Ill -4

| RX) OZEL SAYI/SPECIAL ISSUE 39
& TEMMUZ/JULY 2022

EJOSAT

EUROPEAN JOURNAL OF
SCIENCE AND TECHNOLOGY

Avrupa Bilim ve Teknoloji Dergisi

N

E-ISSN 2148-2683

https://dergipark.org.tr/en/pub/ejosat



IE EUROPEAN JOURNAL OF

eSocar  SCIENGE AND TECHNOLOGY

OZEL SAY1/ SPECIAL ISSUE 39

TEMMUZ/JULY 2022

Prof. Dr. Osman SAGDIC
Editor-in-Chief and Editor

Prof. Dr. Huseyin TOROS

Prof. Dr. Ahmet DOGAN

Editorial Board Members

Prof. Dr. Osman SAGDIC
Subjects: Food Sciences and Engineering

Institution: Yildiz Technical University

Prof. Dr. Haseyin TOROS
Subjects: Engineering

Institution: Istanbul Technical University

Prof. Dr. Ahmet DOGAN
Subjects: Environmental Sciences and
Engineering,Geological Sciences and Engineering,Civil
Engineering

Institution: Yildiz Technical University

Prof. Dr. Osman TAYLAN
Subjects: Energy Systems Engineering,Machine

Learning,Quality Management,Artificial

Intelligence,Multiple Criteria Decision Making,Fuzzy Logic

Institution: Department of Industrial Engineering, Faculty of

Engineering, King Abdulaziz University.

Prof. Dr. Tuncay GUMUS
Subjects: Food Sciences and Engineering

Institution: Namik Kemal University

Assoc. Prof. Dr. Juliana JALALUDIN

Subjects: Air Pollution and Control,Environmental Sciences

and Engineering

Institution: Universiti Putra Malaysia, Faculty of Medicine

and Health Sciences, Department of Environmental and

Occupational Health

Asst. Prof. Dr. Abdulatef AHHMED
Subjects: Meat Technology

Institution: Aljfarah University

Prof. Dr. Iskender AKKURT
Subjects: Physics,Computer Sciences and Engineering

Institution: Suleyman Demirel University

The European Journal of Science and Technology (EJOSAT) is a scientific and peer-reviewed journal

published online four times in January, April, August, and November. The European Journal of Science and

Technology is scanned in indexes such as Scilit, Index Copernicus, CiteFactor, International Innovative

Journal Impact Factor, Eurasian Scientific Journal Index, SJIFactor, DRJI, Scientific Indexing Services and

Google Scholar.

@ Scilit

Google

Sarvines

https://dergipark.org.tr/en/pub/ejosat
e-ISSN 2148-2683



OZEL SAYI/ SPECIAL ISSUE 39
TEMMUZ/JULY 2022

On The Geometric Approach of Differential Equations

Vahide BULUT

Sayfa:1-5

ThingSpeak Sunucusunu Kullanarak Sicaklik ve Nem Bilgisini izleme

Yunus Emre CENGIZ, Mehmet DUMAN

Sayfa: 6 -8

Effects of Heat Treatment on Magnetic Properties of NdFeB Based Permanent Magnet Alloys
Muhammed Fatih KILICASLAN, Yasin YILMAZ, Bekir AKGUL

Sayfa: 9 -12

Metaheuristic FIR Filter Design with Multi-Objective Atomic Orbital Search Algorithm
Mehmet Fatih KARAKAS, Fatma LATIFOGLU

Sayfa: 13 - 16

2.4 GHz and 5 GHz Dual Band Wi-Fi Antenna Design for loT Based Smart Media Application
Derin Arda SAHIN, Adnan KAYA

Sayfa: 17 - 20

Farkli Tasiyici Sistemlerin Kaba insaat Maliyetine Etkisi

Murad KHALAF, Abdulhalim KARASIN, [brahim Baran KARASIN

Sayfa: 21 - 25

Egitsel SDR Tekniklerine Dayali FPGA Tabanli FM Radyo Verici Tasarim ve Uygulamasi
Ahmed ALGHHRIUNI, Bilgehan ERKAL

Sayfa: 26 - 32

Generalization of an Integer Sequence Associated with Tribonacci Numbers

Baris ARSLAN, Kemal USLU

Sayfa: 33 - 38

Kentsel Aricilik Kurallari ve Zorluklari

Fehmi GUREL

Sayfa: 39 - 43

Development Of Fleet Tracking Systems Using Direct CAN Data

Ferhat Onat SIRIN, Reyat YILMAZ

Sayfa: 44 - 50

6 GHz Alti 5G Kablosuz Haberlesme Uygulamalarinda Butler Matris Besleme Hatti lcin Kiglk
Boyutlu Atlama Tasarimi

Gudrat HEYDARLI, Merih PALANDOKEN

Sayfa: 51 - 54

Passive Intermodulation Measurement System

Huseyin ANIKTAR

Sayfa: 55 - 58

Design and Simulation of Equal Split Wilkinson Power Divider fremnur Durul

iremnur DURU

Sayfa: 59 - 62

Rayli Sistem Araclarinda Enerji Verimliliginin lyilestirilmesi

Eren AKSU, Mahmut KAPLAN

Sayfa: 63 - 70

Machine Learning Based Classification Algorithm for AP Selection in Cell-Free MIMO Systems
Mert DEMIREL, Esra AYCAN

Sayfa: 71-75

Yeni Bir Yaklasimla Elde Edilen Grafen Oksit Sentezlerinde SEM ve TEM Analizleri
Omer LACIN

Sayfa: 76 - 79

(7))
-
<
Ll
—
pr
O
U
Ll
O
Ll
e
(a8
<
-
N
o
LLl
—_
"4
Ll
(]
-
=

EUROPEAN JOURNAL OF SCIENCE AND TECHNOLOIJY




OZEL SAYI/ SPECIAL ISSUE 39
TEMMUZ/JULY 2022

Control over Amplification in Exciton Polariton Condensate

Sergey BORISENOK

Sayfa: 80 - 84

Design Approaches on Inner Bodies of Gears with Methods Topology Optimization and Lattice
Structures

Behlul BECERGEN, Murat CAKMAK, Muhammed Fatih MARAL, Ahmet DAYANC, Feridun KARAKOC
Sayfa: 85 - 90

Farkli Dolgu Tipleri icin Cercevelerin itme Analizi ile Kiyaslanmasi

Ibrahim Baran KARASIN, Mehmet Emin ONCU

Sayfa: 97 - 96

Kurumsal Envanter Yonetim Sistemi icin Ontoloji Tabanli Yaklasim

Ozgl CAN, Elif Ezgi EMRE

Sayfa: 97 - 102

Yapilarda Bozulma ve Nem Hasarinin Dijital Gérintl Isleme Yontemi ile Tespiti

Saltuk Taha USTAOGLU, Betdl BEKTAS

Sayfa: 103 - 108

Silajdan Elde Edilen Lactobacillus sp. ve Lb. rhamnosus,” un bazi Enzim Aktivitelerinin Incelenmesi
Tugce TURGUT, Kemal GURLER, Halit YUCEL, Prof. Dr. Emin OZKOSE, Mehmet Sait EKINCI

Sayfa: 109 - 112

Anaerobik Gut Funguslari [le Laktik Asit Bakterilerinin Kokdltir Olarak Yetistirildiklerinde Enzim
Aktiviteleri Uzerine Etkileri

Tugce TURGUT, Aziz BOLAT, Halit YUCEL, Prof. Dr. Emin OZKOSE, Mehmet Sait EKINCI

Sayfa: 113 - 117

Effect of NaBH4 concentration on hardness and microstructural properties of electroless deposited
St-37 steel

Yasin YILMAZ, Hatem AKBULUT, Mehmet UYSAL

Sayfa: 118 - 121

Local Analysis of a Competitive Problem with Toxicants

Nihal OZDOGCAN

Sayfa: 122 - 126

Hava Araci Batarya Hlcresinin Modellenmesi

Fatma YILDIRIM DALKIRAN, Simeyra CEL/K

Sayfa: 127 - 131

Epilepsi Tespitinde Gurblz Yerel Ortalama Ayrisim ve Ampirik Kip Ayrisim Yéntemlerinin
Performans Analizi

Oguzkaan CATALKAYA, Tuba HAZMAN, Sabrina TURTUROVA, Tugba $E/\ITUF9K, Fatma LATIFOGLU
Sayfa: 132 - 137

Cok Olgekli Temel Bilesen Analizi ve Evrisimsel Sinir Adlari ile Elektrokardiyografi Sinyallerinden
Miyokart Enfarktisdndn Tespiti

Arda AYDOGAN, Buse [CME, Ali INCE, Stimeyya ARIKAN, Fatma LATIFOGLU

Sayfa: 138 - 142

Derin Ogrenme Teknikleri Kullanilarak Borsadaki Hisse Degerlerinin Tahmin Edilmesi

[Iker DALKIRAN, Mehmet OZAN

Sayfa: 143 - 148

Removal of Phenol by Electro-Fenton Process

Halima AL-THAWR, Umran TEZCAN UN, Ozlem OZDEN UZMEZ

Sayfa: 149 - 152

(7))
-
<
Ll
—
pr
O
U
Ll
O
Ll
e
(a8
<
-
N
o
LLl
—_
"4
Ll
(]
-
=

EUROPEAN JOURNAL OF SCIENCE AND TECHNOLOIJY




Avrupa Bilimve Teknoloji Dergisi European Journal of Science and Technology
Ozel Say1 39, S. 1-5, Temmuz 2022 Special Issue 39, pp. 1-5, July 2022
© Telif hakki EJOSAT 'a aittir LS el ¥ Copyright ©2022 EJOSAT

Arastirma Makalesi www.ejosatcom ISSN:2148-2683 Research Article

On The Geometric Approach of Differential Equations

Vahide Bulut

Izmir Katip Celebi University, Faculty of Engineering- Architecture, Departmant of Engineering Sciences, izmir, Turkey, (ORCID: 0000-0002-0786-8860),
vahide.bulut@ikcu.edu.tr

(3rd International Conference on Applied Engineering and Natural Sciences ICAENS 2022, July 20-23, 2022)
(DOIL: 10.31590/ejosat.1142206)

ATIF/REFERENCE: Bulut, V. (2022). On The Geometric Approach of Differential Equations. Furopean Journal of Science and
Technology,(39), 1-5.

Abstract

Expressing physicalfacts around us possesses to use mathematical models in both theory and application. Since these models usually
involves differential equations, we presenta novel geometric approach to these models using developable ruled surfaces and line
congruences.

In this paper, a tangent developable ruled surface according to first order differential equation and its solution function are presented.
Moreover, we expressed a line congruence based on the solution of exact differential equation and its solution function. Also, some
examples oftangent developable ruled surfaces and line congruences are given.

Keywords: Developable ruled surface, tangent developable ruled surface, first-order differential equation,exact differential equation,
line congruence.

Diferansiyel Denklemlerin Geometrik Yaklasinm Uzerine

Oz
Cevremizdeki fiziksel gercekleri ifade etmek, matematiksel modelleri hem teoride hem de uygulamada kullanmay:1 gerektirir. Bu

modeller genellikle diferansiyel denklemleri igerdiginden, agilabilir regle yiizeyler ve dogru kongriianslarini kullanarak bu modellere
yenibir geometrik yaklagim sunuyoruz.

Bu makalede, birinci mertebeden diferansiyel denkleme gore teget agilabilir bir regle ylizey ve ¢6ziim fonksiyonu sunulmaktadir.

Ayrica, tam diferansiyel denklemin ¢6ziimiine ve ¢6ziim fonksiyonuna dayah bir dogru kongriians1 ifade edilmektedir. Ayrica, teget
acilabilir regle yiizeyler ve dogru kongriianslar ile ilgili bazi 6rekler verilmektedir.

Anahtar Kelimeler: Acilabilir regle ylizey, teget acilabilir regle yiizey, birinci mertebeden diferansiyel denklem, tam diferansiyel
denklem, dogru kongriiansi.
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1. Introduction

Developable surfaces are very special surfaces in
manufacturing industry such as ship hulls (P’erez and Su’arez,
2007), car bodies and airplane skins (Frey and Bindschadler,
1993), and clothing (Chen and Tang, 2010), since these surfaces
can be unfolded into a plane without stretching or tearing.

A two-parameter set of lines is called a line congruence. Line
congruences has been gained big importance in theory but in
present congruences have started to attract attention in practice
(Bottema and Roth, 1979; Odehnal and Pottmann, 2001; Pottman
and Wallner, 2001 ).

Mathematical models are widely used for understanding of
physical phenomena in engineering, the natural sciences,
economics, and even business. These models often contains
unknown function and its derivatives. This kind of an equation is
called a differential equation. If a mathematical model involves
the rate of change of one variable with respect to another, this
model involves a differential equation (Nagle, Saff and Snider,
2012).

2. Preliminaries

2.1. Developable Ruled Surface and Line
Congruence

A one parameter family of straight lines is called ruled
surface and defined by;

Rw,v) = aWw) + ud(v) (1)

where, a(v) is the directrix curve and l(u) = a(v,) +ud (v,) is
a line and called as the generator or the ruling of the ruled surface
R(u,v) for a constantvalue v = Vg-

If the tangent plane is constant at all points along a given
ruling of the ruled surface, then this surface is called a developable
ruled surface (Kreyszig, 1991). A developable ruled surface can
be a plane, a conical surface, a cylindrical surface or tangential
developable surface (see Figure 1). A ruled surface is called as
developable ruled surfaceif the following relation is satisfied.

(a',d,d)=0 @

Fig. 1: A tangential developable surface

e-ISSN: 2148-2683

If the ruled surface in (1) takes one more parameter, therefore
aruled surface family which is called line congruence is obtained.
We can express a line congruence with following equation.

Rw,v,w) = alv,w) + ud(v,w) (3)

in which (v, w) is the base surface and d (v, w) is the generator
vector field.

2.2. First-Order Differential Equations

An equation contains an unknown function and its derivatives
is called differential equation. If the unknown function depends
on only one independent variable, the differential equation is an
ordinary differential equation (ODE). If the unknown function
depends on two or more independent variables, it is called a
partial differential equation (PDE). A solution of a differential
equation is a function that satisfies the differential equation
identically for all values ofthe independent variable in the interval
I

Many physical problems can be solved by using first-order
differential equations when these problems fornulated
mathematically. Standard form of the first-order differential
equation is as follows:

SJ..IQ..
R I

y'=—=fy) @
in which, the dependent variable is y and the independent variable
is x. As known from calculus, a derivative Z—Z of a differentiable

function y = y(x) yields slopes of tangent lines at points on its
graph (Zill, 2001).

3. Geometric Application of First-Order
Differential Equations

Let’s suppose that we have the solution of given first-order
differential equation. Since the first-derivative of a differentiable
function gives slopes of tangent lines at points on its graph, a
developable surface can be expressed according to tangential
developable surface. For this purpose,a developable ruled surface
can be expressed according to the first-order differential equation
in (4) and the solution function y = y(x) of this equation by

D, w =r®) +ur' (t) &)

r@) =, y@®, gt y®))

here ! ;
W {r’(t) = (1, y'(©®, g +gy d_i)

t

. . .. d
Example 1: A first-order differential equation is d—i}= —
-t

Solution of this equationis y(t) = —V25 — t2 + ¢, in which c is
the integral constant.Let’s write the equation of the developable
ruled surface as
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[t+u,

(= p——

25 — t?

D(t,uw) =

t—5(- 25—t2+c)+7+u<1—5(

Developable ruled surfaces belong to ebove equation by using the
values of the integral constant can be seen in Figure 2.

Fig. 2: Developable ruled surfaces according to the values of the
integral constant

Example 2: A first-order differential equation is

Solution ofthis equationis y(t) = — i cos5t + ¢. Wecan express
the equation of the developable ruled surface as

D(t,w = [t+u

1
(—ECOSSt +c) + usinbt,

1
t+3 (E cos 5t + c) +5 4+ u(1 - 3(sin St))]

Developable ruled surfaces belongto ebove equation by using
the values of the integral constant can be seen in Figure 3.

Fig. 3: Developable ruled surfaces according to the values of the
integral constant

e-ISSN: 2148-2683

=)

dy .
— = sin 5t.
dt

2t
-=.

dt y
The equation of the

Example 3: A first-order differential equation is
1
t2+c
developable ruled surfaceis given as follows:

Solution of this equationis y(t) = —

[t+u,

(—tzic>+u(—i—§)'
t_4(_t21c)+9+u<1_4<_%>>]

Developable ruled surfaces canbe seen in Figure 4.

D(t,w) =

Fig. 4: Developable ruled surfaces according to the values of the
integral constant

4. Geometric of Exact

Equations

Application

Differential of a function of two variables as z = f(x, y) with
continuous first partial derivatives in aregion R of the xy-plane
as

d afd d 6
Z_ax x+6y y. 6)

If the function is given in the form of f(x,y) = c, then a first-
order differential equation can be generated by using the equation

(6).

Definition: A differential expression M (x,y)dx + N(x,y)dy is
an exact differential in a region R ofthe xy-plane if it corresponds
to the differential of some function f(x,y) defined in R. A first
order differential equation of the form

M(x,y)dx + N(x,y)dy = 0 @)

is called exact equations if the expression on the left-hand side is
an exact differential (Zill, 2001).

On the other hand, due to the fact that R(u,v,w) in ?3)
indicates a line congruence in 3-D real space, the tangent plane of
a regular surface forms a line congruence. Assume that the
solution F (x, y) ofexact equation (7) is given. Since this solution
function includes continuous first partial derivatives, a line
congruence can be defined as

3
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Ruw,v,w) = Su,v)
+wlst,v) + us, (u,v) ®)
+vS,, v)].

where Sw,v) = (W, v, F(uv)).

Example 4: Let a first-order exact differential equation be

(e*+y)dx+ 2 +x+ye¥)dy = 0.

Solution of this equation is found as

e*+xy+2y+ye” —e¥ =c. . ) .
Fig. 6: The line congruence obtained from the exact
Hence, the line congruence can be written by equation 2xydx + (x? —1)dy = 0.

[u+2uw, v+2vw, e“+uv+2v+ve’ —e’ —c

R(u,v,w) =i IZ([:“ I;‘)V +2v +ve” —e” —c| Example 6: A first-order exact differential equation given as in

[ +v(2uw 412 — 1)] J the form of below equation:
(siny — y sinx)dx + (cos x + x cosy — y)dy = 0.

Line congruence can be seen in Figure 5.
If we solve this equation we will get solution as

. 1
xsmy+ycosx—;y2 =c.

BO00

5000 - The line congruence can be presented with the following

st equation:
3000 [ i 1 2 ]
u+ 2uw, v+ 2vw, usmv+vcosu—5v —-c |
2000 | ) 1 2 |
R(u,v,w) = +wlusinv+vcosu —=v°—c
1000 -| | 2 |
| +u(sinv —vsinu) |
0 [ +v(cosu + ucos v — v)] ]

Line congruence can be seen from Figure 7.
Fig. 5: The line congruence obtained from the exact
equation (e* + y)dx + 2 + x + ye¥)dy = 0.

Example 5: Let us given a first-order exact differential equation
with 2

2xydx + (x? — 1)dy = 0.

-100
We can determine the solution of this quation by
x*y—y=c. -150
. 0 ™
Therefore, we can express the line congruence as 15
10N PRSI
5 = el 10 5
\0(25 A "
u+2uw, v+2vw, vv—v-—c
R(u,v,w) = +wlu?v —v—c Fig. 7: The line congruence obtained from the exact
+uQuv) + v(u? - 1] equation (siny —y sinx)dx + (cosx +x cosy — y)dy = 0.

Line congruence can be seen in Figure 6.

Example 7: Let us given a first-order exact differential equation
by

(1 +mx+%)dx - @ -~ nx)dy =0,
When we solve ebove equation we have the following solution:

—y+ylnx+xlnx =c.
e-ISSN: 2148-2683 4
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The line congruence can be written as
—v+vlhu+ulhu—-c
| +wl-v+vinu+ulnu—c|
! +u (1 +Inu +z)
| u
l +v(=1+ Inuw)]

[« + 2uw, v+ 2vw,

R(u,v,w) =

—

Line congruence can be seen from Figure 8.

Fig. 8 The line congruence obtained from the exact
equation (1 +Inx + f) dx— (1 —Inx)dy = 0.

5. Conclusion

In this paper, we focused on the geometric approach of the
first-order differential equations. For this purpose, we defined a

e-ISSN: 2148-2683

tangent developableruled surface which takes the solution of this
differential equation as directrix curve and the equation itself as
tangent vector of this directrix curve. Additionally, a line
congruence is expressed based on exact differential equations.
Also we presented some applications of developable ruled
surfaces and line congruences.
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Oz

Bu c¢alismada amag ortamin sicakhk ve nem degerini uygun sensorkullanarak 6lgmek, 6lgiilen degerleri internet haberlesme protokollii
Wi-Fi modiil ile bir veri depolama merkezinde islemek, iglenen verilerin gézlem ve takibini saglamaktir. Calismada mikro denetley ici
olarak Atmel Atmega328 islemcisi, sicaklik ve nem degerini 6lgmek i¢cin DHT22 sicaklik ve nem sensérii, internet baglantisi i¢in
ESP8266 seri Wi-Fi modiili kullanilnustir. Islemci ile bilgisayar arasindaki internet baglantis1 kullanilarak verilerin, veri depolama
sunucusu olan ThingSpeak’e aktarmm saglanmisti. ThingSpeak sunucusunda tercihlere gore olusturulan kilitli veya agik kanal olmak
iizere Olglimii yapilan degerler i¢in parametreler ve istenilen parametre birimleri belirlenmistir. Sicaklk ve nem degerleri be lirlenmis
zaman arahi@iyla dlgiilerek ThingSpeak iizerinden 6lgiimiin gerceklestigi zaman bilgisi ile beraber grafige aktarilmig ve gdzlemlemeler
yapilnustir.

Anahtar Kelimeler: Sicaklik, nem, sensor, Wi-Fi modiil, ThingSpeak.

Monitoring Temperature and Humidity Information
Using ThingSpeak Server

Abstract

The aim of this study is to measure the temperature and humidity of the environment using a convenient sensor, to process the measured
values in a data storage center with a Wi-Fi module internet communication protocol, and to observe & monitor the processed data. In
the study, Atmel Atmega328 processoris used as a microcontroller, DHT22 temperature and humidity sensoris used to measure
temperature and humidity, and ESP8266 serial Wi-Fi module is used for internet connection. By using the connection between the
processor and the computer, the data is transferred to ThingSpeak, which is a data storage server. Parameters and desired parameter
units have been determined for the measured values whether locked or open channel which is created according to pre ferences in
ThingSpeak server. The temperature and humidity values are gathered at a specified time interval, and they are graphed over
ThingSpeak, along with the time when the measurement take place, and observations are made.

Keywords: Temperature, humidity, sensor, Wi-Fi module, ThingSpeak.
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1. Giris

Giiniimiiz teknolojisinin gelismesinden kaynaklanan sartlar,
nesnelerin interneti teknolojisinin kullanimmm yayginlagmasini
saglamistir. Insanlarn hayatmni kolaylastiran sistemlere talepleri
bu alanda kullanicilarin ihtiyact haline gelmistir. Ev, is vb. alanlar
teknolojik cihazlarla donatimaktadi. Bu cihazlara baglanma,
bilgi ahs-verisi, cihazlan yonlendirme ve giivenli hale getirme
gibi hizmetlere erigim saglanabilmektedir. Boylelikle giivenli ve
saglikli ¢alisan sistemler gelistirilebilmektedir.

Atmel Atmega328 islemcisi bir mikro denetleyici kart olarak
nesnelerin interneti alaninda kullanicilara hizmet vermek icin
teknolojik imkanlar sunabilmektedir. Ilgili mikro denetleyici
kartiyla beraber istenilen hizmet, bilgi ve kontrol; sensdrler ve
modiiller tarafindan yapilabilmektedir Kullanicm elde etmek
istedigi veri, kontrol, izleme gibi hizmetlere goére sensor ve
modiiller secilmelidic Bu sensor ve modiiller de amaglanan
projeye uygun olmaldir. Ayni isi yapabilen daha uzun omiirlii,
daha genis kapsama alan1 olan sensOrve modiiller olabilmektedir.

Literatiir aragtirmalarinda; Arduino Uno, ESP8266 ve
DHT22 kullanilarak bebek kuvdziindeki hava sicakligi ve nem
seviyelerinin uzaktan izlendigi goriilmiistiir [1]. Ayrnca, kirsal
alanda yaygm bir uygulama sorunu olan fotovoltaik (PV)
santralin siirekli izlenememesi benzer proje ile ¢éziimlenmistir.
Nesnelerin internetine dayali PV enerji santrali izleme igin
kablosuz diigiim 6nerilmektedir. Kablosuz diigiim, PV’den giines
enerjisinin elektriksel parametreyi ve cevresel sicaklik ve nem
parametrelerini  izlemeyi amaglar [2]. Saghk alanmnda
kullantlmak  iizere Dbirgok ¢ahigmalar  gerceklestirilmig tir.
Hastanelerde soguk zncirin saglanmasi1 i¢in tibbi amagh
buzdolaplart  kullanilmaktadir. ~ Ameliyathaneler, ilaglarin
muhafazasma yonelik kurallar, kan ve kan iriinleri, yogun bakim
iiniteleri vb. yer ve iriinlerin sicaklik ve nem degerleri takibi
yapimas1 gerekmektedir [3]. Ciddi rahatsizliga sahip hastalarm
stirekli gdzetim atinda tutulmasi yiiksek maliyetli bir siirectir.
Nesnelerin interneti teknolojisi ile hastalarm bagh oldugu cihazlar
stirekli hemsireler ve doktorlar tarafindan izlenmekte ve
hastalarm hastanede tutulma zorunlulugu ortadan kalkmaktadir
[4]. Tarim alaninda da bircok cahgmalar gerceklestirilmis tir.
Modern tarim teknolojisini uyarlamak, genel verimlilifin yan1
srra eldelerin verimliligini artrmada oOnemli bir rol oynar
Ciftcilerin  ¢iftliklerinin gercek zamanh kosullarm1 her yerden
kolayca izleyebilmeleri i¢in sensorler araciiiyla kullanicilari
ciftliklerine baglar. Bir mantar ciftliginin ¢evresel kosullarmi
izZlemek i¢in bir izleme sistemi gelistirilmistir. Kullanicmm bir
mantar ¢iftliginde sicaklk, nem, ve 151k yogunlugu gibi dnemli
faktorleri ug cihazlar araciligiyla izlemesini saglar [5].

Bu projede ise ortamin sicaklik ve nem degerlerini 6lgme ve
verilerin internet lizerinden gbdzlemlenebilmesi
gerceklestirilecektir. Insanlar giinlik yasammda ev veya is
yerinde bulunduklari ortamda sicakliga, nem degerine bakma
ihtiyact duyabilmektedir. Bu ihtiyact sensor yardimiyla yiiksek
hassasiyetle dogru 6lgerek istedigi zaman gozlemleyebilecek ve
olusan trendleri takip edebilecektir.

2. Materyal ve Metot
2.1. Materyal

Atmel Atmega328 islemcisi bulunan gelistirme karti agik
kaynak kodlu kullanilabilen, donanim ve yazilim tabanh ¢alisan
bir mikro denetleyici karti olarak nitelendirilic Bir takim
karakteristik Ozelliklere sahip gahgabilen nesneleri gelistirmek,
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birlestirmek bununla beraber bilgisayar iizerinden yazilimlar
sayesinde komutlart gergeklestirmek amaciyla kullanilir.

DHT22 diisiik maliyetli, dijital sicaklik ve nem sensoriidiic
Havanin durumunu 6lgmek i¢in kapasitif nem sensorii ve
termistor kullanir [6].

ESP8266 “Espressif System” tarafindan gelistirilen, c¢esitli
Wi-Fi ve nesnelerin interneti modiillerin iizerinde yer alan ve
“SoC” c¢ipine sahip modiil olarak tanimlanir [7]. ESP8266
elektronik projelerinde internet erisimi saglayarak veri yiikkleme
ve veri almaya, projeleri internet iizerinden kontrol edebilmeyi
saglayan modiildiir [8]. Tablo 1’de DHT22 sensor 6zellikleri [9]
ve Tablo 2°de ESP8266 modiilii 6zellikleri [10] verilmistir.

Tablo 1. DHT22 Sensor Ozellikleri

2.5mA
%0-%100 arasindave %2-5
arasinda hassasiyet
-40 ile 80°C arasinda+2°C
hassasiyet

Maksimum Akim

Nem Olgiim Arahg1

Sicaklik Olgiim Arahg:

Olgiim Hizi 0.5 Hz frekans
Olgiiler 15,lmm x 25mm x 7,7mm
Pin Sayis1 4 pin

Tablo 2. ESP8266 Seri Wi-Fi Modiilii Ozellikleri

Frekans 2.4GHz
Veri Gonderim Hizi 54Mb/s
Calisma Sicaklik Arahgi -20° - +70°
Cikis Giicii 19.5 dBm
Cahgma Besleme Gerilimi 3.3V
Giivenlik WPA, WPA2 , WPS
2.2. Metot

ThingSpeak bir veri gorsellestimme ve depolama
platformudur. “HTTP ve MQTT” protokolleri kullanarak veri
iletisimine izin verir. Islemci ile bilgisayarmn internet baglantismi
saglayan ESP8266 seri Wi-Fi modiilinden gegen veriler
ThingSpeak  iizerinden olusturulan kanallara  iletilirler.
Olusturulan kanal i¢in bir “API KEY” olusturulur. “API KEY”
kanal olusturulduktan sonra ThingSpeak iizerinden goriintiilenir.
Yazihmm gerekli kisminda belirtilerek gerekli giivenlik duvari
sart1 saglanarak verilerin kanala ulagmasi saglanm. Verilerin
islenmesi ve grafik goriintiilenmesi icin sistemde bulunan
seceneklerden uygun olani segilir.

DHT22 sensériiniin baglantilart i¢in “VCC” ayagi devrenin
5V noktasma, “DATA” ayag: islemci kartma tam olarak ise
“DIGITAL PWM” kismindaki herhangibir pine baglanir. “GND”
ayag1 eksi kutuba baglan. Bu sekilde DHT22 baglantilar
yapilmig olunur.

ESP8266 modiiliiniin baglantilart i¢in disi-erkek kablo
kullanarak GND ve 3.3V “breadboard”mn kenar kismindaki eksi
ve art1 kutuplarma baglanmisti. “TX ve RX” swasiyla islemci
kartinda “DIGITAL ANALOG” kisminda 10. ve 11. pine
baglanmigti. “EN” kismna 3.3V baglanmustir. Sekil 1’de devre
baglanti gemas1 verilmigtir.

Serial Port ekranindan sicaklik ve nem degerleri okunulabilir.
ThingSpeak iizerinden olusturulan kanalin “API KEYS” ile girisi
yapilarak verilerin dogru kanala gitmesi saglani. Olusturulan
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kanalda Sekil 2 ve Sekil 3’te goriildiigii gibi islenen veriler
grafiklendirilebilir.

DHT22 - ESP8266 VERI

N

Date

Sicakhk

Sekil 2. ThingSpeak Kanalinda Sicaklik Deger Grafigi

Field 2 Chart g o F x

DHT22 - ESP8266 VERI

s

Date

Mem

BdACassk oo

Sekil 3. ThingSpeak Kanalinda Nem Deger Grafigi

4. Bulgular

Sekil 2 ve Sekil 3’teki grafikler sicaklik ve nem sensoriiniin
okudugu, modiil tarafindan kanala goénderilen verileri
gostermektedir. Sicaklik grafiginde sensore cakmak tutuldugunda
sicaklik degerinin saat 01:37°de 30,8°’den 39,8°’e yiikseldigini,
soguk hava verildiginde saat 01:41’de sicaklik degerinin
39,8°°den 30,8°’e diistiigii goriilmiistiir. Nem grafiginde sensonin
buharmakinesine tutuldugundanem oranmin saat 01:41 ile 01:50
arasmda %0,5’den %6,4’e artti31 aksi durumda nem oranmin
azaldig1 goriilmiistiir.

5. Tartisma

Bu projede istenilen verilere dahakolay erisilmesi ve verileri
takip edebilme amaglanmuisti.  Giinlik yasamda veya is
sahalarinda ortam ayirt edilmeden istenilen her alanda sicaklik ve
nem degerleri dlgiilebilmekte veinternet araciligiyla gdzlemleme
konforu saglanmaktadir.
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Projede PCB baski devre ile daha duragan bir devre elde
edilebilirdi. Bir kutulama ile portatif kullanilabilen bir cihaz
haline getirilebilirdi. Bu cihaza bir LCD ekran ile sicaklik ve nem
degerleri yazdmlabilir ve gozlemlenebilirdi. ThingSpeak
sunucunda iglenen verileri daha uzun sireli goézlemleyerek
glinliik, aylik takipler ile daha saghkh sonuclarelde edilebilirdi.

6. Sonuclar

Bu projenin gergeklesmesi i¢in malzemeler ve yontemuygun
sekilde bir araya getirilmis, islemci kart ile devre baglantilar
eksiksiz yapilmig, sicaklik ve nem sensoérleri iglevini tam olarak
gergeklestirmis, elde edilen degerler okunarak kart, cihazlar ve
bulut arasmmda internet baglantisin1 saglayan Wi-Fi modiilii ile
veriler ThingSpeak veri depolamasmna aktarilmugti. Daha sonra
uygun olan parametrelerle ile grafikler ThingSpeak uygulamasi
iizerinden tliretilmis ve kullanicmin  gdzlemleyebilmesi i¢in
kullaniciya belirli bir baglanti ve sifre belirlenerek sunulmustur.

7. Gelecek Cahismalar

Veri aktarnm  konusunda Wi-Fi modiil yerine farkli
haberlesme protokolleri 6megin ZigBee, Lora vb. kullanilabilir.
Veriler bir hazir sunucu yerine yeni olusturulan bir buluta
aktarilabilir. Bu bulut bir app. ile desteklenebilir Kullanici
kisisellestirme segenekleri ile rahat kullanima sahip olabilir.
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Abstract

In this study, the effect of flash annealing heat treatment applied at 680 °C for 5 minutes on the magnetic properties of NdFeB-based
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1. Introduction

The development of NdFeB-based permanent magnets
occurred in the early 1980s [1]. This type of permanent magnets,
thanks to their superior magnetic properties [2], are becoming
increasingly indispensable for societies in parallel with the
developing technology day by day [3]. These magnetic properties
are high remanence (B:), high coercivity (Hc) [4], and these
properties also enable them to have a high maximum energy
product, (BH)max [1, 5]. Their superior magnetic properties; make
it possible for them to be widely used in many fields such as
hybrid electric vehicles [9] and energy storage systems [10], as
well as in fields such as electronics [6], aviation [7], and medical
[8]. In the production of NdFeB-based permanent magnets,
methods such as rapid solidification (for example, melt spinning),
atomization, HDDR process, mechanical alloying, severe plastic
deformation, powder metallurgy are used[11]. The development
of the application areas of NdFeB-based permanent magnets
necessitates the optimization of their magnetic properties. For
example, if they are used in hybrid engines, they should have a
very high coercivity (approximately 2500 kA/m) and be able to
maintain magnetic stability up to 150 °C [8]. It can be said that
this situation increases the need for NdFeB magnets with high
(BH)max and high Hc properties. Among the existing production
methods, melt spinning method is a type of rapid solidification
method using very high cooling rates (as high as 10° K/s), it
provides amorphous and/ornanocrystalline structures [12,13] and
thus superior magnetic properties such as high He and (BH)max
unique to permanent magnets [1].

As is known, the modification of the magnetic properties of
NdFeB-based magnets can be achieved with any applied heat
treatment [14]. In this respect, the main purpose of our current
study is to examine the effect of flash annealing heat treatment
applied by rapidly heating NdFeB based alloys produced by melt
spinning method to 680 °C temperature and cooling them rapidly
after applying heat treatment for 5 minutes.

2. Material and Method

In order to produce NdFeB-based ribbon alloys, first of all,
ingot alloys were produced under a high vacuum (approximately
106 mbar) and in the argon atmosphere (approximately 550 mbar
partial pressure) with the help of a vacuum induction melting
(VIM) furnace. Nominal chemical composition of the alloys was
adjusted to 36% Nd, 62% Fe and 2% B by weight. For each ingot
alloy, the melting process was repeated 5 times to ensure
maximum homogeneity. The weight of each ingotalloy produced
were 260 g.For producing NdFeB based alloys in the ribbon form
in melt spinning process, by means ofanozzle with a cross section
of 1x8 mm?, the liquid metal re-melted undervacuumwas ejected
onto a copper wheel rotating at a speed of approximately 35 m/s.
While the argon partial pressure used to eject the liquid metal onto
the copper whell was 250 mbar, the distance between the whell
and thenozzle was adjusted to 0.5 mm, and thus NdFeB alloys in
the form of ribbon with a homogeneous thickness of 8 pm and a
width of 25 mm were produced. X-ray diffraction (XRD) analysis
(with Cu-Kou radiation) was performed to detect the crystalline
and amorphous regions in the alloys. Vibrating sample
magnetometer (VSM) analysis was performed to determine the
magnetic properties of each alloy. In order to examine the effect
of heat treatment on crystallization and magnetic properties, flash
annealing heat treatment was applied at very rapid heating and
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cooling rates 0f300 K/s for 5 minutes, at 680 °C, respectively. The
description of each alloy produced within the scope of this study
is summarized in Table 1.

Table 1. Description of melt spun NdFeB based alloys that
are not heat treated and heat treated at 680 °C for 5 minutes

Meltspun alloys Description
NO Melt spun, non-heat treated

0
NG680-5 Melt spun, heat treated at 680 °C
for 5 minutes

3. Results and Discussion

In Fig. 1, the XRD patterns of the NdFeB based alloys
produced by the melt spinning method are shown in the non-heat
treated and heat treated state at 680 °C for 5 minutes. Accordingly,
it can be clearly seen that each melt spun NdFeB alloy exhibits an
amorphous structure with traces of crystalline structure. The rapid
cooling used in the melt spinning method is the main reason for
obtaining the amorphous structure [15]. The XRD pattern of the
non-heat treated alloy is seen with the crystalline peak of the hard
magnetic Nd>Fe14B phase at an angle of about 26=30° and the
peak of the soft magnetic o-Fe phaseat an angle of 26=45°. With
the applied flash annealing heat treatment, an increase in the
intensity of the peaks belonging to the hard and soft magnetic
phases was observed. In other words, a transformation from
amorphous structure to crystalstructure has taken place here [16].
A certain temperature and time are required for the atoms in the
material to pass from the amorphous structure to the crystalline
order [17]. At high temperatures and/or long periods of time,
atomic mobility increases, so crystallization occurs more [18].

* a-Fe
A Nd:FeuB

Intensity (a.u.)

20 ' 30 40 50 60 ' 70 ' 80
20 (degree)

Fig 1. XRD patterns of melt spun NdFeB based alloys in the
non-heat treated (NO) and heat treated condition (N680-5) at 680
°C for 5 min.

Fig. 2 shows the results of differential scanning calorimetry
(DSC) analyzes applied to determine the Curie temperatures of
melt spun NdFeB based alloys at non-heat treated and heat treated
conditions at 680 °C for 5 min. According to the obtained DSC
analysis results, the Curie temperatures (Tc) of melt spun alloys
are 302 °C for the non-heat treated alloy and 310 °C for heat
treated at 680 °C for 5 min. respectively. These results are
consistent with those of Haiyang et al.’s study. [19] and a slight
increase in T¢ temperature occurred with the applied flash
annealing heat treatment. Whereas, recrystallization temperatures

10



European Journal of Science and Technology

are 380 °C for the non-heat treated alloy and 388 °C for the heat
treated alloy at 680 °C for 5 min.
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Fig 2. DSC curves of melt spun NdFeB based alloys in the
non-heat treateded (NO) and heat treated (N680-5) condition at
680 °C for 5 minutes.

In Fig. 3 and 4, the demagnetization curves and second
quadrant of the demagnetization curves of melt-spun NdFeB
based alloys and are shown in the non-heat treated and heat treated
condition at 680 for 5 minutes, respectively. As can be seen, in the
non-heat treated alloy, magnetic coercivity (Hc), 1184.15 Oe,
maximum energy product (BH)mx), 4.06 kJ/m’, magnetic
remanance (B;), 21.64 emu/g and saturation magnetization (Bs),
93.50 emu/g. With the heat treatment applied for 680 °C and 5
minutes, an increase was observed in He¢, (BH)mx, Br and Bs
properties, and an improvement was observed towards 9146.30
Oe, 62.02 kJ/m?, 55.76 emu/g and 104.65 emu/g, respectively.
This increase in magnetic properties can be explained by the
emergence of more nanocrystalline a-Fe soft magnetic phase and
Nd2Fe14B hard magnetic phases with the effect of applied flash
annealing heat treatment and the dominance of hard magnetic
NdzFe14B phase [18]. According to the exchange coupling
mechanism that occurs between the hard and soft magnetic
phases, the magnetic moment of the soft magnetic phase rotates
along the boundaries of the hard magnetic phase, which provides
an improvement in the permanent magnetic properties [20]. In
Table 2, the magnetic properties of melt spun NdFeB based alloys,
at non-heat treated and heat treated condition at 680 °C for 5
minutes, are summarized.
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Fig 3. VSM curves of melt spun NdFeB based alloys in non-
heat treated (NO) and heat treated (N680-5) condition at 680 °C
for 5 minutes.
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Fig 4. Second quadrant parts of VSM curves of melt spun
NdFeB based alloys in the non-heat treated (NO) and heat treated
(N680-5) condition at 680 °C for 5 minutes.

Table 1. Summary of the magnetic properties of melt spun
NdFeB based alloys in the non-heat treated (NO) and heat treated
(N680-5) condition at 680 °C for 5 min.

Melt Bs (emu/g) | B H: (Oe) (BH)max
spun (emu/g) (kJ/m®)
alloy

NO 93.50 21.64 1184.15 4.06
N680-5 | 104.65 55.76 9146.30 62.02

4. Conclusions and Recommendations

Within the scope of our study, the effect of flash annealing
heat treatment applied at 680 °C and for 5 minutes using very
rapid heating and cooling rates on the magnetic properties of
NdFeB based permanent magnet alloys produced using the melt
spinning method by rapid solidification is discussed. The XRD
pattern of the non-heat treated alloy reveals the coexistence of
amorphous and nanocrystalline a-Fe soft magnetic and Nd>Fe 4B
hard magnetic phases. Optimization was achieved in the hard
magnetic properties, with the emergence of more soft and hard
magnetic phases with the crystallization caused by the effect of
the applied heat treatment, and the improvement in magnetic
properties such as He, Br and (BH)mx, especially with the
dominance of the hard magnetic Nd2Fe14B phase.
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Abstract

In this study,atomic orbital search, one of the newly proposed metaheuristic algorithms, is usedto design high-performance and low-
order FIR filters in MATLAB. The performance parameters of the designed filter were compared with the given literature. The o bjective
function of filter design includes minimization ofpass bandripples and stopband ripples, stop band edge frequency attenuation, square
sum of the errors between the estimated frequency response and the ideal filter response. The comparison result shows the pro posed

method performs better than most algorithms and can be used in practical applications.
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1. Introduction

Simple building blocks designed on Digital Signal
Processing (DSP) systems are called digital filters (Litwin, 2000).
There are two main types offilters: infinite impulse response (IIR)
filters and finite impulse response (FIR) filters. FIR filters are
linear time-invariant (LTI) systems consisting of weighted sums
of each input sequence. These systems, which are always
stationary, have a linear phase response and due to these
advantages, they have wide usage areas. FIR filters can be applied
to signals for noise reduction, desired frequency enhancement or
suppression (Oppenheim, 1999). In this study, an optimization -
based filter design was carried out and a filter with the desired
properties was created by optimizing the specified parameters of
the filter.

There are two approaches to FIR filter design. The first of
these are classical methods, while the other is optimization-based
methods. In classical methods, windowing, frequency sampling,
and weighted least squares FIR filter design can be done.
However, in these methods, parameters such as pass and stop band
fluctuations, pass band width, pass and stop band cutoff frequency
cannot be controlled as desired. In optimization-based designs,
which is another approach, these parameters are defined as an
error function and it is aimed to minimize this error function.

There are various optimization-based applications for FIR
filter design (Parks & Burrus, 1987, Proakis, 2001). For
optimization-based filter design in the literature; There are studies
using Genetic Algorithm (GA) (Karaboga & Cetinkaya, 2004;
Kaya & Ince, 2011; Najjarzadeh & Ayatollahi, 2008; Zhanget al.,
2003), Particle Swarm Optimization Algorithm PSO (Chen &
Luk, 2010; Gupta & Mehra, 2011; Najjarzadeh & Ayatollahi,
2008), Differential Evolution Algorithm (DE) (Karaboga, 2005;
Karaboga & Cetinkaya, 2006, Reddy & Sahoo, 2015)Artificial
Bee Colony Algorithm (ABC) (Bose etal., 2014; Karaboga, 2009;
Karaboga & Cetinkaya, 2011; Latifoglu, 2013), Harmony Search
Algorithm (HA) (Manuel & Elias, 2012; Saha et al, 2014),
Squirrel Search Algorithm (SSA) (Karakas & Latifoglu, 2020),
Black Widow Optimization (BWO) (Karakas & Latifoglu, 2021).

2. Material and Method

In this study, a low-order and low-pass FIR filter is designed
using Atomic Orbit Search (AOS) algorithm. In this algorithm,
the basic principles of quantum mechanics, quantum-based
atomic model methodology and the general configuration of
electrons around the nucleus are used. The basic idea of the AOS
optimization algorithm; The fundamental principles of electron
density configuration and absorption or emission of energy by

atoms are exploited in quantum-based atomic theory (Azizi,
2021a).

An ideal FIR filter can be expressed using difference in the
following;

hlnl = ) bsln — k]

k=0

The bk coefficients given in the equation are the coefficients
of'the FIR filter and are the values thatare tried to be optimized
in this study.

In this study, the atomic orbital search (AOS) algorithm
optimizes the bk coefficients by using the designed objective

e-ISSN: 2148-2683

function. The main concept of AOS is based on some principles
of quantum mechanics and the quantum-based atomic model in
which the general configuration of electrons around the nucleus
is in perspective (Azizi, 2021b). In this study, optimization-
based FIR filter design was carried out for the first time in the
literature by using AOS, one of the new generation metaheuristic
algorithms.

In this study, filters of different orders with a normalized
passband cut-offfrequency (wp) of 0.4 pi and a normalized
stopband cut-off frequency (ws) of 0.6 pi were optimized. An
ideal filter with these properties is shown below.

Magnitude Response
e o o o o o o o
S w S 4] o ~ =] w

=]

o

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Normalized Frequency (0-pi)

o

Figure I Ideal Filter Response

The error function used for the filter to be designed is the
sum of the parameters given below and it is desired to be
minimized for this study.

e Square sum of the difference between estimated and
desired filter response. (dif)

o Passband Ripple. (pr)

pr = max {Peaks (H(ejw))}w < w,

Stopband Ripple. (sr)

Sr = max {Peaks (—H(ejw))} W = wy
o Stop Band Edge Frequency Attenuation Point. (est)
est = (HEY) w = wy)

For an ideal filter, all parameters defined above should be
zero. These parameters are determined as the error vector for
AOS and the error vectorand the error function are defined as
follows.

Error(X) = [dif pr srest]

4
Total Error = Z X;

i=1

14



European Journal of Science and Technology

Estimated Filter

-€— Pass Band Rippla

‘i oal

2

.

e 0BT

E

;. Stap Band Eifge Frequency Atteruation Paint

=04 [

Stop Band Ripple
X
f . . H ~
0 0.2 04 06 0.8 1
Nomalized Freguency {w/pi)
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3. Results

In this study, we design a low pass order 20 FIR filter with a
normalized passband frequency 0f0.4 and a normalized stopband
frequency is 0.45. In the MATLAB environment, we obtained 21
optimised coefficients given in Table 1 and the magnitude
response is shown in Figure 3.

Table 1 Coefficients

Coefficients

h(1) | -0.00887730057467292
h(2) | 0.0148699194678424
h(3) | 0.0114311396074544
h(4) | -0.0327482003827030
h(5) | -0.0348956729741525
h(6) | 0.0444437585383665
h(7) | 0.00844305416319114
h(8) | -0.261401649031592
h(9) | -0.487546021523425

h(10) | -0.359445145781328
h(11) | -0.0229371317224002
h(12) | 0.129062732099396
h(13) | 0.0494634041115472
h(14) | -0.0361683457332935
h(15) | -0.0256565923200639
h(16) | 0.0129065617697857
h(17) | 0.0122948504198526
h(18) | -0.00574123309591572
h(19) | -0.00520042186907001
h(20) | -0.00210494988525669
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Figure 3 Estimated Filter Response

Table 2 Comparison

Algorithm Stopband
Ripple
DE (Karaboga & Cetinkaya, 2006) 0,0960
GA (Karaboga & Cetinkaya, 2006) 0,0532
ABC (Kumar et al., 2017) 0,1138
PSO (Sarangi et al., 2020) 0,0778
Proposed Method 0.0172

4. Conclusions

In this study, an order 20 low pass FIR filter by using Atomic
Orbital Search Algorithm is designed. It is seen it made
improvements from othermethods and this method can be used in
practical filter design.
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Abstract

Internet of Things (IoT) based application requires integration with the wireless communication technology to make the applic ation
data readily available. In this article, a dual band microstrip patch antenna operating at 2.4 GHz and 5 GHz frequencies is designed for
use in Wi-Fi applications. The main purpose is to design a compact, easy to manufacture, cheap and high-performance microstrip
patch antenna. The antenna is printed on the substrate of FR4 with two C-shaped strips and a microstrip feed line on the front side.

There is L-shaped slot in the ground plane on the bottom side. The overall geometric size of the antenna is 29x26x1.6mm?. The
antennabandwidth is 140MHz and 552MHz at 2.45GHz and 5GHz respectively.

Keywords: Wi-Fi, WLAN ,Dual-Band , Patch Antenna, Microstrip.

IoT Tabanh Akillh Medya Uygulamas icin 2,4 GHz ve 5 GHz Cift
Banthh Wi-Fi Anten Tasarim

Oz

Nesnelerin Interneti (IoT) tabanh uygulama, uygulama verilerini hazir hale getirmek icin kablosuz iletisim teknolojisi ile entegrasyon
gerektirir. Bu makalede, Wi-Fi uygulamalarinda kullanilmak tizere 2,4 GHz ve 5 GHz frekanslarinda ¢alisan ¢ift banth bir mikrogerit
yama anteni tasarlanmigtir. Temel amag, kompakt, iiretimi kolay, ucuz ve yiliksek performansh bir mikrogerit yama anteni
tasarlamaktir. Anten, iki C-gekilli serit ve on tarafinda bir mikroserit besleme hatti ile FR4'lin alt tabakasina basilnugtir. Alt tarafta yer

diizleminde L seklinde yuva vardir. Antenin genel geometrik boyutu 29x26x1.6mm3'tiir. Anten bant genisligi swrasiyla 2.45GHz ve
5GHZde 140MHz ve 552MHZzdir.

Anahtar Kelimeler: Wi-Fi , WLAN , Cift Bant, Mikroserit , Yama Anten.
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1. Introduction

With the developing technology in microwave and millimeter
wave components design necessitates the replacement of
conventional wireless components to be replaced with more
minimal technological devices [1]-[5]. Microstrip antennas are
therefore becoming increasingly useful because they can be
printed directly onto a circuit board. Patch antennas are low cost,
have a low profile and are easily fabricated and small in size,
light in weight, easy to integrate, and inexpensive, making them
an ideal choice for dual-band antenna design applications [6].
Modermn wireless communications require antennas that can
operate in multiple frequency bands for instance
1575.42/1227.60/1176.45 MHz for Global Positioning System
(GPS), 900/1800 MHz in Global System for Mobile
Communication (GSM), 2.4/52/5.8 GHz for Wireless Local
Area Networks (WLANs), 2.5/3.5/5.5 GHz for Interoperability
for Microwave Access (WIMAX), 700/2300/2600 MHz for Long
Term Evolution (LTE)[7]. While using multiple antennas can
achieve multiband operation, this methodology increases the
cost and complexity of the system. In addition, using multiple
antennas creates the coupling problem which in turn degrades
the performance of the antennas. An alternative solution is to
modify the antenna such that it can be used for multiband
wireless ~ communications.[§] Modern systems  require
multifunctional and smart antennas that are more efficient and
compact. As technology evolves rapidly, modern wireless
systems (IoT devices) perform a variety of functions and require
operation at multiple frequencies without increasing antenna
size. 5 GHz band is new where fewer wireless devices use it. A
less cluttered frequency provides a faster and more stable
wireless connection[9]. The antenna designed in [10] is 75 x
75mm in size and FR-4 material is used as the substrate. There
are 4 triangle slot on the antenna. The antenna resonates at 2.4
GHz and 5.4 GHz The antenna designed in [11] is 50x40mm in
size and FR-4 material is used as the substrate. There is a slot
loop cut on the ground plane underneath the patch. The top patch
acts as a wideband radiating element at the upper operating
band. The antenna resonates 2.5GHz and 5.5 GHz . Bandwidth
and gain values obtained are low compared to their size. The
antenna designed in[12] is 17x18mm in size on FR-4 substrate
material with geometric structural form of double-psi-shape. The
antenna resonates at 2.2 GHz only. The antenna designed in [13]
is 60x70mm in size on FR-4 substrate material. There are five
slits on the antenna and one rectangular slot on the ground. The
antenna resonates 2.5GHz and 5.8 GHz. The antenna designed
in [14] is 40x40mm with the FR-4 material as the substrate.
There are five rectangular slots on the antenna. The antenna
resonates at 2.4 GHz and 5.8 GHz

In this article a dual-band microstrip antenna resonating at 2.4
GHz and 5 GHz frequencies is designed for use in Wi-Fi
applications. The overall dimensions of the antenna are 29 x 26
x 1.6 mm® . For the antenna to operate at two different
frequencies, the antenna is printed on the substrate of FR4 with
two C-shaped strips and a microstrip feed line on the front side.

L-shaped slot in ground plane.
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2. Material and Method

In this section, the antenna design is explained. The specified
geometric parameters are determined through the numerical
computation tools. In order to improve the antenna, the
geometric parameters are studied and the most efficient antenna
is aimed to be designed. Also, detailed information about the
antenna is presented in this section. The geometric shape of the
designed antenna is shown in the Figure.l . There are two C-
shaped slots onthe antennaand one L-shaped slot on the ground.
The dimensions of the designed antenna are 29x26x1.6mm?3. FR-
4 material is used as substrate material with the thickness of 1.6
mm and dielectric constant of &r=4.3. The designed antenna
operates at 2.4GHz and -5GHz frequencies.

wi

(b)

Figure 1. Geometry of the proposed antenna. (a) Top view;
(b) Bottom view

Table 1. Design parameters of the proposed antenna

Parameter Value(mm) Parameter Value(mm)
W 26 L8 9
L 29 Lg 10
L1 9 S 24
L2 12,5 W 26
L3 10 W1 18
L4 4.5 W2 1
L5 6 W3 2
L6 5 D1 1
L7 11 D2 3
18
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3. Results And Discussion

3.1. Results

The graph of the antenna S11 is shown in Figure. 2. While the
bandwidth of the antenna at 2.45 GHz resonance frequency is
140 MHz (2.38-2.52 GHz), the bandwidth obtained at 5 GHz
resonance frequency is 552 MHz (4.78-5.34 GHz). These
obtained bandwidths and frequency ranges showthat the antenna
complies with IEEE 802.11 a/b/g standards.

7]
",-"
E':‘
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[

Figure 2. S11 parameter ofthe propesed antenna

The gain and directivity values of the antenna are given in
Figure. 3. The radiation pattern shows the variation of radiation
intensity over large distances in different directions of space and
which direction radiates better [15]. Figure. 3 is the simulated
gain response of the proposed antenna. The gain of the lower
band is in the range of 1dBi while the gain of the upper band is
in the range of 3.7dBi.The gain of the proposed antenna is
acceptable for the requirement in WLAN applications.

Figure 3. Gain (IEEE) and Directivity ofthe proposed antenna

The numerically computed radiation patterns on E and H
planes at 2.45GHz and 5GHz is shown in Figure. 4. The
radiation patterns have the characteristic of bidirectional.
Besides, the 3D radiation graph indicates that the radiation
orientation changes as the frequency shifts. The radiation
intensity is higher along with X-axis and Y-axis at 2.45GHz,
while it is highly directed along with X axis and Z axis at 5 GHz.
The radiation pattern shows the variation of radiation intensity
over large distances in different directions of space and into
which direction theradiation is better.

e-ISSN: 2148-2683

(b)
Figure 4. 3D Radiation pattern of the proposed antenna at
(2)2.45GHz (b)5 GHz

3.2. Parametric Study

A parametric study is done to obtain the best parameters for
the final antenna design. The effects of changing the width,
length of patch and width of transmission feed on the return loss
are studied as shown in Figure 5., Figure 6. and Figure 7.

During the design of the antenna, some selected geometric
parameters have important effect on the antenna’s RF
performance. To get further analysis of the dual-band design, L2
within the stripl, L6 within the strip2 and the ground length Lg
are studied. The results of the effect of these parameters are
shown in Figure. 5, Figure. 6 and Figure. 7, respectively. L2 and
L6 are parts of stripl and strip2 that used to achieve resonant
frequency and improve impedance match at 2.4GHz and 5GHz
band. From Figure. 5, it can be seen when L2 increases from
12mm to 13.5mm, the center frequency of the lower band
decreases from 2.5 to 2.4GHz. In Figure. 6 it can be obviously
observed that as the value of L6 increases from 4.5mm to 6mm,
the center frequency of the upper band decreases from 5.1 to
4.9GHz. Though the situation of impedance match also changes
as the varying of L2 and L6, the center frequency of the upper
band and the center frequency of the lower band are not effected.
That is to say, the resonant bands for both bands can be
independently optimized by choosing proper parameters of L2
and L6. Besides, the length of the ground plane also effects the
characteristics of the antenna. From Figure. 7, it is clear that
there is a severe effect on the performance of this antenna by Lg.
Not only the upper resonant band is shifted as it changes, butthe
value of S11 is affected within the both resonant bands. The
resonant band is changed when Lg gets smaller or bigger.
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Figure 6. Parametric Sweep L6
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Figure 7. Parametric Sweep Lg

3.3. Discussion

Considering the dimensions of the proposed antenna, it has
the performance to meet the demand. These features make the
antenna preferable in Wi-Fi applications. In addition, due to the
simplicity of the design, it can be developed and is easy to
manufacture.

Frequencies(GHz) 2.45 5
S11(dB) -48 -48
Bandwidth(MHz) 140 552

4. Conclusion

This article proposes a novel dual-band patch antenna for
satisfying the Wi-Fi operation requirements in 2.4 GHz and 5
GHz bands. The numerically computed S11 results show that the
antenna meets the IEEE 802.11 standards. The compact size of
the designed antennaensure that it is easy to fabricate and can be
easily integrated into dedicated wireless communication
systems.
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Oz

Yapt maliyetinin yap1 giivenligi gibi her proje icin temel hedeflerden biri oldugu séylenebilir. Ekonomiklik, tasarlanan binan m
planlanmig sonuglarma ya da ¢iktilarma ulagmak i¢in uygun diizeydeki kalitenin de gozetilerek, kullanilan kaynaklarn maliyetinin en
aza indirilmesidir. Diger bir ifadeyle, en uygun girdinin en diisiik maliyetle temin edilmesidir. Bina maliyeti bina iiretim siirecinin farkl
asamalarindan olugmaktadir. Bu ¢alisma ile deprem bolgesinde oldugu varsayilan bir binanm farkli sistemlere gore yapisal tasarmm ve
ilk kaba ingaat maliyeti a¢isindan karsilagtrma arastumasi yapilmistr. Bu caligmada iki kath, miistakil, 566 metrekare toplam alani
olan, bodrumsuz referans bir binaya ait bir mimari proje esas almmustir. Referans alnan projeye gore yapisal olarak binanm yigma ve
betonarme olmak iizere iki ayn altematifi olusturulmustur. flk alternatif kusatilnus yigma olan yapmm tasiyici duvarlart kesme bazalt
tasmdan olup yatay ve diisey betonarme hatillarla ¢evrilmis ve 12 cm kalnhigmda plak déseme sistemi kullanimustir. Ikincisinde ise
betonarme yapida yapimus olup ilk yapiile mimari agidan ayni dzelliklere sahiptir Bu alternatiflerin ayri ayri metraj hesabi ve
malzemeden kaynakli maliyet hesabicikarilmisti. SOz konusu alternatiflere ait maliyet degerleri sadece kaba insaat birim maliyeti
betonarme ve yigma modellere i¢in sirasiyla 752,9 TL/m2 ve 553,51 TL/m2 olarak tespit edilmistir. Betonarme yapimodellindeki donati
ve beton miktarmin yigma modeline gore goreceli olarak fazla olmasi birim maliyete 6nemli bir etken olmustur.

Anahtar Kelimeler: Maliyet, Yapisal analiz, Metra;.

A Cost Examination of Different Structural Systems for Low-Rise
Building Construction

Abstract

Economy reduces the cost of the resources used to achieve the planned results or outputs of the designed building, considerin g the
appropriate level of quality. In otherwords, it is to provide the most appropriate input at the lowest cost. The constructio n cost consists
of various stages during the building process. In this study,a comparative study was made in terms of the structural design and initial
construction cost of a building assumed to be located in an earthquake zone according to the regulations. A Building which belongs to
a reference building of two floors, detached (not surrounded by any building in any side), total area of 566 square meters, without
basement. According to this project, which considered as a reference, two different structural alternatives to the building were created.
The first alternative is of the masonry building type (besieged masonry building). The supporting walls of these structures are made of
cut basalt stone and are surrounded by horizontal and vertical reinforced concrete beams. In this building solid concrete slab system
with a thickness of 12 cm was considered. In the second, reinforced concrete considered with the same architectural features as the first
structure. Based on TBYD 2018, these two alternatives are taken as the ZB floor class. For each alternative, the quantity cost-based
calculation and the material-based calculation were calculated separately. As a result he cost values of the mentioned alternatives have
been determined as 7529 TL/m? and 55351 TL/m?, respectively, for the rough construction unit cost for reinforced concrete and
masonry models, respectively. The fact that the amount of reinforcement and concrete in the reinforced concrete structure model is
relatively higher than in the masonry model has been an important factor in the unit cost.

Keywords: CostEstimation, Structural Analysis, construction quantity.
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1. Giris

Insaat teknolojisi, malzeme secimini ve insaatta kullanilan
ara¢ ve teknikleri icerip toplam bina maliyeti, teknoloji
se¢ciminden Onemli Olgiide etkilenmektedir. Bu ¢ercevede
dayanikh ve bakim ucuz olan yerel malzeme ve teknolojiler ile
binalarin insaa, bakim ve yasam dongiisii maliyetlerini azaltan
onemli  faktorlerdendir[1].  Ayrica ingaat maliyetlerinin
disiiriilmesi, insaat endiistrisi i¢in degismez bir hedeftir.
Binalarm yapm maliyetini diigsiirmenin bir yolu, verimliligi
artiracak bina teknolojilerini gelistirmektir. Santiyede azaltilmis
ingaat siiresi ve malzeme ve kaynak sarfiyatinin azaltilimasi,
maliyetlerin daha da diismesine katkida bulunur|2].

