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Abstract

In this paper the contact analysis of elastic layer supported by a wedge is considered in plane. The problem is formulated with closed
formed integral equations. The length of the contact region, the pressure between the wedge and the layers, and the pressure between
the layer and the punch are unknowns. Both the material and layer are elastic in this problem. This problem can be defined as a layer
supported over two wedges with perpendicular angle. The upper surface of the layer is assumed as circle with a large radius. The
thickness of the layer is finite. Singular integral equations are used in the formulation of the problem. The benefits of this formulation
are the following: the problem can easily be generalized for the case of forces acting through many rigid punches. The solution gives
the contact stress directly and the solution of the singular integral equations is an appropriate way in terms of numerical solution
technique. The application of this problem is the train wheel that is contacted to the connection part of the rails. It is shown that the
divergent terms at the kernels cancel each other by considering the equilibrium conditions. As a numerical example, the contact problem
between the wheel and rails is investigated.

Keywords: Contact problem, wedge, elastic layer, pressure, applied mechanics

Kama ile Destekli Elastik Tabakanin Temas Analizi

Oz

Bu ¢alismada diizlemde kama ile destekli elastik tabakanin temas analizi yapilmigtir. Bu problem kapali formda integral denklemleri
ile formiile edilmistir. Temas bdlgesinin uzunlugu, kama ve tabakalar arasindaki basing ile tabaka ve pang arasindaki basing problemin
bilinmeyenleridir. Bu problemde hem malzeme hem de tabaka elastik kabul edilmistir. Bu problem dik agil1 iki kama tarafindan destekli
bir tabaka olarak tanimlanabilir. Tabakanin kalinlig1 st ylizeyin ¢ok biiyiik yarigapli bir gember oldugu varsayimai ile sonlu olarak kabul
edilmistir. Problemin ¢oztimil igin tekil integral denklemleri kullanilmistir. Bu formiilasyonun yararlar1 6yle agiklanabilir ; problem
basit bir sekilde kuvvetlerin bir ¢ok pang tarafindan etki ettirildigi durum i¢in genellestirilebilir. Coziim temas gerilmesini direkt olarak
verir ve tekil integral denklemlerinin ¢oziimii sayisal ¢oziim teknigi bakimindan uygun bir yoldur. Bu problemin uygulamasi raylarin
birlesim bolgeleri ile temas eden tren tekerlegi 6rnegidir. Denge kosullarini géz dniine alarak ¢ekirdeklerdeki iraksak terimlerin birbirini
sadelestirdigi gosterilmistir. Sayisal 6rnek olarak teker ve ray arasindaki temas problemi raylarin birbiri arasinda aralikli hali i¢in
incelenmistir.

Anahtar Kelimeler: Temas Problemi, kama, elastik tabaka, basing, uygulamali mekanik
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1. Introduction

In the late 19 th century [1-2] contact problem was first
investigated. Boussinesq [1] investigated the contact of the punch
to the elastic half plane and Hertz [2] investigated the contact of
two elastic paraboloids. The results of Hertz problem obtained
from experiments was presented in Dinnik [3]. In the following
years Belyaev [4] found the points where the stress is maximum
in elastic punch, and solved the problem of railways [5-6]. Various
problems of half plane without friction forces can be found in
Shtaerman [7]. The general solution methods of contact problem
were investigated and various half plane problems with friction
forces were solved in Muskhelishvili [8]. Frictional elastic contact
with periodic loading was given by Barber et al. [9]. In addition
frictional contact problem and anisotropic contact problem for
layers were investigated by [10-12]. Sliding frictional contact at
graded elastic medium was studied by Dag et al. [13]. Some of
the thermal problems that are related with contact problem were
analyzed by [14-15]. An anisotropic linear elastic layer and a rigid
intender were investigated in terms of contact problem by Batra
and Jiang [16]. The contact problem for layered medium
supported by a wedge was presented in [17], and this reference is
the companion study of this paper.

A general technique is developed for the solution of a layer
in this study. The layer is supported by elastic wedges. The load
is applied by means of a frictionless rigid or elastic punch Yanik
and Bakioglu [17]. For the punch cases, punch profile is known at
the beginning. However, the radius of profile is assumed to be
very larger than the contact region. The displacements and
stresses at the contact region between the layer and support which
are perpendicular to the layer surface, are assumed to be equal to
each other. In addition the friction forces are neglected. Moreover
the dependence of the unknown boundaries of the contact region
to external load is investigated. The kernels which are obtained
from the solution of the general problem is investigated in a
detailed way. And it is shown that the divergent part of the two
kernels cancel each other. In addition, appropriate ways for
separation of the divergent terms and integration of them are
investigated. One of the rail road problems is solved as a
numerical example.

2. Formulation of the Layer

If we take into account a layer that is supported by an elastic

wedge as shown in Fig. 1, the wedge constants are K,, £, and

the head angle is 490 . For the equilibrium condition of the system

0<t, condition must be satisfied. Contact stresses are taken into
account only on the top and the bottom surfaces. In other words
there is not any load outside the contact regions. Let us consider
P which is applied to the top surface of the layer by means of an

elastic punch. In this case elastic constants are Kj, {; and the
contact region’s boundaries are (@,a ). Considering the elastic
punch as an upper half plane, V, (X) displacement of the elastic

punch profile can be expressed as

%:_1—'_’(3 j- pl(t)dt (1)
OX Arp, < t—X

e-ISSN: 2148-2683
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Fig. 1 A layer supported by an elastic wedge.

Where pi(t) is the unknown contact stress. If loads are applied
directly to the top surface, neither there will be any contact on the
top surface nor the problem will be a mixed boundary value
problem. The elastic punch profile and the top surface of layer
before the contact can be denoted as f3(x), fi(x) respectively. The

vertical displacements of the layer is V(X, h) . h is the height of
the layer. This yields to

v(x, h)+ f.(x) = v, (x) + f,(x) 2

taking the derivative of Eq. (2) by considering fi(x) as constant
and using Eq. (1) one can obtain

L+, TR0 4, df
Amu, o t=X dx
with necessary operations the following expression can be written

nt), * Ay, df,

2 +p
—— | 5t + K, (x, ) p, (Odt+ | K (x,t)p, (B)dt =—+—
M!t_x [Ka(x0p 00t [ K, (10,0 L b

ov
&(X, h)=- ®)

(a<x<a)

(4)

here £ can be expressed as

b= [(1""(1)#3 -1+ Ks):ul] / [(1"' Ky My + (1+K3):L11]
(%)

S in the equation given above is defined as bi-elastic constant.
This is a single constant which represents two elastic materials. In

the rigid punch case, f; —> 90 and fi—1. Singular behavior of

pi(x) can be obtained by investigating the first term of Eq. (4).
The first term is the dominant part of the singular integral
equation. pi(x) can be presented as given below [8,18].

p.() =g, (D@ -1)" (t-a)’

B=-112+M

(1< Re(er, p) <1) (6)

a=1/2+N k=—(N+M)=—(a+ )

U]

In the equation given above, gi(¢) is a continuous function with
closed interval ( @ <t < & ). The solution of the integral equation
which appears in Eq. (4) contains an arbitrary constant C. M and
N are integers and « is the index of the problem. It must be either
-1,0 or +1. Index of the problem can’t be determined by only
considering mathematical point of view, in addition physical
nature of the problem must be taken into account. Three cases of
loading are considered as contact cases (see Fig. 2). In the first
case (Fig. 2a), the load is applied by means of rigid punch.
Derivatives of the contact curves have discontinuities. At the end

2
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points the stresses have singularities which are integrable. The
index of the problem is x=1. This yields to the following values
like N=-1 and M=0. The unknown function can be defined by

p.()=gM@-1)"(t-a)™" ®)

For the case given above an additional condition must be used to
obtain the constant C. The constant C appears in the solution. The
expression given below is used to determine C

[, p.0odx=P ©

In the second case, load is applied through a rigid or elastic punch
(see Fig. 2b). There are no discontinuities in the derivatives of the
contact curves. The stresses are bounded at the end points. The
index of the problem is k=-1. In addition N=0 and M=1. The
unknown function is

() =g,(0@-)"(t-a)" (10)
a a a a
a a
Fig. 2 Three cases of loading which are considered as contact
cases

In this case the constant C is zero. This case can be identified as a
receding contact problem. Therefore Eq. (9) is used to determine
the contact boundaries. In the third case the load is applied with a
rigid punch as shown in Fig. 2¢c. There are discontinuities at the
derivatives of the contact curves at one end. And stresses are
bounded at the other end. The index of the problem is x=0.
Therefore N=0 and M=0. The unknown function can be presented
as

p(t)=g,t)(@-1)"*(t-a)™" (11)

Again the constant C is defined as zero and this case is a receding
contact problem as well. Thus Eq. (11) is used to determine the
contact boundaries. Bottom surface of the layer contacts the

elastic wedge. In this case the elastic constants are K,, 4, and
the head angle is 00 as shown in Fig. 1. The surface curves of the
layer and wedge are f_l(X) and fZ(X) in a respective way.
Moreover the vertical displacements are defined as V(X,0) and

V, (X) . The equilibrium equation of the displacements can be

presented as

V(x,0)+ f,(X) =V, (X) + f,(x) (12)

Following necessary operations which are not shown here for
space constraints the field equation of the layer can be written as

e-ISSN: 2148-2683

Y b _

— | ==+ K (x Ep 0t + | K (1 a<x<a

” AI . J 0 J S

JtZHj +ij>(tp2 dt+JK21 n.() dt+ j (-ct-c)p,(ct=0  b<x<h

St S 2 Ty

I= [(1“(2)#1 (1+K1)ﬂ2] [1+Kz)ﬂ1+1+’( ﬂz] Bi= o) -l L) + Ly

(13)
If the wedge is rigid then ££, — 00 and y — —1. Therefore the

last term of the second expression in Eq. (13) vanishes. If «90 =7

, then the problem is a layer problem which lies on the half plane.
The solution of an elastic layer lying on half plane under the effect
of a load applied by frictionless rigid punch is defined as [19].
This problem is symmetric.

b a b
pz(t) 4y, df,
K, (xt K., (x,t)p,(t)dt =————

!t_x j A (X Op, )t J (0P 00t =
b b a
p,(M) . 1-7 -

dt+—=| K,,(x,t) —= | K, (x,t)p,(t)dt =0
{t_x . { L0, (04— I )R

(14)

In Fig. 1, considering the symmetry with respect to y axis, one can
write aVl | OX as

b b - b
_4ﬁu1%(x,0):jp2—(t)dt+jp2—(t)dt+j}< (x)p, 0t + [ K., 010)p, (00
1+x, OX St=x Jt=x = b
-a a
+ ] Ky (xt)py (Ot + [ Ky (x,t) py(t)t
-a a

(15)

In Eq. (15), after switching negative limits of the integral to
positive limits, following equation can be obtained

Ay, OV, b{ } ! H
————(%0)= [ | —=—1p,(t)dt+ | K, (x,1) (xt)p,(t)dt
L+x, 6x( )= Jt oY Jb e Jh o
(16)

where
K, (x,t) = K,, (x,t) + K, (x,-t) = Ikzz Ysina(t + x) - sina(t - x)Jde

0
K, (x,1) = K, (x,1) + K, (x,~t) = jk21 (@)[sina(t+x) -sina(t - x)]de

0

(17

with necessary manipulations Eq. (16) yields to the following
expression

" 1 7/5
I[{l‘l'}/[t-l-x_tx_KZZ(X t)i| }p2( dt_T-! 21 Xt pl( )d
(18)

If the external forces are applied directly to the top surface then
the hand side of Eq. (18) can be obtained. The solution for this
symmetric case can be found in [20]. Above equation is the same
with Eq. (12) which was given in [20]. The contact in this paper

3



Avrupa Bilim ve Teknoloji Dergisi

is an example of smooth contact. In addition p»(f) function has
finite values at both ends. The index of the problem is (-1).
Therefore p»(¢) can be expressed as

p,(t)=g,([Ob-t)*°(t—b)" (19)

eventually the boundaries of the contact region can be determined
by the following equation
b

[ p,(t)dt=—P (20)
b

In the case when b=c smooth contact does not occur at point b.
For this case p»(f) function can be expressed as

p(M)=0,MOO-Y"(-b)"  p=p-1 (@1
Where -f is the strength of singularity at point b. For the rigid
wedge case & =+1, p=1/2 the strength of singularity at point 5
is f=-1/2. Consequently this is the expected result. Let us consider
a single P force that is applied to the top surface of the layer at
point #y without punch. In this case second expression in Eq. (13)
can be rewritten as

t-X

S Sm—}

b b a
pz—t)dHIK (x,t)p,(t)at + #JKX ct-c)p,(t)d IK (xt)pd(x-t,)d
b b a

(22)

Some necessary operations in Eq. (22) yield to

t—X

~—

b
Ky, (X,1)p,(t)dt + 1—7JKX c,t-c)p,(t)dt =PK,,(x,t,)
b

ce—
o —_—

(23)
For the unknown D and b values following equation can be used

p,(t)dt = —P (24)

T Sy, T

If we divide both sides of Egs. (22-23) with P the unknown
function becomes p»(¢)/P instead of p,(¢). So the boundaries of
the contact region becomes independent from P however
dependent to the point # where P is applied. When the loads are
applied directly to the upper surface, loads can be expressed as

p,(t) =ro,(t) (25)

Where r is a multiplier that characterizes the amplitude of the

loads and P ® is a function characterizing the distribution of
the load. According to Eq.’s (24-25), if P is applied through a
punch with flat bottom and parallel to layer surface, then the first
equation in the right hand side of Eq. (13) will be zero. Therefore
equation system can be defined as homogeneous equation system.
The conditions for the solution of this equation system can be
written as

p,(t)dt=-P (26)

D ey

sz(t)dt -—p

e-ISSN: 2148-2683

The homogeneous equation system is solved with
nonhomogeneous conditions. The first expression of Eq. (26) is
the necessary condition for the first equation of Eq. (13) to have a
single solution. The second expression in Eq. (26) is the condition
to determine the boundaries b pof the contact region. If we

consider p, /P and p,/Pas unknown functions, the boundaries

of the contact region can be found independently from P force as
seen from Eqgs. (13 & 26).

3. Numerical Example

The numerical example consists of a railroad problem. This
problem is numerically solved in this section. As stated in [17] the
tip of the gap between two rails is the most crucial part of the rails
(see Fig. 3). In comparison with the wheel the gap is smaller. In
this case the head angels of the elastic wedges are 90 degrees and
the wheel can be considered as upper half plane.

q
b
|

Fig. 3 Rail drawing [17]
The surface curves of wheel and rails before contact can be
denoted as fi(x), f2(x) respectively. The vertical displacements of
these contacting curves are expressed as V; andV,. Considering

this information following expression can be obtained.

ov, df df,
— 10 1
OX O+ dx ( 0)+ dx

a<x<b

27

The most critical stress for the rail is at x=a point. This stress is
called cleavage stress which is very important for fracture
mechanics. Stress intensity factor is written as

k(a) =lim(x-a)™ p(x) (28)

Making some necessary manipulations dimensionless form of
k(a) and g are presented as

k(a)(b-a)”

o/R — pf+l2 Z_RM (29)

b-a ¢

g=[ p@)1-2)(+7)dr
= (30)

Fig. 4 shows the change of the dimensionless stress intensity
factor related to the dimensionless contact length. The curves are
composed considering constant a/R. For a constant system
geometry Fig. 4 shows that when the contact length increases with

4
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respect to the increase of Q, stress intensity factor also increases.
When R is constant the length of the contact region is constant as
well, however the value of a increases. In this case the stress
intensity factor also increases. k(a) can be expressed by the help
of Fig. 4 as

4
_Rﬂk(a)/ 2y 3
(1+x)10
50,00 A (@/R)=0.002
...... (a/R)=0.001 /
40,00 {_._. (a/R)=0.0001, -
30,00 - e
20,00 - T
10’00 i ""' ......... -
0,00 £=7"" A R
o — o oy =3 S
S = < < < p
= S S < < =
(b-a)/R

Fig. 4 Value of the dimensionless stress intensity factor related
to dimensionless contact length for the constant a/R

Ay 1 a b-a
k(@)=—*1 _ ~ g2 2°¢ (1)
@ (1+,)10° R” Z(R R j

4. Conclusions

It has been obtained for the case of directly acting forces that
the contact region boundaries are independent from the amplitude
of the load, however dependent to the distribution. This is also
same for the force acting through a rigid punch. For the other
cases the boundaries of the contact region are related to the
distribution and amplitude of the load. The singularity is related
to the bi-elastic constant. In addition the most critical singularity
is found for the rigid wedge case and the value is -0.5. When the
head angle of the wedge is m, the problem can be defined as
contact problem of elastic layer lying in half plane. Although the
kernels in the singular integral equation are divergent, the
divergent terms in the integrals cancel each other. Accordingly,
K21 and Kz, kernels can be studied as Fredholm kernels. Another
effective method for calculation of the kernels is the usage of
contour integration. Using the residues in the integration of
kernels is appropriate as well.
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Oz

Bu ¢alisma, 4-vinilbenzil grubunu igeren bir dizi benzimidazol fonksiyonelli PEPPSI (PEPPSI, Pyridine Enhanced Precatalyst
Preparation Stabilization, and Initiation) tipi Pd(I)NHC (NHC, N-heterocyclic Carbene) kompleksinin sentezini ve karakterizasyonunu
icerir. Bu kompleksler 4-vinilbenzil grubu tasiyan benzimidazolyum tuzlari, paladyum kloriir (PdCly), baz olarak potasyum karbonat
(K2CO3) ve 3-kloropiridinden sentezlendi. Tiim komplekslerin yapilar1 *H NMR, *C NMR ve FTIR spektroskopik teknikleri
kullanilarak karakterize edildi. Karkterizasyon sonucu elde edilen veriler &nerilen formiiller ile tutarliydi. Ozellikle NMR
spektrumlarinda baglangi¢c materyali olarak kullanilan 4-vinilbenzil grubu tasiyan benzimidazolyum tuzlarina ait karakteristik proton
ve karbon piklerinin gézlenmemesi, bunu yerine benzimidazolyum ligandmin palladyum metaline koordinasyonu sonucu karbon NMR
spektrumunda daha diisiik alanda karben piklerinin varligi komplekslerin olusumunu kanitlamaktadir. Ayrica, tiim 4-vinil benzil grubu
iceren benzimidazolyum fonsiyonelli PEPPSI tipi PA(IN)NHC komplekslerinin dogrudan arilasyon tepkimelerindeki katalitik aktiviteleri
incelenmistir. Aril bromiirlerin, furan ve tiofen tiirevi bilesikler ile tepkimelerinde katalizor olarak kullanilan tiim komplekslerin bu
reaksiyonlarda orta ve yiiksek derecede aktif katalizorler olduklar1 goriilmiistiir.

Anahtar Kelimeler: Katalizor, Dogrudan arilasyon, N-heterosiklik karbenler, Paladyum; PEPPSI.

Design, Synthesis, Characterization and Catalytic Activity in Direct
Arylation Reaction of the Benzimidazole-Functionalized PEPPSI-type
PAd(I)NHC Complexes bearing 4-Vynylbenzyl Group

Abstract

This study includes the synthesis and characterization of a series of benzimidazole functional PEPPSI (PEPPSI, Pyridine Enhanced
Precatalyst Preparation Stabilization, and Initiation) type Pd(II)NHC (NHC, N-heterocyclic Carbene) complexes containing the 4-
vinylbenzyl group. These complexes were synthesized from benzimidazolium salts bearing 4-vinylbenzyl group, palladium chloride
(PdCl,), potassium carbonate (K.CO3) and 3-chloropyridine as a base. The structures of all complexes were characterized using *H
NMR, 3C NMR, and FTIR spectroscopic techniques. The data obtained from characterization were consistent with the proposed
formulas. In particular, the absence of characteristic proton and carbon peaks of benzimidazolium salts with 4-vinylbenzyl group used
as starting material in NMR spectra, instead of the coordination of benzimidazolium ligand to palladium metal, the presence of carbene
peaks in the downfield of the carbon NMR spectrum proves the formation of complexes. In addition, the catalytic activities of all
PEPPSI type Pd(II)NHC complexes with benzimidazolium functionalities containing 4-vinylbenzyl groups in direct arylation reactions
were investigated. All complexes used as catalysts in the responses of aryl bromides with furan and thiophene derivative compounds
were found to be moderately and highly active catalysts in these reactions.

Keywords: Catalyst, Direct arylation, N-heterocyclic carbenes, Palladium; PEPPSI.
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1. Giris

NHC'ler (N-heterosiklik karbenler), siklik yapida en az bir azot
atomu iceren heterosiklik bilesiklerdir. Bu ligandlar 1968'den
once giindem distydir. Daha sonra 1968'de Wanzlick ve Ofele
tarafindan bagimsiz olarak kesfedildi.(Ofele, 1968; Wanzlick &
Schonherr, 1968) Bu donemlerde kararsiz, izole edilmemis,
yiiksek enerjili ve kararsiz ara triinler olarak biliniyorlardi. Bu
stire¢, Arduengo ve arkadaglarinin kararli ve izole edilebilir
Adamantyl (AID) bilesigini(Arduengo 111, Goerlich, Krafczyk &
Marshall, 1998; Arduengo Ill, Harlow & Kline, 1991) kesfettigi
1991 yilina kadar siirdii. Arduengo ve arkadaglarinin bu g¢ok
onemli kesfi, NHC ligandlart i¢in bir doniim noktast olmustur. Bu
adimdan sonra, NHC ligandlari, organik ve organometalik
bilesiklerin sentezinde ¢ok Onemliydi.(Crabtree, 2006) NHC
ligandlarinin giiglii sigma vericisi ve zayif pi alicis1 6zellikleri
metal-karben baginin daha uzun siire dayanmasina yardimci
olurken, elektronik ve sterik ayarlanabilirlikleri ¢ekiciligini
artirmastir.(Danopoulos, Simler & Braunstein, 2019; Fortman &
Nolan, 2011; Glorius, 2006; Herrmann, 2002; Hopkinson,
Richter, Schedler & Glorius, 2014; Tu, Malineni, Bao & Doetz,
2009) Ayrica bu ligand simifi, kolay hazirlanma yontemlerinin
yani sira hava bilesenlerine ve neme karst kararliliklar: ile de
dikkat gekmektedir.(Cazin, 2011)

Periyodik tablodaki hemen hemen tiim gec¢is metalleri, NHC
ligandlar ile kararli kompleksler olusturabilir. Bu ligandlarin
ikamelerinin kolay ayarlanmasi, NHC ligandlarinin elektronik
yapisini degistirmeye biiyiik olgiide katki sunar. Boylece metal-
NHC komplekslerinin istenilen &zelliklerde sentezlenmesi
kimyagerlerin isini kolaylastirmaktadir. istenilen dzelliklere sahip
NHC ligandi  kullanilarak  metal-NHC  komplekslerinin
hazirlanmasi, Kkatalizér olarak kullanilan bu komplekslerin
katalitik aktiviteleri {izerinde dnemli etkilere sahiptir.(Arci et al,
2011; Herrmann, Schiitz, Frey & Herdtweck, 2006) Yesil kimya
acisindan yeni nesil ve ¢evre dostu katalizorlerin ¢ok 6nemli
oldugu bilinmektedir. Metal-NHC kompleksleri, sentez teknikleri
ve uygulama alanlar1 agisindan yesil kimya kriterlerini de
karsilamaktadir.

NHC ligandi ile birlikte bir piridin tiirevli ligandi i¢eren Pd
bazli kompleksler, PEPPSI tipinin Pd(II)NHC kompleksleri
olarak bilinir.(Aktas, Barut Celepci, Gok & Aygiin, 2018;
O’Brien et al, 2006) Katalitik dongiide bir ko-ligand olarak
kullanilan piridin tiirevinin hizli eliminasyonu ve ayrica Pd-
karben baginin biiyiik stabilitesi, bu komplekslerin yiiksek
katalitik aktivitesi ile iliskilendirilir.(Organ, Chass, Fang,
Hopkinson & Valente, 2008; Price et al, 2017; Shi, Lei & Szostak,
2017; Valente, Pompeo, Sayah & Organ, 2014) PEPPSI tipi
PA(IDNHC komplekslerinin C-C bag olusum siireclerinde
katalizor olarak etkinligi ilk olarak Organ ve ark.(Organ, Chass,
Fang, Hopkinson & Valente, 2008), bu komplekslerin farkli
katalitik aktiviteleri iizerine arastirmalarin artmasina neden
oldu.(Boztepe, Kiinkiil & Giirbiiz, 2020; Gokanapalli, Motakatla
& Peddiahgari, 2020; Jiao et al, 2020; Reddy, Anusha & Reddy,
(2020)Simtinek, Rybagkova, Svoboda & Kvicala, 2020; Yingying
et al, 2020) Son c¢aligmalar, Pd(I)NHC komplekslerinin
Sonogashira,(Erdemir, Barut Celepci, Aktas & Gok, 2019).
Suzuki-Miyaura,(Aktas, Barut Celepci, Gok & Aygiin, 2018)
Mizoroki-Heck (Borah, Saha, Sarma & Das, 2020; imik, Yasar &
Ozdemir, 2019) ve dogrudan arilasyon reaksiyonlar1 gibi C-C
birlestirme reaksiyonlar1 ic¢in etkili katalizorler olarak
caligabilecegini gostermektedir.
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Onemli Pd katalizli reaksiyonlar arasinda dogrudan arilasyon,
Stille, Sonogashira, Negishi, Mizoroki-Heck, Suzuki-Miyaura ve
diger C-C capraz baglama islemleri yer alir. Ozellikle farmasotik
ve endiistriyel kimyasallarin iiretimi i¢in aromatik veya
heteroatomik molekiillerin sentezi ¢ok 6nemlidir.(Abbot et al,
2017; Bhardwaj, Divya, Gari, Teja, Yamini & Padmavathi, 2019;
Gumber, Abbot, Dhimana & Sharma, 2015; Eicher, Hauptmann
& Speicher, 2013; Filimonov, Liu & Tkatchenko, 2017; Kanchan
& Rok Lee, 2019; Lvov, Khusniyaroov & Shirinian, 2018; Wei et
al, 2020) Dogrudan C(sp2)-H arilasyonu, aromatik molekiillerden
biarillerin iiretilmesi i¢in basarih bir tekniktir. Ohta ve ark. 19.
ylizy1ilin sonundan 6nce aril bromiirler kullanilarak CH baglarinin
bolinmesiyle  heteroarenlerin ~ Pd-katalizli  arilasyonunu
sundu.(Akita et al, 1985) Daha sonra, katalizor olarak Pd'ye dayali
organometalik kompleksler kullanan arillenmis heteroarenlerin
iiretimi, heteroaren bilesiklerinin "dogrudan arilasyonu" yoluyla
gerceklestirilmistir.(Ackermann, 2011; Hagui, Doucet & Soulé,
2019).

Furan, tiyofen ve tiyazol tiirevleri gibi biyolojik olarak aktif
heteroaren bilesikleri, farmasotik kimya alaninda biiyiik ilgi
gormektedir. Aslinda, birgok ilacin bilesiminde bu maddeler
bulunur. Onemli ilaglar arasinda Atorvastatin, Canagliflozin,
Saprisartan, Raloxifene ve Lapatinib dahil olmak iizere 5 iiyeli bir
heteroaren halkasina sahip olanlar vardir.(Beaujuge, Amb &
Reynolds, 2010; Beaupre & Leclerc, 2013; Mao, Shi, Soulé &
Doucet, 2020; Sonar, Singh, Li, Soh & Dodabalapur, 2010; Usta,
Facchetti & Marks, 2011) Bu nedenle, kolayca bulunabilen ve
ucuz olan reaktifleri kullanan bu bilesiklere hizli, basit ve uygun
maliyetli erigime sahip olmak ¢ok dnemlidir.

Son ¢aligmalar, PEPPSI tipi PA(IHNHC komplekslerinin
dogrudan arilasyon islemlerini katalize edebildigini gostermistir
[Gokanapalli, Motakatla & Peddiahgari, 2020; Jiao et al, 2020;
Kim et al, 2021; Song, Zeng, Ma, Xu & Liu, 2020; Tiirker,
Bereket, Barut Celepci, Aktas & Gok, 2020) Bu ¢alismada, 4-
vinilbenzil grubu tasiyan bir dizi PEPPSI tipi Pd(II)NHC
kompleksi sentezledik. Sentezlenen tiim bilesikler, NMR, FTIR
ve elemental analiz teknikleri kullanilarak karakterize edildi.

Bununla birlikte, tiim kompleksler, dogrudan arilasyon
reaksiyonlarinda orta ve iyi katalitik aktivite sergiledi.
2. Materyal ve Metot
2.1. Yontem
4-vinilbenzil grubu tasiyan PEPPSI tipi Pd(I)NHC

komplekslerini la-e igeren tiim sentezler, standart Schlenk
teknikleri kullanilarak alevle kurutulmus cam kaplarda inert bir
atmosfer altinda gergeklestirildi. Diger tim reaktifler, Sigma-
Aldrich ve Acros Organics Chemical sirketlerinden ticari olarak
temin edildi ve daha fazla saflastirilmadan kullanildi. Yeni
PEPPSI tipi Pd(II)NHC komplekslerinin la-e sentezinde
kullanilan baslangi¢ benzimidazolyum tuzlari(Sari, Aktas,
Taslimi, Gok & Giilgin, 2018) Inonii Universitesi Organometalik
Arasgtirma Laboratuvari'nda sentezlendi. Bir Electrothermal-9200
erime noktasi aparati ile hava altinda cam kilcallarda erime
noktalari belirlendi. Ote yandan, FT-IR spektrum tahlili, Perkin
Elmer Spectrum 100 FTIR spektrometresinde 400-4000 cm™
araliginda kaydedildi. Karbon (*3C) ve Proton (*H) NMR
spektrumlari, dahili referans olarak tetrametilsilan ile CDCI3
icinde 100 MHz (*3C), 400 MHz (*H)'de calisan bir Bruker
Avance Il 400 MHz NMR spektrometresi kullanilarak
kaydedildi. Tim reaksiyonlar, 30 m uzunlugunda, 0.32 mm
capinda ve 0.25 um film kalinliginda bir HP-5 kolonu ile GC-FID
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tarafindan bir Agilent 6890 N GC sisteminde gézlemlendi. Kolon
kromatografisi, silika jel 60 (70-230 por gozi) kullanilarak
yapildi.

2.2. Sentez

Dikloro[1-Etil-3-(4-vinilbenzil)benzimidazol-2-iliden]-3-
kloropiridinpaladyum(ll), 1a sentezi

PEPPSI tipi Pd(I)NHC kompleksi lamin sentezi igin; 3-
kloropiridin 4 mL) icinde 1-Etil-3-(4-
vinilbenzil)benzimidazolyum kloriir (206 mg. 0.6 mmol), PdCl,
(106 mg. 0.6 mmol) ve K;CO3 (414 mg. 3 mmol) 80 °C'de 16 saat
karigtirildi.  Daha sonra  3-kloropiridin  vakum  altinda
buharlastirildi. Kalan tortuya diklorometan ilave edildi. Daha
sonra tortu, diklorometan ¢oziicti kullanilarak 1 cm kalinliginda
bir silika jel kolonundan gecirildi. Diklorometan vakum altinda
buharlastirildiktan sonra tiriin sar1 bir kat1 olarak elde edildi. Ham
iirin, n-pentan ile yikandi ve oda sicakliginda diklorometan/n-
pentandan (1:2) karisiminda yeniden kristallestirildi.(Tirker et al,
2020) Verim: %59 (227 mg); erime noktast: 194-195 °C; veny:
1466 cm™™.
'"H NMR (300 MHz, DMSO), §; 1.69 (t, 3H, J: 7.2 Hz, CH,CH5);
495 (q, 2H, J: 7.2 Hz, CH>CH3); 5.15 ve 5.66 (dd, 2H,
CH,CsH4CH=CH,, J: 10.8 ve 17.4 Hz); 6,61 (dd, 1H,
CsH4CH=CHa, J: 6.6 Hz); 6.10 (s, 2H, CH,CsH4CH=CH>); 7.13-
9.02 (m, 12H, Ar-H).
3C NMR (300 MHz, DMSO), §; 14.9 (CH,CH3); 43.8 (CH,CH3);
52.9 (CH.C¢H4CH=CH,); 110.3, 111.3, 111.5, 114.2, 122.9,
123.3, 123.4, 124.9, 126.5, 126.7, 126.8, 127.8, 128.2, 132.7,
134.2, 136.3, 137.5, 149.2 ve 150.3 (Ar-C ve CH=CH,); 162.1
( Ckarben'Pd) .

Dikloro[1-Biitil-3-(4-vinilbenzil)benzimidazol-2-iliden]-3-
kloropiridinpaladyum(ll), 1b sentezi

Kompleks 1b, kompleks la i¢in kullanilan y6ntemin aynisi
kullanilarak sentezlendi. Sadece, baslangic benzimidazolyum
tuzu olarak 1-Biitil-3-(4-vinilbenzil)benzimidazolyum Kloriir
(222 mg, 0.6 mmol) kullanildi. Verim: %63 (253 mg); erime
noktast: 185-186 °C; v(cny: 1470 cm'L,
'H NMR (300 MHz, DMSO), &; 1.02 (t, 3H, J: 7.5 Hz,
CH,CH,CH,CH5); 1.55 (m, 2H, CH,CH,CH,CH3); 2.17 (m, 2H,
CH,CH,CH,CH3); 4.83 (t, 2H, J: 7.5 Hz, CH>CH,CH,CH3); 5.15
ve 5.67 (dd, 2H, CH,CsH4CH=CH,, J: 8.1 ve 13.5 Hz); 6,62 (dd,
1H, CcHsCH=CH,, J: 105 Hz); 6.13 (s, 2H, CH>CsH4sCH=CHy);
7.07-9.00 (m, 12H, Ar-H).
3C NMR (300 MHz, DMSO), §; 13.9, 20.4, 31.6 ve 48.4
(CH,CH,CH,CH3): 529 (CH,CeHsCH=CH,); 110.5, 111.3,
111.5, 114.3, 123.2, 123.3, 123.4, 124.9, 126.5, 126.7, 126.8,
127.8, 128.2, 132.7, 136.3, 137.5, 149.2 ve 150.3 (Ar-C ve
CH:CH2); 162.0 (Ckarbcn-Pd).

Diklorobis[1,3-(4-Vinilbenzil)benzimidazol-2-iliden]-3-
kloropiridinpaladyum(ll), 1c sentezi

Kompleks 1c, kompleks la i¢in kullanilan yontemin aynisi
kullanilarak sentezlendi. Sadece, baslangic benzimidazolyum
tuzu olarak bis-1,3-(4-Vinilbenzil)benzimidazolyum klorir (259
mg, 0.6 mmol) kullanildi. Verim: %67 (293 mg); m.p.: 158-
160 °C; ven): 1468 cm™.
'H NMR (300 MHz, DMSO), &; 5.27 ve 5.77 (dd, 4H, J: 7.2 ve
17.7 Hz, CH,CesHsCH=CH:); 6.73 (dd, 2H, J: 10.8 Hz,
CsH4CH=CHy); 6.27 (s, 4H, CH,CsH4CH=CH>); 7.00-9.07 (m,
16H, Ar-H).
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BC NMR (300 MHz, DMSO), §; 52.9 (CH,CsHsCH=CH,);
115.5; 114.3; 123.4; 124.9; 126.2; 126.7; 132.7; 135.4; 134.4;
136.3; 137.5; 138.2; 149.2 ve 150.2 (Ar-C ve CH=CH,); 163.4
(Ckarben'Pd)~
Dikloro[1-(2,4,6-trimetilbenzil)-3-(4-vinilbenzil)benz  imidazol-
2-iliden]-3-kloropiridinpaladyum(ll), 1d sentezi

Kompleks 1d, kompleks la i¢in kullanilan y6ntemin aynisi
kullanilarak sentezlendi. Sadece, baslangi¢ benzimidazolyum
tuzu olarak 1-(2,4,6-trimetilbenzil)-3-(4-
vinilbenzil)benzimidazolyum kloriir (268 mg, 0.6 mmol)
kullanildi. Verim: %62 (277 mg); m.p.: 160-161 °C; ven): 1465
cmt,
"H NMR (300 MHz, DMSO), 8; 5.26 ve 5.74 (dd, 2H, J: 7.2 ve
17.4 Hz, CH.C¢H4sCH=CH>); 6.26 (dd, 1H, J: 10.5 Hz,
CsH4sCH=CH>); 6.26 (s, 2H, CH>C¢H4CH=CH>); 2.32 ve 2.37 (s,
9H, CH>CsH(CH3)3); 6.23 (s, 2H, CH>CsH(CH3)4); 7.02-9.02 (m,
14H, Ar-H).
13C NMR (300 MHz, DMSO), §; 20.8 ve 21.1 (CH,CsH(CH3)a);
50.1 (CHLCsH(CHs)s); 53.1 (CHoCeH,CH=CH,); 113.3; 114.4;
123.0; 123.3; 124.9; 126.7; 128.1; 129.7; 132.6; 134.2; 134.5;
136.3; 137.4; 138.2; 149.2 ve 150.3 (Ar-C ve CH=CH,); 163.1
(Ckarben'Pd)-

Dikloro[1-(2,3,5,6-tetrametilbenzil)-3-(4-vinilbenzil)
benzimidazol-2-iliden]-3-kloropiridinpaladyum(ll) 1e sentezi
Kompleks 1e, kompleks la i¢in kullanilan ydntemin aynisi
kullanilarak sentezlendi. Sadece, baslangi¢ benzimidazolyum
tuzu olarak 1-(2,3,5,6-tetrametilbenzil)-3-(4-
vinilbenzil)benzimidazolyum klorir (277 mg, 0.6 mmol)
kullanildi. Verim: %58 (264 mg); m.p.: 203-204 °C; v(cny: 1469
cmt,
"H NMR (300 MHz, DMSO), 8; 5.27 ve 5.84 (dd, 2H, J: 8.7 ve
17.4 Hz, CH.CeH4CH=CH.); 6,56 (dd, 1H, J= 10.8 Hz
C¢HsCH=CH>); 6.28 (s, 2H, CH>CsH4sCH=CH>); 2.30 (s, 9H,
CH,C¢H(CH3)4); 5.57 (s, 2H, CH,C¢H(CHs)s); 6.93-8.10 (m,
10H, Ar-H).
13C NMR (300 MHz, DMSO), 5; 16.6 ve 20.6 (CH2CH(CH3)s);
50.5 (CH,CH(CHs)s); 53.2 (CH2CsHsCH=CH,); 1113.3; 114.2;
122.9; 123.3; 124.8; 126.7; 128.1; 130.5; 132.5; 134.2; 134.5;
135.1; 136.3; 137.4; 138.1; 149.2 ve 150.3 (Ar-C ve CH=CHy);
163.1 (Cuaspen-Pd).

2.3. B. Furan ve Tiyofen Tiirevlerinin Aril
Halojeniirlerle Dogrudan Arilasyonu
Tepkimeleri icin Genel Metot

2-n-biitiltiyofen / 2-n-biitilfuran (1.5 mmol), aril bromiirler
(4-bromoasetofenon ve 4-bromoanisol) (1 mmol), baz (potasyum
asetat) (1 mmol) ve Kkatalizér (PEPPSI tipi Pd(I[)NHC
kompleksleri) (0.03 mmol), literatiirde anlatildig1 gibi argon gazi
altinda kiiciik bir Schlenk tipi icinde solvent (N,N-
dimetilasetamid) (2 mL) i¢inde ¢odziilmiistiir. 130°C'de 2 saat
karigtirildiktan sonra karisim, celite'den siiziildii.(Erdogan, Aktas,
Gok & Sari, 2018; Gok, Aktas, Erdogan & Sari, 2018) Fazla
¢oziliciiler bir vakumda buharlastirildi ve tortu, vakumla
kurutuldu. Kimyasallarin  safligimi  belirlemek i¢in gaz
kromatografisi (GC) kullanildi. Sonuglar, aril bromiirlerin
iiriinlere doniistiiriilmesi hesaba katilarak hesaplanmuigtur.

3. Arastirma Sonuclar1 ve Tartisma
3.1. Sentez
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Vinilbenzil grubunu tasiyan PEPSI tipi Pd(I)NHC
kompleksleri; baslangic malzemesi benzimidazolyum tuzlari,
paladyum Kkloriir, potasyum karbonat, potasyum bromiir ve 3-
kloropiridinin (4 mL) tepkimesinden elde edildi. Sema 1, yeni
PEPPSI  tipi  Pd(I)NHC  komplekslerinin  sentezini
gostermektedir. Bu kompleksleri %58 ile %67 arasinda
verimlerde, sar1 kati1 olarak elde edildi. Havaya ve neme karsi
kararli olan bu kompleksler, diklorometan ve kloroform gibi
halojenli ¢oziiciilerde kolayca ¢oziiniir. Ek olarak, bu bilesikler,
etil alkol, dimetilformamid ve dimetilsiilfoksit i¢inde ¢oziiniir
olmalarina ragmen, su, pentan ve toluen dahil olmak tizere bazi
¢oziiciiler iginde pratik olarak ¢dziinmezler. Tiim komplekslerin
yapilari, '"H NMR, 3C NMR ve FT-IR gibi spektroskopik
yontemler  kullanilarak  dogrulandi.  Her  kompleksin
spektrumlarindan toplanan veriler, 6nerilen formiille tutarlidir.
Boylece, spektroskopik yontemler, beklenen yeni PEPPSI tipi
komplekslerin olusumunu basariyla dogruladi. Ozellikle NMR
spektrumlarinda baglangic materyali olarak kullanilan 4-
vinilbenzil grubu tastyan benzimidazolyum tuzlarmna ait
karakteristik proton (11 ppm civarinda) ve karbon piklerinin (144

/

N
sy Clm + PACL + 5K,CO;
N

R

a

ppm civarinda) gozlenmemesi,(Sar1, Aktas, Taslimi, Gok &
Giilgin, 2018) bunu yerine benzimidazolyum ligandinin
palladyum metaline koordinasyonu sonucu karbon NMR
spektrumunda daha diisiik alanda karben piklerinin varligi
komplekslerin olugumunu kanitlamaktadir. 4-vinilbenzil grubunu
tastyan PEPPSI tipi Pd(I)NHC komplekslerinin *C NMR
spektrumlarinda, 161.3 ile 161.1 ppm arasinda karakteristik Pd-
Ckarben rezonanslart gozlendi. 4-vinilbenzil tasiyan bu
komplekslerin - Ar-CH=CH, rezonanslar1 igin '3C NMR
spektrumlar1 154.5 ve 156.5 ppm arasinda gozlendi. PEPPSI tipi
Pd(II)NHC kompleksleri igin, FT-IR verileri 1448 ile 1438 cm’!
arasinda  (CN)min  varligim  gdstermistir.  Ayrica  tiim
komplekslerin elementel analiz bulgularinin tahmin edilen
degerlere olduk¢a yakmn oldugu tespit edilmistir. Tim
spektroskopik  sonuglar, diger PEPPSI tipi Pd(II)NHC
kompleksleri igin elde edilenlerle uyumludur.(Aktas, Barut
Celepci, Gok & M. Aygiin, 2018; Daggin et al, 2021; Erdemir,
Barut Celepci, Aktas & Gok, 2019; Roger, Pozgan & Doucet,
2009; Slimani, Mansour, Ozdemir, Giirbiiz & Hamdi, 2021;
Tirker et al, 2020)

/

Cl

N:\ /E @EN ]|3r —
- Pd—N
80 °C, 16 h. N B Q

Ri $CHy o o —CHy - %‘@J ’ X—Q ’ x—gj
b [ d e

Sema 1. 4-vinilbenzil grubu la-e tasiyan PEPPSI tipi Pd(I)NHC komplekslerinin sentezi.

3.2. Katalitik Aktivite

Katalizor
[PA(ID)NHC]
O\ 0. 03% mmol J\
R E nBu
DMAc KOAc
0

E=OandsS 1h,130°C
R = COCHj; and OCHj;
X=Cl and Br

Sema 2. Dogrudan Arilasyon i¢in Genel Metot
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Katalizor olarak PEPPSI tipi PA(II)NHC komplekslerinin
kullanildig1 dogrudan arilasyon reaksiyonu {izerine yapilan son
arastirmalar, bu komplekslerin etkili katalizorler oldugunu
gostermigtir. Tirker ve arkadaslari, benzimidazolium ile
fonksiyonellestirilmis PEPPSI tipi Pd(IHNHC komplekslerinin
yeni serisini sentezledi.(Tiirker et al, 2020) Bu komplekslerin
dogrudan arilasyon reaksiyonunu katalize etme yeteneklerini
incelediler ve son derece gilicli katalizorler olduklarini
buldular.(Tiirker et al, 2020). Ayrica Slimani ve arkadaglari,
katalizor gorevi goren benzimidazolium ile fonksiyonellestirilmis
PEPPSI tipi Pd(IDNHC komplekslerini arastirmislardir. Bu
komplekslerin dogrudan arilasyon reaksiyonlarinda aktif
katalizorler oldugunu bildirdiler.(Jiao et al, 2020)
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Tablo 1. NHC-Pd(1l)-3-klorpiridin kompleksleri tarafindan katalize edilen 2-n-butilfuran ve aril bromiirlerin dogrudan arilasyon

reaksiyonlari.

PA(IDNHC (Kat.
S

DMAc, KOAc nBu
1h,130°C
Deney R Uriin Kat. Doniisiim (%)

1 1a 95
2 o} 1b 97
3 -COCH; M 1e 92
4 0™ NBu 1d 88
5 le 93
6 la 84
7 1b 88
8 -OCH: a lc 86
9 /O o 1d 85
10 nBu le 81

Reaksiyon kosullari: 2-n-butilfuran (0.25 mmol), 4-bromoasetofenon veya 4-bromoanisol (0.2 mmol), PEPPSI tipi Pd(INNHC (%0.03
mmol), KOAc (0,4 mmol) ve DMAc (2 ml) inert bir atmosferde Schlenk tiipiine ilave edildi. 130°C'de 1 saat karigtirildi.

Son aragtirmamizda, optimum kosullar belirlemek i¢in bu
kompleksler i¢in ¢oziicii olarak N,N-dimetilasetamid (DMAc) ve
baz olarak potasyum asetat (KOAc) kullanilmistir. Sonug olarak,
bu ¢alismada ayni ¢6ziicii ve bazi kullanmay1 sectik.(Tiirker et al,
2020) PA(II)NHC kompleksleri tarafindan katalize edilen
dogrudan arilasyon reaksiyonunda DMAc'nin iyi bir ¢oziicii
oldugu ve KOAchmin etkili bir baz oldugu iyi
bilinmektedir.(Roger, Pozgan & Doucet, 2009) Burada incelenen
PEPPSI tipi PAII)NHC kompleksleri, daha 6nce yayinlamis
oldugumuz PEPPSI tipi komplekslerle ortak 6zellikleri
paylagir.(Tiirker et al, 2020) Bu nedenle, burada dogrudan
arilasyon reaksiyonu i¢in Onceden belirlenmis optimum
kosullarimiz1 temel aldik. Sentezlenen yeni komplekslerdeki
NHC ligandina 4-vinil benzil ikamesini ekledik. Bu farkin
katalitik dongiideki komplekslerin verimliligini etkileyebilecegini
diistindiik.

Bu reaksiyonlarda kullanilan substratlarin elektronik ve
sterik etkilerinin katalitik aktivite iizerinde etkili oldugu
bilinmektedir. Aril bromiirlerdeki siibstitiientler incelendiginde,
asetil grubu (COCHs3) gibi elektron ¢eken gruplar igeren 4-
bromoasetofenon'un yiiksek doniisiim gergeklestirdikleri, ancak
metoksi (OCHs) gibi elektron veren gruplar tasiyan 4-
bromoanisol grubunun daha diisik verimlerde doniisiim
gerceklestirdigi  goriilmiisti. Bunun  sebebinin  aromatik
halkadaki bromiir atomunun karbon-brom (C-Br) bagimin
polarizasyonu ile ilgili oldugunu diisiinebiliriz.

e-ISSN: 2148-2683

Aril bromiirlerin (4-bromoasetofenon ve 4-bromoanisol), 2-
n-butilfuran ile dogrudan arilasyonunda, katalizor olarak 4-
vinilbenzil grubu tagiyan PEPPSI tipi PA(II)NHC kompleksleri
la-e kullanilmigtir. Deneysel sonuglar, tiim katalizorlerin aktif
oldugunu kanitlamaktadir. Substratlardan 4-bromoasetofenon
igeren asetil grubu (elektron ¢eken) ve 4-bromoanisol tasiyan
metoksi grubu (elektron veren) kullanildiginda, katalitik
aktivitelerde onemli bir fark gozlenmedi. Bununla birlikte
substrat olarak 4-bromoasetofenon kullanildiginda kismen daha
yliksek  doniisimler  gozlendi. Dogrudan arilasyon
reaksiyonlarinda, 1la ve 1b kompleksleri yiiksek aktivite
sergilerken, 1d kompleksi daha diisiik aktivite sergiledi (Tablo 1).

Son olarak, katalitik aktivitede, aril bromiirlerin (4-
bromoasetofenon ve 4-bromoanisol), 2-n-biitilfuran ve 2-n-
biitiltiyofen ile reaksiyonunda tiofen ve furan tiirevleri
kiyaslandiginda ~ 2-n-biitilffuran  bilesiginin  kullanildig1
tepkimelerde doniisiimler kismen daha yiiksek elde edilmistir.
Bunun sebebi furan halkasindaki oksijen atomunun tiofen
halkasindaki kiikiirt atomuna gore halkanin 5 konumundaki
protonu daha kolay polarladigi (kismin daha pozitif bir proton)
seklinde diisiiniilebilir. Bu durum 5 konumundaki karbon
atomuna arilbromiirlerin baglanmasini kolaylastirmakla birlikte
Br anyonunun ayrilmasini da kolaylastirmaktadir (Tablo 1 ve 2).
Literatiirde de benzer sonuglar elde edilmistir.(Tiirker et al, 2020)

11



Avrupa Bilim ve Teknoloji Dergisi

Tablo 2. NHC-Pd(II)-3-klorpiridin kompleksleri tarafindan katalize edilen 2-n-biitiltiyofen ve aril bromiirlerin dogrudan arilasyon

reaksiyonlari.
PA(II)NHC (Kat.
@ " ROBr (DRHE (Rat) R—@-@
S nBu Lo
DMAc, KOAc S nBu
1 h, 130 °C
Deney R Uriin Kat. Déniisiim (%)
1 1a 81
2 -COCHj3 o) / 1b 85
3 >—©—<I Ie 87
S
4 nBu 1d 80
5 le 78
6 1a 80
7 _OCH; J 1b 82
8 O l 1c 84
/ S nBu
9 1d 76
10 le 73

Reaksiyon kosullari: 2-n-biitiltiyofen (0.25 mmol), 4-bromoasetofenon veya 4-bromoanisol (0.2 mmol), NHC-Pd(II)-3-klorpiridin
(%0.03 mmol), KOAc (0,4 mmol) ve DMAc (2 ml) inert bir atmosferde Schlenk tiipiine ilave edildi. 130°C'de 1 saat karistirildi.

4. Sonuc¢

Sonug olarak, bu ¢alismada 5 tane yeni 4-vinilbenzil grubu
tagtyan benzimidazolyum-fonksiyonellestirilmis PEPPSI tipi
Pd(I)NHC komplekslerinin sentezini bildirdik. Bu kompleksleri,
3-kloropiridin iginde 4-vinilbenzil ile stbstitie edilmis
benzimidazolyum tuzlari ve paladyum kloriir karigtirtlarak
hazirland1. Tiim PEPPSI tipi Pd(I))NHC kompleksleri, *H NMR,
BC NMR ve FTIR spektroskopik teknikleri kullanilarak
karakterize edilmistir. Sentezlenen tiim komplekslerin, katalitik
aktiviteleri igin arilbromiirlerin, furan ve tiofen tiirevi bilesiklerle
tepkimeleri incelendi. Belirlenen optimum kosullarda, tim
bilesikler iyi ve orta derecede doniisiimler sergileyerek etkili
katalizorler oldugunu kanitladilar.
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Abstract

Renewable and clean energy sources are currently needed for the long-term growth of nations and to decrease the negative
environmental effects of fossil fuels. One of the most significant sources of energy is solar energy. Understanding the radiation
properties of the solar energy is crucial for making the most use of solar energy in a certain region. In addition, reliable solar energy
measurements are necessary for research into climate change, one of the most pressing problems confronting humanity today.
Nowadays, solar energy harvesting systems are widely used to satisfy the world's increasing energy needs. Satellite-based solar
radiation forecasts currently provide the high spatial and temporal resolution, global, diffuse, and direct sunlight data needed for solar
power system planning and efficient utilization. In this study, the solar radiation values of the determined area were estimated using
sum of sine model for n =1, n = 2, n = 3 in the Matlab program. Several statistical error analysis tests were used to evaluate the
performance of the developed models. The estimated solar radiation values demonstrate how effectively the proposed prediction
models performs.

Keywords: Solar energy, Solar radiation, Statistical error tests, Sum of sine model.

Siniis Toplam Modeli ile Kiiresel Giines Radyasyon Tahmini

Oz

Yenilenebilir ve temiz enerji kaynaklarma giiniimiizde uluslarin uzun vadeli biiyiimesi ve fosil yakitlarin olumsuz gevresel etkilerinin
azaltilmas: icin ihtiya¢ duyulmaktadir. En 6nemli enerji kaynaklarindan biri giines enerjisidir. Giines enerjisinin radyasyon
ozelliklerini anlamak, belirli bir bolgede giines enerjisinden en iyi sekilde yararlanmak i¢in ¢ok Onemlidir. Ayrica, gliniimiizde
insanligin karsi karsitya oldugu en acil sorunlardan biri olan iklim degisikligi arastirmalari i¢in giivenilir giines enerjisi Ol¢iimleri
gereklidir. Giiniimiizde diinyanin artan enerji ihtiyacini karsilamak igin giines enerjisi Uretim sistemleri yaygm olarak
kullanilmaktadir. Uydu tabanli giines radyasyon tahminleri su anda giines enerjisi sistemi planlamasi ve verimli kullanimi igin
gereken yiiksek uzaysal ve zamansal ¢ozinirliik, kiiresel, yaygm ve dogrudan giines 15181 verilerini saglar. Bu ¢alismada, Matlab
programinda n =1, n =2, n =3 igin sinlis toplam modeli kullanilarak belirlenen bolgenin giines radyasyon degerleri tahmin
edilmistir. Gelistirilen modellerin performansimi degerlendirmek igin ¢esitli istatistiksel hata analiz testleri kullanilmigtir. Tahmin
edilen giines radyasyon degerleri, dnerilen tahmin modellerinin ne kadar etkili performans sergiledigini gostermektedir.

Anahtar Kelimeler: Giines enerjisi, Giines radyasyonu, Istatistiksel hata testleri, Siniis toplam modeli.
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1. Introduction

Because to rising populations, the depletion of fossil fuel
reserves, and technological advancements, energy consumption
has risen recently. The sun is without a doubt the primary source
of energy for the entire planet. The energy of the sun travels
through space on electromagnetic waves. The total solar
radiation of the Sun that reaches the surface of the Earth varies
depending on the curvature of the Earth, extra-atmospheric solar
radiation, and atmospheric characteristics. For any analysis of
solar systems, a precise assessment of the elements of global
solar radiation is required. On the surface of the planet, the direct
and diffuse solar radiation that make up global solar radiation
can be measured (Kaplan, 2015). Solar energy technologies are
domestic, clean, and renewable energy sources that will be
crucial in the production of sustainable energy in the future.
Turkey receives roughly 2640 hours of sunshine annually due to
its location in the medium solar belt. The solar energy density
(S) is 3,6 KWh/m2 on a daily basis. Turkey has an overall gross
solar energy potential of 8,8 MTEP with an annual maximum
total solar radiation of 299 hours and 1460 KWh/m2 in
Southeast Anatolia and an annual minimum total solar radiation
of 1971 hours and 1120 KWh/m2 in the Black Sea region
(Ozturk, Bezir & Ozek, 2009).

When the number of weather stations is taken into account,
the statistics on solar radiation are few. A solar radiation model
is typically employed in these circumstances to forecast the
necessary data for solar radiation applications. Some parameters
are used to construct a variety of empirical models for estimating
global solar radiation. Extraterrestrial radiation, daylight,
duration, temperature, soil temperature, relative humidity,
number of wet days, altitude, latitude, and longitude, as well as
total precipitation, cloudiness, and evaporation are among the
factors that are examined (Togrul & Onat, 2000)( Jin, Yezheng &
Gang, 2005)( Menges, Ertekin & Sonmete, 2006).

This work used the sum of sine model to create a novel solar
radiation estimation model. The city of Antalya served as the
study's setting, and Table 1 contains information on its

geography.

Table 1. The study area geographical coordinates.

Variable Value
Latitude 36,07 ° N
Longitude 2920°E
Level of sea 39m
Measurement height 10 m

2. Material and Method
2.1. Sum of Sine Model

The sum of sines model fits periodic functions and is given
by
e-ISSN: 2148-2683

y = Xizq a;sin(bix + ¢;) (D

where a is the amplitude, b is the frequency, and c is the phase
constant for each sine wave term. n is the number of terms in the
series and 1 < n < 8. This equation is closely related to the
Fourier series described in Fourier Series. The main difference is
that the sum of sines equation includes the phase constant, and
does not include a constant (intercept) term (MathWorks Help
Center).

In this section, the coefficients of Eq. 1 for selected region
were calculated in Matlab program for n=1, n=2, n=3
respectively. The used regional solar radiation data based on
measured hourly one year and the developed model was given
by;

Sum of Sine Model forn =1

-~ = 2.0265in(0.1678 = + 6.479) @)
0

Ho

Sum of Sine Model for n = 2

" _ 1.306sin (4.127i n 4.634) +0.676sin (6.401 Sy
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Sum of Sine Model for n = 3

A 0.99sin (7.11i n 3.25) + 0.46 sin (13.23i + 2.44) n
So So
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0.14 sin (13.23%+ 2.44) )

In this study, a specific region's one-year data on sunlight hours
and monthly average daily solar radiation on a horizontal plane
were employed. The information was provided by the General
Directorate of State Meteorology and was based on observations
of sun radiation. The graphs of the developed models are shown
in Figure 1, Figure 2, and Figure 3 forn=1, n=2, n=3
respectively.

0.7

0.65
H/H,
0.6

0.55

05[C i hd i i i I I I -
0.5 0.55 06 0.65 5/s 0.7 0.75 0.8 0.85
o

Figure 1. The graph of developed model by using sum of sine for
n=1
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Figure 2: The graph of developed model by using sum of sine
for n =2
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Figure 3. The graph of developed model by using sum of sine for
n=3

2.2. Statistical Error Tests

In the literature, the efficacy of solar radiation estimation
models is evaluated using a variety of statistical error tests. In
this investigation, three different statistical error tests were used
(Kallioglu, 2014)( Aras, Balli & Hepbasli, 2006)( Ulgen &
Hepbasli, 2004).

2.2.1. The sum of square of error (SSE)

The sum of square of error is calculated as follows (Oxztiirk,
Ozek & Berkama, 2012). SSE must be equal to the ideal value of
zero.

SSE=Xis (m; — c)? (%)

2.2.2. The analysis of variance (R®)

The coefficient of determination indicates the extent to
which one variable is bound to another. It is used to determine
the linear relationship between the calculated and measured
values. The value of this coefficient ranges from 0 to 1 and its
ideal value is close to 1 (Khorasanizadeh, Mohammadi &
Mostafaeipour, 2014).

R2= Tl (ci—ca)x(mj—my) 6)
JEr s imcl(Z mi-ma)?]

Here, c, and m, are respectively average of the measured and
calculated values.

e-ISSN: 2148-2683

2.2.3. The root mean square error (RMSE)

The root mean square error is calculated as follows
(Khorasanizadeh, Mohammadi & Mostafaeipour, 2014)(
Sabzpooshani & Mohammadi, 2014). The ideal value for RMSE
is equal to zero.

RMSE= [ 52, (n; - 2 ™

3. Results and Discussion

In this study, new models was developed by using sum of
sine model for n =1, n =2, n=3 in Matlab program for
solar radiation estimation of selected region. Three different
statistical error tests were used to evaluate the effectiveness of
the models that was developed.

The statistical error test results of developed models are
given in Table 2. When the results are evaluated in general, it is
seen in Table 2 that the statistical error test results change
depending on n. When the results are generally evaluated, it has
been observed that the performance of the developed model
improves as the number of n increases.

Table 2. The statistical error test results of developed models.

n SSE R? RMSE
1 0.0386 0.3102 0.06549
2 0.03715  0.336 0.07869
3 0.01844  0.6704 0.0784

4. Conclusions and Recommendations

For the purpose of estimating the solar radiation of a chosen
location, new models were developed in this study utilizing the
sum of sine model form=1, n=2, n=3 in the Matlab
software. Three different error analysis tests were applied to
show the effectiveness of the developed models. According to
the results obtained, the developed models have been shown to
be quite effective.

The models developed for this study will be useful in
determining the region's solar energy potential and will
introduce a brand-new model to the literature. Because solar
radiation measurement is currently one of the most important
fields of renewable energy research, this work can help with
future studies on the topic.
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Abstract

In this paper it was emphasized that machine learning techniques can achieve high performance in classification and work effectively
and scalably with large data sets. The dataset used in this study was obtained from www.kaggle.com. A total of 67529 comments
collected from people working at Google, Amazon, Netflix, Facebook, Apple and Microsoft were evaluated. The N-gram model is an
important representation scheme in text mining. N-gram models are the unigram model (N = 1), bigram (N = 2), and trigram (N = 3).
Three different weighting schemes as TP, TF, and TF-IDF, and three different weighting schemes for traditional machine learning-
based analysis as N-gram model (bigram, unigram and trigram) was used. Five supervised learning algorithm was used to train
models: Naive Bayes, Support Vector Machines (SVM), Logistic Regression (LR), K-Nearest Neighbor (KNN) and Random Forest
(RF).

Keywords: machine learning, text classification, artificial intelligence, ensemble learning.

Is Memnuniyeti Faktorlerini Belirlemek ve Analiz Etmek icin
Cevrlmlgl Calhsan Degerlendlrmelerlm Kullanan ilgili Makine
Ogrenmesi ve Topluluk Ogrenmesi Tabanh Yéntem

Oz

Bu ¢aligmada, makine 6grenmesi tekniklerinin siiflandirmada yiiksek performans elde edebilecegi ve biiyiik veri setleri ile etkin ve
Olceklenebilir bir sekilde ¢alisabilecegi vurgulanmistir. Bu ¢alismada kullanilan veri seti www.kaggle.com adresinden elde edilmistir.
Google, Amazon, Netflix, Facebook, Apple ve Microsoft'ta ¢alisan kigilerden toplanan toplam 67529 yorum degerlendirilmistir. N-
gram modeli, metin madenciliginde nemli bir temsil semasidir. N-gram modelleri, unigram modeli (N = 1), bigram (N = 2) ve
trigram (N = 3) seklindedir. TP, TF ve TF-IDF olmak iizere ii¢ farkli agirliklandirma gemasi ve N-gram modeli (bigram, unigram ve
trigram) olarak geleneksel makine 6grenmesi tabanli analiz i¢in ii¢ farkl agirliklandirma semasi kullanilmistir. Modelleri egitmek igin
bes farkl denetimli 6grenme algoritmasi kullanilmistir: Naive Bayes, Destek Vektor Makineleri (SVM), Lojistik Regresyon (LR), K-
En Yakin Komsu (KNN) ve Rastgele Orman (RF).

Anahtar Kelimeler: Makine 6grenmesi, metin siniflandirma, yapay zeka, topluluk 6grenmesi.
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1. Introduction

Web is a rich and progressively expanding source of
information. Text classification suffers from the high
dimensional feature space and feature sparsity problems. The use
of conventional representation schemes to represent text
documents can be extremely costly especially for the large text
collections. In this regard, machine learning techniques are
viable tools in representing document collections. The
performance of the proposed sample selection method was
evaluated on some basic classifiers with machine learning
techniques by considering the online assesments of the
employees in order to determine and analyze the job satisfaction
factors. In addition the effectiveness of different representation
structures are evaluated in order to represent the data sets
effectively and the main results are obtained regarding the use of
classification ensemble in the field of text mining.

2. Material and Method

2.1. Traditional Machine Learning Techniques

The N-gram model is an important representation scheme in
text mining. N-gram models are the unigram model (N = 1),
bigram (N = 2), and trigram (N = 3). In this part of the study,
three different weighting schemes as TP, TF, and TF-IDF, and
three different weighting schemes for traditional machine
learning-based analysis as N-gram model (bigram , unigram and
trigram) was used. Five supervised learning algorithm was used
to train models: Naive Bayes, Support Vector Machines (SVM),
Logistic Regression (LR), K-Nearest Neighbor (K-NN) and
Random Forest (RF).

2.1.1. Naive Bayes (NB)

It is one of the simplest, understandable and easily
applicable machine learning algorithms used in text
classification. With this method the probability of belonging to
the class value of the target attribute of a sample can be found
[1].

2.1.2. Support Vector Machines (SVM)

It is a training algorithm used to generate learning,
classification, clustering, density estimation and regression rules
from the data. SVM can be used to solve the two-class and
multi-class classification problem. SVM aims to find the closest
examples of the classes while classifying the data and also
maximize the perpendicular distances of these examples to the
separating surface which will separate the two classes. The
separator surface can have many different alternatives without
changing its success on the dataset. The separating surface is at
the same distance to both classes and distance is maximum [2].

2.1.3. Logistic Regression (LR)

It is a statistical method used to predict binary classes.
Logistic Regression predicts the probability of an outcome that
can only have two values. The prediction is based on the use of
one or more predictors as numerical and categorical. Linear
Regression is not suitable for values that can be expressed in a
binary system such as yes/no. Because it can predict value
outside of the range of 0 and 1. Logistic Regression produces a
logistic curve limited to values between 0 and 1 [2].

e-ISSN:2148-2683

2.1.4. K-Nearest Neighbor (K-NN)

In this method, the classification process is made according
to the proximity relations between the objects. It is also known
that the k-nn algorithm which has the advantage of ease of
development, needs a large amount of memory space, the
processing load and cost increase significantly as the data set
and size increase. Thus the performance is affected by
parameters and features such as the number of k neighbors [3].

2.1.5 Random Forest (RF)

It is a classification algorithm that creates multiple decision
trees from the data in the part of the data set reserved for
training. Random forest, also called ensemble learning method
in the literature, decides the class of the given test input by using
the classification results of a large number of decision trees by
majority vote. First the algorithm creates a large number of
decision trees using the training data. Then it places the test data
into each tree to classify the part of the data set reserved for
testing. In the final, algorithms evaluates the classification
obtained from each tree and chooses the one with the highest
value [4].

2.2. Ensemble Learning Algorithms

Ensemble learning algorithms is a machine learning
workspace for assigning the class label to the samples to be
classified based on the output of multiple learning algorithms
rather than a single classification algorithm. Ensemble learning
algorithms are expected to have better generalization abilities
and lower risk of overfitting compared to base classifier
algorithms [5].

Ensemble learning methods, namely AdaBoost algorithm,
Bagging, Random space, Voting and Stacking were used in this

paper.
2.2.1. AdaBoost Algorithm

It is a meta-algorithm formulated by YoavFreund and
Robert Schapire. The Adaboost algorithm is an iterative
ensemble classifier that uses weak classifiers within the
ensemble structure to improve its performance. In the Adaboost
algorithm, the classifiers of the ensemble are added one by one
where each subsequent classifier is trained using data that
previous ensemble members failed to classify correctly. Selects
the training set to train the current learning model based on the
last training prediction [6].

2.2.2. Bagging Algorithm

Breiman is based on training different sub-dimensions of the
training data set. In this method, different sub-samples are
created from the training data set by changing the samples each
time. Each sub-training set created is trained with a classifier. At
the same time, all classifiers classify different sub-training sets.
The bagging method uses the majority vote technique to
combine the estimates of the classifiers . In this technique, the
majority estimate given by the classifiers among the
classification estimates of all the estimators is accepted as the
classification estimation of the ensemble method. [7]
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2.2.3. Random Space Algorithm (RS)

It is an ensemble learning algorithm in which basic learning
algorithms are trained by taking samples from the training set as
in the bagging algorithm. However, in obtaining different
subsets from the training set, feature space-based partitioning is
performed, not instance-based [8].

2.2.4. Voting

Ensemble learning method, the estimation of the majority by
combining the estimations of different types of classifiers is
accepted as the ensemble estimation. In fact , although the
voting method is a combination technique, it has become a very
common area of use in combining different types of classifiers.
Classification of the same data set by different types of
classifiers provides variation in estimations. The variation in
estimates is an element that improves accuracy performance in
the ensemble method. For this reason, high-performance
predictions can be obtained in the case of diversity in voting
ensemble methods in general [9].

2.2.5. Stacking

Stacking ensemble learning method developed by Wolpert is
based on the principle of producing a higher performance
estimation from these estimations by accepting the estimations
of different types of classifiers as input for the meta classifier.
Stacking ensemble learning method offers a two-stage learning
process in this sense. In the first stage, predictions are obtained
from the same training dataset with different types of classifiers.
In the second stage, the predictions obtained from the first stage
are processed in the meta classifier and the prediction of the
ensemble learning model is obtained. This method, which
generates ensemble estimation from estimations with meta
classifier, has been developed to provide higher performance
[10].

3. Results and Discussion

In order to calculate the performance of classification
algorithms in the evaluation process, a number of model
performance criteria frequently used in the literature were used
[11].

The parameters used in the formulation of these criteria are
defined as:

TP (True Positive): The number of comments that are positive
and also considered positive by the classifier.

TN (True Negative): The number of comments that are
negative and also considered negative by the classifier.

FP (False Positive): The number of comments that are negative
but considered positive by the classifier.

FN (False Negative): The number of comments that are positive
but considered negative by the classifier.

