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ABSTRACT: In this study, a method is proposed to find the unknown simulation parameters of an
industrial electro-hydraulic proportional valve. Electro-hydraulic servo systems are one of the most
widely used actuator systems, and proportional valves are commonly found in hydraulic systems.
Hydraulic systems are complicated to linearize, because nearly whole elements are nonlinear, with the
inclusion of the valve actuators. The system model must be linearized to make it feasible for analysis of
the system linearly or the characteristics must be identified by comparison the output responses suitable
for the inputs. However, it is not easy to obtain a perfect system model for use in simulation studies
without prior knowledge of the system. Obtaining a perfect model of a system that is not easy to model
can be done in two different ways; applying one of the system identification methods after collecting
experimental data or using manufacturers' datasheets. In this paper, simulation parameters of MOOG
brand D675 series proportional servo valve system were obtained using The Bees Algorithm, an
optimization algorithm, to match the dynamic specifications in the datasheet provided by the
manufacturer. The obtained system model and the answers are shown graphically and the effectiveness
of the proposed method is discussed.

Keywords: The Bees Algorithm, Electro-hydraulic, Servo Valve, System Identification, Matlab

Elektro-Hidrolik Servo Valf Sisteminin Ar1 Algoritmasi (AA) Kullanilarak Modellenmesi

OZ: Bu calismada, endiistriyel bir elektro hidrolik oransal valfin bilinmeyen benzetim parametrelerini
bulmak icin bir yontem Onerilmektedir. Elektro hidrolik servo sistemler en yaygin olarak kullanilan
eyleyici sistemlerinden biridir ve hidrolik sistemlerde yaygin olarak oransal valfler bulunur. Hidrolik
sistemlerin dogrusallastirilmasi karmasiktir, ¢linkii valf eyleyicileri dahil neredeyse tiim elemanlar lineer
degildir. Sistemin dogrusal olarak analiz edilmesini miimkiin kilmak icgin sistem modeli
dogrusallastirilmali veya sistem Ozellikleri girdilere uygun c¢ikti yamtlarinin karsilastirilmasiyla
tanimlanmalidir. Sistem hakkinda 6nceden bilgi sahibi olmadan, benzetim ¢alismalarinda kullanmak igin
sistemin kusursuz bir modelini elde etmek oldukca zordur. Modellenmesi kolay olmayan bir sistemin
kusursuz bir modelinin elde edilmesi iki farkli sekilde yapilabilir; deneysel verileri topladiktan sonra
sistem tanimlama yontemlerinden birini uygulamak veya {ireticilerin veri sayfalarimi kullanmak. Bu
calismada, bir optimizasyon algoritmas: olan Ar1 Algoritmas: kullamilarak MOOG marka D675 serisi
oransal servo valf sisteminin benzetim parametreleri, iiretici tarafindan saglanan veri sayfasindaki
dinamik 6zelliklere uyacak sekilde elde edilmistir. Elde edilen sistem modeli ve cevaplar grafiksel olarak
gosterilmis ve Onerilen yontemin etkinligi tartisilmistir.

Anahtar Kelimeler: Ar1 Algoritmasi, Elektro-hidrolik, Servo Valf, Sistem Tanimlama, Matlab
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2 A. CAKAN

1. INTRODUCTION

Electro-hydraulic servo systems are widely used in industrial process and engineering applications
(Qing-hua et al., 2008; Kalyoncu and Haydim, 2009). To design a precise controller for electro-hydraulic
servo systems, a perfect model of the system should be obtained to simulate and test the controller
behavior (Feng et al., 2019). In addition, this model can be used in controller design and optimization of
control parameters when necessary. However, it is not easy to obtain a perfect system model for use in
simulation studies without prior knowledge of the system. Problems in obtaining a precise nonlinear and
time-varying dynamics model also complicate controller design processes. Therefore, modeling is the first
and most important process in scientific studies. Obtaining a perfect model of a system that is not easy to
model can be done in two different ways; applying one of the system identification methods after
collecting experimental data or using manufacturers' datasheets (Tchkalov and Miller, 2014). System
identification is constructing linear and nonlinear dynamic system models from experimental input and
output data. Experimental data can be obtained in the time domain as well as in the frequency domain.
The use of ancillary information in describing nonlinear systems can be handled in different ways and at
different levels. The goal is to find models that perform well in both transient and steady-state regimes.

The system identification process can be considered as an optimization problem and this approach
can provide system models with better dynamic and static performance than other techniques. Genetic
Algorithm and Particle Swarm Algorithm are widely used algorithms in system identification studies
(Zhang and Xia, 2017; Ding et al., 2019). Optimization algorithms are also used to define the unknown
system parameters of the obtained mathematical models (Yu et al., 2017). In studies on the definition of
electro-hydraulic systems and obtaining system parameters, it is seen that different optimization
algorithms and system identification methods are used (Bakircioglu et al., 2017; Khadim et al., 2021). In
this article, the simulation parameters of the MOOG brand D675 series electro-hydraulic servo valve
system were obtained using The Bees Algorithm (BA) to match the dynamic specifications in the datasheet
provided by the manufacturer (Moog, 2010). The considered system was modeled with the help of Matlab
Simscape Fluids and the Matlab platform was used to implement The Bees Algorithm (BA). Simulation
studies were carried out with the help of Matlab Simulink (MathWorks, 2021).

2. MATERIAL AND METHOD
2.1. Structure of electro-hydraulic servo valve

The MOOG brand D675 series 4-way electro-hydraulic servo valve modeled in this article is shown in
Figure 1. This valve series; is used in applications that require position, speed, pressure or force control
and high dynamic requirements (Moog, 2016).

XT APBTY

Figure 1. Schematics of MOOG D675 Series valve.
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Modeling of Electro-Hydraulic Servo System using The Bees Algorithm 3

The model structure for the 4-way directional valve is determined as in Eq. 1 to Eq. 3. Here, ¢ and Cy4
are the flow through the orifice and the flow relief coefficient, respectively. Ry qy, B, Apax and A are
maximum orifice opening, orifice opening, maximum orifice area and orifice area, respectively. Finally, p,
Xo and X are the pressure difference across the orifice, initial opening and slider distance, respectively.

=C, - /E - s
q=0Cq-A plpl sign(p) 1)

Amax
A= s @)
h=xy+/—x

)

In the literature , the embedded electronic dynamics is represented by a theoretically equivalent
second-order transfer function. Therefore, a quadratic delay is used to model the onboard electronics as
in Eq. 4 to Eq. 6. Unknown parameters must be determined after the 4-Way valve and onboard electronics
models have been created.

1
Gw)=4—=—
() izsz+£s+1 (4)
wy wn

_ K

Wn = 7 )
1 1

§= E\/K:T (6)

Here, w, and ¢ are the natural frequency and damping ratio, respectively. K and 7 are gain and time
constants, respectively.

The model created will be used to represent the valve system behaviors. Therefore, it is necessary to
determine the unknown parameters of the model. This can be done using system identification techniques.
In this study, unknown parameters are obtained with the help of The Bees Algorithm (BA) until the
simulation results match the graphics in the manufacturer's datasheet. The system model structure
consists of two different parts and these structures were created using Matlab/Simulink. The Simulink
environment can model physical components using the Simscape plugin. Simscape allows the creation of
physical system models in the Simulink environment quickly. In addition, Simscape allows the creation
of physical models that integrate directly with block diagrams and other modeling methods.

2.2. Physical model of electro-hydraulic servo valve

The physical model of the electro-hydraulic servo valve was created with Simscape. Simscape is a
potent tool for fully modeling hydraulic components. The physical model of the discussed servo valve has
been created to simulate dynamic behavior by using Proportional and Servo-Valve Actuator and 4-Way
Directional Valve blocks in Simulink Simscape environment. The created servo valve Simscape model is
shown in Figure 2.

Each block in Figure 2. has some characteristic parameters. These parameters determine the model
behavior. The 4-Way Directional Valve block represents a conventional four-way hydraulic valve. The block
consists of six orifice blocks connected, as shown in Figure 3. The fluid is pumped to the valve via the inlet
line P and distributed between the two external hydraulic lines A and B (usually connected to a double-
acting actuator) and the return line T. The block has four hydraulic connections corresponding to the inlet

ISIDIMDT21 2. Uluslararasi Dijital Endiistri Uygulamalar1 ve Dijital Doniisiimiin Yonetimi Sempozyumunda sunulan
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4 A. CAKAN

port (P), actuator ports (A and B) and return port (T) and a physical signal port link (S) that controls the
slider position. To model the 4-way directional valve block to match the graphics in the manufacturer's
datasheet, aperture area vector parameters must be determined.

< o
4-Way
Proportional and Ideal Valve
w0

Servo-Valve Actuator i S

Figure 2. Simscape model of electro-hydraulic servo valve system.

@ ! ~ A
=3
+ 5
¢ P / B
@ /e :
E Viriable Crifice P-4 ariable Crifice A-T
T + =5
[ s 7
(=] A
& Variable Orifice T1-T
Variable Orifice P-T1
:T
| -5
b5 B
B A
2 Varigble Orifice B-T
Variable Crifice P-B

Figure 3. Construction of 4-way directional valve.

The actuator block represents the electromagnetic actuator found in proportional and servo valves.
This electromagnetic actuator is used to drive the slide element. The block has been designed to work with
one of the directional valve models to create the desired configuration of the proportional or servo valve.
The block diagram of the model is shown in Figure 4. The proportional and servo-valve actuator block consists
of gain, time constant and saturation. These values must be determined to match the graphics in the
manufacturer's datasheet.

=1 =
1=t

. ) ) .

o | S £ B | T+ 1) o

FS Subractl  PS Saturation  P'S Gain PS Integrator
Gain

c
b '\J|
1=t

First-Crder Lag

Figure 4. Construction of proportional and servo-valve actuator.

Servo Actuator and 4-Way Valve model parameters, flow rate and frequency responses were
determined using the graphs in the manufacturer's datasheets. Parameter values is determined using The
Bees Algorithm (BA) to decrease the difference between actual data and measured data from simulations.

2.3. Determination of servo valve parameters using The Bees Algorithm

The Bees Algorithm (BA) was first proposed by D. T. Pham et al. in 2006, and an intuitive point of
view was captured by comparing the bees' searching behavior for resources such as water and nectar to
learning, remembering and sharing information using swarm intelligence (Pham et al., 2006). Pham and

ISIDIMDT21 2. Uluslararasi Dijital Endiistri Uygulamalar1 ve Dijital Déniisiimiin Yonetimi Sempozyumunda sunulan
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Modeling of Electro-Hydraulic Servo System using The Bees Algorithm 5

Kalyoncu, who optimized the control parameters with The Bees Algorithm, laid the foundations of the
studies in this area (Pham et al., 2008). Under the leadership of Kalyoncu, optimization studies of many
control types such as PID and SMC is made and published in the literature (flgen et al.; Karakoyun et al.).
Besides the controller optimization studies, determining model parameters is also made such as this paper
(Eser et al.). In this study, it has been shown that The Bees Algorithm can be used as a system identification
method by determining the parameters of the electro-hydraulic servo valve system with The Bees
Algorithm.

The Bees Algorithm contains many parameters explained in Pham et al. in 2006, these parameters
must be select carefully to obtain optimum results. Figure 5. shows The Bees Algorithm flowchart. As seen
in the figure, this cycle continues until the optimization's stopping criterion (itr) is met. The Bees
Algorithm parameters used in this study are given in Table 1.

Place randomly n explorer bees in the research area

4

Evaluate the compatibility of the points visited by
the explorer bees

L 7

Select m regions with more suitability values
among n regions

v

Send the ‘Follower Bees’ to the selected m regions
(more bees to “e” elite regions)

|

Select the most suitable bee within each region.

|
v

Other bees are split from the research area

v

Other bees (n-m) are randomly located into the
research space to discover new possible solutions.

\/

New explorer bees population

Neighborhood Search

Figure 5. Flowchart of The Bees Algorithm.

Table 1. The Bees Algorithm parameters.
Itr n m e nep | nsp | ngh

20 15 8 5 20 10 | 0.01

In this study, first, 4-Way Valve parameters were determined. A test model was created to determine
the parameters. The test model created is given in Figure 6.

The flow chart from the manufacturer's data sheets is used as a reference in this model, the reference
flow chart is shown in the Figure 7. The objective function used to determine the parameters is given in
Eq. 7. Here, Q4 and @, are the measured and reference flow values, respectively, and k; is the weight
multiplier.

F(X) = Z? ki(Qr - Qa)z (7)
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6 A. CAKAN

Reference Data
Qb

Group 1
rou s e Flow rate
ignal 1 > >S A A B
Signal Build i >
Ignal Bullder .
9 T B Ideal Hydraulic Flow

Rate Sensor

4-Way Directional
f(x)=0Fp Valve

L& )
Ideal Hydraulic Ideal Hydraulic
Pressure Source | </ Pressure Source </

A . . A
Hydraulic Fluid
: [
P_s [bar] P_s [bar]
Figure 6. Test model of 4-way directional valve.

c 1200
£ Apy =5 bar
(6]
8 1000
g
- 800
600 7
Ve
/
400 /
//
200 7/
i
/.7
0 4

0 2 0 60 80 100

Signal [%]
Figure 7. Flow-signal characteristic.

The variable parameter vector in Eq. 7 consists of 21 parameters. 20 orifice area values were
determined as the model parameters of the 4-Way Valve block, which provides results as near as possible
to the flow rate graph given in the data sheet with The Bees Algorithm (BA), and which is seen to be used
in Figure 8. These are 0, 0, 0, 0.6983, 1.1992, 1.6193, 2.1000, 2.6000, 3.0724, 3.6808, 4.2893, 4.7984, 5.2496,
5.7222, 6.0858, 6.5140, 6.8634, 7.1390, 7.4000, 7.5980 from a1 to az.

Block Parameters: 4-Way Directional Vakve X
4-Way Directional Valve

This block models the basic option of the 4-way directional valve in a hydraulic network. To parameterize the
block, 3 aptions are available: (1) maximum area and control member stroke, (2) the table of valve area vs.
«control member displacement, and (3) the pressure-flow rate characteristics.

Ports P, T, A and B are hydraulic conserving ports associated with the valve inlet, outlet, and actuator terminals,
respectively. The control member displacement is set by the physical signal input S. A positive displacement opens
the connections between ports P-A and B-T and closes the connections between ports P-B and A-T.

Settings

Basic Parameters  Model Parametrization  Valve Opening Offsets

Opening vector: [fo:0.05:1] | [em -]

Opening area vector: |[U a_la_2..a_18a_19a_20] ‘ ‘ cm~2 v|

Cancel Help Apply
Figure 8. Block parameters of 4-way directional valve block.
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Modeling of Electro-Hydraulic Servo System using The Bees Algorithm 7

Because electro-hydraulic systems are nonlinear, their frequency characteristics depend on controller
performance, fluid properties, and other factors. Therefore, to determine the parameters of the Servo-
Valve Actuator model, parameters should be reflected in the model and all features should be
aforethought at the same time. Hydraulic systems are complicated to linearize, because nearly whole
elements are nonlinear, with the inclusion of the valve actuators. However, the system model must be
linearized to make it feasible for analysis of the system linearly or the characteristics must be identified by
comparison the output responses suitable for number of frequencies sinusoidal inputs. The second
method was used in this study. The test model used to determine the parameters is given in the figure 9.

@—Pb—l—b—zj—bb—) J

Sinestream

Proportional and
Servo-Valve Actuator

Figure 9. Test model of servo valve actuator.

In this study, the Proportional and Servo-Valve Actuator is modeled according to the frequency
response characteristics at 90% of the input signal. The frequency graph from the manufacturer data sheets
is used as a reference in this model and the frequency curve used is shown in Figure 10. In addition, the
objective function used to determine the parameters is given in Eq. 8.

(%]

) rn
e 2
£ =
5 =
g g
EL - ——] 1207
s ™~ B
=
E 25 % \ *
Y ANEXE(D 4
-3 90 % \ \ N -90
-6 / /r/ -60
; VJI/ 30
=T
'--#"-ﬂ_‘
0
1 10 100

Frequency [Hz]
Figure 10. Frequency response.

F(x) = X7 ki(fy — fo)? 8)

Here, f, and f, are the measured and reference frequency values, respectively, and k; is the weight
multiplier. The variable parameter vector in Eq. 8 consists of 3 parameters: Gain, Time Constant and
Saturation. The Bees Algorithm (BA) determined the values of these parameters to obtain results of the
simulations as near as possible to the frequency response graph given in the datasheet. The determined
Gain, Time Constant and Saturation values are 253.7128, 0.0211 and 12.4498, respectively.

Test models and objective functions defined in this section is created using Matlab, Simulink and
Simscape platforms and simulation studies is carried out. First, however, The Bees Algorithm (BA) was
run until the unknown parameters of the test models matched the desired results with the actual data.
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A. CAKAN

3. RESULT AND DISCUSSION

In the proposed method in this study, the Simscape model of the electro-hydraulic servo valve system
was created. Then, The Bees Algorithm (BA) was used to determine the parameters used on the model
and match the graphics in the manufacturer's data sheets of the servo valve considered.

The flow characteristics of the valve model created by using the initial parameters and the parameters
obtained with The Bees Algorithm (BA) are given in Figure 11. The command signal increasing from 0%
to 100% in 10 seconds was obtained with the Signal Configuration block in the pattern shown in Figure 6.

1200 ‘
==Reference Data

= Measured Data (BA)
1000 |\-+«|nitial Data

800 -

600

Flow rate [I/min]

400 -

200

10

Time [s]
Figure 11. Comparison of optimized and reference flow characteristics response.

Phase, 90% Input 0 Phase, 90% Input
-20
— — 40
(@)] (@)]
o} )
S, S,
10} o -60
(2} 7]
4] ©
e e
o o 5
-100+
==Initial ==Optimized (BA)
=—Reference =—Reference
-120" -120 B ‘
10° 102 10° 102
Frequency (Hz) Frequency (Hz)

Figure 12. Comparison of optimized and reference frequency response.