Endiistriyel bir malzeme olarak beton, kullanima hazr nihai
iriinli olusturmak i¢in ¢esitli bilesenlerden olusur. Caglar
boyuncainsanlar binalari, sokaklar1 ve ¢esitli yapilari insa etmek
icin gesitli yapi malzemeleri kullannuglardir. Antik ¢aglardan beri
tas, kamis gibi malzemeler kullanilmisti. Her alanda oldugu gibi
ingaat alaninda da Oncelik takdirlere gore Olgim ve
degerlendirmeler yapilir. Tesisin veya binanmn tasarmm swrasmda,
g6z dniinde bulundurulan ana faktoriin giivenlik oldugu ve daha
sonra ikinci Onceligin ekonomik fizibilite oldugu aciktir, ¢linkii
modern mithendislik ¢ahgmalarmda giivenli olmayan caligma
kabul edilemez, basarili galisma ise ekonomik olan ¢alismadir.

Malzemelerinin ~ ¢esitli  insaat sistemlerinin = geligmis
uygulama otomasyonlarmm ve hem vakit hem de ¢aliymadan
tasarruf etmek icin yiliksek hizda ¢ahgmalarn kesfedilmis olmas1
ve yine tas yiini, plastik maddeler, aliiminyum plaklar ve Nano
teknolojisi malzemeleri gibi baz yeni yapi malzemelerinin
kesfedilmesi ile bu asamalar giin gectikce gelismisti. Mimari
tasarmm, Ozellik, mimari tesisler gibi konularda bu biyik
teknolojik gelisimler genel olarak etki alanina sahip olmustur[3].
Binalarda yapm teknigi, déseme tipi, malzeme Ozelikleri gibi
etkenlerin karsilagtiriimas1 sik¢a yapilan ¢aligmalardi{4,9].

Insaat kosullarma, insaat tipine ve isletme amacma gore
farkliik gdsteren bu iki diger faktorii takip ederek ekonomik
kosullara ulagi. Kentsel alanlarda insaat, bircok ve birbiriyle
ortiisen kriterlere tabiyken, mevcut alanin optimum kullanimu,
dikkate almmas1 gereken ilk faktor olarak kendisini gdsterir ve bu
nedenle yapisal yontemlerinin seg¢imi bu faktdrlerle smirli
kalirken, kirsal alanlarda yapisal secenekler daha fazladi. Bu
secenekler igerisinde ¢evresel etki, igletme omrii, estetik, cevreye
uygunluk gibi diger faktorler dikkate almmasi gereken ek
faktorlerdir. Bu baglamda farkh yapim teknikleri diisiiniilebilir,
yaygm olan yap1 teknikleri ele alnarak yapilan ¢ahgmada, iki
kath dort cephesiagik bir binanin yapim durunu ve ilk maliyeti
incelenmis. Diyarbakir'daki geleneksel bir yapiya benzer sekilde,
yigma tas betonarme dosemeli ile insaedilmistir. Daha sonraayni
mimariye sahip bina betonarme yap1 kullanilarak yeniden
tasarlanmugti. Yap1 teknikleri ve ek faktorler yapilandmmada
onemli faktdrler iken bir diger dnemli faktér de maliyettir. Ingaat
teknolojisi secimi genellikle maliyetle iliskilendirilir ve karar
verme agamasinda ¢ok 6nemli bir role sahiptir. Yap1 teknikleri ve
maliyet g6z Oniine alinarak yapilan bu c¢ahsmada; ayn ayn
tasarlanmis, dortcephesiacik toplam 566 m? alana sahip iki kath
konut binas1. betonarme désemeli yigma yap1 ve betonarme yapi
sistemleri kullanilarak insa edilmesi durumunda olusacak ilk
yatimm maliyetleri hesabi ve metrekare bagina maliyetlerin
karsilastirimas1 amaglanmustir.
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2. Materyal ve Metot

Bu calismada, oOncelikle betonarme ve yigma yapilarm
tasarmu igin yOntemsel inceleme TBDY-2018 [10]’e gore
yapilmistir. Secgilen 2 kath betonarme ve yigma yapi modellerinin
sartname kosullarm1 saglayan ilgili konstriiktif kurallar
gergevesinde uygulugu kontrol edilmistir ~ Daha sonm
uygulamadaki durumlan incelemek {iizere; proje iki ayn yapisal
sistemile tasarlanmistir. Projenin genel bilgileri su sekildedir; 566
n? ingaat alani, iki kat, kat yiiksekligi 3 m, zemin kat boyutlar
18m x 16m iken alani1310m? birinci kat boyutlari 15m x 16m iken
alan 256 n?'dir.

S6z konusu y1igma yapimodeli kugatilnug olup tagiyici sistem
eleman1 olarak tas duvarkullanilmigtir. Bu duvarlarn kalmlhklar:
30-40 cm arasinda olup yiikseklikleri 270 cm olarak almmustir.
Bununla beraber yatay ve diisey hatillar kullanimugtir. Yatay
hatillarin yiiksekligi 30 cm olup kalinliklar1 ise altlarindaki tas
duvarlarn kalmh§iyla aynidr. Diisey hatillarm boyutlar1 30-40
cm arasinda degismektedir. Her iki hatil tiirinde de C25-S420
betonarme malzemesi kullanilmisti. Referans kat planlari; zemin
kat plan1 Sekil 1’de verilmistir.

. | —lL
l b ,

Sekil 1. Referans zemin katplani

3. Arastirma Sonuclan ve Tartisma

Bu parametrik caliymada yapilan her bir analiz sonucunda
BDYY (betonarme dosemeli yigma yapi) ve BAY (betonarme
yap1) imalatlart i¢in gerekli olan malzeme metrajlan cikartilmis.
Her bir malzeme igin yap1 elemanlan iizerinde malzeme orani
elde edilmis 2022 kurumlar tarafindan verilen fiyat listelerine
gore malzeme metrajlart bulunmusg, farkh yapi sistemlerin
maliyetleri belirlenmis ve grafikler yardimyla kiyaslamalar
yapilmgtir.

3.1. A. Betonarme dosemeli yigma yap1 metraj
degerlendirmesi

Betonarme ddsemeli yigma yapida alinan metraj kalemleri:
kalip, beton, donatiolarak degerlendirilmigtir. Kalip metraji dort
yapi elemanlart Sekil 2’te goriindiigii gibi bolinmiis; Dosemeler
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(371,03 m2 / 53%), Temel (146,77m2 / 21%), Yatay Hatil
(76,74m2 / 11%), Diisey Hatil (10841 m2 / 15%).

Kalip (m2)

Sekil 2 BDYY kalip metraj detaylar

Hazir beton metraji dort yapt elemanlarnt  Sekil 3’de
goriindiigii gibi bolinmiis olup Désemeler (55,72 m3 / 43%),
Temel (51,37 m3 /40%), Yatay Hatil(10,6 m3 / 8%), Diisey Hatil
(12,02 m3 /9%).

BS25 Beton (m*)

Diisey Hatl Yatay Hatil
9% 8%

Sekil 3. BDYY beton metraj detaylar

Betonarme donati metraji dort yapt elemanlann Sekil 4°de
goriindiigi gibi boliinmiis Désemeler (2,2 Ton / 45%), Temel
(1,2Ton / 25%), Yatay Hatil (0,7 Ton/ 15%), Diisey Hatil (0,7Ton
/ 15%).

Donat1 (Kg) emel

A
[\

25%

Yatay
Hatil

15% Diisey

Hatil
15%

Sekil 4. BDYY donati metraj detaylar

Kalip, hazir beton ve donatimetrajlart ve Cevre, Sehircilik ve
Iklim Degisikligi Bakanhgi Yiiksek Fen Kurulu Baskanligi ait
Insaat ve Tesisat Birim Fiyatlar1 2022 gore birim maliyetlerle
carpilarak Tablo 1’de sunulmustur.

Tablo 1. BDYY kalip, beton ve donati maliyet detaylari

Kalip (M2)
PozAdi  Mikta Birim Toplam
r Fiyat(Tl)
Temel 146,77 X 124,3 = 18249, (Tl

e-ISSN: 2148-2683

Yatay 76,74 X 124,3 = 9542,4 (Tl)
Hatil
Diisey 108,41 x 124,3 = 13480 (TI)
Hatil
Déseme 371,03 x 1243 = 46134, (Tl)
Genel 703 x 124,3 = 87411 (T))
Toplam
BS25 Beton (m3)
Poz Adi Miktar Birim Toplam
Fiyat(Tl)
Temel 51,36 x 500 = 25684 (1))
Yatay 10,59 X 500 = 5298  (TI)
Hatil
Diisey 12,02 X 500 = 6010,8 (TI)
Hatil
Doseme 55,71 x 500 = 27857 (T))
Genel 129,70 x 500 = 64851, (TI)
Toplam
Toplam 4898,537 % 9,1 = 44576 (Tl)
Donati
(kg)
Toplam
Tas
Duvar 125555 x 9274 = 116446 (T)
(m3)

Yigma yap1 modeli icin tas duvar metraj Ulastirma ve
Altyap1 Bakanligi Karayollar1 Genel Miidiirliigii Arastirma ve
Geligtirme Dairesi Baskanligma ait 2022 Yii Birim Fiyat
Listesine gore birim maliyetlerle carpilarak elde edilmistir.

3.2. Betonarme yapr metraj degerlendirmesi

Betonarme yapida alman metraj kalemleri: Kalip, beton,
donatiolarak degerlendirilmis. Kalipp metraji bes yap1 elemanlar:
Sekil 5°te goriindiigii gibi bolinmils Dosemeler (413,28m2
/36,5%), kirisler (243,77 m2 /21,6%), perdeler (133,12m2/11,8%)
kolonlar (145,37m2/12,9%) stirekli Temel (195,64 m2/ 17,3%).
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Kalp (m?)

Siirekl Temeller
17%

Oturm: Kurislerr
Perdeler 22%
12%

= Digsemeler = Kirislerr = Otwrmahk Perdeler = Kolonlar - Siirekl Temeller

Sekil 5. BAY kalip metraj detaylan

Hazir beton metraji bes yapi1 elemanlart Sekil 6°da
gorindiigi gibibolinmiis Dosemeler (62m3 /31,6%), kirigler (34
m3 /17,2%), perdeler (15,8m3/8,1%) kolonlar (16,1m3/8,2%)
siirekli Temel (68 m3/34,9 %).

BS25 BETON ()

Siirek] Temeller
35%

Kiriglerr
17%
Oturmalik Perdeler

8%

= Dosemeler = Kirislerr = Otuwrmalik Perdeler = Kolonlar - Sirek]l Temeller

Sekil 6. BAY beton metraj detaylar

Betonarme donati metraji bes yapi elemanlarn Sekil 7’de
g6riindiigi gibi bolinmiis Désemeler (3,03Ton/16%), kirisler (3
Ton/15,9%), perdeler (2,46Ton /13%) kolonlar (4,22Ton /22,3%)
siirekli Temel (6,22 Ton / 32,9%).

B420C DONATI

Stirek] Temeller
33%

Kolonlar

22% 13%

Oturmalik Perdeler

= Dogemeler = Kuriglerr = Otwrmalik Perdeler = Kolonlar - Sirek] Temeller

Sekil 7. BAY donatimetraj detaylar
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3.3. Maliyet Degerlendirmesi

Toplam kaba insaat maaliyeti i¢in kalpp, Hazir Beton ve
Donat1 metrajlari ve Cevre, Sehircilik ve Iklim Degisikligi
Bakanhg1 Yiiksek Fen Kuruli Baskanligi ait Insaat ve Tesisat
Birim Fiyatlann 2022 gdére BDYY kalip, beton ve donati
maliyetleri birim maliyetlerle ¢arpilarak Tablo 2’de sunulmustur.

Tablo 2. BDYY toplam Maliyeti

Birim

Poz Adv  Miktar Fiyat (Tl)  Toplam
Beton
Kalip 703 m2 x 1243 = 87411,0 (TL)
Bs25
Beton 1297 m3 x 500 = 64850 (TL)
Donati  4898,56 Kg X 91 = 44576,9 (TL)
Kesme
Tas 125,55 m3 x 9274 = 116446 (TL)

Genel Toplam 313284 (TL)

Betonarme yap1 maliyet (BAY) degerlendirmesi de benzer
bicimde Kalip, Hazir Beton ve Donati metrajlart ve Cevre,
Sehircilik ve iklim Degisikligi Bakanhgi Yiiksek Fen Kurulu
Baskanlig1 ait Insaat ve Tesisat Birim Fiyatlar1 2022 gore birim
maliyetlerle carpilarak Tablo 3’de sunulmustur.

Tablo 3. BAY toplam Maliyeti

Birim
Poz Adi Miktar Fiyat(T)) Toplam
1131, m2 140650
Beton Kalip 2 x ]2434 = TL
Bs25 Beton 196 m3 x 500 = 98019 TL
Donati 18922 Kg x 9,1 = [72190 TL
Genel Toplam = 410861 TL

Yapisal olarak betonarme karkas bina modeli i¢in 2022 yilina
ait yapiyaklagik birim maliyetleri ve hesaplanan BDYY ve BAY
modelleri 2 kath 566 m2 insaat alani i¢in toplam maliyet
karsilastrmigti.  Bu kapsamda sadece beton, kalip, duvar ve
donati icin sozkonusu yapida kaba insaat icin maliyet
kargilastmlmasmda yigma yapi modeli yaklagik %25 oranmnda
daha ekonomik sonug elde edilmistir.

4. Sonu¢

Giliniimiizde Tirkiye’de insaat alaninda en fazla kullanilan
betonarme sistemlerin yanmnda yigma sistemlerin de tasarmm
ilkelerini ve uygulanma teknikleri dnem kazanmaya baslamugtir.
Aynikat sayisive kat planma sahip ancak iki farkli tagiyici sistem
ile tasarlanacak olan omek bir yap1 i¢in elde edilen sonuglar
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dogrultusunda sadece kaba ingaat maliyetleri géz dniine alimnus
olup yapisal ve maliyet analizi yapilmstr. Calhsmanin ana
sonuglart olarak 2 kath ayni mimariye sahip iki yap1 tipinin
maliyet karsilastirlmasmda dahaaz beton,kalip ve donatimiktari
gereksiniminden dolay1 yigma modeli yaklagik %25 daha az
maliyetli oldugu sonucuna varilmigti. Bu durum 6zellikle kirsal
alanda gerek tas duvar igin lokal yapi malzemeleri temininde
gerekse daha ekonomik olmasi nedeniyle yigma yapiinsaasi daha
¢ok tercih edilmektedir.
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Abstract

The basic purpose of Software Defined Radio (SDR) systems is to use a digital signal processor to numerically handle radio signals.
The use of a processorlike a Field Programmable Gate Array (FPGA) to perform tasks like modulation, demodulation, signal creation,
and line coding on these systems dramatically decreases the demand for analog circuit-based hardware. FPGAs are digital integrated
circuits with a wide range of applications which are made up of links between programmable logic blocks. It's aimed at assisting the
creator realize the logic functions that the designerneeds. In consequence, the user may change the function of each logic b lock. VHSIC
Hardware Description Language (VHDL) is commonly used in FPGA programming. In this study, VHDL code was created, and a FM
transmitter was implemented on a FPGA board (CMOD A7) in this research. The sound card interface on the PC used to send and
receive the signals while suitable ADC and DAC cards are used on the FPGA side for the same purpose. Audacity pro gram was used to
playback the sample wav files while HDSDR SDR program was used to monitor and record the signals in wav file format. Finally,
using the MATLAB code, the recorded transmitter signal was demodulated offline, and the output was stored to the hard drive. The
demodulated signal obtained is identical to the initial modulation signal, indicating that the modulation was correctly executed. As a
result, a perfect foundation for the development and training of SDR systems using FPGA has been establis hed.

Keywords: SDR, FPGA, MATLAB, FM, TX.

Egitsel SDR Tekniklerine Dayali FPGA Tabanh FM Radyo Verici

Tasarim ve Uygulamasi

Oz

Yazihlm Tanmmli Radyo (SDR) sistemlerinin temel amaci, radyo sinyallerini sayisal olarak igslemek i¢in bir dijital sinyal iglemcisi
kullanmaktir. Bu sistemlerde modiilasyon, demodiilasyon, sinyal olusturma ve hat kodlama gibi gérevleri gergeklestirmek icin Alan
Programlanabilir Kapi1 Dizisi (FPGA) gibi bir iglemcinin kullanilmasi, analog devre tabanlh donanma olan talebi 6nemli 6l¢iide azaltir.
FPGA'lar, programlanabilir mantik bloklar1 arasmdaki baglantilardan olusan ¢ok ¢esitli uygulamalara sahip dijital entegre de vrelerdir.
Yaraticmin, tasarmcmm ihtiyag duydugu mantik islevlerini gerceklestirmesine yardimcr olmayi amaglar. Sonug olarak, kullanic1 her
bir mantik blogunun islevini degistirebili. VHSIC Donanm Tanmmlama Dili (VHDL), FPGA programlamada yaygin olarak kullanilir.
Bu calismada VHDL kodu olusturulmus ve bu aragtirmada bir FPGA kartna (CMOD A7) bir FM vericisi uy gulanmigtir. Sinyalleri
gondermek ve almak i¢in PC tizerindeki ses kart1 arayiizii kullanilirken, FPGA tarafinda ise ayni amag icin uygun ADC ve DAC kartlar1
kullanilmaktadir. Ornek wav dosyalarmni oynatmak igin Audacity programi, sinyalleri iZemek vewav dosya formatinda kaydetmek igin
HDSDR SDR program kullanildi. Son olarak, MATLAB kodu kullanilarak, kaydedilen verici sinyali ¢evrimdig1 olarak demodiile edildi
ve ¢ikt1, sabit siiriiciiye depolandi. Elde edilen demodiile edilmis sinyal, modiilasyonun dogru bir s ekilde yiiriitiildiigiinii gosteren ilk
modiilasyon sinyaliyle aynidir. Sonug olarak, FPGA kullanan SDR sistemlerinin gelistirilmesi ve egitimi i¢in miikemmel bir temel
olusturulmustur.

Anahtar Kelimeler: SDR, FPGA, MATLAB, FM, TX.

* Corresponding Author: gheriani94(@gmail.com

http://dergipark.gov.tr/ejosat 26



about:blank
mailto:gheriani94@gmail.com
mailto:berkal@karabuk.edu.tr.

European Journal of Science and Technology

1. Introduction

Software Defined Radio (SDR) is a combination of
programmable hardware and software technologies developed for
wireless communication. John Mittola proposed the first concepts
for software defined radio in 1991, with the idea that radios may
be set and programmed in software. Other hardware devices
perform actions such as signal lowering/amplifying,
modulation/demodulation, and filtering in a traditional hardware
radio system. In the software radio, on the other hand, there is a
programmable system that the user can change the location of
these elements at any time. The development of SDR systems has
offered benefits such as cheaper costs and modifying the
functionality of hardware-based radios [1-4].

FM radios are commonly used to broadcast audio signals.
They are also available for limited bandwidth digital
communication systems thatneed lower receiver sensitivity [5].

Instead of classic analog modems, software defined modems
are gaining popularity due to several major advantages suchas re-
programmability, flexibility, and low cost[6].

FM implementation with analog circuits has various
drawbacks, such as non-linearity due to voltage-controlled
oscillator (VCO) and stability performance [7]. The expansion of
low-cost digital signal processing integrated circuits has gained
substantial relevance for the design of digital FM because of
recent improvements. They additionally feature exceptional noise
figure performance and outstanding voice clarity.

FPGAs canrealize digital Numerically Controlled
Oscillators (NCOs) and high order filters for software defined
FM modulation and demodulation.

Two observations may be made based on the FM output
signal. The amplitude of the FM signal remains constant
regardless of the message signal, resulting in a constant envelope
feature. Furthermore, the frequency-modulated output is based
nonlinearly on the message signal. As a result, the FM signal
qualities are difficult to examine. The FM signal bandwidth, on
the other hand, may be approximated using a tone message signal
that represents the number of efficient sidebands. A message
signal can be extracted from an FM transmission via frequency
demodulation. It has a frequency discriminator that works as a
differentiator with a specialized envelope detector[7-8].

The first wireless communication was found in the late
1980s, and since then, various breakthroughs in radio
communication technology have evolved to ensure radio users'
connectivity. The Triumphant radio, which was created in the
1930s and employed voice communication because of bandwidth
limitations at the time, is the earliest sort of transmission. Then,
in the 1950s, broadcast communication became mainstream, with
analog television communication using a large amount of
bandwidth and providing exceptional customer service. In the
1960s, computers were more widely used, and they were able to
transport data across large distances through cable and wireless
connections. Following the introduction of cell phones, wireless
voice communications were found, allowing transmission from
any location. Nonetheless, because the mobile gadgets were not
portable, they were difficult to utilize [9].

Ali HANDER designed an AM receiver using SDR methods
and implemented it on an FPGA. The study's goal was to create a
simple and inexpensive FPGA-based platform for teaching the
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fundamentals of SDR. To create the simulation environment, the
researchers employed MATLAB programs. A signal was utilized
in the simulation to evaluate the FPGA implementation. In
addition, the simulation code serves as a framework for the
FPGA-based SDR system's VHDL architecture. Another
MATLAB script was written by the researcher to examine the
simulation and test findings and compare them. Because the
greater the SNR ratio, the better, the test results on the two signals
revealed that Al tests signals are better than A2 tests signals.
When the actual real-world values were compared to the
simulations of each test signal, it was discovered that the real-
world SNR findings were somewhat lower than the simulations
SNR. SNR value greater than 20dB is regarded as an acceptable
level for an AM receiver. The FPGA AM RX systemhas shown
to be a promising contender for AM demodulation and reception
based on test and simulation findings. Furthermore, the planned
and implemented FPGA AM RX was effective in teaching the
fundamentals of basic SDR, which was the study's major focus
[10].

In [11] authors utilized MATLAB algorithms to build and
implement an AM radio transmitter simulation in an FPGA. Later,
using ISE Design Suite 14.7, VHDL code was written and an
amplitude modulated transmitter was constructed on the FPGA
board (Mimas Spartan 6). The sound card was utilized to send the
sample sound that was used in modulation using the Audacity
programs to the FPGA card. The ADC (LM4550) card provides
an analog signal to the FPGA card, which is then received,
demodulated, and recorded using the HDSDR application. The
transmitter signal is created in analog form by the FPGA card and
delivered to the microphone input of the laptop's sound card
through the DAC (ILM4550) card. Finally, the recorded
transmitter is demodulated offline using the MATLAB code, and
the output is stored to the hard disk. The findings of the
investigation revealed that there is only a little variation between
the simulation and real test results for the same test signal.
Because the signal in the genuine test result has been subjected to
noise, this is seen to be extremely plausible. Similarly, according
to the SNR values obtained, the average value is approximately
20dB, which can be regarded as an acceptable value for an AM
receiver. Furthermore, the systemis thought to be an excellent
platform for implementing and training FPGA SDR systems [11].

Hikmat N. Abdullah created a design approach and the
implementation suggested an SDR system using an Altera
Cyclone II family board, as well as Embedded MATLAB blocks
and MATLAB/Simulink. The design was originally implemented
in the MATLAB/Simulink environment, and then translated to
VHDL using the Simulink HDL coder. The design has been
synthesized and loaded onto an Altera Cyclone II FPGA board
using Quartus II 9.0 Web Edition® software. The findings of the
study revealed that using programmable logic tools, the
implementation of SDR may be readily produced and understood.
In addition, the research revealed an efficient design method for
obtaining VHDL netlists that may be downloaded to FPGA boards
[12].

2. Material and Method

In this study, Digilent CMODA7 “FPGA Card”, PMOD ADC and
DAC cards are used as hardware. In terms of software, XILINX
VIVADO design suite is used to perform VHDL encoding,
Audacity is used for editing and playback of the audio files,
HDSDR is used to control and display the input/output signals,
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and MATLAB is used to demodulate the obtained transmitter
signal [13-19].

A. Simulation Studies

Simulation of the FMTX system is done using suitable
MATLAB scripts. Firstly, sinulation of the FM TX is realized.
Then FM receiver simulation is done. Lastly, analysis of the
results are done.

The transmitter code uses a 10s sample recording sampled at
8KSps which is a 4KHz music recorded in wav format. This
sample wav file is up sampled to 48KSps to provide a 24KHz
wide frequency modulated intermediate frequency (IF) waveform
whose centre frequency is 12KHz This IF signal is then
normalized andrecorded as a wav file (FM.wav). The modulating
signal is normalized and integrated before modulation. A
modulation coefficient determines the maximum frequency
deviation which sets the FM bandwidth according to Carson’s
rule. Maximum frequency deviation Fdmax is derived using the
formula below:

— Amax
max = o m.T,

Fy

Here,

Fdmax: Maximum Frequency Deviation (Hz),
Amax : Maximum Amplitude (rad),

Ts: Sampling Period (s),

Amax given in the code sets Fdmax as 4KHz. The integral
of the signal is plugged into the carrier signal phase argument.
Thus, an indirectly frequency modulated signal is derived through
phase modulation which is a frequently used method in deriving
FM in sampled systems. The modulated carrier is filtered through
a bandpass filter whose centre frequency is 12KHz and bandwidth
is + 8KHz. The bandwidth is selected as 16KHz because Carson’s
rule gives us so as below equation suggests:

BWey = 2.(Fjmax + BW,,) =2.(4KHz + 4KHz) = 16KHz

So, the modulation index P, of the frequency modulated
carrier is:

g = Fumax _4KHz _
"~ BW, 4KHz

Since B is equal to 1, the FM signal is said to be wideband.
The modulated carrier, FM IF, being an infinite bandwidth signal
in analogue form is further bandpass filtered through a FIR filter
in the code which limits signal to 4-20KHz range whose
bandwidth is now limited. Since it has 98% of its energy reside in
the Carson’s bandwidth it continues to represent the modulating
signal. Carson’s bandwidth is sufficient for a successful
demodulation and reproduction of the original modulating signal.
This filtering is mandatory to eliminate residual spectral
components by bandpass filtering before transmitting to prevent
interference to neighbouring stations.

So, a 16KHz wideband FM IF is obtained which is
normalized and recorded as a wav file for further use in
simulations and tests. In the simulations and tests two different
music recordings are used which will be called as A1 and A2 and
their FM results are FM 1 and FM2 respectively.
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To test the transmitter, receiver simulation is done through
the receiver code. Firstly, FM.wav file at 48KSps is loaded. It is
normalized and then sent for demodulation. Demodulation
method used is quadrature FM demodulation. It is achieved by
delaying the input signal by one sample and then multiplying
itself. Selection of 12KHz as IF signal centre frequency is not
arbitrary. Phase interval between two samples corresponds
exactly 90 degrees for an unmodulated 12KHz carrier sampled at
48KSps. So, one sample delay represents 90 degrees phase delay.
If we multiply delayed signal by non-delayed signal, we get zero
DC level otherthan a high frequency component which is filtered
after demodulation. This process provides a changing level if
instantaneous frequency ofthe carrier is slightly changed by time.
The output signal level and polarity are directly proportional to
the direction and amount of frequency change so that we get
demodulated signal at the end of the process. The filter at the
output is a lowpass FIR filter whose cut-off frequency is set to
4KHz which is compatible with the bandwidth of the modulating
signal. The reproduced signalis normalized and recorded as a wav
file for analysis.

Analysis of the results provides us a comparison between
original testsignal with the signal resulted from demodulation. It
is very important to time synchronize each signal that will be
compared to obtain consistent results. Gain errors are also
corrected using a suitable amplitude scaling. It is only possible to
see the distortion and noise effects of demodulation over the
signal after this pre-processing. Pre-processing of test results is
done using the software tool called Audacity which is an easy to
use and free audio processing software (Figure 1).

v . X0 wo »nv 0QQQ4
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Fig. 1 Audacity audio processing tool

The analysis code uses a dual channel wav file. This input
wav file has result signal in the left channel while the original
signal is in the right channel. The recording is prepared in the
Audacity program. Both signals are added to the project file as
stereo. Then both signals are normalized to same level (-1dB). As
a last step, result signal is time synchronized to the original by
setting a zero crossing as reference which is at the same time
point. The synchronization is achieved by discarding enough
samples at the beginning of the result signal. The unused parts at
the end of the signals are also discarded to set the record length to
ten seconds. The test result recordings usually lasts longer than
ten seconds to ensure that one full ten second signalis captured in
the recording. Recordings are made using the SDR software
HDSDR. HDSDR program is also useful in visual and spectral
monitoring of the result in real time. HDSDR SDR program in
operation is shown in Figure 2.
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Fig. 2 HDSDR SDR software

After analysis code takes this prepared dual channel
recording as input, the channels are separated, and then a suitable
scaling factor is applied to correct for gain errors. The scaling
factor is determined by trial and error. An optimal value should
maximize the Signal-to-Noise ratio (SNR) which is calculated and
provided at the end ofthe code execution. SNR in dB is calculated
by dividing rms original signal level to rms error signal level and
then this ratio is converted to dB. Error is calculated by taking
sample by sample difference of original and result signals. The
rms level then calculated by squaring and adding each sample and
then taking the squareroot of the average.

B. Implementation of FM Transmitter in FPGA

The implementation of the FM transmitter in FPGA has two
stages: Hardware design and software design in VHDL.

1. Hardware Design:

Hardware design part of the study incorporates PC, FPGA
card, ADC and DAC cards. A block diagram of the system is
presented in figure 3.

Maodulation
PMOD AD1

| input

G z | | 1 Digilent
£ LAaoc | cmona?
Matlab HILINK
AUDACITY A cound - ARTIXZ

7 = FPGA

HDSDR card [ 3 | pac Board

‘1' PMOD DAZ
FM IF output

12KHz

Fig. 3 FMTX System Hardware Block Diagram

FPGA module in the system is Digilent CMODA7-35T
which incorporates Xilinx Artix7 FPGA on it. The FPGA chip is
XC7A35T in 1CPG236C package whose capacity is 20K-LUT
with 225KB Block-RAM. The board has 512KB SRAM with 8-
bit bus and 8ns access time, 4MB Quad-SPI Flash to hold FPGA
programs and USB-JTAG programming facility which also
supplies necessary power from the connected USB bus. The board
is in DIP form where total of 48-pins provided at each side. The
board provides 44 Digital GPIO pins with 3.3V logic capability.
All the connection to the board is provided through a solderless
breadboard.

ADC card is Digilent’s PMOD-AD1 which uses a dual
channel 12-bit, IMSps/channel sampling rate A/D converter chip
AD7476 from Analog Devices. DAC card is Digilent’s PMOD-
DA2 which incorporates two 12-bit, IMSps DAC chip
DACI121S101 from Texas Instruments. The interface to both
cards is through a standardized PMOD connector which
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encapsulates a standard multi-channel Serial Peripheral Interface
(SPI).

There are also an external USB-soundcard and connecting
audio cables to carry analog test signals between PC and FMTX
system where built-in soundcard of the PC is reserved for
listening of the results.

The recorded test signal (modulation signal) is played back
through the soundcard speaker output at a 48KSps rate repeatedly
using Audacity. This analog signal is digitized through the ADC
and then sent to FPGA board for processing. A fter processing and
frequency modulating the signal by the internal structure of the
FPGA, the digital FM IF outputis sent to D/A card for conversion
to analog at 48KSps rate. The internal structure of FMTX system
is constructed through programming by the VHDL code whose
details are given in the software development part. This analog
output signal is then taken through the microphone input of the
soundcard and sent to PC for monitoring and recording.
Demodulation, monitoring and recording of the modulated signal
is through HDSDR SDR software environment on the PC. A
photo ofthe FMTX systemis shown on Figure 4.

Fig. 4 Photo of the FMTX systemin operation
2. Software Design:

Software for the FMTX systemon FPGA is developed under
the XILINX VIVADO integrated development environment
(IDE). It is the standard development environment for XILINX
Artix-7 series FPGAs. The language used is VHDL which is a
standard language for implementation of hardware logic circuits
in FPGAs. The top module code FMTX provides a main body for
the other functional modules. The diagram on Figure 5 shows the
functional structure of the FM transmitter.

_“‘ ADC [+
mod-in mod-out
Auxiliary : — FMTX VHDL
) Spukiarsat MODULE
PC ‘ ADAC Data-out
1 sound SP1 Serial Intertace o NCO
s 12KHZ Phase ~

s card Interface Module kst
Audacity | USB Frequency set inpat ot
MATLAB | Micinput
UsB f—» 960 KHZ CLK-out
XN Le| mAC |- Signal

—

i 1L
VIVADO IDE 1 Data-in "T‘ *
4Muz | PLL
1 [:] Clipping
CLK R 2 indicator
T XILINK ARTIX 7FPGA
Head phones

}
(o]

Digilent CMOD A7-35T Module

12MHZ

Fig. 5 Block diagram ofthe FMTX systemonthe FPGA
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PC connection for programming of the module is provided
through a spare USB port. This USB port also provides power to
the module. Signal flow to the FPGA is analogue through an
external USB soundcard interface. This external soundcard
provides modulating signal through the speaker output and inputs
frequency modulated IF signal through microphone input. Both
input and output are single channel (mono) ports with a sampling
rate of 48KSps. The input to the FPGA is through the PMOD -
ADI1 A/D module. The digital output from this module is through
a high-speed serial data link in SPI format. The clock provided by
the FPGA is 24MHz which is an integer multiple of sampling rate
(960K Sps). So, 12-bit samples are provided at a rate 960KSps by
the ADC. This being an integer multiple of the sampling rate of
the soundcard interface at 48KSps, is a very high rate than the
required signal bandwidth of 24KHz. However, it does not make
any harm because the processed signals remain in the 24KHz
bandwidth limit. Such a high sampling rate as 960KSps is
necessary because stable operation of ADC and DAC cards used
can only be possible at such high rates.

The output from the FPGA is also provided in serial digital
data and converted to analog form by the PMOD-DA2 D/A
module. The interface is again SPI where the clock rate is 24M Hz
which mustbe in conformance to the A/D converterand sampling
rate of the FPGA. This clock frequency is derived from an
onboard crystal clock module running at 12MHz by a Digital
Clock Management (DCM) IP module. The other necessary
clocks are derived from 24MHz master clock using suitable
divider module which ensure synchronicity through all the FPGA
fabric.

Handling of the data acquisition to and from DAC and ADC
modules is carried over by the ADAC module. It provides the data
to FM modulator and sends the modulator output to the DAC. It
also derives the necessary sampling clock of 960KHz which is
used by the modulator.

Frequency modulator is a simple direct frequency modulator.
A Numerically Controlled Oscillator (NCO) is used asa VCO in
this case. Phase increment value is controlled by the digital input
samples. A higher phase step means an increase in the
instantaneous frequency of the NCO. So, changing phase
increment input of the NCO causes a frequency modulation at the
output. The output of the ADC is first normalized by adjusting the
bit length and then factorized and put as a modulator input.
Second input to the modulator, which is a simple 32-bit adder, is
an offset value which is factorized to give out a frequency offset
adjusted to 12-KHz. So, without a modulation input NCO
provides a 12-KHz smooth sinusoid. The phase increment input
ofthe NCO is 32-bit while the outputis 16-bits. 32-bit is standard
to obtain a suitable frequency resolution in NCOs. The NCO is
operated at 960KHz, so the inputand output sample rates are also
960KSps. The frequency output ofthe NCO, fo is calculated using
the equation below:

07 9Bom)

And for calculating the phase increment value (A8) necessary to
generate an output frequency is:

286m),
f;lk

Here,

fo: Output frequency in Hz,
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BO(n) : Phase increment bit length in number of bits,
fclk: Clock speedin Hz,
AB: Phase increment value.

So, for 32-bit phase increment register, 960 KHz clock rate
and 12-KHz output the phase increment value must be
0x03333333. And for the same parameters the frequency
resolution will be 0.0002235174Hz which is a very small value
and hence the error in the actual frequency output will be very
low.

Anotheruseful feature of the FMTX systemimplemented in
the FPGA is the clipping indicator module. This module uses two
onboard LEDs for the purpose of monitoring the output level. If
output or input of any module is overloaded (the level crosses a
determined threshold) the corresponding led is lit for
approximately 1 seconds. One second time delay is necessary to
see even aone-time event since human eye cannot follow an event
that lasts only 1/960000 of a second. Use of this feature ensures
that the digital output of the ADC and digital input of DAC is not
saturated which leads to clipping distortion. Saturating input of
any module in the signal chain can lead to unexpected results and
hard to determine faults.

3. Results and Discussion

The experiments in the study are obtained in two steps:
simulation results and test results. Simulation results come from
ideal simulation efforts using MATLAB codes. Test results come
from as recordings from actual operational tests of FMTX system
implemented on FPGA.

Two modulation test signals used in each stage are A1 and
A2. Each test signal lasts 10 seconds and sampled at a rate
48KSps. Results from simulation and tests, which are
demodulated audio, are recorded as a separate wave file. These
results are also 48KSps wave files. A post-processing is applied
to these results under audio processing program Audacity. These
post-processes are mainly normalization and synchronization
processes which after demodulation results and original
modulating signals are combined into a single stereo (2-channel)
recording which lasts exactly 10 seconds. These recordings hold
demodulation product on left channel (upper signal in the stereo
track), while original is held on right channel (bottom signal in
the stereo track). Figures 6 and 7 show the simulation results for
the A1, and A2 test signals respectively. Results forthe test signals
A1l and A2 are provided on Figures 8 and 9 respectively.

- T

Fig. 6 Simulation Result for A1

Fig. 7 Simulation Result for A2
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Fig. 9 Test Result for A2

The analysis code compares two signals by subtracting from
each other. From this difference (error) signal rms error is
calculated. Then S/N ratio is calculated in dB using rms error and
rms original signal level whose definition is given below:

S/NdB = ZOIOg(Srms/Erms)

SNR and rms error results for each simulation and test is
given on Table 1.

Table 1. SNR and RMS Error for each Simulation & Test

Testor Simulation RMS Error (x103)  S\NR (dB)
A1 Simulation 1.048 44,18
Ay Test 15.597 20.73
A2 Simulation 1181 43.09
A7 Test 17.144 19.86

For the comparison of results, higher SNR and lower rms
error level is better. So, when we compare the performances, the
bestresults are obtained from the simulations with A1 testsignal.
The simulation with the test signal A2 provided slightly worse
results. The worst result belongs to experiments with test signal
A2. It is slightly below the 20dB acceptable performance
threshold, while the experiments with test signal A1 provided
slightly higherperformance above the 20dB threshold. The results
prove the FMTX system as a good candidate for generating
quality FM signals for broadcast purposes.

4. Conclusions and Recommendations

In this study,an FM transmitter (FMTX) systemis designed
and implemented on an FPGA platform using SDR techniques.
The main purpose is to provide a platform for education of
practical SDR systems. The PC is used as a data administration
and control central. The obtained results are evaluated using
MATLAB scripts. Suitable ADC and DAC modules are used to
process analog signals on the FPGA side and an external
soundcard is used for the same purposes on the PC side. The
collected signals are processed by the FPGA fabric. A signal chain
is developed using VHDL hardware description language under
XILINX VIVADO IDE for this purpose. The FMTX system
generates a 12KHz IF signal as a frequency modulated signal. The
frequency modulator depends on a wideband direct modulation
method which is a very simple technique to encode frequency
modulated signals. An NCO IP is used to provide this facility.
Minimal use of filters is preferred in the design of the system to
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keep it as simple as possible. This ensures that the cost,
complexity, and power consumption of the system is minimal.

The study consists of two stages: first one is the simulation
and design of the FMTX system and the second stage is the
implementation on FPGA and verification of the actual results.
The first stage is accomplished through suitable MATLAB codes
which simulates a FM transmitter using a 10 second music
recording. Two different samples, A1 and A2 are derived using
different audio recordings in wav format. A demodulator code
provides an ideal demodulation result used for comparison
purposes in the design verification stage. So, a suitable MATLAB
code is also used to analysis the experiment and simulation
results.

Design of the FMTX systemis made on XILINX VIVADO
IDE. The codes are written using VHDL. The design is based on
the FM transmitter code written under MATLAB. The modulating
signals are continuously played back using Audacity through the
PC soundcard speaker output and modulation signal is recorded
through microphone input of the same soundcard interface using
HDSDR SDR software. HDSDR provides both a visualmeans for
monitoring the results in frequency domain using its waterfall and
spectrogram displays and recording them in the hard disk while
listening the demodulation products through another spare
soundcard output. The recorded results from the experiments are
then analyzed and compared to the results from the simulation
stages. The analysis results include rms error level which shows
the level of noise from the original and calculation of SNR in dB
from the rms error and original rms signal level.

Analysis of the results show that FMTX system implemented
on FPGA is successfulin the generation of FM signals. So, it can
be accepted as a good candidate in the training and studying of
the practical SDR principles of FM signals. The designed FMTX
system can be utilized as a practical FM backend for a SDR
equipment such as Softrock Ensemble TX which can be set to
accept a 12KHz IF. Thus, FM communication can be possible on
Civilization Band (CB) which is located at 27MHz. The FMTX
systemcan be integrated with a suitable FM receiver built on the
same FPGA and can be used as a transceiver on HF or VHF band
if combined with a suitable up-down converter which can operate
with a 12-KHz TIF.
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Abstract

In this paper we first consider an integer sequence which enumerates the number of subsets of S of the set [n] = {1,2, ... ,n}
containing no three consecutive odd integers. Then we generalize this sequenceto a polynomial sequence which is associated with the
Tribonacci polynomials. Next, we obtain some basic properties of the polynomial sequence.

Keywords: Polynomial sequence, Tribonacci polynomials, Consecutive odd integers, Generating function.

Tribonacci Sayilari ile iliskili Bir Tamsay1 Dizisininin Genellemesi

Oz
Bu calismada 6nce {1,2, .. . ,n} kiimesinin ardigik {i¢ tek say1igermeyen S alt kiimelerinin sayismnakarsilik gelen tam sayi1 dizisini

g6z ontine aldik. Sonra bu diziyi, Tribonacci polinomlar ile iligkili bir polinom dizisine genelledik. Daha sonarpolinom dizisinin bazi
temel Ozelliklerini elde ettik.

Anahtar Kelimeler: Polinom dizisi, Tribonacci polinomlar;, Ardisik tek sayilar, Uretec fonksiyon.
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1. Introduction

Tribonacci numbers can be generalized as Tribonacci

polynomials. There are many studies about Tribonacci
polynomials. You can see [4-9] for the studies.In 1973 Tribonacci
polynomial sequence (T,(x))was defined by Hoggatt and

Bicknell in [3].
For n = 3,

T,() = x2T,_, () + xT,,_, () +T,_,(x), €))

with initial conditions

T,(x) =0,

T, =1, T,() = x2

When x =1, we obtain the Tribonacci sequence (T},),s0-
Generating function for Tribonacci polynomial sequenceis given
in [9] as follows

Z T, () t" = ‘ . )

71— x2t — xt? — t3

n=0

Binet’s formula of Tribonaccipolynomial is given in [5] by

a(x)n+1
"0 = @ =B @e) =y o)
+ [)’(x)"“
B — a@B) — 1)
y(x)n+1

+ , 3)
r(x) = a(x))(y(x) =B (x))

Where a(x), f(x) and y(x) are the distinct roots of

t3 — x%t? —xt — 1 = 0 which is the characteristic equation of

(1).

Consider the sequence (a,,) 5o counting the numberof subsets S
of theset [n]={1,2, ... ,n}
consecutive odd integers. You can see [1] for a detailed study

such that S contains no three

about the sequence (a,, )ys0 -
a, = 2a,_,+4a,_,+8a,_¢s, n=6, (@)

a=1a,=2, a,=4, a;=8 a,=16, ag=28.

Here we first define the polynomial sequence (a,(X)),so usig
(4) and next, we obtain some basic properties of the polynomial
sequence.
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2. Main Results

2.1. Recursive Definition of the Polynomial
Sequence

Let us define the polinomial sequence (a, (x)) with the help of
the recurrence relation (4) as follows:

a,(x) = 2x*a,_,(x) + 4x%a,_,(x) +8a, _c(x). (5)

The first few polynomials are:

a,(x) =1
a,(x) =2
a,(x) = 4
a;(x) =8
a,(x) = 16
as(x) = 28

ag(x) =32x* + 16x2 + 8
a, (x) = 56x* + 32x% + 16
ag(x) = 64x® + 32x° + 16x* + 64x% + 32
8

Notice that a, (1) = a,.

2.2. Generating Function and the Closed Form
Formula of the Polynomial Sequence

Let us try to find the generating function G (x, t) of the polynomial
sequence (a, (x)) using the formal power series.

[oe]

G(x,t) = Z a, (x)t"

n=0

To find G (x, t), multiply both sides of the recurrence relation (5)
by t™ and sum over the values of n for which the recurrence is
valid, namely, overn > 6. We get,

Z a, (" = Z 2x*a,_,(x)t"

nz=6 nz6
+Z 4x2a,_,(x)t" +Z8an_6(x)t" 6)
n=6 n=6

Then try to relate these sums to the unknown generating function

G(x,t). We have
z a, ) tm

nz6
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=G0, t) —ay(0) —a; ()t —a,)t? — a; () t3 — a, () t*

—as(0)t5

=G0, t) —1—2t —4t% — 8t3 — 16t* — 28t°,

Z 2x*a,_, ()t = 2x*¢t? Z Ay, (x)t" 2

nz=6 nz6
=2x*t?2 (G(x,t) —ay(x) — a, ()t — a, (x)t? — a; (Dt3)

=2x*t? (G(x,t) —1—2t —4t% — 8¢3),

Z 4x%a,_,()t" = 4x%t* z a,_,(x)t"*

nz6 nz6

= 4x%t* (G(x,t) — 1 = 2t),

2 8a,_(()t" = 8t6z a,_g(x)t"°

nz6 nz6
= 8t°G(x, t).
If we write these results on the two sides of (6), we find that
G(x,t) —1— 2t — 4t* — 8t> — 16t* — 28t°
=2x*t? (G(x,t) — 1 — 2t — 4t? — 8t%)
+4x2t* (G(x, 1) —1—20) + 8t°G(x, 1),

142t 4+ @ —2xHt? + (8 — 4x*)t3
1—2x%t?2 — 4x2%2t* — 8t®

Glx,t) =

(16 — 4x% — 8xM)t* + (28 — 8x2 — 16x*)t°
1 — 2x4t? — 4x2t* — 8t6 '

)

Substituting x = 1, we get the generating function for the integer
sequence (@, )nso-

Theorem 1. Let (a,,(x)) is the polynomial sequence defined by
(5). Then we have

Ay () = 27T, () + (2 — xM)T,(x?)

+(4 - x? = 2xHT,_, (x?)],
Apps1 () = 22T, (x?) + (4 — 2xM)T, (x2)
+(7 — 2x% — 4x)T,_, (x?),

where T, (x) is the nth Tribonacci polynomial.
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Proof. If A(x,t)is the generating function for even terms of the
polinomial sequence (@, (X)), then it is clear that A(x,t) =

i(G(x, t) + G(x,—t)). From (7) we get,

14+ Q@ —x2t? + (4 — x% = 2xH)4t*

Alx,t) = ,
G, 0) 1 — 2x*12 — 4x2t* — 8t
1
Alx,0) =
&0 = TS A T e
2t?
+(2 —x*
@ - o AE T et
4¢*
+(4 — x? — 2x*) : ®)

1—2x%t?2 — 4x2t* — 8t°

Let’s write the generating function of the Tribonacci polynomial
sequence with initial conditions T,(x) = 0, T,(x) =1, T,(x) =
x2 which is givenin (2):

V4

tlx,z) = :
1—x2z—xz2—23

Let us indicate the correspondence between a sequence and its
generating function with a double-sided arrow as follows:

1
1,x% ,x* +x,... 9
(1L,x%,x*+x,...) © R P 9
z
0,1,x% ,x*+x,... 10
(0,1,x2 ,x*+ x >H1—xzz—x22—z3 (10)
2
z
(0,0,1,x2 x*+x,...) & (11)

1—x2z—xz%—23

If we right-shift the polynomial sequence in (9) by adding
respectively one and two leading zeros, we obtain the polynomial
sequences (10) and (11). Hence (9), (10) and (11) are respectively
generating functions of the polynomial sequences (T, (x)),

(T (x)) and (T, —4 (x)).

Substituting x? for x and writing z = 2t? into (9), (10) and (11).
Together with these and using (8) we get the coefficients of t2"
which gives the exact formula for the polynomial sequence

(aZn(x))a
Ay, (1) = 20Ty, (62 + 2 —xDT, (x?)
+(4 — x% = 2xMT,_, (x?)]

where T, (x) is the Tribonacci polynomial sequence defined by

(M.

If B(x,t) is the generating function for odd terms of the
polinomial sequence then it is clear that B(x,t) = % (G(x,t) —

G(x,—t)). Using (7) we get,
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B0 t) 2t + (8 — 4x*)t3 + (28 — 8x2 — 16x*)t5 +(—6x8 — 16x°® — 20x* + 22x2 +62)T,_, (x?)
x,t) =
1 —2x*t? — 4x2t* — 8t6
2
+(—4x°® — 16x* + x2 + 26)T,_;(x?)

+(—4x® — 16x°® — 29x* + 14x2 +58)T,_,(x?)

Blx,t) =t
Gt =t o —are
+(—4x* — 2x2 + DT,_,(x?),

(4 —2x*%) 2t”
+ —
1— 2x%t%2 — 4x2t*— 8t°

4t*
1 (12 B,(x) = [(6x* + 12x% + 22)T,, ., (x?)

(7 — 2x% — 4x*
(7 =2x" = 4°) T3 a7 —qxect — g

+(—6x8 — 12x°® — 8x* + 30x% + 56) T, (x?)

Substituting (9), (10) and (11) into the equation (12) we get the
coefficients of t?"*1 which gives the general term for the
+(—14x8 — 36x° — 42x* + 36x? + 111 T,,_, (x?)]

polynomial subsequence (a,,,,(x))
+(—4x® — 16x°® — 29x* + 14x? +58) T,_,(x?)

Ay s () =202, (x2) + (4 — 2xM)T, (x?)
+(7 — 222 — 4xM)T,_, (2], +(—4x°® — 16x* + x2 + 26)T,_;(x?)
+(—4x* — 2x% + DT,_,(x?).
where T, (x) is the Tribonacci polynomial defined by (1).
Proof. Let (S =0 be the sum of first n terms of the
The proofis completed. . (Sn (Xm0 .
polynomial sequence (a,, (x)):
Notice that, L
520 = ) 4y ()
Azn (D = agn = 2"Ty 1o, k=0
Ay (D) = Gy oy = 27T, 4 Using recurrence relation (5) and its initial conditions we have
a,(@) = 2x*a,_,(x) + 4x%a,_,(x)+8a, _;(),

a(x) =1, a;(x) = 2, a,(x) = 4, a3(x) = 8,

2.3. The Sum of the First n Terms of the
a,(x) =16, as(x) = 28.

Polynomial Sequence
For n > 5, we can write the following equalities:

ag(x) =2x*a,(x) + 4x?a,(x) + 8a,(x)

In [4] the sum of the Tribonacci polynomials is obtained as
i T, () = Tpi2 () + (1 = %), G) + 7,00 — 1 a, () = 2x*a;(x) + 4x%a;(x) + 8a,(x)
AR X2+ x '
k=0
a,(x) =2x*a,_,() + 4x%a,_,(x) + 8a, _¢(x)

Theorem 2. Let (a,,(x)) is the polynomial sequence defined by ] ] S
(5) and T,(x) is the nth Tribonacci polynomial. Then for n > 4 Adding all these equations term by term and substituting initial
values we have

(2x* + 4x% + 8)[a, () + a,_, ()]

we have
! 2mA, (x) + 30x* + 12x2 — 59 S () =
Zak(x) = 2x% + 4x%2+7 " 2x* +4x2+7
k=0
- (4x% + 8) [a,_, () + a,_; ()]
Z () = 2"B,(x) + 30x* + 12x% — 59 + 2%t + dxZ 7
, 2x*+ 4x% + 7
k=0 8la,_,() + a,_s()] + 30x* +12x% — 59
+ .
Where 2x* +4x2 47
A, (x) = [x* + 4x2 + 8)T,, ., (x?) Let’s write Sy, (x):
+(—2x8 — 4x® — 2x* + 14x% + 28) T, (x2) x* + 4x% + 8)[ay, () + ay,_, (0]
n S, () =
2x* + 4x? + 7
36
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(4x2 + 8) [ayn_, () + a,, 3 ()] From Theorem 2 we have
2x* +4x%24+7 8
244,00 + 30x* + 12x2 — 59
B Loy () + a5 304 41206059 Do ) == e (16)
+ =
2x* + 4x2 + 7 ity - ) k=0
Using (13) and Theorem 1 we have
n where
2"A, (x) + 30x* + 12x2 — 59
S = ) 4, ) = T , (14) 4,00 = [(2x* + 4x% + )T, (x?)

k=0
where +(—2x8 — 4x5 — 2x* + 14x? + 28)T,(x?)
A, () = [x* + 4x2 + 8)T,, , (x?) +(—6x% — 16x° — 20x* + 22x% + 62)T; (x?)
+(—2x® — 4x5 — 2x* + 14x% + 28) T, (x2) +(—4x8 — 16x® — 29x* + 14x2 + 58)T, (x?)
+(=6x% — 16x5 — 20x* + 22x% + 62) T,_, (x?) +(—4x®—16x* + x? + 26)T; (x?)
+(—4x® — 16x5 — 29x* + 14x% +58)T,_,(x?) +(—4x* — 2x2 + 7T, (x?).

Using the definition of Tribonacci polynomials we have
+(—4x® — 16x* + x2 4+ 26)T,_;(x?)

+(—4x* — 2x% + DT,_,(x?).
A, () = [(2x* + 4x2 + 8) (x° + 3x1° + 3x*)
Let us find the following summation formula for n > 4,
+(—2x% — 4x° —2x* + 14x2 + 28) (x2 +2x° + 1

2n+1

Z a, (x). +(—6x8 — 16x° — 20x* + 22x% + 62) (x® + x?)
k=0
+(—4x8 — 16x° — 29x* + 14x2 + 58) (x*)
2n+1 2n
Z a, () =ay, (&) + Z a; (x) +(—4x® —16x* + x2 4+ 26).1
k=0 k=0

+(—4x* - 2x2+7).0
From Theorem 1 and (14) we have

=~ 2"B, (x) + 30x* + 12x% — 59
Z a () = 2%t + 4x2 + 7 ’ (15) Multiplying the polynomials we have
k=0
A, () = 2x%0 + 4x18 4+ 8x1° + 6x* + 12x12
where

+24x10 4+ 6x8 + 12x% + 24x* — 2x%0 — 4x18
B,(x) = [(6x* + 12x% + 22)T,,,, (x?)
—2x10 + 10x™ + 20x1% — 4x'° + 26x8 + 52x°
+(—6x8% — 12x® — 8x* + 30x% + 56) T, (x?)
—2x* 4+ 14x% + 28 — 6x1° — 16x™* — 20x*?
+(—14x8 — 36x° — 42x* + 36x% + 11T, _, (x?)]
+16x10 4+ 46x% — 20x° 4+ 22x* + 62x% — 4x1?

+(—4x8 — 16x° — 29x* + 14x2 +58) T, _, (x2)
n-2 —16x1° — 29x® + 14x5 + 58x* — 4x5 — 16x*

—Ay6 _ 4 2 2
+(—4x 16x* + x2 + 26)T, _53(x?) +x2 + 26,

The proofis completed. A,(0) =

8x12 +20x1° + 49x® + 54x° + 86x* + 77x2 +54. (17)

Example 1. Let us compute the following sum. From (16) and (17) we get
8 8
Z a; (x) Z a, (x) =64x% +32x°+ 104x* + 112x% + 115.
k=0 k=0
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3. Conclusions

In this paper, we define a polynomial sequence (a,, (x)) which is
a generalization of the integer sequence (a,) given in [1]. The
polynomial sequence is associated with the Tribonacci
polynomials and we get some properties of the polynomial
sequence.
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Oz

Bal aris1 (Apis mellifera L.), diinyada en yaygm yetistirilen ve hem ekonomik hem de ekolojik bakimdan ¢ok 6nemli bir bocek
tiriidiir. Kentsel alanlarda kirsal alanlara oranla hem pestisit hem de parazit yiikiiniin daha diisiik olmas1 ve daha fazla ¢ic ekli bitki
cesitliliginin bulunmasi gibi bircok sebepten dolay1 son yillarda kentsel alanlarda da bal aris1 yetistiricilifi giderek artmaya ve biitiin
diinyada popiiler olmaya baglamistr. Giiniimiizde bal aris1 kolonileri kent merkezlerindeki binalarm ¢at1 ve teraslarmdan evlerin arka
bahgelerine kadar her yerde bulunmaktadir. Kentsel aricilik uygulamalart banliy6é ve kirsal alanlardaki uygulamalara benzer olmakla
birlikte, yogun niifuslu kentsel ortamlarda, kent aricilar1 kovan yerlestirme, koloni yonetimi, ogul ve yagmacihgi 6nleme, su kaynagi
temini, insan/an etkilesimi ve a1 diskis1 gibi birgok konuda zorluklarla kars1 karsiya kalmaktadirlar. Kentsel aricilik yeni endiseler de
yaratmaktadi. Sehirlerde artan bal aris1 koloni yogunluklar, bal aris1 koloni verimliligini azaltmasmm yan1 sira parazit ve patojenleri
bulastirarak ve nektar ve polen kaynaklar igin rekabet ederek yabani ar tiirlerini olumsuz etkileyebilmektedir. Bu nedenle kentsel
aricihk faaliyetlerinde riskleri en aza, faydalan en st diizeye ¢ikaracak diizenlemelere ihtiya¢ bulunmaktadi. Bu derlemede, kent

ariciigmna iligkin giincel diizenlemeler ele alimmis ve kent sakinlerinden gelen sikdyetlerin azaltiimasina yonelik bazi Oneriler
sunulmustur.

Anahtar Kelimeler: Kentsel Arcilik, Diizenlemeler, Zorluklar, Siirdiiriilebilirlik, Ar1 Uriinleri.

Urban Beekeeping Rules and Challenges

Abstract

Honey bee (Apis mellifera L.) is the most widely grown insect species in the world and is very important both economically and
ecologically. Recently, keeping honey bees in urban areas is becoming also increasingly popular around the world due to many
reasons such as the presence of more flowering plant diversity in parks, gardens and other green areas of urban areas compared to
rural areas, and the lower risk of both pesticides and parasites in urban areas. Today, honey bee colonies are found everywhere, from
the roofs and terraces of buildings in city cores to suburban backyards. While urban beekeeping practices are similar to those in
suburban and rural areas, in densely populated urban environment, urban beekeepers face many challenges such as hive placement,
colony management, preventing of swarming and robbing, provision of water source, human/bee interaction and bee poo. Urban
beekeeping creates new concerns. Increased honey bee colony densities in cities might have negative effects on wild bee species by
transmitting parasites and pathogens and by competing for nectar and pollen resources in addition to honey bee colony product ivity.
There is, therefore, a need for good urban beekeeping regulations to maximize the benefits while minimizing the risks. In this review,
current regulations regarding urban beekeeping were addressed and some suggestions were presented to reduce complaints fromcity
dwellers.

Keywords: Urban Beekeeping, Regulations, Challenges, Sustainability, Bee Products.
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1. Giris

Bal aris1 (Apis mellifera L.), diinyada en yaygm yetistirilen
ve hem ekonomik hem de ekolojik bakimdan ¢ok O6nemli bir
bocek tiiriidiir. Insanlar binlerce yildir bal anlarni, 6nceleri bal
ihtiyaglarini kargilamak i¢in, giiniimiizde ise tiim ar iriinlerini
ve tozlasma hizmetlerini saglamak amaciyla yetigtirmektedirler.
Arcilik timiiyle dogaya, floraya bagh bir tarimsal faaliyet
oldugu icin genel olarak kirsal alanlarda yapilmaktadi. Ancak
Ozellikle son yillarda kentsel alanlarda da bal aris1 yetistiriciligi
popiiler olmustur. Kentsel aricilik, kirsal alana erigimi olmayan
sehirlerde, yerlesim yerlerinde konutlarn arka bahgeleri,
binalarin c¢at1 teraslari gibi alanlarda bal amnsi yetistiriciligi
yapmak olarak tanmmlanabilir. Kentsel alanlarm park, bahge ve
diger yesil alanlarinda kirsal alanlara oranla daha fazla ¢igekli
bitki ¢esitliliginin bulunmasi, kentsel alanlarda hem pestisit hem
de parazit riskinin daha diisiik olmas1 gibi birgok sebepten dolay1
son zamanlarda kentsel ariciiga duyulan ilgi biitiin diinyada
artmakta ve sonugta diinyanm dort bir yanindaki kentlerde hem
koloni sayismda hem de kent aricilarmm sayismda Onemli
artiglar gozlenmektedir (Egerer ve Kowarik, 2020; Weinreich,
2020; Matsuzawa ve Kohsaka, 2021). Bununla birlikte bu artigin
bir taraftan besin kaynaklan paylagiminda yasanan rekabet ve
parazit ve patojenlerin taginma riskinden dolay1 kentsel alanlarda
yasayan diger tozlastiric1 tiirler lizerinde olumsuz etkilere yol
acabilecegi diger taraftan da kentlerde artan koloni
yogunlugunun verimlilife olumsuz etkilerinin olabilecegi de
tartigilmaktadir  (Cohen vd., 2017, Mallinger vd., 2017; Henry
ve Rodet, 2018; Ropars vd., 2019; Mahe vd., 2021; Abella ve
Moretti, 2022). Kentsel aricihk uygulamalar, kirsal alandaki
uygulamalara benzerdir Bu nedenle an yetistiriciliginin
insanlarm yogun yasadigi ortamlarda yapimasinin birgok
zorlugu bulunmaktadir Kovanlarin yerlestirilecegi yerlerin
belirlenmesi, kovan yogunlugunun belirlenmesi, arilarn su
ihtiyacmm temini, arilarmn savunma davranisi, ogul verme
davranigi, yagmacilik davranigi, digkilama davranigt gibi kirsal
alanda yapilan aricihkta sorun olmayan birgok konu kentsel
aricilikta sorun yaratabilmektedir (Matsuzawa ve Kohsaka,
2021, 2022). Bu bildiride, son yillarda olduk¢a popiiler olan
kentsel aricilikla ilgili mevcut uygulamalar, almmasi gereken
Onlemler ve kentsel aricihgm zorluklart agiklannugtir.