For experimental analysis, the text corpus was modeled
using three weight schemes as TF, TP, and TF-IDF and three
different N-gram models (bigram , unigram and trigram). In this

e-ISSN:2148-2683

way nine different configurations were obtained. The results
obtained from the analyzes are shown in the tables below
according to the Accuracy Values, Precision Values, Recall
Values and F-measure Values.
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Table 1. Accuracy Values

Algorithms Unigi_lgm+ Unigi_rlgm+ U_Pi liaDrE+ BiQFI%m+ Big_lr_ia:m+ I§I_| r|a1|5nF+ Triglfém+ Trigl_rgm+ TTri rl%nly
KNN 80.09 80.7 80.51 79.27 79.82 79.48 76.89 78.78 78.1
SVM 82.33 82.64 82.55 82.35 | 82.46 82.39 82.14 82.28 82.22
LR 81.69 82.09 81.97 81.5 81.68 81.59 80.88 81.39 81.23
NB 83.34 83.63 83.57 83.44 83.5 83.48 83.31 83.41 83.34
RF 82.87 83.15 83.11 82.88 | 82.99 82.94 82.71 82.83 82.8
AdaBoost(KNN) 87.06 87.32 87.31 87.17 | 87.24 87.19 87.09 87.16 87.13
AdaBoost(SVM) 87.57 87.88 87.81 87.71 87.74 87.73 87.58 87.64 87.62
AdaBoost(LR) 87.33 87.57 87.55 87.46 87.5 87.48 87.35 87.42 87.38
AdaBoost(NB) 88.38 88.73 88.63 88.49 | 88.56 88.53 88.25 88.46 88.35
AdaBoost(RF) 87.92 88.21 88.14 88 88.04 88.02 87.91 87.97 87.93
bagging(KNN) 83.81 84.14 84.09 83.89 83.98 83.95 83.69 83.81 83.77
Bagging(SVM) 84.73 84.99 84.95 84.79 84.85 84.8 84.7 84.77 84.74
bagging(LR) 84.41 84.67 84.62 84.5 84.6 84.54 84.3 84.39 84.36
bagging(NB) 85.38 85.62 85.6 85.47 85.56 85.54 85.4 85.45 85.43
bagging(RF) 85.05 85.37 85.3 85.17 | 85.21 85.19 85.07 85.14 85.12
RS(KNN) 88.76 89.1 89 88.85 88.94 88.9 88.77 88.81 88.8
RS(SVM) 90.22 90.57 90.49 90.07 90.34 90.14 89.87 90 89.91
RS(LR) 89.53 89.81 89.8 89.61 89.67 89.64 89.42 89.57 89.48
RS(NB) 93.61 94.02 93.91 92.64 | 93.03 92.87 92.08 92.36 92.21
RS(RF) 91.3 91.93 91.73 91.01 91.3 91.08 90.68 90.92 90.8
B/_?_ttin)g(Minimumproba 85.6 85.87 85.83 85.75 85.78 85.77 85.65 85.68 85.67
ility

B/_tla_ttin)g(Maximumproba 85.89 86.15 86.12 85.99 86.07 86.06 85.9 85.97 85.95
ility

Voting(Majorityvoting) | 86.17 86.41 86.39 86.24 86.29 86.26 86.17 86.22 86.19
B(?ﬁtin)g(Productofproba 86.41 86.73 86.65 86.55 86.57 86.57 86.44 86.49 86.45
ility

B{?_tti.ng)(Averageofproba 86.79 87.05 87.01 86.9 | 86.98 | 86.93 86.8 86.85 86.83
Hiaes

Stacking 89.15 89.4 89.37 89.22 89.28 89.25 89.12 89.18 89.14
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Table 2. Precision Values

Algorithms Uni%_ram Uni%_ram Unigram | Bigram | Bigram | Bigram | Trigram| Trigram| Trigram
+TP +TF | +TF-IDF | +TP | +TF |+TF-IDF| +TF +TP | +TF-IDF

KNN 0.81 0.82 0.81 0.80 0.81 0.80 0.78 0.80 0.79
SVM 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83
LR 0.83 0.83 0.83 0.82 0.83 0.82 0.82 0.82 0.82
NB 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
RF 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
AdaBoost(KNN) 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
AdaBoost(SVM) 0.88 0.89 0.89 0.89 0.89 0.89 0.88 0.89 0.89
AdaBoost(LR) 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
AdaBoost(NB) 0.89 0.90 0.90 0.89 0.89 0.89 0.89 0.89 0.89
AdaBoost(RF) 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
bagging(KNN) 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Bagging(SVM) 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
bagging(LR) 0.85 0.86 0.85 0.85 0.85 0.85 0.85 0.85 0.85
bagging(NB) 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
bagging(RF) 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
RS(KNN) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
RS(SVM) 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
RS(LR) 0.90 0.91 0.91 0.91 0.91 0.91 0.90 0.90 0.90
RS(NB) 0.95 0.95 0.95 0.94 0.94 0.94 0.93 0.93 0.93
RS(RF) 0.92 0.93 0.93 0.92 0.92 0.92 0.92 0.92 0.92
Voting(Minimumprobability) 0.86 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Voting(Maximumprobability) | (.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Voting(Majorityvoting) 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Voting(Productofprobability) 0.87 0.88 0.88 0.87 0.87 0.87 0.87 0.87 0.87
Voting(Averageofprobabilities) o .gg 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Stacking 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
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Table 3: Recall Values

Algorithms _UI_Bigram+ _LIJEigram+ 'UI'Ei?E)aFm+ _Ll%_i ram+ _Ll%_i ram+ _II3_i r%rE+ ¥Eigram+ ¥Eigram+ ¥Eglll'§lg1+
KNN 0.82 0.82 0.82 0.81 0.81 0.81 0.78 0.80 0.80
SVM 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
LR 0.83 0.84 0.84 0.83 0.83 0.83 0.83 0.83 0.83
NB 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
RF 0.85 0.85 0.85 0.85 0.85 0.85 0.84 0.85 0.84
AdaBoost(KNN) 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
AdaBoost(SVM) 0.89 0.90 0.90 0.90 0.90 0.90 0.89 0.89 0.89
AdaBoost(LR) 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
AdaBoost(NB) 0.90 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.90
AdaBoost(RF) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
bagging(KNN) 0.86 0.86 0.86 0.86 0.86 0.86 0.85 0.86 0.85
Bagging(SVM) 0.86 0.87 0.87 0.87 0.87 0.87 0.86 0.87 0.86
bagging(LR) 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
bagging(NB) 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
bagging(RF) 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
RS(KNN) 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
RS(SVM) 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
RS(LR) 0.91 0.92 0.92 0.91 0.92 0.91 0.91 0.91 0.91
RS(NB) 0.96 0.96 0.96 0.95 0.95 0.95 0.94 0.94 0.94
RS(RF) 0.93 0.94 0.94 0.93 0.93 0.93 0.93 0.93 0.93
_\I/}:ti)ng(Minimumprobab 0.87 0.88 0.88 0.88 0.88 0.88 0.87 0.87 0.87
ility

B/i?itti;)g(Maximumproba 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Voting(Majorityvoting) | o.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
i\I/itzii)ng(Productofprobab 0.88 0.89 0.88 0.88 0.88 0.88 0.88 0.88 0.88
i\(itzitgg)f;l(Averageofprobab 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
Stacking 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
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Table 4: F-measure Values

Foortme pioram| ypioran| pigggm | Bigram+ | Bjoran| G | Fporame) Fporem| Frqsp
KNN 0.81 0.82 0.82 0.80 0.81 0.81 0.78 0.80 0.79
SVM 0.84 0.84 0.84 0.84 0.84 0.84 0.83 0.84 0.83
LR 0.83 0.83 0.83 0.83 0.83 0.83 0.82 0.83 0.82
NB 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
RF 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84
AdaBoost(KNN) 0.88 0.89 0.89 0.88 0.89 0.89 0.88 0.88 0.88
AdaBoost(SVM) 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
AdaBoost(LR) 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89
AdaBoost(NB) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
AdaBoost(RF) 0.89 0.90 0.89 0.89 0.89 0.89 0.89 0.89 0.89
bagging(KNN) 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Bagging(SVM) 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
bagging(LR) 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86
bagging(NB) 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
bagging(RF) 0.86 0.87 0.87 0.86 0.87 0.86 0.86 0.86 0.86
RS(KNN) 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
RS(SVM) 0.92 0.92 0.92 0.91 0.92 0.92 0.91 0.91 0.91
RS(LR) 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
RS(NB) 0.95 0.95 0.95 0.94 0.94 0.94 0.93 0.94 0.94
RS(RF) 0.93 0.93 0.93 0.92 0.93 0.92 0.92 0.92 0.92
i\I/if;)t/i)ng(Minimumprobab 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
B/i?itti;)g('\/laximumproba 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87
Voting(Majorityvoting) | o.87 0.88 0.88 0.88 0.88 0.88 0.87 0.88 0.88
i\I/i?;i)ng(Productofloroloab 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
i\lligitgg)g(Averageofprobab 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Stacking 0.91 0.91 0.91 0.91 0.91 0.91 0.90 0.91 0.90
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4. Conclusions and Recommendations

In this paper classification was made with text mining in
order to accurately analyze large datasets created with texts
containing comments made by employees about the
companies they work for. For this purpose K-Nearest
Neighbor (K-NN), Support Vector Machine (SVM), Logistic
Regression (LR), Naive Bayes (NB) and Random Forest (RF)
machine learning algorithms were used. These algorithms are
implemented with Python programming language and scikit -
learn library. The results which shown the tables and graphics
above were analyzed comparatively of by accuracy value,
presicion, recall and F-measure. When the results are
compared and the performance values are analyzed, Random
Space (RS) algorithm has got the highest success rate was
obtained from the experiment with Naive Bayesian use. The
highest accuracy value obtained from this experiment was
94.02 by using unigram and TF together as seen in Table 1.,
also precision value was 0.95, TP, TF and TF-IDF methods
were used together with unigram as shown in Table 2; recall
value was found with 0.96 success rate by using TP, TF and
TF - IDF together with unigram and F -measure was found
with 0.95 success rate by using TP, TF and TF-IDF methods
together with unigram. Experimental results shows that Naive
Bayes classification algorithm is more successful algorithm in
text mining compared to other methods.
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Abstract

The coronavirus disease, namely Covid-19 infection, which was declared a worldwide epidemic by the World Health Organization
(WHO) in 2020, was first seen in Wuhan, China in the last months of 2019 and has affected the whole world. Early diagnosis of this
rapidly spreading epidemic is important to prevent the disease. For this reason, methods such as image processing, deep learning, and
machine learning have become important to detect the epidemic early. In this study, it has been tried to classify individuals who test
positive and negative for Covid-19 based on some laboratory test results with several Decision Tree methods. Since the original form
of the data set has an uneven distribution, the data set has been balanced by applying the oversampling and undersampling methods
used for such data sets as a pre-processing study. Balanced dataset and original dataset using 5-Fold Cross Validation (CV), 10-Fold
Cross Validation and Leave-One-Out (LOO)-CV, Random Forest (RF), Random Tree (RT), J48, 1t was analyzed with alternating
decision tree (ADTree) and Function Trees (FT) classifiers. As a result of the examination, the most successful result was shown by the
RF classifier with 87.5% success rates using CV-5 in the original data set, 93.3% using CV-10 and LOO-CV in the oversampling method,
and 79% using CV-5 in the undersampling method. In addition to success rates, sensitivity-specificity metrics, which are important for
patient and healthy diagnosis, were examined in terms of each classification algorithm and CV value.

Keywords: Covid-19; Decision Tree; Random Forest; Oversampling.

Karar Agaclar1 Kullamilarak Klinik Verilerle Covid-19

Enfeksiyonunun Incelenmesi

Oz

2020 yilinda Diinya Saglik Orgiitii (WHO) tarafindan diinya ¢apinda salgin ilan edilen koronaviriis hastalig1 yani Covid-19 enfeksiyonu,
ilk olarak 2019 yilinin son aylarinda Cin'in Wuhan kentinde goriillmiis ve tiim diinyay1 etkisi altina almistir. Hizla yayilan bu salgimin
erken teshisi, hastaliktan korunmak igin dnemlidir. Bu nedenle goriintii isleme, derin 6grenme, makine 6grenmesi gibi yontemler salgini
erken tespit etmek i¢in 6nemli hale geldi. Bu ¢aligmada ¢esitli Karar Agaci yontemleri ile bazi laboratuvar test sonuglarina gére Covid-
19 testi pozitif ve negatif ¢ikan bireyler siniflandirilmaya g¢alisilmistir. Veri setinin orijinal formu esit olmayan bir dagilima sahip
oldugundan, bu tiir veri setleri i¢in kullanilan agir1 6rnekleme ve eksik 6rnekleme yontemleri bir 6n isleme ¢aligmasi olarak uygulanarak
veri seti dengelenmistir. Dengeli hale getirilen veri seti ve orjinal veri seti 5-Fold Cross Validation (CV) , 10-Fold Cross Validation ve
Leave-One-Out (LOO)-CV kullanilarak Random Forest (RF), Random Tree (RT), J48, Alternating decision tree (ADTree) ve Function
Trees (FT) smiflandiricilari ile incelenmistir. Inceleme sonucunda en basarili sonug orijinal veri setinde CV-5 kullanilarak %87,5, asir1
ornekleme yonteminde CV-10 ve LOO-CV kullanilarak %93,3 ve eksik ornekleme yonteminde CV-5 kullanilarak %79 ile RF

simiflandiricist gostermistir. Basar1 oranlarinin yani sira hasta ve saglikli teshisi i¢in 6nemli olan duyarlilik-6zgiilliik metrik degerleri
her bir simiflandirma algoritmasi ve CV degeri bakimindan incelenmistir.

Anahtar Kelimeler: Kovid19; Karar agaci; Rastgele Orman; Asir1 Ornekleme.
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1. Introduction

Covid-19 infection, known as coronavirus disease, was first
seen in Wuhan, China in the last months of 2019 and affected the
whole world in 2020 [1]. This disease spread rapidly among
people, causing a new epidemic in many countries. Coronavirus
disease, which can be transmitted by small respiratory droplets,
coughing, or sneezing when closely interacted with infected
people, shows symptoms such as shortness of breath and cough.
Although Covid-19 infection may show serious complications in
some patients, some patients can overcome this disease
asymptomatically [1, 2].

It has been stated that machine learning methods or image
processing methods that can be applied to chest or lung images
can play an important role in defining Covid-19 disease [3]. In the
literature, several studies have been conducted using machine
learning and image processing methods for the detection or
analysis of Covid-19 disease. In the study, the effect of
coronavirus disease on the region, spreading rate, and weather
conditions were examined using the Support Vector Regression
(SVR) method [4]. In a study, Convolutional Neural Network
(CNN) model has been proposed to automatically detect Covid-
19 patients or healthy individuals from chest X-ray images. With
the proposed model, the success rate was found to be 96.78% [5].
De Moraes Batista, et al. collected data from 235 patients in
emergency care and tried to predict Covid-19 patients using five
machine learning methods [6]. Uneven data distributions are seen
especially in rare epidemic diseases such as Covid-19.
Oversampling and undersampling methods are used to eliminate
such unbalanced data distributions. In a study, it was tried to
predict Covid-19 patients based on laboratory test results
commonly collected from suspected Covid-19 case applications
using the Synthetic Minority Sampling Method (SMOTE) and
Acrtificial Neural Networks (ANN) algorithm. As a result of the
study, the success rate was found to be 86% in the original data
set, while it was observed that the success rate increased to 90%
when the unbalanced data distribution was eliminated by using
the SMOTE-based method [7]. It has also been observed that
studies have been conducted to estimate the number of cases using
machine learning methods [8].

In this study, individuals with negative (healthy) or positive
(patient) Covid-19 test results, according to widely measured
laboratory values, who were taken from people who applied to the
hospital with the suspicion of Covid-19 were examined using
decision trees methods. In the examination, decision trees such as
Random Forest (RF), Random Tree (RT), J48, and Function Trees
(FT), Alternating decision tree (ADTree) classification methods,
which are frequently used in the patient-healthy distinction in
Biomedical studies, were used. Since the data set examined in the
study showed an unbalanced distribution, the unbalanced
distribution was eliminated by applying oversampling and
undersampling methods, and the balanced data set was examined
with machine learning methods and compared with the results of
the data set with the unbalanced distribution. Cross-Validation
values, which are important in classification studies, were
selected as 5, 10, and Leave One Out in the study, and a
comparison was made in terms of accuracy, sensitivity, and
specificity metric values.

2. Materials and Methods

2.1. Dataset
The data set used in the study was taken from the Kaggle
platform, which is used as an open data set source for machine
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learning studies. Information on the data set was obtained from
patients who came to Israelita Albert Einstein Hospital in Séao
Paulo, Brazil with suspicion of Covid-19 [9]. The data set consists
of 5644 people in total. Of these 5644 people, 5086 have negative
test results, 558 of them are positive people with positive test
results. “Hematocrit, Hemoglobin, Platelets, Red Blood Cells,
Mean Platelet Volume, Lymphocytes, Leukocytes, Mean
Corpuscular Hemoglobin, Mean Corpuscular Hemoglobin
Concentration, Basophils, Eosinophils, Monocytes, Red Blood
cell Distribution Width laboratory measurement values” and
patient ID quality, A total of 111 attribute values were entered into
the data set, such as which service they were referred to or
whether the patient was admitted to the normal room. As a result
of the examination, it was found that 5050 people contained blank
data or missing values and non-quantitative values that did not
affect the analysis. The data set was downloaded to 594 people
after discarding empty data and patient 1D information without
any effect, values such as which service the patient was referred
to, whether the patient was admitted to the normal room, and
empty values. Hematocrit, Hemoglobin, Platelets, Red Blood
Cells, Mean Platelet Volume, Lymphocytes, Leukocytes, Mean
Corpuscular Hemoglobin, Mean Corpuscular Hemoglobin
Concentration, Basophils, Eosinophils, Monocytes, Red Blood
cell Distribution Width laboratory measurement values for 14
studies in total were quantitative. It has been examined. Of the
594 people, 513 were negative and 81 were positive (coronavirus
patients). Figure 1 shows the distribution of the data to be
examined in the study. Since the data showed an uneven
distribution oversampling and undersampling processes were
applied and the data were analyzed by balancing both upwards

and downwards to make our classification result healthier.
513 Negative

Positive
&1

Figure 1. Distribution of the data to be examined.

2.2. Imbalance Process for Data

In order to prevent the imbalance in the data set, the
oversampling and undersampling methods are applied to the data
set as a preprocess. As Oversampling, Synthetic minority over-
sampling technique (SMOTE) method, which is frequently
applied in studies showing such unbalanced data distributions,
and Spread Subsampling (SS) method as undersampling process
were used.
2.2.1. Oversampling

The Oversampling method shows high speed sampling. This
method makes samples in the minority class closer to the number
of samples in the majority class by randomly generating samples
synthetically according to their closest neighbors. The imbalance
in terms of the number of samples produced and the number of
samples between the majority class is eliminated. The advantage
of this method is that there is no data loss, unlike the
undersampling method [10]. Among the oversampling methods,
the most frequently used method is the SMOTE method
developed by Chawla, et.al in 2002 [11]. In the study, this method
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was also preferred and the data set was balanced so that 513
negative-513 positives.
2.2.2. Undersampling

The undersampling sampling method removes the imbalance
between classes by randomly removing the samples in the
majority class to eliminate the imbalance in the data set. The
disadvantage of this method is the possibility of discarding
important data in the majority class [10, 12]. The SS
undersampling method data set preferred in the study was set to
be 81 negative and 81 positive.
In Figure 2, data distributions formed after SMOTE method (a)
and SS method (b) are applied to the data set used in the study are
shown.

513 '\r|anr 513 Positive 81 \r|:r 81 Posicive
(@) b)

Figure 2. Data distribution analysis () SMOTE (b) Spread
Subsampling

2.3. Classification

Classification is the process of distributing data to
classes in a controlled manner after passing the training and
testing phase. Primarily, the data to be trained is created and the
distribution of the training data generated to the classification
algorithm method is taught. Then, the classification process is
performed most accurately by testing the data whose class is not
known. The classification methods preferred from the biomedical
studies and in the distinction between sick and healthy were used
in the study. In the study, the classification processes were made
using the Waikato Environment for Knowledge Analysis
(WEKA) Version 3.8.3 program [13]. Some information about the
classification methods used is given below.

2.3.1. Alternating decision tree (ADTree)

The Adtree algorithm consists of decision states that
specify the outcome of an action. Detailed information about
ADTree, which consists of decision node and forecast node
layers, is given in [14].

2.3.2. Random Forest (RF)

The RF classification method was developed by
Breamin, and this method extracts the small information
contained in the data set and enables differentiation [15]. It has
been stated that the RF method, which is also defined as the
collection of decision trees, requires very little pre-processing and
is successful on unstable data sets in studies [14-16].

2.3.3. Random Tree (RT)

The trees created as a result of the RT classification
algorithm are randomly selected from the possible tree cluster,
and there is a chance to sample each tree equally. It has been stated
that the trees show a similar distribution and that the models
created by many random trees can generally have a high rate of
accuracy [17].

2.3.4. 348

J48 is a C4.5 decision tree developed by J. Ross Quinalan
for classification of nonlinear and small size data [18]. Decision
tree selection is important in solving the classification problem.
In this method, a tree is created to create the classification model
and the classification process is performed over the remaining
data, ignoring the missing data [19].
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2.3.5. Function Trees (FT)

FT is an algorithm that can be implemented with four
different models. The FT algorithm can be viewed as a
generalization of multivariate trees and can fix data in a sample
space by dividing it [20].

3. Research Results

In this study, healthy or sick individuals were classified using
RF, RT, J48, ADTree, FT machine learning methods according to
the results of the Covid-19 test in line with the laboratory values
obtained by measuring from those who applied to the hospital
with the suspicion of Covid-19. Since data belonging to positive
(patient) and negative (healthy) classes were unevenly distributed
at the beginning, SMOTE and SS procedures were applied as a
pre-treatment. As a result of the SMOTE method, the minority
class was multiplied and the unbalanced distribution between the
two classes was equalized with 513 people in both classes. As a
result of the SS method, the data in the majority class was reduced
and the data was adjusted so that 81 people were in both classes.
As a result of the classification process, data distribution at the
beginning, resulting from SMOTE analysis and SS analysis were
examined in terms of 5-10-fold Cross-Validation (CV) and
Leave-One-Out (LOO) CV. In the 10-fold cross-validation
method, the data is divided into 10 equal parts and 10% of the data
is divided into parts as the test, 90% is the training data, and then
the trained training parts are used to predict the tested part. The
result of the classification is estimated by repeating this process
10 times and taking the average of the results. Similarly, in the 5-
fold cross-validation process, the data is divided into 5 equal parts
and the remaining 4 layers for a solid test are used as a training
set and this process is repeated 5 times. In the LOO-CV process,
which is preferred in cases where the number of samples is less in
the literature, the data set as much as the sample number is divided
into pieces, and each sample is used as both training and test data.

According to the Confusion Matrix is given in Figure 3, the
accuracy, sensitivity, and precision metric values were calculated
from equation (1) (2) (3) for the classification algorithm and CV
values used in the study. Accuracy value refers to the rate of
successfully classified sample, Sensitivity value refers to the
number of positive samples correctly classified, ie disease
diagnosis rate. Specificity metric value is used to measure the
proportion of correctly classified negative models, that is, the
determination of healthy individuals [21]. The results resulting
from the calculations are shown in Table 1.

Predicted Class

Positive
Negative (Covid-19)
_E True Negative False Positive
@ =
= £n
- T P
CR (TN) ®P)
E —
> a. False Negative True Positive
< EF
$ 2 (FN) (TP)
MO
S
Figure 3. Confusion Matrix
TP+TN
Accuracy = T @
Sensitivity = TPT+PFN 2
Specificity = T;ivpp ?3)
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Table 1. Classification Results

10-Fold CV 5-Fold CV LOO-CV
Pre-Processing Classification  Ac Sp Ac  Sp S Ac Sp S
Procedure Method (%) (%) (%) (%) (%) (%) (%) (%) (%)

ADTree 86.2 | 93.0 | 432 | 852 | 932|346 |862| 918 50.6
. J48 86.7 | 945 | 383 | 86 | 93.4 | 395 | 84.3 92 35.8

Original
Data Set RF 86.8 | 965 | 247 | 875|969 | 284 | 87.2 | 96.5 28.5
RT 836 | 904 | 40.7 | 835 | 89.7 | 444 | 843 | 914 39.5
FT 86.2 | 95.0 | 296 | 87.3 | 93.2 | 506 | 86.5 | 93.0 45.7
ADTree 844 | 79.9 | 889 |84.7 | 815|879 |84.2| 805 87.9
J48 853 | 827 | 881 | 84 |811 869|852 813 89.3

Oversampling
(SMOTE) RF 933 | 92 |945| 93 | 922 | 94 [933| 91 95.7
RT 86.1 | 85 |87.3|845 (827|864 | 8 | 832 86.9
FT 849 | 83 |869|839|805|87.3|858| 828 88.7
ADTree 741 | 753 | 728 | 734 | 741 | 728 | 741 | 728 75.3
Ja8 734 | 679 | 79 | 709 | 65.4 | 765 | 69.1 | 69.1 69.1
Undersampling

(SS) RF 76 | 728 | 79 | 79 | 778|802 | 778 | 753 80.2
RT 765 | 765 | 765 | 70.9 | 765 | 65.4 | 71.6 | 77.8 65.4
FT 747 | 704 | 790 | 728 | 654 | 802 | 79 | 716 86.4

Ac: Accuracy, Sp: Specificity, S: Sensitivity, LOO-CV: Leave-One-Out Cross-Validation

4. Discussion and Conclusion

In this study, the data set created as a result of the
laboratory test samples taken from people who applied to the
hospital with the suspicion of Covid-19 was in its original form,
accuracy with the ADTree, J48, RF, RT, and FT classification
algorithms, which were balanced as a result of applying SS
from Oversampling methods and Undersampling methods,
Analyzed for sensitivity and specificity. In the analysis process,
the number of CVs was determined as 5, 10, and LOO-CV,
which is generally preferred.

As a result of the examination, the RF classification
algorithm gave successful results both in its original form and
in the balanced form of the data set. The success rate was 86.8%
in the original data distribution, 93.3% with SMOTE analysis,
and 76% in data distribution after SS analysis. It is stated in the
literature that the RF algorithm gives successful results in
unbalanced data distributions [16, 22]. In the study, a 93.3%
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success rate was obtained in the RF classifier, especially with
SMOTE analysis, and a result that supports the literature has
been presented. When Table 1 was examined, it was seen that
the sensitivity rate in the original classification results was
lower than the results obtained as a result of the application of
SMOTE and SS methods. When the unbalanced distribution
that occurred in the original state was eliminated, it was seen in
the study that the success rate in the classification procedures
increased with the sensitivity rate, which is especially important
for the diagnosis of the patient. It has been observed that the
downward balancing of the data set with the Undersampling
method reduces the success rate in contrast to the oversampling
method. When the values in Table 1 are examined in terms of
CV, no significant differences were observed in success rates.

In the study using a similar data set in the literature, the
data set was examined with the original state and SMOTE
analysis with the ANN algorithm, and it was observed that
SMOTE analysis increased the success rate [7]. Similarly in the
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literature, in another study conducted on data sets obtained as a
result of blood count, RF, ANN, and glmnet classifiers were
used to detect Covid-19 positive-negative carriers. As a result
of the classification, success rates were found as 86% for RF,
80% for ANN, and 84% for glmnet [22]. It is stated in the
literature that Covid-19 can be detected as a result of image
processing methods, as well as Covid-19 can be detected with
laboratory test results [5-8, 22].

In this study, it was stated that the oversampling-
undersampling pretreatment methods are important to obtain
healthier results for the analysis of data with the unbalanced
distribution. As a result of this study, it was seen that the rapidly
spreading coronavirus disease can be detected with some
samples taken from the laboratory, especially due to the high
success rate of the RF classification algorithm in the analysis
made as a result of the SMOTE analysis.
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Oz

En basit tanimi ile kimyasal enerjiyi elektrik enerjisine ¢eviren pillerin kullanim alanlar1 giin gectikge artmaktadir. Savunma sanayiden
endiistriyel alana, bireysel kullanimdan toplumsal kullanima kadar her alanda mobil teknolojilerin hizla gelismesi, yiiksek enerji
yogunluguna, diisiik hacme ve agirliga sahip depolama sistemlerinin 6nemini artirmustir. 1990 yilina kadar kursun asit, Ni-Cd ve Ni-
MH altyapisina sahip depolama sistemleri yogun olarak kullanilmakta iken mobil telefon alaninda elde edilen hizli teknolojik
gelismeler, daha hafif ve yiiksek enerji yogunluguna sahip pil ihtiyacini 6n plana ¢ikarmistir. Bu konuda Li-Ion piller, mobil cihazlarda
bir devrime sebep olmus ve bu piller, mobilitenin 6nemli oldugu her alanda hizla yayilmistir. Li-Ion piller sahip oldugu avantajlar ile
yayginlagirken, diger taraftan tehlikeli yonleri ile de endiseye sebep olmustur ve kullaniminda bir dizi Onlemlerin alinmast
zorunlulugunu beraberinde getirmistir. Onlemlerin belirlenmesi igin ise kullanimda olan Li-Ion pillerin verilerinin toplanmasi ve
degerlendirilmesi gerekmektedir. Bu caligmada deneysel diizenek kurularak, sarj ve desarj esnasindaki pil verileri toplanmis ve
islenmistir. Ayrica farkli elektriksel ve sicaklik sartlari altinda ¢alisan pillerin toplanan verileri, pil performansinin belirlenmesinde ve
kapasite seviyesinin hesaplanmasinda kullanilmustir.

Anahtar Kelimeler: Pil, Veri, Depolama, Enerji, Kapasite.

Data Collection and Processing System Design for Lithium Based
Batteries

Abstract

With basic definition, batteries are energy storage systems that convert chemical energy into electrical energy. The usage areas of
batteries are increasing day by day. The rapid development of mobile technologies in every field has increased the importance of storage
systems with high energy density, low volume, and weight. Until 1990, lead acid, Ni-Cd and Ni-MH storage systems were used
extensively. However, rapid technological developments in the field of mobile telephony have revealed the need for lighter and higher
energy density batteries. Li-lon batteries have revolutionized mobile devices in this area, and these batteries have spread rapidly in
every field where mobility is important. On the other hand, they also caused concern with their dangerous aspects and a series of
precautions had to be taken in their use. In order to determine the precautions, the data of the Li-lon batteries in use should be collected
and evaluated. In this study, battery data during charging and discharging by setting up experimental setup were collected and processed.
In addition, data of batteries operating under different electrical and temperature conditions were collected. The collected data were
used to determine battery performance and calculate capacity level.

Keywords: Battery, Data, Storage, Energy, Capacity
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1. Giris

Pil teknolojileri her gecen giin hayatin daha fazla icerisinde
yer almaktadir. Telefonlarda, diz iistii bilgisayarlarda, tablet ve
tagimabilir biitlin cihazlarda oldugu gibi giiniimiizde sebeke
seviyesinde depolama sistemleri olarak ev, ofis ve {iretim
sahalarinda yaygin sekilde kullamlmaktadir. Insan ve diger
canlilarin yasam alanlarinda bu kadar yogun kullanilan enerji
depolama sistemlerinin davranislarinin analiz edilmesi, giivenli
kullannom alanlarinin  ve smirlarimin  belirlenmesi, Omiir
tahminlerinin yapilmasi 6nem arz etmektedir.

Giinliik yasantimizda oldugu gibi havacilik uygulamalarinda
da piller yogun olarak kullanilmaktadir. Sabit kanat ve doner
kanat olarak tanmimlanan hava araglarinda, hacim ve agirlik
siirlamalarindan dolay: lityum esash piller tercih edilmektedir.
Zor calisma kosullarina sahip doner kanat ve ¢ok motorlu
drone’lar, sivil kullanimda, hobi uygulamalarinda ve giivenlik
giiclerinin saha operasyonlarinda vazgegilmez olmuslardir.
Ayrica, bu hava araglarmin yer kontrol istasyonlar1 da mobil
olmakta ve enerjisi, lityum esasli pillerden saglanmaktadir. S6z
konusu araglarin ugus siireleri ve manevra kabiliyetleri, piller ile
dogrudan iligkili olup sektérde 6nemli bir pazar payina sahiptirler.

Lityum pillerin sarj, desarj ve bekleme esnasinda gerilim,
akim ve sicaklik degerlerinin OSlgiilmesi ve pillerin kapasite
hesaplamalarinin yapilmasi ile ilgili literatiirde az sayida ¢alisma
bulunmaktadir. Bu ¢alismalardan birinde veri toplama sistemi
tasarlanmis ve bu sistem ile gerilim, akim ve 1s1l giftlerden elde
edilebilecek her tip veri alinmig ve bu veriler, LCD ekranda
gosterilmistir. Ayn1 zamanda Ethernet, Modbus ve RS485 gibi
farkli haberlesme protokolleri ile veri, bilgisayar ortamina
aktarilmigtir (Daogang ve ark., 2009). Li ve ekibi, yaptiklari
calismada, pil verilerini toplayarak, pil dmiir ve pil saglik durumu
tahminlerini yapmiglardir. Calismalarinda, prognostik yontemler
kullanilarak yapilan tahminler ile pil Omiir beklentilerinin
onceden belirlenmesi saglanmistir (Li ve ark., 2019). Baska bir
¢alismada mevcut teknikler ve gelecek trendler dikkate alinarak
verisi toplanan bataryalar ig¢in durum tahmini yapilmak
istenmistir. Batarya durumu ile kastedilen parametreler, sarj
durumu, enerji durumu, gii¢ durumu, sicaklik durumu, saglik
durumu ve giivenlik durumu olarak siralanabilir (Hu ve ark.,
2019). Bir diger calismada fotovoltaik sistemler igin, diigiik
maliyetli, Labview tabanli, veri toplama sistemi gelistirilmistir.
Sistem, siirekli olarak gerilim, akim ve gii¢ degerlerini izlemistir.
Ayrica veri toplama sistemi, gercek test sartlarinda
karakteristiklerin elde edilmesine ve ortaya ¢ikan radyasyonun
hesaplanmasina da imkan tanimustir (Rezk ve ark., 2017). Haq ve
ekibi ise dogrudan veri toplama sistem tasarimi yerine batarya
yonetim sistem tasarimi konusuna odaklanmistir (Haq ve ark.,
2015). S6z konusu tasarimda, lityum demir fosfat tipi pillerin sarj
durum 6l¢iimii i¢in akim sayma yontemi ve pil dengeleme i¢in de
pasif dengeleme yontemi kullanilmigtir. Bagka bir ¢aligmada
batarya ile benzer elektriksel parametrelere sahip olan solar
sistemler i¢in mikroislemci tabanli bir veri toplama sistemi
tasarlanmigtir (Mukaro&Carelse, 1999). Calismada solar sistem
iizerinden analog-dijital doniistiiriiciiler araciligi ile toplanan
veriler, bilgisayara aktarilmadan 6nce bir seri EEPROM hafizaya
kaydedilmis ve biitiin parametrelerin dl¢iimleri tamamlandiktan
sonra EEPROM hafizasindaki bilgiler, RS232 kullanilarak
bilgisayar ortamina iletilmistir.

Bu ¢alismada Li-lon pillerin muhtelif sartlar altinda sarj ve
desarj karakteristikleri ortaya konulmus ve analiz i¢in veri tabani
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olusturulmustur. Analiz i¢in temel olusturacak verilerin
toplanmast i¢in donanim tasarimi ve yazilimi gelistirme
faaliyetleri ylirttilmiistiir. Tasarlanan donanim ile pilin
elektriksel ve fiziksel degerleri elde edilmis ve elde edilen
degerler, bilgisayar ortaminda hazirlanan bir yazilim ara yiizii ile
gosterilerek, analizi yapilmistir.

Bu calismada gerilim, akim ve sicaklik dl¢iim ydntemleri
ikinci bolimde yer almaktadir. Ayrica bu bdliimde veri toplama
kartindan ve hazirlanan bilgisayar yazilim arayiliziinden de
bahsedilmistir. Uciincii boliimde sarj/desarj islemlerinde veri
toplama ve elde edilen deneysel sonuglar ile pilin ¢gevrim testi i¢in
veri toplama ve elde edilen sonuglar1 yer almaktadir. Son béliimde
de elde edilen sonuglar degerlendirilmistir.

2. Materyal ve Metot

2.1. Ol¢iim Yontemleri

Pillerde veri toplama sistemleri, genel olarak akim, gerilim ve
sicaklik 6l¢iim sonuglarini toplarlar. Performans ve kapasite
tahmini gibi hesaplama ve Ongoriilerde bu ii¢ temel O6l¢im
sonucuna ihtiyag duyulur. Nem, basing gibi fiziksel
biiyiikliikklerinin de 6lgiilmesi ve kaydedilmesi miimkiin iken bu
calismada s6z konusu degerlerin sabit kaldigi varsayilmigtir.
Olgiimlerde elektriksel ve fiziksel degerlerin elde edilmesi icin
sensorler, doniistiiriiciiler, veri isleyici islemci, kayit icin
bilgisayar yazilimi ve veri tabani kullanilmigtir. Sensor ve dl¢iim
modiillerinden elde edilen veriler, veri toplama ana kartina
gonderilmistir. Veri toplama ana karti, UART protokoliinii
kullanarak USB baglant1 noktasindan bilgisayara baglanmaktadir.
Bilgisayarin seri portuna iletilen 6l¢iim degerleri, bilgisayar
yazilimi sayesinde alinmig ve bilgisayar ortaminda islenmistir.
Elde edilen verilerden 6ngérii ve tahminlerin ¢ikarilmasi igin ise
matematiksel modelleme yontemi kullanilmistir. Elde edilen
veriler, Dbilgisayar yazilimi sayesinde Excel dosyasina
kaydedilmis ve grafiklere doniistiiriilerek analiz altyapisi
olusturulmustur.

3.6V nominal gerilime 3500mAh nominal kapasiteye sahip
olan Li-Ion pilin sarj1, gii¢ kaynagi ile, desarj1 ise elektronik yiik
ile yapilmistir. Sarj ve desarj islemleri siiresince veri toplama
islemi de gerceklestirilmistir. Gerilim 6l¢timii, ADS115 analog-
dijital doniistiriicti modiilii, akim 6l¢timii $6nt direnci, sicaklik
6lglimii ise termistor kullanilarak yapilmistir. Elde edilen 6l¢iim
degerleri islemci tabanli veri toplama ana kartina, bu kartta
kaydettigi ol¢lim degerlerini bagli oldugu bilgisayar yazilim
arayiiziine gondermistir. Bilgisayar yazilim araylizii verileri,
Excel dosyasina kaydederek, grafiklerinin  ¢izdirilmesi
saglamistir.

2.1.1. Analog-Dijital Déniistiiriicii ile Gerilim Olgiim
Yontemi

Pil geriliminin Olgiilmesinde analog-dijital doniistiiriiciiler
kullanilmigtir. Bu ¢alismada kullanilan ve Sekil 1° de de gosterilen
ADS1115 analog-dijital doniistiiriicii modiilii, gerilim seviyesini
analog olarak oOlgmektedir ve 16-bit ile dijital veriye
dontigtirmektedir. 5V referans  voltaji  kullanildiginda
7,6295x10” V hassasiyette gerilim 6lgiimii yapilabilmektedir.
Haberlesme protokolii olarak 12C kullanilmistir (MCU-Turkey,
2014).
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Sekil 1. ADS1115 gerilim dl¢iim modiilii (Figure 1. ADS1115
voltage measurement module)

2.1.2. Sont Direnci ile Akim Olgiim Yontemi

Bu yontemde sont direncinin tasidigi akima gore lizerinde
genellikle mV mertebesinde bir gerilim meydana gelmektedir.
Gerilimin bilinen sabit gont direnci degerine boliinmesi ile akim
hesaplanmaktadir. Direncin kutuplarinda olusan pozitif ve negatif
gerilimin yoniine gore akimin sarj veya desarj akimi oldugu diger
bir ifade ile akimin yonii tespit edilmektedir.

Sont direnci lizerinden okunan analog gerilim degeri, analog-
dijital doniistiiriicii modiilleri ile dijital veriye ¢evrilmekte ve veri
toplama ana kartina iletilmektedir. Cevrim ve iletim belirli
periyotlarla yapilmakta ve wveri toplama sisteminin grafik
olusturmasinda kullanilmaktadir (Wago, 2022).

2.1.3. Termistor ile Sicaklik Olciim Yontemi

Termistorler ile sicaklik Olglimiiniin uygulamalar1 basit
olmasindan dolay1 yaygin sekilde kullanilir. Termistdr, 10K,
100KQ gibi birka¢ degerde iiretilmesine karsin, en yaygin
kullanilan degeri, 10KQ’ dur. NTC termistor diren¢ degeri,
sicakligin yiikselmesi ile diiser. Diger bir ifade ile sicaklik ile ters
orantili degisen bir diren¢ yapisina sahiptirler (EEPOWER,
2022). Sekil 2’ de termistorlerin tipik bir sicaklik-direng
karakteristigi verilmistir.

(2 &
20k 1+
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]
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4
]
3]
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= Sicaklik
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Sekil 2. 10K NTC i¢in sicaklk — direng grafigi (Aydin, 2019)
(Figure 2. Temperature-time graphic for 10K NTC(Aydin, 2019))

2.2. Islemci Tabanl Veri Toplama Karty

Veri toplama karti, yiiksek performans ve hiza sahip ARM
tabanli islemci modiildiir. Uzerinde 128-Mbit SDRAM, 128-Mbit
Quad-SPI flash hafiza, ses, mikrofon, USB, puSD kart, Arduino
Uno bulunmaktadir. Bu kart,180MHz/225 DMIPS islem hiz1 ve
TFT ekran destegine sahiptir (STMicroelectronics, 2022). Pilin
sarj islemi veya desarj islemi gergeklesirken modiiller tarafindan
gerilim, akim ve sicaklik degerleri 6l¢iilmektedir. Modiillerin
aktif edilmesi ve hangi siklikla 6l¢tim yapilacagi, ARM tabanl
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islemciye sahip veri toplama ana kart1 tarafindan belirlenmektedir
(Wikipedia, 2022).

2.3. Hazirlanan Bilgisayar Yazilim Arayiizii

Bu ¢alismada pilin sarj1 ve desarji i¢in deneysel diizenekler
kurulmus olup, bu diizenekten elde edilen verilerin bilgisayar
ekraninda gosterilmesi i¢in Sekil 3° de verilen ve tanimlamalari
Tablo 1’ de yapilan, C# programlama dili ile gelistirilen yazilim
arayiizii hazirlanmistir. Hazirlanan arayiiz sayesinde elde edilen
veriler, kolay anlagilir gekilde ekrana yansitilmistir. Veri toplama
stirecinde veri toplama ana karti ile bilgisayar ortamindaki arayiiz
yazilimi haberleserek, modiillerden alinan 6lgiimler, bilgisayar
ortamindaki yazilima aktarilmistir. Yazilim, aktarilan pil gerilim,
akim ve sicaklik verilerini bir Excel sayfasina veya kendi
olusturdugu veri tabanina kaydetmistir. C# programlama dili ile
gelistirilmis olan bu yazilim, sadece veri toplama ana kartindan
aldig1 6l¢iim degerlerini degil, batarya yonetim sisteminden aldig1
dinamik verileri de gosterebilmektedir.
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Sekil 3. Hazirlanan yazilim arayiizii (Figure 3. The prepared
software interface)

Tablo 1. Yazilim Arayiiziindeki Tanimlamalar (Table 1.
Descriptions in the software interface)

No | Ozellik Tanim

1 Gerilim Pilin Anlik Gerilim Degeri

2 Sicaklik Pil Sicakligi

3 Giig Sarj/Desarj Giicii

4 Akim Sarj/Desarj Akimi

5 | Celim | b Gerilimi igin Kadranh Gosterge
Gostergesi
Akim Sarj/Desarj Akimi I¢in Kadranl

6 N . .
Gostergesi | Gosterge

7 Giig Sarj/Desarj Giicii I¢in Kadranh
Gostergesi | Gosterge

8 Sicaklik Pil Sicaklig1 I¢in Kadranli Gosterge
Gostergesi gtle g
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3. Arastirma Sonuclar1 ve Tartisma

3.1. Sarj iIsleminde Veri Toplama ve Elde Edilen
Deneysel Sonuclar

Li-Ion pillerin sarj edilmesinde birka¢ yontem olmasina
ragmen genel olarak sabit akim/sabit gerilim sarj yontemi
kullanilmaktadir. Pillerin sarj1 i¢in Sekil 4’ de verilen blok sema,

Sekil 5’ de gosterilen deneysel sarj diizeneginin olusturulmasinda
referans olarak kullanilmistir (Kaya, 2022:60).

Veri Toplama
Yazilim
—

| Bilgisayar

Veri Toplama Ana Karti

Gerilim Olgtim Sicaklik Olglimi
Modiilii Termistor
— hd | |
— I I

Sont Direnci

Gii¢ Kaynagi

Sekil 4. Veri toplama sisteminin sarj icin blok semasi (Figure 4.
Block diagram of data acquisition system for charging)

Gii¢ kaynagi, sarj cihazi olarak kullanilmig ve ¢ikig degerleri
4.2V ve 1A’ e ayarlanmigtir (Engineers Edge, 2022). Sarj
stiresince akim, gerilim ve sicaklik dlgiim degerleri bir Excel
dosyasina kaydedilmistir.

Sekil 5. Sarj esnasinda akim, gerilim ve sicaklik 6l¢iimii icin
kurulan deneysel diizenek (Figure 5. Experimental setup for
measurement of current, voltage and temperature during
charging)

Li-Ton pilin sarj esnasindaki akim, gerilim ve sicaklik 6lgiim
degerleri, Sekil 5’ de gosterilen deneysel diizenekten alinmugtir.
Sekil 6, sarj esnasinda zamana goére gerilimin degisim grafigini
gostermekte olup, bu grafikte sarjin iki asamadan olustugu
goriilmektedir. Sabit akim uygulandig1r siiregte gerilimin
yiikseliste oldugu, sabit gerilim asamasinda ise gerilimin sabit
kaldig1 goriilmiigtiir.

Sarj esnasinda akimin zamana gore degisim grafigi Sekil 7’ de
verilmis olup, grafikte akim, ilk asamada sabit kalms, ikinci
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asamaya gecildiginde gerilimin sabitlenmesi ile akim diismeye
baslamustir.

Zaman (Dk)

Sekil 6. Li-lon pilin sarj esnasinda zamana gére gerilimin
degisim grafigi (Figure 6. The voltage versus time variation
graphic of Li-lon battery during charging)

12

Akim (A)

0 50 100 150 200 250
Zaman (DK)

Sekil 7. Li-Ion pilin sarj esnasinda zamana gére akimin degigim
grafigi (Figure 7. The current versus time variation graphic of
Li-Ion battery during charging)

Sicaklik olgtimii i¢in Sekil 8 de gosterilen baglanti sekli
kullanilmis olup, termistdr, pile 1st dlgiim dogrulugunu artirmak
i¢in genis yiizeyden temas ettirilmistir. Bu diizenekten elde edilen
verilerle olusturulan grafik Sekil 9° da yer almaktadir. Grafikte
goriildiigii gibi akimin sabit ve en yiiksek oldugu ilk asamada pil
sicakligi da yiikselmeye baglamistir. Gerilimin sabitlenmesi ve
akimin diismesi ile pil sicaklig1 da diismiistiir.

Connection of thermistor to Li-lon battery surface )

Sarj stiresince akim, gerilim ve sicaklik dl¢iimlerinden elde
edilen verilerin birlikte gdsterimi Sekil 10° da verilmistir. Akim,
gerilim ve sicaklik degerlerinin birbirlerine goére durumunu
gérmek ve analiz etmek bakimindan 6nemli bir grafiktir. Sarjin
ilk asamasinda akimin yiiksek ve sabit olmasi, gerilimin ve
sicakligin yiikseliste olmasi, ikinci asamada ise akimin ve
sicakligin diisiise gegerek gerilimin sabit kalmasi dikkat edilmesi
gereken bir husustur.
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Sekil 9. Li-Ion pilin 14/4.2V ile sarji esnasinda zamana gore
sicakligin degisim grafigi (Figure 9. The temperature versus time
variation graphic of Li-lon battery with 14/4.2V during
charging)
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Sekil 10. Li-Ion pilin sarj esnasinda gerilim, sicaklik ve akim
degerlerinin zamana gore degisim grafigi (Figure 9. The
voltage, temperature and current versus time variation graphic
of Li-Ion battery during charging)

3.2. Desarj isleminde Veri Toplama ve Elde Edilen
Deneysel Sonuclar

Piller, akim, giig, sabit gerilim ve direng ile desarj edilebilirler
(Battery University, 2021). S6z konusu yontemlerden akim ve gii¢
ile desarj yontemi en ¢ok kullanilanlardir. Bu ¢aligmada desar;j
islemi i¢in akim ile desarj 6zelligini saglayacak elektronik yiik
tercih edilmis ve elektronik yiik ¢ikist bir pil i¢in gerekli olan
degerlere ayarlanmigstir. Pilin desarj1 igin Sekil 11° de verilen blok
sema, Sekil 12° de yer alan desarj diizeneginin olusturulmasinda

kullanilmustir (Kaya, 2022:60).

| Bilgisayar

I !

Sicaklik Ol¢imii

Veri Toplama Ana Kart1

Gerilim Olgiim

Modiili Termistor

—
— | I
Sént Direnci

Elektronik Yiik

Sekil 11. Veri toplama sisteminin desaryj icin blok semasi (Figure
11. Block diagram of data acquisition system for discharging)
e-ISSN: 2148-2683

~
1m1

Veri Toplama Yazilim:

Voltmetre

Gerilim Olgim
Modulu

=

Veri Toplama Ana Kartt

Sekil 12. Desarj esnasinda akim, gerilim ve sicaklik ol¢iimii i¢in
kurulan deneysel diizenek (Figure 12. Experimental setup for
measurement of current, voltage and temperature during
discharging)

Elektronik yiik, pili desarj etmekte kullanilmig ve yiik degeri
sabit akim olarak 1A’ e ayarlanmistir. Desarj siiresince akim,
gerilim ve sicaklik Olciim degerleri bir Excel dosyasina
kaydedilmistir. Kaydedilen degerlerden elde edilen gerilimin
zamana gore degisim grafigi Sekil 13° de verilmistir. Sekilden
goriilecegi lizere desarjin baglamasi ile pilde anlik gerilim diisiisii
olmus ve 4.05V seviyesinden sonra genel olarak yatay bir grafik
elde edilmistir. Pil, desarj siiresince en uzun siire olarak ortalama
3.6V nominal gerilim seviyelerinde kalmustir.
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Sekil 13. Li-lon pilin 14 ile desarji esnasinda zamana gore
gerilimin degisim grafigi (Figure 13. The voltage versus time
variation graphic of Li-lon battery with 14 during discharging)

Desarj islemi, 2.5V seviyesinde sonlandirilmis olup desarj
siiresi, 192 dakika olarak Ol¢iilmiistiir. 192 dakika 3.2 saate
karsilik gelmekte olup desarj kapasitesi 3200mAh olarak
hesaplanmistir. Bu desarj kapasite degeri, C (Kapasite)=I (Akim)
x H (zaman) formiilii kullanilarak bulunmustur. Sekil 14’ de desar;j
stiresince sabit kalan desarj akimmin zamana goére degisimi yer
almaktadir. Sabit akim ile desarj, kapasite hesaplamalarinda
kolaylik sagladigindan genellikle kullanilan bir yontemdir.

Desarj isleminde sicaklik 6l¢iimii igin Sekil 8’ deki baglanti
sekli kullanilmistir. Desarj esnasinda sicakligin degisim grafigi
Sekil 15” de gosterilmis olup, bu grafikte desarjin ilk basladig:
anda sicakligin hizla yiikseldigi goriilmektedir. Daha sonra
sicaklik, kisa bir siire yatay seyir izledikten sonra desarj sonuna
yaklagilirken tekrar yiikselise gecmistir.
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Sekil 14. Li-lon pilin 14 ile desarji esnasinda zamana gére
akimin degisim grafigi (Figure 14. The current versus time
variation graphic of Li-Ion battery with 1A during discharging)

3.3. Pilin Cevrim Testi i¢in Veri Toplama ve Elde
Edilen Sonuglar

Piller i¢in kapasite 6l¢limii desarj isleminde yapilmaktadir. Veri
toplama ¢aligsmasi siiresince kapasite Ol¢timii pillere siirekli
uygulanmis ve bu sayede omiir testleri de yapilmistir. Bir tam sarj1
takip eden tam bir desarj islemi, bir g¢evrim olarak
tanimlanmaktadir (Wenzl, 2009). Cevrim islemi, pilin nominal
kapasitesinin %60’ ma diisiinceye kadar sitirmektedir (Garcia,
2021). %60 kapasiteye erisildiginde elde edilen ¢evrim sayisi,
pilin ¢evrim Omrii olarak tamimlanmaktadir. Bu ¢alisma
kapsaminda kullanilan pil, kullanim 6mriiniin sonu olan %60
kapasiteye kadar ¢evrim Omrii testine tabi tutulmustur. Cevrim
omriiniin deneysel sonuglarindan elde edilen gergek egri,
MATLAB’ m egri uydurma yonteminden elde edilen egri ile
kiyaslanmistir ve Sekil 16” da gosterilmistir.

MATLAB’ da egri uydurma yontemi, egri uydurma toolbox’1
kullanilarak gergeklestirilmistir. Gergek verilerin giris olarak
kullanildigt bu yéntemde uydurulan egrinin elde edilen denklemi
asagida yer almaktadir.

f(x)=3.538Sin(0.00378x+1.295)+0.3965Sin(0.008261x+3.597)+0.0
8917Sin(0.02318x+1.495)+0.01737Sin(0.04904x+0.3885) (1)
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Sekil 15. Li-Ion pilin 14 ile desarji esnasinda zamana gore
sicakligin degisim grafigi (Figure 15. The temperature versus
time variation graphic of Li-lon battery with 14 during
discharging)
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Gergek verilerden elde edilen egri ile uydurulan egri arasindaki
ortalama karesel hata, 0,00022 olarak hesaplanmigtir. Sekil 16’
daki grafikte ilk elde edilen kapasite degeri 3200mAh’ dir. Takip
eden yaklasik 60 ¢evrimde baslangic kapasitesine yakin bir deger
elde edilmistir. 60 ¢evrimden sonra elde edilen kapasite degeri
diismeye baslamis ve 290 ¢evrime kadar lineer sayilabilecek bir
diistis egimi elde edilmistir. Takip eden ¢cevrimlerde ise elde edilen
kapasitede diislis hiz1 artmistir.

Kapasite (Ah)

I I I I I I I
0 50 100 150 200 250 300 350 400

Cevrim Sayisi

Sekil 16. Li-lon pilin 700mA (0.2C) ile desarji isleminde ¢evrim
sayisina gore kapasitenin degisim grafigi (Figure 16. The
capacity versus cycle number variation graphic of Li-lon battery
with 700mA (0.2C) during discharging)

4. Sonug¢

Lityum pillerin sarj, desarj ve bekleme esnasinda gerilim, akim
ve sicaklik degerlerinin Olgiilmesi ve pillerin  kapasite
hesaplamalarinin yapilmasi ile ilgili literatiirde kisitli sayida
calisma bulunmaktadir. Caligmalarin birgogu hazir Labview
yazilimi kullanilarak yapilmistir ve bu ¢alismalarda genel olarak
veri toplama sistemi ¢aligmalarinda yenilenebilir enerji
sistemlerinin  takip  edilmesi  hedeflenmistir.  Literatiir
calismalarina kiyasla bu ¢aligmada kurulan deneysel diizenekler
ile lityum pillerin sarj ve desarj esnasindaki gerilim, akim ve
sicaklik degerleri 6l¢lilmiistiir. Gelistirilen veri toplama sistemi ile
¢ok daha fazla sayida veri kaydedilmis ve bu verilerden grafikler
elde edilmistir. Sistemden elde edilen bu veriler ile lityum pillerin
kapasiteleri de hesaplanmigtir. Ayrica, bu ¢alismada veri toplama
sistemine bir yazilim arayiizii hazirlanmis ve bu arayliz, verilerin
anlik alinmasini ve takip edilmesini kolaylastirmistir. S6z konusu
arayiiz, donanimsal olarak elde edilen gerilim, akim, sicaklik ve
giic degerlerinin bilgisayar ekraninda gosterilmesini ve veri
tabanina kaydedilmesini saglamustir.  Gelistirilen  yazilim
arayiliziinde sadece veri toplama ana kart1 ile degil, batarya
yonetim sistemleri ile haberlesme altyapist da olusturulmustur.
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Oz

Aydinlatma triinlerinde kullanilan elektronik bilesenler ve LED’ler estetik kaygilara ve tasarima bagli olarak giderek daha smirlt
hacimlerde ¢alismaya baslamistir. Bu durum LEDIlerden giderek daha yiiksek 1s1k siddeti talep edilmesine yol agmistir. Bu da LED’lerin
calisma sicakliginin yiikselmesine sebep olmaktadir. Bu yiizden yiiksek giiglerde ¢alisan LED’ler i¢in 1s1l yonetim konusu énemli hale
gelmistir. LED’lerin sogutulmasinda 1s1 kanat¢igi kullanilarak dogal taginim yonteminden sik¢a yararlanilabilmektedir Ancak sis fari
gibi iriinlerde hacmin kii¢lilmesi dogal tasinim yontemini yetersiz birakmaktadir. Boyle durumlarda zorlanmis taginim alternatif bir
¢Oziimdiir. Bu ¢alismada 6rnek bir sis farinda dogal taginim ve zorlanmis tasarim karsilastirilmasi numerik olarak yapilmistir. Dogal
tasinimda sis farinda dis havadan faydalanacak sekilde kanatgikli tasarim ve higbir tasarim degisikliginin olmadigi dogal taginim
¢Oziimlemesi yapilirken zorlanmig tasarimda fan tanimi ile 10 m/s’lik hava hizi olusturularak analiz sonuglar1 alinmistir. Ayrica farkl
fan hizlarinda 1s1 tranfer katsayisi ve sicaklik sonuglar1 alinmig ve literatiirle dogrulanmistir. Caligmada analizlerimiz farkli bir geometri
iizerinde testlerle dogrulanarak yapilmistir. Analizlerde eleman sayisindan bagimsizlik ¢aligmasi yapilmistir. Niimerik analizler ANSYS
2022 R2 yazilimi ile yapilmistir. Zorlanmls tagjnimda farkli fan hizlar i¢inde sonuclar alinmistir. Zorlanmig taginimda elde edilen
sonuglar literatiirle dogrulanirken. Ozgiin tasarim ve kanatcik ile LED sogutmasinda zorlanmis tasinim performansinin yakalandi 1 hatta
kanatcik etkisi ile daha iyi sonuglar elde edildigi tespit edilmistir. Dogla tasnimda LED Tj sicaklig1 170 °C iken zorlanmis taginimda
149 °C fakat tasarim degisikligi ve kanatcik ilavesi ile Tj degeri dogal taginimda 133 °C’ye kadar diisiiriilebildigi caligmada tespit
edilmigtir.

Anahtar Kelimeler: LED sogutmasi, Dogal taginim, Zorlanmig Taginim, Niimerik Analiz, CFD, Kanatgik, Tasarim.

Numerical Comparison of Original Design and Finned Natural
Convection with Forced Convection in LED Cooling in a Sample Fog
Light

Abstract

Electronic components and LEDs used in lighting products have started to work in more and more limited volumes due to aesthetic
concerns and design. This has led to the demand for increasingly higher luminous intensity from LEDs. This causes the operating
temperature of the LEDs to increase. Therefore, thermal management has become important for LEDs operating at high power. Natural
convection method can be used frequently by using heat fins for cooling LEDs. In such cases, forced convection is an alternative
solution. In this study, the comparison of natural convection and forced design in a sample fog light was made numerically. In natural
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convection, the design with fins to benefit from the outside air in the fog lights and the natural convection analysis where there is no
design change, the analysis results were obtained by creating the fan definition in the forced design and the air velocity of 10 m/s. In
addition, the heat transfer coefficient and temperature results at different fan speeds were obtained and verified with the literature. In
the study, our analyzes were carried out by verifying with tests on a different geometry. In the analysis, independence from the number
of elements was studied. Numerical analyzes were performed with ANSYS 2022 R2 software. Results were obtained at different fan
speeds in forced discharge. While the results obtained in forced transport are confirmed by the literature. It has been determined that
the forced convection performance is achieved in LED cooling with the original design and fin, and even better results are obtained
with the fin effect. It has been determined in the study that while the LED Tj temperature is 170 °C in natural convection, it is 149 °C
in forced convection, but with the design change and the addition of fins, the Tj value can be reduced to 133 °C in natural convection.

Keywords: LED cooling, Natural convection, Forced Convection, Numerical Analysis, CFD, Fin, Design.

1. Giris

LED’ler sahip olduklari yiiksek verimlilikleri, uzun omiirli
olmalar1 ve disiik giic tiketimleri gibi O6nemli avantajlar
sayesinde giliniimiizde bircok aydinlatma uygulamalarinda
kullanim alan1 bulmustur (Mills, 2003).Cep telefonlarinin ekran
aydmlatmasi, LCD ekranlarin aydinlatilmasi, biiyiik isaret
lambalar1 ve gostergeler ve otomobil i¢ ve dis aydinlatma tiniteleri
kullanim alanlarma 6rnek verilebilir. Giinlimiizde LED’lerden
giderek daha yiiksek 1sik siddeti elde edilmek istenmektedir.
Boyle bir sistemden yiiksek verim elde edilebilmesi i¢in de optik
ve termal tasarim giderek nemli hale gelmektedir. Uretilen 1s1
verimli bir yontemle uzaklastirilmadigi siirece LED’lerdeki 151k
yayma verimliligi diisecektirr. LED’in c¢aligma sicakligi
disiiriildiigiinde ise daha yiiksek verim elde edilecektir. Ancak
artan talepler dogrultusunda daha yiiksek gii¢ tilketen LED’ler
daha kiigiik hacimler igerisinde kullanilmak istenmektedir. Bu da
LED’ler i¢in 1s1l tasarimi zorlagtirmaktadir (Lui ve dig, 2016).
Arik ve dig. (2006) LED’lerde meydana gelen 1s1l problemleri
anlamak icin sonlu elemanlar yontemini kullanarak LED
iizerindeki bolgesel sicak noktalarin etkisini incelemislerdir [3].
Arik ve dig.(2006) LED’lerin sistem diizeyinde 1sil tasarimini
aragtirdigi diger c¢aligmada ise farkli malzemeden iretilmis
LED’lerin termal performanslarini incelemislerdir. Yiiksek iletim
katsayisina sahip malzeme olan silisyum karbiiriin, safire gore 2
kat daha iyi 1s1l performansa sahip oldugu bulunmustur (Arik ve
dig., 2006). Bir diger ¢aligmada 1s1 dagiticisina sahip LED’li spot
modiilii gelistirmislerdir. Dogal taginim ile sogutma yapilan bu
calismada silindirik boruda dikey kanatlara sahip 1s1 dagiticisi
kullanilarak LED’in konumlandirilma problemi ¢6ziilmiistiir
(James, 2013). Bir diger ¢alismada dogal taginim ile sogumanin
oldugu LED’li bir sistemde PCB’nin degisik acilarda
bulunmasinin 1s1 transferi iizerindeki etkisini incelemislerdir
(Yung ve dig., 2010). Baz1 arastirmacilar termoelektrik sogutucu
kullanarak LED sogutma sistemi tasarimlarini incelemiglerdir.
Literatiirde baska bir ¢alismada termoelektrik sogutucuya sahip
sistemi 1s1 dagiticist ve fan bulunan sogutma sistemi ile
karsilagtirilmigtir (Daliang, 2010). Buna gore termoelektrik
sogutucunun, 1s1 dagiticisi ve fan igeren sisteme gore hava hizinin
3,6m/s oldugu durumda ve LED giiciiniin 35W’dan az oldugu
durumlarda daha verimli oldugu goriilmiistir (Chun ve dig.
2007). Termoelektrik sogutucu kullanilan bir diger ¢alismada ise
silikon esasli termoelektrik sogutucu bulunan LED sogutma
sisteminin 1s1l direnci diislirecegi goriilmistiir (Yi, 2017). LED’li
sistemlerde 1s1l tasarim yapilirken sonlu elemanlar yonteminden
siklikla yararlanilmigtir. Sonlu elemanlar yontemini kullanarak
yaptiklar1 ¢alismada 10 adet LED, PCB’nin arkasinda kapal1 bir
hacim ve dikey kanatciklarin bulundugu bir sistemde farkli 1s1
taginim katsayilar1 ile 1s1 dagiliminin degisimini incelemiglerdir.
Is1 tasinim katsayisini arttirmak i¢in bir fanin kullanilmasiyla
LED sicakliginin disiirtildigii goriilmistiir (Yi, 2017). Sonlu
elemanlar yonteminin kullanildig1 bir diger ¢alismada ise 1s1
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dagiticisinda  bulunan kanatgiklarin = sayisi, geniglikleri ve
uzunluklariin 1s1l tasarima etkisi aragtirtlmistir. Bu ¢alismaya
gore kanatgiklarm uzunluklart arttirilldiginda LED sicakliginin
diistiigi, ancak kanatcik kalinligi arttirildiginda ise arttigi
goriilmiistiir. Kanatcik sayisi ve uzunlugunun arttirtlmasiyla LED
sicakliginin belirli bir degere kadar diisiiriilebildigi ancak bu
degerden sonra cok kiiciik degisiklik gozlemlendigi tespit
edilmistir (Yi, 2017). Jen (2009) ¢alismasinda sonlu elemanlar
yontemini kullanarak LED’li sistemlerin termal performanslarini
aragtirmistir (Jen, 2009). Literatiirde sogutma sisteminde akiskan
olarak hava yerine sivi kullanilan ¢esitli caligmalar da mevcuttur.
Bu calismalaran birinde ¢aligmasinda sivi sogutmali bir sistem
gelistirmislerdir. Yaptiklar1 karsilagtirmada hava ile sogutmanin
yetersiz kalabildigini gostermislerdir. Calismada 1s1l verimi
iyilestirebilmek igin sivi akigmi  ve sogutma sisteminde
kullandiklart 1s1 dagiticisini optimize etmiglerdir (Lai ce dig.,
2009). Su sogutmali bir diger sistemde ompa ile suyun
sirkiilasyonun saglandig1 sistemde LED’lerin bulundugu yiizey
ile temas edip 1sinan su 1st dagiticist ve fan yardim ile
sogutulmaktadir (Lui, 2012). Literatiirde yapilan elektronik
sogutma teknikleri iiretim ve bakim maliyetleri g6z Oniine
alindiginda dogal tasinimla sogutmanin ilk tercih oldugu yetersiz
sogutmaya karsin fan ile zorlanmis tasinim metoduna
bagvuruldugu goriilmektedir. Bu c¢alismada o6rnek bir LED
aydinlatma sisteminin zorlanmig tasinim ve dogal tagmim ile
sogutulmast incelenmistir. Her iki sogutma sisteminden elde
edilen sonuglar karsilastirilmistir. Ayrica zorlanmis taginimda
kullanilan fanin hiz1 arttirilarak sogutma performansinin etkileri
incelenis ve literatiirle kargilagtirmali olarak verilmistir.

2. Materyal ve Metot

2.1. Dogrulama Calismasi

Yapilacak analizlerden 6nce c¢alismada kullanilan LED’in
aynisinin kullanildi farkli bir devre lizerinde analiz dogrulama
calismast yapilmistir. Sekil.1’de goriilen 1,3 W giice sahip LED
iizerine baglanan ve 6l¢lim parametreleri Tablo.1’de verilen K tipi
termokupl (T1) Sekil.1 a’daki konuma baglanmistir. Sekil
2.a’daki iklimlendirme firininda yapilan test ve analiz sonuglari
Tablo.2’de verilmistir.
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Sekil 1 a) Led devresi b) Analiz dogrulama ¢alismasi

Tablo 1 Ekipmanlarin ¢alisma araliklar

) Calisma
Ekipman Marka Arahg °C Hata
. Angelantoni -80
+ - [e]
Climatic Oven CST 157 2T 1220 /-0,1 °C
-40
Thermometrer APPA-50 +/-2,2 °C
+204
Standart 0
+/- o,
Thermocouples (K type) 1000 /-2,2 °C

Sekil 2 a) Iklemlendirme firm b) Termometre

Tablo 2 Termokupl baglanan noktadaki test ve analiz sonuglar

Test Temperature CFD Result

110,45 °C 110-111 °C

Yapilacak analizlerde sogutulmak istenen LED, araglarda
yiiksek gii¢ gerektiren sis fari iginde konumlandirilmigtir. Genel
manada sis farlarinda klasik ampuller kullanilmaktadir. Sis
farlarinda kullanilan ampullerin giigleri yiiksektir. Bu yiizden
kullanilacak LED’in powerled olarak bilinen yiiksek giice sahip
LED olmasi gerekmektedir. Sis far geometrisi $ekil 3’de verilmis
oldugu gibi govde, lens, reflektor ve iki adet baskili devre
kartindan (PCB) olugmaktadir.
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Sekil 3 Sis farmin geometrisi

Govde farin biitiin i¢ komponentlerini tagiyan parcasidir.
Malzemesi krom kaplamali PC-ABS’dir.  Lens, seffaf ve
genellikle ampul kullanildiginda cam olarak {iretilen fakat LED
kullamimi ile plastikten iiretilmesi planlanan pargadir. Bu
caligmada lens malzemesi PC olarak kabul edilmistir. Reflektor,
15181in  kontrollii olarak yol iizerine dagitilmasini saglayan
pargadir. Malzemesi aliiminyum seg¢ilmistir. Reflektoriin arka
boliimiinde 1s1 transferinin olacagi toplam yiizey alanim
arttirabilmek i¢in kanatciklar kullanilmigti. PCB, LED’ler ile
dogrudan temas halinde olan, LED devrelerini tasiyan ve iletimle
1s1 transferi ile sicakligi dagitan 6nemli bir pargadir. Tasarimi
yapilirken 1s1 transferi yiizey alan1 g6z 6niinde bulundurulmustur.
Gergek uygulamada devre tizerinde bulunan siiriicii entegreler,
kondansatorler, direncler ve diger devre elemanlarmin akis
iizerindeki etkisinin ¢ok kiiciik oldugu kabul edilerek geometrik
tasarimda ihmal edilmistir ve basitlestirilmis PCB geometrisi
kullanilmistir. PCB malzemesi, ¢ift tarafi bakir ile kaplanmig FR4
malzemedir. LED’ler basitlestirilerek ve OSRAM firmasina ait
OSLON Black Flat modelindeki biiyiikliikler dikkate alinarak 2
boyutlu olarak tasarlanmistir. Analizlerde 2 adet PCB ve her
PCB’de 2 adet LED olmak iizere toplam 4 adet LED
kullanilmistir.  Zorlanmis taginim  durumunun arastirildigi
analizlerde kullanilan fanli tasarim Sekil 4 b’de goriilmektedir.
Burada kullanilan 12x12x2mm boyutlarmdaki radyal fanlar PCB
iizerinde LED’lerin bulundugu yiizeye paralel yonde hava akim
olusturmaktadirlar.

a) b)
Sekil 4. (a) Fansiz tasarim (b) Fanli tasarima ait
gortiniis

Ayrica calismamizda zorlanmig taginima alternatif olmasi
hedeflenen Sekil 5 a’da gorilen kirmizi daire isaretli
kulakg¢iklardan arag¢ hiziyla beraber dis havayi kapali hacim igine
alan yeni tasarim yapilmistir. igeri alman hava Sekil 5 b’de
kirmizi dikdortgen iginde gosterilen PCBlere temasl tasarlanan
kanatgiklarin  iizerinden akitilmakta ve LED sogutmasi
hedeflenmektedir.
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Sekil 5 a) Yeni kulak¢ikl tasarim (b) Kanatgik tasarimi

2.2. Hesaplamah Calisma

Bu calismada analizi i¢cin ANSYS 2022 R2 genel amagh
HAD ticari kodu kullanilmistir. Dogal tasinimli analiz i¢in hacim
ici laminer dogal tasinimli, ii¢ boyutlu ve siirekli rejimde hava
akist kabul edilmigtir. Far bilegenlerindeki iletim etkileri
(conjugate effects) dikkate alinmistir. Dogal tasimim igin
Boussinesq yaklagimi, radyasyon etkilerinin dikkate alinmasinda
da Monte Carlo yaklagimi kullanilmistir. Zorlanmis taginimli
analizde radyal fandan yararlanilmistir. Fan momentum kaynagi
olarak  tanmimlanmistir.  Akista  tiirbiilansin  etkilerini
hesaplayabilmek i¢in SST tiirbiilans modeli kullanilmistir. Cozim
agindan bagimsizlik aragtirmasi i¢in yaklasik 499523, 1102564,
2048621 ve 3086472 hiicreye sahip 4 farkli ¢ozim agi
olusturulmustur. Her bir ¢6ziim ag1 i¢in dogal tasinimli durum
analizi yapilmistir. Sonuglar ¢dziim ag1 karsilagtirma amaci igin
kullanilacagindan zorlanmig taginim durumu i¢in bu analizlerin
tekrar edilmesine gerek duyulmamistir. Karsilastirma, 1s1 transferi
i¢in kritik olan LED’ler tizerindeki sicakliklar degerlendirilerek
yaptlmigtir. Analizlerden elde sonuglarda 2048621 eleman
sayisindan sonra LED sicakligmin ¢ok degismedigi tespit
edilmistir. Bu sebeple analizlerde yaklagik 2.000.000 elemana
sahip ¢oziim ag1 kullanilmistir. Sekil 6.a’da reflektdr ve gdvdenin
iizerindeki yiizey elemanlarinin gdsterimi bulunmaktadir. Sekil
6.b’de ise hacim elemanlar1 goriilmektedir. Caligmada ¢6ziim ag1
olusturulurken hacimde tetrahedral tipi elemanlardan, yiizeyde ise
iicgen elemanlardan yararlanilmisti. Bunun temel sebebi
geometrinin nispeten kompleks yapida olmasi ve tetrahedral
elemanli ¢6ziim agmin olusturulmasinin bu tip geometrilerde ¢ok
daha hizli ve islevsel olmasindan kaynaklanmaktadir. Amag
¢Oziim aginin sonuca etkisini minimuma indirmektir. Farkli
¢Oziim aglart ile tekrarlanan analizlerin sonuglart Tablo 3’te
verilmistir.

Sekil 6 a) Yiizey elemanlar b) Hacim elemanlarinin bulundugu
¢oziim agt

Tablo 3 LED iizerindeki en yiiksek sicaklik

CFD Sicaklik (°C)
168,09

Hiicre Sayisi
499523

e-ISSN: 2148-2683

1102564 169,02
2048621 170
3086472 170,61

Analizler ANSYS 2022 R2 yazilimi ile yapilmistir. Bu
yazilim hesaplamali akigkanlar mekaniginin temeli olan kiitle,
momentum ve enerji korunumu yasalarinin formiilasyonu olarak
bilinen Navier-Stokes denklemlerini ¢6zmektedir. Denklemler,
akiskanin yapisini tanimlayan akiskan durumu denklemleriyle ve
akiskan yogunlugunun, viskozitenin ve 1s1l iletkenligin ampirik
bagimliliklar: ile desteklenir. Kararli hal kosullari icin gegerli
denklemler kiitle korunum denklemi, momentum denklemi ve
termal enerji korunum denklemidir (Raypah ve dig., 2016).

2.3. Sinir Sartlan

Analizlerde akigkan olarak hava kullanilmis olup akisin
sikigtirllamaz ve kararli rejimde oldugu kabulii yapilmustir.
Kullanilan sinir sartlart da bu dogrultuda zamandan bagimsiz
olarak tanimlanmistir. Analizler sabit sicaklikta bir ortam
icerisinde yapilmistir. Bu benzetimin yapilabilmesi igin far
disindaki hava hacmini gevreleyen kiire seklinde bir hesaplama
hacmi olusturulmustur. Bu hacim g¢evreyi temsil etmektedir. Bu
hacme otomotiv lreticilerinin sartnamelerinde LED’li tasarimlar
icin test parametresi olarak koydugu 80 °C ortam sicaklig
tanimlanmistir. Analizlerde 1s1 kaynagini olan LED igin yiizeylere
1,3 W gii¢ tanimlanmigtir. Her bir LED icin sabit 1s1 akist sinir
sarti olarak tanimlanmistir. LED iizerinde ve gbvde, reflektdr, lens
ve PCB gibi diger biitiin kat1 ylizeylerde kayma olmayan duvar
sinir sart1 kullanilmistir (Tablo 4).

Zorlanmig tasinim durumunu arastirmak igin yapilan
analizlerde kullanilan radyal fanin tek yonde hava akim
olusturdugu kabulii yapilmigtir. Bunun amaci ¢alismada ¢6ziim
stiresini kisaltmak ve ¢6ziimii basitlestirmektir. Bu dogrultuda
fandan dolay1 akista olusacak girdap (swirl) etkisi ihmal
edilmistir. Fan, ANSYS 2022 R2 igerisindeki momentum kaynagi
kosullandirilmast ile modellenmis olup fan ¢ikis yiizeyinde
ylizeye dik yonde ortalama 10 m/s hava akimi olugturmaktadir.

Tablo 4 Sur sartlart

Ambient Temperature 80 °C
LED Power (Each Led) 1,3W
Fan (Air velocity) ~10 m/s

3. Arastirma Sonuclar ve Tartisma
3.1. Arastirma Somuglari

3.1.1. Dogal Tagintim Sonuclart

LED’lere tanimlanmis olan 1s1 kaynagi kosullandirmasindan
dolay1 LED’lerin iizerinde bulundugu PCB’de sicaklik artisi
olmustur. PCB iizerinde olusan sicaklik dagilimi Sekil 7°de
verilmisgtir.
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Sekil 7 Dogal tasumda PCB iizerinde sicaklik dagilimi
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Sekil 8 Dogal tasinimda X dogrusu iizerinde sicaklik degigsimi

Sekil 8’de PCB iizerinde LED’lerin {izerinden gegen hayali bir x

dogrusu iizerinde sicaklik degisimi grafigi goriilmektedir. Buna
gore her iki LED fiizerinde de sicaklik yaklasik 170 °C’ye
ulasirken LED’den uzaklastikga sicaklik azaldigi tespit edilmistir.
Calismada kullanilan LEDlerin Tj sinir degeri 150 °C’dir. Bu
sonuglara gore dogal taginim ile LED’lerin aydinlatma goérevini
yapamayacagi anlagilmistir. Uriiniin ¢alismas1 ve aydinlatma
gbrevini yapabilmesi i¢in sogutmanin zorlanmis tagimim ile
yapilmasi diisiiniilmiistiir.