The Bees Algorithm (BA) was also used to determine the parameters of the Servo Valve Actuator
model. The phase-frequency response characteristic of the Servo Valve Actuator model obtained by using
the initial parameters and optimized parameters is given in Figure 12. The excitation signal used to collect
the phase-frequency response of the model was obtained with a Matlab command called frest.Sinestream,
which is a series of sine wave signals.
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As can be seen in Figure 11. and Figure 12., there is a great deal of similarity between the graphs
created with the parameter values obtained by The Bees Algorithm (BA) and the graphs taken as reference
from the datasheet.

4. CONCLUSION

It is not easy to obtain a perfect system model for use in simulation studies without prior knowledge
of the system. Obtaining a perfect model of a system that is not easy to model can be done in two different
ways; applying one of the system identification methods or using manufacturers' data sheets after
collecting experimental data. In this paper, simulation parameters of the MOOG brand D675 series
proportional servo valve system was obtained using The Bees Algorithm, an optimization algorithm, to
match the dynamic specifications in the datasheet provided by the manufacturer. As a result, it has been
concluded that The Bees Algorithm (BA) can be used as a fast and reliable way to determine unknown
parameters for modeling systems studies.
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OZ: Endiistri 4.0 kapsaminda sahada kullanilan elektronik sistemlerin veri toplayarak, bu verileri
kompleks sistemlerin saglikli calisabilmesi icin degerlendirilmek iizere kontrol birimlerine aktarmasi
gerekmektedir. Kontrol birimlerinde degerlendirilen bu veriler sistemin daha verimli kullanilmasini ve
uzun Omiirlii olmasimi saglamaktadir. Ayrica endiistriye yonelik tasarlanmis, yaygin olarak kullanilan
ve standartlar1 belirlenmis bir haberlesme protokolii kullanlarak, cihazlar vasitasiyla sahadan toplanan
veriler farkli uygulamalar i¢in degerlendirilebilir. Endiistriyel alanda yiik tasimak i¢in kullanilan gezer
kopriilii tavan vinglerinde karsilasilan operator kaynakli yanhs kullanimlarin tespit edilmesi amaciyla
bir sensor ag1 tasarlanmasi, bu ¢alismanin esas amacidir. Bu ¢alismada, tasarlanan sensor ag1 igin
CANBus haberlesme altyapisi ve CANopen protokolii kullanilmistir. Gezer kopriilii tavan vingleri igin
bir sistem tasarlanmis olup, sistemin genel yapisi gosterilmistir. Gergeklestirilen sensor ag1 ile
endiistriyel alanda kullanilan bir gezer kopriilii tavan vincinden; tasinan yiikiin agirlhigi, tasima sirasinda
ving halatinda olusan salinim ve halat uzunlugu verileri alinmis ve elektronik ortamda depolanmustir.
Sensor agindan alinan verilerin elektronik ortamda depolanmas1 uzun siireli ve siirekli kayit isleminin
yapilabilmesini saglamistir. Kaydedilen veriler kullanilarak ving¢ kullanimi hakkinda raporlama ve
istatistik calismalar1 yapilabilir. Bu c¢alismada, saha wuygulamasindan elde edilen veriler
degerlendirilerek ving operatorlerinin yanlis uygulamalar: tespit edilmistir.

Anahtar Kelimeler: [0T, Sensér Aglari, Endiistri 4.0, CANBus
CANBus Based Industrial Sensor Network Design

ABSTRACT: Within the scope of Industry 4.0, the electronic systems used in the field must collect data
and transfer them to the control units to be evaluated in order for the complex systems to work properly.
These data, which are evaluated in the control units, enable the system to be used more efficiently and to
have a long life. In addition, data collected from the field by means of devices can be evaluated for
different applications by using a communication protocol designed for industry, widely used and
standardized. The main purpose of this study is to design a sensor network in order to detect operator
misuse encountered in overhead cranes used for carrying loads in the industrial area. In this study,
CANbus communication infrastructure and CANopen protocol are used for the designed sensor
network. A system for overhead cranes has been designed and the general structure of the system is
shown. With the realized sensor network, from a overhead crane used in the industrial area; The weight
of the transported load, the oscillation of the crane rope during transportation and the rope length data
were recorded and stored in an electronic environment. The electronic storage of the data received from
the sensor network has enabled long-term and continuous recording. By using the recorded data,
reporting and statistical studies can be done about crane usage. In this study, the wrong practices of
crane operators were determined by evaluating data obtained from the application.

Keywords: 10T, Sensor Networks, Industry 4.0, CANBus
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GIRIS (INTRODUCTION)

Teknolojik gelismeler, 6zellikle icinde bulundugumuz yiizyilda biiyiik bir ivme kazanarak insan
hayatini kolaylastirmistir. Elde edilen sonuglar her alanda oldugu gibi endiistriyel anlamda da verimlilik
ve performans artislarina sebep olmustur. Dordiincii endiistri devriminin 6ziinde, {iretim siire¢lerinde
insan faktoriine gereksinimi azaltarak otonom olarak faaliyette bulunan makineler ve {iretim sistemleri
yer almaktadir. Uretim sistemleri ve fabrikalarin daha akilli hale geldigi kendi kendini yonetebilen
iiretim stiregleri olusturularak insan kaynakli hatalarin minimize edilmesi ve {iretim siireglerinde tam
bir standardizasyona gidilmesi hedeflenmektedir (Gorgiin, 2016: 142). Kiiresellesmenin en son dalgasi
olarak adlandirilan Endiistri 4.0 olgusunun tiretim ve tiiketim siire¢lerinde koklii degisimlere yol
acacag ileri siirilmektedir (Schwab, 2016). Endiistri 4.0 devriminin altyapisi 2000’li yillarin basinda
olusturulmaya baslanmis, kendinden o6nce ki tiim endiistri devrimlerinden ¢ok daha hizli sekilde
yayginlasmis ve kabul gormiistiir. Dordiincii sanayi devrimine atfedilen Endiistri 4.0, akilli sanal-
tiziksel sistemler kullanarak akilli fabrikalar insa etmek vizyonunu tasir. Endiistri 4.0 otomatik kontrollii
akilli sistemler tarafindan kontrol edilen, kendi kendinin konfigiirasyonunu yapabilen, kendini
izleyebilen, kendini iyilestirebilen iiretim ekosistemlerini miimkiin kilacaktir. Bunun sonucu olarak
Endiistri 4.0 esi benzeri goriilmemis diizeyde operasyonel verimlilik elde edilmesine ve verimlilikteki
bliytimenin hizlanmasina izin verecektir (Thames ve Schaefer, 2016). Sekil 1’de temel olarak Endiistri 4.0
bilesenleri ve temel yapis1 gosterilmektedir. Bu bilesenlerin tamami tasarlanacak sistemde
kullanilabilecegi gibi yalnizca bazilarida tercih edilebilir.

Otonom
.- Robotlar | ~.
A

\
\
A

Arttiriimig e . n Si;r‘:smnnu
Gergekiik Endiistri 4.0

]
I
Nesnelerin
Katmanl interneti
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-
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Bulut Siber

Bilisim [~ - — 4 Giivenlik

Sekil 1. Endiistri 4.0 Temel Yapis:
Figure 1. Industry 4.0 Basic Structure

. . s
’

Bu calisma, endiistride sik¢a kullanilan bir is makinasi tiirii olan gezer kopriilii tavan vinglerinin
cesitli sensorlerle donatilarak daha uzun omiirlii ve verimli sekilde ¢alismalar: i¢in bir sistem tasarimi
icermektedir. Tasarlanacak sensor sisteminin mevcut vingler ile entegrasyonu saglandiktan sonra
ilerleyen asamalarda, nesnelerin interneti, bulut bilisim ve biiyiik veri gibi 6zellikler eklenerek Endiistri
4.0 altyapisina uygun bir sistem tasarimi gerceklestirilebilir. Kontrol sistemine eklenecek sensorler,
makinelerin daha giivenli ¢alismasini saglayarak is kazas1 olasihigini en aza indirmeyi hedeflemektedir.
Tasarlanacak sistem ile makineler dijital bir kimlik kazanarak geriye doniik performans ve kullanim
analizleri yapilabilecektir.
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MATERYAL VE YONTEMLER (MATERIAL AND METHODS)
CANBus (CANBus)

Controller Area Network (CAN) haberlesme protokolii konusunda, 1983 yilinda 6zellikle otomotiv
endiistrisinde kullanilmas1 icin Robert Bosch Gmbh sirketi tarafindan calismalar baslatilmistir. Ug
yilik calismanin ardindan gerekli sistem tamamlanmis ve 1986 yilinda kullanilmaya baslanmistir
(Bosch, 1991). Bu haberlesme protokoliiniin baslica amaci araglarda bulunan kablo ag1 karmasasini
ortadan kaldirmaktir. Bu haberlesme protokolii kullanilarak motor, frenler, klima, sensorler, vb.
otomotiv bilesenlerinin arasinda paralel olarak kullanilan pek ¢ok kablo yerine sadece iki kablo
kullanilmasi saglanmistir. CAN haberlesme protokolii ilk olarak otomotiv sektoriinde kullanilsa da hizl
veri iletimi, diisiik hata orani ve uygulama kolayligindan dolay:1 gomidilii sistemlerde de tercih edilmeye
baglanmistir.

Multi-Master yapiya sahip CAN haberlesme sistemi, her CAN diigiimiiniin (aygit) birbiriyle
haberlesebildigi ve cevaplarin senkron sekilde iletildigi gercek zamanli bir haberlesme sistemdir.
Protokoliin en 6nemli avantajlarindan biriside birden fazla {initenin ayni1 anda hatta erismesine izin
vermesidir. Herhangi bir ¢akisma durumunda ise yazilim ve donamim olarak bir problem olusmadan
yiiksek oncelikli mesaja sahip olan iinite erisim hakkini kazanmakta diger {initeler alict konumuna
gecerek haberlesme devam etmektedir (Ozdemir, 2009). CAN haberlesme aglarinda diigiim veya
aygitlarin caligsabilmesi icin klasik bir adresleme islemi yapilmaz, haberlesmede o6nemli olan mesaj
onceliginin belirlenmesidir. Haberlesme ag1 igerisinden bulunan biitiin CAN diigiimleri birbirlerine
mesaj gonderebilir. Aga bagh tiim diiglimler mesajin tanim (ID) boliimiinii kontrol ederek mesajin
kendisiyle ilgili olup olmadigini degerlendirir. Mesajin tanim (ID) boliimii, mesajin 6ncelik sirasinida
berlirlemek i¢in kullanilir (Cena ve Valenzano, 2003). CAN haberlesme sisteminin avantaji, diisiik
maliyetli olmas1 ve kolay kullanimi1 sayesinde en basit uygulamalardan en karmasik sistemlere kadar
uygulanabilmesidir. CAN diigiimleri CAN LOW ve CAN HIGH baglanti noktalarina eklenerek
cogaltilir. CAN alici-verici birimi (transceiver) CANBus i¢in uygun olan mikrodenetleyicilerde voltaj
seviyelendirmesi igin gereklidir. Bu birim diger cihazlardam kaynaklanan elektriksel giiriiltiilerin
bastirilmasini saglar (Mazran ve dig., 2009). Sekil 2’de CAN veri yolu tizerinde cihazlarin baglantis
gosterilmistir.

Cihaz#1 | | Cihaz#1 | | Cibaz#1 | | Cihaz#n

I N

™ |
L CAN LOW LJ

Sekil 2. Basit bir CAN haberlesme hatti

Figure 2. A Basic CAN communication line

CAN haberlesme protokoliiniin tercih edilmesini saglayan faktorler asagida belirtilmistir;

Giivenlik: CAN haberlesme protokolii, veri iletisiminin en az hata ile yapilmasini saglar. CAN
haberlesme protokolii, ¢arpisma denetimi i¢cin CSMA (Carrier Sense Multiple Access / Carpisma
Denetimi ile Tasiyict Algilamali Coklu Erisim) erisim mekanizmasi esasma gore calisan CSMA/CR
(Carrier Sense Multiple Access with Collision Resolution / Carpisma Coziimii ile Tasiyict Algilamali
Coklu Erisim) kullamir (Anwar ve Khan, 2007). CSMA/CR erisim modelinde, her bir mesaj, tek ve
benzersiz bir oncelik ile karakterize edilir. Aymi anda iki ya da daha fazla diigiim iletime gecerse,
carpisma olusmasimi 6nlemek igin, yiiksek oncelikli mesaj iletime devam ederken, digeri yol bosalana
kadar bekler. Bu sayede bir kontrol aginda var olan diigiim sayis1 kadar farkli dncelik degeri verilebilir
(Yavuz ve dig., 2018).
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Maliyet: CAN haberlesme sistemi, ag icerisinde ki her diigiimiin yalnizca iki kablo ile iletisim
kurabilmesini saglar. Sistem icin gereken kablo sayisinin az olmasi ve montaj kolaylig1 maliyeti 6nemli
Ol¢lide diigiirmektedir.

Olgeklendirilebilirlik: CAN haberlesme sistemi, 127 adet diigiime kadar genisletilebilir. Sisteme
eklenen yeni diiglimler i¢in baglanti herhangi bir noktadan yapilabilecegi gibi diger diigiimlerde
revizyon yapilmasini da gerektirmemektedir.

Uygulanabilirlik: CAN haberlesme sistemi, her gegen giin CAN haberlesme destegi olan iiriinlerin
piyasaya siiriilmesi sayesinde kullanim alanini arttirmaktadir. Uygulama alani ve {irtin gesitliliginin
fazla olmasit CAN haberlesme sisteminin kullanimini da tercih edilir hale getirmistir.

Bilinirlik: CAN haberlesme sistemi, otuz yildan fazla siiredir endiistriyel alanda kullanilmaktadir
ve pek ¢ok endiistriyel alanda en ¢ok tercih edilen iletisim sistemidir (Kara, 2009).

CAN haberlesme sisteminin gelistirilmesinden 6nce ve gilintimiizde CAN haberlesme sistemi
disinda en ¢ok kullanilan iletisim sistemleri UART temelli haberlesme sistemleridir. Geleneksel sistemler
CAN haberlesme sistemi ile kiyaslandiginda avantaj ve dezavantajlara sahiptir. Mikrodenetleyicilerin
pek cogu dahili olarak UART haberlesme sistemini destekleyen donanim modiillerine sahiptir. Bu
haberlesme sistemleri diisiik maliyetli oldugu icin noktadan noktaya haberlesmede kullanilir. Ancak
diisiik maliyetinin yaninda asagida belirtilen dezavantajlara da sahiptir.

e UART haberlesme sistemleri, verileri bir byte olarak iletir. Haberlesme sirasinda ayni anda
birden fazla byte’dan olusan veri gonderilemez.

e UART haberlesme donanumlari hata denetimi fonksiyonuna sahip degildir. Hata denetimi
yapabilmek icin yazilim fonksiyonlar1 kullanilabilir, yazilim temelli hata denetimi haberlesmenin
yavaslamasina sebep olabilir.

Otomobil ve yan sanayi endiistrilerinde karsilasilan problemler sebebiyle UART temelli haberlesme
sistemlerinin yetersizligi ortaya ¢itkmaya baslamistir. Otomobiller {izerinde genelde bir noktadan diger
noktaya haberlesme kullanildig; icin kablo sayisi ve maliyetleri artmis, kablo sayisinin fazla olmasindan
dolay1r arag agirligi olumsuz etkilenmis ve daha karmasik haberlesme agmin gerekli hale gelmesi,
gelismis bir haberlesme protokolii ihtiyacini ortaya ¢ikarmistir (Ozer ve dig., 2020). Endiistride PLC,
mikro denetleyici, dijital sinyal isleyici ve FPGA gibi kontrol {initelerinin birbirleri ile haberlesebilmesi
i¢in Fieldbus, Profibus, Modbus, Devicenet, CANBus, vb. protokoller gelistirilmistir (Misir, 2015). Bu
sorunu ¢dzmek isteyen otomobil iireticileri maliyeti yiiksek olmayan ve islevsel mikrodenetleyicilerin
kullanilabilecegi bir haberlesme sistemi hakkinda arastirmalara baslamis ve CANBus haberlesme
sistemini gelistirmislerdir. Asagida CAN haberlesme sisteminin geleneksel haberlesme sistemleri ile
arasindaki farklar belirtilmigtir (Kara, 2009).

e CAN haberlesme sistemi mesaj tabanli haberlesme protokoliidiir ve mesaj boyutu 8 byte olarak
belirlenmistir. (Gelismis sistemlerde 64 byte olabilir.)

e CAN haberlesme sistemi icin kullanilan donamimlar hata denetim 6zelligine sahiptir. Yazilim
destekli hata denetiminin sebep oldugu yavaglamalara sebep olmaz.

¢ Glinlimiizde mikrodenetleyiciler CAN haberlesme donanimina dahili olarak sahiptir.

e CAN haberlesme sistemlerini hem yerel hemde ayrik sistemler igerisinde kullanmak
miimkiindiir.

e CAN haberlesme sisteminde, diigiimler arasinda kablo kalitesi ve haberlesme hizina bagli olarak
1 km mesafeye kadar iletisim kurulabilir.

Cizelge 1’de CAN haberlesme hattinda veri aligverisi yapan cihazlarin aralarinda ki haberlesme
hizina gore kullanilabilecek en uzun hat uzunlugu metre cinsinde belirtilmistir (Kalayci, 2015).
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Cizelge 1. CAN haberlesme hatt1 igin haberlesme hizi ve hat uzunluklari

Table 1.Communication speed and line lengths for the CAN communication line

Haberlesme Hiz1 (kbps) | Hat Uzunlugu (m)
1000 40
500 100
250 200
125 500
100 660
50 1000

Hat iizerindeki yansimalar1 engellemek icin Sonlandirma Direngleri (Rs) kullamilmalidir.
Sonlandirma direnglerinin degerini belirlemek i¢in kablonun empedansina bakilmali ve direngleri buna
gore secilmelidir.