2. Kentsel Ariciik Kurallan

Kentsel aricilik, gida giivenligi, cevre ve kentsel
slirdiiriilebilirlik gibi bircok Onemli konuya ilginin artmasiyla
birlikte diinya ¢apmda O6nem kazanmaktadir. Kentsel aricilikla
ilgili yaymlanmg smirh verilere ragmen, kiiresel olarak genel bir
artis egilimi gozlenmektedir. Diinya genelinde kentsel aricilik
faaliyetleri incelendiginde hicbir kuraln olmadigi kentlerden
ayrntili  kurallarm  bulundugu kentlere kadar ¢ok farkl
uygulamalarm  oldugu  goriilmektedir. ~ Kentsel  aricihk
yonetmelikleri, genellikle ulusal 6l¢ek yerine eyaletler ve kentler
Olgeginde gelistirilmigtir. Diizenlemeleri olusturan kuruluslar
arasinda yerel yonetimler, ilgili kamu kurumlarn ve az da olsa
aricihk  Orgiitleri  bulunmaktadi. Mevcut kentsel aricilik
diizenlemelerinin ¢ogu sehir sakinlerinin giivenligini saglamaya
yoneliktir ve birgogu bilimsel temeli olmayan ¢ok g¢esitli
hiikiimler de igermektedir (Matsuzawa ve Kohsaka, 2021, 2022).
En sik rastlanilan diizenleme uygulamalari, kovanlarin
sayisr/yogunlugu, kovanlarin yerlestirilecegi alanlarla ilgili
kisitlamalar, kovanlarin oniine bariyerlerin, citlerin
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yerlestirilmesi, su temini, yangmn giivenlii gibi konularla
ilgilidir. Koloni yogunlugu ve anlklar arasindaki mesafe biiyiik
Olgiide cevredeki nektarh ve polenli bitki miktarma gore
degisecegi i¢cin bu konuda kentsel ariciik i¢in genel
diizenlemeler yapmak olduk¢a zordur Ancak bilimsel
kuruluslarla diizenlemeleri yapan g¢esitli kurum ve oOrgiitler
arasmdaki isbirligi gii¢lendirilmeli ve biiylik yerlesim yerlerinde
yapilacak kentsel aricihk faaliyetlerinde, riskleri en aza,
faydalart en st diizeye c¢ikaracak diizenlemeler ve kurallar
olusturulmali ve uygulanmahdir (Garbuzov ve Ratnieks, 2014;
Matsuzawa ve Kohsaka 2022).

3. Kovan Yogunlugu ve Kovanlarin

Yerlestirilmesi

Konutlarm balkonlarmda bal arnsi kolonisi bulundurmak
cevredeki komsular acismdan Oonemli sorunlar
yaratabileceginden uygun olmayan ve tercih edilmeyen bir
uygulamadmr. Kalabahk sehir merkezlerinde genellikle binalarin
catt1 teraslarn tercih edilirken, kentlerin miistakil, bahceli
evlerinin yogun oldugu mahallelerde konutlarm arka bahgeleri
tercih edilmektedir. (Egerer ve Kowarik, 2020; Matsuzawa ve
Kohsaka, 2021). Deneyimli aricilar, kolayligi nedeniyle kosullar
uygun ise kovanlar catida tutmak yerine zemin seviyesinde
tutmay1 tercih etmektedir Kovanlarin birkag kath bir bina
catismin tlizerinde konuslandirlmasi bal aris1 aktivitesinde bir
sorun olusturmayacakti. Ancak 10 kath 15 kath ¢ok yiiksek
binalar riizgar vb. daha asm g¢evresel kosullar nedeniyle bal
arllarmm aktivitelerini olumsuz etkileyebilir (Alton ve Ratnieks,
2016). Buna karsin Londra, Paris gibi biiyiik metropollerin kent
merkezlerinde bulunan yiiksek binalarm catilarmda da bal arisi
kolonileri bulunmaktadir (Weinreich, 2020). Kentsel alanlarda
art  kovanlarnin yerlestirilecegi alanlarm ve bu alanlara
yerlestirilecek kovan sayilarmm belirlenmesi kent sakinlerinin
giivenligi a¢ismdan en dnemli konulan olusturmaktadir ve arka
bahge aricihfi olarak da nitelendirilebilen kentsel aricilikla ilgili
kurallar ve diizenlemeler bilimsel olarak kanitlanmanus olsalar
da biiyiik 6l¢ctide bu konularla ilgilidir En yaygm diizenleme,
kovan sayisindaki sinirlama ile ilgilidir. Genel olarak kentsel
alandaki bir ariliga konabilecek maksimum kovan sayis1 400 m?
den daha kiigiik bahgelere ar1 kovani konmamasi, 400-1000 n?
aras1 biiyiikliikteki bahgelere en fazla 2 adet kovan, 1000-2000
m? arasi biiyiikliikteki bahgelere ise en fazla 4 adet kovan
yerlestirilmesinin uygun olacagi yoniindedir. Kentsel aricilar,
kovanlarn1 yollardan, patikalardan ve parklardan miimkiin
oldugunca uzak, komsulariyla ve yoldan gegenlerle etkilesiminin
en az diizeyde olacag bir yere yerlestirerek sorumluluk risklerini
azaltabilirler. Kovanlar, tiim komsu miilkiyet sinirlarindan en az
tic metre wuzakta konuslandimlmah ve arilarm kovandan
ayrildiktan  hemen sonra c¢evredeki insanlarla temasmi
engellemek i¢in arihk ve bitisik miilk arasma en az iki metre
yiksekliginde saglam bir ¢it veya asilmaz bir bitki bariyeri
olusturarak arilarm ugus yolu diizenlenmelidir (Tasmanian
Beekeepers Association, 2014; Matsuzawa ve Kohsaka 2022).

4. Bal Arllarimmn Savunma Davramsi ve
Kontrolu

Kentsel arcilikla ilgili kurallar, yasaklar biiylik olciide
kamu giivenligine yonelik kaygilardan kaynaklanmaktadi. Bu
nedenle kentsel alanlarda yapilan aricilik faaliyetlerinde arilarin
sokma riskini en aza indirmek birincil 6nceliktir (Garbuzov ve
Ratnieks, 2014; Melathopoulos vd., 2018). Bal arilar1 genellikle
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saldirgan degillerdir. Ancak genellikle kovanlarmm yakmn
cevresinde kendilerini ve koloniyi rahatsiz edebilecek cesitli
uygulamalara tepki olarak, savunma, sokma davraniginda
bulunurlar. Bu nedenle kentsel alanlardaki bal arlarinin ¢evrede
bulunan insanlari sokma riskini en aza indirecek Onlemlerin
alinmas1 gerekmektedir. Ar1 sokmasma karsi insanlarda iki tiirlii
reaksiyon goriilebilir. Yaygin gorillen reaksiyon lokal bir
reaksiyondur ve sokulan alanmn etrafindaki yakin bolgede
kasinti, sisme ve kizariklik ile sonuglanabilir. Diisiik oranda da
olsa (% 0.15 — 7.5 ) baz insanlarda (Bilo ve Bonifazi, 2008)
anafilaktik sok adi verilen ve bogazda gisme, nefes darligi, bas
donmesi, kurdesen, tansiyon disiikliigii ve biling kaybi ile
sonuglanabilen, sistemik alerjik reaksiyon goriilebilir ve hemen
tedavi edilmezse Oliimle sonuglanabilir Bal arilarmin sokma,
savunma davranigmi etkileyen genetik, c¢evresel ve koloni
yonetimi ile ilgili birgcok etmen bulunmaktadir. Arlar tehdit
algismi feromonlarla kolonideki diger arilara iletirler ve boylece
koloni savunmaya gecger ve tekrar sakinlestirmek zaman alir. Bu
nedenle temel ilke kolonide tehlike algist1 olusturmadan
yapilmas1 gereken uygulamalari yapmaktir (Sponsler ve
Bratman, 2021). Koloninin hirgmhk &zelligi ana aridan
kaynaklaniyorsa daha sakin bir ana aryla ana arisi
degistirilmelidi. ~ Kentsel alanlarda  uysal  genotiplerle
cahgimaldi.  Giinesli, riizgarsiz ve nektar ve polen
kaynaklarmm bol oldugu zamanlarda bal arisi kolonisi daha
sakindir. Kent aricilant serin, riizgarh ve nektarm az geldigi
zamanlarda miimkiinse kolonileri a¢gmaktan kagmmalidir. Kent
aricilart, arilan sinirlendirmemek ve sokmalarmi Onlemek icin
cevrede insanlarin olmadigt giizel havalarda, kolonilerine duman
vererek, ani hareketler yapmadan nazik bir sekilde, tarlact
arilarn  kovanda olmadigi sabah ve 6glen saatlerinde (10:00-
15:00) kisa siireli kovanlarini acip, hizli bir sekilde kontrollerini
yapmasi gerekmektedir (NSW Government report, 2000;
Melathopoulos vd., 2018).

5. Bal Anllarimin Ogul Verme Davramnisi ve
Kontrolii

Kentsel alanlarda yapilan bal ars1 yetistiriciliginde
kargilagilabilecek en Onemli sorunlardan birisi de bal arisinin
ogul verme davranigidi. Ogul bir bal aris1 kolonisinin
kendiliginden iki kii¢iik koloniye boliindiigli dogal ancak
Onlenebilir bir ¢ogalma seklidir. Ogul, genellikle nektar ve polen
kaynaklarmm bol oldugu birka¢ haftadan sonra, iklim ve floraya
bagh olarak ilkbaharn sonu ile yazn bas1 arasinda 4-6 haftalik
bir siire¢ igerisinde gergeklesir. Ogul verme agsamasinda kolonide
ana art ve ig¢i anlarin bir bolimii, binlerce, bazen on binlerce
isci arn bal midelerini balla doldurarak kovan Oniinde bir an
bulutu olusturur ve biiyilik bir viziltiyla toplu halde kovani terk
ederler. Kovandan c¢ikan bu arilar birka¢ dakika igerisinde ana
ar1 ile birlikte kovanin yakmmndaki bir agag, ¢ali veya uygun bir
yere lizim salkimi seklinde bir kiime olustururlar (Graham,
2003; Korkmaz, 2013). Ancak bazen arilarn bu kisa konaklama
yeri sec¢imleri ¢ok sasirtict olabilmekte alinmasi zor yerlerde de
toplanmaktadirlar. Kentsel alanlarda bazen bir arabanm,
pencerenin, duvarm, ¢atinin, ¢it direginin veya bir elektrik
direginin lizerinde de ogul goriilebilir Cikan ogul bu gegici
konaklama yerinde, hava durumuna ve yeni bir yuva yeri
bulmak i¢in gereken zamana bagh olarak genellikle bir saatle
birka¢ giine arasinda bir siire sabit kali. Ogul kiimesindeki arlar
uygun bir yer, kalici bir yuva yeri bulduklarnda, kiime
parcalanir ve yeni yuvalart dogru ucarlar. Ogul’a ¢ikan arilarin
karmlart dolu oldugu i¢in sokma yetenekleri azalmstir. Ayrica
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yavrularmdan ve yiyecek depolarindan uzakta olduklar i¢in
daha az savunma davranig1 sergilerler. Bu nedenle bal arisi
ogullart ¢ogu durumda tehlikeli degildir Yine de kentsel
alanlarda, kent sakinlerinin kapilarmm Oniinde, sokaklarinda
veya bahgelerinde genellikle bir yone dogru vizildayarak birlikte
hareket eden binlerce aryla karsilasmasi paniklemelerine,
endiselenmelerine ve hatta arlardan ve kent ariciigindan
korkmalarina neden olabilit. Koloninin ogul vermesini dnlemek
aricmm gorevidir. Ozellikle kentsel alanlarda kolonilerin ogul
vermesi mutlaka Onlenmelidir (Melathopoulos vd., 2018; UC
anr, 2018; Boma, 2019; Matsuzawa ve Kohsaka, 2021).

Arcilar ogullant yakalayip kovanlara aktararak arih kovan
sayilarmi artrmalarma kargin teknik arcilikta da kolonilerin
ogul vermesi istenmez. Ogul arcinin kontroliinde olmayan bir
boliinerek ¢ogalma davranisidi. Aricilarin is¢i ar1 populasyonu
zayif kolonilerle basarih bir {iretim yapmasi miimkiin degildir.
Bal ans1 kolonilerinin ogul vermesini hem koloniyi olugturan
ana armmn genetik yapist hem de ¢evre kosullan etkilemektedir.
Ogul verme egilimi yliksek ana armm olmasi, nektar ve polenin
yogun bir sekilde kovana gelmesi, kolonide ergin an
populasyonunun ¢ok artmasi, kulucgkalik sikisikligi (ana arinin
yumurtlayacagi alanm azalmasi), gen¢ is¢i art miktarmm fazla
olmasi, ana armm yash olmasi, ana ar1 yasmm ve koloni
populasyonunun fazla olmasmdan dolay1 ana ar1 feromonlarmin
etkinlifinin azalmasi, kovan i¢i sicakligmm, neminin artmasi,
havalandrmanm azalmas1 gibi bircok etmen kolonilerin ogul
vermesini tetiklemektedir. Kolonilerin ogul vermesini onlemek
icin ise koloniye ilave alan saglamak (bos petek ve /veya kat
vermek), ana arismi ogul verme egilimi diigiik olan ana ariyla
degistirmek, kalabahk kolonileri bolmek veya bu kolonilerden
arih ve / veya yavrulu ¢erceve almak, kovanlara golgelik
yapmak, havalandirmalarmi genislemek gibi birgok uygulama
yapilabilir (Graham, 2003; Korkmaz, 2013). Diinyada kentsel
aricihgmn yaygin yapildigi bazi metropollerde kolonilerin ogul
vermesini onleme ve diger koloni yonetimi konularinda aricilara
profesyonel destek veren girketler kurulmustur. Ayrica birgok
kentte, kent sakinlerinin kendi miilklerinde veya cevrelerinde
ogul gordiiklerinde iletisime gegebilecekleri telefon numaralan
bulunmakta ve ¢ikan ogullar kisa siirede yerel arict birlikleri,
tarim ofisleri veya yerel yonetimlerdeki ilgili birimler tarafindan
toplanmaktadir (UC anr, 2018; Boma, 2019). Ulkemizde de bu
konudaki Oncii uygulamalardan birisini Ankara Biiyiiksehir
Belediyesi baglatmis ve Ankara ilinde ilkbahar aylarinda
agaclara, catilara konan ogullan almak icin Itfaiye Daire
Baskanligi biinyesinde egitimli bir arn timi kurmustur
Ulkemizdeki diger biiyiiksehirlerde de ar yetistiricileri birlikleri,
tarm il miidiirlikleri ve yerel yOnetimlerin isbirligi ile uzman
aricilik  ekiplerin - kurulmas: {ilkemizdeki kentsel aricihifin

6. Bal Anlarimin Yagmacihk Davramsi ve
Kontrolii

Kentsel arcilik faaliyeti srasinda kovan ¢evresinde tehlike
olusturabilecek bir bal aris1 davranis1 da yagmacilikti. Bal arlar
kaynak ne olursa olsun normal ugus yapabildikleri her zaman
nektar ve polen toplamaya ¢ahsilar. Ozellikle dogada nektarm
kit oldugu donemlerde kuvvetli kolonilerin is¢i arilari zaman
zaman zayif kolonilerin ballarmi kovanlara tasimak i¢in zayif
kolonilere saldirmalart yagmacilik olarak tanimlanm. Yagmacihik
kolonilerin kaybma ve hastaliklarm kovanlar ve hatta arhklar
arasinda yayilmasma yol ac¢tigi icin teknik aricibkta da hig
istenmeyen ve dikkat edilmesi gereken bir arn davranigidir
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Yagmacihk durumunda zayif kovanlarm her tarafindan ugan ve
kovana girmeye calisan ve kovan oOniinde yogunluk olusturan
¢ok sayida ar bulunur ve bu durum da yakmn ¢evrede bulunan
insanlar ve hayvanlar i¢in de sorun yaratabilir Bal anlarmm
yagmacilik davranis1 bu konuda bilgili ve dikkatli aricilar i¢in
bir sorun olusturmaz. Yagmaciik davranigy zayif ve giiclii
kolonilerin yan yana bulundurulmamasi, koloniler arasinda
makul bir mesafe birakimasi, kovanm ugus deliklerinin
daraltiimasi, kovan yarik ve ¢atlaklarmm kapatilmasi, koloni
beslemesinin kovan igerisinde yapilmasi, kovanlarm uzun siire
acilk  brakimamasi, kovan  etrafina  sckerli maddeler
bulastirlmamas1 gibi koloni bakim ve yonetimi ile ilgili
kurallara uyularak Onlenebilmektedir (Graham, 2003; Oder,
2006; Korkmaz, 2013).

7. Bal Arnlarmm Su
Kaynaklanabilecek Sorunlar

Ihtiyac1  ve

Bal aris1 kolonilerinde su, larva besininde kullanilacak bal
inceltmek, kovan igindeki sicakhigi diisiirmek ve nemi
diizenlemek i¢in gereklidir. Ortalama giligteki bir koloninin
ilkbaharda yavru yetistirmek i¢in giinliik su gereksinimi yaklagik
150 gram kadardir. Giiclii koloniler, 6zellikle sicakligin yiiksek,
nemin diisiik oldugu kosullarda giinde 1 kg’ a kadar su
toplayabilmektedirler. Bir ig¢i ar1 kovana su toplamak igin giinde
ortalama 50 sefer yapabilir ve her seferde de ortalama 25 mg su
tasiyabilir. Kovana giinliik 1 kg su tagmabilmesi i¢in yaklagik
800 is¢i armin toplam 40 000 sefer yapmasi gereckmektedir.
Dolayisiyla arlarm su ihtiyacini karsilamak i¢in kovanlarin
yakininda strekli, yeterli miktarda ve temiz bir su kaynagi
bulunmaldir (Graham, 2003; Oder, 2006). Anlar genellikle su
temini i¢cin bogulmayacaklar 1slak, kum ¢akil, beton bir havuzun
kenar1 veya yiizen su otlann gibi kilcal nemin oldugu giinesli
yerleri tercih etmektedirler Arlar kentsel alanlarda bulunan
yizme havuzlan, islak betonlar, su oluklar, sulanan g¢imenler,
bahgeler gibi bazn su kaynaklarmdan su topladiginda kent
sakinlerini rahatsiz edebilecektir Bu nedenle kent aricilar
kovanlarmm bulundugu yerin yakmnlarmda arlarm kolayhkla
ulasabilecegi kullanilabilir bir su kaynag: sagladiklarmda suyun
bulundugu yere ahsan amnlar, baska su kaynaklarma
yonelmeyecek ve boylece arlarm istenmeyen kaynaklardan su
toplamalart 6nlenmis olacakti. Su kaynagmm erken ilkbaharda
arllar su kayna§i aramaya baslamadan once hazilanmasi, su
kaynagma arilarm batmasmi Onleyecek samandira benzeri
aparatlar yerlestirilmesi ve su kaynagmm siirekliliginin
saglanmas1 su kaynagi ile ilgili olas1 sorunlan Onleyecektir.
Sivrisineklerin iireme alani haline gelmemesi ve ar1 hastalik ve
zararlilarinm bulasmamas1 i¢in su taze ve temiz tutulmahdir
(NSW Government report, 2000; Tasmanian Beekeepers
Association, 2014;UC anr, 2018).

8. Bal Arilarmin Diskilama Davramsi ve
Kaynaklanabilecek Sorunlar

Anlar da yediklerin besinleri mide ve bagwsak
sistemlerinden gegirerek sindirirler. Sindiremedikleri maddeleri,
metabolizma artiklarmi rektumlarinda biriktirirler ve diski olarak
disan atarlar. Diskilart sulandmilmis polene benzer. Hafif tath
kokulu, yapigkan ve suludur. Genellikle turuncu renktedir, ancak
tiikettikleri polenlerin rengine gore degisebilir Bal arilar ¢ok
hijyenik boceklerdir. Kovan i¢ine digkilama yapmazlar. Normal
kosullarda ¢iceklerin iizerindeyken de diskilama yapmazlar.
Kovandan c¢iktiktan sonra ugus yollan iizerinde ugarken haftada
birkag kez diski brrakirlar. Kig1 sert gecen bolgelerde aylarca,
e-ISSN: 2148-2683

thman gegen bdlgelerde giinlerce arilar kovan disma ¢ikmazlar
ve diskilarmi rektumlarmda biriktiriler. Baharm giinesli bir
gliniinde binlerce ar digkilarmi birakmak i¢in kovan disina ¢ikar.
Kentsel alanlarda bulunan kovanlardan ¢ikan ariar ugus yolu

izerinde diskilarmi biraktiklarmda bu digkilar ugus yolu
tizerinde bulunan kent sakinlerine ait evlerin ¢amlarini,
arabalarmi, balkon veya bahgelerinde asih ¢amagirlarmi

kirletebilir. Kovandan ¢ikan arilar nektar ve polen toplamak i¢in
¢ok farkli yonlere gidebilir Bu nedenle diskilama ile ilgili
yasanabilecek bir sorunun kesin bir ¢éziimii yoktur. Ancak
kovanlann digkilama sorunu ¢ok az olabilecek yerlere
yerlestirmek ve arlart saglkh ve hastahiklardan uzak tutmak
sorunun  azaltmasma  yardimct  olacak  uygulamalardir
(NSWGovernment  report, 2000; Tasmanian Beekeepers
Association, 2014 ;UC anr, 2018). Arlar fermente bal, fermente
seker surubu gibi uygun olmayan besinler tiikettiklerinde veya
dizanteri, nosema gibi hastaliklara yakalandiklarinda, ishal
olabilirler ve bu gibi durumlarda kovan igine de diskilayabilirler.
Hasta arlarm diskist ayni zamanda diger arlar icin de bir
enfeksiyon kaynagidir (Graham, 2003; Oder, 2006).

9. Tiirkiye’ de Kentsel Ariciik

Tirkiye’nin cografik konumu, zengin bitki Ortlisii, farkh
vejetasyon tipleri ve iklimsel Ozellikleri ariciligin antik
caglardan beri geliserek siirdiiriilmesini saglamuistir (Giirel,
2012). Tirkiye, yaklagik 8 milyon adet bal aris1 koloni varhgi ve
100 bin ton/yil bal iiretimiyle giiniimiizde de ¢ok 6nemli bir
aricthk  iilkesidir. Ulkemiz, koloni sayis1 ve bal diretimi
bakimmndan diinyada ilk ii¢ swa igerisinde, koloni sayisi, bal
iretimi ve kayith arict sayis1 bakimindan da Avrupa’da ilk sirada
yer almaktadr. Olduk¢a zengin floraya sahip ve cigeklenme
zamanlarmin biitiin bir yila yayildig1 Tiirkiye’de aricilik deniz
seviyesinden yiiksek yaylalara kadar hemen her yerde
yapilabilen bir faaliyet olarak 6n plana ¢ikmakta ve Onem
kazanmaktadrr (Burucu, 2021). Ulkemizdeki kentlerde de hizli
betonlasma, ¢evre  kirliligi gibi arilarm  yasamlarmi
etkileyebilecek olumsuzluklarm artmasma karsin Istanbul,
Ankara gibi bircok biiylik kentlerimizdeki ¢i¢ekli bitki miktar
ve cesitliligindeki bolluk aricilik i¢in Snemli bir potansiyel
yaratmakta ve kesin bir veri olmamasma karsin 6nemli miktarda
bal ars1i kolonisinin iilkemizdeki kentsel alanlar icerisinde
bulundugu tahmin edilmektedir Kentlerde ariciik yapan
bireylerin de ¢ogunlukla kayith olmadigi bilinmektedir. Ulke
genelinde ve il bazinda kentsel aricihik faaliyetleri ile ilgili her
hangi bir diizenleme, yoOnetmenlik bulunmamaktadir. Guda,
Tarm ve Hayvanciik Bakanlhg: tarafindan hazirlanan ve Resmi
Gazetede yaymlanan giincel Aricihk Yonetmenligi'nde (Resmi
Gazete 30 Kasm 2021, Sayi, 28128) arlarm konaklayacagi
yerler ile ilgili diizenlemeler ¢ok sayida an kolonisine sahip
profesyonel aricilara, biiylik 6lgiide de gezginci aricilik yapan
profesyonel aricilara yoOneliktic. Bu yodnetmenlikte; ariliklarin
trafigin  yogun oldugu bolgelerde yoldan en az 200
metre, stabilize ara yollarda ise en az 30 metre uzakhiga
yerlestirilmesi  gerektigi, gezginci aricilk yapan aricilarm,
arilarin1 ¢evreye rahatsizhk vermeyecek sekilde meskiin mahal
disinda bir yere yerlestirmeleri gerektigi, sabit aricilarin ise
kolonilerini koy ve beldelerde cevreye rahatsizlik vermeyecek
sekilde ve insanlarin toplu olarak hizmet aldiklari cami, okul,
saglik ocagi, karakol gibi benzeri alanlardan en az 200 metre
uzaga yerlestirmeleri, yerlesimin dagmik oldugu bélgelerde ise
bu mesafe en yakin eve en az 50 metre olmasi gerektigi
belirtilmigti. Ayrica ydnetmenlikte ar kiglatma bdolgelerinde
ariliklar arasindaki mesafenin flora kapasitesine bakilmadan en
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az 150 metre olarak belitlenmesi gerektigi ifade edilmistir.
Ulkemizde de kentsel arcihkla ilgili 6zel kurallarmn
diizenlenmesi, kent aricilarmin mutlaka kayit altm alimmasi ve
egitilmesi kentsel aricihmuzin da gelismesine Onemli katkilar
yapacaktir.

10. Sonug¢

Son yillarda tiim diinyada kent niifuslarmin hizla artmasi
sonucu kentlerde tarimsal iirlinlere olan talep artnus ve tarimsal
irin fiyatlarn da yiikselmistir Bu nedenle kentlerin kendi
gereksinimi olan gidalarm {iretimine katkida bulundugu, gida
giivenligi, ¢evre bilinci, sivil katihm, istihdam ve ekonomik
getiri saglama gibi yararlari olan sirdiriilebilir kentsel tarim
girigimleri dnem kazanmusti. Kentsel aricihk da, bu cergevede
son yillarda tiim diinyada popiiler olan, yaygmlasan bir kentsel
tanim uygulamasidi.  Kentsel aricihgmm hizli gelisimi sonucu
kentlerde artan koloni yogunluklart kentlerdeki biyolojik
cesitliligi ve koloni verimliligini olumsuz etkileyebilmektedir.
Bu nedenle siirdiiriilebilir koloni sayilan ile ilgili diizenlemeler
ve yonetim stratejilerinin olusturulmasi gerekmektedir.

Kent  sakinlerini  korumaya ve kent arcilarnin
sorumluluklarma yonelik uygulamalart igeren kentsel aricihik
yonetmeliklerinin biitiin kentlerde diizenlenmesi ve uygulanmasi
gerekmektedir.  Kentsel aricihk  yOnetmenlikleri  bilimsel
cahgmalarla desteklenmeli, anlasili; net ve arcilik pratigi
acisindan uygulanabilir olacak sekilde diizenlenmelidir. Kent
aricilarnin kayit altma almmasi, temel aricilik egitimi verilmesi,
kentlerin, mahallelerin kovan kapasitelerinin belirlenmesi, kovan
yogunluklarmin ve arilik yerlerinin diizenlenmesi ve ariliklar
aras1 mesafenin belirflenmesi gibi konularla ile ilgili kent
diizeyinde c¢aligmalarm yapilmasi gerekmektedir. Kentlerde yesil
alan planlamalar1 yapilirken bal arlart ve diger tozastirici
bocekler de dikkate alinarak yesil alanlarda, kent ormanlarn ve
park ve bahgelerinde zengin nektar ve polen iceren ¢igekli
bitkilerin miktar1 ve gesitliliginin artirilmasi yararh olacaktr.
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Abstract

The controller area network (CAN) is a highly integrated systemusing serial bus and communications protocolto connect intelligent
devices for real-time control applications.

Passengersafety, the safety of transported goods and road efficiency of vehicles are important issues for vehicle fleets. Monitoring of
these data has an important place in increasing efficiency. Instantly controlling information such as vehicle speed, travel time, tire
pressures,and fuel conditions from a single center provides a healthier fleet tracking.

This study aims to provide maximum efficiency for vehicle fleets by transferring the instant data from the vehicles to a center.

The introduced system, which has the capability to transfer instant data such as vehicle’s speed, engine’s rpm and temperature etc.,
makes great contributions, especially to the development of the autonomous transportation system. The results show that important
vehicle datacan be transferred with great accuracy and monitored remotely.

Keywords: CAN(Controller Area Network), Data transfer, Serial Network, CAN-Bus, ECU(Electronic Control Unit)

Dogrudan CAN Verilerini Kullanan Filo Takip Sistemlerinin
Gelistirilmesi

Oz

Kontrolor alan ag1 (CAN), gercek zamanl kontrol uygulamalar i¢in, akilh cihazlar1 baglamak i¢in seri veri yolu ve iletisim protokolii
kullanan yiiksek diizeyde entegre bir sistemdir.

Yolcu giivenligi, tasman mallarin giivenligi ve araglarin yol verimliligi, ara¢ filolart i¢in 6nemli konulardwr. Bu verilerin izlenmesi
verimliligin artmlmasmda 6nemli bir yere sahiptir. Ara¢ hiz, seyahat siiresi, lastik basinglari, yakit durumu gibi bilgilerin tek merkezden
anlik olarak kontrol edilmesi, daha saghkh bir filo takibi saglar.

Bu caliyma ile araglardan alinan anlik verilerin bir merkeze aktarilarak arag filolar i¢in maksimum verim saglanmas1amaglan maktadir.
Arag iz, motor devri ve harareti gibi anlik verileri transfer etme ozelligine sahip olan tanitilan sistem, dzellikle otonom ulagim
sisteminin gelistirilmesine biiyiik katki sagliyor. Sonuglar, 6nemli arag verilerinin biiyiik bir dogrulukla aktarilabilecegini ve uzaktan
izlenebilecegini gosteriyor.

Anahtar Kelimeler: CAN(Denetleyici Alan Ag1), Veri aktarmm, Seri Veri Yolu, CAN-Bus, ECU(Elektronik Kontrol Unitesi)
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1. Introduction

CAN (controller area network) is a high-speed, half-return,
two-wire system.It is a microprocessor-based systemthat enables
other subsystems of a system to communicate with each other.
The first studies on the CAN Bus system were made in 1983 by
BOSCH, a German company. The system developed in the first
few years proved its efficiency by being tested in automobiles. In
the late 1980s, the first CAN control cards started to be produced
and in 1991, the Mercedes-Benz W 140 was produced as the
vehicle with the first CAN communication protocol. The CAN
Protocol was adopted as an international standard by ISO in 1993.
In 1995, SAE (Society of Automotive Engineers) adopted the
CAN Protocol as a standard in diesel engine applications. CAN
Bus was used in all of the automobiles produced in the process
until other communication systems started to be used. It becomes
widespread in a short time since it physically alleviates the
hardware load on a systemand its success in transmission speed.
After its success in the automotive industry, it has also been used
in industrial automation systems, medical devices, maritime
industry, test equipment and mobile machinery.[1]-[3]

In automotive electronics, systems such as engine control
units, sensors, and airbags are controlled via CAN. CAN
connection using bitrates up to 1 Mbit/s. High operating speed is
especially necessary for safety systems such as vehicle airbags,
electronic transmission, driving stability systems (such as ESP),
instrument clusters and anti-slip systems.[1]-[2]

The main working principle is that most of the systems in
vehicles are transferred to a single central management unit over
a serial bus. There may be more than one bus systemon the same
car.

There are bus systems developed under the needs of the
companies, developing technology and innovations. If all systens
were to transfer data with separate connection units, this would
cause a lot of cable clutter in the vehicle. CAN helps to reduce
this density and to communicate systems over a single bus with a
double helix cable. Thanks to its high-speed data transmission, it
enables many security systems in the vehicle to react instantly.
Transmitters on the CAN line can send and receive messages to
the system. Real-time operating systems can now be used even
with small 8-bit processors. Another aim of this thesis is on the
design of such an operating systemand embedded system.

The ease of mass production and its compatibility with
different uses have led to the widespread use of CAN in the
industry. The low cost of production and the fact that it is a durable
systemwith a high guarantee also makes it preferred. It eases the
systemload, especially in systems where different units work in
partnership with each other. At the same time, it is preferred
because of its very low error rate and long-term error-free
operation. Due to its widespread use, ISO 11898 standards have
been determined for the standardized system. ISO contains the
first two basic layers of the OSI reference model.

Systems on the vehicle communicate based on addresses.
Therefore, it is necessary to reach the addresses of the units first.
The addresses ofthe units are determined by the listening process
in vehicles. After this stage, efforts are made to reach these
addresses. A direct connection to the CAN line can be achieved
by using the necessary equipment. With the circuit to be designed
and programmed in the project, instant information has been
obtained from the vehicle by accessing the CAN line ofa vehicle
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and the received information has been transferred to a visualpanel
for the fleet center. Getting visual information about the vehicle
will be beneficial in terms of travel safety and efficiency of the
fleet.[4]

In this study, CAN data is taken from the vehicle and
transferred to a center with the GSM module. The technical details
of'the study are explained in the second section. hardware features
and the way it works are mentioned.

2. Material and Method

OSI (Open System Interconnection) communication model is
used in CAN protocol. According to this model, the first two
layers, Data Link and Physical layers, are used by CAN, and high-
level protocols (HLPs) are used for the other layers. [5]

One of the biggest advantages of CAN, and perhaps the
reason why it is so preferred, is that it provides short data transfers
with medium bandwidth (up to 1 Mbit/s), high efficiency, and
provides asynchronous media access control (CSMA type). Line
topology is the most widely used method. It is a message-based
protocol since CAN data is sent to all connected modules on the
system.[6]

There are various studies and improvements on data transfer
speed. CAN bus systems, used with optical connections and fiber
optic systems, provide both data trans fer rate, safe separation of
high voltages and prevention of Electromagnetic Interference
(EMI).[7]

2.1. Hardware

There are two important points to access CAN data in a
vehicle. First of all, a circuit containing a microprocessor to be
used in the electronic part should be designed to be directly
connected to the system. In the project, modular connections on a
perforated copper plate were preferred. In this way, easy
intervention is provided in case of a possible error or malfunction.
In the second part, the necessary microprocessor is programmed
so that the designed hardware can access the system. Arduino's
interface and library were sufficient for this.

2.1.1. Vehicle Side Hardware

An Arduino Nano module with an ATmega328P
microprocessor was used for the study. The ATmega328P is an 8-
bit, low-power CMOS microprocessor built on RISC architecture
with AVR enhancements. The ATmega328P executes powerful
instructions in a single clock cycle to achieve efficiency close to
1 MIPS per MHz, enabling the systemdesigner to balance power
consumption and processing performance as efficiently as
possible.[8] This module was chosen for the project because it
relieves the workspace in terms of size and has sufficient memory
and processing power for processing and transferring data that is
pulled from the car. The hardware now includes an MCP 2551
High Speed CAN Transceiver because the module lacks a
structure that directly offers CAN connectivity. The MCP2551 is
a high-speed CAN transceiver that serves as the physical bus's
interface with a CAN protocol controller. It is a gadget with fault
tolerance. The MCP2551 device offers differential transmit and
receive functionality for the CAN protocol controller and
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complies entirely with the ISO 11898 standard,including the 24V
requirements. It has a maximum operating speed of 1 Mb/s.[9]
The MCP2551 Transceiver IC's CANL and CANH outputs are
directly connected to the vehicle's CAN line. The digital signals
that each CAN communication system module loads onto the
CAN Bus cable must be drawn to the proper level for
transmission. The MCP2551 IC has the ability to buffer strong
voltage waves on the bus with the CAN module that are brought
on by external sources. It offers 500 kBps communication speed,
which is the car's standard data transmission rate, in the
communication portion with the vehicle.

The hardware takes its power from the vehicle because it is
directly connected to the CAN line of the car Cars have an
internal voltage of about 12V, The modules need an operating
voltage of 5V on average. The input voltage is set to 5V using an
LM2559 Stepdown voltage reducer. The LM2596 Stepdown
module is aregulator circuit that has a switching frequency of 150
kHz, can handle a 3A load, and can be modified at fixed output
voltages of 3.3V, 5V, and 12V[10] In this manner, the hardware's
Arduino Nano module is not subjected to an additional load. Due
to the current it consumes, the GSM module is further fed from a
second LM2559.

The SIM800L GSM/GPRS module is the final piece of
hardware in the vehicle component. The GSM/GPRS SIM800OL
module operates on the GSM 850MHz, EGSM 900MHz, DCS
1800MHz, and PCS 1900MHz frequencies. The GPRS multi-slot
class 12/class 10 (optional) capability of the SIM8OOH and
SIMBOOL supports the GPRS coding schemes CS-1, CS-2, CS-3,
and CS-4. Its working voltage falls between 3.4 and 4.4 volts. The
center receives the data from the car through this module.[11]

The process applied to the receiver side is easier than the
otherpart and is software-based. The data received with the GSM
module can be directly controlled by the center. Since the data
comes instantly, no continuous datarecording is made, but when
necessary, the data is sent to a database. In this study, an
instrument panel was designed as the central part and connected
to a single vehicle.

The application was carried out for a single vehicle and the
instantaneous data is 98% accurate.

2.2. Software

Arduino interface and libraries are used in the study. First of
all, the AT commands required for the GSM modules to be
connected to each other are set. It is necessary to match the GSM
numbers to match the modules. After the GSM modules are
paired, the data transfer process is performed and the received
data is displayed on the central panel.

2.3. Implementation and Stages of the Study

There are 2 logic levels on the CAN Bus. These are Dominant
(logic 0) and Recessive (logic 1) voltage levels. The dominant
logic level occurs when the differential voltage between CANH
and CANL is above the defined voltage level. The defined level
is around 1.2V. Recessive logic occurs when the differential
voltage between two lines is below a defined level. Usually, this
level is OV. Figure 3.7. shows the voltage levels between CANH
and CANL. [12]
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SV =— Recessive
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CAN_H
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Fig. 1 The Wltage Levels Between CANH And CANL [13]

There are many systems in the vehicle. The presence of a bus
line where these systems can communicate in a common and
synchronized way alleviates the hardware load. However, some
systems do not communicate with CAN-Bus, they have their
separate lines. Factors such as the brand, model, and year of
manufacture of the vehicle increase the systems in the vehicle or
change the communication systemof these systems. The CAN-
Bus systemis a general bus line and most systems are connected
to it.

The vehicle used in the project is a 2006 Ford Fiesta. The
internal structure of the instrument panel of the vehicle is shown
in the figure below. Based on this, it is understood which
information on the instrument panel is transmitted via the CAN
bus. Then, using the diagnostic device, it is determined through
which IDs these data are transferred.

Since the software and technologies developed for each
vehicle are different, the IDs of the data to be accessed may also
differ. The process of connecting the vehicle's ECU system with
the diagnostic tester can be called listening to the vehicle. The data
is in hexadecimal structure, so a direct transfer to the passenger
side cannot be provided. In addition, the data do not directly show
their decimal counterparts. For example, if the data shown in the
ID for speed is 4E, the speed is not 78. For this, it is necessary to
perform some proportioning operations.
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Fig. 2 Block Diagram of The Introduced System

It is necessary to mention the connection of the equipment to
the vehicle. First, CAN-H, CAN-L, +12V supply voltage and
chassis grounding are taken from the vehicle's OBD-II socket.
The part numbered 1 in the diagram is the reception of CAN-H
and CAN-L information. The received information is first sentto
the MCP2551 CAN Transceiver in the MCP2515 CAN-Bus
Module. This is a relay unit that enables the import and export of
integrated CAN data. In this respect, the MCP2551 IC can be
thought of as a mouth. The received data is transferred to the
MCP2515 IC. The MCP2515 IC converts the CAN information
received from the vehicle into a digital signal, making it
programmable and understandable by the Arduino module. In this
respect, the MCP2515 IC can be considered as the speaking
ability of the mouth.

The information received and converted into a
comprehensible form for the systemis transferred to the Arduino
Nano module in section number 2. In this section, the information
that comes with the program to be prepared is filtered and sentto
the SIM80OL GSM module to be transferred. Some
microprocessor models can do the work of the MCP2515
internally, thatis, they contain a CAN controller internally. Since
there is no CAN controller unit in Arduino, MCP2515 IC is
needed.

e-ISSN: 2148-2683

The information received in section numbered 3 is transferred
to the SIMB0OL GSM Module. The information is transferred
from here to the SIM800L GSM module, which has been on the
other circuit. Inter-circuit communication is designed in this
section.

The information coming to the GSM module in the circuit
with the indicator is received by the Arduino in section number 4.
It is transferred to the 1.44” TFT LCD panel for viewing by
performing the necessary programming operations. The transfer
process is numbered 5.

The LM25916 1IC reduced the +12V supply voltage received
from the vehicle atall of these stages to around +5V, which is the
required level for the system. In other words, CAN-H, and CAN-
L has been connected to the MCP2515 CAN Module, and the
supply voltage has been connected to the LM2596 Step-down
Module. In the circuit with the indicator, the supply has been
provided by a +9V battery.
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Fig. 3 Boxed And Ready-To-Use Transmitter Device

Fig. 4 Boxed And Ready-To-Use Receiver Indicator Device
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3. Results and Discussion

As seen in the results, the project works following its
purpose. The speed, speed and temperature information received
from the vehicle are instantly transferred to the passengersection.
Since CAN data is transmitted at certain time intervals, the
receiving and transmitting times of these data are important in the
coding part.

Some of the information on the instrument panel of the
vehicle was transferred with great accuracy. Likewise, it has been
seen that other data carried by the vehicle's CAN-Bus line can be
transferred in this way. In this way, it is possible to connect and
control a fleet of vehicles to a single center.

Fig. 5 Test Result

Fig. 6 Test Result

e-ISSN: 2148-2683
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4. Conclusions and Recommendations

It was checked that the study was completed in accordance
with its purpose and that it was used. The data received from the
vehicle was transferred to the central device with great accuracy
and the information control of the vehicle was ensured.

The system developed for fleet tracking is especially
important in the transportation sector. Thanks to this system
instant information flow is provided from the vehicles and the
information is controlled from the center. The systemis suitable
for use in many areas and can be used a lot in the future. It can be
used in important areas such as checking the information of
driverless vehicles in the developing autonomous transportation
sector.

The CAN-Bus system, which is also used in the industry,
paves the way for developments in this field as well.
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Abstract

The butler matrix is one of the passive feeding networks used with array antennas to form beams. There are several advantages to using
this beamforming network. One of them is that it is easy to manufacture, and the other is that it is low in cost. Butler matrix structure
consists ofthree passive microwave components. These are directional hybrid couplers, phase shifters, and crossovers. A crossoveris a
passive microwave component used to cross between two lines with high isolation between them. This article presents microstrip
crossover for use in Butler matrix feeding networks designed for 5G applications. The crossoverhas been presented in the article was
designed and simulated. The proposed crossover operates at 4.5 GHz and it is designed for use in mostly butler matrix applications. The
crossoverhas been proposed in the article has been designed using the FR-4 substrate. The dielectric constant of the used substrate is
4.3 and the thickness is 1.57 mm. The size of the designed crossoveris 62.8 x 27.8 mm?. The reflection coefficient and isolation level
are in the permissible level in order for the proposed crossover to be utilized in the Butler matrix beamforming network for 5G the
application. The return loss value of the designed crossoveris 26.09 dB at 4.5 GHz. Same time the isolation value is 22.78 dB.

Keywords: Crossover, Butler Matrix, 5G Application, FR-4 Substrate, Wireless Communication

6 GHz Alt1 5G Kablosuz Haberlesme Uygulamalarinda Butler Matris
Besleme Hatti icin Kiiciik Boyutlu Atlama Tasarimm

Ozet

Butler matrisi, hiizme olusturmak i¢in dizi antenlerde kullanilan besleme aglarmdan bir tanesidir. Bu besleme agmi kullanmanm birkag
avantaji vardir. Bunlardan biri imalatinin kolay olmas1, digeri ise maliyetinin diisiikolmasidir. Butler matris yapisiii¢ pasif mikrodalga
bileseninden olusur. Bunlar yonlii hibrit kuplorler, faz kaydiricilar ve atlamalardir. Atlama, aralarinda yiiksek izolasyon bulunan iki hat
arasinda gegis yapmak i¢in kullanilan pasif bir mikrodalga bilesenidir. Bu makale, 5G uygulamalari i¢in tasarlannus Butler matris
besleme aglarmda kullanmu i¢in mikroserit atlama sunar. Makalede sunulan atlama tasarlanmis ve simiile edilmistir. Onerilen atlamanmn
calisma frekansi 45 GHzdir ve ¢ogunlukla butler matris uygulamalarmda kullanilmak tizere tasarlanmistir. Makalede O6nerilen
caprazlama, FR-4 malzeme kullanilarak tasarlanmugtir. Kullanilan malzemenin dielektrik sabiti 4.3, kalmhgi 1.57 mmdir. Tasarlanan
gecidin boyutu 62.8 x 27.8 mm?’dir. 5G uygulamas1icin butler matris besleme aginda énerilen atlamanm kullanilabilmesi i¢in yansima
katsayisi ve izolasyon seviyesiizin verilen seviyededir. Tasarlanan atlamanm 4.5 GHz'de geri doniis kaybr 26.09 dB'dir. Aynizamanda
izolasyon degeri ise 22.78 dB'dir.

Anahtar Kelimeler: Atlama, Kablosuz Haberlesme Uygulamalari, Butler Matris, FR-4 Malzeme, 5G Uygulamalar.
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1. Introduction

In recent years with the development of 5G technology in
wireless communication, we will have download rates, reliable
internet everywhere, and more services [1]. However, to obtain
these services, we need high-gain antennas that serve higher
frequencies and advanced phase progression technology.
Therefore, there is a need for antennasystems that will direct the
antenna array beams in the desired direction and solve the
coverage problems. Phased array antennas are a good choice to
meet this requirement [2].

Beam-forming feeding networks are commonly used to design
phased array antennas. Examples of theseare The Butler matrix,
Rotman Lens, Blass, and Nolan matrix The most widely used of
these is the Butler matrix structure.

Butler matrix is a low-cost, simple, passive beam-forming
feeding network, which is frequently used to direct the beam of
the antenna to desired directions [3-7]. Butler matrix structure
consists of quarter wavelength couplers, crossovers, and phase
shifters [8].

Crossovers are important microwave components that are
permitted two signal lines to crossover each other with perfect
isolation [9-11]. Considering the Butler matrix application for the
feed of array antennas available in 5G wireless technologies, the
crossovers have become a very important component. The
conventional crossover structure is achieved by adding two
directional couplers back-to-back. On the contrary, in our design,
a new type of crossover design has been realized without using
the BLC structure. Thus the area of the designed structure has
been reduced. The conventional crossover is shown Fig 1.

In this study, a novel miniaturized microstrip crossover is
designed and investigated. Also, the designed crossover with a
new configuration using the meander microstrip lines technique
is proposed to reduce the size of its operating frequency. In this
article microstrip crossover has been presented for use in Butler
matrix feeding networks designed for5G wireless communication
applications.

2. Material and Method

In this section, the design of the crossoveris introduced. The
crossover has been designed to operate at 45 GHz and
implemented on an FR-4 substrate. The dielectric constant of the
used substrate is 4.3 and the thickness is 1.57 mm. The size of the
crossover is 62.8 x 27.8 mm?2. Crossover design consists of
several stages. Firstly, the crossoverhas been structured then, the
thickness of the meander transmission line in the middle of the
structure, which is connecting the bottom side and the upside has
been increased and S-Parameters values have been numerically
computed.

Fig. 1 Conventional Crossover
e-ISSN: 2148-2683

2.1. Design of Crossover

First of all, the crossoverhas been structured and S-
Parameters values have been investigated. The proposed
crossoveris shown in Figure 2. The S-parameter results are
shownin Figure 3. According to the results, it has been
observedthatthe S;, value is -22 dB, the S,, value is -10 dB,
and the S,, value is -14 dB at the operating frequency of 4.5
GHz. The measured S5, value is -1.77 dB at 4.5 GHz.

=
o 'JEJL

Fig. 2 Initial Designing of Crossover

SParameters [Magntuds n 48]

Frequency | GHz

Fig. 3 S-Parameters of Initial Design

In the second stage of the design, the thickness of the
meander transmission line in the middle of the structure, which is
connecting the bottom side and the upside has been increased by
05 mm and S-Parameters values have been investigated.
According to the results, it has been observed that the measured
S1, value is -21.46 dB, the S,; value is —14.39 dB, the S,; value
is -18.18 at the operating frequency of 4.5 GHz. The measured
S3yvalue is -1.29 at4.5 GHz. The designed crossoveris shown in
Figure 4. The S-parameter results are shown in Figure 5.
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Fig. 4 Designing of Crossover (after thickness has been increased 0.5
mm)
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Fig. 5 S-Parameter of Design (after thickness has been
increased 0.5 mm)

2.2. The Final Design of Crossover

At the final stage of design, the thickness of the meander
transmission line in the middle of the structure, which is
connecting the bottom side and the upside has been increased
between 0 and 2 mm and the most optimal results have been found
at 1.3 mm. According to the results, it has been observed that the
measured S,; value is —26.09 dB, the S,, value is -27.71 dB, and
the S,, value is -22.78 dB at the operating frequency of 4.5 GHz.
The designed crossover is shown in Figure 6. The S-parameter
results are shown in Figure 7.
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J

Fig. 7 S-Parameters of The Final Design
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2.3. Dimensions of The Designed Crossover

The dimensions of the designed Crossover are shown in
Figure 8 and Figure 9.
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Fig. 8 Dimensions of The Designed Crossover
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Fig. 9 Dimensions of The Designed Crossover

20.00 mm

3. Results and Discussion

As a result in this paper, we design a novel miniaturized
crossover for use in the butler matrix feeding network. The
designed crossoveroperatesat 4.5 GHz. The reflection coefficient
and isolation level are in the permissible level in order for the
proposed crossover to be utilized in the butler matrix
beamforming network for 5G application. The designed crossover
is implemented ona FR-4 substrate with a 4.3 dielectric constant
and 1.57 mm thickness. The overall size of the crossoveris 62.8
X 27.8 mm? . The simulated results satisfy the requirements of 5G
wireless communication.

4. Conclusions and Recommendations

In this article microstrip crossoverhas been presented for use
in Butler matrix feeding networks designed for 5G wireless
communication applications. The size of the designed crossover
is more compact than the conventional crossover. The measured
return loss is -26.09 dB, the S,; value is -27.71 dB, and the S,;
value is -22.78 dB atthe operating frequency of 4.5 GHz. Anovel
crossover design has been proposed for use in the butler matrix
for 5G Wireless applications.
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Abstract

The Passive Intermodulation (PIM) phenomenon occurs because of non-linarites in antennas or passive components. When data rates
are increasing in next generation communication systems like in 4G, 5G and 6G, PIM is getting even crucial and costly problem.
Unwanted harmonics and intermodulation products might occur in communication band and this can take down the communication
network. This work presents PIM mechanisms, and PIM measurement test setups forany communication standards (4G, 5G and 6G).

Keywords: Passive intermodulation, Non-linear behavior PN junctions, high speed wireless communication, 4G, 5G, 6G.

Pasif Intermodiilasyon Ol¢iim Sistemi
Oz
Pasif intermodiilasyon (PIM), iki veya daha ¢ok sinyalin birleserek yeni bir sinyali olustururken ortaya ¢ikan girisime denir. GSM
baz istasyonlari, uydu haberlesme istasyonlart gibi coklu frekans kullanilan iletisim sistemlerinde sinyal kalitesini ve alic
hassasiyetini etkileyen, bazi durumlarda iletisimi kopma noktasmma getiren girisim olarak adlandmriimaktadir. Lineer olmayan
malzemeler ve metalik yapilardaki diizgiin olmayan temaslar PIM olusumunda en biiylik etkenler arasmda yer almaktadir. GSM

sektoriinde yiiksek hizh haberlesme (4G, 5G ve 6G) ve yiiksek sinyal kalitesi isterleri PIM testini zorunlu bir hale getirmektedir. Bu
yaymda PIM 6l¢iim teknikleri ile ilgili yapilan ¢aligmalar sunulmustur.

Anahtar Kelimeler: Pasif intermodiilayon, lineer olmayan jonksisonlar, yiiksek hizli veri iletisimi, 4G, 5G, 6G.
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1. Introduction

Non-linear behavior of passive RF structures (connectors,
adapters, cables, flanges, antennas, etc.) in communication
systems causes passive intermodulation (PIM). Especially in
satellite and new generation high-speed communication systems
such as 4G, 5G, and 6G, the intermodulation frequencies arising
from passive intermodulation, and the intermodulation
frequencies coming from their multiplications with each other,
fall into the working band. It causes drops and even the system
to be disabled after a certain point.

Non-linear behavior of passive components occurs with
contacts such as two metals touching each other, screwing, etc.
The behavior of these contacts causes the formation of a PN
junction or non-linear resistance between the two metals, due to
factors such as the metals touching each other being made of
different materials, oxidation, how rough the metal surfaces are.
RF signals passing through this structure generate harmonics and
intermodulation frequencies due to non-linear behavior.

The detailed formation of the PIM mechanism is given in
the second part. In the third part, the measurement setup and the
comparative results are shared. The presentation ofthis study is
completed with the conclusion and references.

2. PIM Mechanism

Any two metals touching each other (metal-metal contact)
or corroded metals cause a junction. We can model this effect
with a non-linear resistor (Rusty Bolt effect) in its simplest form
[1, 2, and 3]. The current-voltage relationship (I-V) on this
resistor is given in Equation 1.

I(VNL) =a; Vy,— 33 Vl\efL Q)

al and a3 are constant coefficients of the nonlinear
resistance. VNL is the voltage across the non-linear resistor. This
voltage is a sinusoidal voltage due to the operating frequency. As
can be seen from the equation, since the third order force of the
sinusoidal voltage will be more dominant, the frequencies of
metal-metal contacts, corroded metals or the interaction of two
different metal materials will be more dominant (the third
harmonic and intermodulation frequencies). The mathematical
expressions of interaction of these contacts are given in more
detail in the given references.

In Figure 1, some PIM frequency values for two-tone
stimulation are presented. The third order harmonics are 3fl and
312, the third order PIM values are 2fl1-f2 and 2f2-f1. The fifth-
order PIM values are 3fl-2f2 and 3f2-2fl. Seventh order PIM
values can be given as 4fl-3f2 and 4f2-3fl. The ingredients
given are the strongest ones, other ingredients are not given. In
Figure 2, images of some RF components that can be PIM
sources are shared. PIM measurements of these and similar RF
components used in communication systems should be
determined that they meet the standards and they should beused
in the systems in this way.

3. PIM Measurement Setup

In multi-frequency systems, many components can be the
cause of PIM. For this reason, the components used in the
infrastructure must be tested and meet the requirements.
Generally, connection apparatus and/or intermediate apparatus

e-ISSN: 2148-2683

not being tightened with a certain force, old/corroded antennas
or rusted subsystem components appear as the cause of PIM.
PIM testing is a solution to see how the antenna systemresponds
to high power and multi-frequency signals. Although there is no
PIM test standard yet published worldwide, the most well-
known is the TEC62037 standard [4]. PIM test can be evaluated
in two separate groups as antenna and other passive component
tests. All test equipment used in PIM measurement should havea
low PIM value (<-160dBc). The components in the test setup
were selected according to the "Low PIM" feature.

fi f2

2f2-f1

3f2-2f1
4£2-3f1

2f1-f2
3f1-2f2
4f1-3f2

T
3
a
]
®
H
£

Sth order product
31d order product
3rd order product
5th order product
Tthorder product

Figure 1. Some PIM values according to two tone excitation.

Sonlandirici Hybrid Kuplér

MIMO Antenler

Jumper/Kablo Splitter

Yonli ve Omni Antenler Zayiflatict Adaptor

Figure 2. Some RF components which need PIM measurement.

Operating  frequencies and harmonic/intermodulation
frequencies for various communication systems are given in
Table 1 [2, 3]. For any system, if the PIM requirement is not
specified by a standard, this can be determined by calculating the
system's receiver sensitivity or noise floor. The PIM value is
expected to be below this level. For example, if the LTE
communication system has 6 channels and each channel has a
bandwidth of 180 kHz, the noise floor for this system can be
determined by Equation 2:

F=-174dBm+NF+10l0gBHz (2)

When Equation 2 is calculated, the noise floor is found
approximately -113.66dBm. Bandwidth is taken as 6 * 180 kHz,
NF noise figure is taken as 0dB, if we take NF as 3dB, and the
noise floor will be -110.66dBm. The higher the noise factor, the
higher the noise floor. If the intermodulation signals are below
this value (the noise floor), they will not be able to interfere with
the system. In Table 2, the stimulation intensity and the required
PIM values for the two-tone test are given.
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Table 1. Frequencies of Communication Systems and
Harmonic/Intermodulation Frequencies [5,6]

f1 f2 2f2-f1 | 2f1-f2 | 3f2-2f1 | 3f1-2f2

LTE 733 760 787 706 814 679
700MHz

LTE 262 269 2760 2550 2830 2480
2600MHz 0 0
WCDMA 211 217 2230 2050 2290 1990
2100MHz 0 0

DCS 182 187 1920 1770 1970 1720
1800MHz 0 0

PCS 193 199 2050 1870 2110 1810
1900MHz 0 0

GSM 935 960 985 910 1010 885
900MHz

Table 2.Absolute and Relative PIM Power Levels

CW POWER fland f2 Test PIM= PIM=
LEVEL Signal Level -118dBm -110dbm
40W 2x20w (+43dbm) -161dbc -153dbc
25W 2x12.5w (+41dbm) -159dbc -151dbc
20w 2x10w (+40dbm) -158dbc -150dbc

The method to be applied for testing any component in the
LTE 2600MHz communication system is to excitation two tones
to the component with a power level of +43dBm for each tone at
frequencies of 2620MHz and 2690MHz, and in the response of
the component, at harmonic/intermodulation frequencies (2760,
2550, 2830, 2480, ...) should be below -160dBc, to meet the PIM
requirement.

There are commercial products available for PIM testing.
The products of Rohde&Schwarz, Anritsu, Kathrein are the most
well-known. Each device of these companies have been
developed for specific application. It's like a different device for
the LTE2600, a different device for the LTE700. There is no
broadband product that covers all band and wireless
communication standards. The reason for this is that they cannot
cover more than one band because the devices are portable and
their output power is as high as 2x20W.

The test system we suggested in this study is a desktop
system (not portable), it works with broadband because there is
no heating and space problem, and it covers most wireless
communication standards. Two separate test setups are
recommended for antenna and passive components:

3.1. PIM Test Setup-Antenna

For antenna measurement, two tone signals (2x43dBm) are
transmitted to the power combiner via amplifiers. Two tone
signals are combined by the power combiner, after passing
through the duplexer, signals reach the antenna, and the
measurement is completed by measuring the level of the PIM
signals returning over the same port [7, 8]. The setup used for
antenna PIM measurement is given in Figure 3.
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Figure 3. Antenna PIM testsetup.

3.2. PIM Test Setup-Passives

The main reason for presenting two separate arrangements
for antennas and passives is that the antenna element is single-
ported, while the other passive elements consist of two ports. As
in antenna measurement, two different tone signals (2x43dBm)
are transmitted to the power combiner via amplifiers. The two
tone signals collected with the power combiner reach the passive
element (dut — device under test) to be measured after passing
through the duplexer, unlike the antenna measurement, the
second port of the passive element is terminated with a load [9].
The measurement is completed by measuring the level of the
PIM signals returning from the first port in the same way. The
setup used for PIM measurement of passive elements is
presented in Figure 4.

N
L]
Combiner
_—
™ @_b; Duplexer  |—|  DUT LOAD

Recaiver ’—' Rx Filter I-

Figure 4. Passive components PIM testsetup.

The PIM measurement setups presented in Figure 3 and
Figure 4 can measure PIM in a wide frequency range 700MHz-
2700MHz. With this performance and frequency range, it covers
the function of four of the commercially available narrowband
stand-alone PIM meters at the same time. But on the other hand,
commercially available PIM meters are portable and it gives
possibility to take measurements on site.

In the measurement setup, NI PXIe-5652 was used as two
tone signal sources (TX1 and TX2) and NI PXIe-5601 products
were used as receivers. To reach +43dBm power level, ZHL-
4W-422+ power amplifier from Mini-Circuits was used.
Microlab's D2-85FN product with low PIM was used as the
power combiner/splitter. MECA ANM-F-MOl load with low
PIM value was used as PIM load and Microlab FZ-30N
attenuator with low PIM value was used as attenuator. All
products used in the setup were selected as “PIM free”.
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4. Results

Some measurements were taken to confirm the accuracy of
the measuring setup and these measurements were compared
with the results of commercial products. In this study, one of
these measurements is presented for the standard LTE antenna.

The standard LTE antenna used for measurement has an
operating frequency band of 0.79 — 2.7GHz. Two tone signals
were applied at frequencies of 821MHz and 795MHz. The
PIMpro-800C device of the CCI company was used as a
commercial test device (See Figure 5) [10]. In the measurement
made with this device, the PIM value of the antenna was
measured as -128dBc (Yellow colored region). The green zone,
which we can say pass for PIM, will show intermodulation signs
below -140dBc, butthis antennais not PIM compatible.

When the same antenna was measured using the
measurement setup given in Figure 3, it was measured as -
130.7dBc. Therefore, the antenna did not pass the PIM test.

5. Conclusion

In this study, information about passive intermodulation
formation mechanism is given and PIM measurement setups are
presented. The offered PIM measurement setups are broadband
and cover 2G, 3G and 4G communication bands, and PIM
measurements of the components used in this band can be made
precisely. Work continues to prepare a measurement setup for
5G; specifically, the lower frequency band of 5G is targeted for
this measurement setup. Especially in new generation
communication systems, PIM issue becomes more critical as
data rate and bandwidth increase.
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Abstract

In this study, the design and simulation of an equally split C Band Wilkinson Power Divider is presented. It is aimed that th e divider
distributes the power equally and provides lossless, reciprocal, and high isolation between the output ports. Microstrip technology has
been utilized as the design process. A micro strip is a transmission line mounted on a copper conductive material. It has been used 1/4
transformer with characteristic impedance 2 - Z0. In this system, improvements have been made to increase bandwidth and high
isolation. The designed divider has been simulated in the AWR Microwave Office. It has been used FR4 substrate with 0.21 mm
thickness. Operating frequency has been chosen 7.2 GHz. The designed divider is suitable for good matching and isolation according
to S parameter values. While the S21 and S31 values should be -3 dB in theory, it is not possible for us to see this value in the designed
systems. From the simulation results, Insertion Loss (S21 and S31), Isolation Loss (S32) are about-3.4 dB, -22 dB respectively. Input
(S11) and Output return loss (S22) are respectively about -22 dB and -44 dB. The designed power divider is a passive circuit element
used to divide power at the same or different frequencies in mobile and small applications. The simulated power divider has usefulin
RF applications.

Keywords: Wilkinson Power Divider, Equal Split, Microstrip, High Isolation, C Band.

