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ABSTRACT: Decision making could be critically important for people in some situations. People have
intentions to choose a side if it is time to make decision. These intentions are strongly related to the
knowledge and experience. But sometimes outer effects could reshape their intentions easily. In this
paper, an experimental work is studied for Human-Machine Interaction in which if holograms could
change or affect the human intention. And also the question which asks whether people trust on a
hologram agent while making decision or not is researched. To study this research, a memory game
application is developed and this application is run on Microsoft Hololens device. Hololens is used to
maintain the Augmented Reality (AR) environment with holograms. An algorithm with a Finite State
Machines (FSM) is developed to manage the response of hologram agent while giving hint to the
confused users. The accuracy of the hints changes nonlinearly. 3 different game stages are trained on
users to see how they are affected by both virtual and real world noises. According to the results,
intention of majority of users was affected by the hologram while making the decisions. Also it is
observed that some users who were concentrated too much to memorize the order of objects did not
realize the hologram, and some few could not understand the actions of hologram.

Key Words: Augmented Reality, Decision Making, Finite State Machines, Human-Machine Interaction,
Intention Reshaping.

insan - Makine Etkilesiminde Hologram Kullanilarak insan Niyetinin Yénlendirilmesi

OZ: Karar verme, bazi durumlarda insanlar icin kritik derecede nemli olabilir. Insanlarin karar verme
zaman geldiginde taraf se¢gme niyetleri vardir. Bu niyetler, bilgi ve ge¢mis deneyimlerle iligkilidir.
Ancak bazen dig etkiler insan niyetini kolayca yeniden sekillendirebilir. Bu makalede, Insan-Makine
Etkilesimi i¢in deneysel bir ¢alisma gerceklestirilmistir. Burada hologramlarin insan niyetini degistirip
degistiremeyecegi arastirilmistir. Ayrica insanlarin karar verirken hologram etmene giivenip
glivenmedigi de arastirilmistir. Bu arastirmayi incelemek icin bir hafiza oyunu uygulamas: gelistirilmis
ve bu uygulama Microsoft Hololens cihazinda kosturulmustur. Hololens, Hologramlarla Artirilmis
Gergeklik (AG) ortammni saglamak icin kullanilmistir. Sonlu Durum Makineleri (SDM) iceren bir
algoritma, kafasi karisan kullanicilara ipucu verirken hologram etmenin tepkilerini yonetmek igin
gelistirilmistir. 1puglar1n1n dogrulugu dogrusal olmayan bir sekilde degismektedir. Kullanicilarin hem
sanal hem de gercek diinya seslerinden nasil etkilendiklerini gormek igin 3 farkli oyun agamasi
tasarlanmistir. Calismadan elde edilen sonuglara gore, kullanicilarin ¢ogunlugunun niyeti karar verirken
hologramdan etkilenmistir. Ayrica nesnelerin sirasini ezberlemek i¢in konsantre olan bazi kullanicilarin
hologramin farkina varamadigi, bazilarinin da hologramin eylemlerini anlayamadig1 goriilmiistiir.

Anahtar Kelimeler: Artirilmis Gergeklik, Karar Verme, Sonlu Durum Makineleri, Insan-Makine Etkilesimi,
Niyeti Yeniden Sekillendirme.
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1. INTRODUCTION

People make decisions when they are facing up to a fork in situations. These situations are
composed of three parts; firstly there has to be more than one option in front of the person. As an
example situation is that coming to a fork while going on an unknown road. Will you take the right or
the left path? Additionally the person could have expectations about these options. These expectations
are formed according to beliefs and probabilities. Degree of beliefs and as the third part, experiences
have important roles while making decisions. People make estimations using past assessments. These all
3 parts form the structure of decision making (Hastie ef al., 2010).

It was studied before that if a person’s intention while making decision could be reshaped or
changed by using robots (Durdu et al., 2012). Using holograms for this mission instead of robots is a
novel idea as the Human Machine Interaction (HMI). According to our knowledge this type of research
had not been tried before this.

Besides, several researches have been made to see the degree of trust of users on robots and factors
affecting the interaction between robot and human but nothing have been studied on holograms
(Hancock et al., 2011; Freedy et al., 2007). In this work, the degree of trust was not experienced but it was
simply practiced if the user trusts on a hologram agent while making decision or not.

Microsoft’s Hololens device is used to maintain the holographic environment for this study
(Microsoft, 2019). An Augmented Reality (AR) application is developed for Hololens. This AR
application is the experimental setup for the study. A screenshot of Hololens device is given in Figure 1.

Importance of AR is considerably increasing because today holograms are getting much more place
in our life than yesterday. AR devices and applications are developing. Microsoft has an application
store for Hololens. Head Mounted Displays (HMDs) like Hololens are very popular in AR and this is a
very competitive market.

Figure 1. A screenshot while a user was playing the developed game app

ICCEES 2020: 1 st International Conference on Computer, Electrical and Electronic Sciences
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2. RELATED WORKS
2.1. Intention Reshaping or Affecting Decision Making

Some researches on Human Intention Reshaping or Changing Human Intentions by using robots are
studied before. Mobile robots were used to change previously estimated human intentions (Durdu et al.,
2012). Experiments were practiced in a specially designed real human robot environment. In the
experimental scenario of the study, a human walks in a room, where a set of autonomous robots and
other objects are placed in. These robots are formed like mobile chair and mobile stairs. Other elements
in the room are bookshelf, coffee table, computer and cameras. Computer observes motions, positions
and postures of the human with the connected cameras. Interactions are processed by computer with the
use of Observable Operator Models method to estimate human intentions. According to these intention
estimations, robots are controlled to change the intention of the human in the room.

2.2. Intention Reshaping or Affecting Decision Making

AR systems are defined as they have three characteristics in a survey in 1997. These systems should
combine virtual and real environment. Also it is added as; they are interactive systems in real time and
registered in 3D (Azuma, 1997). Taxonomy was declared for AR, VR and Mixed Reality (MR) in 1994
and stated as MR contains AR but today it is common AR and MR definitions could be used as
substitute for another (Milgram and Kishino, 1994). Wearable technologies for AR and VR are
developing but Hololens is a very new wearable device which was released in 2016 and according to our
knowledge it has not used to link any interaction between human and machines with the aim of
reshaping human intention or affecting decision making.

There is a study aiming to enhance the interaction between Hololens and user (Funk et al., 2017).
Authors used Kinect sensor to allow users interacting naturally with holograms in AR environment on
Hololens. They also prepared and gave five different examples of gestures that could be used for a
natural interaction for Hololens.

There are also different interaction models developed which offers interaction between users in AR
environment. These users could be connected to the AR environment with HMDs, tablets or PCs (Chen
et al., 2015).

3. MATERIALS AND METHOD

The experimental setup is designed to be like a game. A person user is wanted to play a memory
game in this setup. The idea of this game is that user is being wanted to make decisions, in other words
user would face up to a fork and has to make decision to choose a side.

To achieve this target, a kind of difficult memory game application for Hololens was prepared. In
this memory game 9 different shaped and colored objects are present. When user starts the game, lights
are blinking under these objects in a particular and randomized order (Figure 2).

User is wanted to memorize this order, and he/she is wanted to select the objects in this order. As
user selects the objects with the order in his/her memory, objects are getting lined up on the tables closer
to him/her. User would be counted successful, when right object is chosen in every movement. If user
fails to select the right object, a hologram appears in the scene. Hologram tries to give hint to the user.
This hologram is a butterfly. When the hologram appears butterfly is flying around the scene and game
objects. And finally it perches on an object.

ICCEES 2020: 1 st International Conference on Computer, Electrical and Electronic Sciences
konferansinda sunulan bildiriler arasindan secilmistir. (8-10 Ekim 2020 Konya, TURKIYE)



4 K.ERDOGAN, A.DURDU, R.CEYLAN

o
- ‘ll
ra —e— ol

(O A A — — — D A S— W—

Figure 2. Tables under objects blink to show the desired order

A Finite State Machine (FSM) structure has built to control the hologram which gives right hint or
wrong hint to the user according to user’s movements. It is prepared to prove that a hologram can
reshape human’s intention or affect it while making decisions. The FSM mechanism was formed by two
main structures. First FSM algorithm has a very simple structure to hide or show the hint (Figure 3).

The other part of the FSM structure which is deciding to give right or wrong hint to the user was
designed to work with a more complex algorithm. It is observing user’'s movements and collecting data
about user’s successful movements, number of total movements, number of fails, when the true hint or
wrong hint shown to the user (Figure 4).

It does not give right hint or wrong hint to the user every time. If the hint was given without a
complex algorithm or if it was always given right or wrong hint repeatedly, user would easily solve and
understand that. Then user would make decisions quickly without thinking, as the hint shows or
opposite of the hint shows.

With that result there would not be any interaction between human and hologram. For example in
the experiments, at the beginning stages of developing the application, hint was showing true hint at
first but then it was always showing the wrong hint. At this point it was observed that user never choose
the object that the hint shows, because user learned that hint always gives the wrong hint.

The aim is testing that, if user completely minds the hologram’s movements or has the hologram any
effects on human’s intention while making the decision. To prove this the memory game was designed a
little harder. It has 9 objects in total and user needs to memorize the order of these objects nearly in 5
seconds.

Experiments showed that most of people could not memorize after 4th or 5th object. At this time
user comes to a fork and hint becomes very useful for the user. When the hologram shows the right hint
at this point, user could think he was already inclined to choose that right object like he was
remembering something around that object. But if the hologram gives the wrong hint and the user also
obey both wrong and right hints, this situation will obviously prove that human user’s intention is
changed by hologram.

Wrong movement

Hint appears
and
Timer resets

Right

movement .
Timer =2 sec

Figure 3. FSM Structure manages the hologram hint’s behaviour. It appears for 2 seconds, when user
made a wrong movement
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Adjust the
position of hint

Hint appears

Was true
hint
shown for
previous
tum?

Show
wrong hint

Show true
hint

Did user
choose the

right object?

Figure 4. FSM Structure which is deciding to give right or wrong hint to the user

Additionally, with the aim of making the game harder and mind confusing, three different levels are
prepared for the game application. Some outer physical actions and virtual scene effects are added on
the basic game environment in 2nd and 3rd levels. Also answers of the users are recorded and success
rates are measured for every level to compare how accuracy of the user is affected with the noises.

1st level is the basic level and users are getting used to the game and environment. In 1st level user
does not face up with an unordinary situation. Only goal for the user is to memorize the order of the
blinking lights for the elements in this level. In 2nd level a virtual noise is applied; a big size bouncy
video suddenly starts in about 5th second of the game to confuse the user while he was trying to
memorize the order of the objects (Figure 5). And lastly in 3rd level user is disturbed with a real world
action. User is wanted to walk forward or backwards to observe that if user both minds the real world
and virtual world together and if real world movements confuses his motivation on focusing to the
virtual world or not. Also in 3rd level the plane where the gaming objects settle on is waving with a
period of time to make it harder.

Experiments were done in Ohio State University PCVLAB with 10 different people. Before doing
experiments they are all educated about how to use Hololens device with the application named as
“Learn Gestures” that was already prepared by Microsoft for this purpose.

ICCEES 2020: 1 st International Conference on Computer, Electrical and Electronic Sciences
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Figure 5. A large scale video which is recorded with a POV cam suddenly appears behind game scene.

4. RESULTS AND DISCUSSION

Participating users are all asked if they realized a butterfly hologram appears when they make
mistake. Some of them were very well concentrated on memorizing the order of objects, these type users
replied this question they did not realized anything. Majority of users declared that they saw the
butterfly hologram was trying to give hint when they go wrong. And some of the users replied there
were something in background but they did not consider it was a hint (Table.1).

According to the results, 90% of users recognize the butterfly hologram during the game but 33% of
these users could not recognize that the butterfly hologram was giving hint to them about next possibly
true movements. 83% of the remaining users, who recognized the hologram butterfly, trusted in the
butterfly’s hints. They have followed the hint and declared that they had changed their mind according
to the hints given by the hologram. One of the participants also stated as he recognized that the hints of
the hologram butterfly are doubtful and he added he did not follow the hints as the levels of game
progressed.

ICCEES 2020: 1 st International Conference on Computer, Electrical and Electronic Sciences
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Table 1.a) Statistics for Level 1

Table 1.b) Statistics for Level 2

Levell Level2
# of #of # of Right # of # of # of # of Right # of
Movements | Mistakess Movements | Resets Movements | Mistakes | Movements | Resets
Userl 15 6 9 2 Userl 6 (Gave Up) 4 2 1
User2 | 7 (Gave Up) 6 1 3 User2 Did not Try - - -
User3 11 2 9 0 User3 17 8 9 3
User4 14 5 9 0 User4 10 1 9 0
User5 20 11 9 0 User5 13 4 9 0
User6 15 6 9 8 User6 21 12 9 0
User?7 14 5 9 2 User7 16 7 9 1
User8 15 6 9 0 User8 14 5 9 0
User9 10 1 9 2 User9 19 10 9 0
User10 16 7 9 2 User10 12 3 9 0
Table 1.c) Statistics for Level 3
Level3
# of Movements # of Mistakes # of Right Movements # of Resets
Userl 5 (Gave Up) 4 1 0
User2 Did not Try - -
User3 17 8 9
User4 11 2 9 0
User5 16 7 9 0
User6 19 10 9 0
User7 14 5 9 0
User8 13 4 9 0
User9 10 1 9 1
Userl0 11 2 9 0
Table 1.d) Questions Replied by Each User in the End of the Experiment
Recognition | Recognition | Trust of Recognition of that | Negatively affected | Did user walk
of butterfly | of butterfly |usertothe | hologram showsthe | of the attention of | during 3rd level?
as a hint hint wrong hint sometimes user
Ul V V X v v -
U2 V X - - - -
U3 X - - - NC2 X
U4 v X - - v SOME
U5 V V v V NC X
U6 v v v v NC X
u7 v v v v v X
U8 v X - - v v
U9 v v v v NC X
U10 v v v v N X

The 33% of the users who did not recognize the butterfly or the butterfly was giving hint, were the
highest scored users. This shows that these users were highly concentrated on memorizing the order of
the blinking lights. So they did fewer mistakes and they did not recognize the butterfly hologram was
giving hint. They declared there was a butterfly in the background but it was only a background
animation or something like that.

Also all users were wanted to walk forward or backwards while playing the game level 3 but only
20% of the users practiced it. But even these users could not practice walking as it should be. They only
took a few steps forward.

ICCEES 2020: 1 st International Conference on Computer, Electrical and Electronic Sciences
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5. CONCLUSION

In this paper an AR application was developed for an AR environment with the use of Hololens. The
application prepares a gaming environment which uses holograms instead of robots with the aim of
interaction between Human and Hologram as HMI. Users were wanted to memorize the order of the
blinking objects in the beginning of the game then users were wanted to put them in a right order. While
users were trying to do this successfully, a hologram tried to give hints nonlinearly. Sometimes
hologram tried to misdirect the user. At this point human intention reshaping or affecting the decision
making of human was realized. This study shows that holograms are able to reshape the intention of the
user. With this result, target of the study was accomplished successfully.

On the other hand this study showed that it is very difficult to handle real world and virtual world
movements together. None of the users made it successfully.

This study would be enhanced by using real time live holograms. Also Al techniques could be used
to develop algorithms to control hologram. Another idea could be that real world noises could be
changed.

It is planned to build the similar memory game environment with a robotic arm and effects of
holograms and robots would be compared in Human Machine Interactions.
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OZ: Hayati sinyallerin temassiz olarak uzaktan algilanmasi bircok uygulama agisindan &nem arz
etmektedir. Bu algilamay1 gergeklestiren radarlar biyoradar olarak adlandirilmaktadir. Biyoradar kisinin
solunum ve kalp atisindan kaynaklanan gogiis duvari hareketinin degisimiyle Doppler prensibini
kullanarak hayati sinyallerin dogru bir sekilde 6l¢iilmesini saglamaktadir. Bu ¢alismada, 24 GHz ¢alisma
frekansina sahip diisiik maliyetli stirekli dalga (CW) Doppler radar: kullamlarak insan denekten temassiz
bir sekilde yasamsal belirti (solunum, kalp atis hiz1) 6l¢timleri gerceklestirilmistir. Olgiimlerden elde edilen
sinyallerin islenmesinde iki farkli yontem kullamilmistir. {lk yontem Hizl Fourier Doniisiimiinii (FFT) esas
alirken ikinci yontemde Dalgacik yontemine dayali Coklu Coziiniirlikk Analizi (MRA) yontemi
kullanilmaktadir. Solunum hizinda birinci ve ikinci yontem igin elde edilen sonuglar %3.75 ve %0" hata
oranhdir. Kalp atisi igin sirasiyla %9.35 ve %8.45 hata oranh degerler elde edilmistir. Bu sonuglar 6zellikle
radarlarin tibbi uygulamalar i¢in basariyla kullanilabilecegini gdstermektedir.

Anahtar Kelimeler: Doppler radar, Radar sinyal isleme, Hayati sinyal tespiti, Temassiz 6l¢iim, Biyoradar

Contactless Vital Signs Measurement with Low Cost Continuous Wave Doppler Radar

ABSTRACT: Remote sensing of vital signals without contact is important for many applications. Radars
that perform this detection are called bio-radar. Bio-radar provides accurate measurement of vital signals
using the Doppler principle with the change of chest wall movement caused by a person's breathing and
heartbeat. In this study, non-contact vital signs (respiration, heart rate) measurements for human subject were
performed using a low cost continuous wave (CW) Doppler radar with a 24 GHz operating frequency. Two
different methods have been used to process the signals obtained from the measurements. While the first
method is based on the Fast Fourier Transform (FFT), the second method uses the Multi-Resolution
Analysis (MRA) method based on the Wavelet method. The results obtained by the first and second
methods for respiration are 3.75% and 0% error rates, respectively. These values for heartbeat are 9.35%
and 8.45%. These results show that radars can be used successfully for medical applications.

Key Words: Doppler radar, Radar signal processing, Vital signs detection, Non-contact measurement, bio-radar

GIRIS (INTRODUCTION)

Nesnelerin uzaktan temassiz algilanmasi yirminci yiizyilda 6zellikle savaglarin seyrini degistirecek
Oneme sahip olmus ve radarlarin ne kadar 6énemli birer donanim oldugunu ortaya koymustur. Askeri
kullanim amaciyla ortaya ¢iktig1 ilk donemlerinin aksine radarlar bugiin hemen hemen hayatin her
alaninda karsimiza ¢ikmaktadir. Elektronik devre {iiretim teknolojisinin gelisimi bu sonucu ortaya
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cikarmis ve radar boyutlari oldukg¢a kii¢tilmiistiir (Azevedo ve McEwan 1997; Andersen ve dig., 2017).
Ozellikle i¢ ortam kullanimlari igin uygun hale gelen radarlar, daha 6nce kablolu olarak gergeklestirilen
uygulamalarin temassiz olarak gerceklestirme fikrini giindeme getirmistir (Amin ve dig. 2017). Bu durum
tip alaninda da kendine yer bulmustur. Farkli radar tipleriyle; yash ve hasta gozetimi, yark ve yeni dogan
vakalarinin yasamsal belirti takibi ve uyku apnesi gibi durumlarda radarlarin kullanilabilecegi 6ne
suriilmistiir (Hu ve dig., 2013; Anishchenko ve dig., 2019; Lin ve dig., 2016; Adib ve dig.,2015; Qi ve
dig.,2016). Calismalarin temelini insanin solunum ve kalp atisindan kaynakli gogiis kafesi hareketinin
tespiti olusturmaktadir. Boylece yasamsal belirti sinyalleri elde edilebilmektedir (Islam ve dig., 2020;
Seflek ve dig., 2020; Abdul-Atty ve dig., 2020; Acar ve dig., 2021). Radarlar saghk ¢alisanlarinin isini
kolaylastirmanin yarn sira, salgin hastalik vb. durumlarda onlarin korunmasi igin de olduk¢a 6nemlidir.
Ayrica kablo ve prob gibi hastay1 rahatsiz eden, hatta yanik vakalarinda ekstra yaralanmalara sebep olan
durumlardan da hastay1 kurtarabilecektir. Bu ¢alismada saglikli bir goniillii insan denekten diisiik
maliyetli bir CW Doppler radar kullanilarak, uygun sinyal isleme yontemleri ile yasamsal sinyaller elde
edilmistir.

MATERYAL VE YONTEM (MATERIAL AND METHOD)

Bir CW Doppler radari sabit frekansta tirettigi sinyali verici antenle hedefe gonderir. Gonderilen
sinyal ifadesi,

Stx(t) = Arcos(2nf .t + ¢(¢)) 1)

seklinde gosterilir. Burada A gonderilen sinyalin genligini, f, gonderilen sinyalin frekansini ve ¢(t) ise
faz giirtiltiistinii gostermektedir. Hedeften yansiyan sinyal, hedef hareketi kaynakl faz gecikmesiyle
birlikte alic1 anten vasitasiyla alinir. Alinan sinyal ifadesi,

2d(t)

Spx () = Agcos(Zmfet — == — ———d(t = =) (2)
seklinde olur. Elde edilen sinyalde Ay alinan sinyalin genligi, do hedefin radardan olan uzaklig1 ve x(t)

hedefin hareketidir. ¢(t — d(t)
2d ()

—=) ifadesi gecikmis faz giiriiltiisiinii, d(t); dove x(t) uzakliklar1 toplamini ve
ise radar ile hedef arasmdakl ugus stiresini gostermektedir. Alinan sinyal bir karistirici vasitasiyla

gonderllen sinyalle temel bant seviyesine indirgenir. Temel bant sinyalj,

41'[d0 4-1'[X(t)

B(t) = cos(— + Ad(1)) 3)

olarak elde edilir. 4¢(t) = ¢p(t) — p(t — Zd(t)

gibi, sinyal ¢ikisi radarin hedeften olan uzakhgma baghdir. (4rtdo)/A terimi faz sinyalinde DC ofsete sebep
olmaktadir ve faz kaymasi sonucu algilama sonucunu etkilemektedir. (4mtdo)/A teriminin 7t/2'nin tek ve
cift katlarina bagl olarak, ideal sonug yani hedef hareketi ile uyumlu ¢ikis ve bos nokta (null point) hedef
hareketi ile uyumsuz ¢ikis iirettigi goriilmektedir. Bu sorunu ortadan kaldirmak ve daima ideal bir sonug
elde edilebilmesi i¢in dérdiin (quadrature) alicili CW radar kullanilmigtir. Dordiin alicida birbirinden 90°
faz farkli iki cikis iiretilmesi bu sorunu gidermektedir. Cikista kanalin biri daima ideal sonucu

—) ifadesi rezidual faz giiriiltiisiidiir. Esitlik (3)'te goriilecegi

iiretmektedir. Esitlik (4) dordiin alicili CW radarin temel bant ¢ikislarini gostermektedir.

41'[d0 41'[x(t)

B;(t) = Ajcos(—— +A0(D)

+A¢(D)

4T[d0 4-1Tx(t)

BQ(t) = AQSIH(
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Kanallarin arktanjant demodiilasyonu ile birlestirilmesi, kanal se¢imi islemini ortadan kaldirmakta ve
yiiksek dogrulukta daha hizli sonuglar vermektedir. Arktanjant demodiilasyonu sonucu,

B
(1) = arctan (2) = T2 4+ 220 1 Ap(9) (5)

ifadesi elde edilir. Boylece faz sinyali, hedef hareketi ile dogrudan orantili hale gelmektedir. Yasamsal

belirti sinyalleri elde edilen bu faz sinyalinden ortaya ¢ikarilmaktadir.

6lgﬁm Diizenegi ve 6lgﬁmlerin Gergeklestirilmesi (Measurement Setup and Performing Measurements)
Yasamsal belirti 6l¢iimlerinin gergeklestirilmesinde RF-Beam firmasinin iirettigi K-LC6 radar modiilii

kullanilmaktadir. Radar 24 GHz calisma frekansi ve dordiin alic1 yapisina sahiptir. Sekil-1 K-LC6'min blok
diyagramin gostermektedir.

T
\ 7 AN Z
Optional
.: » » |
Ee—>X)—> >a
24125 GHz VCO FM input
7y 1..10V

Sekil 1. K-LC6 blok diyagrami
Figure 1. Block diagram of K-LC6

Temel bant cikis sinyalleri I ve Q, AD-620 mikrovolt sinyal modiilii ile kuvvetlendirilmektedir.
Solunum ve kalp atis sinyallerinin frekansi sirasi ile 0.1-0.5 ve 0.8-2 Hz arasinda degismektedir.
Kuvvetlendirilen sinyaller hem bu frekans bant araliklarini kapsayacak sekilde hem de 6rtiismeyi (aliasing)
Onlemek amaciyla gergeklestirilen 30 Hz kesim frekansh aktif algak geciren filtre ile filtrelenmektedir.
Sinyaller islenmesi igin VTK 1050 veri toplama cihaz: ile 200 Hz 6rnekleme frekansinda sayisallastirilarak
bilgisayara kaydedilmektedir. Olgiim igin saglikli bir goniillii denek radarm 1 m karsisia oturtul-

maktadir. Sabit bir sekilde oturan denekten 60 saniye boyunca 6l¢limler alinmaktadir. Sekil-2 6l¢iim
ortamini gostermektedir.

Sekil 2. Ol¢iim ortamu
Figure 2. Measurement environment

BULGULAR (RESULTS)

Elde edilen radar sinyallerini islemek igin iki farkli yontem kullanilmaktadir. Birinci yontemde I ve Q
temel bant sinyallerine normalizasyon uygulanmaktadir. Ardindan arktanjant demodiilasyonu ile
birlestirilen I ve Q sinyallerinin faz bilgisine ulasilmaktadir. Faz bilgisinin dogru bir sekilde elde edilmesi
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i¢in, arktanjant demodyiileli sinyale faz agma (unwrapping) islemi uygulamr. Arktanjant fonksiyonu
(n/2,—m/2) araliginda degerler almaktadir. Hedef hareketi biiyiik olursa bu degerler asilmakta ve faz
sinyalinde siireksizlik meydana gelmektedir. Bu siireksizliklerin ortadan kaldirilabilmesi i¢in sinyal
islemede m'nin tamsay1 katlari ile ¢arpilarak faz agma islemi gergeklestirilir. Faz sinyali, solunum sinyalini
elde etmek i¢in 0.1-0.5 Hz frekans araliginda bant geciren filtre ile filtrelenmektedir. Benzer sekilde 0.8-2
Hz araliginda bant geciren filtre kalp atis sinyalini elde etmek amaciyla faz sinyaline uygulanmaktadir.
Sinyal periyodikligini artirma amaciyla otokorelasyon gergeklestirilmektedir. Son olarak sinyale Hizh
Fourier Dontistimii (FFT) uygulanmaktadir. Solunum ve kalp atis hizi tespit edilmektedir. Sekil-3 sinyalin
islenmesi i¢in kullarlan birinci yontemin blok diyagramini gostermektedir.

Sinyallerin islenmesi icin kullamilan ikinci yontemde ise sinyaller ilk yonteme benzer sekilde
normalizasyona, arktanjant demodiilasyonuna ve faz agma islemine tabi tutulmaktadir. Demodiile
edilmis sinyale ¢oklu ¢oziiniirliik analizi (MRA) uygulanmaktadir (Mallat, 1989). MRA, sinyali yaklasim
(CA) ve detay katsayilarina (CD) ayirarak, sinyalin degisken ¢oziintirliikteki ikili frekans bantlarinda
incelenmesini saglamaktadir. fkili frekans bantlari kullanilarak sinyal ayrisimi ve ilgilenilen fizyolojik
sinyallerin ¢ikarilmasi saglanmaktadir. MRA icin ana dalgacik fonksiyonu olarak Symlet 7
kullanilmaktadir. Sekil-4 sinyalin islenmesi igin kullamilan ikinci yontemin blok diyagramin
gostermektedir.

I Q - o

\ A\
Normalizasyon

\/

Normalizasyon y

Arktanjant
Demodiilasyon

\ y v

Faz
Arktanjant i

Demodiilasyon r‘_*
CD1 CAl
50-100 Hz 0-50 Hz

3

Faz A¢gma D2 cA2
25-50 Hz 0-25 Hz
' ' D3 CA3
12.5-25 Hz. 0-12.5Hz
0.8-2 Hz Bant 0.1-0.5 Hz Bant I
Gegiren Filtre Gegiren Filtre — :
CA4
625125 || 4625117,
‘ $ Hz
CDs CAS
Otokorelasyon Otokorelasyon 3.125-625 Hz || 0-3.125 Hz

Ch6 CAG6
1.5625-3.125 Hz 0-1.5625 11z

Hizli Fourier Hizli Fourier *—l—*

Doniistimii Doniigiimii CAT D7
* * 0-0.78125 Hz 0.78125-1.5625 Hz
Zirve ZLirve
Kalp Atis Solunum Tespiti Tespiti
Hiz1 Hizi

Solunum Hiz Kalp Atis
Hizi

Sekil 3. Kullanilan birinci yontemin blok diyagrami Sekil 4. Kullanilan ikinci yontemin blok diyagrami
Figure 3. Block diagram of the first method used Figure 4. Block diagram of the second method used

Birinci yontem kullanlarak gerceklestirilen bir 6l¢iimiin sonuglar1 Sekil-5'te gosterilmektedir. Sekil-
6’da aym 6l¢iim icin ikinci yontem kullanarak elde edilen sonuglar gosterilmektedir. Olgiim sonuglarinin
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dogrulugunun karsilastirilmas: amaciyla referans olarak Veron 501 pulse oksimetresi kullanilir. Ayrica
solunum referansi i¢in 6l¢iim sirasinda nefes alis-verisi denek tarafindan sayilmaktadir.