CAN haberlesme protokoliinde, kullanilan bir cihazin bozulmasi, tiim sistemin durmasin
gerektirmez. Sadece ilgili cihaza ait birim ¢alismaz, diger tiim birimler ¢alismaya devam eder. Bu da
sistemin daha giivenli olmasin1 saglar.

CANOpen(CANopen)

CANopen haberlesme protokolii, endiistriyel alanda kullanilan elektronik cihazlar igin tasarlanmis
cihaz profil 6zelliklerini iceren ve uluslararasi alanda standart haline gelmis CAN tabanh bir yiiksek
katman haberlesme protokoliidiir (Ayaz, 2014). CANopen haberlesme protokolii OSI modeli tizerinde
ag (Network) katmar ve {istiindeki katmanlarin fonksiyonlarin isletir. CAN (Controller Area Network)
haberlesme sistemi OSI modelinin Veri baglanti (Data link) ve fiziksel (Physical) katman gibi daha
diisitk diizeydeki seviyelerinde kullanilir (CiA, 2002). Sekil 3’de CANopen OSI referans modeli ve
katmanlar1 gosterilmistir.

CANopen —<

—

CAN{

Sekil 3. CAN ve CANopen OSI modeli
Figure 3. CAN and CANopen OSI model

CANopen haberlesme protokolii, CAN in Automation (CiA) adinda bir kurulus tarafindan 1992
yilindan itibaren gelistirilmeye baslanmistir. Endiistriyel alanda ortaya ¢ikan ihtiyaglar dogrultusunda,
endiistiyel alanda faaliyet gosteren firmalar tarafindan temelleri atilan kurulus, giintimiizde farkl
sektorlerden yaklasik 710 {iyesiyle calismalarina devam etmektedir. CAN in Automation (CiA)
kurulusu, CANopen protokoliiniin diinya capinda standartlasmasi, tanitiminin yapilmas: ve gelistirilme
faaliyetlerinin siirekli olarak devam etmesinden sorumludur. Kurulus merkezi Almanya’nin Nuremberg
sehrindedir. Kurumun alt istiraki olan CiA GmbH firmasi ise CANopen haberlesme protokolii ile ilgili
sertifikasyon caligmalarinin yapilmas: ve talimatlarin diizenlenmesi gorevini yerine getirmektedir. CAN
in Automation (CiA) kurulusu aymi zamanda CAN Newsletter adinda teknik yayimnlar ve CAN
haberlesme sistemleri hakkinda iiriin ve hizmetlerin kilavuzlarini olusturarak yaymlanmasini
saglamaktadir (CiA, 2002).
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CANopen haberlesme protokoliinii destekleyen cihazlar pek ¢ok yardimci alt protokolii de
icermektedir. Bu alt protokoller yardimiyla pek c¢ok fonksiyon gerceklestirilmektedir. CANopen
icerisinde bulunan baslica alt protokoller sunlardir;

¢ Network Management (NMT) Protokolii: NMT protokoliiniin amaci, cihazlarin ag davranisini
kontrol etmektir. Ag baslatma, hata kontrolii ve cihaz durumu kontrolii i¢in hizmetler saglar. CANopen
aginda yalnizca bir NMT yoneticisi etkindir.

e Heartbeat Protokolii: Bir CANopen cihazi, CANopen yoneticisinin veya mesaj alicisinin cihazin
hala galisir durumda oldugunu anlamas: amaciyla periyodik olarak mesaj gonderir. Belirli bir siire
icinde bir mesaj gelmezse, yonetici farklh bir islem yapabilir.

e Service Data Object (SDO) Protokolii: Hizmet veri nesneleri (SDO), bir CANopen cihazinin
parametrelerine erisme izni verir. Bu nedenle SDO protokolii esas olarak konfigiirasyon parametrelerini
diizenlemek i¢in kullanilir.

e Process Data Object (PDO) Protokolii: Islem veri nesneleri (PDO'lar) kisa yiiksek-oncelikli
CAN mesajlaridir. PDO'lar, bir cihazin kontrol ve durum bilgileri, sensorler tarafindan 6lgiilen degerler,
vb. gercek zamanli verilerin iletilmesi igin kullanilir. Islem verileri bir cihazdan (iiretici) bir baska cihaza
(tiiketici) veya diger bir¢ok cihaza iletilebilir. Hem alict hem de verici cihazlarin bir PDO igeriginin nasil
yorumlanacagin bilmesi gerekmektedir.

e Synchronization Object (SYNC) Protokolii: SYNC protokolii, temel ag senkronizasyon
mekanizmasini saglar. SYNC fiireticisi, senkronizasyon nesnesini (SYNC) periyodik olarak tetikler.
SYNC protokoliiniin aktarim siiresi yapilandirilabilir.

¢ Time Stamp Object (TIME) Protokolii: Zaman damgas1 nesnesi 6 byte olarak zaman bilgisini
icermektedir. Zaman bilgisi, 1 Ocak 1984 tarihinden bu yana gecen siireyi milisaniye cinsinden
belirtmektedir.

e Emergency Object (EMCY) Protokolii: Acil durum mesajlari;, bir cihazda dahili hata
durumunun meydana gelmesiyle tetiklenir ve ilgili cihazdan yiiksek Oncelige sahip olarak diger
cihazlara iletilir. Bu mesaj, diger cihazlar1 kesme tipi hata uyarilari i¢in uygun hale getirir. Bir acil durum
mesaji, her hata olay1 icin yalmizca bir kez gonderilebilir, acil durum mesajlar1 tekrarlanmamalidir. Bir
cihazda yeni bir hata olusmadigi siirece, bagka bir acil durum mesaji génderilmemelidir.

Ving Sistemleri(Crane Systems)

Tasarlanacak sistemin ana bileseni yiik kaldirma ve tasima islemi i¢in endiistride sik¢a kullanilan
gezer kopriilii tavan vingleridir. Insan giiciiniin yeterli olmadig1 yerlerde biiyiik ve agir cisimlerin
kaldirilmas1 ve taginmasi i¢in kullanilan is makinalaria ving denir. Vingler agir is makinasi sinifinda
bulunan endiistriyel makinalardir. Sekil 4’de gezer kopriilili tavan vinci ve sistemi olusturan temel
bilesenler bulunmaktadir. Gezer kopriilii tavan vingleri acgik alanlar yada kapali i¢ mekanlarda
kullanilabilecek farkli konfigiirasyonlarda {iretilebilmektedir.
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Sekil 4. Gezer kopriilii tavan vingleri ve temel bilesenleri (https:/srscert.com/kopru-vine, 25.09.2021
tarihinde ziyaret edildi)
Figure 4. Overhead crane and essential components
Bu tarz is makinalarinda sistem ne kadar iyi tasarlansa da operatoriin yeterince tecriibeli olmamasi
veya dikkatsiz davranmas1 sonucunda maddi hasar olusturan kazalar ile stk sik karsilasilmaktadir.
Tasinan yiik veya dogrudan vincin kendisi zarar gérmekte, verimliligi ve kullanim 6émrii azalmaktadir.
Ving sistemlerin de yiikiin kaldirilmasi ve tasinmasi sirasinda olusabilecek yanlhs kullanimdan
kaynaklanan arizalarin olugsmasini engellemek icin insan faktoriinii en aza indirecek sekilde gerekli
mekanik ve elektronik sistemlerle tedbirler alinmalidir. Ving kullaniminda insan faktorii en onemli
etmenlerden biridir. Operatoriin gerekli yetkinlikte olmamasi tagmacak yiikiin dengesiz ve agir
yiiklenmesi, kaldirma pozisyonunda yanlis konumda bulunan koprii ve araba, yiikiin tasinmasi
sirasinda ani hizlanma ve yavaslama yapilarak yiikte salinim meydana gelmesi gibi maddi hasara sebep
olabilecek yanlis kullanimlar ortaya ¢ikmaktadir.
Ving operatorleri genellikle yiiksek stres ve konsantrasyon gerektirecek sekilde ¢alismaktadir. Uzun
siire ¢alismanin getirdigi yorgunluk ve cevresel etkiler is kazasi riskini arttirmakta ve tiretimin
aksamasina, malzeme ve zaman anlaminda israfa neden olabilmektedir.

Sensorler(Sensors)
Yiik Hiicresi ve Asir Yiik Kontrol Sistemi(Loadcell and Overload Control System)

Vinglerde kullanilan yiik sensorleri, kaldirilan yiikiin vincin kaldirma ve tasima kapasitesini
asmayacak sekilde olmasini aksi durumda kaldirma ve tasima isleminin yapilmamasini saglar. Ving
kapasitesi iizerinde ytiik kaldirma ve tasima islemi gerceklestiginde ving sistemi basta tasiyici gelik halat
olmak {izere tiim mekanik bilesenlerde kalict hasar birakabilir. Yiik hiicresinin kapasitesi iizerinde
malzeme yiiklenmesi durumunda yiik hiicresi deforme olarak yanlig 6l¢iim sonuglarina sebep olabilir.
Sekil 5'te vinglerde kullanilan halat tipi bir yiik hiicresi ve agir1 yiik kontrol sistemi gosterilmistir.
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Sekil 5. Halat tipi bir yiik hiicresi ve Asir1 Yiik Kontrol sistemi
Figure 5. A rope type loadcell and Overload Control system

Ac1 Sensorleri(Angle Sensors)

Aq limit sensorii, ving ve operasyon giivenligini arttirmak amaciyla halatin iki eksendeki
ayarlanabilir limit degerinden fazla ag1 ile vincin yiikii kaldirma islevini gergeklestirmesini 6nleyen bir
sensordiir. Tki eksende olgiilen ac1 degerini haberlesme hattina iletir. Sekil 6’da ving halatina baglanan
bir ac1 limit sensorii ve iki eksen icin ¢alisma sekli gosterilmistir.

) ®
5 © -

Sekil 6. Halat tipi ag1 limit sensoriiniin ¢alisma eksenleri
Figure 6. Working axes of rope type angle limit sensor

Tur Sayici(Rotary Limit Switch)

Tur Sayicy, vinglerde bulunan halatin ¢alisma araligini belirlemek icin kullanilir. Asagi ve yukari
limit, asag1 ve yukar1 yavaslama olmak {izere toplamda dort role ile kontrol saglanmaktadir. Temassiz
olarak ving tamburuna takilan sensdr sayesinde tambur ile yiik arasinda ki mesafeyi cm cinsinden tespit
eder. Halat mesafe bilgisini haberlesme hattina iletir.

Sekil 7’de ving halat tamburunun tur sayisini sayan tur sayici cihazi gosterilmistir.
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Sekil 7. Tur sayic1 cihaz
Figure 7. Rotary Limit Switch device
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Harici Gosterge(External Display)

Harici gosterge cihazi, panelin biiyiikliigiine bagli olarak kapali ve agik alanlarda uzak mesafeden
mesajlarin goriintiilenek bilgi verilmesi amaciyla kullanilmaktadir. Haberlesme hattindan aldig1 agirlik,
ac1 ve halat mesafesi gibi bilgileri gostererek sistem hakkinda bilgi verir. Sekil 8'de ving kopriisii iizerine
yerlestirilen harici gosterge paneli gosterilmistir.

Sekil 8. Harici gosterge paneli
Figure 8. External display panel

Uzaktan Kumanda(Remote Control)

Vinglerin uzaktan kablosuz olarak kumanda ve kontrol edilebilmesini saglayan elektronik
sistemlerdir. Uzaktan kumanda sistemi sayesinde kullanic1 giivenli sekilde vinci kontrol edebilir.
Kablolu kontrol sistemlerinde gore daha uzun Omiirlii ve kolay kullanima sahiptir. Haberlesme
hattindan aldig1 agirlik, ag1 ve halat mesafesi bilgilerini kullanarak vincin giivenli sekilde calismasini
saglar. Sekil 9’de ving sisteminin uzaktan kontrolii i¢in kullanilan kumanda alic1 ve verici cihazlari
gosterilmistir. Ving tizerindeki tiim cihazlardan gelen bilgileri alarak degerlendiren kontrol {initesidir.
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Sekil 9. Ving kontrolii igin kullanilan uzaktan kumanda alici/verici seti
Figure 9. Remote control receiver/transmitter set used for crane control

UYGULAMA (APPLICATION)

Ving kontrol sistemlerinde kullanilan elektronik kumanda ve giivenlik ekipmanlarimi kendi
aralarinda bilgi alisverisi yapacak sekilde diizenleyerek, kontrol sisteminin daha giivenli hale getirilmesi
amaglanmigtir. Tasarlanan sistemde yaygimn kullanimi ve yiiksek giivenlik seviyesi sebebiyle CAN
haberlesme yontemi tercih edilmistir. Ayrica bu sistemde kullanilan cihazlarin diger endiistriyel
sistemlere de baglanabilmesi igin endiistriyel bir haberlesme protokolii olan CANopen protokolii
kullanilmistir. Tasarlanan sistemde 11 bit adresleme yapilan CAN 2.0A standardi kullamilmistir.
CANopen protokolii ayni hat tizerinde 127 cihaza kadar kullanima izin vermektedir. Tasarlanan
sistemde kullanilacak elektronik cihazlar dahili CAN donamimi barindiran ARM tabanh
mikrodenetleyiciler kullanilarak gerceklestirilmistir. Sekil 10’da basit bir CAN haberlesme hatti
gosterilmis olup cihazlar arasinda uygulanabilecek mesafeler gosterilmistir.

ISIDIMDT21 2. Uluslararasi Dijital Endiistri Uygulamalari ve Dijital Doniisiimiin Yonetimi Sempozyumunda sunulan
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Sekil 10. Cihazlar ve sensorler arasinda uygulanan Hat topolojisi sistemi
Figure 10. Line topology system implemented between devices and sensors

Bu uygulamada ayni sensor tipleri veya farkli sensorler ayni hatta baglanabilir, elde edilen veriler
farkli cihazlar {izerinde farkli amagclar icin kullanilabilir. CAN haberlesme protokoliinde mesaj 6nceligi
mesaj1 tanimlayan ID degerine gore belirlenmektedir (Yavuz ve dig. , 2018). Mesaj ID degeri kiiciik olan
mesaj oncelikli mesajdir. Ornegin hatta baglh dort adet cihazin belli araliklarla génderdigi mesajlar
Cizelge 2’'de gosterilmistir. Sekil 11’de mesaj ID degerinin dnceliginin belirlenmesi islemi gosterilmistir.

Cizelge 2. CAN hattina bagh cihazlardan gelen mesajlar
Table 2. Messages from devices connected to the CAN line

1D DLC | Data0 | Datal | Data2 | Data3 | Data4 | Data5 | Data6 | Data7 Cihaz

181 8 0x01 0x00 0x00 0x00 0x00 0x00 0x00 0x00 Halat ac1 limit sensorii

182 8 0x00 0x01 0x00 | 0x00 | Ox00 | 0x00 | 0x00 | Ox00 Asgin yiik kontrol sistemi

183 8 0x00 0x00 0x01 0x00 0x00 0x00 0x00 0x00 Tur sayic

184 8 0x00 0x00 0x00 | 0x01 0x00 | 0x00 | O0x00 | 0x00 Harici gosterge paneli

185 8 0x00 0x00 0x00 0x00 0x01 0x00 0x00 0x00 Uzaktan kumanda

Mesaj ID Degeri
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Sekil 11. Mesaj ID degerine gore dncelikli mesajin belirlenmesi
Figure 11. Determining the priority message according to the message ID value

Tasarlanacak sistemde mesaj 6ncelik siras1 Ag1 Limit Sensorii, Asir1 Yiik Kontrol Unitesi, Tur Sayicl
ve Harici Gosterge Paneli cihazi olarak belirlenmistir. Oncelik sirast belirlenirken ving kullanim
senaryolar1 goz oniinde bulundurulmustur. Ving halatinin agisinin limit degerler iizerinde oldugunu
belirten mesaj alindiginda kaldirma islemi gergeklestirilmez. Ving halatinin agis1 limit degerler altinda
ise kaldirma islemi yapilir ve asir1 yiik kontrolii yapilir, yiik degeri limit degerin {izerinde ise vincin
kaldirma ve diger hareketleri yapmasina miisaade edilmez. Ving halat agis1 ve kaldirilan yiik degeri
belirlenen limitler altinda ise kaldirma islemi i¢in Tur Sayici cihazindan gelen halat uzunluk bilgisi
degerlendirilir, yiik kaldirma mesafesi disinda ¢ikilmigsa kaldirma islemi durdurulur. Tiim cihazlardan
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alinan degerlerin harici gosterge paneli cihazinda gosterilmesi saglarir. Harici gosterge paneli
cihazindan yayinlanan mesajlarin sistemin g¢alismasina bir etkisi olmadigindan en az oncelige sahip
mesajlardir. Sekil 12’de tasarlanan sistemin genel ¢alisma akis1 gosterilmistir.

Ag1 limit sensdril ving halatiin iki eksende yaptign agiyr
dlgerek yiikiin giivenli bir bélge igerisinde kaldirlarak
tasinmasim saglar. Limit degerin iistiinde ki agilarda yukar
kaldirma iglemine miisaade edilmez.

Asin yiik kontrol sistemi tagmnacak yiikiin ving kapasitesini
gecmemesini saglar. Yiik dlciim sonucu kapasitenin iizerinde
ise vince ait tiim hareketler durdurulur. Yalmzea yiik asag
yonde tasmarak ving yiikten kurtarilabilir.