Esit Bolen Wilkinson Gii¢ Boliicu Tasarim ve Simiilasyonu

Oz

Bu calismada, esit olarak boliinmiis bir C Band Wilkinson Giig Boliicliniin tasarmu ve simiilasyonu sunulmaktadir. Boliiciiniin giicii
esit olarak dagitmasi ve ¢ikis portlar arasinda kayipsiz, karsilikli ve yiiksek izolasyon saglamasi hedeflenmigtir. Tasarim s iireci olarak
microstrip iletim hatt1 kullanilnugtir. Microstrip, bakir iletken bir malzeme iizerine monte edilmis bir iletim hattidir. Karakteristik
empedans 2 - Z0 olan A/4 transformer kullanilmigtir. Bu sistemde bant genisligini artrmak ve yiiksek izolasyon saglamak icin
tyilestirmeler yapimustir. Tasarlanan boliicii, AWR Mikrodalga Ofisinde simiile edilmistir. 0, 21 mm kalmhgmnda FR4 substrate
kullanilmigtir. Calisma frekanst 7.2 GHz segilmistir. Tasarlanan divider, parametre degerlerine goére iyi uyum ve izolasyon i¢in
uygundur. Teorik olarak S21 ve S31 degerlerinin -3 dB olmasi1 gerekirken tasarlanan sistemlerde bu degeri gérmemiz miimkiin degildir.
Simiilasyon sonuglarndan, Ekleme Kaybi (S21 ve S31), Izolasyon Kayb1 (S32) sirasiyla yaklasik -3.4 dB, -22 dB'dir. Giris (S11) ve

Cikis doniis kayb1(S22) siwrasiyla yaklasik -22 dB ve -44 dB'dir. Tasarlanan gii¢ boliicii, mobil ve kii¢iik uygulamalarda giicii ayni veya
farkll frekanslarda bolmek i¢in kullanilan pasifbir devre elemanidir. Simiile edilmis gii¢ boliicii, RF uygulamalarmda faydahd ir.

Anahtar Kelimeler: Wilkinson Gii¢ Béliicii, Esit Bolme, Microstrip, Yiiksek Izolasyon, C Bandh.
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1. Introduction

The power divider (PD) is an RF electronic component that
divides the power from the input port into the output ports. PD is
often used with power amplifiers, mixers and different RF
applications [1-5]. Although divider is lossless in theory, it is
practically impossible to be lossless. Wilkinson power divider,
resistive power divider are types of dividers. Resistive dividers
can make the ports match, but again there is a loss. Wilkinson
power divider (WPD) is one of the basic elements used in
microwave electronics. Power is divided into two or more
branches with the Wilkinson power divider. It is used in power
divider transceiver circuits, signal power splitting, antennas, and
many circuits. WPD allocates the power in the input port to the
output ports at the desired rate. Three-port power dividers are
frequently used in antenna array systems and different
applications [6]. The traditional WPD systems are generally
adversely affected by the narrow bandwidth. Kalpanadevi et al.
[7] simulate different design method to increase bandwidth 3 dB
equal split power divider. The WPD has very balanced features.
However, they have some disadvantages such as big size due to
quarter wavelength. Authors study miniaturization of microwave
power divider. Total dimension has been reduced by %50 [&]. In
this letter, 2-way equal split power divider is presented. The
designed powerdivider has three ports, one input, and two output.
Power divider design parameters and system simulation graphics
are created, and the design is analyzed. It is aimed to provide
isolation between power divider and output ports and to ensure
match between all ports. The result of poor isolation is seen on the
output ports. If the S32 value is quite bad, it indicates that the
isolation is bad.

2. Material and Method

The basic two-output power divider and power combiner is
shown in the Figure 1. below.

: Pl —
[l Power | b PlPaF2
—— Pt — Combnar

s
e —

P31l P

Figure 1. Basic Power Divider and Power Combiner

It can be displayed as Wilkinson Power Divider in Figure 2.

V2 x Zp,4/4 Port 2
Port 1 |-H_,.---"'" —= 2 X,
[ <
R N
V2 X Zp,A/4 Port 3

Figure 2. Transmission Line of Wilkinson Power Divider

The designed Wilkinson power divider should provide the
following features.

e-ISSN: 2148-2683

1. Reciprocal

=S.

Si' ji

j
S12= 821, S23 = 53,
2. Terminals are matched
S11s 522,533 =0

This equation is necessary forall ports to be match. This value
must be less than 0 [9]. It is generally expected to be greater than
-15 dB in absolute terms.

3. Isolated Output Terminals
S23=35832=0

This equality refers to the isolation between the output ports.
It is generally expected to be greater than -20 dB in absolute
terms.

The characteristics impedance of microstrip line and curved
bend are 50 Ohm, 70.7 Ohm. Resistive impedance is 100 Ohm.
To avoid simultaneous non-matching of all ports, Wilkinson
Power Divider uses an isolation resistor [9, 10].

Microstrip line is used in this design. Parameters for FR4
Substrate are shown in Table 1.

Table 1. Substrate Parameters

Substrate Material FR4

Dielectric constant (g,)=3.85
Height (H) =0.21 mm
Tand =0.018

Rho = (Copper)0.7

The schematic ofthe designed circuit is shown in Figure 3.

Figure 3. Two Way Power Divider Circuit Schematic

The layout of the designed circuit is shown in Figure 4.
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Figure4. System Layout of Power Divider

3. Results and Discussion

High isolation and good match between output ports has been
aimed in this study. From figure 5, Insertion loss (S21, S31) is
about-3.4 dB. From figure 6, We see input and output return loss

values. From figure 7, Isolation Loss (S32) value is
approximately-21.34 dB.
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Figure 5. Transmission Graphs
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Figure 6. Matching Graphs
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Figure 7. Isolation Graphs

Parameters resulting from the simulation of the designed
circuit are given in table 2.

Table 2. The Results of Designed Circuit

Parameters S Ideal Microstrip Line
Values Values(dB) | Values(dB)

Input Return S11 > —10dB = —-21.86dB

Loss

(Matching)

Output Return S22 > —10dB = —44dB

Loss S33

(Matching)

Insertion Loss S12 = —-3dB = —3.34dB

(Transmission) S13

Isolation Loss S23 > —-20dB = —21.34dB

(Isolation) S32

As mentioned in the first part, the power is expected to be
divided equally on the two output ports. The designed WPD has
also been studied to have a good match and isolation. While S21
AND S31 values are expected to be -3 dB, in practice this is
impossible. The closer these values are to -3 dB, the better the
results. The value obtained from the simulation results is-3.34 dB.
Having goodisolation is one of our main goals.

4. Conclusions and Recommendations

In this study, Wilkinson Power divider design that divides
equal power has been made. In the simulation study, insertion
loss, isolation loss, return loss values were obtained close to the
desired values. It has been observed that the isolation between the
output ports is provided. In future work, splitting power with more
than one port will be studied and investigated.
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Oz

Trafik, fosil artig1 yakitlardan kaynaklanan ¢evresel sorunlar ve bunlara bagh ekonomik sorunlar nedeniyle tramvay, hafif rayl sistem
ve metro gibi rayl toplu ulasmm sistemlere talep hem lilkemizde hem de tiim diinyada hizla artmaktadi. Rayh toplu tasmma sistemleri
biiylik giic gerektirdiginden rayh sistemlerde enerji verimlilifi bliyilk 6nem tasmaktadw. Tramvay hatlarmda tiiketilen enerji
dagihmlan farklilik gostermektedir. Bu nedenle zellikle biiyiiksehirlerde kullanilan tramvay ve metrolarda elektrik tiiketimine neden
olan etkenler dikkatle incelenmeli ve rayl ulasim sistemlerinde enerji verimliligin iyilestirilmesi ile ilgili yontemler gelistirilmelidir.
Bu caliymada Samsunda sehir i¢i toplu tagmma sisteminde hizmet veren SAMULAS A.S isletmesine ait 2 adet CNR marka tramvay
icin farkh striig stillerini iceren testler yapilmisti. Test sonuglar, cer giicii ve enerji tiiketimi-arag agirligi iligkisi bakimindan
Concerto Maintenance programu kullanilarak analiz edilmistir. Benzetim sonuglart Onerilen siiriis senaryolariyla benzer agirlik
degerlerinde yapilan pratik siiriislere gére %20 oranmnda enerji tasarrufu elde edildigini gdstermisti. Omegin, Samsun ’da rayh toplu
ulagim sistemleri i¢in yilda ortalama yaklasik 14 milyon kWh enerji tiiketilmektedir. Bu nedenle bu ¢alismada elde edilen bulgularin
sehir i¢i rayh sistemlerinde enerji tiiketiminin azaltilmasma katkida bulunacagi diigiiniilmektedir.

Anahtar Kelimeler: Rayli Sistemler, Enerji Verimliligi, Siiriis Stilleri, Cer Giicii, Frenleme.

Enhancing Energy Efficiency in Rail System Vehicles

Abstract

Over the years, due to traffic, environmental problems associated with fossil fuels and related economic problems, the demand for
urban rail transit system such as trams, light rail systems and metro has increasing rapidly not only in our country but also all over the
world. Since rail public transportation systems require high power, the energy efficiency of the railway systemis of great importance.
The energy consumption on tram lines is different. Therefore, the factors affecting electricity consumption of trams and metro,
especially in metropolitan cities should be examined carefully and the new methods for enhancing energy efficiency of the rail
transportation systems should be developed. In this study, tests including different driving styles were carried out for 2 CNR railway
vehicles owned by SAMULAS A.S., which serve in the urban public transportation system in Samsun. The test results were analyzed
in terms of traction power and relationship between energy consumption and vehicle weight using the Concerto Maintenance
program. The simulation results showed that 20% energy saving was achieved by using the suggested driving scenarios, compared to
practical driving at similar vehicle weight. For example, an average of 14 million kwWh of energy is consumed annually for rail public
transportation systems in Samsun. For this reason, it is thought that the findings obtained in this study will contribute to the reduction
of energy consumption of urban rail systemsin Turkey.

Keywords: Rail Systems, Energy Efficiency, Driving Styles, Traction Power, Braking.
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1. Giris

Rayh ulagim sistemleri yogun niifusun talebini kargilamasi,
glriiltt ve hava kirliliginin azaltmasi, yolcu basma enerji
tiketiminin az olmasiy, konforlu, gilivenilr ve emniyetli
tasimacihlk saglamasi gibi nedenlerle biiyiik sehirlerdeki ulagim
sorunun ¢Oziimiinde biiyiik 6nem tasimaktadir (Elbert ve ark.,
2019; Su ve ark., 2015; Pan ve ark 2018) Uluslararas1 Toplu
Tasmmacilar Birligi sehir i¢i rayll toplu ulagm sistemlerinde
enerjinin  verimli kullanilmasiyla ilgili ¢ahsmalar yapmaktadir
(Mineta, 1997). Ana hat ve sehir i¢i rayli ulagim sistemlerinde
caligma ve besleme sartlart genel olarak birbirine benzemektedir
ve bir hat i¢in yapilan uygulama kii¢iik degisiklerle baska bir hat
icin  kullanilabilmektedir (Ag¢ikbas, 2008). Kentsel rayh
sistemlerde hizmet kalitesi diisiirmeden enerjinin etkin bir
sekilde kullanilmasiyla ilgili birgcok ¢aligma yapilmistir (Yuan ve
Frey, 2020; Gao ve Yang, 2019; Wang ve ark. 2021, Jin ve ark.,
2021).

Rayll sistem araglarinda genellikle hidrolik fren sistemi
kullanilmaktadir. Ani ve yiiksek kademede yapilan hizlanma ve
frenleme  siirliy  yontemi teker-ray siirtinme degerinin
asilmasmdan dolay1 aragta olumsuz etkiler gdstermektedir (Oge
2015). Yeterli siirtiinme kargilanmadigi i¢in kayma kizaklama
koruma fonksiyonlarmmn devreye siklikla girmesi ve gereksiz
kumlama yapilmasi ile karsi kargiya kalinmaktadir.

Frenleme mesafesi artist ve teker hasart olugmasi riski
arttrmaktadir.  Siirliclilerin - aragta siklikla ve ani bigimde
uyguladig1 cer-fren-cer gegisleri yiiksek enerji sarfiyatma ve
verimsiz rejeneratif frenleme yapilmasmna neden olmaktadir
(Giinay ve ark., 2020). Aracin fren sistemi daha ¢ok devreye
girmekte ve sistemde Omiir azalmasina neden olmakta ve ariza
riskini arttrmaktadi. Bu siiriis bigimi yolcu igin konforsuz
siirlise arag i¢in ise yiiksek enerji tiikketimine neden olur. Yiiksek
ivimeli hizlanma ve frenleme kaza ihtimalini arttwrmaktadir.

Bu c¢ahsmada Samulas isletmesine ait iki adet CNR aracmna
uygulanan farkh siiriis testi yontemlerinin bu araglarda enerji
verimini artirmaya etkisi sayisal olarak degerlendirilmigtir.

2. Materyal ve Metot

Testler yiiksek enerji sarfiyatt nedeniyle Samulag
isletmesine ait 5517 ve 5519 numarall iki farkli CNR araci
kullanilarak Yurtlar — Tekkekdy (HAT1) ve Tekkekdy — Yurtlar
(HAT2) seferlerinde ayrnn aynn yolculu siirlis testleri
gergeklestirilmigtir.

Testlerle ilgili verileri alabilmek i¢in Concerto Maintenance
programu kullanilmigti. Bu programda tramvay iizerinden anhk
enerji tiiketimi, rejenaratif frenleme ile kazanmm kullanicin
ivmelenme orani, cer kolu kullanim orani gibi birgok parametre
hesaplanabilmektedir. Farkh siirlis yontemleri uygulanilarak
araglarda ortaya c¢ikacak farkliliklar incelenecektir. Diisiik ivmeli
siirlis test ile araglarda saglanacak konforlu siiriis bicimi ve bu
sayede ara¢ enerji sarfiyatt degisimi analiz edilecektir Bu
caliymada ana hatta ulagilacak azami hizlar ve hiz limitleri ile
ilgili bir talimat verilmemigtir Bu konuda hali hazirda
uygulanmakta olan azami hiz degerlerindeki siiriis sekliyle
testlere devam edilmistir.

Sekil 1 ve Sekil 2’de, 5517 ve 5519 numarali CNR
araglarmin gilizergah saatleri goriilmektedir.
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Sekil 1. 5517 numarali tramvayin giizergdah saatleri
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Sekil 2. 5519 numarali tramvayin giizergdah saatleri

5517 numarali CNR araci1 Sekil 1’de gorildigi gibi
istasyonundan
13:32°de test tamamlandiktan sonra
yeniden baslandig1 istasyon olan Yurtlar istasyonuna
ulagmistr. 5519 numarali CNR aract Sekil 2’de gorildigi
gibi 18.02.2022 tarihinde 10:15°de Yurtlar istasyonundan
harekete baglanmug 13:11°de seferini tamamladiktan sonra
yeniden Yurtlar istasyonuna ulagnustir.

tarihinde

10:36’da

Yurtlar

Asagidaki talimatlara gore test siiriisleri gergeklestirilmistir.

1. Istasyon bélgelerindeki siiriisleri i¢in kalkislarda cer kolu
ile %70’den fazla tahrik ve duruslarda %70’den fazla

frenleme kademelerinin kullanilmamasi.
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2. Trmanma egiminde olmayan istasyonlarda kalkiglarda Sekil 3’de her iki aracm HAT1 ve HAT2’deki test
cer kolu ile ani yliksek kademede ivme verilmemesi. siireleri verilmigtir.

3.1stasyon duruslarmda cer kolu ile ani ve yiiksek
kademelerde frenleme istegi verilmemesi.

4.Cer kolu ile anlk siireler i¢in hizlanma-frenleme-
hizlanma seklinde siiriis yapiimamasi.

SURUS VE UG ISTASYONLARDE BEKLEME SURELERI

slirils 5517 5519 bekleme
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#UC ISTASYONLARDA TOPLAM BEKLEME SURESI

Sekil 3. Her ikiaracin HATI ve HATZ ‘deki test siireleri

Sekil 4 ve 5°de 5517 ve 5519 araglar igin belirtilen tiim
3.Ar aStll’ ma Sonuglarl ve Tal'tlsma slriis siiresince tahrik edilen cer kolunun kullanma sikliklar

gorillmektedir. Siiriiciilerin test swasinda yiiksek cer kademeleri
kullanmadig1 goriilmektedir. Azami %60-70 degerleri ile tahrik
istegi verilmistir.

Bu bolimde test sonuglarindan elde edilen benzetim
sonugclar cer kolu ile uygulanan tahrik seviyeleri, anhk sarfiyat —
ara¢ agihg iliskisi ve tiiketim / ara¢ agirh§i orani yoniinden
analiz edilmistir.
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Sekil 4. 5517 numaral aracin tiim sliriislerdeki cer kolu kullanimi
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Sekil 5. 5519 numarall aracin tiim siiriislerdeki cer kolu kullamm

Sekil 6 ve 7°de 5517 ve 5519 araglar i¢in belirtilen tim  gorildiigii gibi diger kisimlardaki siiriislerde arag agmlig: diisiik
siiriis siiresince anlik enerji sarfiyat1 ve arag agwhgr iligkisi  oldugu zamanlarda bile enerji sarfiyatmm yiiksek olabildigi
goriilmektedir.  Kesikli ¢izgilerle gosterilen alanlar, test  goriilmektedir. Bu nedenle arag yiikii az iken yiiksek ivmelenme
slirliglerinin  yapildigi zaman araliklandi. Sekil 6 ve 7°de  isteginin yiliksek enerji sarfiyatina neden oldugu anlagilmaktadir.
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Sekil 6. 5517 CNR araglarimin anlik enerji sarfiyati ve arag agirhigu iliskisi
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Sekil 7. 5519 CNR arag¢larinin anlik enerji sarfiyati ve arag¢ agirligiiliskisi
Sekil 8 ve 9’da 5517 ve 5519 araglar i¢in anlik sarf edilen  zamanlarmda birim agwrlik icin sarf edilen enerji degeri diger

enerjinin ara¢ toplam agwhigma oranmi gorilmektedir. Sekil 8 ve stiriiglerden diisiiktiir.
9’da  gorildigii gibi kesikli g¢izgilerle gdsterilen test
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Sekil 9. 5519 Tiiketim/Ara¢ Agirligina Orani Grafigi

Tablo 1°de 5517 ve 5519 araglarin HAT1 ve HAT2’deki
enerji sarfiyati / ara¢ agmhgi, bir seferde ortalama arag

agrligi ve bir seferde toplam tiiketim ile ilgili bilgiler
verilmistir.

Tablo 1. HATI ve HAT2 Karsilastirilmasi

ARAC SURUSE BASLAMA ENERJI SARFIYATI/ | BiR SEFER DE ORTALAMA | BiR SEFER DE TOPLAM
SAATI ARAC AGIRLIGI ORANI | aRac AGIRLIGI T TUKETIM. X. KWh
5519 HAT1TEST | 10:10 370210 6180 229
5517 HAT1TEST | 10:34 388234 6783 2.65
5517 HAT 1 0731 419157 6115 2.58
5517 HAT1 13:35 419295 6260 2.58
5519 HATL 07:20 444527 6197 277
5519 HAT1 13:17 487083 6089 2.98
5519 HAT1 16:11 490037 6284 3.08
5517 HAT 2 TEST 12:05 460340 6438 2.94
5519 HAT 2 TEST 11:42 475306 6227 3.01
5517 HAT 2 08:58 502175 6287 3.21
5519 HAT2 08:45 528615 6190 3.29
5517 HAT 2 15.02 535927 6545 3.54
5519 HAT2 14.39 543024 6436 3.55
5517 HAT2 06:10 561864 6269 354
e-ISSN: 2148-2683 68
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Sekil 9°da kullanilan araclara ve siirlis hattma goére enerji
sarfiyat1 ve ara¢ agirhgi ile ilgili degerler gosterilmektedir. Test
stirliglerinde oransal olarak hesaplanan en diisiik tiiketim
degerlerine ulasilmistir. Belirtilen tiiketim degeri net degildir ve
hesaplamalar diger siirlislerle karsilastirilarak elde edilen oransal
degerlere gore yapilmustir. Sekil 9°da kesikli ¢izgilerle gdsterilen
test siirlisleridir. Siyah siitunlar enerji sarfiyati / ara¢ agirhigi

SO00
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5519 5517 5519 : 5517
HAT1:HAT 2 HAT 2 :HAT 2

oranini gostermektedir. Sekil 9°da goriildiigii gibi tiim hatlarda
en diisiik degerlerin test siiriisler ile elde edildigi goriilmektedir.
Ayrica test slirlislerinde araglarm tasidigi agwhik degerleri diger
stirliglere gore yakm ya da daha yiiksektir. Buna ragmen bu
seferlerdeki toplam enerji sarfiyati, test siirlislerinde daha diisiik
olmustur.

"uE 6127 87 61900 62 66

5519 5517
HAT2 HAT 2

5519 5517
HAT2 HAT 2
‘TEST TEST ;

BiR SEFER DE ORTALAMA ARAG AGIRLIGI

Sekil 9. Test Siirtislerinde ki Arag Oranlart

Test sirasmda istasyonlar arasmdaki ana hat siiriiglerindeki
maksimum hiz degerleri ve bosta siirlis yapilmas: gibi
degiskenler i¢in siirliclilere bir talimat verilmemistir. Slirliste bu
konuda diizenlemeler yapilmasi tasarruf miktarini arttiracaktir ve
slirlis siirelerinde artis olacagimdan optimizasyon yapilmasi
gerekecektir.

Giizergahlara daha fazla sayida hiz tabelas: ilave edilerek
optimum hiz degisimi gerceklestirilebilin. Giizergdhlarda arag
bosta siirlis noktalarmm tespit edilmesi diisiik ivmeli
yavaglamaya ve konforlu duruslara neden olacaktin. Hizn
azaltilmas1 veya duruslardan Onceki yavaglama i¢in uy gulanacak
frenlemenin yiiksek kademelerden yapilmamasi iiretilen hareket
enerjisinden maksimum faydalanmay: saglayacakti. Bu durum
seferde ek olarak yapilacak gereksiz tahrik hizlanma istegi
sayisini azaltacak ve toplam enerji sarfiyatini diisiirecektir.

Aracm bosta giderken tekrar ek tahrik istegi ile hizlanma
ihtiyact1 olugsmamasi igin, aracm diisiik hiz degerlerinde
olmamasi gerekmektedir. Egimden asagi iniste hiz artigina izin

e-ISSN: 2148-2683

verilir ya da tahrik istegi verilip hiz limiti agilir ise mekanik
frenleme devreye girecek ayrica ekipmanlarda omiir kisalmasi,
ariza ihtimali, fren diski 1sinmasi, teker hasari, balata aginmasi,
verimsiz rejeneratif frenleme ve konforsuz siiriis gibi sonuglarla
kargilagma ihtimali olacaktir.

4. Sonug

Bu c¢alisma SAMULAS A.S isletmesine ait 2 adet CNR
marka tramvaya farkh siiriis seneryolanyla testler yapimstir ve
makinistlerin ahgilagelmis siiriisleri kargiastwildiginda 6nerilen
yumusak ivmelenmeli siirlis yOntemiyle benzer arag
agrliklarmda %20 oraninda enerji tasarrufu elde edildigi
g6zlemlenmigtir. goriilmektedir. Kayda deger bir enerji tasarrufu
siiris yontemi degistirilerek yapilabilir. Diisiik ivmelenme
uygulamasindan dolay1 aracin kayma kizaklama uygulamasi test
siirelerinde daha azdr. Kayma kizaklamanin az olmasindan
dolay1 tramvay tekerlek bandajlarnda agmmanin az olacagi, fren
mekanik ekipmanlarmimn Omriiniin daha  uzayacagy,
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ivmelenmenin daha az olmasmdan dolay1 kurp boélgelerindeki
sarsmtimm daha az olacagi ve tramvaylardaki siispansiyon
elemanlarmm Omriiniin uzayacagi ongoriilmektedir.

Test siirlislerinde ug¢ istasyonda bekleme siirelerinde ve ug
istasyonlar aras1 toplam hareket siirelerinde diger siiriislere gore
biiyiik stire farkhiliklann yoktur. Siirlis yontemi degistirilerek daha
konforlu yolculuk yapilabilir.

5. TesekKkiir

Bu calismay1 yaparken saym danisman hocam Dr. Ogretim
Uyesi Mahmut Kaplan, SAMULAS A. S.’de calisan
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Yildinm’a tesekkiirlerimi borg bilirim.
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Abstract

With the rapid development of technology, cellular networks in wireless networks are insufficient to meet the demands. In order to
provide a correct and good service to each user, communication systems must change. Although cell-free networks have many
advantages over cellular networks, since there are too many users and access points (APs) in cell-free networks, AP selection is very
important. In this thesis, the AP selection model has been studied and compared five different machine learning classification
methods. The campus of 1zmir Katip Celebi University has been chosen as the environment where the study will be carried out, and
capacity values have been obtained from the users and APs that have been placed on the campus in the simulation environment.
Numerical calculation results have been obtained from the Wireless Insite (WI) software. The AP selection to be created with the
capacity values has been supported by artificial intelligence algorithm techniques. With two different data sets have been compared,
better results have been tried to be obtained with different feature values. As a result of the comparisons made, the best machine
learning classification technique used has been proposed.

Keywords: Cell-free, MIMO System, Access point selection, Machine Learning, Classification algorithm

Hicresiz CGCC Sistemlerinde AP Se¢imi icin Makine Ogrenimi
Tabanh Simiflandirma Algoritmasi

Oz

Teknolojinin hizli gelisimi ile kablosuz aglarda hiicresel aglar talepleri karsilamakta yetersiz kalmaktadir. Her kullaniciya dogru ve iyi
hizmet verebilmek i¢in iletisim sistemlerinin degismesi gerekmektedir. Hiicresiz aglarin hiicresel aglara gore bir¢cok avantaji olmasina
ragmen, hiicresiz aglarda ¢ok fazla kullanici ve erisim noktast (AP) oldugundan, AP se¢imi ¢ok dnemlidir. Bu tezde, AP se¢im modeli
incelenmis ve bes farkli makine 6grenmesi simiflandirma ydntemi karsilastirilmistir. Calismanin gergeklestirilecedi ortam olarak Izmir
Katip Celebi Universitesi kampiisii secilmis ve simiilasyon ortaminda kampiise yerlestirilen kullanici ve AP'lerden kapasite degerleri
elde edilmistir. Sayisal hesaplama sonuglar1 Wireless Insite (WI) yazilimindan alinmustir. Kapasite degerleri ile olusturulacak AP
secimi yapay zeka algoritma teknikleri ile desteklenmistir. Iki farkli veri seti karsilastirilmis, farkli dznitelik degerleri ile daha iyi

sonuclar elde edilmeye caligilmistir. Yapilan karsilagtirmalar sonucunda kullanilan en iyi makine 68renmesi siniflandirma teknigi
Onerilmistir.

Anahtar Kelimeler: Hiicresiz ag, Coklu Girigli Coklu Cikisli Sistem, Erisim noktasi se¢imi, Makine 6grenmesi, Siniflandirma
algoritmast
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1. Introduction

Radio frequencies have been wused in wireless
communication systems to transmit data over the air. Although
5G is similar to 4G, it uses higher radio frequencies. This
enables larger volumes of data to be transmitted at a faster rate.
However, path loss effect has a greater impact on the
transmission of signals at higher frequencies. Moreover, physical
influences such as trees and buildings can easily hinder
transmission. Massive multiple input and multiple output
(massive MIMO) systems have been widely adressed as a
solution to the aforementioned issues in recent studies [1,2].

In conventional cellular networks, a macro base stations
(BS) serves many users under its coverage area. The farther
users get from the macro BS, the lower the signal quality has
been served. However, with the increasing demands for higher
signal quality, user numbers and users mobility have been
increasing. Due to the increasing number of user demands,
conventional cellular networks are insufficient. Cell-free MIMO
systems have been investigated in order to solve the problems in
cellular networks. In principle, Cell-Free MIMO systems include
multiple dispersed, low-cost and low-power multi-antenna APs
which are connected to a network controller. The number of
antennas should be greater than the number of customers. On the
contrary of cellular networks, there are no cell boundaries and
each user is jointly served by all APs [3,4]. The obtained results
show that the cell-free networks have many advantages over
cellular networks at many points [5-7]. The first benefit of the
Cell-free architecture is that it achieves a higher and more
uniform signal-to-noise ratio (SNR) within the coverage area
than conventional cellular networks. In addition, mobile users
who are switching between cells are exposed to disconnections
while trying to establish a new connection with the new base
station which is called handover. In order to overcome the
handover issue, the concept of Cell-Free topology can overcome
the excessive handover issue in small-cell systems by removing
the cell boundaries. Another benefit is the ability to manage
interference across multiple APs versus cellular networks with
an equally dense AP distribution.

Scalability requires a system to accommodate growing
demands gracefully. Scalability is critical motivation for user-
centric, cell-free, spatially-distributed, MIMO networks [8].
Although cell-free massive MIMO has showed great promise for
next generation wireless networks, such as 5G and beyond,
understanding how to design algorithms for a low-cost and
scalable system is critical.

Proper resource allocation improves the performances of
both the associated system and the network, and also helps in
avoiding the different kinds of transient bottlenecks involved in
the network. Therefore, various algorithms have been developed
for resource allocation in studies carried out so far [9-11].
Although algorithms are constantly being developed, they are
insufficient to meet the demand. For this reason, especially when
6G is transitioned, resource allocation will now be made by
using artificial intelligence methods. With the artificial
intelligence methods that will be developed ,the user will be able
to communicate with the base stations in the most accurate way.
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In [12], CAPS (Cluster Based AP Selection) a new AP
selection algorithm for cell-free Massive MIMO that aims to
reduce computation workload and pilot contamination has been
presented by introducing a machine learning algorithm for
clustering, which in this case is the K-means++ clustering
algorithm. In [13], a Cell-Free MIMO system, a deep learning
(DL) based power control technique is suggested to overcome
the max-min user fairness problem. In a cell-free massive
MIMO uplink configuration, the max-min rate optimization
issue is posed, where user power allocations are adjusted to
maximize the minimal user rate.

In this study, Three-dimensional modeling of Izmir Katip
Celebi University (IKCU) has been made in the WI simulation
program, and AP selection has been recommended in a Cell-Free
MIMO system at 1.9 GHz. In the proposed AP selection
scenario, five different supervised machine learning techniques
have been applied and compared.

2. Material and Method

2.1. System Model

In this section, the Cell-Free MIMO system has been
created with M APs and K users equipment in TDD (M >>K).
The scenario parameters have been used in WI have been given
in Table 1. In Fig.1, the IKCU campus has been drawn in three
dimensions. APs are evenly distributed over the entire area. Each
AP has four directional antennas. Each user has two isotropic
antennas. Users have been placed on a grid, with a distance of
five meters between them. In order to create the data set, the
capacity values have been collected by constantly changing the
positions of the users.

Fig. 1. AP and user equipment distribution in IKCU
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Table 1. SIMULATION PARAMETERS OF THE SYSTEM

Parameters Values
Area 1 km?
Carrier Frequency 19 GHz
User Height 1.64m
AP Height 15m
Power density -174 dBm/Hz
Noise figure 7dB
Bandwidth 20 MHz
No. of APs (M) 25
No. of Users (K) 10
No. of Antennas (L) 100
Transmitter input power 23dBm

The signal at the user is computed as:
y=Hx+n

Where x is the N; X 1 vector containing the AP signal, y is
the N, X 1 vector containing user signal, n is a vector of noise,
and H is the N; X N, matrix of complex channel gains. N, is the
number of user antennas, and N, is the number of AP antennas.

Gy[m] is the ratio of the power received by user antenna
element k divided by the power radiated by AP antenna element
m. 6y [m] is the phase in radians of the voltage across a matched
load at k under the same conditions. Note that G,[m] and 6, [m]
include all of the propagation paths in a complex multi-path
environment from AP antenna element m to user antenna
element k summed coherently.

The propagation factor, gy [m], is defined as:

gi[m] = /Gy [m] e Ol

Closely associated with g, is the channel vector hy, an N-
dimensional complex column vector (Ny X 1) given by h, = gy
where * denotes the conjugate transpose.

Maximal Ratio Combining (MRC) has been used as the
combining technique. With this technique, the user optimally
combines the user voltages from all antenna elements using a
weighting vector that adjusts both the phase and the magnitude
to maximize the total SNR.

The optimal weighting vector is linearly proportional to h:
w = h/norm

where norm is a normalization factor that scales the weighting
vector such that the sum of the squares of the magnitudes is
equal to N,.

Interference power is defined as:

M-1 Ny—1 N¢—1

P
0 Z Z[Hm,k,i]2 /Nr
k=0 i=0

l:)I,avg = N
tm
Nt,m

Noise is defined as:
Py = wTwo?
Total interference power is defined as:
Ptotal = wlw Plavg

Weighting vector is then applied to the h-vector to compute
the total received power:
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2

Np-1 5
p_ B Z [h|
.\ norm
k=0
The signal-to-interferer-plus-noise ratio (SINR) is the ratio of
the received power from the transmitter to the sum of power

from all interference sources and all noise sources. The ratio is
given by:

SINR(dB) = 101log;, (PR(D) —101log; (Pltotal)
- 10 lOglo(PNtotal)

where Py is the user power from the AP. P . is the total
interference. Py, ., is the total noise.

The channel capacity represents the maximum possible data
transmission rate for a communication channel and is calculated
using the Shannon-Hartley theorem:

Capacity = Blog,(1 + SINR)
where B is the bandwidth of the channel.

2.2. Dataset Creation

When creating a data set, it is necessary to decide which
outputs will be used as features. First of all, the x and y axis
values of each user have been taken. Since the height value
given as the z-axis is considered the same for each user, it has
not been added to the dataset. The capacity values of each user
during the communication with the APs have been included as
25 different features. An feature with the best capacity value has
been added to monitor which AP the users connect best with.

The modulation technique information and the capacitance
value in the output are not included in the data set. The reason
for this is to provide the optimum value in the feature values and
to get more efficient results in machine learning training. After
determining which feature values are used, it has been
determined under which conditions the users equipment should
establish the best connection with which APs in the dataset. By
comparing the capacity value of the connection have been made
by the users with each APs value and the best capacity value,
values between 1-25 have been given to the output column. For
the user equipment who has the same capacity value with two
different APs, the choice has been made according to the
distance difference.

The reason why distance is not used as feature values is that
users who are at a close distance due to buildings and
environmental effects may have lower capacity values. Since the
decrease in the capacity value has the opposite effect with
respect to the distance, it has put the machine learning training in
a wrong state. Various arrangements have been made in the data
and cleanings have been made and the AP selection model has
been used for the training phase. In addition, instead of taking
the capacity value between users and each AP, only the capacity
value with the best value has been taken. Whether the reduction
in the number of features leads to a better result for machine
learning is indicated by comparison.

The correlation matrix has been created with 3 features is
given in Table 2. Correlation matrix is a table that shows the
correlation coefficients for various variables. The correlation
between all potential pairings of values in a table is shown in the
matrix. When two variables have a positive correlation, their
values rise or fall together. One of the two variables that are
negatively associated increases in value while the other decline.
Negative correlation has been observed between the y-axis and
the output. It has been observed that the feature correlations in
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the correlation matrix with 28 features are low. With low
correlation values, machine learning has been given better
results.

Table 2. Simulation parameters of the system

Model (3 features) X v | GBI | ouTeuT
X 1 0.02 -0.07 0.06
Y 0.02 1 -0.08 -0.72
Capacity Best -0.07 -0.08 1 0.27
OUTPUT 0.06 -0.72 0.27 1

2.3. AP Selection Model

In this section, five different machine learning classification
techniques have been used. Classification techniques are K-
Nearest Neighbors (K-NN), Support Vector Machine (SVM),
Linear Discriminant Analysis (LDA), Gaussian Naive Bayes
(GNB) and Decision Tree (DT). Two different scenarios have
been created for each classification technique. One of the
scenarios has been included the capacity values from all APs as a
feature, and the other hasn’t been included in the feature. The
paired distribution of APs has been given in Fig. 2.
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Fig. 2. Dataset output distribution

Considering the K-NN machine learning classification
technique first, correlation matrix has been taken into account to
determine the number of neighbors to be used. Since no
connection could be established with four APs, the number of
neighbors (n-neighbors) value has been chosen 25.
standardization technique has been used as feature scaling in all
models. 25% of the data set has been reserved as test data and
75% as training data.

A kernel is a function used in SVM for helping to solve
problems. Shortcuts have been provided to avoid complex
calculations. An infinite number of dimensions have been
created using kernels. In SVM, Radial Basis Function (RBF) has
been selected as the kernel. Gini impurity has been used in DT to
divide the data into several branches. Classification have been
accomplished using DT. Impurity has been used in DT to choose
the optimal characteristic at each. Singular Value Decomposition
(SVD) has been applied as a solver in LDA. SVD does not
calculate the Covariance matrix, so this solver is recommended
for data with a large number of features.

Considering the accuracy distributions, it has been observed
that better results have been obtained in terms of estimation,
although the number of features increases when 28 features have
been used. The detailed comparison between the models created
has been given in the numerical analysis section.
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3. Results and Discussion

TABLE 3. Classification Techniques Models Outputs

Model (28 features) Precision Recall | flscore | Accuracy
K-NN 0.94 0.94 0.94 0.938
SVM 0.97 0.96 0.97 0.968
LDA 0.93 0.91 091 0.911
GNB 0.71 0.66 0.63 0.656
DT 0.97 0.98 0.98 0.975
Model (3 features) Precision | Recall flscore | Accuracy
K-NN 0.75 0.70 0.72 0.769
SVM 0.58 0.58 0.57 0.695
LDA 0.55 0.49 0.49 0.567
GNB 0.60 0.59 0.58 0.602
DT 0.64 0.59 0.60 0.676

The outputs have been used in the comparisons are precision,
recall, fl score and accuracy. Precision is an indicator of the
performance of a machine learning model. The quality of a
positive prediction has been made by the model. Precision refers
to the number of true positives divided by the total number of
positive predictions. Recall is the measure of how accurately the
model identifies true positives. The fl score is the harmonic
mean of precision and recall. The fl score is used when both
precision and recall are equally important. Likewise, accuracy is
the measure of the rate of predictions that the model makes
correctly.

A model has been created for all classification techniques
and the outputs have been given in Table 3. According to the
numerical calculation results, when 28 features have been
selected, SVM and DT methods have been given approximately
equal and best results. The classification method with the worst
mean for this study is GNB.

When 3 features have been selected, K-NN has been given
the best results. Although 25 features have been removed, a good
result has been obtained with an accuracy average of 76%. Since
AP selection must have been made quickly in communication
systems, a faster system recommendation has been made with
less features value, although there is a margin of error.

4. Conclusions and Recommendations

In this paper, five different machine learning techniques
have been compared in order to make the best choice between
user equipment and APs installed on the IKCU campus. While
making AP selection, classification has been made by creating a
data set with the location and capacity values of each user. As a
result of the comparisons, the most efficient machine learning
technique is the DT classifier method. In addition, other machine
learning techniques besides GNB have yielded good results.
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Oz

Hummers yontemine yeni bir yaklagim getirerek elde edilen grafen oksite sentezlerinin, taramali ve gecirimli elektron mikroskopu
analizleri incelenered literatiirdeki diger grafen oksit sentezlerine uyup uymadiklari incelenmistir. SEM analizlerinden; oksijen igeren
fonksiyonel gruplarin, grafit bazal diizleminde karbon atomlari ile kovalent olarak baglanip sp? konjuge sistemini bozdugunu dolayistyla
dalgali, katlanmis bélgeli, ince ve esnek tabakali bir nano yiizey morfolojisinin hakim oldugu, tabakalar arasi bosluklarin grafite gore
daha genis oldugu gozlenmistir. TEM analizlerinden; ultra ince bir ipeksi goriiniim sergiledigi ve kenarlarinin katlanmig pece seklinde

bir morfolojiye sahip oldugu, elektron 1511 altinda karanlik ve yar1 saydam alanlar ortaya ¢iktigi gozlenmistir. Bu sonuglarin da
literatiirdeki grafen oksit sentezlerine uyum sagladiklar1 belirlenmistir.

Anahtar Kelimeler: Grafit, Grafen oksit, Hummers Yontemi, Nanomalzeme, SEM, TEM.

SEM and TEM Analyses of Graphene Oxide Syntheses Obtained with
a New Approach

Abstract

Graphene oxide syntheses obtained by bringing a new approach to Hummers method, scanning and transmission electron microscopy
analyzes were examined and it was examined whether they fit other graphene oxide syntheses in the literature. From SEM analysis; , it
was observed that oxygen-containing functional groups covalently bond with carbon atoms in the basal plane of graphite and deconstruct
the sp2 conjugate system, so the morphology of a nano-surface with wavy, folded regions, thin and flexible layers prevails, and the
inter-layer gaps are wider than in graphite.. From TEM analysis; it was observed that it exhibits an ultra-thin silky appearance and its
edges have a folded veil-shaped morphology, dark and translucent areas appear under the electron beam. It has been determined that
these results were compatible with the graphene oxide syntheses in the literature.

Keywords: Graphite, Graphene oxide, Hummers Method, Nanomaterial, SEM, TEM.
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1. Giris

Karbon allotroplarindan biri olan grafit; giicli kovalent
baglariyla baglanmis karbon atomlar1 ve altigen bazal diizlemler
arasinda ise Van Der Walls baglariyla baglanmasiyla {i¢ boyutlu
ve ¢ok tabakali bir kristal yap1 sergilemektedir. Zayif Van Der
Walls baglari, tabakalarin birbirlerinden kolayca ayrilmasina
neden olmaktadir. Ayrica grafit; kolay elde edilebilir, disiik
maliyetli, grafen oksit (GO) ve grafene kolayca doniisiimii
nedeniyle son yillarda ¢ok ragbet gormektedir [1-2].

GO’nun sentez sartlarina gore; sp? hibritlesmesi yapan karbon
atomlarmin sp® hibritlesmesi yapan karbon atomlarma oranmin
kontrollii bir sekilde degisebilir, elektronik ve optik 6zelliklerinin
ayarlanabilir ve hidrofilikligi ile suda c¢ok iyi disperse olmasi
nedeniyle, kaplama teknolojisinden savunma sanayiine ve enerji
depolamadan biyomedikale kadar ¢cok genis bir uygulama alan
bulmaktadir. Ayrica, sentez asamalarinda hem reaktanlarin hem
de yan iriinlerin tehlikeli maddeler icermesinden dolayi da
grafitten grafen oksit eldesi lizerine farkli yontemlerle ¢aligmalar
yapilmaktadir [3-9].

Grafen oksitin o6zellikleri; morfolojisine, dogasina ve
reaksiyon sartlarina bagl oldugundan farkl: sartlarda sentezlenen
grafen oksitin o6zellikleri de farkli olmaktadir. Dolayisiyla
sentezlenen her grafen oksit literatiire Onemli bir katki
saglamaktadir [9].

Bu  ¢aligmada, yontemindeki ~ NaNOs3
konsantrasyonunun degistirilmesi ile elde edilen sentezlerin,
GO’ya doéntigiimiiniin SEM ve TEM analizleri ile incelenmesi ve
literatiirdeki GO
amaglanmistir.

Hummers

sentezlerine uyumlulugunun belirlenmesi

2. Materyal ve Metot
2.1. Kullanilan Materyal ve Kimyasallar

Ultrasonik banyo 150w (caligkan lab.), isiticili manyetik
karigtirict (1ka yellowline msh basic), pH metre (mettler toledo),
santifirlij cihazi, etiiv, termometre, 250 ml’lik cam reaktor ve
ceker ocak materyalleri kullanilmigtir.

325 mes grafit (merck), NaNOs; (merck), %98’lik H,SO4
(merck), KMnO4 (merck), ultra deiyonize su, %30’luk H»O,
(merck) ve %37°1ik HCI (fluka) kimyasallar1 kullanilmistir.

2.2. Deneysel Sistem

Calismanin deneysel sistemi Sekil 1’de verilmistir.
Karistirma hizi, homojen bir siispansiyonun goézlendigi 500 rpm
olarak belirlenmistir. Oksidasyon reaksiyonu i¢in 250 mL’lik cam
reaktore; 1 gr grafit tozu, 0-0,50 g NaNOs, 23 ml H>SO;4 ilave
edilmis ve belirlenen hizda 30 dk siire boyunca karigtirilmistir.
Elde edilen karigimlara uygulama sirasina gore; GO-Na0 ve GO-
Na0.50 kodlar1 verilmistir. Bu karisimlara, buz banyosunda 500
rpm 0 °C’de 3 gr KMnOy ilave edilmis ve Esitlik 1-2’deki
oksidasyon reaksiyonlar1 gergeklestirilmistir. Patlama riskini
indirgemek igin, sicakligin 5 °C’yi ge¢cmeyecek sekilde KMnO,
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ilavesinin ¢ok yavas ve kontrollii bir sekilde yapilmasina dikkat
edilmigtir.
KMnO, + 3H,S0, - K* + MnO} + H;0 + 3HSO; (1)

MnO% + MnO; — Mn,0, )
0,59 NaNOg 23mL HZSO 4 Damla Damla
R KMnOdiIavesi\ . B i
F=t, ( 100 [~ ._, s e ((H= 0
! Lk 0C Lo L imme
grafit B8 I 5 OC \Karlstlrma %Kmsmmt“{ W %L ’
| o su
/ k2
Dondurucu Buz Banyosu
Bl o
JE
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g :o
==
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2h sonikasyon = Siizme ij ﬂ
- <« E -«—
60°C, 4 HCl ile

Santrifiij ve 1 giin ve su ilavesi

Yikama

Siispanse numune

60 °C 'de Etiiy sonrast Grafit Oksit

Grafen Oksit

Sekil 1. Deneysel Sistem

Reaksiyonda olusan HSOy4 iyonlari1 grafit bazal diizlemine
saldirirken, ortamdaki Na" iyonlar1 grafit tabakalari arasina girer
ve burada d araligini genisletir [14].

Esitlik 1-2°deki reaksiyonlar sonunda elde edilen koyu yesil
renkli grafit oksiti, mekanik olarak grafen okside doniistiirmek
amaciyla, sicaklik 35 °C’ye ayarlanip 50 °C’yi geg¢meyecek
sekilde numune 2 saat boyunca karistirilmistir. Siire sonunda agik
kahverengiye donen karigimin sicakligr 98 °C’ye yiikseltilip 46
mL ultra saf su, kontrollii bir bi¢imde ilave edilmistir. Bu esnada
karigtirmaya 15 dk devam edilmis ve rengin koyu kahverengiye
doniistiigli gézlenmistir. Daha sonra, 140 mL ultra saf su ve 8 mL
H,0; ilavesiyle KMnOj fazlasi, Esitlik 3’de gosterildigi gibi suda
¢Oziinen mangan siilfat tuzuna doniistiiriilmiistiir (bu esnada renk
sartya donligmiistiir).

2KMnO, + 3H,S0, + 3H,0, - 2MnS0, + 2K,SO, + 8H,0 +
50, 3)

Nihai karigim, 1 giin boyunca oda sicakliginda bekletildikten
sonra siizlilmiis ve kati numune biinyesindeki metal iyonlarinin
giderilmesi i¢in %10’luk HCl ile daha sonra ortamdaki reaksiyona
girmeyen asit fazlasiin giderilmesi i¢in ise saf su ile ndtr olana
kadar birkag kez yikanmistir. Daha sonra numune, 60 °C’deki
etlivde 4 saat kurutulduktan sonra saf su ilave edilerek grafen
oksit silispansiyonu elde edilmis, 2 saat boyunca sonikasyona
(glig: 150 W ve frekans: 33 KHz) tabi tutulmus ve 5 dk boyunca
3000 dev.dk™!' hizda santrifiij edilmistir. Son olarak, kati numune
60 °C’de etlivde 1 giin boyunca kurutularak grafen oksit sentezleri
elde edilmistir.
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2.3. Taramah ve Gec¢irimli elektron mikroskopu

Caligmada SEM goriintiileri i¢in Zeiss Sigma 300 model
cihaz kullanilmigtir. SEM cihaz1 ile, 500-100.000 araliginda
biliylitme uygulanarak numuneyi hizlica taranmis ve yiiksek
kaliteli goriintiiler elde edilmistir. TEM goriintiileri icin ise
hitachi hightech ht7700 model cihaz kullanilmigtir. TEM ile,
numunelerin mikro ve nano Olgeklerde kristal yapisi
belirlenmistir [10].

3. Arastirma Sonuclar1 ve Tartisma

Grafit ve sentezlenen orneklerde SEM-TEM mikrograflar
sirastyla, Sekil 2-3°de verilmistir.

DreARe  paseem

" oavrAN EJ

2000 nm

¢ 200mm

Sekil 2. SEM Mikrograflari, a) grafit b) GO-NaO ve c)
GO-Na0.50

300 mm

~ 1000 mm

DAYTAM [

b 200nm 500nm 1000nm

c 200nm 500nm 1000nm

Sekil 3. TEM Mikrograflari, a) grafit, b) GO-NaO ve
c) GO-Na0.50
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4. Sonuc¢

Sekil 2’de SEM mikrograflarindan; oksijen igeren fonksiyonel
gruplarin, grafit bazal diizleminde karbon atomlar1 ile kovalent
olarak baglamp sp? konjuge sistemini bozdugunu dolayisiyla
dalgali, katlanmis bolgeli, ince ve esnek tabakali bir nano ylizey
morfolojisinin hakim oldugu, tabakalar arasi bosluklarin grafite
gore daha genis oldugu gozlenmistir. Oksijen i¢eren fonksiyonel
gruplar, grafit bazal diizleminde karbon atomlari ile kovalent
olarak baglanip sp? konjuge sistemini bozduklarindan, dalgali
tabakalarin birbirine yapismig sekilde goriinmesini sagladigi
distiniilmektedir [11].

Sekil 3’de TEM mikrograflarindan; sentezlenen orneklerde,
ultra ince bir ipeksi goriiniim sergiledigi ve kenarlarinin katlanmis
pece seklinde bir morfolojiye sahip oldugu, elektron 15101 altinda
karanlik ve yart saydam alanlar ortaya ciktigi gozlenmistir.
Elektron 1s1mn1 altinda olusan bu karanlik alanlar, yapinin esnek
ama tek tabakali yar1 saydam alanlar ise az tabakali yapiyi
gostermektedir. Bu yiizden ikiden fazla tabakali yapilarin
dagilmadan bir arada bulunabilme imkan1 olmaktadir [3].

Bu sonuglarin da literatiirdeki grafen oksit sentezlerine uyum
sagladiklar1 belirlenmistir.

5. TesekKkiir

Bu calisma, Atatiirk Universitesi BAPSIS Birimi tarafindan
Temel Arastirma Projesi olarak desteklenmistir.

Kaynakca

[1] A. Moosa, and M. Abed, (2021) “Graphene preparation and
grapfite exfoliation.” Turkish journal of Chemistry, 45(3),493-
519.

[2] G. Dresselhaus, and S. Riichiro (1998) “Physical properties of
carbon nanotubes”, World scientific.

[3] P. P. Brisebois, and M. Siaj, (2020) “Harvesting graphene
oxide—years 1859 to 2019: a review of its structure, synthesis,
properties and exfoliation.” Journal of Materials Chemistry
C, 8(5), 1517-1547.

[4] B. Paulchamy, G. Arthi, and B. D. Lignesh, (2015). “A simple
approach to stepwise synthesis of graphene oxide
nanomaterial.” J Nanomed Nanotechnol, 6(1), 1.

[5] 1. Tiyek, U. Dénmez, B. Yildirim, M. H. Alma, M. S. Ersoy,
and $. Karatag, (2016). “Kimyasal yontem ile indirgenmis
grafen oksit sentezi ve karakterizasyonu.” Sakarya University
Journal of Science, 20(2), 349-357.

[6] X.Huang, X. Qi, F. Boey, and H. Zhang, (2012). “Graphene-
based composites.” Chemical Society Reviews”, 41(2), 666-
686.

[7] L. Sun, and B. Fugetsu (2013). "Mass production of graphene
oxide from expanded graphite." Materials Letters 109: 207-
210.

[8] J.,Chen, B. Yao, C., Li and G. Shi, (2013). “An improved
Hummers method for eco-friendly synthesis of graphene
oxide.” Carbon, 64, 225-229.

[91 S. Shamaila, AK.L. Sajjad, and A. Igbal, (2016).
“Modifications in development of graphene oxide synthetic
routes.” Chemical Engineering Journal, 294, 458-477.

[10] Dimiev, A.M.; Polson, T.A., Contesting the two-component
structural model of graphene oxide and reexamining the

78



European Journal of Science and Technology

chemistry of graphene oxide in basic media. Carbon 20185, 93,
544-554.

[11] Wang, X., Hu, Y., Min, J., Li, S., Deng, X., Yuan, S., & Zuo,
X. (2018). Adsorption characteristics of phenolic compounds
on graphene oxide and reduced graphene oxide: a batch
experiment combined theory calculation. Applied
Sciences, 8(10), 1950.

e-ISSN: 2148-2683

79



Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Ozel Sayr 39, S. 80-84, Temmuz 2022 Special Issue 39, pp. 80-84, July 2022

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

-}

A A

»

Control over Amplification in Exciton Polariton Condensate

Sergey Borisenok'-?"

*Abdullah Giil University, Faculty of Engineering, Department of Electrical and Electronics Engineering, Kayseri, Tiirkiye, (ORCID: 0000-0002-1992-628X),
sergey.borisenok@agu.edu.tr
2 Bogazigi University, Feza Giirsey Center for Physics and Mathematics, Istanbul, Tiirkiye, (ORCID: 0000-0002-1992-628X), borisenok(@gmail.com

(3rd International Conference on Applied Engineering and Natural Sciences ICAENS 2022, July 20-23, 2022)
(DOI: 10.31590/ejosat.1140766)

ATIF/REFERENCE: Borisenok, S. (2022). Control over Amplification in Exciton Polariton Condensate. European Journal of
Science and Technology, (39), 80-84.

Abstract

Exciton polariton condensates are the most well-studied case of Bose-Einstein condensation (BEC) of quasiparticles. Together with
their prominent fundamental importance, the exciton-polariton condensates have a wide spectrum of engineering applications
covering interferometry and metrology, different types of SQUIDs and accelerometers, and forming a universal gate set for quantum
computing via the control with external laser pulses. The efficient experimental manipulation with the polariton BEC can be realized
via the bosonic final-state stimulation, matter-wave amplification, or by lasing of polaritons, but a satisfactory theoretical model for
such control has not been developed yet. Here we study the polariton matter-wave amplifier based on the stimulated scattering of
massive particles. The amplification of the injected quasiparticles is achieved through an elastic scattering of so-called lower
polaritons (LPs). Such an amplifier has many advantages compared with a standard lasing or using a photon amplifier: it can provide
a sufficient gain coefficient. To develop an efficient control algorithm for the polariton amplifier we use here the dynamical model for
the LP population proposed by Ciuti, Savona, et al. in 1998. The phenomenological model for the gain coefficient is based on the
experiments with cold collisions of polaritons performed by Deng, Haug, and Yamamoto in 2010 and later. We use different feedback
algorithms (speed gradient vs target attractor) to track efficiently the polariton population in the amplifier. We compare the pros and
cons of our alternative approaches and discuss their possible engineering applications.

Keywords: Exciton polariton condensate, Matter-wave amplifier, Cold quasiparticle collisions, Lower polaritons, Feedback control.

Eksiton Polariton Yogunlasmasinda Amplifikasyon Uzerinde Kontrol

Oz

Eksiton polariton kondensatlari, kuasipargaciklarin Bose-Einstein yogunlagsmasmin (BEC) en iyi ¢alisilmus halidir. One ¢ikan temel
onemleriyle birlikte, eksiton-polariton kondensatlari, interferometri ve metroloji, farkli SQUID tiirleri ve ivmedlgerleri kapsayan ve
harici lazer darbeleri ile kontrol yoluyla kuantum hesaplama igin evrensel bir kap1 seti olugturan genis bir mithendislik uygulamalari
yelpazesine sahiptir. Polariton BEC ile verimli deneysel manipiilasyon, bozonik son durum uyarimi, madde-dalga amplifikasyonu
veya polaritonlarin lazerlenmesi yoluyla gergeklestirilebilir, ancak bu tiir kontrol igin tatmin edici bir teorik model heniiz
gelistirilmemistir. Burada, biyiik kiitleli pargaciklarin uyarilmig sagilimina dayanan polariton madde-dalga yiikselticisini
incelemekteyiz. Enjekte edilen kuasipargaciklarin amplifikasyonu, alt polaritonlarin (AP'ler) elastik sagilmasiyla saglanir. Boyle bir
yiikselticinin standart bir lazerle veya bir foton yiikselticisi ile karsilastirildiginda birgok avantaji vardir: yeterli bir kazang katsayisi
saglayabilir. Polariton amplifikatorii i¢in verimli bir kontrol algoritmasi gelistirmek icin burada Ciuti, Savona ve digerleri tarafindan
onerilen AP popiilasyonu i¢in dinamik modeli kullanmaktayi1z. Kazang katsayisi i¢in fenomenolojik model, 2010 ve sonrasinda Deng,
Haug ve Yamamoto tarafindan gergeklestirilen soguk polariton ¢arpigmalar1 deneylerine dayanmaktadir. Amplifikatdrdeki polariton
popiilasyonunu verimli bir sekilde izlemek icin farkli geribesleme algoritmalar1 (hiz gradyam1 vs hedef ¢ekici) kullanmaktayiz.
Alternatif yaklagimlarimizin artilarini ve eksilerini karsilastirir ve olast mithendislik uygulamalarini tartismaktayiz.

Anahtar Kelimeler: Eksiton polariton yogunlasmasi, Madde dalgas: yiikselticisi, Soguk kuasiparcacik ¢arpigmalari, Alt polaritonlar,
Geribesleme kontrolii.
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1. Introduction

Bose-Einstein Condensate (BEC) plays an important role in
many engineering applications due to its unique properties: it is
a state of matter which brings quantum effects to a macroscopic
scale. Usually, speaking about BEC we keep in mind a
condensation of real quantum particles. Nevertheless, one can
consider condensates of quasiparticles. Exciton polariton
condensates are the most well-studied case of such BECs
(Kasprzak, et al., 2006; Deveaud-Plédran, 2012; Byrnes, et al.,
2014).

The first theoretical prediction of polariton BEC has been
done as early as in 1996 in (Imamoglu, et al., 1996), and later it
was confirmed experimentally in (Sun, et al., 2017). Exciton
polaritons (often called just polaritons for short) appear in the
optical cavities, where the excitons (i.e. other quasiparticles
made from electron-hole pairs) can couple to photons (Allen,
2018). The details of the environment in which the condensation
takes place are also of great importance for forming polariton
BEC (Richard, et al., 2010).

Additional very interesting and prominent effects can
happen in the system with topological defects, topological corner
modes, and low dimensional structures (Flayac, 2012; Xu, et al.,
2022).

1.1. Applications of Polariton BEC

Together with their fundamental importance, the exciton
polariton condensates have a wide spectrum of engineering
applications covering interferometry, metrology, different types
of SQUIDs and accelerometers (Moxley, et al., 2021).

Exciton polariton condensates possess many attractive
features for quantum computing and quantum communication:
they may operate under room temperature, they demonstrate
high dynamical speed, they are easy to probe, and finally, they
are flexible for different fabrication techniques (Ghosh, Liew,
2020; Moxley, et al., 2021, Kavokin, et al., 2022).

The polariton condensate may help to form a universal gate
set for quantum computing via the control with external laser
pulses (Ghosh, Liew, 2020; Stroev, 2021). The polariton BEC
can work also as a processor in which quantum superpositions
are produced, while the optical field is used for distributing the
generated quantum coherence (Liiders, et al., 2021).

1.2. Applications of Polariton BEC

The efficient experimental manipulation with the polariton
BEC can be realized via the bosonic final-state stimulation,
matter-wave amplification, or by lasing of polaritons (Deng, et
al., 2010), but a satisfactory theoretical model for such control
has not been developed yet.

In the lasing method, the exciton polariton condensate can
be separated from the incoherent high-energy excitonic reservoir
located at the pumping laser position. There are many efficient
experimental techniques to do it, for instance, optical trapping
(Pieczarka, et al., 2022).

1.3. Our Model

Here we study the polariton matter-wave amplifier based on
the stimulated scattering of massive particles. The amplification
of the injected quasiparticles is achieved through an elastic

e-ISSN: 2148-2683

scattering of so-called lower polaritons (LPs). Such an amplifier
has many advantages compared with a standard lasing or using a
photon amplifier: it can provide a sufficient gain coefficient.

To develop an efficient control algorithm for the polariton
amplifier we use here the dynamical model for the LP population
proposed in (Ciuti, et al., 1998; Ciuti, et al. 2003). The
phenomenological model for the gain coefficient is based on the
experiments with cold collisions of polaritons performed in
(Deng, et al., 2010) and later. We use different feedback
algorithms (speed gradient vs target attractor) to track efficiently
the polariton population in the amplifier. We compare the pros
and cons of our alternative approaches and discuss their possible
engineering applications.

2. Model

Mixing of cavity photon with exciton can be described as
appearance of new type of quasiparticles: polaritons. leads to
Describe in detail. Due to a reversible spontaneous emission, the
polariton spectrum splitting into an upper and lower branches,
which for short are called “upper polaritons’ (UPs) and ‘lower
polaritons’ (LPs) (Vladimirova, et al., 2010; Pinsker, et al.,
2017). When the cavity-photon resonance is detuned to higher
than that of the quantum well exciton (so called ‘blue detuning’),
LPs have a longer lifetime, and a shorter cooling time,
facilitating thermalization (Deng, et al., 2010). For the process of
the polariton condensation, we will focus here on the lower
polariton spectrum.

2.1. Lower Polariton Dynamics Model

To describe the LP dynamics, let’s follow the model
proposed in (Ciuti, et al., 1998), see also (Ciuti, et al. 2003) for
its further development. The population Nip Ciuti of the lower
polaritons depends on the exciton polariton population in the
reservoir Nep as:

dN N
d;:_P :|LP_TL:+aLPNEP(l+NLP)+ 1)
+bLPNI§P(1+ Nie)

Here 1p stands for the external pumping rate of the lower
polaritons by the optical field, z.p is the bottleneck LP lifetime.
Two last terms represent the scattering processes: scattering
between acoustic phonons and LPs with aip = 47 s7%, and LP-LP
scattering with b p = 0.45s7%.

The reasonable maximum number of the exciton polaritons
in the reservoir can be evaluated like 10° (Deveaud-Plédran,
2012).

2.2. Gain Phenomenological Model

To develop the gain phenomenological model based on the
experimental data, let’s consider the plot in Fig.1. One can see
that in the high gain regime is consists of two parts: the first fast
growth, and then the exponential decay (it looks like a linear part
in the logarithmic scale) up to the time about 200 ps.

To model Fig.1, let’s approximate it with the function te™
as:

In(G —1) = In(700-t) — 700-t + 31. @)

In (2) we rescaled the time to ps.
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The gain coefficient G increases with the reservoir
population Nep as (Deng, et al., 2010):
G-1=G,exp{cNZ} . A3)

Making logarithm of (3) and comparing with (2), we fit the
constants: In(Go) = 31, and ¢ = 30/(10%)? = 3-10°%; for the second
constant we matched the peak G — 1 in Fig. 1 which is around
1015, i.e. around 30, to the maximum number of Nep which is
around 1000.