Solunum Sinyali

10

?
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Kalp Atis Sinya‘linin Spektrumu

Normalize |X(f)|

0 05 1 15 2 25 3 35 4
Frekans (Hz)
(©)
Sekil 5. Birinci yontem kullarularak elde edilen 6l¢tim sonuglari (a) Solunum ve kalp atis sinyali (b)
Solunum sinyalinin frekans spektrumu (c) Kalp atis: sinyalinin frekans spektrumu
Figure 5. Measurement results obtained using the first method (a) Respiration and heartbeat signal (b) Frequency spectrum of respiration
signal (c) Frequency spectrum of heartbeat signal
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Sekil 6. Tkinci yontem kullanilarak elde edilen 6lgiim sonuglari (a) Solunum sinyali (b) Kalp atis sinyali
Figure 6. Measurement results obtained using the second method (a) Respiration signal (b) Heartbeat signal

-10

Iki yonteme ait Ol¢lim sonuglari, referans degerlerle karsilastirilarak yiizde hata oranlar ile
sunulmaktadir. Solunum i¢in referans degeri 24 tiir. Birinci yontemde bu deger %3.75 hata ile 24.9 olarak
hesaplanmigtir. Tkinci yéntemde %0 hata ile 24 solunum sayis1 hesaplanmustir. Kalp atis lgiimlerinde
referans 71 atimdir. Tki farkli yontem icin sirasiyla %9.35 hata ile 77.64 ve %8.45 hata ile 65 degerleri
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bulunmustur. Sonuglar incelendiginde ¢oklu ¢oziiniirliik analizinin (MRA) kullanildig1 yontemin daha
basarili oldugu goriilmektedir.

SONUCLAR (CONCLUSIONS)

Diisiik maliyetli 24 GHz calisma frekansinda ¢alisan bir CW Doppler radar: kullanilarak saglikli bir
bireyin temassiz yasamsal belirti Ol¢timleri gerceklestirilmistir. Olciim sonucu elde edilen sinyallerin
islenmesinde iki farkli sinyal isleme yontemi kullanilmistir. Kullanilan yontemlerin hata orani solunum
sinyali tespiti igin %3.75 ve %0 olmustur. Kalp atis sinyali i¢in bu oranlar %9.35 ve %8.45’tiir. Sonuglardan
MRA yonteminin daha basarili oldugu goriilmektedir. Kalp atis sinyalinin hata oraninin yiiksek olmasi
kalbin ¢ok kiiciik yer degistirme hareketinden kaynaklandigi degerlendirilmektedir. Bu sonuglar
radarlarin temassiz Olgiimlerde saglik calisani ve hastalara sagladig1 avantajlarla tip alaninda gelecekte
yogun bir sekilde kullanilabilecegini gostermektedir.
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ABSTRACT: The new type of Coronavirus disease called COVID-19 continues to spread quite rapidly.
Although it shows some specific symptoms, this disease, which can show different symptoms in almost
every individual, has caused hundreds of thousands of patients to die. Although healthcare professionals
work hard to prevent further loss of life, the rate of disease spread is very high. For this reason, the help
of computer aided diagnosis (CAD) and artificial intelligence (Al) algorithms is vital. In this study, a
method based on optimization of convolutional neural network (CNN) architecture, which is the most
effective image analysis method of today, is proposed to fulfill the mentioned COVID-19 detection needs.
First, COVID-19 images are trained using ResNet-50 and VGG-16 architectures. Then, features in the last
layer of these two architectures are combined with feature fusion. These new image features matrices
obtained with feature fusion are classified for COVID detection. A multi-layer perceptron (MLP) structure
optimized by the whale optimization algorithm is used for the classification process. The obtained results
show that the performance of the proposed framework is almost 4.5% higher than VGG-16 performance
and almost 3.5% higher than ResNet-50 performance.

Key Words: COVID-19, Coronavirus, Classification, MLP, Feature Fusion.

Optimize Edilmis CKA ile Covid-19 Siniflandirmast i¢in Kaynastirilmis Derin Ozelliklere Dayali
Siniflandirma Cergevesi

0Z: COVID-19 adi verilen yeni tip Koronaviriis hastaligi oldukca hizli yayilmaya devam etmektedir. Baz1
spesifik semptomlar gosterse de hemen her bireyde farkli semptomlar gosterebilen bu hastalik
ylizbinlerce hastanin hayatini kaybetmesine neden olmustur. Saghk uzmanlari, daha fazla yasam kaybini
onlemek igin ¢ok caligsalar da, hastalik yayilma oramni ¢ok yiiksektir. Bu nedenle Bilgisayar Destekli Teghis
(BDT) ve Yapay Zeka (YZ) algoritmalarinin destegi hayati énem tasimaktadir. Bu ¢calismada, belirtilen
COVID-19 algilama ihtiyaglarini karsilamak icin giiniimiiziin en etkili goriintii analiz yontemi olan
Evrigimli Sinir Ag1 (ESA) mimarisinin optimizasyonuna dayali bir yontem onerilmistir. {lk olarak,
COVID-19 goriintiileri ResNet-50 ve VGG-16 mimarileri kullanilarak egitilir. Ardindan, bu iki mimarinin
son katmanindaki 6zellikler fiizyon islemi uygulanmigtir. Fiizyon islemi ile elde edilen bu yeni goriintii
Ozellikleri matrisleri, COVID-19 tespiti i¢in siniflandirilir. Siniflandirma islemi igin Balina Optimizasyon
Algoritmasi (BOA) ile optimize edilmis Cok Katmanli Bir Algilayici (CKA) yapist kullanilir. Elde edilen
sonuglar, onerilen ¢ercevenin performansimin VGG-16 performansindan neredeyse % 4,5 ve ResNet-50
performansindan neredeyse % 3,5 daha yiiksek oldugunu gostermektedir.
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Anahtar Kelimeler: COVID-19, Koronavirus, Smiflama, CKA, Ozellik Fiizyonu.
1. INTRODUCTION

The new type of coronavirus, called COVID-19 by the world health organization (WHO), spread
rapidly among people and turned into a severe epidemic. First seen in Wuhan, China, COVID-19 spread
all over the world in a short time. This virus, which seriously threatens human health, has caused the
death of many people (Jaiswal et al., 2020). Among the most common symptoms of this disease are fever,
cough, and breathing problems. However, these symptoms and their severity differ from person to person
(Oztiirk et al., 2020a). An effective and approved vaccine for COVID-19, which can spread quite quickly
through airborne droplets, has yet to be found. In addition, there is still no consensus on a definitive
treatment method. As a result of all these facts, governments are trying to mitigate the epidemic by
introducing serious measures and various rules. Although these measures are different from the usual
social order, they begin to be accepted as new normal. In order to return to the old social order and end
the COVID-19 pandemic, researchers are doing everything. Especially, researchers in the medical field
carry out very devoted studies in terms of vaccines, medicines, and medical applications.

Considering the workload on medical professionals, it is clear that it is necessary to leverage
technological developments to find a solution to COVID-19. Today, developments such as the widespread
use of technological devices and the integration of artificial intelligence algorithms in almost every field
are very promising (Vaishya et al., 2020). Many Al researchers focus their full concentration on this area
to help combat COVID-19 by shifting these advances in technology to the medical domain. For this
purpose, researchers are working on an automatic analysis of chest X-ray and CT images. Because the
Real-Time Reverse Transcription Polymerase Chain Reaction (RT-PCR) method is time-consuming and
has error-prone results (Zu et al., 2019).

CNN, the most powerful image processing method of today, is frequently used for processing X-ray
and CT images related to COVID-19. In some studies for COVID-19 detection, hand-crafted features or
more straightforward techniques are used. These methods are often preferred when there is not enough
dataset to train a CNN architecture. When the COVID-19 epidemic started, some studies used hand-
crafted methods because there were not enough COVID-19 datasets containing enough samples in the
literature. Datasets containing insufficient samples cause overfitting problems in a deep CNN network.
The most striking works performed without using any deep learning architecture are briefly summarized
below. Barstugan et al. (2020) used Grey Level Co-occurrence Matrix (GLCM), Local Directional Pattern
(LDP), Grey Level Run Length Matrix (GLRLM), Grey-Level Size Zone Matrix (GLSZM), and Discrete
Wavelet Transform (DWT) algorithms to extract image features. Randhawa et al. (2020) proposed
supervised machine learning with digital signal processing (MLDSP) for genome analyses of COVID-19.
Oztiirk et al. (2020) proposed a hybrid method that includes image augmentation and data oversampling
with hand-crafted features. Elaziz et al. (2020) presented a machine learning method for the chest x-ray
images using new Fractional Multichannel Exponent Moments (FrMEMs). Shi et al. (2020) proposed an
infection Size Aware Random Forest method (iSARF) in order to automatically categorize images into
groups. Sun et al. (2020) proposed an Adaptive Feature Selection guided Deep Forest (AFS-DF) for COVID-
19 classification based on chest CT images. The results produced by hand-crafted methods are inspiring.
However, as the number and variety of images related to COVID-19 increased, the performance of many
of these methods did not meet the expectation. With the emergence of datasets containing a sufficient
number and variety of samples to train CNN architectures, studies containing CNN have started to
emerge rapidly.

It is almost impossible to examine all of the CNN-guided COVID-19 detection studies available in the
literature. Currently, the number of COVID-19 classification, segmentation, detection, etc. studies is more
than 50,000. For this reason, some of the most interesting and groundbreaking studies are summarized
below. Hemdan et al. (2020) proposed a deep learning framework namely COVIDX-net. It consists seven
different CNN architectures such as VGG19, MobileNet, and etc. Ozturk et al. (2020b) proposed a linear
CNN model both binary and multi-class COVID-19 image classification. Afshar et al. (2020) presented
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capsule network approach, referred to as the COVID-CAPS, being capable of handling small datasets.
Their methods are based on the capsule network approach. Sahlol et al. (2020) combined CNN and a
swarm-based feature selection algorithm to classify COVID-19 X-ray images. They facilitated the feature
extraction strength of CNN and Marine Predators Algorithm to select the most relevant features. Nour et
al. (2020) used CNN architecture to extract robust features from COVID-19 images. They feed machine
learning algorithms using these deep features (k-nearest neighbor, support vector machine, and decision
tree). Singh et al. (2020) presented a deep CNN method to classify chest X-ray-based COVID-19 images.
Also, they tuned the parameters of CNN using Multi-objective Adaptive Differential Evolution (MADE).
Ucar and Korkmaz (2020) proposed a type of SqueezeNet architecture for the classification of COVID-19
related chest X-ray images (named as COVIDiagnosis-Net). Their architecture is tuned for the COVID-19
diagnosis with a Bayesian optimization additive. Fan ef al. (2020) proposed COVID-19 Lung Infection
Segmentation Deep Network (Inf-Net) for the segmentation of CT slices. Wang et al. (2020) proposed a
method based on a weakly-supervised to classify and localize COVID-19 lesions from CT images. Pham
(2020) implemented a comprehensive study that includes pre-trained CNN models to classify COVID-19.
Albahri et al. (2020) applied taxonomy analysis on binary and multi-class COVID-19 classification
problems. Pereira et al. (2020) proposed a CNN method with early and late fusion to analyze COVID-19
infected X-ray images.

In this study, a highly efficient AI method that takes advantage of the feature representation power of
different CNN architectures is presented. VGG-16 and ResNet-50 methods, which are the two most
powerful CNN methods used as backbones in the literature, are used to extract features from images.
There are studies that classify the feature vectors obtained by these two architectures separately. But the
thought that combining the feature representation ability of the two architectures will improve
performance is quite exciting. For this purpose, feature vectors in the previous layer of the softmax layer
are taken in both architectures. These feature vectors need to be combined into a single feature vector. An
MLP structure is used to handle this step in an end-to-end manner. Two feature vectors are applied to the
MLP input. MLP parameters are updated with the whale optimization algorithm. The most important
contributions of the proposed method can be summarized as follows:

e Anapproach is proposed that combines the power of two different CNN architectures with powerful
feature extraction capabilities.

e A robust combination of feature vectors in an end-to-end fashion using the whale optimization
algorithm

e The proposed method, which is very easy to apply, significantly reduces the rate of misdiagnosis.

The rest of this study is organized as follows: Section 2 includes dataset details, methodological
background, and details of the proposed method. Experimental settings and performance indicators of
the proposed method are presented in Section 3. The conclusion is given in Section 4.

2. MATERIAL AND METHODS

SARS-CoV-2 CT scan dataset is used to test the performance of the proposed method (Soares et al.,
2020). It is also possible to access this data on the Kaggle
(https://www .kaggle.com/plameneduardo/sarscov2-ctscan-dataset). The dataset consists of 2482 CT
images in total. 1252 of these images belong to patients infected by SARS-CoV-2. In 1230 CT images, it
contains CT images of patients not infected with SARS-CoV-2. However, these 1230 images show CT
images of other pulmonary diseases patients. For this reason, the dataset is relatively challenging. We did
not apply any pre-processing or augmentation to the original images in the data. This is because the
performance of the proposed method can be fairly compared with the performance of other state-of-the-
art methods. Some of the sample images of the dataset are shown in Figure 1. Figure 1 (a) shows images
of patients infected by SARS-CoV-2, Figure 1 (b) shows other images.
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Figure 1. Sample images from SARS-CoV-2 CT scan dataset, a) infected by SARS-CoV-2 CT scan dataset,
b) non-infected by SARS-CoV-2 CT scan dataset

CNN architectures have achieved significant success since the day it was first proposed. By solving
many image processing problems, it has become a milestone in image analysis. Of course, It did not realize
all these with just one architecture. New CNN architectures have been suggested frequently since its
inception. For this reason, it is possible to find many different CNN architectures in the literature. Some
of these architectures are very popular, while others are almost never used. In this study, VGG-16 and
ResNet-50 architectures, which are accepted by artificial intelligence researchers and used as backbones
in many studies, are used. Before going into the details of these architectures, brief information about the
main CNN layers will be useful. CNN architectures generally consist of specific layers and various
connection types. The convolution layer is the layer where learned properties are stored. It can be said
that this layer, which contains a single kernel consisting of two-dimensional matrices, is the most critical
layer of a CNN architecture. The kernels in this layer are scrolled on the image. This enables weight
sharing and spatial information features. The other basic layer is the pooling layer. The pooling layer
reduces the image dimensions while preserving the important features in the image. Thus, the number of
parameters that need to be trained in the CNN architecture is greatly reduced. It has types such as max-
pooling, average-pooling, sum-pooling. ReLU is the activation function. It is a very fast and simple
function used to break the linearity in the network. The fully connected layer (FCL) is actually a kind of
ANN structure. In this section, matrices are transformed into vectors and processed with the help of
neurons. Softmax layer is preferred for classifying the vectors at the output according to their ratios.
Finally, if a residual architecture is to be used (e.g., ResNet), the concatenate layer is required. This layer
combines different layer outputs (Oztiirk and Ozkaya, 2020). After this quick and basic introduction to
CNN layers, it will be useful to calculate a CNN output consisting of convolution, pooling, and ReLU
layer. Equation 1 is used for this operation.

f (Ihex) = POl (o (w®[D,, ]+b)) (1)

in which, f represents CNN, I« is the input of the next layer of the output of the current layer, pool
represents pooling layer (max-pooling, average-pooling, or sum-pooling), nxn represents pooling
window, ¢ is ReLU function, w represents convolution layer, Din is the input of the current layer, b is the
bias value.

VGG-16 architecture (Simonyan and Zisserman, 2014). includes 16 weight layers. So it contains 13
convolution layers and 3 FCL layers. Parameters in these layers are updateable. All convolution layers are
3x3 pixels with the stride of 1. All pooling layers consist of 2x2 windows with the stride of 2. Two FCLs
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consist of 4,096 nodes, while the last FCL consists of 1000 nodes. It includes nearly 138 million trainable
parameters.

ResNet-50 architecture (He et al., 2016) is a very striking structure consisting of residual modules. It
includes 50 weight layers. Although it is deeper than the VGG-16 model, it takes up less space. It consists
of five stages each with a convolution and identity block. Each convolution block has three convolution
layers and each identity block also has 3 convolution layers. It has nearly 23 million trainable parameters.

An MLP structure is a type of feedforward ANN architecture. A basic MLP structure consists of at
least three layers: an input layer, a hidden layer, and an output layer. It is possible to increase the depth
of MLP architecture. For this, the number of hidden layers in the MLP structure is increased. A nonlinear
activation function generally follows neurons in the MLP structure. It is possible to train MLP architecture
with backpropagation methods. Although it is a type of ANN, in some cases the name MLP is used in
structures consisting of multiple layers of perceptrons. The selection of activation functions is one of the
most important steps in solving a problem. In addition, it is very important in algorithms used for
updating trainable parameters. Stochastic gradient descent (SGD) is widely used for the optimization of
parameters (Wu ef al., 2020). In the optimization process performed with SGD, it may take time to reach
global minima, and problems with the vanishing of gradients or explosion of gradients may be
encountered. In some cases, it remains stuck in the local minima. Many optimization techniques have been
proposed to overcome these problems. In this study, MLP parameters are updated with the whale
optimization algorithm (WOA) (Mirjalili and Lewis, 2016). WOA is a meta-heuristic optimization
algorithm. It is based on the hunting strategy of humpback whales. For brief information about the WOA
algorithm, the encircling prey, spiral bubble-net feeding maneuver, and search for prey stages are
mathematically examined. In the encircling prey stage, humpback whales determine the location of the
prey and surround the prey. The WOA algorithm tries to determine the optimum position for the hunt.
After the best search agent is determined, other search agents update their positions. The purpose of this
update process is to move towards the best location. Equations 2 and 3 define this process.

D =[C.X"(t)- X (t)|
X(t+1)=X"(t)-AD

)
®)

where t represents the current iteration, C and A indicate coefficient vectors, X" represents the best
solution position vector, X indicates the current position vector, and . represents element-by-element
multiplication. Also, other terms are calculated; A=2a.r-a and C=2.r.

Two different approaches named as ‘shrinking encircling mechanism’ and ‘spiral updating position’
are used to better define the bubble-net behavior. In the shrinking encircling mechanism, the area is
narrowed by decreasing the value of the a parameter. In this case the A is a random value in the interval
[-a, a]. In the spiral updating position stage, the distance between the whale's location and the prey location
is calculated. A spiral equation is defined between these two locations. With this equality, the whale
updates its position with a helix-shaped movement. In Equation 4 this movement is defined.

X (t+1)=|X*(t)— X (t)|.eb'.cos(27rl)+ X*(t)(4)

in which, b defines shape of the logarithmic spiral, 1 represents random number in the interval [-1, 1].
In the search for prey (exploration) phase, humpback whales take positions at random according to each
other's positions in search of prey. Therefore, in this step the value of A takes values either greater than 1
or less than -1. In this step, the location of the search agents is determined randomly. The mathematical
model of this situation is as in Equation 5 and Equation 6.

D= |C.X X|

rand

©)
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AD

X (t+1)= X oy - ©

High-level features obtained from pre-trained networks are used in the framework of the proposed
method. VGG-16 and ResNet-50 models were used as pre-trained networks. These models are trained
with the transfer learning method. For training and test data, the features obtained from pre-trained CNN
networks were given as input to the designed ANN structure after the fusion process. The parameter
update process in the ANN model was performed with the Whale Optimization Algorithm (WOA) instead
of the stochastic gradient descent algorithm. Weight and bias values have been updated more successfully
than conventional ANN models. The block diagram of the proposed approach is given in Figure 2.

Non-COVID-19
Image Datastore COVID-19

4 pd

Tramed CNN Models

ResNet-50
VGG-16

A4
Training Deep . Deep Feature . Testing Deep
Feature Fusion Extraction Feature Fusion

L 4

Trained ANN
Models

Model
Evaluation

i \J Y A i
! (] O [ ] WOA "
I Y |
! [ 0] [ |
" 0 0 [} . i
' 085 '
..i : ¢ 0 : ¢ 0 : » Calculation i -
! O [ ] [ ] :
. e e 0 5
: Input  Hidden Output !
i Layer  Layers Layer |

Figure 2. The block diagram of the proposed model
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3. RESULTS AND DISCUSSION

As part of the study, the experiments were carried out on a workstation with Intel Core i7-7700 HQ
CPU at 2.8 GHz, 16 GB RAM, and NVIDIA GTX 1080 GPU. Matlab 2020a was preferred as a simulation
environment.

Some performance metrics obtained from the confusion matrix, which are Accuracy (ACC), Sensitivity
(SEN), Specificity (SPE), F1-Score, Precision (PRE), Matthews Correlation Coefficient (MCC) and Kappa,
were used to evaluate the models proposed in the study. These performance metrics are calculated by
means of True Positive (TP), True Negative (TN), False Positive (FP) and False Negative (FN) indices as
follows:

Accuracy =(TP+TN)/(TP+FN +TN + FP) @)
Sensitivity =TP/ (TP + FN)

®)
Specificity =TN / (TN + FP) )
Precision=TP /(TP + FP) (10)

F1-Score=(2xTP)/(2xTP+FN + FP) (11)

TPxTN—FPxFN

MCC =
J@P +FP)(TP + FN)(TN + FP)(TN + FN)

(12)

Kappa = (total accuracy —random accuracy )/ (1-random accuracy ) (13)

By using transfer learning, training of GoogleNet, ResNet-50, DenseNet-201 and VGG-16 structures
was carried out within pre-trained CNN models. During the training phase, the mini-batch size was
determined as 10, and the training was completed in 30 epochs. The training process finished with 5580
iterations in total. Each epoch was completed after 186 iterations. The initial learning rate is 0.1. The
learning drop factor and period are chosen as 0.1 and 10 epochs, respectively. Test data were used instead
of validation data, and it was performed in each 1000 iterations. In this way, the optimization process can
be carried out quickly and accurately. Stochastic Gradient Descent with Momentum (SGDM) method was
preferred in the optimization process. Training and test charts of pre-trained CNN networks used in the
study are available in Figure 3-6.
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There are two graphs in the figures, namely accuracy, and loss. The blue curves on the accuracy graph
represent the accuracy of the training data, while the black curves show the accuracy of the test data. The
red curves in the loss graph represent the loss of training data, while the black curves represent the loss
of test data. Since the number of parameters included in the pre-trained CNN models are different from
each other, the training durations are also different from each other. The pre-trained CNN network with
the shortest training period is GoogleNet and the training process was completed in 47 min 9 seconds.
Then, the VGG-16 model completed training with 55 min 37 seconds. There are two pre-trained CNN
network models with the longest training period. One of them is the ResNet-50 model and it completed
the training process in 81 min 6 sec. DenseNet-201 is the model that has by far more training time than the
training of other pre-trained CNN models. This model completed the training process in 636 min 34 sec.
Achieving high classification accuracy in such short training times depends on transfer learning. In
addition to the accuracy metric, other classification metrics are given in Table 1.
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Table 1. Comparison of Metric Performance

Evaluation Metrics (%)

Methods

ACC SEN SPE PRE  Fl-score @MCC Kappa
VGG-16 83.71 68.05 99.67 99.53 80.83 71.22 67.52
ResNet-50 84.35 69.01 100 100 81.66 72.42 68.80
GoogleNet 8194 6581 9837 97.63 78.63 67.73 63.98
DenseNet-201 80.97 62.62 99.67 99.49 76.86 66.89 62.07

Proposed Method  88.06 81.47 9479 94.10 87.33 76.87 76.16

Table 1 includes the classification performance of four pre-trained CNN models and the proposed
method. When evaluated in terms of performance, the DenseNet-201 model showed the lowest
performance. The performance of this model is 80.91% ACC, 62.62% SEN, 99.67% SPE, 99.49% PRE, 76.86%
F1-Score, 66.89% MCC and 62.07% Kappa. ResNet-50 model showed the highest performance in pre-
trained CNN models. The performance of the VGG-16 model is also very close to that of the ResNet-50
model. The classification metrics obtained with ResNet-50 were 84.35% ACC, 69.01% SEN, 100.00% SPE,
100.00% PRE, 81.66% F1-Score, 72.42% MCC and 68.80% Kappa. The proposed method has achieved
higher performance than pre-trained CNN models. The performance of the proposed method is 88.06%
ACC, 81.47% SEN, 94.79% SPE, 94.10% PRE, 87.33% F1-Score, 76.87% MCC and 76.16% Kappa. The
proposed method stands out in all classification metrics except specificity and precision metrics. In Figure
7, the confusion matrix of pre-trained CNN models is given.
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Figure 7. Confusion Matrix of pre-trained CNNs (a) VGG-16 (b) ResNet-50 (c) GoogleNet (d) DenseNet-
201

Class accuracy and error rates can be seen in the confusion matrices obtained for test data. In the
confusion matrix of the ResNet-50 model, 100% classification accuracy has been achieved in the non-
COVID class. In the COVID class, this accuracy is 69.0%. In the DenseNet-201 model with the lowest
performance, the classification accuracy achieved in the COVID class is 62.6%. In the non-COVID class,
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the classification accuracy is 99.7%. The highest error rate for the COVID class belongs to the DenseNet-
201 model, with 37.4%. Figure 8 contains the confusion matrix of the proposed method.

Confusion Matrix of Proposed Method

COVID 255 58 81.5% 18.5%

non-COVID 16 5.2%

True Class

83.4%

5.9% 16.6%

COVID non-COVID

Predicted Class

Figure 8. Confusion Matrix of Proposed Method

In the concept of class accuracies of the proposed method, the accuracy rate has increased further in
the COVID class. In the COVID class, the number of TN is 255 and the number of FP is 58. For the COVID
class, the accuracy rate is 81.5%, and the error rate is 18.5%. For the Non-COVID class, the FN number is
16, and the number of TP is 291. The class accuracy rate is 94.8%, the error rate is 5.2%.

4. CONCLUSION

Despite the COVID-19 outbreak, people continue their routine daily life. With the arrival of the winter
months, the affected by this epidemic begin to rise significantly. Within the scope of this study, a COVID-
19 diagnosis system was proposed to support clinical research. It is based on CNN architecture and utilizes
transfer learning. The deep learning method has automatic feature decoding capability and provides
higher performance than handmade feature extraction engines. In this way, COVID-19 cases can be
detected with high performance by using CT images. The method used to achieve 88.06% ACC, 81.47%
SEN, 94.79% SPE, 94.10% PRE, 87.33% F1-Score, 76.87% MCC and 76.16% Kappa classification
performance. When the proposed method is evaluated clinically, it is predicted that it can support the
decision-making process of experts. With this method, it has been proven that the error of misdiagnosis
can be reduced, and the test times can be reduced from days.
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OZ: Nesne sayma, gida, medikal, endiistri ve giinliik yasamda farkli gorevler igin kullarulan bir siiregtir.
Bu calismada, nesne sayma isleminin gergeklestirilebilmesi icgin goriintii isleme tabanli sistemler
incelenmis ve uygulamalar yapilmistir. Uygulamalar i¢in nesnelerin bir silo iizerinden akarak serici
iizerinden egimli bir sekilde ilerleyebilecegi bir deney diizenegi tasarlanmistir. Nesnelerin akisin
gozlemleyebilecek endiistriyel bir kamera ve lens sistemi kullanilmistir. Nesnelerin akisini izleyebilmek
i¢in sadece arka aydinlatma kullanilmistir. Nesnelerin akis hizi ve nesnelerin serici ¢ikis: akabilecegi egim
agist degistirilebilmektedir. Endiistriyel kamerada fps, piksel frekansi, pozlama siiresi, goriintiiniin
¢oziiniirlig, ilgilenen alan se¢imi, renkli ve renksiz goriintii alimi, goriintiideki piksellerin kag bit ile
orneklenecegi kullanic1 tarafindan secilebilmektedir. Algoritma tasarimi igin Python yazilimi1 ve OpenCV
kiitiiphanesi kullanilmistir. Nesne saymmi i¢in 100 adet nohut tanesi belirlenmis ve belirli bir siire
kameradan video kayd: elde edilmistir. Video {izerinde arka plan ¢ikarma islemi uygulanarak sadece
nesnelerin beyaz renk olarak goriilebilecegi ikinci bir video elde edilmistir. Binary formata doniistiiriilen
videoda nesne cevresi smurlayici en kiigiik dikdortgen koordinat degerleri ve nesne agirlhik merkezi
koordinat degerleri elde edilmistir. Video goriintiisii {izerinde sabit tek ve ¢ift sanal ¢izgiler cekilerek
sayma isleminin gerceklestirilecegi metotlar gelistirilmistir. Koordinat degerlerinin ve sanal ¢izgilerin
sayma islemi i¢in kullanilmasinda ortaya ¢ikan avantaj ve dezavantajlar bu c¢alisma sonucunda
tartisilmistir.