Tur sayici cihaz: yiikiin giivenli sekilde caligmasi icin tagima
halatin uzunlugunu slgerek, vincin ve yiikiin zarar gérmeden
tagima isleminin yapilmasim saglar.

fonksiyonlan vasitastyla operatériin yapmak istedigi iglemler yerine getirilir.
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) )
\
,aI
d—.—!‘
j Standast ving Tiim parametreler uygunsa ving uzaktan kumanda sistemi
L~
L)

Istenen degerler harici gosterge paneli cihazinda gosterilerek
operator bilgilendirilir.
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Sekil 12. Tasarlanacak sistemin gezer kopriilii tavan vingleri i¢in genel ¢alisma akis
Figure 12. General working flow for the overhead cranes of the system to be designed

Tasarlanan sistemde yiik indikatorii ving kancasina bagh yiikiin agirligini, halat ag1 limit sensorii
kanca halatinin iki eksende a1 bilgisini, tur sayici cihazi kancanin yere olan uzakligini anlik olarak
Olcerek elde edilen verileri haberlesme hattina gonderirler. Harici gosterge paneli bu verileri
operatorlerin gorerek degerlendirmesini saglar. Boylece ving kullanicisi operatorler sistem hakkinda
bilgi sahibi olurlar. Haberlesme hattinda bulunan veriler ayn1 zamanda uzaktan kumanda alicisina da
iletilmektedir. Kumanda alicis1 operatoriin kumanda vericisini kullanarak gonderdigi komutlar1 ve
haberlesme hattindan aldig: verileri kullanarak vincin kontroliinii saglar. Sensorlerden gelen mesajlar
uzaktan kumanda cihazi tarafindan degerlendirilerek sistemin giivenli sekilde kullanilmasi saglanir.
Limit degerler asilmigsa, operatoriin komutlarini uygulamayarak sistemin zarar gormesini engeller.
Tasarlanan sistemde tiim cihazlardan gelen verileri degerlendirerek ving operatoriiniin yapmak istedigi
islemin gergeklestirilmesine karar veren cihaz uzaktan kumanda alicisidir. Dolayisiyla sistemin
yOneticisi uzaktan kumanda cihazidir.

Cesitli endiistriyel cihazlardan olusan ve CAN haberlesme protokolii kullanan sensér agi
olusturulmustur. Bu ag yapisina yeni cihazlarin kolayca eklenmesi miimkiindiir. Ayrica bu sisteme
tasarlanacak uygun cihazlar vasitasiyla internet tizerinden erisim saglanabilir ve Endiistri 4.0
kapsaminda sisteme yeni bir bakis agis1 kazandirilabilir. Boylece sisteme ait bilgilere erisilebilir cihaz
parametreleri uzaktan kontrol edilerek, ayarlanabilir. Ving sisteminden toplanacak veriler gesitli analiz
ve degerlendirmelerden gegirilerek vincin ne kadar verimli kullamldigiyla ilgili sonuglar elde
edilebilecektir. Sekil 13’te uygulamas: yapilan sistemin genel yapisi gosterilmistir.

Tasarlanan sistemin saha uygulamasi kalip ve plastik enjeksiyon imalati yapan bir isletmede
yapilmustir. Isletmede bulunan tavan vincine asiri yiik kontrol sistemi (Sekil 14a), halat ac1 limit sensorii
(Sekil 14b), tur sayict (Sekil 14c), harici gosterge paneli (Sekil 14d) ve uzaktan kumanda cihazlariin
(Sekil 14f) montajlar1 yapilarak CAN hatt1 {izerinden biitiin cihazlarin birbirleriyle haberlesmeleri
saglanmistir. Saha uygulamas: yapildiktan sonra sistemin g¢alismasini takip etmek ve ving kullanimi
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hakkinda bilgi toplamak amaciyla CAN hattina cihazlar tarafindan goénderilen mesajlar bir kayit cihaz1
(Sekil 14e) ile kaydedilmistir. Sekil 14’de saha uygulamas: gosterilmistir.

Harici Gosterge

Haberlesme Hatti

da Al Hiz Kontrol
Tur Sivig Kumanda Alicisi Cihaz
Halat Agi Limit
Sensorii i
1' z
R
Yiik indikatorii CANOpen Destekli Cihazlar Kumanda Vericisi \‘9

Sekil 13. Gezer kopriilii tavan vingleri i¢in uygulanabilecek bir sistem
Figure 13. A system applicable to overhead cranes

O]
Sekil 14. Tasarlanan sisteme ait saha uygulamasi
Figure 14. Application of the designed system
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Yapilan calismada, ving operatorlerinin kullanim aliskanliklarini dogru tespit edebilmek icin
operatorlerler gergeklestirilen sistem hakkinda bilgilendirilmemistir. Uygulanan sistemin ving
kullanimini engellenmeden sadece verilerin toplanarak kaydedilmesi saglanmistir. CAN hattina
baglanan kayit cihazi, CAN hattina diger cihazlarin gonderdigi mesajlar1 alarak internet tizerinden
sunucu sistemine kaydetmistir. Cihazlar CAN hattina 500 milisaniyede bir mesaj génderecek sekilde
ayarlanmis ve kayit cihazida 10 saniyede bir CAN hattina gonderilen tiim mesajlar1 sunucuya ileterek
kaydedilmesini saglamistir. Cizelge 3’de kaydedilen mesajlara ait 6rnek gosterilmistir. Ving iizerinde
olusturulan kayit sistemi vasitasiyla giinliitk 8640 adet agirlik, halat acis1 ve tur sayici limit rolesi bilgisi
kaydedilmistir.

Cizelge 3. Ving kullanimim gosteren kayitlar
Table 3. Records showing crane use

Halat A¢1 Limit Sensorii Asin Yiik Kontrol Tur Sayici

Tarih Zaman | ID | X | Y | Relay | ID | Weight | Relay | 1D | Relay | Relay

Min Max
17.03.2022 16:31:00 1 1 3 0 2 2745 1 3 0 0
17.03.2022 16:31:10 1 1 6 1 2 2745 1 3 0 0
17.03.2022 16:31:20 1 1 5 1 2 2745 1 3 0 0
17.03.2022 16:31:30 1 010 0 2 2740 1 3 0 0
17.03.2022 16:31:40 1 113 0 2 2745 1 3 0 0
17.03.2022 16:31:50 1 1| 4 0 2 2740 1 3 0 0
17.03.2022 16:32:00 1 1 1 0 2 2740 1 3 0 0
17.03.2022 16:32:10 1 1 1 0 2 2740 1 3 0 0
17.03.2022 16:32:20 1 1 2 0 2 2740 1 3 0 0
17.03.2022 16:32:30 1 1 2 0 2 2745 1 3 0 0
17.03.2022 16:32:40 1 0 1 0 2 2745 1 3 0 0
17.03.2022 16:32:50 1 0|1 0 2 2740 1 3 0 0

Saha testi i¢in kurulan sistem 17.03.2022 — 30.03.2022 tarihleri arasinda 14 giin boyunca ving
kullanimu ile ilgili bilgileri, ving tizerinde bulunan agir1 yiik kontrol sistemi, halat ag1 limit sensorii ve tur
sayici cihazlarindan alarak kaydetmistir. Operatorlerin vinci kullanma aligskanliklarini etkilememesi igin
ving kullanimini kisitlayacak yada operatorii sesli veya 1sikli olarak uyaracak herhangi bir onlem
alimmamustir. Cizelge 3’de cihazlardan alinan iki eksende tasima halati ag1 bilgisi, tasinan yiike ait agirlik
bilgisi ve tasima halatinin maksimum ve minimum konumlarinda ait limit role bilgileri gosterilmektedir.
Kaydedilen veriler incelendiginde vinci kullanan operatorlerin yiikii kaldirmadan 6nce tagima halatinin
acgisina dikkat ederek limit degerlerin {izerinde ki a¢i degerlerinde kaldirma islemi yapmadiklar
gozlenmistir. Ayrica saha testi boyunca tasima kancasini belirlenen minimum ve maksimum giivenli
bolge icerisinde kullandiklarindan tur sayici cihazi limit réleleri hi¢ aktif olmamistir. Ving kullaniminda
en ¢ok karsilasilan sorun vincin kapasitesi {izerinde yiik tasinmasi ve mesai bittiginde yiikiin askida
birakilarak biitiin gece vincin gereksiz yere yiik altinda birakilmas: oldugu anlagilmaktadir. Sekil 15'de
belirtilen tarihlerde kaydedilen veriler grafik {izerinde gosterilmistir. Tagman ytike ait agirlik bilgisi ve
halat ag bilgileri eszamanlh kaydedilmistir. Grafikten goriildigii {izere 25.03.2022 Cuma giinii gece
boyunca mesai baslangicina kadar bir onceki giin tasinan yiik ving iizerinde askida birakilmistir. Bu
durum yanlis kullanima Ornek olarak verilebilir. Grafik incelendiginde halat agisinda degisimin
meydana geldigi noktalar, yiikiin tasinma sirasinda olusan salinimlar: gostermektedir.
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Sekil 15. Saha uygulamasinda kaydedilen veri 6rnekleri
Figure 15. Data samples recorded in application

SONUC(RESULTS)

Yapilan ¢alismada, birden ¢ok sensor kullanilan gezer kopriilii tavan vinglerinde operator kaynakl
is kazalarinin azalacagl ve makina kullanim 6mriiniin uzayacagi 6éngoriilmiistiir. Saha uygulamasinda
elde edilen veriler degerlendirildiginde vincin kapasitesi {izerinde yiik tasinmasinin engellenebilecegi ve
ving operatoriiniin mesai sonunda tasinan yiikii askida birakmasinin 6nlendigi durumda ving kullanim
omriiniin artacag ortaya ¢ikmaktadir. Halat ac1 limit sensorii ve tur sayici cihazlarindan alinan verilere
gore uygulamanin yapildig1 isletmedeki ving operatorleri, tasima halati acis1 ve mesafesine dikkat
ederek vinci kullanmuglardir. Tagima islemi basladiginda yani yiikiin zeminle temas: kesildiginde halat
agisinda biiylik degisimler olmamistir. Bu durumda operatorler herhangi bir uyari olmadan, halat
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acisin1 kontrol ederek tasima islemine baslamislardir. Tasima esnasinda olusan agi degerinde ki
degisimler olusan salinimlar: isaret etmektedir. Halat ac1 degeri saga/sola veya ileri/geri yonlerinde egim
olustugundan arti/eksi deger alabilmektedir Salinimlarin kisa siireli olmasit operatorlerin bilingli olarak
ving hareketi ve hizin1 kontrol ederek salinimi engellediklerini gostermektedir. Sistemin kurgulandig:
sekilde halat mesafesinin operatorler tarafindan en az ihlal edilen parametre oldugu anlagilmaktadar.
Saha uygulamasi boyunca halat mesafesi belirlenen giivenli bolge icerisinde kalmis ve cihaz {izerindeki
limit roleler aktif olmamistir. Saha uygulamas: sonucunda tavan vinglerinde kullanilacak elektronik
glivenlik sistemlerinin insan kaynakli sorunlari biiyiik Olg¢lide engelleyecegi goriilmiistiir. Ayrica
gelecekte sisteme eklenecek bagka tiir elektronik sistemlerde kolayca dahil edilebilecektir. Farkli
tireticilerin gelistirecekleri CANopen protokoliinii destekleyen endiistriyel cihazlar (Sensorler, kontrol
cihazlari, aktiiatorler, vb.) sisteme dahil edilerek ¢ok daha fonksiyonel sistemler gelistirilebilecektir. Bu
sekilde sensorlerden olusan giivenlik sisteminin kullanimin yayginlasmas: i¢in ving imalati yapan
firmalarin teknik olarak bilgilendirilerek tesvik edilmesi ve operatorlerin egitilmesi gerekmektedir.
Ilerleyen dénemde yasal zorunluluklar ve sistemin makina émrii ve verimine olan etkisi gézoniinde
bulunduruldugunda, endiistriyel alanda yer bulmas: beklenmektedir.

Ving kullanimi sirasinda elde edilen veriler degerlendirilerek ving kullanim profili olusturulabilir.
Olusturulacak c¢alisma profili kullanilarak yanhs kullanimlar 6nceden belirlenerek engellenebilecektir.
Gelistirilecek Endiistri 4.0 tabanli kontrol sistemleri ile elektronik olarak Ol¢iilen agirlik, halat agis1 ve
halat uzunlugu gibi parametreler disinda pek ¢ok cevresel etki uzaktan izlenerek ve kontrol edilerek
daha giivenli sistemler tasarlanabilecektir. Gelisen teknolojiler degerlendirildiginde geleneksel tasima
amagli agir is makinalari iireten firmalara yeni bir vizyon kazandirilmistir.

TESEKKUR (ACKOWLEDGEMENT)

Bu calismanin uygulama asamasinda teknik destek ve uygun ¢alisma ortamini saglayan ELFATEK
Elektronik ve gelistirilen sistemin test edilmesi icin firma biinyesinde bulunan gezer kopriilii tavan
vincinin kullanimina miisaade eden KOREKSEN 3D Baski ve Robotik firmasina tegekkiir ederiz.

KAYNAKLAR (REFERENCES)

Ayaz, S., “Asansor kumanda sistemlerinde CANopen haberlesme protokolii”, Asansér Sempozyumu,
[zmir, 281 - 287, 25-27 Eyliil 2014.

Bosch, R., 1991, “CAN Specification Version 2.0”, Stuttgart.

Cena G., Valenzano A., 2003, "A protocol for automatic node discovery in CANopen networks," IEEE
Trans. on Industrial Electronics, vol. 50, no. 3, 419 — 430.

CiA, 2002, "DS301, Version 4.02, CANopen Application Layer and Communication Profile".

CiA, 2002, "DSP305, Version 1.1," Layer Setting Services and Protocol (LSS).

Kalayci, O., 2015, “PLC ve CAN-Bus haberlesme protokolii ile bina enerji yonetimi uygulamas1”, Yiiksek
Lisans Tezi, Sakarya Universitesi, Fen Bilimleri Enstitiisii, Sakarya.

Kara, I, 2009, “CAN haberlesme protokoliiniin incelenmesi ve bir sicaklik kontrol sistemine
uygulanmas1”, Yiiksek Lisans Tezi, Y1ldiz Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

https://srscert.com/kopru-ving, ziyaret tarihi Eyliil 25, 2021.

The Basics of CANopen, 2013, “http://www.ni.com/white-paper/14162/en/”.

Ozer, T., Kivrak, S., Oguz, Y., Kelek, M.M., 2020, "STM32f103C8 Mikroislemcisi kullanilarak CAN
haberlesme Protokolii tabanli veri toplama sistemi uygulamasi”, Afyon Kocatepe University
International Journal of Engineering Technology and Applied Sciences, Vol3(1), 27 — 31.

Yavuz E., Sarica S., Artug E., 2018, “Kontrol Alan Aglar1 igin Optimum Mesaj Zamanlamas1”, Journal of
Engineering Sciences and Design, 6(3), 532 — 540.

Thames L., Schaefer D., 2016, “Software-Defined Cloud Manufacturing for Industry 4.0”, Procedia CIRP,
52,12 -17.

Gorciin O. F., 2016, “Dordiincii Endiistri Devrimi: Endiistri 4.0”, Beta Basim Yaymncilik, Istanbul, 142.

ISIDIMDT21 2. Uluslararasi Dijital Endiistri Uygulamalari ve Dijital Doniisiimiin Yonetimi Sempozyumunda sunulan
bildiriler arasmndan secilmistir (10-11 Kasim 2021 Konya, TURKIYE).



26 H. UZULMEZ

Schwab K., 2017, “Dérdiincii Sanayi Devrimi”, Optimist Yayincilik, Istanbul, 18.

Anwar K., Khan Z.A., “Dynamic Priority Based Message Scheduling on Controller Area Network”,
Proceedings of International Conference on Electrical Engineering (ICEE’07), Lahor, Pakistan, 1-6,
Nisan 2007.

Mazran E.,, Amat A. B., Siva K. S., 2009, “Controller Area Network (CAN) Application in Security
System”, World Academy of Science, Engineering and Technology, 59.

Ozdemir, A., 2004, “Endiistriyel aglar (CANbus iizerine bir uygulama: CANUP)”, Yiiksek Lisans Tezi,
Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisii, Istanbul.

Misir, O., 2015, “Kontrol alan ag1 protokollii sensor ag: ile silo kontrol dolum sistemi”, Yiiksek Lisans
Tezi, Firat Universitesi, Fen Bilimleri Enstitiisii, istanbul.

ISIDIMDT21 2. Uluslararasi Dijital Endiistri Uygulamalar1 ve Dijital Doniisiimiin Yonetimi Sempozyumunda sunulan
bildiriler arasindan secilmistir (10-11 Kasim 2021 Konya, TURKIYE).



Konya Miihendislik Bilimleri Dergisi, c. 10, Ozel Sayi, 27-40, 2022
Konya Journal of Engineering Sciences v. 10, Special Issue, 27-40, 2022
ISSN: 2667-8055 (Electronic)

DOI: 10.36306/konjes.1085891

DIGITAL TRANSFORMATION NEED ANALYSIS: A RESEARCH ON MANUFACTURING
BUSINESSES IN KONYA AND KARAMAN (TR 52) PROVINCES

10guzhan AYTAR ", 2Hakki SOY ', 3Fatih Mehmet BOTSALI
I oguzhanaytar@kmu.edu.tr, 2 hakkisov@erbakan.edu.tr, 3 fmbotsali@ktun.edu.tr

1Karamanoglu Mehmetbey University, Faculty of Economics and Administrative Sciences, Department of
Business Administration, Karaman, TURKIYE
2Necmettin Erbakan University, Faculty of Engineering, Department of Electrical and Electronics Engineering,
Konya, TURKIYE
3Konya Technical University, Faculty of Engineering and Natural Sciences, Department of Mechanical
Engineering, Konya, TURKIYE

(Gelis/Received: 10.03.2022; Kabul/Accepted in Revised Form: 07.07.2022)

ABSTRACT: Successful digital transformation of businesses requires; organizational competency and
some resources and conditions related to the ecosystem in which they are located. Therefore, the success
of enterprises in realizing digital transformation is closely related to the existence of these requirements.
The aim of this study is to determine the current situation of the manufacturing industries in Konya and
Karaman provinces with regards to digital transformation, the difficulties they face in digital
transformation process and their needs for an efficient and effective digital transformation. Primary data
collected by using three different data collection tools; surveys, interviews and focus group meetings are
used in the current situation and needs analysis studies. Collected data were evaluated using SPSS
software. The findings and results are presented in the form of graphics and tables. By interpreting the
results obtained; the significance of the study and the validity of the methodology used were evaluated.
It is expected that the results obtained in this study will contribute to the planning and policy development
activities on the digital transformation of manufacturing industries in Konya and Karaman provinces.

