
channels of the volunteer that gives the best classification success. These channels were selected from
the frontal and temporal lobes in all the volunteers, and this study is expected to be suitable for use in
the biomedical field as a result of reducing the number of channels. Among the nine volunteers, the
highest average test performance was calculated in VV3 as 90% with SD, max feature extraction method,
and LDA classifier. As seen in Table 7, this success was achieved by voting between channels Fz, T3,
and T5. In general, based on Table 9, the best average test performance was determined as 76% in both
classifications for both feature extraction methods. In addition, the classification performance criteria
were largely compatible with each other.

Table 8 Decision mechanism

Channel 1 Channel 2 Channel 3 Estimated label
1 1 1 1
1 1 2 1
1 2 1 1
1 2 2 2
2 1 1 1
2 1 2 2
2 2 1 2
2 2 2 2
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Selection of frontal and temporal regions by looking at the
results of classification per volunteer

Determination of three channels according to the best results
from active lobes for each volunteer

Inter-label voting by three channels
for each epoch
This process was
repeated by blending
dataset five times.

Reclassification success percentage caleunlation
for the test dataset

Figure 5 Voting flow chart of temporal and frontal lobe activity

3.2. Classification Techniques and Performance Evaluation of Classification

To achieve the goals of this study, namely 2D_3D and 3D_2D transition classification, k-NN and LDA
classification techniques were employed. Since this study has two classes, the chance level is 50%.
Additionally, sensitivity and specificity [20] were used to evaluate classifier performance and
classification accuracy. The basic definition of these techniques is briefly presented below.

The supervised and simple k-NN technique that is sensitive to the local structure of the data is also used
in pattern recognition for different classification and regression processes [38]. This algorithm has a
lazy learning mechanism, and it tries to make estimations by memorizing the training dataset instead of
learning it. During the estimation process, it looks for the nearest neighbors, taking into account the
entire data set [39]. The class of the new sample is determined by looking at the closest k neighbor's
class according to the distance in the learning set. In this study, these distances were calculated using
the Euclidean distance function. Setting the k or neighborhood parameter directly affects the
performance of this algorithm. If k is too small, it affects noise sensitivity, and it is too large, it affects
the neighbors of other classes. There is no clear method for choosing k. As used in this study, in general,
the optimum k is selected by using the cross-validation method.

The LDA algorithm is used in machine learning and pattern recognition to separate two or more classes
of problems. Its basic principle is based on the linear combination of features. This algorithm actually
reveals the modeling differences of classes by moving the high-dimensional space features to a smaller
size [40].

To evaluate the classification result validation, K-fold cross-validation was applied. K-fold cross-
validation was employed to evaluate the classification result validation. In this study, the K value was
chosen as 10. After cross-validation, the k value of k-NN was obtained. Here, class 2D_3D and 3D_2D
were defined as the positive and negative sample, respectively. To move on to the classification stage,
the epochs of each class were randomly divided into two test and training sets. The classification process
was repeated 20 times to avoid unlucky splitting.
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Table 9 Results of classifying 2D_3D and 3D_2D transitions after the voting process in the temporal and frontal

lobe activity
k-NN (%Success) LDA (%Success)
SD, max Hjorth SD, max Hjorth
Accuracy 63 69 60 85
V1 Specificity 64.95 61.76 62.5 81.82
Sensitivity 62 100 58.33 88.89
Accuracy 66 68 80 80
V2 Specificity 68 100 75 80
Sensitivity 68.02 61.34 88 80
Accuracy 63 67 90 65
V3 Specificity 57.6 69.06 83.33 66.67
Sensitivity 100 66.1 100 63.64
Accuracy 78 79 75 75
V4 Specificity 76.09 78.55 66.67 66.67
Sensitivity 80.61 79.56 100 100
Accuracy 74 79 85 85
V5 Specificity 72.89 74.54 88.89 88.89
Sensitivity 79.38 88.42 81.82 81.82
Accuracy 80 80 75 75
V6 Specificity 83.03 82.59 77.78 77.78
Sensitivity 78.56 78.78 72.73 72.73
Accuracy 76 74 75 75
V7 Specificity 70.04 67.56 69.23 69.23
Sensitivity 91.11 92.7 85.71 85.71
Accuracy 76 73 65 65
V8 Specificity 74.08 73.7 63.64 63.64
Sensitivity 80.71 74.63 66.67 66.67
Accuracy 82 80 80 80
V9 Specificity 86.62 80.56 80 80
Sensitivity 81.78 82.43 80 80
Accuracy 73 74 76 76
Avearge | Specificity 72.58 76.48 74.11 80.44
Sensitivity 80.21 74.97 81.42 79.94

It's good to say that in this study, classification performance was evaluated using confusion matrix. The
general diagram of this matrix was shown in Table. 10. As an example, the confusion matrices for
volunteer 1, 3, 5 and 9 using the Hjorth feature extraction method and LDA algorithm were presented

in Figure 6.
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Table 10 Confusion matrix