Anahtar Kelimeler: Nesne Sayma, Goriintii f§leme, Kamera, Python, OpenCV

An Approach to Counting Legumes Using Coordinate Features in Image Processing

ABSTRACT: Object counting is a process used for different tasks in food, medical, industry and daily life.
In this study, image processing-based systems have been examined and applications have been made to
perform the object counting process. For the applications, an experimental setup has been designed in
which the objects can flow over a silo and proceed in an inclined manner over the spreader. An industrial
camera and lens system that can observe the flow of objects were used. Only backlighting was used to
monitor the flow of objects. The flow rate of objects and the angle of inclination through which objects can
flow out of the spreader can be changed. In the industrial camera, fps, pixel frequency, exposure time,
image resolution, area of interest selection, color and mono image acquisition, how many bits the pixels in
the image will be sampled can be selected by the user. Python software and OpenCV library were used for
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algorithm design. For the object counting, 100 chickpea seeds were determined and the video was recorded
from the camera for a certain period of time. By applying a background subtraction process on the video,
a second video was obtained in which only the objects can be seen as white. The smallest rectangular
coordinate values bounding the object and the object centroid coordinate values were obtained in the video
converted into binary format. Methods have been developed for counting by drawing single and double
virtual lines in the video. The advantages and disadvantages of using coordinate values and virtual lines
for counting have been discussed as a result of this study.

Key Words: Object Counting, Image Processing, Camera, Python, OpenCV

GIRIS aNTRODUCTION)

Goriintii sensorleri ile nesne sayma siiregleri, endiistri, gida, medikal, giivenlik gibi genis bir sektorde
kullanimina ihtiya¢ duyulan teknolojilerdir. Nesne sayisinin kiiciik ve ¢ok fazla olmasi, nesnelerin aym
anda hareketli olmasi manuel bir sekilde insan giiciine bagli olan sayma islemlerini oldukga
zorlagtirmaktadir. Insan goziiniin bir video goriintiisiinden goklu nesne takibini kagirabilmesi, bir bant
tizerinden veya serbest diisme ile akan nesnelerin hizini yakalayamamasi sayma islemini zorlastirmakta,
siire problemini ortaya c¢ikarmakta ve hata yapmaya agik siireclerin ortaya ¢ikmasina neden olmaktadir.
Bundan dolay1 goriintii sensorlerini kullanan endiistriyel kamera teknolojilerinin yapay gorii, makine
O0grenmesi, yapay zeka, goriintii isleme ve gercek zamanli hizli islemler yapabilen donanimlar ile beraber
entegre bir sekilde kullamilmasina doniik birlesik sistemler son zamanlarda endiistride talep goren
teknolojilerdir. Goriintii sensorlerinin ucuzlamas: ve goriintii isleme cihazlarinin makul diizeylerde
olmasi, iiriin sayma ¢oziimlerini kolay ulagilabilir hale getirmistir. Hazir olarak kullanilan var-yok
sensOrler yerine daha karmasik nesnelerin veya iiriinlerin sayilmas: i¢in goriintii sensorleri tercih
edilmektedir. Sayim ve 6l¢iim i¢in uzman kontroliiniin gerektigi durumlarda tamamen temassiz ¢dziimler
gelistirilebilmektedir. Otomobil yedek parcalari, ¢cuvallar, tohumlar, ilaglar, bitkiler, meyveler, sebzeler,
hirdavat parcalar, kiigiik boyutlu oyuncaklar gibi ticari degeri olan bir¢ok endiistriyel {iriin igin 6zel
¢oziimler gercgeklestirilebilmektedir. Sadece endiistriyel iiriinler degil ayn1 zamanda 6zel kurum ve
kuruluslarin giris ¢ikislarinin denetimi, kamu kurumlarinin giris ¢ikislarinin denetimi, magazalar ve
alisveris merkezleri, giivenlik amagcli sayma, trafik yogunlugu, otopark dolulugu gibi sivil hayatta karsilik
bulan kullanimlar: giderek artmaktadir (Barbedo, 2012; Raman ve Sukanya, 2012; Perera ve dig., 2013;
Thammasorn ve dig., 2013; Pandit ve dig., 2014; Baygin ve dig., 2018). Alan taramali: kameralar ile yapilan
sayma islemlerinde, nesnenin kadraja girip ¢iktig1 ana kadar kendine ait benzersiz bir kimlige sahip
olmasi gerekmektedir. Videoda nesne siirekli hareket halinde oldugu icin hiz, birbirine yapisik veya iist
iiste binmis nesneler, kameranin ¢ekim parametre ayarlari, aydinlatma yontemi gibi birgok faktor nesne
sayma iglemini zorlastirmaktadir. Bundan dolay1 nesneye 6zel uygulama diizeneginin gelistirilmesi
goriintii isleme algoritma performansini etkileyecek en 6nemli etkendir. Nesne sayma metotlar1 nesne
algilama ve sayma, yoriinge kiimeleme ile sayma, global regresyon ile sayma ve nesne yogunluk
tahminine dayali sayma olmak {izere genel olarak dort baghk atinda toplanmaktadir. Nesne algilama ve
temel esik kuralina gore sayma en sik kullanilan yontemlerden biridir. Bu yontemin en énemli avantaji
¢ok hizli sayma gergeklestirmesidir, dezavantaji ise birden fazla nesnenin birbirine yaklasmasi
durumunda sayim performansinin diismesidir (Lin ve dig., 2010, Wang ve Wang, 2011; Arteta ve dig.,
2012). Yoriinge kiimeleme teknigi kullamilarak yapilan sayma isleminde ise kalabalik olan hareketli
nesneler sayilir (Antonini ve dig., 2006; Rabaud ve Belongie, 2006). Bu yontem yalmzca istenilen
yoriingeler dogrultusunda nesneleri izlemek i¢in uygulamr. Bu yontemin en 6nemli dezavantajlarindan
bir tanesi ise yiiksek hesaplama maliyetine ihtiya¢ duymasidir. Bu sebeple bu yontemin diisiik maliyetli
bir ¢oztim olarak sunulmasit miimkiin degildir. Ayrica global regresyon yontemi ile yapilan sayma
isleminde hizli egitim ve test prosediirleri kullanildigindan tahminlerde iyi bir sonu¢ vermektedir.
Bununla birlikte tiim goriintii boyunca tahmin yapilacak nesne sayisi, yogunluk haritasinin integrali
olarak hesaplanir. Bu yontem diger yontemlerden farkli olarak goriintii boyunca nesne dagiliminin analizi
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i¢in nesnenin yogunluk haritasin verir (Chan ve dig., 2008; Ryan ve dig., 2009; Chan ve Vasconcelos, 2011;
Chen ve dig., 2013). Son donemlerde popiiler yontemlerden biri olan derin 6grenme yontemleri de sayma
islemleri i¢in kullamilmaya baslanmistir. Ancak derin 6grenme yontemlerinin hesapsal maliyetleri
oldukga fazladir (Zhang ve dig., 2015; Onoro-Rubio ve Lépez-Sastre, 2016; Zhang ve dig., 2016). Goriintii
islemede nesne sayma i¢in derin 6grenme yaklasimi aslinda tek yonlii bir regresyondur. Bu aglar, olasi
ciktt birimlerinin sayisinin egitim verilerine dayali olarak Onceden tamimlanmis bir siniflandirma
mimarisini benimser (Oztiirk ve Ozkaya, 2020). Bunun yaninda sayilacak nesnenin toplam sayisina
miimkiin oldugunca yakin gercek bir deger iireten tek bir ¢ikt: birimine sahiptir (Aich ve Stavness, 2017;
Aich ve dig., 2018). Her iki durum da yiiksek boyutlu dogrusal olmayan regresyon modelleri kategorisi
altinda simiflandirilabilir. Burada dikkat edilmesi gereken tahmin edicilerin sayisi giris piksellerinin say1s1
ile orantilidir. Son donemlerde derin 6grenme kiitiiphanelerinin versiyon giincellemeleri ile beraber
Tensorflow ve YOLO kiitiiphanelerinin nesne sayma API'leri (Application Programming Interface) pratik
kullanimlar sunmaktadir (Mazurek, 2020; Ozlii, 2020). Bu calismada, tasarlanan bir deney diizenegi ile
sabit bir bant {izerinde ilerleyen 100 adet nohut tanesinin videosu elde edilmis ve nesnelerin sayma iglemi
yapilmistir. Uygun video c¢ekimi igin kamera parametreleri optimum sekilde ayarlamis ve nesne
arkasindan aydinlatma islemi yapilmistir. Video goriintiilerinde arka plan gikarma islemi yapilarak nohut
taneleri 6n plana ¢ikarilmistir. Binary formata dontistiiriilen videoda nesnelerin gevresini sinirlayan en
kiiciik dikdortgenin koordinat degerleri ve nesnenin agirlik merkezi koordinat degerleri elde edilmistir.
Video goriintiisii tizerinde ¢izilen tek ve iki sanal ¢izgi referansi ile nesne koordinat degerlerinin ¢izilen
sanal cizgilerden gecip gecmedigi tespit edilerek sayma islemi gerceklestirilmistir. Kullanilan yontemlerin
sayma problemi igin avantaj ve dezavantajlar tartisilmistir.

MATERYAL VE METOT (MATERIAL AND METHOD)
Deney Diizenegi (Experimental Setup)

Hareketli nesne goriintiisiiniin alinmas igin, nesnelerin silo igerisinden serici tizerine diistiigii ve sabit
egimli bir bant {izerinde ilerledigi bir diizenek tasarlanmistir. Serici hizi ve bandin egimi kullanici
tarafindan ayarlanabilmektedir. Deney diizeneginde IDS marka (UI-3290SE-HQ) renkli bir end{istriyel
kamera ve AZURE marka bir lens sistemi (35mm) kullanilmistir. Ayn1 zamanda gelecek ¢alismalar icin
kiiciik nesne Olciimlerinin yapilabilecegi telesentrik bir lens temin edilmistir. Bu kameranin ¢alisma icin
secilme nedeni, {ireticinin bu modeller i¢in Python destegi sunmasi ve gelecek ¢alismalarda GPU
denemeleri i¢in NVIDIA Jetson kartlar1 desteklemesidir. IDS firmas1 kamera kullarumai igin bir arayiiz
(cockpit) sunmakta ve kameranin bir¢ok parametresi buradan degistirilebilmektedir. Coziintirliik, fps,
piksel frekansi, pozlama siiresi, kazang, gama faktort, gain faktorii, renk 6rnekleme bit seviyesi gibi video
¢ekimini etkileyecek bir¢ok parametre degistirilebilmektedir. Bu parametreler iiretici firmanin sunmus
oldugu Python kiitiiphanesi fonksiyonlar: ile gercek zamanh gelistirilebilecek yazilim igerisinden de
kontrol edilebilmektedir. Nesnelerin sadece tane sayisi hesaplandigi, renk veya c¢liriik gibi 6zellikler ile
ilgilenilmedigi i¢in arka plan aydinlatma kullanilmistir. Diizenegin etrafi siyah bir naylon ile kaplanarak
diger 151k kaynaklarindan etkilenmesi engellenmistir. Sekil 1a’da deney diizenegi, Sekil 1b’de arka plan
aydinlatma, Sekil 1¢’de kamera ve lens cesitleri verilmistir.
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Sekil 1. (a) Deney Diizenegi (b) Arka plan aydinlatma (c) Kamera ve lens gesitleri
Figure 1. (a) Experimental Setup (b) Background illumination (c) Camera and lens types

Nesneler sericiden gelerek sabit egimli bir bant tizerinden aktiklari igin hizli ilerlemektedir. Bundan
dolay1 pozlama siiresi (exposure time) olabildigince kisa tutulmustur. Diger parametreler kamera {iiretici
firmanin sunmus oldugu araytiiz iizerinden manuel bir sekilde ayarlanmis ve yine arayiiz tizerinden
kullaniciya sunulmus olan video kayit sistemi ile kayit islemi yapilmistir. Cizelge 1'de calisma igin
kullanilan kamera parametreleri verilmistir.

Cizelge 1. Video kaydi i¢in kamera parametreleri
Table 1. Camera parameters for video recording

Kamera Parametreleri

FPS 46.14 kare/saniye
Pozlama siiresi 1.410 ms

Piksel Frekansi (Pixel Clock) 395 MHz

Gain Faktorii 20

Gamma Faktorii 1.6

Renk Seviyesi RGB32 (B8 G8 R8)
Toplam goriintii kare sayisi 2399

Goriintii boyutu 1144x774 (binning 2x)

GORUNTU ISLEME (IMAGE PROCESSING)
Segmentasyon (Segmentation)

Videoda ilerleyen hareketli nesnelerin koordinat 6zelliklerinin bulunabilmesi icin nesnelerin arka
plandan ayrilarak binary formata doniistiiriilmesi gerekmektedir. Bu islem i¢in ¢alismada basit bir esik
degeri, otsu esikleme metodu, adaptif gaussian esikleme (adaptive gaussian thresholding) ve adaptif
ortalamalar esikleme (adaptive means thresholding) algoritmalari denenmis ancak yeterli performans
alinamamigtir (OpenCV, 2020a). Ozellikle basit ve otsu esikleme ydntemlerinde deney diizenegindeki
arka plan aydinlatma platformunun 1sik homojensizliginden kaynakli olarak yetersiz segmentasyon
islemi ortaya ¢ikmistir. Adaptif gaussian esikleme ve adaptif ortalamalar esikleme algoritmalar: 151k
homojensizliginden diger esikleme yontemleri kadar etkilenmese de goriintiide ¢ok fazla giiriiltii ortaya
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¢ikmaktadir. Bir diger segmentasyon yontemi ise OpenCV kiitiiphanesinin sunmus oldugu video
goriintiilerinde hareketli nesne arka plan ¢ikaricilardir (OpenCV, 2020b). Calismada gaussian karisim
modelini kullanan MOG2 metodu arka plan ¢ikarma igin kullamilmistir. Bu yontem kullanilarak sadece
hareketli nesneler ortaya ¢ikarilmakta, boylece 1s1tk homojensizliginden kaynakli problemlerden algoritma
etkilenmemektedir. Hareketli nesne kenarlarinin bazi bolgelerinde farkli gri tonlar ortaya ¢iktig icin basit
bir esikleme ile goriintii binary formata doniistiiriilmiistiir. Segmente edilmis video goriintiisii tizerindeki
ufak giiriiltii parcaciklarinin bir nesne gibi islem gormemesi icin iki iterasyonluk erozyon islemi
uygulanmistir. Sekil 2a’da video kaydindan 1563. goriintii karesi, Sekil 2b’"de MOG2 arka plan ¢ikarma
islemi, Sekil 2c¢’de adaptif ortalamalar esikleme, Sekil 2d’de adaptif gaussian esikleme Sekil 2e’de basit
esik degeri, Sekil 2f'de otsu esikleme sonuglar1 1563. goriintii karesi tizerinden verilmistir.

() (f)
Sekil 2. (a) Video 1563. goriintii karesi (b) MOG?2 arka plan ¢ikarici (c) Adaptif ortalamalar esikleme (d)
Adaptif gaussian esikleme (e) Basit esikleme (f) Otsu esikleme
Figure 2. (a) Video 1563. frame (b) MOG2 background subtractor (c) Adaptive means thresholding (d) Adaptive gaussian thresholding
(e) Simple thresholding (f) Otsu thresholding
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Koordinat Noktalar1 (Coordinate Points)

Videodaki hareketli nesnelerin agirlik merkezi koordinatlar: (centroid) ve en kiigiik dikdortgen icine
sigabilecek kutu koordinatlari (bounding box) sayma islemi igin referans olarak kullarilacaktir. Binary
formata doniistiiriilen goriintiilerde OpenCV'nin kontur (contours) metodu ile 6zellikler elde edilerek
ilgili koordinat noktalar1 elde edilmistir (OpenCV, 2020c). OpenCV’nin dikdoértgen sinirlayict metodu ile
(BoundingRect) nesnelerin en kiigiik dikdortgen kutuya sinirlayici koordinatlari olan (x, y, w, h) noktalar:
her bir goriintii karesinde tek tek bulunmustur (OpenCV, 2020d). (x,y) noktasi nesneyi sinirlayan
dikdortgenin sol {ist kosesini gostermektedir. Nesnelerin agirlhik merkezi koordinatlari kontur
ozelliklerinin momentleri bulunarak hesaplanmaktadir. Momentlerden m10, m00, m01 g¢iktilar:
kullanilarak agirlik merkezi (x1,y1) noktalari bulunmustur (OpenCV, 2020d). Sekil 3a’da nesnelerin
sinirlayici kutu igine alinmasi ve (x,y) sol iist kose koordinat degerleri, Sekil 3b’de agirlik merkezi ve
(x1,y1) koordinat degerleri gosterilmektedir.

[291.362)

£551.422) 43393100

4 5906

(a) (b)
Sekil 3. (a) Nesnenin en kiiciik dikdortgene sigdirilmasi ve (x,y) sol {ist kdse koordinatlar: (b) Nesnelerin

agirlik merkezi (x1, y1) koordinat noktalar
Figure 3. (a) Fitting the object to the smallest rectangle and (x, y) upper left corner coordinates (b) The centroid of objects (x1, y1) coordinate
points

Sayma i§lemi (Counting Process)

Calismada, video goriintiileri {izerine tek ve iki sanal ¢izgi ¢izilmis, koordinat noktalar: referans
alinarak gelistirilen metotlar ile sayma performanslar dlgiilmiistiir. {1k olarak video goriintiilerinin y=300
ve y=410 noktalarindan x ekseni boyunca sanal cizgiler ¢izilmistir. Agirik merkezi ve siurlayici
dikdértgen y koordinat degeri iki ¢izgi arasindan gecince sayag degeri bir arttirilmistir. Iki sanal gizgi
arasindan gecen nesneler ya fazla ya da az sayma islemi yapmaktadir. Sekil 4a’da iki sanal ¢izgi arasindan
gecen sinirlayici dikdortgen koordinat degerlerinin 1563. goriintii karesinden gegisi, Sekil 4b’de iki sanal
cizgi arasindan gegen agirlik merkezi koordinat degerlerinin 1563. goriintii karesinden gecisi
verilmektedir. Tkinci yontem olarak y=300 noktasindan x ekseni boyunca tek bir sanal ¢izgi ¢ekilmistir.
Tek sanal ¢izgi ile nesne saymada, nesnelerin ¢izgiye girmeden once ve girdikten sonraki goriintii
karesinden ayni nesne olup olmadigini kontrol eden bir metot uygulanmistir. Bir goriintii karesinde
bulunan nesnelerin x,y ve x1,yl koordinat degerlerinin, bir sonraki goriintii karesindeki nesnelerin x,y
koordinat degerlerine uzakliklar: x = x(t)-x(t-1), y=y(t)-y(t-1) esitlikleri ile hesaplanarak eksenlerdeki tiim
nesne yer degistirmeleri belirlenmektedir. Nesnenin hareketinden kaynakli yer degistirme uzaklig1 x? + y?
esitligi ile hesaplanmaktadir. Bu islemden sonra yer degistirme uzakligi daha yakin olan nesne bir dnceki
ve bir sonraki goriintii karesindeki ayni nesne olarak isaretlenmektedir. Boylece nesne kadrajdan girip
giktigr ana kadar uzaklik Olglitiine gore takip edilebilmektedir. Bu hesaplamalar yapilirken nesne
koordinatinin y=300 sanal cizgisinden gecip gecmedigi kontrol edilmekte, gectigi anda sayag bir defa
arttirilmakta ve ayni nesne igin tek bir sayim islemi yapilmaktadir. Sekil 4c’de tek sanal ¢izgi arasindan
gecen sinirlayici dikdortgen koordinat degerlerinin 1563. goriintii karesinden gegisi, Sekil 4d’de tek sanal
cizgi arasindan gecgen agirlik merkezi koordinat degerlerinin 1563. goriintii karesinden gecisi
verilmektedir.
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Sekil 4. (a) Iki sanal ¢izgi arasindan sinirlayici dikddrtgen koordinat degerlerinin gecmesi ve sayma
islemi (b) Iki sanal ¢izgi arasindan agirlik merkez koordinatlarinin gegmesi ve sayma islemi (c) Tek sanal
cizgi lizerinden sinirlayici dikdortgen koordinat degerlerinin gegmesi ve sayma iglemi (d) Tek sanal ¢izgi

tizerinden agirlik merkez koordinatlarinin gegmesi ve sayma islemi
Figure 4. (a) Bounding rectangular coordinate values passing between two virtual lines and counting process (b) Centroid coordinates
passing between two virtual lines and counting process (c) Bounding rectangular coordinate values passing over single virtual line and
counting process (d) Centroid coordinates passing over single virtual line and counting process

SONUC ve TARTISMALAR (RESULTS and DISCUSSIONS)

Bu calismada, kamera sistemi ve bir deney diizenegi kullanilarak kaydedilen video goriintiisiinden
hareketli nohut tanelerinin saydirilmas: islemi gerceklestirilmistir. Videoda segmentasyon islemi ile
nesneler 6n plana getirilmis ve arka plan videodan atilmistir. Klasik segmentasyon algoritmalar: ve
esikleme metotlar1 ile basarili sonuglar elde edilememistir. Bunun nedeni arka plan aydinlatmanin
homojen olmamasindan kaynakli heterojen piksel intensite dagilimidir. Videodan arka plan ¢ikarma
islemi OpenCV kiitiiphanesinin sunmus oldugu MOG2 metodu ile gergeklestirilmistir. Daha sonra
esikleme iglemi yapilarak akan nesnelerin binary olarak elde edildigi goriintii kareleri elde edilmisgtir.
Yapilan karsilastirmalar sonucunda OpenCV'nin sunmus arka plan ¢ikaricilar videoda arka plamn atmak
ve istenen nesneyi on plana getirmek i¢in klasik goriintii segmentasyon algoritmalarina gore kullanish
sonuglar verdigi belirlenmistir. Arka plan ¢ikaricilar goriintii tizerindeki piksel intensite dagilimi yerine
sadece goriintii kareleri arasinda degisen piksel degerlerine odaklandig: icin daha yiiksek dogrulukta
sonuglar vermektedir. Binary formata doniistiiriilmiis video {izerindeki nesnelerin en kii¢iik dikdortgen
igine s1gdig1 koordinatlar ve nesnenin agirlik merkezi koordinatlart OpenCV’nin moment ve kontur
metodu ile elde edilmistir. Bu koordinatlar nesne hareket ettigi siirece her bir goriintii karesinde tek tek
hesaplanmaktadir. Burada temel problem nesne kadraja girdigi andan ¢iktig1 ana kadar benzersiz bir
kimligi olmasi gerekliligidir. Aksi takdirde nesne her bir goriintii karesinde tekrar tekrar saydirilir. Bu
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calismada elde edilen koordinat degerlerinin ilerleyisi iki farkli sanal ¢izgi yaklagimi ile degerlendirilmis
ve sayma performanslari dlgiilm{istiir. Tki sanal ¢izgi arasindan ilgili nesne koordinatlar gectiginde tekrar
sayma, fazla sayma ve az sayma gibi problemler ile karsilasilmistir. Bunun sebebi iki sanal ¢izgi arasinda
nesnenin goriintii karesindeki ilerleme hizina bagh olarak tekrar goriilmesi ya da ¢ok hizli gegmesidir.
Bundan dolay: gelistirilen yazilim fazla veya eksik saymaktadir. Tki sanal cizgi arasindan nesnelerin
sayilmasi isleminde nesne {izerinde hakimiyet kurulamamaktadir. Tek ¢izgi ile yapilan ¢alismada
nesnelerin bir dnceki ve bir sonraki goriintii kareleri arasinda koordinat degerlerine gore uzaklik
degerlerinin bulunmasi, uzaklik degerine gore cizgiden gecip ge¢gmediginin kontrol edilmesi %100 sayma
sonucu vermistir. Sekil 5a’da iki sanal ¢izgi arasindan gegen sinirlayicr dikdortgen koordinat degerlerine
gore son nesne sayma islemi, Sekil 5b’de iki sanal ¢izgi arasindan gegen agirlik merkezi koordinat
degerlerine gore son nesne sayma islemi, Sekil 5¢’de tek sanal ¢izgi {izerinden gegen sinirlayici dikdortgen
koordinat degerlerine gore son nesne sayma iglemi, Sekil 5d’de tek sanal cizgi lizerinden gecen agirlik
merkezi koordinat degerlerine gore son nesne sayma iglemi verilmisgtir.

Nohut: 100 Nohut: 100

© (d)

Sekil 5. (a) Iki sanal ¢izgi arasindan gegen sinirlayict dikddrtgen koordinat degerlerine gore son nesne
sayma islemi (b) Iki sanal ¢izgi arasindan gegen agirlik merkezi koordinat degerlerine gore son nesne
sayma islemi (c) Tek sanal ¢izgi {izerinden gecen sinirlayic dikdortgen koordinat degerlerine gore son
nesne sayma islemi (d) Tek sanal ¢izgi {izerinden gecen agirlik merkezi koordinat degerlerine gore son

nesne sayma islemi
Figure 5. (a) The process of counting the last object with respect to the bounding rectangular coordinate values passing between the two virtual
lines (b) The process of counting the last object with respect to the centroid coordinate values passing between the two virtual lines (c) The
process of counting the last object with respect to the bounding rectangular coordinate values passing over the single virtual line (d) The process
of counting the last object with respect to the centroid coordinate values passing over a single virtual line
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Nesne sayma ¢oziimleri hem zaman agisindan hem de insan giicii bakimindan maliyetleri azalttig1
i¢in tercih edilen endiistriyel uygulamalardir. Boyut olarak kiiciik, adet bakimindan ¢ok fazla olan
iiriinlerin sayilmasi ve paketlenmesi igin kamera ve goriintii isleme tabanl sistemler pratik kullanimlar
sunmaktadir. Ancak {irtin boyutunun ¢ok kii¢iik olmasi, malzemenin kamera 6niinden ¢ok hizli ge¢mesi,
pozlama stiresi, ¢oziliniirliik, fps orani, malzemelerin ilerlerken iist {iste binmesi veya yapisik ilerlemesi,
nesne kadraja girip ¢ikincaya kadar tek bir kimlige sahip olmas: gerekliligi, segmentasyon, aydinlatma
gibi bircok problemi beraberinde getirmektedir. Bircok farkli parametrenin goriintii isleme algoritma
performansini dogrudan etkiledigi bu durumlarda sadece ilgilenen nesneye 06zel bir uygulama
tasarlanmas1 veya nesneye gore adaptif bir sistem tasarlanmasi zorunlulugu ortaya ¢ikmaktadir. Bu
calismada, hareketli nesnelerin video goriintiileri kaydedilerek sayma islemi gerceklestirilmis, ileri
uygulamalar icin bir 6n calisma yapilmistir. Onerilen iki farkli koordinat noktasina ve uzaklik 6lcme
kriterine gore tek bir sanal ¢izgi kullanilarak %100 sayma islemi gerceklestirilmistir. Gelecek calismalarda
serici hiz1 ve banttan ilerleyen nesne sayisi arttirilarak gercek zamanli ¢oziimler gergeklestirilecektir.
Tensorflow ve YOLO gibi derin 6grenme kiitiiphanelerinde bulunan nesne sayma ve nesne tespiti API'leri
kullanilarak uygulama gelistirilmesi ve bu uygulamalarin hizli sonug vermesi igin GPU teknolojisi
kullanan NVIDIA Jetson kartlarinda yazilimin kosturulmas: hedeflenmektedir.
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ABSTRACT: The changes that positive or negative results cause in an individual's behavior are called
Operant Conditioning. This paper introduces an operant conditioning approach (OCA) for large scale
swarm optimization models. The proposed approach has been applied to social learning particle swarm
optimization (SL-PSO), a variant of the PSO algorithm. In SL-PSO, the swarm particles are sorted
according to the objective function and all particles are updated with learning from the others. In this
study, each particle's learning rate is determined by the mathematical functions that are inspired by the
operant conditioning. The proposed approach adjusts the learning rate for each particle. By using the
learning rate, a particle close to the optimum solution is aimed to learn less. Thanks to the learning rate, a
particle is prevented from being affected by particles close to the optimum point and particles far from the
optimum point at the same rate. The proposed OCA-SL-PSO is compared with SL- PSO and pure PSO on
CEC 13 functions. Also, the proposed OCA-SL-PSO is tested for large-scale optimization (100-D, 500-D,
and 1000-D) benchmark functions. This paper has a novel contribution which is the usage of OCA on
Social Optimization Algorithms. The results clearly indicate that the OCA is increasing the results of large-
scale SL-PSO.