Keywords: Digital Transformation, Manufacturing Industries, Konya, Karaman

Dijital Déniisiim Thtiya¢ Analizi: Konya ve Karaman (TR 52) illerindeki Uretim Isletmeleri Uzerine
Bir Arastirma

OZ: isletmelerin dijital dontistimii basariyla gerceklestirmeleri; kurumsal kapasiteleri ve bulunduklari
ekosistem ile ilgili bir¢ok imkan ve sartlarin varligini gerektirmektedir. Dolayisiyla, isletmelerin dijital
doniistimii gerceklestirmedeki basaris1 bu imkan ve sartlarin saglanmasi ile yakindan iliskilidir. Bu
calismanin amaci, anket, miilakat ve odak grup toplantis1 seklinde ti¢ farkli bilgi toplama aracim
kullanarak Konya ve Karaman illerindeki {iretim isletmelerinin dijital doniistim alanindaki mevcut
durumun, djjital doniisiim konusunda karsilastiklar1 zorluklarin ve dijital doniisiim siirecinin etkin ve
verimli olarak gergeklestirilmesi icin ihtiyaglarin belirlenmesidir. Bu calisma kapsaminda yiiriitiilen
mevcut durum ve ihtiyag belirleme ¢alismasinda birincil verilerden yararlanilmis, elde edilen veriler SPSS
yazilimi kullanilarak degerlendirilmis, elde edilen bulgu ve sonuglar grafikler ve tablolar bi¢ciminde
sunulmustur. Elde edilen sonuglar yorumlanarak sonuglarin anlamliligi ve kullanilan metodolojinin
gecerliligi degerlendirilmistir. Arastirma kapsaminda elde edilen sonuglarin, Konya ve Karaman
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illerindeki isletmelerin dijital doniisiimii konusundaki planlama ve politika gelistirme calismalarina katk:
saglamasi beklenilmektedir.

Anahtar Kelimeler: Dijital Déniigiim, Uretim Isletmeleri, Konya, Karaman

1. INTRODUCTION

Manufacturing can be defined as the creation of a new product by changing the geometry, properties,
and/or appearance of a particular material by applying physical and/or chemical processes with the help
of machines and manpower, or by combining more than one part (Groover, 2019). Since the early 1990s,
the use of computers and electronics in industrial manufacturing has provided significant improvements
in process automation and optimization. When industrial automation applications found widespread use
in every field, flexible manufacturing systems began to be used in order to respond more quickly to
changing customer demands and product lead times. At the beginning of the 21st century, various
problems have emerged in the field of industrial manufacturing, especially in developed countries, due
to the increase in labor costs, bottlenecks caused by the lack of qualified workforce, and the shift of capital
to the service sector (Ozkan et al., 2018). The fourth industrial revolution in manufacturing, also known as
Industry 4.0, was born in Germany at the Hannover Fair held in 2011. It aims to enable smart machines,
smart production systems, and also smart factories, which are capable of making decisions without the
need for human interaction (Grenacher, 2018). Beyond that, it allows end-to-end digitization of the
production chain and the integration of every stage of manufacturing, from design to shipping. Thus, data
collected from manufacturing processes can be turned into useful inferences and competitive advantages
(Szozda, 2018).

Smart manufacturing describes the use of digital technologies to manage and control manufacturing
operations in industrial process chains. Digitalization in production makes the machines can share tasks
with the machines they are connected to. For this reason, smart manufacturing offers more efficiency than
traditional manufacturing based on pure automation (Kusiak, 2018). On the other hand, a smart factory
refers to a new generation of a factory that can optimize performance by itself, adapt to changing
conditions in real-time, and handle manufacturing processes by itself (Hozdi¢, 2015). Thanks to their
advanced communication infrastructures, smart factories are suitable for integrating field devices
(sensors, actuators, controllers, etc.), machines as well as products with information systems. So,
decentralized decision-making mechanisms can be established for flexible and agile production, especially
thanks to machine-to-machine (M2M) communication applications and artificial intelligence support
(Wang, 2016).

Smart factories are built on the integration of modern technologies (i.e., Internet of Things, Artificial
Intelligence, Big Data) used to dynamically control the complex processes required for digitized
production, based on digital data streams over entire production lines. The implementation of smart
factories, first of all, requires connectivity for end-to-end data transfer at every stage of the manufacturing
process. Internet of Things (IoT) is a large-scale communication infrastructure used to connect embedded
devices equipped with various sensors, actuators, and communication modules (called "things") to the
Internet for remote monitoring and control. The industrial IoT (I-IoT) provides an opportunity to collect
data from processes and supply chains with the help of networked sensors and smart devices (gateway,
router, etc.). It is also used to connect machines distributed within the factory to the Internet and to each
other (Lampropoulos et al., 2019).

Industry 4.0 requires data collection from each stage of industrial processes. In parallel with the
increase in the number of IoT-enabled sensors, the amount of data collected from the manufacturing lines
increases significantly. As a result, an emerged large collection of unstructured data clusters is collectively
known as big data (Shahbazi and Byun, 2021). In order to provide timely decisions to help in improving
the processes and products, data analytic techniques are used to uncover hidden patterns, unknown
correlations, market trends, customer preferences, and other useful information within big data
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repositories. But, traditional data analytics usually do not handle such a large quantity of data (Singh,
2014). Artificial Intelligence (Al) is a key tool for the digitalization of the manufacturing process. It allows
to learn from large data sets, solve problems, and continuously adapt to new data without human
intervention. Clearly, Al is a concept that refers to a set of technologies to combine data, algorithms, and
computing. It can also accelerate the data analytics that offers supplemental insights for decision-making
(Kinzel, 2017; Rahmani et al., 2021).

The concepts of digitization, digitalization, and digital transformation have an important place in the
realization of new trends such as smart production and smart factory that emerged with Industry 4.0
(Sjodin et al., 2018; Tutkunca, 2020). Digitization refers to the conversion of processes from analog to
digital form without any change in content. Digitalization is the re-establishment of business models,
industries, and even societies based on digital data in the light of developing information and
communication technologies. The main triggering factor for digitalization in manufacturing is the rapidly
changing market conditions and the effort to develop the ability to respond to customer demands.
Digitalization offers the opportunity to change existing business models and generate new revenues by
incorporating modern technologies into business models. Digital transformation is the use of information
and communication technologies in all stages of manufacturing, starting from the raw material supply,
especially the production lines, in order to improve processes and eliminate existing inefficiencies
(Bloomberg, 2018).

Digital transformation requires a radical change in the cultural, organizational, and administrative
aspects of the enterprises. Understanding, accepting, and effectively managing this change is the starting
point for the transition from traditional to smart manufacturing systems and smart factories. The main
target of activities for digital transformation is to reveal fully digital and connected manufacturing
environments. It should be emphasized that the digital transformation in the industry is not the revision
of automation systems on existing processes using new technologies, but the redesign of existing processes
and products to offer innovative solutions and services. Continuing digital transformation in parallel with
technological developments brings many new opportunities for manufacturing companies. In order to
take advantage of these opportunities, the right business model, appropriate technologies as well as
necessary organizational and cultural changes should be determined. In this context, the authorized
institutions and governments around the world continue their work to inform all their stakeholders,
especially small and medium-sized enterprises (SMEs), which are the heart of the economy and society,
about digital transformation (Rupeika-Apoga, 2022).

In order to determine where the digital transformation activities of enterprises should focus on and to
plan how they will follow in this process, first of all, it is necessary to understand their requirements and
know what level of digital maturity they have in the current situation. Managers must have a strategic
awareness of the path they will take to implement digital transformation, the techniques they will use,
and how they will assess the state of the company (Saglam, 2021). In this paper, we present the results of
the need analysis study that investigates the digital transformation of the manufacturing industry in the
Konya and Karaman provinces. The remainder of the paper is organized as follows: Section 2 explains the
material and method that cover the need analysis study. Section 3 presents the key findings of our
research. Finally, Section 4 concludes the study with reflections and future directions.

2. MATERIAL AND METHOD

The survey focus group discussion, and interview techniques were combined in this study to
strengthen the general validity and reliability of the digital transformation need analysis. The findings
achieved can be compared and complement each other when the defined techniques are used together.
Thus, it is planned to get more objective and rational results by getting rid of the constraints and
assumptions of only one technique. In the abstract, the study's model is represented in detail in Figure 1.

The sample was chosen based on the extent of terminological necessary infrastructure for digital
transformation. To ensure that the study managed to produce healthy results, a semi-structured interview
technique was used to examine the content of the concepts of digital transformation, digital industry, and
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industry 4.0 in the Karaman-Konya region, as well as the knowledge, competence, and opinions of
businesses with a higher level of terminological knowledge than the average. Therefore, the study
preferred the purposive sampling strategy. Although 65 firms were identified and their opinions solicited
as part of the study, the data of 42 of these enterprises was judged to be appropriate for examination and
analysis. In the survey conducted in the first stage, the responses provided by the participants to the
structured questions were quantitatively assessed using the SPSS Statistics 22.0 program.

Demographic information
Knowledge level

Competency level

Assumptions

Moderator
Participants Focus Group
Interaction areas Discusssions
Needs

Questionnaires based on )
survey and focus group Interview
discussions

Visiation

Needs

Figure 1. Model of the study.

A focus group discussion were conducted as part of the Needs Analysis Study's second stage. The
purpose of the focus group interview is not to collect data from several people at the same time, but to
benefit from the interaction results by discussing structured or unstructured agenda questions related to
the topic of interest of the researchers and participants (Lune and Berg, 2017). The number of participants
in focus group discussions varies depending on the agenda issue, the region where the conversation will
occur, and the problem or difficulty (Bal, 2013; Mishra, 2016). Information about the focus group
discussions was distributed seven days before to the meeting through the Karaman and Konya Provincial
Directorates for Technology and Industry, InnoPark Konya, and relevant platforms and organizations, as
well as an invitation call. Due to COVID precautions, the meeting was held via an internet platform
moderated by an expert. The meeting's schedule included presenting the survey study's findings, along
with recording the participants' perspectives on digital transformation through a series of unstructured
questions. The thoughts, expectations, requests, ideas, and complaints of representatives from companies
and institutions about digital transformation were examined within the scope of the study as a
consequence of the focus group discussions.

Interviews with company representatives were planned based on the results of the survey and focus
group discussions. Especially in the field of social sciences, the interview method is accepted as an effective
data collection method. It is used as a basic data collection tool to reveal the organizational culture and
symbolic concepts in organizational studies (Yildirim ve Simsek, 2016). The interview technique is used
for a predetermined purpose, different from ordinary daily conversation. In this context, companies that
are aware of digital transformation were asked to schedule an appointment according to a previously
established calendar by communicating about the interview framework. During the interview process,
representatives from companies that are authorized and experienced in digital transformation were
interviewed. Five primary interaction issues based on the digital transformation subject were determined
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at a focus group discussion moderated by an expert. In order to examine these issues in more detail on a
representative basis, interviews were held within the scope of company visits. In this perspective,
representatives from 10 manufacturing businesses operating in the Konya - Karaman Region were
interviewed. The data collected during the interviews were organized and examined, and some
conclusions have been drawn.

3. STUDY FINDINGS

In a more rational and objective framework, a survey, focus group discussions, and interview
methodologies were utilized combined to identify the need for digital transformation in manufacturing
businesses in the Konya and Karaman provinces. These selected methods are scientifically complementary
to each other.

3.1. Findings of the survey

This part contains the demographic findings, Chi-Square analysis, and analysis of attitude difference,
as well as the findings obtained within the scope of the survey study.

3.1.1. Demographic Findings

It has been shown that the business representative whose opinions were obtained operate in ten
different sectors. When the sectoral distribution of these businesses is examined, it is discovered that there
are at most 13 machinery/equipment firms, 8 electric/electronic/automation company, 6
chemical/plastic/petroleum companies, 4 building materials companies, and 3 food companies. Medium-
sized firms account for 45 percent of the businesses questioned; small businesses account for 36 percent;
big businesses account for 12 percent, and micro-scale businesses account for 7%. Small and medium-sized
firms (SMEs) account for 88 percent of the businesses polled on digital transformation. Table 1 shows the
total number of employees from companies in the Konya-Karaman region who have a high level of
awareness regarding digital transformation and whose opinions have been studied.

It was discovered that while 62 percent of the businesses whose opinions were gathered in the
Karaman region's digital transformation requirements determination survey have an R&D unit and
conduct R&D activities, only 8 of these businesses, or 43 percent, have a ministry-approved R&D unit.
Only 38% of these companies that are aware of digital transformation haven’t any R&D department.

Table 1. Demographic Findings

Sector n Firm Scale n %
Energy 2 Micro 3 7
Food 3 Small 15 36
Construction 4 Middle 19 45
Wood materials 1 Big 5 12
Pharmaceuticals/Cosmetics 1

Chemistry/Petroleum 6 Employees n %
Electrical/Electronic/ Automation 8 0-9 9 21,5
Metallurgy 2 10-49 17 40,5
Metalware 2 50-249 13 31
Machinery/Equipment 13 250-499 3 7

For a particular region, an export item is a sort of activity that is strategically important in terms of
earning foreign currency and providing financial depth to the country. While 28 of the companies that are
aware of digital transformation and have expressed their perspectives said they export, 14 said they do
not. 67 percent of the businesses answered said they have the expertise and knowledge to export.
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Table 2. Company Competencies

Research and development unit

Yes No
Mmlstry-app.r oved R&D unit There is no R&D unit
R&D unit
19% %43 38%
Export competence
Available No export
67% 33%
Digitization of products
Available No Digitization
43% 57%

The level of digitization was forecasted in terms of product variability, and the participant firms were
questioned if it was possible to digitize the items produced. While 57% of participating firms claimed that
digitizing items is not possible, 43% of these companies stated that digitizing products is manageable.

3.1.2. Chi-Square Analysis

The study's objective was to determine if there is a statistically significant relationship between export
competence and R&D activities. While 8 exporting companies have Ministry-approved R&D units, 13
have private R&D units; seven companies haven't R&D studies.

H1: There is a statistically significant relationship between the export competence of firms and their
R&D activities.

The statistical analysis of these two independent variables revealed a significant relationship between
export competence and R&D activities. It is projected that digital transformation and the associated R&D
activities would greatly increase companies' export potential.

Table 3. Export - R&D Relation
R&D activities

Ministry-approved R Thereisno
R&D unit & R&D unit
Export competence S Total
n
i
t
) N 8 13 7 28
Available % 2 % 5 p
N 0 5 9 14
No export % 0 36 64 33
N 8 18 16 42
Total % 19 42,9 38,1 100,0

P =0,018 < 0,05

While 13 of the 28 exporting firms that are aware of digitization and whose opinions were explored
as part of the research believe that digitizing their products is available, 15 companies responded that
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digitizing their products is not possible. While five out of fourteen non-exporting enterprises claimed that
digitizing their products is available, nine stated that it is not practicable.

H2: There is a statistically significant relationship between the export competence of firms and their
digitization of products.

The relation between the export competences of participating firms and their attitudes toward product
digitalization was examined, and no positive relation between these two independent categories was
discovered. As a result, it was discovered that there is no strong relation between the positive and negative
attitudes toward digitization of products held by exporting and non-exporting companies.

Table 4. Export - Digitization Relation

Digitization of products

Export competence . No Total
Available C e
Digitization

. N 13 15 28
Available % 16 ” &
N 5 9 14
No export % % P 3
N 18 24 42
Total % 13 57 100

P=0,508 > 0,05

As a result, it was discovered that there is no strong relation between the positive and negative
attitudes toward digitization of products held by exporting and non-exporting companies.

3.1.3. Usage level of Digital Industry Tools

The research questioned the companies whose opinions were gathered about which technologies they
use and to what extent in the digital industry. The scale was designed in the range of “(0) Not Used, (1)
About to begin using, (2) Used in partially, (3) Used in fully”. The firms whose opinions were evaluated
generally concentrate on process modeling and computer simulation (Avg. 1,38), information and data
sharing (Avg. 1.28), and ERP systems (Avg. 1.16) technologies, and they employ these technologies the
most seen. It has been discovered that the level of use of technologies contained in the concept of digital
industry by these companies is quite low. It can be seen that the digital twin (Avg. 0.09),
autonomous/intelligent processes (Avg. 0.16), and virtual reality (Avg. 0.28) technologies are among the
technologies within the scope of the digital industry of companies that have the lowest averages.

Table 5. Digital Tools of Highest Usage Level

Process Modeling & Information & Data
. . . ERP
Computer Simulation Sharing
N % N % N %
Not used (0) 15 35,7 16 38,1 17 40,5
About to begin 3 7,1 6 14,3 6 14,3
using (1)
Used in 17 40,5 12 28,6 14 333
partially (2)
Used in fully 7 16,7 8 19,0 5 11,9
3)
Total 42 100 42 100 42 100
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64.3 percent of the companies questioned were aware of process modeling and computer simulation,
61.9 percent were aware of information and data sharing, and 59.5 percent were aware of ERP utilization
technology. Infrastructure studies have been completed for these technologies, and they have been
partially and fully integrated.

Table 6. Digital Tools of Lowest Usage Level

Autonomous & Intelligent

Digital Twi Virtual Realit
igital Twin Processes irtual Reality

N % N % N %
Not used (0) 39 92,9 39 92,9 36 85,7
Al:'>out to begin ) 48 ) 48 ) 48
using (1)
Used in 24 1 24 2 438
partially (2)
Used in fully 0 0 0 0 ) 48
3)
Total 42 100 42 100 42 100

At a rate of 92.9 percent for digital twin and autonomous/intelligent processes, where the level of
awareness of the companies from which data was collected about digital twin, autonomous/intelligent

processes, and virtual reality technologies are extremely low; 85.7 percent for virtual reality technology
was never used.