Volunteer Predicted
3D 2D | 2D 3D

Observed | 3D 2D | TN FP

2D 3D FN TP

V1 Predicted V3 Predicted
3D 2D | 2D 3D aDh 2D | 2D 3D

Observed | 3D 2D g 2 Observed | 3D 2D [i] 3

2D 3D 1 g 2D 3D 4 7

V5 Predicted Vo Predicted
3D 2D | 2D 3D 3D 2D | 2D 3D

Observed | 3D 2D 8 1 Observed | 3D 2D 8 2

2D 3D 2 g 2D 3D 2 g

Figure 6 The confusion matrices for volunteer 1, 3, 5, 9, using the Hjorth feature extraction method and in LDA
algorithm

4. Discussion

In terms of the findings of the scenario, a comprehensive qualitative classification study was obtained
after creating EEG records datasets in the analysis of 2D_3D and 3D_2D transitions. In a video
consisting of single-stream 2D_3D and 3D_2D random transitions, the behavior of all brain lobes in the
EEG frequency bands was studied in detail. In the literature review in the field of 2D and 3D technology,
the analysis was started based on some basic information, e.g., by taking into account only the
effectiveness of some brain lobes or frequency bands [41], [17], [9]. However, in the proposed study,
the dominant EEG band and brain lobes [9] were selected by analyzing all the criteria.

In the literature review phase, no 2D_3D and 3D_2D transition classification hypothesis study was
found to capture the moment of transition to sleep. Therefore, this study has great originality and
innovation in the field of 2D and 3D technology. Studies in this field have been based on eye fatigue
created by 3D televisions, superficial and qualitative brain signal analysis of 2D and 3D game consoles
[2], [42], [43], [44]. Although it has been suggested that watching TV in 2D and 3D modes in terms of
neurophysiological and cognitive responses does not have major effects on brain dynamics [2], it has
been reported in later studies that this result changes in deep analysis [10], [45].

In the inter-volunteer classification results, the channels of the frontal and temporal lobes are the most
effective channels in this transition classification analysis of the proposed study. Thus, the delta band
and the channels of frontal and temporal lobes appear to be effective inthe 2D_3D and 3D_2D transition
classification. Based on the overall average results, the parietal lobe is considered to be important in the
2D_3D and 3D_2D transition classification. The presence of channels from the temporal lobe can be
explained because of its important role in visual memory. In terms of the frontal lobe channels, this may
be because the lobe has an important share of the focus of attention. The function of the parietal lobe is
to interpret sensory information from different parts of the brain. Considering the PSD spectrogram
graphics based on STFT, frequencies 2, 3, and 4 Hz from the delta band were chosen as the dominant
band in these transitions. In this classification study, the importance of transition analysis is based on
the eye structure. The human eye sees 3D due to its nature [20]. We proceed in this study, claiming that
the ability to see in a sleepy and tired state will lose dimension. Therefore, the analysis and classification
of 2D_3D and 3D_2D transition are the main objectives of research.

5. Conclusion

144



Sakarya University Journal of Computer and Information Sciences

Manshouri et. al

This paper investigated how watching a video consisting of random 2D and 3D parts affects the neural
activity of the cortex. One of the innovations of this study was making 2D_3D and 3D_2D transition
classification using a single-stream anaglyph video. For these transitions, especially considering the
dominant time intervals, the brain activity for different frequency bands and brain lobes was considered.
In this study, channels of five brain lobes and all frequency bands were tested in detail and dominant
band and effective brain regions were obtained. This stage could be defined as EEG signal preliminary
analysis and considered as an important principle of this study compared to other EEG studies. By
interpreting the spectrogram charts, the PSD of the brain signals in the transitions was evident at the 2,
3, and 4 Hz of the delta band. It was aimed to reach the target by extracting appropriate features to
enhance the performance of classification algorithms from the selected band. The Hjorth parameters and
the LDA classification technique yielded promising results in the temporal and frontal lobes in general.

The detailed analysis of the transition moment in a single-stream hybrid video consisting of 2D and 3D
parts has the ability to add a new and unique perspective to driver fatigue studies. The results of this
study provide a good basis for our future research. It is hoped that this study may shed light on the early
diagnosis of the moment of falling asleep when it is conducted comprehensively on tired individuals.
Using different feature extraction and classification techniques, the transition moment can be analyzed
in professional videos. In addition to these planning, the number of participants can be increased to solve
one of the limitations of the study. The classification results of 2D_3D and 3D_2D transition analysis
can be improved using deep learning algorithms.
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Abstract

Sleep stages are determined firstly for the evaluation of sleep quality and the diagnosis of sleep diseases. The
signals, recorded from sensors connected to various parts of the body, such as electroencephalogram (EEG),
electrocardiogram (ECG), electrooculogram (EOG) and electromyogram (EMG) are used for this purpose. After
the production of affordable wearable EEG devices for individual use, studies have begun to detect sleep stages
from a single channel EEG signal. This paper presents an automated system that can perform sleep staging using
a single-channel raw EEG signal. A Convolutional Neural Network (CNN) model was trained with the raw EEG
signal for sleep stage detection. The use of CNN does not require any feature extraction. The developed CNN
model classifies the sleep data sampled at 250 Hz, divided into 30-second segments according to the 5-class sleep
staging system. According to the test results, the performance of the proposed system was found to be 93% macro
F1 score and 92% accuracy.