Key Words: Operant Conditioning, Large Scale Optimization, Operant Conditioning Approach, Swarm
Optimization Algorithm.

Biiyiik Olcekli Sosyal Optimizasyon Algoritmalar1 i¢in Edimsel Kosullandirma Yaklasim1

0OZ: Olumlu veya olumsuz sonuglarin bir bireyin davraniginda neden oldugu degisikliklere Edimsel
Kosullandirma denir. Bu makale, biiyiik Olgekli siirii optimizasyon modelleri ig¢in bir edimsel
kosullandirma yaklagimi (OCA) sunar. Onerilen yaklagim, PSO algoritmasinin bir varyant1 olan sosyal
O0grenme parcacik siiriisii optimizasyonuna (SL-PSO) uygulanmustir. SL-PSO'da siirii pargaciklart amag
islevine gore siralanir ve tiim parcaciklar digerlerinden Ogrenilerek giincellenir. Bu calismada, her
parcacigin Ogrenme hizi, edimsel kosullanmadan esinlenen matematiksel fonksiyonlar tarafindan
belirlenir. Onerilen yaklagim, her parcacik igin 6grenme oranimi ayarlar. Ogrenme oramni kullanarak,
optimum ¢6ziime yakin bir parcacigin daha az 6grenmesi amaglanmaktir. Ogrenme orani sayesinde bir
parcacigin ¢oziime yakin partikiil ile ¢oziime uzak partikiillerden ayni oranda etkilenmesinin 6niine
gecilmektedir. Onerilen OCA-SL-PSO, CEC 13 islevlerinde SL-PSO ve saf PSO ile karsilastirilir. Ayrica,
onerilen OCA-SL-PSO, biiyiik 6l¢ekli optimizasyon (100-D, 500-D ve 1000-D) karsilastirma islevleri icin
test edilmistir. Bu yazinin, Sosyal Optimizasyon Algoritmalarinda OCA'nin kullanimi olan yeni bir katkis:
vardir. Sonuglar agikga OCA'muin biiyiik 6lgekli SL-PSO sonuglarini artirdigini gostermektedir.

Anahtar Kelimeler: Edimsel kosullanma, Biiyiik Olgekli Optimizasyon, Edimsel Kosullandirma Yaklagim, Siirii
Optimizasyon Algoritmast.
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1. INTRODUCTION

Optimization can be called the process of finding the best solution to a problem or system (Celtek et
al., 2020) (Pham and Karaboga, 2012). The optimization's main purpose is to find the parameters that
achieve the minimum cost and the shortest time(Karaboga, 2014). The particle swarm optimization (PSO),
which is based on a simple mechanism that mimics societal animals' swarming behaviors, is one of the
most used to optimize engineering problems. PSO has given successful results in many engineering
problems (Cui and Lee, 2013; Yalcin ef al., 2015; ASLAN et al., 2018; Eldem and Ulker, 2020; Song et al.,
2020). The PSO consists of particles with a position and velocity and represents a candidate solution for
the optimization problem(Eberhart and Kennedy, 1995).

While classical PSO can perform well in low dimensional optimization problems, it is weak in large-
scale optimization problems and cannot get expected results (Wang et al., 2013). For this reason, many
PSO variations have been proposed to improve the PSO's search performance (Clerc and Kennedy, 2002;
Premalatha and Natarajan, 2009; Wang et al., 2020).

The social learning particle swarm optimization (SL-PSO) is one variant of the PSO algorithm (Cheng
and Jin, 2015). Social learning plays an important role in behavior learning in the swarm. It provides
particles to learn behaviors from other's experiences without incurring the costs of particle trials-and-
errors. Unlike the studies in the literature recommended improving the PSO's search performance, no
global and local best values are kept in SL-PSO. Instead, the swarm particles are sorted according to the
objective function, and all particles except the best are updated with learning from other better particle.
Unlike the classic PSO, the update process in SL-PSO is achieved by learning all the particles from the
others.

In this study, each particle's learning rate is determined by the mathematical functions that are
inspired by the operant conditioning. The changes that pleasant and unpleasant consequences cause in
individuals' behavior are called Operant Conditioning (Holland and Skinner, 1961). If an individual's
behavior results in something pleasant, the individual tends to do it repeatedly.

It is suggested an operant conditioning approach (OCA) to SL-PSO. The main goal of the proposed
method is to arrange the learning rate. This method provides the necessary learning for every particle. For
instance, one of the particles with good results is intended to learn less and not be affected by the worst
particles. If not, in the bad particle case, the learning rate will be high and the particle will be trained more.

This study consists of four sections. In Section 2, the mathematical background of particle update in
PSO and SL-PSO methods is given. Then, Section 3 gives information about operant conditioning -the
inspiration source for this work- and explains operant conditioning's mathematical modeling. Section 4
gives results in different dimensions of CEC 13 functions. Of proposed approach. In Section 5, the study
is terminated by comparing the proposed approach with pure PSO and SL-PSO.

2. PSO and SL-PSO

The PSO, developed by Eberhart and Kennedy in 1995, is a population-based metaheuristic
optimization technique (Eberhart and Kennedy, 1995). PSO, which is inspired by birds, is assumed that
each particle can update its position and velocity by using global and local best values. Detailed coverage
of PSO can be found in (Eberhart et al., 2001).

The position and velocity equations (1-2) for a conventional PSO are as follows;

Vit +1) = wV;(t) + ¢, R, (t) (pbest;(t) — X; (1)) + ¢, R, (t) (gbest(t) — X; (1)) @
X jt+1) = X;;(®) + Vit + 1) o

In these equations, t, Vi(t) and Xi(t) indicate respectively the number of iterations, the speed of the in
particle and the position of the in particle. Also, w is the inertia weight, c1 and c2 are acceleration vectors,
and Ri and Re are random vectors generated at 0-1 interval.
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As mentioned above, classical PSO can perform well in low dimensional optimization problems.
Unfortunately, as the dimension of the problem increases, the PSO success rate falls. The social learning
particle swarm optimization (SL-PSO), which is one variant of the PSO algorithm, has proposed
improving the search performance (Cheng and Jin, 2015).

Like the classical PSO, in the SL-PSO approach, a randomly initialized initial vector (Xij) is created,
which first constitutes a candidate solution. Then, the swarm particles are sorted according to the
ascending order of the fitness function results. As a result, every particle learns from other particles (as it
is in the same social learning mechanism) and corrects its behavior. The social learning between the
particles takes place as follows;

Xi; () + AX; ;(t + 1), if p;(t) < P}
X t+1)=3"" 7 ’ 3
o (E+1) { X; (@), otherwise )
where X, (t) is the particle that learns, Xijj is the particle that teaches, Pi is the probability of learning.
In detail, AX; ;(t + 1) is constructed as follows;

AX;j(t+ 1) = ri(DAX;;(0) + r(O1;(1) + r3(DeC; (1) (4)
I (1) = X (D) — X;;(0) (5)
Ci; (D =X, () = X;;(0) (6)

As can be seen in Equation 4, there are three components for updating to position in SL-PSO. First one
is IS X;;(t) the same as the inertia component in the canonical PSO. Second component is the called as

demonstrators I;; (t) (Equation 5). As mentioned above, SL-PSO uses demonstrators for position
correction (Equation 6) instead of gbest or pbest in PSO. The third one is called social influence factor.
There are three random coefficients ri, r2 and rs, which will be randomly generated within [0; 1].

Specifically, the j-element in the behavior vector of the particle i; Xi(t) simulates Xkj(t), the j-th element
in the behavior vector of the particle ki .In SL-PSO, the particle learns from different indicators in the
current swarm, and this behavior is controlled randomly.

As the higher the search size, the harder it is to solve the problem, and the lower the likelihood of a
particle being willing to learn from others. In SL-PSO, the relationship between learning possibility and
problem dimensionality is inversely related to the following relation;

pr=(1- z—_1)“‘°g([%])

m

)

Where P/the is the learning probability for each particle I, M is the dimension of problem, m is the
swarm size, n is the number of the dimensionality and « is the smooth coefficient (a =0.5).

3. OPERANT CONDITIONING and OCA-SL-PSO

The main challenge of social swarm methods is learning from just better particles can cause the results
to stick to the local optimum points. This study aims at a social learning network that a particle learns
from other particles with the learning rate. Thus, the learning rate controls each particle's learning from
the other particles.

It is inspired by the actual condition used in social life for the determination of learning rates. In
operant conditioning, for every situation that an individual has experienced before, positive or negative
consequences arise. These positive or negative consequences arise from past experiences and are largely
influential in their future behavior. The changes that positive or negative consequences lead to an
individual's behavior are called "Operant Conditioning." If the individual has already had an attitude and
has a positive outcome due to this behavior, he or she is directed to the same behavior again. Similarly, if
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the individual has had a previous behavior and has received a negative reaction due to this behavior,
he/she is striving for similar behavior.

In this study, the operant conditioning is applied to the swarm, not to the individual. In this way, it is
possible to benefit from the experiences of all the individuals. The pseudo code of the OCA-SL-PSO is
given in Algorithm 1.

Algorithm 1. The pseudo code of the OCA-SL-PSO
Initialization

t = 0 (generation index), n = dimension.
M =100 (swarm size).
Divide into groups like in SL-PSO [11]
Set the social impact factor like in SL-PSO [11]
Create a solution vector for each group.
Sort solutions from large to small.
Set the best solutions as a pointer.
Find the best, worst and average value of each particle.
0 Calculate the learning rate of each particle.
11 Train the particles.
e Calculate Ppest.
e Calculate the random coefficients.
e  Train the particles with new components.
12 Run the objective function for the solution and create the solution vector.
13 If the FEs number is not completed, go back to Step 7.
14 End.

P O00~NO Ol WN PR

The learning rates in this study are determined by a function that depends on the best distance and
the particle's worst distance. If the particle yields a good result, there are two situations; in the first case,
the particle should achieve better by imitating the better particles. Another case, the result of the particle
is that it is local rather than global, which is overcome by imitating worst particles. The learning rate are
defined as Ppest;

|Xi—Xbest|

Phest = —X=Xbestl ®)
|Xbest—Xworst|
Xt +1) = { X;; (@), otherwise ©)

As mentioned above, Equation 9 is used for finding AX; ;(t + 1). In our scenario, the coefficients will
be randomly generated within [0,1] under one condition. The condition is;

1, (t) > 13(8) > 11 (8) (10)
4. RESULTS

The proposed approach in this study was tested with CEC 13 functions. The CEC 13 benchmark
functions consist of 28 benchmark functions. 13 of 28 benchmark functions are using in this paper. The
used functions are given in Table 1. The proposed approach first tries with n = 100 dimensions and FEs =
3E6 and the results are given in Table 2. The number of fitness evaluations (FEs) is the number of times
you evaluate a solution in the meta-heuristic algorithm. The proposed approach has tried with n = 500
dimensions and FEs = 3E6 and the results are given in Table 3. The program has been run 10 times in order
to get all results on the tables.
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Table 1. CEC 13 Test Functions

Number | Function Name
f1 Sphere Function
f2 Rotated High Conditioned Elliptic Function
3 Rotated Bent Cigar Function
f4 Rotated Discus Function
5 Different Powers Function
f6 Rotated Rosenbrock’s Function
7 Rotated Schaffers F7 Function
£8 Rotated Ackley’s Function
9 Rotated Weierstrass Function
10 Rotated Griewank’s Function
f11 Rastrign’s Functions
12 Rotated Rastrign’s Function
f13 Non-Contious Rotated Rastrign Function
Table 2. OCA-SL-PSO 100 D Results, FEs=6E5
Best Worst Mean STD
f1 0,00E+00 0,00E+00 0,00E+00 0,00E+00
2 6,27E-229 | 4,07E-221 | 4,07E-222 0,00E+00
3 9,18E+00 2,53E+04 1,36E+04 9,26E+03
f4 3,21E-36 9,47E-34 1,68E-34 2,96E-34
5 9,57E+01 3,06E+02 1,38E+02 6,44E+01
f6 0,00E+00 2,00E+00 7,00E-01 8,23E-01
£7 5,72E-02 8,28E-02 6,97E-02 8,30E-03
8 5,30E+03 8,58E+03 6,80E+03 1,01E+03
9 7,96E+01 2,02E+02 1,12E+02 3,59E+01
f10 1,33E-14 2,04E-14 1,62E-14 2,80E-15
f11 | 0,00E+00 1,48E-02 2,22E-03 4,99E-03
f12 | 4,71E-33 4,71E-33 4,71E-33 0,00E+00
f13 1,35E-32 1,47E-32 1,39E-32 5,95E-34
Table 3. OCA-SL-PSO 500 D Results, FEs=6E5
Best Worst Mean STD
f1 5,88E-27 7,32E-11 7,32E-12 2,31E-11
2 9,59E-01 3,39E+01 2,64E+01 1,26E+01
3 4,46E+05 9,57E+05 6,58E+05 1,78E+05
f4 5,96E+01 7,82E+01 7,00E+01 5,18E+00
5 1,07E+03 1,77E+03 1,36E+03 2,38E+02
f6 1,00E+01 7,50E+02 2,66E+02 2,87E+02
f7 8,06E-01 9,67E-01 8,80E-01 5,57E-02
8 3,84E+04 4,41E+04 4,07E+04 2,11E+03
9 1,46E+03 2,22E+03 1,94E+03 2,46E+02
f10 9,83E-01 2,30E+00 1,67E+00 4,56E-01
f11 6,66E-16 1,01E-02 2,56E-03 4,17E-03
f12 2,89E+00 6,29E+00 4,58E+00 1,08E+00
f13 7,79E-23 6,78E-02 9,07E-03 2,12E-02

S. A. CELTEK, A. DURDU

The proposed approach model is tested for n = 1000 dimensions and FEs=1,2E5, FEs=6E5, FEs=3E6 and
the results are given in Table 4, Table 5 and Table 6, respectively.
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Table 4. OCA-SL-PSO 1000 D Results, FEs=1,2E5

Best Worst Mean STD
f1 2,09E+05 3,16E+05 2,81E+05 4,27E+04
2 1,00E+20 1,00E+20 1,00E+20
3 9,48E+06 1,28E+07 1,09E+07 1,61E+06
f4 8,26E+01 8,71E+01 8,53E+01 1,77E+00
5 1,39E+07 3,61E+07 1,94E+07 9,35E+06
f6 2,03E+05 2,85E+05 2,43E+05 3,81E+04
f7 1,80E+02 6,64E+02 4,61E+02 2,31E+02
8 3,93E+05 4,02E+05 3,99E+05 3,48E+03
f9 1,21E+04 1,24E+04 1,23E+04 1,36E+02
f10 1,91E+01 1,92E+01 1,92E+01 6,51E-02
fl1 2,20E+03 3,41E+03 2,63E+03 4,73E+02
f12 6,90E+06 1,72E+07 1,12E+07 4,07E+06
f13 2,35E+07 5,77E+07 3,99E+07 1,49E+07
Table 5. OCA-SL-PSO 1000 D Results, FEs=6E5
Best Worst Mean STD
f1 1,15E+04 2,43E+04 1,84E+04 4,65E+03
2 1,00E+20 1,00E+20 1,00E+20
3 4,85E+06 9,65E+06 6,97E+06 2,20E+06
f4 8,05E+01 8,54E+01 8,28 E+01 1,87E+00
5 1,30E+04 4,37E+05 9,95E+04 1,89E+05
f6 8,60E+03 2,95E+04 1,67E+04 8,69E+03
7 1,68E+00 1,85E+00 1,78E+00 6,68E-02
f8 2,69E+05 2,94E+05 2,80E+05 1,08E+04
9 8,28 E+03 1,20E+04 1,05E+04 1,90E+03
f10 1,56E+01 1,72E+01 1,64E+01 7,30E-01
f11 1,11E+02 1,95E+02 1,53E+02 3,27E+01
f12 1,19E+02 1,29E+04 3,24E+03 5,42E+03
f13 1,42E+03 2,53E+03 1,80E+03 4,28E+02
Table 6. OCA-SL-PSO 1000 D Results, FEs=3E6
Best Worst Mean STD
f1 4,33E+00 5,17E+02 1,80E+02 1,84E+02
2 1,00E+20 1,00E+20 1,00E+20
3 2,12E+06 3,80E+06 2,68E+06 5,99E+05
fa 7,69E+01 8,21E+01 8,01E+01 1,59E+00
5 4,35E+03 6,41E+03 5,00E+03 5,65E+02
fé6 7,91E+02 6,77E+03 2,80E+03 1,93E+03
7 1,29E+00 1,52E+00 1,42E+00 9,11E-02
8 1,08E+05 1,21E+05 1,13E+05 4,71E+03
f9 3,25E+03 6,38E+03 4,78E+03 1,12E+03
f10 5,19E+00 6,37E+00 5,66E+00 4,47E-01
f11 1,33E+00 1,53E+01 4,71E+00 5,98E+00
f12 5,90E+00 7,48E+00 6,73E+00 6,25E-01
f13 2,26E+00 4,42E+00 3,63E+00 1,19E+00

The comparison between the proposed approach in Table 7 and SL-PSO (Cheng and Jin, 2015) and
classical PSO (Zambrano-Bigiarini et al., 2013) is given. It is clear from Table 7 that the proposed approach
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achieves a more efficient result than the standard PSO or SL-PSO. Moreover, the SL-PSO and PSO data in
the table are the results of 50-dimensional studies. The success of the proposed method comes to the
forefront if SL-PSO and pure PSO are driven from the idea that the results will get worse when operated
in more sizes. From the 13 test functions, OCA-SL-PSO produces the most successful result in 9 functions.
The proposed 500-dimensional approach works better than SL-PSO and PSO at 8 out of 13 test functions.
The proposed 1000-dimensional approach is more successful than SL-PSO and PSO in five of the 13 test
functions.

Table 7. The Comparison Results

Proposed | Proposed | Proposed SL-PSO PSO
(n=50) (n=100) (n=500) (n=50) (n=50)

f1 0,00E+00 | 0,00E+00 5,88E-27 7,19E-13 | -1,400E+3

2 0,00E+00 | 6,27E-229 9,59E-01 590E+5 | 3,776E+05
3 4,12E+00 | 9,18E+00 4,46E+05 2,13E+07 | 1,99E+07

4 2,11E-117 | 3,21E-36 5,96E+01 3,11E+6 | 3,113E+04
5 8,61E+00 | 9,57E+01 1,07E+03 6,23E-11 | -1,000E+03
f6 0,00E+00 | 0,00E+00 1,00E+01 2,33E0 | -8,816E+02
7 0,00E+00 | 5,72E-02 8,06E-01 1,51E0 | -7,439E+02
£8 1,65E+04 | 5,30E+03 3,84E+04 3,44E-02 | -6,790E+02
9 3,54E+00 | 7,96E+01 1,46E+03 1,75E0 | -5,548E+02
10 0,00E+00 | 1,33E-14 9,83E-01 1,06E-1 | -4,999E+02
11 0,00E+00 | 0,00E+00 6,66E-16 5,87E0 | -2,498E+02
f12 0,00E+00 4,71E-33 2,89E+00 2,11E+1 -1,378E+02
13 1,25E-227 | 1,35E-32 7,79E-23 2,45E+1 1,196E+02

5. CONCLUSION AND FUTURE WORKS

This study proposes a new approach to swarm-based optimization methods inspired by operant
conditioning. The focus point is creating better learning for each particle. Thus, the proposed approach
adjusts the learning rate for each particle. The learning rate encourages a particle close to the optimum
solution to learn from better particles and learn less from the worse particle. Thanks to the learning rate,
a particle is prevented from being affected by particles close to the optimum point and particles far from
the optimum point at the same rate. The experiment results on CEC 13 functions clearly prove that our
strategy is successful for large scale problem.

Furthermore, we are now investigating our approach on different swarm-based methods like as
applied to SL-PSO. We will also apply the proposed method to real engineering problems. In our future
work, we will consider other colony-based optimization techniques
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ABSTRACT: A new epoxyisoquinoline sulfonamide as a fused heterocycle compound (I), (4aS,75,8aR)-
8a-bromo-7-methyl-2-tosyl-2,3,4,7,8,8a-hexahydro-1H-4a,7-epoxyisoquinoline was synthesized using
green and cascade progress which was then irradiated by ©°Co-gamma (y) ray source with a dose speed of
0.981 kGy/h at the room temperature for 72h. EPR spectra of I compound were measured at different
orientations in magnetic field with X-band EPR spectrometer along the temperatures between 150-340 K.
Isotropic spectrum was obtained without depending on temperature and radical structure, CHzH was
observed. Radical was simulated using the Bruker software WinEPR-Simfonia and the experimental
isotropic g-value with hyperfine coupling constant of radical was calculated.

Key Words: EPR, Irradiation effects, Radical, Synthesis, Sulfonamide.

Gama Isinlari ile Isinlanmis Yeni Bir Isoquinoline Sulfonamide (C17H20BrNOsS) Maddesinin X-Bant
EPR Calismasi

OZ: Kaynasik bir heteroksil bilesigi olan yeni epoxyisoquinoline sulfonamide maddesi (I), (4aS,7S,8aR)-
8a-bromo-7-methyl-2-tosyl-2,3,4,7,8,8a-hexahydro-1H-4a,7-epoxyisoquinoline, yesil ve kademeli bir siireg
ile sentezlendi. Daha sonra doz hizi of 0.981 kGy/h olan 9Co-gama (y) kaynag1 ile oda sicakliginda 72 saat
isinlandi. I bilesiginin EPR spektrumlari, 150-340 K sicaklhik araliginda X-bant EPR spektrometresi
kullanilarak manyetik alanda ii¢ farkli yonelimde kaydedildi. Elde edilen sonuglara goére, 6rnege ait
izotropik spektrumlarin oldugu goriildii ve CH3;H radikalinin varligi gozlemlendi. Sonuglar, Bruker
WinEPR-Simfonia programi kullanilarak fit edildi. Radikalin asir1 ince yap1 sabiti (A) ile deneysel
izotropik spektroskopik degeri (g) hesaplandi.

Anahtar Kelimeler: EPR, Isinlama Etkileri, Radikal, Sentez, Sulfonamide.

1. INTRODUCTION

The Intra Molecular Diels—-Alder cycloaddition of Furan, called IMDAF is one of the most widely used
synthetic tool for the construction of heterocyclic ring systems since furan’s diene character (Padwa and
Flick (2013), Schindler and Carreira (2009), Takao et al. (2005), Brieger and Bennett (1980)). IMDAF process
does allow obtaining usually fused heterocycles like isoquinoline which are extremely important in
pharmaceutical field (Alonso and Garcia (2013)). Isoquinolines particularly are important heterocyclic
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motifs; its derivatives also have been identified as ligands for a variety of receptors and as agents for
the treatment of a number of pathologies (Glushkov and Shklyaev (2001), Dieudonne et al. (2012), Pettit
et al. (2003)). On the other hand, sulfonamides are also widely used class of compounds as
anti-inflammatory and antiviral agents, therefore general and efficient synthesis of sulfonamides under
mild conditions is of continuing interest among pharmacists (Jafarppour et al. (2011), Supuran et
al.(2003), Scozzafava et al. (2003), Greenfield and Grosanu (2008)).

Irradiation (gamma, UV, x-ray) has a significant role and widely used in organic and inorganic
chemistry (Chatterjee and Mahata (2004), Yarbasi et al. (2011), Yordanov and Aleksieva (2019)) such as
sterilization of drugs, killing the pathogens in contaminated foods, producing free radicals or modification
of physical properties etc. (Sayin et al. (2012), Asik et al. (2004)). The EPR spectroscopy is one of the most
powerful methods for identifying irradiation damage centers over molecules containing unpaired
electrons (Dereli ef al. (2011), Usta ef al. (2011), Karatas and Aras (2012), Eaton and Eaton (2008), Gordy
(1980), Pshezhetskii and Kotov (1973), Atherton (1973)). Furthermore, this method has been in preference
for a long time to produce paramagnetic centers for Electron Paramagnetic Resonance (EPR) technique in
order to identification of paramagnetic defect centers and also provides a detailed description for
structures mentioned above (Karatas ef al. (2016), Yarbasi et al. (2011), Yordanov and Aleksieva (2019),
Sayin et al. (2012)). There are known two EPR parameters (g-value and hyperfine constant (A)) giving the
most complete and valuable information about the geometry and electronic structure of radical species
and centers (Dereli et al. (2011), Gordy (1980), Aras et al. (2014)).

In this study, we wish to report synthesis of new isoquinoline sulfonamide, N-(2-bromoallyl)-4-
methyl-N-(2-(5-methylfuran-2-yl) ethyl) benzenesulfonamide, I using environmentally benign and one
pot cascade sequence. The free radical was generated on the structure I by EPR using Co-gamma (y) ray
source with a dose speed of 0.981 kGy/h for 72 hours at ambient temperature. Simulated EPR parameters
were also calculated, compared with experimental result.

2. MATERIAL AND METHOD

2.1. Synthesis of (4aS,7S,8aR)-8a-bromo-7-methyl-2-tosyl-2,3,4,7,8,8a-hexahydro-1H-4a,7-
epoxyisoquinoline (I) CirH20BrNOsS

One-pot protocol for the construction of complex heterocycle through furan tethered terminal
bromoalkenes was afforded under catalyst free condition during the synthesis of isoquinoline
sulfonamide (I). Compound I was obtained from overall four step reactions; in the first step, Henry
reaction was carried out between II and nitromethane in the presence of base to give III in quantitative
yield (Luzzio (2001)). Reduction of the nitrovinyl group from III with lithiumaluminum hydride under
refluxing in tetrahydrofuran (THF) is the second step and produced IV in good yield. Resulting amine IV
was then treated with 2,3-dibromopropene and potassium carbonate in THFn gave V in third step. In the
last step, secondary amine, V, tosyl chloride and potassium carbonate were stirred in aqueous media and
heated at 368 K for four days to afford Iin 62% yields. This last step is a one pot cascade sequence in which
sulfonyl part of the tosyl group attaches to nitrogen VI and followed by intramolecular Diels-Alder
cycloaddition progress (Scheme 1).
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Scheme 1. Synthesis of Ci7H20BrNOsS: (i. CHsNOz, NaOH, Acetone, 273 K, 95%; ii. LiAlHs, THF, reflux,
4h, 72%; iii. 2,3-dibromopropene, K2COs, 4 days, 85%; iv. Tos-Cl, H20, K2COs, 4 days, 368 K, 62%).

4

2.2. Procedure for (4aS,7S,8aR)-8a-bromo-7-methyl-2-tosyl-2,3,4,7,8,8a-hexahydro-1H-4a,7-
epoxyisoquinoline (C17H20BrNOsS) I:

Reactions requiring anhydrous conditions were conducted in flame dried or oven dried apparatus
under atmosphere of a dry nitrogen except last step. All solvents and reagents were obtained from
commercial sources and used without further purification unless otherwise stated. Tetrahydrofuran (THF)
was dried by distillation from sodium / benzophenone under an atmosphere of nitrogen and stored over
activated 4A molecular sieves. ChemBioDraw Ultra V12 programme was used for nomenclature of
molecules according to IUPAC rules.

IR Spectrum was taken in Nigde Omer Halisdemir University Research Laboratory on Perkin Elmer
BXII, 'H Nuclear magnetic resonance (NMR) spectra were recorded at 300 MHz on a Bruker DPX 400
instrument in Selguk University. Chemical shifts are reported in parts per million (ppm) relative to
residual CHCIs (8 7.27ppm) or tetramethylsilane as the internal reference (8 0.00 ppm). The following
abbreviations are used to describe the multiplicity of a given signal: s = singlet, d = doublet, t = triplet, q =
quartet, p = pentet, sex = sextet, m = multiplet, br = broad. Coupling constants, ], are given in Hertz. 13C
Nuclear magnetic resonance spectra were recorded either at 100.78 MHz on a Jeol Ex400 FTNMR
instrument or at 75.43 MHz, on a Bruker DPX 400 instrument. Chemical shifts are reported in parts per
million (ppm) relative to CDCI3 (central line of triplet 3 77.0 ppm).

2-Bromo-N-(2-(5-methylfuran-2-yl) ethyl) prop-2-en-1-amine V (0.65g, 2.66mmol, lequivalent) and
Tosyl chloride (0.6g, 3.20 mmol, 1.2 equivalent) were dissolved in 50 mL distilled water. Potassium
carbonate (0.46g, 3.2mmol, 1.2 equivalent) were added and the reaction mixture was stirred at 368 K for
four days. The reaction mixture was cooled to room temperature then ethyl acetate (100 mL) was added,
followed by extraction of aqueous phases using 2x50 mL ethyl acetate. Combined organic phases was
evaporated, resulting residue was turned to brown solid phase, which was recrystallized employing
dichloromethane, hexane mixture. The titled compound was collected as pale-yellow crystals 0.66g, 62%
yield.