3.1.4. Digitization Level of Business Processes

The study examined the level of digitization of the business processes of the companies whose
opinions were asked. The scale was designed in the range of “(0) No digitization, (1) During the initial
phase, (2) Used in partially, (3) Used in fully”. It is noticeable that the organizations questioned emphasize
digitization in their purchasing (Avg. 1.78), internal communication (Avg. 1.69), and sales, advertising,
quality control, and document management procedures (Avg. 1.61) processes, respectively. The level of
digitization of the processes mentioned in these companies has been assessed to be initial or partial. Using
averages, it has been shown that the level of digitalization is lowest in energy management (Avg. 0.52),
predictive maintenance (Avg. 0.76), and waste management (Avg. 0.95) processes.

Table 7. Highest Level of Digitization Processes

Sales (E-commerce,

Purchasing Internal communication ERP, customer
feedback)

N % N % N %
N,OF .. 4 9,5 4 9,5 6 14,3
digitization (0)
PI.JI.'lng the 8 19 11 26,2 9 21,4
initial phase (1)
Used in 23 54,8 21 50 2 524
partially (2)
Used in fully 7 16,7 6 143 5 11,9
3)
Total 42 100 42 100 42 100

90.5 percent of purchasing procedures, 90.5 percent of internal communication, and 85.7 percent of
sales processes (E-commerce, ERP, customer feedback) began digitization in the companies from which
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data was acquired for the study. Infrastructure studies for digitization certain processes have been
completed, and the studies are in the early stages of implementation, or the digitization has been partially
or fully implemented.

Table 8. Lowest Level of Digitization Processes

Energy management Predictive maintenance = Waste management

N % N % N Y%
N.OF .. 27 64,3 23 54,8 22 52,4
digitization (0)
Pl.n.‘lng the 8 19 8 19 6 14,3
initial phase (1)
Usec_i i 7 16,7 9 21,4 8 19
partially (2)
Used in fully 0 0 ) 48 6 143
©)
Total 42 100 42 100 42 100

When the general trends are taken into account, it has been discovered that the digitization processes
of energy management, predictive maintenance, and waste management processes of the companies that
were informed within the scope of the research are insufficient, and these processes have the lowest
averages. The fact that 64% of companies have no plans to move to digitization on a critical subject like
energy management stands out as a significant failure. The insufficiency of struggles on digitization in
waste management, which is an essential issue in terms of sustainability and the environment, has been
documented as a notable outcome in recent years.

3.1.5. Analysis of Attitude Differences

The general response averages for the Likert-type questions on digital transformation asked of the
companies whose opinions were sought were determined. Businesses exhibit the highest participation in
the potential of digital transformation to provide a competitive advantage. The appearance of such a result
might be noted as a positive development in terms of exhibiting businesses' awareness of digital
transformation as a competitive tool. The approaches of companies in the Konya-Karaman region that are
aware of digital transformation were examined using several variable categories. Non-parametric tests are
used when different tests are unable to generalize to the entire population. Only tests that were valid on
the sample were used in this case.
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Table 9. Attitude difference in terms of independent groups

Mann-Whitney U Export competence

Averages of knowledge, Asymp. Sig. (2-tailed) 0,304
0,308

compet?nce, and judgment ExactSig. [2*(1-tailed Sig.)]
expressions

P=0,308 > 0,05

Kruskal Wallis Firm scale

Averages of knowledge,

competence, and Asymp. Sig. 0,988
judgment expressions

P=0,988 > 0,05

Kruskal Wallis Sector
Averages of knowledge,

competence, and Asymp. Sig. 0,062
judgment expressions
P=0,062 > 0,05

Kruskal Wallis R&D activities
Averages of
knowledge, competence, Asymp. Sig. 0,009

and judgment expressions
P=0,009 < 0,05* Significant difference
Ministry-approved R&D unit R&D unit * There is no R&D unit

When the views of exporting and non-exporting enterprises on digital transformation are compared,
it is determined that the average of these two independent groups' views on digital transformation is not
significantly different (P = 0,308 > 0,05). In terms of firm scale, the businesses whose opinions were sought
were divided into four groups. More than two group variables were used to assess the responses of these
firm scale groups to the Likert-type questions about digitalization. As a result, it has been determined that
there is no significant difference between the average views of the company groups on digital
transformation (P = 0,988 > 0,05). The knowledge, competency, and judgment expressions of sector
representatives who are aware of digital transformation in the Konya-Karaman region and participated
in the needs analysis study do not differ significantly (P =0,062 >0,05). The relation between R&D activities
and digital transformation is foreseen. R&D activities are systematically carried out by participating
companies, expressing the transformation of knowledge into innovative product and process design.
Companies' perspectives on digital transformation differ depending on whether or not they conduct R&D
or own an R&D unit (P= 0,009 < 0,05). Post Hoc tests were used to determine which groups the difference
in a tendency among the participating companies were. As a result of this analysis, it was discovered that
there is a statistically significant difference between the perspectives of companies that conduct R&D
activities and those that do not. It can be claimed that companies with R&D units have a better level of
awareness of digital transformation, and there is a favorable association between R&D projects and digital
transformation.

3.2. Findings of focus group discussion

The thoughts, expectations, requests, ideas, and complaints of representatives from companies and
institutions about digital transformation were analyzed within the scope of the study at the end of the
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discussion. Five basic interaction areas that formed within the context of the digital transformation
agenda, in which representatives from companies and institutions as well as academicians expressed their
opinions, were recognized under the moderator's guidance. These are the domain headers:

First Detection: Priorities must have been determined strategically.

It was stated that the participants were conscious about the digital transformation issue, but they did
not have a comprehensive plan, policy or strategy for the realization of this transformation. Following the
discussion on the subject, it was agreed that determining strategic priorities in digital transformation,
focusing on topics that will provide competitive advantages in worldwide competitiveness, and exhibiting
and promoting application examples would be very beneficial.

Second Detection: Financial options should be increased and expanded.

During the discussion, participants shared their experiences with the high costs of the digital
transformation process. Even partial digital transformation costs, according to business leaders, have a
negative impact on business owners' decisions. The main evidence for this viewpoint is that labor costs in
Turkey are extremely low when compared to those in developed countries. As an alternative to a thorough
digital transformation, business owners and managers prefer minimal labor costs in the short term. As a
result of the discussions, enhancing digital transformation funding choices and providing more flexible
usage options have already been added to the agenda.

Third Detection: Human resources should be evaluated properly.

Qualified human resources have been identified as the most important component in the digital
transformation process, with opinions expressed. Representatives from company and the university
developed a lot of constructive and valuable suggestions for the training and retraining of qualified
human resources. The integration of students into the sector through application-oriented programs and
agreements within the scope of University-Company cooperation is illustrated with examples as a solution
to the problem of qualified human resources. Furthermore, it has been said that creating work settings
that allow employees to develop as individuals is a strategy that can help solve the problem of qualified
human resources.

Fourth Detection: Inter-institutional cooperation and coordination should be developed.

The representatives of the businesses brought up the fact that in terms of advanced technology,
automation, and software, regional businesses are outsourcing to big cities, which is having a negative
impact on the region's digital transformation process. Regional universities, technoparks, and innoparks
were underlined, as well as the importance of regional businesses taking more initiative in establishing
R&D and business solutions for the local needs. Opportunities for collaboration and coordination were
reviewed, with an emphasis on the mutual benefit potential of regional institutions and corporations
serving the digital needs of regional companies.

Fifth Detection: Institutionalization must have cared.

The subject of institutionalization has been highlighted as the most significant barrier to regional
enterprises' survival in a global competitive environment. The meeting underlined the connection
between institutionalization, which includes all subordinate units and begins with top management
practices, and the digital transformation process. Institutionalization seems to have a positive impact on
human resource training, employment, and retention. Business representatives claimed that the chances
of success for digital transformation assistance programs are much higher if participants attend
institutionalization training.
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3.3. Findings from qualitative interviews

Interviews were conducted as part of company visits in order to examine the five interaction areas
identified in the focus group meeting in significant detail on the basis of representatives. Open-ended
questions were asked in a standardized order during the interview. The answers to these questions were
grouped and evaluated, and the results were categorized under the following headings.

v Participant’s awareness of Industry 4.0 and Digital Transformation is limited to the surface level
has been discovered. Although all of the participants claimed to be familiar with industry 4.0 and digital
transformation, it was discovered that they lacked technical knowledge of the depth of these concepts and
the scope of interaction.

v It has been determined that the common subject expressed by the participants whose opinions
were sought focuses on cost. The list consists of the benefits mentioned by the participants. The digital
transformation and Industry 4.0 process in businesses:

. It has the potential to increase productivity.

] It has the potential to increase capacity utilization rates.

] It's possible that it will develop ergonomics at work.

] It is capable of assisting in the data collecting, analysis, and decision-making processes.

v When company managers' investment requirements for digital transformation were questioned,

it was discovered that they focused on more general issues rather than defining a specific procedure.
Additionally, it has been determined that managers generally describe a need for software in terms of
investment needs. Five of the managers interviewed stated that they have no plans to invest in industry
4.0 or the digital transformation process, four others stated that they have invested in state-of-the-art
machinery and equipment, and one manager stated that digitalization studies with automation solutions
are currently in progress.

v Managers interviewed for their perspectives place a premium on improvements to the production
line when considering the impact potential of digital transformation. Managers believe that if digital
transformation occurs, their jobs will get easier; there is widespread agreement that data collecting,
analysis, and decision-making processes will become significantly healthier. This perspective is seen to be
based on rudimentary knowledge of digital transformation rather than a forecast of the future.

v Digital transformation, according to managers, is an extremely expensive process. As a result, the
government has been asked to provide support programs in order to lower the expenses of this
transformation. Machine, equipment, and software support are among the most commonly reported
problems within the area of assistance by company representatives. Among the primary themes indicated
by the managers within the scope of help are issues such as training, and employment of qualified human
resources required by digital transformation. It is stated that the success of the digital transformation
process is closely intertwined with a region's or area's infrastructure, human resources, and culture, so it
is critical for businesses to create an interaction climate for digital transformation.

v In terms of business, it has been determined that the visited companies require experienced and
skilled human resources in the digital transformation process. Companies are aware that the usage of
structural elements required by the transformation process, as well as the integration and use of
equipment and processes, is heavily reliant on qualified human resources.

v Managers claim that the digital transformation process cannot be completed entirely with existing
business assets and resources, and that external assistance is required; however, they do not have a budget
for this, so they ask for assistance in areas such as consulting, mentoring, and technological guidance.
According to records, external institution support has been requested through public finance initiatives.
v The subject of digital transformation is accepted as a process that has the potential for change
transformation and development in terms of public authorities, companies, employees, and society. The
importance of obtaining and using reliable information about the process is critical. The managers
frequently benefit from the internet environment in general, and they connect with organizations such as
the Presidency Digital Transformation Office, TUBITAK Digital Academy, Ministry of Industry and
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Technology, and TUSAD, according to the interview process.

v The Company managers who came together for the interview noted that an organization that has
completely accomplished digital transformation in practice and has seen the advantages of digital
transformation in practice will inspire their efforts in this area. In this context, there is a need for a role
model that fully integrates digital transformation into business processes with a publicly supported
project.

4. CONCLUSION

The level of digital transformation awareness among manufacturing businesses in Konya-Karaman
region was evaluated in terms of different variables by using surveys. The awareness of the SMEs
responding to the survey about digital transformation is a promising result for the future. According to
the results of the survey, a positive relationship was determined between R&D activities and export
competence. It is possible to conclude that the variable of R&D competence in manufacturing firms has a
beneficial impact on digital transformation. Supporting the R&D potential in businesses will also
contribute to the implementation of digital transformation. Needs for digital transformation was
determined by Likert-type survey questions. Purposive sampling method is used in the surveys. As a
result of the survey, it is observed that the utilization of digital industry tools in the businesses is quite
low. Level of using digital industry tools (which are most significant components of digital
transformation) should be increased. Integration of these digital industry tools to product/service
realization processes is seen a critical success factor. Furthermore, the level of digitalization of business
processes has been assessed to be low. It is expected that the amount of digitization of business processes
should be better. Promoting the use of digital industry tools and digitalization of industrial processes will
have a positive effect on digital transformation efforts.

The interaction areas on which the participants came to a consensus by discussing and listing their
proposals were determined within the scope of the focus group discussion. The difficulties and areas of
need highlighted in the focus group discussion were found to be in line with the survey study's findings,
and a number of valid and consistent solution recommendations were also brought to the agenda. The
digital transformation needs that have been brought to the agenda can be summarized under five topics.
The first is to determine strategic priorities; the second is to provide assistance and funding for digital
transformation; the third is to need qualified human resources; the fourth is to cooperate and coordinate,
and the fifth is the need for institutionalization.

The interview forms were created using the results of the survey study and focus group discussions.
The emphasis during the interview procedure was on predetermined question titles. The responses were
carefully recorded and examined. The meeting will focus on the most intensive financing, machinery,
equipment, and software support for company managers' digital transformation needs; it has been noted
that support types such as consultancy, mentorship, and technological guidance support are on the
agenda. The survey, focus group discussion, and interview technique findings employed within the scope
of the study have been decided to support one another, and the survey findings collected in the general
context define the interaction areas reached in the focus group discussion.
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ABSTRACT: Accessing data is very easy nowadays. However, to use these data in an efficient way, it is
necessary to get the right information from them. Categorizing these data in order to reach the needed
information in a short time provides great convenience. All the more, while doing research in the
academic field, text-based data such as articles, papers, or thesis studies are generally used. Natural
language processing and machine learning methods are used to get the right information we need from
these text-based data. In this study, abstracts of academic papers are clustered. Text data from academic
paper abstracts are preprocessed using natural language processing techniques. A vectorized word
representation extracted from preprocessed data with Word2Vec and BERT word embeddings and
representations are clustered with four clustering algorithms.

Keywords: Natural Language Processing, Machine Learning, Text Representation

Dogal Dil isleme ile Akademik Metin Kiimeleme

OZ: Giiniimiizde verilere ulasmak cok kolaylasmistir. Ancak bu verileri verimli bir sekilde kullanmak
i¢in onlardan dogru bilgileri ¢cikarmak gerekir. Thtiyag duyulan bilgiye kisa siirede ulasabilmek icin bu
verilerin kategorilere ayrilmasi biiyiik kolaylik saglamaktadir. Akademik alanda arastirma yapilirken
genellikle makale, bildiri veya tez ¢alismasi gibi metin tabanl veriler kullanilmaktadir. Bu metin tabanl
verilerden ihtiyacimiz olan dogru bilgiyi elde etmek icin dogal dil isleme ve makine 6grenmesi
yontemleri kullanilmaktadir. Bu ¢alismada akademik makalelerin Ozetleri kiimelenmistir. Akademik
makale Ozetlerinden alinan metin verileri, dogal dil isleme teknikleri kullanilarak 6nceden islenir.
Word2Vec ve BERT ile vektorize edilen kelime temsilleri, dort farkli kiimeleme algoritmasi ile
kiimelenmistir.

Anahtar Kelimeler: Dogal Dil f§leme, Mouakine Ogrenmesi, Metin Temsili
1. INTRODUCTION

Thanks to developing technology and globalizing communication networks, it is very easy to access
data. However, it is very difficult to select the desired data and perform a qualitative study on the
processed data. The abundance and size of the data make it difficult to access the necessary information
for the analysis or solution of problems. The processing and classification of data gain importance at this
point. Extracting low-dimensional, good data representations from raw data makes it more suitable for
use.

Text classification is the categorization of extracted features from texts using various methods.
Access to data is extremely easy today, but it is almost impossible to use this data unless the data is in
the desired order. For this reason, categorizing texts is a rather complex task, even if it is thought of as
simple. Further which subjects are studied more, or which subjects are studied together is of great
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importance for academic studies. In order to determine the most effective solution to the problems to be
studied, it is very convenient to classify academic texts according to the subjects they contain. With the
classification of academic texts, the desired results can be reached quickly in literature searches, and the
most effective methods for solving the problem can be easily found.

Natural language processing can be defined as a joint field of linguistics, artificial intelligence, and
computer science that deals with the interaction between the natural language used by humans and
computers. In the context of this study, some of the natural language processing techniques are used for
text preprocessing and representation. Different problems such as author-work matching (Amasyal ve
Diri, 2006), email classification, finding spam mails (Yang and Park, 2002), text subject determination
(Bekkerman et al., 2003), sentiment analysis (Medhat et al., 2014) can be classified as text classification
problems.

Creating meaningful representations from texts is of great importance in terms of classification and
clustering success in such problems. Commonly used text representation methods in the literature can
be shown as word or phrase frequencies, hidden meaning indexing, and information gain. With the
popularity of artificial neural networks and these mentioned methods, word representation methods in
which words are expressed with vectors have been put forward. Word2Vec (Mikolov, Sutskever, Chen,
Corrado, & Dean, 2013), GloVe (Pennington, Socher, & Manning, 2014), FastText (Joulin, Grave,
Bojanowski, & Mikolov, 2016), BERT (Joulin et al., 2016) are the most widely used ANN-based word
representation methods. Also there are models available that can vectorize an entire sentence or
paragraph. In addition to extracting the features that will best represent the data set, the preprocessing
methods used to clean the unwanted parts of the texts are also important for classification success. There
are many different preprocessing methods such as morphological analysis, correcting spelling mistakes,
clearing texts from punctuation marks/numbers, removing foreign words or words that are not
important for text representation from texts.