Keywords: Convolutional Neural Network, EEG, Sleep Scoring

Tek Kanallh Ham EEG Sinyali Temelli Otomatik Uyku Evrelemesi
Yapan Evrisimsel Sinir Ag1

Oz

Uyku kalitesinin degerlendirilmesi ve uyku hastaliklarinin teshisi i¢in 6ncelikle uyku evreleri tespit edilmektedir.
Bunun igin viicudun g¢esitli bolgelerine bagli sensorlerden kaydedilen elektroensefalogram (EEG),
elektrokardiyogram (ECQ), elektrookiilogram (EOQG), elektromiyogram (EMG) gibi sinyaller kullanilmaktadir.
Bireysel kullanim i¢in uygun fiyath giyilebilir EEG cihazlarinin iiretilmesi ile tek kanalli EEG sinyalinden uyku
evreleri tespiti yapilabilmesi igin ¢alismalar baglamistir. Bu makalede tek kanalli ham EEG sinyali kullanarak
uyku evreleri tespiti yapabilen otomatik bir sistem sunulmaktadir. Bu amagla ham EEG sinyalleri ile bir Evrisimsel
Sinir Ag1 (ESA) modeli egitilmistir. ESA kullanimi sayesinde herhangi bir 6zellik ¢ikarimi yapilmasina ihtiyag
bulunmamaktadir. Gelistirilen ESA modeli 250 Hz’de 6rneklenmis, 30 sn’lik segmentlere boliinmiis uyku verisini
5 smifli uyku evrelemesi sistemine gore siniflandirmaktadir. Yapilan testlerin sonuglarina goére 6nerilen sistemin
bagarim %93 makro F1-skoru ve %92 dogruluk olarak bulunmustur.

Anahtar Kelimeler: EEG, Evrisimsel Sinir Agi1, Uyku Evrelemesi

1. Giris

Uyku insan sagligi icin gerekli bir eylemdir. Uyku kalitesinin 6l¢iilmesi ve uyku hastaliklarinin tespiti
i¢in denekler uyku kliniklerinde belirli bir siire i¢in g¢esitli 6l¢lim aletleri baglanarak gézetim altinda
uyutulurlar. Uyku uzmanlar1 viicudun farkli bolgelerine bagli sensorlerden kaydedilen elektriksel
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aktiviteyi kullanarak uyku kalitesini degerlendirirler. Bu sensoérler yardimiyla 6l¢iilen ¢oklu fizyolojik
sinyallere polisomnogram (PSG) denilmektedir. Bu sinyaller genellikle elektroensefalogram (EEG),
elektrokardiyogram (ECQ), elektrookiilogram (EOG), elektromiyogram (EMG), hava akimi ve oksijen
satlirasyonundan (SaO;) olusmaktadir. PSG, uyku ile ilgili analizlerde en sik kullanilan tani aracidir [1].
Bununla birlikte PSG cihazlar1 hastane ve uyku laboratuvarlarinda kullanilan pahali ve 6zel cihazlardir.
Bu cihazlar evde kisisel kullanim i¢in uygun degildir.

PSG ile kaydedilen sinyaller, 30 sn’lik epok adi verilen dilimlere ayrilir ve daha sonra Rechtschaffen ve
Kales (R&K) [2] veya Amerikan Uyku Tibb1 Akademisi (AUTA) gibi uyku kilavuzlarina gore uzmanlar
tarafindan farkli uyku asamalarina gore simiflandirilir. AUTA tarafindan yayinlanan giincel standart,
dort farkli uyku evresi tanimlamaktadir. Bu evreler S1 (uyku hali), S2 (hafif uyku), S3 / SWS (yavas
dalga uyku), REM (hizli g6z hareketi uykusu) ve buna ilave olarak Uyaniklik (W) seklinde
adlandirilmaktadir. AUTA standardi, eski R&K standardimin giincellenmis siirtimiidir [3]. AUTA ve
R&K arasindaki doniisiim islemi Tablo 1’de sunulmaktadir. R&K’da yer alan S3 ve S4 evreleri
AUTA’da SWS olarak birlestirilmistir.