10}

Gain-1

10 f

-100 0 100 200 300 400 500
Time delay [ps]

Fig. 1 Open circles: The gain function G — 1 vs. the

time delay between the pump and probe optical

pulses. Solid dots: The intensity of bottleneck LP

emission at a low pumping intensity. Source: Fig.7c

in (Deng, et al., 2010).

Thus the function Nep(t) can be restored by the gain model

(2)-(3).
2.3. Time Scale Hierarchy in the Model

Now, before we develop the control algorithm, let’s sum up
the time hierarchy in the model. The shortest scale corresponds
to the bottleneck LP lifetime z,. It can be evaluated
experimentally as 10-20 ps (Tassone, et al., 1997), although it
can be increased up to 200-300 ps with the special experimental
setup (Snoke, 2015; Sun, et al., 2017).

Two other time scales come from the phonon-LP scattering:
1/aip = 0.02 s, and from the LP-LP scattering: 1/bip=2s.

Thus, the control process in the model takes place in the time
diapason from 20 ps (it should be greater than the LP lifetime)
till 200 ps (it should be faster than the gain function is
decreasing, see Fig.1).

3. Control Algorithm

The external pumping rate Ipp, the first term in (1), plays a
role of control parameter in the model (1)-(3). We propose here
two alternative feedback algorithms to track the LP population,
or, in other words, to reproduce the goal function N (t) chosen

arbitrary. We remind here, that the control is called stabilization
for the constant target parameter, and tracking for time-
dependent one.
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These two approaches are based on different control
‘philosophy’, and we will compare their pros and cons.

3.1. Speed Gradient Control Algorithm

Let’s define non-negative goal function for the LP number
tracking:

vee®) =5 (N O - NEOF - 4

Speed Gradient (SG) algorithm minimizes the function (3)
by driving the system along the gradient of its derivative in the
space of control parameter (Fradkov, 2007). Particularly, in our
case we define the control signal I.p with the 1D speed gradient,
i.e. via the partial derivative:

159 = —Tif(_d *d”se) . )
SG LP t

Here the positive constant Tsg stands for the SG control time
scale. To compute the inner time derivative in (5), we use (4)
with the substitution of (1) for dN.p/dt, and after evaluation of
the partial derivative we get:

1
155 = (v - NE). ®

SG

This control signal should be substituted to RHS(1) to drive the
system towards the control goal.

3.2. Target Attractor Control Algorithm

An alternative Target Attractor (TA) approach of feedback
has been developed in (Kolesnikov, 2012). The idea is to form in
the phase space of (1) an artificial attractor locking the dynamics
of the system in the neighborhood of control goal.

Let’s consider the goal function as:

wrat) =N () - N|[_gg ®) (6)

(compare it with (4)), and then demand the exponencial
convergence toward the attractor in the form:

d t 1
"”dT—f”=—ﬂwm(t), ™

the positive constant 7ta represents here the typical scale of TA
control. Eq.(7) provides the solution:

wralt) = ‘//TA(O)e_t/TTA . ()

Substituting (6) and (8) into (1), we can express the TA control
signal explicitely:

1 dNg N

IPA - = (N, — NI e | 2T

LP TTA( LP LP) dt T (9)
_aLPNEP(1+ NLP) _bLPNéP(1+ NLP) :

To compare with the SG algorithm (6), the TA signal is more
complex.

We emphasize here that both algorithms do not have a
memory: in (6) and (9) we use only the instantaneous values for
Nie(t) and Nee(t), the target LP population NE(t) is an arbitrary

smooth differentiable positively defined function.
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4. Achievability of the Control Goal

Now let’s evaluate the achievability of the control goal for
the equation (1). To do that, let’s analyze first the order of the
corresponding terms in RHS(1). We will use here the inverse
time scale in ps.

As we mentioned in the discussion on the time hierarchy, the
control time constants 1/Tsg and 1/Tta for both algorithms
should be of the order 102-10* ps. The dissipation term with
the polariton lifetime has a similar order 10* ps2.

On the contrary, the orders of both scattering terms are much
less: if we take the Nep to be of the order 103, then the term with
acp gets the order 108 pst, while the term with b becomes
around 107 ps*. The contribution of both terms to the
achievability of the control goal is much less, and we will focus
on the role of the control and dissipation terms.

For the speed gradient feedback we can evaluate the
achievability through the simplified dynamical equation:

T T ( + JNLP(t), (10)

Tse  Tup

with the solution:

. et e _
N (1) =€ Nyp (0) +— [ N (£)d

SG 0 (11)
y= 1 N 1
Tse 7w
Particularly, for the linear growth:
N =t (12)
(200 LP quasiparticles per 200 ps) the solution is given by:
N (t) = 1[t —1] +e7 N, (0) - (13)
Mse v

The value 1/5°T,. represents the systematic error of the speed
gradient algorithm in goal achievability.

For the target attractor approach, the achievability of the
control goal (for the case of differentiable smooth functions) is
already guaranteed by (8). The only thing that we need to check
is the constrain for the time derivative of the target LP
population in the RHS(9) for the control signal. It is safe to
demand it not to be greater than the control tracking term with
Tta and the dissipation term with zp:

ANE®)]__
||

Ny (t) ' (14)
max{T;n, 7.0}

Under such condition, the control signal does not become too
large
5. Discussion

Both methods, SG and TA, demonstrate the achievability of
the control over the LP population and, thus, can be applied for
the improvement of amplifier characteristics in the polariton
BEC.
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As one can observe from the results for SG, this approach is
easy to formulate, and it does not demand sufficient
computational sources. Additionally, speed gradient control
works only if the goal is not achieved, and it becomes switched
off as soon as the system dynamics enters the target
neighbourhood. From another hand, SG works virtually as a
decay term (‘friction’) at the level of the population Nip
tracking, and by that, it cannot avoid the energy dissipation in
the control process. As a result, in its standard form, the speed
gradient cannot guarantee the precise achievement of the control
goal. It can be modified slightly, which makes it more similar to
the alternative TA method.

Target attractor feedback, from another side, is very rigid and
locks the system in the neighbourhood of the control goal
exponentially fast. Nevertheless, is has two serious handicaps.
First, as one can easily see from (9), it is more sophisticated
from the point of computation. Second, the support of the
artificially created attractor in the system demands the
continuous pumping of the energy via the control field, even if
the control goal is achieved: the substitution of N , =N to (9)

does not make the signal IHDA] to be zero. The instantaneous
power of the TA control can be evaluated as I[FPA]ELP, where

& p is the average energy for LP, which can be taken closed to
1.59 eV, i.e. about 2.5-107%° J (Deveaud-Plédran, 2012).

To sum up, we can say that the choice between SG vs. TA is
the choice between computational simplicity and energy-
consuming vs. computational accuracy and fast convergence.
Thus, the practical task may define the best algorithm.

6. Conclusions

The algorithm proposed here is virtually the first example of
feedback control applied to the condensate of quasiparticles.
Recently we used it successfully for other quantum systems
(Borisenok, 2018; Borisenok, 2020; Borisenok, 2021;
Borisenok, 2022); and in both versions. SG and TA, it
demonstrated the robustness, flexibility and stability under the
relatively small perturbation of the dynamical systems. Both
forms of our algorithm are not sensitive very much to the initial
conditions, which is also important for the quantum application.

Our approach opens the new gate to many practical
applications of specific quantum phases of quasiparticles (like
Bose-Einstein condensate) to quantum engineering, quantum
metrology, quantum computations, and quantum
communications.
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Abstract

Gears have wide range application areas in various industries which no matter they are small-scaled or large-scaled. As a part of their
design, gears inner bodies are full filled with their solid material and significantly increase the weight of systems which they used in. If
the weight of gears’ body mass can be decrease during their design process, the mechanical properties that expected from the systems
can be achieved with the minimum cost of material via additive manufacturing comparing to the traditional manufacturing processes.
First ideas which comes to mind presents two choices for the way should follow. This study focused on design optimization of material
layout rather than material selection. Generative design technic also known as topology optimization can create new designs via
mathematical methods that optimize material layouts within a specific design space. Absolute geometry is depending on various
parameters such as given set of loads, boundary conditions and constraints. Alternatively, lattice structures are designs which inspired
from bio-entities based on repeating unit cells. As a result of static analysis of a helical gear’ s uniform lattice structure, output parameters
have been used for varying unit cells’ beam thickness and optimize lattice design. End of this study which used nTopology as engineering
software for whole implicit design and analysis process, the analysis of generative designed geometry and pattern of lattice structure
gave different results. These outputs compared on point of weight savings.

Keywords: Helical Gears, Static Analysis, Topology Optimization, Lattice Structures, nTopology.

Topoloji Optimizasyonu ve Kafes Yapilar1 Yontemleriyle Dislilerin i¢
Govdelerinde Tasarim Yaklasimlari

Oz
Digsliler, kii¢iik dl¢ekli veya bityiik 6lgekli olsun gesitli endiistrilerde, genis uygulama alanlarina sahiptir. Tasarimlarinin bir pargasi

olarak dislilerin i¢ govdeleri kat1 malzeme ile doludur ve kullanildig: sistemlerin agirligini dnemli dlgiide arttirir. Dislilerin gévde
kiitlelerinin agirliklar1 tasarim siirecinde azaltilabilirse, geleneksel iiretim siireglerine gore eklemeli imalat ile sistemlerden beklenen
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mekanik 6zelliklere minimum malzeme maliyeti ile ulasilabilir. Akla gelen ilk fikirler, izlenmesi gereken yol i¢in iki segenek sunar. Bu
¢alisma malzeme se¢iminden ziyade, malzeme yerlesiminin tasarimi igin optimizasyona odaklanmustir. Topoloji optimizasyonu olarak
da bilinen iiretken tasarim teknigi, belirli bir tasarim alani igindeki malzeme yerlesimlerini optimize eden matematiksel yontemlerle,
yeni tasarimlar olusturabilir. Mutlak geometri verilen yiikler, sinir kosullari ve kisitlamalar gibi ¢esitli parametrelere baglidir. Alternatif
olarak kafes yapilari, tekrar eden birim hiicrelere dayanan ve biyo-varliklardan ilham alan tasarimlardir. Helisel bir dislinin i¢ gévdesine
uygulanan uniform kafes yapisinin statik analizinin bir sonucu olarak, birim hiicrelerin kiris kalinligini1 degistirmek ve kafes tasarimini
optimize etmek i¢in static analizin ¢ikis parametreleri kullanilmigtir. Tiim tasarim ve analiz siireci igin miithendislik yazilimi olarak
nTopology'nin kullanildig1 bu ¢aligmanin sonunda, generatif tasarimli geometri ve kafes yap1 deseninin analizi farkli sonuglar vermistir.

Bu analiz ¢iktilar1 agirlik tasarrufu agisindan karsilastirilmigtir.

Anahtar Kelimeler: Helis disli, Statik analiz, Topoloji optimizasyonu, Kafes yapilar, nTopology.

1. Introduction

For decades, traditional manufacturing techniques as proven
methods have been constantly preferred for mass production of
industrial parts. However, additive manufacturing has robust
capabilities of production of lightweighted parts which has high-
complexity porous geometry its inside that could not seen from
outside of the part how its inner structure.

As hardware, software and 3d printers evolve, it is possible
to develop innovative parts that could not be produced before with
traditional manufacturing methods. Especially thanks to the
software, the development processes can be completed in less
time. On the other hand, with nTopology, you can solve the
hardest advanced manufacturing and engineering problems,
generate unique high-performance parts, share, and reuse your
workflows with your team, and more [1].

Also gears have wide range application areas in various
industries which no matter they are small-scaled or large-scaled.
As a part of their design, gears inner bodies are full filled with
their solid material and significantly increase the weight of
systems which they used in [2]. If the weight of gears’ body mass
can be decrease during their design process, the mechanical
properties that expected from the systems can be achieved with
the minimum cost of material via additive manufacturing
comparing to the traditional manufacturing processes [3].

First ideas which comes to mind presents two choices for the
way should follow. This study focused on design optimization of
material layout rather than material selection. Generative design
technic also known as topology optimization can create new
designs via mathematical methods that optimize material layouts
within a specific design space. Absolute geometry is depending
on various parameters such as given set of loads, boundary
conditions and constraints [4].

Alternatively, lattice structures are designs which inspired
from bio-entities based on repeating unit cells [5]. As a result of
static analysis of a helical gear’ s uniform lattice structure, output
parameters have been used for varying unit cells’ beam thickness
and optimize lattice design.

End of this study which used nTopology as engineering
software for whole implicit design and analysis process, the
analysis of generative designed geometry and pattern of lattice
structure gave different results. These outputs compared on point
of weight savings.

e-ISSN: 2148-2683

2. Material and Method
2.1. Implicit Modelling and Meshing

nTopology software has blocks based on functions which
accepts appropriate inputs. As a result of calculations, blocks also
can give outputs that can be suitable for another block's input
arguments. This feature enhances the software' s design and
analysis capabilities and this study has benefit from its various
features. One of them is static analysis result outputs used for
changing the thicknesses of lattice structure beams. Thus, instead
of the periodic structure's uniform thickness, there are variable
thicknesses where it’s needed. nTopology blocks can handle
various requirements such as import CAD part, convert to implicit
body from CAD body, latticing, varying thicknesses with analysis
outputs. To do that, a workflow that special to this study's
purposes is necessary as a combination of blocks, inputs, and re-
used outputs. Figure 1 shows workflow and how blocks look like.

nTop Notebook

~
\
\
Input(s) —>m—0 Output

C K H H

{ H ]

e All operations happen in the
Notebook as parameterization of
volume-defining equations

e One block = one function

e Order of blocks doesn’t matter

Fig. 1 Workflow and blocks (ntopology.com)

In order to re-design helical gear’s full-filled inner body as a
lattice structure, previously designed and imported CAD data of
the helical gear must be converted to an implicit body. CAD data
of gear has some design parameters as shown in the Table 1 [6].
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Table 1. Gear Design Parameters

European Journal of Science and Technology

Parameters Values
Gear Module 3
No. of Teeth 30

Addendum 1*m
Dedendum 1.25*m
Width 22.5

Figure 2 shows the parts of the gear CAD data. Inner body is
the necessary part for latticing and topology optimization. The
center part is where displacement restraint boundary conditions
applied and the outer one is where loads applied.

Fig. 2 Parts of CAD Data

To create a lattice structure from implicit body, using of
“Volume Lattice” block is essential. Material layouts and volume
ratios can be affected depending on selection of “Unit Cell”
parameter. Figure 3 shows various graph type unit cells except
triply periodic minimal surface ones. Also, table 2 shows that
“Octet” unit cell type presents highest weight saving for the

biggest unit cell size rather than others.

Table 2. Comparison of Unit Cells

Unit Cell Cell Size Ratio
Simple Cube [4, 4,4 mm 32.4%
BCC [5, 5, 5] mm 31%
FCC [5,5,5] mm 28.1%
Diamond [5, 5, 5] mm 30.7%
Fluorite [8, 8, 8] mm 32.3%
Octet [10, 10, 10] mm 32.8%
Truncated cube [4,4, 4] mm 29.2%

e-ISSN: 2148-2683

@I Lattice: Volume
G2 Volume:
= Unit type:

| TargetVolumeA X

Truncated octahedron
= Fill type: Simple cubic
/ el Body centered cubic
i Face centered cubic
« Rotation: Column
o Position: Columns
Diamond
Fluorite

Kelvin cell

IsoTruss

Re-entrant

Weaire-Phelan

Triangular honeycomb
Hexagonal honeycomb
Re-entrant honeycomb
Square honeycomb rotated
Square honeycomb

Face centered cubic foam
Body centered cubic foam
Simple cubic foam

Hex prism diamond

Hex prism edge

Hex prism vertex centroid
Hex prism central axis edge
Hex prism laves phase

Tet oct vertex centroid

Oct vertex centroid

Fig. 3 Various Unit Cells

After settings of input parameters, Figure 4 shows the lattice
structure which has uniform beam thickness.

Fig. 4 Lattice structure with uniform thickness

The lattice structure should be merged with other implicit
bodies for creating an instance of single implicit body, thus, as a
next step, the part can be ready for meshing via the block "Mesh
from Implicit Body". To do that, “Boolean Union” block accepts
multiple implicit bodies as inputs which you want to merged ones,
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also this block presents a radius option which you can select its
value to create rounded intersection areas.

“Mesh from Implicit Body” block is first step of whole
meshing process. Tolerance setting can affect quality and meshing
time. Decreasing of tolerance value can improve the quality and
you can observe that captured body curvatures clearly without
black lines via uncheck the wireframe option in the block’s
properties tab. Adjustment of optimum value may require
multiple attempts.

Second step of meshing goes on “Remesh Surface” block.
This block tries to create equal surface mesh elements. Mesh
metrics should be checked. Mesh metrics are “closed, oriented,
manifold and self-intersecting”. In sequence except last one, you
should see their values as bool type of “true”. Self-intersecting
should be “false”. Otherwise, you will receive a warning from the
software.

Third step is using the “Volume Mesh” block that creates a
solid mesh with tetrahedral elements. As output data, clean
surface meshes can be an input data of the “Volume Mesh” block.
Equality of “Edge length” values is recommended. So, volume
mesh elements can be created easily derived from surface mesh
elements’ edge sizes. Also, last step is using the “FE Volume
Mesh” Block that defines placement of nodal elements in the solid
mesh elements. Figure 5 shows the order of meshing process and
Figure 6 shows the parameters of these mesh blocks. Figure 7
shows the gear which has FE volume mesh.

STARTING MODEL

—

5 v Final Part Mesh  FE Volume Mesh
w | A Discretization: Volume Mesh
w |® Domain: Remesh Surface v

w |@ Surface: Mesh from Implicit Body

(@ Body:

Semi-Final Part X

0.1 Tolerance: 5

0.1 Min. feature size: 0

(D Sharpen:

@ Simplify:

Edge length: .8

Shape: Triangle
Span angle: 30
Growth rate: 2
Feature angle: 45
Min edge length: 0
Chord height:
Min feature size:

Edge length: 8

Shape: Tetrahedra

Crawth rate- 2

Fig. 6 Parameters of mesh blocks
e-ISSN: 2148-2683

Fig. 7 Gear which has finite element volume mesh

2.2. Static Analysis Setup

Before running a simulation of static analysis, “FE Model”
block parameters and “Load Case” should be set up. To create a
“FE Component”, material and mesh components can bring
together. In this study, selected material AI6061-T6 is pre-defined
in the software’s material library. Also, 250N distributed force
applied to the helical gear’s teeth surface. Figure 8 and Figure 9
shows all steps of the analysis set up.

FE MODEL
COMPONENT

MATERIAL

Nt

» | ¥ FEMODEL

b b Force

| FEMODEL

Fig. 9 Static analysis case set up

2.3. Field-driven design and Re-construction

Static analysis block’s output property list gives the Von
Mises data. As an advantage of implicit modelling technics, this
data can be used as an input data to create point map with the
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related block. Also, the point map block’s output is an input to
create “Fields”. “Ramp” block gives the capability of Field-driven
design that can change uniform thickness of lattice. Ramp block
uses the "Field" input. Figure 10 shows the Von Mises data and
Figure 11 shows the essential block named “Ramp” for “Field-
driven” design.

Fig. 10 Von Mises data for "Field-driven™ re-construction
process

fv Ramped Thickness Ramp v 90
v f Scalar field: Field from Point Map 'v| Scalar Field 5 @ O
w | 5o Pointmap: Von Mises Stress Poi.. Scalar PointM.. @ O
@® Analysis resuit: Static Analysis X
123 Step number:
= Interpolation: Natural
= Extrapolation: Nearest
In min: | min vM stress v...

In max: | max vM stress ...

| Lattice_min_thi...

Out min:

Out max: I Lattice_max_thi...

Continuity: Geometric (C0)

Fig. 11 Point map, scalar fields, and “Ramp” block

Ramp block’s one parameter limits the maximum thickness
of beams. Engineers can set automatically minimum and
maximum diameter of beams based on Von Mises data range.
“Field-driven” design technic improves lattice structures material
layout and optimizes its periodic lattice design which has uniform
thickness depending on analysis. Figure 12 shows “Fields” and
Figure 13 shows re-constructed design.

e-ISSN: 2148-2683

Fig. 13 Re-constructed design

To design the helical gear's inner body geometry via topology
optimization, majority of design steps similar such as converting
cad body to implicit body, meshing and FE Model. “Structural
Compliance Response” block, “Optimization Objective” block,
“Optimization Constraint List” block, “Topology Optimization”
block, and “Smoothen Body” blocks are different blocks that
included in topology optimization workflow comparing to the
lattice design workflow. Figure 14 shows topology optimization
of gear’s inner body.

Fig. 14 Topology optimization of gear’s inner body.
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3. Results and Discussion

Approximately, initial analysis results of lattice structure
showed 137 MPa Von Mises value. Field-driven design improved
the result and decrease it to 49 MPa. In addition, weight saving is
just under %60. Figure 15 shows improved lattice design analysis
results.

Fig. 15 New lattice design static analysis results

Figure 16 shows the topology optimization analysis results
comparing to the initial cad geometry which has full filled inner
body of helical gear.

37,0622 @

0.1 v weight savings

Weight Savings
¥ Lightweight body: | top_opt_full_body

¥ Original body: | full body
Fig. 16 Weight savings of topology optimization

According to the initial lattice design and load scenario, thin
beams caused weak lattice structure and decrease structure’s
mechanical property. The helical gear’s teeth construction looks
preserved and more robust although "Deformation scale" that is
exaggerated graphical presentation was increased. Figure 17
shows weakness of initial lattice. Figure 18 shows robust new
lattice design, however weakness of shell thickness of outer body.

e-ISSN: 2148-2683

A aa
Fig. 18 Weakness of shell thickness of outer body

4. Conclusions and Recommendations

Full filled parts such as brackets, gears should be optimized
for weight savings and decrease material costs of additive
manufacturing. Field-driven design provides new improved
designs that derived from its initial analysis data.
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ATIF/REFERENCE: Karasin I. B. & Oncii ME. (2022). Farkli Dolgu Tipleri igin Cergevelerin Itme Analizi ile
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Oz

Depreme dayanikli yapi tasarimi, gerceklesen yikici depremler neticesinde 6nemini giderek attirmaktadir. Jeolojik hareketler sonucu
gergeklesen bir doga olayr olan deprem, deprem etkisi altindaki yapilarin davranislarina gore dogal afete doniisebilmektedir. Bu
¢alismada, yapilar lizerindeki deprem etkisini azaltmak amaciyla giiglendirilmis bir duvar modeli diger ¢ergeve tipleri ile kiyaslanmaistir.
Bu gii¢lendirilmis duvar modeli ile yapinin, perdeli sistemlere gore daha siinek, bos cergeveli sistemlere gore ise daha rijit olmasi
amaglanmustir. Performansa dayali tasarim kapsaminda giincel ve yaygin olarak kullanilmakta olan Statik itme Analizi (Static Pushover
Analysis) kullanilmistir. Pushover analiz metodu detaylica izah edilmis olup tim modellere uygulanmistir. Analizler ile kiyaslama
yapilabilmesi amaciyla tek katli cerceve modelleri; bos gergeve, perdeli ¢erceve ve giiglendirilmis duvar modeli ile modellenen ¢ergeve
kendi icinde 15x15 ve 20x20 (santimetre) olmak {izere iki farkli tipi olup, toplam 4 modeldir. Bu modelller siineklik ve rijitlik
acilarindan karsilastirilmig ve yorumlanmustir.

Anahtar Kelimeler: Performansa Dayali Tasarim, Pushover Analiz, Cergeve Modeli.

Comparison of Frames with Pushover Analysis for Different Infill
Types

Abstract

Earthquake-resistant building design is becoming increasingly important as a result of destructive earthquakes. Earthquake, which is a
natural event that occurs as a result of geological movements, can turn into a natural disaster according to the behavior of the structures
under the influence of earthquakes. In this study, a reinforced wall model was compared with other frame types in order to reduce the
earthquake effect on the structures. With this reinforced wall model, the building is intended to be more ductile than shear wall systems
and more rigid than bare frame systems. Static Pushover Analysis, which is currently and widely used, was used within the scope of
performance-based design. The pushover analysis method is explained in detail and applied to all models. Single-storey frame models
in order to make comparisons with the analyzes; The frame modeled with bare frame, shear wall frame and reinforced wall model has
two different types, 15x15 and 20x20 (in centimeters) , in total, 4 models. These models were compared and interpreted in terms of
ductility and stiffness.

Keywords: Performance Based Design, Pushover Analysis, Framework Model.
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1. Giris

Ozellikle son yillarda diinyada yasanan yikic1 depremler ve
bu depremlerde olusan biiyiik ¢apli can ve mal kayiplar: deprem
konusunda yapilan calismalari, arastirmalar1 ve deprem oncesi
almacak dnlemlerin 6nemini giindeme getirmistir. Bu baglamda,
giincel yapr stokunun biiyiik bir kismini1 olusturan betonarme
yapilarin direng¢ esasli tasarimi olduk¢a 6nem kazanmistir. Bu
calismada betonarme yapilarin depreme dayanikli tasarimina
katkida bulunacak olan giiclendirilmis bir duvar modeli
onerilmeye g¢alisilacaktir. Betonarme binalarin biiyiik bir kismi
boélme duvarli ¢ergeve sistemlerden olusmaktadir. Bu sebeple bu
yapilarin davranislarinin iyi aragtirilmas: gerekmektedir. Kiris ve
kolonlardan olugan ¢ergeve sistemlerde dolgu duvarlarin
tagiyicilik etkisi genellikle g6z ardi edilmektedir. Fakat yapilan
¢aligmalarda dolgu duvarlarin yatay kuvvetler altinda ¢er¢evenin
calismada yapilmak istenen farkli dolgulu tek agiklikli tek katli
gergevelerin  tersinir  tekrarli  ylikler altindaki dinamik
karakterlerinin belirlenmesi olacaktir. Bu dinamik karakterler
yapimin deprem performansinin belirlenmesinde olduk¢a dnemli
roller tagimaktadirlar.

Dolgu duvar davranisinda c¢ergevede
onemlidir. Cergeve sistem igerisinde kullanilan dolgu duvarin
homojen olmamasi nedeniyle kullanilan dolgu duvar tiplerine ve
yonlerine goére dolgu duvar elastisite modili farkliliklar
gostermektedir. Dolgu duvarin elastisite modiilii malzemenin
basing dayanimina, yiiksekligine, har¢ tabakasi basing dayanimi
ve yiiksekligine (stvali ya da sivasiz olmasi siva kalinligi) bagh
olarak degismektedir. Dolgu duvarlar yatay kuvvetler altinda
basing ¢ubugu etkisi olusturmaktadirlar yapida yiik dagilimini
etkileyerek yapiy1 rahatlatmaktadirlar

Calismada; sik karsilasilan bos cergeve, delikli tuglal
dolgulu ve giliglendirilmis bir dolgu duvar kullanilacaktir.
Betonarme ¢ubuklarla giiglendirilmis bir donatili dolgu duvar
modeli ile geleneksel ¢erceve ve dolgu duvar sistemleri
karsilastirilacaktir.

dolgu duvarlar statik tasarim esnasinda goz ardi edilmektedir.
Ancak yapilan c¢alismalar dolgu duvarlarin yapinin dinamik
karakterlerine  etki etti§ini = gOstermistir. Dolgu  duvar
uygulamalarinda ates tuglasi, geleneksel tugla, bims v.b fakh
malzemeler kullanilmaktadir. Daha once yapilan teorik ve
deneysel calismalar dolgu duvar uygulamasinin bos cerceveye

katkilarinin oldugunu géstermektedir.

Literatiirde konu ile ilgili ¢alismamizda diisiindiigimiiz tek
aciklikli ve tek katli ornekleri kullanilarak dolgulu (tugla ve
beton) cergeve davranigi ile ilgili benzer cok sayida calisma
mevcuttur. Bunlarin 6nemli bir kismui 1/1 lgek yerine laboratuvar
kosullarinda daha diigiik dlgeklerde gerceklestirilmistir. Cesitli
tugla tiplerinin fiziksel, kimyasal ve mekanik dzellikleri ile ilgili
yapilan calismalarda cergeve sistemlerinden bagimsiz olarak
incelemeler yapilmistir. Bununla birlikte ¢ergeveli sistemlerde ise
bu tiir dolgu duvarlarin davranisi ile ilgili ¢ok sayida ¢aligma
mevcuttur. [1],[2],[3],[4].[5]

Tiirkiye, deprem riski agisindan diinyanin en dnde gelen
iilkelerinden biridir. Tiirkiye nin yiiz 6l¢iimiiniin yaklasik % 42’si
birinci derece deprem bolgesi iizerindedir. Son yillarda meydana
gelen Erzincan (1992), Dinar (1995), Adana-Ceyhan (1998),
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Kocaeli (1999), Bolu-Diizce (Kasim 1999), Afyon-Cay (2002) ve
Van (2011) depremleri ¢ok sayida can kaybimin ve maddi
kayiplarin ortaya c¢ikmasina neden olmustur. Bu nedenle
betonarme binalarin deprem giivenliginin artirilmast  igin
almabilecek her onlem biiyiik 6nem tagimaktadir.

Duvar insas1 sirasinda yapilan en yaygin iscilik hatalarindan
biri diisey derzlerin ¢akigsmasidir. Bu durum diisey yiiklerin
homojen bir bi¢imde yayilmasina engel olur ve duvar malzemesi
arasinda baglanti yani kenetlenme olmayacagindan duvarlar
bloklar halinde yanlara agilabilmekte ve duvar yikilabilmektedir.
Duvar insasinda hedeflenen kenetlenme seviyesi duvarin
tamaminin yekpare bir blok bi¢ciminde davranmasidir. Ayrismalar
veya dokiilmeler kabul edilebilir degildir. [1]

Betonarme binalarda mimari amaclarla olusturulan dolgu
duvarlar genellikle tastyici olarak degerlendirilmediklerinden
yapisal modellemelerde dikkate alinmazlar. Ancak, betonarme
cergevelerin dinamik &zelliklerinde 6nemli degisime neden olan
dolgu duvarlarin bina yatay otelenme rijitligini ve dayanimin
onemli derecede artirdigi bilinmektedir. Dolayisiyla dolgu
duvarlarin dayaniminin artirilmasi betonarme binalarin deprem
giivenliginin artirilmasinda 6nemli bir etken olarak karsimiza

¢tkmaktadir. Bunun iginde dolgu duvarlarin depremdeki
zayifliklarinin ~ giderilmesi ve dayanimlarinin  artirilmasi
gerekmektedir. Tasiyici olmayan bolme dolgu duvarlarda

meydana gelen deprem hasarlari genellikle diizlem i¢i ve diizlem
dis1 hasarlar olmak tizere iki grupta toplanabilir. Deprem yiikii
etkisine maruz duvarlarda meydana gelen diizlem i¢i hasarlar X
seklinde kesme hasart ile ortaya ¢ikarken, diizlem dis1 hasarlar
duvarin disa dogru devrilmesi olarak ortaya ¢ikmaktadir. (Sekil 1
ve Sekil 2). [6],[7]

Sekil 2. Tipik Duvar Hasarlari [6],[7]

2. Materyal ve Metot

Tek katli, cerceve sistemler olarak; salt gerceve, perdeli
cergeve, 15x15 koloncuk sistemli giiclendirilmis cergeve ve
20x20 koloncuk sistemli giliclendirilmis ¢erceve modellenmistir.
On goriilen giiglendirilmis duvar kesiti Sekil 3, ilgili duvarin
cergeve yerlesimi Sekil 4’te modellenmistir. Burada tuglalarin
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icinden gecirilen donatilar ile bir {ist kata uzanan filizler
goriinmektedir.  SeismoStruct [8] yazilim  programinda
olusturulan modeli ise sekil 5’teki gibi modellenmistir.
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Sekil 3. Cergeve Kesiti
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Sekil 4. Cergeve Yerlesim Asamalari

Sekil 5. Yazilim Programinda Olusturulan Model

Karsilagtirmada  kullanilacak  olan  modeller  yine
SeismoStruct yazilim programinda modellenmistir. Bos gerceve
modeli Sekil 6’da, delikli tuglali dolgu duvar Sekil 7°de, perdeli
sistem ise Sekil 8’de gosterildigi gibidir.
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Sekil 6. Bos Cerg¢eve Modeli

Sekil 7. Delikli Tuglali Dolgu Duvar Modeli

Sekil 8. Perdeli Cerceve Modeli

Olusturulan tiim bu modeller igin ayr1 ayr statik itme analizi
yapilmistir. Elde edilen sonuglar, bulgular basligi altinda
toplanmis ve ifade edilmistir.

2.1. Pushover Metodu

Yapilarin sismik davraniglarinin belirlenmesinde kullanilan
ve dogrusal olmayan statik analiz metoduna Statik itme analizi
(Pushover Analysis) denmektedir. Bu analiz metodu, evrensel
olarak kabul goren, uygulanabilirlik baglaminda pratik bir
metottur [9]. Bu analiz metodu sayesinde, tasiyici elemanlarinin
aldiklar1 hasarlarin ardindan yapiin kendi igindeki yiik dagilimi

93



Avrupa Bilim ve Teknoloji Dergisi

ve yapim davraniginin nasil degistigi gibi birgok Dbilgiye
ulasilabilinmektedir [10].

Pushover analizde, yatay yiiklerin sisteme etki ettirilmesi
belli bir dagilim gercevesinde yapilir ve bu yatay yiiklerin yine
onceden belirlenen adim sayisi1 ve esik degerine kadar adim adim
biciminde arttirtlmasi analizin temel prensibidir. Burada adim
sayisinin 6nceden belirlenmesi sadece analiz sonuglarinin
hassasiyetini etkilemektedir. Ancak belirlenmis olan esik degeri,
yapimin stabilitesinin bozulmasi veya Onceden belirlenmis olan
tepe deplasman limitidir. [11] Pushover analizde; i¢ kuvvetler, yer
degistirmeler ve plastik sekil degistirmeler analizin her adiminda
hesaplanir ve yapimin kapasite egrisi bu sekilde belirlenir (Sekil
1). Kapasite egrisi, pushover analizinin her adiminda hesaplanan
taban kesme kuvveti ile tepe noktasi yatay yer degistirmesinin
lineer olmayan degisimini gostermektedir [12].

>
A

Sekil 9. itme sekli ve kapasite egrisi [12]

Yapiya yatay kuvvetlerin uygulanmasi i¢in degisik yiik
bi¢imleri kullanilabilir. Pushover analiz yontemin tanimlandig:
ATC-40’ta, Pushover Analizinde kullanilmak {izere, yapi
davranigina bagli olarak onerilen itme bi¢imleri tanimlanmigtir
[13]. Bu itme bicimlerinden biri yapiya etkiyecek olan yiiklerin
tamaminin tepe diigiim noktalarina etki ettirilebilir veya esdeger
deprem yiikii hesaplamasindan faydalanilarak her kat seviyesine
ayar1 ayr1 deprem yiikleri etki ettirilebilir.

Bunun yani sira, baskin modun birinci mod oldugu yapilarda,
hakim mod sekli ile kat kiitlelerinin ¢arpiminin oranlari olan yatay
yiiklerin kat seviyelerine etki ettirilmesi diger bir itme bigimidir
(4], [14].

3. Arastirma Sonuclar ve Tartisma

Onceki basliklarda izah edilmis olan modeller iizerinde
statik itme analizi (Pushover Analysis) uygulanmisti. Bu
analizlerin sonuglart Sekil 10” da modellenen gergevelerin statik
itme egrileri bir arada gosterilmistir. Sekil 11’de ise Perdeli
sisteme ait itme egrisi gosterilmistir. Tepe deplasmani metre
cinsinden olup taban kesme kuvveti ise Kilo Newton cinsinden
ifade edilmistir.

Statik itme Analizi

300

250

150

100

-

Taban KEsme Kuvveti (kN)

0.00 0.02 0.04 0.06

0.08 0.10 0.12 0.14

Tepe Deplasmani (m)

15x15 Koloncuk Modeli

- Bos Cerceve

20x20 Koloncuk Modeli

Tugla Dolgu Duvarli Model

Sekil 10. Modellenen Cergeve Sistemlerinin Statik itme Egrileri
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Statik itme Analizi
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Perdeli Cergeve Sistem

Sekil 11. Perdeli Sistem Statik itme Egrisi

Perdeli c¢erceve modellerinin depreme dayanikli yap1
tasariminda veya mevcut yapilarin  giiclendirilmesinde
kullanilmast oldukca yaygindir. Tasiyic1 sisteme kazandirdigi
rijitlik sayesinde bu sistemin kullanimi olduk¢a yaygindir. Bu
calismada perdeli sistemler kadar rijit olmayan ancak perdeli

4. Sonug¢

Calisma ile giiclendirilmis duvar modeli ile tagiyic1 eleman
olarak kabul edilmeyen dolgu duvarlara tasiyicilik ozelligi
kazandirilmigtir.  Bdoylelikle binalarin  yatay yiikk tasima
kapasitesine katki saglayan bolme duvarlar insa edilmis olacaktir.
Kazanilan bu kapasite beraberinde ¢ok daha giiglii bir kenetlenme
ozelligi de saglamis olacaktir. Saglanan kenetlenme sayesinde
duvarlarda yaygin olarak goriilen kesme catlaklarinin Oniine
biiyiik 6l¢iide gegilmis olacaktir.

Calismada elde edilen statik itme egrileri perdeli gergeve
modellerinin oldukga rijit ve gilvenilir oldugunu agikca
gostermistir. Ancak, gerek maliyet gerek ise iscilik perspektifleri
acisindan binalarin tiim ¢ergevelerinin veya bdlme duvarlarinin
perde ile olusturulmasi pratik olarak miimkiin degildir. Hali
hazirda boyle bir ihtiyacin oldugu sartlarda tiinel kalip sistemleri
kullanilmaktadir. Ote yandan giiglendirilmis duvar modelinin,
standart bos cergeveye kiyasla oldukga rijit ve bir o kadar da
siinek davranig sergiledigi agikc¢a goriilmektedir. Perdeli cergeve
modeli ile giiclendirilmis duvar modeli kiyaslandiginda ise rijitlik
acisindan perdeli model lehine biiyiik bir fark oldugu agiktir ve bu
durum halihazirda olmasi beklenen durumdur. Ancak siineklik ve
dolayisiyla enerji yutma kapasitesi agisindan giiglendirilmis duvar
modelinin énemli dl¢lide bir performans sergiledigi gdz oniinde
bulundurulmalidir.
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Oz

Envanter yonetim sistemi, bir kurumdaki fiziksel varliklarin korunmasi ve personellerin bu fiziksel varliklari kullanimlarinin takip
edilmesini saglamaktadir. Envanter yonetimi kurumun sahip oldugu tiim varliklarin verimli bir sekilde dagitilmasini, dogru aracin dogru
personele iletilmesini ve sonrasi igin araglarin hasarsiz sekilde geri almmmasini amaglamaktadir. Uygulama alanlariin
kavramsallagtirilmasinda en iyi yontem olarak kabul edilen ontoloji tabanli yaklasimlar bilgi yonetiminde etkin bir rol oynamaktadir.
Kurumlarin dijital doniisiim siireglerinin hizlanmas: ile birlikte ontoloji tabanli ¢6ziim yontemleri 6nem kazanmistir. Bu ¢alismada,
ontoloji tabanli bir envanter sistemi gelistirilmistir. Gelistirilen Ontoloji Tabanli Envanter Sistemi ile bir kurumdaki zimmetli araglarin
seri numaralari, markalari, modelleri, verilis ve iade tarihleri, araglarin zimmetli oldugu personelin bilgisi (personelin ismi ve soyad, is
unvani, departman bilgisi, ise giris ve ¢ikig tarihi gibi bilgileri) ontoloji tabanli olarak saklanmakta ve sorgulanmaktadir. Boylelikle,
kurum igerisindeki envanter takibinin etkin olarak ger¢eklestirilmesi ve gelistirilen sistemin kurum i¢indeki diger bilgi sistemleri ile
entegre bir sekilde ¢calismast hedeflenmektedir.

Anahtar Kelimeler: Ontoloji, Anlamsal Web, Bilgi Miihendisligi, Bilgi Sistemleri, Envanter Yonetim.

Ontology-Based Approach for Enterprise Inventory Management
System

Abstract

The inventory management system ensures the protection of physical assets and the tracking of personnel's usage of these physical
assets in an organization. The goal of inventory management is to efficiently distribute all of the company's assets, deliver the appropriate
materials to the appropriate person, and retrieve these materials undamaged for future use. Ontology-based approaches, which are
regarded as the best method for the conceptualization of application domains play an active role in knowledge management. Ontology-
based solution methodologies have gained importance with the acceleration of enterprises' digital transformation processes. In this
study, an ontology-based inventory system is developed. The developed Ontology-Based Inventory System enables to store and query
the serial numbers, brands, models, the issue and return dates of the embezzled materials in an enterprise, the information of the person
to whom these materials are embezzled (information such as the personnel's name and surname, job title, department information,
starting and end dates of the employment) through an ontology. Therefore, it is aimed to effectively monitor the inventory within the
enterprise and ensure that the developed system operates in an integrated manner with the other information systems within the
enterprise.

Keywords: Ontology, Semantic Web, Knowledge Engineering, Knowledge Systems, Inventory Managament.
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1. Giris

Kurumlarin sahip olduklart demirbaslarin etkin bir sekilde
dagitilmast ve kontrolii kurumlarin iiretim siiregleri igin
onemlidir.  Giinlimiiziin ~ dijital diinyasinda, personellere
zimmetlenen esyalarla ilgili herhangi bir problem zamandan ve
konumdan bagimsiz olarak hizlica cevaplanmali ve problemler
miimkiin olan en kisa zamanda ¢6ziimlenmelidir.

Kurumlarin  verimli bir gekilde c¢alisabilmesi, kurum
personelleri ile birlikte kurumun tiim kaynaklarimin etkili bir
sekilde kullanilmasi ile miimkiindiir. Kurumlar piyasa sartlarinda
rekabette kalmak ve kurum vizyonlarini ileriye tagimak icin dijital
doniisime gerek duymaktadir (Yildirim, 2020). Bu gereksinim
kapsaminda da kurum demirbaslarinin yonetiminin dijitallesmesi
ve envanter bilgisinin anlamli bir sekilde modellenerek farkli
sistemler ile entegre olarak c¢aligmasi Onemlidir. Boylelikle,
personelin kullanimina sunulan demirbaglarin giincel durumlart,
ariza kayitlari, yakit masraflari ve faturalari gibi bir¢ok bilgiye
ulagilabilmektedir. Envanter yonetim sistemi, herhangi bir
problem durumunda hem demirbas ile hem sorumlu kisiyle
iletisimi kolaylastirmaktadir. Ayrica, geleneksel iglemlerle uzun
ugraslar gerektiren islemler hizli bir sekilde ¢oziimlenmekte ve
problemin dogru birimlere iletilmesi saglanmaktadir.

Anlamsal Web (Web 3.0) teknolojisi, var olan web yapisinin
bir uzantisidir. Anlamsal Web, bilgin anlamsal olarak zengin bir
sekilde temsil edilmesini ve boylelikle bilginin makineler
tarafindan anlasilabilir olmasini hedeflemektedir. Anlamsal Web
ile geleneksel web igerikleri sadece dogal dillerde degil, ayn
zamanda ilgili yazilimlar tarafindan da anlasilabilir,
yorumlanabilir ve kullanilabilir bir bigimde ifade edilebilmesi
saglanarak yazilimlarin bilgiyi anlamsal tabanda aramasi,
paylasmasi ve bilgiyi birlestirmesi gerceklestirilebilmektedir
(Celik Ertugrul ve Hiircan Alpay, 2017). Anlamsal Web’in
temelini olusturan ontoloji ise kavramsallagtirmanin agik bir
belirtimi olarak tanimlanmaktadir (Gruber, 1993). Anlamsal
Web’de ortak ontolojiler ve betimleme dilleri kullanilarak
kullanicilar1 temsil eden etmenler web sayfalarini okuyup
anlayabilir ve karar verebilirler (Can ve Unalir, 2010).

Giintimiizde, Anlamsal Web teknolojisi bir¢ok farkli alanda
bilginin modellenmesi amaci ile kullanilmaktadir. Ontoloji
tabanli bir envanter sistemi, demirbas ile ilgili bilginin anlamsal
olarak temsil edilmesini, demirbas-personel atamalarimin
personelin ihtiyacina uygun olarak yapilmasini, atamanin geri
almmasini, erisim siirlamalariin gergeklestirilebilmesini ve
problemin kaynagina yonelik denetimin geriye doniik olarak
yapilabilmesini saglamaktadir. Bu ¢alijmada envanter yonetim
alanindaki bilginin ontoloji tabanli olarak modellenmesi
hedeflenmektedir. Boylelikle, personele zimmetli olan envanter
ile kurum i¢indeki farkli sistemler arasinda da bilgi aktariminin
saglanabilecektir. Literatiirde, Anlamsal Web teknolojilerini temel
alan ag envanter yonetimi (Adamo vd., 2008), devlet kamu
servislerine yonelik bir envanter sistemi (Sonmez vd., 2010) ve
iretim siireglerinde sosyal yasam dongiisii envanter ydnetimi
(Shang vd., 2018) kapsaminda ¢aligmalar sunulmustur. Ancak,
bu caligmada onerilen bir kurum biinyesindeki tiim fiziksel
demirbaslarin ve demirbas-personel atama yonetimine yonelik
ontoloji tabanli bir envanter yonetim sistemine benzer bir
caligmaya rastlanilmamustir.

Bu caligmada, ontoloji tabanli bir envanter yonetim sistemi
gelistirilmistir. Onerilen ontoloji tabanli ¢6ziimiin temel hedefi
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personele zimmetlenen envanterler hakkindaki bilginin
yonetilmesi ve bilgiye erisimin etkin bir sekilde saglanmasidir. Bu
calisma kapsaminda envanter yonetim sisteminin ontoloji tabanl
modellenmesi ve Envanter Ontolojisi’nin gelistirilme siireci
sunulmaktadir.

2. Materyal ve Metot

Bu caligmada oOnerilen ontoloji tabanli envanter yonetim
sisteminin gelistirilmesinde Ontoloji 101 (Noy ve McGuinness,
2001) gelistirme adimlart takip edilmistir.  Ontolojinin
gelistirilmesinde Protégé Ontoloji Editorii (Stanford University,
2022) kullanilmustur.

Ontoloji, bir etki alanina ait ortak bir soz varlig
tanimlanmasini saglamaktadir. Ontoloji olusturmanin ilk adimi
ontolojinin temel aldig1 alanin ve kapsamin tanimlanmasidir. Bu
dogrultuda oncelikle alana ait yetkinlik sorulari tanimlanmalidir.
Bu amagla, envanter alan1 kapsaminda asagida belirtilen 6rnek
yetkinlik sorular1 tanimlanmustir:

*  Demirbasin markasi nedir?

* Bir demirbasin ait oldugu departman sayisi nedir?

» Hangi demirbaslarin bakima ve onarima ihtiya¢ duydugu
tespit edilebiliyor mu?

*  Kurumun genel printer1 var midir?

*  Kurumun genel printer1 varsa kag kisi kullanmaktadir?

* Demirbaglar ait oldugu personelde ne kadar siire
kalmustir?

* Hangi demirbaglarin garanti siiresi dolmugtur?

* Personellere zimmetlenen bilgisayarlar ayni 6zellikleri
mi tagimaktadir?

* Bir demirbag kimin {izerine zimmetlidir?

* Bir envanterin zimmetli oldugu personelin bilgileri
nedir?

* Kurumda personele zimmetli bir envantere baska bir
personelin erigim sinirlart nelerdir?

* Bir demirbas bir personele ne zaman verilmis ve iade
almmugtir?

* Hangi envanterler baska bir personelin kullanimina
miisaittir?

* Kurumda en ¢ok kullanilan envanter nedir?

*  Envanter kullanim émriini tamamlamig mi?

* Demirbasin modeli nedir?

» Personellere tahsis edilen telefon hatlarinin giincel
harcamalarinin toplam tutar1 ne kadardir?

» Kaybolan, satilan veya kullanilamaz hale
envanterler nelerdir? Demirbagin seri numarasi nedir?

» Personellere tahsis edilen ara¢ benzin masraflari ve km
sayisi nedir?

*  Gegen hafta ka¢ demirbag iade edilmistir?

* Sadece bir personel tarafindan kullanilan demirbaslar
nelerdir?

* Hangi demirbaglarin iade tarihi gegmistir?

* Birden fazla personel tarafindan kullanilan demirbaglar
nelerdir?

gelen

Ontoloji gelistirmenin ikinci adimi mevcut ontolojilerin
yeniden kullanilmasidir. Ancak, bu ¢alismada 6nerilen ontolojiye
benzer bir ontolojiye literatiirde rastlanmadigindan bu adim
atlanmistir.

Ontoloji  gelistirme siirecinin  Uiglincii  ve dordiincii
adimlarinda alana ait kavramlar ¢ikarilmis ve ontoloji siniflari
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olusturulmugtur. Sekil 1°de Envanter Ontolojisi simniflari
goriilmektedir.
Annotation properties | Datatypes | Individuals

Classes | Ohbject properties | Data properties

Class hierarchy: owl:Thing ElMNEmX

e Asserted =

v-@

¥ @ Demirbas

v (0 Bilgisayar

- (0 Bilgisayar_Bilesenleri
- Masaiistii_Bilgisayar

v Cevre_Birimleri
- () Bilgisayar_Mikrofonu
= () Klavvye
) Kulaklik
S () Monitor
: Mouse
.. Webcam

""" ) Tarayici
¥ Telefon
() Masaustu_telefon
v Yazc

- () Lazer_Yazici
""" ' Personel

Sekil 1. Envanter Ontolojisi Siniflar.

Ontoloji  smuflart  olusturulduktan sonra, tanimlanan
kavramlar igerisinde siniflara ait 6zelliklerini belirten nesne ve
veri Ozellikleri tanimlanmugtir. Sekil 2 ve Sekil 3’de sirast ile
nesne ve veri dzellikleri sunulmaktadir.

Object property hierarchy:

-; :- i %

Asserted )

B owl:topObjectProperty
B belongsTo
B has
B hasPart
B hasComputer
B hasComputerComponents
B hasDekstop
B hasNotebook
B hasPeripherals
B hasTablet
B hasPrinter
B hasLaserprinter
B hasScanner
B hasTelephone
B hasDeskphone
B |sPartOf
B |sPartOfComputerComponents
B |sPartOfLazerYazici
B |sPartOfMasaustuTelefon
B |sPartOfPeripherals

Sekil 2. Envanter Ontolojisi Nesne Ozellikleri.
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Data property hierarchy 2] == x|

Mam | ms 11BN Asserted &

Lo | e o

W owl:topDataProperty
I demirbas_iade_edildi_mi
B demirbas_ismi
I demirbas_markasi
I demirbas_modeli
I demirbas_seri_no
W demirbas_verilis_tarihi
B personelin_departmani
B personelin_is_unvani
B personelin_ise_giris_tarihi
B personelin_ismi
B personelin_soyismi

Sekil 3. Envanter Ontolojisi Veri Ozellikleri.

Nesne ve veri Ozelliklerinin tanimlanmasindan sonra
ontolojiye ait Ornekler olusturulmustur. Envanter Ontolojisi
kapsaminda yazici cihazi igin olusturulan iki 6rnek Sekil 4 ve
Sekil 5°de goriilmektedir. Bu yazicilarin  zimmetlendigi
kullanicilart belirten 6rnekler Sekil 6, Sekil 7 ve Sekil 8’de
verilmektedir.

Property assertions: Yazicil [ = =) [x]

Object property assertions
mubelongsTo Personel2
mbelongsTo Personell

Data property assertions

mudemirbas_verilis_tarihi "2023-09-03T00:00:00"
Arxsd:dateTime

mudemirbas_seri_no "YO1"
mudemirbas_iade_edildi_mi true
mudemirbas_markas: "Canon"
mdemirbas_modeli "Megatank G4411"

mudemirbas_ismi "Yazici"

Sekil 4. Envanter Ontolojisi “Yazici1” Ornegi.

Property assertions: Yazici2 [ = ][]

Object property assertions

mu belongsTo Personel3

Data property assertions
mu demirbas_iade_edildi_mi false
m demirbas_markasi "HP Smart"
i demirbas_seri_no "Y02"
mudemirbas_modeli "Tank 670"
mudemirbas_ismi "Yazici"

i demirbas_verilis_tarihi "2024-02-04T00:00:00"
Arxsd:dateTime

Sekil 5. Envanter Ontolojisi “Yazici2” Ornegi.
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Property assertions: Personell =10

Object property assertions

mm has Yazicil

Data property assertions
M personelin_ismi "Selen”

mm personelin_ise_giris_tarihi "2023-02-11T00:00:
00"AAxsd:dateTime

M personelin_departmam "Bilgi Teknolojileri"
m personelin_is_unvani "Software Developer”
i personelin_soyismi "Kurtay"

Sekil 6. Envanter Ontolojisi “Personell” Ornegi.

Property assertions: Personel2 [ = ] %]

Object property assertions

M has Yazicil

Data property assertions
M personelin_soyismi "Kayaci”
M personelin_departmam "Bilgi Teknolojileri"
M personelin_ismi "Emel"
mm personelin_is_unvam "Manager”

mm personelin_ise_giris_tarihi "2024-10-09T00:00:
00"AAxsd:dateTime

Sekil 7. Envanter Ontolojisi “Personel2” Ornegi.

Property assertions: Personel3 [ = ] ]

Object property assertions

mm has Yazici2

Data property assertions
M personelin_soyismi "Miskan"
mmpersonelin_ismi "Basak"
mu personelin_departmami "Pazarlama”
M personelin_is_unvam "Business Analyst"

mm personelin_ise_giris_tarihi "2021-09-04T00:00:
00"AAxsd:dateTime

Sekil 8. Envanter Ontolojisi “Personel3” Ornegi.

Kuruma ait demirbag drneklerine ait tanimlamalar Sekil 9 ve
Sekil 10°da goriilmektedir.
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L= 100ES)

Property assertions: Demirbas2

Object property assertions

mm hasPrinter Yazici2

Data property assertions
mudemirbas_ismi "Yazici"
m demirbas_modeli "Tank 670"

mm demirbas_verilis_tarihi "2021-02-04T00:00:00"
Arxsd:dateTime

mudemirbas_iade_edildi_mi false
m demirbas_seri_no "Y02"
mu demirbas_markasi "HP Smart"

Sekil 9. Envanter Ontolojisi “Demirbas1” Ornegi.

Property assertions: Demirbasl <I0E

Object property assertions
mm hasPart Yazicil
= hasPrinter Yazicil

Data property assertions
mdemirbas_ismi "Yazici"
mudemirbas_markasi "Canon"
M demirbas_iade_edildi_mi "true"AAxsd:string
M demirbas_modeli "Megatank G441"AAxsd:string

mudemirbas_verilis_tarihi "2023-09-03T00:00:00"
Anxsd:dateTime

mdemirbas_seri_no "Y01"

Sekil 10. Envanter Ontolojisi “Demirbas2” Ornegi.

3. Arastirma Sonuclar1 ve Tartisma

Envanter yonetim ontolojisi olugturulduktan ve ilgili drnekler
ontolojiye eklendikten sonra ontoloji iizerinde SPARQL (W3C
Recommendation, 2013) sorgulama islemleri gergeklestirilmistir.
Sorgulama iglemleri Java Platformu’nda gelistirilmis olup Apache
Jena Fuseki (Apache Jena, 2022) catisina ait uygulama gelistirme
kiitiiphanesi kullanilmigtir.

Sekil 11’de Envanter Ontolojisi’nin genel goriinimii
sunulmaktadir. Sekil 12’de Yazicil demirbasina sahip tim
personel listelenmektedir.  Sekil 13’de ise Personell’e
zimmetlenen demirbaslar goriilmektedir.

Boylelikle, bir kurum igerisindeki envanterlerin listelenmesi
ve kurum personeli iizerine zimmetlenmis demirbaslarin
sorgulanabilmesi islemleri basarili bir sekilde
gerceklestirilebilmektedir.
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& Mouse I
2R | ® Webcam |
<1 @ Cevre_Birimleri |- e

® Kiavvye j\/ |\1 RS %j & Monitor ] l & Telefon ]d e A

/ ] g T T ) Masaustu_telefo

/ | ) A i R e n

o g <=

fi

s ~
~‘;V“~ e Bt
X "' Personel
oy
_,",.';/ /
e . ‘4
2 A //
/ 7

-
>4 /— _
22 J\\/D_ | @ Tarayia
| @ Tablet

"N

\}&\_\ //
l @ Anakart ] l @ lslemci J I @ ssb ]\\

\ /

'

—| @ Masausti_Bilgis
ayar

Sekil 11. Envanter Ontolojisi genel goriiniimii.

E
\
1
s
#

[ @ Ekran_karty /]

SPARQL Endpoint /envanter/ Content Type (SELECT) JSON

1+ PREFIX table:<http://www.semanticweb.org/elife/ontologies/2022/4/untitled-ontology-17#>
2 SELECT * {?Personel table:has table:Yazicil}

EB Table = Response 2 results in 0.028 seconds simple view(J Ellipse® | ijer quen
Personel

1 <httpy/fwww.semanticweb.org/elife/ontologies/2022 /4 juntitled-ontology-17#Personel 1 >

2 <http:/fwww.semanticweb.org/elife/ontologies/2022 /4 juntitled-ontology-17#Personel2 >

Sekil 12. “Yazicil” Demirbasina Sahip Personel.

1+ PREFIX table:<http://www.semanticweb.org/elife/ontologies/2622/4/untitled-ontology-17#>
2 | SELECT * {?Demirbas table:belongsTo table:Personell}

Press CTRL - <spacebar> to autocomplete
EB Table = Response 1 result in 0.027 seconds Simple viewd Ellipse® |Filter query results

Demirbag

1 <http:/fwww.semanticweb.org/elife/ontologies/202 2 /4 /untitled-ontology- 17#Yazici 1>
Sekil 13. “Personell”e Zimmetlenen Demirbaslar.
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4. Sonug¢

Kurumlar i¢in ¢ok énemli bir konu olan envanter yonetim
sistemi gerek zaman yonetimi gerekse insan kaynagi gereksinimi
acisindan olduk¢a zorlu ve 6nemli bir siiregtir. Bu ¢alismada,
ontoloji tabanli bir envanter yonetim sistemi gelistirilmistir.
Gelistirilen envanter ontolojisi tizerinde SPARQL sorgulari
calistirilmistir. Boylelikle, envanter yonetim alan bilgisi i¢in ortak
bir anlamin olusturulmast ve alan bilgisinin yeniden kullanimi
saglanmusgtir.

Gelecek caligmalar kapsaminda, envanter yOnetim
ontolojisine yeni smiflar ve iliskiler eklenmesi, erisim denetim
mekanizmasinin envanter yonetim sistemine entegre edilmesi ve
ontolojinin igerdigi Ornek sayisinin arttirilarak sorgu isletim
performansinin 6l¢iilmesi planlanmaktadir.
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Oz

Yapu fizigi hasarlarinin ¢éztime kavusturulmasi, yapinin saglikli bir sekilde islevini yerine getirebilmesi ve siirdiiriilebilirlik agisindan
bliyllk onem arz etmektedir. Bu dogrultuda yapilacak ilk adim olan hasarlarin dogru tespit edilmesi, sorunlarin ¢6ziime
ulastirilabilmesi adina en 6nemli asamadir. Sonrasinda yapilacak olan onarim ¢aligmalarinin diizgilin bir sekilde ilerleyebilmesine ve
onarimin maliyetine direkt etki etmektedir. Yap1 fizigi sorunlarini ¢iplak goézle tespit etmeye calismak 6znel yargilar icermekte,
tahribatli yontemler ise yapiya zarar vermektedir. Bu ¢alismada yapay zeka uygulamalarindan biri olan dijital goriintii isleme yontemi
kullanilarak yapilarda olugan nem hasarlarinin/bozulmalarin tahribatsiz ve nesnel bir sekilde tespit edilmesi amaglanmistir. Farkli
yapilarin yilizeylerinden alinmis hasarli durumlara ait 3.600 adet goriintii verisi, evrigimsel yapay sinir ag1 mimarisi kullanilarak
makine dgrenmesine tabi tutulmus ve test verileri siniflandirilarak uygulama sonuclar1 elde edilmistir. Gegerlilik testi sonucunda
yontemin nem hasar1 ve bozulmalar tizerinde etkili oldugu, yiiksek dogruluk orani ile basarim sagladigi gézlenmistir. Bu ¢alisma ile
birlikte giiniimiizde c¢esitli alanlarda kullanilan yapay zeka uygulamalarmin yapi fizigi sorunlarindan nem hasarlarinin ve
bozulmalarin tespit edilmesinde kullanilabilecegini ortaya ¢ikarmaktadir.

Anahtar Kelimeler: Goriintii Isleme, Yapay Zeka, Yapay Sinir Aglar1, Yap1 Fizigi Sorunlar.

Detection of Deterioration and Moisture Damage of Buildings with
Digital Image Processing

Abstract

Resolving building physics damages is of great importance in terms of the healthy functioning of the building and its sustainability.
The first thing to be done in this direction, the correct determination of the damages, is the most important step in order to solve the
problems. It directly adds to the smooth progress of the repair work and the cost of the repair. Trying to detect building physics
problems with the naked eye involves subjective judgments, and destructive methods damage the structure. In this study, it is aimed to
detect moisture damage/deterioration in buildings in a non-destructive and objective way by using digital image processing method,
which is one of the artificial intelligence applications. 3.600 image data of damaged states taken from the surfaces of different
structures were subjected to machine learning using convolutional neural network architecture and the test data were classified and the
application results were obtained. As a result of the validity test, it was observed that the method was effective on moisture damage
and deterioration, and achieved a high accuracy rate. With this study, it is revealed that artificial intelligence applications used in
various fields today can be used to detect moisture damage and deterioration, which is one of the building physics problems.

Keywords: Image Processing, Artificial Intelligence, Artificial Neural Network, Building Physics Problems.
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1. Giris

Giinliik yasantimizin biiyiik bir kismi yapilarin igerisinde
gegmektedir. Amagclart ¢ercevesinde farkli tiirde olan bu
yapilarin kullanictya ve ortam sartlarina uygun bir sekilde
tasarlanmasi, insa edilmesi ve detaylandirilmas: gerekmektedir.
S6z konusu sartlarin ihmal edilmesi mekanik, su-nem ve fiziko-
kimyasal yap1 fizigi problemlerini kargimiza ¢ikarmaktadir. Bu
problemler yapinin konfor seviyesini diislirerek kullanicilara
sikintilar yasatmaktadir. Bu sekilde yapiya zarar veren ve
konforu etkileyen problemler yap1 fizigi sorunlar1 olarak
adlandirilmaktadir. Yapi fizigi sorunlar kullanicilarin saglikli bir
sekilde barinmalarinin ve ihtiyaglarini gidermelerinin &niinde
engel teskil etmektedir ve kisa siire igerisinde ¢oziimlenerek
onarima gidilmesi gerekmektedir. Bu sorunlar ¢ogu zaman
ciplak gozle tespit edilmeye veyahut ulagilamayan yerlerden
alman fotograflar iizerinden bir kaniya varilmaya ¢alisilmaktadir
bu da 6znel sonuglar dogurmaktadir. Bunun sonucunda yapi ile
alakalt sorun net bir sekilde belirlenip bdlgesel onarima
gidilemeyip onarim maliyetini ve zamanini artirmaktadir. Diger
taraftan bunun Oniine gecmek i¢in aletli ve tahribatli yontemler
kullanilmaya ¢alisildig1 takdirde ise yapiya zarar verilmektedir.
Bunlar yapi ile alakali biiyiik bir problem haline gelmektedir.