In literature text clustering is studied widely and finds its way in applications like customer
segmentation, classification, collaborative filtering, visualization, document organization and indexing
(Aggarwal & Zhai, 2012). Problems and the scope of the clustering may vary depending on the datasets
used in studies. Clustering algorithms applied to multi-domain are various and widely studied
(Premalatha & Natarajan, 2010). Also there are studies that explore multi-topic document clustering as in
Romeo’s thesis (Romeo, Greco, & Tagarelli, 2014). In Popova’s (Popova, Danilova, & Egorov, 2014) and
Pinto’s (Pinto, Rosso, & Jiménez-Salazar, 2011) works clustering short documents with narrow subjects
problem is studied. Short document clustering brings the sparsity problems with them. For such
problems LDA (Blei, Ng, & Jordan, 2003) based solutions are proposed and used (Onan, Bulut, &
Korukoglu, 2017; Tajbakhsh & Bagherzadeh, 2019). For academic texts, clustering is helpful for
researchers to explore the subjects studied in the certain areas (Li et al., 2018). There are multiple works
in this area for English (Alexandrov, Gelbukh, & Rosso, 2005; Makagonov, Alexandrov, & Gelbukh,
2004; Weifler, SaSmannshausen, Ohrndorf, Burggraf, & Wagner, 2020) but not as many in Turkish.

Although Turkish is not as advanced as Latin-based languages or Arabic, there are many studies in
the field of natural language processing. For text classification, Amasyali's (2006) study is the first text
classification study in Turkish using n-grams (Amasyali & Diri, 2006). In the author recognition study of
Tirkoglu (2007) using various feature vectors such as author features, n-grams, and different
combinations of these vectors, feature vectors were analyzed by comparing them with each other using
different machine learning methods (Tiirkoglu et al., 2007). Torunoglu (Torunoglu et al., 2011) and Uysal
(Uysal & Gunal, 2014) studied how preprocessing techniques affect classification success in Turkish text
classification. ITU Natural Language Processing Group, which works on Turkish natural language
processing, also has essential studies outside the field of text classification. Works such as the
morphological analyzer design (Erygit and Adali, 2003), the first statistical dependency parser for
Turkish (Erygit and Oflazer, 2006), conditional random fields (CRF) based name entity work (Seker and
Eryigit, 2012), and many more can be recognized as important studies by this group.
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In this study, academic texts are divided into groups, and it is aimed to get academic texts sets with
similar subjects easily. At the same time, it is aimed to extract the subjects studied together from the
articles that contain more than one study area and fall into the same group. In this way, the subjects that
need to be concentrated during the research can be determined more quickly and the time lost by
examining irrelevant studies can be regained. For this purpose, a dataset of Turkish article prefaces was
prepared. ANN based text representations were obtained from the created data set and clustering
operations were performed using these text representations.

This paper is structured as follows. In the second chapter dataset, preprocessing steps, text
representation and clustering methods used in study are described. In third section the results obtained
by different clustering methods are presented. The quality of the clusters and the parameter values are
discussed. In the last section, comments were made on the development of the study and the details that
could be added to it were presented to the reader.

2. MATERIAL AND METHOD

The Turkish prefaces of the articles published in the Konya Journal of Engineering Sciences
(KONJES) between 2011-2020 were used for this study's data set. Preface texts were taken directly from
PDF files and converted into text files with txt extension.

Table 1. Total statistic of dataset

Total Data 213
Total Word Count (before preprocessing) 21794
Total Word Count 10350
Total Unique Word Count 3562

Statistical information of the data set created is given in Table 1 and Table 2. The unlabeled dataset is
labeled by considering the title of the articles, their keywords, the subjects of the referenced articles, and
the fields in which the article authors work. The labels of the data set and the number of documents
belonging to each label are given in Table 2.

Table 2. Class labels

Class Document Number

Bilgisayar 29
Elektronik 18
Endiistri 15
Harita 15
Jeoloji 12
Kimya 32
Maden 18
Makine 17
Malzeme 13
Ziraat 4
Cevre 14
Insaat 26

2.1. Data Preprocessing

Preprocessing texts is an important part of natural language processing problems because the
characters, words, and sentences defined at this stage are the basic units transferred to all subsequent
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work stages, such as morphological analysis or word type tagging (Kannan and Gurusamy, 2014). Text
data often includes numbers, dates, special characters, and commonly used words such as prepositions,
conjunctions, and pronouns. These are units that have no importance or low importance in text
representations. For this reason, it is appropriate to remove the data from the texts in the preprocessing
stage in order to avoid problems in the later stages.

Table 3. Preprocessing stages

Original Bu calismada, 9m capli ve 900m derinlige ulasan diisey bir kuyunun beton tahkimat

Text kalinliklari, iki boyutlu sayisal analizler ile belirlenmistir.

bu ¢alismada, 9m ¢apli ve 900m derinlige ulasan diisey bir kuyunun beton tahkimat
kalinliklari, iki boyutlu sayisal analizler ile belirlenmistir.

bu ¢alismada m ¢apli ve m derinlige ulasan diisey bir kuyunun beton tahkimat kalinliklar:

1. Stage

2. Stage iki boyutlu sayisal analizler ile belirlenmistir

3. Stage bu calismada capli ve derinlige ulasan diisey bir kuyunun beton tahkimat kalinliklar: iki
boyutlu sayisal analizler ile belirlenmistir

5. Stage calismada capli derinlige ulasan diisey kuyunun beton tahkimat kalinliklar1 boyutlu

sayisal analizler belirlenmistir

In this study, various preprocessing has been done to make the raw text data suitable for the
problem. The preprocessing methods used in this work consist of the following stages:

1. Converting uppercase letters to lowercase letters,
2. Removal of numbers and punctuation marks from the text,
3. Removal of single-letter units that will not make sense for the text,
4. Separating texts into words,
5. Removal of Turkish stop words from texts,
6. Body and root analysis on words.

After the text cleaning stages, the last preprocessing stage is the stemming and lemmatizing stage.
This stage is extremely critical for text representation. Some of the text's suffixed words mean the same,
but they are perceived as different words by the machines due to the suffixes they take. This also means
that machines will perceive the meanings of words differently. Since Turkish is an agglutinative
language, there are many different rules and inconsistencies in adding and removing suffixes. The
language structure of Turkish makes stemming and lemmatizing very difficult. As a result, automated
algorithms do not always reach the same root from words with different suffixes with the same
meaning.

In this study, morphological analysis is done by using stemming and lemmatization; two different
methods for stemming and one method for lemmatizing. For casing, Snowball's Turkish casing and
Turkish Stemmer casing developed by Osman Tuncelli and Burak Ozdemir as open source for Python
were used (Tuncelli and Ozdemir, 2019). Although these two different algorithms give similar results,
there may be differences in the reduction of some words to the root. For root analysis, Turkish
Lemmatizer, which was developed by Abdullatif Kdksal as open-source, was used (Abdiillatif Koksal,
2018). Table 4 shows a sample of lemmatization and stemming results from the dataset.
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Table 4. A sample of stemming and lemmatization result

Hafif ve yiiksek dayanimli malzemelerden olan magnezyum alagimlari,

Original Text yetersiz korozyon direnci ve diisiik yiizey kalitesi nedeniyle bazi
sinirlamalara sahiptir.

After hafif yiiksek dayanimli malzemelerden olan magnezyum alasimlar yetersiz

Preprocessing korozyon direnci diisiik ylizey kalitesi nedeniyle sinirlamalara sahiptir

Snowball hafif yilik dayanimli malzeme ola magnezy alasim yetersiz korozyo direnci

Stemmer diisiik yiizey kalites neden simirlama sahip

Turkish hafif yiik dayanim malzeme olan magnezyum alasim yeters korozyon

Stemmer direng diisiik yiizey kalite neden sinirlama sahip

Turkish hafif yiiksek dayanim malzeme magnezyum alasimla yetersiz korozyon

Lemmatizer direng diisiik yiizey kalite neden sinirla sahip

2.2. Text Representation (Feature Extraction)

After the text preprocessing, the stage of extracting the features that will represent this data from the
data comes. Generally, there exists two basic methods for feature extraction:

¢ Traditional bag of words approach
* Neural network-based approach

In this study, neural network-based approaches known as ‘word embedding’ are chosen for text
representation. ANN-based approaches are newer and generally more successful methods in text
classification than the traditional bag of words approaches. Word embedding methods, which are based
on representing words as a fixed-size vector, are widely used in natural language processing problems.

The most well-known and widely used word embedding method is the Word2Vec method
developed by Mikolov (Mikolov, Chen, et al., 2013) in 2013. In this method, vectors are continuously
updated with gradient descent and backpropagation methods for the texts given as input by using a
single hidden layer ANN model. The method takes the word meanings into account while vectorizing
the words; its power to represent texts insufficient context is higher than frequency-based methods.

To find word vector representations with Word2Vec, a model is first created using textual data.
Word vectors are accessed using this model. Here, the data set used to create the model is of great
importance. Because as the context increases, models that produce word vectors with better
representation power will be created. Once the model is created, the vector representation of each word
in the model's dictionary can be easily extracted.

By using the model created after these processes, the vector version of the preprocessed data set was
obtained. For each document, the vector forms of the words in the document were found one by one.
After this stage, we have documents in which each word is 400-dimensional vectors. To make a
multidimensional dataset, each element of which is a list of vectors suitable for classification, a text
representation must be extracted using these word vectors. There are various methods to do this. In this
study, text representations created by summing and averaging vectors were used.

BERT (Bidirectional Encoder Representations from Transformers) (Devlin, Chang, Lee, &
Toutanova, 2018) is a transformer-based model for various NLP tasks. It is a method to designed to pre-
train deep bidirectional representations from unlabeled text and these models can be either used to
extract language features or can be fine-tuned for a specific task like classification, entity recognition,
question answering, etc. It uses attention mechanism (Vaswani et al., 2017) and encoder-decoder
architecture which is known as transformer model.

Both Word2Vec and BERT produce a vectorized form of words. The main difference between these
word vectors is that the Word2Vec representations have fixed-length feature embeddings while BERT
word representations are dynamically informed by the words around them. Which means when there
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are synonymous word in different sentences, Word2Vec will produce same vector for all them. But
BERT will produce different vectors depending on their meaning in that particular sentence.

BERT models are based on encoder-decoder pairs (transformer block) and attention mechanism.
Depending on the number of transformer blocks and hidden layers the models can categorized as Basic
BERT or Large BERT. In base models there are 12 transformer blocks and output from each of them can
be used to get word embeddings. There are multiple ways to obtain these embeddings from transformer
outputs (Devlin et al., 2018). Most used methods are:

J Sum of each blocks outputs,

J Sum from 2 layer to last layer,
. Sum last four layer,

] Concatenate last four layer.

Here in this study, we used a fine-tuned pretrained base Turkish BERT model from Hugging Face
repositories. Word embeddings are obtained as sum of last four layers of transformer blocks.

3. RESULT AND DISCUSSION

In this study K-Means, K-Medoids, Affinity Propagation, and OPTICS algorithms were used for
clustering. They are compared using different preprocessing and text representation methods. The
stemming and root analysis methods used in the preprocessing stage were changed, and their effects on
the results were analyzed. For text-based clustering, Word2Vec and BERT text representations were
extracted from word vectors by getting the average value of word vectors. In Table 5, clustering results
for Word2Vec representations as the Silhouette index (SL), Davies-Bouldin index (DB), Calinski-Harabaz
index (CH), and precision values are given for each algorithm.

Table 5. Experimental results for Word2Vec

Preprocessin Clusterin Cluster ..
llsflethod i Methodg Number SL DB CH Precision

Snowball K-Means 12 0.216 1.404 34.464 0.345
K-Medoids 12 0.150 2.018 22.653 0.390

Stemmer
Preprocessing OPTICS ' 23 -0.024 1.863 3.756 0.525
Affinity Propagation 40 -0.021 4.15 3.752 0.544
K-Means 12 0.109 1.618 29.746 0.396
Turkish Stemmer K-Medoids 12 0.07 1.971 17.382 0.360
Preprocessing OPTICS 30 -0.19 1.713 3.801 0.651
Affinity Propagation 36 0.19 4.287 4.048 0.544
Turkish K-Means 12 0.119 1.613 27.716 0.381
Lemmatizer K-Medoids 12 0.108 1.925 17.382 0.366
Preprocessing OPTICS 32 -0.16 1.673 4.329 0.602
Affinity Propagation 43 -0.02 4.258 3.343 0.549

Table 5 shows the clustering results of Word2Vec text representation for the data set preprocessed
with three different stemming and root analysis methods. Here, the data set given as input to the
algorithms is the document vectors created by averaging the word vectors. Looking at table 5, it can be
seen that the K-Means and K-Medoids algorithms give below-average precision and SL index values
among the three preprocessing results. In the OPTICS and Affinity Propagation algorithms, which give
higher precision, the SL score gives an average value close to zero, while the number of clusters is well
above the real value. If a general comment is to be made for the whole table, it is expected that the
preprocessing methods will have little effect on the results since Word2Vec creates the vectors by taking
into account the meaning of the word.
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Table 6. Experimental results for BERT

Clustering Method Cluster SL DB CH Precision
Number
K-Means 12 0.306 2.061 34.451 0.437
K-Medoids 12 0.300 2.050 35.120 0.440
OPTICS 15 0.260 1.507 48.756 0.730
Affinity Propagation 26 0.056 4.018 6.752 0.560

In table 6 experimental results for BERT representations are given. BERT vectors are obtained from
raw data so none of the above morphologic processes are realized at this stage of the study. Here, it is
seen that the OPTICS clustering algorithm gives better results than other algorithms. It has higher
precision score and better cluster quality since its DB score is lower and CH score is higher than its other
peers. K-Means and K-Medoids nearly gave identical results and Affinity Propagation method gave
higher precision score but also has higher cluster number. If we compare Table 5 and Table 6 results, it
can be seen that the BERT representations have better results than Word2Vec results. This situation can
be interpreted as BERT models tokenize the words within themselves and create vectors by considering
their different meanings.

Table 7. Word2Vec representations parameter results for K-Means and K-Medoids

. . Cluster
Clustering Algorithm Number SL DB CH
5 0.232 1.270 159.368
8 0.246 1.133 196.894
K-Means 12 0.211 1.281 158.906
15 0.178 1.336 132.749
20 0.154 1.341 117.986
5 0.189 1.459 156.110
8 0.210 1.323 190.667
K - Medoids 12 0.163 1.498 77.444
15 0.092 1.571 54.04
20 0.089 1.481 48.229

In Table 6, 7 and 8, parameter analyzes and comparisons made for clustering algorithms used in the
study are given. For K-Means and K-Medoids algorithms, the results obtained by changing the k
parameter were compared. For the OPTICS algorithm, effects of the parameter changes within the
algorithm were analyzed. Lemmatization with Word2Vec and BERT text representation were used for
parameter analysis. While creating text representations from word vectors, the method of adding vectors
was used.
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Table 8. BERT representations parameter results for K-Means and K-Medoids

. . Cluster
Clustering Algorithm Number SL DB CH

5 0.232 2454 30.440

8 0.357 1.600 40.678

K-Means 12 0.306 2.061 34.451
15 0.280 2365 32.009

20 0.198 3.084 28.505

5 0.200 2.187  28.308

8 0.333 1.802 38.570

K - Medoids 12 0.300 1950 35.120
15 0.205 2185  28.78

20 0.190 3.100 23.600

Clustering results obtained with different k parameters for the K-Means clustering algorithm are
given in Table 6 and Table 7. In Table 6, for the SL clustering index, it can be seen that the parameter k =
8, which has the closest result to 1, gives the best result. It is seen that the highest in-cluster density, that
is, the lowest DB index, is achieved when k takes the value of 5. In addition, it was observed that the
highest value for the CH index, which is another index used in the measurement of clustering quality,
was obtained when the k value was 8. Since higher CH values indicate higher in-cluster density and
better cluster quality, it can be said that the best results for K-Means clustering are obtained when the
cluster number is eight.

For the K-Medoids algorithm, it can be seen that the SL index has the highest value when k is 8. If
we look at the DB index, it can be seen that the lowest value is obtained when k is 8, and the closest
results are obtained for k =5 and k = 12 values. As a result of the CH index, the best value was taken for
k=8.

Table 8 shows results of BERT representations for different K parameters. Here the best SL score is
obtained when parameter k = 8 for both K-Means and K-Medoids algorithm. If we look at DB and CH
indices both have their best value when k is chosen 8. For other k values, k = 12 gave close results to k=8
but it has lower cluster quality scores. By looking at the table we can say that the clusters have poorer
quality when k value increases too much.

Table 9. Parameter experiment results for OPTICS

. . . Cluster
Clustering Algorithm Epsilon Number SL DB CH
30 18 -0.337 1.962 3.165
35 22 -0.333 2.001 2.929
OPTICS 40 27 -0.332 2.332 2.698
45 30 -0.296 2.087 2.553

For the OPTICS algorithm, the epsilon (the maximum distance between the data to be evaluated as
adjacent to each other) parameter analysis results are given in Table 9. While getting results for the
parameter, the default value of the other parameters is used. The default value of the Epsilon parameter
in the tools used is given as infinite (inf). Looking table 9, it can be seen that with the increase in the
epsilon coefficient, the SL values approach to 0, which means the clustering quality increases, albeit
slightly. However, even though the quality increased according to the SL parameter, the number of
clusters are also increased. Looking at the DB indeX, it can be seen that more dense clusters are obtained
in cases where the epsilon value is low. Finally, when we look at the CH indeX, it can be said that a low
epsilon value indicates higher results, that is, better clustering results. When a general examination is
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made for the OPTICS algorithm, it has been observed that the cluster verification indices give more or
less close results, but the number of clusters increases as the epsilon parameter increases.

4. CONCLUSION

In this study, a basic clustering problem was handled using natural language processing and
machine learning methods. The data were passed through text cleaning using tokenization,
lemmatization, stemming, and preprocessing methods, and Word2Vec word vector representations
were extracted from the processed data. In addition to Word2Vec representations, BERT word vectors
are obtained from raw data. These text representations were compared using K-Means, K-Medoids,
OPTICS, and Affinity Propagation clustering methods. With these word representation methods, the
classic preprocessing and feature extraction methods are tested against more recent transformer based
pre trained models.