Tablo 1 R&K Standardinin AUTA Standardina Doniigiim Tablosu

Standart Uyku Evreleri
R&K S1 S2 S3veS4 REM w
AUTA S1 S2 SWS REM w

Gece uykusu genellikle birbirini takip eden dongiiler halinde gerceklesmektedir. Bir uyku dongiisii
yaklasik 90 dakika siirmekte ve bu dongii S2, SWS, REM uykusunu ve ardindan uyku esnasinda ve gece
boyunca uyarilmalardan sonra gelen S1°i icermektedir. Bir gece uykusunda bu dongl 3-5 defa
tekrarlanmaktadir. Uyku evrelerinin seyri hipnogram adi verilen grafiklerle gosterilir [4]. Sekil 1°de
ornek bir hipnogram goérilmektedir.

...Kasa Siireli Uyanmalar
W URTRTTEETEA
REM
S1 -
S2 -
SWS —
01:30 03:00 05:00 06:30

Sekil 1 Ornek Bir Hipnogram Goriuntust

PSG ol¢giimii esnasinda deneklerin viicudunda farkli bolgelere kablolar yardimiyla gesitli 6l¢tim uglar
baglanmaktadir. PSG diizenegi dl¢limlerde giiriiltiilere neden olabilmekte ve deneklerin uyku kalitesini
etkilemektedir [5]. Bu nedenle, daha az fizyolojik sinyal kullanarak yapilacak bir uyku evreleme
sistemine ihtiya¢ duyulmaktadir. Béylece ev tabanli uyku izleme sistemlerinin gelistirilmesi de miimkiin
olacaktir.

PSG kayitlarimin uzmanlar tarafindan elle uyku evrelerine ayrilmasi islemi hem zaman alic1 hem de
yorucu bir islemdir [6]. Bu islemin otomatik olarak bir yazilim tarafindan yapilabilmesi, daha az insan
giicli kullanmay1 ve daha dogru sonuglar iiretmeyi de olanakli kilacaktir.
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Uyku evreleme isleminde evrelerin tespiti i¢in gesitli 6zellikler belirlenmekdir. Dogrusal olmayan
slireglerden tiiretilen bu elle ¢ikarilan 6zellikler, zaman domeni [7] 6zelliklerinden frekans domeni [8]
ozelliklerine kadar cesitlilik gostermektedir. Bu 6zellikleri siniflandirmak i¢in genellikle geleneksel
makine 6grenmesi yontemleri kullanilmaktadir [9].

Literatiirde son yillarda derin 6grenme yontemlerinin g¢esitli siniflandirma problemlerine uygulandigi
caligmalar yer almaktadir. Uyku evrelemesi isleminde de derin 6grenme modellerinin kullanilmasi
yayginlagmustir. Derin  0grenmenin giicli  verilerden otomatik 6zellik Ogrenme yetenegine
dayanmaktadir. Bir derin Ogrenme ¢esidi olan Evrisimsel Sinir Aglar1 (ESA), siiflandirma
problemlerinde basarili sonuglar tiretmektedir [10].

ESA modelleri bir giris sinyaline uygulanan ayn1 ya da farkli boyutta, birden fazla filtre igerir. Evrisim
katmani, havuzlama katmani, aktivasyon katmani ve tam bagli katman olmak iizere dort temel
katmandan olusur. Genellikle katmanlar ardigik olarak baglanir ve her katman bir 6nceki katmanin
¢ikigini alarak bunlardan daha soyut 6zellik ¢ikarimlar1 yapabilir. Her bir evrisim katmanindaki yiiksek
boyutlu 6zellikler havuzlama katmani yardimiyla diisiik boyutlu 6zelliklere dondstiriiliirler. ESA’da
evrigim katmanlarinin sonunda siniflandirma yapmak igin tam bagli katman olarak adlandirilan ¢ok
katmanli bir yapay sinir ag1 yer alir. Tam bagli katmanda diisiik boyutlu 6zellikler ile siniflar
eslestirilerek siniflandirma yapilir. Bu adimlarin gergeklestirilmesi ile ham veriden soyut 6zelliklerin
otomatik olarak ¢ikarilmasi miimkiin olmaktadir [11].

Literatirde uyku evrelerini EEG, EOG ve EMG gibi ¢oklu sinyaller kullanarak otomatik olarak
siniflandiran gesitli galigmalar yer almaktadir. Sokolovsky vd. EEG ve EOG sinyallerini kullanarak bir
ESA modeli ile otomatik uyku evrelemesi yapan bir sistem gelistirmislerdir. Modelin makro F1-skoru
%77 ve dogrulugu %381 olarak bulunmustur [12]. Bununla birlikte tek kanalli EEG sinyalleri kullanarak
da benzer bir dogruluk basarimina sahip calismalar bulunmaktadir. Bu g¢aligmalarin bazilarinda
gelencksel makine 6grenmesi yontemleri tercih edilmistir ve basarimi ¢ok kanalli ¢aligmalardan diisiik
degildir. Ghimatgar vd. tarafindan yapilan ¢alismada tek kanalli EEG sinyali kullanarak bir 6zellik
secici yontemiyle uyku epoklarindan elle 6zellik ¢ikarimi yapilmis, bir makine 6grenmesi yontemi olan
rassal orman siniflandirici ile veri simiflandirilmistir. 6 asamali R&K ve 5 asamali AUTA’ya gore
modelin uyku evreleme bagarimi sirasiyla en yiiksek %87,4 ve %80,4 dogruluk olarak bulunmustur [13].