IR: Umax (thin film)/cm :3014(w,C-H) , 2948(s,C-H), 1585 (w, C=C) ,1479(m,C-N), 708(C-Br), 'H NMR
(400 MHz, CDClIs, 8 ppm): 7.60(d, ] 8Hz, 2H), 7.26 (d, ] 8Hz, 2H), 6.23(d, ] 5.6 Hz, 1H), 6.07(d, ] 5.6 Hz, 1H),
4.07(d, ] 2Hz, 1H), 3.85(d, ] 2Hz, 1H), 2.64(m, 2H), 2.52(m, 2H), 2.36(s, 3H), 1.95(d, ] 12.8Hz, 1H), 1.71(d, ]
12.8Hz, 1H), 1.44(s, 3H). *C NMR (100 MHz, CDCIs, § ppm): 143.9, 140.1, 138.1, 134.2, 129.9(2xC),
127.8(2xC), 87.4, 87.2, 60.3, 58.8, 48.7, 42.7, 25.4, 21.8, 19.1.
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2.3. EPR Measurements

In this study, its polycrystal form was produced, after synthesis of isoquinolin sulfonamide I. This
polycrystal sample was irradiated at room temperature for 72h using ®°Co gamma (y)-ray source with dose
speed of 0,981 kGy/h at Saraykoy Establishment of Turkish Atomic Energy Agency (TAEK) in Ankara.
Afterwards, the EPR spectra of isoquinolin sulfonamide I were recorded between 150K and 340K in the
magnetic fields using Bruker EMX 081 (Germany) X-Band EPR spectrometer. EPR measurements were
performed at 150 K in steps of 10° intervals along each of three perpendicular planes (x, y, z) during the
experiment using temperature control unit of EPR spectrometer. The spectrometer was set as follows: the
microwave power was 4mW, the modulation frequency was 100kHz, and modulation amplitude was 4G.
Low and high temperature measurements were performed using variable temperature-control unit of EPR
spectrometer. Radical was simulated by using the Bruker software WinEPR-Simfonia and the g value of
radical was found by comparison with a DPPH sample (g=2.0036) (Weil and Wertz (1994), Ceylan et al.
(2013), Ceylan et al. (2015),).

3. RESULTS AND DISCUSSION

EPR signals were not detected on non-irradiated isoquinolin sulfonamide I compound, so the sample
irradiated for 72h by using ®Co gamma (y)-ray source and about 71kGy dose have been used for
investigating of free radical in isoquinolin sulfonamide I. After irradiation, recorded EPR signals showed
that free radical was produced over the sample by gamma irradiation. EPR signals of free radical produced
by y-irradiation in I compound were able to observe between 150K- 340K temperatures (Figure 2.). The
best spectra of isoquinolin sulfonamide I was observed at 150K, so we recorded detailed EPR spectra for
three mutually perpendicular axes by rotating the crystals around the x, y and z crystallographic axes in
steps of 10° at 150K during the experiment using temperature control unit of EPR spectrometer (Figure
1.).

9000 -

8000

7000 4

6000 -

5000 z-axis, 180°
§4000 ] y-axis, 120°
%‘3000 ] x-axis, 150°
g 2000 ] z-axis, 90°
& 1000 ] y-axis, 0°

04 x-axis, 30°
-1000 4
-2000 4
-3000

d T v T T T v T T T T T v T v 1
3300 3320 3340 3360 3380 3400 3420 3440
Magnetic Field [G]
Figure 1. The EPR spectra of gamma (y)-irradiated isoquinolin sulfonamide I at different angles towards
the x, y, z axes in magnetic field at 150K.

These measurements showed that only a single peak was observed in these ranges. And also, the
distances between the lines were similar and isotropic behaviors were shown in the spectra. It was
understood that isotropic properties were observed due to spectra were independent on the magnetic field
in the planes which are perpendicular to each other (Figure 1.). In addition to the shapes and intensities
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of the lines in the spectra were not changed along with temperature (Figure 1.), so it was deduced that
isotropic spectrum was obtained without depending on temperature and radical structure, too.

150K

210K

Intensity

T J T T T T T T T T 1
2800 3000 3200 3400 3600 3800 4000

Magnetic Field (G)
Figure 2. The temperature dependency of EPR spectrum of gamma (y)-irradiated isoquinolin
sulfonamide I

Taking account to recorded EPR spectra and molecular structure, it was deduced that one radical
structure was formed under the gamma-rays. The free radical in I compound was identified as CH;H.
After the conduct of an in-depth analysis, it was determined that the spectrum was splitted into 1:3:3:1
intensity ratio from hydrogen atoms in CHs (In=1/2) according to 2nl+1 formula firstly, because H protons
directly attached to the carbon (C). Then each of these lines was splitted into 1:1 intensity ratio due to the
other hydrogen atom which is magnetically nonequivalent in CHa. Therefore spectrum slightly changed
due to the overlap and also all splitting were observed 1:4:6:4:1 intensity ratios. As a result, we obtained
the computer simulation of spectra (Figure 3.) which gives the best agreement with our experimental
values and we attributed these spectra to CH;H radical.

==== Simulated
= Experimental

T

3.280 3.300 3.320 3.340 3.360 3.380 3.400 3.420 3.440
Magnetic Fiel [G]

Figure 3. The EPR spectrum of gamma (y)-irradiated Ci7H20BrNOsS polycrystal when the magnetic field
oriented to yz plane at angle of 0° and its simulation.
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The compound I was characterized spectroscopically, well defined and peaks in excellent agreement
with the structure which was then taken into EPR analyze. In the most cases the EPR spectra of radical
from isoquinolin sulfonamide I were poorly resolved, and the hyperfine coupling constants were deduced
from the overall width and intensities distributions then verified by computer simulation. Isotropic g-
factor was calculated as 2,005841 by resonance equation (hv=gfH) and isotropic hyperfine coupling
constants were determined Acus= 27,12 G, An= 15,93 G from the experimental spectra of radical. These
parameters were then slightly modified until a reasonable agreement between simulated and
experimental spectra was reached (Figure 3.).

4. CONCLUSIONS

A new isoquinoline sulfonamide I was efficiently synthesized using an environmentally benign
cascade methodology and its radicalic behavior was investigated by EPR. Non-irradiated isoquinoline
sulfonamide I polycrystal did not give any EPR signal and have stability. The radical generated on
isoquinoline sulfonamide I and measurement at 150-340 K by gamma irradiation at EPR shows isotropic
hyperfine coupling constants and g-factors were determined in this investigation. We observed that the
simulation and experimental result are in good harmony. The simulation we used here, promises to be
employed more efficiently on different substances as well.
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OZ: Covid-19 pandemisi nedeniyle Universitemizde alt yap1 imkanlar1 nispetinde ve paydaslarin etkin
katilimi ile 23 Mart 2020 tarihinde uzaktan egitime gecilmistir. Elektrik ve Elektronik Miihendisligi
Boliimiinde Devre Analizi Laboratuvar dersi, donem basindan pandemi kisitlamalarinin basladig tarihe
kadar (ilk 5 hafta) normal yiiz yiize laboratuvar uygulamalari olarak gerceklestirildi. Pandemi
kisitlarindan itibaren uzaktan egitim, Ogretim Yonetim Sistemleri (OYS) iizerinden asenkron videolar,
ders notlar1 ve canli ders uygulamalar ile yapilmistir. Egitimin degerlendirilmesinde, ara sinav ve final
smavlari yerine, her bir 6grenciye farkli bir calisma iceren 6dev uygulamas: tercih edilmistir. Kamuoyunda
uzaktan egitim ve smavlari hakkinda yapilan tartismalarin 6grencilerde bir karsiliginin olup olmadiginm
arastirmak tiizere 28 soru igeren bir anket hazirlanmistir. Ankette dgrencilerin uzaktan egitime katilim,
egitimin degerlendirilmesi ve derslerdeki uygulamalari iceren sorular yer aldi. Anket, ara sinavdan hemen
sonra dersin OYS sayfalarinda ilan edildi. Dersi alan §grencilerin sayisi 115 ve ankete katilan 8grenci say1st
42 olup ankete katilim orani %36,5 olarak gerceklesmistir. Anket sorularina ait temel istatistikler ve bazi
yorumlar ¢alismanin sonuna eklenmistir.

Anahtar Kelimeler: Anket, Koronaviriis (Covid-19), uzaktan egitim, Laboratuvar Egitimi, Moodle OYS, ddev.

Application of Online Survey during Pandemic

ABSTRACT: Due to the Covid-19 pandemic, distance education was started on March 23, 2020 with the
active participation of stakeholders and in line with the infrastructure possibilities at our university. The
Circuit Analysis Laboratory course in the Department of Electrical and Electronics Engineering was carried
out as regular face-to-face laboratory practices from the beginning of the semester until the beginning of
the pandemic restrictions (the first 5 weeks). Since the pandemic restrictions, distance education has been
carried out over Learning Management Systems (LMS) with asynchronous videos, lecture notes and live
course applications. In the evaluation of learning, each student was given a homework application
containing a different study, instead of midterm and final exams. A questionnaire containing 28 questions
was prepared to investigate whether the students also participated in the discussions about distance
education and exams in the public. The questionnaire included questions about students' participation in
distance education, evaluation of education, and practices in lessons. The questionnaire was announced
on the LMS pages of the course right after the midterm exam. The number of students taking the course
was 115, but the number of students participating in the survey was 42, and the rate of participation in the
survey was 36.5%. Basic statistics and some comments regarding the survey questions have been added at
the end of the study.

Key Words: Survey, Coronavirus (Covid-19), Distance Education, Laboratory Training, Moodle LMS,
Assignments
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GIRIS INTRODUCTION)
Pandemide Uzaktan Egitime Gegis Siireci (Transition to Distance Education in Pandemic)

Yeni tip koronaviriis pandemisi, {iniversitelerdeki egitimi kesintiye ugratti ve degisime zorlad:
(Tarhan, 2020). Bulagsma riski nedeniyle ve Saglik Bilim Kurulunun 6nerisiyle 6nce 16 Mart’ta okullar bir
haftaligina kapatildi. Sonra yiiksekdgrenimde Uzaktan Ogretim Yol Haritas: gizilerek (YOK, 2020) bes
alanda (Mevzuat, altyap, insan kaynaklary, icerik ve uygulama) gerekli diizenlemeler ve alinan kararlar
cercevesinde tiim 0gretim kademelerinde 23 Marttan itibaren tamamen uzaktan egitime gecildi. Egitim
faaliyetlerini, koronaviriis tehlikesine karsi, can giivenligini riske atmadan bilgi ve iletisim teknolojilerine
dayal olarak siirdiirme imkanimn olmasi bu kararda etkili oldu (Emin, 2020). Okullarin kapanmasinin
ani etkilerini hafifletmek ve egitimin devamliligini saglamak {izere, uzaktan egitim segenegi kurumlar,
yOneticiler ve uzmanlar tarafindan da tesvik edildi (Unesco, 2020). Boylece Uzaktan Egitimin, kriz
siireclerinde egitimi destekleme, gelistirme ve etkinlestirme potansiyeline sahip olmasi vb. nedenler,
uzaktan Ogretim yaklasiminin kolay ve uygulanabilir ¢oztim olarak devreye girmesini saglamistir
(Yamamoto, 2020).

Tiirkiye'de Uzaktan Egitim (Distance Education in Turkey)

Yiiksekogrenimde zaten var olan agik, uzaktan ve harmanlanmis egitim sistemlerini yiiriiten
Universiteler agisindan, tamamen uzaktan egitime gecis kolay olmustur. Kurumlarin hazir
bulunusluklariyla orantili olarak, 6zellikle tiniversiteler huzli bir sekilde uzaktan egitime gegis yapabildiler
(Tarhan, 2020). Acil planlamalar ve mevcut yetenekler ortaya konarak kisa stirede gerekli tedbirler alind:
ve uzaktan egitim aktif hale getirdi (Dikmen ve Bahgeci, 2020). Bu sayede, belirli bir asamaya gelmis olan
uzaktan egitimde, koronaviriis baskist ile dijital doniistim hizlanmustir.

Tiirkiye’deki iiniversitelerin ¢cogunlugu gerekli teknolojik alt yaprya sahip olmasi ve agik veya
harmanlanmis egitim uygulamalarini zaten yapiyor olmalari, uzaktan egitime gegisi kolaylastird1. Ayrica
Yiiksek Ogretim Kurulu (YOK) 'nun iki y1l 6ncesinde uygulamaya koydugu “Dijital Doniisiim Projesi” ile
yeni {iniversitelerde bu agig1 kapatma yolunda 6nemli adimlar atmigti. Pandemide YOK, egitim ve
Ogretime muhtemel etkileri tizerine belli senaryolar {izerinde calisma baslatmis ve iiniversitelerdeki
UZEM'ler (Uzaktan Ogretim Uygulama ve Arastirma Merkezinin) etkin hale getirilmistir (YOK, 2020). Bu
siirecte yapilan aragtirmalar, uzaktan egitim merkezlerinin ders icerikleri, senkron egitim ve altyapi basta
olmak {izere, yogun bir calisma gerceklestirdikleri, belli asamalar1 kaydettikleri goriilmekle birlikte, yeteri
kadar uzman eleman, ders materyali ve sunum teknolojisi bakimindan eksiklikleri oldugunu gostermistir.
Ornek olarak Articulate, Captivate, iSpring gibi zengin ¢oklu ortam araglari kullamilarak egitim igerikleri
hazirlanmali ve bu sunumlar1 yapacak Ogreticilerin desteklenmesi gerekli goriilmektedir (Yamamoto,
2020).

Uzaktan Egitimin Yeterliligi (Competence of Distance Education)

Uzaktan egitimde senkron dersler, egitici ile 6grencilerin internet iizerinden canli olarak kars: kargiya
oldugu sinif uygulamasidir. Senkron ders igin her iki tarafin hazir olusluklar1 yaninda teknolojik alt
yapilarinin uygunlugu da gerekir. Egitici, normal ders anlatiminin disinda, bir D] gibi ders araglarim
kullanabilme ve online ortamda simifi yonetme becerilerini kazanmis olmasi gerekir. Online dersin, egitici
ile karsilikli soru-cevap disinda yiiz yiize derste yapilamayan anket, kisa smav uygulamalarin
gerceklestirebilme avantajlar1 vardir. Uzaktan egitim siirecini baginda kisa bir hazirliktan sonra dersler
cogunlukla asenkron olarak ve OYS'nin tiim yetenekleri kullanilmadan yapildi. Bunun yaninda egitimin
Ol¢lim ve degerlendirmesi asamasinda bir miktar belirsizlik altinda sinavlar etkin sekilde yapilamada.

Toplum olarak, bu dénemde iiniversitelerin ve 6zellikle Milli Egitimin gerceklestirdigi uzaktan egitim
uygulamalar tamnmus, uzaktan egitim hizmetlerinin 6nemi anlasilmis ve yapilabilirlii kabul edilmistir.
Bununla birlikte uzaktan egitimde niceligin yaninda ayn zamanda niteligin de onemi goriilmiis ve
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sorgulanmaya baglamistir. Pandemi siirecinin uzaktan egitim veren akademisyenler ve egitim alan
ogrenciler iizerindeki etkileri ve degiskenlerin aracilik roliiniin arastirilmasi gerekli goriilmiistiir (Dikmen
ve Bahgeci, 2020).

Pandemiden 6nce smavlar orgiin sisteme gore hazirlanmakta ve smiflarda kontrollu ve seffaf bir
sekilde yapilmaktaydi. Bununla yaninda harmanlanmis derslerde internet {izerinden donem igi 6dev ve
kisa sinav gibi uygulamalar yine sinufta ve belli kontroller dahilinde idi. Pandemiye gelindiginde dersler
belli oranda gergeklestirilebildi, ancak genel olarak sinavlarda yeterli denetim yapilamadi. Uzaktan egitim
i¢in etkili bir sekilde 6l¢me ve degerlendirme kurgulanamadi. Ciinkii kisa vadede gegici bir ¢dziim olarak
bakildi. Ancak pandeminin devaminda, bu sekildeki uzaktan egitimin siirdiiriilmesi miimkiin degildir.
Bu gecis doneminin ardindan siireklilik kazanacak olan ve yeni normal olarak adlandirilan devre igin
gercekci ¢oziimler iiretilmelidir. Her seye ragmen salgin nedeniyle yasadigimiz bu zorunlu siireg bize,
temel ve orta diizey egitimin en azindan bir boliimiiniin uzaktan egitimle yapilabilecegini gosterdi. Yeni
normal devrede yiiz yiize egitim daha az ama daha degerli hale gelecegini gorebilmekteyiz. Nitekim
biitlin diinyada yiiz yiize egitimle uzaktan egitimin i¢ ice oldugu karma bir modele dogru gidilmektedir.
Covid19 salgiin sagladig1 adaptasyonla dijital 6grenme deneyimleri gelistirilecek ve dijital 6grenme,
yenilenen teknoloji ve sistemlerin de katkisiyla islevselligi artarak ana 6grenme yapis1 haline gelecektir
(Yamamoto, 2020). Bu sayede ogrencilere, sosyal ve duygusal 6grenme deneyimleri ile tasarim ve beceri
aktiviteleri i¢in zaman ve imkan kazandirma sansimiz olacaktir.

Sinavlar, 6grenci1er, Beklentiler ve Anket (Exams, Students, Expectations and Survey)

Egitimde 6l¢me ve degerlendirme, 6grenme siirecini, gelisimini ve ne 6l¢giide gerceklestigini bulmak,
neyi ne kadar 6grendigini belirlemek, egitimin verimliligini tespit etmek ve egitim siirecindeki hatalar1
ortaya ¢ikarmak igin yapilmaktadir. Uzaktan egitimde 6grencilerin 6grenme ihtiyaglarini nasil ve ne
Olciide karsilayabildigi, ne Ol¢lide geri besleme alinabildigi, ders basarilarini 6l¢gme ve degerlendirme
islemlerinin nasil gergeklestirildigi hakkinda ciddi belirsizlikler vardir ve bunlar hakkinda kapsaml
aragtirmalara ihtiya¢ bulunmaktadir. Dijital doniisiimde etkili 6grenmenin nasil olacagl, 6grenmenin
gerceklestiginin nasil Olgiilecegi, smav ve degerlendirmelerin nasil yapilacagi sorularna en dogru
cevaplar bulunmalhdir.

Kim ve dig. (2008), 6grenci basarisinin degerlendirilmesinin 6gretimin ayrilmaz bir parcas: olduguna
isaret ederek degerlendirmenin rolii ve gevrimici 6grenme ortami i¢inde test, dev, elektronik portfdy,
¢evrimigi tartisma, 6z degerlendirme, takim ve akran degerlendirmesi yontemlerinin kullanililarak nasil
yapilmasi gerektigini ayrintili bir sekilde ortaya koymuslardir.

Karsilagtigimiz kisit ve problemleriyle yasadigimiz bu pandemi donemi, egitim Orgiitlerini 6gretim
yontem ve tekniklerini degistirmeye, programlarini gézden gegirmeye zorluyor. Bu yeni donemde, kendi
kimligimizi koruyarak etkin bir bigimde yerimizi almaliyiz. Ogrencilerimizi bir yandan ¢agin geregi dijital
diinyaya hazirlarken, diger yandan 6z degerlerine sahip ¢ikan ve bu degerleri 6ziimseyen, insanhgin
ortak degeri olmasi gereken erdemlere sahip olarak yetistirmeye calismaliy1z (Donmez, 2020).

Yiiksekogretim Kurulu Baskanligi, onlisans ve lisans programlar i¢in ¢evrim igi sinav ve ddev
uygulamalar i¢in tavsiye ve yOnergeler yaymlamistir. Buna ragmen, iilkemiz kamuoyunda pandemi
doneminde yapilan internet tabanli sinav uygulamalarina iliskin simavlarin giivenligi hakkinda endigeler
ve tartismalar yer almistir. Bu tartismalarda, sinav sorularimin sosyal medya gruplarinda ve kapali
gruplarda paylasildigi, ge¢mis yillarda sorulmus aym sorularin tekrar soruldugu, ticret karsiliginda
bagkasinin yerine sinava girme olaylarinin oldugu, yaygin bir sekilde kopya cekildigi, 6grenci basarisinin
objektif olarak belirlenemedigi, sorularin ¢6ziimlerine internet iizerinden kolaylikla erisilebildigi iddia
edilmektedir. Bu tiir online ve denetimsiz smnavlarda, smavin giivenligi ile giivenirliginin saglanmasi ve
objektif bir uygulama olmasi bakimindan gerekli kosullarin saglanmasi biiyiik 6nem tasimaktadir (Can,
2020).

Bu pandemide siirecinde sinavlar geleneksel aliskanliklar etkisinde hazirland: ve genelde denetimsiz
bir sekilde gerceklestirildi. Bu durumda 6grenmenin ne 6l¢lide saglandig: dogal olarak bir sorgulama
konusu haline geldi. Yapilan degerlendirme ile verilen notlarin adaletli olmadig1 endisesini dogurdu.
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Ciinkii sinav yerine yapilan 6dev veya online sinav uygulamalari bir sekilde etkisiz hale geldi, hatta bir
formaliteye doniistii. Bu ara donemde bazi siniflarda 6grencilerin, tiim derslerden AA basari notu aldigi
gozlemlendi. Bu durum yapilan egitimin ve smavlarin, giivenilirligini ve gecerliligini ciddi sekilde
tehlikeye atmustir.

Bu ¢alismada zorunlu olarak aniden yapmak durumunda kaldigimiz uzaktan egitimin hakkinda
Onemli bir paydas: ve arastirilacak verilerin kaynagi durumunda olan 6grencilerle bir anket yaparak,
onlarin goriislerini almak ve sorunlar hakkinda diisiincelerini ortaya ¢ikarmak amaglandi. Malum oldugu
iizere anket, dogrudan birincil kaynaktan diizenli ve sistematik bir veri toplama yontemidir. Egitim
siireglerini degerlendirmenin yollarindan birisidir, ancak anketin iyi hazirlanmas: ve giivenilir olmasi
gerekir. Internet iizerinden yapilan anketler hizli, etkin ve diizenli kayitlar1 nedeniyle 6nem
kazanmaktadir (Ezginci, 2013).

Ogrenciler mail, sms, whatsApp ve cep telefonu iizerinden egiticileri ile iletisim kurabilmektedirler.
Anketin fark: ise dolayh olarak ve kiimiilatif sonuglara gore egiticiye mesaj verebilme 6zelligine sahip
olmasidir. Egitici ile 6grenciler arasinda daha objektif bir degerlendirme ve bir diyalog yolu olabilir.
Anketlerin dogru bir sekilde diizenlenmesi ve degerlendirilmesi ile ihtiya¢ duyulan ¢ikarimlar elde
edilebilir. Boylece anket etkilesimini takiben sonuglarn uygulamaya gegirilmesi, egitimin saglkli
yliriimesine katki saglayacaktir.

MATERYAL VE METOD (MATERIAL AND METHOD)

Elk.-Elt. Miithendisligi boliimiinde Devre Analizi Lab. Dersi, donem basinda ilk 5 hafta normal, yiiz
ylize laboratuvar uygulamalar1 olarak gerceklestirilmistir. Uzaktan egitim basladiktan sonra dersler,
Ogrenim Yonetim Sistemleri (OYS) tizerinden yiriitiildii. Deney calismalari i¢in videolar ¢ekildi, OYS’ye
aktarildi ve asenkron olarak sistemde dgrencilere sunuldu. ilave olarak, canlh derslerde deney ile ilgili
Ornek soru ¢oziimleri yapildi, diger yardimci materyaller dosya olarak eklendi. Donem basinda yiiz yiize
egitim siirecinde laboratuvar, deney 6ncesi, deney sirasi ve deney sonrasi ¢alismalarin degerlendirilmesi
ile 6grencilerin performans notu belirlenmisti. Vize ve final sinavlari, 6dev uygulamas: yontemiyle
yapildi. Ara smav notu, pandemiden 6nce aldi1 performans notu %40 ve pandemide aldi1 6dev notu
%60 oraninda etki etmesiyle elde edilmistir. Pandemi sirasindaki ara sinav 6devinde, her 6grenci farkl
olmak iizere bir konu derleme ¢alismasi ile her 6grenci farkli konfigiirasyonda bir DC devresine ait
problemin analiz edilerek ¢oziimii istenmistir (Sekil 1). Derleme 6zeti, sinirli bir konuda tarum, ilgili
konuyu formdil ve grafikle aciklama ve 6rnek bir problem ¢6ziimii icermekteydi.

OGRENCIN(EZ Odev konusu -
111202009 DC da seri RC devresi, R Gzerinde olusan akim, gerilim

121202102 DC da seri RC devresi, C Uzerinde olusan akim, gerilim
121202103 DC da seri RC devresi, zaman sabiti, RC gerilim
131202110 DC da seri RL devresi, R Gzerinde olusan akim, gerilim

141202081 DC da seri RL devresi, L izerinde olusan akim, gerilim
151202035 DC da seri RL devresi, zaman sabiti, RL gerilim
151202052 AC seri RC faz ve fazér islemleri

151202111 AC seri RL faz ve fazdr islemleri

151202113 AC seri RLC faz ve fazdr islemleri (VC = VL)

Sekil 1. Ara Snav igin Ogrenciler Verilen Derleme 6devi konu listesi
Figure 1. Compilation Homework Subject List Given to Students for Midterm Exam

Toplam katilimin 115 6grenci oldugu ara sinavlarinda, sinifin yiiz ytiize laboratuvar performans not
ortalamasi, 29,9/40 (%75) ve bu notlara ait standart sapma 9,07 olarak bulunmustur. Pandemi doneminde
ara sinavda verilen 6dev uygulamasina ait sinif ortalamasi ise, 44.2/60 (%74) ve bu dagilimin standart
sapmast 12,44 olarak gerceklesmistir. Buradan pandemi oncesi ve pandemi sonrasi etkinliklerde elde
edilen not basar1 oran1 yaklasik aym olmustur. Bu sonug her iki 6devin diizeyleri ayni oldugunun bir
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gostergesi kabul edilebilir. Her iki grubun notlar arasindaki iliskiye (korelasyona) bakildiginda ise r=0,20
degeri elde edilmistir. Bu sonug iki degerlendirme yontemi arasinda anlaml bir iliski olmadigin soyler.
Yani bu sonuca gore ilk uygulamada alinan notlar ile ikinci uygulamada alinan notlarin paralel olmadigim
gostermektedir. Bir bagka ifade her iki calismada 6grencilerin ayni oranda basar gostermediklerini ifade
etmektedir. Baz1 &grencilerin notu yiikseldi, bazilarinki diistli, bazilarinki de aym seviyede kald:
demektir. Bir bagka yonden baktigimizda yiiz yiizede yapilan uygulama ile 6dev ile yapilan uygulamaya
ogrencilerin reaksiyonu bir birinden farkl gerceklesmistir.

Anket sorular1 genel olarak 6grencilerin uzaktan egitime katilimlarini, uzaktan egitim programimn
degerlendirmelerini ve uzaktan egitim uygulamasindan memnuniyetlerini, yagsadiklar1 sorunlarim ve
onlarin bakisi ile gordiikleri eksikliklerini ortaya ¢ikarmayr amaglamaktadir. Ayrica pandeminin bu ilk
doneminde tartismalara konu olan sinav uygulamalari ve bu sinavlarin degerlendirilmesi, 6grenciler
arasinda nasil bir yansima olusturdugu ortaya ¢ikarilmak istenmistir.

Ogrencilerin bu siiregte yapilan uzaktan egitim uygulamalari, ders ve smavlar hakkindaki goriiglerini
almak tizere Cizelge 1'de listesi verilen anket sorular1 hazirlanmistir. Anket sorular1 genel etik konular,
dersler ve siavlar hakkinda bazi 6grenci tutumlarini sorgulayan sorular: igermektedir. Bu anket sorulari
tiniversitenin OYS {izerine yiiklenmis ve Sekil 2'de gosterildigi gibi, online olarak &grencilerin goniillii
kullanimina agilmisgtir.

(‘ = O Tarkge () ~ 2 € g YALCIN EZGINCI Q
DEVRE ANALIZI LAB. SB:0 ELEKTRIK-ELEKTRONIK MUHENDISLIGI
Anasayfam / Ders Katalogu ' 2019-0-12024080 / Anket Uygulamasi / Anket sorularn / Sorular / Sorular dizenle
Anket sorulari
Gozat Sablonlar Analiz Yanitlan goster Katihmcilan gésterme
Etkinlige soru ekle

1. (81) Pandemi déneminde dersleri

diizenli ve yogun sekilde takip

(&)
[4
.
er

edebildinizmi?

Sekil 2. Online Anket sayfasindan bir kesit
Figure 2. A snippet of the Online Survey page

Cizelge 1'de verilen 28 adet anket sorusu OYS’de tek bir sayfa olarak 6grencilere sunulmustur. Ankete
katilan 6grenciler eksiksiz olarak tiim sorular isaretlemistir. Sorular i¢in 1 den 5e -en olumsuzdan en
olumluya- artan sirada segenekler sunulmustur. Dersi alan 6grencilerin sayisi, 115 ve ankete katilan
ogrenci sayisi, 42 ve katilim orani [42/(115) =%36,5] olarak gergeklesmistir. Anket ¢caligmasi, uzaktan egitim
sirasinda ve vize sinavlar1 yapildiktan sonra baslads, final sinavlarina kadar devam etmistir.