Bu problem giderilemedigi takdirde yapmin saghigmi ve
Omriinli  azaltmakta bununla birlikte kiiresel anlamda
stirdiiriilebilir bir gelecegi tehdit etmektedir. Diinya iizerinde
harcanan enerjinin ve nakitin bilylik bir boliimii ¢esitli amaglarla
kullanilan ~ yapilarin  ingast ve onarimda  kullanildigi
bilinmektedir. Bundan dolayr yapilarda yapilabilecek bu
degisimler tiim diinya iilkelerinde ¢dziime kavusturuldugunda
ileriye doniik olarak sifir enerji politikasina katki vererek kiiresel
bir kalkinma saglayacaktir.

Literatiirde konu ile ilgili olarak Basyigit vd., (2012),
goriintii isleme yontemini kullanarak beton siniflarini tahmin
etmeyi amaglamislardir. 3 farkli dayanim sinifina sahip beton
iretmisler ve bu numunelerden su emme, 6zgil agirlik, bosluk
orani ve basing dayanimi olarak deneyler gergeklestirmislerdir.
Numunelerden alman goriintillere goriintii isleme yontemi
uygulayarak c¢odziimlemeler yapilmis, ilk yapilan deneyler ile
aralarindaki iliski kargilagtirillmistir. Sonug olarak goriintii isleme
teknigi kullanilarak beton numuneleri igerisindeki agrega ve
¢imento yiizdelerinin tahmin edilebildigi ayn1 zamanda basing
dayanimlarinin yiiksek oranda olarak ilk deneylerle eslestigi
goriilmistiir [1].

Comak vd., (2011), goriintii isleme yontemleri kullanarak
gergeklestirdikleri caligmalarinda mermer malzemesinin 6zriiniin
belirlenmesi, beton ve betonarme malzemenin gézenekliliginin
belirlenmesi, celik malzemede korozyonun tesiri, kiriglerde
deplasman Olglimii, betonda agrega ve basing dayanimi
arasindaki iligkinin belirlemesi, yapida kullanilan
malzemelerdeki catlak tespiti, hafif betonlarda performans
tayini, agir beton malzemelerdeki radyasyon tutuculugunun
belirlenmesi, asfaltlarda kirilma isleyisinin incelenmesi ve yap1
malzemelerindeki hava miktarinin belirlenmesi gibi pek c¢ok
alanda uygulama yaparak basarili sonuglar elde etmislerdir [2].

Mousa vd. (2021), goriintii isleme yontemlerinden dijital
goriintii korelasyonu (DIC) yontemini kullanarak beton, asma ve
¢elik kopriiler lizerinde olusan deformasyon, gerinim, titresim,
sapma ve donme gibi yapisal parametrelerin tespit edilmesini
amaglamiglardir. Alinan numunelerin belirli sartlar ve ortam
olusturularak kamera yardimi ile dijital veriye aktarilmasi
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saglanmig ayrica termal goriinti Uzerinden c¢alisma da
yapilmustir. Onerilen yéntemin kopriiler icin tahribatsiz bir
yontem  oldugunu ve  giivenilir bir teknik  olarak
kullanilabilinecegini ifade etmiglerdir [3].

Alemdar vd. (2018), ¢elik kopriilerdeki yer degistirme
deformasyonunu tespit etmek amaci ile dijital fotogrametri
goriintii isleme yontemi kullannuglardir. Isaretli pargalarda
olusan diizensizlikleri tanimlamayi amaglamislardir. Dijital
goriintli verileri lizerinden yaptiklart uygulamada olusan hata
pay1 %3.7 iken, SAP 2000 programu Finite Element iizerinden
yapilan tespitte hata pay1 %2,9 olarak ortaya ¢ikmistir. Goriintii
isleme yonteminin koprii lizerindeki bu uygulamada ¢ok daha
net bir sekilde hata payr diisiik olarak tespitte bulundugunu
gostermislerdir [4].

Yang vd. (2019), goriintii isleme tekniginden faydalanarak
gecmis yillarda yapilan kenar sabitleme yontemleri ile yaptiklar
uygulamay1 karsilastirmiglardir. 10mm x 10mm g¢ift kare yapay
isaretleme yaparak ayni goriintii iizerinde bulunan catlagin
konum ve genisligini 6l¢gmeyi amaglamislardir. Kenar bulunarak
daha sonra bu kenarlar iizerinden ¢atlaga odaklamay1 hedefleyen
bu yontemin dogruluk oranini %98.56 olarak belirlemislerdir

[5].

Bu calismada dijital goriintii isleme yoOnteminin g¢esitli
kullanim alanlarindan yola ¢ikilarak yapi lizerindeki bozulma ve
nem sorunlarinin tespitinde kullanilabilirligini ele alinacaktir.
Gorlintl isleme yontemleri ve evrisimsel yapay sinir ag1 modeli
kullanilarak yapi iizerindeki su ve nem hasarlarinin hizli ve net
bir sekilde tespit edilmesi amaglanmaktadir.

2. Yapi Fizigi Sorunlari

Insam yakindan saran ve cevreleyen etkenlerin tiimiine
fiziki ortam denir. Fiziki ortamin unsurlar1 hava sicakligi, ses ve
giiriiltli, solunan havanin ozellikleri, 1s1 aligverisi, hava
devinimleri, ylizey renkleri olarak verilebilir. Bu unsurlar insanin
basarisini, saghigini ve verimliligini etkilemektedir. Yapi
iizerinde ve igerisinde kullanicilara etki eden fiziki kosullarla
alakali konularin tiimiine ise yapi fizigi adi verilmektedir.

Yapilarda bulunan fiziki problemlerle alakali olarak
uluslararasi ve ulusal bir¢ok arastirma ve inceleme yapilmigtir.
Bu aragtirmalarda konunun yapi fizigi sorunlari, yapt yapim
sistematigi ve yapida kullanilan malzeme anlaminda genel
olarak farkli basliklar altinda degerlendirildigi goriilmektedir [6,
7, 8]. Bu calismalar gdz oniine alip incelendiginde yapilarda
eksikliklere ve kullanim kosullar1 ile birlikte yap1 fizigi
problemlerine deginilmis bu sorunlara yol acan genel tan1 olarak
da ‘hasar’ kavrami ortaya ¢ikmustir. Hasar kavrami “zorlu bir
olay ve dis etkiler sonucu meydana gelen kirilma, dokiilme,
catlama, yikilma gibi zarar, bir yapin timiiniin ya da bir
parcasmin islevini goremeyecek durumundaki zarar1” olarak
tanimlanmaktadir [9].

Malzemelerin birbirine etkilerinden ve kendi igerisinde
6zelligini kaybetmesinden dolay1 uzun siire dnce yapilan yapilar,
zaman igerisinde tahribathi hale gelmektedir. Bu tahribatlarin ve
dis etkenlerin minimum seviyede tutulmasi, yapinin uzun
Omiirlii olmas1 kullanicilarin gostermis oldugu 6neme baglidir.
Gegmiste yasamis olan medeniyetlerin izini onlardan geriye
kalan yapilardan ortaya c¢ikartmaktayiz. Farkli malzemelerden
ortaya konulmus yapilarda kullanilan ahsap, beton, tugla, ¢elik
ve beton malzemeler zamanla tahribata yol agan etkilerle
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kargilagmaktadir. Malzemelerin dayanimint ve dmriinii diigiiren
fiziksel ve kimyasal olaylar mevcuttur [10].

Yapilarda siklikla denk gelinen sorunlar; 1sisal problemler,
mekanik problemler, su-nem problemleri ve fiziko-kimyasal
problemler olarak 4 baslik altinda toplanabilmektedir. Yapilan
caligmada bu etkiler sonucunda olusan nem sorunlar1 ve
bozulmalar ele alinmustir.

2.1. Su-Nem Etkileri

Yapi malzemesi igerisinde nem, basing farkindan dolay: ortaya
¢ikmaktadir. Kismi basinca gore hareket eden su buhari basincin
yiiksek oldugu yerden diisiik oldugu yere dogru hareket
etmektedir. Yapr insasinda kullanilan malzemelerin ve
elemanlarin icerisinde olugan nem hareketi kapilarite etkisi,
buhar difiizyonu ve infiltrasyon olarak ii¢ bicimde ortaya
¢ikmaktadir [11].

Yap1 kullanicilarinin, daha iyi ortamda omiir siirmek sebebi ile
ortamdaki nem diizeyi belirli seviyede (%35-%70) olmalidir.
Nem ve su; yapi iizerinde ¢liriime ve kabarma gibi tahribatlara
sebep olmasinin yaninda kiiflenme ile birlikte sagliksiz kosullara
da yol agmaktadir. Sonug olarak nem ve su sebebiyle olusan
olumsuzluklar yapmin saglamligini ve dayanimini da &nemli
Olcilide azaltmaktadir [12].

2.2. Fiziko-Kimyasal Etkileri

Yapilarda zamanla ortaya cikan tahribatlara neden olan fiziko-
kimyasal problemler; yangim, ciceklenme, korozyon ve giines
gibi muhtelif kimyasal tesirlerden ortaya ¢ikmaktadir. Yangin da
bu problem smifina girmesine ragmen, zamanla gelisen bir
durum degildir. Giines etkisi yapida renk solmasi, 1s1l gerilme
catlama gibi tahribatlara yol agmaktadir. Korozyon, kimyasal
reaksiyonlar ~ sonucunda  ortamda  bulunan  metallerin
bozulmasidir. Korozyon meydana geldigi takdirde alasimlar
veya metallerin kimyasal, fiziksel veya elektriksel niteliginde
bozulmalara yol acarak o6zdeksel kayiplara sebep olmaktadir
[13].

Korozyon kimyasal etkiler sonucunda yapi malzemelerinde
olusan kiitle kaybidir. Beton ile donatilar ilk bulustugunda, beton
donatiy1 sararak koruyucu gorevi goriir ve paslanmanin dniine
gecer. Fakat zamanla gelisen sarsinti, mekanik yorgunluk ve
titresim gibi fiziko-kimyasal olaylar betonda yipranmaya yol
acarak mikroskobik catlaklar olusmasina neden olur. Sekil 1°de
yapilarda bozulmalar ve nemden kaynaklanan bazi hasarlar
gosterilmistir.

Sekil 1. Yapilarda Bazi Nem Hasarlar: ve Bozulmalar

3. Uygulama Calismasi

Bu caligmada yapi iizerinde olusan su ve nem etkisi ile
olusan problemlerinin dijital goriintii isleme sistemi kullanilarak
tespit edilmesi yapilmistir. Derin 6grenme disiplininin alt kiimesi
olan yapay sinir aglarindan evrisimsel yapay sinir ag1 ¢esidi
secilmisti. Uygulama c¢alismast Matlab R2020 programi
iizerinde yapay sinir ag1 olusturularak yapilmustir. Ilk olarak veri
kiimesi dosyast sisteme yiliklenmistir. Sonrasinda veri kiimesi
icerisindeki smiflar belirtilmistir. Her smiftan alinacak olan
egitim verisi sayis1 modele girilmistir. Yapay sinir ag1 mimarisi
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olusturularak agmm ana sisteminde bulunan katmanlar
yerlestirilmistir. Daha sonra yapay sinir agindaki parametre
ayarlart yapilmis ve degerleri islenmistir. Bu parametreler
Ogrenme algoritmasi, baslangi¢ Ogrenme katsayisi, iterasyon
sayist ve validasyon frekansidir. Son olarak agin egitilmesi
yapilip, bu egitilen aga siniflandirma uygulanmistir.

Bu modelde oncelikle veriler nem hasarlar1 ve bozulmalar
olarak ikiye ayrilmigtir. Bu iki sif igerisindeki verilerin bir
kismi egitim igin kullanilmistir. Egitim i¢in kullanilacak veriler
toplam verinin %80’1 olarak belirlenmistir. Geriye kalan %20 ise
test i¢in ayirilmistir. Veriler belirli iterasyonlar ile egitilmistir.
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Egitim asamasindan sonra evrisimsel yapay sinir ag1 dgrenmis
olmaktadir. Daha sonra validasyon yani gegerlilik testi
asamasina gecilmigtir. Test yapildiktan sonra softmax layer
kullanilarak — smiflandirma  yapilmis  ve dogruluk oram
belirlenmistir.

Veri kiimesi olarak yapi iizerinden alinmig fotograflarin
islenmesi ile edinilen toplamda 3.600 resimden goriintiiler
kullanilmistir. Bu goriintiilerin 1.800 tanesi tizerinde bozulmalar,
1800 tanesi nem hasar1 olmak tizere ikiye ayrilmistir. Kullanilan
goriintiiler 227 x 227 x 3 boyutlarindadir. Bu degerlerden 227 x
227 o boyutlarda olan bir matrisi simgelerken sondaki 3 ise
verilerin renkli oldugunu ifade etmektedir. Uygulamada
kullanilan resim boyutlar1 sinir agr performansini zorlasa da
O0grenme yetisinin yiikksek olmasi amaci ile boyutlar sabit bir
piksele alinirken, makine Ogrenmesini engellemeyecek kadar
diistiriilmemistir. Bagka bir ifade ile resimler herhangi bir filtre
uygulanip 2 boyuta ¢ekilip siyah beyaz formata gevrilmemistir.

Uzerinde ¢esitli hasar tiirleri olan veriler bir dosya igerisinde
2 ayrt sif dosyasi olarak modele tamitilmistir. Verilerin
okunmast i¢in gerekli kodlar girilmis boyut analizi yaptirilmistir.
Sekil 2°de 3.600 6rneklem igerisinden rastgele secilmis 20 adet
veri gosterilmektedir.

Uygulama MATLAB programi {izerinde en uygun
parametre degerleri bulunduktan sonra yapilmis. Elde edilen
sonuglar gbéz Oniline alindiginda genel anlami itibari ile
olusturulan yapay sinir aginin yiiksek yiizdeli dogruluk oranlari
verdigi goriilmiistiir. Basar1 oranmin yakalanmasinda goriintii
verilerinin boyutlarinda kiigiiltmeye gidilmeyip piksel sayisi
fazla tutularak uygulama yapilmasi 6nemli bir rol oynamaktadir.

Uygulamalarda gegen siireler boyut kiiciiltiilmesi ile
distiriilebilir ancak saglikli veriler alinmasi agisindan bu
calismada boyut kii¢iiltiilmesi yapilmamustir.

Sekil 2. Veri seti gortintiileri

4. Bulgular ve Degerlendirme

Evrisimsel yapay sinir ag1 mimarisi kullanarak yapilardaki
nem hasarlart ve bozulmalarin tespit edilebilmesi amaci ile
hazirlanmig olan veri seti igerisindeki 3600 adet veriden 2880
adeti makine Ogrenmesine tabi tutularak agin egitimi
gerceklestirilmigtir. Agin  egitimine ait parametreleri igeren
ogrenme grafigi Sekil 3’te verilmistir. Ogrenme verilerinden
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geriye kalan 720 adet veri ise sinflandirma yapilmak iizere
ayirilmig ve bu veriler programa rastgele sectirilmistir. Ogrenme
grafiginde dogru 6grenme orani st grafikte, kayiplar ise oransal
olarak alt grafikte yer almaktadir. Egitim verilerinin ka¢ parca
halinde dahil oldugu ve O6grenme katsayisi da bu grafikte
goriilmektedir. Uygulama toplamda 7 dakika 43 saniyede
tamamlanmistir.
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Sekil 3. Evrisimsel Yapay Sinir Agimin egitimi

Uygulama sonucunda olusturulan konfiizyon matrisi sekil 4’te
gosterilmistir. Bu matriste goriildigii tizere yapilan uygulama
calismasinin test agamasinda 360 adet
verilerinden 351 adedini % 97.5 oran ile siniflandirmis. 360 adet
nem hasar1 verilerinden 357 adedini % 99.2 oran ile dogru

bozulma hasari

bozulma

nem

True Class

smiflandirmistir. Bozulma verilerinde bulunan yanlis olan veri 9
iken nem hasarinda bulunan yanlis veri 3 olmustur. Genel
uygulama sonucunda toplam dogruluk orani % 98.33 olarak

ortaya ¢cikmuistir.

0.8%

97.5% 2.5%

2.5% 0.8%
bozulma nem
Predicted Class

Sekil 4. Caligma Sonuglarina Ait Konfiizyon Matrisi

5. Sonuglar

Bu calisma ve igeriginde yer alan yapay sinir agi ile yapilan
yapay zeka uygulamasi gliniimiizde yapilarda siirekli goriilen ve
yapt sagligi agisindan olduk¢a 6nemli fiziki sorunlarin tespiti
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amaciyla yapilmigtir. Yapr fizigi sorunlart yapinmn Omriini
azaltmakla birlikte dogru onarim yapilmadigi takdirde daha
biliyilk sorunlara yol actigi bilinmektedir. Sorunlarin tespiti
asamasinda farkli yontemler izlenmekte, bazi durumlarda yapiya
ciddi zararlar verilmektedir. Tahribatsiz yontem uygulamalari bu
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nedenle yapi1 igin vazgecilmez bir secenek olmaktadir. Ozellikle
tarihi yapilarda yapilacak olan denetleme ve tespit islemlerinde
kullanilmas1 gerekmektedir. Ayrica yapidaki sorunun net olarak
tespit edilebilmesi, yap1 biitiini icin degil bolgesel olarak
onarima gidilmesi zamandan ve onarim maliyetini biiyiik dl¢tide
azaltacaktir.

Yapay zekd bulundugumuz dijital cagda bircok alanda
kullanilmaktadir. Goriintii  igleme ve makine Ogrenmesi
uygulamasi yapilan ¢aligmalar incelendiginde biiyiik bir basari
elde edildigi goriilmiistiir. Mimari anlamda ise disiplinler arasi
bir gecis ile yapiya entegre edilebilirligi ele alinmistir. Dijital
goriintii isleme yontemleri bahsettigimiz sorunlarin ¢oziimiinde
kullanildig: takdirde yapiya hicbir sekilde zarar verilmemektedir
ve yalnizca goriintli iizerinden tespitinin yapilabilmesini
miimkiin kilmaktadir.

Sonug olarak yapay zeka yontemlerinden dijital goriintii isleme
yonteminin mimari alanda yapi fizigi problemlerinden bozulma
ve nem hasarlarmin tespit edilmesinde mevcut tahribatsiz
yontemlere aletnatif olarak kullanilabilecegi ve yiiksek yiizdeli
sonug verdigi agik bir sekilde goriilmektedir.
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Abstract

Probiotic lactic acid bacteria are vital microbial group for fermentation of silage, which is crucial importance particularly for dairy
animal nutrition. These microorganisms are able to degrade amino acids, carbohydrates and fatty acids, our knowledge, however, about
their other enzymatic activities is still limited. To investigate the inulinase and invertase activities of silage originated Lactobacillus sp
and Lactobacillus rhamnosus, the isolates were incubated for 24h, 36h and 48h in LB broth and MRS broth. Supernatant and cell
associated enzyme activities were determined at pH: 6.0 using inulin and sucrose as substrates, and their specific and total enzyme
activities were analysed comparatively. Lactobacillus sp showed the highest invertase activity as 22.1 mg/ml (cell associated) for 24h
incubation, whilst the utmost invertase activity was observed as 20 mg/ml at the end of 36h incubation period for supernatants. Same
enzyme activities were determined as 20,1 mg/ml and 19,9 mg/ml for 24h incubation, for cell associated and supernatant samples of Lb
rhamnosus respectively. The highest cell associated inulinase activity of Lactobacillus sp was recorded as 20,1 mg/ml for 36h incubation
time while the maximal activity for supernatant was recorded at 24h incubation. Maximum cell associated and supernatant activities of
the isolate was observed as 24,6 mg/ml and 26, mg/ml respectively. Both isolates showed noteworthy amount of invertase and inulinase
activities which makes them potential silage inoculants.

Keywords: Lactobacillus sp, Lb rhamnosus, probiotics, invertasez, inulinase

Silajdan Elde Edilen Lactobacillus sp. ve Lb. rhamnosus,’ un bazi

Enzim Aktivitelerinin Incelenmesi

Oz

Laktik asit bakterileri hayvan beslemede 6nemli bir yeri olan silaj materyalinin fermantasyonunda gorev alan probiyotik 6zellikli
mikrobiyal bir gruptur. Amino asitleri, karbonhidratlar1 ve yag asitlerini parcalayabilme yetenegine sahip olduklari bilinen bu
mikroorganizmalarin enzim aktiviteleri hakkindaki bilgilerimiz olduk¢a kisithdir. Bu ¢alismada Lactobacillus sp ve Lb. rhamnosus igin
iniilinaz ve invertaz aktiviteleri incelenmek amaci ile spesifik sivi besi yerleri (LB Broth ve MRS Broth) icerisinde optimum sicaklik
derecelerinde 24 saat, 36 saat ve 48 saat kiiltiire alinmiglardir. Gerek hiicre i¢i gerekse siipernatant enzim aktiviteleri pH:6.0 sodyum
fosfat tamponu kullanilarak iniilin ve siikroz substratlarina karsin analiz edilmistir. Her iki bakteriyel sus i¢in spesifik ve toplam enzim
aktiviteleri belirlenmis ve sonuglar karsilastirmali olarak analiz edilmistir. Lactobacillus sp’ sukroza karsi en yiiksek spesifik aktiviteyi
hiicre i¢i 24. saatte 22.1 mg/ml olarak gosterirken hiicre disinda ise 36 saatte 20 mg/ml olarak gostermistir. Diger sus, Lb rhamnosus
ise ayn1 substart kullanildiginda en yiiksek hiicre igi ve hiicre dig1 enzim aktiviteleri 24 saatte sirasi ile 20,1 mg/ml ve 19,9 mg/ml olarak
belirlenmistir. Iniilin substratinda ise Lactobacillus sp hiicre i¢i maksimum seviyeye 20,1 mg/ml olarak 36 saatte ulagirken hiicre dis1
maksimum seviyeye (22,18 mg/ml) ise 24 saatlik inki{ibasyon sonunda ulagmistir. Lb rhamnosus susunun hiicre i¢i ve supernatant enzim
aktivitelerine 36 saatte sirasiyla 24,6 mg/ml ve 26, mg/ml olarak ulastigi gézlemlenmistir. Her iki susun da yiiksek aktiviteli iniilinaz
ve invertaz enzimlerini {iretebilme kabiliyetleri bu suslar1 potansiyel silaj inokiilant1 olarak 6ne ¢gikarmaktadir.

Anahtar Kelimeler: Lactobacillus sp, Lb rhamnosus, probiyotikler, invertaz, inulinaz
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1. Giris

Laktik asit bakterileri fermantasyon sonucu temel iiriin olarak
laktik asit olusturan mikroorganizmalardir. {1k olarak 19. yiizyilin
sonlarina dogru siitte fermantasyona sebep olmalari ile Laktik asit
bakterileri olarak simiflandirilmiglardir. Morfolojik olarak ¢ok
farkli yapilara sahip olsalar da fizyolojik olarak familya bireyleri
birbirine benzerlik gostermektedirler. Bireyler genellikle gram
pozitif, katalaz negatif ¢ogunlukla spor olusturmayan ve gida
fermantasyonlarinda  giivenli ~ bir  gekilde  kullanilan
mikroorganizmalar1 kapsamakla birlikte, 6Gnemli miktarda patojen
sus da rapor edilmistir ( Shape ve ark. 1966; Okoye ve ark.,
2022).Laktik asit bakterileri (LAB), beslenmedeki faydalar ve
fermantasyon yetenekleri sebebi ile endiistriyel alanlarda siklikla
kullanilmaktadir (Simsek ve ark. ,1996). Probiyotik bakteri olarak
adlandirilan ve insan sagligina olumlu etkisi oldugu bilinen grup
igerisinde de en ¢ok kullanilan mikroorganizmalar arasinda da
bulunmaktadirlar ( Ludwig ve ak., 2009; Alp ve ark., 2009).

Hayvancilikta yem materyali olarak siklikla kullanilan silaj
katkt maddesi olarak LAB kullanilmaktadir. LAB ile silajda pH,
asetik asit, biitrik asit miktarlarim diizenledigi bilinmektedir
(Moran ve ark., 1996). Enzim aktiviteleri yoniinden de silaj katk1
maddesi olarak kullanilabilen LAB’lar, hiicre duvari pargalayici
enzimler ile seliiloz, hemiselliiloz i¢eriklerinin de par¢alanmasini
saglamaktadirlar (Meeske ve ark., 1993; Filya, 2002). Bu
calismada silajdan izole edilmis olan Lactobacillus sp. ve Lb.
rhamnosus suslarinin olasi invertaz ve inulinaz aktiviteleri
arastirilmistir.

2. Materyal ve Metot

2.1. Mikroorganizmalar ve Kiiltiir kosullar
Calismada kullanilan mikroorganizmalar c¢ayir silajindan izole
edilip saflagtinlmis (Tabasco ve ar., 2007) ve putatif olarak
Lactobacillus sp ve Lb. rhamnosus olarak adlandirilmistir. Suslar
LB besi yeri (5g NaCL, 10g Triptone, 5g Yeast Extract ) ve MRS
besi yerlerinde (Sigma Aldrich) kiiltire alinmigtir. Optimum
kosullarda 24, 36 ve 48 saatlik siireler ile inkiibe edilen suslar
takibinde enzim analizleri igin +4 °C ‘ de muhafaza edilmistir.

2.1.1 Enzim analizleri

Enzim ekstrakt1 hiicre dis1 (supernatant) ve hiicresel olarak iki
farkli fraksiyondan hazirlanmistir. Enzim tiretimi aragtirilacak
kdiltiir ortam1 1200 g’ de 10dk santrifiijlenmis ve besi ortami ile
hiicrenin birbirinden ayrilmas: saglanmigtir. Hiicresel enzim
aktivitesinin belirlenmesi amac1 ile Ornekler sivi azot ile
dondurulmus ve 6giitiilerek sodyum fosfat tampon ¢ozeltisi ile 10
000 g’de 2dk ¢Oktiiriilmiis, list sivi temiz bir tiipe alinarak
hiicresel enzim kaynagi olarak kullamlmak iizere -20°C de
saklanmistir. Enzim aktiviteleri DNS yontemi ile belirlenmistir
(Miller, 1959), sukroz ile inulinin substrat olarak kullanildiginda
aciga cikan sekerlerin absorbans degerleri spektrofotometrede
(Spektramax plus 3084) 540 nm’de olgiilerek enzim aktiviteleri
hesaplanmistir (Ekinci ve ark., 2001).

3. Bulgular ve Tartisma

3.1. iniilinaz Aktivitesi

Lactabacillus sp i¢in hiicre i¢i ve supernatant (hiicre dis1)
toplam enzim aktivitelerinin maksimum seviyeye 48 ve 36

e-ISSN: 2148-2683

saatlerde ulastigi belirlenmistir. Hiicre dist enzim inulinaz
aktivitesi ile karsilastirildiginda Hiicre i¢i enzim aktivitelerinin
ihmal edilebilir derecede diisiik oldugu belirlenmistir (Sekil 1).

Sekil 1. Lactobacillus sp. gelisim saatlerine gore gosterdigi
hiicre i¢i ve hiicre dis1 toplam enzim aktiviteleri

Lactobacilus sp iniilin Parcalanmasi

Toplam Enzim Aktivitesi mg/ml

24 36 48
Zaman (Saat)
| Hicre Digi Huere ki

Lactabacillus sp. igin hiicre i¢i spesifik enzim aktivitesini
maksimum seviyeye 36. Saatte gostermektedir. Iniilinaz spesifik
aktivitesinin hiicre dis1 aktivitenin maksimal seviyeye ulastigi
gelisim saati ise 36 saat olarak belirlenmistir. Hiicre i¢i enzim
aktivitesi 24 saatte 19,6 mg/ml, 48.saatte ise 18,3 mg/ml olarak
gozlemlenmistir. Hiicre dist enzim aktivitesi 24 saatte 22,8
mg/ml, 48.saatte ise 19,5 mg/ml olarak gézlemlenmistir (Sekil 2).

Sekil 2. Lactobacillus sp gelisim saatlerine gére Iniilinaz
Spesifik enzim aktivitesi

Lactobacillus sp. inilin Pargalanmasi

20 1
I
e
15
10
5
0
24 36 48

Zaman (Saat)
mHice D1 Hicre igi

Spesifik Enzim Aktivitesi mg/ml

Lactobacillus rhamnosus i¢in iniilinaz aktivitesinin geligim
evrelerine gore hiicre i¢i ve hiicre dist enzim aktivitelerinin
6nemli 6l¢ilide varyasyon gosterdigi gézlemlenmistir. Hiicre igi ve
hiicre dist toplam enzim aktivitesinin maksimum oldugu
inkiibasyon siiresinin ise 36h oldugu belirlenmistir. Hiicre ici
enzim aktivitesi 24 saatte 1,2 mg/ml, 48.saatte ise 1.8 mg/ml
olarak gozlemlenmistir. Hiicre digt enzim aktivitesi 24 saatte 5.2
mg/ml, 48.saatte ise 3.2 mg/ml olarak gézlemlenmistir (Sekil 3).

Lb. rhamnosus iniilin Pargalanmasi

Toplam Enzim Aktivitesi mg/ml
Ok N WA U A N ®©

24 36 48
Zaman (Saat)
mHicre Dist Hicre Igi

Sekil 3. Lactobacillus rhamnosus gelisim saatlerine gore iniilinaz

toplam aktivitesi

Lactobacillus rhamnosus susunun hiicre igi spesifik enzim
aktivitesinin 36 saatlik inkiibasyon siireci sonunda en yiiksek
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seviyeye ulagtig1 bulunmustur. Hiicre i¢i enzim aktivitesi 24 saatte
16,2 mg/ml, 48.saatte ise 21,2 mg/ml olarak goézlemlenmistir.
Hiicre dis1 enzim aktivitesi 24 saatte 17 mg/ml, 48.saatte ise 20,3
mg/ml olarak gézlemlenmistir (Sekil 4).

Lb. rhamnosus inilin Pargalanmasi

. | 1
15 I |
10
5
o
24 48

36
Zaman (Saat)

m Hicre Digt - w Hicre i

Sekil 4. Lactobacillus rhamnosus’ un gelisim saatlerine gore

gosterdigi spesifik enzim aktivitesi

3.2. Siikraz Aktivitesi

Lactabacillus sp icin hiicre dis1 en yiiksek toplam siikraz
enzim aktivitesi 24 saat sonunda 6l¢iiliirken hiicre i¢i en yiiksek
seviyeye ise 36 saatlik inkiibasyon periyodu sonunda ulastigi
gozlemlenmistir (Sekil 5). Hem hiicre i¢i hem hiicre dist toplam
stikraz enzim aktivitelerinin 48. saatte azalma egilimi gosterdigi
belirlenmistir. Hiicre i¢i enzim aktivitesi 24 saatte 6.1 mg/ml,
48.saatte ise 5.5 mg/ml olarak gézlemlenmistir. Hiicre dist enzim
aktivitesi 24 saatte 6.8 mg/ml, 48.saatte ise 5.6 mg/ml olarak
gozlemlenmistir (Sekil 5).

Lactobacillus sp Sukroz Pargalanmasi

i

Toplam Enzim Aktivitesi mg/ml

© B N W BE Vo N ® ©

24 48

36
Zaman (Saat)

m Hiicre Digt Hiicre igi
Sekil 5. Lactobacillus sp’in gelisim saatlerine gére gosterdigi
toplam enzim aktivitesi
Hiicre dis1 ve hiicre i¢i siikraz enzimi spesifik aktiviteleri
belirlenmis olan Lactabacillus sp ‘nin hiicre i¢i enzim aktivitesi
24 saatte 22.1 mg/ml, 48.saatte ise 19,01 mg/ml olarak

belirlenmistir. Hiicre dist enzim aktivitesi 36. saatte 20,07 mg/ml,
48.saatte ise 18,05 mg/ml olarak hesaplanmistir (Sekil 6).

Lactobacillus sp Stikroz Pargalanmasi

1

Spesifik Enzim Aktivitesi mg/ml
5

24 36 18

Zaman (Saat)
mHicre Disi m Hilcre igi
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Sekil 6 . Lactobacilluss sp in gelisim saatlerine gore gosterdigi

spesifik enzim aktivitesi

Lactobacillus rhamnosus’un toplam enzim aktivitesinin
hiicre i¢i enzim aktivitesi 24 saatte 6,7 mg/ml, 48.saatte ise 4.2
mg/ml olarak gozlemlenmistir. Hiicre disi enzim aktivitesi 24
saatte 3.2 mg/ml, 48.saatte ise 6.1 mg/ml olarak gézlemlenmistir
(Sekil 7).

Lb. rhamnosus Slikroz Pargalanmasi

12

10

! I
2 i I '
0

24 36 48

Zaman (Saat)

Toplam Enzim Aktivitesi mg/ml
£

W Hiicre Digi Hiicre lgi

Sekil 7. Lactobacillus rhamnosus gelisim saatlerine gore siikraz
toplam aktivitesi toplam aktivitesi

Lactobacillus rhamnosus ‘un hiicre i¢i enzim aktivitesi 24
saatte 20.1 mg/ml, 48.saatte ise 16.4 mg/ml olarak
gozlemlenmistir. Hiicre dist enzim aktivitesi 24 saatte 19.9
mg/ml, 48 saatte ise 17.5 mg/ml olarak gézlemlenmistir (Sekil 8).

Lb.rhamnosus Siikroz Pargalanmasi

o
1
15 I
10
5
0
24 36 48

Zaman (Saat)

Spesifik Enzim Aktivitesi mg/ml

mHiicre Disi m Hiicre Igi

Sekil 8. Lactobacillus rhamnosus gelisim saatlerine gore siikraz
spesifik enzim aktivitesi

4. Tartisma

Yonca silajindan izole edilen Lactobacillus sp ve
Lactobacillus rhamnosus tiirlerine ait iniilinaz ve siikraz enzimi
aktiviteleri incelenmistir. Hiicre i¢i enzim aktiviteleri ve hiicre
dis1 enzim aktiviteleri incelendiginde iniilinaz aktivitesi igin
optimum sicaklik olan 50 °C ‘de (Neeraj, ve ark.2017)
Lactobacillus sp igin hiicre dis1 spesifik iniilinaz aktivitesi 36.
saatte maksimum seviyeye ulagtigi gozlemlenmistir. Bu durum
ozellikle bakteriyel gelisimin hizli olmasini gostermesi agisindan
onem arz etmektedir. Ozellikle silaj inokulant1 olarak kullanilma
potansiyeli olusturabilmesi i¢in mikrobiyal gelisimin hizl1 olmasi,
ucucu yag asitlerinin en kisa zamanda ortaya ¢ikarilip silaj pH
smnin birkag gilin igerisinde hizlica digiiriilmesi hem yem
degerinin korunmasi agisindan hem de yemi tiiketecek olan
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hayvan sagligi agisindan hayati niteliktedir (Driehuis ve ark.,
2018). Her iki susun da iiretme yetenegine sahip olduklar her iki
enziminde Onemli oranlarda hiicre dist aktivite olarak
gozlemlenmesi ise diger 6nemli bir hususu ortaya koymaktadir.
Ciinkii yem materyalinin silaja donligmesi esnasinda sahip
olduklar1 farkli polimerik yapilarin hayvanlarin daha kolay
kullanabilecegi monomerik yapilara doniismesi olusacak olan
silaj materyalinden hayvanlarin ¢ok daha yiiksek oranlarda
faydalanmalarina olanak tantyacaktir (Ozkose ve ark., 2009).
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Abstract

Rumen, main compartment of the stomach of ruminant herbivores, have a low redox potential and anaerobic ecosystem in where various
microbial populations inhabit, such as bacteria, anaerobic gut fungi (AGF), protozoa and archaea. These microbial groups have a
symbiotic life whilist both synergetic releationship and inhibition of some activities could be observed when they are cultured as mixture.
Relatively higher enzyme activities of the AGF is well documented although our knowledge about the possible effects of coculturing
with lactic acid bacteria on their enzyme activity is still limited. In current work, AGF Neocallimastix GMLF11 was cocultured with
Enterecoccus sp and Bifidobacterium sp separately and its enzyme activities (inulinase and sucrase) were determined at 45 °C after 24,
36 and 48 hours incubation periods. The highest supernatant specific sucrase (EC 3.2.1.48) activity of Neocallimastix GMLF11 and
Enterecoccus sp coculture was determined as 21,4 pmol/min/mg/ml protein for 36h incubation while cell associated specific sucrase
activity of same mixture was observed as 22,4 umol/min/mg/ml protein for 48 h incubation. Neocallimastix GMLF11 and
Bifidobacterium sp coculture showed the highest cell associated specific sucrase activity at 48h incubation as 22,4 pmol/min/mg/ml
protein, whilst that activity was determined as 24,6 pmol/min/mg/ml protein for supernatant samples at the end of 24h incubation period.
The highest cell associated and supernatant specific activities of pure culture of Neocallimastix sp was 8 and 12,3 umol/min/mg/ml
respectively. Axenic cultures of Enterecoccus sp and Bifidobacterium sp showed 20,7 and 21 umol/min/mg/ml protein supernatant
enzyme activity respectively, while cell associated specific activities of that cultures were calculated as 15,9 and 17,6 pmol/min/mg/ml
protein respectively. These results suggest that enzyme activities of these microbial groups are remarkably induced when they were
grown in coculture.

Keywords: Anaerobic gut fungi, Bifidobacterium, Enterecoccus, Neocallimastix, rumen

Anaerobik Gut Funguslar ile Laktik Asit Bakterilerinin Kokiiltiir
Olarak Yetistirildiklerinde Enzim Aktiviteleri Uzerine Etkileri

Oz

Rumen, ruminant hayvanlarin sindirim sistemi igerisinde yer alan, dort bdlmeden olusan midenin en énemli kismini olusturan, redoks
potansiyeli diisiik, anaerobik ve mikroflora bakimindan genis populasyona sahip bir ekosistemdir. Bu mikroflora igerisinde bakteriler,
protozoanlar, anaerobik gut funguslart (AGF), arkealar yer almaktadir. Cogunlukla simbiyotik yasam siirmekte olan bu
mikroorganizmalarin birbirleri {izerine sinerjetik ve baskilayict etkileri de bulunmaktadir. AGF ytiiksek fibrolitik enzim aktivitelerine
sahip mikroorganizmalardir, ancak laktik asit bakterileri ile birlikte yetistirildiklerinde enzim aktiviteklerinin hangi yonde
etkilenecegine dair bilgilerimiz oldukea kisitlidir. Bu ¢alismada AGF cinslerinden Neocallimastix sp GMLF11 ile Enterecoccus sp ve
Bifidobacterium sp ayri ayr1 anaerobik besi yerinde 24, 36 ve 48 saatlik inkiibasyona birakilmig ve 45 °C ‘deki (iniilinaz,slikraz) enzim
aktiviteleri incelenmistir. Hiicre disindaki sukrozun pargalanmasi ile olusan spesifik enzim aktivitesi GMLF11 Enterecoccus sp igin
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21,4 pmol/min/mg/ml protein olarak 36. saatte gergeklesirken, hiicre i¢i spesifik aktivite 22,4 umol/min/mg/ml protein olarak 48. saatte
en yiiksek seviyeye ulagmistir. Diger kombinasyon olan GMLF11 - Bifidobacterium sp hiicre igi spesifik enzim aktivitesi 48 saat
sonunda 22,4 pmol/min/mg/ml protein olarak 6l¢iilmiis, hiicre dis1 en yiiksek seviyeye (24,6 pumol/min/mg/ml protein) ise 24 saat
sonunda ulagilmigtir. Neocallimastix sp’nin hiicre igi spesifik enzim aktivitesi ise 36. saatte 8 pmol/min/mg/ml hiicre dis1 aktivite ise
12,3 pmol/min/mg/ml olarak hesaplanmustir. Enterecoccus sp ve Bifidobacterium sp saf kiiltiir olarak 36 saatlik inkiibasyonlar1 sonunda
stipernatant enzim aktivitesi sirast ile 20,7 ve 21 pmol/min/mg/ml protein olarak belirlenirken hiicre igi aktivite ise 48 saatte 15,9 ve
17,6 pmol/min/mg/ml protein olarak 6l¢iilmiistiir. Bu sonuglar funguslar ile laktik asit bakterilerinin kokiiltiir olarak yetistirildiklerinde

enzim aktivitelerinde 6nemli derecede artis oldugunu gostermistir.

Anahtar Kelimeler: Anaerobik gut funguslari, Bifidobacterium, Enterecoccus, Neocallimastix, rumen

1. Giris

Hayvanciligin en 6nemli bireyleri olan sigir, kegi ve koyunlar
gibi ruminant hayvanlar i¢in yemden yararlanma olduk¢a 6nemli
bir konumdadir. Rumen, ruminant ve bazi ruminant olmayan tek
mideli hayvanlarin (at, esek deve vb.)sindirim sistemlerinin
tiimiinii kapsamaktadir. Odaciklar halinde 4 béliimden olusan bu
karmagik yapi icerisindeki mikroorganizmalar araciligi ile de
sindirimi  gergeklestirmektedir. Rumen igerisinde bulunan bu
mikroorganizmalarin yemin hayvan tarafindan daha etkin
kullanilmasina yardimci oldugu bilinmektedir. Rumenin genis
mikrofloras: igerisinde bilinen en biiyiik gruplar bakteriler,
funguslar, protozoanlar olarak smiflandirilabilmektedirler (Sekil
1). Her bir gruba ait bireylerin kendilerine 6zgii yasam sekilleri
mevcuttur. Rumen kosullar1 anaerob oldugundan dolay1 burada
yasayan mikroorganizmalarda zorunlu anaerob (oksijensiz
solunum) mikroorganizmalar olarak tamimlanmaktadirlar. Bu
Ozelliklerinin yan1 sira rumen icerisinde belirli bir hiyerarsik
diizen s6z konusudur.

Bakteriler
' - i
o y. Protozoanlar
Funguslar

Sekil 1.S1gir midesi ve rumendeki mikroorganizmalar

Anaerobik gut funguslart (AGF) bu mikroorganizmalar
icerisinde Onemli bir konumda bulunmaktadir. Ruminant
hayvanlardan ~ AGF’lerin  ilk  izolasyonu  1970’lerde
gerceklestirilmis ve 50 farkli herbivor sindirim sisteminde
bulunduklari da gozlemlenmistir (Kittelmann ve ark., 2012).
Giiniimiize kadar 20’den fazla tir AGF belirlenmistir ( Paul ve
ark., 2018). Yasam dongiisii hareketli bir zoospor safhasi ve
yasam dongsii lizerinde hareketsiz vejetarif Tallus safthasi olmak
lizere 2 asamadan olugsmaktadir (Orpin, 1975, Theodorou ve ark
,1990) (Sekil 2).
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Sekil 2. Anaerobik funguslarin yasam dongiisii

2. Materyal ve Metot

2.1. Kullanilan mikroorgnizmlar

Kahramanmras Siitcii Imam Universitesi Ziraat Fakiiltesini
Zootekni Boliimiine ait koleksiyonundan Neocallimastix sp
(GMLF 11), Bifidobacterium sp ve Enterecoccus sp ‘ye ait
bireyler kullanilmustir.

2.2. Besiyerlerinin hazirlanmasi

GMLF 11 susu i¢in anaerobik besi yeri Orpin (1976)’e
hazirlanmistir. Bifidobacterium sp i¢in MRS ticari besi yeri ve
Enterecccus sp igin ise LB besi yeri kullanilmigtir.

2.3. Mikroorganizmalarin aktiflestirilmesi

Her ¢ sus i¢in optimum kosullar diisiiniilerek hazirlanmis
besi yerlerinde 24, 36 ve 48 saat siiren inkiibasyon siireleri
belirlenmis saf kiiltir ve GMLF 11 ile Bifidobacterium sp
kokiiltir ve de GMLF 11 Enterecoccus sp  kokiiltiirleri
olusturulacak sekilde gelistirilmistir. Siire sonunda suslara ait
hiicre peletleri ve siipernatantlar enzim analizleri i¢in +4 °C ‘de
muhafaza edilmistir.

2.3. Enzim Ekstratlarinin Hazirlanmasi

Enzimlerinin aktivesi Miller (1959) © e ait yontem
kullanmlarak gerceklestirilmistir. Buna gore reaksiyon karigimi
25ul enzim ekstrakti ve 225ul substrat (%0.5 substrat, 25mM
potasyum fosfat tamponu, pH 6.5 siikroz ve iniilin) olusmaktadir.
Karisim 45 °C’ de 45dk inkiibasyona birakilmistir. Karisim
tizerine 250ul 3-5 dinitrosalisilik asit (DNS) soltisyonu (%30
sodyum potasyum tartarat, 2N NaOH, %1 DNS) katilnus ve 5dk
kaynar su banyosunda bekletilerek enzim reasksiyonu
durdurulmustur. Kontrol grubu sirasiyla 225ul substrat iizerine
250ul DNS ilave edilmis 25ul enzim ekstratindan eklenerek 5dk
kaynar su banyosunda bekletilmistir. Kontrol ve deney grubu
karisimlar1 saf su ile 1ml’ ye tamamlanarak spektrometrede
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540nm’de  okutulmustur.  Standart  ¢ozeltisinde — glikoz
kullanilmistir biitiin enzim ¢alismalar1 2 tekerrtir 3 paralel olarak
yuriitiilmistiir. Bir tinite enzim aktivesi 1dk i¢inde alinan 1p mol
indirgenen seker miktar1 olarak tanimlanmustir.

3. Bulgular ve Tartisma

Saf kiiltiir ve kokiiltiir gelisimleri sonucu olugan hiicre i¢i ve
hiicre distiniilinazve siikraz enzim aktiviteleri spesifik ve toplam
enzim aktivitesi olacak sekilde hesaplanmistir.

3.1. Toplam iniilinaz aktivitesi

Bifidobacterium sp ve GMLF 11 suslarina ait toplam enzim
aktiviteleri hiicre i¢i ve hiicre disinda farklilik gdstermektedir.
Hiicre i¢i enzim aktivtesi 24 satte 0,7 pmol/min/mg/ml ile
maksimum seviyeye ulasirken en disik 36 saatte 0,2
pmol/min/mg/ml miktarina diigiis géstermistir. Hiicre dis1 toplam
aktivite ise en yiiksek degere 48. saatte 2,9 umol/min/mg/ml
6l¢iilmiis en disiik ise yine 36 saatte 0,9 umol/min/mg/ml olarak
belirlenmistir (Sekil 3).

Bifidobacterium sp ve GMLF 11 (Neocallimastix Sp) iniilin
Parcalanmasi

15 I
05
. s - i
24 36 48
Zaman (Saat)

Toplam Enzim Aktivitesi mg/ml

Hicre Dist - W Hiicre Igi

Sekil 3. Bifidobacterium sp ve GMLF 11 kokiiltiirlerine ait

toplam iniilinaz aktivitesi

Enterecoccus sp le GMLF 11 suslarinin kokdiltiir geligimleri
sonuucu elde edilen iniilinaz toplam enzim aktivitesi hiicre
disinda ve hiicre i¢inde degisiklik gostermektedir. hiicre igi
toplam iniilinaz aktivitesinin en yiiksek oldugu zaman dilimi 24.
saatte 0,9 pmol/min/mg/ml iken en diisiik oldugu zaman dilimi
48. saatte 0,22 pumol/min/mg/ml olarak belirlenmistir. hiicre dis1
toplam iniilinaz aktivitesi ise yine 24. saatte en yliksek seviyeye
2,5umol/min/mg/ml ile ulagilmis olup en diisiik degerde 48. saatte
hesaplanamayacak kadar az bulunmustur (Sekil 4).

Enterecoccus sp ve GMLF 11 (Neocallimastix sp) iniilin
Pargalanmasi

-g 12
E 1
n
o 08
2
£ 9 I
< o4
‘w02
S
e ° ]
B 02
o
L 04
24 36 48

Zaman (Saat)
Hicre Dis1 w Hiicre Igi
Sekil 4. Enterecoccus sp ve GMLF 11 kokiiltiirlerine ait toplam

intilinaz aktivitesi

Neocallimastix sp’ ye ait bireylerin iniilinaz toplam enzim
aktivitesinde 24 saatte en yiiksek hiicre i¢i enzim miktarina 16
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pmol/min/mg/ml protein olarak ulagmis olup en diisiik aktiviteye
48 saatte 8 pumol/min/mg/ml protein olarak belirlenmistir. Hiicre
dis1 toplam enzim aktivitesi 24 saatte 19 umol/min/mg/ml protein
ile maksimum seviyeye ulagmis minimum ise yine 48 saate 7
pmol/min/mg/ml protein degeri ile belirtilmistir (Sekil 5).

Neocallimastix sp (GMLF11) iniilin PArgalanmasi

Toplam Enzim Aktivitesi mg/ml
-
——

0 -
24 36 48

Zaman (Saat)

Hicre Disi - Hiicre Igi

Sekil 5. Neocallimastix sp saf kiltiirine ait toplam iniilinaz

aktivitesi

3.2. Toplam iniilinaz aktivitesi

Bifidobacterium sp ve GMLF 11 (Neocallimastix sp) ‘nin
kokiitiir gelisimleri sonucunda ortaya cikan toplam siikraz
aktivitesi hiicre i¢ci 36 saatte maksimum seviyeye ulagmigtir.
Toplam hiicre i¢i siikraz aktivitesi 24 saatte 0.4 pmol/min/mg/ml
protein miktar1 ile 6nemsiz sayilabilecek diizeydedir. Hiicre ici 48
saatte 1 pumol/min/mg/ml protein miktar1 ile yeniden azalmistir.
Hiicre dis1 enzim miktart 15 pmol/min/mg/ml protein 48 saatte
gozlemlenirken 24 saatte 9.5 pmol/min/mg/ml protein olarak
belirlenmistir (Sekil 6).

Bifidobacterium sp ve GMLF 11 (Neocallimastix sp) Stkroz
Pargalanmasi

% 20

= 15

I I

2 10

E 1

E s

=

Wy — — =

5

a

o -5

= 24 36 48
Zaman (Saat)

Hiicre Disi - m Hicre igi

Sekil 6. Bifidobacterium sp ve GMLF 11 (Neocallimastix sp)

kokiiltiir gelisimlerine ait toplam siikraz aktivitesi

Siikroz toplam enzim aktivitei Enterecoccus sp ve GMLF 11
susu i¢in hiire i¢i ve hiicre disi en yiksek 36 saatte
gozlemlenmistir. Hiicre i¢i 24 saatte 6.4 umol/min/mg/ml protein
ve 48 saatt 2.6 pumol/min/mg/ml protein oldugu goérilmiisttr
(Sekil 7).
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Enterecoccus sp ve GMLF 11 (Neocallimastiz sp) Stikroz
Parcalanmasi

24 36 48

Zaman (Saat)

= Hilere Digt m Hilere Igi

Toplam Enzim Aktivitesi mg/ml
Ol NWAUNOw®O S

Sekil 7. Enterecoccus sp ile GMLF 11 siikraz toplam aktivitesi

Neocallimastix sp’nin saf kiiltiir gelistimi sonucu elde edilen
toplam siikraz miktar1 hiicre igi ve hiicre disinda farkli olarak
bulunmustur. En iyi enzim aktivitesi sonucu 36 saatte hem hiicre
ici hem de hiicre diginda ayn1 zamanda gézlemlenmistir (Sekil 8).

Neocallimastix sp (GMLF 11) Siikroz Pargalanmasi

24 48

36
Zaman (Saat)

Toplam Enzim Aktivitesi mg/ml

wHiicre Dist w Hilere lgi

Sekil 8. Neocallimastix sp. saattlik siikraz aktivitesi

3.3. Spesifik iniilaz aktivitesi

Bifidobacterium sp ve GMLF 11 suslra1 i¢in spesifik intilinaz
aktivitesi incelenmis ve iniilinaz aktivitesinin 48 saatte hiicre ici
aktivitesinin en yiiksek degerde oldugu tespit edilmistir (Sekil 9).

Bifidobacterium sp ve GMLF 11 (Neocallimastix sp) iniilin Pargalanmasi

20

10

5

0
24 36 48

Zaman (Saat)
m Hiicre Dis1 @ Hilere igi

Spesifik Enzim Aktivitesi mg/ml
i)

Sekil 9. Bifidobacterium sp kokiiltiir ¢alismasi saatlik enzim
aktivitesi

Enterococcus sp kokiiltiir calismasi sonucu hiicre dist inulin
parcalanmasi en yiiksek 36 saatte en diisiik 24 saatte gézlenmistir.
Bunun tersi olarak hiicre i¢i aktivite 24 saatte maksimum seviyeye
ulasmis 48 saatte dogru enzim miktarinda azalma
gozlemlenmistir (Sekil 10).

Enterecoccus sp ve GMLF 11 (Neocallimastix sp) iniilin Parcalanmasi

3 48

6
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24

e-ISSN: 2148-2683

Sekil 10. Enterecoccus sp koliiltiilir caligmasi enzim aktivitesi

Neocallimastix sp ‘ye ait bireyin saf kiiltiir ¢alismasi sonucu
iniilinaz spesifik aktivitesi hiicre i¢i ve hiicreb dist farklilik
gostermektedir. Hiicre i¢i aktif enzim miktart hiicre disi enzim
miktarina oranla diisiik olurken en yiiksek enzim aktivitesi her iki
kosulda da 36n saat sonunda gozlenmektedir (Sekil 11).

Neocallimastix sp (GMLF 11) inilin Pargalanmasi

10
8
| I
4
2
o
24 36 48

Zaman (Saat)
mHicre Digi m Hucre ki

spesifik Enzim Aktivitesi mg/ml

Sekil 11. Neocallimastix sp (GMLF 11) zamana gore iniilinaz
spesifik aktivitesi

3.3. Spesifik siikraz aktivitesi

Spesifik enzim aktivitesi kokiiltiir gelisimlerinde saf kiiltiir
gelisimlerine gore farklilik gostermistir. Buna gore hiicre igi ve
hiicre dis1 aktiviteler analiz edilmis olup hiicre dist enzim
miktarlarinin hiicre igine gore yiiksek oldugu belirlenmistir ( Sekil
12).

Bifidobacterium sp ve GMLF 11 ( Neocalimastix sp) Siikroz
Pargalanmasi
30

0 1 36 8

Zaman (Saat)
m Hicre Digi - m Hiicre Igi

Spesifik Enzim Aktivitesi mg/ml
s & 8

v

Sekil 12. Spesifik siikraz aktivitesinin Bifidobacterium sp
kokiiltiir gelisiminde zamana gore degisimi.
Kombinasyonlu geligim sonucu siikraz aktivitesinin zamana gore
degisimleri incelenmis enzim aktivite degerlerinin hiicre dis1 ve
hiicre i¢i miktarlarinda benzer sonuglar elde edilmstir (Sekil 13).

Enterecoccus sp ve GMLF 11 (Neocallimastix sp) Stkroz pargalanmasi

24 36 48

Zaman (Saat)

Spesifik Enzim Aktivitesi mg/ml

mHicre Dist mHucre i

Sekil 13. Enterecoccus sp kokiiltiir ¢aligmalar1 spesifik siikraz
aktivitesinin zamana gore degisim grafigi.
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Saf kiiltlir gelistirme sonucu spesifik enzim aktiviteleri
supernatant ve hiicre i¢i aktivitelerde onemli derecelerde farklilik
tespit edilmistir (Sekil 14).

Neocaallimastx sp (GMLF 11) Siikroz Pargalanmasi

35

25

05

Spesifik Enzim Aktivitesi mg/ml

24 36 48

4.Sonug¢ ve Tartisma

Enzim aktvitelerine genel olarak bakildiginda hiicre disi
enzim aktvitelerinin hiicre i¢i aktivitelere dnemli derecede yiiksek
olugu gozlemlenmistir. Ayn1 zamanda saf kiiltiir ve kokdiltiir
gelismelerginde de enzim aktivite miktarlarindaki farkliliklar
onemli diizeydedir. Kokiiltiir geligtirme sonucu
mikroorganizmalarin enzim aktivitesi bakimindan birbirlerini
pozitif yonde etkledikleri gdzlemlenmistir.
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Sekil 14.  Neocallimastix sp saf kiiltir c¢alismalar1 siikraz
aktivitesinin zamana gore degisim grafigi

Neocallimastix sp saf gelisimlerinde hiicre dis1 siikraz
aktivitesi 36 saatte maksimum seviyeye ulasmis olup, hiicre i¢i
aktivite ise tim zaman dilimlerinde birbirine yakin bulunmustur.
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Abstract

In this study, electroless Ni-B depositions were achieved on the St-37 steel substrates at different NaBH4 concentrations and 950 °C and
1 hour. Electroless Ni-B deposited samples had a cauliflower-like surface texture that makes the electroless Ni-B deposited surface
lubricating naturally and as the NaBH4 concentration increased, the grain size decreases in the microstructure. XRD spectra of the
sample showed partial amorph region together with the crystalline region. Microhardness testing of the deposited samples were
performed with a microhardness tester under a load of 25 g and an indentation time of 10 s. The highest hardness value was obtained in
the sample prepared with 1.4 g/l NaBH4 concentration.

Keywords: Deposition, Microhardness, Ni-B, Microstructure, St-37, Surfaces.
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1. Introduction

A great number of hard depositing techniques have been
developed to improve the surface of the materials. Generally,
these techniques are applied on substrate materials to control their
wear and friction behavior. Among the deposition processes,
electroless deposition allows the production of wear resistant hard
coatings without the use of special equipment [1]. The principle
of electroless deposition is relatively simple: It is based on the
reduction of metal ions placed in aqueous solution with a
chemical substance without the need for an external current
source [2]. The electroless deposition process has gained
widespread acceptance in the market due to the excellent
corrosion and wear resistance properties of the coatings [3]. The
electroless deposition method can provide a thin and uniform
deposition layer regardless of the size, shape and nature of the
substrate material provided that the surface of the material to be
deposited is properly treated. Since no external current source is
used, the reaction rate during deposition can be controlled and
adjusted relatively easily compared to the electrical deposition
process. Among the different types of electroless metal
deposition, nickel has proven its importance in applications due
to its excellent wear and corrosion resistance [4]. There are many
of study of the electroless nickel deposition [1-10] but within the
framework of this study, the effect of NaBH4 concentration used

as a reduging agent on hardness and microstructure properties of
electroless nickel boron depositionss was investigated.

2. Material and Method

In this electroless Ni-B deposition process, 25x35x5 mm St-
37 steel samples was used. For the surface cleanliness of steels,
they were polished, ground with SiC paper, cleaned ultrasonically
with acetone, immersed in vol.30% HNO?3 solution and cleaned
with distilled water respectively. The electroless deposition
process were performed at solutions having 0.8 g/1, 1.4 g/1, 2.0 g/1
and 2.6 g/l NaBH4 concentrations respectively at 95 °C and 1
hour. The component and their functions used in the electroless
deposition prosess were given Table 1. After the deposition
process, the samples were cut and mounted in a resin and prepared
for metallographic observation by polishing and etching %2 nital.
A Field Emission Scanning Electron Microscopy (FESEM,
QUANTA FEG 450) is used to observe the surface characteristics
of deposited samples. The microstructure of the deposited
samples were analyzed by X- Ray Diffractometer (XRD, Rigaku)
using CuKa radiation with wave length of 0.1542 nm The sample
was scanned between 20° and 90° at a rate of 3°/min. Hardness
testings for the deposited samples were achieved with a
microhardness tester (Microhardness Tester, LEICA VMHT
MOT) under a load of 25 g and indentation time of 10 s.

Table 1. Components and functions and concentration of the electroless deposition bath

Coating Bath

Concentration Function
Components
Metallic ion  source Supplying the metal
(NiCl2.6H20) 30 g/l atoms to the material

deposited on the surface

Reducing agent

Providing to reduce

(NaBH.) 0.8 g/l the metallic ions
Complexing agent Complexing with metal
p(EDA?) g 90 g/l ions, and increases bath
stability.
Preventing
Stabilizer (TIAS) 16 mg/l decomposition of the
bathroom spontaneously.
Alkalinity Element 90 g/l Adjusting the alkalinity

(NaOH)

of coating solution.

3. Results and Discussion

Fig.1 illustrates the XRD spectra of samples deposited by
electroless Ni-B deposition process under different NaBH,4
concentrations. Here, it is obvious that at approximately 26=45°,
there is a partial wide peak with distinct crystalline nickel peaks.
This wide peak indicates the amorph region in the microstructure.
This result is some more different than the other literature studies
[5, 6, 7]. Theoretically, a disturbance in the arrangement of atoms
manifests itself as a broad peak in the XRD pattern, the degree of
segregation of the metalloid alloys in the electroless deposition
process determines the crystallinity of the deposited layer [3].
Since boron segregation was relatively high, it resulted the
amorph region.
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Fig.1. XRD patterns of electroless Ni-B deposited samples
produced at different NaBH4 concentrations (black line: 0.8 g/l
(Y1), red line:1.4 g/1 (Y2), blue line:2.0 g/1 (Y3) and green line:

2.6 g/1 (Y4) NaBH4 respectively).

The surface morphology of electroless Ni-B deposited
samples are illustrated in Fig. 2. FESEM micrograph of deposited
surface exhibited cauliflower type structure which ensures the
electroless deposited samples are naturaly lubricating that shows
the nature of electroless nickel deposition that this point is
consistent with other previous scientific studies [11, 12]. It is
obvious that, depending on the increasing NaBH4 concentration,
grain sizes in the microstructure decreases and grains are
distributed more tightly and homogenously. This may be
explained the Hall- Petch effect of the increasing boron atom in
the microstructure [6]. Table 2. summarizes the microharness data
of the electroless deposited samples. According to the table, the
maximum hardness was obtained the sample with 1.4 g/l NaBH4

4. Conclusions and Recommendations

In this study, effect of the NaBH4 concentration on the Ni-B
electroless deposited St-37 steel samples’ microstructural and
mechanical properties was studied. As a result, some findings
were reached that in the deposited case, the layer miscrostructure
shows crystalline regions with together some partial amorph
regions due to irregular distribution of atoms in the microstructure
resulting a broad peak. The surface microstructure of the
electroless deposited samples show that depending on increasing
the NaBH4 concentration, the grain size decrease in the
microstructure that is an evidence of the Hall-Petch’s Law. The
hardness value incresed as the NaBH4 concentration increase but
after a certain NaBHs concentration upwards a certain
concentration value, hardness value started to decrease due to
spontaneous decomposition of the deposition baths.
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concentration, in higher NaBH4 concentrations, hardness values
decreased due to may be decomposition of the deposition baths
spontaneously during the process.