3.1.2. Zorlanmis Tasinim Sonuclart

Bu analizde zorlanmis taginimi olusturabilmek i¢in 2 adet fan
kullanilmistir. Fanlar LED’lerin bulundugu yiizeye paralel yonde
hava akimi olusturacak sekilde konumlandirilmigtir (Sekil 4 b).
PCB iizerinde olusan en yiiksek sicaklik 149 °C olarak
hesaplanmigtir  (Sekil 9). X dogrusu tzerindeki sicaklik
degisimine gore akis yoniinde PCB iizerindeki sicakligin arttigi
sOylenebilir. Fan tarafinda bulunan LED iizerinde sicaklik 148 °C
iken diger LED {izerinde 149°C oldugu goriilmektedir (Sekil 10).
PCB iizerindeki en diisiik sicaklik ise Sekil 9°daki olgekte
goriildigii gibi 124 °C olarak hesaplanmistir (Sekil 9).

LED’lerin iizerinden gegen hayali bir x dogrusu iizerinde
sicaklik degisimi grafigi Sekil 12°de goriilmektedir.
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Temperature
PCB
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147
146
144
143
141
140
138
136
135
133
132
130
129
127
126
124

Sekil 9 Zorlanmis tagimimda PCB iizerindeki sicaklik
dagilimi
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Sekil 10 Zorlanmis tasinimda x dogrusu tizerinde sicaklik
degisimi
Yeni tasarim ile dogal tasinim ve kanatgikli yapi ile elde edilen
PCB iizerindeki sicaklik dagilimi Sekil 11°de verilmistir.
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Sekil 11 Yeni tasarim ve dogal tasinimda x dogrusu tizerinde
sicaklik degisimi
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Sekil 12 Yeni tasarim dogal tasimimda x dogrusu iizzerinde
sicaklik degisimi

3.2. Tartisma

3.2.1. Zorlanmis ve Dogal Tasinimin Karsilastirilmast

Analizler sonucunda {i¢ durum arasindaki sicakliklar
agisindan en biiyiik fark LED’ler iizerinde ¢ikmustir. Dogal
tasinim durumunda 170 °C’yi bulan LED sicakligi, zorlanmis
taginimin etkisi ile 21 °C kadar disiiriilerek 149 °C olarak
hesaplanmistir. Tasarim degisikligi yapilan dogal tasmimda ise
ledler 133 °C ile en diisiik sicaklik degerine ulasmistir. Her iki
dogal tasginim durumunda 2 LED sicaklifi birbirine esit
hesaplanmistir ancak zorlanmis tasimimda fana daha yakin
bulunan LED {izerinde sicaklik yaklagitk 1 °C daha diisiik
hesaplanmistir. LED’ler iizerinden gecen x dogrusundaki
sicakliklarin kargilagtirilmasi Sekil 13°de verilmistir.

175
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Sicaklik (°C)
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X (mm)
Zorlanmig Taginim

Yeni Tasarim Dogal Tasinim

Dogal Tasimim (Kanatgik yok)

Sekil 13 PCB iizerinden gecen x dogrultusundaki sicaklik
degisimi karsilastirilmasi

Tablo 5’de iki tasinim durumu igin PCB iizerinde hesaplanan en
yiiksek sicaklik, ortalama 1s1 taginim katsayisi ve ortalama Nusselt
sayisi verilmigtir. Ortalama 1s1 taginim katsayisi dogal tasinim
durumunda 3,57Wm?/K iken zorlanmis tagimnimda 35,59Wm?K
olarak hesaplanmustir.
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Tablo 5 Isi transferi ile ilgili parametreler

Conv.
T . Coeff.

emp N

O (W/m?K)
Natural . 170 3.57 6,09
Convection
Forced . 149 35,9 99,74
Convection

3.2.2. Farkli Fan Hizlarinin Degerlendirilmesi

Zorlanmig taginim durumunda farkli fan hizlarmin 1s1
transferine etkisinin arastirilmasi amaciyla ti¢ farkli fan hizi ile
analizler gerceklestirilmistir. Yapilan analizlerde Jang ve Shin
(2008) LED’li otomobil fart i¢in yaptiklart termal analizler
calismasi referans alinmigtir. Fan hizi olarak makalede yer alan 3
farkli deger kullanilmistir. Jang ve Shin (2008) hava akimim
aracin hareketinden elde ederken bu ¢aligmada fan kullanilmigtir
[14]. Analizler Jang ve Shin (2008) ¢alismasinda oldugu gibi
sadece PCB ve LEDler iizerinde yapilmis analize sis far1 dahil
edilmemigtir. Sekil 12°de LED sicakligimin fan hizinin degisimi
goriilmektedir. ki caliymada da hizin artmasi ile sicakligin
azaldig1 goriilmiistiir. Bu ¢alismada yapilan analizlerde 11 m/s
hizina kadar sicaklik yaklagik 22°C azalmistir. Jang ve Shin
(2008)’e ait calismada ise 11m/s hizinda bu calismaya kiyasla,
sicaklikta 30°C’nin {izerinde diisiis olmustur. Bunun nedenin
LEDlerin konumlari aralarindaki mesafe, analiz eleman yapisi
farklihg: gibi sebeplere baglandign  diisiiniilmektedir.  Iki
calismada da belirli bir hizdan sonra sicaklik diisiisii azalmigtir.
Sekil 15°de ise her iki ¢aligma igin 1s1 taginim katsayisinin hiz ile
degisimi verilmistir.
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Sekil 14 Hiz - sicaklik degisim grafigi
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Sekil 15 Hiz 1s1 taginim katsayisi degisim grafigi

3.2.2. Kanatcikl Yeni Tasarim ile Dogal Tasinim ile
Zorlanmis Tasintim Karsuastirilmasi

Sekil 5 a ve b’de goriilen kulakg¢ikli ve kanatli tasarimda LED
sicakliklarmin kanatgiksiz dogal tasinima gore ve zorlanmig
tasinim uygulamasina gore daha diisiik oldugu tespit edilmisgtir.
Yeni tasarimda kulak¢iklardan igeri giren havanin igeri girme
hizinin 7,5-9,5 m/s arasinda oldugu tespit edilmistir (Sekil 16).

Sekil 16 Yeni tasarimda kulakgiklardan giren hava hizi

Yeni tasarimda dikkat ¢eken nokta havanin i¢ hacme giris hizi
7,5-9,5 m/s iken zorlanmis taginim analizlerinde hava hizi 10 m/s
olarak tespit edilmistir.  Beklenen zorlanmis tasimimda led
sicakliklariin daha diisiik ¢ikmasidir. Zorlanmis tasinimda 1st
tasmim katsayis1 35,59 W/m?K iken yeni tasarimda 1s1 taginim
katsayis1 15,17 W/m?K olarak hesap edilmistir. Buna ragmen
kanatcikli yapida led sicakliklari en diisiik degerdedir. Bunun
nedeninin kanat¢ik tasarimi ve kanatgiklarin PCBlerin arka
ylizeyine temas edecek sekilde tasarlanmasidir.

4. Sonug¢

Caligmada zorlanmig taginim ile sogutmanin LED’li bir otomobil
sis far1 iizerindeki etkileri incelenmistir. Ayn1 otomobil dogal
tasinim (kanatgiksiz-kulakeiksiz) ve kanatgikli ve kulakgikli
tasarimda da incelenerek ii¢ durum arasindaki farklar
aragtirilmigtir. Zorlanmig taginim durumunda farkli fan hizlarinin
LED sicakliklar1 {izerindeki etkileri tespit edilmistir. Zorlanmig
tasinimim LEDlerin émrii ve aydmlatma siddetini korumasi
manasinda dogal tasinima (kanat¢iksiz-kulak¢iksiz) gore daha
etkili oldugu gorilmiistir. Fakat zorlanmig tasmimin
olusturulmas: maliyet agisindan ve tasarim agisindan pek tercih
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edilmemektedir. Bu sebeple kulak¢ikli ve kanatgikli tasarim ile
dis hava hizindan faydalanan, 1sman kanatgiklar1 sogutma
mantigina dayanan yeni tasarimda sogutmanin daha verimli
yapildigt tespit edilmisti. Fan tipi ve hizinin deistirilmesi
zorlanmis taginimi ne kadar avantajli hale getirige getirsin tasarim
degisiklikleri, dogal tasinimin yiiksek 1s1 iletkenligine sahip
malzeme kullanimi ile birlestirilmesi ile daha iyi sonuglar alindigi
caligmada elde edilen dnemli bir ¢ikarimdir.

5. TesekKkiir

Bu yayinda test imkanlarini kullanmamiza izin veren Feka
Otomotiv Mamulleri Sanayi ve Ticaret A.$’ne ve analiz
imkanlarini kullanmamiza izin veren Rubida Miihendislik Enerji
San. ve Tic. LTD.STI’ye tesekkiir ederiz.
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Abstract

The condensation problem in automobile lighting system risks driving and driver safety. Condensation is the main cause of problems
such insufficient lighting. In our study, the problem of condensation in vehicle headlights is discussed. The region where condensation
will occur was estimated from the results obtained from the temperature analysis. The amount of condensed mass was calculated by the
calculation method. Calculations were confirmed by numerical analysis. In the analyzes made in ANSYS 2022 R2 software, the
transmission effects (conjugate effects) in the headlight components were taken into account. Boussinesq approach was used for natural
convection and Monte Carlo approach was used for considering radiation effects. Mesh independence was was studied. Thermal
analyzes were made at ambient temperature T=5 °C and RH: 95% independent of time. As a result of the analysis, the indoor air
temperature distribution, air flow profiles were examined and an estimate was made where the condensation would occur. Then, the
thermal analysis results were read as the initial condition, and it was kept for 300 seconds. Water at 3 °C was sprayed onto the lens.
Condensation formation analyzes were made in terms of time. After the formation of condensation, the power was turned on to the
lighting elements and it was expected that the condensation would be removed within 1800 seconds as per the specification. The region
where condensation is predicted and the region with condensation in the analyzes are compatible with the literature.

Keywords: Condensation, heat transfer, computational fluid mechanics, vehicle lighting, mass transfer

Arac¢ Aydinlatma Sisteminde Yogusma Bolgesi Tahmini ve
Yogusmanin Sayisal Analiz ile Belirlenmesi ve Karsilastirilmasi

Oz

Otomobil aydinlatma sistemindeki yogusma sorunu, siiriis ve siiriicii giivenligini riske atmaktadir. Yetersiz aydinlatma gibi sorunlarin
ana nedenleri arasinda yogusma Onemli bir problemdir. Calismamizda ara¢ farlarinda yogusma sorunu ele alinmistir. Sicaklik
analizinden elde edilen sonuglardan yogusmanin meydana gelecegi bolge tahmin edilmistir. Yogunlasan kiitle miktar1 hesaplama
yontemi ile hesaplanmistir. Hesaplamalar sayisal analizle dogrulandistir. ANSYS 2022 R2 yaziliminda yapilan analizlerde far
bilesenlerinde 1s1 iletim etkileri dikkate alinmistir. Dogal tasinim igin Boussinesq yaklasimi, radyasyon etkilerini dikkate almak i¢in
Monte Carlo yaklagimi kullanilmistir. Eleman sayisindan bagimsizlik c¢alismasi yapilmistir. Termal analizler, T.=5 °C ortam
sicakliginda ve zamandan bagimsiz olarak RH: %95 tanimlanarak yapilmistir. Analiz sonucunda i¢ ortam hava sicaklik dagilimi, hava
akis profilleri incelenmis ve yogusmanin nerede olacagi tahmini yapilmistir. Daha sonra termal analiz sonuglar1 baslangi¢ kosulu olarak
tanimlanmig ve 300 saniye lens iizerine 3 °C'de su piskiirtiilmiistiir. Zamana bags1 yogusma olusum analizleri yapilmistir. Yogusma
olustuktan sonra aydinlatma elemanlarina gii¢ tanimi yapilmistir. Sartnameye gore 1800 saniye ig¢inde yogusmanin giderilmesi
beklenmistir. Analizlerde yogusmanin tahmin edildigi bolgede olustugu, yogusmanin olustugu bolge literatiir ile uyumlu ¢ikmustir.

Anahtar Kelimeler: Yogusma, 1s1 transferi, Hesaplamali akiskanlar mekanigi, tasit aydinlatma, kiitle transferi.
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1. Introduction

Nusselt (1914) is one of the pioneers in the field of
condensation. Nusselt worked on calculating the heat transfer
between the vertical plate and the stagnant condensed water vapor
with simple theoretical analysis. Dehbi and Guentay (1997)
derived a theoretical estimate of the rate of heat and mass transfer
in a vertical condenser tube consisting of a mixture of steam and
non-condensable gas. In the study, the algebraic equation for the
film layer thickness is derived and the heat and mass transfer
analogy is examined to understand the condensation rate. Liu et
al. (2003) based on the estimation of when and where the
condensation will occur, a time dependent condensation
calculation was made. In this study, the condensation on the cube
surface was investigated numerically and experimentally using
the commercial Japanese CFD software STREAM 4.0 [3]. A
theoretical and experimental study was first conducted by Preihs
(2006) directly related to automobile headlights. In the study, the
dew point temperature and the condensation area were estimated.
It is concluded that the condensation area is sufficiently
compatible with the estimated measurements for a two-
dimensional geometry. In the study, the condensation model was
first developed and validated experimentally, and then the effect
of ventilation on condensation was investigated. They observed
that condensation was significantly reduced by adding an air
intake to the control volume and by properly positioning the vents.
Deponti et al. (2009) dealt with the condensation problem in
vehicle lighting systems in their study. The analysis made in the
study was compared with the experimental data and the results
were confirmed. Condensation is based on mass transfer with heat
transfer. It has been determined that especially the condensation
on the headlight affects the photometric values of the headlight
negatively. It has been stated that the things to be considered in
the study are the changing density values of the indoor air, the
temperature values and the temperature of the outside air. It is
stated that the ventilation holes that help prevent condensation and
circulate the air in the headlight should be modeled in the
condensation analysis. At the end of the study, it was determined
that the analysis results and the test results were compatible It has
been determined that there is condensation in the areas where the
air is compressed. Erik (20006) tried to predict the condensation
removal event in the transient regime using computational fluid
dynamics. In the study, they developed a new droplet
condensation-evaporation model. With the developed model, time
dependent evaporation simulation was made using CFD code. As
a result of the study, it was determined that the model based on
droplet condensation and evaporation gave appropriate results.
Another study on condensation using computational methods was
done by Touichirou et al. (2005). However, most of these studies
are based on the estimation of the characteristic of the fog formed
from the speed profiles on the windshield. Hassan et al. (1999)
estimated the demisting process of the windshield based on the
time-dependent film layer acceptance. Shozawa et al. (2005)
study is important in that it is directly related to condensation in
vehicle lighting systems. They developed a numerical calculation
method on this subject and then applied it to the condensation
analysis in the headlight [9]. Oxyzoglou (2018), Herridge (2003)
and Okada et al. (2001) conducted studies on condensation
analysis in vehicle lighting systems.

The aim of this study is to estimate the region where
condensation will occur, without the need for a long-term
condensation analysis, and to find the approximate amount of
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condensation by calculation. The calculation method in the study
was verified by numerical analysis. With the calculation method
and approach, it is aimed to gain from long-term analysis time.

2. Material and Method

When the saturated steam comes into contact with a surface
at a temperature lower than the saturation temperature at the same
pressure, it begins to condense. If the condensation continues
without condensing drops on the surface, it is called drop
condensation. If the condensed drops combine on the surface and
form a film, it is called film condensation. As the film formed on
the surface becomes thicker, the heat transfer resistance increases.
In the case of drop condensation, the thermal resistance is very
small. In the case of drop condensation, the heat transfer is
approximately 10 times higher than in film condensation.
However, it is not possible to provide drop condensation on
surfaces. Because a special substance or surface should be used to
prevent the condensation drops from coming together. Therefore,
unless otherwise stated, condensation will be used to mean film
condensation. Under the subject of condensation mass transfer, it
is heat and mass transfer that depends on relative humidity, flow
pattern, fluid and surface temperatures.

2.1. Condensation on vertical plate

When condensation is examined in a vertical plate in terms of
heat transfer, it is examined under the name of Nusselt theory,
since it was first analyzed analytically by Nusselt. Known as film
theory or Nusselt theory, this analytical analysis is based on some
assumptions. These acceptances; The steam is low velocity or
stagnant, the fluid properties are constant, and the liquid vapor
surface is neglected by viscous friction. With these assumptions,
the plate temperature is taken as Ty and the saturated steam
temperature is taken as Tq. The condensed liquid film will get
thicker and thicker from the top of the plate and will flow towards
the bottom of the plate under the influence of weight. There are
weight forces acting downwards and forces due to density change.
In the upward direction, there are viscous frictional forces acting.
If the balance of the forces acting on a volume element taken in
the flow area is written and the necessary boundary condition
assumptions are made, Equation.1 for the mass fluid flow rate
depending on 8=0(x) liquid film thickness, Equation.2 for the film
thickness is used [13].

9ps(ps—pp)83
m(x) = == )
(ra=my )]
_ [A4#sks(Tq—Ty )x]4
5(x) - [Q(Ps_Pb)pshsb] (2)

In order to describe the heat convection coefficient in the case
of film condensation, if conduction along the length of the plate
is neglected, the condensation heat generated during condensation
will be transferred from the plate surface by conduction. For the
average heat convection coefficient in the L-length plate, it is
expressed as in Equation.3 from the previous description and
integration [13-14].

_ gps(l’s_pb)hsbks3 1/4
oy = 0,943 |62 oot tants ] 3)

Thermo-physical properties in these equations should be
taken at Tr=(Tq+Ty)/2. In case of condensation in a vertical pipe
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or plate, the amount of condensed liquid on a pipe or plate of unit
width, m1L, is found from the expression in Equation:4:

_ hm(Tw—Ty)

myy hep

“4)
The number Re is described as in Equation.5. Depending on

the Reynolds number, the heat transfer coefficient can be found
from Equation 6 [13-14].

Res =47 )
2
W =147 Re; ' => Re, <30  (6)

In addition to these relations, based on the combination of
heat and mass transfer, the flow is laminar or turbulent, after
determining by the Re number, natural flow is assumed on the
vertical plate and for laminar flow [13-14].

Nu= 0,59(Gr.Pr)'/* (7)
For turbulent flow;
1
Nu= 0,13(Gr.Pr)s (8)

The reason for accepting a vertical plate is that the lens
element is considered a vertical plate [13-14].

hL
Nu=Sh=— Q)
k
Sc=Pr (10)

Gr.Sc>109 Turbulent, Gr.Sc<109 Laminar control and the
system determined to be laminar or turbulent is solved according
to equations 9 and 10. The expression of the condensed mass over
Nusselt-Sherwood and Prandtl-Schmidt analogy is given in
Equation.11. [13-14].

M, = h(Cy = C) (11)

2.1. Numerical Analysis and Boundary Conditions

In this study, numerical analysis was performed with the help
of ANSYS 2022 R2 software. In-volume, laminar natural
convection, three-dimensional and steady-state air flow is
accepted. In thermal analyzes and condensation analyzes, the
ambient temperature is 5 °C and the relative humidity is defined
as 95%. The conduction effects (conjugate effects) on the
headlight components are taken into account. Boussinesq
approach was used for natural convection and Monte Carlo
approach was used for considering radiation effects. In the Monte
Carlo method, a photon is irradiated with random access (Fluent
Users Guide). It is repeated N times according to the maximum
number of photons determined in the analysis. Detailed
information on the equations solved and the approaches used can
be found in the ANSYS 2022 R2 Solver Theory Guide (Flunet
Theory Guide). The analyzes are given in Table 1, respectively. In
order to determine whether condensation occurs or not, water was
sprayed at 3 °C and 0.5 m/s speed for 300 seconds as in Figure 1
and condensation formation was expected.
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Table 1: Analysis Order and Boundary Conditions

Initial ) Bulbs | Analysis
Phase Conditions Analysis Type
Ist Tamb=5 °C, Thermal On Steady-
RH=%95 State
2nd Results of 1st | Washing Off 300 s
3d Results of Defogging | On 3600 s
" 2nd

H20.Mass Fraction

Contour 1
1.000e+00
9.412e-01
8.824e-01
8.235e-01
7.647e-01
7.059e-01
6.471e-01
5.882e-01
5.294e-01
4.706e-01
4.118e-01
3.529¢-01
2.941e-01
2.353e-01
1.765e-01
1.176e-01
5.882e-02
0.000e+00

Time Value = 0.4 3]

Figure 1 : Condensation analysis Water spray image at 3 °C

2.3. Numerical Analysis and Boundary Conditions

The mesh image of the design, which is the subject of our
study, is given in Figure 2. The study independent of the number
of elements was made in thermal analysis. In thermal analysis, the
number of elements was determined as 5325874, 7528961,
11548265 and 13286595. In the thermal analysis results, it was
determined that the part temperatures did not change after
11548265 element number and the results were taken over
11548265 elements. In Figure 3, the variation of the temperature
of the lens part depending on the number of elements is given.

Figure 2: Mesh Image Consisting of 11548265 Elements
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75
5000000 10000000 15000000

Mesh number

20000000

Figure 3: Temperature Results with Consisting of 11548265
Elements

3. Results and Discussion
3.1. Results

Since condensation will occur on the lens part, the
temperature of the lens part is given as a result in our study. Lens
temperature distribution according to the thermal analysis result
is given in Figure 4.

Temperature
Contour 1

ANSYS

Temperature

ANSYS

b)

Figure 4. a) Main Lens Temperature Distribution b) Small Lens
Temperature Distribution

According to the results obtained on the lens in the
temperature analysis, it was predicted that condensation would
occur in the regions related to the red frame in Figure 4. For the
condensation sample calculation, the lens is considered as a flat
plate and in Figures 4a and 4b, 25 mm upwards plate is accepted
from the bottom right. The lens surface temperature in the
condensation predicted region was again determined as 48 °C in
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Figure 4 a and b. The relative humidity of the air in the headlight
interior volume was taken as 95% as in the analysis. H,O mass
flux was calculated as 9,3x10 kg/m?s.

After the thermal analysis results, the water spray analysis,
which is the 2" phase analysis, was performed. In this analysis
phase, condensation formation was observed with the bulbs
closed for 300 seconds. It was determined that the condensation
started in the 88™ second. (Figure 5).

H20.Condensation Mass Flux
Contour 1

Teme Valve =88 (s ]

Ansys
02m

Fasssang
S RRRRRRRRRRRRRRRARES

e tfdb;é&;:bi;&.;;;i;,b.' o
Rttt

[kg s*-

2

©
¥
x

Figure 5: Lens on 88™ second Condensation Formation

After 300 seconds, the analysis passed to Phase 3 and the
bulbs in the system were powered. According to the OEM
standard, the condensation formed was expected to disappear
within 1800 seconds. It has been determined that the condensation
starts to disappear from the 400" sec and completely disappears
in the 800" sec. The 400™, 500", 600" and 800" sec results are
given in Figure 6 a, b, ¢, d, respectively.

Figure 6: Humidity Results a) 400™ sec b) 500" sec ¢) 600" sn
d)800™ sec

The H,0O mass flux obtained as a result of the analyzes was
determined as 9,8x10 kg/m?s.

The amount of condensation at variable humidity rates was
determined by the calculation method and is given in Figure 7.
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Figure 7. Condensation amount at variable RH (95%)

With the calculation method, condensation values that may
occur at 95% relative humidity for different surface temperatures
were also calculated and given in Figure 8.

1,63E-05
1,53E-05
1,43E-05
1,33E-05
1,23E-05
1,13E-05
1,03E-05
9,30E-06
20 30 40 50

Condensed Mass (kg/m?s)

Surface Temperature (°C)

Figure 8. Condensation amount at constant RH (95%) based on
variable lens surface temperature

3.2. Discussion

Considering the results obtained, it has been determined that
the regions where condensation is likely to occur are regions with
low air circulation and high humidity values. It has been
determined from Figure 9 a and b that similar results were
obtained by Okada et al. (2002) and Deponti et al. (2009).

Mass per Unit Area

F 3.026e-005

2.269e-005
- 1.513¢-005

7.564e-006

0.000e+000 '-]

lkg m~-2] b) -

Figure 9.a) Okada et al. (2002) condensation region b) Deponti
et al. (2009) analyze result

In Figure 8a, Okada et al. (2002) determined that there is
condensation at the headlight corner points where the air
movement and temperature are low. Yet in Figure 8b, Deponti et
al. (2009) determined that the condensation formed on a sample
fog lamp is in regions with low temperature and very slow air
movement.
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Yet in the study of Brunberg and Aspelin (2011) it was
determined that condensation occurs in regions where the air
movement is less and the temperature is lower than the general,
as can be seen in Figure 9 a and b. In this study as well,
condensation was detected in regions with low temperature values
and regions with high humidity.

2.90e+02
. 2589402

288402

2587402

287402

25868402

2856402

2848402

283402

2826402 rF

2582402

2812402

2808402

2.79e+02

278402

2.77e+02

2.76e+02
2.76e+02
275e+02
2 Tdas?

1.00e-08 a)
l 9508-07
900e-07

8.50e-07
8.00e-07
7.50e-07
7.00e-07
6.50e-07
6.00e-07
5.50e-07
i fn 5.00e-07
450807
4.00e-07
350e-07
3.00e-07
250e-07

200007
150807
100007
500608
0.008+00 b)

Figure 9. a) Temperature distribution on the outer lens (K) b)
Water film thickness [m] on the lens

In particular, Okada et al. (2002) suggested in his study that
the positions of the ventilation holes should be designed to ensure
that the air coming out of the bulbs reaches the areas where there
is a risk of condensation. In our study, it was observed that the
condensation value, which started at the 88™ second, was detected
less at the 300™ second with the help of ventilation holes, which
supports the literature. In the study, graphs of the amount of
condensation that may occur depending on the variable RH value
and different surface temperature are given. While this study
validates the literature, it has revealed to find the answer to the
question of whether condensation will occur by calculation and
perhaps to pass on design development without the need for
condensation analysis.

4. Conclusions and Recommendations

As a result of this important data obtained, it is necessary to
increase the temperature of the surface where condensation is
predicted. Besides geometric design requirement has been put
forward that will ease the air circulation in the region and help the
hot air reach the surface. The condensation analysis in our study
was analysed on a 24-core computer in 19 days. With the
calculation method, the possible condensation location and
amount can be determined within 1-2 days. The advantages that
numerical analyzes bring to our science world and industry are
indisputable. In our study, we show that certain predictions can be
made in a much shorter time with the calculation method. In
addition, we have shown that computation and numerical analysis
are compatible with each other.

In our study, it has been demonstrated by both calculation and
numerical analysis that the risk of condensation is high in regions

53



Avrupa Bilim ve Teknoloji Dergisi

with low temperature and high humidity. The importance of
surface temperature, which has a risk of condensation, is also
demonstrated by Figure 8 data.
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Oz

Sosyal medya platformlarinin yayginlasmasi ve kullanici sayilarimin hizla artmaya devam etmesiyle birlikte sosyal medyada iiretilen
veri miktart da hizl bir sekilde biiyiimektedir. Bu veriden bilgi ¢ikarmaya yonelik yapilan bilimsel ¢aligmalarin hedeflerinden biri de
meslek tahminidir. Sosyal medya kullanicilarinin meslek bilgisi, akilli 6neri sistemleri basta olmak iizere bir¢ok farkli alanda
kullanilabilmektedir. Bu ¢alismada da Tiirk¢e tweetler kullanilarak meslek tahmini yapilmasi amaglanmistir. Caligma kapsaminda
oncelikle 25.000 Tiirk¢e tweetten olusan meslek veri kiimesi olusturulmus ve kamuya agik olarak paylasilmistir. Bu veri kiimesi
tizerinde c¢esitli Onisleme adimlari uygulanmig, hem kelimelerin kendileri hem de kelime kokleri kullanilarak 6zellik kiimeleri
¢ikarilmistir. Yapilan testlerde tweetler hem tekil olarak hem de 5°li ve 10’1u gruplar halinde birlestirilerek kullanilmistir. Destek Vektor
Makinesi ve Lojistik Regresyon yontemlerinin uygulandig1 deneylerde 6zellik se¢imi yapilarak testler tekrar edilmistir. Tekil tweetlerle
yapilan deneylerde en iyi sonu¢ %74,90 dogruluk orani olarak elde edilirken, 5°1i gruplar halinde birlestirilmis tweetlerle yapilan
deneylerde %96,20 ve 10’lu gruplar halinde birlestirilmis tweetlerle yapilan deneylerde %99,00 dogruluk oranlari en iyi performanslar
olarak raporlanmistir. Testlerde kelime koklerinin kullanilmasmin kelimelerin kendilerini kullanmaya gore daha yiiksek basart
gosterdigi ve dzellik seciminin genel olarak basarty1 yiikselttigi goriilmiistiir. Calismanin sonunda, alinan bu sonuglar tartisiimis ve
gelecek calismalara dair dneriler sunulmustur.

Anahtar Kelimeler: Meslek tahmini, Meslek tespiti, Makine 6grenmesi, Dogal dil isleme, Twitter.

Predicting Occupation with Machine Learning from Turkish Tweets

Abstract

With the spread of social media platforms and the rapid increase in the number of users, the amount of data produced in social media is
growing rapidly. One of the goals of scientific studies to extract information from this data is occupation prediction. Social media users'
occupation information can be used in many different areas, especially in smart suggestion systems. In this study, it is aimed to make
occupation prediction using Turkish tweets. Within the scope of the study, an occupation dataset consisting of 25,000 Turkish tweets
was created and shared publicly. Various preprocessing steps were applied on this dataset, and feature sets were extracted using both
the words themselves and the word roots. In the tests, tweets were used both singularly and combined in groups of 5 and 10. In the
experiments in which Support Vector Machine and Logistic Regression methods were applied, tests were repeated by feature selection.
While the best result was obtained as 74.90% accuracy in the experiments with singular tweets, the best performances were reported as
96.20% accuracy in experiments with tweets combined in groups of 5, and 99.00% accuracy in experiments with tweets combined in
groups of 10. It has been seen that the using of word roots in the tests has higher success than using the words themselves, and the
feature selection generally increases the success. At the end of the study, these results were discussed and suggestions for future studies
were presented.

Keywords: Occupation prediction, Profession identification, Machine learning, Natural language processing, Twitter.
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1. Giris

Giiniimiiz diinyasinda sosyal medya hayatimizin ayrilmaz bir
parcas1 haline gelmistir. Istatistiklere gore diinya capinda 2022
Temmuz itibariyle 4,7 milyar sosyal medya kullanicis1 mevcuttur
ve bu sayr da kiiresel niifusun %59’una karsilik gelmektedir
(Kepios, 2022). Kullanicilar sosyal medya platformlarinda her
tirli duygu, disiince, bilgi ve goriislerini paylagsmaktadir.
Milyarlarca kullanicinin metin, fotograf, video ve ses gibi farkli
sekillerde yaptig1 paylasimlariyla biiyiik veri olugmaktadir. Bu
veriden cesitli amaclarla bilgi ¢ikarimi iizerine o6zellikle son
yillarda ¢ok sayida bilimsel calisma yapilmustir.

Yaygin olarak kullanilan sosyal medya sitelerinin biri de
diinya genelinde 400 milyondan fazla aktif kullaniciya sahip olan
Twitter’dir (Statista, 2022). Bir mikroblog servisi olan Twitter, bir
bilginin hizli bir sekilde genis kitlelere yayilmasina imkéan
saglarken, bu ozelligiyle giindemi olusturmada Onemli bir
konuma sahiptir. Twitter kullanicilarinin gergekte kim oldugu,
yasi, cinsiyeti, lokasyonu, milliyeti, egitim durumu, politik
goriigi, kisilik 6zellikleri gibi birgok ozelligini tahmin etmeye
yonelik yapilan arastirmalar literatiirde yer almaktadir. Uzerinde
calistlan konulardan biri de kullanicilarin mesleginin tahmin
edilmesidir. Bir Twitter kullanicisinin, daha genis bir ifadeyle, bir
sosyal medya kullanicisinin mesleginin tahmin edilebilmesi akilli
oOneri sistemleri bagta olmak iizere bir¢ok amag igin kullanilabilir.
Ornegin, kullanicilara mesleklerine 6zel igerikler, etkinlikler,
tirtinler veya reklamlar sunulabilir. Kullanicilarla ayn1 meslekteki
diger kullanic1 profilleri, takip etmeleri i¢in kendilerine
onerilebilir. Ayrica, kullanicilarin meslek bilgisi sosyal medya
iizerindeki kamuoyu arastirmalarinda da kullanilabilir. Mesela,
COVID-19 ile ilgili atilan tweetlerden doktorlarin paylastigi
tweetler filtrelenip, sadece ilgili meslek grubunun bu konu
iizerindeki goriisleri analiz edilebilir. Ya da bir kurumsal sirket,
sosyal medyada kendisi ile ilgili yapilan paylasimlarda hangi
meslek gruplarinin olumlu, hangi meslek gruplarmin olumsuz
goriiglerde bulundugunu bilmek isteyebilir.

Bu arastirmada, Twitter kullanicilarinin  paylagimlari
kullanilarak meslekleri tahmin edilmeye c¢alisilmistir. Yapilan
literatiir taramasinda, Tiirk¢e metinler {izerinde meslek tahmini
¢alismasina rastlanmamistir. Bu c¢alismanin Tirkge tweetler
iizerinde yapilmasi agisindan bu anlamda bir ilk oldugu
diisiiniilmektedir. Makalenin bundan sonraki boliimlerinde
oncelikle literatiirde yer alan diger dillerdeki metinler {izerinde
yapilmis meslek tespiti ¢aligmalari incelenecek, daha sonra bu
calismada kullanilan Tiirk¢e veri kiimesi ve uygulanan metodoloji
aciklanacak, son olarak aragtirma kapsaminda yapilan deneylerin
sonuglar1 sunulacak ve gelecek calismalara yonelik goriisler
paylasilacaktir.

2. Literatiir Taramasi

Literatiirde yer alan sosyal medyada meslek tahmini iizerine
yapilan calismalarin sayisinin yas, cinsiyet, lokasyon, vb.
ozelliklerin tahminine yonelik calismalardan ¢ok daha az oldugu
goriilmiistir. Bu boliimde, konuyla ilgili daha 6nce yayinlanmis
olan az sayidaki ¢calisma dzetlenecektir.

* https://weibo.com
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Zhou ve digerleri (2012) Cin’in en biiyiik mikroblog sitesi
Sina Weibo™’dan 4 farkli sektdrden 500’er kullanicinin verileri
iizerinde bir smiflandirma caligmas1 yapmistir. Spor, eglence,
bilisim teknolojileri ve emlak sektdrlerinden olan bu
kullanicilarin kendi paylastiklari, cevapladiklari, retweet ettikleri
mesajlardan ve takiplesme iliskilerinden cesitli 6zellikler
c¢ikarilmig ve Sirali Minimal Optimizasyon (Sequential Minimal
Optimization) smiflandiric1 ile deneyler gergeklestirilmistir.
Farkli 6zellik kiimeleri ile yapilan deneylerde sinif bazinda en
yliksek F-6l¢iim degerlerinin 0,65-0,80 arasinda degiskenlik
gosterdigi raporlanmistir.

Huang ve digerleri (2015) yine Sina Weibo kullanicilar
lizerine bir meslek tahmini ¢alismasi sunmustur. Ulasim, finans,
devlet, egitim, eglence, elektronik, emlak, medya, saglik, hizmet,
kamu yarar1 ve diger olmak tizere 12 sektorden farkli oranlarda
toplanmis 65.828 kullanici hesabiyla genis bir veri kiimesi
olusturulmustur. Ozellik ¢ikariminda hem mesaj iceriklerinden
hem de kullanicilar arasindaki etkilesimlerden faydalanilmistir.
Naive Bayes, Karar Agaci, Destek Vektor Makinesi, Lojistik
Regresyon yoOntemlerinin ve farkli 0Ozellik kiimelerinin
kullanildig1 deneyler sonucunda en iyi basar1 0,80 civarinda F-
Olgiim degeri olarak alimmustir. Bu galismada, kullanicilarin
kendilerine benzer kullanicilarla etkilesim kurma egiliminde
olmasi durumunu ifade eden homofili (homophily) terimine
ozellikle vurgu yapilmis ve bunun meslek tahmini ¢alismasinda
kullanilabilecegi belirtilmistir.

Preotiuc-Pietro ve digerleri (2015) tarafindan yapilan
arastirmada 9 farkli meslek grubundan 5.191 Twitter kullanicisi
iizerinde ¢alisma gerceklestirilmistir. Ozellik olarak kullanicinin
takipei sayist, takip ettigi hesap sayisi, toplam tweet sayisi, icinde
etiket gecen tweetlerinin orani, bir giinde attig1 ortalama tweet
sayisi gibi kullanict seviyesindeki niteliklerin yani sira tweetlerin
icerikleri de kullanilmistir. Lojistik Regresyon, Destek Vektor
Makinesi ve Gauss Siireci (Gaussian Process) yontemlerinin
uygulandigi testlerde en iyi sonug, Gauss Siireci yontemiyle
%52,7 dogruluk degeri olarak elde edilmistir. Pan ve digerleri
(2019) kendi calismalar1 igin, ayni veri kiimesindeki 4.557
kullanicinin  takip ettigi kullanicilar1 ve takipgilerini de
toplamiglardir. Veri kiimesindeki diger kullanicilarin hesaplari
askiya alindigi veya ozel (private) hesaba ¢evrildigi igin
profillerine erisilemedigi belirtilmistir. Ana kullanicilarin bu
takiplesme iligkilerinden ¢ikarilan komguluk matrisi, Cizge
Evrigsimsel Ag (Graph Convolutional Network) smiflandiriciya
verilerek %61 dogruluk orantyla Preotiuc-Pietro ve digerlerine
gore daha yiiksek performans alinmistir.

Tu ve digerleri (2015) de Sina Weibo sitesinden 62.415
kullanici hesabini toplayarak olusturduklari veri kiimesi lizerinde
bir ¢aligma sunmustur. PRISM (PRofession Identification in
Social Media) adi verilen model ile 14 farkli meslek grubuna
(medya, devlet, eglence, emlak, finans, bilisim, spor, egitim,
moda, oyun, edebiyat, hizmet, sanat, saglik) ait bu kullanicilarin
meslekleri 0,82 F-6l¢iim orantyla tahmin edilebilmistir.
Kullanicilarin ~ kendi  yazdiklar1  biyografi  agiklamalari,
paylastiklar1 mesajlar, mesajlardaki etiketler, mesajlardaki URL
adresleri gibi bilgiler 6zellik ¢ikariminda kullamilmistir. Egitim
verisini zenginlestirmek ve smiflandirma performansini artirmak
amactyla, etiketlenmemis 150.000 yeni kullanici hesabinm
otomatik etiketlemek i¢in mevcut veri kiimesi temel siniflandirici
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olarak kullanilmistir. Yaridan fazla temel siniflandiricinin,
meslekleri konusunda hemfikir oldugu yeni kullanicilar segilerek
ilgili meslek etiketiyle birlikte egitim kiimesine dahil edilmistir.
Temel siiflandiricilar tekrar egitilerek bu islem yinelenmistir.

Hu ve digerleri (2016) yaptiklar1 calismada, 9.800 Twitter
kullanicisinin paylastiklar: tweetler iizerinden 8 farkli meslegin
(pazarlama, yonetici, girisimci, editdr/yazar, yazilim miihendisi,
halkla iligkiler, ofis memuru ve tasarimci) farkli karakteristiklerini
¢ikarmiglardir. Daha sonra, ozellik kiimesi olarak tweetlerde
gecen kelimeleri, ikili ve tgli kelime gruplarmni kullanarak
smiflandirma deneyleri  gergeklestirmislerdir.  Kullanicilarin
%95’inden fazlasmin kullandigr terimler ile %10’undan azinin
kullandig1 terimler &zellik kiimesinden ¢ikarilmistir. Yapilan
deneylerde ortalama F-6l¢im degeri 0,78 olarak hesaplanmustir.

Lv ve digerleri (2017) bu konuda literatiirde yer alan
calismalarin genelde meslek gruplar ile ilgili olduklarini ve bu
calismalarin spesifik meslekler {izerinde yapilmadigi icin gergek
hayattaki uygulamalar i¢in yetersiz kaldiklarini belirtmistir. Bu
ylizden arastirmacilar kendi ¢aligmalarinda spesifik mesleklerden
kullanicilarin = paylagimlarini  iceren  bir  veri  kiimesi
olusturmuslardir. 8 farkli meslekten (yazar, muhabir, avukat,
fotografci, aktor, sarkici, doktor ve diyetisyen) 8.000 Sina Weibo
kullanicisini rastgele segmisler ve 100 ila 500’er paylasimlarini
toplamislardir. Klasik 6zellik kiimelerinin yan1 sira meslek odaklt
sozliik tabanli kelime temsillerini (word embedding) kullandiklar
deneylerde en yiiksek basariy1 %87,12 dogruluk oraniyla Destek
Vektor Makinesi siniflandirici ile elde etmislerdir.

Meslek tespiti iizerine bugiine kadar yapilmis c¢aligmalara
bakildiginda bunlarin ¢ogunun Sina Weibo sitesinin verilerini
kullanildig1 goriilmektedir. Bunun baglica sebebi Sina Weibo’da
onaylanmig hesaplar i¢in meslek etiketinin zorunlu olmasidir. Bu
sayede onaylanmis olan tiim kullanicilarin meslekleri de otomatik
olarak gekilebilmektedir. Ote yandan, Twitter’da hem normal
kullanicilar i¢in hem de onaylanmis kullanicilar i¢in meslek
bilgisi alan1 yoktur. Kullanicilar isterse mesleklerini biyografi
aciklamalarinda kendileri yazmaktadir. Dolayisiyla, Twitter
kullanicilarinin meslek bilgilerine dogrudan erigsmenin kolay bir
yolu olmadigi i¢in tweetlerle bir meslek veri kiimesi olusturmak
daha mesakkatlidir.

Literatiirde fotograflar iizerinden (Song vd., 2011; Shao vd.,
2013; Chu & Chiu, 2014; Chu & Chiu, 2016) ve el yazisi
goriintillerinden (Kumar vd., 2020) meslek tahmini ¢aligmalar1 da
mevcuttur, ancak bu aragtirmada metin verileri {izerinde
calisildigt icin bu boliimde s6z konusu caligmalara dair detay
verilmesine gerek goriilmemistir.

3. Materyal ve Metot

Bu boliimde calismada kullanilan veri kiimesi, veriler
iizerinde uygulanan Onisleme adimlari, 6zellik c¢ikarimi ve
deneylerde kullanilan smiflandirma yontemlerine dair bilgiler
sunulmaktadir.

3.1. Veri Kiimesi ve Onisleme

Literatiirde Tiirkce dili lizerine meslek tahmini ¢aligsmasinda
kullanilabilecek kamuya agik olarak paylasilmis bir veri kiimesi
bulunmamaktadir. Bu nedenle, bu arastirma i¢in dncelikle bir veri
kiimesi olusturulmasi gerekmistir. Veri toplama kolaylig
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nedeniyle, veri kaynagi olarak Tiirkiye’de en ¢ok kullanilan
sosyal medya aglarindan biri olan  Twitter (T.C.
Cumbhurbagskanlig1 fletisim Bagkanligi, 2022) tercih edilmistir.

Arastirmada kullanicilarin meslek grubunun degil, dogrudan
mesleginin tahmin edilmesi hedeflenmistir. Bu nedenle, veri
kiimesi olusturulurken dncelikle 10 spesifik meslek belirlenmistir.
Bu meslekler sunlardir: avukatlik, diyetisyenlik, doktorluk,
ekonomistlik, 6gretmenlik, psikologluk, spor yorumculugu,
tarih¢ilik, yazilimcilik, ziraat miihendisligi. Daha sonra
Twitter’da her bir meslekten 5’er kullanict bulunmustur. Bu
asamada, biyografi aciklamalarinda agik¢a mesleklerini belirten
gercek kullanicilar segilmistir, parodi hesaplar veya sahte
olabilecek kullanicilara ait hesaplar tercih edilmemistir. Son
olarak, bu kullanicilarin paylastiklar1 500’er tweet toplanmistir.
Kullanicilarin tweetleri toplanirken giincel olandan eskiye dogru
gidilmistir. Saglikli bir veri kiimesi olusturmak amaciyla asagida
belirtilen tweetler veri kiimesine dahil edilmemistir:

e Tirkce yazilmamis olan tweetler

e Icerigi farkl bir kullaniciya ait olan retweetler

e Karsilikli bir sohbet akiginin parcasi olan ve tek basina
bir anlam ifade etmeyen tweetler

e Sadece baglanti (link) i¢eren tweetler

e Tekrar eden tweetler

Bu sekilde her bir meslekten 2.500 tweet olmak iizere toplam
25.000 Tiirkge tweetten olusan bir meslek veri kiimesi ortaya
¢ikarilmigtir. Tweetlerdeki metinler kii¢iik harfe ¢evrilmis ve
icerisinde gecen baglantilar bu ¢alisma i¢in anlamli olmadigindan
temizlenmigtir. Calisma kapsaminda olusturulan veri kiimesi, bu
alanda c¢alisma yapmay: diislinen diger arastirmacilarin da
kullanabilmesi amaciyla kamuya acik olarak Github’da
paylasilmustir’.

Deneylerden once tweetlerdeki tiim noktalama igaretleri
silinmistir. Kelimelerin koklerini bulmak i¢in agik kaynak kodlu
Tiirkge dogal dil isleme kiitiiphanesi olan Zemberek (Akin &
Akin, 2007) kullanilmagtir.

3.2. Ozellik Cikarimi ve Smiflandirma

Smiflandirma asamasinda O6zellik olarak hem kelimelerin
kendileri hem de kokleriyle ayr1 ayri deneyler gergeklestirilmistir.
Ozellik kiimesi olusturulurken dogal dil isleme caligmalarinda
yaygmn olarak kullanilan TF-IDF (Term Frequency-Inverse
Document Frequency/Terim Frekansi-Ters Dokiiman Frekansi)
metin temsil yontemi tercih edilmistir. Sniflandirma basarisini
ylikseltmek amaciyla Ozellik se¢imi yapilarak, mevcut
dzelliklerin yarisi ile deneyler tekrar edilmistir. Ozellik secimi
icin Ki-kare (Chi-squared) yontemi kullanilmustir.

Twitter’da paylasilan her bir tweet i¢in 280 karakter sinir
vardir. S6z konusu limitin tamamiin kullanilmasi durumunda
Tiirk¢e yazilmis anlamli bir tweet en fazla 40 civarinda kelime
icerebilmektedir. Calisma  kapsaminda olusturulan  veri
kiimesinde, Onisleme adimlarindan sonra her bir tweette
(kelimeler arasindaki bosluklar dahil) ortalama 147,8 karakter ve
20,7 kelime mevcuttur. Ote yandan, bazi tweetler sadece birkag
kelimeden olusmaktadir. Bu durum da tweetlerin metin
smiflandirma caligmalarinda kullanilmasmin en onemli kisiti
olarak ifade edilmektedir. Ciinkii kisa metinlerin siniflandirilmasi
uzun metinlere gore genellikle daha zordur. Meslek tahmini
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iizerinden disiiniilecek olursa, kullanicinin paylastigi tek bir
tweete bakarak, onun hangi meslekten oldugunu anlamak oldukc¢a
giictiir. Bir tweet lizerinden meslek tahmini yapmaya ¢aligmak
yerine kullanicinin birkag tweetine birlikte bakmak bu isi ¢ok
daha kolaylastirir. Bu nedenle, kullanicilara ait tweetler hem tekil
olarak hem de 5’li ve 10’lu gruplar halinde birlestirilerek
deneylerde kullanilmigtir. Birlestirme yapilirken art arda gelen
tweetler bir araya getirilerek, testlerde tek bir veri olarak
degerlendirilmisgtir.

Smiflandirma  asamasindaki  deneylerde, literatiirdeki
caligmalarda da sikca tercih edilen Destek Vektér Makinesi ve
Lojistik Regresyon yontemleri kullanilmistir. Testler Google
Colab ortaminda Python dili ile yazilmis, kullanilan algoritmalar
icin acgik kaynak kodlu makine 6grenmesi kiitiiphanesi olan
Scikit-learn’den  faydalanilmistir. Destek Vektér Makinesi
yonteminde parametre olarak lineer kernel kullanilirken, Lojistik
Regresyon yonteminde maksimum iterasyon sayist 200 olarak

degerleriyle caligtiilmigtir.  Tim deneyler 10-katli ¢apraz
dogrulama yapilarak gergeklestirilmistir. Bu iki yontem haricinde
K-En Yakin Komsu algoritmasi farkli komsuluk degerleriyle (10,
20, 30) ve Rastgele Orman algoritmasi farkli tahmin edici sayilar
(10, 50, 100) ile test edilmis ancak siniflandirma basarilar1 daha
diisiik oldugu icin bu testlerin sonuglar1 makalede sunulmamustir.

4. Arastirma Sonuclar: ve Tartisma

Kelimelerin kendilerinin kullanildig1 deneylerde 86.218,
kelimelerin koklerinin kullanildigi deneylerde ise 29.375
terimden olusan 6zellik kiimeleri makine 6grenmesi yontemlerine
verilmistir. Oncelikle her bir tweet tek basma bir veri olarak
testlerde kullanilmistir. Bu testlerin sonuglart Tablo 1°de
sunulmustur. Bu sonuglarda kelime koklerinin kullanildig:
testlerde daha yiiksek basart elde edildigi ve 6zellik se¢iminin
basartya olumlu etki ettigi goriilmistiir. Tekil tweetlerin
kullanildigi deneylerde en yiiksek dogruluk orant %74,90

belirlenmigtir. ~ Makine  &grenmesi  yontemlerinin  diger
. N e . olmustur.
parametreleri  degistirilmeden  kiitiiphanedeki  varsayilan
Tablo 1. Tekil tweetler ile yapilan deneylerin sonuglar
] N Kelimelerin kendileriyle Kelimelerin kokleriyle
Algoritma Ozellik Oram — — — —
Dogruluk (%) F-o6l¢ciim Dogruluk (%) F-o6l¢ciim
o L %100 73,59 0,74 74,05 0,74
Destek Vektor Makinesi
%50 74,34 0,74 74,36 0,74
o %100 72,86 0,73 74,69 0,75
Lojistik Regresyon
%50 73,43 0,74 74,90 0,75

Daha sonra, kullanicilarin paylastiklar: tweetler art arda 5°li ve
10°’lu gruplar halinde birlestirilerek tek bir veri olarak
degerlendirilmis ve béylece daha uzun veriler elde edilmistir. Bu
sekilde tekrar edilen deneylerin sonuglar1 Tablo 2 ve 3’te
verilmistir. Verinin igeriginin biiylimesi basariy1 ciddi oranlarda
artirmistir. 5°1i gruplar halinde birlestirilmis tweetlerle en yiiksek

%96,20 dogruluk oranmi elde edilirken, bu basar1 10’lu gruplar
halinde birlestirilmis tweetlerle yapilan deneylerde %99,00’a
kadar yilikselmistir Bu deneylerde de kelime koklerinin
kullanilmas: ve oOzellik se¢imi daha iyi sonuglar alinmasini
saglamigtir. Ayrica, bu testlerde Destek Vektor Makinesi
yonteminin Lojistik Regresyon yontemine gore daha basarili
oldugu gorilmistiir.

Tablo 2. 5°li gruplar halinde birlestirilmis tweetlerle yapilan deneylerin sonuglari

. N Kelimelerin kendileriyle Kelimelerin kokleriyle
Algoritma Ozellik Orani — — — ——
Dogruluk (%) F-ol¢iim Dogruluk (%) F-ol¢iim
Destek Vektsr Makinesi %100 95,54 0,96 95,86 0,96
eoieR Yerior iakinest %50 95,96 0,96 96,20 0,96
Loiistik R %100 94,26 0,94 95,22 0,95
OISTI TegTesyon %50 94,88 0.95 95,30 0,95
Tablo 3. 10°lu gruplar halinde birlestirilmis tweetlerle yapilan deneylerin sonuglart
. A Kelimelerin kendileriyle Kelimelerin kokleriyle
Algoritma Ozellik Oram = — = ——
Dogruluk (%) F-0l¢iim Dogruluk (%) F-ol¢iim
Destek Vektor Makinesi %100 98,80 0,99 98,92 0,99
eatek Yeidor Makines! %50 98,84 0,99 99,00 0,99
Lotistik R %100 98,16 0,98 98,44 0,98
ojistik Regresyon %50 98.36 0,98 98,64 0,99

* https://scikit-learn.org
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Tablo 3’te goriildiigii gibi, veri kiimesindeki 10 meslekten
birine sahip bir Twitter kullanicisina ait sadece 10 tweet ile o
kullanicinin  meslegini yiiksek bir bagariyla tahmin etmek
miimkiindiir. Bu ¢alismada %99 gibi yiiksek bir siniflandirma
basarisinin alinmasinin birkag sebebi vardir. Bunlardan birincisi
meslek sayisinin 10 ile sinirli tutulmasidir. Ancak, gergek hayatta
yiizlerce meslek oldugu bilinmektedir. Ornegin, Wikipedia’nin
meslekler listesinde’ 754 meslek bulunmaktadir.  Veri
kiimesindeki meslek sayisi arttirildik¢a bu tahmin basarisi da
diisecektir. Alinan yiiksek basarinin bir diger sebebi de veri
kiimesi olusturulurken secilen 10 meslegin birbirine yakin
alanlardan olmamasidir. Bir avukat ile bir doktorun ¢ok fazla
ortak ilgi alan1 olmast beklenmez. Ote yandan, bir avukat ile bir
savcinin veya bir doktor ile bir hemsirenin ¢ok daha fazla ortak
ilgi alanlar1 vardir. Birbirine yakin mesleklerin verileri birbiriyle
daha cok karistirilacagindan, ayni sektor iginde faaliyet gosteren
farkli mesleklerden kullanicilarin ayirt edilmesi daha zordur. Bu
nedenle, veri kiimesinde ayni sektorden mesleklerin bulunmasi da
smiflandirma basarisini diiglirecektir. Ayrica, yapilan deneylerde
egitim ve test verileri rastgele secildigi i¢in, bir kullaniciya ait
tweetlerin bir kismi egitimde bir kismu testte kullanilmistir. Bu
durumda, kullanicinin tweet yazma tarzindaki ayirt edici
ozellikler de siniflandirma basarisina olumlu etkide bulunmustur.
Ornegin, veri kiimesindeki diger kullanicilara oranla ¢ok fazla
emoji kullanan bir kullanicinin test i¢in ayrilan tweetleri bu
farkliliktan dolay1 daha kolay tahmin edilebilir. Daha saglikli test
sonuglart igin tweetleri rastgele olarak egitim ve test i¢in ayirmak
yerine dogrudan kullanicilari rastgele olarak egitim ve test igin
ayirmak daha dogru olabilir. Ancak bu calismada bdoyle
yapilmamistir, bu da ¢aligmanin zayif yonlerinden biridir.

5. Sonug

Bu ¢aligmada, sosyal medyada paylasim yapan kullanicilarin
mesleginin makine 6grenmesi yontemleri ile tahmin edilmesi
amaclanmistir. Bunun i¢in oncelikle 10 farkli meslekten Twitter
kullanicilarinin tweetlerini igeren Tirk¢e meslek veri kiimesi
olusturulmus ve bu veri kiimesi kamuya acik olarak paylasilmistir.
Deneylerde Destek Vektor Makinesi ve Lojistik Regresyon
yontemleri uygulanmis, 6zellik kiimesi olarak hem kelimelerin
kendileri hem de kokleri kullanilmigtir. Basariyr arttirmak igin
ozellik secimi yapilmis ve ozelliklerin yarisi ile testler tekrar
edilmistir. Test sonuglarinda kelime koklerinin kullanilmasinin
kelimelerin kendilerini kullanmaya gore daha iyi performans
gosterdigi ve Ozellik se¢iminin bagartya olumlu etkisi oldugu
goriilmiistiir. Bu ¢alismada en iyi sonug, 10’lu gruplar halinde
birlestirilmis tweetlerle yapilan deneylerde kelime koklerinin
kullanildigi ve oOzellik segiminin yapildigt Destek Vektor
Makinesi testinde %99,00 dogruluk orani olarak elde edilmistir.

Gelecek caligmalarda daha fazla meslekten daha ¢ok sayida
kullanicinin oldugu daha kapsamli bir veri kiimesi olugturulmasi
hedeflenmektedir. Veri kiimesindeki meslek ve kullanicilarin
sayist arttikca siniflandirma basarisinin diismesini 6nlemek icin
literatiirdeki caligmalarda yapildigr gibi kullanicilarin sosyal
medyadaki baglantilarinin ve etkilesimlerinin de veri kiimesine
dahil edilmesi gerekmektedir. Zira homofili prensibine gore
sosyal medya kullanicilart kendisiyle benzer kullanicilar takip
etmeye ve onlarla etkilesim kurmaya daha meyillidir. Buradaki
benzerlik tanimimnda meslegin de Onemli bir yeri vardir
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Dolayistyla kullanicilarin  sosyal medyadaki baglantilari ve
etkilesimleri mesleklerini tahmin etmede Onemli ipuglarn
vermektedir.

Veri kiimesi boyutunun arttirilmasinin yani sira deneylerdeki
basar1 oranini yiikseltmeye yonelik olarak gelecek calismalarda
farkli yontemlerin uygulanmasi da planlanmaktadir. Sosyal
medya paylasimlarinda yazim hatalarma sik rastlandigi igin
Onisleme adimlarinda bu hatalarin diizeltilmesi basartyr olumlu
yonde etkileyebilir. Ozellik kiimesini zenginlestirmek icin
karakter ve kelime n-gramlar1 veya FastText, Glove gibi Tiirk¢e
icin ¢ikarilmig kelime vektorleri kullanilabilir. Son olarak
smiflandirma agsamasinda LSTM, CNN, GRU veya BERT gibi
derin 6grenme modelleri test edilebilir.

6. Tesekkiir

Veri toplama asamasindaki desteklerinden dolayr Murat
Karabulut’a tesekkiir ediyorum.
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Oz

Gilinlimiizde riizgar enerjisi, gemilerde sevk sisteminin yani sira elektrik enerjisi iretimine de katki sunmaktadir. Bu ¢alismada, gemilere
elektrik enerjisi tiretimi i¢in kurulabilecek riizgar tlirbinlerinden optimum verim alinmasi konusu incelenmistir. Bu kapsamda, bir tanker
gemisi modellenmis ve benzetim ¢aligmasi yapilmistir. Gemi giivertesi bes bolgeye ayrilarak, gemideki hangi bolgelerin daha yogun ve
homojen riizgér alabilecegi tahmin edilmistir. Bu sayede gemideki optimum riizgar alanlar1 ve yiikseklikleri belirlenmistir. Boylece,
rlizgar tiirbininin en uygun alanda maksimum verimle ¢aligmasi hedeflenmistir. Sonug olarak, incelenen gemi modeli i¢in maksimum
rliizgar hizlar sirasiyla bas kasara, 6n ana giiverte ve vasat bolgeleri olarak belirlenmistir. Her bir gemi modelinde optimum riizgar
alaninin farklilik gostermesi beklenmektedir. Bu nedenle, bu tiir yaklagimlarin riizgér tlirbini uygulamas: yapilacak gemi 6zelinde
gerceklestirilmesi 6nem arz etmektedir. Bu ¢aligma ile benzetim ¢aligmalarinin 6nemi vurgulanmis olup, bu tiir alternatif yaklagimlar
ile gemilerde verimlilik potansiyelinin artirilabilecegi ifade edilmistir.

Anahtar Kelimeler: Gemi, Riizgar Enerjisi, Riizgér Tiirbini, Optimum Yer Se¢imi, Hesaplamali Akigkanlar Dinamigi.

A Simulation Study for Optimum Location Selection in Wind Turbine
Application on Ships: A Case Study for a Tanker Ship

Abstract

Today, wind energy contributes to the generation of electrical energy as well as the propulsion system on ships. In this study, the issue
of optimum efficiency from wind turbines that can be installed on ships for electrical energy generation has been examined. In this
context, a tanker ship was modeled and a simulation study was carried out. By dividing the ship deck into five zones, it was estimated
which areas on the ship could receive more intense and homogeneous winds. In this way, the optimum wind areas and heights of the
ship were determined. Thus, it is aimed that the wind turbine will operate in the most suitable area with maximum efficiency. As a
result, the maximum wind speeds for the investigated ship model were determined as forecastle, fore main deck, and amidship regions,
respectively. The optimum wind area is expected to differ for each ship model. For this reason, it is important to carry out such
approaches specifically to the ship where the wind turbine will be applied. With this study, the importance of simulation studies has
been emphasized, and it has been stated that such alternative approaches can increase the efficiency potential of ships.

Keywords: Ship, Wind Energy, Wind Turbine, Optimum Location Selection, Computational Fluid Dynamics.
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1. Giris

Sanayi devrimi ile baglayan enerji talebindeki artis, fosil
kaynakl1 yakitlarin tiiketimini 6nemli oranda artirmistir. Bu siireg,
glinimiizde sera gazi emisyonlar1 ve kiiresel 1sinma ile ilgili
konular1 6n plana ¢ikarmistir. Ulusal Havacilik ve Uzay Dairesi
(NASA) verilerine gore, ortalama ylizey sicakligi 19. yy sonlarma
kiyasla yaklasik 1.1 °C artmustir. Ayrica, 2021 yili tespit edilebilen
en sicak altinci yil olarak kayitlara gegmistir (Margetta, 2021). Bu
durum, fosil kaynakli yakitlarin azaltilmasi ve yenilenebilir enerji
kaynaklarmin kullanilmasi siirecini hizlandirmistir. Yenilenebilir
enerji kaynaklari (hidrolik, jeotermal, giines, riizgar, biokiitle,
hidrojen, dalga) arasinda ise riizgér enerjisi ¢evresel duyarlilik ve
hammadde agisindan 6n plana ¢ikmaktadir (Ekiz ve ark., 2021).
Uluslararas1 Yenilenebilir Enerji Ajans1 (IRENA) verilerine gore
2021 yilinda riizgar enerjisinden elektrik enerjisi {iretimi
kapasitesi karasal alanlarda yaklagik 769 GW iken deniz iistii
alanlarda yaklagik 56 GW olarak gerceklesmistir (IRENA, 2022).

Bununla birlikte riizgar, gemiler i¢in ilk enerji
kaynaklarmdan biri olmustur. Oncesinde gemi hareketi icin
faydalanilan riizgdr enerjisi, giiniimiizde elektrik enerjisi
ihtiyacinin karsilanmasinda da yerini almistir (Birol ve Demirgil,
2021). Riizgar enerjisine denizcilik alaninda ugurtma sistemi,
Flettner rotor sistemi, yelken sistemi, elektrik enerjisi iiretim
sistemi gibi farkli teknolojiler i¢in ihtiyag duyulmaktadir (Kiikner
ve Kaplan, 2017). Bu kapsamda yapilan c¢alismalar
incelendiginde, Ionescu ve ark., (2015) gemilerde
kullanilabilecek riizgar tiirbini tasarimlarini incelemislerdir.
Dikey eksenli riizgar tlirbinlerinin gemiler i¢in daha optimum bir
tasarima sahip oldugunu belirtmiglerdir. Kim ve Yaakob (2016)
bir tanker gemisinin Singapur-Cidde-Taichung rotasindaki seyir
verilerini kullanarak dikey eksenli bir riizgar tiirbini kurulmasi ve
elektrik enerjisi ihtiyacinin karsilanmasi durumunu analiz
etmiglerdir. Belirtilen rotalardan gegen gemilerde kurulacak
sistem ile yilda yaklasik %39 oraninda yakit tasarrufu
saglanabilecegini ifade etmislerdir. Moulas ve ark., (2017) agik
denizlerde kurulan riizgar tiirbini ¢iftliklerinin giivenli bir sekilde
isletilmesine yonelik, gemiler ile agik deniz riizgar tiirbini
temelleri arasindaki olast carpigmalarin  hasar analizini
yapmislardir. Hasara neden olan en kritik faktorlerin; ¢arpigsma
enerjisi, geminin yiliksekligi ve c¢arpma alant oldugunu
belirtmiglerdir. Lu ve Ringsberg (2019) bir tanker gemisine ait
seyir verilerini kullanarak farkli rlizgar enerjisi sistemlerinin
performansini tahmin etmislerdir. Calisma neticesinde, Flettner
rotor sistemi ile yaklasik %9 oraninda yakit tasarrufunun elde
edilebilecegi sonucuna ulagsmislardir. Sentiirk ve Oguz (2020)
Bozcaada bolgesinde isletilmekte olan bir karasal riizgar ¢iftligi
ile o bolgede kurulmas1 muhtemel bir deniz {istii riizgar ¢iftliginin
yasam dongilisii degerlendirmesini yapmislardir. Belirlenen
bolgede bir deniz istii riizgar ¢iftliginin kurulmasinin daha
maliyetli bir teknoloji olmasina ragmen, karasal sisteme gore daha
¢evre dostu oldugu sonucuna ulagmislardir. Penloup ve ark.,
(2021) ticari gemilerde yardimci tahrik olarak kullanilabilen
ucurtma sevk sisteminin kaldirma katsayisi, siiriikkleme orani,
ucurtmanin tastyabilecegi maksimum yik ve ip uzunlugu
parametrelerinin = sistem tasarimina etkisini incelemislerdir.
Maksimum kanat yiikii parametresinin, ucurtma sisteminde en
fazla etkiyi gosteren parametre oldugunu ifade etmislerdir. Antai
ve Williams (2021) bir tanker gemisinin sevk sistemine yardimc1
olmast amaciyla ucurtma sisteminin uygulanabilirligini
aragtirmiglardir. Olusturulan matematiksel model sonucunda,
riizgar ugurtma destekli tahrik sisteminin mevcut gemi modelinde
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ekonomik ve cevresel sorunlarin ¢ozlimiine katki sunacagim
belirtmislerdir. Seddiek ve Ammar (2021) Misir ve Fransa
arasinda seyir yapan bir dokme yiik gemisi i¢in Flettner rotor
kullaniminin etkisini incelemislerdir. Flettner rotor kullaniminin
geminin yillik yakit tiiketiminde %22'ye kadar tasarruf
potansiyeli saglayabilecegini belirtmislerdir. Sar1 ve ark., (2022)
bir savas gemisi modeli i¢in helikopter giivertesine etki eden hiz
dagilimlarini farkli riizgar agilarini dikkate alarak incelemislerdir.
Borda tarafindan gelen riizgar hizlariin incelenen alan i¢in daha
az tiirbiilans olusturdugu sonucuna ulagmislardir.

Literatiirden goriilecegi lizere riizgar enerjisi, denizcilik
alaninda farkli sistemler igin birincil enerji kaynagi olarak
kullanilmaktadir. Bununla birlikte riizgar rejiminin, riizgar
enerjisinden maksimum fayda saglamak i¢in etkili bir parametre
oldugu sdylenebilir. Optimum riizgdr hizinin elde edilebilmesi
konusu kara ve deniz alanlarinda verimin artirilmasim
saglamaktadir. Bu kapsamda yapilan bazi c¢aligmalar
incelendiginde, Karasu Asnaz ve Yiiksel (2018) karasal alanda
bulunan 29 adet riizgar tiirbinine sahip bir santralin mevcut
yerlesim diizeninden kaynakli performansimni incelemislerdir.
Mevcut santralde iz etkisinden kaynakl gii¢ kayiplarinin dikkate
deger bir olgu oldugunu ve optimal bir yerlesim diizeninin
gerekliligini vurgulamiglardir. Arca ve Keskin Citiroglu (2020)
Karabiik iline bagl Yenice il¢esinde riizgar enerjisi santralinin
optimum yerlesimi i¢in Cografi Bilgi Sistemleri (CBS) tabanli
cok kriterli karar analizi yontemini kullanmiglardir. Bu yontemin
uygun yer secimi ve haritalandirma siirecinde etkili bir secenek
oldugunu belirtmislerdir. Aydmer ve Oztiirk (2021) Ege
Denizi’nde entegre riizgar ve dalga enerji sistemleri i¢in optimum
yerlesim alanlarin1 CBS tabanli analitik hiyerarsi yontemi ile
belirlemislerdir. Bu yodntem ile gerceklestirilecek uygunluk
haritasinin mevcut enerji sistemlerinin daha verimli isletilmesine
olanak saglayacagini belirtmislerdir. Karipoglu ve ark., (2021)
deniz {istii riizgar santrali kurulumu i¢in CBS tabanli ¢ok kriterli
karar verme yontemi kullanilarak Bandirma Korfezi bolgesindeki
en uygun alan1 belirlemeye c¢alismislardir. Bu kapsamda
belirlenen iki bolgede sirasiyla 72 MW ve 48 MW kapasiteli
deniz istii riizgar santrali kurulumunun gergeklestirilebilecegini
ifade etmislerdir. Tortumluoglu ve Dogan (2021) agik deniz
riizgar tiirbinlerinin yerlesim planlamasini etkileyen parametreleri
incelemislerdir. Bolgenin derinligi, ulasim imkéni, enerji hatti
giizergahi gibi parametrelerin yani sira bolgenin riizgar rejiminin
tasarim siirecinde etkili oldugunu belirtmislerdir.

flgili caligmalar incelendiginde, karasal ve denizel
ortamlarda optimum riizgar tiirbini yerlesiminin riizgar rejimine
bagl olarak planlamasmin verimi artirabilecegi soylenebilir.
Bununla birlikte, yazarlarin bildigi kadariyla, her ne kadar kara ve
deniz Ustii riizgar tiirbini sistemleri literatiirde farkli agilardan
incelense de gemilerde riizgar tiirbini uygulamasma yonelik
yeterli ¢alismanin olmadigi ifade edilebilir. Bunun o&ncelikli
sebebinin  yenilenebilir  enerji  kaynaklarinin  gemilere
entegrasyonun giincel bir yaklagim olmasidir. Riizgar tiirbini
sistemlerinin gemilere entegrasyonuna yonelik yapilan ¢aligmalar
incelendiginde ise tilirbinlerin optimum yerlesimine yonelik
calismalarin da smirli kaldigr soylenebilir. Bu nedenle bu
caligmada, bir gemide riizgar tiirbini kurulmadan 6nce optimum
yerlesim bolgesinin belirlenmesi amaglanmigtir. Bu kapsamda, bir
tanker gemisi modellenerek Hesaplamali Akiskanlar Dinamigi
(HAD) yontemi ile bir riizgér rejimi olusturulmustur. Olusturulan
benzetim ¢aligmas1 sonucunda, gemiye etki eden riizgar
yogunlugu haritalandirilmis ve gemide riizgar tiirbininin
yerlestirilebilecegi alanlar belirlenmisti. Bu sayede, riizgar
tiirbininin yerlesiminden kaynakli optimum verimin saglanmasi
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amaglanmigtir. Bu konu, riizgar tiirbinlerinin etkin bir sekilde
gemilere entegre edilmesi agisindan Onem arz etmektedir.
Caligmanin, gemilerde riizgar tiirbini uygulamasi dncesi
yapilacak fizibilite ¢aligmalara katki sunmasi beklenmektedir.
Giincel bir konu olmasi sebebiyle, kara ve deniz istli riizgar
tirbini sistemlerinin yerlesim planlarinin belirlenmesine ek
olarak, gemilerde de bu tiir caligmalarin yapilmasinin literatiire bu
alanda alternatif bir yaklasim sunacag diistiniilmektedir.

2. Materyal ve Metot

Calisma icin 145 m tam boy uzunluga ve 23 m genislige
sahip bir tanker gemisi modellenmistir. Model gemi Sekil 1°de
gosterilmigtir.

Sekil 1. Calismada kullanilan gemi modeli

Tanker gemileri kendi aralarinda cgesitlerine, boy
uzunluklarina, faaliyet gosterecegi cografyaya ve diger etmenlere
gore farklilik gosterebilirler. Model gemide, geminin soguk hava
kosullarinda da giivenle ¢aligabilmesi icin giiverte {izerindeki
borularin buzlanma riskine karsi “trunk” adi verilen bir kapali
alan bulunmaktadir. Giivertenin ortasina ise kumanya, yedek
parca alimi gibi disaridan gemi giivertesine aktarimlari saglayan
bir ving yerlestirilmistir. Bu bélgenin hemen altinda ise yag, yakit
ve benzeri akiskanlarin aktarimimni saglayan boru girig-¢ikislar
bulunmaktadir. Geminin optimum riizgar alan bdlgesini
belirlemek igin gemi alani bes bolgeye ayrilmistir. Bu bolgeler ise
Sekil 2’de verilmistir.

ARKA ON
KIC KASARA ANA GUVERTE VASAT ANA GUVERTE BAS KASARA
- .
f -\
il | )
—~— / :(/‘E/

Baca Kopriiistii Trunk Girisi Ving Trunk Trunk Girisi Pruva Diregi

ve ve
Yasam Mahalli Basalt: Girisi

Sekil 2. Model gemiye ait temel bolgeler

A bolgesi geminin iist giivertesi olmakla beraber bas kasara
olarak da adlandirilmaktadir. Bu bdlgede pruva diregi ve basalt1
girisi bulunmaktadir. E bolgesi olarak belirlenen kisim ise ki
kasara olarak adlandirilmaktadir ve bu bdlgede baca, yasam
mabhalli ve koprii listii bulunmaktadir. A ve E bolgesi arasinda
kalan kisimlar ise ana giiverte olarak isimlendirilir.

Detaylar1 verilen gemi modeline ait bolgelerde meydana
gelen riizgar karakteristikleri Siemens Star-CCM+ HAD
programi ile analiz edilmistir. Analizler, gemi modelini 1/48
oraninda O&lgeklendirerek gergeklestirilmistir. Analizler igin
oncelikle kontrol hacmi olusturulmustur. Kontrol hacmi
boyutlandirilirken, giristen tiirbiilansli olarak gelen havanin
dogrusallagmasi igin gemi ile giris yiizeyi arasinda gemi boyunun
yaklastk 3 kat1 mesafe birakilmigti. Akigkanin gemi ile
temasindan sonra olusan tiirbiilansli havanin kontrol hacmi
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icerisinde kalabilmesi i¢in gemi ile ¢ikis yiizeyi arasinda gemi
boyunun yaklasik 5 kati mesafe birakilmistir. Kontrol hacminin
yiiksekligi 2 gemi boyu ve genisligi ise 3 gemi boyu mesafe
olacak sekilde boyutlandirlmisti.  Kontrol hacmi ve
boyutlandirilmasina yonelik detaylar Sekil 3’te verilmistir.