Elle 6zellik ¢ikarimi yapmak yerine otomatik 6zellik ¢ikaran derin 6grenme yontemleri kullanildiginda
da 6nerilen modellerin bagarimi diismemistir. Tsinalis vd. tarafindan 6nerilen otomatik uyku evrelemesi
yapan tek kanalli ham EEG sinyallerini isleyebilen ESA modeli, genel bir veriseti Gzerinde %74 F1-
skoru ve %81 dogrulukla evreleme yapmustir [14]. Zhang vd. iki genel verisetinden alinan tek kanallt
EEG sinyallerine Hilbert—-Huang doniistimii uygulamislar ve 2 boyutlu zaman-frekanslh goriintiiler elde
etmislerdir. Caligmada Onerilen Ortogonal ESA ile egitilen model uyku evrelemesinde sirasiyla %88.4
ve %387.6 toplam smiflandirma dogrulugu elde etmistir [15]. Sors vd. tarafindan yapilan ¢alismada 12
evrisim katmani ve 2 tam bagli katmana sahip bir ESA kullanilmistir. Etiketli ve tek kanalli ham EEG
sinyalleri herhangi bir 6niglemeye ya da 6zellik secimine gerek kalmadan sisteme verilmistir. 5 siniflt
uyku evrelemesi yapan sistemin dogrulugu %0.81 kappa katsayisiyla, %87 olarak bulunmustur [16].
Supratak vd. MASS ve Sleep-EDF adli iki ayr1 veriseti tizerinde siniflandirma yapan iki asamali bir
model gelistirmistir. Tek kanalli EEG kullanarak EEG epoklarindan 6zellik ¢ikarimi i¢in ESA ve uyku
evreleri arasindaki gecis kurallarint 6grenmek igin ¢ift yonlii uzun-kisa donem bellek kullanmiglardir.
Modelin dogruluk ve makro F1-skoru sirasiyla MASS igin %86.2 ve %81.7 olarak, Sleep-EDF igin ise
%82 ve %76.9 olarak bulunmustur [6]. Karmasik bir yontem tercih edilmesine ragmen sunulan
calismanin basarimu literatiirdeki tek kanalli EEG kullanan ¢aligmalardan daha yiiksek degildir.

Bu makalede sunulan galismada ise yine tek kanalli EEG sinyalleri kullanilarak benzer ¢aligmalardan
daha yiiksek basarim saglayacak bir ESA modeli gelistirilmistir. Aktivasyon fonksiyonu olarak ELU
(Ustel Dogrultulmus Birim) tercih edilmistir. Evrisimsel katmanlara sistemin basarimimi artirmak igin
normalizasyon katmani ilave edilmistir. Sistemin ezberlemesinin engellenmesi i¢in de uygun bir dropout
degeri belirlenmistir.

Makalenin 2. boliimiinde, kullanilan veriseti, gelistirilen ESA mimarisi ve degerlendirme olgekleri
sunulmaktadir. 3. boélimde ESA’nin egitilmesi sonucunda ortaya ¢ikan sonuglar literatiirde yer alan
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diger ¢alismalarla karsilastirmali olarak tartisilmaktadir. Son boliimde ise degerlendirmeler ve Oneriler
yer almaktadir.

2. Materyal ve Metot

Bu béliimde ¢alismada kullanilan veriseti ve 6zellikleri yer almaktadir. Verisetinde yer alan dosyalar ve
ozellikleri ile ESA modeline verilmeden once sinyallere uygulanan 6nisleme adimlar: sunulmaktadir.
Gelistirilen ESA modeli ve bu modelin basarimini 6l¢mek i¢in kullanilan degerlendirme 6lgekleri de
detayl1 bir sekilde agiklanmaktadir.

2.1 Veriseti

Bu makalede kullanilan EEG sinyalleri PhysioNet'te yer alan polisomnografik veritaban1 MIT-BIH'den
alinmstir. Denekler, Boston'daki Beth Israel Hospital Uyku Laboratuvari'nda kronik obstriiktif uyku
apne sendromunun degerlendirilmesi igin izlenmistir. Veritabaninda yer alan ¢ok kanalli PSG
kayitlarindaki her bir kayit uzmanlar tarafindan evrelerine ayrilmis ve ¢esitli uyku rahatsizliklar ile
birlikte etiketlenmistir. Verisetinde toplam 80 saatlik kayit bulunmaktadir. Her biri farkli derecelerde
apneye sahip 32-56 yaslar1 arasindaki 16 erkek denekten alinan 18 tiim gece PSG kaydi igermektedir.
Her kayitta 250 Hz frekansinda 6rneklenmis EKG sinyali, invazif kan basinci sinyali, solunum sinyali
ve EEG sinyali bulunmaktadir. Her bir kayit i¢in veritabaninda 4 farkl tiirde dosya bulunaktadir [17].
Tablo 2’de MIT-BIH uyku verisetinde yer alan dosyalarin uzantilari ve agiklamalari sunulmaktadir.