Fig 2. FESEM images of the electroless Ni-B deposited
samples obtained at different NaBH4 concentration (a) Y1:0.8
g/L, b) Y2:1.4 g/l, ¢) Y3:2.0 g/l and d) Y4:2.6 g/l NaBH4
concentration respectively.)

Table 2. The average microhardness data of electroless Ni- B
deposited samples prepared with different NaBH4 concentrations.
(Y1:0.8 g/l, Y2:1.4 ¢g/l, Y3:2.0 g/l and Y4:2.6 g/l NaBH4
respectively.)

Electroless Ni-B coated Average Hardness Data
samples (HVo.25)
Y1 706
Y2 814
Y3 725
Y4 505
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Abstract

This study aims to explain the dynamics of a competitive problem affected by toxicants. The effect of toxicants on ecological systems
is an interesting topic for mathematical modelling. Discretization of the nonlinear problem is inevitable for right approximation of its
solutions due to the difficulty of finding analytical solutions. In this work, a continuous time two species competitive problem was
transformed into a discrete time problem. Because, it is very important to create a discrete model that will protect the properties of the
original continuous model and the dynamics will be independent of step size. Also, in this study, the dynamic behaviour of a competitive

system under the influence of toxicants were investigated. Lastly, the stability properties of each fixed point of the corresponding discrete
problem have been examined using some theoretical results.

Keywords: Stability, Toxicants, Fixed point, Competitive system.

Zehirli Maddelerle Rekabetci Bir Problemin Lokal Analizi

Oz

Bu calisma, zehirli maddelerden etkilenen rekabetgi bir problemin dinamiklerini agiklamayir amaglamaktadir. Zehirli maddelerin
ekolojik sistemler iizerindeki etkisi matematiksel modelleme igin ilging bir konudur. Analitik ¢6ziimleri bulmak zor oldugundan,
problemin ¢oziimlerine dogru yaklasim igin lineer olmayan problemin ayriklastirilmasi kaginilmazdir. Bu ¢aligsmada siirekli haldeki iki
tiir igeren rekabet¢i problem ayrik haldeki probleme doniistiiriilmiistiir. Ciinkii orijinal siirekli modelin 6zelliklerini koruyacak ayrik bir
model olusturmak ¢ok 6nemlidir ve modelin dinamikleri adim boyutundan bagimsiz olacaktir. Ayrica bu ¢caligmada zehirli maddelerin
etkisi altindaki rekabetci bir sistemin dinamik davranisi arastirilmistir. Son olarak, ilgili ayrik problemin her bir denge noktasinin
kararlilik 6zellikleri bazi teorik sonuglar kullanilarak incelenmistir.

Anahtar Kelimeler: Kararlilik, Zehirli maddeler, Rekabetci sistem.
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1. Introduction

The effect of toxic substances on ecological systems is an
interesting topic for mathematical modelling. The uncontrolled
contribution of toxic substances to the nature causes the extinction
of many species and many others are at the threshold of
extinction. Freedman and Shukla [1], Chattopadhyay [2],
Samanta [3], Biswas and Bairagi [4], Das et al. [5] and others
worked the effects of toxicants on different ecosystems. Recently,
nonlinear ordinary differential equations are often used to
illustrate the interaction between two species. Due to the
diffuculties of analytical solutions of these problems,
discretization has become inevitable in order to reach
approximate solutions.

Numerical methods based on finite difference approximations can
be used to predict competitive population dynamics. But
disadvantage of these methods is that their accuracy and stability
depend on the step size [6]. However, these methods do not
guarantee positive solutions for positive initial conditions. On the
other hand, using nonstandard finite difference (NSFD) method in
the proposed discrete system, this problem can be eliminated.
Therefore, it is very important to create a discrete model that will
protect the properties of the original continuous model. Dimitrov
and Kojouharov [7,8,9], Shokri et al. [10], Banda et al. [11],
Sajjad et al. [12] and many others have used nonstandard
techniques developed by Mickens [13].

In this paper, we analyze the following competitive
problem that is affected by toxic substances in [14]:

d
d_j = x(Ky — ayx — B12y — v1xy)
(1)
d
d_f = y(K; — ayy — Bo1x — V2xy)

where x(t) and y(t) denote the population densities at time t.
Ky, K5, a1, ay, Bi12, B21, ¥1 and y, are positive constants. K; is
the intrinsic growth rate of species I, a; indicates the competition
coefficient of species i, f5;; measures the impact of species j upon
the growth rate of species i (i # j; i,j = 1,2) and y; represents
the toxicant coefficients.

2. The Discrezation of a Competitive
Problem

First of all, we must install the discrete version of the
continuous problem with NSFD method. The NSFD method is
based on two basic factors [15, 16]:

o AX _ Xg41-Xgk
O %= om

where @(h) = h + 0(h?).
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(i1) nonlinear and linear terms may need a nonlocal
presentation.

Building a numerical scheme for equation (1), we discretize
the time variable at t,, = nh, t(= 0) where h(> 0) is the
time step size. To represent the stability analysis of discrete
time model, we can employ the following discretizations:

2
X2 Xk, Y2 Vks X7 XgXgy1, XY 2 Xgy1Vkos

and

2
VX = Vi+1Xk+1, XY 7 Xk+1Vks V™ 7 Ve Vi+1-

Thus, positive solutions can be found. By using NSFD
scheme, we can obtain the discrete system:

Tkl Tk k——KX — A1 XX, —,Bx Vk — V1XrX, )%
U) 14k 1Mk k+1 124k+1)k 1 krMk+1)k
(2)

kl, k_Ky X2V Vk+ ﬁx+)"+

() 2)k 2)kJk+1 21 k+1)k+1

—VoXk+1VkVk+1

where @ (h) depends on the step size h and it is called
denominator function. Let us suppose h; = ¢@(h). Then
system (2) becomes

X (1 + hiKy)
[1+ hyaix, + hy oy + havaxe il

Xk+1 =

3)

yk(l + hi1K3)
[1 + h1a2yk + h1ﬂ21xk+1 + hlyzxk+1yk].

Vi+1 =

Since all parameters are positive and the initial values are positive,
the solution of the discrete system (3) remains positive.

3. Equilibrium Points and Local Stability
Analysis
The competitive problem (1) has four equilibrium points:
* * K * K; * * *
E; = (0,0),E} = (a—i 0),E5 = (o, a—i) and E} = (x*,y").

If we take X, = X, = x and y, 1 = y, = y at system (3), the
fixed points are satisfying the following equations:

Xk(1+h1Kq) _

X = =X
K41 ™ [14hy aq g +ha Broyi+ha yaxyid ks
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Ye(1+ hyK3)

y = = y ,
ot [1+ hiayyi + hiBriXisr + hiVaXir1 Vil .

Ky = a1 X + Bi2Yk + ViXeVi » 4
K; = a;Yi + Boi X1 + Vo X1 Vi - %)

In this case the fixed point (x*, y*) is satisfying:
Ky = a;x" + By + ix7y",

and

Ky = ayy™ + PorX™ +y2x7y" .

Jacobian matrix of system (3) evaluated at an arbitrary fixed

point (xk,, yk) is found by

OXpy1  0Xpyq
| 9x Oy
](xk" yk) | OVke1 OVisr
0xy 0y
where
(1+ hyK7)

Ji1 (X yi) =
11 Vi [1+ hyayx, + hyBroyi + hivaxeye]

(1 + hiKD)x (hyay + hyiyi)
[1+ hyayxy + hyBr2Yi + hivixeyel?’

—xg(1+h1K1)(h1B12+h1y1Xk)

x =

J12(xe Vie) [1+hy@yxp+hy B12Vik+haviXeyi)?’

o1 G vi) = —Yk(1+h1Kz)(h1 B21th1Yayid) )11

213 Tk [1+hi@zyi+hyBaa Xk +hva Xk yil?’
J22 (X, Vi)

_ 1+ nK>)
[1+ hyazyi + hy B Xk + hyyaxi Y]
_ (1 + hKy)(hyay + hyyaxe + hi(Bar + V2Yi) Jaz
[1+ hiazyi + hifarxi + hiyVaxiyi]? ’

Assume that A; and 4, are the eigenvalues of the Jacobian
matrix.

Lemma 3.1 The fixed point (x;, y,) of system (3) is defined
stable (sink) if |[A; | <1, |A, | < 1 and unstable (source) if
[4: 1 > 1, |A; | > 1. It is defined unstable (saddle) if |1 | >
1, |A;1<1or|A;| <1, |A;|> 1and non-hyperbolic if
|4 | =1or |4, | =1[7].

e-ISSN: 2148-2683

Theorem 3.1 The fixed point E7 is a source.

Proof. At the fixed point Ef , Jacobian matrix is

1@ = (e Jah)
where

Ju(ED) =1+ Ky,

J12(ED) =0,

J21(Ef) =0,

Jo2(EY) =1+ K, .

The eigenvalues are A, = 1+ hyK; and 4, = 1+ K, .

Since the eigenvalues are positive and they are greater than
one, the fixed point E7 is a source.

If we take v, = Y41 = 0and x, = x4, = 0 at equation
(4), we can obtain x; and y, as follows:

K1 K3
X =— ==
L Vi az

Theorem 3.2 The fixed point E; = (%, 0) is stable (sink)
1

if ;—1 < % and it isn’t a source. The fixed point E; =
21 2

(ﬁ, o) is a saddle if 2= > % and it is unstable. The fixed
ay Bz1 Kz

.  _ ﬁ . ~ s e @1 — ﬂ
point E; = (al' 0) is non-hyperbolic if = 1 [4].
Proof. At the fixed point E; , Jacobian matrix is

o (a(ED (B
J(E2) = (/21(15;) Jzz(E;))’

where

h1Kq
(1+h1K1)’

]11( E;) =1

J12(E3) = “haKi(B1za1ty1Ky)

(1+hyKp)a,?
]21( ES) =0,
_ 14h4Ky
J22(E3) = PRELZTR
ag

hyKq _ 1+h4Ky

(1+hiky) > 72 7 g 4maKaBa1 -
a

The eigenvalues are 4 = 1 —

Since |A4] is less than one for any hy > 0, E; isn’t a source. If

;—1 < % (for any h; > 0), |1,] <1 and E; becomes stable.
21 2

Also, if ;—1 > %(for any h; > 0), |A,| > 1. Thus E; isasaddle.
21 2

ay

On the other hand, if
B21

K .
=K—1 , |42 =1 and E; is non-
2

hyperbolic.

Theorem 3.3 The fixed point E5 = (0, %) is stable (sink) if
2

ﬁ<&

. . . K2\ .
and it isn’t a source. The fixed point E3 = (0, —2) isa
Ky ay az
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saddle if %2 > 212 and it is unstable. The fixed point Ej =

2 az

(0, I;—z) is non-hyperbolic if % = i—lzz [4].

Proof. At the fixed point E3 , Jacobian matrix is

o (Ja(ED Jia(ED
J(E3) = (JZI(E;) JZZ(E;))’

where
 1+hyKy
J11(E3) = PRILSIZTR
az
J12( E;) =0,
Kz((h1ﬁ21+h1)’2§—§)]11
*) az
]21(E3) - (1+h1K7) ’
N _ q K>
]22(E3) - 1 (1+h1K2) .

. 1+h,Kq hiKp
The eigenvaluesare A, = ———%— , A, =1 ——=— |
& 1 1+—hlk:l22‘812 » 2 (1+h1K3)

Since |A,] is less than one for any h; > 0, E; isn’t a source. If

K1 < P (for any hy > 0), |4;] <1 and E; becomes stable.

K> a_z

Also, if % > iﬁ (for any hy > 0), [A;] > 1. Thus E; isasaddle.
2 2

K1 _ P12

) is non-
az

On the other hand, if [A1] =1 and E3

hyperbolic.

Lemma 3.2 Let A; and A, are the eigenvalues of the Jacobian,

o @YD) @y
Gy = <121(x*.y*) lzz(x*,y*)) '

Then |4; | < 1 (i = 1,2) if the following situations are hold:
(1) 0 <det(J(x*y9)) <1,
(2) 1+det (J(x*, ")) +tr(J(x*,y")) >0,
(3) 1+det (J(x*,y")) —tr(J(x*,y%)) > 0[17,18].

Theorem 3.4 The fixed point E; = (x*, y") is stable if the
conditions of Lemma 2 satisfy.

Proof. Using the equations K; = a;x™ + B1,¥" + y1x™y",
ayx" +y1x"y" =Ky — frpyT and Ky = apy” + forx” +
YaXy", Ky = Borx”™ = apy” +yox"y”

the Jacobian J(x*, y*) at the fixed point E; can be finded by:
e-ISSN: 2148-2683

thl
1 + thl

Ky — Bi2y”
K1 ’

Juxhy)=1-

_ hiKy  x"(Biz +y1x7)
1+ K, K, ‘

Ji2(x*,y") =

h K,

Vv (Bo1 +v2¥ 1
Kz !

J21(x*,y") =

and

hiK; Ky — Bo1x”
1+ hK, K,
_ Y hi(Ba1 +v2Y") )1z
1+ K, '

Jo2(x%y) =1—

It is clearly seen that, J;,(x",¥*) , Jo1(x", y*) are negative and
0 <Ji1(x%y") <1, Joo(x",y7) > 0.

Thus,

det (](x*,y*))

_ hK, Ky = Bix”
=1 -
1+ h K, K,
—J {y*hl(ﬁu + sz*)} _ Ky x"(Byz +71X7)
1 1+ hK, 1+ hK, K,

_ hiKy  x*(Biz +v1x7) hiKy,  y*(B21 +v2y )1
1+ K, K, 1+ K, K,

hK, K,— x*
183 2ﬁ21}<1

0<det(](X»y))=]11{1_1+h11<2 K,

This shows us that the first condition of Lemma 2 is satisfied.
Since J;;(x*,y*) > 0and J,,(x*,y*) > 0,tr (](x*,y*)) > 0. As
det (](x*,y*)) > 0 and tr (](x*,y*)) >0,

Thus, the second

1+det (J(x*,y9) +tr(J(x",y")) > 0.
condition is satisfied.

The calculations below show us that

1+ det (](x*,y*))
—tr(J(x",y")
—141— hK; Ky — Bo1x” _ h Ky Ky — 12y’
1+ hK, K, 1+ hK; K
h.K; hiK; Ky — B1oy" Ky — Borx”
1+ K 1+hK, K K,
hKy Ky —B1y” _ hK, Ky — Boix”
1+ hK; K; 1+ K, K,
Y'hi(Bar +72y") MKy x"(Biz +y1x")
1+ mhK, 1+RhK K, ’

1
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1+ det (](x*,y*))
—tr(J(x",y7)
_ h,K; hiK, Ky — B1oy" Ky — Borx”
1+hK 1+ 0K, K K,
Y hi(Bor +72y") MKy x"(Brz +v1x")
T 1+mK, 1+RhK K,

Using the equations K; — B,y = a1 x* + y1x*y* and K, —
Bo1X" = ay" +y,x7y"

1 + det (](x*,y*))
—a(J(x",y")
B hlzx*y*
= (1 + i K) (1 + hKy) {(a1ay — B2112)
+ x*(a1¥2 = B21v1) + ¥ (a2y1 — Biz +¥2)}

It can be easily shown that 1 + det (J(x*,y")) — tr(J (x*,¥")) >
0 . So the proof is complete.

4. Conclusion

In this study, it was aimed to observe the dynamic behaviours
of the competitive problem with toxicants. Stability analysis of
fixed points of the discretized problem were made with the help
of some important theoretical evidence. We believe that these
analysis will be useful to researchers for the theory of competitive
problems.
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Oz

Enerji depolama araci olarak kullanilan bataryalar, giiniimiizde ¢ok yaygin bir sekilde kullanilmakta olup, biiylik bir neme sahiptir.
Bir¢cok farkli teknolojide bataryalar kullanilmakta ve gelistirilmektedir. Bataryalar, giiniimiizde bilgisayarlar, elektrikli araclar,
elektronik cihazlar ve hava araglari gibi pek ¢ok alanda karsimiza ¢ikmaktadir. Cok farkli ve gesitli alanlarda kullanilmalarindan dolay1
batarya tercihleri, kullanim amaglarina gére olmaktadir. Bu ¢alismada ucaklarda kullanilan nikel-kadmiyum (Nickel-Cadmium, Ni-
Cad) tipi bataryalarin 6zellikleri ve kullanim amaglari iizerinde durulmustur. Ni-Cad batarya hiicresinin sarj ve desarj anindaki
modellemesi, MATLAB/Simulink kullanilarak gergeklestirilmistir. Modelleme gergeklestirilirken Thevenin esdeger devre modelinden
yararlanilmistir. Bu ¢alisma kapsaminda Ni-Cad batarya hiicresinin sarj ve desarj testlerinin yapildig1 atdlyeden deneysel test verileri
almmustir. Bu deneysel test verilerinden elde edilen grafikler ile gergeklestirilen modellemeden elde edilen grafikler karsilagtirilmistr.
Karsilastirma neticesinde birbirine yakin basarili sonuglara ulasildig: goriilmiistiir. Bu ¢aligmada yapilan modelleme ile daha hizl,
giivenilir bir sistem yapilmis olup, iiretici firmalarin test amacli verilere kolayca ulasabilecegi diisiiniilmiistiir.

Anahtar Kelimeler: Batarya, Ni-Cad, Hava Araci, Simulink, Modelleme.

Modeling of Aircraft Battery Cell

Abstract

Batteries, which are used as energy storage tools, are widely used today and are of great importance. Batteries are used and developed
in many different technologies. Today, batteries appear in many areas such as computers, electrical vehicles, electronic devices and
aircraft. Since they are used in many different and various fields, battery preferences can be determined according to the purpose of use.
In this study, the properties and usage purposes of nickel-cadmium (Nickel-Cadmium, Ni-Cad) type batteries used in aircraft are
emphasized. The modeling of the Ni-Cad battery cell at the time of charge and discharge was carried out using MATLAB/Simulink.
While modeling, Thevenin equivalent circuit model was used. Within the scope of this study, experimental test data were obtained from
the workshop where charge and discharge tests of Ni-Cad battery cells were carried out. The graphs obtained from those experimental
test data the modeling performed were compared. As a result of the comparison, it was seen that successful results were obtained close
to each other. With the modeling made in this study, a faster and more reliable system was created and it was thought that manufacturers
could easily access data for testing purposes.

Keywords: Battery, Ni-Cad, Aircraft, Simulink, Modeling.
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1. Giris

Uzun bir gegmise sahip olan bataryalarin kullanimi her
alanda giderek artmakta olup, giiniimiizde de olduk¢a biiyiik
Oneme sahiptir. Bataryalar, hava araglarinda o6zellikle ugak
sistemlerinin ugus esnasinda enerjisi kesildiginde ugagin giivenli
bir sekilde iniginin gerg¢eklesmesi i¢in gerekli olan Onemli
sistemleri besler. Ayrica bataryalar, ucaklarda harici bir gii¢
sistemi bulunmadigt durumda motor ve yardimect gii¢ iinitesini
(Auxiliary Power Unit, APU) otomatik olarak c¢alistirmak, giic
sistemlerinde bir ariza meydana geldiginde ve ugak yerdeyken
elektrik verilmeden dnce gii¢ elde etmek amagli kullanilmaktadir
(Avgin ve ark., 2014; Industrial Electronics, 2020; Operating and
maintenance manual for Ni-Cd aircraft batteries, 2017; Polatoz,
2019:97).

Literatiirde  bataryalar i{izerine yapilan modelleme
caligmalari, genellikle Li-Ion ve kursun asit tipi bataryalar lizerine
yapilmigtir. Ni-Cad tipi bataryalarin modellenmesi ile ilgili
literatiirde az sayida ¢alisma bulunmakta olup, bu ¢alismalardan
birinde Ni-Cad’ 1n batarya sinyalinin analizinde kullanilan
spektrogram uygulamasindan bahsedilmistir. Caligmada batarya
sarj1 ve desarjindan gelen sinyallerin zaman-frekans gosterimini
elde etmek icin MATLAB/Simulink programi kullanilmistir
(Kasim ve ark., 2016). Sperandio ve ekibi, batarya desarj modeli
olusturmus, batarya voltaj egrilerinin nasil iretilecegi ve
kullanilacagindan ~ bahsetmistir. ~ Yaptiklart  modellemeyi
kullanarak degisken oda sicakligi, degisken desarj akimi ve
kismen sarj edilmis batarya gibi c¢esitli caligma kosullarinda
bataryanin davranigini analiz etmiglerdir (Sperandio, 2011). Mak
yaptig1 tez caligmasinda hava araci elektrik sistemlerinin ugus
stiresince giic ve enerji akisini analiz ederek, modellemesini
yapmis ve MATLAB’ da simiilasyonunu gerceklestirmistir (Mak,
2015:75). Bir diger ¢caligmada Ni-Cad bataryalarin 6zelliklerinden
bahsedilmis olup, akim ve sicaklik degisiminin bu bataryalarin
caligmasina etkisi MATLAB/Simulink kullanilarak incelenmistir
(Dirani ve ark., 2013).

Hava araglarinda kullanilan Ni-Cad tipi bir batarya ayni
ozelliklere ve voltaj degerine sahip 20 hiicreden olusmaktadir. Bu
caligsmanin amaci, bu 20 batarya hiicresinden birinin sarj ve desarj
esnasindaki modellemesini gergeklestirmektir. Modellemede
MATLAB/Simulink programi kullanilmistr.

Hazirlanan bu ¢aligma, asagidaki bolimlerden olugmaktadir:
ikinci boliimde Ni-Cad bataryalarin 6zelliklerinden ve ugaklarda
kullanilan Ni-Cad batarya hiicresinin modellenmesinden
bahsedilmektedir. Uciincii boliimde ise modellemeden elde edilen
sonuclar, grafiksel olarak verilmistir. Son boliimde, elde edilen
sonuclar degerlendirilmistir.

2. Materyal ve Metot

2.1. Nikel Kadmiyum Bataryalar

Ni-Cad bataryalar, diger bataryalara gore daha yiiksek
sarj/desarj oranlarmma dayanabilmektedir. Desarj esnasinda hig
kapasite kayb1 goriilmez. Ni-Cad batarya hiicreleri, yiiksek desarj
sartlarina ragmen sabit bir voltaji koruyabilirler. Ayni zamanda bu
bataryalarin uzun Omiirlii olmasi, giivenilir olmasi, kullaniminin
kolay olmasi, genis bir ¢alisma sicaklik araligina sahip olmalari
ve az bakim gerektirmeleri tercih sebepleri olmustur
(Elektrikce.com, 2022; Industrial Electronics, 2020; Operating
and maintenance manual for Ni-Cd aircraft batteries, 2017). Ni-
Cad batarya igeriginde pozitif olarak nikel elektrot, negatif olarak
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kadmiyum elektrot ve sulu elektrolit olarak potasyum hidroksit
kullanir. Ugaklarda kullanilan Ni-Cad batarya, 20 adet hiicreden
olugmakta olup, her bir hiicrenin nominal potansiyeli 1,2 V’ dur
(Elektrik Port, 2012; Operating and maintenance manual for Ni-
Cd aircraft batteries, 2017; Wikipedia, 2022).

Ni-Cad bataryalar, disg etkilere ve sarsintiya karst ¢ok
dayanikli ve saglam 6zelliktedir. Ugakta olusabilecek herhangi bir
titresimden etkilenmemeleri i¢in bataryalarin uygun yerine
titresimi kesici yumusak siinger konularak bataryanin kaymasin
ve titresim etkilerinin hissetmemesi saglanmistir (Elektrik Port,
2012; Operating and maintenance manual for Ni-Cd aircraft
batteries, 2017).

Ni-Cad bataryalar, kursun asit bataryalarla
kiyaslandiklarinda pahalidir ve her bir hiicre bagina voltaj ¢ikislari
daha diisiiktiir. Bu da Ni-Cad bataryalarin dezavantajlarindandir
(Wikipedia, 2022).

2.2. Ucaklarda Kullanilan Nikel Kadmiyum
Batarya Hiicresinin Modellenmesi

Sistemlerin tasarlanmasi, modellenmesi ve analizlerinin
yapilmasinda kullanilan araglardan biri olan Simulink, gergek
modellere olan ihtiyacin azalmasini ve maliyetin biiyiik oranda
dismesini  saglamaktadir  (Tasdemir, 2021).  Simulink,
matematiksel islem bloklarina sahip olmasmin yaninda elektrik,
elektronik, sinyal, ses, kontrol sistemleri gibi birgok alanda da
blok diyagramlara sahiptir. Bunlar sayesinde Simulink’ de her
tiirlii sistem modellemesi gergeklestirilebilir ve analizleri de en
kisa stirede yapilabilir (Uzunoglu ve ark., 2003). Bu ¢alismada
Simulink  kullanilarak ugakta kullanilan bataryanin = 20
hiicresinden  birinin ~ sarj/desarj modellemesi yapilmistir.
Modelleme i¢in MATLAB/Simulink’ in Simspace kiitiiphanesi
kullanilmustir. Simspace kiitiiphanesindeki bloklar ile hizli bir
sekilde fiziksel sistemlerin modellenmesi gergeklestirilebilir
(MathWorks, 2022).

Bu calismada Simspace’ de batarya hiicresinin sarj/desar;j
modellemesi yapilirken Thevenin modeli kullanilmigtir. Thevenin
modeli, karmasik elektrik  sistemlerinde, bataryalarin
sarjinda/desarjinda, benzetiminde ve modellenmesinde kolaylik
ve hiz saglamak amagl kullanilmaktadir (ElectronicsTutorials,
2021). Sekil 1’ de bu galigmada kullanilan Thevenin devresi
gosterilmistir (Sefkat&Ozel, 2020). Devrede R, i¢ direnctir ve bu
direng degeri elde edilirken Denklem 1° de yer alan esitlik
kullanilmistir (Ceylan ve ark.,2013).

. @

Denklemde yer alan V) ifadesi, bataryanin tam dolu oldugu
ilk anda 6lg¢iilen gerilimdir. V; ise ylik devreye girdigi andaki yani
gerilim diislimiiniin goriildigli andaki 6lgiilen degerdir. Sabit olan
desarj akimi ise / ile gosterilmistir (Ceylan ve ark.,2013). Paralel
koldaki R, direncinin degeri bulunurken Denklem 2 kullanilmistir.

Ri:

| R,
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A % VAVAY)
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Sekil 1. Thevenin es deger devre modeli (Figure 1. Thevenin
equivalent circuit model) (Tasdemir, 2021)
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R, = Toct @)
Denklemde V', desarj tamamlandiktan sonra sistem dengeye
ulagsmadan 6nce Ol¢iilen gerilimdir. Voc degeri de desarj esnasinda
sistem dengeye ulastigindaki Olciilen agik devre gerilimidir
(Circuit Digest, 2018). Denklem 3 ise paralel koldaki C;
kapasitoriiniin degeri bulunurken kullanilmistir.

T=R,C; 3)

Denklemde verilen 7, zaman sabiti olup R, ve C; degerleri
bulunurken  kullanilmistir ~ (Circuit Digest, 2018). Bu
denklemlerden faydalanilarak esdeger devre modelinde
R=0.0139Q, R=0.00088C2, C=1518.6F olarak bulunmustur.

Batarya hiicresinin modellemesinde asagidaki denklem
takimindan faydalanilmistir.

y _ ~Vsoc 1
Vsoc = RoiC C I
sd“Q Q
. -VRrc 1
=——+4+=] 4
Vrc ReCe + G 4

Vf = VOC + RlI + VRC

Bu denklem takiminda yer alan Cp, batarya hiicresinin dahili
kapasitesidir (Cp =3600 Cyom) (Huria ve ark., 2013). Hiicre kendi
kendine desarj olurken kullanilan direng, R,; olarak belirlenmistir.
V' ise batarya hiicresinin uglarindan dlgiilen gerilimdir.

Bataryanin modellenmesinde olusturulan Simulink tasarimi
Sekil 2’ de verilmistir (Celik, 2022:62). Bu tasarimdaki Voc
blogunda, batarya hiicresinin a¢ik devre geriliminin (Open Circuit
Voltage, VOC) sarj durumuna (State of Charge, SOC) baglh
fonksiyonunun tasarimi gerceklestirilmistir. Tasarimda R, ve C;
icin Simulink/Simspace kiitiiphanesinde yer alan paralel RLC
blogundaki R ve C, R; icin ise seri RLC blogundaki R
kullanilmustir.

Modelleme sonucunda elde edilecek V) batarya voltajinin
Ol¢iimii i¢in voltaj 6lglim blogu ile 6l¢iilen voltajin zamana gore
degisimini gostermek i¢in Scope blogu kullanilmustir.

A
Ri

WA gl
o L

i

oo

Sekil 2. Batarya hiicresinin modellenmesi i¢in gerceklestirilen
tasarim (Figure 2. The implemented design to model battery
cell)

3. Arastirma Sonuclar1 ve Tartisma

Batarya hiicresinin modellenmesinde S$ekil 1’ de yer alan
Thevenin esdeger devre modelinden yararlanilmig ve Sekil 2°deki
tasarim gergeklestirilmistir. Tasarim, batarya hiicresinin hem sarj1
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i¢in hem de desarj1 igin yapilmstir. Her iki modellemede de sabit
akimla sarj/desarj islemi gerceklestirilmistir. Benzetimde desarj
esnasindaki kullandigimiz batarya hiicresinin parametreleri,
Tablo 1’ de, sarj esnasinda kullandigimiz batarya hiicresinin
parametreleri ise Tablo 2’ de verilmistir.

Tablo 1. Desarj esnasinda kullanilan batarya hiicresinin
parametreleri (Table 1. The parameters of battery cell used

during discharge)

Parametre Deger
Hiicrenin Desarji Esnasindaki Akim Degeri | -900 mA
(Sabit)
Hiicrenin Desarj1 Esnasindaki Sicaklik Degeri | 23°C
(Sabit)
Hiicrenin Desarj Ust Simir Gerilimi 1,36 Volt
Hiicrenin Degarj Alt Sinir Gerilimi 1,16 Volt
Hiicrenin Desarj Siiresi 7 Saat

Bu ¢aligma i¢in Ni-Cad batarya hiicresine ait deneysel 6l¢iim
verileri, sarj/desarj testlerinin yapildig1r atdlyeden alinmistir.
Batarya hiicresinin bu deneysel 6lglim verilerinden elde edilen
desarj grafigi, Sekil 3(a)’ da verilmistir. Sekil 2° deki Simulink
tasarimindan elde edilen desarj esnasindaki modelleme sonug
grafigi ise Sekil 3(b)’ de gosterilmistir. Bu iki grafige bakildiginda
modellemeden elde edilen sonuglarin deneysel sonuglara
yakinsadig1 gorilmistiir.

Tablo 2. Sarj esnasinda kullanilan batarya hiicresinin
parametreleri (Table 2. The parameters of battery cell used

during charge)

Parametre Deger
Hiicrenin Sarji Esnasindaki Akim Degeri | 900 mA
(Sabit)
Hiicrenin Sarji Esnasindaki Sicaklik Degeri | 23°C
(Sabit)
Hiicrenin Sarj Ust Sinir Gerilimi 1,48 Volt
Hiicrenin Sarj Alt Sinir Gerilimi 1,32 Volt
Hiicrenin Sarj Siiresi 7 Saat

Batarya hiicresinin sarj esnasindaki modellemesinde de Sekil
2 kullanilmigtir. Batarya hiicresinin sarj1 ve desarji igin
gergeklestirilen modellemeler arasindaki tek fark akimin
igaretidir. Denklem 4’ de yer alan I akim ifadesi, sarj esnasinda
(+), desarj esnasinda (—) olarak alinmustir.

Batarya hiicresinin desarjinda oldugu gibi sarj1 esnasinda da
deneysel dlgiimden elde edilen sonuclar grafige aktarilmis olup,
Sekil 4(a)’ da gosterilmistir. Batarya hiicresinin Simulink’ de sarj
modellemesi gergeklestirilmis olup modelleme sonucunda elde
edilen grafik, Sekil 4(b)’ de verilmistir. Sekil 4(a) ile Sekil 4(b)
karsilastirildiginda  yapilan modellemenin basarili  oldugu
gorilmistiir.

4. Sonuc¢

Bu caligmada ilk olarak ugaklarda kullanilan bataryanin
ozellikleri incelenmistir. Daha sonra benzetim ydntemlerinden
MATLAB/Simulink kullanilarak sarj ve desarj esnasindaki
batarya hiicresinin modellemesi gergeklestirilmistir. Model
olugturulurken  Thevenin  esdeger devre  modelinden
yararlanilmistir. Modellemede ucaklarda kullanilan bataryanin 20
hiicresinden birinin sarj1 ve desarj1 esnasindaki deneysel olarak
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alan test verilerinden elde edilen grafikler, kargilastirma igin
referans olarak alinmistir. Olusturulan modelde gerekli olan
degerler, denklemler yardimi ile hesaplanmis ve modelleme
sonucunda batarya hiicresinin sarj ve desarj esnasindaki grafikleri
elde edilmistir. Deneysel verilerden elde edilen grafikler ile bu
calismada elde edilen grafikler karsilastirildiginda gergege yakin
basarili sonuglara ulasildig1 goriilmiistiir.

Gerilim (V)

(@)

b
Sekil 3. Batarya hiicresinin de§c$r} grafigi, (a) Deneysel dlgiimden
elde edilen, (b) Simulink tasarimindan elde edilen. (Figure
3. Discharge graphic of battery cell, (a) Obtained from
experimental measurements, (b) Obtained from Simulink
design.)

\
\

Gerilim (V)
\

Gierilim (V)

b

Sekil 41. Batarya hiicresinin sa(rj)graﬁgvi, (a) Deneysel dlgiimden
elde edilen, (b) Simulink tasarimindan elde edilen. (Figure
4. Charge graphic of battery cell, (a) Obtained from
experimental measurements, (b) Obtained from Simulink
design.)
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Bu c¢alismada hava araglarinda kullanilan batarya hiicresinin
sarj ve desarj esnasindaki modellemesi ile daha hizli, giivenilir bir
sistem modellemesi ger¢eklestirilmis olup, bu modelleme sistem
davranigini incelemek i¢in kolaylik saglayacaktir.
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Oz

Beynin elektriksel aktivitesi ile ilgili bilgi saglayan elektroansefalografi (EEG) verileri norolojik hastaliklarin tanisinda yaygin olarak
kullanilmaktadir. Yaklasik olarak diinya niifusunun %1'ini etkileyen hastaliklardan biri olan epilepsi tespitinde de EEG sinyalleri onemli
bilgiler saglamaktadir. Bu ¢alismada EEG sinyalleri kullanilarak epilepsi ndbetinin ndbet 6ncesi tespiti amaglanmistir. Bu amag
dogrultusunda epilepsi ve saglikli bireylerden alinan farkli durumlardaki EEG sinyalleri kullanilarak 6n isleme adimlari
gergeklestirildikten sonra EEG sinyallerinden, Giirbiiz Yerel Ortalama Ayrisim (Robust Local Mean Decomposition, RLMD) ve
Ampirik Kip Ayrisim (AKA) yontemi kullanilarak elde edilen alt bant sinyallerinden 6znitelikler ¢ikarilmistir. Elde edilen 6znitelikler
ve Yapay Sinir aglari (YSA) ile siniflandirma g¢alismalari yapilmistir. Yapilan ¢alismalar dogrultusunda EEG sinyallerinin farkli
durumlarina ait siniflandirma sonuglart dogruluk, duyarlilik, 6zgiilliik, kesinlik ve f1 skoru performans parametreleri kullanilarak ortaya
konmustur.

Anahtar Kelimeler: Epilepsi, EEG, Giirbiiz Yerel Ortalama Ayrisim Y 6ntemi, Ampirik Kip Ayrisim Yontemi, Yapay Sinir Aglart

Performance Analysis of Robust Local Mean Decomposition and
Empirical Mode Decomposition Methods in the Detection of Epilepsy

Abstract

Electroencephalography (EEG) data, which provides information about the electrical activity of the brain, are widely used in the
diagnosis of neurological diseases. EEG signals also provide important information in the detection of epilepsy, which is one of the
diseases affecting approximately 1% of the world's population. In this study, it was aimed to detect the epileptic seizure before the
seizure by using EEG signals. For this purpose, after preprocessing steps were performed by using EEG signals in different situations
from epilepsy and healthy individuals, features were extracted from EEG signals from subband signals obtained by using Robust Local
Mean Decomposition (RLMD) and Empirical Mode Decomposition (EMD) methods. Classification studies were carried out with the
obtained features and Artificial Neural Networks (ANN). In line with the studies, the classification results of the different states of the
EEG signals were revealed using the performance parameters of accuracy, sensitivity, specificity, precision and f1 score.

Keywords: Epilepsy, EEG, Robust Local Mean Decomposition, Empirical Mode Decomposition Method, Artificial neural networks
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1. Giris

Epilepsi, beyindeki kisa siireli ve beklenmedik elektriksel
bozulma ile karakterize edilen paroksimal rahatsizligi olarak
bilinen ve yaygin olarak goriinen bir noérolojik hastaliktir. Merkezi
sinir sisteminde (MSS) bir grup ndronun ani ve anormal
desarjlarla ortaya ¢ikan nobetler halinde gozlenir [1]. Manyetik
rezonans goriintiileme, Bilgisayarli tomografi, Pozitron emisyon
tomografisi, Magnetoensefalogram gibi yontemler epilepsi
teshisinde kullanilabilmektedir. Ancak bu yontemler, pahali
olmast ve x 1sm1 gerektirmesi gibi dez avantajlara sahiptir.
Girisimsel olmayan, beynin elektriksel aktivitesi hakkinda bilgi
veren EEG, giderek yaygin hale gelmekte olup, epilepsi tanisi ve
dolayisiyla tedavinin yonlendirilmesinde en sik kullanilan
yontemlerden biridir [2-4]. EEG sinyalleri, kafa derisi veya
intrakranyal (kafa i¢i) alana elektrotlar yerlestirilerek kayit alinan
dogrusal ve duragan olmayan zaman serileridir [5]. EEG
sinyalleri epileptik ndbetlerin saptanmasinda ve ayriminda 6nemli
bir rol oynamaktadir. Ancak ndbet o6ncesi EEG sinyallerinin
karakteri yalnizca epilepsi hastalarinda degil ayni zamanda
normal insanlarin EEG sinyallerinde de bulunabilmektedir [2],
[3]. Bu nedenle epilepsi nobeti dncesi epilepsi ndbetinin EEG
sinyalleri kullanarak tespiti zordur.

Uzman norologlar tarafindan uzun siireli EEG kayitlarinin
incelenmesi sonucu ndbet tespiti yapilmaktadir. Kayitlarin elde
edilmesi ve incelenmesi zaman alict olmasindan dolay: teshisin
gecikmesi  dezavantaj olusturmaktadir. Bu dezavantajlari
giderebilecek ve ayn1 zamanda EEG verilerinin dogru bir sekilde
smiflandirilmasini saglayacak otomatik nobet tespit sistemlerinin
gelistirilmesi gerekmektedir. Bu nedenle, uygun bir &znitelik
¢tkarma yoOntemini belirlemek ve etkili bir siniflandirici
olusturmak otomatik ndbet saptama yonteminin gelistirilmesi igin
¢ok 6nemlidir [5]. Epilepsi tespitine yonelik olarak EEG sinyalleri
literatiirde pek ¢ok yontemle analiz edilmistir. Zaman domeni,
frekans domeni, zaman-frekans domeni ve dogrusal, dogrusal
olmayan yontemlerle incelenmistir. Ayrik dalgacik donistimii
(ADD) [6] ve Stockwell donisiimi (SD) [7] ve Kisa Zamanli
Fourier dontigsiimii (KZFD) [8] gibi zaman-frekans domeni analiz
yontemleri, Tekil Spektrum Analizi (TSA) [9], AKA [10] gibi
zaman domeni analiz yontemleri ve Lyapunov istelleri, fraktal
boyut, gesitli entropi hesaplart gibi dogrusal olmayan yontemler
[11] kullanilmugtir. Ek olarak fraktal boyut (FD) [12] yaklagik
entropi [13], en biiylik Lyapunov iisteli [14], korelasyon boyutu
(CD) [14] ve Igsel Kip Fonksiyonlari (Intrinsic Mode Functions,
IMF) [12] gibi yontemler literatiirde epilepsi teshisine yonelik
EEG sinyallerinin analizi i¢in kullanilmistir.

Mutlu [15] epileptik ve normal EEG sinyallerinin
siniflandirilabilmesi i¢in bir Hilbert Titresim Ayrisim (Hilbert
Vibration Decomposition, HVD) yontemini Onermistir. Bu
caligmada, HVD yontemi ile EEG sinyallerinin anlik
frekanslarina gore IMF elde edilmistir. Alt band sinyallerinden
cikarilan 6zelliklerin farkli fonksiyonlar kullanilarak karar destek
makinesi siniflandirici ile siiflandirma islemi
gerceklestirilmigtir. Polychronaki ve ark. [16], EEG sinyalleri
kullanarak epileptik nobetlerin baglangicini tespit etmek iizere
farkl fraktal boyutlarin (Katz, Higuchi ve k-en yakin komsu (k-
NN) algoritmasi) hesabi1 ile smiflandirma performansim
arasgtirmistir. Parametre se¢imi agamasinda Caligmaya gore, k-NN
algoritmasi, EEG sinyalleri kullanarak epileptik nobetlerin
baslangicinin tespiti i¢in umut verici oldugu goriilmektedir.
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Bu calismada epilepsi ve saglikli bireylerden alinan farkli
durumlardaki EEG sinyalleri kullanilarak epilepsinin erken
tespitine yonelik 6zgiin bir yontem onerilmektedir. Hedeflenen bu
yontemde EEG sinyallerinden 6znitelik ¢ikarmak ve alt-bantlara
ayristirmak icin bu alanda literatiirde ilk defa kullanilan ¢ok
degiskenli sinyali temel bir fonksiyona ihtiya¢ duymadan ¢arpim
fonksiyonu kullanarak ayristiran RLMD teknigi kullanilmistir.
RLMD alt bant sinyallerinden ortalama deger, maksimum,
minimum, standart sapma, entropi, hjorth parametrelerine ait
Oznitelikleri ¢ikarilmistir. Elde edilen o6zellikler ve YSA ile
siiflandirma galigmalart yapilmistir.

Ayrica RLMD yonteminin performansini karsilastirmak igin
AKA yontemi ile EEG sinyalleri alt bantlara ayristirilmigtir ve
ozellik  ¢ikarma  smiflandirma  islemleri RLMD-YSA
yaklagiminda oldugu gibi benzer sekilde gergeklestirilmistir.
Gergeklestirilen bu ¢alisma ile epilepsinin erken tespitine yonelik
yiiksek smiflandirma performans: saglayan RLMD yo6ntemini
kullanan yenilikgil yaklagim ortaya konmustur.

2. Materyal ve Metot

2.1. Veri Seti

EEG sinyalleri Bonn veri tabanindan elde edilmistir [17].
Veri seti saglikli ve epilepsi hastasi olan toplam olarak 10
bireyden olusmaktadir. EEG sinyalleri 173.61 Hz frekans
degerinde Orneklenerek elde edilmis olup, kayit siiresi 23.6
saniyedir ve EEG sinyalleri 4097 6rnekten olugmaktadir. Bu veri
tabaninda 5 adet alt klasor bulunmaktadir. A, B, C, D ve E isimleri
verilen kayitlarin her biri 100 adet olmak iizere toplam 500 adet
kayittan olugmaktadir. A klasorii igerisinde gdzleri agik ve saglikl
olan bireylerden elde edilen EEG sinyalleri; B klasorii igerisinde
gozleri kapali ve saglikli olan bireylerden elde edilen EEG
sinyalleri; C klasoriinde epilepsi hastalarindan epilepsi ndbeti
gegirmeden Once epileptik olmayan bolgeden kaydedilen EEG
sinyalleri; D klasoriinde epilepsi hastalarindan epilepsi nobeti
gegirmeden Once epileptik bolgeden alinan EEG sinyalleri; E
klasoriinde ise epilepsi hastalarindan epilepsi nobeti sirasinda
kaydedilen EEG sinyalleri bulunmaktadir. EEG verileri, 0.45— 40
Hz frekanslar1 arasindaki frekans bilesenlerinin elde edilmesi
amaci ile bant gegiren filtre ile filtrelenmistir. Sekil-1’de 6rnek bir
EEG sinyali verilmistir.
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Sekil 1. Veri setine ait 6rnek bir EEG sinyali

2.1.1. Ampirik Kip Ayrisim Yontemi

Huang ve arkadaglar1 tarafindan gelistirilen AKA yontemi,
duragan olmayan sinyalleri analizi etmek igin Onerilmistir [18].
Bu yontem de temel olarak karmasiklik durumuna bagl olarak
sinyallerin ayn1 anda birden fazla farkli es zamana sahip salinim
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kiplerine sahip olabilecegi durumu varsayilmaktadir. Boylece
karmagik bir sinyali nispeten duragan alt seriler olan ve
modellenebilen IMF bilesenlerine ayristirilabilmektedir [19].
Burada, IMF karmagik sinyallerin yerel karakteristik dlgegine
dayanilarak c¢ikarilmaktadir. AKA'da bir fonksiyon asagidaki iki
kosulu sagliyorsa IMF olarak tanimlanmaktadir. Bu kosullar;

- Sinyalin tamaminda, ekstrem degerlerin toplami ve sifir
gegislerin toplami esit olmalidir,

- Yerel maksimum ve minimum seklinde tanimlanan zarfin
ortalamasi herhangi bir noktada sifir olmalidir [20].

Belirtilen bu iki kosul bir IMF'nin hemen hemen periyodik
bir fonksiyon olmasini ve ortalamanin sifira ayarlanmasim
saglamaktadir. AKA yontemi literatirde EEG ve EKG gibi
fizyolojik sinyalleri ayristirmak ve sinyallerden giiriiltiyl
gidermek i¢in kullamlmistir. Slimane ve ark. [19] EKG
sinyallerinden QRS kompleksini saptamak i¢cin AKA yontemini
kullanmustir. Bajaj ve ark. [20] EEG sinyallerine AKA yontemini
kullanarak epilepsi hastaliginin teshisi i¢in bir yontem onerirken,
Zhang ve ark. [21] EEG sinyallerinden giiriiltiiyli gidermek igin
AKA yontem tabanli bir algoritma gelistirmistir.

Bu c¢alismada ise EEG sinyalleri AKA yontemi kullanilarak
alt banda ayrilmigtir ve alt bant sinyallerinden elde edilen
ozellikler ile epilepsi tespiti gergeklestirilmistir.

2.1.2. Giirbiiz Yerel Ortalama Ayristirma

Yerel ortalama ayrisma (Local Mean Decomposition, LMD)
ilk olarak Smith [22] tarafindan sunulmustur. Dogrusal olmayan
ve duragan olmayan sinyal analizi i¢in kullanilabilen yeni bir
yinelemeli ayristirma yontemidir. LMD yontemini kullanarak,
karmasik EEG sinyalleri, frekans modiilasyonlu bir sinyale ve bir
zarf sinyaline demodiile edilebilir hale getirilmektedir. Bu iki
sinyalin ¢arpimi, fiziksel olarak Onemli olabilen c¢arpim
fonksiyonlaridir (product function, PF) [22]. AKA ile
karsilastirildiginda, LMD, kiibik spline ¢izgileri yerine sinyal
zarfim  hesaplamak i¢in diizlestirilmis araglar1 ve yerel
biiyiikliikleri kullanmaktadir [23]. Az miktarda hesaplama ve hizli
islem kabiliyeti sayesinde epiliepsi gibi norolojik hastaliklarda
LMD'yi ger¢ek zamanli noébet tahmini i¢in uygun hale
getirmektedir. LMD yonteminin gelistirilmesi sonucu ortaya
¢tkan RLMD yontemi ile orijinal sinyali daha az karmasik alt
sinyallere ayrigtirmak hedeflenmigtir [22]. RLMD, genlik
modiileli ve frekans modiileli sinyallerde ayrisim yapmak igin
uygulanmaktadir [24] ve islem adimlar1 asagida yer almaktadir.

1. X(t) sinyalindeki tiim maksimum ve minimum noktalar
iceren ekstreme degerleri esitlik 1 de goriildigi gibi belirlenir.

n”(kl), I:1,2, ...... ,M (1)

Ekstrem degerlerin ortalamas: esitlik 2 de gorildigi gibi
belirlenir (2):

‘)’Tl”(t’) = w k] = kl’ kz, k3, ""kM—llt S

[y kepgal 2

Yerel genlikler esitlik 3 te goriildigi gibi belirlenir.

a,(t) = n11(k1)—;111(k1+1) 3)
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2. ay(t) yerel genligi ve my(t) ortalama degeri kullanilarak
kayan ortalama (Moving Average, MA) yontemiyle @;; (t) my; (t)
degerleri esitlik 4 te verildigi gibi elde edilmektedir.

dhy () = x(t) — 5 (0), sy(t) = 2 4)

an(t)

Eger s, (t) sinyali [—1,1] araliginda bir ¢arpim sinyali degilse
yeni s;;(t) sinyalini elde etmek i¢in islemlere devam edilir. Bu
islem s;;(t) sinyalini bir ¢arpim sinyali olana kadar devam
ettirilir. Elde edilen s;;(t) sinyallerinin ani frekansi1 (Hilbert
frekansi) esitlik 5 te verildigi gibi elde edilir.

_ dea(®)
L = 2mdt

¢1(t) = arccos(sy (1)) ©)

Ani frekans genlikleri yerel genliklerin ¢arpimi ile elde edilir ve
asagida verilen esitlik 6 ile tanimlanmaktadir.

a;(t) = aj(®)ap(O)a () .....ay(t) = [1§=1 aq () (6)

11k carpim sinyali esitlik 7 de goriildiigii gibi elde edilir.
PFy(t) = a; (£)sin (8) )

3. 1lk carpim sinyalini (PF,(t)) x(t) sinyalinden gikarilarak
elde edilen u, (t) sinyali yeni orijinal sinyal olarak kabul edilir ve
yeni ¢arpim sinyalini elde etmek i¢in yukarida bahsedilen iglem
adimlar1 uygulanir. x(t) sinyali esitlik 8 de goriildiigii gibi carpim
sinyalleri ve artik sinyalin toplamindan olusmaktadir.

Chuy (t) = x(t) — PF,(t),
x(t) = Xp=1 PR (0) + wi (1) (8)

2.1.3. Ozellik Cikarma

Oznitelik ¢ikarimi bir sinyalin karakteristiginin en iyi sekilde
ortaya koyulmasi islemidir. Bu ¢aligmada 6znitelik ¢ikarimi igin
ortalama, maksimum ve minimum, standart sapma, entropi ve
hjorth parametreleri gibi  Oznitelik ¢ikarim  yOntemleri
kullanilmustir. Oz niteliklerin eldesi asagida yer alan Esitlik 9-16
da goriilmektedir.

n=1, 2, 3, ..., N olmak {izere;
- Ortalama:
X
Xmean = ZIN=1 % (9)
- Maksimum:
Xmax = Max (x(n)) (10)
- Minimum:
Xmin = Min (x(n)) (11)
- Standart Sapma:
1
Kt = SN G@) = o) (12)
Entropi:
Xentropy = — iN:1 x? (n) log x? (n) (13)

Hjort Parametreleri:
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Hjorth parametreleri bir sinyalin ortalama degeri ve tiirevi ile
iligkili olarak elde edilen etkinlik, hareketlilik ve karmasiklik
parametrelerinden olusan bir betimleyicilerdir. Bu parametreler
1970 yilinda Hjorth tarafindan EEG sinyallerinin analizi igin
onerilmistir. Etkinlik degeri isaretin varyansina esit olmaktadir ve
zaman uzayinda N drnekten olusan bir X igaretinin etkinlik degeri
esitlik 14 kullanilarak hesaplanmaktadir.

5 N xi-Xn)?

AXi) = 0,7 2=

(14)

Burada X, X isaretinin ortalamasim1 gostermektedir.
Hareketlilik parametresi, isaretin ortalama frekansinin bir
oOlciitiidiir ve esitlik 15 kullanilarak hesaplanmaktadir.

M(XL)ZEZTXD (15)

Burada X, isaretin birinci dereceden tiirevine karsilik
gelmektedir. Karmagiklik parametresi ise isaretin siniis
isaretinden sapmasinin bir 6lgiisii olup, esitlik 16 kullanilarak
elde edilmektedir.

9%
/o4,

o
X
L/UXL'

C(Xi) = (16)
X, isaretin ikinci dereceden tiirevini ifade etmektedir [25],
[26].

2.1.4. Yapay Sinir Aglar1

Yapay sinir aglar1 (YSA), biyolojik sinir sistemlerinin bilgi
isleme yontemlerini Ornekleyen matematiksel modellerdir.
Birbirine bagli olarak g¢alisan ndronlardan olusan YSA,
mimarisiyle veri simiflandirmasi gibi uygulamalar igin
kullanilmaktadir [27]. Bir yapay sinir agi girdi katmani, ara
katmanlar ve ¢iktt katmani olmak {izere temel olarak ii¢
katmandan olusmaktadir. Girdi katmani araciligiyla aga
uygulanan bilgiler, ara katmanlarda agin agirhk degerleri
kullanilarak ¢ikt1 fonksiyonuna doniistiiriiliir ve ¢ikti katmanina
gonderilir. Agin istenilen c¢iktilar1 {iretebilmesi i¢in agirlik
degerlerinin uygun bir sekilde giincellenmesi gerekmektedir.
Baslangicta agirlik degerleri rastgele atanir, sonra her bir drnek
aga girdi olarak uygulanarak agin o6grenme kuralina gore
agirliklar degistirilir. Bu islem agin egitilmesi olarak adlandirilir.

Agirliklarin giincellemesi ile dogru ¢iktilar iretilince test
setindeki 6rnekler aga gosterilir. Ag test setindeki 6rneklere dogru
cevaplar verirse egitilmis olarak kabul edilmektedir [28].

Gergeklestirilen ¢alismada, bir ara katmandan olusan YSA
mimarisi gelistirilmistir. Ara katman noron sayisi 1’den 10’a
kadar artiralarak en iyi siniflandirma performansini elde edildigi
ara katman ndron sayisi belirlenmistir. Gizli katmanlar igin
tanjnat sigmoidal aktivasyon fonksiyonu kullanilirken ¢ikti
katmaninda ise lineer aktivasyon fonksiyonu kullanilmistir.
Optimizasyon algoritmast olarak Levenberg-Marquardt geri
yayilimli optimizasyon algoritmas: kullanilmistir. Agin egitimi

icin iterasyon sayist 100; 6grenme orani ise 0.001 olarak
ayarlanmistir. Egitimde asamasinda 5 katmanli ¢apraz dogrulama
ile yapilmistir. Capraz dogrulamada veri 5 esit pargaya boliinerek
her dongiide bu 5 esit parganin 1 tanesi test igin geri kalanlarini
ise agin egitimi kullanilmaktadir.

Bu calismada siniflandirici performanslarinin
degerlendirilmesi amaciyla karmasiklik matrisi (Sekil 2)
kullanilarak dogruluk, duyarlilik, 6zgilliik, kesinlik ve f1 skoru
parametreleri esitlik 17-21 den de goriildiigii gibi hesaplanmistir.
Karmagiklik matrisinde bulunan DN; Dogru Negatif, DP; Dogru
Pozitif, YP; Yanlis Pozitif, YN; Yanlis Negatif degerini temsil
etmektedir. Gergek siniflara karsilik dogru veya yanlis
tahminlerin sayisal olarak ifade edilmesi amaciyla karmagiklik
matrisi kullanilmaktadir.

B o DP YN
,g
° o YP DN
A2 E2
L—Y—)
Tahmin Degerleri
ekil 2. Karmasiklik matrisi
S $
Dogruluk = ——+2F __ (17)
DP+DN+YP+YN
_ DP
Duyarlilik = DPIDN (18)
B DN
Ozgulluk = m (19)
Kesinlik = ——— (20)
DP+YP
F1 skoru =2 x Kesinlik x Duyarhlik (21)

Kesinlik + Duyarlilik

3. Arastirma Sonuclar ve Tartisma
3.1. Bulgular

Bu ¢aligmada EEG sinyallerine 6n islem gergeklestirilmeden
yontem kisminda belirtilen Oznitelikler (7 adet; ortalama,
maksimum ve minimum, standart sapma, entropi ve hjorth
parametreleri) ile A-E, B-E, C-E ve D-E gruplari YSA
kullanilarak siniflandirilmigtir.  Siniflandirma  sonucunda elde
edilen performans parametrelerine ait sonuglar Tablo 1’ de
goriilmektedir.

Tablo 1. A-E, B-E, C-E ve D-E gruplarina ait YSA kullanilarak siniflandirilmasi ile olusan degerler

A-E B-E C-E D-E
Dogruluk (%) 99.50 (£1.12) 99.50 (£1.12) 97.50 (+3.54) 93.50 (£5.48)
Duyarhlik (%) 99.09 (+2.03) 99.05 (+2.13) 96.52 (+4.86) 92.45 (£5.10)
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Ozgiilliik (%) 100 100 99.00 (+2.24) 95.45 (+7.88)
Kesinlik (%) 100 100 98.95 (+2.36) 94.89 (£8.66)
F1 Skoru (%) 99.53 (£1.04) 99.51 (£1.10) 97.69 (£3.44) 93.50 (£5.81)

Ayrica RLMD yontemi kullanilarak EEG sinyalleri alt bantlara
ayristirilmistir ve alt bant sinyallerinden 6znitelikler c¢ikarilarak
siiflandirma  ¢aligmasi  yapilmistir. RLMD-YSA Modeli

kullanilarak elde

dilen smiflandirma

sonuglarini

gosteren

parametrelerine ait sonuglar Tablo 2’ de yer almaktadir.

Tablo 2. A-E, B-E, C-E ve D-E gruplarina ait RLMD-YSA modeli kullanilarak siniflandirilmasi ile olusan degerler

A-E B-E C-E D-E
Dogruluk (%) 99.46 (£1.21) 97.90 (+2.21) 97.74 (£3.72) 92.50 (+4.30)
Duyarhlik (%) 98.18 (+4.07) 97.40 (+3.90) 97.27 (£6.10) 95.52 (+4.53)
Ozgiilliik (%) 100 99.09 (£2.03) 98.89 (+2.49) 90.74 (+7.35)
Kesinlik (%) 100 98.82 (£2.63) 99.00 (£2.24) 9234 (£5.01)

F1 Skoru (%)

99.05 (£2.13)

98.04 (£1.98)

98.02 (£3.19)

92.76 (£3.01)

Epilepsinin EEG sinyalleri ile smiflandirilmast ve
performansinin degerlendirilmesi amaciyla AKA ydntemi de
kullanilmistir. EEG sinyalleri AKA yontemi ile alt banda

ayristirilan sinyallerinden 6znitelikler ¢ikarilmistir. AKA-YSA
Modeli kullanilarak elde edilen siniflandirma sonuglarini gésteren
parametrelerine ait sonuglar Tablo 3’ de yer verilmistir.

Tablo 3. A-E, B-E, C-E ve D-E gruplarina ait AKA-YSA modeli kullanilarak siniflandirilmasi ile olusan degerler

A-E B-E C-E D-E
Dogruluk (%) 99.50 (£1.12) 98.00 (£1.12) 97.00 (£3.26) 90.50 (£2.74)
Duyarhlik (%) 98.75 (£2.79) 97.13 (£2.64) 98.10 (2.64) 93.36 (£7.34)
Ozgiilliik (%) 100 99.26 (£1.66) 98.04 (+2.68) 89.14 (£5.76)
Kesinlik (%) 100 98.57 (£3.20) 97.99 (+2.76) 87.63 (£9.35)
F1 Skoru (%) 99.35 (£1.44) 97.78 (£1.36) 96.92 (+3.37) 89.86 (£4.09)

4. Sonuclar ve Tartisma

Epilepsi verilerine ait EEG sinyalleri ile ilgili literatiirde pek
¢ok analiz yontemi mevcuttur. Bu ¢alismada epilepsi bireylerden
elde edilen EEG sinyallerini YSA, RLMD-YSA ve AKA-YSA
yontemleri ile A-E, B-E, C-E ve D-E gruplart arasinda
simiflandirilarak, 6nerilen yontemlerin performanslari analizi elde
edilmigtir.

A-E grubuna ait arasindaki siniflandirma sonuglarina
bakildiginda YSA kullanilarak elde edilen smiflandirma
sonucunun 6zgiinliik ve kesinlik degerleri YSA, RLMD-YSA ve
AKA-YSA smiflandirma yontemlerinde %100 olarak elde
edilmistir. Diger metrikler bakildiginda, YSA ve AKA-YSA
modellerinde siniflandirict dogruluk degeri %99.50 iken RLMD-
YSA %99.46 dogrulugu elde edilmistir.

B-E grubu incelendiginde YSA ile siniflandirmasi sonucu
ozgiillik ve kesinlik degerleri %100 elde edilirken dogruluk,
duyarlilik ve F1 skor degerleri bu model de yiiksek performans
sergilemistir.

D-E grubunda; 6zgiilliikk, kesinlik ve F1 skoru AKA-YSA
modeli kullanilarak siniflandirilmas: ile olusan degerler diger
siniflandirma yontemlerine gore diislik performans sergilemistir.
Bu gruba ait dogruluk sonuglart (D; epilepsi hastalarindan
epilepsi nobeti gecirmeden Once epileptik bolgeden alinan, E;
epilepsi hastalarindan epilepsi atag1r sirasinda kaydedilen
sinyaller) YSA ile smiflandirildiginda %93.50 ulasirken;
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Ozgiillik hari¢ diger metriklerde de yiiksek sonuglar elde
edilmigtir.

Yapilan bu calismada epilepsinin EEG sinyallerinden
tespitine yonelik YSA, RLMD-YSA, AKA-YSA yoéntemlerinin
performansi analiz edilmistir.

Gelecek g¢aligmalarda 6nerilen bu yontemlerin farkli EEG
veri setlerine uygulanmasi, ayrica gesitli hastaliklarin tespitinde
literatiirde yeni kullanilmaya baslanillan RLMD yo6nteminin
uygulanmasi planlanmaktadir.
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Oz

Miyokart enfarktiisii (kalp krizi) ¢ok kisa siirede miidahale edilmesi gereken hayati bir hastaliktir. Hastaya ait elektrokardiyografi
(EKGQ) verilerinin analizi teshiste dnemli bir yer tutmaktadir. Bu nedenle bu hastaligin daha hizli ve dogru olarak belirlenebilmesi i¢in
son yillarda bilgisayar destekli karar destek sistemlerden faydalanilmaktadir. Bu ¢alismada miyokart enfarktiisii tanist almig 61
hastadan ve 52 saglikli bireyden elde edilen EKG sinyalleri ve Evrigimsel sinir aglari (ESA) kullanilarak miyokart enfarktiisiine
yonelik siniflandirma modeli ortaya konmustur. EKG sinyallerine sonlu diirtii yanith (FIR) siizgeg, sonsuz diirtii yanit1 (IIR) siizge¢ ve
¢ok oOlgekli temel bilesen analizi uygulanarak ti¢ farkli siizgeg ile 6n islemeden gegirilmistir. Sinyaller daha sonra gelistirilen ESA
modeli yardimiyla simniflandirilmstir. Elde edilen sonuglara gore ¢ok olgekli temel bilesen analizi kullanilarak 6n islemeden gegirilen
sinyaller kullanilarak %92.3 dogruluk orantyla smiflandirma basarisi elde edilmistir ve FIR, IIR siizge¢ yardimiyla 6n isleme yapilan
sinyallerin siniflandirilmasina gére daha basarili siniflandirma performansinin elde edildigi goriilmiistiir.