Cizelge 1'de anket sorularimn yaru sira, ankette elde edilen veriler kullanilarak, her bir ankete ait
ortalama ve standart sapma degerlerine de yer verilmistir. Bunlara ilaveten en yiiksek ve en diisiik degerli
ortalama ve standart sapma degeri gosteren anketlerin grafik dagilimlari da bulgular bolimiinde
gosterilmistir.
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Cizelge 1. Anket Sorulari, Ortalama ve Standart Sapma Degerleri
Table 1. Survey Questions, Mean and Standard Deviation Values
Sira Ortala | Standart
No Anket Sorular1 (PD: Pandemi Dénemi) ma Sapma

1 PD'nde dersleri diizenli ve yogun sekilde takip edebildinizmi? 3,14 1,18
2 Uzaktan egitimde canli dersler yeterli islenebildimi? 3,4 1,15
3 Genelde Uzaktan egitimde canl1 derslere baglanmakta sorun yasadiniz mi? 2 1,25
4 Odev ve sinavlarin degerlendirmesinde objektif dl¢iiler bulunmali ve adil olmalidir. 4,29 0,94
5 Bazilar1 maharet saniyor ama Kopya ¢ekmek oviiniilecek bir sey degildir. 4,57 0,91
6 Kopya ¢ekme ve paylagimlar bir gesit sahteciliktir ve haksizliga sebeb olmaktadir. 4,52 1,06
7 Kopya gekenler az ¢alisan, notlan diisiik ve kendine giiveni olmayanlardir 4,36 1,21
8 Bu yeni gartlar ve egitim sistemi kopya ¢ekmeye zorluyor 2,19 1,31
9 Sinav ve 0devlerden emegimin karsiligini alamiyorum 2,33 1,36
10 Normal zamanda Ogrenciler zayif almamak igin kopya ¢ekiyor 3,02 1,35
11 Sinav ve ddevlerde kiiciik hatalardan ¢ok not kirilmasi bizi endisendiriyor 3,98 1,2
12 Bu donem notlarim yiikseldi 3,62 0,88
13 PD'nde genelde herkes kopya ¢ekiyor ve paylastyor 2,02 1,22
14 Odev ve sinavlar anlasilir, yapilabilir ve bilgi-beceri seviyelerini ortaya cikarabilir

olmalidar. 4,36 1,1
15 Kopya ve paylagimlarda arkadaslarin tegvik ve zorlamasi oluyor 1,88 1,19
16 Smav ve 6devler 6grenciyi dlgmekten ziyade, zor ve kopyacilig1 tesvik edecek sekilde

hazirlanmaktadir 2,43 1,29
17 Devre Analizi Lab dersinde 6gretim elemanlarinin performansini basarilt

buluyormusunuz 3,67 1,16
18 Sizce Devre Analizi Lab dersinde vize notlar1 ¢alismayanla ¢aligsani ayrigtirdimi? 3,62 14
19 Genel olarak (pandemi haricinde) smavlar ve degerlendirmeleri ezberciligi tesvik

etmektedir 3,86 1,2
20 PD'nde yapilan 6dev ve sinav uygulamalari aragtirma yoniimii artirmaya neden oldu 4,26 1,08
21 PD'nde yapilan 6dev ve sinav uygulamalarinda, normal duruma gore daha gok

caligma firsatim oldu 3,88 1,31
22 PD'nde yapilan 6dev ve sinav uygulamalarinda verilen siireler tam olarak yeterli

geldi 3,36 1,38
23 PD'nde yapilan 6dev ve sinav uygulamalari (su ana kadar yapilanlar) ¢ok emek

istiyordu, zorlandim 3,4 1,04
24 PD'nde yapilan 6dev ve sinav uygulamalar: kendimi ger¢eklestirmeme ve

gelistirmeme yardima oldu 3,79 1,09
25 PD'nde herbir 6dev ve sinav i¢gin en fazla bir giin harcadim 2,31 1,35
26 PD'nde Odev ve sinavlari gogunlukla ders notlari ve internetten aragtirarak yaptim 4,14 0,95
27 PD'nde Odev ve smavlari cogunlukla arkadaglarima damsarak yaptim 2,14 1,05
28 Sizce PD'nde Odev ve sinavlar para karsiligi m1 yapilmaktadir 1,55 1,02

BULGULAR (RESULTS)

Bu anket ¢alismasi, donem arasinda aniden uzaktan egitime gecis yapildigindan, 6nceden hazirlig:
ve tasarimi yapilamamustir. Bu nedenle istatistiksel degerlendirmenin en temel iki parametresi olan

ortalama ve standart sapma degerleri iizerinden, yiizeysel olarak, miimkiin olabilen ¢ikarimlar ve
yorumlar yapilmugtir. Cizelge 1 incelendiginde, 6grencilerin anketlerdeki ilk ii¢ soruya verdikleri
cevaplardan, pandemi doneminde uzaktan yapilan egitimde derse katilimin ve saglanan egitim
uygulamalarin yeterli goriildiigii anlagilmaktadir. Anketteki 12. Soru olan “Bu donem notlarim yiikseldi”
ifadesine verdikleri degerlendirme 3,62 ve buna ait standart sapma 0,88 olmustur. Bu 12. soruya verilen
notlarn dagilimi Sekil 3'de gosterilmistir. Bu Ogrencilerin en yiiksek uzlasi sagladigi sorudur.
Degerlendirmelerde en ¢ok standart sapmaya sahip olan, “Sizce Devre Analizi Lab. dersinde vize notlar
calismayanla calisani ayristirdi mi1?” sorusudur, buna ait standart sapma 1,4 olarak gerceklesmistir.
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Ogrenci goriislerinin en ¢ok sapma gosterdigi bu soruya verilen ortalama degerlendirme notu, ilging bir
sekilde i onceki soruda oldugu gibi 3,62 olmustur (Sekil 4).

S.Sapma : 0.88 (En kiigiik) S.Sapma : 1.4 (En biiyiik)
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Sekil 3. 12 nolu anket dagilim -

Figure 3. 12. survey distribution Sekil 4. 18 nolu anket dagilum

Figure 4. 18. survey distribution

Anket sorular icinde en diisiik ve en yiiksek ortalama degerler, en dikkat gekici sorular olmak
durumundadir. Sekil 5’de “Sizce PD'nde 6dev ve smavlar para karsili§1 m1 yapilmaktadir” sorusunun en
diisiik ortalama verilerek cevaplanmustir. Sekil 6 ise ankette en ¢ok gegen kopya ve internetten soru-cevap
paylasimi hakkinda fikir verebilecek olan “Bazilar1 maharet saniyor ama Kopya ¢ekmek &viiniilecek bir
sey degildir” sorusuna 6grenciler en yiiksek degerlendirme ile hayir cevabi vermis olmaktadirlar.

Ortalama: 1.55 (En kiigtik ) Ortalama: 4.57 (En biiytik)
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Sekil 5. 28 nolu anket dagilimi Sekil 6. 5 nolu anket dagilimi
Figure 5. 28. survey distribution Figure 6. 5. survey distribution

Ankette 6grencilerin uzaktan egitim, etik degerler, okul ve dersler hakkindaki olumlu yon ile, buna
karsin olumsuz durumlarn ifade eden sorular gruplandirilmis ve sonuglari Sekil 7’de gosterilmistir.
Olumlu y6nde 5, olumsuz yonde 1, en iyi anlamindadir. Tstatistikte her ikisi iginde standart sapma ayni
cikmistir. Sekil 8'de farkl iki yonelimli anket sorusunun dagilimlar: karsilastirilmak igin ayni grafige
yerlestirilmistir. Olumlu yondeki soru, “Uzaktan egitimde canl dersler yeterli islenebildi mi?”, olumsuz
yonde beklenilenin sorusu “Genelde Uzaktan egitimde canh derslere baglanmakta sorun yasadiniz mi?”
seklinde idi. Olumlu cevabin 5’e yaklasmasi ile olumsuz cevabin 1’e yaklasmasi aslinda aym cevap
demektir ki bu anketi 6grencilerin dikkate alarak isaretleme yaptiklarinin bir gostergesidir.
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Figure 8. Distribution in two opposite similar questions

Anket sorularimi kabul gormiis etik degerler, olaylara etki eden faktorler ve bunlarin sonuglar
bashiklar1 atinda gruplandirdigimizda Cizelge 2'yi elde ediyoruz. Cizelge 2'den idealler, etkenler ve
neticeleri olarak veya yapilmasi gerekenler, etkenler altinda bir miktar olumsuz etkilenerek sonuglaniyor
anlami ¢ikarilabilir.

Cizelge 2. Etik degerler, etkenler ve neticeleri
Table 2. Ethical values, factors and consequences

Konu Anket Sorulari Ortalama | Standart sapma
Kabul edilmis ve etik degerler 45,6,7 4,435 1,03
Etkenler, faktorler 8,9,10,11,15,19 2,877 1,27
Sonuglar, goriigler 12,20,21,24 3,887 1,09

Anket sorularindan genel durum ve O6grenci goriislerini almak olmasimin yam sira, pandemide
yapilan sinav ve ddevlerde ogrencilerin ¢oziimleri paylasmalari, bunlarin devaminda normal bir not
dagilmimn olugsmamas: nedeniyle egitimi sorgulama amagh olarak hazirlanmistir. Alman cevaplara
bakildiginda kopyaciligin etik olmadigi Ogrenciler tarafindan kabul edilmekte, ancak sinavlarda
zorlandig1, zayif alma endisesi, bazi arkadaslarinin yapmas: veya tesvik etmesi gibi etkenler nedeniyle
kismen kopya ¢ekme ve soru-¢6ziim paylasimi oldugu anlasilabilmektedir. Ancak bu anket ¢alismasina
gore bu Ogrenciler arasinda sosyal medyada yer aldig1 gibi para ile 6dev veya soru yaptirilmadigi
anlasiliyor. Buradan bu yanhs tercihe gerek olmayacak sekilde, yani ¢ok zor olmayan ve yapilabilir
diizeylerde soru-6dev verildigi sonucu da ¢ikarilabilir.

Anketlerdeki bir baska dikkat ¢ekici olumlu gozlemler ise, [20,21,22,23,24,26.] sorulara bakildiginda,
PD'nde yapilan 6dev ve smav uygulamalar ile 6grencilerin, egitimcileri memnun edecek davramslar
kazandig1 sOylenebilir. Bu davranislar arasinda arastirmaya daha fazla vakit ayirmalari, baz1 derslere
daha fazla calistigi, smavlar icin daha ¢ok emek harcadigi ve emeklerinin karsihigini aldiklarina
inandiklar1 gibi pozitif yorumlar elde edilmistir.

SONUC ve TARTISMALAR (RESULTS and DISCUSSIONS)

Yapilan anket ¢alismasinda en yiiksek, en diisiik ortalama ve standart sapma gosteren sorular dikkat
cekmektedir. En yiiksek ortalama, kopyanin yanlis oldugunu (4,57) ifade eden 5. anket sorusudur. En
diisiik ortalama ise ddevlerin para karsilig1 yapildigi, 1,55 degerlendirmesi ile aslinda ters yonde hayir
cevabimin verildigi sorudur. En yiiksek uzlasi ise notlarin yiikseldigini ifade eden 12 nolu soruda
gerceklesmistir. En az uzlasi ise sinavlarin ¢ok calisanla, az calisani ayirt etmesi ile ilgili olan 18. anket
sorusudur. Ogrencilerin etik degerleri ifade eden anketlerde 4,44 degerlendirme ile uzlagi icinde
olmalarina ragmen basariya etki eden faktorler baglamindaki sorularda 2,8 degerlendirme ve 1,27'lik
sapma ile goriis ayriliklart oldugu goriilmiistiir. Bunlara ilaveten, anket sonuglarindan 6grencilerin
uzaktan egitime baglanmakta ve uyum saglamakta zorlanmadiklari, 6dev ve smav uygulamalarindan
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genel olarak memnun olduklari, normal doneme gore arastirma yapma imkanlarimn ve isteklerinin arttig1
seklindeki olumlu ¢ikarimlar elde edilmistir.

Koronaviriis salgin, tilkemizdeki egitim kapasitesini ve iiretebilecegi tepkiyi ortaya koymus, uzaktan
egitimdeki eksiklikleri ve gelistirilmesi gereken yonlerini gostermistir. Yeni normale dogru giderken, her
bir 6grenci i¢in internet ve alt yap1 erisim ve imkaninin saglanmasi, 6grenci merkezli egitim, uzaktan
egitime uygun igerik ve materyallerin iiretilmesi, 6lgme - degerlendirme ara¢ ve ydntemlerinin
gelistirilmesi gerekmektedir.
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ABSTRACT: Overhead lines are generally used for electrical energy transmission. Also, XLPE
underground cable lines are generally used in the city center and the crowded areas to provide electrical
safety, so high voltage underground cable lines are used together with overhead line in the transmission
lines, and these lines are called as the mixed lines. The distance protection relays are used to determine
the impedance based fault location according to the current and voltage magnitudes in the transmission
lines. However, the fault location cannot be correctly detected in mixed transmission lines due to different
characteristic impedance per unit length because the characteristic impedance of high voltage cable line is
significantly different from overhead line. Thus, determinations of the fault section and location with the
distance protection relays are difficult in the mixed transmission lines. In this study, 154 kV overhead
transmission line and underground cable line are examined as the mixed transmission line for the distance
protection relays. Phase to ground faults are created in the mixed transmission line. overhead line section
and underground cable section are simulated by using PSCAD/ EMTDC ™. The short circuit fault images
are generated in the distance protection relay for the overhead transmission line and underground cable
transmission line faults. The images include the R-X impedance diagram of the fault, and the R-X
impedance diagram have been detected by applying image processing steps. Artificial neural network
(ANN) and the regression methods are used for prediction of the fault location, and the results of image
processing are used as the input parameters for the training process of ANN and the regression methods.
The results of ANN and regression methods are compared to select the most suitable method at the end
of this study for forecasting of the fault location in transmission lines.

Key Words: Distance protection relay, Mixed transmission lines, Short circuit faults, Matlab regression learner,
Fault location estimation, Artificial neural network

Karma iletim Hatlarinda Gériintii isleme Kullanilarak Karsilastirmal: Hata Konumu Tahmini

OZ: Havai hatlar genellikle elektrik enerjisi iletimi igin kullanilir. Ayrica XLPE yeralti kablo hatlari
genellikle sehir merkezinde ve kalabalik alanlarda elektrik giivenligini saglamak i¢in kullamilir, bu
nedenle iletim hatlarinda havai hat ile birlikte yiiksek gerilim yeralt1 kablo hatlar1 kullanilir ve bu hatlar
karma hatlar1 olarak adlandiriir. Mesafe koruma roleleri, iletim hatlarindaki akim ve gerilim
biiyiikliiklerine gore empedans tabanli 6l¢iim sonucu ariza yerini belirler. Ancak yiiksek gerilim kablo
hattmin karakteristik empedans: havai hattan 6nemli 6lgiide farkli oldugundan, birim uzunluk bagma
farkl karakteristik empedans nedeniyle karma iletim hatlarinda ariza konumu dogru bir sekilde tespit
edilemez. Bu nedenle karma iletim hatlarinda mesafe koruma roleleri ile ariza boliimiiniin ve yerinin
tespiti zordur. Bu ¢alismada, 154 kV havai iletim hatt1 ve yer alt1 kablo hatti, mesafe koruma roleleri igin
karma iletim hatt1 olarak incelenmistir. Karma iletim hattinda faz-toprak arizalari olusturulur ve havai
hat boliimii ve yeralt1 kablo boliimii PSCAD / EMTDC ™ kullanilarak benzetimi yapilmistir. Kisa devre
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ariza goriintiileri, havai iletim hatt1 ve yer alt1 kablo iletim hatt1 arizalar: i¢in mesafe koruma rolesinde
olusturulur. Goriinttiler, arizanin R-X empedans diyagramini igerir ve R-X empedans diyagramindan elde
edilen goriintiiler goriintii isleme adimlar1 uygulanmistir. Ariza yeri tahmini icin goriintii isleme
sonuglarindan c¢ikarilan ozellikler giris parametresi olarak belirlenmistir. Yapay sinir aglari (YSA) ve
regresyon yontemleri kullanilarak ariza yeri tahmini yapilmistir. YSA sonuglar1 ve regresyon yontemleri
bu calismanin sonunda iletim hatlarinda ariza yerinin tahmin edilmesi i¢in en uygun yontemin se¢ilmesi
icin kargilagtirilmistir.

Anahtar Kelimeler: Mesafe koruma rolesi, Karma iletim hatlari, Kisa devre arizalari, Regresyon metotlari, Ariza
yeri tahmini, Yapay sinir aglar:

1. INTRODUCTION

Protection systems are one of the most important parts of power systems. Inside the protection and
control systems used in the transmission of electrical energy, the most important task falls on protection
relays.

Various places and various short circuit faults can occur in electrical power systems. When the causes
of short circuit faults are examined, lightning strikes, high-speed winds, ice weight, earthquakes, fires,
explosions, falling trees, flying objects, animals, people and other natural cases, as well as hardware
failure, hardware aging, wrong hardware, wrong operation, wrong switching such as can cause.
Protective relays are installed at different points and parts of the power system to make fast and selective
protection.

Distance protection relays are one of the most preferred relays to protect transmission lines (Glover ef
al., 2012). While distance protection relays are applied as main protection in transmission and distribution
lines, they are widely used as backup protection for transformer, busbars and distant lines. Distance
protection relays are adjusted to operate according to the impedance of the line by comparing the voltage
and current values of the transmission line (Glover et al., 2012). The distance of the point where the relay
is connected to the fault is determined by measuring the impedance value. Short circuit impedance
decreases at a certain rate as it approaches the feeding point of the line and thus the fault location is
determined. Determining the fault location in transmission lines is an important feature used in protection
systems. The increasing complexity of power transmission systems has greatly increased the importance
of fault location investigation studies in recent years. If the location of a fault is known or can be estimate
with high accuracy, the fault can be repair quickly. Quick troubleshooting is of great importance as it
reduces customer complaints, downtime, operating cost, loss of revenue, and maintains the stability of the
system.

Overhead line systems are dominant in the transmission of electrical energy. Overhead line systems
are transmission lines that have proven their operational reliability and functional use. In addition, the
installation costs of overhead lines are low and their useful life is high (Han and Crossley, 2013).

Nowadays, underground cables are used in distribution lines, especially in places where there is a
high density of people, in order to ensure operational safety, human-environmental health and the
economy of the enterprise. With new technological developments in insulation systems in high voltage
XLPE underground cables, cables have been used in transmission lines. Underground power cable
installations have started to replace some of the overhead transmission lines due to environmental factors
in areas where the overhead line cannot pass and in densely populated areas (Han and Crossley, 2013).

When the operations of the distance protection relay in mixed transmission lines (lines consisting of
overhead and underground cable sections) were examined, it was seen that it could not detect the correct
fault location. Pinpointing the location of fault on transmission lines can significantly save labor force and
speed up the repair process. For this reason, efforts are being made to use mixed transmission lines with
high efficiency (Han and Crossley, 2013).

The main problem in transmission lines consisting of overhead lines with underground cables is that
the positive and zero sequence impedance of underground cables and overhead lines are different. For
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this reason, distance protection relays cannot accurately detect fault locations in mixed transmission lines.
In mixed transmission lines, it is of major importance that the fault is in the overhead or underground
cable line. Short circuit fault and failure to locate the fault cause many problems. Short circuit fault can
occur in different ways in electrical installations. The sudden occurrence of short circuit in the form of
impact causes the large short circuit currents passing through the circuit to be mechanically forced on the
plant elements. Continuous short circuit currents passing through the circuit for a long time cause the
plant elements to heat up and the material to be thermally forced. For this reason, both the facility and
operating personnel may be harmed by this. As a result of the failures caused by the short circuit, the
operation is partially or completely stopped and gradually the energy generation, transmission,
distribution and consumption cannot continue normally.

In addition, the damage caused by the malfunction causes great repair costs. For this reason, fault and
fault location that causes short circuit is of great importance. Artificial intelligence techniques have been
used and recommended to quickly and accurately detect fault locations of faults in mixed transmission
lines. Thanks to the artificial intelligence technique, the images obtained from the distance protection relay
were processed and more accurate fault and fault location detection was made compared to conventional
methods.

When the studies in the literature are examined, machine learning-based approaches (Ekici, 2012),
(Livani and Evrenosoglu, 2013), (Thukaram et al., 2005), (Khorashadi-Zadeh, 2004) and (Fan et al., 2019)
are also suggested to find transmission line failures. In Ekici (2012), proposes a support vector machine
(SVM) to predict the transmission line fault location. It used a wavelet transform to process single-ended
fault transient data and then used it as an input data set to the SVM network. In Livani and Evrenosoglu
(2013), used the SVM network to predict fault locations with a separate wavelet transform to extract
features from waves moving on arrival. In Thukaram et al. (2005), an ANN and SVM approach is presented
to find errors in radial distribution systems. Unlike traditional fault section estimation methods, the
proposed approach uses the measurements available at the substation, circuit breaker and relay situations.
In Khorashadi (2004), A new scheme has been proposed for fast and reliable fault classification for a
double-circuit transmission line. It has been shown that the algorithm can work quickly and accurately in
different fault conditions such as fault type, fault resistance, fault initiation angle, fault location, pre-fault
power flow direction and system short circuit level. In Fan et al. (2019), they offer a new single-ended fault
location approach for transmission lines using modern deep learning techniques. They estimate the given
error distance using single-ended voltage and current measurements.

Different techniques have been proposed in (Aziz et al., 2006), (Niazy and Sadeh, 2013) and (Han and
Crossley, 2013) when determining the fault location in mixed transmission lines. In Aziz et al. (2006), for
transmission systems consisting of an overhead line coupled with an underground cable, a fault location
diagram is proposed. Requires phasor synchronous measurements from both ends of the transmission
line. In Niazy and Sadeh (2013), A new single-ended fault detection method has been proposed for
underground cable coupled with overhead lines. In the proposed method, samples are taken from the
transient voltages generated by the fault clearing action of the circuit breaker from the sending end of the
cable line. When the wavelet transform is applied, the waves going to the fault detector are detected. The
fault section, the overhead line section or the underground cable section is identified, and then the wave
velocity is calculated and the fault location is accurately determined. In Han et al, proposed a new hybrid
fault location scheme for fault section detection in a mixed transmission line (MTL) consisting of an
overhead line (OHL) and an underground cable (UGC).

In this study, unlike the studies performed on mixed transmission lines, the fault location was
estimated by using the R-X impedance diagram images of the distance protection relay at the time of short
circuit by using ANN and Regression methods. ANN and Regression methods were compared with each
other and the best method was determined. The use of image processing techniques and their comparison
with different methods differs from other studies.
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2. MATERIALS AND METHOD

Distance protection relays are used to protect transmission lines against short circuit faults and to
determine the location of the fault. Since distance protection relays make impedance-based fault and fault
location detection according to current and voltage magnitudes, it detects fault location in mixed
transmission lines due to different impedance per unit length (Han and Crossley, 2013, 2015). In this study,
images taken from the R-X impedance diagram were applied to image processing steps for short circuit
faults occurring in the overhead transmission line and underground cable transmission line. Data sets
were created to be used in ANN and Matlab Regression Learner applications. By comparing the
performance results of ANN and Regression methods, fault location estimates are given in the results
section of the study.

2.1. Mixed Transmission Lines

The underground cable line can replace a part of the existing overhead line in high voltage
transmission lines, but the characteristic impedance of the cables differs according to the overhead line.
The inductance of underground cable conductors is 30-50% less than an overhead line and its capacity is
30-40 times greater than an overhead line (Tziouvaras, 2006). Using the underground cable line and the
overhead line together makes it difficult to determine the fault section and location in the transmission
line (Tziouvaras, 2006).

Identifying the fault location accurately and quickly will reduce the costs of locating the fault. It
will speed up the operations that need to be done quickly, such as repairing the fault and re-
commissioning the transmission line, and reduce production, usage and income losses due to
interruptions. For this reason, accurate and fast estimation and determination of the malfunction is very
important in terms of operating continuity of the system, operating cost and operational safety.

2.2. Image Processing Method

Image processing is a method applied to obtain different information using different techniques over
digitally transferred images. Image is used mathematically in the design and analysis of image processing
systems. In the image processing method, many different information can be obtained that we cannot see
with the eye.

When images are digitized using image processing method, a large size matrix is obtained. Using the
large size matrix has a high error rate and long processing time during the training stage. For this reason,
by applying various statistical methods, the matrix size is reduced and the processing time and error rate
are reduced. This process is done by extracting the features of the images before proceeding to the training
phase.

In this study, some statistical approaches used in feature extraction are used. With the Gray Level Co-
occurrence Matrices (GLCM) function, we can obtain different statistical properties for each image. These
are mean, entropy, variance, difference, contrast, inverse difference moment, energy, correlation, cluster
shade, cluster prominence, sum entropy, sum mean, difference entropy, sum variance values. The training
phase was started by extracting the statistical properties of 1x20 size images for each image (Budak and
Akbal).

The training data set was created by using images image processing methods. The applied image
processing steps are shown in Figure 1 (Budak and Akbal).
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«Getting Images
+Digitizing Images

« Application of Image Processing
Techniques

« Cutting Unnecessary Parts of Images
« Converting Images to Gray Level
»Normalization of Images

« Feature Extraction of Images

* Determining the Feature of Images
with GLCM

*Image 1 (1x20)
*Image 2 (1x20)

*Image 40 (1x20)

Figure 1. Applied image processing steps

2.3. Artificial Neural Networks

ANN emerged as a result of similarity with the working system of the human brain. It is an algorithm
that resembles the working system of the human brain, which has abilities such as learning, associating,
decision making, inference, recall, generalization, classification, new information generation, feature
determination, optimization in computer environment.

In Figure 2, the general structure of ANN consists of three layers. These are the input layer, hidden
layer, and output layer. The input layer has neurons that receive input from outside. Neurons in this layer
transmit the input values to the hidden layer. A neuron in the hidden layer receives signals from all the
neurons of the previous layer. After processing these neurons, it sends its output to all the neurons of the
next layer. Output layer is a layer that contains neurons that transmit the outputs out. Neurons in the
output layer process information from the hidden layer and output (Yegnanarayana, 2009).

.

-, /
HIDDEN LAYER OUTPUT LAYER

iNPUT LAYER

Figure 2. General structure of ANN

In ANN, the way the problem is given to the network, the structure of the network, the algorithm
used, the learning strategy used by the network, the transfer function and learning rules affect the
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performance of the network (Oztemel, 2012). In this study, various network types, learning functions,
training functions and performance functions in ANN were tried to determine the most suitable network
structure for the problem.

2.4. Matlab Regression Learner App

Regression Learner is an application that provides training, comparison and determination of the most
appropriate method using machine learning methods widely used in the literature (MathWorks). Input
and output data sets are given to the application, data is checked, features are selected, verification
schemes are determined and performance results are obtained by training with different models. The
results for each training model can be visualized as a Response Plot, Predicted vs. Actual Plot and Residual
Plot. Performance criterion looked at to examine and evaluate the predictive accuracy of training models.
Performance criterion determined the performance of the model and allow us to choose the best suitable
model. The application also provides information on estimated training time and speed.

The training models used in Matlab Regression Learner application are Linear Regression, Tree,
Ensemble Trees, Support Vector Machines (SVM), Gaussian Process Regression and their sub-methods
(MathWorks). The best training model can be found automatically. In this way, there is no obligation to
write separate and different code. It has the ability to automatically train and test multiple models at the
same time (Ozleyen, 2019).

2.5. Simulation Study

In the PSCAD ™ / EMTDC ™ simulation program, a mixed transmission line was formed by
modelling 154 kV, 50 Hz, 200 km and 50 km two overhead transmission lines and 10 km of underground
cable lines between the overhead lines. The transmission line is fed from two generator generation sources
connected to two three-phase power transformers. For the overhead transmission line, 154 kV single
circuit power transmission line, 1272 MCM conductor cross sections and 'PB' pole type are designed.
89/154 kV, 2XS(FL)2Y cable type is designed for underground cable transmission line. The low voltage
side of the transformer has been selected as 11 kV delta, and the high voltage side as 154 kV star. A fixed
load of 20 MW was used in the system (Budak, 2020).