Sekil 3. Kontrol hacmi ve boyutlandirilmasi

Analizler icin gerekli olan bir diger parametre ise riizgar
hizidir. Gemilerin rotalar1 oldukca degisiklik gostermektedir.
Genmiler, birkag ay igerisinde Akdeniz’den Pasifik Okyanusu’na,
Hint Denizi’nden Baltitk Denizi’ne kadar farkli iklim
ozelliklerinin goriildigii cografyalarda bulunabilirler. Bu nedenle,
model gemi ortamindaki riizgar hiz1 12.9 knot (~6.6 m/s) olarak
kabul edilmistir Bu deger, okyanuslar iizerinde 10 m
yiikseklikteki kiiresel ortalama riizgar hizini ifade eder (Archer,
2005). Model geminin hizi ise 14 knot (~7.2 m/s) olarak
almmustir. Analizler, gemi seyir halinde iken bas tarafindan
riizgara maruz kalmasi durumu i¢in degerlendirilmistir. Burada
ifade edilen riizgar hiz1 degerleri Reynold sayis1 dikkate alinarak
O0lcek gemi modeli icin yeniden diizenlenerek analizler
gergeklestirilmigtir. Bu durumda elde edilen bagil hiz degeri ise
kontrol hacmi giris hiz1 olarak kabul edilmistir. Caligmada “K-
Omega Tiirbiilans Modeli” kullanilmistir. Ayrica, riizgdr hizi
gemiye yerlestirilecek riizgar tiirbininden maksimum elektrik
enerjisi liretimi igin 6nemli bir faktoriidiir. Bu etki Denklem 1 ile
gosterilebilir (Kurban ve ark., 2007).

P = ~p9CpA (1)

Burada, P riizgér tiirbininden elde edilebilecek giicii (W), p
hava yogunlugunu (kg/m?), 9 ortalama riizgar hizim (m/s), Cp
tiirbin verimini, A ise tiirbin kanatlar1 siipiirme alanini (m?) ifade
eder. Denklem 1°den goriilecegi iizere riizgar hizinda meydana
gelecek her bir degisim, riizgar tiirbininde elde edilebilecek giig
dretimini kiipli oraninda etkileyecektir. Bu nedenle, riizgar
tiirbinin yerlestirilecegi alanin optimum riizgar hizin1 yakalayacak
bir bolgeye sahip olmasi verimi 6nemli oranda artiracaktir.

Ek olarak, literatirde mevcut her hangi deneysel sonuca
rastlanamadigindan ¢alismada kullanilan sayisal ydntemin
dogrulama ¢alismasi yapilamamistir. Ancak kullanilan sayisal
¢Oziiciniin  ag  sayist  acgisindan  sayisal  belirsizligi
hesaplanabilmigtir. Belirsizlik c¢aligmasi i¢in ITTC tarafindan
gemi hidrodinamigi alaninda 6nerilen GCI yontemi kullanilmistir.
Belirsizlik c¢alismasinda kullanilan ag sayis1 ve aerodinamik
direng katsayis1 (Cp) degerleri Tablo 1°de verilmistir.

Tablo 1. Ag sayisi ve CD degerleri

Ag sayisi Cbp degeri
4367164 0.150482
1685013 0.155304
741460 0.146673
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Tablo 1°de goriildiigii iizere sayisal belirsizlik ¢aligmasinda
kullanilan skaler biiytikliik, ag sayis1 arttik¢a lineer bir degisim
gostermemektedir. Bu durum sayisal belirsizligin osilatif olarak
yakinsadigina isarettir. Bu degerlere gore sayisal ¢oziiciiniin
mevcut ag algoritmasi ile en iyi ag sayist i¢in sayisal belirsizligi
yaklasik %4.5 civarindadir.

3. Arastirma Sonuclar1 ve Tartisma

Calismada, giiverte iizerinde dikey ve yatayda 1 m’lik
katmanlar belirlenerek riizgar karakteristikleri her katman igin
incelenmistir. Sekil 4 giiverte seviyesinden itibaren 1 m’lik yatay
(yiikseklik) katmanlarini gostermektedir. Sekil 5 ise giiverte
merkezinden sancak tarafina dogru 1 m’lik dikey katmanlari
gostermektedir. Boylece, gemi giivertesi lizerinde kalan tiim
hacmin belirli kesit araliklariyla analiz edilmesi saglanmistir.

Sekil 5. Giiverte katmanlar: (dikey)

Analizler neticesinde geminin farkli bélgelerinde elde edilen
riizgar hizlar1 ise Sekil 6 ve Sekil 7°de verilmistir. Geminin
giiverte seviyesinden itibaren 1 m’lik katmanlarda maruz kaldigi
riizgar hizi dagilimlar Sekil 6 ile gosterilmistir.

Hiz (m/s)
0 1.5 31 46 61 77 92 108 123 138 154 169 85 200 215 230 246 261 277

[ .
" E|bplclsB

[ — ] = —,
=g » -
o= - :
: JKI ]
JK) ;

Sekil 6. Tiim katmanlarin hiz kontiirleri (vatay)

Sekil6  geminin  giivertesinden  itibaren 1 m’lik
yiiksekliklerde meydana gelen riizgdar hizi  dagilimlarim
gostermektedir. Gemi giivertesinden, 17 m yiikseklige kadar
meydana gelen riizgar hiz1 incelendiginde, yiiksek kesitlerde
rizgarin daha az engele maruz kaldigi, riizgar hizinin da buna
bagl olarak homojen bir dagilim gosterdigi ve geminin bas
tarafindan  gelen  riizgarm  karakteristigini  korudugu
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goriilmektedir. Bununla birlikte bolgeler tek tek incelendiginde, A
bolgesinde giiverte seviyesi 3. katmandan itibaren baglamaktadir.
6. katmandan itibaren ise normalde maruz kaldig1 riizgar hizindan
daha yiiksek degerlerde riizgdr hizi elde edilmistir. B bdlgesi
incelendiginde 12. katmandan itibaren riizgar hiz1 homojen bir
dagilim gostermistir. Ozellikle 5. katmana kadar trunk bas girisi
ve pruva diregi sebebiyle daha diisiik riizgar hizlari meydana
gelmistir. Bununla birlikte 7. katmandan itibaren trunkin disinda
kalan bolgelerde daha homojen ve ilk 5 katmana gore daha etkili
riizgdr hizi yakalanabilecegi ifade edilebilir C bolgesi
incelendiginde 12. katmandan itibaren riizgarin homojen ve kendi
karakteristigini korudugu bir riizgar yogunlugu elde edilmistir. Bu
seviyenin altinda kalan katmanlarda ving ve yakit transfer
tiniteleri bulundugu i¢in ¢ok diisiik riizgar hizlari olusmustur. D
bdlgesinde ise geminin bas tarafindan gelen riizgar bu kisma
ulasana kadar, karsilastig1 giiverte ekipmanlar1 ve yapilarindan
dolay1 tim katmanlarda diisiik riizgar hizlarina rastlanmistir. E
bolgesi incelendiginde ise yasam mahallinin, koprii istii ve baca
yapilarinin bu bolgede olmasi sebebiyle, bu alan yeterince riizgar
etkisine maruz kalamamistir ve bu nedenle tiim katmanlarda
diisiik riizgar hiz1 karakteristiklerine rastlanmistir.

Ayrica, geminin giiverte merkezinden sancak tarafina dogru
1 m’lik dikey katmanlarda maruz kaldig: riizgar hizi dagilimlar
Sekil 7 ile gosterilmistir.

Hiz (m/s)

0 1.5 31 46 61 7.7 92 108 123 138 154 169 185 200 215 2

Sekil 7. Tiim katmanlarin hiz kontiirleri (dikey)

Sekil 7 geminin giiverte merkezinden sancak tarafina dogru
1 m’lik katmanlarda meydana gelen riizgar yogunluklarin
gostermektedir. Genel anlamda, giiverte merkezinden iskele veya
sancak tarafina dogru ilerledikge daha homojen ve yiiksek
hizlarda riizgdr yogunlugu elde edilmistir. Bolgesel olarak
incelendiginde, A ve B bdlgesinin diger bolgelere gore daha
yliksek ve homojen bir riizgar dagilimina sahip oldugu bu kesit
alanindan da goriilmektedir. Bununla birlikte, C bdlgesinde
bulunan giiverte istii yapilar1 geminin bas kismindan gelen
riizgara kars1 engel olusturmustur. Bu durum, D ve E bolgelerinde
de heterojen ve diisiik riizgar hizlarinin oldugu bir alan meydana
getirmistir.

Ozetle, referans alman gemi modeli igin yapilan ¢aligma
sonucunda riizgar hizi karakteristigi dikkate alindiginda riizgar
tiirbini yerlesim icin en uygun birinci alanin A boélgesi oldugu
ifade edilebilir. Fakat bu bélge, ¢ogu tanker gemisi modelinde
bulunan irgat ve giiverte ekipmanlarindan dolay1 biiyik gii¢
kapasiteli rlizgar tiirbini yerlesimine uygun olmayabilir. Boyle bir
engel ile karsilagilmas1 durumunda, daha diisiik kapasiteli riizgar
tiirbinleri bu bolgeye yerlestirilebilir ve boylece ilgili bolgeden
maksimum verim alinabilir. Belirtilen nedenlerden dolayr A
bolgesine herhangi bir tiirbin yerlesiminin yapilamamasi
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durumunda ikinci en uygun alanin B bdlgesi olmasi muhtemeldir.
Bu bolgede nispeten A bolgesine gore daha diisiik ve diger
bolgelere gore daha yiiksek ve homojen riizgar dagilimu
yakalanabilir. Bu bdlgenin avantaji, diger bdlgelere nispeten
farkli kapasitelerdeki riizgar tiirbinlerinin giivenle g¢alismasini
engelleyebilecek ekipmanlarin bulunmamasi veya daha az
olmasidir. Herhangi bir nedenle, B bdlgesine tiirbin yerlesiminin
yapilamamasi durumunda ise ii¢lincii en uygun alanin C bolgesi
olmast muhtemeldir. Bu bolgede yakit transferi islemlerinin
yapilmasi ve bdlgenin ving menzili igerisinde kalma potansiyeli
bulunmakla birlikte, iskele ve sancak taraflarina yakin bolgelerde
tiirbin yerlesimine uygun riizgar karakteristikleri elde etmek
miimkiindiir. Belirtilen kisimlara riizgér tiirbini 6zelligine bagh
olarak tiirbinin yerlestirilip yerlestirilemeyecegine  gemi
operasyonlar1 dikkate alinarak karar verilebilir D ve E
bolgelerinin ise diger bolgelere gdre daha heterojen ve daha diisiik
bir rlizgar hiz1 yogunluguna sahip olmasindan dolay1 yiiksek
kapasiteli riizgdr tiirbini yerlesimi i¢in verimli olmadigi
goriilmektedir.

Her ne kadar iizerinde ¢aligilan gemi modeli i¢in optimum
rlizgar tiirbini yerlesimi ifade edilen bolgeler icin daha verimli
olsa da, bu tiir analizlerin her bir gemi 6zelinde yapilmasi daha
dogru sonuglar verecektir. Ciinkii gemiler faaliyetlerine gore yiik
gemisi, tanker gemisi gibi farkli tiirlere ayrilsa da her bir gemi
tiirii de kendi igerisinde farkli ekipmanlara veya tasarimlara sahip
olmaktadir. Bu durum, ayn1 gemi tiirleri i¢in de en uygun riizgar
yogunlugu bolgesinin belirlenmesinde farklilik gosterebilecegi
anlamina gelir. Bu tiir uygulamalardan 6nce geminin detayli
olarak modellenmesi ve varsa calisacagi bolgenin riizgar
karakteristigine gore detayli analizlerinin yapilmasi veya geminin
farkli riizgar karakteristiklerine maruz birakilmasi ile gemide
uygulanmasi planlanan riizgar tiirbini modeli i¢in en uygun
konumun belirlenebilecegi diisiiniilmektedir. Bu nedenle, bu
calisma ile gemilere riizgar tiirbininin optimum yerlestirilmesine
yonelik alternatif bir yaklagim sunulmasi amaglanmistir. Calisma
bu kapsamda degerlendirildiginde, 6nerilen yaklagimin literatiire
ve sektore yenilenebilir enerji kaynaklarmin  gemilere
entegrasyonu konusunda farkli bir bakis acist kazandirmasi ve
katki sunmasi beklenmektedir.

4. Sonug¢

Bu c¢alismada, bir tanker gemisi modeline riizgér tiirbini
entegrasyonu i¢in en uygun alanin tahmin edilmesi konusu
incelenmistir. Calisma kapsaminda, seyir halindeki bir tanker
gemisi bas tarafindan riizgara maruz birakilmistir. Sonrasinda,
gemi iizerinde olusan riizgar karakteristigi haritalandirilmig ve
rliizgar tlirbininin yerlestirilebilecegi en uygun bdlgeler tahmin
edilmistir. Sonug¢ olarak, bas kasara, 6n ana giiverte ve vasat
bolgelerinde diger bolgelere gore daha yiiksek riizgar hizlar1 elde
edilmistir. Bu bolgelerde, gemi operasyonlarma ve tiirbin
yerlesimine engel olusturacak her hangi bir durum bulunmamasi
durumunda sirastyla bas kasara, On ana giiverte ve vasat
bolgelerinden maksimum verim alinabilece§i sonucuna
ulasilmistir. Bununla birlikte, bu bolgelerde gemi operasyonlarina
yonelik ekipmanlarin bulunmas: durumu dikkate alindiginda, 6n
ana giiverte bolgesinde daha az engelle karsilasilabilecegi
gbzlemlenmistir. Bu nedenle, hem gemi operasyonlarinin giivenli
bir sekilde gergeklesmesi hem de gemi igin secgilecek riizgar
tirbini modelinin dikkate alinarak optimum yerlesim alaninin
belirlenmesi 6nem arz etmektedir. Bu calisma ile gemilerde
rlizgar tiirbini uygulamalarindan optimum verim alinabilmesi i¢in
alternatif yaklagimlarin kullanilabilecegi vurgulanarak, bu tiir
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analizlerin uygulama yapilacak gemi ve riizgar tlirbini modeli
Ozelinde yapilmasmin enerji verimliligini artirabilecegi ifade
edilmistir.
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Abstract

Kidney diseases are one of the most common diseases worldwide and cause unbearable pain in most people. In this study aims to
detecting the cyst and stone in the kidney. For the this purpose, YOLO architecture designs were used for detection of kidney, kidney
cyst and kidney stone. The YOLO architecture designs were supported by the explainable artificial intelligence (xAl) feature. CT images
in three classes, namely 72 kidney cysts, 394 kidney stones and 192 healthy kidneys were used in the performance analysis part of the
YOLO architecture designs. As a result, YOLOv7 architecture design outperformed the YOLOv7 Tiny architecture design. YOLOv7
architecture design achieved the mAP50 of 0.85, precision of 0.882, sensitivity of 0.829 and F1 score of 0.854. Consequently, deep
learning based xAlI assisted computer aided diagnosis (CAD) system was developed for diagnosis of kidney diseases.

Keywords: Kidney stone, Kidney cyst, Deep learning, YOLOvV7, Explainable artificial intelligence.

Bobrek Hastaliklari icin Ac¢iklanabilir Yapay Zeka Destekli Derin
Ogrenmeye Dayal Bir Tespit ve Tahmin Modeli

Oz

Bobrek hastaliklart diinya ¢apinda en yaygin hastaliklardan biridir ve ¢ogu insanda dayanilmaz agrilara neden olur. Bu ¢alismada
bobrekteki kist ve tasin tespiti amaglanmistir. Bu amagla bobrek, bobrek kisti ve bobrek tasi tespiti icin YOLO mimari tasarimlari
kullanilmigtir. YOLO mimari tasarimlari agiklanabilir yapay zeka (AYZ) o6zelligi ile desteklenmigtir. YOLO mimari tasarimlarinin
performans analizi kisminda 72 bobrek kisti, 394 bobrek tast ve 192 saglikli bobrek olmak iizere ii¢ smniftaki BT goriintiileri
kullanilmistir. Sonug olarak, YOLOv7 mimari tasarimi, YOLOv7 Tiny mimari tasarimindan daha iyi performans gosterdi. YOLOv7
mimari tasarimi 0.85 mAP50 degerini, 0.882 kesinligi, 0.829 duyarlihigi ve 0.854 F1 skorunu elde etmistir. Sonug olarak, bobrek
hastaliklarinin teshisi i¢in derin 6grenme tabanli AYZ destekli bilgisayar destekli tan1 (BDT) sistemi gelistirilmistir.

Anahtar Kelimeler: Bobrek tasi, Bobrek kisti, Derin 6grenme, YOLOvV7, A¢iklanabilir yapay zeka.
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1. Introduction

Kidney pain is one of the most common complaints, although
the rate of complaints in emergency and clinical presentations
varies. In prevalence studies (Tiirk et al., 2016; Stamatelou et al.,
2003), it is seen that this rate reaches up to 20% and is increasing
gradually. The incidence of kidney stones in people aged 20 to 74
living in the United States (US) is approximately 9% (Scales et
al., 2012). The probability of coming to the emergency
department with the complaint of kidney stones is critical level.
This number is seen to reach 1,000,000 every year in the US,
additionaly this number has doubled between 1992 and 2009
(Fwu et al., 2013). At the same time, the incidence of this disease
was higher between 1988 and 1994 than between 1976 and 1980.
It has been observed that this rate gradually increased between
2007 and 2016 (Chewcharat & Curhan, 2021).

Nowadays, artificial intelligence (Al) is intended to be
primarily used in the field of medicine. Several researches have
been carried out in various fields by using images in the medical
field together with the deep learning and machine learning
techniques. These techniques have been successfully used in
segmentation of medical images (Weston et al, 2019),
classification of diseases (Ozturk et al., 2020), lesion detection
(Yan et al., 2018) and in many other fields. Medical products and
services are products that must be of high reliability. To fully trust
these products, knowing why artificial intelligence makes its
decisions is the most important step. While providing a high level
of learning performance with explainable Al (xAl), it also
explains why the decision was made. In this way, the reason for
the decision can be questioned and its correctness can be
discussed in a better way. Recently, Al based studies have been
performed in many areas such as the treatment process of diseases
in the human body (Z. Lin et al., 2021). The main purpose of Al
assisted diagnosis is to develop systems that enable radiologists
to assist in the detection of disease. Examples of these systems are
kidney segmentation (D. T. Lin et al., 2006), cyst segmentation
(Z. Lin et al., 2021), kidney stone segmentation (Baygin et al.,
2022), systems that classify the computerized tomography image
according to its condition (Z. Lin et al., 2021).

Choosing an accurate imaging method for the detection of
kidney stones and cysts is of vital importance as it is the first step
of treatment. Non-contrast computed tomography (CT) of the
abdomen provides the most accurate diagnosis, but exposes the
patient to radiation. Ultrasonography, on the other hand, has lower
sensitivity than CT, but its advantage is that no radiation is used
in its use. In MR imaging method, it uses the 3D imaging method,
but this method is both costly and difficult to evaluate kidney
stones (Weston et al., 2019). Therefore, computer aided diagnosis
(CAD) has been developed to find kidney stones and cysts to give
advice to radiologists. Correctly determining the location of the
kidney stone and cyst is an important preliminary step. Thanks to
the correct determination to be made, it will provide quantitative
information to pay attention to the stones that will be missed.
These systems, which automatically detect them and show their
locations, provide great convenience to radiologists.

In this study, a model was designed supported by xAl to
detect physician-induced small stones and cysts that are difficult
to distinguish, using CT images.
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The main purpose of this study, to save time and to minimize
the error rate in the determinations originating from the physician
by contributing to long-term disease analysis procedures.

The contributions of this proposed study are outlined as
follows:

1. A open source data set was labelled in three-classes, such
as kidney, kidney stone, and kidney cyst.

2. The developed Al model assited by xAl

3. The AI assisted diagnosis system has been developed,
with the use of developed system can be reduce the workload of
health employees.

The rest of this paper is organized as follows. In Section 2,
related researches based on segmentation and detection for the
diagnose of kidney diseases have been reported. In Section 3, the
utiliezed methodologies have been detailed. In Section 4, obtained
results have been discussed. In Section 5, concluding remarks
have been reported.

2. Related Works

It has been suggested by many scientific researchers that
several segmentation and detection techniques can be used for
kidney diseases.

Ruberto et al. (Ruberto et al., 2022) aimed to perform kidney
and kidney stone segmentation using CT images. 3-dimensional
segmentation approaches were used in the study. The used data
set consists of CT images of 260 patients. In the segmentation
task, state-of-the-art networks in the literature such as
DeepLabV3+, SegNet, 3D U-Net, UNET and Res U-NET were
used. The best segmentation performance was obtained by RES
U-NET network in the comparative analysis. Dice similarity
coefficient (DSC) of 96.54% and 96.54% were achieved for
kidney and kidney stone segmentations, respectively.

Lin et al. (Z. Lin et al., 2021) aimed to perform kidney and
renal tumor segmentation using CT images. 3D U-NET
segmentation network was used in the study. The used data set
consists of CT images of 476 patients. The segmentation accuracy
was analyzed with the DSC. DSC of 97.3% and 84.4% results
were achieved for kidney and renal tumor, respectively.

Yildirim et al. (Yildirim et al., 2021) proposed the method for
classification of CT images with deep learning technique using
CT images from coronal view. The used data set consist of 1799
images. Accuracy of 96.82% was achieved for detecting the
kidney stones.

Baygin et al. (Baygin et al., 2022) aimed to classify patients
with or without kidney stones using CT images. The used data set
consists of CT images of 433 patients. In the study, a novel
classification network called ExDarkl9 was proposed. The
classification network was trained by using the transfer learning
method. K nearest neighbor (kNN) algorithm was used as
classifier. The classification accuracy of 99.22% was achieved.

Cui et al. (Cui et al., 2021) aimed to perform kidney stone
detection and segmentation using CT images. The used data set
consists of CT images of 167 and 282 patients for segmentation
and for classification tasks, respectively. In the study, a novel
method called S.T.O.N.E was proposed for classification task. In
segmentation task, 3D U-NET segmentation network was used.
DSC of 97% was achieved.
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Fu et al. (Fu et al., 2021) aimed to perform the segmentation
of chronic diseases in the kidney using CT images. The used data
set consists of CT images of 79 patients. RDA U-NET
segmentation network was used for segmentation. DSC of 97.3%
was achieved.

3. Methodology

The utilized methodology in the study is presented under the
subtitles data set, detection algorithms, xAl, and performance
evaluation metrics.

3.1. Data set

The data set was collected from PACS from different
hospitals in Dhaka, Bangladesh. The data set includes patients
diagnosed with namely kidney cyst, normal and stone findings.
This data set consists of coronal, axial and sagittal images, but
axial images were used in this paper. The data set consist of total
of 1,280 non-contrast CT images in three classes, such as 494
images of kidney stones, 498 images of kidney cysts, and 288
images of normal kidney (Islam et al., 2022). Further, training,
validation, and testing sizes constitutes of %75, %10, and %15 of
the total size, respectively.

Since this data set was used in the image classification task,
it does not contain any masks. Therefore, after the have a high
image resolution images were selected in this data set, the labeling
process was carried out in this research. Make Sense which is
web-based image annotation tool was used in labelling step (Make
Sense, n.d.).

3.2. Detection Algorithms

In this study, YOLOv7 and YOLOv7 Tiny architecture
designs were used in order to compare the performances in the
detection of kidney diseases. YOLO architecture designs are
instead of selecting some regions in the image, it detects regions
in the image and apply a neural network to the entire image to
draw bounding boxes around it. YOLO architecture designs are a
single deep convolutional neural network which are the dividing
the input image into grids. The architecture designs have an
associated vector that reports whether there is any desired object
in that grid. On the other hand, since these architecture designs
are a progressive model, its learning improves over time and gives
more accurate results. The working mechanism of the architecture
designs is to hold the object with the highest accuracy rate among
the objects detected in that region and discard the rest (Gothane,
n.d.).

Training phase for YOLO architecture designs are as follows:

Adam optimizer was used for weights updates, cross entropy
was used as loss function, and learning rate was selected as le-3.
YOLO architecture designs were trained along 150 epoch while
batch size was set as 8. All experiments were implemented in
Pytorch library and Google Colab integrated development
environment (IDE) by using NVIDIA Tesla P100 graphics card.

3.3. xAl

Medical products and services are built on high trust and
conditions. New generation medical software is used to provide
this high level of trust. Nowadays, artificial intelligence is
expected to be used in medical fields and studies are being carried
out on it. The main reason for using these software is that it helps
to save the time problem. However, Al is not efficiently explained
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the decisions and results. Additionaly, users must be able to
understand the implications of Al and decide when to trust it and
when not to. Regardless, xAl-powered decision support systems
enable users to highly trust Al (Dosilovic et al., 2018; Selvaraju
et al., 2017; Selvaraju et al., 2016).

3.4. Performance Evulation Metrics

The mean average precision (mAP) performance evaluation
metric was used to analyze the accuracy of the YOLO architecture
designs in the study. Firstly, the Intersection over Union (IoU)
performance evaluation metric is calculated for calculating the AP
value in detection tasks. The IoU value is calculated by the ratio
of the union area of the predicted and actual bounding boxes to
the overall area. The Average Sensitivity or mAP score is
calculated by taking the mean AP over all classes and/or overall
IoU thresholds based on the different detection difficulties.

True Positive (TP): If the IoU value is greater than 0.5, it is
evaluated in this part.

False Positive (FP): If the IoU value is less than 0.5 or the
two or more bounding boxes are created for a object, it is
evaluated in this part.

False Negative (FN): If no object is detected or if its class is
incorrect when the IoU value is greater than 0.5, it is evaluated in
this part.

Precision and sensitivity parameters are calculated using TP,
FP and FN parameters. The precision, sensitivity, F1-score
formulas are shown in Equation 1, Equation 2 and Equation 3,
respectively. In this study, the threshold value of IoU was set as
0.5.Equation 2, respectively. In this study, the threshold value of
IoU was set as 0.5.

Precision (PRE) = TP/(TP+FP) (D)
Sensitivity (STV) = TP/(TP+FN) 2
F1-Score = 2*(PRE*STV)/(PRE+ STV) 3)

4. Results and Discussion

The results and discussion is presented under the subtitles
results obtained by YOLOV7, results obtained by YOLOV7 Tiny,
outputs of XAl

4.1. Result Obtained By YOLOv7

Table 1 represents the results obtained by using the
YOLOV7. The mAP50 of 85%, precision of 88.2%, sensitivity of
82.9% and F1 score of 85.4% values were achieved by YOLOvV7
for average of all classes. The mAP0.5 of 97.3%, precision of
93.6%, sensitivity of 100% and F1 score of 96.6% values were
achieved by YOLOV7 for kidney class. The mAP0.5 of 84.9%,
precision of 81.9%, sensitivity of 85.5% and F1 score of 83.6%
values were achieved by YOLOv7 for kidney stone class. The
mAPO.5 of 72.7%, precision of 89.2%, sensitivity of 63.3% and
F1 score of 74% values were achieved by YOLOv7 for kidney
cyst class. The training period of the model took 4 hours and 10
minutes.
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Table 1. Results obtained by YOLOv7

Classes mAP50 PRE STV F1-Score
Kidney 97.3% 93.6% 100% 96.6%
Kidney 84.9% | 81.9% | 85.5% | 83.6%
Stone
Kidney Cyst 12.7% 89.2% 63.3% 74%
Average 85% 88.2% | 82.9% 85.4%

From Figure 1, considering the confusion matrix values, the
classification accuracy values 0.92, 1.0, and 0.54 for kidney
stones, kidney, and kidney cyst, respectively.

Precision is a measure of result relevance, while recall is a
measure of how many truly relevant results were returned. From
Figure 2, the average precision-recall values were achieved as
0.833, 0.976, 0.488, 0.766 for kidney stone, kidney, kidney cyst,
and all classes.

Figure 1. Obtained confusion matrix by using YOLOv7
architecture design

10

—— Kidney Stone 0.833
Kidney 0.976

—— Kidney Cyst 0.488

= all classes 0.766 MAP@0.5
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Precision
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Figure 2. Obtained Precision-Recall curve by using YOLOv7
architecture design

Figure 3 shows the used number of 16 input images and the
output images obtained by the YOLOV7 architecture design.
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(b)

Figure 3. (a) Labels of images in validation data set, (b)
Predictions of images in validation data set achieved by
YOLOv7

4.2. Result Obtained By YOLOvV7 Tiny

Table 2 represents the results obtained by using the YOLOv7
Tiny. The mAP50 of 61.8%, precision of 72.5%, sensitivity of
65.4% and F1 score of 68.7% values were achieved by YOLOvV7
Tiny for all class. The mAP50 of 96.9%, precision of 91.2%,
sensitivity of 98.3% and F1 score of 94.6% values were achieved
by YOLOv7 Tiny for kidney class. The mAP50 of 70.3%,
precision of 78.9%, sensitivity of 80.6% and F1 score of 79.7%
values were achieved by YOLOvV7 Tiny for kidney stone class.
The mAP50 of 18.1%, precision of 47.3%, sensitivity of 17.3%
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and F1 score of 25.3% values were achieved by YOLOv7 Tiny
for kidney cyst class. The training period of the model took 1
hours and 17 minutes.

Table 2. Results obtained by YOLOv7 Tiny

Classes mMAP50 PRE STV F1-Score
Kidney 96.9% 91.2% | 98.3% 94.6%
Kidney 703% | 78.9% | 80.6% | 79.7%
Stone
Kidney Cyst 18.1% 473% | 17.3% 25.3%
Average 61.8% 725% | 65.4% 68.7%

From Figure 4, considering the confusion matrix values, the
classification accuracy values 0.87, 1.0, and 0.15 for kidney
stones, kidney, and kidney cyst, respectively.

From Figure 5, the average precision-recall values were
achieved as 0.669, 0.970, 0.139, 0.593for kidney stone, kidney,
kidney cyst, and all classes.

Kidney Stone

Kidney Cyst

background FN

Kidnay Stone Kidney background FP

Figure 4. Obtained confusion matrix by using YOLOv7 Tiny
architecture design

1.0
0.8 Lﬁ‘
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|

0.0 0.2 0.4 0.6 0.8 1.0
Recall

—— Kidney Stone 0.669
Kidney 0.970

—— Kidney Cyst 0.139

— all classes 0.593 MAP@0.5

Il
@

Precision

=}
=

Figure 5. Obtained Precision-Recall curve by using YOLOv7
Tiny architecture design

Figure 6 shows the used number of 16 input images and the
output images obtained by the YOLOvV7 Tiny architecture design.
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(b)

Figure 6. (a) Labels of images in validation data set, (b)
Predictions of images in validation data set achieved by

YOLOv7 Tiny

4.3. Outputs of xAI

In this study, Gradient Weighted Class Activation Mapping
(Grad-CAM) was used to prove the performance of the outputs
produced by the YOLOv7 architecture design, and to make it
more clear and reliable by producing visual explanations for Al
model. Consequently, the performance of the model made through
visualizations was better displayed and interpreted. In addition,
the model can more explainable distinguish between classes was
proved. In the YOLOv7 model, target layers 102, 103 and 104
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were used to output Grad-CAM. Grad-CAM outputs were created
by using 2 input images for kidney cysts, 2 input images for
kidney stones, and 2 input images for healthy kidneys. Figure 7,
Figure 8, and Figure 9 show obtained xAl results for kidney cysts,
kidney stones, and healthy kidneys, respectively. In Figures 7, 8
and 9 shows four main images: (i) the input image at the top left,
(i) the predict of the model at the top right, (iii) the Grad-CAM
output of the kidney class at the bottom left, and (iv) the Grad-
CAM output of the kidney stone or kidney cyst classes at the
bottom right. If the kidney is healthy, the bottom right image is
the Grad-CAM output of the kidney image but obtained from
different output layer of model.

Figure 7. Outputs of XAl for kidneys and kidney cysts using
YOLOv7
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Figure 8. Outputs of XAl for kidneys and kidney stones using
YOLOv7
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Figure 9. Outputs of XAl for kidneys using YOLOv7

5. Conclusion

In this study, YOLOv7 and YOLOv7 Tiny object detection
networks were used to perform kidney, kidney stone, and kidney
cyst. It is attempted to present a suggestion to other researchers
on the detection performances of the object detection networks by
comparing YOLOv7 and YOLOv7 Tiny networks. YOLOV7
object detection network achieved the mAP50 of 85%, precision
of 88.2%, sensitivity of 82.9% and F1 score of 85.4% values were
achieved by YOLOv7 for average of all classes. Consequently,
with the help of the developed fully automatic kidney disease
detection system, the workload of radiologists can be reduced.
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Abstract

Skull stripping has an important in neuroimaging workflow. Skull stripping is a time-consuming process in the Magnetic resonance
imaging (MRI). For this reason, skull stripping and brain segmentation are aimed in this study. For the this purpose, the U-NET
architecture design, which is one of the frequently used models in the field of medical image segmentation, was used. Also, different
loss functions such as Cross Entropy (CE), Dice, IoU, Tversky, Focal Tversky and their compound forms were tested on U-Net
architecture design. The compound loss function of CE and Dice loss functions achieved the best performace with the average dice
score of 0.976, average IoU score of 0.964, sensitivity of 0.972, specificity of 0.985, precision of 0.960 and accuracy of 0.981. As a
result, skull stripping was performed to facilitate the detection of brain diseases.

Keywords: Brain, Skull stripping, MRI, Segmentation, U-Net.

MRG Veri Tabaninda U-Net ile Otomatik Kafatas1 Cikartma ve Beyin
Segmentasyonu

Oz

Kafatasinin ¢ikartilmasi beyin goriintiileme is akiginda 6nemli bir yere sahiptir. Kafatasinin g¢ikartilmasi, Manyetik Rezonans
Goriintillemede (MRG) zaman alan bir islemdir. Bu nedenle bu ¢aligmada kafatasi ¢ikartma ve beyin segmentasyonu amaglanmaktadir.
Bu amagla tibbi goriintii segmentasyonu alaninda siklikla kullanilan modellerden biri olan U-Net mimari tasarim1 kullanilmastir. Ayrica
Cross Entropy (CE), Dice, IoU, Tversky, Focal Tversky gibi farkli kayip fonksiyonlari ve bunlarin bilesik formlar1 U-Net mimari
tasarimu lizerinde test edilmistir. CE ve Dice kayip fonksiyonlarinin bilesik kayip fonksiyonu, 0.976 ortalama dice skoru, 0.964 ortalama

IoU skoru, 0.972 sensivity, 0.985 specificity, 0.960 presicion ve 0.981 accuracy ile en iyi performansi elde etmistir. Sonug olarak, beyin
hastaliklarinin tespitini kolaylastirmak ic¢in kafatasinin ¢ikartilmasi iglemi yapilmistir.

Anahtar Kelimeler: Beyin, Kafatasinin ¢ikartilmasi, MRG, Segmentasyon, U-Net.
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1. Introduction

Clinical imaging systems are used by healthcare
professionals for the detection of diseases or injuries. These
systems are essential to ensure the correct response to disease
or injury situations, to better detect the disease or injury, and to
provide the proper treatment for the patient. Many medical
imaging systems, i.e. Magnetic Resonance Imaging (MRI),
Computed Tomography (CT), X-Ray, Ultrasound, Bone-Scan
and Nuclear Imagination are used for clinical diagnosis. Among
these techniques, MRI, CT and X-Ray are frequently used for
disease detection. The MRI, unlike the CT and X-Ray imaging
techniques, does not use radiation waves. MRI is an imaging
method that has a considerable in medical imaging, which
creating a layered output by scanning cross-sectional areas of
body tissues with the help of magnetic waves (X-Rays, CT
Scans and MRIs - Ortholnfo - AAOS, 2017).

Brain diseases such as Dementia, Brain Cancer, Trauma-
Induced Epilepsy, Parkinson's, and Stroke, as well as many
other brain damage caused by external effects, can be detected
even in the early stages thanks to MRI technique. Early
detection of these diseases is essential for the treatment of the
disease. Furthermore, early diagnosis is critical issue day by
day because of the fact that the brain is a vital organ in the
human body. The use of artificial intelligence (Al) is vital in the
health sector. Al facilitates the work of healthcare
professionals. Also, Al provides the diagnosis of diseases in the
early stages. Since diseases are not very obvious in the early
stages, Al based models that provide more accurate should be
developed. When studies are conducted on brain diseases, the
skull is also included in the brain MR images. In this regard, it
is necessary to segment the skull and brain regions in order to
develop a more accurate Al-based model with the purpose of
the analysis of brain diseases. However, there is still no solid
solution to this problem (Kalavathi & Prasath, 2016).

In this paper, it is aimed to perform the skull stripping. This
process is necessary before the detect brain diseases or
damages. In this task, the Brain Tumor Progression data set was
used for skull stripping. Considering the bones in the images,
the brain region was labelled within the scope of this study. The
data set was used in the training of the U-Net segmentation
network. At this stage, different loss functions such as Cross
Entropy (CE), Dice, IoU, Tversky, Focal Tversky and their
compound forms were tested. As a result, the best predictive
performance was obtained by the compound loss function of
CE and Dice loss functions.

The rest of this paper is organised as: Section 2 presents
literature survey of used several segmentation networks for
brain skull stripping. Section 3 presents the utilized
methodologies. Section 4 presents the results obtained by the
U-Net architecture design using the several loss functions.
Section 5 presents concluding remarks.

2. Related Works

It has been suggested by many scientific researchers that
several segmentation techniques can be used for skull stripping.

Hwang et al. (Hwang et al., 2019) aimed to perform skull
stripping to analyze brain images using MRI images. 3D U-
NET segmentation network was used in the study. The used
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data set consists of MRI images of 125 patients. Segmentation
performance was analyzed by Dice coefficient (DSC). Mean
DSC score of 0.9903, sensitivity of 0.9853 and specificity of
0.9953 were achieved in the skull stripping.

Qamar et al. (Qamar et al., 2020) aimed to segment the
brain of infants into tissues, such as cerebrospinal fluid (CSF),
white matter (WM), and gray matter (GM) by using MRI
images. In this study, a novel segmentation network, which is
basic variant of 3D U-NET was proposed. The used data set
consists of 144 sagittal images. Segmentation performance was
analyzed by DSC. In this proposed approach, the dice scores of
0.95, 0.905 and 0.92 were achieved fot CSF, WM and GM
tissues, respectively.

Wang et al. (Wang et al., 2021) aimed to perform brain
segmentation using MRI images. In the study, U-Net
architecture design was used with/without transfer learning
method. The U-Net architecture design supported by transfer
learning method achieved better performance. The model
achieved the DSC score of 0.9916 in skull stripping.

Kleesiek et al. (Kleesiek et al., 2016) aimed to perform
brain segmentation using MR images, other than the TI1-
weighted MR images. Researchers used the 3D convolutional
neureal network based deep learning architecture design. In this
approach, architecture design considers any modality, including
contrast scans. In this study, model achieved the DSC score of
95.19%.

Lietal. (Li et al., 2020) aimed to extraction the fetal brain
using MRI images. In the study, researchers proposed a 2-step
method to solve the automatic fetal brain extraction. In this
method, two fully convolutional networks (FCN) were used.
The first FCN removed the fetal's associated area of the brain
(ROI). The second FCN produced the mask of the brain. In this
proposed method, the location of the brain was found with
100% accuracy. In brain segmentation, 0.958 average DSC
score, 0.95 sensitivity and 0.968 precision were achieved.

3. Methodology

The methodologies of the study are presented under the
headings of experimental setup and performance evaluation
metrics.

3.1. Experimental Setup

The Brain Tumor Progression data set, which is publicly
available and includes data from a total of 20 patients MR
images was used. The data set consists of T1, T2 and proton
density (PD) weighted images. T1 and T2 weighted images are
generally used in segmentation and detection problems. In this
context, 329 T1-weighted MR images were selected, and the
T1-weighted images were labelled for the purpose of skull
stripping. Subsequently, images in data set were normalized by
using min-max normalization technique. %90 of the images
were used in the training of model, while %10 was used in
testing of the trained model.

In this study, U-Net (Weng & Zhu, 2021) which is a state-
of-the-art segmentation network was tested with several well-
known loss functions, such as cross entropy (CE), Dice, loU,
Tversky, Focal Tversky and their compound form. Alpha, beta
and gamma are the coefficient of the false negative, the
coefficient of the false positive and the exponential coefficient
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of the Tversky loss function, respectively. The alpha and beta
values were set as 0.7 and 0.3 for Tversky loss function,
respectively. The alpha, beta and gamma values were set as 0.7,
0.3 and 0.75 for Focal Tversky loss function, respectively. In
the training phase for U-Net; optimizer, batch size, and epoch
value were chosen as, the RMSprop, 1, and 50, respectively.
The initial learning rate was chosen as le-4. If performance of

segmentation models is not improvement for along the 15
epochs, the learning rate was multiplied by 0.1. PyTorch
framework in Python programming language on Spyder
Integrated Development Environment (IDE) was used in the
experimental analysis procedure. NVIDIA GeForce RTX 3060
graphics card was used in training and testing procedures.

Figure 1. U-Net architecture design (Harislgbal88/PlotNeuralNet: Latex Code for Making Neural Networks Diagrams, n.d.)

3.2. Performance Evaluation Metrics

The performance of segmentation models was examined
by using accuracy, precision, sensitivity, specificity, dice, and
IoU performance evaluation metrics. Equations 1, 2, 3, 4, 5, and
6 indicates formulations of performance evaluation metrics.

TP + TN (1)

Accuracy = 5 EP ¥ TN + FN

TP )

Precision = ————

recision TP n FP
. TP 3)

Sensitivity = TPTEN
™ @

N

Specificity TNTFP
2*TP (5)

Dice = ———

1 ¥ TP+FP+FN
U= — 7 (6)

Y~ TPrFP+FN

True Positive (TP) indicates to number of correctly
classified positive class based on pixels. True Negative (TN)
indicates to number of correctly classified negative class based
on pixels. False Positive (FP) indicates to incorrectly classified
positive class based on pixels. False Negative (FN) indicates to
number of the incorrectly classified negative class based on
pixels.

4. Results and Discussion

Table 1 shows the results obtained by testing several loss
functions on the U-Net model. In addition to the results of the
brain region, background results are also provided. Because the
brain area is not small compared to the background. Therefore,
it is important to take into account the brain and background
results.
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CE loss function achieved the dice score of 0.985 for
background, dice score of 0.960 for brain, and average dice
score of 0.972 for background and brain. CE loss function
achieved the IoU score of 0.970 for background, IoU score of
0.922 for brain, and average IoU score of 0.946 for background
and brain. CE loss function achieved the sensitivity of 0.960,
specificity of 0.984, precision of 0.959, and accuracy of 0.978.

Dice loss function achieved the dice score of 0.986 for
background, dice score of 0.964 for brain, and average dice
score of 0.975 for background and brain. Dice loss function
achieved the IoU score of 0.973 for background, IoU score of
0.930 for brain, and average IoU score of 0.951 for background
and brain. Dice loss function achieved the sensitivity of 0.968,
specificity of 0.984, precision of 0.959, and accuracy of 0.980.

IoU loss function achieved the dice score of 0.985 for
background, dice score of 0.962 for brain, and average dice
score of 0.974 for background and brain. IoU loss function
achieved the IoU score of 0.971 for background, IoU score of
0.926 for brain, and average loU score of 0.949 for background
and brain. IoU loss function achieved the sensitivity of 0.975,
specificity of 0.980, precision of 0.949, and accuracy of 0.979.

Tversky loss function achieved the dice score of 0.987 for
background, dice score of 0.965 for brain, and average dice
score of 0.976 for background and brain. Tversky loss function
achieved the IoU score of 0.973 for background, IoU score of
0.933 for brain, and average loU score of 0.953 for background
and brain. Tversky loss function achieved the sensitivity of
0.974, specificity of 0.983, precision of 0.956, and accuracy of
0.981.

Focal Tversky loss function achieved the dice score of
0.986 for background, dice score of 0.962 for brain, and
average dice score of 0.974 for background and brain. Focal
Tversky loss function achieved the IoU score of 0.972 for
background, IoU score of 0.928 for brain, and average loU
score of 0.950 for background and brain. Focal Tversky loss
function achieved the sensitivity of 0.961, specificity of 0.986,
precision of 0.964, and accuracy of 0.979. The compound loss
function of CE and Dice loss functions achieved the dice score
of 0.987 for background, dice score of 0.966 for brain, and
average dice score of 0.976 for background and brain. The
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compound loss function of CE and Dice loss functions achieved
the IoU score of 0.974 for background, IoU score of 0.934 for
brain, and average IoU score of 0.954 for background and brain.
The compound loss function of CE and Dice loss functions
achieved the sensitivity of 0.972, specificity of 0.985, precision
0f 0.960, and accuracy of 0.981.

The compound loss function of CE and IoU loss functions
achieved the dice score of 0.983 for background, dice score of
0.957 for brain, and average dice score of 0.970 for background
and brain. The compound loss function of CE and IoU loss
functions achieved the IoU score of 0.967 for background, loU
score of 0.918 for brain, and average IoU score of 0.943 for
background and brain. The compound loss function of CE and
IoU loss functions achieved the sensitivity of 0.976, specificity
0f 0.976, precision of 0.939, and accuracy of 0.976.

The compound loss function of CE and Tversky loss
functions achieved the dice score of 0.985 for background, dice
score of 0.960 for brain, and average dice score of 0.972 for
background and brain. The compound loss function of CE and

Tversky loss functions achieved the IoU score of 0.970 for
background, IoU score of 0.923 for brain, and average loU
score of 0.946 for background and brain. The compound loss
function of CE and Tversky loss functions achieved the
sensitivity of 0.966, specificity of 0.982, precision of 0.954, and
accuracy of 0.978.

The compound loss function of CE and Focal Tversky loss
functions achieved the dice score of 0.985 for background, dice
score of 0.960 for brain, and average dice score of 0.972 for
background and brain. The compound loss function of CE and
Focal Tversky loss functions achieved the IoU score of 0.970
for background, IoU score of 0.922 for brain, and average loU
score of 0.946 for background and brain. The compound loss
function of CE and Focal Tversky loss functions achieved the
sensitivity of 0.966, specificity of 0.982, precision of 0.953, and
accuracy of 0.978.

The results obtained by the compound loss function of CE
and Dice loss functions are given in Figure 2 and Figure 3.

Table 1. Results obtained by testing several loss functions on the U-Net model

Loss Dice Dice Dice IoU IoU IoU Sensitivity | Specificity | Precision | Accuracy
Functions Background | Brain | Average | Background | Brain | Average
CE 0.985 0.960 0.972 0.970 0.922 0.946 0.960 0.984 0.959 0.978
Dice 0.986 0.964 0.975 0.973 0.930 0.951 0.968 0.984 0.959 0.980
IoU 0.985 0.962 0.974 0.971 0.926 0.949 0.975 0.980 0.949 0.979
Tversky 0.987 0.965 0.976 0.973 0.933 0.953 0.974 0.983 0.956 0.981
Focal 0.986 0.962 0.974 0.972 0.928 0.950 0.961 0.986 0.964 0.979
Tversky
CE+Dice 0.987 0.966 0.976 0.974 0.934 0.954 0.972 0.985 0.960 0.981
CE+loU 0.983 0.957 0.970 0.967 0.918 0.943 0.976 0.976 0.939 0.976
CE+Tversky 0.985 0.960 0.972 0.970 0.923 0.946 0.966 0.982 0.954 0.978
CE+Focal 0.985 0.960 0.972 0.970 0.922 0.946 0.966 0.982 0.953 0.978
Tversky

In general analysis, the best dice score for background was
obtained by the Tversky loss function and the compound loss
function of CE and Dice loss functions. The best dice score for
brain value was obtained by the compound loss function of CE
and Dice loss functions. The best IoU score for background
value was obtained by the compound loss function of CE and
Dice loss functions. The best dice IoU for brain value was
obtained by the Tversky loss function and the compound loss
function of CE and Dice loss functions. The best sensitivity
value was obtained by the compound loss function of CE and
IoU loss functions. The best specificity value was obtained by
the Focal Tversky loss function. The best precision value was
obtained by the compound loss function of CE and Dice loss
functions. The best accuracy value was obtained by the Tversky
loss function and the compound loss function of CE and Dice
loss functions. The Tversky loss function outperformed the
Dice loss function. On the contrary, Dice loss function
outperformed the Focal Tversky loss function. For this reason,
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different alpha, beta and gamma values should be tested for the
Tversky and Focal Tversky loss functions.

In comparative analysis, while Tversky loss function
achieved the best performance among the lean loss functions,
CE loss function achieved the worst performance. While the
compound loss function of CE and Dice loss functions achieved
the best performance among the compound loss functions, the
compound loss function of CE and IoU loss functions has the
worst performance. When the lean and compound loss
functions are considered together, while the compound loss
function of CE and Dice loss functions has the best
performance, the compound loss function of CE and IoU loss
functions has the worst performance. While the compound form
of the Dice loss function with the CE loss function achieved the
better predictive performance, compound forms of other loss
functions did not better predictive performance.
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Input Images Ground Truths Predicted Masks

Figure 2. Results obtained by compound loss function of CE and Dice loss functions
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Figure 3. Results after skull stripping process

4. Conclusion

In this study, the U-Net architecture design was used for
skull stripping. The U-Net was tested with several well-known
loss functions, such as CE, Dice, IoU, Tversky, Focal Tversky
and their compound form. The U-Net by using with together
the different loss functions, a suggestion was presented to other
researchers about segmentation performances in the skull
stripping process. In comparative analysis, the average dice
score 0of 0.976, average IoU score of 0.964, sensitivity of 0.972,
specificity of 0.985, precision of 0.960 and accuracy of 0.981
were achieved by the compound loss function of CE and Dice
loss functions. As a result, the workload of radiologists can be
reduced by easily separating the relevant region (ROI) thanks
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to the automatic skull stripping and brain segmentation system.
In future studies, different alpha, beta and gamma values will
be tested for Tversky and Focal Tversky loss functions. The
size of the data set will be enlarged. Other segmentation
networks will be tested. Lastly, we will deal with brain tumor
segmentation using brain MR images.
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Abstract

Stroke was the cause of one out of every six deaths from cerebrovascular disease in 2020. A stroke occurs in the United States (US)
every 40 seconds. Every 3.5 minutes, people die of a stroke. More than total 795,000 stroke cases occur yearly in the US. This study
aims to detect the ischemic stroke lesion that occurs in the brain. The Ischemic Stroke Lesion Segmentation (ISLES) 2017 data set,
which includes 82 Magnetic Resonance images of 43 patients, was used. The UNet, Attention UNet, Residual UNet, Attention Residual
UNet, and Residual UNet++ segmentation networks were tested. Moreover, Cross Entropy, Dice, IoU, Tversky, Focal Tversky, and
their compound forms were analyzed. The IoU loss function tested on Attention UNet achieved the best performance with the dice score
0f 0.766, the IoU score of 0.621, the sensitivity of 0.730, the specificity of 0.997, the precision of 0.805, and the accuracy of 0.993.

Keywords: Stroke, Segmentation, Artificial intelligence, Machine learning, Deep learning.

Iskemik Inme Lezyon Segmentasyonunda Segmentasyon Aglarinin ve
Kayip Fonksiyonlarinin Etkilerinin Analizi

Oz

2020'de serebrovaskiiler hastaliklardan her alt1 6liimden birinin nedeni inmeydi. Amerika Birlesik Devletlerinde (ABD) her 40 saniyede
bir inme vakas1 goriilmektedir. Her 3.5 dakikada bir insan inmeden hayatini kaybetmektedir. ABD'de yilda toplamda 795.000'den fazla
inme vakasi meydana gelmektedir. Bu ¢aligma, beyinde olusan iskemik inme lezyonunu tespit etmeyi amaglamaktadir. 43 hastanin 82
Manyetik Rezonans goriintiisiinii iceren Iskemik Inme Lezyon Segmentasyonu (ISLES) 2017 veri seti kullanildi. UNet, Attention UNet,
Residual UNet, Attention Residual UNet ve Residual UNet++ segmentasyon aglari test edilmistir. Ayrica Cross Entropy, Dice, loU,
Tversky, Focal Tversky ve bunlarin bilesik formlari incelenmistir. Attention UNet {izerinde test edilen IoU kay1p fonksiyonu 0.766 Zar
skoru, 0.621 loU skoru, 0.730 duyarlilik, 0.997 6zgiilliik, 0.805 kesinlik ve 0.993 dogruluk ile en iyi performansi elde etmistir.

Anahtar Kelimeler: inme, Segmentasyon, Yapay zeka, Makine 6grenmesi, Derin dgrenme.
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1. Introduction

Ischemic stroke is the most prevalent cerebrovascular
discase. Non-invasive imaging is used to diagnose ischemic
stroke. An ischemic stroke results in infarction of the affected
brain tissue when there is a disruption in the cerebral blood supply
(Centers for Disease Control and Prevention, 2020). Diagnosis of
ischemic stroke is difficult and time consuming. In the medical
field, error tolerance should be very low, and it is vital that these
diseases are detected in their early stages (Tsao et al., 2022). The
error rates of healthcare professionals can be decreased and
diseases can be detected at an early stage by creating pixel-based
classification algorithms, namely segmentation algorihms, with
high accuracy rate. A diagnosis tool for detection of diseases is
Magnetic Resonance Imaging (MRI) scans. Ischemic stroke
lesion segmentation task is technically demanding due to the
appearance, location, and shape of lesions, dynamic development
of lesions, medical inconsistencies, and insufficient data sets.
Besides the technical difficulties, diagnostic results are based on
personal, visual observation of neurologists under different
conditions. As a result, all these conditions are taken into account,
this medical segmentation process is complex.

The aim of this project is to ischemic stroke lesion
segmentation. Therefore, state-of-the-art segmentation networks,
such as UNet, Attention UNet, Residual UNet, Attention Residual
UNet, and Residual UNet++ were implemented on Ischemic
Stroke Lesion Segmentation (ISLES) 2017 data set. In addition,
well-known and widely used loss functions such as Cross Entropy
(CE), Dice, IoU, Tversky, Focal Tversky, and their compound
forms were analyzed. In the comparative analysis, the IoU loss
function tested on Attention UNet achieved the best predictive
performance with the dice of 0.766, IoU of 0.621, the sensitivity
0f 0.730, specificity of 0.997, the precision of 0.805, and accuracy
0f 0.993. Consequently, an artificial intelligence-based computer-
aided diagnosis (CAD) system was proposed for ischemic stroke
lesion segmentation.

The rest of this paper is organized as: Section 2 presents
literature survey of several approaches for ischemic stroke lesion
segmentation. Section 3 presents the utilized methodologies.
Section 4 presents the results obtained by the segmentation
models and loss functions. Section 5 presents concluding remarks.

2. Related Works

Numerous scientific researchers have proposed that different
segmentation methods can be used for ischemic stroke lesion
segmentation.

Seifedine et al. (Kadry et al., 2021) aimed the perform UNet
Supported Segmentation of Ischemic-Stroke-Lesion using Brain
MRI images. In this study, the ISLES2015 database which
includes 500 MRI slices of 20 patients were studied. A pre-trained
UNet was employed to extract the ISL from the selected test
image. The model achieved the IoU score of 90%, the dice score
of 95%, the accuracy of 98%.

Hyunkwang et al. (Shin et al., 2022) aimed for an automated
segmentation of chronic stroke lesions using efficient UNet (e-
UNet) architecture. A deep convolution-based e-block is included
in the proposed e- UNet for the purpose of the efficiently
minimize trainable parameters. By collecting global features
between the encoder and decoder, with a global-feature attention
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block (GA-block) was increased the segmentation performance.
When compared to UNet, the suggested e- UNet was reduced the
number of trainable parameters by 3.75 times. The Anatomical
Tracings of Lesions After Stroke (ATLAS) data set was used to
evaluate the performance of e- UNet. The ATLAS data set
includes 8694 images. The e- UNet model achieved the dice score
0f 59.2%, and the IoU score of 45.5%.

Samrand et al. (Khezrpour et al., 2022) aimed to perform
automatic segmentation of brain stroke lesions from MR flair
scans using the Enhanced UNet framework. In this study, the
fluid-attenuated inversion recovery (FLAIR) modality was used.
A deep supervised UNet architecture design that includes of five
parallel layers was used. The ISLES 2015 data set was used. The
model achieved the dice score of 0.89.

Sourodip et al. (Soltanpour et al., 2021) aimed to improve
automatic ischemic stroke lesion segmentation on CTP
(Computer Tomography Perfusion) maps using the deep neural
networks. ISLES 2018 dataset was used in this study. In this
paper, a novel deep learning-based network, called MutiRes UNet
for segmentation of ischemic stroke lesions was proposed.
Contra-lateral and corresponding Tmax images to enrich the input
CTP maps was used in this network. The network achieved the
dice score of 68%, IoU of 57.13%, and the mean absolute volume
error of 22.62.

Yanglan et al. (Ou et al., 2021) aimed to segmentation of
stroke lesions using the diffusion-weighted images (DWI). In this
study, 2.5D approach was considered due to the volumetric nature
and interslice discontinuities of images. In this paper, a novel deep
learning-based network, called LambdaUNet was proposed. The
network extends UNet by replacing convolutional layers with the
proposed Lambda+ layers.Lambda+ layers have been used to
transform both the intra-slice and inter-slice context around a
pixel into linear functions called lambdas that are then applied to
the pixel to produce informative 2.5D features. A novel clinical
data set was prepared and used. LambdaUNet outperformed the
2D UNet and 3D UNet.

3. Methodology

The utilized methodologies in the paper are presented under
the subtitles of data set and preprocessing, segmentation
networks, and performance evaluation metrics.

3.1. Data Set and Preprocessing

In this study, ISLES 2017 data set was used. This data set
includes 82 MRI data of 43 patients. MRI data is 16 bits.
Therefore, 16-bit MR images were converted to 8-bit images. If
there is no label on the mask of the relevant image, these images
were deleted. Later, MR images were normalized by using the
min-max normalization method. All images and masks were used
in the training and testing of the segmentation models as 128 by
128 pixels. %90 of the MR images were used in the training stage,
while %10 were used in the testing stage.

3.2. Segmentation Networks

In this study, state-of-the-art segmentation networks UNet
(Ronneberger et al., 2015), Attention UNet (Oktay et al., 2018),
Residual UNet (Z. Zhang et al., 2018), Attention Residual UNet
(Chen et al., 2020), and Residual UNet++ (Jha et al., 2019) were
used.
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Details of the training phase for segmentation models are
shown below:

»  Stochastic gradient descent (SGD) optimization algorithm
was used with a learning rate of 1e-3, weight decay of 0.0005,
and momentum of 0.9.

« If the predictive performance of segmentation models is not
an improvement for along the 30 epochs, the learning rate
was multiplied by 0.1.

' 4

+ Batch size and epoch value were chosen as 100 and 2,
respectively.

e The used Integrated Development Environment (IDE) is
Spyder.

»  The used programming language and framework are Python
and PyTorch, respectively.

* NVIDIA GeForce RTX 3060 graphics card was used in the
experiment.

Y

7 W

Bottleneck Conv

Sofann

Figure 1. U-Net architecture design (HarisIqbal88/PlotNeuralNet: Latex Code for Making Neural Networks Diagrams, n.d.)

3.3. Performance Evaluation Metrics

The predictive performance of segmentation models and loss
functions was analyzed by using performance evaluation metrics,
such as accuracy, precision, sensitivity, specificity, dice, and IoU.
Formulations of performance evaluation metrics are shown in
Equations 1, 2, 3,4, 5, and 6.

Accuracy = TP+ TN (1)
TP + FP + TN + FN

Precision = % ()

Sensitivity = TPkal):N 3)

Specificity = T;-EJP 4)

O ©

IoU = % (6)
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True Positive (TP), True Negative (TN), False Positive (FP),
and False Negative (FN) refers to the number of correctly
classified positive, number of correctly classified negative class,
incorrectly classified positive class, and number of the incorrectly
classified negative class, respectively. In this case, class means
pixel-based classes.

4. Results and Discussion

Table 1 shows the results obtained by using segmentation
models. The dice score of 0.687, the IoU score of 0.523, the
sensitivity of 0.604, the specificity of 0.998, the precision of
0.796, and the accuracy of 0.992 were achieved by the U-Net
model. The dice score of 0.754, the IoU score of 0.605, the
sensitivity of 0.720, the specificity of 0.997, the precision of
0.791, and the accuracy of 0.993 were achieved by the Attention
U-Net model. The dice score of 0.490, the IoU score of 0.324, the
sensitivity of 0.369, the specificity of 0.998, the precision of
0.727, and the accuracy of 0.998 were achieved by the Residual
U-Net model. The dice score of 0.556, IoU score of 0.385, the
sensitivity of 0.447, the specificity of 0.998, the precision of
0.736, and the accuracy of 0.989 were achieved by the Attention
Residual U-Net model. The dice score of 0.615, the IoU score of
0.444, the sensitivity of 0.496, the specificity of 0.998, the
precision of 0.807, and the accuracy of 0.991 were achieved by
the Residual U-Net++ model.

In the general analysis carried out by taking into account the
results obtained by segmentation models, the Attention UNet
model achieved the highest predictive performance. The attention
mechanism increased the segmentation performance. The
Residual UNet model has the lowest predictive performance.
Attention UNet model has been tested with different loss
functions as it achieved the best segmentation performance.
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Table 1. Results obtained using segmentation models

Models Dice IoU Sensitivity Specificity Precision Accuracy
UNet 0.687 0.523 0.604 0.998 0.796 0.992
Attention UNet 0.754 0.605 0.720 0.997 0.791 0.993
Residual UNet 0.490 0.324 0.369 0.998 0.727 0.988
Attention Residual 0.556 0.385 0.447 0.998 0.736 0.989
UNet
Residual UNet++ 0.615 0.444 0.496 0.998 0.807 0.991

Table 2 shows the results obtained by testing several loss
functions on the Attention UNet model. The dice score of 0.688,
the IoU score of 0.524, the sensitivity of 0.597, the specificity of
0.998, the precision of 0.812, and the accuracy of 0.992 were
achieved by the CE loss function. The dice score of 0.729, the IoU
score of 0.573, the sensitivity of 0.659, specificity of 0. 998, the
precision of 0.815, and accuracy of 0.993 were achieved by the
Dice loss function. The dice score of 0.766, the IoU score of
0.621, the sensitivity of 0.730, the specificity of 0.997, the
precision of 0.805, and the accuracy of 0.993 were achieved by
the IoU loss function. The dice score of 0.745, the IoU score of
0.594, the sensitivity of 0.735, the specificity of 0.996, the
precision of 0.756, and the accuracy of 0.992 were achieved by
the Tversky loss function. The dice score of 0.718, the IoU score
of 0.560, the sensitivity of 0.658, the specificity of 0.997, the
precision of 0.789, and the accuracy of 0.992 were achieved by
the Focal Tversky loss function. The dice score of 0.754, the loU

score of 0.605, the sensitivity of 0.720, the specificity of 0.997,
the precision of 0.791, and the accuracy of 0.993 were achieved
by the compound loss function of CE and Dice loss functions. The
dice score of 0.752, IoU score of 0.603, the sensitivity of 0.715,
the specificity of 0.997, the precision of 0.793, and the accuracy
0f 0.993 were achieved by the compound loss function of CE and
IoU loss functions. The dice score of 0.760, the IoU score of
0.613, the sensitivity of 0.727, the specificity of 0.997, the
precision of 0.797, and the accuracy of 0.993 were achieved by
the compound loss function of CE and Tversky loss functions.
The dice score of 0.765, IoU score of 0.619, the sensitivity of
0.733, the specificity of 0.997, the precision of 0.799, and the
accuracy of 0.993 were achieved by the compound loss function
of CE and Focal Tversky loss functions. The results obtained by
using the IoU loss function with Attention UNet are given in
Figure 2.

Table 2. Results were obtained by testing several loss functions on the Attention UNet model

Loss Functions Dice IoU Sensitivity Specificity Precision Accuracy
CE 0.688 0.524 0.597 0.998 0.812 0.992
Dice 0.729 0.573 0.659 0.998 0.815 0.993
IoU 0.766 0.621 0.730 0.997 0.805 0.993
Tversky 0.745 0.594 0.735 0.996 0.756 0.992
Focal Tversky 0.718 0.560 0.658 0.997 0.789 0.992
CE+Dice 0.754 0.605 0.720 0.997 0.791 0.993
CE+loU 0.752 0.603 0.715 0.997 0.793 0.993
CE+Tversky 0.760 0.613 0.727 0.997 0.797 0.993
CE+Focal Tversky 0.765 0.619 0.733 0.997 0.799 0.993

In the general analysis was carried out by taking into account
the results obtained by testing several loss functions on the
Attention UNet model. The compound loss function of CE and
IoU loss functions achieved the highest predictive performance.
The CE loss function has the lowest predictive performance. The
Dice loss function outperformed the Focal Tversky loss function
but was worse than the Tversky. Alpha, beta, and gamma refer to
the coefficient of the FN, the coefficient of the FP, and the
exponential coefficient of the Tversky loss function, respectively.
In the experimental procedure, the alpha and beta coefficients
were chosen as 0.7 and 0.3 in Tversky and Focal Tversky loss
functions, respectively. The gamma coefficient was chosen as
0.75 in the Focal Tversky loss function. Therefore, several
different alpha, beta, and gamma coefficients can be tested for the
Tversky and Focal Tversky loss functions.

e-ISSN: 2148-2683

In the comparative analysis, while the IoU loss function
obtained the best predictive performance among the lean loss
functions, the CE loss function obtained the worst predictive
performance. While the compound loss function of CE and Focal
Tversky loss functions obtained the best predictive performance
among the compound loss functions, the compound loss function
of CE and IoU loss functions obtained the worst predictive
performance.
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Input Images Ground Truths Predicted Masks

Figure 2. Results were obtained by using the loU loss function with Attention UNet
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5. Conclusion

In this study, the U-Net-based architecture designs, such as
Attention UNet, Residual UNet, Attention Residual UNet, and
Residual UNet++ were used to perform 1schemic stroke lesion
segmentation. Moreover, the architecture designs were tested by
using several loss functions widely used in segmentation tasks,
such as CE, Dice, IoU, Tversky, Focal Tversky, and their
compound form. The IoU loss function used in conjunction with
Attention UNet achieved the best predictive performance with the
dice score of 0.766, the IoU score of 0.621, the sensitivity of
0.730, the specificity of 0.997, the precision of 0.805, and the
accuracy of 0.993. Consequently, a decision support system has
been developed for 1schemic stroke lesion segmentation. It has
been pointed out that the attention mechanism improves
segmentation performance. Thanks to this comprehensive
analysis, information about segmentation analysis was presented
to the researchers. In future studies, experimental studies will be
conducted using different alpha, beta, and gamma coefficients for
Tversky and Focal Tversky loss functions. Experimental studies
will be carried out with different data sets. Other well-known
segmentation networks will be used in i1schemic stroke lesion
segmentation.
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Abstract

Electroless nickel-based coatings are an excellent method to improve the surface properties of materials such as wear, hardness and
corrosion. On the other hand, aluminum alloys are used in many applications" due to their properties such as cheapness and lightness.
In addition to these good properties of aluminum alloys, their poor surface properties are limited in some usage areas in the industry. In
this study, electroless nickel-boron (Ni-B) coatings were applied to the aluminum surface to improve the surface properties of the
aluminum alloys (6xxxx). In this study, the effect of deposition time (30, 60, 90 min.) on the hardness and corrosion properties of Ni-B
coatings was investigated. Scanning electron microscopy (SEM) was used to study the surface morphology, and X-ray diffractometry
(XRD) was used to examine the phase structure. According to the SEM analysis results, it was observed as a result of the studies that
the morphology of the Ni-B coating changed from nodular structure to cauliflower-like structure with increasing deposition time. Also,
the thickness of the coatings is increased with an increase in the deposition time. According to the study's results, although the highest
average hardness value is obtained as 1140 Hv by the highest deposition time of 90 min, the highest corrosion resistance is obtained as
1.969x10 mpy by the lowest deposition time of 30 min.

Keywords: Nickel-boron, Hardness, Corrosion, Microstructure, Electroless coating,

Biriktirme Suresinin Akimsiz Nikel-Bor Kaplamalarin Sertlik ve
Korozyon Ozelliklerine Etkisi

Oz

Akimsiz nikel esashi kaplamalar, malzemelerin asinma, sertlik ve korozyon gibi yiizey 6zelliklerini iyilestirmek i¢in miikemmel bir
yontemdir. Aliiminyum alagimlar1 ise ucuzluk ve hafiflik gibi 6zelliklerinden dolay1 birgok uygulamada kullanilmaktadir. Aliminyum
alagimlarinin bu iyi 6zelliklerinin yaninda, disiik yiizey 6zellikleri endiistrideki bazi kullanim alanlarini sinirlar. Bu calismada,
aliminyum alagimlarinm (6xxxx) ylizey Ozelliklerini iyilestirmek i¢in aliiminyum yiizeye akimsiz nikel-bor (Ni-B) kaplamalar
uygulanmistir. Kaplama siiresinin (30, 60, 90 dk.) Ni-B kaplamalarin sertlik ve korozyon &zellikleri arastirildi. Yiizey morfolojisini
incelemek i¢in taramali elektron mikroskobu (SEM) ve faz yapisini incelemek i¢in X-151n1 difraktometrisi (XRD) kullanildi. SEM analiz
sonuglarina gore, Ni-B kaplamanin morfolojisinin artan kaplama siiresi ile nodiiler yapidan karnabahar benzeri yapiya doniistigi
deneysel c¢alismalar sonucunda gézlemlenmistir. Kaplamadaki, en yiiksek sertlik degeri 90 dakikalik en yiiksek biriktirme siiresi ile
1140 Hv olarak elde edilmesine ragmen, en yiiksek korozyon direnci 30 dakikalik en diisiik biriktirme siiresi ile 1.969x10- mpy olarak
elde edilmistir.

Anahtar Kelimeler: Nikel-Bor, Sertlik, Korozyon, Mikroyapi, Akimsiz kaplama,
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1. Introduction

Electroless coating is a coating method which reduces metal
ions onto the catalytic surface by chemical reduction process
without applying an external electric current. Electroless nickel
coatings are obtained by reducing nickel ions by the action of
reducers on a "conductive and catalytic" substrate immersed in a
solution containing nickel salts (Loto, 2016). Nickel, combined
with phosphorus or boron released by the reductant, forms a
binary alloy. Electroless nickel coatings firstly was announced by
Brenner and Riddel in the 1940s. Today, electroless nickel
coatings are used in extensive applications such as aerospace,
automotive, chemical, and electrical industries because of their
solderability and high hardness (Parkinson, 1997). Besides,
electroless deposition provides the production of wear-resistant
hard coatings without using any special equipments (Krishnaveni,
Narayanan, & Seshadri, 2005).

Electroless coatings provide a homogenous surface because
of their coating mechanism, so the irregular-shaped surfaces can
be coated because the coating occurs at every point of the surface
in contact with the coating solution.

Electroless nickel-boron coatings have a higher hardness than
that of nickel-phosphorous coatings. The hardness of nickel-
boron coatings also increases with the amount of boron included.
Another attractive property of Ni-B coatings is their wear
resistance, which can be compared with that of hard chromium
coating. Also, it is believed that Ni-B coating positively
contributes to the corrosion resistance of the surfaces [4].

In this study, Ni-B coating was applied onto the 6XXX series
aluminum surface by the electroless coating method at different
deposition times. The effect of the deposition time on the surface
morphologies, corrosion resistances and harnesses of the
aluminum substrates is investigated.

2. Material and Method

In the electroless Ni-B deposition process, 20x20x5 mm
6XXX series aluminum alloy samples were used as substrates.
Before the electroless coating process, each sample was firstly
sanded with SiC paper, then polished with alumina slurry and
cleaned in an acidic solution to remove surface dirt and oil. Before
the immersion of the substrates into the coating solutions, the pre-
treatment process was applied with tin and palladium solutions.
The pre-treatment steps are given in Fig. 1. After pre-treatment,
the aluminum substrates were immersed in the electroless coating
baths. The electroless coating was carried out in solutions of the
same conditions in Table 1 with different deposition times of
30,60 and 90 minutes.

The components used in the electroless coating process, and
their functions are given in Table 1. The pH of the electroless Ni-
B coatings was kept between 5-6 for all coatings. Nickel (II)
sulfate hexahydrate as the nickel source, sodium acetate
(C,H3Na0,) as the complexing agent, thiourea as the stabilizer
(CH4N>S) and DMAB ((CH3)>NBH>) as the reducing agent was
used in the coatings. The surface and cross-sectional morphology
of the samples were characterized by scanning electron
microscopy (SEM). In order to examine the cross-sectional
specimens after deposition, the specimens were cut and mounted
in bakelite, and after the sanding and polishing processes, they
were examined in SEM.
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Surface cleaning
and polishing

Acidic cleaning
Tinning
Rinsing

Palladium

Fig. 1. Electroless sample preparation before coating.

X-ray diffraction (XRD) analyzes of Ni-B alloy coatings
were performed with a Rigaku D/max 2200 powder diffraction
meter using Cu K-alpha radiation. Hardness tests were carried out
with a Vickers Microhardness tester (LEICA VMHTMOT) under
the force of 25 gf and indentation time of 10 s.

The potentiodynamic polarization measurements were
obtained using Gamry Interface 1000 Potentiostat by scanning the
potential from —100 mV to 100 mV at a scan rate of 1 mV s—1.
Tafel extrapolation experiments were performed in a three-
electrode cell using a saturated calomel electrode (SCE) reference
electrode, graphite counter electrode and electroless Ni-B
coatings working electrode in 3.5 wt% NaCl solution at room
temperature.
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Table 1. Bath chemical composition and operating conditions.

Bath chemicals Chemical Concentration
Properties
Nickel (1l) sulfate Metallic Ions 36 g/L
hexahydrate
Sodium acetate Complexing Agent 6 g/L
DMAB Reducing Agent 10 g/L
Thiourea Stabilizer 1 mg/L
Parameters
Bath pH 5-6
Deposition time (min.) 30,60 and 90
Bath temperature (°C) 75-80
Stirring Speed (rpm) 350

3. Results and Discussion

The surface morphologies of the coatings at 1000X and
3000x magnifications are presented in Fig. 2. It is clearly seen
from figure, the typical cauliflower-like structure became more
evident with increasing deposition time. It has been reported that
cauliflower-like structure may be formed due to the coaxial
growth of grains at the substrate interface induced by the high
amount of nucleation sites on the substrate surface (Dominguez-
Rios, Torres-Sanchez, & Aguilar-Elguezabal, 2007). The amount
of boron in the structure increased with the increasing deposition
time, and more nucleation zones were formed. In addition, there
are no defects or cracks on the coating surface in all coating
conditions.