Tablo 2 MIT-BIH Uyku Veriseti Dosya Uzantilar1 ve Agiklamalari

Dosya Uzantisi Aciklama
st Uyku evreleri ile beraber uyku apnesi agiklamalari
ecg Kalp ritmi agiklamalar1
dat Sinyaller
hea Baglik dosyalart

MIT-BIH verisetinde yer alan her bir st uzantili dosyanin i¢indeki uyku evresi ve uyku apnesi i¢in olan
aciklamalarin tamam dosyadaki aux alaminda yer almaktadir. Bu dosyada yer alan her bir agiklama
notu, aciklama notuna karsilik gelen bir epok veriye aittir. Aux alanindaki uyku evrelerine dair kodlar
ve agiklama bilgileri Tablo 3’te yer almaktadir.

Tablo 3 Aux Alaninda Yer Alan Uyku Evrelerine Dair A¢iklamalara Karsilik Gelen Kodlar
Aux alaninda yer alan kodlama kisaltmalar Aciklamasi

Uyaniklik

Uyku evresi 1 (S1)

Uyku evresi 2 (S2)

Uyku evresi 3 (S3)

Uyku evresi 4 (S4)

REM evresi

THhwNPR S

16 denegin EEG sinyallerinin tamamu kafa derisi {izerinde ayn1 bolgelerden alinmamustir. Verisetinde
yer alan slp02 kaydi O2-Al elektrot ¢iftinden, slp01, slp32, slp37 ve slp41 kayitlar1 C4-Al elektrot
ciftinden ve diger kayitlar C3-O1 elektrot ¢iftinden kaydedilmistir [18]. Tim EEG kayitlar1, birbiri ile
cakismayan 30 saniyelik epoklara ayrilmis ve daha sonra bu epoklarin her biri tasidiklar 6zelliklere
gore uzmanlar tarafindan elle etiketlenmistir.

Bu makalede sunulan ¢alismada MIT-BIH uyku verisetinden alinan toplam 4640 epok’luk EEG sinyali
kullanilmistir. Bu epoklarin REM, S1, S2, SWS ve W evrelerine gore dagilimi sirasiyla 1198, 1177,
1072, 1193 seklindedir. Sinyaller 250 Hz ile 6rneklendigi i¢in 30 sn’lik epoklarin her biri 7500 adet
ornek icermektedir.
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2.2 Onisleme

Deneklerin PSG kayitlarinda etiketlenmemis olarak yer alan epoklar ESA’ya gonderilmeden dnce
sinyalden ¢ikarilmistir. Verisetini dengeli hale getirebilmek ve gereksiz kaynak kullanimini engellemek
icin uykuya gecilmeden onceki ve uykudan uyandiktan sonraki uyaniklik evreleri sinyalden
¢ikarilmistir. AUTA tarafindan tavsiye edilen sekilde uyku evreleri W, S1, S2, SWS (S3 ve S4), REM
seklinde etiketlenmistir, yani S3 ve S4 evreleri SWS olarak birlestirilmistir.

2.3 Onerilen ESA Mimarisi

Bu calismada giris olarak tek kanalli ham EEG sinyali alan ve ozellikleri kendisi 6grenen bir ESA
modeli kullanilmistir. Onerilen ESA modeli blok diyagrami Sekil 2°de gosterilmektedir. Aktivasyon
fonksiyonu olarak tiim katmanlarda ELU (Ustel Dogrultulmus Birim) [19] kullanilmustir.

Olusturulan ESA modelinde 1 epokluk giris dizisi, farkli sayilarda filtre ve ¢ekirdeklere sahip 4
evrisimsel katman ve her bir evrisim katmanin sonunda ayn1 boyutta olusturulan maksimum havuzlama
katmani bulunmaktadir. Evrisim katmanlariin sonunda bir diizlestirici katman ve 25 norona sahip bir
tam bagl katman ile de siniflandirma islemi yapilmaktadir. Tiim evrisimsel katmanlara normalizasyon
eklenmigtir. Sistemin ezberlemesinin engellenmesi icin tiim katmanlara deneyler sonucu bulunan en
uygun dropout degeri eklenmistir.