In the study, the images of short circuit faults occurring both in the overhead transmission line and in
the underground cable transmission line were observed in the R-X impedance diagram. Short circuit fault
impedance is determined as constant Zf=1Q). Short circuit fault persists for 0.05 seconds and 0.3 seconds
after the system operates for fixed periods. Studies have been carried out by creating a phase a-ground
short circuit, which is the most common single-phase ground fault. Figure 3 shows the mixed transmission
line model.
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Figure 4 component computes the line-to-ground impedance as seen by a ground impedance relay.
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Figure 4. Line to ground impedance
The on-line ground impedance is calculated as follows Equation 1 :
_ Vphase
2= Iphasetk.lo (1)
Where,
Vohase = Phase Voltage
Iphase = Phase Current
1
Iy =5y + I + 1) 2)
_Zo—Z1
k=2ch ()
Z,= Zero-sequence impedance as seen from the location of the relay to the end of the protected zone
Z,= Positive-sequence impedance as seen from the location of the relay to the end of the protected
zone
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The Mho Circle component is classified as an 'Tmpedance Zone Element', which checks whether or not
a point described by inputs R and X, lies inside a specified region on the impedance plane. R and X
represent the resistive and reactive parts of the monitored impedance, and may be input in per-unit or
ohms. Please note however, that the units of the component input parameters should match that of the R
and X inputs. The component produces an output '1' if the point defined by R and X is inside the specified
region, otherwise the output will be '0' (Yatendra et al., 2019).

Taofl

R 21 o)
Ral
X

¥al

Figure 5. Mho circle

Figure 6 shows sample images occurring in phase a-ground short circuit faults formed at the 60th km
of the overhead line section of the mixed transmission line and at the 5th km of the underground cable
line section. Distance protection SIMENS SIPROTEC 7SA82 Sampling frequencies parameterizable from
1 kHz to 16 kHz high sampling frequency. The sampling frequency was chosen as 1 kHz in the study.
Sampling Frequency is the number of data samples obtained per second.

ﬁ%\/

Figure 6. Sample images obtained from the R-X impedance diagram in mixed transmission lines

Root Mean Square Error (RMSE) and percentage error value were used to evaluate the results obtained
in fault location estimation studies. The RMSE and error value are always positive, and close to zero
indicates the best value. Equation 4 and Equation 5 contain percent error and RMSE equations,
respectively (Karasu ef al., 2018).

Actual fault location—Calculated fault location
%Error Value =
% | Total length of the line

n o2
RMSE = /M‘T‘y‘) )

3. RESULTS

%100 4)

40 number phase a-ground faults were created at 5,10,15,... 200 km of the overhead transmission line
simulated using PSCAD ™ / EMTDC ™ and 50 number phase a-ground faults were created at 0.2, 0.4,...
10 km of the underground cable transmission line.

In order to determine the fault location, three different network types, namely Feed Forward
Backpropagation, Cascade Feed Forward Backpropagation and Elman Feedback Network, and five
different training functions LM, CGB, OSS, GDX and SCG were used in the ANN. In the ANN model, the
number of hidden layers, the number of neurons in hidden layers and which activation function will be
used in hidden layers were determined by trial and error method. The tangent sigmoid activation function
is used in the input and hidden layers of the specified network, and a linear activation function in the
output layer. The number of neurons in the layers was determined as 1, 10 and 1, respectively. The
iteration number was chosen as 1000. Of the 40 faults in the overhead transmission line data set, 32 were
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used in the training set, 8 in the test set and of the 50 faults in the underground cable transmission line 40
were used in the training set and 10 were used in the test set.

In Table 1, the short circuit faults occurring in the overhead line and underground cable line are
simulated and the methods and training errors used in the ANN are given (Budak, 2020).

Table 1. Methods and training errors used in ANN application
RMSE RMSE

OHL uGC
LM | 0.0048 0.0082
CGB | 0.0106 0.0123
OSS | 0.0269 0.0176
GDX | 0.0124 0.0113
SCG | 0.0153 0.0098
LM | 0.0096 0.0139
Cascade Feed CGB | 0.0106 0.0162

Forward OSS | 0.0411 0.0159
Backpropagation | GDX | 0.0400 0.0144
SCG | 0.0163 0.0151
LM | 0.0062 0.0129
CGB | 0.0121 0.0135
Elman Feedback | OSS | 0.0146 0.0126
GDX | 0.0157 0.0110
SCG | 0.0143 0.0120

Method

Feed Forward

Backpropagation

In Table 2, Fault location prediction training errors in overhead and underground cable transmission
lines are given by using regression methods.
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Table 2. Regression methods used and training errors

RMSE RMSE
Method OHL UGC
Linear 0.017721 0.010085

Interactions | 4 o490 0.0064932

. Linear
Linear Robust
Regression : 0.036589 0.010119
Linear
Stepwise
Linear 0.026962 0.0060709

Fine Tree 0.098382 0.061107
Tree Medium Tree | 0.15016 0.12531
Coarse Tree 0.23998 0.24734
Linear SVM 0.02837 0.016424
Quadratic
SVM 0.056601 0.020054
Cubic SVM 0.21514 0.03174
Fine
Gaussian 0.12044 0.071415
SVM SVM
Medium
Gaussian 0.065541 0.022517
SVM
Coarse
Gaussian 0.06412 0.034763
SVM

Ensemble Boosted 0051223  0.046086

Trees Trees
Bagged Trees | 0.075814 0.058129
Spuared
Exponential | 0.0078464  0.0092204
GPR

Gaussian | VALMS/2 | 610683 0.0087294

GPR
Repr(r);sgsif)n Exponential
g GPR
Rational
Quadratic 0.0079423  0.0094911
GPR

0.023817 0.0093471

Looking at the training errors obtained from ANN and Regression methods, the methods that give
the best results were chosen. In Table 3 and Table 4, The estimation of fault locations are given as a result
of short circuit fault occurring at the determined kilometres of the mixed transmission line and the
percentage error values of these estimates.
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Table 3. Estimated (km) fault locations and percentage error value as a result of short circuit occurring in
overhead transmission line

Fault Estimated Error
Location Fault Value
Method (km) Location (%)
(km)

20 19.1112 0.444

45 42.4392 1.280
70 70.3472 0.1736
Feed Forward 95 94.8647 0.0676
Backpropagation 120 119.8546  0.0727
145 143.1658 0.9171
170 169.8743  0.0628
195 195.0882  0.0441

Table 4. Estimated (km) fault locations and percentage error value as a result of short circuit occurring in
underground cable transmission line
Fault Estimated  Error

Location Fault Value
Method used (km) Location (%)
(km)

0.8 0.835775 0.357
1.8 1.707975 0.921
2.8 2.687975 1.121

3.8 3.7623 0.377
Linear Regression 4.8 4.817025 0.17
Stepwise Linear 5.8 5.7321 0.679

6.8 6.720675 0.794
7.8 7.757025 0.43
8.8 8.66965 1.304
9.8 9.755 0.45

Figure 7 and Figure 8 show the graphics of the actual and estimate fault locations of the overhead and
underground cable lines, respectively.
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Figure 7. Comparison graph of actual and estimated distances in overhead transmission lines
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Figure 8. Comparison graph of actual and estimated distances in underground cable transmission lines

4. CONCLUSION

In this study, image processing is used for short circuit faults occurring in mixed transmission lines.
The fault location was estimated using ANN and Regression methods. Considering the methods and
training errors used as a result of the studies carried out on the mixed transmission line, it has been
determined that the best training model is the Feed Forward Back Propagation LM network type in the
overhead transmission line section. When we look at the underground cable line section, it was
determined that the best training model was Linear Regression (Stepwise Linear). According to these
results, it has been seen that better results can be obtained by using different methods.

According to the test results, the highest fault location estimation is 1.28% in the estimated distances
in the overhead line section and 1.304% in the underground cable line part. In the study, fault location
predictions can determine whether the fault is in the overhead line or underground cable line part in the
case of short circuit failures occurring in the mixed transmission line and close to the actual fault location.
Unlike other studies, high predictive values were obtained in different methods using image processing.
The use of image processing in protection systems shows that it can be improved and used in different
ways.
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As a result, in long mixed transmission lines, in case of short circuit failure, the mixed transmission
line does not affect fault location estimation studies and high predictive values are shown in the tables.

High estimation values, fast and accurate detection of the fault with artificial intelligence methods
recommended in electricity transmission areas, rapid arrival of fault teams to the fault point, informing
the fault in the overhead or underground cable line are of great importance. In addition, if the fault point
is in the underground cable line, excavation works will take a short time. As a result, it can significantly
save labor, speed up the repair process, and avoid large repair costs.
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ABSTRACT: Researchers and industry are seeking to manage energy better by increasing the efficiency
of the energy system because of the increasing importance of energy in recent years. For this reason, a shift
towards alternative energy sources to provide electricity has begun. As for alternative energy sources,
interest in renewable energy sources is increasing day by day. Solar, wind and thermal sources are the
most prominent renewable energy sources. Today we use of thermal sources in greenhouse, fish breeding,
thermal facilities, city heating and electricity production. Nowadays, it is known that when we move
thermal water from the source to the place to be used, it can be converted into electrical energy by utilizing
the heat it emits around it. In this study, the effects of the type of the material and the placement of the
thermoelectric generator (TEG) on the efficiency of two Thermoelectric Modules (TEM) were investigated
by using thermal sources from renewable energy sources. Hot and cold water was passed through the
sandwich blocks which were made from Copper, Aluminum and Brass materials, and the power produced
in TEG was analyzed. As TEG, TEC1-12706 and TEC1-12710 materials were used. As a result of
experimental studies, it is observed that the type of the material that conveys thermal water and the order
of transmission of hot/cold water through sandwich blocks have an effect on the power produced by both
TEC1-12706 and TEC1-12710

Key Words: Thermoelectric generators, output power and efficiency, renewable energy source.

Sandvi¢ Tasarimu icerisindeki Termoelektrik Jeneratorde Elektrik Enerjisinin Analizi

OZ: Son zamanlarda enerjinin gittikge artan neminden dolays, arastirmacilar ve sanayi, enerji sisteminin
verimliligini artirarak enerjiyi daha iyi yonetmek istemektedirler. Bu nedenle elektrik enerjisini saglamak
i¢in alternatif enerji kaynaklarina yonelim baslamistir. Alternatif enerji kaynaklarindan ise yenilenebilir
enerji kaynaklarina olan ilgi her gecen giin artmaktadir. Giines, Riizgar ve Termal kaynaklar yenilenebilir
enerji kaynaklarinin 6ne ¢ikanlaridir. Giiniimiizde termal kaynaklardan seracilik, balik yetistirme, termal
tesisler, sehir 1sitmasi ve elektrik {iretimi gibi bir¢ok alanda faydalanmaktayiz. Glintimiizde termal suyu
kaynagindan faydalandigimiz yere tagirken, etrafina yaydigi isiy1 elektrik enerjisine doniistiirebilecegimiz
bilinmektedir. Bu calismada yenilenebilir enerji kaynaklarindan termal kaynaklar kullanilarak, elektrik
iiretiminde termal suyun tasindigr malzemenin tiiriiniin ve Termoelektrik Jeneratoriin (TEG) yerlesim
seklinin farkl iki Termoelektrik Modjiiliin (TEM) verimi {izerindeki etkisi incelenmistir. Sicak ve soguk su
Bakir, Altiminyum ve Piring malzemelerinden olusturdugumuz sandvi¢ bloklardan gecirilerek TEG'de
iretilen gii¢ tizerindeki analizi gerceklestirilmistir. TEG olarak da TEC1-12706 ve TEC1-12710 malzemeleri
kullanilmistir. Yapilan deneysel ¢alismalar sonucunda termal suyun gectigi malzemenin tiiriiniin ve
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sicak/soguk suyun sandvi¢ plakalardan ge¢me sirasinin hem TEC1-12706'nin hem de TEC1-12710'nun
trettigi gii¢ tizerinde etkili oldugu goriilmiistiir.

Anahtar Kelimeler: Termoelektrik jeneratorler, cikis giicii ve verim, yenilenebilir enerji kaynag.
1. INTRODUCTION

Rapid population growth and industrialization in developing countries today cause a surge in
demand for energy. Energy production is one of the main factors that reflect the economic and social
development potential of a country. Therefore, energy and energy conversion systems that countries have
in the world are considered as a measure of development. In order to meet the increasing energy demand
with developing technology all over the world, studies are carried out to obtain efficient, cheap and clean
energy from alternative energy sources. For this purpose, interest in alternative energy sources, renewable
energy sources in particular, is increasing day by day.

In terms of usage, energy sources are divided into renewable and non-renewable energy sources. Non-
renewable energy sources are fossil sources, such as coal, oil, natural gas, LPG and wood, which are
expected to be consumed in the near future.

Nuclear energy which is again a non-renewable energy source is a type of energy that requires great
attention in terms of production and recycling. Renewable energy sources are the resources that can be
renewed in the future such as biogas, hydraulic, wind, sun, tidal wave energy, thermal (thermal),
geothermal. Although other renewable energy sources are less than geothermal energy, they have
negative effects on the environment. In addition, due to reasons such as the efficient use of these resources
at specific time intervals, the inadequacy of their technologies and the high cost of their costs, scientists
attach more importance to alternative energy sources such as geothermal energy (Champier,
2017;Terzioglu et al., 2018).

Geothermal energy does not have the potential to compete with non-renewable sources of energy. It
is a type of energy that stands out with its pollutant-free, renewable, sustainable, domestic and
environmentally friendly features when appropriate technologies are used. In this study, using thermal
sources amongst renewable energy sources, the effect of the material conveying thermal water during
electricity generation and the placement of Thermoelectric Generator (TEG) on the efficiency of two
different TEGs were investigated (He et al., 2017; Agacayak et al., 2019; Cimen ef al., 2017). Apart from this,
many studies have been carried out regarding the use of TEMs as TEGs. Some of these studies are related
to obtaining electric energy with TEG at the same time from the heat obtained using solar energy. There
are studies conducted about the waste heat is being used again to convert it to electricity while turning
solar energy into another energy source. Some of these studies have investigated the design and test
results of a combined system of thermosyphon and thermoelectric modules (TTM) to generate electricity
from low-grade thermal sources such as a salt-layer solar pool. Thus, it is stated that it is possible to
produce a completely passive and simple power supply system for field applications away from power
lines using the temperature differences in the solar pool (Singh et al., 2011; La Rocca et al., 2017). In another
study using solar energy, a simple arrangement of plane reflectors designed to receive maximum solar
energy at noon was used to heat the TEG. Thus, it is determined how many TECs can be used with the
energy produced by the models same as TEGs (Khattab and El Shenawy, 2006; Serbiilent and Kemal, 2009;
Tugay, 2010; Maneewan et al., 2005). In some studies related to solar energy, energy recycle is examined
by generating electricity with TEG from the waste heat generated during the production of electricity by
PV panels (Champier, 2017; Omer et al., 2017). Some of the solar-powered thermoelectric generator
investigations have focused on mathematical modeling and experimental device development (Champier,
2017; Sun et al., 2017). Studies have been carried out on the conversion of exhaust heat energy of vehicles’
exhaust gas to electric energy using TEGs (Akcgay, 2015; Kushch et al., 2001). In some of these studies, it
has been concluded that the output power of the TEG depends on the speed of rotation of the motor
(Demir and Dincer, 2017; Kaya, 2010). It is stated that the energies obtained with TEGs can be used in
battery charging systems of vehicles (Tie and Tan, 2013; (Kim et al., 2017; Meng et al., 2017). It is suggested
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to use the finite time thermodynamics in the technical solution of recovery of waste heat from
thermoelectric power generated by exhaust gas. There are also studies that analyze the effect of some key
parameters such as exhaust gas inlet temperature, exhaust gas and heat transfer coefficient of the cooling
water on the optimal length of the thermoelectric elements (Meng et al., 2017). A TEG system focuses on
the structure of the exhaust gas outlet duct in the application of automotive exhaust heat recycle and it
has been evaluated the maximum net power output of an object that best suits its size with a sandwich-
plate band exhaust exchanger taking into account the effect of exhaust temperature changes on the exhaust
heat exchanger (He et al, 2017; Kim et al., 2017; Meng et al., 2017). TEGs are used in different systems and
will continue to grow.

In the experiments we have done, a design that can be used in the production of electricity by TEM
has been created. In the production of electrical energy from TEM, it was seen that the design of the plates
in which the thermal water was applied was effective on the electrical energy produced. In the experiment
that is carried out, the electric energy is produced by TEMs placed in hot-cold-hot plates and cold-hot-
cold plates. Analyzes have been carried out on the power produced in the TEG with the mentioned
connection types. At the same time, the effect of thermal water at different pressures on the power
produced by TEC was also analyzed. As TEG, TEC1-12706 and TEC1-12710 materials were used. In the
article, TEC1-12706 and TEC1-12710 are expressed as TEG-12706 and TEG-12710, respectively. As a result
of the experimental studies made, it is seen that the hot-cold-hot connection type is more efficient.

2. THERMOELECTRIC MODULE

A thermoelectric module consists of a ceramic plate on two sides to provide heat conduction and
electrical insulation as shown in Figure 1. Between these ceramic plates are P and N type semiconductors
which are electrically connected to each other in series and thermally in parallel with copper conductors.
While the heat is carried by electrons from the cold environment to the hot environment with the voltage
from the direct current source, the transfer of heat from one end of the module to the other end shows the
use of the thermoelectric modules as a thermoelectric cooler (TEC) (Terzioglu and Agacayak, 2018;
Agacayak et al., 2017; Agacayak et al., 2018;Terzioglu, 2020).

‘_Hot side

Ceramic plates

Cold s.i.(.ie
Figure. 1. Structure of a TEM.

3. THERMOELECTRIC GENERATOR (TEG)

If one of the ceramic surfaces of TEM which is used as TEC by applying DC voltage to its ends is
applied cold and the other one is applied hot, the temperature difference between the two surfaces is
generated to produce a modular DC current as shown in Figure 2 and thus a thermoelectric power
generator is obtained. DC current is generated by thermoelectrically generated electricity, and electrons
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move through P and N type semiconductors as a result of heat flow (Demir and Dincer, 2017; Montecucco
et al., 2017; Hossam et al., 2017).

P-N type HOT
Bismuth Telluride T hot
Elements

Electrical Insulator
(Ceramic Layer)

Electrical COLD
conductive |—‘
(Copper) ( 3
AR
LOAD

Figure. 2. Thermoelectric generator (TEG)

4. MATERIAL AND METHOD

In this study, a closed hot-cold water circulation system was designed and the TEMs were operated
as TEG in the laboratory environment and electrical energy was produced. In the experimental system
designed as a closed system, hot-cold water was passed from modules made of copper-aluminum and
brass materials. Plates made of copper, aluminum and brass materials have formed sandwich blocks with
3in each. TEMs were placed between the plates in these blocks. Thus, the effect of the material in which
the thermal water is conveyed on the power produced by the TEMs is determined. In addition, the effect
on different TECs was examined using two different thermoelectric modules, TEG-12706 and TEG-12710,
during the experiment.

In this study, thermal water was passed through it using a plate with sizes of 100x100x20 mm. In the
designed plates, the distribution of the temperature on the plates was equal and the design characteristics
were verified in another study (Yalgin et al., 2016). These plates are made of 3 materials, copper, aluminum
and brass. TEG-12706 and TEG-12710 were placed between the formed plates. In addition, as shown in
Figure 3, a thermocouple temperature sensor was installed between the TECs placed on the surface of each
plate to measure the plate temperature.

In Figure 3 there can be seen the 8 TECs placed between the plates and the shapes of copper sandwich
blocks. Four of the 8 TECs used were connected in series to each layer in series. TEC electrical circuit
connections were made in 2 groups connected in series by parallel connection. This design has been
applied to each material type and TEC type in the whole system.

Figure 3. Image of sandwich blocks formed by TEG-12706 and TEG-12710, TEGs placed between copper
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5. THE EXPERIMENTAL SETUP

The experimental setup used for the passage of the thermal water from the prepared blocks shown in
Figure 4. In the experimental setup shown in Figure 4, two independent closed systems are designed for
hot and cold water circulation. The red arrows show a closed system of hot water and the flow direction
of the water, and the blue arrows show the closed system of cold water and the flow direction of the water.
Hot and cold water circulation is provided by two separate WILO RSL 15 / 5-3 ku model 84W combi
engines. In these closed systems, the hot and cold sides are supplied with water from outside and the
pressure of the system is set as 1-2,5 and 3,5 bar. Thus, experiments were carried out at different pressure
values. In the designed system, the hot and cold water entering the plates and the hot and cold water
coming from the plates can be continuously measured with sensors.

Figure 4. View of the connection of the system designed.

In order to obtain hot water in the designed system, two heat sources were used which are formed by
connecting two heat exchangers in series. This allows the hot water in the system to reach the desired
value faster. Since the water introduced to the system is influenced by both the plates where hot water is
transmitted due to the fineness of the thermoelectric modules as well as from the plates where cold water
is conveyed using a propeller heat exchanger to cool the cold water, it is ensured that it is held in a certain
cold temperature by air. In the system, two expansion tanks are used separately for cold and hot closed
water systems. Thus, the small water escaping from the system is replaced by the additional water from
the water tanks and to keep the pressure at the same value for a long time. In the experiments, the
temperature values on the plates and the voltage and current values produced by the thermoelectric
modules were measured using measuring instruments. The charge obtained by connecting 121 red LEDs
of 10mm in parallel to each other is connected to the output of the TECs to see if the system is operating
under charge.

6. RUNNING THE EXPERIMENTATION

Experiments were carried out by connecting sandwich copper, brass and aluminum blocks to the
system at 3 different motor speeds at 3 different pressures. In each experiment, 2 pieces of sandwich blocks
from the same material and TEG-12706 to TEG-12710 were placed between these blocks and the power
they produced at the same temperature and pressure were compared. Each sandwich block contains 8
pieces of TEC. Under these conditions, 18 experiments were conducted and the energy and power
produced by the TECs were observed. In this study, when the pressures for each material type and TEC
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ranges are 1-2,5 and 3,5 bar and the revolving speed motors are in the 1-2-3 level, 20 experiments were
carried out on the sandwich blocks, each consisting of 3 plates, passing hot-cold-hot and cold-hot-cold
water. Figure 5 shows hot-cold-hot and cold-hot-cold connected blocks. Experiments have been carried
out to determine the effect of the type of material conveying thermal water on the power obtained from
TEGs.

Figure 5. The image of sandwich blocks in the system with (a) hot-cold-hot (b) cold-hot-cold connection.

Starting from the initiation of the system in the experiments, the voltage (V), current (A) values and
time obtained from the (TH) 8lodjiile hot surface, (TC) 81lodiile cold surface and geothermal energy are
measured until the hot water reach to 100 °C. In the experiments performed, the duration of completion
of an experiment varies between 30 and 70 min. In experiments, considering that about %88 of geothermal
energy in Turkey is low and medium temperature (30-100 °C), threshold is determined to be 100 °C.

7. EVALUATION OF EXPERIMENTAL RESULTS

Experiments at various speeds and pressures were carried out on the sandwich blocks formed with 3
plates consisting of 3 different materials in the experiment setup with the hot-cold-hot and cold-hot-cold
connection. In the experiments performed, 20 tests were performed for each TEC module. The results of
the experiments with the TEG-12706 module are given in Table 1. As shown in Table 1, while the
temperature difference (T) between the surfaces is 65 °C, the passage of thermal water from different
materials affects the power change. Table 1 shows that the rate of thermal water movement and the
pressure are also effective on the power generated from the sandwich block of TEG-12706 with the hot-
cold-hot connection type. As seen in Table 1, the best power in copper was recorded as 0,835 W when the
motor speed was at the 3rd level and the pressure was 3,5 bar. It is seen that the best power in aluminum
material is produced as 2,485 W when the speed of the motor is in 3rd level and the pressure is 3,5 bar. In
case of brass material, it is seen that the best power is produced at 1,755 W when the speed of the motor is
at 3rd level and the pressure is 3,5 bar. When Table 1 is examined, the water pressure and speed were
influential depending on the material in which the thermal water was conveyed. Under these conditions,
the highest power of 3 different materials was obtained with Aluminum at 3,5 bar as 2,485 W.
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Table 1. TEG-12706 power(W) values at AT = 85 °C for hot-cold-hot connection.

Copper Plate
Motor Speed ™ g0, 25Bar | 35Bar
! 0,495 W 0,599W 0,621W
1I 0,465W 0,535W 0,6463 W
il 0,516 W 0,504 W 0,835 W
Motor Speed Aluminum Plate
1 Bar 2,5 Bar 3,5 Bar
1 2,054 W 2,216 W 2,211TW
11 2,171 W 2,189 W 2,128 W
111 2,148 W 2,191 W 2,485 W
Motor Speed Brass Plate
1 Bar 2,5 Bar 3,5 Bar
1 1,278 W 1,431 W 1,369 W
1I 1,335 W 1,53 W 1,57 W
111 1,472 W 1,53 W 1,755 W

The current-voltage and power graphs of the experiments in which the highest power among the three
different materials are obtained in the tests performed in the sandwich block of TEG-12706 with hot-cold-
hot connection type are given in Figure 6-8.
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Figure 6. TEG-12706 current, voltage, power curves of Copper Material in Hot-Cold-Hot Sandwich
Block Connection Type - 3,5 Bar pressure - Motor Speed at 3rd level.
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Figure 7. TEG-12706 current, voltage, power curves of Aluminum Material in Hot-Cold-Hot Sandwich
Block Connection Type - 3,5 Bar pressure- Motor Speed at 3rd level.
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Brass Plate - 3.5 Bar - TEG-12706 current, voltage and power curves for motor speed 3rd stage
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Figure 8. TEG-12706 current, voltage, power curves of Hot-Cold-Hot Sandwich Block Connection Type
Brass Material - 3,5 Bar pressure- Motor Speed at 3rd level.

In Figure 9, the highest power values of the tests performed in the type of hot-cold-hot connection of
sandwich block TEG-12706 appear as a single graph. As can be seen in Figure 9, the highest power is
achieved when thermal water is passed through the Aluminum material. Also, the earliest power value

was obtained from the experiment with aluminum when the temperature reached 15 °C.

Hot-Cold-Hot Design TEG-12706 power curves (Copper, Aluminum, Brass Material)
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Figure 9. Power curves for TEG-12706 in Hot-Cold-Hot Sandwich Block Connection Type with Copper-
Aluminum-Brass Material.

The results of the sandwich block TEG-12706 sandwich block cold-hot-cold connection tests are given
in Table 2. In Table 2, it is seen that the best power in copper material is produced as 0,914 W when the
speed of the motor is at 1st level and the pressure is 3,5 bar. It is seen that the best power in aluminum
material is produced as 2,416 W when the speed of the motor is at 2nd level and pressure is 1 bar. In brass,
it is seen that the best power is produced as 2,538 W when the speed of the motor is at 3rd level and the
pressure is 1 bar. As seen in Table 2, the highest power was obtained as 2,538 W when the thermal water
was passed through Brass, the pressure is 1 bar and motor power is at 3rd level. When these values are
compared with the hot-cold-hot connection type given in Table 2, it is seen that the change of the
connection type of the sandwich blocks is also influential on the power produced by TEG-12706.
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Table 2. TEG-12706 power(W) values at AT = 65 °C for cold-hot-cold connection.

Copper Plate
Motor Speed ™ g0, 25Bar | 35Bar
! 0914 W 0,514 W 0,532 W
1I 0,603 W 0,501 W 0,495 W
il 0,594 W 0,51 W 0,556 W
Motor Speed Aluminum Plate
1 Bar 2,5 Bar 3,5 Bar
1 1,725 W 1,593 W 1,488 W
11 2,416 W 1,654 W 1,532 W
111 1,738 W 1,601 W 1,59 W
Motor Speed Brass Plate
1 Bar 2,5 Bar 3,5 Bar
1 1,66 W 1,599 W 1,502 W
1I 1,622 W 1,702 W 1,602 W
111 2,538 W 1,734 W 1,527 W

The current-voltage and power graphs of the experiments in which the highest power is obtained from
3 different materials within the sandwich block of TEG-12706 are shown in Figure 10-12.
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Figure 10. TEG-12706 current, voltage, power curves for Copper Material in Cold-Hot-Cold Sandwich
Block Connection Type - 1 Bar pressure- Motor Speed at 1st level
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Figure 11. TEG-12706 current, voltage, power curves for Aluminum Material in Cold-Hot-Cold
Sandwich Block Connection Type - 1 Bar pressure - Motor Speed at 2nd level
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Figure 12. TEG-12706 current, voltage, power curves for Cold-Hot-Cold Sandwich Block Connection
Type with Brass Material - 1 Bar pressure - Motor Speed at 3rd level.

In Figure 13, the highest power values of the experiments carried out when the sandwich block
consisting of TEG-12706 was cold-hot-cold connection type are seen as a single graph. As seen in Figure
13, the highest power is obtained when the thermal water is passed through the Aluminum material. Also,
the earliest power value was obtained from the experiment with rice when the temperature reached at 19
oC.
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Figure 13. Copper-Aluminum-Brass Material power curves for TEG-12706 with Cold-Hot-Cold
Sandwich Block Connection Type.