The cauliflower-like structure is occurred at all deposition
times (30, 60, 90 min.). With the increase of the deposition time,
the formation and growth of grains increase the reaction rate with
the catalytic effect of the core nickel on the substrate and cause
the deposition of more boron as well as nickel (Dominguez-Rios
et al., 2007). It was observed that the grains got smaller with
increasing deposition time and grain boundaries increased. (see
Fig. 2. and Fig. 5.)
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Siam

Fig. 2. Different magnification (X1000 and X3000) SEM surface
morphology images of different deposition time electroless Ni-B. a-b:
30 min, c-d: 60 min, e-f: 90 min.

Cross-sectional images of Ni-B coatings are presented in Fig.
3. It has been observed that with the increase in deposition time,
there is a noticeable increase in the thickness of the coating. In the
periods between 30 minutes and 60 minutes, the coating thickness
increased slightly. At a deposition time of 90 minutes, there is a
significant increase in thickness. As the deposition time increases,
the coating thickness increases and a nodular growth occurs
columnar on the substrate (Kaya, Gulmez, & Demirkol, 2009).
With the increase of the deposition time, the coating thickness
increased as a result of the accumulation of nickel ions (Shakoor,
Kahraman, Gao, & Wang, 2016). In electroless the thickness of
Ni-B coatings is obtained as 10.8, 11.4 and 16.2 um for different
deposition times os 30, 60 and 90 min., respectively.
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15kU X1,868 18mm

Fig. 3. SEM cross-section images of electroless Ni-B coatings (1000X
magnification).

X-ray diffraction (XRD) analyses of Ni-B alloy coatings are
produced by the electroless coating method were performed with
a Rigaku D/max 2200 powder diffraction meter using Cu K-alpha
radiation. The X-ray diffraction patterns of all coatings are shown
in Fig. 4. Amorphous/semi-crystalline alloy coatings showed a
single Nickel peak at 44° in the (111) plane, as in similar studies
(Li et al., 1999). When the peaks at approximately 44° of the
coating layers produced with electroless coating are examined, it
is clearly seen that the peak intensity becomes sharper with the
increase in the the deposition times of the coatings. Also, , the Ni
peak (200) at approximately 53° indicates the presence of both
amorphous and crystalline structures for the deposition time of 90
min (Tian, Sun, Liu, Jia, & Xiao, 2021).
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Fig. 4. XRD patterns of coatings produced in different deposition times.

Grain size was calculated using the XRD data with the
Scherrer equation (Patterson, 1939) given below.

KA
B Beost

T

Table. 2. Boron volume percent of Ni-B coatings according to
coating time.

Deposition Time (min.) B% Content
30 1.942
60 2.489
90 4.113

40

30

20

10

Crystalline Size (nm)

60. min 90 min

30 min.

Deposition Time (min.)

Fig. 5. The crystalline size of the coatings calculated by the
Scherrer equation.

The cyrstalline size of the coatings is shown in the Fig. 5. The
crystalline size of the coatings is decreased with the increasing
deposition time due to nucleation sites increase with the increase
in time.

It has been reported that the decreasing in crystalline size
highly affects the hardness of the coating (Czagény, Baumli, &
Kaptay, 2017). In accordance with the literature, an increase in the
hardness value was observed by examining the grain size and the
increase in the coating thickness. The hardness values of the
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coatings were obtained by taking the average of 5 different traces
from the cross-sectional surfaces. The hardness values of the
coatings are presented in Fig. 6.
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Fig. 6. Hardness values of electroless Ni-B samples (30-60-90
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Fig. 7. The Tafel curve at different deposition time of the
coating.

Figure 7 shows the potentiodynamic polarization curves of
Ni-B coatings coated at different deposition times. Considering
the potentiodynamic polarization curves, the sample with the
lowest corrosion rate belongs to the Ni-B coating produced in 30
minutes. The corrosion rate is found as 1.98x10-3. This sample is
followed by samples of 60 and 90 minutes, respectively. The
corrosion rates of these samples are 5.731x10-3 and 6.483x10-3,
respectively. The increase in corrosion rates with increasing time
is the increasing amount of boron in the coating content.
Corrosion resistance is negatively affected by the increase in the
amount of boron. With the increase of boron content, passive
oxide film formation is prevented and corrosion resistance of the
sample decreases (Bekish, Poznyak, Tsybulskaya, & Gaevskaya,
2010).
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Table. 3. Corrosion rates obtained from the polarization
curves for deposition time.

Deposition Corrosion Rate
Time(min.) (nm/year)
30 1.968x107 mpy
60 5.731x107 mpy
90 6.483x10° mpy

4. Conclusions and Recommendations

Ni-B coatings were successfully produced with electroless at
different deposition times (30,60,90 min.). All depositions have a
typical cauliflower-like structures. The crystalline size decreased
with the increase in deposition time. The thickness of the coatings
is increased with increasing of the deposition time. The highest
thickness is obtained as 16.2 pm at 90 min. deposition time.

The hardness values of the coatings increased with the
increase of the deposition time. The highest hardness value of
1140 HV was reached in 90 minutes.

Considering the potentiodynamic polarization curves, the
highest corrosion resistance is achieved in Ni-B coating produced
in 30 minutes.
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Abstract

The pancreas is one of the small size organs in the abdomen. Moreover, anatomical differences make it difficult to detect the pancreas.
This project aims to automatically segmentation of pancreas. For this purpose, NIH-CT82 data set, which includes CT images from 82
patients was used. U-Net which is state-of-the-art model and its different versions, namely Attention U-Net, Residual U-Net, Attention
Residual U-Net, and Residual U-Net++ were tested. Best predict performance was achieved by Residual U-Net with the dice of 0.903,
IoU of 0.823, sensitivity of 0.898, specificity of 1.000, precision of 0.908, and accuracy of 0.999. Consequently, an artificial intelligence
(AI) supported decision support system was created for pancreas segmentation.

Keywords: Pancreas, Segmentation, Deep learning, U-Net, Residual U-Net++.

CT Modalitesinde U-Net Tabanh Segmentasyon Aglarim1 Kullanarak
Pankreas Segmentasyonu: Karsilastirmah Bir Analiz

Oz

Pankreas, karin igindeki kiiciikk boyutlu organlardan biridir. Ayrica anatomik farkliliklar, pankreasin tespit edilmesini oldukca
zorlasgtirmaktadir. Bu proje pankreasin otomatik olarak segmentasyonunu amaglamaktadir. Bu amagla 82 hastanin bilgisayarli tomografi
(BT) goriintiilerini igeren NIH-CT82 veri seti kullanilmigtir. Son teknoloji bir model olan U-Net ve farkli versiyonlari olan Attention
U-Net, Residual U-Net, Attention Residual U-Net ve Residual U-Net++ test edilmistir. En iyi tahmin performansi, 0.903 zar skoru,
0.823 loU, 0.898 duyarlilik, 1.000 6zgiiliillik, 0.908 kesinlik ve 0.999 dogruluk ile Residual U-Net tarafindan elde edilmistir. Sonug
olarak pankreas segmentasyonu i¢in yapay zeka (YZ) destekli bir karar destek sistemi olusturulmustur.
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1. Introduction

In 2020, 60,430 new patients and 48,220 deaths dependent to
pancreatic cancer have been reported in the United States.
Pancreatic Cancer is the riskiest type of cancer after the Lung
Cancer, Bronchial Cancer and Colorectal Cancer. It is conjectural
that 111,500 patients will die from pancreatic cancer in the 28
countries of the European Union (EU) by 2025. In 2018, while the
incidence of Pancreatic Cancer was 458,918 in the world, it was
observed that the number of deaths was 432,242 and deaths
constituted approximately 94.2% of new patients. Pancreatic
cancer is the 7th prominent reason of cancer death all around the
world. According to Global Cancer Statistics a total of 495,773
new patients and 466,003 deaths related to pancreatic cancer have
been reported worldwide in 2020, it is almost as much as the
incidence rate. The number of pancreatic cancer patients has
increased by 1% every year from 2000 to 2020 (Hu et al., 2021).

Computed Tomography (CT) and Magnetic Resonance
Imaging (MRI) modalities are generally used to diagnose
pancreatic diseases (Chaudhary & Bano, 2011). The CT modality
is frequently used for determination of pancreatic diseases.
However, pancreas have a small size is one of the most minor
organs in the abdominal region(Liu et al., 2022). Additionally, it
is arduous to distinguish the borders of the pancreas on CT images
due to its irregular shape, anatomical variations among
individuals (weight, height, fat ratio, etc.), gender, age and having
many different organs around it. Despite all this, the effective use
of CT imaging techniques is an important tool for determining the
pancreatic cancer diagnosis at the early stages.

The detection of pancreatic diseases is a time-consuming
process for healthcare professionals. Therefore, artificial
intelligence (AI)-supported algorithms such as segmentation,
object detection, and image classification have been developed.
Moreover, the percentage of error tolerance in the healthcare field
should be quite low. Therefore, high-sensitivity methods are
needed when predicting the medical images. For this, while it is
necessary to examined images on a pixel-based classification
algorithms are needed. For this reason, segmentation algorithms
are frequently used in medical images. Thanks to these Al
supported algorithms, the percentage of mistake of healthcare
professionals can be reduced and the disease can be diagnosed at
an early stage.

The aim of this paper is to pancreas segmentation which is
located in the abdomen. For this reason, U-Net, Attention U-Net,
Residual U-Net, Attention Residual U-Net, and Residual U-
Net++ segmentation models were used in the study. CT images
were used to train and test of these models. The used data set
includes images of 82 patients. Residual U-Net++ segmentation
model was achieved the best performance in the comparative
analysis. The Residual U-Net++ segmentation model achieved the
dice of 0.903, IoU of 0.823, sensitivity of 0.898, specificity of
1.000, precision of 0.908, and accuray of 0.999.

The rest of this paper is organised as: Section 2 presents
literature survey of several approaches for pancreas segmentation.
Section 3 presents the utilized methodologies, including data pre-
processing techniques, details of segmentation networks, and
computational details of performance evaluation metrics. Section
4 presents the results obtained by the segmentation models.
Concluding remarks are presented in Section 5.
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2. Related Works

In this section, the studies providing the analysis of the
pancreas segmentation were pointed out with the indication on
research using deep learning-based segmentation models for
pancreas segmentation.

Zhang et al.(D. Zhang et al., 2021) aimed to perform pancreas
segmentation using CT images. The used data set consists of CT
images of 82 patients. A novel segmentation network, called
DCNN was proposed. The segmentation accuracy was analyzed
with the dice similarity coefficient (DSC). DSC of 84.90% was
achieved in pancreas segmentation.

Dogan et al. (Dogan et al., 2021) aimed to perform pancreas
segmentation using CT images. The used data set consists of CT
images of 82 patients. A novel segmentation network was
proposed. The segmentation network includes of two parts,
namely Mask R-CNN and 3D U-Net. DSC of 86.15% was
achieved in pancreas segmentation.

Liu et al. (Liu et al., 2022) aimed to perform pancreas
segmentation using CT images. In this study, the NIH data set
which is consist of number of patients of 82 was used. A novel
segmentation network, called ROI-VGGU-Net was proposed.
The segmentation network aims dynamic extraction of pancreatic
ROI and classification of pancreatic ROI with end-to-end deep
learning method such as transfer learning. ROI-VGGU-Net
segmentation network was achieved DSC of 85.4% =+ 1.6%.

Yan and Defu(Yan & Zhang, 2021) aimed to segmentation of
the pancreas using abdominal CT images. The NIH data set was
used in this study. 2.5D U-Net with an attention mechanism,
which contains 2D and 3D convolutional layers was used. The
segmentation network was achieved DSC of 86.61+3.47%.

Li et al. (Li et al,, 2021) aimed to segmentation of the
pancreas using abdominal CT images. The NIH data set was used
in this study. Multilevel Pyramidal Pooling Residual U-Net was
used. While the DSC score of 81.36% was achieved by using
ADR-U-Net, the highest DSC score of 82.77% was achieved
when MLPP module was added to U-Net.

Cai et al. (Cai et al., 2017) aimed to segmentation of the
pancreas by using CT and MRI modalities. The NIH data set was
used for CT modality while UFL-MRI-79 data set was used for
MRI modality. The UFL-MRI-79 data set consists of MRI images
of 79 patients. A novel segmentation network, called
Convolutional/Recurrent Neural Network Architecture was
proposed for the pancreas segmentation. DSC scores of 82.
4+6.7% and 80. 5£6.70% were achieved in the NIH-CT82 and
MRI-79 data sets, respectively.

3. Methodology

The utilized methodologies in the paper are presented under
the subtitles of data set and preprocessing, segmentation
networks, and performance evaluation metrics.

3.1. Data Set and Preprocessing

NIH-CT82 data set was prepared by The National Institutes
of Health Clinical Center. This data set consists of 82 abdominal
CT scans. CT scans includes 53 male and 27 female patients (Roth
etal., 2015).
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The preprocessing techniques are shown below:

e CT images were clipped with HU values of range of -100
and 240.

e 16-bit images were lossless converted to 8-bit images.
¢ Volumetric CT images were sliced into 2D images.

e If the maximum value is O in the masks, that masks and
related images of masks were eliminated from the data set.

* Images were normalized with min-max normalization
technique.

* 512 by 512 pixels images were resized to 256 by 256
pixels images. Cubic interpolation and exact nearest interpolation
were used for images and masks, respectively.

*  90% of the images were used in training phase, while
10% were used in testing phase.

3.2. Segmentation Networks

In this study, U-Net (Ronneberger et al., 2015), a state-of-
the-art segmentation network is considered. In this context, U-
Net, Attention U-Net (Oktay et al., 2018), Residual U-Net (Z.
Zhang et al., 2018), Attention Residual U-Net (Chen et al., 2020),
and Residual U-Net++ (Jha et al., 2019) segmentation models
were used. The attention mechanism was used because it achieves
outperform in segmentation tasks.

In the training phase for segmentation models; loss function,
optimizer, batch size, and epoch value were set as, the compound
form of the cross entropy and dice loss functions, RMSprop, 2,
and 20, respectively. Also, the initial learning rate was set as le-
4. If performance of segmentation models is not improvement for
during the 6 epochs, the learning rate was multiplied by 0.1.

PyTorch framework in Python programming language was
used on Spyder Integrated Development Environment (IDE) in
the experimental analysis procedure. NVIDIA GeForce RTX
3060 graphics card was used in training and testing procedures.

3.3. Performance Evulation Metrics

Accuracy, precision, sensitivity, specificity, dice, and IoU
performance evaluation metrics were used to comparison the
predictive performance of segmentation models. The
formulations of performance evaluation metrics are shown in
Equations 1, 2, 3,4, 5, and 6.

True Positive (TP) refers to number of correctly classified
positive class. True Negative (TN) refers to number of correctly
classified negative class. False Positive (FP) refers to incorrectly

classified positive class. False Negative (FN) refers to number of
the incorrectly classified negative class.

Accuracy, precision, sensitivity, specificity, dice and IoU
indicates the results of pixel-based classification.

TP + TN (1)

Accuracy = TP TP T TN T FN
Precision = TPT—fFP )
Sensitivity = % )
Specificity = % (4)

Diee = Serpsrmary v
U= (©)

4. Results and Discussion

Table 1 represents the results obtained by using segmentation
models. The dice of 0.895, IoU of 0.809, sensitivity of 0.876,
specificity of 1.000, precision of 0.914, and accuracy of 0.999
were achieved by U-Net model. The dice of 0.899, IoU of 0.816,
sensitivity of 0.913, specificity of 0.999, precision of 0.885, and
accuracy of 0.999 were achieved by Attention U-Net model. The
dice of 0.899, IoU of 0.816, sensitivity of 0.903, specificity of
0.999, precision of 0.895, and accuracy of 0.999 were achieved
by Residual U-Net model. The dice of 0.895, IoU of 0.810,
sensitivity of 0.900, specificity of 0.999, precision of 0.890, and
accuracy of 0.999 were achieved by Attention Residual U-Net
model. The dice of 0.903, IoU of 0.823, sensitivity of 0.898,
specificity of 1.000, precision of 0.908, and accuracy of 0.999
were achieved by Residual U-Net++ model.

Considering the overall experimental analysis, the attention
mechanism significantly increased the sensitivity result. The
Residual U-Net++ segmentation model has outperformed other
segmentation models while the U-Net model has the lowest
segmentation performance according to the results of dice and
sensitivity.

Performance comparison of models is shown in Figure 2. The
results obtained by Residual U-Net++ are given in Figure 3.

Figure 1. U-Net architecture design (Igbal, H., 2018)
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Figure 2. Performance comparison of models

Table 1. Results obtained using segmentation models

Models Dice IoU Sensitivity Specificity Precision Accuracy
U-Net 0.895 0.809 0.876 1.000 0.914 0.999
Attention U-Net 0.899 0.816 0.913 0.999 0.885 0.999
Residual U-Net 0.899 0.816 0.903 0.999 0.895 0.999
Attention Residual 0.895 0.810 0.900 0.999 0.890 0.999
U-Net
Residual U-Net++ 0.903 0.823 0.898 1.000 0.908 0.999
Input Images Ground Truths Predicted Masks help of the Al assisted decision support system, the workload of

Figure 3. Results obtained by Residual U-Net++

5. Conclusion

In this study, several segmentation models were used to
perform pancreas segmentation. It is attempted to present a
suggestion to other researchers on the segmentation performances
of the models by comparing U-Net, Attention U-Net, Residual U-
Net, Attention Residual U-Net, and Residual U-Net++ networks.
In comparative analysis, the attention mechanism increased the
segmentation performance. The Residual U-Net++ segmentation
model has outperformed other segmentation models with the dice
0of 0.903, ToU of 0.823, sensitivity of 0.898, specificity of 1.000,
precision of 0.908, and accuracy of 0.999. As a result, with the

e-ISSN: 2148-2683

health employees can be reduced.
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Abstract

In the study, classification and segmentation tasks were implemented for analysis of Alzheimer's disease. In classification task, 7
different models were tested using transfer learning. The GoogLeNet model achieved the best classification performance with the
accuracy of 0.9467, sensitivity of 0.9474, specificity of 0.9811, and F1-score of 0.9467. In segmentation task, U-Net architecture design
was used for the segmentation of Alzheimer's disease. U-Net model achieved the dice of 0.874, IoU of 0.776, sensitivity of 0.868,
specificity of 0.999, precision of 0.879, and accuracy of 0.999. In order to create the pipeline, classification and segmentation models
were used together. Consequently, a computer vision-assisted decision support system was created.

Keywords: Alzheimer, Classification, Segmentation, GoogLeNet, U-Net.

Derin Evrisimli Sinir Aglarim1 Kullanarak MRG Modalitesinde
Alzheimer Hastaliginin Simiflandirilmasi ve Segmentasyonu

Oz

Caligmada Alzheimer hastaliginin analizi i¢in siniflandirma ve segmentasyon gérevleri uygulanmusgtir. Siniflandirma gérevinde transfer
ogrenme kullanilarak 7 farkli model test edilmistir. GoogLeNet modeli 0.9467 dogruluk, 0.9474 duyarlilik, 0.9811 6zgiillik ve 0.9467
F1 skoru ile en iyi siniflandirma performansini elde etmistir. Segmentasyon gorevinde, Alzheimer hastaliginin segmentasyonu igin U-
Net mimari tasarimi kullanilmistir. U-Net modeli 0.874 zar skoru, 0.776 loU, 0.868 duyarlilik, 0.999 6zgiilliik, 0.879 kesinlik ve 0.999

dogruluk elde etmistir. Pipeline olusturmak i¢in smiflandirma ve segmentasyon modelleri birlikte kullanilmistir. Sonug olarak,
bilgisayarli gorii destekli bir karar destek sistemi olusturulmustur.

Anahtar Kelimeler: Alzheimer, Siniflandirma, Segmentasyon, GoogleNet, U-Net.
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1. Introduction

Alzheimer's disease is a type of dementia that causes
problems with mind, thinking, and behavior. Symptoms usually
progress slowly and get worse over time. The biggest known risk
factor is age. If Alzheimer's disease is not diagnosed early, the
quality of life of patients may be shortened and the number of
diseases resulting in death may increase. While it is estimated that
there are 50 million Alzheimer's patients today, this number is
expected to triple in 30 years (Alp Eren et al., 2021).

Nowadays, there is no treatment for Alzheimer's disease, so
it is vital to take precautions together with early diagnosis (Ozig
& Ozsen, 2020). Therefore, auxiliary diagnostic systems are
needed. The most important of these diagnostic systems is
artificial intelligence applications. The most important artificial
intelligence sub-research area in health is computer vision.
Continuously developing medical imaging systems are pointed
out as one of the most important reasons for this. Magnetic
resonance imaging (MRI), computed tomography (CT) and X-ray
modalities can be given as examples of those that are frequently
used in medical imaging systems. Especially MRI and CT are
imaging systems that are frequently used in the diagnosis of
Alzheimer's disease. The inclusion of computer vision
applications in these imaging systems is a very important research
area (Hong et al., 2019; John & Kunju, 2018; Khvostikov et al.,
2018).

It has been suggested by many scientific researchers that
various classification and segmentation techniques can be used
for Alzheimer's disease. Allioui et al., (Allioui et al., 2019), aimed
to perform the segmentation of alzheimer's diseases by using MRI
images. U-Net model was performed on Online Aerospace
Supplier Information System (OASIS) data set. Accuracy of
92.71%, Sensitivity of 94.43%, and Specificity of 91.59% were
achieved by U-Net model. Ahmed et al. (Ahmed et al., 2019),
aimed to perform the classification of alzheimer's diseases by
using MRI images. Gwangju Alzheimer’s and Related Dementia
(GARD) cohort data set was used. A novel ensemble learning
based classification method was proposed. The ensemble
classifier achieved accuracy of 90.05%. Vieria et al. (Vieira et al.,
2017), aimed to perform the classification of alzheimer's diseases
by using MRI images. ADNI data set which is includes the three
classes was used. In the study, accuracy of 83.03% was achieved.

The aim of the paper is to diagnose Alzheimer's disease,
which negatively affects human life. Therefore, classification and
segmentation processes were used together in this study. In both
processes, MR images were used in the training of the
classification and segmentation models. After, these models were
used as pipeline structure. At this stage, firstly the images were
classified and then segmented. As a result, a computer vision-
assisted decision support system was created for Alzheimer's
disease.

The contributions of this proposed study are summarized as
follows:

1. A novel pipeline was proposed.

2. A computer aided diagnosis (CAD) system was created
using classification and segmentation for the diagnosis of
Alzheimer's disease.
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The rest of this paper is organized as follows. In Section 2,
the utiliezed methodologies have been detailed. In Section 3,
obtained results have been discussed. In Section 4, concluding
remarks have been reported.

2. Methodology

The utilized methodology in the study is presented under the
subtitles data sets, classification and segmentation networks and
performance evaluation metrics.

2.1. Data sets

Two different data sets were used for classification and
segmentation tasks.

In classification task, data set includes four classes namely,
Non Demented, Very Mild Demented, Mild Demented, and
Moderate Demented (Alzheimer s Dataset ( 4 Class of Images) |
Kaggle, n.d.). The data set consists of total of 7,093 MRI images.
The data set includes 1699, 235, 1699, and 3460 images for Mild
Demented, Moderate Demented, Very Mild Demented, and Non
Demented classes, respectively. The size of the images in the data
set is 256 by 256 pixels. Training and testing size of data set is
%90 and %10, respectively.

In segmentation task, Alzheimer's Disease Neuroimaging
Initiative (ADNI) data set was used (ADNI | Alzheimer s Disease
Neuroimaging Initiative, n.d.). The data set consists of 135 MRI
images of patients. The total number of labeled images which are
the right and left hippocampus regions in the data set is 3586. The
format of the images in the data set is DICOM, so DICOM data
was converted to PNG format. The images and masks in the data
set were resized to 128 by 128 pixels. After, min-max
normalization was applied. Lastly, the training and testing size of
the data set were determined as 90% and 10%, respectively.

2.2. Classification and Segmentation Networks

In image classification task, transfer learning method was
used. At this stage, models trained on the ImageNet data set were
used. DenseNetl21, EfficientNet, GoogleNet, MobileNet
version 3, ResNet101, ResNext101, and ShuffleNet models were
used for the Alzheimer’s disease classification. In the training
phase of image classification models; cross entropy was used as
loss function, Adam was used as optimizer, batch size was set as
16, and epoch was set as 20. 1e-3 was set as the learning rate.
Google Colab integrated development environment (IDE) was
used in the experiment. PyTorch framework in Python
programming language was used in the coding stage. The
experiment was implemented on the NVIDIA Tesla T4 graphics
card.

In segmentation task, U-Net (Weng & Zhu, 2021), a state-of-
the-art segmentation network, was used. U-Net architecture
design is shown in Figure 1. In the training phase of U-Net model;
the compound form of the cross entropy and dice loss functions
was used as loss function, RMSprop was used as optimizer, batch
size was set as 2, and epoch was set as 50. le-4 was set as the
initial learning rate. If segmentation performance of U-Net is not
improvement for during the 15 epochs, the learning rate was
multiplied by 0.1. Spyder IDE was used in the experiment.
PyTorch framework in Python programming language was used
in the coding stage. The experiment was implemented on the
NVIDIA GeForce RTX 3060 graphics card.
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Figure 1. U-Net architecture design (Igbal, 2018)

2.3. Performance Evulation Metrics

In this study, accuracy, sensitivity, specificity, F1-score,
dice and IoU performance evaluation metrics were used for the
performance analysis of the classification models and U-Net.
Formulations of accuracy, precision, sensitivity, specificity, F1-
score, dice and IoU performance evaluation metrics are shown
in this section from equation 1 to equation 7. True Positive (TP)
indicates to number of correctly classified positive class. True
Negative (TN) indicates number of correctly classified negative
class. False Positive (FP) indicates incorrectly classified
positive class. False Negative (FN) indicates number of the
incorrectly classified negative class.

TP + TN 1)

A =
CCUraY = Tp T FP + TN + FN
) TP 2)
Precision = TPIFP
e TP (3)
Sensitivity = TP+ FN
. TN 4)
Specificity = TN+ TP
2 x Precision x Sensitivi
F1 — Score = — — ?/ty )
Precision + Sensitivity
2xTP
Dice = ©)
2xTP + FP + FN
TP (7)
oV = o T+ N

3. Results and Discussion

From Table 1, Densenet121 model achieved accuracy of
90.4388, sensitivity of 89.8414, specificity of 96.5833 and F1-
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Score of 88.5524. The training time of Densenet121 model is
16 minutes and 45 seconds. EfficientNet model achieved
accuracy of 92.6332, sensitivity of 92.8281, specificity of
97.4071 and F1-Score of 92.1447 The training time of
EfficientNet model is 35 minutes and 40 seconds. Googl.eNet
model achieved accuracy of 94.6708, sensitivity of 94.7475,
specificity of 98.1175 and F1-Score of 94.6708 The training
time of GoogleNet model is 10 minutes and 01 seconds.
MobileNet v3 model achieved accuracy of 91.5360, sensitivity
0f 90.7704, specificity of 97.0899 and F1-Score of 89.8757 The
training time of MobileNet model is 9 minutes and 35 seconds.
ResNet101 model achieved accuracy of 87.9310, sensitivity of
81.8456, specificity of 95.7228 and F1-Score of 83.5871 The
training time of ResNetl01 model is 30 minutes and 42
seconds. ResNext101 model achieved accuracy of 82.9135,
sensitivity of 77.8572, specificity of 93.8420 and F1-Score of
78.3370 The training time of ResNext101 model is 45 minutes
and 34 seconds. ShuffleNet model achieved accuracy of
92.3197, sensitivity of 92.7022, specificity of 97.3556 and F1-
Score of 90.2638 The training time of ShuffleNet model is 29
minutes and 34 seconds.

The best three classification performances were achieved
by GoogleNet, EfficientNet, and ShuffleNet. The three
shortest training times were achieved by MobileNet v3,
GoogLeNet, and DenseNetl21, respectively. Figure 2 shows
accuracy of models and training times. Figure 3 shows
performance evaluation metrics results of models and training
times. Figure 4 shows confusion matrix for GooglLeNet model.
Figure 5 shows the used number of 9 input images and the
output images achieved by the GoogLeNet model.

U-Net model achieved the dice of 0.874, IoU of 0.776,
sensitivity of 0.868, specificity of 0.999, precision of 0.879, and
accuracy of 0.999. The results obtained by U-Net are given in
Figure 6.

Figure 7 shows the used number of 2 input images and the
output images achieved by pipeline of the combination of the
GooglLeNet and U-Net models.
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Table 1. Results obtained using classification models

Models Accuracy | Sensitivity | Specificity | F1-score | Training Time
DenseNet121 | 90.4388 89.8414 96.5833 | 88.5524 16.45
EfficientNet 92.6332 92.8281 97.4071 | 92.1447 35.40
GoogLeNet 94.6708 94.7475 98.1175 | 94.6708 10.01
MobileNet v3 | 91.5360 90.7704 97.0899 | 89.8757 09.35
ResNet101 87.9310 81.8456 95.7229 | 83.5871 30.42
ResNext101 82.9135 77.8572 93.8420 | 78.3370 45.34
ShuffleNet 92.3197 92.7022 97.3556 | 90.2638 29.34

Model Vs Accuracy - Training Time

Accuracy
Training Time + '
T

Accuracy and Training Time

DenseNet121 EfficientNetB7 GoogleNet MobileNet_V3 Resnet101 Resnex 1101 ShuffleNet

Model

Figure 2. Accuracy of models and training times

Model Vs Sensitivity - Specificity - F1-score - Training Time

1

[

Sensitivity - Specificity - F1-score - Training Time

DenseNetl2l EfficientNetB7 GoogleNet MobileNet V3 Resnetl0l Resnex 101 shuffleNet

Model

Figure 3. Performance evaluation metrics results of models and training times
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Figure 4. Confusion matrix for GoogLeNet model
Model: GoogleNet
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Figure 5. Predictions obtained by GoogLeNet

e-ISSN: 2148-2683 103



Avrupa Bilim ve Teknoloji Dergisi
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Figure 6. Predictions obtained by U-Net
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Results of Pipeline
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Prediction: VeryMildDemented

Figure 7. Results of Pipeline

4. Conclusions

In this study, several classification models were used to
perform alzheimer classification. It is attempted to present a
suggestion to other researchers on the classification performances

e-ISSN: 2148-2683

of the models by comparing DenseNetl21, EfficientNetB7,
GoogLeNet, MobileNet V3, ResnetlOl, ResnextlOl and
ShuffleNet. The GooglLeNet classification model has
outperformed other classification models with the accuracy of
0.9467, sensitivity of 0.9474, specificity of 0.9811, and F1-score
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of 0.9467. The U-Net model achieved the dice of 0.874, IoU of
0.776, sensitivity of 0.868, specificity of 0.999, precision of
0.879, and accuracy of 0.999. Subsequently, pipeline was created
by using classification and segmentation models. As a result, with
the help of computer vision assisted CAD system, the workload
of radiologists can be reduced. In addition, Alzheimer's disease
can be detected early using the proposed pipeline.
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Abstract

The World Health Organization (WHO) has given people various protective warnings for Monkeypox. If monkeypox spreads rapidly,
it becomes a serious public health problem. In this case, it creates a serious congestion in hospitals. Therefore, auxiliary systems can be
needed in hospitals. In this study, explainable artificial intelligence (xAl) assisted convolutional neural networks (CNNs) based a
decision support system was proposed. The data set was used for this task consists of 572 images in two classes, such as Monkeypox
and Normal. 12 different CNN models were used for Monkeypox and Normal skin classification. MobileNet V2 model achieved best
performance with the accuracy of 98.25%, sensitivity of 96.55%, specificity of 100.00% and F1-Score of 98.25%. This model was
supported by explainable Al methods. As a result, an artificial intelligence (AI) assisted auxiliary diagnosis system has been proposed
for Monkeypox skin lesion.

Keywords: Monkeypox, Skin lesion, Deep learning, Convolutional neural networks, Transfer learning.

Aciklanabilir Yapay Zeka Destekli Evrisimsel Sinir Aglar:
Kullanilarak Maymun Cic¢egi Deri Lezyonunun Siniflandirilmasi

Oz

Diinya Saglik Orgiitii (DSO), insanlara maymun ¢igegi icin gesitli koruyucu uyarilar vermistir. Maymun ¢igegi hizla yayilirsa ciddi bir
halk saglig1 sorunu haline gelir. Bu durumda hastanelerde ciddi bir yogunluk olusturur. Bu nedenle, hastanelerde yardimci sistemlere
ihtiya¢ duyulabilir. Bu ¢alismada, agiklanabilir yapay zeka (AYZ) destekli evrigimli sinir aglar1 (ESA) tabanli bir karar destek sistemi
onerilmistir. Bunun i¢in kullanilan veri seti Monkeypox ve Normal olmak iizere iki sinifta 572 goériintiiden olugmaktadir. Monkeypox
ve Normal ciltlerin smiflandirilmast igin 12 farkli ESA modeli kullanilmigtir. MobileNet V2 modeli, %98,25 dogruluk, %96,55
duyarlilik, %100,00 6zgiillikk ve %98,25 F1-Skoru ile en iyi performansi elde etmistir. Bu model, AYZ yontemleriyle desteklenmistir.
Sonug olarak, maymun ¢igegi cilt lezyonu i¢in yapay zeka (YZ) destekli bir yardimci teshis sistemi Onerilmistir.

Anahtar Kelimeler: Maymun ¢icegi, Deri lezyonu, Derin 6grenme, Evrisimli sinir aglar1, Transfer 6grenme.
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1. Introduction

Monkeypox is a disease that is caused by the Monkeypox
virus. It can either spread from animals to humans or humans to
humans. Fever, headache, muscle aches, back pain, low energy,
swollen lymph nodes, and more importantly; a rash found on the
face, palms of the hands, soles of the feet, eyes, mouth, throat,
groin, and genital and/or anal regions of the body can be examples
of the symptoms of Monkeypox (World Health Organization,
2022). In most scenarios, patients recover from the infection with
medications to reduce pain and fever. However, newborns,
children, and people with weak immunity may experience more
severe symptoms than other people and die. There were reports of
the disease appearing in the past such as in Cameroon, the Central
African Republic, the Republic of the Congo, Céte d’Ivoire, the
Democratic Republic of the Congo, Gabon, Liberia, Nigeria, and
Sierra Leone (Kumar et al., 2022). However, in 2022 more cases
than regularly seen in some parts of Africa have been reported.
The outbreak of monkeypox has been seen Europe, the Americas,
Africa, the Western Pacific, and countries of the Eastern
Mediterranean too in addition to the African continent.

Because of increasing demand, there is a shortage of doctors,
especially in rural areas (Al-Shamsi, 2017). Therefore, auxiliary
diagnostic systems are needed. For this reason, the use of artificial
intelligence (Al) assisted diagnostic systems is increasing day by
day. In this context, research studies on computer vision, which is
a sub-research are of artificial intelligence are vital. Computer
vision researches covers image classification, object detection,
and image segmentation. Convolutional neural networks (CNNs)
are the basis of these research topics.

In this paper, explainable Al assisted CNN based a decision
support system was proposed to detection of Monkeypox skin
lesion. Another main goal is to prevent the density that may occur
in hospitals with the proposed system. For this purpose, state-of-
the-arts image classification networks, such as ResNet-18,
ResNet-50, VGG-16, Densenet-161, EfficientNet B7,
EfficientNet V2, GoogLeNet, MobileNet V2, MobileNet V3,
ResNeXt-50, ShuffleNet V2, and ConvNeXt were used in the
experimental analysis. MobileNet V2 model achieved best
performance with the accuracy of 98.25%, sensitivity of 96.55%,
specificity of 100.00% and F1-Score of 98.25%. Therefore, the
MobileNet V2 model was supported by explainable Al features.

The rest of this paper is organised as: Section 2 presents the
literature survey for analysis of Monkeypox disease. Section 3
presents the utilized methodologies. Section 4 presents the results
obtained by the classification models. Section 5 presents
concluding remarks.

2. Related Works

It has been suggested by many researchers that several data
collection and classification techniques can be used for
Monkeypox disease.

Islam et al. (Islam et al., 2022a) proposed a Web-scraping-
based data collection system for monkeypox skin lesion. After,
researchers applied several preprocessing methods such as
resizing and data augmentation to the data set. As a result,
researchers shared the data set as open source with other
scientists. Islam et al. (Islam et al., 2022b) aimed to perform
Monkeypox classification. The used data set consists of 804
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original images and 39,396 augmented images. In the
classification task, ResNet50, Inception-V3, DenseNetl21,
MnasNet-Al, MobileNet-V2, ShuffleNet-V2-1x, and
SqueezeNet models were used. In the study, ShuffleNet-V2-1x
model achieved the best performance with the accuracy of 0.79.
Abhsan et al. (Ahsan, Uddin, & Luna, 2022) created a new data set
for Monkeypox classification. The data set consists of 43
Monkeypox, 47 Chickenpox, 17 Measles, and 54 Normal images.
Ahsan et al. (Ahsan, Uddin, Farjana, et al., 2022) aimed to
perform Monkeypox classification. The used data set consists of
1915 augmented images. In the classification task, VGG16 model
was implemented using transfer learning. In the study, VGG16
model achieved accuracy of 0.97, precision of 0.97, recall 0of 0.97,
F1-score of 0.97, sensitivity of 0.973, and specificity of 0.97. Ali
et al. (Ali et al., 2022) aimed to perform Monkeypox
classification. The used data set consists of 228 original images
and 3192 augmented images. In the classification task, VGG16,
ResNet50, Inception-V3, and ensemble of these models were
implemented using transfer learning. In the study, ResNet50
model achieved the best performance with the accuracy of
82.96%, precision of 87%, recall of 83%, and F1-score of 84%.

3. Methodology

The utilized methodologies in the paper are presented under
the subtitles of experimental setup and performance evaluation
metrics.

3.1. Experimental Setup

Data set includes two classes namely, Monkeypox and
Normal. The data set consists of total of 572 images (Monkeypox
Skin Images Dataset (MSID) | Kaggle, n.d.). Training part of data
set includes 224 and 235 images for Monkeypox and Normal
classes, respectively. Validation part of data set includes 28 and
29 images for Monkeypox and Normal classes, respectively. Test
part of data set includes 28 and 28 images for Monkeypox and
Normal classes, respectively. All images in the data set were
resized to 224 by 224 pixels.

Models trained on the ImageNet data set were used in the
transfer learning method. ResNet-18, ResNet-50, VGG-16,
Densenet-161, EfficientNet B7, EfficientNet V2, GoogleNet,
MobileNet V2, MobileNet V3, ResNeXt-50, ShuffleNet V2, and
ConvNeXt models were used for Monkeypox disease
classification. In the training phase of image classification
models; cross entropy was used as loss function, stochastic
gradient descent (SGD) was used as optimizer, momentum value
was set as 0.9, batch size was set as 32, and epoch was set as 50.
le-2 was set as the initial learning rate. If classification
performance of models is not improvement for throughout the 7
epochs, the learning rate was multiplied by 0.1. PyTorch
framework in Python programming language on the Google
Colab integrated development environment (IDE) was used in the
experiments. NVIDIA Tesla T4 graphics card was used in the
experimental phase.

3.2. Performance Evaluation Metrics

Accuracy, sensitivity, specificity, and F1-score were used for
the performance comparison of the classification models.
Accuracy, precision, sensitivity, specificity, and F1-score
formulas are shown from equation 1 to equation 5. True Positive
(TP) refers to number of correctly classified positive class. True
Negative (TN) refers number of correctly classified negative
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class. False Positive (FP) refers incorrectly classified positive
class. False Negative (FN) refers number of the incorrectly
classified negative class.

A _ TP + TN (1)
U = TP 1 FP + TN + FN
TP (2)
Precisi _
recision TP+ TP
TP
Sensitivity = (3)
TP+FN
TN (4)
Specificity =
pecificity TNTFP
2 x Precision x Sensitivit
F1 — Score = Y )

Precision + Sensitivity

4. Results and Discussion

From Table 1, ResNet-18 model achieved accuracy of
98.25%, sensitivity of 96.55%, specificity of 100.00% and F1-
Score of 98.25%. The training time of ResNet-18 model is 3
minutes 32 seconds. Size of weight file of ResNet-18 model is
42.7 Megabyte. ResNet-50 model achieved accuracy of 96.49%,
sensitivity of 93.10%, specificity of 100.00% and F1-Score of
96.43%. The training time of ResNet-50 model is 4 minutes 33
seconds. Size of weight file of ResNet-50 model is 90.0
Megabyte. VGG-16 model achieved accuracy of 92.98%,
sensitivity of 89.66%, specificity of 96.43% and F1-Score of
92.86%. The training time of VGG-16 model is 5 minutes 39
seconds. Size of weight file of VGG-16 model is 512 Megabyte.
Densenet-161 model achieved accuracy of 96.49%, sensitivity of
96.55%, specificity of 96.43% and F1-Score of 96.55%. The
training time of Densenet-161 model is 6 minutes 52 seconds.
Size of weight file of Densenet-161 model is 102 Megabyte.
EfficientNet B7 model achieved accuracy of 94.74%, sensitivity
of 100.00%, specificity of 89.29% and F1-Score of 95.08%. The
training time of EfficientNet B7 model is 8 minutes 27 seconds.

Size of weight file of EfficientNet B7 model is 245 Megabyte.
EfficientNet V2 model achieved accuracy of 96.49%, sensitivity
of 100.00%, specificity of 92.86% and F1-Score of 96.67%. The
training time of EfficientNet V2 model is 8 minutes 57 seconds.
Size of weight file of EfficientNet V2 model is 449 Megabyte.
GoogLeNet model achieved accuracy of 96.49%, sensitivity of
96.55%, specificity of 96.43% and F1-Score of 96.55%. The
training time of GoogLeNet model is 5 minutes 35 seconds. Size
of weight file of GoogLeNet model is 512 Megabyte. MobileNet
V2 model achieved accuracy of 98.25%, sensitivity of 96.55%,
specificity of 100.00% and F1-Score of 98.25%. The training time
of MobileNet V2 model is 3 minutes 42 seconds. Size of weight
file of MobileNet V2 model is 8.75 Megabyte. MobileNet V3
model achieved accuracy of 75.44%, sensitivity of 62.07%,
specificity of 89.29% and F1-Score of 72.00%. The training time
of MobileNet V3 model is 3 minutes 10 seconds. Size of weight
file of MobileNet V3 model is 5.94 Megabyte. ResNeXt-50 model
achieved accuracy of 92.98%, sensitivity of 100.00%, specificity
of 85.71% and F1-Score of 93.55%. The training time of
ResNeXt-50 model is 5 minutes 15 seconds. Size of weight file of
ResNeXt-50 model is 88.0 Megabyte. ShuffleNet V2 model
achieved accuracy of 78.95%, sensitivity of 65.52%, specificity
of 92.86% and F1-Score of 76.00%. The training time of
ShuffleNet V2 model is 3 minutes 37 seconds. Size of weight file
of ShuffleNet V2 model is 20.6 Megabyte. ConvNeXt model
achieved accuracy of 96.49%, sensitivity of 100.00%, specificity
of 92.86% and F1-Score of 96.67%. The training time of
ConvNeXt model is 23 minutes 25 seconds. Size of weight file of
ConvNeXt model is 748 Megabyte.

Considering the results of all performance evaluation metrics,
the training times of the models, and the size of model weight file,
the three best classification performances were achieved by
MobileNet V2, ResNet-18, and Densenet-161. The reason why
the performance evaluation metrics results are the same is because
the models cannot achieve the more classification performance.
Figure 1 shows the randomly choose number of 25 input images,
and the classes of output images obtained by the MobileNet V2
model. Figure 2 shows the randomly choose number of 6 input
images, and the heatmaps of output images obtained by the
MobileNet V2 model. SmoothGradCAMpp method was used for
heatmaps.

Model: mobilenet_v2

Prediction: normal  Prediction: monkeypox Prediction: normal
7

=

‘;
o

Prediction: monkeypox  Prediction: normal

- 3

1

-
S S\

o I’

Prediction: normal

Pic A

fa)

Y

Prediction: normal Prediction: normal

Prediction: normal Prediction: normal

2
I‘- -

Prediction: normal

L\

Prediction: monkeypox Prediction:

Prediction: normal Predicti

v
Predicti

%

—
Prediction: normal

ypox Prediction:

ypox Prediction:

==
=

Prediction:

Prediction: normal

- AR iR

Figure 1. Predictions obtained by MobileNet V2
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Table 1. Results obtained by CNN models

Models Accuracy Sensitivity Specificity F1 Score Training Size of Model
Time Weight File

ResNet-18 98.25% 96.55% 100.00% 98.25% 3 minutes 32 | 42.7 Megabyte
seconds

ResNet-50 96.49% 93.10% 100.00% 96.43% 4 minutes 33 | 90.0 Megabyte
seconds

VGG-16 92.98% 89.66% 96.43% 92.86% 5 minutes 39 | 512 Megabyte
seconds

Densenet-161 96.49% 96.55% 96.43% 96.55% 6 minutes 52 | 102 Megabyte
seconds

EfficientNet B7 94.74% 100.00% 89.29% 95.08% 8 minutes 27 | 245 Megabyte
seconds

EfficientNet V2 96.49% 100.00% 92.86% 96.67% 8 minutes 57 | 449 Megabyte
seconds

GoogLeNet 96.49% 96.55% 96.43% 96.55% 5 minutes 35 | 512 Megabyte
seconds

MobileNet V2 98.25% 96.55% 100.00% 98.25% 3 minutes 42 | 8.75 Megabyte
seconds

MobileNet V3 75.44% 62.07% 89.29% 72.00% 3 minutes 10 | 5.94 Megabyte
seconds

ResNeXt-50 92.98% 100.00% 85.71% 93.55% 5 minutes 15 | 88.0 Megabyte
seconds

ShuffleNet V2 78.95% 65.52% 92.86% 76.00% 3 minutes 37 | 20.6 Megabyte
seconds

ConvNeXt 96.49% 100.00% 92.86% 96.67% 23 minutes 25 | 748 Megabyte
seconds
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5. Conclusion

In this study, ResNet-18, ResNet-50, VGG-16, Densenet-
161, EfficientNet B7, EfficientNet V2, GoogLeNet, MobileNet
V2, MobileNet V3, ResNeXt-50, ShuffleNet V2, and ConvNeXt
models were used to perform classification of Monkeypox skin
lesion. In comparative analysis, MobileNet V2 model achieved
best performance with the accuracy of 98.25%, sensitivity of
96.55%, specificity of 100.00% and F1-Score of 98.25%. This
model was used for explainable artificial intelligence. Thus, the
classification decision of the classification model was explained.
Also, this model can be used on mobile devices as the size of
weight file of MobileNet V2 is small. Thus, if monkeypox turns
into a pandemic, patients can test themselves at home. As a result,
a caused by the pandemic workload on health employees can be
avoided.
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Oz

Bu c¢aligmada, elektrik sanayinde yogun olarak kullanilan cam elyaf takviyeli polyester malzemenin, ¢ginko borat katkisi ile tiretimi,
malzemede meydana gelen mekanik ve kimyasal etkileri arastirilmistir. Elektrik sanayinde oldukea sik kullanilan cam elyaf takviyeli
kompozit malzemelerin tercih edilme sebebi dncelikle, mukavemetlerinin yiiksek, yogunluklarinin diisiik olmasi, yalitkan olmasi ve
alev geciktirici 0Ozellikte olmasidir. Bu malzemeler sadece polyester ve cam elyaf olarak bu ozellikleri tam anlamiyla
karsilayamamaktadir. Bu ylizden katki malzemelerine ihtiya¢ vardir. Bu ¢aligmada bunun i¢in ¢inko borat kullanilmistir. Malzemeyi
tiretmek i¢in el yatirmasi + soguk pres yontemi kullanilmistir. Malzemelere farkli oranlarda ¢inko borat eklenerek mekanik ve yanmazlik
etkisi incelenmistir. Uretilen malzemelere ¢ekme, 3 noktali egme, ve yanma testleri uygulanmistir. Cekme deneyleri sonucunda en
yiiksek ¢ekme gerilmesi 130 MPa ile %10 ¢inko borat katkili malzemede goriilmiistiir. Yine %10 katkili malzemede 250 MPa ile en
yiiksek egilme dayanimi goriilmiistiir.

Anahtar Kelimeler: Cam elyaf, Kompozit, Alev Geciktirici, Cinko borat, Polyester,

Zanc Borate-Containing GFRP Production and Examination of
Mechanical and Chemical Properties

Abstract

In this study, the physical and chemical effects of zinc borate to glass fiber reinforced polymer and processing of the
composite are examined. Glass fiber reinforced polyester is commonly used material in electric industry. The main reason
for this, GFRP is an insulator and flame retardant material also it has high strenght and low density. Seperately polyester or
glass fiber can not provide these proporties. So additive materials is needed. In this study zinc borate is used for that purpose.
Hand lay-up and cold press methods are used for processing. Different ratios of zinc borate is added to samples. The
mechanical and non-flammability effects were investigated by adding zinc borate at different rates to the materials. Tensile,
3-point bending and burning tests were applied to the produced materials. As a result of the tensile tests, the highest tensile
stress with 130 MPa was observed in the 10% zinc borate added material. Again, the highest flexural strength of 250 MPa
was observed in the 10% doped material.

Keywords: Glass fiber, Composite, Flame retardant, Zinc borate, Polyester
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1. Giris

Literatiirde ¢ok ¢esitli katki maddeleri polyesterin igerisine
katilarak fiziksel ve kimyasal 6zellikleri incelenmistir. Bu katki
maddeleri igerisinden 6zellikle alev geciktirici 6zelligi olanlar
daha 6n plana ¢ikmaktadir. Bu tozlarin hangi oranlarda
malzemeye ne gibi 6zellikler kazandiracagimi belirlemek igin
birgok aragtirma yapilmustir.[1]

Kompozit malzemeler, iki veya daha fazla malzemenin
makroskobik yapida bir araya getirilmesiyle, yeni bir malzemenin
yapilmast olarak tamimlanabilir. Kompozitler matriks ve
fiberlerden meydana gelir. [2] Kompozitler sadece yapisal
ozellikleri i¢in degil ayn1 zamanda elektriksel, termal, tribolojik
ve g¢evresel uygulamalar i¢in de kullanilmaktadir.[3] Polimer
bazli kompozit malzemeler, uygulama alanlarini genisleten
yiiksek oranda islenebilir polimerler ile fonksiyonel dolgu
maddeleri ile kullanildiginda ¢oklu islevleri ortaya gikar. [4]
Doymamis polyester regine, 1siyla sertlesen en 6nemli reginedir
ve milkemmel mekanik performansa, diisik yogunluga, iyi
korozyon direncine, diisiik maliyete ve yiiksek mukavemet-
agirlik oranma sahiptir. Polyesterin kiiresel kullaniminin
yaklasik %60", cam elyaf takviyeli plastik kompozitler tiretmek
icin, geri kalani ise esas olarak dekoratif dokiimler igin
kullanilir.[5] Polimerler dogasi geregi yanicidir, diisiik sinirh
oksijen indeksine (LOI) sahiptir ve UL-94 yanma testini gegemez
ve bu nedenle evrensel kullanimlari insan hayat1 ve miilkiyeti i¢in
biiyilik bir yangin tehdidi olusturur. Yanabilirlik, arzu edilen bir
alev geciktirme gereksiniminin, 6rnegin dikey yanma testleri
sirasinda bir V-0 derecesinin gerekli oldugu elektrik ve elektronik
endiistrilerinde oldugu gibi, pratik uygulamalarini1 6nemli dl¢iide
kisitlamistir. Dolayisiyla bu, alev geciktiricili epoksi ve polyester
termosetleri olusturmak ig¢in verimli alev geciktiricilerin
gelistirilmesine yol agmustir.[6] Bununla birlikte, tipik polyester
malzemeleri, zayif alev geciktiricilige ve zayif yaslanma
direncine sahiptir ve yanma sirasinda yiiksek diizeyde ortaya
duman ¢ikma sorunu vardir. Bu dezavantajlar pratik uygulamasini
biiyiik Olclide sinirlar. Ancak alev geciktirici katkilar yaprak
uygulama yelpazesini genisletmek miimkiindiir. Yaygin halojen
iceren alev geciktiriciler, yanma sirasinda biiyiikk miktarlarda
zehirli gazlar ve duman firetir. Bu nedenle, son ¢alismalar, iki
kategoriye ayrilabilen alternatif halojensiz alev geciktiricileri,
yani katki tipi ve reaktif tipi tizerine yogunlasmistir. Katki alev
geciktirici, polimeri alev geciktirici hale getirmek i¢in mekanik
karigtirma yoluyla polimere eklenir. Reaktif alev geciktiriciler
polimerizasyona bir monomer olarak katilir, bdylece polimerin
kendisi alev geciktirici bilesenler igerir. [5]

Literatiirde alevi 6nlemek veya en azindan belirli bir siire
geciktirmek i¢in yapilan birgok c¢alisma bulunmaktadir. Bu
noktada ¢inko borat, ¢evre dostu bir alev geciktirici ve ayni
zamanda duman bastirict olarak dikkat ¢cekmektedir. Ayrica anti
bakteriyel malzeme olarak da kullanilir.[7]

Literatiirde ¢inko borat disinda farkli alev geciktirici
maddeler ile yapilmis bir¢ok ¢alisma bulunmaktadir. Beycioglu
ve ark. yapmis olduklar1 calisgmada cam elyaf takviyeli polyester
kompozitlere alev geciktirici 6zellik kazandirmak igin antimon
tripoksit(Sh203), aliiminyum hidroksit (Al(OH)s3) ve ¢inko borat
(2Zn03.BrO3.3H,0) farkli oranlarda kullanarak etkilerini
arastirmiglardir.[8] Shui-Yu Lu ve Hamerton yapmis olduklari
arastirmda halojensiz alev geciktiricili polimerlerin kimyasindaki
son gelismeleri ele almislardir. Cesitli polimerlere farkli
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halojensiz  alev
yapmugtir.[9]

geciktiriciler  ekleyerek  karsilastirmalar

Bu ¢alismada %10, 15, 20 ve 25 oranlarinda ¢inko borat cam
elyaf polimerin i¢ine katilarak mekanik ve kimyasal 6zellikleri
arastirilmistir. Ayrica ¢inko borat katkili malzemelerin katkisiz
cam elyaf polimer ile karsilastirilmast yapilmistir. Kompozit
malzemelerin mekanik 6zelliklerini karisilatirmak i¢in ¢gekme ve
3 noktali egme testleri yapilmistir. Cinko boratin alev geciktirici
etkisini gérmek icin de UL94 yanmazlik testi yapilmistir.

2. Materyal ve Metot
2.1 Materyal

Arastirmada ¢inko borat, cam elyaf, polyester ve yardimeci
malzemeler kullanilmistir. Matris elemant tiksotropik olmayan,
hizlandirict ihtiva etmeyen, disiik reaktif, disik viskoziteli,
ortoftalik esasli bir doymamis polyester regine kullanilmigtir.
Takviye eleman1 olarak Sekil.2.1.a biaxial dokuma kumasg +/- 45
(800 gr/m? ) ve Sekil.2.1.b’deki mat kege elyaf (450 gr/m?) kalip
Olciisii olan 250x250 mm olarak kesilerek birlikte kullanilmigtir.

Sekil 2.1. a) Biaxial dokuma kumasg, b) kege elyaf

Kimyasal formiilii 2Zn0.3B,05.3,5H,0 olan ZnBor (Cinko
Borat), endiistride yaygin olarak kullanilan beyaz kati, kokusuz,
nem ¢ekmez, viskoz ve graniil/toz yapida bulunan bir borattir.
Yiiksek dehidrasyon sicakligina (290-300°C) sahiptir. Suda
¢oOzinirligi ¢ok disiiktiir. Borik asit (H3BO3) ve ¢inko oksitin
(ZnO) reaksiyonu sonucu elde edilir. Numune iretiminde
kullanilan ¢inko boratin fiziksel ve kimyasal 6zellikleri Tablo 2.1
ve Tablo 2.2°de verilmistir.

Sekil 2.3. Cinko borat

Tablo 2.1. Cinko Borat ' Fiziksel Ozellikleri

Fiziksel Ozellikler

Ozgiil agirhk 2,71 (25C)
Molekiil agirhg: 434,6 g/mol
Erime noktasi 650°C
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Tablo 2.3. Cinko Borat’in Kimysal Bilesimi

Kimyasal icerik

B:0s %46,80 - 49,20
ZnO %36,30 - 38,70
H:0 %12,1 - 16,9

2.2. Uretim Yéntemi

Cinko boratin, cam elyaf takviyeli polyester (C.T.P)
kompozit malzemeye etkilerini incelemek igin el-yatirmast +
soguk press yontemiyle farkli oranlarda numuneler {iretildi.
Numune iiretimi i¢in 3x250x250 mm ve 4x250x250 mm parlak
mdf’den Sekil 2.4°deki gibi kaliplar hazirlanmastir.

Sekil 2.4. Numune kaliplart

%10,%15,%20,%25, oraninda ¢inko borat tartilarak
hazirlanmistir. Hazirlanan ¢inko borat 1°kglik polyester igerisine
karigtirilmistir.

Sekil 2.5. (a) Cinko boratin agirlik¢a tartilmasi, (b) ¢inko
boratin polyestere eklenmesi, (c) ¢inko borat ve polyesterin
karistirilmasi

Sertlestirici olarak meg-peroksit ve kobalt hizlandirici olarak
hazirlanan polyester ¢inko borat karigimina ilave edilmistir. Kalip
6l¢iisiinde hazirlanan takviye elemanina rulo firca yardimiyla
Sekil 2.6’daki gibi uygulanmustir.

Sekil 2.6. Kaliplara takviye ve matrisin rulo fir¢a ile
uygulanmasi

e-ISSN: 2148-2683

3 mm kalinlikta olan kalip i¢in 3 adet kege elyaf ve 1 adet
biaxial (-/+ 45) dokuma kumasg kullanilmistir. 4 mm kalinlikta
olan kalip i¢in 4 adet kege elyaf ve 2 adet biaxial (-/+ 45) dokuma
kumas kullanilmigtir. Bu yontemde kalip iki tarafli oldugu igin
iiretilen malzemenin iki yiizii de parlak olarak c¢ikmaktadir.
Numuneleri iiretirken kullanilan katki malzemesinin yiizeyi nasil
etkiledigin anlagilmas1 i¢in jelkot uygulanmamistir. Kalip
kapatildiktan sonra soguk press yardimiyla 50 barr basing altinda
kiirlenmeye birakildi. Numunelerin donmasi i¢in yaklasik 2 saat
preste birakildi. Siire sonunda kaliplardan ¢ikarlirdi.

TN R G S £
=

i e e - -

Sekil 2.7. Uretilen numune plakalar

2.3. Karekterizasyon Calismalari

Uretilen malzemelerin ¢ekme deneyleri ISO  527-1
standardina gore, egilme 6zelliklerinin belirlenmesi ig¢in ISO 178
standardina gore 3 noktali egme testi yapilmistir. Cekme ve 3
noktalt egme deneyleri iiger kez tekrarlanmis ve ortalama gekme,
egilme gerilmesi dayanimi hesaplanmistir. Alevlenebilirlik
6zelliklerinin belirlenmesi igin UL-94 standartlarina gore yatay
ve dikey yanma testi yapilmistir.

3. Arastirma Sonuclar1 ve Tartisma
3.1. Cekme Deneyi

Farkli oranlarda ¢inko borat katkili kompozit malzemelerin
¢ekme deneyi sonuglart Sekil 3.1-3.5°de verilmistir. Katkisiz
malzemelerde ortalama 106 MPa ile en diisiik ¢ekme gerilmesi
goriilmistir. %10 ¢inko borat katkisi yapildiginda ¢ekme
gerilmesi, yaklasik %22°lik bir artigla 130 MPa olmustur. Cinko
borat katki orani %15, 20 ve 25’lere ¢ikarildiginda ise siirekli bir
diisiis gorilmiistiir. Dort farkli katki oraninda en yiiksek ¢ekme
gerilmesi %10 numunelerinde goriilmiistiir.

140
120:
100—-
80-'
60

404

Cekme Gerilmesi (MPa)

Katkisiz-1
Katkisiz-2
Katkisiz-3
0 v T T T T T T v

T T L 1
00 05 1,0 15 2,0 25 3,0 35
Cekme Uzamasi (%)

204

Sekil 3.1. Cinko Borat katkisi eklenmemis numunelerin ¢ekme
deneyi grafigi(K1 1.numune, K2 2.numune, K3 3.numune)
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Sekil 3.5 %25 Cinko Borat katkist eklenmis numunelerin ¢cekme

deneyi grafigi(%25-1 1.numune, %25-2 2.numune, %25-3

Sekil 3.2 %10 Cinko Borat katkist eklenmis numunelerin ¢cekme
deneyi grafigi(%10-1 1.numune, %10-22.numune, %10-3

Cekme Gerilmesi (MPa)

3.numune)

Tablo 3.1. Cekme Deneyi Sonuglart

3.numune)
A Katki Oram ¢ (MPa) Uzama(%)
] %0 106,37 2,71
120 - %10 130,43 2,88
l %15 111,85 2,59
100 %20 108,09 2,62
5 %25 107,37 2,68
3.2 Egilme Deneyi
] Farkli oranlarda ¢inko borat katkili kompozit malzemelerin 3
40 nokta egilme deneyi sonuclart Sekil 3.6-3.10°da verilmistir.
Katkisiz malzemelerde ortalama 219 MPa ile en diisiik egilme
20 —%15-1 gerilmesi goriilmiistiir. %10 ¢inko borat katkist yapildiginda
: ::ﬂgg egilme gerilmesi, yaklasik %14’liik bir artigla 250 MPa olmustur.
0 T . T T T T ) Cinko borat katki oran1 %15, 20 ve 25’lere ¢ikarildiginda ise
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Sekil 3.3 %15 Cinko Borat katkist eklenmis numunelerin ¢cekme
deneyi grafigi(%15-1 1.numune, %15-2 2.numune, %15-3
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Sekil 3.4. %20 Cinko Borat katkisi eklenmis numunelerin ¢ekme
deneyi grafigi(%20-1 1.numune, %20-2 2.numune, %20-3

3.numune)
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stirekli bir diigis gorilmistir. Dort farkli katki oraninda en
yliksek egilme gerilmesi %10 numunelerinde gériilmiistiir.
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200

1504

100

Egilme Gerilimi (MPa)

50

0

— K atkisiz-1
Katkisiz-2
Katkisiz-3

0.0

T T T T T T T 1
0.5 1.0 1.5 20 25 3.0 3.5 4.0

Egilme Gerinimi (%)

Sekil 3.6. Cinko Borat katkist eklenmemis numunelerin egilme
deneyi grafigi(K1 1.numune, K2 2.numune, K3 3.numune)
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Sekil 3.7. %10 Cinko Borat katkisi eklenmis numunelerin egilme
deneyi grafigi(%10-1 1.numune, %10-2 2.numune, %10-3
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Sekil 3.8. %15 Cinko Borat katkisi eklenmis numunelerin egilme
deneyi grafigi(%15-1 1.numune, %15-2 2.numune, %15-3
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Sekil 3.9. %20 Cinko Borat katkisi eklenmis numunelerin egilme
deneyi grafigi(%20-1 1.numune, %20-2 2.numune, %20-3

3.numune)
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Sekil 3.10. %25 Cinko Borat katkisi eklenmis numunelerin
egilme deneyi grafigi(%25-1 1.numune, %25-2 2.numune, %25-

3 3.numune)

Tablo 3.2. Egilme Deneyi Sonuglart

Katki Oram Egilme Gerinimi(MPa)
%0 219,29
%10 250,13
%15 194,49
%20 180,08
%25 176,23

3.3. UL94 Yatay ve Dikey Yanma Bulgular:

3.3.1.Yatay Yanma Testi Bulgular

Tablo 3.4. Cinko borat eklenmemis numunelerin yanma siireleri

Numune Yanma Siiresi(s)
K-1 306.00
K-2 326.00
K-3 315.00
Ort. 315.67
Tablo 3.5. %10 Cinko borat eklenmis numunelerin yanma
stireleri
Numune Yanma Siiresi(s)
%10-1 335.00
%10-2 342.00
%10-3 339.00
Ort. 338.67
Tablo 3.6. %15 Cinko borat eklenmis numunelerin yanma
stireleri
Numune Yanma Siiresi(s)
%]15-1 367.00
%15-2 352.00
%15-3* 266.00
Ort. 359.50
*3.numune 100mm sinirina ulasamadan erken sondiigii
icin ortalamaya katilmamstir.
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Tablo 3.7. %20 Cinko borat eklenmis numunelerin yanma

stireleri
Numune Yanma Siiresi(s)
%20-1 390.00
%20-2 373.00
%?20-3 364.00
Ort. 375.67
Tablo 3.8. %25 Cinko borat eklenmis numunelerin yanma
siireleri
Numune Yanma Siiresi(s)
%25-1 412.00
%25-2 401.00
%?25-3 389.00
Ort. 400.67

Yatay yanma sonuglarina gore 30 sn alev sonrasi biitiin
numuneler 25 mm’lik referans ¢izgisini gegmistir. Ancak katki
orani artikca 100 mm referans ¢izgisine hiz1 diiserek daha yavas
yanarak ulagmistir. Bu nedenle ¢inko borat katkili numuneler
UL94 HB olarak siniflandirilmagtir.

3.3.2. Dikey Yanma Bulgular:
Tablo 3.9. UL94 Dikey yanma siniflandirma tablosu

Toplam -

Katk Yanrﬁa Varias Numunenin | Alev Pargaciklari Vo vi | v

Stiresi (s) . Tamaminin Tarafindan

Oeenlan <10-<30 slitesis] Yanmasi Tutugan Pamuk

T <50 - <250 2
%0 X X EVET HAYIR X X X
%10 X X EVET HAYIR X X X
%15 X X EVET HAYIR X X X
%20 X v EVET HAYIR X X X
%25 X v EVET HAYIR X X X

UL94 Dikey yanma testi sonuglart Tablo 3.9°da verilmistir.
Bu sonuglara gore %0 ,%10, %15 c¢inko borat eklenmis
numunelerin  yanma siireleri 30 sn fazla siirmektedir.
Siniflandirmanin yapilabilmesi igin gerekli olan maksimum siire
olan 250 saniyeyi ge¢mektedir. Ve numunelerin tamami
yanmaktadir. Bu nedenle numunelerin higbiri UL94 dikey yanma
smiflarindan hi¢ birine girmemektedir. %20 ve %25 ¢inko borat
eklenmis numunelerin toplam yanma siiresi 250 saniyenin altinda
deger vermektedir. Ancak yanma siiresi 30 saniyeden fazla oldugu
icin ve numunenin tamami1 yandigi i¢in herhangi bir UL94 dikey
yanma siniflandirmasi i¢in uygun degildir. Ancak higbir numune
deney diizeneginin altinda bulunan pamugu parg¢a kaybederek
yakmamuistir. Bu nedenle ¢inko borat eklenmis numuneler VO ve
V1 sinifindaki gerekliligi saglamistir. Ancak biitiin gereklilikler
ele alindiginda ¢inko borat katkili numuneler UL94 dikey yanma
testindeki ~ VO0,V1 ve V2  standartlarimin  higbirini
karsilamamaktadir.

4.Sonuc¢

Uretilen numunelere %10, %15, %20, %25 oraninda ¢inko
borat eklenmistir. Numunelerin ¢ekme 6zellikleri tayini i¢in ISO-
527-1 standardinda ¢ekme testi ve 3 noktali egme deneyi ISO-178
standardina gore yapilmstir.

Cinko borat cam elyaf takviyeli polyester malzemeye %10
oraninda  eklendiginde %22’lik bir ¢ekme dayanim
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kazandirmistir. Katki oranin artmasi ¢ekme dayaniminda kayba
neden olmustur.3 nokta egme testinde ¢inko borat %10 oraninda
eklendiginde egilme gerilmesinde %14’ lik artis meydana
gelmistir.

Alevlenebilirlik deneyi UL94 standartlarina gore dikey ve
yatay olarak yapilmistir. Yatay yanma sonuglarma gore ¢inko
borat katkili numuneler UL94 HB olarak smiflandirilmistir.
Dikey yanma sonuglarina gore %20 ve % 25 ¢inko borat eklenmis
numuneler VO ve V1 smifindaki gerekliligi saglamigtir. Ancak
biitiin sartlar ele alindiginda ¢inko borat katkili numuneler UL94
dikey yanma testindeki VO, V1 ve V2 standartlarim
kargilamamaktadir.(Tablo 3.9)

Sonug olarak ¢inko borat, cam elyaf takviyeli polyester
kompozit malzemenin mekanik &zelliklerine olumlu olarak etki
etse de, alevlenebilirlik 6zelliklerine etksi sinirli kalmustir.

5.Tesekkiir

Deneysel ¢alismalarim sirasinda her tiirlii imkanidan
yararlandigim Sakarya Universitesi, Miihendislik Fakiiltesi,
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Oz

Diinyada Cin'in Hubei Eyaleti, Wuhan'da 17 Kasim 2019'da korona viriis(Covid-19) ilk vaka tespit edildi. Bu vakanin daha sonra tiim
diinyada biiyiik bir hizla yayilmasi ile Diinya Saghk Orgiitii (DSO), 11 Mart 2020'de kiiresel salgin ilan etti. Bu salgin ile iilkelerin
aldiklari siki tedbirlerle diinyada ekonomi, siyasi, kiiltiirel ve sosyal hayat, egitim, tiikketim vb. alanlarinda pek ¢ok degisime sebep oldu.
Bu ¢aligmada bu salgin gegici olsa bile salgin siirecinde 6grenilen tiiketici davraniglarinin kalici olup olmadigin, degisim varsa ne yonde
oldugunu ortaya koymak amaciyla yapilmigti. Bu amaglar i¢in veri toplama yontemlerinden anket yontemi kullanilarak kolayda
orneklem metot ile 790 kisiden Mart 2022’de veriler toplanmistir. Aragtirmanin sonucunda Covid-19 salgin siirecinde yas, egitim
seviyesi vb. degiskenlere gore tiiketicilerin aligveris tutum ve davraniglarinda olan 6nemli degisikliklerin Covid-19 sonrasi(Post Covid-
19) déneminde devam ettigini, online aligveris yapma, temassiz kredi kart1 kullanma, kisisel hijyen iiriinlerinin tiiketim miktar1 vb. bazi
tutum ve davranislarinda ise bu degisimin artarak devam ettigi gibi sonuclar elde edilmisgtir.

Anahtar Kelimeler: Tiiketici, Tiiketici Davranislari, Covid-19, Post Covid-19, Sayisal Analiz

Investigation of the Persistence of Consumer Shopping Behaviors
Learned During the Covid-19 Epidemic Period

Abstract

The first case of coronavirus (Covid-19) was detected in the world on November 17, 2019 in Wuhan, Hubei Province of China. Then,
with the rapid spread of this case all over the world, the World Health Organization (WHQO) declared a global epidemic on March 11,
2020. With this epidemic, with the strict measures taken by countries, economy, politics, cultural and social life, education,
consumption, etc. caused many changes in the field. In this study, even if this epidemic is temporary, it was carried out in order to reveal
whether the consumer behaviors learned during the epidemic process are permanent and if there is a change, in what direction. For these
purposes, data were collected from 790 people in March 2022 with the convenience sampling method using the survey method, one of
the data collection methods. As a result of the research age, education level, etc. during the Covid-19 epidemic process. According to
the variables, the significant changes in the shopping attitudes and behaviors of consumers continue in the post-Covid-19 (Post-Covid-
19) period, online shopping, using contactless credit cards, the consumption amount of personal hygiene products, etc. in some attitudes
and behaviors, results have been obtained as this change continues to increase.

Keywords: Customer, Customer behavior, Covid-19, Post Covid-19, Numerical Analysis
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1. Giris

Diinya tarihinde salginlar sadece etkin oldugu dénemde degil,
uzun siirecte koklii toplumsal degisimlere yol agmistir. En son
diinyanin karst karsiya kaldigi Covid-19 Pandemi siirecinde ve
sonrasinda ortaya c¢ikan kiiresel saglik krizi, tiim ekonomik
sektorleri etkilemis ve tiim devletlerin, igletmelerin e-ticaret
faaliyetlerinde planladiklar1 gelisimlerini ¢cok hizli ve daha erken
gerceklestirmelerine neden olmustur.

Diinya tarihinde salginlar sadece etkin oldugu dénemde degil,
uzun siirecte koklii toplumsal degisimlere yol agmistir. En son
diinyanin karst karsiya kaldigi Covid-19 Pandemi siirecinde ve
sonrasinda ortaya c¢ikan kiiresel saglik krizi, tiim ekonomik
sektorleri etkilemis ve tiim devletlerin, isletmelerin e-ticaret
faaliyetlerinde planladiklar1 gelisimlerin ¢ok hizli1 ve daha 6nce
olmasma sebep olmustur. Pandemi, tiiketicilerin aligveris
tutumlarini ve satin alma aligkanliklarini degistirmeye zorlamistir.
Tiiketiciler, Covid-19'un sagliklarindan ¢ok ekonomik etkileriyle
ilgilendiklerini belirtmislerdir (Wright ve Blackburn, 2020).

Kaya, 2020°deki ¢alismasinda Tiirkiye’de ki e-ticaret sektorii
her gegen yil biiyiimeye ve gelismeye devam ettigini ve 2020
yilinda ortaya ¢ikan ve tiim Diinya’y1 etkisi altina alan COVID-
19 pandemisi sebebiyle e-ticaret hacmi iki katina ¢iktigin
belirtmistir. Bu ¢alismasinda e-ticaretteki bu biiyiimenin, biiyiik,
orta &lgekli sirketlerle KOBI’leri e-ticaret odakli biiyiime
stratejilere yonelttigini ifade etmistir. Bu durumun Tiirkiye’deki
pek ¢ok faaliyet alaninin gelismesi ile ticaret siireclerinin,
aligveris aligkanlarinin, tiiketici davranislarinin  degismesine
sebep oldugunu belirtmistir (Kaya, 2021:232).