Evrisimsel Katmanlar
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Sekil 2 Onerilen ESA Modelinin Blok Diyagrami

Tablo 4’te model mimarisi, ¢ikt1 boyutlar1 ve parametre sayilar1 detayli olarak sunulmaktadir. Siral
yapida bir model kullanildig1 igin bir 6nceki katmanin ¢ikisi bir sonraki katmanin girisi olacak sekilde

caligmaktadir.
Tablo 4 Kullanilan Modelin Ozellikleri

Katman Tipi Cikt1 Bicimi Parametre Sayisi
ConvlD_1 (ConvlD) (7500, 40) 3240
Batch_Normalization_1 (7500, 40) 160

Activation_1 (7500, 40) 0
Max_Poolingld_1 (7500, 40) 0

Dropout_1 (750,40) 0
Convl1D_2(Conv1D) (750, 60) 48060
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Tablo 4 Kullanilan Modelin Ozellikleri (Devami)

Katman Tipi Cikt1 Bi¢cimi Parametre Sayisi
Batch_Normalization_2 (750, 60) 240
Activation_2 (750, 60) 0
Max_Poolingld_2 (150,60) 0
Dropout_2 (150,60) 0
ConvlD_3(ConvlD) (150,80) 48080
Batch_Normalization_3 (150,80) 320
Activation_3 (150,80) 0
Max_Poolingld_3 (30,80) 0
Dropout_3 (30, 80) 0
ConvlD_4(ConvlD) (30,100) 32100
Batch_Normalization_4 (30, 100) 400
Activation_4 (30,100) 0
Max_Poolingld_4 (6,100) 0
Dropout_4 (6, 100 0
Flatten_1 (600) 0
Dense_1 (Dense) (50) 30050
Dropout_5 (50) 0
Dense_2(Dense) (5) 255

ESA modeli 5 katlamali capraz dogrulama kullanilarak verinin %801 egitim, %20°si test olacak sekilde
ayrilmistir. Capraz dogrulama kullanildigi i¢in test setinde yer alan epoklar her bir katlamada rastgele
secilmis ve boylece her katlamada farkli verilerle dogrulama islemi yapilmstir.

Sistemin ezberlemesini engellemek i¢in kullanilan dropout degerleri tiim katmanlarda 0.3 olarak
kullanilmistir. 5 epok boyunca dogrulama setinde hig iyilesme olmazsa egitim durdurulmustur. Egitim
tamamlandiktan sonra ¢ikiglar 5°1i olarak simiflandirilmistir. Bu simiflar REM, S1, S2, SWS ve W
seklindedir.

Deneyler Python dili 3.7 siriimi ile Keras Kitiiphanesi ve Tensorflow Kutlphanesi kullanilarak
gerceklestirilmistir. Egitimler i¢in Google bulut sunucusu ortaminda 15GB disk, 32GB bellek ve 16
cekirdek islemcili sanal makineler kullanilmigtir. Gelistirme ortam1 Ubuntu 18.0.4 LTS isletim sistemi
iizerinde kurulmustur.

2.4 Degerlendirme Olgekleri

Onerilen yontemin basarim Denklem 1-4’te verilen dogruluk, hassaslik, kesinlik, karisiklik matrisi ve
F1-skoru degerlendirme 6lgekleri kullanilarak 6l¢iilmiistiir.

Dosruluk — o DTHDN
O = O D P - YN+YP+DN 1)
e —  DP
asSasyet = DpryYN )
Kesinlik = ¢
esinlik =% 15 9P (3)

F1=2X (Hassasiyet x Kesinlik)
B Hassasiyet + Kesinlik (4)

Denklemlerde yer alan Dogru Pozitif (DP), belirtilen uyku evresinin dogru olarak tahmin edildigi
epoklarin sayisim belirtmektedir. Dogru Negatif (DN), belirtilen uyku evresine ait olmayan ve bu
sekilde isaretlenmis epoklarin sayidir. Yanlis Pozitif (YP), belirtilen uyku evresine ait olmasina ragmen
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o sekilde isaretlenmeyen epoklarin sayisidir. Yanlis Negatif (YN) ise belirtilen uyku evresine ait
olmadigi halde, o evreye aitmis gibi isaretlenen epoklarin sayisidir [15].

3. Bulgular ve Tartisma

Calismada sunulan sisteme ait test sonuglar1 Sekil 3’de karisiklik matrisi olarak gosterilmektedir. En
yiiksek dogruluk degeri %99.8 ile SWS evresinde, en diigiik dogruluk degeri ise %88.3 ile W evresinde
hesaplanmigtir. S1 evresi uyanikliktan uyku durumuna gegis evresi oldugu icin W ve S2 evresi ile
karigabilmektedir. Bunun nedeni S1 evresindeki dalga yapisinin kendisinden Once gelen W ve
kendisinden sonra gelen S2 evresindeki dalga yapisina olan benzerlikleridir [15]. Onerilen ESA modeli
bu karisiklig: yiiksek oranda 6nlemekle birlikte W evresini diger evrelere gore daha diisiik dogrulukla
smiflandirmig ve bu evre %9.1 oraminda S1 evresi ile karigmistir. S2 evresi de ayni1 sekilde %6.8
oraninda S1 evresi ile karigmigtir.