Anahtar Kelimeler: Biyomedikal Sinyal Isleme, Evrisimsel Sinir Aglari, Cok Olcekli Temel Bilesen Analizi, EKG, Miyokart
Enfarktiisii

Detection of Myocardial Infarction from Electrocardiography Signals
with Multiscale Principal Component Analysis and Convolutional
Neural Networks

Abstract

Myocardial Infarction is a vital disease that needs to be intervened in a very short time. The analysis of the patient's
electrocardiography (ECG) data has an important place in the diagnosis. For this reason, computer aided decision support systems
have been used in recent years in order to determine this disease more quickly and accurately. In this study, classification was made
using convolutional neural network algorithms on the ECG signals obtained from 61 patients diagnosed with myocardial infarction
and 52 healthy individuals. ECG signals are preprocessed with three different filters by applying finite impulse response (FIR) filter,
infinite impulse response (IIR) filter and multiscale principal component analysis. According to the results obtained, classification
success was achieved with 92.3% accuracy by using the preprocessed signals using multi-scale principal component analysis, and it
was seen that more successful classification performance was obtained compared to the classification of the preprocessed signals with
the help of FIR, IIR filter.

Keywords: Biomedical Signal Analysis, Convolutional Neural Networks, Multislice Principal Companent Analysis, ECG,
Myocardial Infarction.
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1. Giris

Miyokart enfarktiisiit (kalp krizi), uzun siireli iskemi
sonucunda kalpte meydana gelen miyokart hasarina
denilmektedir. Diinya niifusunda her yil yaklagik 17,3 milyon
kisi kalp-damar hastaliklar1 sebebiyle yasamini yitirmektedir [1].
EKG deri iizerinden elektrotlar araciligi ile 6lglim yapilan kalbin
elektriksel  aktivitesini  yansitan  sinyallerdir. =~ Miyokart
enfarktiisinii EKG sinyali ile teshis edebilmek miimkiindiir,
fakat bu sinyallerin genligi kiigiik, siiresi kisa oldugundan hizli
ve dogru bir sekilde yorumlamak zordur [2].

Miyokart enfarktiisii EKG sinyallerinden PR segmentinde,
QRS kompleksinde, ST segmentinde veya T dalgalarinda ortaya
¢ikan anormalliklerle belirlenmektedir [3]. Miyokart iskemisinin
en erken belirtileri tipik T dalgalar1 ve ST segmentindeki

yiikselme-¢okme  gibi  degisiklikleridir [4]. Normal
bireylerin EKG sinyallerinde ST segmentinde 1 mm yiikselme-
¢okme normal karsilanmaktadir [S5]. Miyokard enfarktiisiiniin
erken teshis edilmesiyle birlikte kalp-damar kaynakli 6lim
oranin azalmasi yoniinde 6énemli etkisi olacaktir.

Gilinlimiizde, EKG sinyallerini hizli ve giivenilir bir sekilde
yorumlamak i¢in bilgisayar destekli tani cihazi kullanilmasina
yonelik calismalar hizla artmaktadir. Shane Loaeffler ve
arkadaslar1 EKG sinyallerinden miyokart enfarktiisiinii otomatik
olarak teshis etmek i¢in Evrisimsel Sinir Aglart (ESA) ile
stokastik ve reaksiyon-difiizyon modeli kullanarak miyokard
infarktiisiiniin tanisinin yapilmasini Onermistir [3]. Fakat bu
yaklagimin matematiksel modeli oldukg¢a karmasik, uygulamasi
ise zorludur. Xinwen Liu ve arkadaslarinin yaptig1 genel literatiir

smiflandirma performansina etkisi analiz edilmistir. Calismanin
akis semast Sekil 1 de goriilmektedir.

BOZUK VERILERIN YERILEGN UK OLVERD
ELIMINE EDILMESI . DEN MELDILES
ORNEKLENMESI ANALIZI

12 Kanal
EKG verileri -
BN
OLUSTURULMASI ENFARKTUSU/SAGLIKLI

Sekil 1. Genel Akis Algoritmasi

2. Materyal ve Metot
2.1. EKG Verilerinin Eldesi

Bu c¢alismada, miyokart enfarktiisiinii siniflandirmak igin
kullanilan 12 derivasyonlu EKG sinyalleri, Mendeley Database
adli platformda, Gazi Universitesi Kardiyoloji anabilim dalina
miiracaat etmis, 74 adet koroner arter hastalarinin %70’inde
ciddi damar tikaniklig1 ve g6giis agrisi igeren hastalardan elde
edilmistir [10]. Bu halka agik veri setinde 12 kanalli EKG cihaz
olan microCOR programi kullanilmistir. EKG kayaitlari, 24-bit
ornekleme ¢oziiniirliigi ve 0.1 pV genlik ¢oziiniirligi ile 8800
Hz de o6rneklenerek sayisal formata ¢evrilmistir. Elde edilen veri
kiimesi ham sinyaller olarak herhangi bir filtreleme islemine tabi
tutulmamistir. Her bireyin EKG verileri tek tek incelenerek ileri
derecede faz kaymasi olan ve sinyalde biiyilk bozulmalar olan
veriler elimine edilerek 61 adet hasta bireylerin veri kiimesi
olusturulmustur [10]. Smiflandirmada kullanilacak saglikli
bireylere ait 12 derivasyonlu EKG verileri ise PhysioNet adli
platformdan elde edilmistir. PTB Diagnostic ECG Database adli
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caligmalarinin 6zetinde gosterildigi gibi evrisimsel sinir aglar ile
yapilan c¢aligmalarin  son zamanlarda oldukga arttig:
goriilmektedir. Ancak yapilan c¢aligmalar c¢ogunlukla atriyal
fibrilasyon (aritmi) Tizerine farkli uygulama tekniklerinin
kullanimu ile gergeklestirildigi goriilmektedir [4]. Ramesh ve
arkadaslari, EKG aritmisinin tespiti i¢in her kalp atigindan ii¢
adet Ozellik ¢ikarimi yapilmistir. Bu ozellikler Ciftli Agag
Kompleks Dalgacik Doniisiimii ile morfolojik islemlerin
uygulanmas1 sonucu elde edilmistir. Ozellik ¢ikarimi ile
Evrisimsel Sinir Aglarina uygulanan veriler ile %98 dogruluk
elde etmistir [6]. Wang ve arkadaslar1 R-R araliklarindan ve R
genliklerinden 6znitelikleri ¢ikarmak i¢in farkli bir ESA modeli
geligtirmistir. Bu model iki adet evrisim katmani ve her evrisim
katmaninin  ardindan ~ maksimum  havuzlama  katmani
icermektedir. Siniflandirici olarak LeNet-5 teknigini kullanmigtir
ve calismanin sonucunda %87.6 dogruluk elde edilmistir [7].
Adaboost metodu kullanilan baska bir ¢alismada sinyallerin Q-
Faktorlii Dalgacik doniigsiimiinden elde edilen &zellikleri
sunmuglardir.  Siniflandirma  dogrulugu ise %87.33 olarak
belirlenmistir [8]. Zarei ve arkadaslar1 ise smiflandirma igin
SVM metodunu kullanmistir. Dalgacik doniistimii ile EKG

sinyallerinden entropi tabanli &zellikleri elde edilerek
smiflandirma  galismas1  gergeklestirilmistir. ~ Siniflandirma
dogrulugu ise %92.98 olarak belirlenmistir [9]. Yapilan

caligmalarda kullanilan veri seti kiimesi genelde ayni olmakla
birlikte aritmi smiflandirmasi {izerine yogunlagmisti. Bu
calismada miyokard infarktiisii tanis1 konmus hastalara ait veri
seti [10] ile tarafimizca gelistirilen Evrisimsel Sinir Ag1 modeli
ile miyokart enfarktiisii siniflandirilmistir. Verilerin 6n islenmesi
asamasinda FIR, IIR siizgecleri ve Cok Olgekli Temel Bilesen
Analizi (MPCA) metodu kullanilarak bu 6n islemlerin s1

veri kiimesi 2000 yilinda Department of Cardiology of
University Clinic Benjamin Franklin in Berlin hastanesinde
kaydedilmistir. Bu veriler PhysioBank iizerinden elde edilmistir.
12 kanal olup 52 adet saglikli veri vardir ve verilerin 6rnekleme
frekans1 10000 Hz’dir [11].

2.2. Sinyal Onisleme

Bu ¢aligmada iki farkli halka agik veri setinden elde edilen
EKG sinyallerinden saglikli bireylere ait olanlar 10000 Hz
ornekleme frekansi ile o6rneklemisken Miyokard Infarktiisii
gecirmis bireylere ait olanlar ise 8800 Hz 6rnekleme frekansi ile
orneklenmigtir. Farkli 6rnekleme frekanslar1 ile orneklenerek
elde edilen EKG sinyalleri, 6rnekleme frekans1 5000 Hz. olacak
sekilde saglikli bireylerin sinyallerini Sekil 2 de goriildiigi gibi
Y oraninda, hasta bireylerin sinyalleri ise 5/8.8 oraninda yeniden
orneklenmistir. Sekil 2 de saglikli bireye ait 6rnek bir EKG
sinyali goriilmektedir.

Ham Veri
5000

1/2 Oraninda Yeniden Orneklenmis Veri

ol | | | |
-5000 \“/ e g A . SN / Sy A
| | | |

-10000 * "
0 500 1000 1500

Sekil 2. EKG sinyalinin yeniden drneklenmesi
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Telefon, radyo, radar, uydu, isaret isleme, medikal sistemler
gibi hemen hemen her alanda kullanilan siizgegler genellikle
elektronik devrelerde, giiriiltiiyii ve istenmeyen isaretleri
stizmek, belirli frekanslar1 birbirinden ayirmak, Ornekleme
isleminden once sinyalleri sinirlamak gibi cesitli amaclarla
kullanilmaktadir [14].

Sonlu diirtii yanit1 (FIR) ve sonsuz dirti yaniti (IIR)
stizgecleri dijital sinyal islemede kullanilan baglica siizgeglerdir.
FIR siizgegcler lineer fazli frekans yanitina sahiptir ve sabit grup
gecikmesi saglarlar. IIR siizgecler ise FIR siizgeclere gore daha
verimlidir ¢iinkii daha az geciktirici eleman, toplayict ve
¢ogalticiya ihtiyag duymaktadir. FIR siizgec ile filtrelenmis
ornek bir EKG sinyali Sekil 3 de gosterilmektedir. IIR siizgecin
FIR siizgece gore avantaji grup gecikmesinin olmamasi ve
gecirme bandmin daha dar bir frekans sahasinda yer almasidir.
IIR siizgec ile filtrelenmis 6rnek bir EKG sinyali Sekil 4 te
gosterilmektedir.

Orneklenmis Ham Sinyal
ot ‘ | ‘ 4
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| ‘ | |
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Sekil 3. FIR ile filtrelenmis sinyal

Omeklenmis Ham Sinyal
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Sekil 4. TIR ile filtrelenmis sinyal

2.3. Cok Olcekli Temel Bilesen Analizi

Temel bilesen analizi (PCA), degisken kombinasyonlari
ireterck bu kombinasyonlara ait Onemli veri g¢esitlerinin
yonlerini belirlemeye yarayan istatistiksel bir yontemdir [15].
PCA ozellik ¢ikarma ve boyut kiicliltme konusunda yiiksek
performansa sahiptir. Veri seti gdzlem ve degisken sayisi ile bir
matris lizerinde tanimlanir ve matris birim varyans ve sifir
ortalamalarla standartlagtirilir, tek degerli ayristirma ile yeni bir
matrise yorumlanir [15]. Bu yontem Bakshi tarafindan dalgacik
analizi yontemiyle birlestirilmis, her dalgacik 6lgeginde PCA
modellerini belirleyen ¢ok o&lgekli temel bilesen analizi
(Multiscale Principal Componenet Analysis, MSPCA) ydntemi
ortaya ¢ikmistir [16]. Bu c¢aligmada 12 derivasyonlu EKG
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sinyallerine ¢ok 6lgekli temel bilesen analizi uygulanarak EKG
sinyallerinin giiriiltiisii elimine edilmistir.

EKG sinyallerinin ¢ok 6lgekli temel bilesen analizi sahte kodu
asagida yer almaktadir [17]:

« for Her EKG matrisi satir1 igin
o dalgacik ayrisimi1 hesapla
* end
* for Her 6l¢ek icin
o segilen dlcekte dalgacik kovaryans matrisini hesapla

o PCA yiklerini ve katsayilarini hesapla

0 uygun sayida yiikleme se¢

o uygun esikten daha  biiyiik katsayilari seg¢

+ end
» for tiim 6lgekleri birlikte

o oOnemli verilere sahip Olgekleri dahil ederek PCA
hesapla

o her dlcekte segilen esiklenmis degerlerden yaklasik veri
matrisini tekrar olustur

e end

2.4. Evrisimsel Sinir Aglar

ESA derin 6grenmenin alt grubu olarak incelenen c¢ok
katmanli yapiya sahip makine Ogrenmesidir. Biiyiik o6l¢ekli
verilerden oOzellik ¢ikarmakta kullanilir [18]. Biyolojik
stireclerden esinlenilmis, ozellik ¢ikarma ve simiflandirmay1
birlestirerek, dogrudan  gdriintiiniin  piksellerinden  veya
sinyallerden kaliplar1 tanimak iizere tasarlanmis ileri beslemeli
yapay sinir aglaridir [19]. Yapay sinir aglarinda bulunmayan
evrisim katmani filtreler ile goriintiiyii sag-sol, yukari-agagi
olacak sekilde tarayarak 6zellik haritasinin elde edilmesini saglar
[20]. Son yillarda ESA mimarisi gorinti siniflama, nesne
tanima, tespit etme yontemleri olarak bilgisayar uygulamalarinda
ve saglik alninda yiiksek smiflama dogruluk oranlari ile
kullanilmaktadir [21]. ESA; evrisim (konvoliisyon) katmant,
havuzlama katmani, aktivasyon (Re-Lu) katmani, tam bagh
katman ve siniflandirma katmanlarindan olugsmaktadir.

Evrisim (Konvoliisyon) Katmani: Derin sinir aginin temelini
olusturur. Kiigiik boyutlu (2x2, 3x3, 5x5) siizgeglerin
goriintiiniin tamaminda gezdirilerek 6zellik ¢ikarilmasini, yeni
goriintii elde edilmesini saglayan katmandir [21].

Havuzlama Katmani: Bu katmanda goriintideki piksellerin
maksimum, ortalama, minimum degerleri hesaplanarak boyut
azaltma islemi yapilmaktadir. En Onemli dezavantaji, islem
esnasinda bilgi kaybina, performansin diigmesine neden
olabilmesi ve en Onemli avantaji ise modelin ezberlemeyi
Onlemesi, hesaplama yiikiinii azaltmasidir [21].

Aktivasyon Katmani: Re-Lu derin sinir aglarinda siklikla

kullanilan, giristeki negatif degerleri sifira g¢ekerek agin hizh
O0grenmesini saglayan katmandir [21].
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Sekil 5. Evrisimsel Sinir Aglar1 Katmanlari

Tam Bagli Katman: Kendisinden sonra gelen katmanin tiim
ndronlarma baglt ve tek boyutlu bir matristir. Siuf skorlari
optimize edilir ve derin 6grenme mimarisine gore de katman
sayisi degisiklik gosterebilmektedir [21].

Siniflandirma Katmana: Smiflandirma isleminin
gerceklestigi son katmandir. Bu katmanda siklikla softmax
smiflandiricist kullanilmaktadir. Bu siniflandirict her bir siuf
icin ayr1 ayrt 0-1 arasinda olasiliksal degerler liretmektedir ve
sonug olarak en yiiksek olasiliklt modelin tahmin edildigi siif
belirlenmektedir [21]. Bu c¢aligmada miyokart enfarktiisiiniin
belirlenmesine yonelik farkli katmanlardan olusan ESA mimarisi
denenmistir ve siiflandirma performansinin en iyi elde edildigi
Sekil 5 te goriilen ESA mimarisi gelistirilmistir.

Model egitimi sirasinda 6grenme algoritmasi olarak Adam
algoritmast kullanilmis olup, dongii sayist 150, Mini Batch

boyutu 64 olarak ve Ogrenme orani degeri 0.001 olarak
belirlenmistir.

3. Arastirma Sonuclar1 ve Tartisma

Bu caligmada, miyokart enfarktiisiinii belirlemeye yonelik bir
ESA modeli gelistirilmistir. Ayrica EKG sinyalleri lizerinde yer

Tablo 1 - Egitim Bagar1 Parametreleri

alan istenmeyen giiriiltiilerin eliminasyonu i¢in farkl: siizgeclerin
simiflandirma  basarisina  etkisi analiz  edilmistir. EKG
sinyallerinin filtrelenmesi asamasinda FIR, IR siizgegler ve Cok
Olgekli Temel Bilesen Analizi ydntemlerini kullanilmistir.
Siniflandirma performansinin belirlenmesi asamasinda 10-fold
capraz dogrulama yontemi kullanilmisgtir. 12 derivasyonlu EKG
sinyallerine ilk olarak, kesim frekansi 0.13 olan algak gegiren bir
FIR siizgec¢ uygulanmigtir. FIR siizgec ile filtrelenmis sinyallerin
gelistirilen ESA modeli ile siniflandirilmast sonucunda Tablo 1
den de goriildiigii gibi dogruluk oran1 %75.3, F1 skoru ise 0.79
olan smiflandirma performans: elde edilmistir. ikinci olarak
kesim frekans1 0.13 olan bir algak gegiren IIR siizge¢ 12

derivasyonlu EKG sinyallerine uygulanmustir. IIR siizgec ile
filtrelenmis EKG sinyallerinin ESA modeli ile siniflandiriimasi
sonucunda Tablo 1 den de goriildiigii gibi dogruluk oran1 %89.4,
F1 skoru ise 0.88 olan siniflandirma performansi elde edilmistir.
Bu sonuglara gore IIR siizge¢ kullanilan modelin FIR siizgeg
kullanilan modele nazaran daha basarili bir smiflandirma
performansi ortaya koydugu goriilmiistiir. Son olarak da EKG
sinyallerine ¢ok 6lgekli temel bilesen analizi uygulanarak EKG
sinyallerindeki ortak giiriiltii giderilmistir. Bu sinyallere ESA
modelinin uygulanmas: sonucunda Tablo 1 den de goriildiigii
gibi dogruluk  oram1 %92.3, F1 skoru ise 0.93 olan
smiflandirma performansi elde edilmistir.

Dogruluk Degeri
1.fold | 2.fold | 3.fold | 4.fold | 5.fold | 6.fold | 7.fold | 8.fold | 9.fold | 10.fold Ortalama
MSPCA | 88.24 | 91.18 | 97.06 | 85.30 | 79.41 | 91.67 | 97.06 | 100 93.94 100 92.33
IR 75 81.82 | 81.82 | 81.82 100 | 90.91 | 100 | 91.67 | 90.91 100 89.40
FIR 36.36 | 81.82 | 45.46 | 54.55 | 81.82 | 91.67 | 81.82 | 91.67 | 72.73 91.67 72.96
Ozgiinliik Degeri
1.fold | 2.fold | 3.fold | 4.fold | 5.fold | 6.fold | 7.fold | 8.fold | 9.fold | 10.fold Ortalama
MSPCA 1 0.8 1 0.92 1 1 1 1 0.94 1 0.97
IR 1 1 0.86 1 1 0.8 1 1 1 1 0.97
FIR 0 1 0 0 1 0.8 1 0.86 1 0.83 0.65
F1 Skoru
1.fold | 2.fold | 3.fold | 4.fold | 5.fold | 6.fold | 7.fold | 8.fold | 9.fold | 10.fold Ortalama
MSPCA 0.89 0.92 0.96 0.88 0.81 0.90 0.97 1 0.93 1 0.93
IIR 0.80 0.80 0.75 0.80 1 0.92 1 0.86 0.89 1 0.88
FIR 0.53 0.86 0.63 0.71 0.83 0.93 0.80 0.91 0.73 0.92 0.79
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4. Sonuglar

Miyokart enfarktiisii; hekimler tarafindan bireylerin EKG
veya kan tahliline bakilarak teshis edilebilmektedir. Acil ve anlik
karar verilmesi gereken durumlarda uzman bilgisi gerekmekte ve
EKG sinyallerinin dogru bir sekilde degerlendirilmesinde zorluk
¢ekebilmektedirler. Bu ¢alismada 12 derivasyonlu EKG
sinyallerinden miyokart enfarktiisiinlin tespiti iizerine bir ESA
modeli gelistirilmistir. Literatiirde Evrisimsel Sinir Aglar1
cogunlukla saglik alanlarinda ve sinyalleri goriintii olarak ele
alarak simiflandirma yapilmistir. Onerilen ydntemde ise ESA
mimarisine EKG verileri 1 boyutlu sinyal olarak uygulanmigtir.
FIR, IIR siizgegler ve ¢ok olgekli temel bilesen analizi ile 6n
isleme yapilarak elde edilen EKG sinyalleri evrisimsel sinir ag
modelinde girdi olarak uygulanmistir. Tasarlanan ESA modeli ile
yapilan smiflandirma ¢aligmasinda en yiiksek dogruluk oraninin
¢ok oOlcekli temel bilesen analizi ile 6n islenmis sinyallerin
kullanilmasi sonucunda elde edildigi goriilmiistiir. Bu ¢alismada
12 derivasyonlu EKG sinyallerinin ¢ok o6lgekli temel bilesen
analizi ve ESA modeli ile Dbasarili bir sekilde
simiflandirilabilinecegi ortaya konmustur.
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Oz

Borsada islem goren hisse senetlerinin fiyatlamasinda, farkli tipte ve ¢ok miktarda kuvvet etkendir. Bu kuvvetler arasindaki
etkilesimlerin karmasik olmasi sebebiyle fiyat hareketlerinin 6nceden tam dogrulukla tahmin edilmesi olduk¢a zordur. Ancak istatistik
teorilerinden dogan ve ancak giinlimiiz bilgisayarlari ile uygulanmast miimkiin olan karmagik derin 6grenme teknikleri ile bu degerlerin
kisa dénem tahminleri miimkiindiir. Sunulan ¢alismada Borsa Istanbul icerisinde islem gérmekte olan ISCTR hisse senedinin uzun
donem verilerine bakilarak giinlilk deger tahmini yapilmistir. Ayrica ilgili hissenin verilerine ek olarak, tahmin kabiliyetini artirmak
amactyla VAKBN, GARAN, QNBFB ve AKBNK hisse senetlerinin ve USD/TRY, BIST30, BANKX endekslerinin tarihsel verileri de
kullanilmistir. Sunulan galismada ¢ok degiskenli yapida uzun kisa-dénem hafiza (Long Short-Term Memory, LSTM) algoritmasi Adam
ve RMSProp optimize edicileri ile kullanilmis ve performans: gézlemlenmistir.

Anahtar Kelimeler: Derin Ogrenme, Borsa, Uzun Kisa-Dénem Hafiza, LSTM, Kapili Tekrarlayan Hiicre, GRU.

Predicting Of Stock Market Using Deep Learning Techniques

Abstract

Stock market share values are affected by different and many forces. It is difficult to exactly predict share values in advance due to the
fack that the interactions among these forces are complex. However, short-term estimations of these values are possible with complex
deep learning techniques that arise from statistical theories and can be realized with today's computer technologies. In this study, one-
day value estimation of ISCTR stock traded in the Borsa Istanbul has been made using long term data. In addition to the data of the
related stock, historical data of VAKBN, GARAN, QNBFB and AKBNK stock prices and USD/TRY, BIST30 and BANKX indices
were also used in the study in order to increase the estimation ability. In the proposed study, Long Short-Term Memory (LSTM) and
Gated Recurrent Unit (GRU) algorithms in multivariate structure were used with Adam and RMSProp optimizers and

their performances were observed.

Keywords: Deep Learning, Stock Market, Long Short-Term Memory, LSTM, Gated Recurrent Unit, GRU
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1. Giris

Borsa; menkul kiymet, emtia, doviz, vadeli islem ve opsiyon
sozlesmelerinin halka agik olarak alinip satildigi ve daha da
onemlisi denetlenen bir piyasadir. Sermaye piyasasi, {iretimi
desteklerken borsa ise bu amaca ulagmak igin kullanilan
mekanizmadir. Hisse senedi piyasasi, yatirimeilar i¢in giivenli bir
ortam sunarken aymi zamanda diizenli olarak gergek zamanli
islem yapmaya ve anlik fiyatlar {izerinden aligveris yapmaya
imkan saglar (Vikipedia, 2021; Borsa Istanbul A.S., 2021).

Borsa veya sermaye piyasalarinin tahmini, biiylik kar imkani
sunar ve bu alandaki ¢ogu arastirmaci i¢in bu durum temel bir
motivasyon kaynagidir. Pazari tahmin etmek i¢in gogu arastirmaci
ya teknik ya da temel analizi kullanir. Teknik analiz, gelecekteki
fiyatlar1 tahmin etmek i¢in fiyatlarin yoniinii analiz etmeye
odaklanirken, temel analiz, finansal haberler ve kazang raporlari
gibi yapilandirilmamis metin bilgilerini analiz etmeye dayanir
(Birgili, 2013).

Klasik teknik ve temel analize alternatif olarak borsa hisse
degerlerinin, farklt makine 6grenmesi metotlart kullanilarak
tahmin edilmesine iliskin drnekler literatiirde yer almaktadir.

Moghar, S&P 500 borsasina ait GOOGL ve NKE hisseleri
iizerinde yapmis oldugu ¢aligmada, Uzun Vadeli Borsa (Long
Term Stock Exchange, LTSE) tabanli bir Tekrarlayan Sinir Ag1
(Recurrent Neural Network, RNN) kullanimini 6nermektedir.
Onerilen model, 12 iterasyonluk bir egitim neticesinde GOOGL
icin 0.0011 ve NKE i¢in 0.0019 ortalama karesel hata (Mean
Squared Error, MSE) cinsinden hata ile gelecek olasi hisse
degerlerini tahmin etmistir. Egitim i¢in gereken iterasyon sayisi
100’e ¢ikarildiginda MSE cinsinden hatalarin sirasi ile 4,97E-04
ve 8,74E-04’e kadar geriledigini belirtmistir (Moghar, 2020).

Raso ve Demirci, yapmis oldugu c¢alismada 9 katmanli
Destek Vektor Makinesi (Support Vector Machine, SVM) tipi bir
yapay Ogrenme modeli kullanarak BIST 30 hisse degerleri
iizerinde tahminler yapmaya c¢aligmislardir. 01.01.2016’dan
11.04.2018’e kadar olan borsa hisselerinin degerlerini veri seti
olarak kullanmislar ve 5 giinliik borsa hisse degerlerini tahmin
etmeye c¢aligmislardir. Kullanmis olduklart modelin  giris
degerlerini  belirlerken ekonomi yontemlerini  kullanarak
hesaplamis olduklar1 indikatér ve osilator degerlerinden
faydalanmislardir. Sonug¢ olarak birinci glinden besinci giine
kadar sirast ile 0.0322, 0.109, 0.09, 0.1069, 0.2581 MSE
cinsinden hata ile tahminler yapmislardir. (Raso ve Demirci,
2019).

Konstantinou, yapmis oldugu c¢alismada, borsa hisse senedi
degerleri iizerinde Japon Mum Grafikleri, Monte-Carlo modelleri
ve binomal modeller gibi klasik metotlar yerine makine 6grenme
tekniklerini kullanmay1 denemistir ve Pekistirmeli Ogrenme
(Reinforcement Learning, RL) modelini esas alan bir ileri
beslemeli yapay sinir ag1 kullanmistir. Veri seti olarak Kasim-
2016’dan Haziran-2017 tarihine kadar Stocholm borsasinda islem
goren hisselerini tercih etmistir. Kullanmig oldugu modelde veri
setlerindeki aralig1 iki dakika, on dakika, otuz dakika ve bir saat
olarak kullandiginda hep ayni dogrulukla tahminlerin olustugunu
gozlemlemistir. Olusturmus oldugu model ile ortalama %8 kazang
elde edildigini raporlamistir (Konstantinou, 2017).

Ince yapmis oldugu calismada, Bitcoin’ in olas1 degerlerini
farkli derin O6grenme yontemleri kullanarak tahmin etmeye
calismistir ve acik, kapali, diisiik deger, hacim gibi indikatdrlerin
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kullanilmasinin ileri beslemeli Derin Sinir Ag1 (Deep Neural
Network, DNN), LSTM ve GRU gibi modellerin kesinligini
arttirdigini gozlemlemistir (Ince, 2019).

Linzie, yaptig1 ¢alismada, yapay sinir aglarim1 kullanarak
finansal analiz ve kisa vadeli borsa tahmini yapmaya calismugtir.
Literatiirdeki diger calismalarin aksine teknik indikatorleri
kullanmamig ve stokastik gradyen inisi (Stochastic Gradient
Descent) igeren bir Asirt Ogrenme Makinesi (Extreme Learning
Machine, ELM) kullanmistir. Elde ettigi sonuclarda algoritmanin
yalnizca islem hacmi, giin i¢i yiiksek deger, giin i¢i diisiik deger
gibi az sayida girdiye sahip olmasi sebebiyle diger metotlardan
yaklasik olarak %18 daha hizli egitildigini ve {irettigi sonuglarda
olusan hatalarin ortalama %0,6 kadar daha diisiik oldugunu
raporlamistir (Linzie, 2017).

Falinouss, yapmis oldugu g¢alismada borsa hisse degerleri
hakkinda ¢ikan haberlerin metin madenciligi ismi verilen ve yazili
metinlerin igeriklerinin analiz edilerek sayisal degerlere
doniistiiriilmesini saglayan metotlar kullanilarak sayisal olarak
anlamli degerlere doniistiiriilebilecegini ve bulunan degerlerin
yapay sinir aglarinda giris degeri olarak kullanilabilecegini
kesfetmistir (Falinouss, 2007).

Giindiiz ve arkadaglart yapmis olduklar1 bir ¢alismada Borsa
Istanbul igerisinde islem gdren bankalarin hisselerini LSTM ve
Light-GBM modellerini kullanarak tahmin etmeye ¢alismis ve bu
iki modelin performanslarin1 karsilastirmislardir. Hisse 06z
niteliklerinin sayisin1 azaltmak igin Degisken Otokodlayici
(Variational AutoEncoders, VAE) kullanmis ve elde ettikleri en iyi
basar1 degerini LSTM modeli i¢in makro ortalama F-Skoru
cinsinden 0.685 olarak belirtmiglerdir (Gunduz, Cataltepe, ve
Yaslan, 2017).

Site A., 2020 yilinda yapmis oldugu tez galismasinda borsa
hisselerinin tahmini {izerine literatiire girmis c¢alismalar1
Ozetlemistir (Site, 2020).

2. Materyal ve Metot

Yapilan literatiir taramasi neticesinde zaman serilerinin
tahmini konusunda farkli makine Ogrenimi modellerinin
kullanildig1 goriilmistiir. Sekil 1°de bu iliski gosterilmistir. Bu
¢alismada ise makine 6grenmesinin bir alt dali olan derin 6grenme
modelleri, hisse senedi fiyatlarinin tahmininde kullanilmistir.
Derin 6grenme modelleri, derin Ogrenme algoritmalari
kullanilarak egitilirler ve derin Ogrenme algoritmalar1 her
calistirlldiginda model parametreleri giincellenerek modelin
tahmin performansi gelistirilmeye calisili. Bu durum, insan
beyninin bir durumu veya olay1 her incelediginde farkli fikirler
iretmesi gibi disiiniilebilir. Ayrica derin 6grenme modelleri,
O0grenmenin saglanmasi i¢in ¢ok fazla miktarda veri setine
gereksinim duyarlar (Cakir, 2019; Alpaydin, 2020).

Sunulan caligmada tekrarlayan sinir aglarimin (RNN)
Ozellestirilmis  bir versiyonu olan LSTM, tahminlerde
kullanmilmistir. Gizli katman sayisi, kayar pencere uzunlugu, grup
boyutu (batch size) gibi parametreler degistirilerek LSTM esash
farklt modeller ortaya konmus ve Python yazilim dili ile kodlar
yazilmistir. Veri setlerinin hazirlanmasinda Pandas ve Numpy
kiitiphaneleri ~ kullanmilmistir.  Modellerin  hazirlanmasinda
TensorFlow kiitliphanesinden tiiretilmis Keras Kiitiiphanesi
kullanilmugtir. Tasarlanan modeller, bir Google bulut hizmeti olan
Colab iizerinde egitilmis olup, alt yap1 olarak Google’in tahsis
etmis oldugu Tesla T4 model GPU ve Google’in yapay dgrenme
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YAPAY ZEKA

Algilayan, sonug gikaran, aksiyon
alan ve adapte olan bir program

MAKINE OGRENiMI

Daha fazla veriye ulastiginda
algoritmalarin performansinin artmasi

DERIN
OGRENME

Gok miktarda veri kullanarak
kendi kendine 6grenen
cok katmanl yapay
sinir aglarindan olusan
bir grup makine 6grenmesi

Sekil 1. Yapay zekd, makine ogrenmesi ve derin 6grenme
arasindaki iliski (Figure 1. The relationsip among Artifical
Intelligence, Machine Learning and Deep Learning) (Jeffcok,
2018).

alanlarinda kullanilmak iizere tasarlamis oldugu yeni nesil bir
islemci modeli olan TPU (Tensor Processing Unit) kullanilmigtir
(Kizrak, 2019).

Egitimi yapilan derin 6grenme modellerinin kararliligint ve
tahmin basarisini artirmak adina volatilitesinin diisiik ve islem
hacminin biiyiik olmasi sebebiyle tercih edilen, BIST30 ve Borsa
Istanbul Bankacilik Endeksi (XBANK) igerisinde yer alan,
Tiirkiye Is Bankas1 A.S. ye ait ISCTR hissesine iliskin veriler,
kaynak veri seti olarak Yahoo Finans sitesinden alinmistir (Yahoo
Finance). Ginliik fiyat hareketleri tahmin edilen bu hisseye ek
olarak tahmin basarisini artirmak igin veri seti igerisine Tiirkiye
Garanti Bankast A.S (GARAN), Tiirkiye Vakiflar Bankasi T.A.O
(VAKBN), QNB Finansbank A.§ (QNBFB), Akbank T.A.S
(AKBNK) hisselerine ve XBANK, BIST30 ve Tirk lirast /
Amerikan dolar1 endekslerine ait veriler de dahil edilmistir.

Kaynak veri olarak alinan veri seti igerisinde 31.12.2007
tarihinden 28.02.2021 tarihine kadar olan kisim egitim (train)
verisi olarak kullanilmistir. Ayrica 01.03.2021 tarihinden
31.03.2021 tarihine kadar olan kisim, dogrulama (validation)
verisi ve 01.04.2021 tarihinden 31.05.2021 tarihine kadar olan
kisim ise modelin performansini 6lgmek amaciyla test verisi
olarak kullanilmistir. Modelin egitimi ve testi sirasinda hisseye ait
64 giinliik giin sonu fiyatlar1 giris olarak uygulanmis ve 65. giiniin
kapanis fiyati ¢ikis olarak alinmistir. Buna bagli olarak test siireci
ise 2 asama olarak gerceklestirilmistir. 1. asamada kaynak verisi
icerisinden alman Nisan 2021 doénemine ait veriler tahmin
edilirken 2. asamada ise Nisan 2021 donemine ait veriler giris
olarak kullanilmis ve May1s 2021 donemi giinliik fiyat hareketleri
tahmin edilmistir. Sekil 2° de ISCTR hissesine ait kaynak verisi
verilmistir (Yahoo Finance).

Onerilen derin 6grenme modelinin Keras Kiitiiphanesi
kullanilarak gorsellestirilmis hali Sekil 3(a)’da verilmistir.
Sekilden goriildiigii tizere LSTM hiicrelerinin her birinde 256 adet
gizli katman bulunmaktadir. Diigiim seyreltme (Dropout)
katmanlarinin seyreltme oranlar1 0,2 olarak secilmistir. Sekil 3(b)’
de ise Onerilen modele iliskin 6zet yer almaktadir. Model
icerisinde 1.852.673 adet egitilebilir parametre, yani baska bir
deyisle agirlik (W) bulunmaktadir.

e-ISSN: 2148-2683

2.1. Onerilen Modelin Performansinin
Olgiilmesi
Egitimi tamamlanmis derin 6grenme modellerinin

performansint dlgmek amaciyla ortalama karesel hata (Mean
Squarred Error, MSE), ortalama mutlak hata (Mean Absolute
Error, MAE) ve ortalama bagil hata (Mean Relative Error, MRE)
seklinde 3 farkli hata degeri hesaplanmis ve bu hata degerleri
iizerinden karsilastirma yapilmistir.
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Sekil 2. Onerilen modelin egitiminde kullanilan ISCTR
hissesine ait verilerin grafigi (Figure 2. The graph of data
belongs to ISCTR stock which is used to train proposed model).
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Sekil 3. Onerilen modelin (a) akis semast ve (b)ozeti (Figure
3. (@) Flowchart (b) Summary of the proposed model).

Matematiksel esitligi Denklem 1 ile verilen ortalama karesel
hata, basitge bir regresyon egrisinin bir dizi noktaya ne kadar
yakin oldugunu sdyler. MSE degeri, her zaman pozitiftir ve bu
degerin sifira yakin olmasi modelin daha iyi bir tahmin yaptig
anlamina gelir (Fitz-Gibbon, 1990).

1 n
- — o — ~. 2
MSE = izél(yl Vi) (1)
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Denklem 2 ile tarif edilen ortalama mutlak hata ise her gercek
deger ile veriye en iyi uyan ¢izgi arasindaki ortalama dikey
mesafedir (Fitz-Gibbon, 1990).

n
1
MAE =~ |y = 7il @
i=1

Bagil hata, mutlak hatanin ger¢cek degere bolimi ile
hesaplanir. Regresyon problemlerinde ¢ok genig bir aralikta
tahmin yapilmasi durumunda MSE veya MAE yerine MREnin
kullanimi 6nerilir. Ortalama bagil hata, elde edilen bagil hatalarin
aritmetik ortalamalarinin hesaplamasi ile elde edilir. Bagil hata ve
ortalama bagil hatanin formiilleri Denklem 3 ve Denklem 4 ile
verilmistir (Fitz-Gibbon, 1990).

rE = Vi~ il 3
Yi
n
1
MRE = — Z RE, )
i=1

3. Arastirma Sonuclar1 ve Tartisma

Tablo 1°de de goriilecegi lizere hem GPU hem de TPU
ortamlarinda  egitimler yapilmis olup egitim  siireleri
gozlemlenmistir.  Google tarafindan Colab  ortaminda
kullanicilarin  hizmetine sunulmus olan GPU’lar, NVIDIA
markasina ait ve yapay zeka ¢alismalarinda kullanilmak iizere
gelistirilmis olan Tesla T4 modelleridir. Sekil 4’de bu ¢alisma
kapsaminda Onerilen derin 6grenme modelinin egitim siirecinin
her bir iterasyonuna ait zaman bilgileri verilmistir (Ozan, 2021).
Her bir iterasyonun ii¢ saniyeden daha kisa siirmesi sebebiyle
onerilen model i¢in TPU tabanli sistem kullanilmistir (Ozan,
2021).

Tablo 1 incelendiginde, yapilan egitimler neticesinde farkli
parametre degerlerine sahip, LSTM temelli modeller arasinda en
diisiik hata degeri, 32 Batch boyutu, 64 kayar pencere uzunluklu,
256 gizli katman ve RMSProp optimize edici kullanilarak TPU
ortaminda egitilen model i¢in elde edilmisti. Bu modelin
dogrulama (validation) ve test hatalar1 Tablo 2’de verilmistir.

Onerilen modelin test siirecinin 1.asamasinda Nisan 2021
donemi i¢in tirettigi tahmini ¢ikiglar Sekil 5°te verilmistir.

(b)

Sekil 4. LSTM temelli modelin egitim siiresi, (a) TPU
tabanli sistemde, (b) GPU tabanli sistemde (Figure 4. Training
time of the proposed model with LSTM structure on (a) TPU
based hardware (b) GPU based hardware).
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Sekil 5°te verilen Nisan 2021 donemi ger¢ek ve tahmini
¢ikiglar kullanilarak hesaplanan mutlak ve bagil hatalar sirasiyla
Sekil 6 ve Sekil 7°de verilmistir.

Daha 6ncede bahsedildigi lizere modelin egitimi ve testi sirasinda
hisseye ait 64 giinliik giin sonu fiyatlar1 giris olarak uygulanmis
ve 65. gliniin kapanis fiyat1 ¢ikis olarak alinmistir. Test slirecinin
2. asamasinda ise Sekil 5°te verilen Nisan 2021 donemine ait
tahmini ¢ikiglar, modele giris olarak uygulanmis ve Mayis 2021
donemi giinliik fiyat hareketleri tahmin edilmistir. Elde edilen
sonuclar Sekil 8’de verilmistir.

Tablo 1. ISCTR hisse fiyatlarinin tahmini i¢in farkli parametre
degerleriyle farkll platformlarda yapilan egitimlere ait MSE
hatalar: (Table 1. MSE errors of the training processes on
different platform with different parameters to predict ISCTR
stock market prices).

Kayar Gizli - TPU GPU
Batch Optimize | ortaminda | ortaminda
Pencere | Katman . U weer

Boyutu Uzunlugu | Sayist Edici egitilmis | egitilmis
LSTM LSTM

32 32 64 Adam 0.02812 0.02061
32 32 128 Adam 0.06096 0.01599
32 32 256 Adam 0.01886 0.01407
32 32 512 Adam 0.02275 0.05146
32 64 64 Adam 0.01671 0.01734
32 64 128 Adam 0.01487 0.02403
32 64 256 Adam 0.02447 0.01619
32 64 512 Adam 0.01993 0.02938
32 128 64 Adam 0.01899 0.02604
32 128 128 Adam 0.01540 0.01492
32 128 256 Adam 0.02449 0.03910
32 128 512 Adam 0.01813 0.03769
32 32 64 RMSProp | 0.02326 0.01374
32 32 128 RMSProp | 0.01511 0.03464
32 32 256 RMSProp | 0.04402 0.12471
32 32 512 RMSProp | 0.02166 0.04352
32 64 64 RMSProp | 0.01541 0.02718
32 64 128 RMSProp | 0.02853 0.07134
32 64 256 RMSProp | 0.01184 0.01305
32 64 512 RMSProp | 0.06555 0.02111
32 128 64 RMSProp | 0.01446 0.01805
32 128 128 RMSProp | 0.02267 0.01223
32 128 256 RMSProp | 0.01536 0.02569
32 128 512 RMSProp | 0.03352 0.04066

Tablo 2. Onerilen modele ait dogrulama ve test hatalart (Table
2. Validaion and Test Errors of the proposed model).

Dogrulama Test Hatas1
Hata Tard | o, Zlgtggzl 01.04.2021- | 01.05.2021-
01.04.2021 | 30.04.2021 | 28.05.2021
MSE 0.01844 0.00269 0.00233
ISCTR |MAE 0.07342 0.04379 0.04068
MRE 0.01465 0.00900 0.00813

146



European Journal of Science and Technology

open_isctr Hisse Tahmini

510
— Gereek open_iselr degeri
—— Tahmin edilen open_ietr degeri

505

500

495
o
& as0
]
z

a8s

w80

478

I
470
> & a s o > o ® P
by o' k: b W w
s & 4 o s - o & & &
P ¥ o ¥ o 4 o W P o o
® # +# L # L + i # # L

Tarih

Sekil 5. LSTM temelli modelin Nisan 2021 doénemi test verisi
tahmini (Figure 5. Test output of the proposed model with LSTM
structure in period of 202 1-April).
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Sekil 6. LSTM temelli modelin Nisan 2021 dénemi test verisine
ait mutlak hata grafigi (Figure 6. The absolute error graph of
the proposed model with LSTM structure in period of 2021-
April).
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Sekil 7. LSTM temelli modelin Nisan 2021 dénemi test verisine
ait bagil hata grafigi (Figure 7. The relative error graph of the
proposed model with LSTM structure in period of 2021-April).

Sekil 8’de verilen Mayis 2021 donemi gercek ve tahmini
¢ikiglar kullanilarak hesaplanan mutlak ve bagil hatalar sirasiyla
Sekil 9 ve Sekil 10°da verilmistir.
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Sekil 8. LSTM temelli modelin Mayis 2021 dénemi test verisi

tahmini (Figure 8. Test output of the proposed model with LSTM
structure in period of 2021-May)
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Sekil 9. LSTM temelli modelin Mayis 2021 dénemi test verisine
ait mutlak hata grafigi (Figure 9. The absolute error graph of
the proposed model with LSTM structure in period of 2021 -
May).

open_isctr Bagil Hata Grafigi

— Yizde Bagil Hata
—— Ortalama Yuzde Bagil Hata

Bagil Hata (MRE}
g

0.50

L
|
Fanll

Y of S o
o g 5 o
P +® » o

Sekil 10. LSTM temelli modelin Mayis 2021 dénemi test verisine
ait bagil hata grafigi (Figure 10. The relative error graph of the
proposed model with LSTM structure in period of 2021-May).

Sekil 3(a)’da akis semasi verilen derin 6grenme modelinin
Sekil5’de verilen Nisan 2021 donemi tahmin basarisinin, Sekil 6,
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Sekil 7 ve Tablo 2 incelendiginde kabul edilebilir diizeyde oldugu
goriilmektedir.

Ayrica test slirecinin 2. asamasinda Sekil 5’te verilen Nisan
2021 donemine ait tahmini c¢ikiglar, modele giris olarak
uygulanmis ve Mayis 2021 donemi gilinlik fiyat hareketleri
tahmin edilmistir. Sekil 8’de verilen Mayis 2021 donemine ait
tahmini ¢ikislarin da Sekil 9, Sekil 10 ve Tablo 2 incelendiginde
tatmin edici oldugu agiktir.

4. Sonug

Bu ¢alisma kapsaminda Borsa Istanbul dahilinde BIST 30 ve
Borsa Istanbul Bankacilik endeksi (BANKX) igerisinde islem
goren Tiirkiye Is Bankas1 A.S. ye ait ISCTR hissesine iliskin giin
sonu kapanig fiyatlar1 giinliik olarak derin 6grenme modelleri
kullanilarak tahmin edilmeye c¢ahisilmistir. Onerilen modelin
basarisini artirmak igin veri seti igerisine Tiirkiye Garanti Bankasi
A.S (GARAN), Tiirkiye Vakiflar Bankasi T.A.O (VAKBN), QNB
Finansbank A.S (QNBFB), Akbank T.A.S (AKBNK) hisselerine
ve XBANK, BIST30 ve Amerikan dolar1 / Tirk lirasi
endekslerine ait veriler de dahil edilmistir. Egitim ve test
sireglerinde kullanilmak tizere 31.12.2007 ~ 28.02.2021
tarihlerini kapsayan ve Sekil 2’de grafigi verilen kaynak verisi
Yahoo Finance sitesinden alinmusgtir.

Modelin egitimi ve testi sirasinda hisseye ait 64 giinliik giin
sonu fiyatlar1 girig olarak uygulanmis ve 65. giiniin kapanis fiyati
¢ikis olarak alinmistir. Buna bagli olarak test siireci ise 2 agama
olarak gergeklestirilmistir. 1. agsamada kaynak verisi i¢erisinden
alman Nisan 2021 donemine ait veriler tahmin edilirken 2.
asamada ise Nisan 2021 donemine ait veriler giris olarak
kullanilmis ve Mayis 2021 donemi giinliik fiyat hareketleri
tahmin edilmistir.

Elde eldilen sonuglar ve sunulan gorseller neticesinde,
iletisimin bu denli hizli oldugu giiniimiizde askeri, siyasi,
ekonomik, jeopolitik her tiirlii haber akigindan oldukca fazla
etkilenen borsada giinliik fiyat hareketlerinin derin 6grenme
modelleri ile tahmini kabul edilebilir hatalar dahilinde yapilmaistr.

Bu ¢alismanin ileride yapilacak olan tek bir model ile birden
¢ok hissenin fiyat hareketlerinin tahmini igin yapilacak
¢aligmalara kaynak olacagi diisiiniilmektedir.
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Abstract

In this study, removal of phenol from wastewater using Electro-Fenton method was achieved. The effect of operational parameters such
as current density, initial concentration of phenol, and hydrogen peroxide dosage on the removal of phenol were investigated. The
removal efficiencies were determined using chemical oxygen demand (COD) concentrations. The results showed that, the removal of
phenol was dependent on the concentrations of hydrogen peroxide and applied current. Increasing the applied current resulted in higher
removal efficiency (RE) of phenol. On the other hand, the energy consumption also increased with the increasing the current density.
Thus when the optimal current density and potential have been selected, either higher removal rate or lower energy consumption can be
preferred. The phenol removal significantly increased by increasing H>O, dosages from 1500 to 2500 mg L. The phenol concentration
of 300 mg L' was removed with the removal efficiency of 93% at the current density of 40 mA c¢cm with the using of 2500 mg L"!
H,0:. Increasing of initial phenol concentration resulted in decreasing of removal efficiency. Removal efficiency decreased from 75%
to 62 % when the initial phenol concentration increased from 100 to 500 mg L' after 45 min of operating time. As a result of the study,
it can be said that, the removal of phenol was successfully achieved using Electro-Fenton method.

Keywords: Phenol, Electro-Fenton, COD, Iron electrodes, Wastewater treatment.

Elektro-Fenton Prosesi ile Fenoliin Giderilmesi

Oz

Bu calismada, Elektro-Fenton yontemi kullanilarak atik sudan fenol giderimi gerceklestirilmistir. Fenoliin uzaklastiriimasinda akim
yogunlugu, baslangi¢ fenol konsantrasyonu ve hidrojen peroksit dozu gibi islem parametrelerinin etkisi arastirilmustir. Giderim
verimleri, kimyasal oksijen ihtiyac1 (KOI) konsantrasyonlari kullamlarak belirlenmistir. Sonuglar, fenoliin uzaklastiriimasinin hidrojen
peroksit konsantrasyonlarina ve uygulanan akima bagli oldugunu gdstermistir. Uygulanan akimin artirilmasi, fenoliin daha yiiksek
giderim verimliligi (RE) ile sonuglanmistir. Ote yandan akim yogunlugunun artmasiyla birlikte enerji tiiketimi de artmistir. Boylece
optimum akim yogunlugu ve potansiyeli se¢ildiginde, ya daha yiiksek giderim orani ya da daha diisiik enerji tiiketimi tercih edilebilir.
Fenol giderimi, H,O, dozunun 1500 mg L™ 'den 2500 mg L"'e yiikseltilmesiyle dnemli 6lgiide artmistir. 2500 mg L H,0> kullanilarak
40 mA c¢m2 akim yogunlugunda 300 mg L fenol konsantrasyonu %93 verim ile giderilmistir. Baslangi¢ fenol konsantrasyonunun
artmasi, giderim veriminin diismesine neden olmustur. 45 dakikalik ¢alisma siiresinden sonra ilk fenol konsantrasyonu 100 mg L™'den
500 mg LY yiikseldiginde giderim verimliligi % 75'ten % 62'ye diismiistiir. Calisma sonucunda, Elektro-Fenton yontemi kullanilarak
fenol gideriminin basarili bir sekilde saglandigi sdylenebilmektedir.

Anahtar Kelimeler: Fenol, Elektro-Fenton, KOI, Demir elektrot, Atiksu aritma.
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1. Introduction

Water is one of the most essential elements for life on Earth,
and its significance is only growing as a result of population
expansion, climate change, urbanization, and the spread of
irrigated agriculture (Kilig, 2020). The lack of access to clean
water supplies, particularly in some nations and regions, hinders
human activity and economic growth (Boretti & Rosa, 2019).
Water scarcity was included as one of the top global threats in the
World Economic Forum's 2019 and 2020 reports in terms of
possible impact over the following ten years (March and
McLennan, 2020). Because of this, it is crucial to treat and recycle
wastewater that is produced after being used for human
consumption and after industrial processes.

Due to the depletion of water resources, industrial effluent
must now be treated and recycled. Phenolic compounds constitute
a group of pollutants particularly toxic to the aquatic fauna, flora
and human (Org et al., 2012). Organic pollutants such as phenols,
cresol and other substituted phenols are produced in high
concentrations from different industries like pharmaceutical, oil
refineries, pulp and paper mill, and food-processing (Liao et al.,
2001). Phenols are highly corrosive, stable and nerve poisoning
agents and recorded in USEPA list of priority pollutants (Liao et
al., 2001). In industrial effluents, where phenol is present as an
intermediary, phenolic compounds can be found in concentrations
of 800-2000 mg/L. The release of phenol into the environment
threatens human health and degrades the environment,
necessitating the creation of cutting-edge techniques to get rid of
phenol.

Such compounds are hard to remove by conventional
biological treatment processes. Advanced oxidation processes
(AOPs) are considered as possible alternative for the removal of
persistent organic pollutants from wastewater (Liao et al., 2001).
Among AOPs, the Electro—Fenton process which involves the
concurrent use of Fe** ions and hydrogen peroxide is used to
decompose and remove pollutants (Rahmani et al., 2016). No
harmful and toxic substances are used in the Electro-Fenton (EF)
process, it is an ecofriendly and low-cost method for the treatment
of water and wastewater.

In EF, A nonselective powerful oxidant called hydroxyl
radicals (*OH) are produced when the ferrous or ferric ions react

with H,O, (Xu & Wang, 2011):
Fe?*+H,0, — Fe*+ OH*+ OH ~ (1)

The pH, concentration, stirring speed, inter-electrode
spacing, electrical conductivity, current density, and temperature
are all factors that affect how well the EF process works (Brillas
et al., 2009).

There are other EF oxidation processes that have been
characterized, including EF-FeRe, EF-FeOy, EF-H,O,-FeRe, and
EF-H,0,-FeOx (Re denotes regeneration in the oxidation
process). In EF-FeRe, Fe?" is constantly produced at the cathode
while H,O, and Fe?* are applied externally. In EF-FeOy, H2O is
delivered externally, and the source of Fe?' is a sacrificial Fe
anode. Moreover, depending on how the electrolytic cell is
configured, Fe?* may be continually created at the cathode. H,O»
and Fe?* are simultaneously produced at the cathode in EF-H,0,-
FeRe, with H,O; creation taking precedence. H,O> is produced at
the cathode in EF-H,0,-FeOy, whereas a sacrificial Fe anode
provides Fe?* (Tezcan Un et al., 2009).
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In this study, to further capitalize on the dissolved Fe ion
present in the bulk phase, H,O, was added externally to the
electrolytic reactor whereas a sacrificial iron anode was used as
the ferrous ion source (EF-FeO,). The addition of hydrogen
peroxide at the beginning of the experiments resulted in the rapid
and efficient production of hydroxyl radicals.

The aim of this study was to investigate the efficiency of
Electro-Fenton process using iron electrodes in oxidation of
phenol. The effect of different parameters such as current density,
operating time, concentrations of phenol and H,O, were
investigated.

2. Material and Method

In this study, the wastewater sample was prepared using stock
solution of phenol, 500 mg L-!, which was prepared by adding 500
mg of phenol to 1 L of distilled water. The electrochemical system
consists of a reactor, a mechanical stirrer, and a direct current
(DC) power supply (GW Instek); its schematic representation is
shown in Fig. 1. In the experiments, the iron anode and cathode
was used. The iron cylindrical reactor that operated as cathode
was of 6.6 cm height and had an internal diameter of 10.8 cm. The
mechanical stirrer (Heidolph RZR 2102) consisted of blades and
operated as the anode; it was dipped into the reactor containing
wastewater. By vigorously swirling the liquid at 100 rpm, it was
also utilized to maintain consistent composition and to facilitate
the aggregation of flocs in the solution.The performance of the
reactor was evaluated in the batch mode.

The EF process was carried out at pH 3, using different
current densities (30, 40 and 50 mA c¢m™2) and initial phenol
concentrations (100, 300 and 500 mg L™"). In each experiment, the
500 mL of wastewater poured into the cathode chamber and anode
was dipped into the wastewater. The anode connected to the
mechanical stirrer, and it was acted as anode and as stirrer. It
consists of eight blades (each has 2 cm height and 1.5 cm wide)
attached to a 4 cm diameter circle. The total surface area of anode
was 73 cm?. Before the EF experiments, 0.05 M of Na,SO4 was
added to the wastewater as the supporting electrolyte to improve
conductivity and the ionic strength. The iron electrodes were
connected to a DC power supply. The determined H>O, amount
was also added to the wastewater at the beginning of the
experiment. The degradation of phenol solution was determined
by measuring chemical oxygen demand (COD) of effluent. The
COD was measured by potassium dichromate titrimetric method
as explained in Standard Methods (5220 CHEMICAL OXYGEN
DEMAND (COD).

The calculation of removal efficiency (RE%) after EF and the
electrical energy consumed per unit volume of treated wastewater
(EEC) was calculated using the Egs. (2), (3), respectively.

RE%=(Co—C)/Co*100 2)
where Cp and C are the concentrations of COD before and after
EF, respectively, in mg L' and

EEC=V*T*t/y 3)
where EEC is the electrical energy consumption (kWh m™3), Vis

the potential (V), / is the current (A), ¢ is the time (h), and v is the
volume of solution treated (m?).

Different concentrations of H>O, (1500, 2000 and 2500 mg
L") were also added to start the oxidative degradation of phenol.
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Figure 1. Experimental set-up.

3. Results and Discussion
3.1. The Effect of Current Density

The amount of Fe?* ions released from the anode and the
amount of coagulant that results depend on the current supply to
the EF system. The phenol concentration of 100 mgL™! which
corresponded to the COD concentration of 216 mg L! was used
to determine the effect of current density. The effect of current
density on phenol removal efficiency was increasing when
applied current was increased. As seen from Fig. 2, the removal
efficiencies were 25%, 62% and 63% at 30 mA cm2, 61%, 72%
and 75 % at 40 mA cm™ and 77%, 80.8% and 81% at 50 mA cm’
2 for 15, 30 and 45 min, respectively.

90

—@— 30 mAcm-2

—&— 40 mA cm-2

——50 mAcm-2

0 15 30 45

Time (min)

Figure 2. The removal efficiencies of phenol with different
current densities (pH:3, Cna2s04:0.05 M, Cphenoi: 100 mg L
ChH202: 2000 mg L’l).
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Fig. 3 illustrates how the current density affects the EEC
during the EC process. Electrical energy consumption increased
more quickly as the current density increased. EEC increase as
result of the applied potential rising due to an increase in current
density. However, the potential and current grew linearly, EEC
increased exponentially. Therefore, when the optimal current
density and potential have been selected, either higher removal
rate or lower energy consumption can be preferred.

50
45
40
35
30
25
20 —&— EEC 30 mA cm-2

EEC (kWh m?3)

15 —A— EEC 40 mA cm-2

10
—l— EEC 50 mA cm-2

o

15 30
Time (min)

Figure 3. The effect of current density on EEC.

3.2. The Effect of Initial Phenol Concentration

The effect of initial phenol concentrations on EF process was
examined in a range of 100, 300, 500 mg L' at pH 3 and 40 mA
cm?. The initial COD concentrations of each solution were 216,
612 and 1196 mg L' for the phenol concentrations of 100, 300
and 500 mg L', respectively. Increasing of phenol concentration
from 100 to 500 mg L ' resulted in a reduction in removal
efficiency from 75% to 62% after 45 min EF (Figure 4). It was
noticed that pH values were increased with increasing operation
time.

—— 100 mg L-1
—A— 300 mg L-1

—O0—500mgL-1

0 15 30 45
Time (min)

Figure 4. The removal efficiencies of phenol with different
initial phenol concentrations (pH:3,Cna2s04:0.05 M, i:
40 mA cm2, Croz: 2000 mg L).
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3.3. The Effect of The H202 Dosage

In order to set the optimal dosage of H,O,, different
concentrations of H>O; such as 1500, 2000 and 2500 mg L™! were
added to each prepared sample. The pH was set to 3, and the
experiment was performed. The addition of hydrogen peroxide at
the beginning of the experiments resulted in the rapid and efficient
production of hydroxyl radicals. The effect of different amounts
of H>O, on wastewater processing was investigated, and the
results are shown in Fig. 5.The results show that increasing of
H>0, from 1500 to 2500 mg L' resulted in an increase in the
phenol removal efficiency from 70 to 93%, respectively (Figure
5). The effects of hydroxyl radicals originated from H,O, caused
the rapid removal of COD at the beginning of the experiments. As
the concentration of COD decrease with time, removal rate also
decreased as expected as seen from Fig. 5.

100
90
80
70
60
50
40
30
20
10

—m— 1500 mg L-1

RE (%)

—A— 2000 mg L-1

—e— 2500 mg L-1

0 15 30 45

Time (min)

Fig. 5 The removal efficiencies of phenol with different
H>O0, dosages (pH:3, Cnu2s04:0.05 M, i: 40 mA cm™?,
Cphenot: 300 mg L),

4. Conclusions and Recommendations

In this study, removal of phenol using the Electro-Fenton
method was investigated. The effects of the different operational
parameters on the removal of phenol were analyzed. The
following conclusions can be drawn from the experimental
results:

According to the results obtained from the above
experiments, the removal efficiencies increased by increasing the
current density. At higher current densitites, higher amount of iron
ions were relased which results to produce more hydroxyl radicals
in the system. Moreover, the energy consumption increased by
increasing the current density. Thus when the optimal current
density and potential have been selected, either higher removal
rate or lower energy consumption can be preferred.

The effect of initial phenol concentration on the RE showed
that the increase of the concentration of phenol from 100 to 500
mg L', the removal efficiency values decreased from 75 to 62%,
respectively. This is due to the fact that at a constant current
density, the same amount of iron ions and hydroxyl radical passes
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to the solution at different phenol concentrations (Org et al.,
2012). Rahmani et al. (2016) found that increasing of phenol
concentration decreased the RE. The high initial concentration of
the pollutants required greater oxidation potential, and thus with
a constant amount of oxidant, the efficiency of the process
decreased (Khatri et al., 2018)

To investigate the effect of H»O, concentration on EF
performance, different amount of H>O, concentrations were used.
An increase in H»O, concentrations, phenol removals also
increased. The increase in phenol destruction can be assigned to
the increase in generation of @ OH radicals at higher H,O» dosage
(Khatri et al., 2018)

As a result of the study, Electro-Fenton process using iron
electrodes for phenol removal is a promising process in terms of
environmental and low-cost features.
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