Tiiketici davranigindaki degisiklikler, pazarmn arz tarafina
yansimaktadir. Bu durumda firmalarin degisen tiiketici
ihtiyaglarina uyum saglama kapasitesine sahip olmasi gereklidir.
Pandemi ve karantina (Tao vd., 2022) gibi istisnai durumlarda
sirketlerin tiiketicilerin degisen ihtiyaclarint ve buna bagh
aligverigteki tutum ve davramiglarimi iceren bilgileri hizli bir
sekilde elde etmeleri gereklidir (Payne, 2020; Wright, 2020).
Dolayist ile degisik alan yazinlarinda da vurgulandigi gibi,
pandemi hayatin hemen her yoniinii degistirdi: yasam
bicimlerindeki ve buna bagli tiiketici tutum ve tercihlerindeki
degisimleri zorunlu olarak karsilamak i¢in yeni ¢dziimler sunmak
ve uygulamak i¢in mal ve hizmet tedarikgileri gereksinimlerini
hizli bir bi¢imde karsilamalidirlar (Calkins, 2021).

Bu ¢alismada bu salgin gegici olsa bile salgin siirecinde
Ogrenilen tiiketici davraniglarinin kalici olup olmadigin, degisim
varsa ne yonde oldugunu ortaya koymak amaciyla yapilmistir.

2. Materyal ve Metot
2.1. Amac ve Metodoloji

Bu ¢aligma Covid-19 salgin1 gegici olsa bile salgin siirecinde
Ogrenilen tiiketici davranislarinin kalict olup olmadigini, degisim
varsa ne yonde oldugunu ortaya koymak amaciyla yapilmigtir. Bu
amac¢ ic¢in veri toplama yoOntemlerinden anket yoOntemi
kullanilarak kolayda o6rneklem metot ile online Mart 2022°de
veriler toplanmustir.

Bu aragtirmada calisma grubu belirlenirken 2021 yil1 sonu
itibari ile Tiirkiye'nin 84 milyon 680 bin 273 niifusu ve bu niifus
icerinde 18-69 yas grubu 59 milyon 028 bin 321 kisi temel
alinmistir(TUIK, Adrese Dayali Niifus Kayit Sistemi, 2021).
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Yazicioglu ve Erdogan (2004) tarafindan verilen Evren
Biiyiikliigii Tablosu degerlendirildiginde ¢aligma grubu yaklasik
800 goniillii 18-69 yas grubu tiiketicilerin katilime1 olmasi
hedeflenmistir. Daha sonra alanda uygulanan bu anketlerden
eksiksiz olarak gelen 790 adet ankete istatistiki analiz yapilmistir.

2.1.1. Verilerin Toplanmasi

Arastirmanin verileri Google Forms {izerinden ¢evrim igi
(online) ortamda hazirlanmistir. Arastirma 2022 Mart ay1
icerisinde yapilmistir. Katilimcilara online anket formu basinda
bilgilendirilme yapilarak goniilliillik temeline dayali olarak
arastirma verileri toplanmustir.

2.1.2. Verilerin Analizi

Aragtirma verilerinin analizinde IBM SPSS 20 paket programi
kullanilmistir. Elde edilen verilere tanimlayict istatistiksel
analizler ve bunlara ek olarak, Mann Whitney U ve Cochran-
Mantel-Haenszel Testi vb. analizi kullanilmistir. Ayrica sonuglar
p<0,05 anlamhilik diizeyinde ve %95 giiven aralifinda ele
alimugtr.

2.1.3. Arastirmanin Sinmwrliliklar:

Bu aragtirmanin siirliliklart Tiirkiye’de yasayan 18-69 yas
araligindaki bireyler ve 6rneklem sayisi, anket formunda sorulan
sorular, anket formunun uygulandigi dénem ve katilimcilarin
verdikleri cevaplarlardir.

3. Arastirma Sonuclar ve Tartisma

3.1. Bulgular

Arastirmaya katilanlarin  %53,8°11(425 kisi) erkek iken
%46,2°1(365 kisi) kadindir. Katilimcilarin %14,9°u(118 kisi) 20
yas ve alt1, %28,5”1(225 kisi) 21-30 yas arasi, %15,8’1(125 kisi)
31-40 yas arasi, %14,6”1 (115 kisi) 41-50 yas arasi, %14,3°6(115
kisi) 51-64 yas arasi, %11,9’u(94 kisi) 65 yas ve iisti olup
katilimeilarin %49,1°1(388 kisi) bekar, %42,4’1(335 kisi) evli ve
%8,5°1(67 kisi) dul/boganmigtir. Bu aragtirmadaki katilimeilardan
su anda herhangi bir kronik hastalig1 (SARS, kanser, kalp krizi,
seker hastaligi vb.) veya psikiyatrik/psikolojik rahatsizligi
olanlarin orani %33,5(265 kisi) ve bu rahatsizliklari olmayanlarin
orani %9,7(77 kisi) oldugu tespit edilmistir.

Arastirmaya katilanlarin  Covid-19  salgin  siirecinde
hanelerinde %62,5’inin (494 kisi) 1-3 kisi, %16,2’inin (128 kisi)
4 kisi, %21,2’sinin (178 kisi) 5 ve tzeri kisi oldugunu, Post
Covid-19 doneminde bu oranlar %40,3’G(319 kisi) 1-3 kisi,
%37,41(293 kisi) 4 kisi, %34,3"0(188 kisi) 5 kisi ve lizeri
seklinde oldugunu belirtmislerdir.

Arastirmaya katilanlarin %45,6°1(360 kisi) calismadigini,
%16,6°1(131 kisi) calistigini, %13,7°1(108 kisi) emekli oldugunu,
%14,7’1 kendi isletmesi oldugunu ve salgin déneminde agik
oldugunu, %7,8°1(62 kisi) salgin doneminde issiz kaldigini,
%1,6°1(13 kisi) kendi isletmesi oldugunu ve salgin déneminde
kapali oldugunu belirtmistir. Post Covid-19 déneminde
katilimcilardan 939,3°i(309 kisi) hala ¢alismadigini, %14,8’i
(118 kisi) emekli oldugunu, %17,7°4( 118 kisi) calistigini,
%14,8’1(117 kisi) kendi isletme shibi olup isletmesinin agik
oldugunu, %1,4°1(12 kisi) kendi isletmesi oldugunu ve su anda
kapali oldugunu belirtmistir. Arastirmadaki katilimcilarin
%63°11(498 kisi) 3000 TL ve alt1, %13,31( 105 kisi) 3001- 4000
TL aras1,%6,8’1(54 kisi) 4001-5000 TL aras1 ve 5001 TL ve {izeri
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%16,8”1(133 kisi) gelire sahip iken Post Covid-19 déneminde bu
oranlar %43,54°1i(344 kisi) 3000 TL ve alt1, %24,43’1(193 kisi)
3001- 4000 TL aras1, %23,80°1(188 kisi) 4001-5000 TL aras1 ve
%8,23’1i ve 5001 TL ve iizeri gelire sahiptir.

Aragtirmaya katilanlarin %6,1°1(4 kisi) okuma-yazma biliyor,
9%39,1’1(309  kisi) ortadgretim, %28,2°i(227 kisi) lise,
%24,2°1(191 kisi) iiniversite ve %7,5’1(59 kisi) lisansiistli egitim
mezunudur. Calismadaki katilimcilarin meslekleri ise %6,1°1(48
kisi) esnaf/igyeri sahibi, %15,5’1(107 kisi) ev hanimi,
%16,371(129 kisi) diger, % 19,5’1(155 kisi) 6zel sektorde isgi,
%21,1’1(167 kisi) memur, %?23,3’i(184 kisi) 6grencidir. Bu
katilimcilarin evlerinde ¢ocuk olanlarin sayisina bakildiginda

%18,9’u(149 kisi ) 2 ¢ocuk, , % 14,5°1(107 kisi ) 4 ve daha fazla
cocuk, %22,371i(176 kisi) 2 cocuk, % 42,5’1(336 kisi) 1 ¢ocuk
seklindedir. Yine katilcilarin evlerinde birlikte yasadiklar1 20 yas
alt1 eriskin sayisina bakildiginda %41,4°1i(327 kisi) 1 erigkin,
%25,2°1(199 kisi) 2 eriskin, %15,9’u(126 kisi) 3 erigkin ve
%17,4°1(133 kisi ) 4 ve daha fazla erigkin seklindedir.

Bu arastirmada katilimcilarin genel olarak saglik durumlari
ile ilgili Covid-19 ve Post Covid-19 siireci karsilastirildiginda
%24,8’1(196 kisi ) “Cok kotii”, %24,1’1(190 kisi ) “Ne iyi ne
koti”, % 19,51(154 kisi ) “Koti”, %16,4’1(130 kisi ) “Cok iyi”,
% 15,2i(120 kisi ) “Iyi” olarak cevap vermislerdir.

Tablo 1.Covid-19 ve Post Covid-19 dénemlerinde tiiketicilerin alisveris yapmada bazi tutum ve davranmiglarinin durumu

Algveris yapma durumu Covid- 19 Donemi* Post Covid-19%*
Azaldi Degismedi Artt1 Azaldi Degismedi Artti
Kredi karti ile 66 84 | 216 | 273|508 | 64,3 |45 5,7 | 205 259 | 540 | 684
Nakit para ile 358 | 45,3 | 228 | 28,9 | 204 | 25,8 86 10,9 | 190 24,1 | 514 | 65,1
Kredi karti ile temassiz 66 8,4 | 241 | 30,5483 | 61,1 32 4,1 | 210 26,6 | 548 | 69,4
Internet sitelerinden(e-ticaret) 78 99 | 272 | 34,4 | 440 | 55,7 100 | 12,7 {220 | 27,8 | 470 | 59,5
Internetten taksitli alisveris 197 | 24,9 | 278 | 35,2 | 315 | 39,9 140 | 17,7 | 302 38,2 | 348 | 44,1
Genel olarak aligveris yapma arzusu | 49 6,2 | 215 | 27,2 | 526 | 66,6 65 8,2 | 215 27,2 | 510 | 64,6
* Covid- 19 Dénemi 6ncesine gore ** Covid- 19 Dénemine gore
Tablo 1 incelendiginde Covid-19 doneminde tiiketiciler g;);lnelr;llirf;de% ggie(gzléer kizlil)sve;rlts,;egmire%;)z; Zr,tlll(zgguaﬁ?;e)l

aligverigte kredi karti kullanma oranlarinin %64,8(508 kisi)
arttigini, %27,3°1(216 kisi) degismedigini, nakit para ile aligveris
yapmada %45,3°1(358 kisi) azaldigimi, %28,9’u(228 kisi)
degismedigini, kredi kartt ile temassiz aligveris yapma
durumlarmin  %61,1°1(483 kisi) arttigimi, %30,5’1(241 kisi)
degismedigini, internet sitelerinden aligveris yapma durumunun
%55,7°1(440 kisi) arttigini,%34,4°i(272 kisi) degismedigini,
internetten taksitli aligveris konususunda %39,9’u(315 Kkisi)
arttigini,%35,2°1(278 kisi) degismedigini, genel olarak aligveris
yapma arzusunun %66,6°1(526 kisi) arttigini,%27,2°i(215 kisi)

degismedigini, nakit para ile aligveris yapmada %59,5’1(514 kisi)
azaldigini, %24,1’i(190 kisi) degismedigini, kredi kart1 ile
temassiz aligveris yapma durumlarinin  %68,4°1G(548 Kkisi)
arttigmni, %26,6’1(210 kisi) degismedigini, internet sitelerinden
aligveris yapma durumunun %59,5’1(470 kisi)
arttigmn1,%27,8’1(220 kisi) degismedigini, internetten taksitli
aligveris konusunda %44,1°1(348 kisi) arttigini,%38,2°1(302 kisi)
degismedigini, genel olarak aligveris yapma arzusunun
%64,6°1(510 kisi) artt1gin1,%26,2°1(205 kisi) degismedigini ifade
etmistir(Bkz. Tablo 1).

degismedigini ifade etmistir. Ayn1 Tabloya goére Post Covid-19
Tablo 2.Covid-19 ve Post Covid-19 dénemlerinde tiiketicilerin iiriin ¢esitlerine gére alisveris yapma durumu

Malzeme alma durumu Covid- 19 Donemi* Post Covid-19 Donemi**
Azaldi Degismedi Artt Azaldi Degismedi Artti

Temizlik 79 10,0 | 245 | 31,0 | 466 | 59,0 | 60 7,6 | 162 | 20,5 | 568 71,9
Kisisel hijyen 82 10,4 | 252 | 31,9 | 454 | 57,5 | 88 11,1 | 222 | 28,1 | 480 60,8
Guda 78 9,9 | 255 |323|457 | 57,8 | 90 11,4 | 60 7,6 | 640 81,0
Kuyafet 95 12,0 | 267 | 33,8 | 428 | 54,2 | 80 10,1 | 300 | 38,0 | 410 51,9
Internet paketi 105 13,3 | 228 | 28,9 | 457 | 57,8 | 102 | 12,9 | 168 | 21,3 | 520 65,8
Konusma paketi 70 8,9 | 257 | 32,5| 463 | 58,6 | 68 8,6 | 212 | 268|510 64,6
Mesaj paketi 84 10,6 | 261 | 33,0 | 445 | 56,3 | 78 9,9 |262 |33,2] 450 57,0
Hobilere yénelik 94 11,9 | 295 | 37,3 | 401 | 50,8 | 110 | 13,9 | 260 | 32,9 | 420 53,2
Kitap/dergi vb. 118 | 14,9 | 309 | 39,1 | 363 | 45,9 | 108 | 13,7 | 302 | 38,2 | 380 48,1
Teknolojik cihaz 110 | 13,9 | 307 | 38,9 | 373 | 47,2 | 120 | 15,2 | 423 | 53,5 | 247 31,3
Egitimle ilgili 21 2,7 | 138 | 17,5 | 581 | 73,5 | 30 3,8 | 140 | 17,7 | 620 78,5
Saghkla ilgili (ilag, maske

vb,) 68 8,6 |209 | 26,5513 | 64,9 | 380 | 48,1 | 230 | 29,1 | 180 22,8
Bitkisel gida takviyeleri 11 1,4 | 229 | 29,0550 | 69,6 | 30 3,8 [ 180 | 22,8 | 580 73,4
Disarida yemek yeme 220 | 27,8 | 126 | 15,9 | 444 | 56,2 | 30 3,8 [ 280 | 35,4 480 60,8
Ev disindan yemek siparisi 117 | 14,8 | 303 | 38,4 | 370 | 46,8 | 125 | 15,8 | 245 | 31,0 | 420 53,2

*Covid-19 Donemi oncesine gore, **Covid-19 Donemine gore
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Tablo 2 incelendiginde Covid-19 doneminde tiiketiciler
temizlik malzemeleri satin alma oranlarinin %359,0(466 kisi)
arttigini, %31,0°1(245 kisi) degismedigini, kisisel hijyen
malzemeleri satin alma taleplerinin %57,5°1(454 kisi) arttigini,
%31,9’u(228 kisi) degismedigini, gida malzemeleri aligveris
oranlarinda %57,8’1(457 kisi) arttigini, 9%32,3°1(255 kisi)
degismedigini, kiyafet aligverisi yapma durumunun %54,2’i(428
kisi) arttigini,%33,8’1(267 kisi) degismedigini, internet paketi,
konusma paketi ve mesaj paketi aligveriglerinde sirasiyla
%57,8°1(457 kisi), %58,6’1(463 kisi) artis oldugunu, hobilere
yonelik, kitap, dergi vb. ve teknolojik cihaz aligveris oraninda
artisin sirasiyla %50,8(401 kisi), %45,9(363 kisi) ve %47,2(373
kisi) belirtirken, egitim ve saglikla(ilag, maske vb.) ilgili
malzemelerin aligveris oranlarinda sirasiyla %73,5(581 kisi) ve
%64,9(550 kisi) seklinde artis oldugunu, bitkisel gida takviyeleri,
disarida yemek yeme ve ev disindan yemek siparisi aligveris
oranlarinda sirastyla %69,6(550 kisi), %56,2(444 kisi) ve
%46,8(370 kisi) artis oldugunu belirtmislerdir. Ayni1 Tabloya gore
Post Covid-19 donemlerinde tiiketiciler aligveriste temizlik
malzemeleri almada %71,9(568 kisi) arttigini, %20,5’1(162 kisi)
degismedigini, kisisel hijyen malzemeleri satin almada
%60,8”1(480 kisi) arttigini, %81,0°u(640 kisi) degismedigini, gida
malzemeleri aligveris oranlarinda %81,0’u(640 kisi) arttigini,
%38,0’1(300 kisi) degismedigini, kiyafet aligverisi yapma
durumunun  %519°u(410 kisi) arttigini,%38,0°1(300  kisi)
degismedigini, internet paketi, konugsma paketi ve mesaj paketi
aligverislerinde sirasiyla %65,8’1(520 kisi), %58,6°1(463 kisi) ve
%357,0(450 kisi) artis oldugunu, hobilere yonelik ve kitap, dergi
vb. aligveris oraninda artisin sirasiyla  %53,2(420 kisi),
%48,1(380 kisi) ve teknolojik cihaz ve saglikla(ilag, maske vb.)
ilgili aligveris yapma oraninda %47,2(373 kisi) ve %48,1(380
kisi) degisim olmadigint belirtirken, egitim, bitkisel gida
takviyeleri, disarida yemek yeme ve ev disindan yemek siparisi
oranlarinda sirasiyla  %78,5(620 kisi), %73,4(580 kisi),
%60,8(480 kisi) ve %53,2(420 kisi) seklinde artis oldugunu
belirtmislerdir(Bkz. Tablo 2).

Diger yandan bu caligmaya katilan tiiketicilerin internet
iizerinden aligveris yapma aligkanligi, kredi kart1 ile ve kredi karti
ile temassiz aligveris yapma tutum ve davraniglarmin bazi
demografik faktorlerle iliskisi incelendiginde Covid-19 ve Post
Covid-19 donemlerindeki internet iizerinden aligveris yapma
tutum ve davranist durumunun egilimine yonelik her iki donem
icin uygulanan Pearson Ki-kare Testi sonucunda cinsiyetle iliskili
olmadiklar1 tespit edilmistir(pcovid-19=0,297, Prost Covid-19=0,288).
Yine Covid-19 ve Post Covid-19 donemlerindeki yas gruplari
degiskeni, kontrol degiskeni olarak alinarak ypilan teste gore
farkli yas gruplarindaki tiiketicilerin cinsiyet ile internet
iizerinden aligveris yapma alisgkanligindaki tutum ve davranig
durumu  arasindaki iligkilerin  anlamsiz  oldugu tespit
edilmistir(pc(,vid,l9=0,497, Prost Covid-19— 0,483 olas111kla)
Arastirmadaki  tiiketicilerin  Covid-19 ve Post Covid-19
donemlerindeki  egitim  diizeyi  degiskenlerinin  kontrol
degiskenleri olarak alinip yapilan test sonucuna gore yine cinsiyet
ile internetten aligveris yapma aligkanligindaki davrams egilimi
arasindaki iliskinin anlamsiz oldugu saptanmistir(pcovi¢-19=0,971,
PPost Covid-10=0,988 olasilikla).
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Aragtirmada tiiketicilerin kredi karti ve kredi kart1 ile
temassiz aligveris yapma aligkanligi egilimi (p=0,000 olasilikla)
yas gruplarina gore farklilasmaktadir. Buna goére aligverisi kredi
kart1 ve kredi kart1 ile temassiz yapma yiizdesi en yiiksek olan yas
grubu %39,6 ile 26-35 arasidir. Yine son bir yil i¢inde internet
iizerinden aligveris yapma aligkanlig1 egitim diizeyine gore de
(p=0,000 olasilikla) farklilasmaktadir. Buna gore internet
iizerinden aligveris yapma ylizdesi en yiiksek olan grup %28,2 ile
lise mezunu olarak goziken ve hal iiniversitede okuyan
Ogrencilerin aragtirmada say1 olarak yiiksek olmasma bagh
oldugunu sdyleyebiliriz. Lise mezunlarini ise %24,2 ile liniversite
mezunlart izlemektedir. Calismaya katilan tiiketicilerin egitim
durumlart i¢in “Lise oncesi”, “Lise ve sonrasi” kategorileri
olusturularak tekrar diizenlenen egitim diizeyi degiskeni ile e-
ticaret yapma aligkanlig1 degiskeni arasinda hesaplanan iistiinliik
orani degeri 4,22’dir. Bu sonugtan lise ve iizeri egitim diizeyinde
olan tiiketicilerin e-ticareti artarak yapma olasiliginin lise dncesi
egitim durumunda olanlarin e-ticaret yapma olasiligindan
yaklasik 4,22 kat fazla oldugu anlagilmaktadir.

Arastirmada yas degiskeni de yeniden diizenlenerek 26-45
yas ve diger yas gruplar1 kategorileri olusturularak e-ticaret
yapma alisgkanligi  egilimi  arasindaki  stlinlik  orani
hesaplandiginda 1,58 degeri elde edilmektedir. Bu sonugtan 26-
45 yas grubunun internetten aligveris yapma olasiligiin diger yas
gruplarinda internet {izerinden aligveris yapma olasiliginin
yaklagik 1,58 kat oldugu saptanmustir.

3.1. Bulgular

Arastirmanin sounglarma bakildiginda Covid-19 déneminde
tiikketicilerin aligveriste artan kredi kart1 kullanma oranlar1, kredi
kart1 ile temassiz aligveris, internet sitelerinden aligveris,
internetten taksitli aligveris yapmada ve genel olarak aligveris
yapma arzusunun Post Covid-19 déneminde de yiikselmistir. Her
iki dénem igin tek azalma orani gosteren tiiketici tutum ve
davranisi ise nakit para ile aligverig yapma oldugu tespit edilmistir
(Bkz. Tablo 1).

Tablo 2 incelendiginde Covid-19 doneminde temizlik ve
hijyen malzemeleri, gida malzemeleri, kiyafet, hobilere yonelik,
kitap, dergi vb. ve teknolojik cihaz aligveris oranlarinda
tiiketicilerin artisin Post Covid-19 déneminde de artmaya devam
ettigi tespit edilmistir. Bu sonu¢ Kayabasi(2020) , DORinsight,
(2020) ve Cilan ve Kuzu (2013) ¢aligmalarinda belirttigi pandemi
donemi ve sonrasinda evde kalma ve izolasyon nedeniyle internet
lizerinden mesafeli satislarin  talebi artmasi beklentisini
dogrulamaktadir.

Yine Covid-19 doneminde tiiketicilerin artan satin alma
egilimi internet paketi, konusma paketi ve mesaj paketi
aligverislerinde, egitim ve saglikla(ilag, maske vb.), bitkisel gida
takviyeleri, disarida yemek yeme ve ev disindan yemek
siparisinde ayni1 egilimi Post Covid-19 doneminde de gostermistir.
Bu sonuglar Kayabas1(2020), Baltact ve Akaydin(2020), m
Pantano vd. (2020), Cilan ve Kuzu (2013) ve Hacialioglu ve
Saglam’mm  (2021) c¢alismalarindaki tiiketicilerin =~ zorunlu
nedenlerle Dbirlikte tiiketim ve aligveris aligkanliklarinda
degisimlere neden oldugu goriisii ile benzerlik gdstermektedir.
Diger yandan sadece bu iki donem igin teknolojik cihaz ve
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saglikla(ilag, maske vb.) ilgili aligverig yapma oraninda degisim
olmadig: tespit edilmistir. (Bkz. Tablo 2). Bunun nedeni Covid-19
sonrasi kalkan maske kullanma yasag1 gibi kisitlamalara ragmen
tiikketicinin saglik sorunu yasamasi veya hanesinde 65 yas ve lizeri
yetiskinlerle birlikte olmasindan dolayi kigilerin maske kullanimi,
kolonya, dezenfektan vb. kullanimmma devam etmesinden
kaynaklandig1 sdylenebilir.

Bu ¢alismaya katilan tiiketicilerin internet {izerinden aligveris
yapma aligkanligi, kredi kart1 ile ve kredi karti ile temassiz
aligveris yapma tutum ve davranislarinin egilimine yonelik salgin
donemi ve sonrasi igin cinsiyetle iligkili olmadiklari tespit
edilmistir. Yine Covid-19 ve Post Covid-19 dénemlerindeki farkli
yas gruplarindaki tiiketicilerin cinsiyet ve egitim ile internetten
aligveris yapma aligkanligindaki davranis egilimi arasindaki
iligkilenin anlamsiz oldugu saptanmistir. Yas gruplarina
bakildiginda ise aligverisi kredi kart1 ve kredi kart1 ile temassiz
yapma ylizdesi en yiiksek olan yas grubu 26-35 icin
farklilagsmaktadir. Bunun nedeninin internet iizerinden aligveris
yapma ylizdesi en yiiksek olan grup lise mezunu olarak goziiken
ve hala {iniversitede okuyan 6grencilerin arastirmada say1 olarak
yiksek olmasina bagli oldugunu soyleyebiliriz. Arastirmaya
katilan tiiketicilerin egitim durumlar1 yeniden “Lise Oncesi”,
“Lise ve sonrasi” kategorileri olusturularak diizenlenen egitim
diizeyi degiskeni ile e-ticaret yapma aliskanligi degiskeni
arasinda hesaplanan istiinliik oranina gore lise ve iizeri egitim
diizeyinde olan tiiketicilerin e-ticareti artarak yapma olasiliginin,
lise Oncesi egitim durumunda olanlarin e-ticaret yapma
olasiligindan yaklasik dor kattan fazla oldugu anlasiimaktadir.

Arastirmada yas degiskeni de yeniden diizenlenerek 26-45
yas ve diger yas gruplart kategorileri olusturularak e-ticaret
yapma aliskanlif1 egilimi arasindaki iistiinliik oranina gore, bu yas
grubunun internetten aligveris yapma olasiligmin diger yas
gruplarindan internet {izerinden aligveris yapma olasiliginin
yaklagik iki kat oldugu saptanmustir.

4. Sonuc¢

Tarih boyunca diinyada goriilen tiim salgin hastaliklar
milyonlarca insanin saglik problemi yasamasina ve Olmesine
sebep olmugstur. Salgin hastaliklar sadece saglik sektoriinde degil
siyasi, ekonomik, sosyal gibi her sektorde neden oldugu biiyiik
degisimlerden dolay1 tiiketicilerin de satin alma, aligveris tutum
ve davraniglarinda degisiklere neden olmustur. Salginlar sadece
etkin oldugu siiregte degil, uzun vadeli siirecte kdklii toplumsal
degisimlere yol agmistir. Boyle biiyiik degisimlerein olmasina
istinaden ekonomik sistemi olusturan tiim igletmeler, kurumlar
kendi mal, hizmet iiretimi ve satisindaki teknikleri degistirmek ve
¢ok hizli bu degisim siirecine ayak uydurmak zorunda
kalmiglardir. Ayn1 sekilde diinyaniun en son kars1 karstya kaldig:
Covid-19 pandemisi siirecinde ekonomide ve is diinyasinda
meydana gelen degisimler sosyal hayati da etkilemistir. Bu
donemde is yerlerinin kapanmasi ve evde kalmak zorunda kalan
tilkketicilerin  sosyal yasamlar1 ve tiketim aligkanliklar
degismistir. Hem tiiketicilerin degisen tiketim tutum ve
davrnislarint giincel tespit etmek hem de bu siireci takip edip
isletme olarak degisime uyum saglamay1 kolaylastiracak
tedbirleri almak, alt yapilarini, birimlerini yenilemek veya daha
giiclendirmek i¢in hem diinyada hem de Tiirkiye’de belirli
periyotlarla tilkeler genelinde anketler hazirlanarak, arastirmalar
yaparak tiiketiciler i¢in hizmet memnuniyet endeksleri
olusturulmalidir. Bu aragtirma sonuglar1 kullanilarak igletmeler
teknik alt yapilarin, {iriiniin ¢ikis ve teslimina kadar olan tiim
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siireglerde iyilestirilmesini ~ yapmahdir.  ilerleyen siiregte
tilketiciler e-ticaret iizerinden yapilan aligverislerinde esnek
teslimat modellerini tercih edecektir. Bu nedenle aligveris yapilan
firmalar i¢in gece teslimati, alicinin istedigi saatte teslim ve
kaprya birakma, kargo ve kurye hizmetleri butik olma durumu,
aligveris yapan tiiketicilerin iirlinleri birkac saat iginde teslim
edilmesini isteme gibi hizmetleri kapsayacak sekilde uyum
stirecine yonelik birimlerini giiclendirimelidir. Diinyada tiim
isletmeler e-ticaretin gelisimi yaninda, h-ticarete(hizli ticaret)
uyum saglak zorunda kalabilir. Tiirkiye, gen¢ niifiisii ile bu
degisimlere mal ve hizmet iiretimindeki tiim kurum ve kuruluslari
ile diinyadaki gibi ¢ok hizli bir bigimde uyum saglayic tedbirleri
almalidir.

Bu ¢alismadaki bulgular ve sonuglara gore arastirmacilara
salgin siireci ve sonrasini daha kapsayan ve drneklem sayisi
biliylik arastirmalar yapilmasi Onerilebilir. Ayrica tiiketicilerin
belirsizligin s6z konusu oldugu durumlarda i¢inde bulunduklari
korku ve panik duygulartyla olmasi gerekenden daha fazla satin
alma davranigi gerceklestirmesi veya belli lirtinlere yonelmesine
yol agan tutum ve davranislarla ilgili 6l¢ek gelistirip aragtirma
yapilabilir. Salgin sebebiyle degigsen tliketici davranislari
sonucunda daralan sektorler, yeni sektorler ve biiyilyen sektorlerle
ilgili, bu sektorlerin yeni strateji olusturmalarin katki verecek
aragtirmalarin yapilabilecegi de Oneri olarak sunulabilir.
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Oz

Bilgisayar destekli geometrik tasarimin 6nemli konular igerisinde yer alan digbiikey gévde hesabi bu g¢aligmanin ¢ikis noktasini
olusturmaktadir. Literatiirde birgok tanimi bulunan disbiikey gévde, ele aldigimiz ¢alismada digbiikey gévde kombinasyonu yaklagimi
ile hesaplanmustir. Verilen nokta kiimesi i¢in tiim olas1 digbiikey kiimelerin kombinasyonu tanimindan [13], n noktadan olusan konveks

govde elde edilmistir. Calismada ele alinan konveks gévde yaklasimi ile ortaya konan 6zel ve genellestirilmis metotlarin matematik ve
geometrinin yaninda endiistriyel hayatla da iliskisi gdsterilmistir.

Anahtar Kelimeler: Bilgisayar destekli geometrik tasarim, konveks govde, digbiikey kiime kombinasyonu, n-noktali digbiikey govde

Generalized Convex Hull Combination Approach

Abstract

Convex hull calculation, which is one of the important topics of computer aided geometric design, constitutes the starting point of this
study. Convex hull, which has many definitions in the literature, was calculated with the convex hull combination approach in our study.
From the definition of the combination of all possible convex sets for the given point set [13], a convex body consisting of n points is
obtained. In addition to mathematics and geometry, the relationship between the special and generalized methods revealed by the convex
body approach, which is discussed in the study, with industrial life is shown.

Keywords: Computer-aided geometric design, convex hull, convex set combination, n-point convex hull
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1. Giris

Bu kisimda digbiikey govde kombinasyonu ile ilgili temel bilgiler
sunulmustur.

Afin uzayin aksiyomlar1 nedeniyle vektdr ile vektoriin u¢ noktasi
arasinda birebir esleme vardir. [2].

Taniml: a, 8,y € Rsifirdan farkliolup 4,B,C € E 3 noktalarinin
yer vektorleri d, b,¢ € R3 icin ad + [?B +y6=0, a+ B+y=
0 saglaniyorsa A, B, C noktalari bir dogru tizerindedir denir [3].

Tanmm2: «,B,y,9 € Rsifirdan farkli olup A4,B,C,D € E3
noktalarnin yer vektorleri d, b,¢,d € R3 icin ad + B b+ yC +
9d=0 ve a +pf+y+ 9 =0 saglanmiyorsa A,B,C,D ayni
diizlemdedir denir [4].

Tamim3 (Uggenlerin Cebirsel Olgiimii [ABC]):

Bir ABC tiggeninin alan1 S = |a|, @ € Rise @ = [ABC] degerine
ticgenin cebirsel dlglimii denir.

[ABC] nin yonii pozitif (saat yoniiniin tersi) ise a = +S; [ABC]
nin yonii negatif (saat yonii) ise « = —S olur [5], [10].

Yonlendirilmis bir diizlemde ii¢ noktadan olusan temel iiggenin
cebirsel dl¢limii bir noktanin yerini belirlemede biiyiik kolaylik
saglar.

Tanim 4: AB kenarlar1 ortak ABM ve ABN gibi iki iiggenin ortak
olmayan koselerinin AB kenarini kestigi nokta X olmak iizere

XM _[ABM] «a
XN " [ABN] B

oranina tiggenlerin cebirsel dl¢limlerinin orani denir.

Sirayla dogru (iki nokta) ve iiggen (ii¢ nokta) iizerinde yaptigimiz
bu tamimlamalar daha fazla noktaya genisletilebilir. n-noktadan
olusan diizlemsel digbiikey govdelerin hesabi hesaplamali
geometrinin en temel problemlerinden biridir. Bir nokta
kiimesinin digbiikkey (konveks) gévdesi, tiim noktalari igeren en
kiigiik disbiikkey kiime veya noktalart igeren tiim disbiikey
kiimelerin kesigimi olarak tanimlanir [1]. Ele aldigimiz bu
calismada digbiikey govde verilen noktalarin tiim olast digbiikey
govde kombinasyonlari iizerine insa edilecektir.

2. Materyal ve Metot

Onceki calismamizda [13] sonlu nokta kiimesinin digbiikey gévde
kombinasyonu bulunurken ilk olarak noktanin iizerinde yer aldig1
dogru elde edilmistir. Ardindan noktanin, i¢ bolgesinde yer aldig1
icgen kombinasyonu hesaplanip sonrasinda teknoloji ve
sanayinin dnemli operasyonlarindan biri olan rafineri probleminin
¢Oziimiinde bu metotlar uygulanmustir.

Bu calismamizda da; dogru ve diizlem iizerinde incelenen
problemin n — noktada hesaplanabilmesi i¢in genellestirilmis
disbiikey govde kombinasyonu formiili verilmistir. Ayrica
rafineri siirecindeki karigim problemlerinin ¢dziimii bu formiil
baz alinarak saglanmustir.

e-ISSN: 2148-2683

Tanim 5: P c R"™ herhangi bir kiime olsun. Kiimenin herhangi iki
noktasini birlestiren dogru pargasi yine kiimeye aitse yani

Va € [0,1] i¢in x4, x, € P olmak lizere ax; + (1 — a)x, € P ise
Pkiimesine konveks kiime denir. [6], [7].

Tanim 6: Digbiikey Gévde Kombinasyonu

P = {p,, p,, ... pn} nokta kiimesi igin

n

j=1

l:
ve A; = Zl olmak tlizere

n n
Vi,A; =0 i(;inz A; = 1saglaniyorsa Zlipi,

i=1 =1

P kiimesinin disbiikey gévde kombinasyonudur denir [1], [7]
ve [9].

Lemma 1:

A ve B bir dogru iizerinde sabit iki nokta, P bu dogru iizerinde

herhangi bir nokta ise bu noktalarin yer vektorleri d, b, pvea,p #
0 icin

= _B . ad+pb .
= veya p = a+p €Y
olur.

Ispat: P noktasi AB’yi % = g gibi bir oranda bdleceginden P
noktasinin yeri AB arasinda veya disinda olma hallerine gore

sirayla g pozitif veya negatif olur.

g cebirsel sayis1 f + a # 0 igin

AP PB AP +PB AB

= = oldugundan
B a B +a p+a
. ad+pb .
p=—— eldeedilir.
a+p

Lemma 1’in karsiti da dogrudur.
Lemma 2:

A, B, C diizlemde ayn1 dogru tlizerinde bulunmayan sabit noktalar,
P diizlemde herhangi bir nokta ise bu noktalarin yer vektorleri

d,B,E,ﬁ; a,B vey # 0icin

ad + pb +yé

P Bty )
gelir.
Ispat:
ad+pb+yé=0ve a+p+y=0ise
A, B, C bir dogru iizerinde oldugundan
124



European Journal of Science and Technology

(@a+B+y)p=ad+pb+yé; a+p+y #0dr.

Aksi halde ad + Bb — (a + )¢ = 0 yani

aCA + ﬁfﬁ =0 olur ki bu da ancak 4,B,C’nin ayni dogru
iizerinde bulunmasi ile miimkiindiir. Bu durum hipoteze aykiridir.

ad + Bb +yé

a+p+y#0icin p= P

gelir.

Lemma 2’nin karsit1 da dogrudur.
Sonuc:

Ay,4,,... A, gibi n noktadan meydana gelen bir sekilde herhangi
bir P noktasinin p yer vektérii a; + a, + -+ + @yqq # 0 igin

— — -
Qa1 + ApQy + -+ Apy1Qnyq

> _ 3
p 0(1+0(2+'“+(Zn+1 ( )

oldugu anlasilir.

3. Arastirma Sonugclar1 ve Tartisma

Bu kisimda yukarida verdigimiz lemmalar ile digbiikey
kombinasyon uygulamasi sanayinin 6nemli bir meselesi olan
rafine iglemi {tizerinden ele almmistir. Rafineriler temel
malzemelerin daha kullanishh formlarda islendigi isleme
tesisleridir. Rafineriler ham madde olarak kullanilmasi zor olan
malzemelerin iglenmesini, giindelik ya da endiistriyel hayatta
kullanilmasin1 miimkiin kilmaktadir. Ornek olarak Sekil 1 de
petrol, Sekil 2 de ise seker rafinerisi goriilmektedir.

Sekil 1: Petrol ve Seker Rafineri Tesisi [10], [11]

Rafineri uygulamalarindan petrol rafinerisini ele alalim. Petrol
kuyularinin sondaji1 sonucu elde edilen {iriin saf bir iiriin olmay1p
birkag farkli bilesenli bir karigimdir. Karigimlarin igerdigi
bilesenlerin oranlar1 farkli kaynaklar arasinda degiskenlik
gosterebilir. Bu bazen kullanilabilir bazen de farkli kuyularin
¢iktilart karigtirilarak rafine iglemi igin uygun oranlarda bir
karigim {iretilebilir. Bu durum igin asagida ii¢ farkli uygulama
verilmistir.

Uygulama 1: Bu uygulamada dogru iizerinde inceleme
yapilacaktir. Bunun i¢in {iriiniin yalnizca iki bileseniyle (bunlar A
ve B olsun) ilgilenecegiz. Bize %20 A bileseni ve %70 B bileseni
igeren bir {; karisimi, %32 A ve %40 B igeren baska bir ,
karisimi verildiginde amacimiz %24 A ve %60 B igeren bir
karisgima ulasmak olacaktir. Gergek hayattan aldigimiz bu
problemi geometrik ¢éziimle sonuca vardirabilmek i¢in {; ve {,
karigimlarin1  diizlemdeki noktalarla; p; = (0.20,0.70), p, =

e-ISSN: 2148-2683

(0.32,0.40) ile temsil edelim. Lemma 1-(1) den faydalanarak
p, ve p, noktalar1 arasindaki q noktasi

«(0.20,0.70) + £(0.32,0.40)
a+pf

(0.24,0.60) =

olur, bu esitlikten « = 28 ve nihayet

2

L2, 1, -

q= §p1 + §p2 elde edilir.

Buradan aradigimiz karisim ; ve ¢, karigimlarini 2:1 oraninda
birlestirdigimizde elde ederiz. Geometrik olarak ise § yer vektori,
Sekil 3 de goriildiigii gibi p, ve p, noktalarindan gecen ana

karisim dogrusu iizerinde yer alir.

.p1= (0.2,0.70)

q=(0.24,0.6)

pz = (0.32,0.4)

Sekil 2: ; ve {, karsimlarindan elde edilen ana karisim dogrusu

Boylece problemimizde verilen iki karigimi kullanarak elde
etmek istedigimiz ti¢lincii karisima ulagtik, fakat %26 A ve %44
B igeren bir karisim yapmak istedigimizde bu miimkiin degildir
¢linkii ana karisim dogrusu iizerinde yer almaz.

Uygulama 2: %14 A ve %30 B igeren {iglincii bir {5 karigim varsa
istenilen sonuca ulasip ulasamayacagimizi test edecegiz. {;, {, ve
{3 karigimlarini  diizlemdeki p1 = (0.20,0.70),p, =
(0.32,0.20) p; :== (0.14,0.30) noktalar1 ile temsil edelim.
Lemma 2-(2) den problemi ¢ozersek:

a(0.2,0.7) + £(0.32,0.4) + y(0.14,0.3)
a+f+y

(0.26,0.44) =

olur, bu esitlikten y = a ve f = 3a ve nihayet

—

a 1—’ 1—> s
q= §P1 + gpz + §p3 elde edilir.

Aradigimiz karisimi {3, {, ve {3 karigimlarini 1:3:1 oraninda
birlestirdigimizde elde ederiz. Geometrik olarak § yer vektorii,
Sekil 4 de oldugu gibi p,, p, ve p; noktalarindan gecen ana
karigim tiggeni ig¢inde yer alir.

, = (0.20,0.70)

Lq = (0.26,0.44)

¥ p: = (0.32,0.20)
ps = (0.14,0.30)

Sekil 3: {;, {, ve {3 kanisgimlarindan elde edilen ana karisim
licgeni
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Uygulama 3: Olusturacagimiz karisimda n tane bilesen hesaba
katilmak isteniyorsa, o zaman bu karisim diizlemde n adet nokta
ile temsil edilecektir.

Belirttigimiz genellestirilmis durumdan hareketle elimizde 8 adet
farkli karigim oldugunu varsayalim. Bu karisimlar sirayla;

A %20 A ve %10 B, 4,: %10 A ve %20 B, A5: %10 A ve %30
B, 1,4: %20 A ve %40 B, A5: %30 A ve %40 B, 44: %40 A ve %30
B, 4;: %40 A ve %20 B, A5: %30 A ve %10 B bilesenlerini
igcersin. Amacimiz bu karigimlari kullanarak %30 A ve %30 B
iceren yeni bir q karisimi elde etmek olacaktir. Ilk olarak
Uygulama 1 ve Uygulama 2 ye benzer sekilde karigimlari
diizlemdeki noktalarla ifade edelim. O zaman

P = (2,1); py = (1,2); ps = (1,3); ps = (24); ps = (3,4);
Pe = (4,3);p7 == (4,2); pg == (3,1)

Ve py = (3,3) sirayla eldeki karigimlarin ve olusturacagimiz yeni

karisimin yer vektorleridir. Sonug-(3) esitligini kullanarak
_ 1_,+1_9+1_9+1_q+5_9+5_9+1_q
q —Em Epz 11—6713 1—6P4 1—6195 Ep6 EP7

TS Ds
gelir ve nihayet bu esitlikten g karisiminin verilen karigimlardan

sirayla 1:1:1:1:5:5:1:1 oraninda birlestirilerek elde edilecegi
anlagilir.

P1 Ps

Sekil 4: Diizlemde 8 noktali ana karisim disbiikev gévdesi

4. Sonuc¢

Ele aldigimiz bu g¢alismada; bir veri setinin yorumlanabilmesi
ve iizerindeki bazi hesaplamalarin yapilabilmesi i¢in digbiikey
kiime kombinasyonundan yararlanilmistir. Bu amagla (3)
formiili baz alinarak digbiikey kiime kombinasyonu hesaplanmis
ve herhangi bir noktanin bu kiime igerisinde yer alip almadiginin
tespiti  yapilmistir. Bunlara ek olarak disbikkey kiime
kombinasyonlari ile ilgili ii¢ farkli uygulama sunulmustur. Bu
calismada sunulan yontem ile petrol rafinerisinde elde edilen
iiriinlerin karisim oranlarinin belirlenmesine katki saglanmaistr.
Bu ¢alismanin amact digbiikey kiime kombinasyonu ile iiretim ve
sanayi arasindaki iliskiyi ifade edip ortaya koymaktir.

5. TesekKiir

Bu calismanin ortaya ¢ikmasinda saglamis oldugu katki ve
desteklerinden otiirli Prof. Dr. Ali Caligkan’a yiirekten tesekkiir
ederim.
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Ozet

Akimli ve akimsiz yontemlerle tiretilen Ni-P ve Ni-P-CNF(karbon nanofiber) kaplamalar bu ¢aligmada sertlik ve korozyon 6zellikleri
agisindan kiyaslanmistir. Son yillarda oldukga popiiler olan elektrolitik(akimli ve akimsiz) kaplamalar kendi i¢lerinde bir¢ok avantaji
da barindirmaktadir. Bu avantajlardan bir¢ok arastirmact faydalanmis ve literatiir zenginligi olusturmustur. CNF ile yapilan kaplama
caligmalari ise sinirlidir. Kaplamalara takviye edilen CNF korozyon direncinde artis saglamaktadir. Caligmada korozyon orani degerleri
verilerek bu artis gosterilmistir. CNF eklenerek elde edilen kaplamalarin korozyon orani akimsiz yontemle kaplanan Ni-P-CNF
numunesinde 5,34x10-3mpy olarak bulunmusgtur. Akimli kaplamada bu deger bir miktar artigla 15,79x10-3’¢e yiikselmistir. Akimsiz
kaplama yontemi ile iiretilen kaplamalarin korozyon direnci daha yiiksek olmaktadir. CNF’nin etkisini daha iyi anlatabilmek i¢in alagim
olan Ni-P kaplamalarla kiyaslanmistir. Sonuglar CNF’nin olumlu etkisini ortaya koymustur. Calismada ayrica sertlik degerleri de
Vickers mikrosertlik alinarak kiyaslanmigtir. Sertlik ¢aligmalarinda CNF olumsuz etki gostermistir. CNF eklenen kaplamalarda sertlik
degerleri daha disiik c¢ikmistir(akimsizda 521Hv — akimlida 572Hv). Kaplamalar ayni zamanda X-iginlart difraktometresi
(XRD),Taramal1 elektron mikroskobu (SEM) ve enerji dagilim spektrometresi (EDS) analizleri ile ¢aligma desteklenmistir.

Anahtar Kelimeler: Akimli kaplama, akimsiz kaplama, korozyon direnci, sertlik, kompozit kaplama

Comparison of Ni-P-CNF Coatings Produced by Electrodeposition
and Electroless Methods in terms of Hardness and Corrosion

Abstract

Ni-P and Ni-P-CNF (carbon nanofiber) coatings produced by electrodeposition and electroless methods were compared in terms of
hardness and corrosion properties in this study. Electrolytic (with and without current) coatings, which have been very popular in recent
years, have many advantages in themselves. Many researchers have benefited from these advantages and created a wealth of literature.
Coating studies with CNF are limited. CNF reinforced to coatings provides an increase in corrosion resistance. In the study, this increase
is shown by giving the corrosion rate values. The corrosion rate of the coatings obtained by adding CNF was found to be 5.34x10°mpy
in the Ni-P-CNF sample coated with the electroless method. In electrodeposition coating, this value increased slightly to 15.79x103.
The corrosion resistance of the coatings produced by the electroless coating method is higher. In order to better explain the effect of
CNF, the alloy Ni-P coatings are compared. The results revealed the positive effect of CNF. In the study, the hardness values were also
compared by taking Vickers microhardness. CNF showed a negative effect in hardness studies. Hardness values were lower in the
coatings with CNF added (521Hv in electroless — 572Hv in electrodeposition). The coatings were also supported by X-ray diffractometry
(XRD), Scanning electron microscopy (SEM) and energy distribution spectrometry (EDS) analyzes.

Keywords: Electrodeposition coating, electroless coating, corrosion resistance, hardness, composite coating
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Avrupa Bilim ve Teknoloji Dergisi

1. Giris

Akimsiz kaplamalar 1944 yilinda Brenner ve Riddell
tarafindan gelistirilmistir  (Touri & Monirvaghefi, 2020).
Otokatalitik olarak da bilinmektedir. Genel anlamda kaplanacak
metalin metal tuzu ve bu metal tuzunu indirgeyecek olan
indirgeyici  kullanilarak  yapilmaktadir. Akimsiz  olarak
bilinmesinin sebebi yontemde elektrik akiminin bulunmamasidir
(Huang ve ark., 2010). Kaplama gesitlerinin arasinda bu yéntem
ozel bir yer kaplamaktadir. Bunun sebebi hem iletken hem de
iletken olmayan yiizeylerin kaplanmasidir. Bu 6zelliginin yani
sira homojen kaplama kalinligi, yiiksek sertlik ve aginma direnci
de yine bu yontemle fazlasiyla yiiksek degerlerde elde
edilmektedir. Akimsiz nikel kaplamalar denildiginde ilk olarak
Ni-P ve Ni-B kaplamalar gelmektedir. Ni-P kaplamalar1 birgok
parametre dogrudan etkilemektedir. Ancak etkileyen en 6nemli
parametre fosfor miktaridir (Lelevic & Walsh, 2019). Fosfor
miktari, korozyon direnci, asinma direnci, sertlik elektriksel
iletkenlik ve manyetik oOzellikler gibi birgok o6zelligi etkiler
(Lelevic & Walsh, 2019). Akimsiz kaplamalar literatiire gore
amorf ve mikrokristalin yapilar olugturmaktadir. Bu 6zelligi ve
fosfor ilavesinin etkisi ile Ni-P kaplamalar 6nemli 6l¢iide
korozyon ve aginma direncini gelistirebilir (Huang ve ark., 2010) .

Akimli kaplama yodntemi malzeme ylizeyini gelistirmede
kullanilan bir diger yontemdir. Literatiirde “electrodeposition”
olarak da bilinmektedir. Nispeten diigiik maliyeti, genellikle
diistik sicakliklarda yapilmasi ve atmosfer basincinda yapilmasi
bu yontemi elverisli kilar (Lelevic & Walsh, 2019). Akimh
kaplamanin 6zel bir avantaji, ¢ok ¢esitli metaller, alagimlar,
iletken polimerler ve kompozitler iiretmede olduk¢a kullanigh
olmasidir. Akimli kaplama banyosunun bilesimi ve/veya kosullari
degistirilerek kaplamanin goriiniimii ve ozellikleri kolay bir
sekilde degistirilebilir. Saatte on mikron mertebesinde kaplama
uretilebilir(Lelevic & Walsh, 2019) .

Her iki ydontemde krom (Cr) kaplamalara alternatif kaplamalar
gelistirmek igin uygulanan yontemlerdir. Krom kaplamalar
havacilik, otomotiv ve endiistride gelige karst diisiik siirtiinme
katsayis1 ile birlikte sertlik, korozyon ve asima dayanimi
sagladigindan oldukga tercih edilebilir bir yontemdir. Ancak
geleneksel Cr kaplamalar Cr(VI) igeren sulu bir banyoda yapilir
ve bu banyo kaplama esnasinda olduk¢a ciddi saglik
problemlerine yol agmaktadir. Kanserojen etkilere sahip olan bu
banyo Avrupa Birligi Tehlikeli Maddelerin Kisitlanmasi Direktifi
(SCHLESINGER, 2010) ile kisitlanmistir. Bu durum bahsedilen
kaplama tiirleri olan Ni-P ve Ni-B kaplamalara olan ilgiyi
arttirmistir.  Ancak krom kaplamalarin  sagladigt ozellikleri
yakalamak i¢in kompozit kaplamalarin uygulanmasi zaruridir.

Karbon nanofiber (CNF) sagladigi kimyasal ve fiziksel
ozellikler nedeniyle oldukea kullaniglt bir kaplama takviyesidir.
Katalizor olarak kullanilmasi, elektrot malzemelerde kullanilmasi
ve hidrojen depolamada oldukga etkili bir malzeme olmasindan
dolay1 ¢ok genis bir kullanim alan1 saglamaktadir (Dhiman ve
ark., 2018). CNF bunlarm yani sira kaplamalarda tribolojik ve
elektrokimyasal ozelliklerini gelistirmede de oldukga etkili bir
kompozit takviyesidir. Ancak CNF’nin Ni-P matrisine ilave
edilmesi ile ilgili sinirh sayida ¢aligma vardir. Bu ¢aligmalardan
birinde Gao ve ark. Ni-P matrisine CNF ilave etmis ve korozyon
ve aginma direncinin arttigin1 gézlemlemistir (Gao ve ark., 2015) .

Bu calismada Ni-P matrisine CNF takviyesi yapilarak
kompozit kaplamalar gelistirilmistir. CNF takviyesinin alagim Ni-
P kaplamalara gore sertlik ve korozyon direnci agisindan
karsilagtirilmas1 yapilmistir. Iki yontem olan akimsiz ve akimli
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kaplama tiirleri bu ¢alismada kiyaslanmis ve CNF takviyeli
kompozit kaplamalarda hangi ydntemin en uygun oldugu
tartigtlmigtir.

2. Materyal ve Metot

Bu ¢alismada 6 XXX serisi aliiminyum altlik iizerine Ni-P ve
Ni-P-CNF kaplamalar akimli ve akimsiz olarak uygulanmustir.
Kaplamalar yapilirken akimli ve akimsiz olmak iizere 2 farkli
banyo kullanilmistir. Akimli kaplamada kesikli akim teknigi
tercih edilmigtir. Kaplama siireci basglica ii¢c asamadan
olusmaktadir. ilki kaplama oncesi 6n islem, ikinci asamada
kaplama uygulamasi ve son olarak ti¢iincii agamada ise kaplama
sonrasi karakterizasyon islemleri yer almaktadir. Kaplama 6ncesi
islemde Oncelikle altliklar kesildi ve ardindan 120-240-400-600-
800-1000 ve 1200°’lik zimpara kagitlar1 ile zimparalandi.
Sonrasinda alkali temizleme banyosuna daldirilarak yiizeyde
bulunan kir ve yaglar giderildi. Aliminyuma 0zgii olan
zinkatlama islemi bu asamadan sonra yapildi. Numune Once
aside(nitrik, siilfiirik ve HCI karigimi) daldirildi ve ardindan ticari
olarak alinan zinkat ¢ozeltisine daldirildi. Bu islem 2 kez
tekrarland1 ve kaplanmak istenen banyolara altlk malzeme
daldirild1.

Tablo 6rnegi asagida verilmistir.

Tablo 1. Akimsiz Ni-P-CNF kompozit kaplama banyosu ve
calisma sartlari

Kimyasal Miktar
Nikel Siilfat 220 (g/L)
Laktik Asit 20 (mL/L)
Sodyum Sitrat 20 (g/L)

Sodyum Hipofosfit 12 (g/L)

CNF 0-0,5-1-2 (g/L)
Calisma Sartlari
Siire 40 dakika
Sicaklik 88+2
pH 5

Tablo 2. Akimli Ni-P-CNF kompozit kaplama banyosu ve

calisma sartlari

Kimyasal Miktar
Nikel Siilfat 200 (g/L)
Nikel Kloriir 30 (mL/L)

Sodyum Sitrat 140 (g/L)
Sodyum Hipofosfit 10 (g/L)

CNF 0-0,5-1-2 (g/L)
Calisma Sartlar:
Siire 40 dakika
Sicaklik 60
pH 5
Akim yogunlugu 10 A/dm?
Is cevrimi Ton:50,Toff:50

Uretilen kaplamalarin yiizey ve kesit gériintiileri taramali elektron
mikroskobu (SEM) analizi yapilmistir. X-Isin1 Kirinimi (XRD)
analizlerinde Cu Kou:1.54 A dalga boyu kullanilmigtir. XRD
analizlerinden hareketle Scherrer Formiili kullanilarak tane boyut
analizi yapilmistir. Scherrer formiilii asagida verilmistir
(Patterson, 1939).
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Sertlikler Vickers sertlik 6l¢iim cihaziyla yapilmistir. Numuneler
kesilmig, bakalite alinmis ve kesit kismindan kaplama
tabakalarinin sertlikleri O6lgiilmistiir. Sertlikler 50-gram yiik
altinda 10 saniye tutularak 6l¢iilmiistiir. Elementel analiz yapmak
icin enerji dagilim spektrometresi (EDS) analizi yapilmustir.
Korozyon testlerinin kinetik parametrelerini 6l¢gmek i¢in tafel
polarizasyon g¢aligmasi yapildi. Bu testler %3,5 NaCl soliisyonu
ve karsit elektrot olarak Doymus Kalomel Elektrot (SCE)
kullanilarak yapilmigtir. Caligma elektrotu ise hazirlanan
kaplamalardir.

3. Arastirma Sonuclar1 ve Tartisma

15kU X1, 0 B 12 56 1R 1SkU  X1,6 pres e H e

Sekil 1. Akimli ve akimsiz Ni-P/CNF kaplamalara ait kesit
goriintiileri; a:akimli Ni-P, b: akimli Ni-P-CNF, ¢: akimsiz Ni-P,
d: akimsiz Ni-P-CNF.

g 1&{% :

1Skl 3,888 T 5 13 37 sEl
N

Sekil 2. Akimli ve akimsiz Ni-P/CNF kalamalara ait kesit
goriintiileri; a:akimli Ni-P, b: akimli Ni-P-CNF, c: akimsiz Ni-P,
d: akimsiz Ni-P-CNF.
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e e
| 1 No’lu bélge 2 No’lu bolge

Element Agirlikca Yiizde Agirlikga Yiizde (%wt)

(%wt)
C 1.695 1.942
P 0.139 0.231
Ni 98.166 97.829

100.000 100.000

Sekil 3. Akimli kaplama yontemiyle diretilen Ni-P/CNF
kaplamaya ait EDS analizi.

Tablo 3. Akimli ve akimsiz yontemle iiretilen Ni-P ve Ni-P-CNF
kaplamalarin tane boyut analizleri

Numune Tane boyutu
Akiml1 Ni-P-CNF 12 nm
Akimsiz Ni-P-CNF 18 nm
Akimli Ni-P 20 nm
Akimsiz Ni-P 23 nm

129



Avrupa Bilim ve Teknoloji Dergisi
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Sekil 4. Akimhi ve akimsiz yontemle {iiretilen Ni-P/CNF
kaplamalara ait X-iginlar1 difraktometresi(XRD), a) Akimli
yontemle tretilen kaplamalar, b) Akimsiz yontemle {iretilen
kaplamalar.
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Sekil 5. Akimh ve akimsiz Ni-P/CNF kaplamalara ait sertlik
grafigi.
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Sekil 6. Akimli ve akimsiz Ni-P/CNF kaplamalara

potansiyodinamik polarizasyon (Tafel) egrileri.
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Tablo 4. Akimli ve akimsiz yontemle iiretilen Ni-P ve Ni-P-CNF
kaplamalarin korozyon oranlari

Numune Korozyon Orami(mpy)
Akimsiz Ni-P/CNF 5,334 x10°°

Akimli Ni-P/CNF 15,79 x10°3

Akimsiz Ni-P 33,2x10°

Akimli Ni-PCNF 51,7 x10°

Sekil 1. Akimsiz ve akimli kaplama yontemle kaplanan Ni-
P/CNF kaplamalara ait kesit goriintiinlerini gostermektedir.
Kaplama tabakasi igerisine CNF partikiillerinin ilavesi ile akiml
yontemle iiretilen kaplamalarda kaplama kalinligi 11.3 mm’den
yaklasik olarak 7mm’ye gerilemistir. Ayni durum akimsiz
yontemle {iiretilen kaplamalar icinde gegerlidir. Burada ise 7.8
mm’den yaklasik olarak 3mm’ye gerilemistir. CNF ilavesinin
kaplama kalinligin1 azaltmasinin sebebi fiziksel bir bariyer
olusturmasidir. Kaplama birikim hizi1 yavaslar ve kaplama
kalinligr diiser. Benzer sonug¢ Ni-Co-TiO2 nanokompozit
kaplamalar tizerinde ¢alisma yapan Borkar ve Harimkar (Borkar
& Harimkar, 2011) tarafindan da rapor edilmistir. Kesit
goriintiileri incelendiginde CNF ilavesinin kaplama tabakasinda
daha fazla pirizli yiizeyler olusturdugu net bir bigimde
goriilmektedir.

Sekil 2. akimli ve akimsiz sekilde iiretilen Ni-P/CNF
kaplamalara ait SEM yiizey goriintiilerini temsil etmektedir.
Yiizey goriintiileri b ve d’ye bakildiginda uzun ipliksi yapilar
CNF takviyesine aittir. Bu yapi literatiirde tanimlanan CNF
yapisina uygundur. B ve d gorintiilerine bakildiginda CNF
lizerinde matris icerigi olan Ni-P alagim tanelerinin birikimi net
bir bigimde goriilebilir. CNF igeriginin ilave edilmesi daha ince
matris yapisina yol agmistir. CNF {izerinde ayni zamanda
¢ekirdeklenen tanelere bakildiginda yine daha ince Ni-P alagim
tanelerinin ¢ekirdeklendigi goriilmektedir. Bu c¢ekirdeklenme
sonucu yiizey morfolojisinin graniiler hale geldigi sdylenebilir.

Sekil 3. Akimli yontemle iretilen Ni-P/CNF kaplamaya ait
olan EDS analizini gostermektedir. Sekil 2°de bahsedildigi gibi
ipliksi yapilar CNF’ye aittir. Bu CNF’ler iizerinde ¢ekirdeklenen
Ni-P yapisinin ispati burada verilmistir. EDS analizinden elde
edilen sonuglara gére Ni ve P orant CNF iizerinde oldukca
fazladir. Karbon (C) oraninin diigsitk ¢ikmasinin sebebi yeni
cekirdekleyici bolge olarak gorev yapmasidir. CNF’nin etrafinda
sarmal sekilde Ni ve P birikmesi EDS analizi sirasinda X-
1sinlarinin buradan sayim almasina sebep olmustur. C orani ise i¢
bolgede kalan CNF’den gelen C oranidir.

Sekil 4. Akimli ve akimsiz kaplamalara ait XRD analizlerini
gostermektedir(a: Akimli Ni-P ve Ni-P-CNF, b:Akimsiz Ni-P ve
Ni-P-CNF). Her iki XRD sekline bakildiginda 2 1=44"deki pikler
Ni(111)’e aittir. Akimli kaplamaya ait olan “a” seklindeki yap1
literatiirle uyumlu sekilde “Kristal yap1” olarak tarif edilen yapiya
aittir. Marva ve ark. Yaptiklari akimli kaplama kaplama
caligmasinda yapinin kristalin oldugunu gostermislerdir (Fathy ve
ark., 2014). Yine akimli kaplamaya ait olan “a” sekline
bakildiginda Ni(200) ve Ni(220) piklerinin CNF takviyesi ile
kayboldugu goriilmektedir. Bunun sebebi CNF ilavesi ile nikel
oraninin hacimce azalmasi olabilir. Ayn1 zamanda CNF ilavesi ile
nikel atomlari sadece belirli bir yonde biiylimiistir(Ni(111)).
Sekil 4b ise akimsiz yontemle iretilen Ni-P ve Ni-P/CNF
kaplamalara ait olan kaplamalarmm XRD analiz sonuglarini
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gostermektedir. Burada 20=44’te nikele ait olan Ni(111) pik
mevcuttur. CNF ilavesi sonrasinda 26=52"de Ni(200) zirvesi boy
vermistir. CNF takviyesi ile oldukg¢a yayvan ve genis agilt olan
20=44’deki pikin siddeti artmigs ve daha diisiik a¢i1 araligina
daralmistir. Bu mikroyapisal bir doniisiime isarettir. CNF ilavesi
amorf olan Ni-P mikroyapisini mikrokristalin hale getirmeye
baslamigtir. Bunun sebebi CNF’lerin ¢ekirdekleyici etkisidir.
CNEF’ler tizerinde kristallenen nikel atomlar1 CNF boyunca belirli
bir diizen i¢inde kristallenmeye baslamis ve diizensiz formdan
diizenli forma gecis yapmaya baslamistir. Yap1 bu ylizden CNF
ilavesi ile mikrokristalin hale gelmektedir.

Sekil 5. Akimlhi ve akimsiz yontemle {iretilen Ni-P/CNF
kaplamalara ait Vickers sertlik degerlerini temsil etmektedir.
Akimsiz ve akimli yontemle iiretilen alasim Ni-P kaplamalarin
sertlikleri CNF takviyesi ile elde edilen kompozit kaplamalara
kiyasla daha yiiksektir. Akimsiz kaplamalarda alasim Ni-P
kaplamalanin sertligi 554Hv iken CNF takviyesi sonrasinda
521Hv’ye dismiistiir. Ayni durum akimli yontemle {iretilen
alasim ve kompozit kaplamalar i¢inde gegerlidir. Alasim Ni-P
kaplamanin sertligi 610 Hv iken, CNF takviyesi ile elde edilen
kompozit kaplamanin sertligi 572 Hv’ye dismiistiir. Bu
diisiislerin sebebi CNF takviyesinin olusturdugu gozenekliliktir.
CNF’ler arasinda ve cekirdeklendikleri bdlgelerde matris ile
belirli bir bosluga sebep olur. Dogal olarak bu durum sertligin
diismesine yol agar.

Sekil 6. Akimli ve akimsiz yontemlerle iiretilen Ni-P ve Ni-
P/CNF kaplamalara ait olan potansiyodinamik polarizasyon(tafel)
egrilerini gdstermektedir. Bu egriler korozyon orani hakkinda
bilgiler vermektedir. En diisik akim yogunlugu ve en yiiksek
potansiyele sahip olan egrinin korozyon orani en diisiik
cikmaktadir. CNF ilavesi ile potansiyel degerleri pozitif bolgeye
yaklagmis ve devreden gecen akim yogunlugu en diisiik seviyeye
inmistir. CNF takviyeli akimli ve akimsiz kaplamalar en diisiik
korozyon oranma sahiptir(5,33x10-3,15,79x10-3). CNF’lerin
korozyon oranini diisiirmesinin sebebi pasif bir tabaka olusturarak
oksijen  gecirgenligini  azaltabilmesine ve matris ve
elektrolit(¢cozelti) arasindaki elektron ve iyon tasiimini
koruyabilmesine atfedilebilir(Promphet ve ark., 2017). Akimsiz
kaplamalarda daha iyi korozyon direncinin ¢ikmasinin sebebi ise
tane boyutunun akimli kaplamalara kiyasla daha biiyiik olmasidir.
Bu tane boyutlari tablo 3’te verilmistir. Tane sinirlarinin artmasi
ile Cl- difiizyonu daha kolay bir bi¢cimde kaplama tabakasini
gecerek ana malzemeye ulasabilir. Bu nedenle akimsiz
kaplamalar daha iyi korozyon direnci saglamaktadir(Sahoo &
Das, 2011).

Tablo 4. Tafel egrilerinden elde edilen korozyon oranlarini
gostermektedir. Tablodan goriildiigii gibi en iyi aginma oranina
sahip olan numune 5,334x10-3 mpy ile akimsiz yontemle {iretilen
Ni-P/CNF kaplamaya aittir. Bu numuneden sonra korozyon orant
en diisiikten yiiksege dogru siralama su sekildedir; akimli Ni-P-
CNF, akimsiz Ni-P, akimli Ni-P ve bu numunelerin korozyon
orani degerleri sirasiyla 15,79x10-3,33,2x10-3,51,7x10-3mpy
olarak ol¢iilmiistiir.

4.Sonug¢

Caligmadan elde edilen ¢ikarimlar genel olarak su sekilde
Ozetlenebilir:

Sertlik agisindan kiyaslama yapildiginda akimli yontemle
iiretilen kaplamalarin sertligi daha yiiksek ¢ikmigtr.
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Korozyon direnci istenen ortamlarda CNF kaplamalarin
akimsiz yontemle lretilmesi daha tercih edilebilir olmaktadir.
CNF ilavesi tabaka olusturarak oksijen gegirgenligini
azaltmakadir ve elektron ve iyon transferini koruyabilmektedir.

CNF ilavesi tane mikroyapidaki tane boyutunu inceltici etki
gostermektedir ancak bu durum sertlife ayni dogrultuda
yansimamaktadir. Bunun sebebi ipliksi yapida olan CNF’lerin
yarattig1 bosluklu yapilardan kaynaklanmaktadir.
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Abstract

The main function of neurons in a living creature is to transmit information. Neurons carry out information transmission without loss
despite environmental and internal noise sources. However, sometimes there may be losses in the transmission of information. This
results in diseases such as Alzheimer's, MS, and Epilepsy. In this study, the information lost in neurons is recalculated with the Quadratic
Spline Interpolation method. In cases where it is difficult or impossible to calculate a function, the process of calculating the
corresponding value of an unmeasured variable is called interpolation. In this study, first of all, three sample neuron behaviours are
created with the Fitzhugh-Nagumo model, and the action potential and recovery parameter variables are obtained. Then, some data in
the variables are deleted, resulting in unhealthy neuron behaviour. Then, these deleted data are recalculated using the Quadratic Spline
Interpolation method. Various error values are obtained by comparing the actual and calculated data. The data lost in the action potential-
recovery variable are detected with a very low error rate of 0.2630-0.0524%, 0.2885-0.0165% and 0.2543-0.0781% for the three sample
neuron behaviours, respectively. With this study, it has been demonstrated that information lost or incorrectly coded in neurons for any
reason can be corrected. It is also understood that this study can be used to prevent losses in real-time measurement results from
biological neurons and to recalculate erroneous values.

Keywords: Quadratic Spline Interpolation, Cubic Spline Interpolation, FitzHugh-Nagumo, Hodgkin-Huxley, Neuron Model

Ikinci Dereceden interpolasyon ile Néronda Kayip Bilginin Yeniden
Hesabi

Oz

Canlilarda néronlarin temel gérevi bilgi iletimidir. Noronlar ¢evresel ve i¢sel giiriiltii kaynaklarma ragmen bilgi iletimini kayipsiz olarak
gergeklestirirler. Fakat Kimi zaman bilgi iletiminde kayiplar meydana gelebilir. Bu durum Alzheimer, MS, Epilepsi gibi hastaliklar ile
sonuglar. Bu ¢alismada noronlarda kaybolan bilgi ikinci Dereceden Serit interpolasyon yontemi ile yeniden hesaplanmasi saglanmstir.
Bir fonksiyonun hesaplanmasinin zor veya miimkiin olmayan durumlarda, degeri 6l¢lilmemis bir degiskenine karsilik gelen degerinin
hesaplanmasi islemine interpolasyon adi verilir. Bu ¢alisamda o6ncelikle Fitzhugh-Nagumo model ile ii¢ 6rnek néron davranisi
olusturulmus ve aksiyon potansiyeli ile toparlanma parametresi degiskenleri elde edilmistir. Ardindan degiskenlerdeki baz1 veriler
silinerek sagliksiz bir néron davranisi saglanmistir. Daha sonra Ikinci Dereceden Serit Interpolasyon yontemi kullanilarak silinen bu
veriler yeniden hesaplanmustir. Gergek ve hesaplanan veriler karsilastirilarak gesitli hata degerleri elde edilmistir. Aksiyon potansiyeli-
toparlanma parametresinde kaybolan veriler, li¢ 6rnek néron davranisi i¢in sirastyla %0.2630-%0.0524, %0.2885-%0.0165 ve %0.254-
%0.0781 gibi ¢ok diisiik bir hata oraniyla tespit edilir. Bu ¢aligma ile ndronlarda herhangi bir sebepten dolay1 kaybolan veya yanlis
kodlanan bilgi diizeltilebilir oldugu ortaya konmustur. Ayrica bu ¢alismanin biyolojik néronlardan ger¢ek zamanli 6l¢iim sonuglarindaki
kayiplar1 6nlemek ve hatali degerleri yeniden hesaplamak i¢in kullanilabilecegi anlasiimaktadir.

Anahtar Kelimeler: Tkinci Dereceden Interpolasyon, Kiibik Interpolasyon, FitzHugh-Nagumo, Hodgkin-Huxley, Néron Model
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1. Introduction

In order to understand the behaviour and activities of nerve
cells that transmit signals produced in the brain to the organs,
many biological neuron models have been developed and
expressed with various mathematical equations (FitzHugh 1961;
Hindmarsh and Rose 1984; Hodgkin and Huxley 1952; Izhikevich
2003; Morris and Lecar 1981). The common goal of the scientists
who presented their studies to the literature until today is to realize
the closest and most accurate approach to the action potential
diversity produced by biological nerve cells. In this context, in
1952, Alan Lloyd Hodgkin and Andrew Fielding Huxley
presented the Hodgkin-Huxley (HH) nerve cell model, which is
their joint work, to the literature. In this model, the ionic
mechanism of the nerve cell is explained. The electric current
created by this ionic flux on the membrane surface was concerned.
This model, which describes the behaviour of the biological nerve
cell in detail, depends on many parameters because it is
comprehensive (4-dimensional) (Hodgkin and Huxley 1952). The
simplified version of the Hodgkin-Huxley Model (HH) was
expressed as the FitzHugh-Nagumo Model (FHN). The FHN is an
example of a relaxation oscillator and has an external exciter
input. This 2-dimensional model cannot generate explosive action
potentials (FitzHugh 1961; Nagumo, Arimoto, and Yoshizawa
1962). Another two-dimensional neuron model was presented in
the literature by Cathy Morris and Harold Lecar. The model
mathematically revealed the action potential using calcium and
potassium ion channels. The Morris-Lecar Model, as a
conductivity-based model, has become popular among scientists
working on neurology (Morris and Lecar 1981). Working with
Action Potential-Explosive Action Potential (spike-burst), J. L.
Hindmarsh and R. M. Rose modelled the nerve cell in 1984 with
3 differential equations. Studies on the Hindmarsh-Rose Model
such as bifurcation analysis, synchronization, chaos, and
hardware solutions are available in the literature (Hindmarsh and
Rose 1984).