L o-EEsN 0.1 00 00 4.3 80
n
. = 60
& .<-68 )W 00 00 1.5
o n
Y v 40
g <
" gi}?— 0.2 0.0 0.0 0.0
x 05 - 20
v
o
3 m’ﬁ— 1.5 0.0 0.0 gknsy 4.0
m-91 1.3 02 1.0 s
=3

51 2 Sws R W
(1343) (1096) (546) (510) (1145)
Tahmin Edilen Sonuclar

Sekil 3 Uyku Evreleme Islemine Ait Karisiklik Matrisi

Verisetinden Ornek olarak secilen slp59 kaydi i¢in makalede sunulan ESA modeli tarafindan uyku
evrelemesi yapilarak elde edilen evreler ile elle skorlanmis evrelerin birlikte gosterildigi hipnogram
goriintiisti Sekil 4’te gosterilmektedir. Turuncu renk ile gosterilen uyku evreleri ESA modeli tarafindan,
mavi renk ile gosterilen uyku evreleri ise uzmanlar tarafindan elle etiketlenmistir. Evreler ylksek bir
oranda birbiri ile drtiismiistiir. Onerilen sistem denegin tiim gece uyku verisinden otomatik olarak uyku
evrelerini isaretleyebilmektedir.
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Modeli test etmede kullanilan degerlendirme o6lgeklerine gore basarim sonuglari Tablo 5°te

sunulmaktadir.

Tablo 5 Basarim Sonuglari

Uyku Evreleri Kesinlik  Hassasiyet F1-Skorlama
REM 0.85 0.95 0.90
S1 0.96 0.91 0.93
S2 0.99 1.00 0.99
SWS 0.93 0.97 0.95
W 0.93 0.85 0.89
Makro F1 Skorlama 0.93 0.94 0.93
Dogruluk 0.92

Sunulan modelin literatiirde yapilan diger tek kanalli EEG sinyali kullanilarak yapilan ¢alismalarla
karsilagtirmasi Tablo 6’da goOsterilmistir. Her bir c¢aligma i¢in kullanilan veriseti, bu verisetinde
kullanilan kanal sayist ve denek sayilari, evreleme c¢esidi, ¢alismalar i¢in kullanilan yontemler ve
calismalarin basarim sonuglar1 tabloda yer almaktadir.

Tablo 6 Yapilan Calismanin Sonuglarinin Literatiirde Yapilan Diger Caligmalarin Sonuglariyla Kargilagtirilmasi

Cahsma  Veriseti Kanal Denek  Evreleme Kullanilan Doéruluk F1-
$ Secimi Sayis1  Tipi Ydntem g skoru
Sors shHs-1 [ 5708 Rk ESA %87 %87
- Sleep- Tek Kanal o 0
Tsinalis EDE EEG 20 R&K ESA %74 %81
MIT- Tek Kanal Hilbert Huang 0 0
Zhang BIH EEG 16 R&K Déniisiimii, OESA %88.4 %85.8
Supratak  MASS EEE'EKa”a' 32 AUTA ESA - UKDB %86 %86
Tek
Bu MIT- Kanal 16 AUTA ESA %92 %93
c¢alisma BIH EEG

Makalede sunulan tek kanalli EEG kullanan ESA modelinin hem dogruluk hem de Fl1-skoru degeri
literatlirdeki rakiplerine gore yliksek ¢ikmustir. Zhang vd. tarafindan sunulan ¢alismada da MIT-BIH
veriseti kullanilmisg, sinyaller Hilbert Huang Doniisiimii ile resim isleme asamasindan gegirilmis
olmasina ragmen modelin dogruluk basarimi %88.4’te kalmistir. Ham EEG sinyalinde doniistiirme
islemleri yapmadan da uygun bir ESA modeli ile daha yiliksek basarim sonuglari alinabilmistir.

4. Sonuglar

Bu makalede sunulan ¢aligmada tek kanalli ham EEG sinyal 6rnekleri kullanilarak otomatik uyku
evrelemesi yapan bir sistem sunulmaktadir. Bu sistem igin tek kanalli ham EEG sinyalleri alan bir
Evrisimsel Sinir Ag1 modeli gelistirilmistir. Gelistirilen model PhysioNet'te yer alan MIT-BIH
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polisomnografik veritabaninda yer alan 16 erkek denekten alinan 18 tiim gece PSG kaydi ile egitilmistir.
Gergeklestirilen deneylerin sonuglarina gore elle 6zellik ¢ikarimi yapmadan bir derin 6grenme aginin
yiiksek basarimla egitilebildigi goriilmektedir. Onerilen sistemin test basarim sonuglar1 %93 makro F1-
skoru ve %92 dogruluk olarak bulunmustur. Yapilan ¢alisma diger ¢alismalarla karsilastirildiginda,
onerilen modelin basarimi daha yiiksektir. Tek kanalli EEG sinyali ile uyku evrelemesi yapilabilmesi
sonucunda kisisel kullanima uygun ve giyilebilir uyku izleme sistemlerinin gelistirilmesinin miimkiin
olacagi degerlendirilmektedir.
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