The results of the experiments made on the sandwich block with hot-cold-hot connection type TEG-
12710 are given in Table 3. As shown in Table 3, the best power of 3 material types was obtained when the
motor speed was at 3rd level and the pressure was 3,5 bar. It is observed that the maximum power
produced were 1,66 W with copper structure, 3,524 W with aluminum structure, and 3,2494 W with the
brass structure under these conditions. As shown in Table 3, the highest power was obtained as 3,524 W,
at the pressure of 3,5 bar when the thermal water was passed through the Aluminum, and the motor speed
was at 3rd level. As shown in Table 3, the highest power rating was obtained at 3,524 W, when the thermal
water was passed through Aluminum, the pressure was 2,5 bar and motor speed at 3rd level.
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Table 3. TEG-12706 power(W) values at AT =85 °C for hot-cold-hot connection.

Copper Plate
Motor Speed ™ g0, 25Bar | 35Bar
! 0,539 W 0,598 W 0,998 W
1I 0,558 W 0,676 W 1,036 W
il 0,539 W 0,558 W 1,666 W
Motor Speed Aluminum Plate
1 Bar 2,5 Bar 3,5 Bar
1 3,213 W 3,045 W 3,544 W
11 3,315 W 3,03 W 3,2395 W
111 3,161 W 3,524 W 3,45 W
Motor Speed Brass Plate
1 Bar 2,5 Bar 3,5 Bar
1 1,369 W 1,721 W 1,412 W
1I 1,5461 W 1,8W 1,1376 W
111 1,566 W 1,898 W 2,567 W

The current-voltage and power graphs of the experiments in which the highest power is obtained from
three different materials from sandwich blocks made of TEG-12710 in hot-cold-hot connection type are
given in Figure 14-16.
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Figure 14. TEG-12710 current, voltage, power curves for Copper Material in Hot-Cold-Hot Sandwich
Block Connection Type - 3,5 Bar pressure - Motor Speed at 3rd level.
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Figure 15. TEG-12710 current, voltage, power curves for Aluminum material in Hot-Cold-Hot Sandwich
Block Connection Type - 2,5 Bar pressure - Motor Speed at 3rd level.
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Brass Plate - 3.5 Bar - TEG-12T10 current, voltage and power curves for motor speed 3rd stage
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Figure 16. TEG-12710 current, voltage, power curves for Brass Material in Hot-Cold-Hot Sandwich
Block Connection Type - 3,5 Bar pressure - Motor Speed at 3rd level.

In Figure 17, the highest power values of experiments performed using TEG-12710 appear as a single
graph. As can be seen in Figure 17, the highest power is obtained when the thermal water is passed
through the Aluminum material. Aluminum and brass are very close to each other in power generation,
but the performance of copper is low compared to them. In addition, the earliest power value was obtained
when the temperature reached 21 °C in the experiments with Aluminum and Brass
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Figure 17. Power curves for TEG-12710 with Copper-Aluminum-Brass Material of Hot-Cold-Hot
Sandwich Block Connection Type.

The results of the tests carried out when the sandwich block made with TEG-12710 is of cold-hot-hot
connection type are given in Table 4. In Table 4, the best power for copper was produced as 1,78 W when
the motor speed was at 3rd level and the pressure was 3,5 bar. The best power in aluminum material was
5,326 W when the engine speed was at 2nd level and the pressure was 3,5 bar. In case of brass material,
the best power was produced as 2,863 W while the motor speed was at the 2nd stage and the pressure was
3,5 bar. As seen in Table 4, with TEG-12710, the highest power value was obtained as 5,326 W when the
thermal water was passed through Aluminum, the motor speed was at the 2nd level and the pressure was
3,5 bar.
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Table 4. TEG-12710 POWER (w) values at AT =65 °C with cold-hot-cold connection.

Copper Plate
Motor Speed ™ g0, 25Bar | 35Bar
! 0,4836 W 1,119 W 0,798 W
1I 0,3843 W | 0,9359 W 0,722 W
11T 04026 W | 0,4048 W 1,78 W
Motor Speed Aluminum Plate
1 Bar 2,5 Bar 3,5 Bar
1 3,5474 W | 3,3072 W 3,483 W
11 3,5145 W 3,7878 W 5326 W
111 3,7062W | 3,4132W | 3,749 W
Motor Speed Brass Plate
1 Bar 2,5 Bar 3,5 Bar
1 09168 W | 09741 W 1,86 W
1I 0,955 W 0,9359 W 2,863 W
il 0,9359 W 0,974 W 0,9359 W

The current-voltage and power graphs of the experiments in which the highest power is obtained with
3 different materials in the sandwich block with TEG-12710 and cold-hot-cold connection type are given

in Figure 18-20.
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Figure 18. TEG-12710 current, voltage, power curves for Copper Material with Cold-Hot-Cold Sandwich
Block Connection Type - 3,5 Bar pressure - Motor Speed 3rd level.
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Figure 19. TEG-12710 current, voltage, power curves for Aluminum Material with Cold-Hot-Cold

Sandwich Block Connection Type - 3,5 Bar pressure- Motor Speed at 2nd level.
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Brass Plate - 3,5 Bar = TEG-12T10 current, voltage and power curves for molor speed 2nd stage
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Figure 20. TEG-12710 current, voltage, power curves for Brass Material with a Cold-Hot-Cold Sandwich
Block Connection Type - 3,5 Bar pressure - Motor Speed at 2nd level.

In Figure 21, the highest power values of experiments performed using TEG-12710 appear as a single
graph. As can be seen in Figure 21, the highest power is obtained when the thermal water is passed
through the aluminum material. In addition, the earliest power value was obtained when the temperature
reached 20 °C in the experiment with Aluminum.
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Figure 21. Power Curves for Copper-Aluminum-Brass Material with TEG-12710 and Cold-Hot-Cold
Sandwich Block Connection Type.

8. RESULTS AND DISCUSSIONS

In this study, it was determined that the energy obtained by using TEC was affected by the type of
material circulated in the thermal water and the speed and pressure of the water. As a result of the
experiments carried out, it has been seen that the material through which the thermal water is conveyed,
the water pressure and the connection of sandwich blocks to the system have an effect on the energy
produced by the TEC.

In this study, TEGs were placed between hot-cold-hot and cold-hot-cold plates. As a result of this
work It was observed that the design of the plates carrying thermal water was effective in the amount of
electricity generated in TEG.

The temperature difference between the plates in hot-cold-hot operation was 65 °C, while in cold-hot-
cold operation a temperature difference of 85 °C was formed. This shows that the plates affect each other
as temperature.
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Highest power value for TEG-12706 in hot-cold-hot sandwich structure. The highest power value for
the TEG-12710 in the same sandwich structure was obtained from aluminum plates at 3,524 W at 2,5 bar
pressure at level 3.

Highest power value for TEG-12706 in cold-hot-cold sandwich structure. The highest power value for
the TEG-12710 in the same sandwich structure was obtained from the aluminum plates at the engine level
at a pressure of 3,5 bars at 5,326 W.

The amount of electrical energy produced from TEG placed in cold-hot-cold sandwich design is higher
than the hot-cold-hot design.

As a result of the experiments, the best power value from copper, aluminum and brass was obtained
from aluminum, while the lowest power value was obtained from copper material.

When the best results of the experiments were evaluated, 5 of the 12 best values were realized with
the engine 3. Level water pressure was 3.5 bar. However, if the highest power value is 5,326 W, the engine
is at the 2nd level water pressure at 3,5 bar .
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ABSTRACT: The use of unmanned aerial vehicles (UAV) is increasing today. UAVs can be divided into
two parts, which are remote controlled and can travel automatically due to a certain battery problem.
Recent research has also focused on the development and application of new algorithms to autonomously
control these vehicles and determine the shortest flight paths. Together with these researches, UAVs are
used in many civil activities such as weather forecasts, environmental studies and traffic control. Three-
dimensional (3D) path planning is an important issue for autonomously moving UAVs. The shortest path
for Unmanned Aerial Vehicles (UAV) is determined by using two-dimensional (2D) path planning
algorithms using the obstacles in the environment, and allows UAVs to perform their environmental tasks
as soon as possible. The purpose of this study is to determine the shortest path to the target point and
avoiding obstacles for UAVs using the Dijkstra algorithm. It was developed to evaluate the arrival time of
the UAVs in the path planning algorithm with the simulation performed in the MATLAB program. In this
study, the obstacles were defined for the purpose of the building with different heights and different
widths and 2D and 3D models were carried out, assuming that the UAV flies at certain heights. In
addition, the flight of the UAVs in the route planning determined in the real applications was carried out
and the data such as battery consumption, amount of battery spent, speed, amount of travel were
examined.

Key Words: UAV, 2D and 3D, path planning, Dijkstra algorithm.

DIJKSTRA ALGORITMASI KULLANILARAK iHA YOL PLANLAMASI

OZ: insansiz hava araglarinin (IHA) kullanimi giiniimiizde giderek artmaktadir. IHA’lar uzaktan
kumandal1 ve belirli bir batarya probleminden dolay1 otomatik olarak seyahat edebilen olmak {izere iki
kisma ayrilabilirler. Son donemde gerceklestirilen aragtirmalar, bu araglar1 otonom bir sekilde kontrol
etmek ve en kisa ucus yollarii belirlemek i¢in yeni algoritmalarin gelistirilmesi ve uygulanmasi
konularina da odaklanmislardir. Bu arastirmalarla birlite kullanim alani olarak IHA'lar hava tahminleri,
cevre calismalar1 ve trafik kontrolii gibi bir¢ok sivil faaliyette kullanilmaktadir. Otonom hareket eden
IHAlar igin ti¢ boyutlu (3D) yol planlamasi 6nemli bir konudur. Insansiz Hava Araglar1 (IHA) icin en kisa
yol, cevredeki engelleri kullanarak iki boyutlu (2D) yol planlama algoritmalar: kullanilarak belirlenir ve
[HA’larmn gevre gorevlerini miimkiin olan en kisa siirede yerine getirmelerine olanak tanir. Bu calismanin
amaci, Dijkstra algoritmasi kullanilarak THAlar igin engellerden kaginarak ve hedef noktasina giden en
kisa yolu belirlemektir. MATLAB programinda gergeklestirilen simiilasyon ile yol planlama
algoritmasinda [HA’larin hedefe varis zamanini degerlendirmek icin gelistirilmistir. Bu ¢alisma farkl
yiikseklik ve farkli ene sahip olan bina amaciyla engeller tanimlanmis ve IHAmin belirli yiiksekliklerde
ugtugu kabul edilerek 2D ve 3D modellemeleri gerceklestirilmistir. Ayrica THA’larin gercek
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uygulamalarda belirlenen yol planlamalarinda ugusu gerceklestirilerek pil titketimi, harcanan pil miktari,
hizi, alinan yol miktar1 gibi verilerde incelenmistir.

Anahtar Kelimeler: Insansiz hava araglar: (THA), 2D ve 3D, yol planlama, Dijkstra algoritmast.
1. INTRODUCTION

UAV is an aircraft that is not human, remote and self-controlled. Basic UAV components; the primary
body is called the shell, propeller, wing, motor drive, engine, battery, control panel. In addition to these
basic components, the UAV also contains electronic sensors, communication electronics, numerous
detectors and cameras. The historical development of the UAV began in the mid-19th century, but during
the periods of the First and Second World War it was noticeable and continued to develop through
increased pilot losses as well as exploration and intelligence during the Cold War era.

The design and quality of drones used for both civil and military purposes has received great attention
over the past 10 years. Use UAVs that can operate independently in vibrant and complicated operational
environments has become increasingly common. UAVs need to be ready to manage emergencies during
the process. Under certain constraints, the usual problem of path planning is to determine between the
appropriate locations on an ideal or time-based path. After preparation of the flight plan (unmanned aerial
vehicle

Capable of entering enemy threats, performing certain duties in the enemy's air defense zone and
ensuring their safety). UAVs have the benefits of low cost, flexibility, high reliability and you don't have
to worry about private losses (Yong-Fei et al., 2013). In a complicated environment, UAVs perform their
tasks, avoiding obstacles that are necessary. UAV shows two classification methods to overcome obstacles:
a traditional algorithm and a smart algorithm. The main element of these autonomous flights is the path
preparation. path planning is the main component of these autonomous flights. Preparation of the path
shows a variety of factors, such as how to get to a destination to avoid obstacles and shorten the path (Lei
et al., 2017).

For UAVs path planning to date, suggested a technique of UAV path planning in complex
environments based on genetic algorithms. The showed that the suggested algorithm succeeded in finding
a non-optimal, unhindered path in a rapidly changing environment (Gao et al., 2005). An autonomous
system for planning the UAV route. Achieved by reviewing the development process and eliminating the
caps and restoring old plans that could be missed by contacting a PRM (probabilistic roadmaps) or RRT
(rapidly discovered random trees) planner to create new plans right now (Wzorek and Doherty, 2006).
This article discusses Portsmouth Harbor, a realistic marine environment to search for the optimal
computational time path for a USV between start and end points in a real-time map. In this study, a grid
map created from the original was used and the Dijkstra algorithm was used to find the shortest path for
a single USV (Singh et al., 2018). Recommended rate if path optimization strategies for unmanned aerial
vehicles (UAVs) are based on intelligence. They showed that in case of map coverage, the Ant System
algorithm can be used to optimize the UAV system. When comparing another approach, NNS (nearest
neighbor search) means that the algorithm is more successful in finding a better route than the nearest
neighbor search. (Jevti¢ et al., 2010). The proposed area height-based Dijkstra algorithm MDA (Modified
Dijkstra Algorithm) approach for UAV fixed wing trajectory planning shows that EDA (Elevation Based
Dijkstra Algorithm) significantly reduces the computation time (Medeiros and Da Silva, 2010). Approach
to FVF based UAV route planning. FVF (Fuzzy Virtual Force) approach for UAV route planning is easy
and fast. By comparing the FVF method with the A * search algorithm, the FVF method is superior to
online UAV route planning in a complex environment (Zhuoning et al., 2010). An autonomous approach
to improving UAV flight plan readiness. We started Q-learning, a kind of reinforcement learning
algorithm, to remove obstacles until the UAV reaches the target point. The proposed approach suggests a
shorter arrival time (Kim et al., 2017). PSO offered a different approach to formulate and solve problems
in 3D path planning. The aim is to reduce fuel consumption and minimize the risk of enemy threats. (Foo
et al., 2006). They proposed 3D path algorithms based on 2D frames. They also proposed the Line of
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Visibility (VL) method, which can create the shortest path from a starting point to a target point in an area
of polygonal barriers. This indicates that it is effective in measurement and suitable for real time
applications. (Omar and Gu, 2010). A solution approach has been presented to ensure collaborative
scheduling between tool teams. A common control approach was created based on the Voronoi diagram
and DPSO. Findings show that the proposed genetic algorithm can be used in time-limited complex group
assignments (Tong, 2012).

These feature 3D path planning for low-flying unmanned aerial vehicles (UAVs) in difficult terrain
conditions. They proposed an adaptive fluid system (IFDS) with intervention to obtain the optimal 3D
orientation for runway length and flight altitude. The proposed solution showed better results (Wang et
al., 2015). The mobile robot design was created using the open source simulation software V-REP, and the
Dijkstra algorithm was applied to determine the six-optimal and collision-free path. The simulated results
showed that the mitigation approach in the created robot path planning environments is effective in terms
of time and speed (Fusic et al., 2018). Defined a multi-criteria path planning model for unmanned medium
altitude and long aircrafts. Taking environmental dynamics into account, they proposed the A * algorithm
for unmanned aerial vehicles in terms of range, time and fuel usage (Arica et al., 2012). The techniques and
algorithms described in this article have been extensively studied, simulated and proposed in low-level
applications, as well as high-level decision algorithms and flight optimization processes, as well as UAV
motion strategies in unmanned aviation projects. Intelligent techniques used in this study to optimize a
UAYV mission plan with sensory input (Vladareanu et al., 2016). Quadrotor-type unmanned aerial vehicles
(UAVs) also provide path planning to reduce the power consumption of the vehicle, which is required
over time to prevent energy waste. It uses the Genetic Algorithm (GA) to determine the shortest way to
fly without the need for power and time savings (Galvez et al., 2014). The algorithm used by the modified
Dijkstra was used to find an obstacle avoidance path that connects the starting point, the obstacle turning
point and the end point. The algorithm used by the modified Dijkstra was used to find the way to avoid
obstacles connecting the starting point, the obstacle turning point and the end point. The results show that
not only the proposed method is applicable in road planning, but also good results can be achieved (Wu
et al., 2017). In this report, for data transmission, civilian UAVs are using existing 3G communication
networks. The approach proposed shows that MOGA (Multi-Objective Genetic Algorithm) provides 1.32
and 3.22 times better signal performance than path-greedy and signal-greedy algorithms (Tseng, 2011).

This study is to determine the shortest path to the target point by avoiding obstacles for UAVs using
the Dijkstra algorithm. It has been developed to evaluate the arrival time of the UAVs in the path planning
algorithm with the simulation performed in the MATLAB program. In this study, obstacles for the
purpose of the building with different dimensions were defined and 2D and 3D models were carried out,
assuming that the UAYV flies at certain heights. When the obtained results were evaluated, it was seen that
the Dijkstra algorithm gave good results in the simulation environment. Simulation results of the area
used in the actual application were created and flights were carried out with UAV. The main purpose of
the route planning in UAVs is to use the battery at the optimum level and reach the target in the shortest
way, the electrical parameter values of these flights have been examined and evaluated.

2. PATH PLANNING

Path planning is a strategy by measuring the distance in space between two points to find the best
path between them. Research on path planning usually requires multiple input values or parameters:
starting position, goal position, and obstacles. In algorithms, some steps are used to discover a 2D path.
Algorithms for path planning are used to enter this path at the highest possible price, both from a starting
point to a destination point. Some alternative path planning focused on algorithms for road planning.
Different techniques assess the most suitable path planning (Cabreira et al., 2019). The aim of path
planning, unlike movement planning, which must be taken into account in terms of dynamics, is to find a
cinematically optimal route with the least amount of time and to fully model the environment (Dhulkefl
and Durdu, 2019; Yang et al., 2016).
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3. DIJKSTRA ALGORITHM

A weighted graph is an algorithm that provides the shortest distance between any two nodes with
values on a weighted graph. This algorithm was invented by Dutch mathematician and computer scientist
Edsger Wybe Dijkstra. Algorithm is used in many areas, especially routing. Dijkstra algorithm Greedy is
an algorithm that is greedy.

That is, the dijkstra algorithm chooses the best solution of the current situation when moving from
one node to another. The dijkstra algorithm, which is used in computer science and named after the person
who introduced the algorithm to the literature, is used to find the shortest path in the graph below. In a
series that shows the distance between two nodes, the problem is to find the route with a minimum edge
length from the starting node (source node) to a specific end node (target node) (Mozaffari et al., 2016).

This algorithm was developed in 1956 by Edsger W. Dijkstra. The main purpose of this algorithm is
to develop a coveted method for implementation, such as shortest path planning. Heavy modification has
reduced the complexity of the algorithm. The basis of this algorithm is the relaxation principle. More
accurate values gradually change the correct distance approach until finally the optimal solution is
reached. The Dijkstra algorithm gets its name from its constructor. The main purpose of the algorithm is
to find the shortest path on Graf. Graf can confuse those who first hear the name. We have to keep the
data in the computer environment with a certain logic. One of the methods we use most is to keep the data
in graph format. Graphs are highly preferred in terms of showing the relations of the nodes on each other
(Mozaffari ef al., 2016). Sample Dijkstra algorithm nodes as shown in Figure 1.

Figure 1. Example nodes for the Dijkstra algorithm

The calculation function used in this algorithm is:

f(n)=g(n) @™

As it appears in the equation,

f (n): heuristic function,

g (n): The cost of moving from the starting node to the current node. Flow diagram for Dijkstra
algorithm is shown in Figure 2.
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Root is set at the local node &
then forward to the tentative list.

Is tentative list
empty?

From the tentative list, move the node
with smaller weight (shortest path) too
the permanent list.

r

Add each unprocessed neighbor node of the last
moved node to tentative list if it not there. If the

node with the larger cost then replace it with
other new.

Figure 2. Flow chart for Dijkstra algorithm

3.1. Dijkstra Algorithm Operation

In the Dijkstra algorithm, a starting point is chosen. All remaining nodes should be considered as
infinitely far away. We update the distances as we reach the nodes. At each step, Dijkstra looks at
neighbors leaving a node, and if a shorter path is found, the distances are updated. And again to the node
closest to him. In this way, all nodes on the chart are circulated and the shortest path is found. Dijkstra's
Algorithm works by visiting the corners of the graph, starting from the starting point of the object. Then,
he repeatedly examines the closest corner that has not been examined and adds the corners to the vertex
set to be examined. It expands outward from the starting point until reaching the target. Dijkstra's
Algorithm is guaranteed to find the shortest route from the starting point to the destination (Fusic et al.,
2018).

The Dijkstra algorithm calculates the shortest paths from one node to all other nodes. The weight value
of the edges developed for weighted and directional charts must be zero or greater than zero. If the values
of the edges are less than zero, Bellman-Ford can be used in more general algorithms. Because the negative
edge consistently produces a better result than the current state, and the algorithm is never stable. In
Dijkstra's algorithm, the shortest path from the initially selected node to all other nodes is calculated.
Dijkstra's algorithm does not have a target node (Fusic et al., 2018).

If a target node is identified as a problem, the Dijkstra algorithm finds the shortest path to all nodes
and then selects one of them. So if you use the Dijkstra algorithm, the shortest distance to all nodes is
calculated, regardless of whether you have a target or not. If you have a destination, the shortest route to
that destination has already been calculated. In Dijkstra, each step is evaluated for a node's neighbors and
the distances are updated if a shorter path is found (Fusic et al., 2018).

To use the Dijkstra algorithm:

¢ Developed for weighted and directional graphs,

e The weight value of the edges must be zero or greater than zero, if the edge values are less than
zero, the Bellamn-Ford algorithm can be used,

e Does not work for negative weights.
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4. SIMULATION AND APPLICATION

In this article, Matlab is used to create this map. Designing 3D path planning techniques for advanced
2D path planning algorithms for autonomous mobile robots and continuing fast in practice is desirable.
Unmanned aerial vehicles ensure, among the barriers created by the simulation environment, that the
shortest path is acquired by avoiding obstacles between the starting point and the target and using
suggested technique. The method proposed in this article is the Dijkstra algorithm.

A few steps are used in algorithms to discover a 3D path. Next, data is collected from a regional
starting point to an endpoint on the heights of obstacles. The maximum height the UAV can fly to is then
determined by the height of these obstacles and the shortest path planning. Many alternative path
planning focused on 2D path scheduling algorithms based on obstacle heights. the proposed technique
finds the shortest path between the starting point and the target point. redline is the outcome of Dijkstra
algorithm path planning.

4.1. First 2D Test Medium

As shown in Figures 3, path planning algorithm are used. The proposed algorithm is the Dijkstra
algorithm. As shown in the figures, there are three different obstacles, each with a different Length and
width. The first and third obstacles are 20 m wide and 60 m long and the second obstacle is 40 m wide and
40 m long.

2D path of the algorithm
T T

Starting

Pai

Length (m)

80

100

Target

L |
20 40 60 80 100 120 140
width (m)

Figure 3. 2D path of the algorithm for the first application

The results of the path in the above figure are as shown in table 1. The path from the starting point to
the destination is calculated in 2D. The 154m path is shown to be moving in 1.0410 seconds, according to
the Dijkstra algorithm.

4.2. First 3D Test Medium

As shown in Figure 4, the first obstacle is 60 m high after assessing the drone's height and the obstacle,
the second obstacle is 40 m high and the third obstacle is 60 m high. The algorithm calculates the path
length when the drone's height is 45m, indicating that the second obstacle is higher than the height, thus
ignoring the second obstacle and reaching the destination point in a shorter time.
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3D path of the algorithm
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Figure 4. 3D path of the algorithm for the first application

The results of the path in the above figure are as shown in Table 1. The path from the starting point to
the destination is calculated in 3D. The 22m path is shown to be moving in 1.2762 seconds, according to
the Dijkstra algorithm.

4.3. Second 2D Test Medium

As shown in Figures 5, path planning algorithm are used. The proposed algorithm is the Dijkstra
algorithm. As shown in the figures, there are four different obstacles, each with a different Length and
width. the first obstacle are 20m wide and 50m long and the second obstacle is 20 m wide, 20m long, the
third obstacle is 20m wide and 30m long and the fourth obstacle is 20m wide and 60m long.

2D path of the algorithm
T T

. . . L L . f
20 40 60 80 100 120 140
Width (m)

‘ .

Starting
40  Point

Target

Length (m)

80

100 -

Figure 5. 2D path of the algorithm for the second application

The results of the path in the above figure are as shown in Table 1. The path from the starting point to
the destination is calculated in 2D. The 73m path is shown to be moving in 1.1049 seconds, according to
the Dijkstra algorithm.
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4.4. Second 3D Test Medium

The algorithm calculates the path length when the drone's height is 55 m, indicating that the first,

second and third obstacles is higher than the height, thus ignoring the first, second and third obstacle and
reaching the destination point in a shorter time.

3D path of the algorithm
T T

Target
60 | Starting 4
Point
4

100 |

Length (m)

L
il 40 60 80 100 120 140
Width (m)

Figure 6. 3D path of the algorithm for the second application

The results of the path in the above figure are as shown in table 1. The path from the starting point to

the destination is calculated in 3D. The 43m path is shown to be moving in 1.4835 seconds, according to
the Dijkstra algorithm.

Table 1. 2D & 3D path planning algorithm performance per second and path planning line length

performance
Fi Dijkstra Algorithm Time | Dijkstra Algorithm Path Length
igure
(sec) (m)
First 3 1.0410 154
Environment 4 1.2762 125
Second 5 1.1049 180
Environment 6 1.4835 145

The example of Unmanned aerial vehicle in the real-time test environment is as shown in Figure 7
There are three obstacles, each obstacle has different heights. The first obstacle height is 60m, the second

obstacle is 70m and the third obstacle is 80m, paths from the starting point to the destination point are
calculated.
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20 First Way
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Figure 7. UAV test environment

The results of the UAV test environment are as shown in Table 2. The images on the flight path of
unmanned aerial vehicles are as shown in Figure 8, Figure 10 and Figure 12.

Table 2. Energy consumption at different heights

Way Drone Height | Distance | Drone Speed | Battery Expenditure | Battery consumption
(m) (m) (m/s) ) (%)

First Way 50 385 5 3400 23.43756

Second Way 65 387 5 3400 25.252822

Third Way 85 272 5 3400 22.265682

4.5. Planning of UAV path at different heights

Figure 8. Drone height 50m for first road

As seen in the image below, the drone has a height of 50m. When we try the first path in the simulation
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environment, drone height is lower than the height of the obstacles. Therefore, the algorithm passes
around obstacles when executed. It shows a path as shown in figure 9.

First way for real-time testing
T T

‘ ‘

20 B
40 b
Target
0T Starting b
Point
80 - B
1 2 3
100 - bl

120 9

Length (m)

L L L L L L A
20 40 60 RO 100 120 140
Width (m)

Figure 9. First way for real-time testing

The path from the starting point to the destination is calculated in 3D. The 97m path is shown to be
moving in 1.0138 seconds, according to the Dijkstra algorithm.

Figure 10. Drone Height 65m for second way

When the drone height is 65m, we tried the second path in the simulation environment, when the
algorithm runs, the first and second obstacles ignores the 60 m, 70 m height because the drone height is
higher than the first and second obstacles. The plotted path is as shown in Figure 11 below.
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Second way for real-time testing
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Figure 11. Second way for real-time testing

The path from the starting point to the destination is calculated in 3D. The 61m path is shown to be
moving in 1.2142 seconds, according to the Dijkstra algorithm.

Figure 12. Third way for drone height 85m

When the drone height is 85m, we tried the third way in the simulation environment, since the drone
height is more than the height given for three obstacles, it ignores the three obstacles when the algorithm
is executed. As a result, it is calculated without any obstacles from the starting point to the destination.
The plotted path is as shown in Figure 13 below.
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Third way for real-time testing
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Figure 13. Third way for real-time testing

It is equal to 16.8 V when the battery is full and equal to 13.2 V when the battery is empty. According
to the results, the higher the UAV, the more batteries are consumed. The results of the simulation
environment are shown in Table 3 below.

Table 3. Three-dimensional simulation result for real-time testing

Three-dimensional Dijkstra Algorithm
simulation result Time (sec) Optimal path (m)
First way 1.0138 97
Second way 1.2142 61
Third way 1.4389 80

5. RESULTS AND DISCUSSIONS

When we compare the results of Dijkstra algorithm, it gives different results in both experimental
environments. By comparing 2D and 3D environments, our algorithm offers better results in 3D
environments. As a result, Dijkstra algorithm shows shorter path lengths in three-dimensional
environments as a result, unmanned aerial vehicles are used for this purpose comparing simulation and
real-time test results as shown in Table 4.

Table 4. Comparison of 2D and 3D real-time test and simulation results per second

) Dijkstra Algorithm (sec)
Figure
Simulation Real-Time Testing
First Environment > 1.0410 0.10
4 1.2762 0.06
, 5 1.1049 0.11
Second Environment p 14835 0.07
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