The main task of neurons is to transmit information. As a
result of electrical and chemical processes, this communication
takes place through the Action Potential (Purves et al. 2019).
Despite environmental and internal noises, information
transmission in a healthy neuron is lossless. However, an
unhealthy neuron is affected by noises, and the information from
the previous neuron is transferred to another in a lossy way (Kang
et al. 2020; Nakamura and Tateno 2019). This situation results in
the formation of neurological diseases such as Epilepsy,
Alzheimer's and MS (Li et al. 2020). If the lost information is
recalculated, it may be possible to reduce the effects of diseases
and even cure them. In addition, studies on biological neurons
may have losses or erroneous measurements during real-time
measurement. In cases where it is difficult or impossible to
calculate any function, the process of calculating the value of the
function corresponding to an unmeasured variable x is called
interpolation (Lunardi and Scuola normale Superiore (Italy) 2009;
Werner 1984). Lost, incorrectly coded and incorrectly measured
information can be determined by interpolation methods such as
Linear, Lagrange, Newton, Chebyshev, etc (Blu, Thévenaz, and
Unser 2004; Effenberger and Kressner 2012; Sauer and Xu 1995).
Interpolation is used as a solution method in the fields of
geographic information systems, digital modems, digital image
processing, signal processing, statistics and engineering
optimization (Gardner 1993; Keys 1981; Koziel, Bandler, and
Madsen 2006; Narang, Gadde, and Ortega 2013; Polytechnica and
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Eng 1999; Prof et al. 2014; Schafer and Rabiner 1973; Scheuerer
2009). In this study, the FHN neuron model was preferred. Firstly,
a numerical solution of a healthy FHN neuron was performed.
From the results obtained, the univalent action potential values of
the number of steps were extracted. In this way, information
losses were created. Then, the missing information was calculated
using Quadratic Spline Interpolation and compared with known
values. This study is the first in the literature in terms of
recalculating the data lost in the action potential using the
interpolation method.

In the second part of this study, the numerical solution of the
FHN neuron model and the Quadratic Spline interpolation method
are explained. In the third chapter, the generation of losses in the
action potential and the calculation of the loss values by
interpolation are included. In Chapter 4, the results obtained are
discussed. In the last section, the results of the study are
summarized.

2. Material and Method

2.1. FitzHugh-Nagumo Neuron Model

Although the FHN neuron model has poor biological
accuracy, it has a wide place in the literature because of the
relaxation oscillator example and its simple structure. The FHN
model is expressed by two sets of differential equations (FitzHugh
1961; Nagumo, Arimoto, and Yoshizawa 1962).:

dv v3
EZd* c v—u+15—?

du_v—bu+a
dt c

(M

Here v represents the membrane potential of the nerve cell, u
represents the recovery parameter, I represents the external
current applied to the cell membrane. Parameters a, b, c have
fixed values. d is the scaling coefficient (FitzHugh 1961,
Nagumo, Arimoto, and Yoshizawa 1962). Three FHN neuron
dynamics were created by determining various parameters. The
parameters are given in Table 1 and the waveforms resulting from
the numerical solution are given in Fig 1. In numerical analysis,
the 4th Degree Runge-Kutta method was used. The number of
steps was N = 600, the step size was h = 0.01, and the initial
values were (vy;wy) = (—2,0000;1,1638) for the three
samples.

Table 1. Parameter values for three samples created

FHN Model | FHN-Sp1 | FHN-Sp2 | FHN-Sp3
a 0,07 0,2 0,35
b 0,08 0,1 0,4
c 0,5 2 2.5
I 0,15 0,05 0,75
d 10 10 10

2.2. Quadratic Spline Interpolation

In cases where it is difficult or impossible to calculate the
f(x) function, the process of calculating the value of the f(x)
function corresponding to an unmeasured variable x is called
interpolation (Lunardi and Scuola normale Superiore (Italy) 2009;
Werner 1984). In this method, the points where the function is
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defined are called "interpolation points". Determining the
intermediate value by using higher-order interpolation functions
in cases where the function does not change linearly is called
nonlinear interpolation. Quadratic Spline Interpolation is a
nonlinear method. As shown in Fig 2, interpolation is done by
finding quadratic functions between the interpolation points. For

2

all data points, a quadratic polynomial is derived between these
data points.

2
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(a) > |
‘ ‘2
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Figure 1. Using the 4th Degree Runge-Kutta method of the FHN neuron model, numerical solution waveforms, first column
membrane potential, second column recovery parameter, third column v-u phase portraits a) example 1, b) example 2, ¢) example 3
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Figure 2. Quadratic Spline interpolation functions

Here, each point is connected by a quadratic function. For
(N + 1) data points, there are N strips and 3N unknown
constants. In order to determine the constants, 3N equations must
be solved. In 3N equations, representing the start and end points,

alxg + bixg + ¢ = f(x0)

2
anxy + byxy + oy = f(xy) @
Two equations, representing points in the interior region,
i=234,..,N
Q1 Xfq + biaXig + i = f(xio1) 3)

ayxfq 4 byxiog + ¢ = f(xio4)
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2N — 2 equations, the 1st derivatives of these functions must
be equal, and in this case,

i=123,..,,N

2a; 1% 1+ by =2a;x; 1+ by @)

There are N — 1 equations. In addition, one constant must be
determined beforehand in order to find all the constants. It is set
to a, = 0. Then, by solving all these equations, the values of
a;, b;, c; being i = 1,2,3, ..., N are found and quadratic equations
between both points are obtained. The function f(x)
corresponding to any value of x can be found.

2.3. Error Calculation

Various error values were calculated to compare the results
obtained as a result of the FHN numerical solution with the values
calculated by the Quadratic Spline interpolation method. These
errors are Mean Absolute Error (MAE), Mean Square Error
(MSE), Root Mean Square Error (RMSE), and Normalized Root
Mean Square Error (NRMSE).

N
1 original interpolation
MAE = NZM v | ®)
i=1
N
MSE = %Z(vfﬂginal _ viinterpolation)z (6)
i=1
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RMSE = %Z (v.original _ viinterpolation)z (7)

1

1 onN original interpolation~o
\/ I Yi=1(v; -y )

( original _
i,max

NRMSE = ®)

original)
i,min

3. Results and Discussion

The v - u variables obtained in the second chapter will be
used to examine the Quadratic Spline Interpolation method. Let

there be a situation where v - u values corresponding to t =
1,3,5, ..., N — 1 value is known but v — u variables corresponding
tot = 2,4,6,...,N value is not known. That is, there are N/2 =
300 values and the corresponding is known v - u values. These
values are given in Table 2.

900 equations are obtained by using two equations, equation
2, which defines the start and end points, equation 3 for
intermediate values, and equation 4, which defines the case where
the first derivatives are equal to each other. Using MATLAB, all
equations are solved and quadratic equations between both points
are obtained. Some of the coefficients determined for v - u
variables are given in Table 3.

Table 2. Some of the known v - u values corresponding to t = 1,3,5,..., N — 1

N 1 3 5 595 597 599
FHN-Sp1 v [V] -1,9936 -1,9213 -1,8021 -0,6193  -0,3414 -0,0372
ulV] 03662 -0,3901 -1,0844 -3,0278  -3,0946 -3,0446

N 1 3 5 595 597 599
FHN-Sp2 w[V] -2,0750 -2,0518 -2,0018 1,5836  1,4796  1,3634
ulV] 0,9680 0,7726  0,5830 0,5568 0,7236  0,8779

N 1 3 5 595 597 599
FHN-Sp3 v [V] -1,9059 -1,8372 -1,7734 -1,5136  -1,4393  -1,3599
ulV] 11,0014 08501 0,7088 0,2478 0,1513  0,0639

Table 3. Some of the coefficients a, b and ¢ were obtained as a result of the Quadratic Spline Interpolation method

v a, A150 A3s50 b,s bigs b;s0 C40 €260 €299
FHN-Sp1 0,0165 0,0053 0,0057 1,2403 10,0994 -5,8044 74,2632  4068,9564 0,4642
u Ago A150 ai73 bys3 b;60 b,g, €175 C274 C297
0,0094 -,0067 0,0115 -1,31636  -11,2890 12,9067 754,5496 786,5849 3418,4125
- a, A150 Azs50 b,s bigs b;so C40 €260 €299
FHN-Sp2 0,0246 -0,0029 0,0230 1,5628 14,8896 -22,7138  134,9728 -315,8449 1,2104
u Ago A150 ai73 bys3 b;60 b,g, €175 C274 C297
0,000628 -0,0039 0,0063 -1,7969 2,0815 -1,6732 881,2019 334,3197 -540,3704
- a, A150 Azs50 b,s bigs b;so C40 €260 €299
-0,0022 0,0025 0,0256 -0,1871 -51,7809  -25,5614  -14,3591 6912,2 -14775
FHN-Sp3 Ago A150 ai73 bys3 b;60 b,g, €175 C274 C297
0,000143 -0,00015 0,000055 -0,0130 -0,1513 -0,2246 6,4370 44,1310 -8,6863

By using the constants a;, b;, ¢;, i = 1,2,3, ..., N obtained by
using the Quadratic Spline Interpolation method, quadratic
equations are obtained between both points. By using the
equations, the normally unknown v — u variables corresponding
to t=24,6,..,N are calculated. Some of these values are
expressed in Table 4. In addition, the calculated 300 unknown
action potential values and the waveforms of the known values
are given in Figure 3. The actual values for t = 2,4,6, ..., N of the
FHN neuron model are shown with a red asterisk marker. In
addition, the values calculated by the Quadratic Spline
Interpolation method for t = 2,4,6, ..., N are expressed with a
black round marker. When Figure 3 is examined, it is understood
that the values are similar to each other.

Here, MAE, MSE, RMSE and NRMSE are used as error
calculations. Obtained error values are given in Table 5. All values
are expressed as percentages. Considering the NRMSE, it is seen
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that the error values for all samples are quite low. With the
Quadratic Spline Interpolation method, the unknown action
potential and recovery parameter values in the neuron were
calculated with high accuracy. When Table 4 is examined, it has
been observed that as N increases, unknown values are calculated
with lower error values and results close to the original value are
obtained. As stated in the Quadratic Spline Interpolation method
equations 3 and 4, the previous values are also taken into account
when calculating the a,b,c coefficients. Therefore, as N
increases, the solution of the function is closer to the correct value
as the coefficients are calculated with low error.

The calculated error values expressed in Table 5 are quite
small. This showed that the Quadratic Spline Interpolation
method can be used in the calculation of missing data in the
neuron. However, it is understood that the recovery parameter u
is calculated with a much lower error value than the membrane
potential v. When NRMSE values are compared, v for SHN-Sp1
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was calculated with an error of 0.2630%, while u was calculated
with an error of 0.0524%. This difference is directly related to the
waveform. v has a unique waveform, while u is more like a
sinusoidal signal. Since the interpolation method is created with
2nd order equations, signals with sinusoidal-like waveforms are
expected to be calculated with less error. Although there is some
difference between the error values in the calculation of v and u,
both variables were calculated with high accuracy.

(2)

(©)

Figure 3. In the FHN neuron model, the red star shows the known value for the marker t = 2,4,6, ...,
shows the values calculated by Quadratic Spline Interpolation method for t = 2,4,6, ...,
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Table 5. Calculated error values for the three samples generated

FHN- MAE MSE RMSE NRMSE
sp1 Y 0,0097 0,00009346 0,0097 0,2630
P u 0,0036 0,00001318 0,0036 0,0524
FHN- MAE MSE RMSE NRMSE
Sp2 0,009000 0,000132800 0,011500 0,2885
P 0,000342 0,000000172 0,000413 0,0165
FHN- MAE MSE RMSE NRMSE
Sp3 0,0081 0,00009685 0,0098 0,2543
P 0,0016 0,00000251 0,0016 0,0781
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N. Column 1 shows the action potential, column

2 shows the recovery parameter and Column 3 shows the v — u phase portrait. a) FHN example 1, b) FHN example 2, and ¢) FHN
example 3.

Table 4. Some of the known v - u values calculated with Quadratic Spline Interpolation corresponding to the t = 2,4,6, ..., N value
N 2 4 6 594 596 598
Original v [V] -2.0065 -1.9643 -1.8666 -0.7476 -0.4838 -0.1923
FHN-Sp1 Interpolation -1.9968 -1.9739 -1.8569 -0.7379 -0.4935 -0.1758
Original w[V] 0.7614 -0.0186 -0.7459 -2.9528 -3.0753 -3.0846
Interpolation 0.7650 -0.0223 -0.7424 -2.9492  -3.0790 -3.0924
N 2 4 6 594 596 598
Original v [V] -2,0586 -2,0692 -2,0284 1.6317 1.5329 1.4232
FHN-Sp2 Interpolation -2,0375 -2,0880 -2,0089 1.6339 1.5307 1.4292
Original w[V] 1.0665 0.8697 0.6769 0.4689 0.6417 0.8023
Interpolation 1.0659 0.8702 0.6764 0.4689 0.6417 0.8041
N 2 4 6 594 596 598
Original v [V] -1.9469 -1.8703 -1.8051 -1.5492 -1.4769 -1.4002
FHN-Sp3 Interpolation -1.9529 -1.8652 -1.8104 -1.5549 -14712 -1.4123
Original w V] 1.0810 0.9244 0.7782 0.2994 0.1983  0.1064
Interpolation 1.0826 0.9229  0.7797 0.3009 0.1968 0.1082
136

e-ISSN: 2148-2683



European Journal of Science and Technology

4. Conclusions and Recommendations

The neuron undertakes the task of transmitting information in
living things (Purves et al. 2019). There may be losses due to any
environmental and internal noise in the transmission of
information (Casado 2003; Faisal, Selen, and Wolpert 2008). As
a result, neurological disecases may occur (Li et al. 2020).
Preventing the loss of information or recalculating the lost data
can have a corrective effect on the irregular operation of the
unhealthy neuron. This study, it was aimed to prevent information
loss that may occur in the neuron, data losses were created in the
FHN neuron model and these data were recalculated with the
Quadratic Spline Interpolation method. Quadratic Spline
Interpolation is a method used to calculate nonlinear, 2nd order,
unknown or unsolvable function values (Lunardi and Scuola
normale Superiore (Italy) 2009; Werner 1984). In this study, three
samples were created in the FHN neuron, the double sample
values of the v and u variables were deleted and then recalculated
with the Quadratic Spline Interpolation method. The waveforms
for the v — wu variable for the 3 samples created are given in figure
3. In addition, NRMSE error was calculated as 0.2630-0.0524%,
0.2885-0.0165% and 0.2543-0.0781%, respectively, and other
error values are given in Table 5. Since the u variable has a
sinusoidal waveform and the interpolation method is of the 2nd
order, it is calculated with a lower error value compared to the v
variable. Despite this, the error values are quite small and the
Quadratic Spline Interpolation method has become a new tool for
recalculating the information lost in the neuron.

The development of the study is aimed to compare the results
by using other interpolation methods such as Lagrange, Cubic,
and Chebyshev. In addition, it is aimed to increase the neuron
behaviour examples created and to apply these interpolation
methods to other neuron models in the literature.
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Oz

Mevcut ¢calismamizda, hizli katilagtirma yontemlerinden biri olan, serit seklindeki amorf ve/veya yar1 kristalin yapidaki alagimlarin
tiretilmesinde oldukg¢a yaygin olan ergiyik egirme (melt spinning) yontemi kullanilarak, NdFeB esasli kalict miknatis serit alagimlari
tretilmigtir. Her bir NdFeB alagiminin iiretimi esnasinda, agirlikga %15 oraninda atik miknatis, alasimlarin kompozisyona dahil
edilmistir. Uretilen kalict miknatis alasimlari, 710 °C lik 1s1l islem sicakligi ve 285 K/s lik cok yiiksek 1sitma ve sogutma hizlari
kullanilmak iizere 5 ve 10 dakikalik siirelerde 1sil isleme tabi tutulmustur. Ayni sicaklikta uygulanan 1sil islem siiresinin, gerit alagimlarin
manyetik 6zelliklerine etkisi incelenmistir. Artan 1s1l iglem siiresi ile manyetik koerzivite ve maksimum enerji iriinii 6zelliklerinin
dikkate deger bir sekilde degigsimiyle sonuclanirken, doyum manyetizasyonu ve manyetik remenans gibi dzelliklerde ¢ok fazla bir
degisim meydana gelmemistir. Agikca goriildiigii gibi, artan 1s1l iglem siiresi, manyetik koerzivitede 5030.5 Oe’den 2279.4 Oe’ye dogru
siirekli bir diisiise yol agmisken maksimum enerji iiriiniinde dnce 62.02 kJ/m? ten 103.73 kJ/m? e dogru carpic1 bir sekilde artis, daha
sonra ise 38.63 kJ/m? e dogru ¢arpic1 bir azalma goriilmiistiir, bu da alasimin kalict miknatishigindaki diisiise isaret etmektedir.

Anahtar Kelimeler: NdFeB, kalict miknats, ergiyik egirme, kalict miknatislik, 1sil islem, siire.

Effect of heat treatment time on magnetic properties of NdFeB-based
permanent magnetic alloys

Abstract

In our current study, NdFeB-based permanent magnet ribbon alloys were produced by using melt spinning method, which is one of the
rapid solidification methods and very common in the production of ribbon-shaped, amorphous and/or semi-crystalline alloys. During
the production of each NdFeB alloy, 15 wt.% of waste magnet was included in the composition of the alloys. The produced permanent
magnet alloys were heat treated for 5 and 10 minutes by using a heat treatment temperature of 710 °C and very high heating and cooling
rates of 285 K/s. The effect of the heat treatment time applied at the same temperature on the magnetic properties of the strip alloys was
investigated. While the increase in heat treatment time resulted in a remarkable change in magnetic coercivity and maximum energy
product properties, there was not much change in the properties such as saturation magnetization and magnetic remenance. As clearly
seen, increasing heat treatment time resulted in a continuous decrease in magnetic coercivity from 5030.5 Oe to 2279.4 Oe, maximum
energy product first showed a dramatic increase from 62.02 kJ/m3 to 103.73 kJ/m3, and then a dramatic decrease to 38.63 kJ/m?,
indicating a decrease in the permanent magnetism of the alloy.

Keywords: NdFeB, permanent magnet, melt spinning, permanent magnetism, heat treatment, time.
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1. Giris

NdFeB esasli kalict miknatislar, sahip olduklart {stiin
manyetik 6zellikleri sayesinde oldukga dikkat ¢ekmektedir. S6z
konusu iistiin manyetik &zellikler; yiiksek manyetik remanans
(B:), koerzivite (Hc) ve maksimum enerji liriini ((BH)max) ile
kendini gdstermektedir [1]. Bu tiir kalici miknatislar, 1983 yilinda
kesfedilmis olup, o zamandan beri basta elektrikli ve hibrit
elektrikli araclar olmak iizere, endiistride artan enerji tasarruflu
teknoloji talebine bagli olarak hard-diskler, mobil telefonlar,
otomotiv kontrol sistemleri, riizgar tiirbinleri gibi pek ¢ok alanda
kendilerine kullanim yeri bulabilmesini, sahip olduklar1 {istiin
manyetik dzelliklerine bor¢ludur [2—4]. Kullanim alanlarinin her
gecen giin artistyla birlikte NdFeB kalict miknatislarmin
manyetik Ozelliklerinin optimizasyonu da kagmilmaz hale
gelmektedir. Bilhassa, oldukga yiiksek sicakliklarda kullanilacak
olan NdFeB kalici miknatislarin oldukga yiliksek bir manyetik
koerzivite (Hc) ye sahip olmast gerekmektedir. Bu bakimdan bu
tiir kalict miknatislarin koerzivitesini iyilestirmek, oldukega kritik
bir 6nem tagimaktadir [5]. Bu durum dikkate alindiginda, basta
manyetik koerzivite olmak iizere kalici manyetik &zellikleri
iyilestiren c¢esitli proseslerin kullanilmasi gerektigi sonucuna
ulastlmaktadir [6]. Uygun iiretim yonteminin se¢imi, 1s1l islem,
tane smirt difiizyonu prosesi (GBDP), alagimlama bu prosesler
arasinda yer almaktadir [6—10]. Hizli katilagtirma yontemlerinden
birisi olan ergiyik egirme prosesi ile oldukca yiiksek sogutma
hizlar kullanilarak amorf ve nispeten ince tane dagilimina sahip
bir mikroyapt ve sonug¢ olarak, iistiin manyetik ozelliklere
ulasmak miimkiindiir [11-14]. NdFeB miknatislarin manyetik
ozelliklerinin, 1s1l iglemle birlikte modifiye edildigi bilinmektedir
[15]. NdFeB miknatislar, yaklasik agirlik¢ca %32-35 arasinda Nd
elementi ihtiva eder. Artan Nd igerigine bagl olarak, Hc ve
(BH)max Ozelliklerinin modifiye edildigi de daha donce rapor
edilmistir [16]. Zira Nd elementi, Nd>Fe 4B sert manyetik fazinin
daha fazla olusumunu tesvik eder [17]. Bu bakimdan
¢alismamizin ana hedefini, 285 K/s lik ¢ok yiiksek 1sitma ve
sogutma hizinda ve 710 °C ta 5 ve 10 dakikalik siireler boyunca
uygulanan flag tavlama 1sil igleminin nispeten yiiksek Nd
icerigine sahip (agirlikca %36 Nd), NdFeB esasli kalict miknatis
alasimlarin  manyetik  Ozelliklerine  etkisini  incelemek
olusturmaktadir.

2. Materyal ve Metot

NdFeB esashi serit alasimlart iiretmek i¢in ilk olarak yaklasik
10 mbar lik yiiksek bir vakum ve 500 mbar lik bir kismi basinca
sahip argon atmosferi altinda ingot seklindeki alagimlar, vakum
indiiksiyon ergitme (VIM) firininda iretilmistir. Alagimlarin
nominal kimyasal kompozisyonu agirlik¢a %36 Nd, %61 Fe
ve %3 B olacak sekilde ayarlanmistir. Ayrica her bir ingot
alasimma agirhikca %15 oraninda ve kimyasal kompozisyonu
agirlikca %28 Nd, %64 Fe, %1 B, %3 Dy, %3.5 Co ve %0.5 Pr
seklinde olan atitk miknatis dahil edilmistir. Her bir ingot
alasiminda,  kimyasal = homojenligin  yiiksek  seviyede
saglanabilmesi agisindan ergitme islemi 2 ila 3 defa
tekrarlanmugtir. Her bir ingot alagimi, yaklasik 230 g’lik bir
agirhiga sahip olacak sekilde iretilmistir. Her bir alasim
ingotundan yaklasik 30 g’lik numuneler kesilerek, ergiyik egirme
isleminde kullanilmak iizere hazirlanmistir. Ergiyik egirme
prosesi ile serit seklinde NdFeB alasimlarini iiretmek igin,
tekrardan vakum altinda ergitme islemine tabi tutulan ingot
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alagim numuneleri, 1x10 mm?lik bir kesit alanina sahip bir noziil
vasitasiyla ergiyik metal olarak yaklasik 30 m/s hizla donen bakir
bir ¢ark tizerine piiskiirtiilmiistiir. Bu arada, ergiyik metali bakir
carka piskiirtmek i¢in kullanilan argon basinc1 260 mbar iken,
bakir cark ile noziil arasindaki mesafe 0.6 mm olarak
ayarlanmistir. Sonug olarak, yaklasik 35 pm lik homojen bir
kalinlik ve yaklagik 10 mm genislige sahip NdFeB esasl serit
alasimlar {iretilmistir. Uretilen alasimlardaki kristalin ve amorf
bolgeleri ortaya ¢ikarmak amacryla X-151n difraksiyon (XRD)
analizi, (Cu-Ka radyasyonu kullanilarak) 2°/dakika tarama
hizinda yapilmistir. Her bir gerit alasimmm manyetik
ozelliklerinin belirlenmesinde, titresimli numune manyetometri
(VSM) analizi yapilmistir. 285 K/s lik ¢ok yiiksek 1sitma ve
sogutma hizinin kullanildigi, 710 °C sicaklikta ve sirasiyla 5 ve
10 dakikalik iki farkli siirede, flag tavlama 1sil iglemi, serit
alasimlarin kristalizasyon ve manyetik Ozelliklere etkisini
incelemek i¢in gerceklestirilmistir. NdFeB esasli alagimlarin
kristalizasyon sicakliklarinin belirlenmesi amaciyla, her bir
alasima diferansiyel taramali kalorimetri (DSC) analizi
gerceklestirilmigtir. Calismamiz kapsaminda firetilen her bir
alasimla ilgili tanimlama Tablo 1 de 6zetlenmistir.

Tablo 1. Isil islem uygulanmamis ve 710 °C sicakiikta ve 5 ve
10 dakikalik siirelerde flas taviama isil islemine tabi tutulmug

ergivik egirme  yontemiyle NdFeB esasli alagimlarin
tamimlanmasi.
Ergiyik Egirme
Yontemi ile Uretilen Tanimlama

Alasimlarin Kodu

Ergiyik egirme yontemi ile
tiretilmis, 1s1l islem
uygulanmamig

Ergiyik egirme yontemi ile
retilmis, 710 °C ta 5 dk flag
tavlanmis

Ergiyik egirme yontemi ile
retilmis, 710 °C ta 5 dk flas
tavlanmis

NEO

NE710-5

NE710-10

3. Arastirma Sonuclar1 ve Tartisma

Sekil 1 de, ergiyik egirme yontemiyle {iretilen, 1sil islem
uygulanmamig ve 710 °C ta 5 ve 10 dakika 1s1l islem uygulanmis
NdFeB esasli alasimlarin XRD paternleri gosterilmistir. Buna
gore, her bir alasimin XRD paternleri incelendiginde eser
miktarda kristalin yapinin yani sira, bilyiik 6lgiide amorf bir yap1
olusumu goriilmektedir. Amorf yapinin olusumu, ergiyik egirme
yonteminde kullanilan hizli sogutmaya atfedilebilir [18]. Tsil
islem uygulanmamis alagimin XRD paterninde, NdFeB alagimina
dahil edilen atik miknatis icerisindeki Dy ve Pr agir nadir toprak
elementleri (HREE) nin etkisiyle, 26=30° civarinda kristalin sert
(Nd, Dy, Pr).Fe1sB manyetik fazin ve 20=45° civarinda kristalin
yumusak a-Fe manyetik fazinin pikleri goriilmektedir. 710 °C ta,
5 ve 10 dakika boyunca uygulanan flas tavlama 1sil islemiyle
birlikte, amorf yapida daha fazla kristalizasyon meydana gelmistir
[18]. Ayrica, artan 1s1l iglem siiresiyle birlikte sert ve yumusak,
kristalin manyetik fazlara ait piklerin daha fazla ortaya ¢iktig:
gdzlenmistir. Zira, atomlarm amorf bir yapidan kristalin bir
yapiya doniisiimii i¢in belirli bir sicaklik ve/veya zaman gereklidir
[19]. Yiiksek 1sil islem sicakliklar1 ve siirelerinde, atomlarin
hareketliligi (mobilitesi) daha fazla olup daha fazla kristalizasyon
meydana gelir [20].
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Sekil 1. Ergiyik egirme yontemiyle iiretilen NdFeB esasl serit
alagimlarin 1s1l islem uygulanmamag ve 710 °C sicaklikta 5 ve 10
dakika boyunca uygulanan flas tavlama 1sil islemi sonrasindaki
XRD paternleri.

Sekil 2 ve 3’te sirasiyla, ergiyik egirme yontemiyle tiretilen, 1s1l
islem uygulanmamig ve 710 °C ta 5 ve 10 dakika boyunca flas
tavlama 1s1l islemi uygulanmis NdFeB esasli alagimlarin titregimli
numune manyetometri (VSM) analizi sonucunda elde edilen
demanyetizasyon egrileri ve demanyetizasyon egrilerinin ikinci
¢eyrek (second quadrant) kisimlari gosterilmistir. Goriildigii gibi,
1s1l islem uygulanmamis alasimda, sirastyla manyetik koerzivite
(Hc) 5030.5 Oe, maksimum enerji iiriinii (BH)max) 62.02 kd/m?,
manyetik remenans (B;) 55.76 emu/g ve doyum manyetizasyonu
(Bs) 104.65 emu/g dir. 710 °C ta 5 dakika boyunca flas tavlama
is1l islemi uygulandiginda, sirasiyla manyetik koerzivite (Hc)
4130.7 Oe, maksimum enerji iiriinii ((BH)max) 103.73 kJ/m?,
manyetik remenans (B;) 59.81 emu/g ve doyum manyetizasyonu
(Bs) 101.44 emu/g dir. Ayni sicaklikta 10 dakika boyunca 1sil
islem uygulandiginda ise sirasiyla manyetik koerzivite (Hc)
2279.2 Oe, maksimum enerji iiriinii (BH)max) 38.63 kJ/m?,
manyetik remenans (B;) 52.51 emu/g ve doyum manyetizasyonu
(Bs) 105.46 emu/g dir. Burada, uygulanan flag tavlama 1sil
isleminin etkisiyle yumusak o-Fe fazi ile sert (Nd, Dy, Pr).Fe14B
manyetik fazlarinin daha fazla ortaya ¢ikmasi ile kalict manyetik
Ozellikleri belirleyen He ve (BH)max’in artmasi beklenir [21].
Diger yandan, sert ve yumusak manyetik fazlarda meydana gelen
tane kabalagsmasi ve dolayisiyla bu manyetik fazlar arasindaki
optimum degisim eslesmesi (exchange coupling) mekanizmasini
istenen seviyede saglanamadigi i¢in He ve (BH)max’de azalma
meydana gelmis olabilir [22]. Zira, kalici manyetik davranigi
belirleyen manyetik 6zellik olan Hc, sert ve yumusak manyetik
fazlar arasindaki degisim eslesmesi (exchange coupling)
mekanizmasina baglidir [23]. Ayrica, NdFeB alagimina dahil
edilen atik miknatistan kaynaklanan Dy ve Pr agir nadir toprak
elementleri (HREE) nin, olusturduklar1 (Nd, Dy, Pr).FewsB sert
manyetik fazi icerisinde, o-Fe fazi ile antiferromanyetik degisim
eslesmesi (exchange coupling) mekanizmasinin da Hc ve
(BH)max1 artirmasi beklenir [5]. Ancak burada, boyle bir durum
s6z konusu olmamistir. 710 °C sicaklikta 5 dakika boyunca
uygulanan flas tavlama 1si1l isleminde azalan H¢’ye ragmen B;’de
meydana gelen artig, (BH)max’da belirgin bir artisa yol agmustir.
710 °C sicaklikta 10 dakika boyunca uygulanan flas tavlama 1sil
islemi ile birlikte, Bs’de meydana gelen artis, XRD paterninde de
goriildigi gibi, o-Fe yumusak manyetik fazin miktarinda
meydana gelen artis ile agiklanabilir [24].
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Sekil 2. Ergiyik egirme yontemiyle iiretilen NdFeB esasli serit
alagimlarin 11l islem uygulanmamg ve 710 °C sicaklikta 5 ve 10
dakika boyunca uygulanan flas tavlama 1sil islemi sonrasindaki
VSM egrileri.
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Sekil 3. Ergiyik egirme yontemiyle iiretilen NdFeB esasli serit
alagimlarin 11l islem uygulanmamig ve 710 °C sicaklikta 5 ve 10
dakika boyunca uygulanan flas tavlama 1sil islemi sonrasindaki
VSM egrilerinin ikinci ¢eyrek (second quadrant) kisimlari.

Sekil 4’te, ergiyik egirme yoOntemiyle iretilen, 1sil islem
uygulanmamis ve 680 ve 710 °C ta 10 dakika boyunca 1s1l islem
uygulanmig NdFeB esasli alagimlarin diferansiyel taramali
kalorimetri (DSC) analizi sonucunda elde edilen egrileri
gosterilmektedir. Buradan her bir alasima ait kristalizasyon
sicakliklart degerleri sirastyla 377, 338.3 ve 343.8 °C olarak
Olglilmiistiir. Uygulanan 1s1l iglemle birlikte kristalizasyon
sicaklig1 dnce bariz bir diisiis gdstermekle birlikte artan 1s1l iglem
stiresiyle Dbirlikte tekrar ¢ok az bir miktar artma egilimi
gostermistir.
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Sekil 4. Ergiyik egirme yontemiyle iiretilen NdFeB esasli serit
alagimlarin 151l islem uygulanmamig ve 710 °C sicaklikta 5 ve 10
dakika boyunca uygulanan flas tavlama 1sil islemi sonrasindaki
DSC egrileri.

4. Sonug¢

Calismamizin kapsaminda 710 °C sicaklik ve 5 ve 10 dakikalik
stireler boyunca uygulanan ¢ok hizli 1sitma ve sogutma hizlarinin
kullanildig: flag tavlama 1s1l isleminin, ergiyik egirme yontemi ile
iiretilen NdFeB esasli kalict miknatis alagimlarinin manyetik
ozelliklerine etkisi tartistlmistir. Her bir alasimm XRD paterni,
yari-kristalin bir yapinin varligini ortaya koymus olup uygulanan
flas tavlama 1s1l islemine bagli olarak a-Fe yumusak manyetik faz
ve (Nd, Dy, Pr);FewsB sert manyetik fazlar1 daha fazla ortaya
¢ikmigtir. Kalict miknatislik 6zelligini belirleyen He ve (BH)max
gibi ozelliklerde, uygulanan flas tavlama 1s1l islemiyle birlikte
meydana gelen azalma, flas tavlama 1s1l islemindeki sicaklik ve
stirenin etkisiyle sert ve yumusak manyetik fazlar olan a-Fe ve
(Nd, Dy, Pr):Fe1sB’de meydana gelen tane kabalagsmasina ve
sonug olarak bu manyetik fazlar arasindaki degisim eslesmesi
(exchange coupling) mekanizmasmin istenen performansta
sergilemedigi sonucuna varilmigtir. Flag tavlama 1sil isleminde
artan siireye bagli olarak Bs de meydana gelen artigin ise a-Fe
yumusak manyetik fazin miktarindaki artistan kaynaklandigi
diistintilmektedir.
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Ozet — Bu arastirmanin amaci, Spotify miizik platformunda yer alan 42305 sarki ve 15 farkl tiire sahip veri setini analiz edip sarkinin
tiirlerle olan iliskisini incelemektir. Bu tiirlerle olan iliskiler veri setinden tiir tahminleme ¢alismasi igin 6n degerlendirme olarak analiz
edilmistir. Veri setindeki tiirlere ait 6zellikler degerlendirilip, kategorik olarak 6zelliklerine gore veri madenciligi siniflandirma
algoritmalarindan; En yakin K-Komsu, rastgele orman, torbalama ve lojistik regresyon kullanilmigtir. Sarkinin 6zelliklerine gore
sarkilarin tiirlerini tahmin etme ¢aligmasi gergeklestirilmistir. %55 ve %77 arasinda dogruluk degerleri elde edilmistir. Siniflandirma
algoritmalarinin en iyi performans 6l¢iim degerine sahip bir model ele alinarak sonuglar1 degerlendirilmistir.

Anahtar Kelimeler: Anahtar Kelimeler — Tahminleme, Analiz, En yakin k-komsu, Rasgele orman, torbalama, Lojistik regresyon,
Siniflandirma algoritmalar1

Song Genre Estimation Study Using Music Data Set Analysis and

Classification Algorithms
Abstract

The aim of this research is to analyze the dataset of 42305 songs and 15 different genres on the Spotify music platform and examine the
relationship of the song with the genres. Relationships with these species were analyzed from the dataset as a preliminary assessment
for the species prediction study. The features of the species in the data set are evaluated and categorically according to their features,
from data mining classification algorithms; Nearest K-Neighbor, random forest, bagging and logistic regression were used. The study
was carried out to predict the types of songs according to the characteristics of the song. Accuracy values between 55% and 77% were
obtained. A model with the best performance measurement value of the classification algorithms was considered and the results were
evaluated.

Keywords: Prediction, Analysis, K-nearest k-neighbors, Random forest, Logistic regression, bagging, Classification algorithms
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1. Giris

Giiniimiizde insanlarin en ¢ok tercih ettigi etkinliklerden biri de
miizik dinlemektedir. Kullanicinin sevdigi miizik tiirleri ¢esitli
ozellikler icermektedir. Bu 6zellikler miizigin tiirlinii belirlemeye
yardime1 olmaktadir. Bu 6zellikler sayesinde ¢esitli platformlar
kullanicinin sevdigi tiirleri tespit edip bir sonraki dinleyecegi
miizigi onerebilmektedir.

Cesitli miizik platformlart icerisinde dnemli bir yere sahip olan
Spotify 2006 yilinda isve¢’te kurulmus olan bir dijital miizik
platformudur. Acik sekilde paylastiklar1 verilerle birlikte ¢ok
cesitli calismalar yapilabilmektedir.

Bilginin daha 6z1i bir forma donistiiriilmesiyle elde edilen bir
tiirii daha vardir. Bu bilgi, 6z bilgi olarak tanimlanmaktadir
Giirsakal (2001).

Giiniimiiziin geligmis toplumlarinda bilginin yo6netiminde,
daha ¢ok 6z bilgi ile ilgilenilmektedir (Giirsakal, 2001).

Veri tabanlarinda 6z bilgi kesfi siireci igerisinde, model
olusturma ve degerlendirme asamalarini igeren veri madenciligi
en 6nemli kisimdir (Akpinar, 2000).

Biiyiik bir veri setinden faydali ve anlamli bilgilerin ortaya
¢ikarmak son donemlerde olduk¢a Onem kazanmustir. Veri
madenciligi; makine dgrenmesi, istatistik veri gorsellestirilmesi
gibi alanlardaki teknikleri kullanan disiplinler arast bir alandir.
Temel olarak veri madenciligi, veri kiimeleriyle ilgili kaliplarin
veya komutlarin, veri analizinin ve yazilim tekniklerinin
kullanilmasidir. Amag, daha 6nce taninmayan veri kaliplarin
tanimlamaktir. Veri madenciligi ve 6z bilgi, verilerdeki degerli,
anlamli ve Onceden bilinmeyen bilgileri elde etme siirecidir
(Yildirim vd, 2007).

Genel olarak veri madenciligi, biiyiik miktarda veriden, gizli
kalmig, degerli ve kullanilabilir bilgilerin ortaya cikarilmasini
amaglar (Koyuncugil, 2007).

Veri madenciliginin yani sira verilerden anlamli bilgiler ve
tahminler ¢ikarmay1 amaglayan diger bir alan da istatistiktir. Veri
madenciligi ile istatistik arasinda bir¢ok yonden yakin iliski
bulunmaktadir. Veri madenciligi ve istatistigin ortak &zelligi
“veriden Ogrenme” (Ganesh, 2002) veya “verileri bilgiye
déniistiirme”dir (Kuonen, 2004). Istatiksel tekniklerin temel veri
on isleme asamalarinda ve ¢iktilarin degerlendirilmesinde
faydalar1 gozlemlenmektedir.

Makine ogrenmesi, bir veri seti igerisinden Onceden
bilinmeyen yapilari (kaliplari) ortaya ¢ikarmaya yarayan otomatik
siregler olarak tanimlanabilir (Kelleher vd, 2015). Makine
ogrenmesi, 6zellikle ¢ok fazla miktarda verinin erisilebilir oldugu
giliniimiizde, bu verilerden anlamli ¢ikarimlar yapmak amactyla
genis bir bicimde kullanilmaktadir. Makine 6grenimi, robotik, el
yazist ve konugsma tanima, dogal dil isleme, beyin-makine
arayiizleri ve daha fazlas1 dahil olmak iizere genis bir uygulama
yelpazesine sahiptir.

Siniflandirma  algoritmalari, bilgisayar bilimlerinde veri
madenciligi konusunda kullanilan bir kavramdir. Bir veri kiimesi
iizerinde tanimli olan smflar arasinda veriyi dagitmak
smiflandirma kavraminin temel amacidir.

Arastrmanin temel amaci ise se¢ilmis olan veri setinin
incelenip tiir ve dzelliklerin analiz edilmesi, dzelliklere gore tiir
tahminleme i¢in kullanilan dort farkli siniflandirma modellerinin
kiyaslanmasidir.
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2. Materyal ve Metot

2.1. Miizik Veri Seti

Spotify biiyiikk bir miizik platformudur. Kaggle adli veri
paylasimlarmin da yer aldig1 web sitesinde bulunan Spotify veri
seti 42305 sarki ve 15 farkli tiirden olusmaktadir. Veri setinde
bulunan tiirler; Trap, Techno, Techhouse, Trance, Psytrance,
Dark Trap, DnB, Hardstyle, Underground Rap, Trap Metal, Emo,
Rap, RnB, Pop ve Hiphop miizik tiirlerinden olusmaktadir. Veri
setinde yer alan sarki tiirleri ve bu tiire ait olan sarkilarin sayist
Sekil 1°de gosterilmistir.

Sekil 1. Veri Setindeki Tiir Dagilimi
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Sarkilarin da; dans edilebilirlik, enerji, canlillik, vocal miktari,
modu, ses yiiksekligi ve benzeri 6zellikleri yer almaktadir.

2.1. Veri Setinin Tiir Analizi

Veri setinin tir analizi kismindaki amacimiz da farkh
ozelliklere sahip tiim sarki tiirlerini analiz edip bu tiirlerle nasil
iligkiler kuruldugunu goézlemleyebilmektir. Veri setindeki tiirler
ve Ozelliklerinin iligkileri siniflandirilma 6ncesi incelenip analiz
edilmektedir. Bu ozelliklerden, oOlgii isareti, dans edilebilirlik,
enerji, ses yiiksekligi, kelime miktar1, vokal miktar1 ve canlilik
calisma kapsaminda analiz edilip iliskileri agiklanmigtir. Analiz
kapsaminda kutu grafikleri kullanilmigtir. Kutu grafigi, bir
degiskenin dagiliminin istatistiksel bir temsilidir. Kutunun uglari
alt ve st geyrekleri temsil ederken, medyan (ikinci g¢eyrek)
kutunun i¢inde bir ¢izgi ile igsaretlenmistir.

2.1.1. Olgii Isareti ve Tiir Iliskisi

Olgii isareti, bat1 miizik notasyonunda her bir dl¢iide kag tane
vurus oldugunu belirlemek i¢in kullanilir. Miizik notasyonunun
bagmna konur ve vuruslardaki nota degerini belirtmek igin
kullanilan say1 veya semboldiir (Egitim Sistem, n.d.). Veri setinde
listelenen tiim sarkilar ve 6l¢i isaretlerinin dagihimi Sekil 2°de
gosterilmistir.

144



European Journal of Science and Technology

Sekil 2. Veri setindeki 6l¢ti isareti dagilimi
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Veri setinde oldukcga az olarak 1, 3 ve 5 dagilimi yer alirken, 4
miizik 6l¢ii isaret 6zelligi cok sayida yer almaktadir.

2.1.2. Dans Edilebilirlik ve Tiir Iliskisi

Dans edilebilirlik, tempo, ritim istikrari, vurus giicii gibi miizik
Ogelerinin bir kombinasyonuna dayali olarak bir parcanin dans
etmek i¢in ne kadar uygun oldugunu tanimlamaktadir. 0.0 degeri
en az dans edilebilir ve 1.0 en ¢ok dans edilebilir degeri temsil
etmektedir (Santos, J. D. D. ; 2017). 0 ve 1.0 arasinda yer alan
miizik tiirlerinin dagilimi Sekil 3’te belirtilmistir.

Sekil 3. Dans edilebilirlik ve Tiir Dagilimi

Sekil 3’te goriildiigl gibi techhouse tiirtindeki sarkilar maksimum
ortalama dans edilebilirlige sahiptir. Bunu Underground Rap
takip ederken hardstyle sarkilarin minimum dans edilebilirligi
bulunmaktadir.

2.1.3. Enerji ve Tiir Iliskisi

Enerji, yogunluk ve aktivitenin algisal bir dlgilislinii temsil
etmektedir. Tipik olarak, enerjik parcalar hizli ve giriiltiili
hissedilebilmektedir. Enerji ve tiir iliskisinin kutu grafigi Sekil
4’te verilmistir.
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Sekil 4. Enerji ve Tiir Dagilim1
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Sekil 4’te goriildiigii gibi trap, hardstyle, trance, dnb ve psytrance
tirtindeki sarkilarin en yiiksek enerjiye, ve RnB, Rap
Underground Rap sarkilarinin da en diisiik enerjiye sahip oldugu
gozlenmektedir.

2.1.4. Ses Yiiksekligi ve Tiir Iliskisi

Bir sarkinin ses seviyesi sarkinin tiirlinii belirlemekte kullanilan
ozelliklerden bir tanesidir. Sarki tiiriine gore ses yiikseklikleri ile
ilgili grafik Sekil 5’te gosterilmistir.

Sekil 5. Ses Yiiksekligi ve Tiir Dagilimi
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Sekil 5’te goriildiigii gibi tiim tiirlerdeki sarkilarin ses yiiksekligi
puanlar1 negatiftir. Trap tiirii en yiiksek ses yiiksekligi 6zelligine
sahipken tekno tiirii ise en diisiik ses yiiksekligi oOzelligine
sahiptir.

2.1.5. Kelime Miktar: ve Tiir Iliskisi

Bir sarkinin konusma giicii 0,66'nin iizerindeyse, konusulan
kelimelerden olusmaktadir, 0,33 ile 0,66 arasindaki deger hem
miizigi hem de kelimeleri igeren bir sarkidir ve 0,33"in altindaki
deger sarkinin herhangi bir konusmasinin olmadigi anlamina
gelmektedir (Santos, 2017). 0.0 ve 1.0 arasinda degerlendirilen
sarki tiirli ve kelime miktar1 Sekil 6’da gosterilmistir.

Sekil 6. Kelime Miktari ve Tiir Dagilimi
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Sekil 6’da goriildiigii gibi rap, underground rap, ve hiphop en iyi
ii¢ tiirdiir. Trance, techno ve psytrance ise en diisiiklerdir.

2.1.6. Vokal Miktart ve Tiir Iliskisi

Sarki tiirlerinin igerdigi enstriimantal seviyesi, veri seti
icerisinde vocal miktar1 olarak belirtilmektedir. Vokal miktar1 ve

sarki tiirli arasindaki iliski Sekil 7°de gosterilmistir.

Sekil 7. Vokal Miktari ve Tiir Dagilimi
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Sekil 7°de goriildiigii gibi techno tiiriindeki sarkilar maksimum
vokal puanina sahiptir, ve ardindan da psytrance tiiri gelmektedir.
Buradaki deger 1 degerine yaklastik¢a daha fazla enstriimantal
sarki icerdigini belirtmektedir.

2.1.7. Canhilik ve Tiir Iliskisi

Sarki tiirlerine ait canlilik degerleri 0.0 ile 1.0 arasinda
tutulmaktadir. Resmi Spotify degerlerine gore 0.8’den yukarida
bir deger, sarkinin daha canli olduguna dair giiclii bir olasilik
katmaktadir. Sekil 8’de canlilik ve sarki tiirlerinin dagilimi
verilmistir.

Sekil 8. Canlilik ve Tiir Dagilimi
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Sekil 8’de goriildiigii gibi trance ve psytrance en iyi canlilik
skorlarina sahip tiirlerdir.

Caligma kapsaminda veri setinde listelenen 42305 sarkiya ait bazi
ozellikler ve bu sarkilarin tiirlerinin iliskisi yukarida agiklanan
iligkiler baz alinarak incelenmistir.

3. Tiir Analizinin Sonuc¢lari

Sarki tiirleri analizi c¢alismasi kapsaminda, tiirlere ait
ozelliklerin korelasyon matrisi Sekil 9°da gosterilmistir.
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Sekil 9. Korelasyon Matrisi
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Sekil 9°da goriildiigii gibi dans edilebilirlik ile miizikal pozitiflik
Ozelligi arasinda pozitif bir iligki bulunmaktadir. Enerji ile ses
yiiksekligi, vokal miktari, canliik ve zaman aralig1 pozitif bir
iligkiye sahiptir.

4. Simiflandirma Algoritmalari

Siniflandirma problemlerinde ¢ikt1 kiimesinde her bir eleman
birer smif iken bu problemi ¢dzen algoritmaya da siniflandirici
denmektedir. Siniflandirma problemleri, makine 6grenmesinin
popiiler ve en temel gorevlerinden bir tanesidir. Bilinmeyen bir
veri parcasinin  bilinen bir gruba yerlestirilmesinde
kullanilmaktadir (Harrington, 2012).

Omeklerden ¢ikarim olarak da adlandirilan siniflandirmada
temel amag, kavram tanimi elde edildikten sonra, daha 6nce
algoritmaya belirtilmemis Ornekleri maksimum dogrulukla
etiketleyecek siniflandiriciyr gelistirmektir (Cakir, 2005).

Makine 6grenmesi simiflandirmasi, literatiirde Oriintii tanimi
olarak da adlandirilmaktadir (Cen vd, 2010; Alpaydin, 2006).

3.1. Modeller

Caligma kapsaminda lojistik regresyon, rastgele orman, en yakin
K-Komsu ve torbalama siniflandirma algoritmalar1 kullanilmigtir.

Siniflandirma algoritmalart ig¢in Scikit-learn kiitiiphanesinden
Lojistik regresyon, rastgele orman, en yakin k-komsu ve
torbalama icin gerekli siflandiricilar kullanilmigtir.

3.1.1. Lojistik Regresyon

Lojistik Regresyon c¢alismada kullanilan  siniflandirma
algoritmalarindan bir tanesidir. Temel amact minimum degisken
kullanarak en iyi uyuma sahip olabilecek bagimli ve bagimsiz
olarak degiskenler arasindaki iligskiyi tanimlamak i¢in en uygun
modeli bulmaktir.

Lojistik regresyon algoritmasini  6nemli kilan etkenler
sunlardir: log oranlarinda uygulanan tahmini degiskenlere ait
katsayilarin tahmin edilebilme kolayligi, belirli bir konuya ait
sonucu geligtirme olasiligin1 tahmin edebilme kabiliyeti ve yaygin
kullanim alanidir (Barkus vd., 2006).
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Caligmada, Sklearn kiitiiphanesinde yer alan linear model
kiitiiphanesindeki lojistik regresyon, maksimum iterasyon sayisi
1000 olacak sekilde kullanilmistir.

3.1.2. Rastgele Orman

Rastgele orman algoritmasi, torbalama algoritmasina dayali bir
karar agaci tabanli bir topluluk Ogrenme algoritmasidir
(Bonaccorso, 2020; Breiman, 2001).

Rastgele orman algoritmasi, birden fazla karar agaci iizerinden
her bir karar agacini farkli bir gdzlem 6rnegi iizerinde egiterek
gesitli  modeller iretip, smiflandirma  olusturulmasini
saglamaktadir. Smiflandirma islemi sirasinda, her bir karar agaci,
0 agacin egitiminde kullanilmayan 6rneklerin siniflandirilmasina
oy verir. Islemin sonunda ise en ¢ok oyu alan simf déndiiriiliir.
(Han ve Ark., 2012; Kotu ve Deshpande, 2019).

Calismada, Sklearn kiitiiphanesinde yer alan
RandomForestClassifier kiitiiphanesi, rastgele durumu 1 ve
maksimum derinligi 10 olarak kullanilmisgtir.

3.1.3. En Yakin K-Komsu

KNN, yontem denetimli 6grenme metotlar1 arasinda yer alip,
smiflandirma problemlerini ¢6zmek i¢in kullanilan bir modeldir.
Bu yontemde, siniflandirilan verilerin egitim setinin normal veri
kiimeleri ile benzerligi hesaplanarak ve verilen n en yakin verinin
ortalamasi aliarak elde edilen esik degerine gore siniflandirma
yapilir. Bu algoritmanin temeli, siniflandirma yapilmadan 6nce
her smifin niteliklerinin 6nceden agik¢a belirtilmesidir (Kaymaz
2007).

Calisma kapsaminda, Sklearn kiitiiphanesinde yer alan
KneighborsClassfier kiitiiphanesi, komsu sayist olan n
parametresi 5 kabul edilerek kullanilmistir. Farklt komsu
parametreleri kullanilsa da en iyi sonu¢ komsu sayist 5 olarak
secildiginde alinmustir.

3.1.4. Torbalama Siniflandirma

Torbalama smiflandirma yonteminin amaci genel olarak
performansi iyilestirmek amaciyla birden fazla modelden alinan
karar1 iyilestirmektir. Tahminlerin birlestirilmesi asamasinda
regresyon agaglar1 icin ortalama almirken smiflandirma
agaclarinda sonuglar oylama ile belirlenmektedir (Sevket, 2019).

Calismada, torbalama olarak da nitelendirilen bagging Sklearn
kiitiphanesinde yer alan baggingClassifier kiitiiphanesi
kullanilmstir.

5. Karsilastirma Yontemleri

Sonuglari karsilastirmak i¢in dogruluk degeri, kesinlik degeri,
duyarlilik degeri ve F1 degeri kullanilmistr.

Dogruluk degeri asagidaki formiilde
hesaplanmaktadir.

belirtildigi gibi

TP+TN
TP+FP+TN+FN

Dogruluk Degeri =

Burada, dogru pozitif (TP) ve dogru negatif (TN) modelin dogru
olarak tahminlendigi, yanlis pozitif (FP) ve yanlis negatif (FN) ise
modelin yanlis olarak tahminlendigi alanlardir.

Kesinlik degeri ise pozitif olarak tahminledigimiz degerlerin
gercekte kac adedinin pozitif oldugunu gostermektedir. Kesinlik
degeri asagida belirtilen formiil ile hesaplanmaktadir.
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Kesinlik Degeri = e
esinlik Degeri = r——05

Duyarlilik degeri, pozitif olarak tahmin etmemiz gereken
islemlerin kag tanesini pozitif olarak tahmin edildiginin bir
Olciisiidiir. Duyarlilik degeri asagida belirtilen formiil ile
hesaplanmaktadir.

TP

Duyarlilik Degeri = TPIFN

F1 skor degeri bize, kesinlik ve duyarlilik degerlerinin uyum
ortalamasini gostermektedir. F1 skor degeri asagidaki belirtilen
formiil ile hesaplanmaktadir.

Kesinlik * Duyarliik

F1=2
" Kesinlik + Duyarlilik

6. Arastirma Sonuclarn ve Tartisma

Sarki tiirleri ve sarkilara ait dans edilebilirlik, enerji, canlillik,
vocal miktari, modu, ses yiiksekligi ve benzeri ozellikleri ile
baglantili oldugu gozlenmektedir. Sarkilarin 6zelliklerine gore
sarki tiirli tahminleme ¢aligmasi sonuglarinda, veri seti lizerinde
her tiirlin igerdigi sarki farklart da dogruluk oraninda
yanilsamalara sebep olmaktadir. Siniflandirma algoritmalarinda
ise Topluluk 6grenimi (Ensemble Learning) algoritmalarinda iyi
sonug alindig1 gdzlenmektedir.

Bunu en yakin K-komsu takip etmektedir. Komsu sayisi
arttikca dogruluk orani da diismektedir. Genel olarak zayif
dogruluk bulunmaktadir.

Sarki tiirii tahminleme calismasinda kullanilan lojistik
regresyon, rastgele orman, en yakin K-komsu ve torbalama
smiflandirma algoritmalarmin dogruluk degerleri Tablo 1.’de
listelenmistir.

Tablo 1. Model Sonuglart

Model Ad1 Dogruluk Degerleri
Lojistik Regresyon 0.5555744680851064
Rastgele Orman 0.6882269503546099
En yakin K-Komsu 0.7657872340425532
Torbalama 0.7668652482269503
Swiflandirma

Tablo 1’de verilen sonuglara gore en iyi dogruluk degerini
torbalama algoritmast vermektedir. Tablo 1’deki sonuglar grafik
olarak ta Sekil 10°da verilmistir.

Sekil 10°da goriilecegi gibi en iyi sonuglar en yakin K-Komsu

ve torbalama smiflandirma yontemlerinde alimaktadir.
Torbalama siiflandirma da aldigimiz en iyi sonugtur.
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Sekil 10. Sirasiyla; Lojistik regresyon, En yakin K-Komsgu,
Rastgele orman, torbalama siniflandirma algoritmalar

.3
o
&3

Veri setinde yer alan sarki tiirleri ve veri setinde tiirlerin sarki
adetleri sekil 11°de listelenmistir.

frulk Deg
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Sekil 11. Tiir Sayilar

Underground Rap 5875
Dark Trap 4578
Hiphop 3028
trance 2999
trap 2987
techhouse 2975
dnb 2966
psytrance 2961
techno 2956
hardstyle 2936
RnB 2099
Trap Metal 1956
Rap 1848
Emo 16860
Pop 461

Torbalama yontemine gére dogruluk ve agirlikli F1 degerleri
Tablo 2.’de sunulmustur.

Tablo 2. En iyi algoritma sonuglart

Algoritma Dogruluk Agirlikli F1
Degeri Skoru
Torbalama | 0.74 0.73

Dogruluk, duyarlilik ve F1 skoru hesaplanmasinda model
¢iktisina bakilmaktadir.

Sonuglar1 karsilastirmak ic¢in kullanilan dogruluk degeri,
kesinlik degeri, duyarlilik degeri ve F1 degeri Tablo 3’de
listelenmistir.
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Tablo 3. Tiir Smiflandirma Sonuglart

Tiir Kesinlik | Duyarlilik | F1 Destek
Skoru | Degeri
Dark Trap 0.53 0.43 0.47 1211
Emo 0.78 0.90 0.83 1132
Hiphop 0.59 0.62 0.61 1211
Pop 0.79 0.97 0.87 1140
Rap 0.68 0.83 0.74 1270
RnB 0.67 0.70 0.69 1168
Trap Metal 0.67 0.75 0.71 1225
Underground 0.42 0.12 0.19 1149
Rap
dnb 0.95 0.96 0.96 1162
hardstyle 0.83 0.87 0.85 1107
psytrance 0.87 0.92 0.90 1187
techhouse 0.90 0.88 0.89 1185
techno 0.87 0.89 0.88 1166
trance 0.83 0.82 0.82 1169
trap 0.88 0.84 0.86 1143
Dogruluk 0.77 17625
Degeri
Makro 0.75 17625
Ortalama 0.75 0.77
Agirlikli 17625

Veri setinde yer alan garki tiirlerin torbalama algoritmasina
gore kesinlik, duyarlilik, f1 skoru ve destek degerleri Tablo 3’de
verilmistir.

Analiz ettigimiz 6zelliklerin sonuglari ise lojistik regresyon
algoritmasina gore inceledigimizde sekil 12°de goziikmektedir.

Sekil 12. Ozelliklerin Onemi

Oelliklerin Onemi

00 005 010 015 020 025

Veri setinde sarki tiirlerine ait o6zellikleri, ¢alismanin tur
analizindeki 6nemi Sekil 12°de belirtilmistir.

7. Sonug

Calisma kapsaminda sarki tiirii analizi i¢in dans edilebilirlik,
enerji, canlilik, vokal miktari, modu, ses yiiksekligi ve benzeri
ozellikleri incelenmistir. Bu inceleme sonucunda Sekil 9.’da
aktarildig: gibi tiir analizinde 6zelliklerin birbirleri ile olan iliskisi
goriilmektedir. Sarki Tiirii tahminlemesi i¢in yapilan ¢alismada
bu ozellikler dnemli bir yer almaktadir. Sekil 10°da gortildigi
gibi tlir tahminlemesi i¢in kullanilan lojistik regresyon, en yakin
K-komsu, rastgele orman, torbalama smiflandirma algoritma
sonuglarindan en 1iyi sonuglar K-komsu ve torbalama
algoritmalarindan alimuigtir.
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Tablo 2’de gosterildigi ilizere en iyi sonug¢ torbalama
algoritmasinda alinmaktadir.

Tiirlere ait 6zellikler bir tiiriin tahmininde benzerlik gosterdigi
icin skorlara da yansimaktadir. Sekil 11°de de goriilecegi gibi veri
setinde yer alan tiirlerin sayilar1 sonuclarda dengesizlige sebep
olmaktadir. Sarki tiirleri benzer 6zellikleri icerdigi i¢in tahmin
sonuglar1 da ytiksek degerler vermemektedir.

8. TesekKkiir

Caligmamda miizik oneri sistemi 6ncesinde yapmam gereken
tir Ozellik analizi ve siniflandirma algoritmalar1 ile tiir
tahminleme icerigi fikirleri ve destekleri i¢in saym Dog. Dr.
Vahide Bulut’a tesekkiirlerimi sunarim.
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Oz

Teknolojik olarak ileriye gittigimiz giiniimiiz diinyasinda tarimsal faaliyetlerin verimli hale getirilmesi her gegen giin daha da ¢ok zaman
harciyoruz. Elimizdeki kaynaklar1 teknolojik yontemler ile destekleyerek bu harcadigimiz zamani kisaltabiliriz. Bilgisayarli gorii ve
derin 6grenme yontemlerinin etkin olarak isletilmesi ile egitilen modelleri kullanarak yapacagimiz her bir tahmin ile bitkinin hastaligini
teshis edebiliriz. Gorilintii tabanli siniflandirma algoritmalari olan daha 6nceden farkli amaglar igin egitilmis modellerin bizim
problemimiz i¢in kullanildiginda ne gibi sonuglar almisiz onu inceliyor olacagiz. Adina aktarimli (transfer) 6grenme dedigimiz bu
yontem ve topladigimiz veri setinin verdigi sonuglari, bize simdiki ¢alisma ve gelecekteki galismalar i¢in nasil daha etkili yontemlere
ihtiyag var sorusunun cevabini verecektir.

Anahtar Kelimeler: Derin Ogrenme, Bilgisayarli Gorii, Aktarrmli Ogrenme, Veri Seti, Optimizasyon, Model Testi.

Deep Learning Based Plant Diseases Classification

Abstract

In today’s world, where we move forward technologically, we spend more and more time to make agricultural activities efficient. We
can shorten the time we spend by supporting the resources we have with technological methods. We can diagnose the disease of the
plant with each prediction we make using models trained by the effective operation of computer vision and deep learning methods. We
will be examining what results we have obtained when the models, which are image-based classification algorithms, were used for our
problem, which were previously trained for different purposes. This method, which we call transfer learning, and the results of the
dataset we collect, will give us the answer to the question of how more effective methods are needed for current and future studies.

Keywords: Deep Learning, Computer Vision, Transfer Learning, Dataset, Optimization, Model Testing
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1. Giris

Tarimsal faaliyetler; iizerinde yasadigimiz topraklar olan
Anadolu cografyasi i¢in oldukga biiyiikk bir 6neme sahiptir. En
eski kesiflerin oldugu 8000 bin &ncesinde bile yerlesik hayata
gecisin baslangici olarak tarimin baslangici denebilir. Her gelen
yeni nesil kendi yasadigi topluma ve doneme bagli olarak farkli
sekillerde tahil, bitki, meyve yetistiriciligi yapmistir. Bizler
gliniimiizde son nesil olarak halen dahi ayn1 teknikleri kullansak
bile ¢ok daha fazla teknolojik ve bilgi birikimine sahibiz. Fakat
elimizdeki imkanlar1 degerlendirmek yine bize baglidir.

Bilgisayar diinyasindaki gelismeler ile hayatimiza artik
entegre olmus bircok arag ile beraber yasiyoruz. Internet ve akill
telefonlar bu alanda olduk¢a biiyiikk bir paya sahip. Peki bu
araglar1 bitkilerin oldugu bir diinyada nasil entegre edebiliriz?
Sorusu aslinda ¢6ziimiin ilk admmi olabilir. Akilli tarim
faaliyetlerinin artmasi ile beraber yavas yavas benimsemis
durumdayiz. Bunlarin en ¢ok kullanilan 6rnekleri; akilli sulama,
akilli giibreleme, giines ve nem durumlarina gdre ortamin
sicakliginin ayarlanmasi gibi pek ¢ok parametrenin oldugu farkli
senaryolari diistinebiliriz.

Bu makalede dogal olarak oldukca genis bir yelpazeden
bahsetmemiz imkansiz. Asil odaklandigimiz konu toprak
iizerinde yetisebilen veya yetismesi planlanan tiim bitkiler igin
olabilecek her tiirlii hastaligin teshisini yapmaktir. Bitki {izerinde
hastaligin tespitini yapraklarmma bakarak anlayabiliy isek
yapraklarin goriintiilerini toplayip isleyebiliriz. Bilgisayarl gorii
ile derin Ogrenmeyi birlikte kullanarak daha onceden farkli
gorilintii problemleri icin egitilmis modelleri bitki yapraklari
iizerindeki hastaliklarin tespiti i¢in de kullanabiliriz. Aktarimli
O0grenme yontemi olarak da gegen bu yontem ile toplanan veri
setinin AlexNet, GoogleNet gibi bazi modellerinin egitiminin
ardindan veri seti igerisindeki bitki ve hastalik kategorisi kadar
tahminlemeler yapilabiliyor. Alinan tahmin sonuglari; modellerin
egitim siireleri, verinin kalitesi gibi farkli degiskenlere bagl
olarak makale icerisindeki tablolar iizerinde kiyaslamali olarak
gosterilmektedir.

2. Materyal ve Metot
2.1. Konvoliisyonel Sinir Ag1 Modelleri

Derin 6grenme yontemi; yapay zekanin alt alanlarindan
biridir. Yapay sinir aglar1 gelistirilerek matematiksel ve
istatistiksel hesaplamalarin yapilmasi ile probleme ait verilerin
islenmesidir. Islenen veriler; yapay sinir aginin en son katmaninda
birer sonuca yani tahmine doniislir. Farkli metrikler ile alman
sonucglar  degerlendirilerek  tahminleme isinin  basarisi
Olgiilmektedir.

Yapay sinir aglarinin egitimi model egitmek olarak da
kullanilir. Model egitme islemi problemin tiiriine gore degigkenlik
gosterir. Bilgisayarl1 gorii olarak adlandirdigimiz alan ile birlikte
bu makalede odaklanilan kisim goriintii icerikli problemler
olacaktir. Goriintii tabanli problemlerin ¢dziimiinde kullanilan
yapay sinir aglarindan olusan algoritmalar ve mimariler
“Konvoliisyonel Sinir Ag1 (Convolutional Neural Network)” ismi
ile literatiirde gegmektedir. Konvoliisyonel sinir aglar1 giris degeri
olarak(input) bir goriintii bekler. Sinir agina verilen goriintii o
sinir agiin mimarisine gére katmanlardan gecerek hesaplamalari
yapilir. Bizim bekledigimiz sinir aginin ¢iktist bir hastalik grubu
oldugu i¢in dogal olarak farkli hastaliklar i¢in siiflandirmanin
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yapildigimi bu problemin de siniflandirma problemi oldugunu
sOyleyebiliriz.

Topladigimiz veri seti igerisinde; 4 elma,l arkaplan, 1
yabanmersini, 2 kiraz, 4 misir, 1 portakal, 2 seftali, 2 biber, 3
patates, 1 bogiirtlen, 1 soya fasulyesi, 1 kabak, 2 cilek ve 10 adet
domates olmak tizere toplamda 39 farkli bitki yapragi smifi
bulunmaktadir. Dogal olarak egitimini yapti§imiz yapay sinir ag1
olan konvoliisyonel sinir aglarindan elde edilen ¢ikti, 39 adet
siiftan birisi olacaktir. Siniflandirma isleminin ardindan elde
edilen sonug belirli bir yiizdelik orana sahip olmak zorundadir. Bu
ylizdelik oran bize tahmin isleminin ne kadar basarili ya da
basarisiz oldugunu kiyaslamasinda kritik bir éneme sahiptir.
Basarim oranlart farkli metrik Slglim yontemleri barindirabilir
fakat bizim {izerinde galistigimiz modeller “Accuracy (dogruluk)”
metrigi ile kiyaslanmigtir.

2.2. Aktarimh Ogrenme (Transfer Learning)
Yaklasim
Aktarimli  6grenme; yapay = sinir

kullanilabilmesi, daha basarili sonuglar
gelistirilmis bir yontemdir.

aglarinin  tekrar
elde etmek igin

Yapay sinir aglar1 farkli problemler icin farkli sekillerde
tasarlanir ve amaci dogrultusunda kullanilip gelistirilmeye devam
eder. Ornegin metinsel bir problem iizerinde calisiliyor ise
gelistirilen model metinsel problemler i¢in kullanilip
gelistirilmeye  devam  edilmelidir.  Ayni  sekilde  bizim
makalemizde ele aldigimiz problem, gorsel tabanli bir problem
oldugu i¢in gelistirilen mimariler yani yapay sinir aglar1 goriinti
verileri ile egitilerek sonuglar iizerinde analizler yapilmalidir.
Daha oOnceden farkli goriintii siniflandirma problemleri igin
Google, Nvidia, Microsoft gibi firmalarmm derin 6grenme
calismalarinda kaynak olmasi veya gelistirme yapilan
programlama dilinde igerisindeki kiitiiphaneler ile egitilmis
modeller tizerinde ¢aligmalar yapabiliyoruz. Makalemizde islenen
bitki yapraklarindan elde edilen goriintiilerin hangi hastalik
grubuna ait oldugunu tahmin edebilmek igin egitilen bazi
modelleri kendi kaynaklarimiz ve verisetimiz ile tekrar egiterek
sonuglar aldik. Aktarimli 6grenme ile elde ettigimiz sonuglar
ilerleyen boliimlerde incelenebilir.

Aktarimli 6grenme i¢in kullanilan konvoliisyonel sinir
aglarindan bazilari:

Alexnet: AlexNet, Alex Krizhevsky tarafindan Ilya Sutskever
ve Krizhevsky'nin danismani olan Geoffrey Hinton ile isbirligi
icinde tasarlanan bir evrisimsel sinir ag1 mimarisinin adidur.

DenseNetl161: DenseNet, tiim katmanlar1 (eslesen ozellik
haritas1 boyutlariyla) dogrudan birbirine bagladigimiz Yogun
Bloklar araciligiyla katmanlar arasindaki yogun baglantilar
kullanan bir tiir evrisimsel sinir agidir. Ileri beslemeli dogay1
korumak icin, her katman onceki tiim katmanlardan ek girdiler
alir ve kendi 6zellik haritalarini sonraki tiim katmanlara iletir.

ResNet: ResNet, 2015 yilinda Kaiming He, Xiangyu Zhang,
Shaoqing Ren ve Jian Sun tarafindan 6nemli 6l¢iide daha derin
olan aglarin egitimini kolaylastirmak i¢in “Deep Residual
Learning for Image Recognition” makalesinde tanitilan belirli bir
sinir ag1 tliriidiir. ResNet’in basarilarindan bahsedecek olursak:

ImageNet veri setinde, VGG aglarindan daha derin, ancak
yine de daha diisiik karmagikliga sahip 152 katmana kadar
derinlige sahip artik aglarin degerlendirilmesi sonucunda %3,57
hata orani ile ILSVRC 2015 smiflandirma gdrevinde 1. oldu.
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Faster R-CNN’de VGG-16 katmanlarinin ResNet-101 ile
degistirilmesiyle COCO nesne algilama veri kiimesinde %28
iyilesmeler gézlemlendi.

ILSVRC ve COCO 2015 yarigmasinda ImageNet Algilama,
ImageNet yerellestirme, COCO algilama ve COCO
segmentasyonunda 1. oldu.

VGG-16: VGG-16, basit bir ag modeli olup dncesindeki
modellerden en 6nemli farki evrigim katmanlarinin 2°1i ya da 3’li
kullanilmasidir. Tam baglant1 (FC) katmaninda 7x7x512=4096
néronlu bir 6znitelik vektdriine doniistiiriiliir. Tki FC katmam
¢ikisinda 1000 sinifli softmax basarimi hesaplanir. Yaklagik 138
milyon parametre hesab1 yapilmaktadir. Diger modellerde oldugu
gibi giristen ¢ikisa dogru matrislerin yiikseklik ve genislik
boyutlar1 azalirken derinlik degeri (kanal sayis1) artmaktadir.

EfficientNet BO — Efficient B7: EfficientNet, bir grup
evrisimli sinir ag1 modeli olarak disiiniilebilir. Ama tabi ki

incelikleri sayesinde adindan da anlasilacagi gibi kendisinden
onceki modellerin ¢ogundan efektif/verimli (efficient)dir.
EfficientNet grubu B0-B7 arasinda 8 tane modelden olusur ve
say1 biiyiidiikce hesaplanan parametre say1s1 ve dogruluk artar. Ug
temel adimda neden daha verimli oldugunu anlamak miimkiin.

Depthwise Evrisim + Pointwise Evrisim: Hesaplama
maliyetini asgari dogruluk kaybiyla 6nemli 6l¢iide azaltmak igin
orijinal evrigimi iki asamaya bdler.

Ters c¢evrilmis Res: Orjinal ResNet bloklari, kanallari
sikistiran (squeeze) bir katmandan sonra kanallar1 genisleten
(expand) bir katmandan olusur. Béylece atlama baglantilar1 (skip
connections) ile zengin kanal katmanlarimm baglar. Ancak
MBConv’da, bloklar &nce kanallar1 genisleten, sonra bunlar
sikigtiran bir katmandan olusur, bdylece daha az kanala sahip
katmanlar atlanarak baglanir.

Lineer darbogaz: ReLU’dan bilgi kaybini énlemek icin her
bloktaki son katmandaki lineer aktivasyonu kullanir.

Sekil 1. Farkli Konvoliisyonel Sinir Ag1 Mimarileri Katman Sayilar: ve Parametre Boyutlar

Parameters

Model No. of Layer (Million) Size
AlexNet 8 60 -
VGGNet-16 23 138 528 MB
VGGNet-19 26 143 549 MB
Inception-V1 27 7 -
Inception-V3 42 27 93 MB
ResNet-152 152 50 132 MB
ResNet-101 101 44 171 MB
InceptionResNetV2 572 55 215MB
MobileNet-V1 28 4.2 16 MB
MobileNet-V2 28 3.37 14 MB
EfficientNet B0 - 5 -
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Sekil 2. Bitki Hastalig1 Tespiti Ile Ilgili Benzer Calismalar

Author

Methods

Results

Mohanty et al. [24] (2016)

AlexNet and GoogleNet

99.27% in AlexNet

99.34% in GoogleNet

Sladojevic et al. [26] (2016)

Ramcharan et al. [4] (2017)

Finetuned CNN architecture

Inception V3 based on

96.3% accuracy

93% accuracy

GoogleNet
Fuentes et al. [23] (2017) Faster R-CNN 83% accuracy
99.49% in
Ferentinos et al. [25] (2018) AlexNetOWTBn and VGG AleXNetOWTBn
99.53% in VGG
Single-shot multibox (SSD) B80.6% accuracy on
L ) maodel images
Ramacharan el al. [44] (2019) 34, MobileNet detector and 70.4% accuracy on
classifier video
Geetharamani et al. [35] (2019) Nine-layer deep CNN 96.46% accuracy
Chen et al. [2] (2020) INC VGGN 92% accuracy
Liet al. [41] (2020) Shallow CNI}L‘;”“ SVMand 94% accuracy

Oyewola et al. [43] (2021)

Deep residual neural network
(DRNN)

96.75% accuracy
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2.2. Veri Seti

Calisma igerisinde modellerin egitimi ve sonuglar iizerinde
biiyiik bir etkiye sahip olan materyalimiz veri setidir. Kullanilan
veri seti elbetteki alinan ¢iktilarin yani tahminleme isleminin ne
derece basarili olacagini belirler. Bu ¢alisma igerisinde kullanilan
veri seti: “Data for: Identification of Plant Leaf Diseases Using a
9-layer Deep Convolutional Neural Network” ismi ile
data.mendeley.com dan erisilebilir. Herkese acik sekilde
kullanima agiktir. Veri Setinin i¢erdigi siniflardan 6nceki bolimde
bahsetmistik fakat icerdigi gorintii sayis1 ve dagilimlarn
konusmamustik. Veri Seti 2 farkli sekilde sunulmaktadir. Ilk
senaryo veri seti “veri artirma(data augmentation)” yontemini
icermeyen yani goriintii sayisinin ve cesitliligin az oldugu durum.
Bu senaryoyu yapmadik ¢iinkii modelimizin basarisi veri sayisina
bagli oldugu icin diger senaryoyu yani veri artirma ydntemi
uygulanmis olani segtik. Secilen veri setine ait durum:

Sekil 3. Verisetinin Iceriginden Bir Kesit

Class Plant Name Diseases Name Causes Virus Type of Diseases No. Of Images
Name

c27 Apple Apple Black Rot Rot 1000
c28 Apple Apple Scan 1000
€29 Corn Corn Common Rust Rust 1000
C30 Comn Corn Gray Leaf Spot Spot 1000
C31 Grape Grape Black Rot 1000
Cc32 Tomato Tomato Bacterial Spot  Spot Bacteria - Spot 1000
€33 Tomato Tomato Late Blight Pest 100
C34 Tomato Tomato Leaf Meld 1000
C33 Tomato Tomato Mosaic Virus ~ Tomato Mosaic Viral 1000

3. Arastirma Sonugclar1 ve Tartisma
3.1. Bulgular

Onceki béliimlerde agiklanan CNN mimarileri iizerinde
yapilan  gelistirme sonucuda, accuracy degerleri ile
karsilagtirmasini yaparsak en basarili modelin VGG16 oldugunu
goriirliz. Modellerin basarilari; veri setinin egitim, test ve
dogrulama olacak sekilde 3 pargaya ayrilmasi ve hangi oranlarda
icerisinde veriye sahip olacagi tamamen bize baglidir. Biz bu
calismada; egitim i¢in %60, test igin %30 ve dogrulama igin ise
%10 olarak ayirdik ve modelleri ona gore egittik. Farkli veri seti
bolme yontemleri de denenerek karsilastirilmali sonuglarin
arasina eklenebilir.

Aragtirma sonucunda, uzunca bir egitim siiresini geride
biraktik. Her bir modelin bastan egitilmesi islemi elbetteki
modelin biiyiikliigline bagl olarak 100’er epoch ile Nvidia GTX
1650 ekran kart1 iizerinde ortalama 16 saatten fazla siirmiistiir.
Modellerin tablo halinde karsilagtirmali olarak gésterimi asagida
mevcuttur.
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Tablo 1. Modellerin Bagarim Karsilastirmasi

Model Training Total Best Accuracy
Name Time Epoch Epoch
AlexNet | 163m 24s 100 82 0.8535
DenseNet | 925m 17s 100 71 0.8765
VGGI6 | 367m 21s 100 100 0.9488
ResNet18 | 139m 1s 100 56 0.9289
Efficient | 602m 50s 75 97 0.9248
Net B7
Efficient | 190m 20s 100 40 0.8852
Net B0
Bazi Modellerin egitimden sonraki Accuracy — Loss

grafiklerini gorebiliriz.

Sekil 4. AlexNet Egitim Grafigi

]

F0.7

0
@ 1.50 1 r 0.6

Lo!
Accuracy

r 0.5

1.00 4
PRY, 4
r 0.4
0.757 —— Training Loss
—— Validation Loss

T T T T T T
0 20 40 60 80 100
Training Epoch

Sekil 5. Efficient Net B0 Egitim Grafigi

Training Accuracy

1214
r 0.85

1.0 1 F0.80

Loss

r0.75

Accuracy

0.8

r 70
0.6

. VN Vel
—— Training Loss | 0.65
—— validation Loss

0.4 1

T T T T T T
0 20 40 60 80 100
Training Epoch

Egitilen modellerin hastalikli bitki yapragi goriintiisii
iizerindeki bagarimlarini incelemek istersek alt kisma bakabiliriz:
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Sekil 6. Efficient Net B7 ve AlexNet Tahmin Gériintiileri
Corn_healthy Corn_healthy

Corn_healthy

Orange_haunglongbing Corn_gray_leaf_spot “

Corn_gray_leaf spot Corn_northern_leaf_blight «
Corn_common_rust 4
|

Orange_haunglongbing 4
|

Background_without_leaves

Blueberry_healthy

_—
0.0 0.5 10 0.0 0.5 10
Prediction probability Prediction probability

Tablo 2. Modellerin Tahmin Degerleri

Model Name | Top Predicted Score
AlexNet Corn_healthy 0.9959
DenseNet Corn_healthy 0.5468
VGGle Corn_healthy 1.000
ResNetl8 Corn_healthy 0.9999
EfficientNet Corn_healthy 0.9540
B7
EfficientNet Corn_healthy 0.9598
B0

4. Sonuc¢
Bitki yapraklarmin hastaliklarmi  tespit etmek ve

smiflandirmak amaciyla yapilmis ¢aligmalar bulunabilir. Fakat
heniiz ticari amagl kullanilabilecek kadar etkili degildir. Uzerinde
gelistirmelere devam edilmesi gerekmektedir. Geligsimi dogrudan
etkileyecek olan ise veri setinin ¢esitliligi ve sayisinin artmasi
olacaktir. Biz bu ¢aligmada Mendeley Plant Diseases Dataset’i
kullandik. Literatiirdeki ismi ile “Data for: Identification of Plant
Leaf Diseases Using a 9-layer Deep Convolutional Neural
Network™ bulunabilir. Bu veri seti igerisinde 39 farkli kategori,
61.486 adet goriintii bulunmaktadir. Gorlintii sayisin1 artirmak
icin uygulanan artirma teknikleri flipping, gamma correction,
noise injection, PCA color augmentation, rotation, and scaling
uygulanmistir. Bitki yapraklarindaki hastaliklarin tespiti i¢in
farkli derin 6grenme teknikleri egitilmistir. Egitimden sonra
alinan sonuglar arasinda en iyi bagarimi veren %94.88 ile VGG16
mimarisi olmustur. Siire olarak da DenseNet’e ve
EfficientNetB0’a gore oldukga diistiktiir. ResNet18 egitim siiresi
olarak oldukga diisiik ve bagarim olarak ortalamanin biraz {istiinde
bir deger ¢ikarmistir. Uzerinde ¢alisilan bu modeller
optimizasyon olarak gelismis donanimli sistemlerde etkili olabilir
ancak diisiik donanimli daha ¢ok ihtiyag olabilecek yerlerde etkili
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olmayabilir. Diisiik donanim gereksinimleri i¢in diger mimariler
tercih edilebilir. Ik tercih sirasinda MobileNetV2 gelebilir.

5. Tesekkiir

Tiim aragtirma ve gelistirme asamalarinda zamanini ve
enerjisini esirgemeyen Aytug Onan’a tesekkiir ediyorum. Umariz
ki akilli tarim iizerine daha ¢ok calisiriz, projeler gelistiririz. Konu
ile alakali diger ¢aligmalar1 yapan kaynakcada belirtilenlere de
ayrica tesekkiir ediyoruz.
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Oz

Bu c¢alisma Tiirkiye nin en geng patlamali volkanlari arasinda yer alan Go6lciik (Isparta) volkanik bolgesinde yapilmistir. Bu ¢aligmanin
amac1 bolgedeki patlamali volkanizmaya bagli olarak gelisen kayaglardaki radyoaktivite konsantrasyon degerlerinin dlgiilerek bolge
icin bu degerlerin yorumlanmasi ve elde edilen konsantrasyon degerlerinin insan sagligi tizerindeki etkileri ile ¢evresel etkilerinin
degerlendirilmesidir. Arazi ¢aligmalar1 kapsaminda Gama-1sin spektrometresi ve yerinde dl¢lim teknigi kullanilarak piroklastik kayagclar
ve volkanik kayagclar iizerinde toplam 452 noktada Uranyum (U), Toryum (Th), Potasyum (K) ve absorbe doz oran1 6l¢iimleri alinmustir.
Elde edilen dl¢timlere ait dagilim haritalar1 olusturulmus ve bdlge genelinde yer yer yiiksek radyoaktivite degerleri gozlenmistir. Elde
edilen U degerleri 10 ile 350 Bq/kg araliginda degisirken, Th degerlerinin 420 Bq/kg degerine ulastigi gorilmistir. Her iki
konsantrasyon dagilim haritasinda da benzer bolgelerde yiiksek konsantrasyon degerleri gozlenmistir. Bolge i¢in dlglilen potasyum
degeri ise 2200 Bq/kg degerine ulagmaktadir. Olgiimler sonucu elde edilen yiiksek U ve K degerlerinin bolgedeki volkanik kokenli
kayaglarin kimaysal agidan sahip oldugu potasik-ultrapotasik karakterlerinden kaynaklanabilecegi diisiiniilmektedir. Dagilim
haritalarindan elde edilen sonuglar bdlgenin genel jeolojisi ile karsilastirildiginda bélgede yer alan tefrifonolit kayaglarin oldugu alanlara
karsilik gelen bolgelerin daha yiiksek konsantrasyon degerleri gosterdigi goriilmiistiir. Havada absorbe edilen doz orani ise 480 nGy/h
degerlerine ulagmaktadir ki bu deger UNSCEAR tarafindan belirlenen diinya ortalamasinin (60 nGy/h) yaklasik olarak sekiz kati
degerindedir. Dolayisiyla bu ¢evrede yasayan canlilarin bu durumdan negatif olarak etkilenebilme olasiligi bulunmaktadir.

Anahtar Kelimeler: radyoaktivite, Golciik volkanizmasi, gama-igin spektrometresi, absorbe doz orani

Investigation of Natural Radioactivity Characteristics of Rocks in
Golcuk/Isparta and Its Vicinity

Abstract

This study was carried out in the Golciik (Isparta) volcanic region, which is among the youngest eruptive volcanoes of Turkey. The aim
of this study is to measure the radioactivity concentration values in the rocks developed due to explosive volcanism in the region, to
interpret these values for the region, and to evaluate the effects of the concentration values on human health and environmental effects.
Uranium (U), Thorium (Th), Potassium (K), and absorbed dose rate measurements were taken at a total of 452 points on the volcanic
and pyroclastic rocks in the region using Gamma-ray spectrometry and in situ measurement technique. Distribution maps of the
measurements were created and high radioactivity values were observed throughout the region. While the obtained U values varied
between 10 and 350 Bg/kg, it was observed that the Th values reached 420 Bg/kg. High concentration values were observed in similar
regions in both concentration distribution maps. The potassium value measured for the region reaches 2200 Bg/kg. It is thought that the
high U and K values obtained as a result of the measurements may be due to the potassic-ultrapotassic characters of the volcanic origin
rocks in the region. The dose rate absorbed in the air reaches 480 nGy/h, which is approximately eight times the world average (60
nGy/h) determined by UNSCEAR. Therefore, there is a possibility that the living things living in this environment may be negatively
affected by this situation.
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1. Giris

Bu c¢alismada Giineybatt Anadolu’da bulunan Go6lciik
(Isparta) volkanizmasi ¢alisma alani olarak segilmistir. Goleiik
volkanizmasi, Toros kusaginin, “Isparta A¢is1” olarak tanimlanan
noktasinda bulunmaktadir [1, 2]. Ayrica bu bdlge “Isparta
Dirsegi” ve “Isparta Biiklimii” olarak da bilinmektedir [3].
Isparta Biikliimii tektonik olarak; giineyde dalma-batma zonu
olan Helen yay1 ve Kibris yayi ile sinirlanan Ege-Bat1 Anadolu
acilma bolgesi ile Anadolu plakasi arasindaki birlesim bolgesinde
bulunmaktadir [4] (Sekil 1).

Inceleme alami, Toridler tektonik birligi i¢inde énemli yere
sahip olan Isparta biikliimiiniin i¢ bat1 kisminda yer almaktadir
[5]. Toros daglarmin uzaniminin dogu-bati istikametinde, goéller
bolgesi kisimlarinda bu diizenli uzanis, kivrim veya bir biikklim
yapmig sekilde goriilmektedir. Bu deformasyon, bolgedeki
tektonizma hareketliliginin gostergesidir. Anadolu Levhasinda
goriilen tektonik ve morfolojik olusumlar bu tiir hareketler
sonucunda olugmaktadir [6]. Calisma alanin tektonik ve volkanik
hareketlilik acisindan aktif durumda olmasi, bu bdlgedeki

radyoaktivite seviyelerinin de yiliksek olmast gerektigini
diigiindiirmektedir.
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Sekil 1. Isparta A¢isinin tektonik konumu ({7] 'den
degistirilmistir)

Yeryiiziindeki kayaglarin ¢ogu onemli diizeylerde dogal
radyoaktif element icerirler. Kayaglarda fiziksel 6zellik olarak
bulunan radyoaktivite, basit haliyle; atomlarin yapisindaki
degisim olayidir. Dogal radyoaktiviteye sahip ve yer kiirede
onemli dl¢iide bulunan uranyum, toryum ve potasyum ile bunlarin
izotoplari, jeofizik ve jeolojik arastirmalar icin biiyiik 6neme
sahiptir. Jeofizikte radyometrik yontem ile, radyoaktivite
degerlerinin 6lgiilmesi ilk olarak 1920°li yillarda Geiger-Miiller
sayaclarinin iiretilmesi ile 1930°1u yillarda ise petrol kuyularindan
log aliminda kullanilmasi ile baglamigtir [8]. Daha sonraki
yillarda ise gamma 1sinlarini enerji seviyelerine gore ayirip kayit
yapabilen Gamma Ray Spektrometresi kullanilmaya baslanmistir.
Bu ¢aligmada ise Gama-1sin spektrometresi kullanilarak Golciik
volkanik bolgesinde radyoaktivite konsantrasyonlari dl¢iilerek bu
degerlerin bolge ve insan sagligi {izerindeki etkisi aragtirtlmigtir.

2. Materyal ve Metot
2.1. Materyal
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2.1.1. Calisma Alani Jeolojisi

Inceleme alanminin temelinde Teke Naplarma (Likya
naplarina) ait allokton konumlu ofiyolitik melanj yer almaktadir.
Ofiyolitik melanj genellikle serpantinit, serpantinize harburjit,
farkli boyutlarda masif altere bazaltlar, diyabaz ¢akil ve bloklari,
derin deniz sedimanlari, yine haritalabilir boyutlara kadar ulagsan
ve melanj igerisinde gomiilii masif, bol kirik katlakl
kiregtaglarindan olusmaktadir. Isparta yerlesim alani ve yakin
cevresinde volkanik kayaclar volkanik patlama dncesinde temel
kayaglar1 keserek yiizeye ¢ikmis kaldera disi volkanikler ve
bunlara eslik eden aglomera-lahar ¢okelleri, volkanizmanin son
asamalarinda volkanik patlama ve kaldera olusumuna bagli olarak
geligmis kaldera i¢i volkanikler ve piroklastikler olmak iizere iki
kisimda incelenmistir [9]. Volkanik patlama Isparta yerlesim alani
giineybatisinda ofiyolitik melan;j i¢erisinde geligmis olup halen bu
bolgede bir krater golii olan Golciik goli yer almaktadir. Platevoet
ve dig. [10] Kuvaterner volkanik aktivitesini kendi igerisinde her
biri farkli volkanik iiriinler ile temsil edilen ii¢ farkli piiskiirme
evresine ayirmiglardir: (i) Birinci pliskiirme evresi: alt1 piroklastik
akma seviyesi ile temsil edilen ignimbritik piroklastik akma
¢okelleri, (ii) ikinci piiskiirme evresi: kaldera icerisinde gelismis
tefrifonolitik lav domlart, (iii) tiglincii pliskiirme evresi: maar tipi
volkanik aktiviteye bagli birden fazla piiskiirme faaliyeti sonucu
olusmus tiif halkas1 ¢okelleri ve en son olarak da maar krater igi
trakitik bilesimli lav domu olugumlari. Bu ¢alisma Golciik golii
cevresinde yer alan kaldera ic¢i volkanikler ve piroklastikler
izerinde ylritilmiistiir.

2.1.2. Calisma Alant Sismotektonigi

Tiirkiye, sismik agidan diinyadaki en hareketli bdlge olan
Alp-Himalaya kusagi iizerinde bulunmaktadir. Tiirkiye’ nin
sismotektonigi, Avrasya levhast agisindan Afrika ve Arap
levhalarinin kuzey yoniinde ilerlemesinden olusmaktadir [11-13].
Bu durum Anadolu levhasinin yilda ortalama 24 mm ve Dogu
Anadolu Fay Zonu ve Kuzey Anadolu Fay Zonu boyunca batiya
hareket  etmesine neden olmaktadir [14]. Bodlgenin
giineydogusunda aktif kitasal ¢carpigsma ve bindirme zonu Bitlis
Zagros Bindirme Kusagi, giineybatida ise aktif Ege ve Kibris
Yaylar1  bulunmakta [15] ve tektonik hareketlilikten
etkilenmektedir.

Ispartanin yer aldigi Gilineybati Anadolu bdlgesi ise,
Anadolu-Ege blogunun batiya dogru yonelmesi, Helen ve Kibris
Yaylarimin etkisi altinda gelisen bir sismik hareketlilik
gostermektedir [14]. Fethiye Burdur Fay Zonu ve Aksehir Fay
Zonu Isparta’daki deprem hareketliligini etkileyen baslica
zonlardir. Isparta Agisinin (IA) smirlarimi Fethiye Burdur Fay
Zonu, Aksehir Fay Zonu, Helen ve Kibris yaylarmin kesisim
noktasi belirlemektedir [1, 2, 16, 17].

2.2. Metod
2.2.1. Radyoaktvite

Atomun ¢ekirdegindeki, elektromanyetik 151ma veya tanecik
yayinimi yaparak kendi kendini pargalamasi olayina radyoaktivite
olay1 denir. Cekirdek tepkimesi sonucu ortaya bir enerji agiga
¢ikar ve bu enerjiye radyasyon adi verilir. Radyasyon yayan
maddelere radyoaktif maddeler denir. Atom c¢ekirdeginin alfa
parcacigl, beta pargacigl, gama 1sim1 ya da baska pargacik
yayinimi yapmasit veya atomun ¢ekirdege yakin yoriingesinden
bir elektron yakalamasi olayina Radyoaktif Bozunma denir [18].
Alfa, beta ve gamma olmak tizere 3 farkli bozunma tiirii
bulunmaktadir.
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Radyometrik ¢aligmalarda kullanilan baglica radyoaktif
elementler Uranyum, Toryum ve Potasyum olup bunlar
yeryiiziinde bulunan mineral ve kayaglarin bilesimlerinde degisik
miktarlarda  bulunan radyoaktif elementlerdir. Uranyum
elementinin 23U ve 28U olmak iizere iki tane dogal izotopu
bulunmaktadir. Dogada yer alan uranyumun %99,7’si 238U
izotopudur. iki izotopunda yarilanma Omrii milisaniyeden
milyonlarca yila kadar degisen bozunma iiriinleri bulunmaktadir.
235U ve bozunma iiriinlerinin gamma 1s1n enerjisi 0,35 MeV’ den
yiiksek degildir. 2**U’in bozunmasinin son iiriinii 2’Pb, 23¥U’in
bozunmasinin son iiriinii ise 2°°Pb’dir, sonra duragan hale gelirler.
238U elementi gamma 131n yaymimi yapmamaktadir. Toryumun ise
Dogal izotopu 2**Th’dir ve bozunmasinin son iiriinii 2Pb’dir.
Gamma 131n yaymim agisindan en genis banda Talyum (2%*TI)
izotopudur. Gamma 151n spektrometresinin dl¢iimlerindeki hedefi
28Th’in yaymim gosterdigi gamma 1sinlaridir.

3. Arastirma Sonuclar1 ve Tartisma

Bu calismada Isparta ili sinirlarinda bulunan Goélciik
Volkanizmasinda arazi sartlarma, bdlgede bulunan kayaclarin
tirtine bagli olarak olabildigince sik araliklar ile olgtimler
alinmistir (Sekil 2). Calismalar sirasinda GF Instrument Inc.
marka gama 1511 spektrometresi ve yerinde Ol¢iim teknigi
kullanilarak toplam 452 noktada oSlgiimler almmustir. Oliimler
sirasinda gama 1s1n spektrometresi zemin yiizeyinden 70-80 cm
yiikseklikte tutulmustur. IAEA [19] tarafindan sirasiyla yiiksek ve
diisiik radyoaktif toprak ve kayaglar igin 120-300 saniye olarak
belirlenen sayim siirelerin dogrultusunda bu ¢alismada 6l¢iimler
120 sn sayim siiresi kullanilarak alinmistir. Bitkilerde potasyum
bulundugundan, dlgiimler direkt olarak kayac yiizeylerinden ve
topraktan alinmigtir. Calismalarda, harici bir GPS (5 m) ile
otomatik kazan¢ kontroliiniin stabilizasyonu i¢in 137 Cs gama
1511 kaynagi kullanarak GF gama 1511 spektrometre meniisiinde
tam spektrum ve tahlil modu segilmistir. Bu mod verilerin
strastyla K, U ve Th miktar1 i¢in yiizde ve ppm cinsinde sonug
vermektedir. Jeolojik ve gevresel radyoaktivite Ol¢limleri igin
potasyum, uranyum ve toryum miktar1 birimi genellikle kiitle
basimna Becquerel (Bq) olarak ifade edilir. Uluslararasi Atom
Enerjisi Ajansi konsantrasyon biriminden doniigiim faktorii olarak
%1 potasyum = 313 Bq/kg 40K, 1 ppm uranyum = 12.35 Bqg/kg
238U ve 1 ppm toryum = 4.06 Bq/kg 232Th [24] kullanilarak bu
aragtirmada, 6l¢iimler % ve ppm'den Bg/kg'a doniistiiriilmiistiir.

e-ISSN: 2148-2683

Sekil 2. Olgiim noktalarimin ¢alisma alamindaki dagilim

Arazi ¢alismalart sonucunda elde edilen radyoaktivite
degerleri 35 m ornekleme araligi ile haritalanmigtir. Potasyum
dagilim haritast incelendiginde potasyum ortalama degerlerinin
1218.99 Bg/kg oldugu ve 2200 Bg/kg degerine kadar ulastigi
gorilmiistiir (Sekil 3). Calisma alaninin giineybatisinda ve
Golciik goliniin dogusunda yer alan yiiksek potasyum degerleri
dikkat ¢ekmektedir. Bu yiiksek degerlere karsilik gelen bolgenin
jeolojik olarak tefrofonolit kayaglarin hakim oldugu alana karsilik
gelmektedir. Bu volkanik yapilarin biiyiik kismi agirlikli olarak
ikincil lav akintilar1 ve kubbeleri ile tefra birikintilerinden
(piroklastik akintilar, hava diisiisleri ve akintilar, kii¢iik laharlar)
olugmaktadir [10].

Calisma alanina ait Uranyum konsantrasyon dagilim haritasi
Sekil 4’te verilmistir. Sekilden goriilecegi tlizere uranyum
konsantrasyon degerleri 100 ile 320 Bg/kg araliginda
degismektedir. En yiiksek degerler (yaklasitk 320 Bg/kg)
bolgedeki Golciik volkanitlerinde  Ol¢iilmiistir.  Bolgedeki
piroklastik ve sedimenter birimlerde ise sirasiyla yaklasik olarak
240 Bg/kg ve 130 Bq/kg degerleri 6l¢iilmiistiir.

Calisma alanindaki Toryum konsantrasyonlari kontur haritasi
ise Sekil 5’ te verilmistir. Bolge i¢in Toryum degerleri 420 Bq/kg
degerine ulagmakta ve Uranyum konsantrasyon dagilim
haritasiyla benzer sekilde aymi noktalarda yiiksek degerler
gostermektedir. En yiiksek Toryum konsantrasyon degerleri
(~400 Bg/kg) Golciik volkanitlerinde olgiilmiistiir. Golciik
piroklastiklerinde bu deger ~220 Bq/kg ol¢iiliirken bolgedeki
sedimenter birimlerde ise ~140 Bq/kg olarak dl¢iilmiistiir.

Havada absorbe edilen doz orani ise (nGy/h) denklem (1)'den
hesaplanmistir [25],

Doserate = 13,078 * Cx + 5,675 * Cy + 2,494 x Cypy, (1)

Denklemde bulunan Ck, % olarak “°K konsantrasyonu ve Cy ve
Cm, strastyla ppm olarak 23¥U ve 232Th konsantrasyonudur. Bu
denklem yardimu ile elde edilen absorbe doz dagilim haritas1 Sekil
6’ da verilmistir. Jeolojik birimlere gére Golciik volkanitlerinde
bu deger ~480 Bq/kg, Golciik piroklastiklerinde ~250 Bg/kg ve
sedimenter birimlerde ise ~180 Bq/kg olarak dl¢iilmiistiir.
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Sekil 3. Potasyum konsantrasyonu kontur haritasi
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Sekil 4. Uranyum konsantrasyonu kontur haritasi
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Sekil 5. Toryum konsantrasyonu kontur haritasi
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Sekil 6. Havada absorbe edilen doz orant (nGy/h) kontur
haritast

Ternary diyagrami (U-Th-K), her bir radyo -elementinin
radyojenik 1s1 tiretim oranina katkisini gostermektedir. Sekil 7°de
verilen ternary diyagramina gore, degerlerin ¢ogu Th-eksenine
yakindir, bu da toplam 1s1 iretiminin esas olarak Th miktarina
baglt oldugunu gosterirken, K'nin katkisi ise %15 civarindadir.
Golciik volkanik kayaglarindaki yiiksek Th degerlerinin kaynag:
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radyoaktif yardimci mineraller agisindan daha zengin olmasi
durumu ile agiklanabilir.

K

Sekil 7. Ternary diyagrami U, Th ve K

4. Sonuc¢

Bu c¢alismada, Golciik volkanizmasi igin toprak ve
kayaglardan yerinde Ol¢liim teknigi ile dogal radyoaktivite
diizeyleri belirlenmistir. Elde edilen sonuglar, bu calismada
incelenen alanin dogal kabul edilen radyoaktivite seviyesinden
cok yiiksek oldugunu gostermektedir. Calisma alinin 22°U, 232Th
ve ‘K izotoplarmin aktivite konsantrasyonlari, UNSCEAR [20]
raporunda belirtilen ortalama degerlere gore giivenli siniri
asmaktadir. Olciimler sonucu elde edilen yiiksek U ve K
degerlerinin ise bolgedeki volkanik kayaglarin sahip oldugu
potasik-ultrapotasik karakterlerinden kaynaklanabilecegi
diisiiniilmektedir. Ayrica havada absorbe edilen doz orani da
giivenli olarak belirlenen araliktan 8 kat daha yiiksek ¢ikmustir.
Bu agidan Golciik volkanizmasinda toprak ve kayaglardan
yayilan dogal radyasyonun radyolojik tehlike ve insan sagligi
izerinde negatif yonde bir etki olusturabilecegi sonucuna
vartlmigtir.
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Oz

Giinliik hayatta siklikla karsilagilan bir ¢ok problemin ¢oziimiinde, orantisal akil yiiriitme becerilerinin gerekli oldugu bilinmektedir.
Bu dogrultuda, ortaokul matematik dersi igerisinde, oran, orantt kavramlar1 diginda, veri analizi, olasilik, e§im gibi bir ¢ok konu
icerisinde orantisal akil yiiriitme problemleri yer almaktadir. Literatiire bakildiginda,orantisal akil yiiriitme becerisinin gelisimi i¢in
kullanilan orantisal akil yiiriitme problem tiirlerinin, verilmeyeni bulma, niceliksel (sayisal) kargilagtirma ve niteliksel karsilastirma
olmak tizere 3 baslikta ele alindig1 bilinmektedir. Bir diger yandan, 6grencilerin gergek hayat problemlerinde daha basarili olmalari ve
okul matematigi ile iliskilendirme yapmalari amaciyla, 2018 yilindan itibaren beceri temelli sorular, liselere giris sinavlarinda yerini
almaya baglamustir. Bu sorularin orantisal akil yiiriitme becerilerini igeren problem tiirlerini ne 6lgiide kapsadigi bilinmemektedir. Bu
¢alismada giiniimiiz egitiminde g¢ok 6nemli yeri olan ve dgrenme - 0gretme siirecinin 6lgme degerlendirme asamasinda kullanilan
beceri temelli sorularin orantisal akil yiiriitme problem tiirlerine gore siniflandirilmast amaglanmistir.Bu amagla 2018 ve 2021 yillart
arasinda Mili Egitim Bakanligi’nin (MEB)yayinladigi 255 tane Ornek liselere giris smavi (LGS) sorulari dokiiman analizi
incelenmistir.incelenen sorulardan 82 tanesinin orantisal akil yiiriitme igerdigi tespit edilmistir. Bu sorularin 8.sinif konularina gore
dagilimina bakildiginda en fazla veri analizi konusunda en az esitsizlik ve geometrik kavramlar konusunda orantisal akil yiiriitmeye
yer verildigi goriilmiistiir. Bununla birlikte orantisal akil yiiriitme i¢eren sorulardan biiyiik ¢ogunun verilmeyeni bulma problem tiirii
oldugu belirlenmigtir.Sonu¢ olarak yayinlanan &rnek beceri temelli sorularinin orantisal akil yiiriitme problem tiirlerine gore
dagiliminin esit olmadig1 saptanmugtir.

Examining Skill-Based Mathematics Questions According to
Proportional Reasoning Problem Types

Abstract

It is known that proportional reasoning skills are necessary in solving many problems that are frequently encountered in daily life. In
this direction, there are proportional reasoning problems in many subjects such as data analysis, probability, slope, in addition to the
concepts of ratio and proportion in the middle school mathematics course. When we look at the literature, it is known that the
proportional reasoning problem types used for the development of proportional reasoning skill are discussed under three
headings:finding the missing, quantitative (numerical) comparison and qualitative comparison. On the other hand, skill-based
questions have started to take their place in high school entrance exams since 2018 for students to be more successful in real life
problems and to make connections with school mathematics. It is not known to what extent these questions cover problem types
involving proportional reasoning skills. In this study, it is aimed to classify the skill-based questions, which have a very important
place in today's education and are used in the assessment and evaluation phase of the learning-teaching process, according to the
proportional reasoning problem types. Exam (LGS) questions were examined. It was determined that 82 of the examined questions
included proportional reasoning. Considering the distribution of these questions according to 8th grade subjects, it was seen that the
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least inequality in data analysis and proportional reasoning in geometric concepts were included. However, it has been determined
that most of the questions involving proportional reasoning are the problem types of finding the missing problem. As a result, it has
been determined that the distribution of the sample skill-based questions published according to the proportional reasoning problem

types is not equal.

1. Giris

Giinlimiiz kosullarinda degisim kavrami sosyal ve toplumsal
hayatin bir ¢cok yerinde karsimiza ¢ikmaktadir. Insanligin hayati
icin 6nemli bir yere sahip olan egitim sistemi de sosyal ve
toplumsal hayatin doniigiimiinden etkilenmistir.Bunun sonucu
olarak da egitim sistemindeki ihtiyaclarda da degisiklik
gereksinimi  ortaya ¢ikmistirBu baglamda Milli Egitim
Bakanligi(MEB),gectigimiz yillarda &gretim programinda ve
merkezi smavlarda bircok degisiklige gitmistir. Bu degisimin
sosyal, Kkiiltiirel,ekonomik sebeplerinin olmasinin yaninda
giniimiiz ~ sartlarinda  degisen bireylerin  yeterlilik  ve
becerilerindeki degisiklik gibi sebepleri de olmustur. 21. yiizyil
becerileri olarak adlandirilan ve yeni yiizyilin mezunlarinin
sahip olmast beklenilen yeterlilik ve beceriler de egitim
sistemini yapilandirilirken dikkate alinmistir(MEB Talim ve
Terbiye Kurulu Baskanlhigi, 2018). 2023 egitim vizyonunda da
belirtildigi lizere egitim sistemimizdeki smavlarin tamami;
amacina, igerigine, soru tiplerine bagh yapisiyla ve saglayacagi
yarara gore yeniden diizenlenmistir MEB 2018 yilinda Liselere
Gegis Sinavinda(LGS)da degisiklige gitmis ve sinavlarda konu
ve kavramlarin yani sira; “okudugunu anlama, yorumlama,
sonug ¢ikarma, problem ¢6zme, analiz yapma, elestirel diisiinme,
bilimsel siire¢ becerileri” ve bunlara benzer niteliklere sahip olan
diger becerileri Olgecegini belirtmistir(Milli Egitim Bakanlig1
[MEB], 2018a)

MEB’in yaptig1 iyilestirmeler sonucunda LGS 2018
yilindan beri st diizey becerileri yoklayan sorulardan
olugturulmaktadir.Buna bagli olarak MEB 2018 yilindan itibaren
yeni uygulamaya giderek ogrencilere destek olmak amaciyla
aylik olarak ornek beceri temelli sorulari internet sayfasinda
yaymlamakta bunun yaninda 2021 yilindan itibaren de bu
sorulart LGS Calisma kitaplar1 haline getirip 6grencilere basili
olarak ulastirmaktadir. LGS matematik Sorularina matematik
egitim Ogretim programi agisindan bakildiginda ise, sorularin
tim O6grenme alanlar1 géz Oniinde bulundurularak okudugunu
anlama, yorumlama ve matematiksel akil yiiriitme bigimlerini
kullanarak problem ¢6zme gibi birgok beceriyi hedef alarak
hazirlandigr  goriilmektedirMEB,  2018).Bu  becerilerin
igerisinde ise matematik Ogretiminde ¢ok¢a kullanilan akil
yiiriitme bi¢imlerinden orantisal akil yiiriitme becerisi 6n plana
¢ikmaktadir.Orantisal akil yiiriitme; ilkogretim matematik
O0gretim programinin bir¢ok 6grenme alaninda yer almasindan
dolay1 beceri temelli sorularin orantisal akil yiiriitme becerisini
ne kadar kapsadigini ortaya ¢ikarmak dnemli olacaktir.

Oran, orantt ve orantisal akil yiirlitme matematik
ogretiminde onemli bir yer tutmaktadir. [lkdgretim matematik
Ogretim programinin her kademesinde oran kavrami ve orantisal
diisinme pek ¢ok konuya entegre edilmis durumdadir.Literatiir
incelendiginde 5, 6, 7 ve 8.simf Ogrencilerinin orantisal akil
ylriitme becerisinin ne diizeyde oldugu ve bu becerinin nasil
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geligtirilmesi  gerektigiyle ilgili pek ¢ok caligma
bulunmaktadir.  Oran;jiki ~ ¢oklugun  birbirine  bdliinerek
karsilastirilmas1 (MEB, 2018) olarak tanimlanirken bir bagka
tanima gore oran farkli 6lgme uzaylarma ait iki c¢oklugun
carpimsal olarak karsilagtirllmast sonucu elde edilen bir
Olglimdir(Ceken & Ayas, 2010). Oranti ise birbirine denk olan
iki kesrin esitligi olarak tamimlanabilir(MEB, 2018).Ceken ve
Ayas (2010)’a gore orantisal akil yiiriitme yetenegi, ayni ya da
farkli  Olgme uzaylarina ait cokluklarin  (nesnelerin)
kargilastirilabilmesi demektir. Orantisal akil yiiritme becerisi,
kargilagtirilan ¢okluklarin birbirlerine bagli degisimlerini dikkate
alarak, karsilagtirma hakkinda yorum yapabilme ve karar
verebilme yetenegini igermektedir(Ceken & Ayas, 2010).
Carpimsal iligkileri anlayip onu toplamsal iliskilerden ayirt
etmek orantisal akil yiiriitmenin en 6nemli par¢asidir(Piskin
Tung, 2018).

Orantisal akil yiiritme ile ilgili literatiir incelendiginde orantisal
akil yliritme yeterliliginin degerlendirilmesinde bazi problem
tiirlerinden yararlanildig1 goriilmiistiir (Cramer ve Post, 1993;
Cramer, Post ve Currier, 1993; Akkus-Cikla ve Duatepe, 2002;
Duatepe,Akkus ve Kayhan., 2005;).Bu problem tiirlerinin ig
farkli baslik altinda toplandigi goriilmistiir (Heller, Post, Behr
ve Lesh, 1990; Cramer,Post ve Currier,1993; Post, Behr ve Lesh
1988;aktr Tung Pigkin,2018).Bu problem tiirleri; bilinmeyen
degeri bulma, sayisal karsilagtirma ve niteliksel akil yiiriitme
problemleridir. Bilinmeyen degeri bulma problem tiiriinde,
verilen bir orantida ii¢ ¢okluk verilmisken dordiincii ¢oklugun
bulunmasi gerekmetedir (Lamon, 2007).Bir bilinmeyen degeri
bulma problem tiiriine ait bir 6rnek verecek olursak; “500 km
yolu 6 saatte alan bir otomobil, ayn1 hizla giderse 750 km’lik
yolu kag saatte alir?” Bilinmeyen deger problem tiirii matematik
Ogretiminde en ¢ok karsilagilan problem tiradiir(Piskin Tung,
2018).Bir diger problem tiiri ise sayisal karsilastirma
problemleridir. Sayisal Kkarsilastirma probleminde, orantida
bulunan oranlarn biitiin degerleri verilip bu iki oranin
karsilastirilmasi istenmektedir(Lamon, 2007). Sayisal(niceliksel)
karsilastirma problemlerinde iki tane oranm sayisal bir cevaba
ihtiyag duymadan karsilagtirilmas: amacglanmaktadir. Noelting
(1980)’in  “Portakal Suyu Problemi” sayisal karsilastirma
problerinin tipik bir &rnegidir. Bu problemde, su ve portakal
suyu konsantresiyle yapilan iki farkli karigtmin igindeki su ve
portakal suyu konsantresi verilip karigimlarin
tatlarinin kiyaslanmasi istenir.Sayisal karsilagtirma
problemlerine baska bir 6rnek verecek olursak; “es hacimli iki
bardaktan birinde 40 gr yogurt ve 80 ml su Kkaristirilmus,
digerinde ise 60 gr yogurt vel25ml su karigtirilarak ayran
yapilmistir. Buna gore hangi bardakta yogurt tadi daha
fazladir?”.  Bu problemde hangi bardaktaki yogurtun
yogunlugunun fazla oldugunu bulmak igin iki bardaktaki

miktarlar1

162



European Journal of Science and Technology

ayranlarmda  yogurt miktarinin su miktarina  oraninin
kiyaslanmasit beklenir. Okulda kullandigimiz matematikte
karsimiza ¢ok fazla cikmayan sayisal (niceliksel) problem
tirtiniin ~ ¢oziimiinde igler-diglar  ¢arpimu  algoritmasinin

kullanilamadig1 goriilmektedir. Bu tip problemlerin ¢6ziimiinde
degerler arasindaki oranlarin fark edilip karsilastirilmasi
gerekmektedir(Piskin Tung, 2018). Ugiincii problem tiirii ise
niteliksel akil yiirlitme problemleridir. Bu problem tiiriinde ise
nicel degerler olmadan karsilastirma yapmak amaglanmaktadir.
Bu problem tiiriiniin niteliksel tahmin ve niteliksel karsilagtirma
olmak iizere iki farkli ¢esidi vardir (Cramer ve dig., 1993,aktr
Tung Pigkin,2018). Niteliksel tahmin problem tiirii; 6grencilerin
belirli sayisal degerlere bagli olmadan niteliksel tahmin
yapmalarinin istendigi soru tipidir (Aladag ve Ding Artut, 2012).
Bu problem tiirline 6rnek verecek olursak; “Melek bugiin diin
kostuguna goére daha fazla zamanda daha az kogmustur. Buna
gore bugiinkii hiz1 diinkii hizina gore nasil degismistir?” tipik bir
niteliksel tahmin problemi olarak ele almnabilir. Niteliksel
kargilastirma problemleri ise oranlar arasinda karsilastirma
gerektiren problem tiiriidiir (Kahraman, Kul ve iskenderoglu
Aydogdu, 2019).Bu problem tiiriine o6rnek verecek olursak;
“Ramazan ve Melek’in okul bahgesinin etrafinda attigi tur
sayilart aynidir. Fakat Ramazan Melek’ten daha kisa siirede turu
tamamlamustir. Hangisi daha yavas kosucudur?” tipik bir
niteliksel karsilastirma problemidir(0z,2020).0kulda
kullandigimiz matematikte pek karsimiza ¢ikmayan bu problem
tirlini ¢ozerken de icler-diglar ¢arpimi gibi ezbere metotlar
kullanilamadig1 gibi bu problemler nicel veriler icermediginden
dolay1 nicel kiyaslamalar da yapilamaz(Piskin  Tung,
2018).Yukaridada verilen problem tiirlerinden de anlasildig1 gibi
orantisal akil yiiriitme beceri hem nitel hem de nicel siiregleri
birlikte barindirir(Pigkin Tung, 2018).

Biitlin bu bilgiler 15181nda bu ¢alismada, MEB tarafindan, 2018-
2022egitim Ogretim yillarinda yayimlanan LGS’ye hazirlik
ornek beceri temelli sorulari orantisal akil yiiriitme probem
tiirlerine gére dagilimini incelemek amaglanmistir. Bu baglamda
arastirma kapsaminda, asagidaki sorulara cevap aranmustir.

e MEB’in 2018-2022 yillarinda yayimladigt 8. simif
beceri temelli sorularin orantisal akil yiiriitme problem
tirleri baglaminda yillara gore dagilimi nasildir?

Problem Tiirii Kriterleri

e Orantisal akil yiirlitme iceren beceri temelli sorularin
Ogrenme alanlar1 ve konulara gore dagilimi nasildir?

e Orantisal akil yiiriitme iceren beceri temelli sorularin
problem tiirlerine gore dagilimi nasildir?

2. YONTEM

2.1. Arastirma Deseni

Arastirmada 2018’den 2022’ye kadar yayinlanmig olan LGS
ornek sorularimi belirli kriterlere gore derinlemesine incelemek
amactyla nitel veri toplama yontemlerinden biri olan dokiiman
analizi teknigi kullanilmigtir. Dokiiman analizi belirli norm veya
sisteme gore bir c¢alisma ile ilgili olan kayit ve belgelerin
toplanilmasi, kodlanmasi ve incelemesi islemidir(Sonmez Tural,
2019). Dokiiman analizi yonteminin kullanilmasinin amaci yazili
materyal kapsaminda degerlendirilen beceri temelli sorulari
inceleme agisindan arastirmanin amacina uygun olmasidir.

2.2. Veri Kayna@

Calismada kullanilan sorular,LGS’ye hazirlik i¢in 6lgme ve
degerlendirme sisteminin web sitesinde online olarak yayinlanan
ornek beceri temelli sorularidir. Bu sorular, 2018-2019 egitim
Ogretim yilinda LGS sistemine gegilmesi ile birlikte okullarda
islenen konulara paralel olarak her ay 10 soru olarak
yayinlanmaktadir. Bu arastirmada sorularin ilk yaymlandig
2018-2019 egitim 6gretim yilindan, 2021-2022 egitim 6gretim
yilina kadar yayinlanmus olan toplam 335 adet beceri temelli
sorunun tamamu ele alinmigtir.

2.3. Verilerin Toplanmasi ve Analizi

Calismada, sorularin simiflandirilmasinda(Cramer, Post, &
Currier, 1993)tarafindan  olusturulan verilmeyeni  bulma,
nicel(sayisal) karsilastirma ve nitel akil yiiriitme problem
tirleri temel  alinmigtir.  Sorular orantisal akil  yiiriitme
problemleri baglaminda incelenirken asagidaki Tablo 1’deki
belirtilen kriterlere dikkat edilmistir.

Verilmeyeni Bulma .

Orantidaki 4 degerden 3 tanesi verilmis ve bir tanesi sorulmalidir.
e Ogrenciler igler dislar ¢arpim algoritmasini kullanmaya ihtiyag duymalidr.

Niceliksel Karsilastirma .

Problemde bir oranti mevcut, nicel veriler var, fakat problemin ¢6ziimii i¢in oranlarin
karsilastirilmasi gerekmektedir.
e Icler dislar carpimu algoritmasi ile ¢oziilemez.

Niteliksel Akil Yiiriitme .

Problemde sayisal degerlere bagli kalmadan oranlarin karsilastiritlmasini gerekir.
e  Bu problem tiiriinde 0grencilerin orantinin anlamini anlayarak zihinsel becerileri ile
soruyu ¢ézmeleri gerekmektedir

Tablo 1. Kriter Tablosu
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Aragtirmaci tarafindan baslatilan  veri toplama siirecinde
oncelikli olarak MEB tarafindan 2022 yilinda basili hale
getirilen ornek sorular incelenmis ve ¢ozililmiistiir. Bunlardan
orantisal akil yiiriitme problem tiirleri ile ilgili olanlar segilip
daha sonrasinda 2022 yili Nisan ve Mayis aylarinda yayinlanan
ornek sorular online web sitesi iizerinden incelenerek orantisal
akil yiiriitme iceren problemler secilmistir. Toplamda 335 tane
soru incelenmis ve 109 tanesinin orantisal akil yiirlitme problemi
oldugu belirlenmistir.

3.BULGULAR

Birinci arastirma sorusuna yonelik bulgular

2.4. Arastirmanin Gegerligi ve Giivenirligi

Caligmanin gecerligi ve gilivenirligini artirmak ve bulgularin
dogrulugunu zenginlestirmek i¢in Oncelikle yazarlar, tim
sorularn %10’unu bagimsiz bir sekilde kodlamislardir. Daha
sonra bir araya gelerek, her soru tipinin genel Ozellikleri
konusunda tartismiglardir. Daha sonra tiim soru tiplerini bir
arastirmact  kodlamis ve sorularin karsilarina kodlar1t ve
nedenlerini belirtmistir. Diger arastirmacilarla birlikte, calisma
ile ilgisi olmayan bir matematik 6gretmeni, kodlanan sorular
incelemis ve teyit etmistir. Bununla birlikte, ¢calismada her bir
soru tiiriine yonelik bir Ornek verilerek detayli betimleme
yapilmaya ¢alisiimistir.

Yayimlanan sorularin yillara ve orantisal akil yliriitme problem tiiriine yonelik dagilimi asagida verilmistir.

Yillar Verilmeyeni Bulma |Niceliksel Karsilagtirma|  Niteliksel Akil Toplam Orantisal | Toplam Soru Sayist
Problem Tiirii Problem Tiirii Yiiriitme Problem Akl Yiiriitme
Tiirii Problem Sayisi
2018-2019 31 3 3 37 95
2019-2020 28 - 31 100
2020-2021 14 3 - 17 60
2021-2022 24 - 24 80
Toplam 97 9 3 109 335

Tablo 2. incelenen Sorularin Orantisal Akil Yiiriitme Problem Tiirleri Baglaminda Yillara Gére Dagilinm

Tablo 2’de MEB tarafindan yayinlanan 8. Sinif beceri temelli
sorularmn yillara ve orantisal akil yiiriitme problem tiirlerine gore
dagilimi verilmistir. Tabloya bakildiginda 2018- 2019 yillar
arasinda toplam 95 adet, 2019-2020 yillar1 arasinda 100 adet,
2020-2021 yillar1 arasinda 60 adet ve 2021-2022 yillar1 arasinda
80 adet soru bulunmaktadir.

Orantisal akil yiriitme becerisi iceren problem
bakildiginda, yayinlanan sorularin yaklasik olarak ftgte biri
oraninda oldugu goriilmektedir. Toplam soru sayisina oranla en

say1sina

fazla orantisal akil yiiriitme iceren soru tiirleri 2018-2019 yillari

iceren problem tiirlerine bakildiginda, problemlerin biiyiik bir
kismmin verilmeyeni bulma problem tiirline yonelik oldugu
goriilmektedir. Niceliksel karsilagtirma problem tiirii her yil 3’er
adet yer almis olsa da 2021-2022 egitim Ogretim yilinda
yayimlanan sorularin igerisinde hi¢ yer almamistir. Niteliksel
akil yiiritme tiirinden problemlerle ise yalnizca 2018-2019
egitim dgretim yilinda karsilagilmistir.

3.2. Ikinci arastirma sorusuna yonelik bulgular

Yayimlanan sorularin 8.sinif matematik &grenme alanlar1 ve

arasinda yer almaktadir. Bununla birlikte, orantisal akil yiiriitme =~ konularmmn  problem  tiirlerine  yonelik ~ dagilimi  asagida
verilmistir.
Ogrenme Alanlar Konular Incelenen Toplam Soru Sayis1 | Orantisal Akil Yiiriitme Igeren
Soru Sayis1(%)
Sayilar ve Islemler Carpanlar ve Katlar 55 3(2,75)
Uslii ifadeler 51 15(13,76)
Karekoklii Ifadeler 47 2(1,83)
Toplam 153 20
Cebir Cebirsel Ifadeler ve Ozdeslikler 41 2(1,83)
Dogrusal Denklemler Ve Egim 43 25(22,94)
Esitsizlikler 10 1(0,92)
Toplam 100 28
Geometri ve Olgme Uggenler ve Eslik Benzerlik 20 6(5,50)
Doniisiim Geometrisi 3 -
Geometrik Cisimler 4 1(0,92)
Toplam 27 7
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Veri Isleme Veri Analizi 25 24(22,02)
Olasilik Olasilik 36 30(27,52)
Toplam 335 97

Tablo 3. incelenen Sorulardaki Orantisal Akil Yiiriitme Problem Tiirleri Baglaminda 8.smnif Matematik Ogrenme Alanlarma ve
Konularia Goére Yiizde ve Frekans Degerleri

Tablo 3’ te, orantisal akil yiiriitme igeren beceri temelli sorularin
O0grenme alanlar1 ve konularina gore dagilimi verilmistir. Buna

tanesi ‘cebir’ 0grenme alanina, 7 tanesi ‘geometri ve Olgme’
O0grenme alanina, 24 tanesi ‘veri isleme’ 6grenme alanina ve 30

gore, sorularin 20’si ‘sayilar ve iglemler’ 6grenme alanina, 28  tanesi  de ‘olasilik’ O0grenme  alanmma  yoneliktir.
3.3.Uciincii arastirma sorusuna yonelik bulgular
Yayimlanmig Orantisal akil yiiriitme iceren sorularn 8.sinif
o0grenme alanlarina yonelik dagilimi agagida verilmistir.
Ogrenme Alanlar1 (cebir Konular Verilmeyeni Niceliksel Niteliksel Akil | Orantisal Akil
6lgme veri igleme vs) Bulma Problem Kargilagtirma Yiiriitme Yiiriitme Igeren
Tirt Problem Tiirii Problem Tiirt | Toplam Soru
Sayisi(f)
Sayilar ve Islemler Carpanlar ve Katlari 3 - - 3
Uslii Ifadeler 12 3 - 15
Karekoklii Ifadeler 2 - - 2
Toplam 17 3 20
Cebir Cebirsel ifadeler ve 2 - - 2
Ozdeslikler
Dogrusal Denklemler Ve 24 1 - 25
Egim
Esitsizlikler 1 - - 1
Toplam 27 1 28
Geometri ve Olgme Ucgenler ve Eslik Benzerlik 6 - - 6
Doniisiim Geometrisi - - - -
Geometrik Cisimler 1 - - 1
Toplam 7 7
Veri Isleme Veri Analizi 23 1 - 24
Olasilik Olasilik 23 4 3 30
Toplam 97 9 3 109

Tablo 4. Orantisal Akil Yiiriitme Igeren Sorularin Problem Tiirleri Baglaminda 8.Smif Ogrenme Alanlarina Gore Dagilin

Tablo 4’ e bakildiginda, tiim 6grenme alanlarina yonelik en fazla
kullanilan problem tiirii verilmeyeni bulma olmustur. Her
6grenme alanina yonelik verilmeyeni bulma problemi mevcuttur.
Niceliksel karsilastirmaya yonelik problem tiirline bakildiginda,
sayilar ve islemler (3), cebir (1) veri isleme (1) ve olasilik (4)
o0grenme alanlarinda ¢ok az sayida bulunurken, geometri ve
O0lcme Ogrenme alaninda bu problem tiiriine rastlanmamuistir.
Niteliksel akil yiiriitme problem tiirliise yalnizca olasilik
O0grenme alaninda yer almaktadir.

Asagida her bir problem tiiriine yonelik drnek sorulara yer
verilmigtir.

3.3.1.Verilmeyeni bulmaya yonelik problem tiirleri

Sayuar ve islemler 6grenme alanina yonelik ‘verilmeyeni
bulma’ probleminden bir ornek asagida verilmistir.

e-1SSN:2148-2683

Ornek:

Eoak
a#0,b#0 vek m,nbirertam say oimak izere " - =™ ()" =4"™ & b= (a1t ve %= (%] di

Bir dokuma fabrikasinda 5 dretim atdlyesi ve her atblyede 25 dokuma makinesi bulunmakiadsr. Bu fabrikada 512 mefresi
453 g geleniplikler kullanimaktadir. Kitlesi 1812 kg olan ipligin tamami, her bir makinede egit kitlede iplik olacak sekilde

bu makinelere takilmisr
Buna gére bir dokuma makinesine takilan ipligin uzunlugu kag metredir?

N g )4/ 08 D) 16*

Yukaridaki probleme bakildiginda, verilen ipin uzunlugu(512m)
ve Kkiitlesi(453g) ile bilinmeyen bir uzunluktaki ipin
kiitlesi(1812kg)  verilmisken  ,istenen ise  bilinmeyen
uzunluktur.Goriildiigi lizere 3 deger verilmis ve 4.deger
istenmektedir.Tablo 1 deki kriterler géz oniinde bulundugunda
verilmeyeni bulma problem tiirli oldugu sdylenebilir.
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Cebir  o6grenme  alamina  yonelik ‘verilmeyeni  bulma’

probleminden bir ornek asagida verilmistir.

Ornek;

Asagidaki sekilde bir derginin i¢ sayfa tasariminda kullanilan dikdértgen seklindeki A, B ve C reklam alanlarinin ebatlar
gdsterilmektedir. Dergideki reklam dcretleri, reklam alanlari ile orantili olarak belirlenmistir.

(x) cm
(x+5)cm
£
Q
)
A 3 § (x+5)cm
& B | ;
X C 3
N
x
<

A bolgesinin reklam iicreti B bdlgesinin reklam iicretinden 25 TL fazla olduguna gére C bolgesinin reklam
licreti kag TL'dir?

A)100 B) 125 C) 150 D) 175

Yukarida verilen problemde cebirsel bir ifade (x?-25) ve ifadenin
esit oldugu sayi ile bilinmeyen bir sayiya esit olan Cbolgesinin
alamini  gdsteren cebirsel ifade verilmistir.istenen ise C
bolgesinin alanina(4.(x?-25)) esit olan sayidir.Orantidaki 3 deger
verilmis 4.deger istendiginden verilmeyeni bulma problem
tiirtidir.

Geometri ve 6lgme 6grenme alanina yonelik ‘verilmeyeni
bulma’ probleminden bir 6rnek asagida verilmistir.

Yarigapi r olan dairenin alant r? formli ile hesaplanir.
Yarigapi r, yiksekligi h olan dik dairesel silindirin hacmi nr2h formilil ile hesaplanir.

Bir markette yikseklikleri esit silindir geklindeki teneke kutularda bal ve kaymak satimaktadir. Yanigaplarinin uzuniuk
4 cm ve 6 cm olan bu kutularda satilan bal ve kaymagin fiyatlan bulunduklan kaplarin hacimleri ile orantilidir.

Arif Bey kiigiik balin 36 TL ve biiyiik kaymagin 18 TL oldugu bu marketten biiyiik bal ile kii¢iik kaymaktan b
tane almak igin toplam kag TL dder?

A) 95 B) 89 c)78 D)60

Geometri ve Olgme alaninda verilen yukaridaki probleme
bakildiginda hacimleri verilen kiiciik bal ve biiyiik ballar ile
fiyatlar1 arasindaki orantida kiigiik balin fiyat1 verilmis biiyiik
balin fiyati istenmistir. Ayni sekilde kaymak kutular icin de
orant1 kuruldugunda kii¢iik ve bilyiik kutularin hacmi ile biiyiik
kaymagim fiyat1 verilmis kiiglik kaymagin fiyati istenmistir. 4
degerden 3 tanesi verilmig yine bir tanesi istendigi igin
verilmeyeni bulma problemi igerdigi goriilmektedir.
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Veri isleme ogrenme alanina yénelik ‘verilmeyeni bulma’
probleminden bir 6rnek asagida verilmistir.

Bir matematik dgretmeni, bir manavin glinlik sattigi meyve miktarlarini gésteren bir tablo hazirlamig ve 6grencilerinden
bu tablodaki verileri daire veya situn grafiginde géstermelerini istemistir.

Bu siniftaki 6rencilerden Hayat bu meyvelerden dérdinin satis miktarini gosteren bir sGtun grafigi, Zeynep ise tim
meyvelerin satig miktarlaninin dagiimini gésteren bir daire grafigi gizmistir.

Grafik: Meyveler ve Bir Ginldk Satis Miktarlan Grafik: Meyveler ve Bir Glnlik Satig Miktarlan

Satig Miktan (kg)

45
40
35
30
25
20

15

101+
)l
0

Kivi  Mandalina

Diger Meyveler

Meyveler

Ayva Elma

Buna goére bu manavda giinliik satilan portakal miktan en az kag kilogramdir?
A)18 B) 30

C)45 D) 60

Yukaridaki soruya bakildiginda siitun grafiginden elde edilen
bilgiler daire grafigindeki diger meyvelerin miktarmi(105)
gostermektedir.Daire grafigindeki diger meyvelerin merkez
acisini da bulabildigimiz i¢in merkez agiy1 (210) da verilen bilgi
olarak degerlendirip, merkez agis1 (45) verilen portakalin
bilinmeyen miktarin istedigini gorebiliriz.Bu durumda agilar ve
miktarlar arasinda kurulan orantida 3 deger verilmis 4.deger
istendiginden verilmeyeni bulma problem tiiriine 6rnek gosterilir
Olasilik o6grenme alanina  yonelik bulma’
probleminden bir ornek asagida verilmistir.

‘verilmeyeni

. Istenen olast durumlanin sayisi
Bir olayn olma olasig = ———————
Tam olasi durumlarin sayrsi

Su sivi halden kati hale gegerken hacmi %8 ile %10 arasinda artar. Adzi kapali cam bir sigenin icerisindeki suyun don-
mug durumdaki hacmi, gisenin hacminden fazla olursa bu suyun donmasi durumunda cam gige patiar.

Zehra, sirahinin igindeki 1400 ml suyun tamamini agagida hacimleri verilen bog cam siseler arasindan rastgele sectigi
birine koymustur.

- ’ - - f-

1600m  1550ml  1500ml  450ml  1400mi

Zehra bu gigenin kapagini kapatip siseyi derin dondurucuya koymustur.
Buna gore icerisindeki su donduktan sonra sisenin patlama olasiligi kagtir?

1 2

Nt B £ 0

Yukarida verilen ornekte ise yiizde(%) hesaplarken yine igler-
dislar algoritmas1 kullanilarak  verilmeyeni bulma problem
tirlinlin kriterlerini sagladigi goriilmektedir.
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3.32.Niceliksel karsilagtirmaya yéonelik problem tiirleri

Sayilar ve islemler 6grenme alanina yonelik ‘niceliksel
karsilastirma ‘probleminden bir érnek asagida verilmistir.

n
B . a - ,
a#0vem, n birer tam sayr olmak dzere —=a"" dir.

A, B, C, D mikroorganizmalan mikroskop altinda biiyttiilerek ayn ayri incelenmistir.

Asagidaki tabloda bu mikroorganizmalarin gergek biyiklikleri ile mikroskopta gérilen biyklikleri verilmigtir.

Tablo: Bazi Mikroorganizmalarin Gergek Biyuklikleri lle Mikroskopta Gorillen Blyuklokleri

Gergek Bilylklik (mm) Mikroskopta Gérillen Bily(iklik (mm)
Amikroorganizmasi 25107 375
B mikroorganizmasi 3102 3
C mikroorganizmas 11074 01
D mikroorganizmas 21072 24

Bu inceleme sirasinda hangi canli igin kullamlan biiyiitme orani en kiigiiktiir?

A) Amikroorganizmas!
B) B mikroorganizmasi
C) C mikroorganizmasi
D) D mikraorganizmasi

Sayilar ve islemler 6grenme alanindan iisli sayilar ile ilgili
verilmis 6rnek soruda ise her bir mikroorganizmanin biiyiitme

oraninin  mikroskopta  gorillen  biiylikligiin(mm) gergek
biiyiiklige(mm) oranlayarak belirlenip,bu oranlarin
kargilagtirllmast  s6z konusu oldugundan niceliksel(sayisal)

karsilagtirma problem tiiriine 6rnektir.

Cebir ogrenme alanina yonelik ‘niceliksel
karsilastirmaprobleminden bir ornek asagida verilmigtir.

Asagida Mehmet'in aracinin lastiklerinin taban, yanak, jant bélimleri ve bunlarin digaleri verilmigtir.

Tablo : Mehmet'in Aracinin Lastik Olglleri (190/55/R16)

Lastik Taban Lastik Yanak R = Jant
Genigligi (mm) | Yiiksekligi (%) Capi (ing)
(A) (8) (€
190 55 R16
As ki grafi bu olctlerin degis 1 yakit tiketimine etkisi gdsterilmektedir.

Taban Genigligi (mm) Yanak Yksekligi (%) Jant Gapi (ing)
! !
|
| |
1 / ;
| |
‘ %
‘, Yakit | Yakit Yakit
L i f i i Tokatimi + Toketimi Toketimi
(04 km) (¢/km) (¢/ km)

Buna gore Mehmet, aracinin lastiklerini asagida olciileri verilen lastiklerden hangisi ile degistirirse aracinin yakit
tilketiminde azalma olur?

A) 190/55/R17 B) 190/50/R16 C) 195/55/R16 D) 190/60/R16

Cebir Ogrenme alaninda verilen 6rnek soruda 1.grafikteki
orandan lastik taban genisliginin yakit tiiketimine oranini
kargilagtirarak ~ alabilecegi  degeri  belirlenir.aynt  sekilde
2.grafikteki ters orantidan yanak yiiksekliginin almasi gereken
degeri ve 3.grafiktende jant ¢apinin alabilecegi en ideal dlgiimii
belirlenir.Bu  oranlarin  giklardan  verilen  veriler ile
karsilastirilmasi sonucu yakit tiiketimi en az olabilecek degerler
secilir.Oranlar aras1 karsilastirma yapildigindan niceliksel
karsilagtirma problemine 6rnektir.
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Veri isleme 6grenme alanina yonelik ‘niceliksel
karsilagtirma’probleminden bi 6rnek asagida verilmistir.

Asagida ayakkabi Gretimi yapan bir fimmaya ait 4 farkli ideki fabrikalarda caligan isci sayilar) dairesel grafikte ve bu fabri-
kalarda aralik ay! boyunca Uretilen toplam ayakkabi sayilar ise sttun grafiginde gosterilmisfir

(Grafik: Farkl llerdeki Fabrikalarda Galigan Isci

Grafik: Farkii llerdeki Fabrikalarda Arallk Ayinda
Sayllan

(refilen Ayakkabi Sayllan

Uretlen Ayakkabi
Sayist {bin)
Ankara

1) 120

80°
Denizl

— P oL o OB

H Fabrikanin

Bulundugu
Ankara Bursa Denizii Rize I

Buna gare hangi ildeki fabrikada ig¢i bagina iretilen ayakkabn saysi en fazladir?
A)Ankara B) Bursa C) Denizii D) Rize

Yukarida verilen soriya bakildiginda daire grafiginin merkez
acilarindan faydalanarak her ildeki is¢i sayisina merkez agilar
ile orantili olarak deger verilmistir.Siitu grafigindeki toplam
iiretilen ayakkabi sayisi ile ig¢i sayisi oranlanarak her ildeki bir
is¢iye diisen ayakkabi sayisi belirlenir.Hangi ildeki bir isgiye
fazla distiigiinii belirlemek icin de bu oranlar kendi aralarinda
kargilagtirtlir.Soruda  oranlarin  karsilastirilmas:  kriteri  yer
aldigindan niceliksel karsilastirma problem tiri oldugu
sOylenebilir.

Olasilik O6grenme alanina yonelik ‘niceliksel
karsilagtirma’probleminden birérnek asagida verilmistir.

Istenilen olasi durumlanin sayist

Bir olayin olma olasigr = Y0 ofas durumiann sayis

Asadida internet Gzerinde aligveris yapilan bir sitede satilan Gg farkl marka kalemin sati fiyatlar verilmistir.

=N

’ .
/

12TL 10TL 15TL

Duru bu kalemlerden toplam 10 tane satin almigtir.

Duru'nun satin aldigi kalemler arasindan rastgele sectigi bir kalemin, Amarka olma olasiigi B marka olma olasiligindan
daha fazla, C marka olma olasiiginda daha azdir.

Buna gdre Duru’nun satin aldigi kalemler igin Gdedigi toplam para en az kag liradir?

A)129 B) 131 ©)13 D) 135

Yukarida olasilik 6grenme alanina ait soruya bakildiginda A
marka kalem alma olasihigi(oran) , B marka kalem alma
olasiligindan(oran)  biiyik ,C marka kalem  alma
olasiligindan(oran) kiigiik  olmast  istenmistir.Olasilik
kavraminin kendisinin bir oran ifade etmesinden dolay1 oranlarin
karsilastirilmasi s6z konusudur.Kriter degerlendirmesine gore bu
durumda niceliksel karsilastirma problem tiiriine 6rnektir.
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3.3.3.Niteliksel akil yiiriitmeye yéonelik problem tiirleri

Olasiik  dgrenme  alanina  yonelik  ‘niteliksel  akil
yiiriitme’probleminden bi 6rnek asagida verilmistir.

‘ , Istenilen olast durumlar says
Bir olayin olma ofasil g = ————————
Tim ofasr durumlarn sayisi
Bir otelde yapilacak ekiis sonucunda rastgele seglen bir misteriye sirpriz hedyeler verlecekir. Bu otelde konakdayan
kadin misterlerin sayist, erkek misterllerin sayisindan fazladr

(tele 5 v it daha geimis v bu miterler e yapilacak olan gakiise dahil edimigt.

Buna gBre yeni gelen miisterilerden sonra yapilacak olan ekilisi kazanan kisinin erkek veya kadin olma olasiligi
le lgili asagidakilerden hangisi dogrudur?

A) Kadin dima olasii) artmigtr

B) Erkek olma olasi artmgtr.

C) Erkek olma olasilg azaimighr.

0) Kadin olma olasil degismemist,

Yukaridaki soruya bakildiginda nicel  verinin

bulunmamas: kadin se¢me oraninin erkek se¢me oranindan
bliylk iken oranlara esit sayida kisilerin eklenmesi ile
oranlardaki degisimlerin matematiksel ve zihinsel diger beceriler
ile tahmin ve karsilastirilmasini icerdigi icin niteliksel akil
yliritme problem tiirii olarak degerlendirilebilir.

herhangi

4. Sonuc, Tartisma ve Oneriler

Bu c¢aligmada, 8. Smif konularina yonelik MEB tarafindan
yayimlanan beceri temelli sorularin, orantisal akil yiiriitme
problem tiirlerine gore analizi yapilmigtir. Buna gore, 2018
yilindan bu yana 8. Sinif konularindan toplam 335 adet soru
yaymlanmigtir. Bu sorularin igerisinden orantisal akil yiiriitme
iceren soru sayismin 109 oldugu tespit edilmistir. Bu deger
toplam soru sayisinin  %35°lik  kismini  olusturmaktadir.
Matematik dersindeki akil yiiritme bi¢imlerinin konularina gore
orantisal akil yiirlitme diginda, cebirsel, geometrisel ve
istatistiksel akil yiriitme olarak farklilastigi bilinmektedir
(Umay, 2003). Orantisal akil yiiriitmenin temelinde oran-oranti
ve kesirler konulart yer almaktadir (Van de Walle, Karp ve
Williams, 2013). 8. Smufta oran- orantt ve kesirler konular1 yer
almamasina ragmen sorularin %35’inin orantisal akil yiiriitme
icermesi ilk bakista olumlu olarak gériilebilir.

Fakat konu bazinda bakildiginda, sorularn belli konularda
yogunlastigt goriilmektedir. Orantisal akil yiiriitme, bir ¢ok
matematik konusunun temel tasidir; Ornegin cebir, degisimle
ilgilenir ve dogrunun egimi, oranin birimidir (Van de Walle,
Karp & Williams, 2013). Bu ¢alismada da, dogrunun egimi ve
egim konularinda yer alan 43 sorunun yaklasik yarisinin
orantisal akil yiiriitme igerdigi tespit edilmistir. Benzer sekilde
olasilik da olast tiim ciktilarla, bir olaydaki c¢iktilarin sayisini
karsilagtiran bir orandir. Dolayistyla dogal olarak orantisal akil
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yiiriitme igerir. Bu ¢alismada da olasilik konusuna ait sorularin
biiyiik bir kisminda orantisal akil ylirlitmenin oldugu
goriilmektedir. Veri analizi de, benzer sekilde verilerin birbiri ile
kargilagtirilmasi iizerine dayalidir (Van de Walle, Karp &
Williams, 2013). Calismada incelenen veri analizine yonelik
sorularin da tamamina yakinin orantisal akil yiiriitme icerdigi
tespit edilmistir. Dolayistyla konu bazinda incelendiginde,
orantisal akil yiiriitme sorularini, dogrusal denklemler- egim,
olasilik ve veri analizi konular1 olugturmaktadir. Tiim bunlarla
birlikte, sekizinci sinif konularinin igerisinde yer alan iiggenler
ve eslik-benzerlik sorularinin da, biiyiikk oranda orantisal akil
yiiriitme icermesi beklenmektedir, fakat bu konuya yonelik
sorulara bakildiginda, yeterli miktarda olmadig: tespit edilmistir.
Genel anlamda bakildiginda, orantisal akil yiirlitme iizerine
temellenmis konularin igeriginde bu tip problemler mevcut olsa
da, orantisal- iligkisel diisiinme gerektirmeyen konulara yonelik
yeterli miktarda sorunun yer almadigi sdylenebilir. Bir diger
yandan bu sonug, 6grencilerin orantisal akil yiirlitme becerileri
olmadan, cebir, olasihbk ve veri analizi konularim
anlayamayacaklarini da ortaya koymaktadir.

Orantisal akil yiiriitme igeren problemler incelendiginde, toplam
109 sorunun 97’sinin verilmeyeni bulma, 9’unun niceliksel
kargilagtirma ve yalnizca 2 tanesinin niteliksel karsilagtirma
problem tirii oldugu Bilinmeyen deger
probleminde, eldeki 4 ¢esit verinin 3’{ine ait degeri problemde

goriilmiistiir.

verilir ve dordiinciisiiniin hesaplanmasi istenir (Duatepe, Cikla
ve Kayhan, 2005; Kahraman, Kul ve iskenderoglu, 2019). Bir
diger deyisle, sayisal verilerle en fazla islem yapmay1 gerektiren
problem tiirli oldugu sdylenebilir. Beceri temelli sorularin
kullanim1 6ncesi, ders kitaplarindaki orantisal akil yiiriitme
igeren soru tiirlerinin incelendigi ¢alismalara bakildiginda,
genellikle verilmeyeni bulma problem tiiriine yonelik- belirli
Ogrencinin igler diglar c¢arpimi yaparak
cozebilecekleri problemlere yer verildigi bilinmektedir (Akkus-
Cikla, Duatepe, 2002; Ben-Chaim, Fey, Fitzgerald, Benedetto &
Miller, 1998; Bethea, 2003). Bu tiir problemlerde dgrencilerin
bliyilk ¢ogunlugunun ayni tiir ¢dziim stratejisini, isler-diglar
carpimi yontemini kullanarak ¢o6ziime vardiklart da yapilan
caligmalarda ortaya konmustur (Duatepe, Akkus-Cikla, &
Kayhan, 2005; Kahraman, Kul ve 1skender0glu, 2018; Kayhan,
Duatepe & Akkus-Cikla, 2004; Kiipeii, 2008). Beyazit ve Kirnap
Dénmez (2017), 6grenmen adaylarinin orantisal akil yiiriitmeye
yonelik kurduklart problemlerin, niteliksel akil yiriitmeden
uzak, nicel verilerin dogru ve ters oranti algoritmasinin
kullanildigr problemler kurduklarini, bu durumun Ogretmen

sayilar verilip,

adaylarinin geg¢mis Ogrenim yasantilarindan kaynaklandigim
bildirmislerdir. Oysa beceri temelli sorularin, ezberci sistem
anlayisindan uzaklagarak, elestirel diisiinme, yorumlama, akil
yiiriitme gibi {ist diizey zihinsel becerilerin 6n plana g¢ikmasi
amaciyla atilan bir adim oldugu bilinmektedir (MEBb, 2018).
Dolayisiyla, beceri temelli sorularin amacina ulagabilmesi igin,
niceliksel akil yiiriitme ve niteliksel akil yliiriitme tiirlerine
yonelik problem sayisinin arttiritlmasi onerilmektedir. Boylelikle
Ogrenciler oran-oranti problemlerinde Ogrendikleri icler-dislar
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carpimi algoritmasini kullanip islem yapmak yerine, muhakeme
yaparak, degerler arasindaki iligki izerinden ¢6ziime
gidebileceklerdir. Motestou ve Gatatsis (2010), orantisal akil
ylriitme problemlerinden iist biligsel diisiinme iceren problem
tirtiniin orantisal durumlar1 ayirt edebilen ve niteliksel akil
ylriitme kullanilan problemler oldugunu bildirmislerdir.
Dolayisiyla niteliksel muhakeme iceren problemlerin beceri
temelli sorular igerisinde mutlaka yer almasi gerektigi
diistiniilmektedir. Bu ¢alismada, MEB tarafindan yayimlanan
sorular igerisinde yalnizca 8. Sif sorulart incelenmistir. Bu
baglamda, diger smniflarda yer alan matematik sorulari da
incelenerek, orantisal akil ytiriitme problemleri analiz edilebilir.
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