Considering all results BERT text representations produced better results than Word2Vec
representations. Word2Vec text representation methods produced results below the expectations
regardless of the preprocessing methods used. If the reasons for this situation are to be commented on,
Word2Vec model was trained from scratch while BERT model was fine-tuned on a pretrained model.
Also the writing style of the article prefaces can be another reason for results. Writing very specific
prefaces to the article can make it difficult to find words to express the topics in general. In addition,
working on more than one subject or solving problems using hybrid fields makes it difficult to classify
articles on a single subject.

Another reason may be the inadequacy of the data set and the imbalance between the number of
topics and articles. While there are more than twenty articles from the fields of Computer Engineering
and Chemical Engineering in the data set, there are four articles related to the fields that have been little
studied, such as Agricultural Engineering. The scarcity of data used also affected the forms of
representation created. Although there have been successful text classification studies in Turkish before,
natural language processing problems for newly created datasets still maintain their difficulty. How the
data set is processed and represented is of great importance for the classification of texts. The
agglutinative language structure of Turkish poses a challenge for frequency-based text representation
methods. However, when there is sufficient context, there is no problem in producing robust text
representations with artificial neural network-based methods.

To carry the study to the next level, developments should be carried out to increase and stabilize the
data set, as well as to develop vector representations of documents. Because abstracts are relatively short
texts the words have low frequency, and they are more sparse than normal documents. These reasons
are also make clustering results unstable. Different solutions should be suggested for the classification of
texts that may belong to more than one subject.

If productive results are obtained in the clustering of the texts, the study can continue as the next
step, which is to find the subjects studied together and to shape the text classification accordingly. In
addition, academic journals can be classified according to the year-based and the subjects they work on,
and they can shed light on the subjects they want to work on for those who will do academic studies.
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OZ: Nesnelerin Interneti (IoT) kapsaminda ¢ok sayida veri iiretici sistem belirli bir ag {izerinde veri
alisverisinde bulunurlar. Veri transferi i¢in ¢gesitli avantajlar1 bulunan DDS (Data Distribution Service) ara
katman mimarisi veri merkezli ag haberlesmesi igin siklikla kullamilmaktadir. Olgeklendirme, yonetim ve
izleme amaglarina yonelik olarak kullanilan ara katman mimarisinin sagladig1 bir¢ok servis kalitesi (QoS)
ozelligi ile glivenilir veri aktarimi gerceklestirilir. Bununla birlikte, olas1 ag kesintileri, yavaslama ya da
veri kayb1 olusturabilecek senaryolar igin yazilim gelistirme asamasinda ag benzetimi yapilmasi, olasi
hatalarin erken tespiti ve diizeltilmesi maliyet ve zaman agisindan faydali olacaktir. Bu ¢alismada DDS
ara katman mimarisine yonelik ag kesintisi, bant genisligi daralmasi, paket kayb1 ve ag topolojisine
yonelik olasi incelemeler icin bir benzetim modeli ve yazilim mimarisi onerilmistir. Buna gore, veri iletim
agimin belirli noktalarinin davranisi degistirilerek ag gecikmesi, paket kayb1 ya da servis kesintisi
durumlarinda yazilim davranislarinin incelenebilmesi saglanmistir. Ag benzetimi ve test sistemi igin bir
arayiiz yazilimi gelistirilerek ag baglantisinin farkli durumlar i¢in benzetimi amaglanmustir.

Anahtar Kelimeler: Nesnelerin Interneti, Ara Katman Mimarileri, DDS, Ag Benzetimi

Network Simulation of Middleware Used for The Internet of Things

ABSTRACT: Within the scope of the Internet of Things (IoT), many data generating systems transfer data
over the network. DDS (Data Distribution Service) middleware architecture, which has various
advantages for data transfer, is frequently used for data-centered network communication. Reliable data
transfer is achieved with many quality of service (QoS) features provided by the middleware architecture
used for scaling, management and monitoring purposes. However, for scenarios that may cause potential
network outages or data loss, network simulation, early detection and correction of potential errors will
be beneficial in terms of cost and time. In this study, a simulation model and software architecture are
proposed for possible investigations of network interruption, low bandwidth, packet loss and network
topology for DDS middleware architecture. Accordingly, by changing the behavior of certain points of the
data transmission network, it is possible to examine the software behavior in case of network delay, packet
loss or service interruption. It is aimed to simulate network connection for different situations by
developing a software for network simulation and test system.

Keywords: Internet of Things, Middleware, DDS, Network Simulation
GIRIS (INTRODUCTION)

Nesnelerin Interneti (Internet of Things-IoT) kavramu ile temel olarak veri {ireten sistemlerin birbirleri
ile yogun veri paylasiminda bulunan bir¢ok nesnenin varlig1 ifade edilmektedir (Huang et al. 2014). IoT
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sistemleri sistemin davranisi bakimindan algilama, iletim, hesaplama ve uygulama katmanlar: ile
ayristirllmaktadir. Algillama ve hesaplama katmanlar1 verinin {iretimi ic¢in kullanilirken iletim ve
uygulama katmanlar: verinin degerlendirilmesi, islenmesi ve iletilmesi i¢in kullanilmaktadir. Sistemlerin
etkilesimi i¢in olusturulan aglarin tasarlanmasi ve yonetilmesi oldukga kritik ve zaman alic1 faaliyetlerdir.
Sistemi olusturan bilesenler ve nesnelerin cografi konumlari, iletisim ve ag yetenekleri ve veri iletim
performans gereksinimleri degiskenlik gosterecektir.

IoT sistemlerinde nesneler belirli bir ag topolojisinde veri transferini gerceklestirirken sistemin
iletisim gereksinimlerini de karsilamasi beklenir (Wytrebowicz ve dig., 2021). Bu kapsamda verinin
iletilme garantisi ya da iletim hatalarinin tespiti i¢in farkli metodoloji ve protokoller gelistirilmistir (Misir
ve Gokrem 2020). IoT verimliligini arttirmak ve etkili, akilli hizmetler olusturmak i¢in ag ortaminin ve
heterojen yapisi nedeni ile olasi senaryolarin modellenmesi oldukca zordur (D’Angelo ve dig., 2016).
Bununla birlikte IoT sisteminin sahaya alinmadan agin yapisina gore test edilmesi, nitel ve nicel yonlerden
ag simiilasyonunun yapilmas: ve olas1 hatalarin erken tespit edilerek giderilmesi 6nemli olacaktir. Ayrica
ag simiilasyonu ile kapasite planlamasi, durum analizi, proaktif yonetim ve giivenlik ile ilgili bircok
degerlendirme yapilabilecektir (Aksoy ve dig., 2011).

IoT sistemlerin veri aligverisi igin farkli protokoller onerilmis ve bu protokollere 6zgii bir¢ok ara
katman mimarisi gelistirilmistir (Ozdogan ve Erdem 2020). Iletim basarimini dogrudan etkileyebilecek bu
protokollerin giintimiizde en sik kullanilanlar1 DDS, MQTT, XMPP, AMQP, CoAP ve hatta HTTP
protokolleridir (Naik 2017). Standart ve gercek zamanli iletisim modeli i¢in standart protokollerin
kullanilmas: istense de son yillarda degisen gereksinimlere goére bu protokoller artmakta,
giincellenmektedir. Bununla birlikte IoT cihazlarinin sistem kaynaklarinin kisitli olmasi, gercek zamanh
ve deterministik iletim gereksinimi bulunmasi nedenlerinden otiirti RTPS(real-time publish subscribe
protocol) gibi baz1 protokollerin kullanimi daha smirh olacaktir. OMG (Object Management Group)
tarafindan agik kaynakli olarak sunulan veri dagitim servisi, DDS, son yillarda birgok farkli dlgek ve
senaryo i¢in kullanim alani bulmus, yiiksek performansl iletim kabiliyeti, olgeklenebilirligi ve yonetim
kolaylig1 ile 6ne ¢cikmistir (Baunthiyal 2021; David ve dig., 2013; Kang ve dig., 2020; Pardo-Castellote 2003).

Ag iletim protokolleri kendilerine 6zgii trafik akis kontrolleri, iletim mekanizmalar1 barindirdiklari
i¢in uygulama gelistirme asamasinda protokollerin yani sira IoT sistemlerin cihaz 6zellikleri, ag topolojisi,
iletisim gereksinimleri ve kaynak planlamasi goz oniinde bulundurulmaktadir. IoT sistemlerinin
bulundugu aglar genis dlgekli olduklar: i¢in uygulamaya ge¢meden once test ve analiz igin simiilator
yazilimlar1 kullanilir (Cuzme-Rodriguez ve dig., 2019). GNS3, NS2, NS3, OMNET++, OPNET, Contiki-
Cooja simiilator yazilimlar1 ag simiilasyonu i¢in siklikla kullanilmaktadir (Aksoy ve Das 2019; Emiliano
ve Antunes 2015; Gil ve dig., 2015; Giirtiirk ve Das 2017; Lal N ve dig., 2016; Liu ve dig., 2020; Varga 2010;
Varga ve Hornig 2008). Bu simiilasyon yazilimlari kullanim amacina gore gesitli avantajlar icermektedir.
Ornegin GNS3 daha ok yonlendirici cihazlarin mevcut gémiilii imajlarinin sanallastirilmasina
odaklanmigken OMNET++ farkl algoritmalarin ve protokollerin gelistirilmesine y6nelik bagimsiz bir alan
dili (NED) vasitas: ile senaryo simiilasyonuna agirlik vermistir. Benzer sekilde ns-3 ag simiilator
yaziliminin oldukga giiglii 6zellikleri bulunmaktadir. Ozellikle ag bilesenlerinin ve katmanlarimin
modellenmesi icin literatiirde siklikla kullanilmaktadir (Dag ve Bitik¢i 2020). Bununla birlikte ns-3 ayrik
olay (discrete event) simiilasyon metodolojisi kullandigindan dolay1 ag yazilimlarinin modellenmesi
asamasinda performans kaybi olusacaktir. Ns-3 yaziliminda sistem yazilimlar: ve ¢ok is pargacigi (multi-
threads) iceren yazilimlarin modellenmesi igin ayrica dnlemlerin alinmasi gerekmekte, modelin yakin
gercek zamanli ¢alismayacagi g6z 6niinde bulundurulmas: gerekmektedir.

IoT sistemlerinin veri transferi sirasinda olast ag kesintileri, yavaslama ya da veri kaybi
olusturabilecek senaryolar i¢in yazihim gelistirme agsamasinda ag benzetimi yapilmasi, olasi hatalarin
erken teshisi ve diizeltilmesi maliyet ve zaman agisindan faydali olacaktir. Bu ¢alismada DDS ara katman
mimarisine yonelik ag kesintisi, bant genisligi daralmasi, paket kayb1 ve ag topolojisine yonelik olasi
incelemeler icin bir benzetim modeli ve yazilim mimarisi 6nerilmistir. Buna gore, veri iletim aginin belirli
noktalarinin davranis: degistirilerek ag gecikmesi, paket kayb1 ya da servis kesintisi durumlarinda yazilim
davranislarinin incelenebilmesi saglanmistir. Calismada ara katman yazilimlarmin fiziksel olmayan
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aglarda test edilmesi, olast ag problemleri senaryolarina karsi davranislarinin incelenmesi igin bir
yaklasim ortaya konmustur. Bunun i¢in sanallastirma teknolojisi kullanarak ag bilesenlerinin yiiksek
basarimli benzetimini amaclayan GNS3 yaziliminin, ara katman yazilimlarinin test edilmesi i¢in oldukga
gliclii bir alternatif oldugu sOylenebilir. Bununla birlikte GNS3'te fiziksek katman modellenmesi ve olas1
ag kesintileri ile performans kayb1 senaryolarinin test edilmesi oldukg¢a zordur.

IoT sistemlerinde veri transferi igin veri merkezli yaklasimi, gercek zamanl veri aktarim kabiliyeti,
Olceklenebilirligin yiiksek olmasi ve performans gereksinimlerini karsilayabilecek farkli servis kalitesi
sunmasi gibi sebeplerden 6tiirti DDS son yillarda siklikla kullanilmaya baslanmistir (Kang ve dig., 2020).
Aktarilan verinin aktarim basarisiyla birlikte, veri biitiinltigii ve giivenilirliginin saglanmasma da
yardimci olan DDS ara katmani Object Management Group (OMG) tarafindan yayinci-abone (publish-
subscribe) metodolojisini merkeze alan ve birgok farkli servis kalitesi sunan bir standart mimari olarak
sunulmustur (Specification 2007). DDS ile uygulamalar veri merkezli olarak belirli basliklar (topics)
dahilinde aktarim yapabilir, ya da abone olduklar1 basliklar i¢inde yayinlanmis verilere belirli bir servis
kalitesi ile ulasabilirler (Pardo-Castellote 2003). DDS ara katman mimarisinde yer alan nesneler ve
uygulamalar agda serbest olarak ag adresi, protokol, port numarasi, kimlik dogrulamas: ya da
yetkilendirilmesi gibi alt seviye ag yapilandirilmasi ile ilgili konulardan ayristirilabilirler. Sekil-1’de agda
bulunan nesneler yerine, veri merkezli olarak abone roliindeki veri okuyucular: (data readers), yayimei
roliindeki veri yazicilar: (data writers) ile baslik (topic) ve servis kaliteleri semasi verilmistir. DDS ara
katmani ile ag bilesenleri arasindaki iletisim ¢ok daha net Olgeklenebilmekte, izlenebilmekte ve
yonetilebilmektedir.

Veri Okuyucu > Veri Okuyucu

Abone Abone

Veri Yazicl

QoS

BaglikA > Veri Okuyucu
Yayinci

Abone

—— QoS
d \ |:|—,_:>{ BaglkB —
| Veri Yazici / :
\ / :Veri Oluyucu :-

Yaynci

Abune

Sekil 1. DDS veri aktarim yaklasimi semasi
Figure 1. DDS Data Distribution Schema

DDS ara katman standard: igin ticari ya da agik kaynakli olarak bircok yazilim gelistirilmistir
(Baunthiyal 2021, Kwon ve dig., 2017). Bu yazilimlar DDS standardinin sundugu yonlendirme,
yapilandirma, yonetim, kayit ve yeniden olusturma benzeri bir¢ok ek o6zellik sunmaktadir. Farkli
gerceklestirimlerin Ozellikle veri filtreleme, yonlendirme ve giinlitk olusturma performanslar: oldukca
dikkat gekicidir (Baunthiyal 2021). Iletim modeli ya da iletimin alt seviye gergeklestiriminden ziyade
verinin kendisine ve verinin semantik yapisina odaklanan DDS tabanli iletisim yazilimlarinda standart
iletisim katmanlarindan farkli olarak verinin anlami ve degerine yonelik filtre ve kurallar
uygulanabilmektedir. Boylece TCP, UDP ya da RTPS (Realtime Publish Subscribe) gibi transport
standartlarina bagimli olmayan veri merkezli bir yap1 ortaya konabilmektedir. Semantik olarak verinin
farkli basliklar halinde gruplandig: IoT sistemlerinde standart giivenligin yani sira DDS ara katmani
detayli giivenlik dnlemlerine izin verir. Son yillarda yapilan ¢alismalarda, DDS ara katman mimarisinin
IoT igin gerekli deterministik, hata toleransi yiiksek, gercek zamanh dagitik sistemlere yo&nelik
avantajlarinin bulundugu, yazilim dilinden bagimsiz ve diisiik kaynakli sistemler i¢in 6nemli bir alternatif
oldugu degerlendirilmistir (Abels ve dig., 2017).
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DDS ara katmaru bir¢ok farkli QoS sunar ve bunlar sistemlerin hataya dayanmiklilik 6zelliginin
artmasina ve gercek zamanli aktarim ihtiyaglarinin karsilanmasina destek olur. Asagida sik kullanilan
bazi QoS Ozellikleri listelenmistir (Artag ve dig., 2018);

¢ Giivenilirlik (Reliability): Veri aktariminin garanti edilmesini sunan servis kalitesidir.

¢ Kalicilik (Durability): Verinin daha sonra katilan diger sistemlere aktarilmasini saglayan servis
kalitesidir.

e Yasam Omrii (Life Span): Verilerin gegerlilik siiresini sinirlayan servis kalitesidir. Bu serviste
gecerlilik siiresi dolan verilere erisim saglanamaz.

* Sahiplik (Ownership): Bir alt sistemin ayn1 anda birden fazla farkl alt sistemden veri 6rnegi alip
alamayacagini tanimlayan servis kalitesidir.

* Gec¢mis Bilgisi (History): Gonderilen verinin en son kag drneginin alt sistemler igin erisilebilir
olacagini tanimlayan servis kalitesidir.

Sanallastirma teknolojisinin gelisimi ile sistemlerin ve uygulamalarin soyutlanmasi, izolasyonu ve
kaynak paylasimindan baska yazilim tabanh aglarin olusturulmasi gibi farkli uygulamalarda da yer
bulmustur (Emiliano ve Antunes 2015; Gil ve dig., 2015; Giirtiirk ve Das 2017; Lal N ve dig,, 2016). GNS3
dogrulamak ve test etmek {izere kullanabilecegi bir alternatiftir. OPNET++, OMNET, NS2 ya da NS3 gibi
alternatiflere nazaran GNS3 sanallastirma Ozelligini 6ne ¢ikararak farkli ag sistem {ireticilerinin
cihazlarina ait gomdiilii imajlarinin kullanimina destek vermektedir (Das ve Bitik¢i 2020). GNS3 sanal ve
gercek aglarin simiilasyonunu yapmak, yonlendiricileri ve diger ag bilesenlerini yapilandirmak, test
etmek ve hata gidermek i¢in kullanilmaktadir.

GNS3 Virtualbox, VmWare, Docker, Qemu ve HyperV sanallastirma teknolojilerini desteklemektedir.
Sanallastirma hem isletim sistemi ve disk alani i¢in hem de macvlan ve ipvlan gibi farkli1 katmanlardaki
ag bilesenlerinin izolasyonu igin kullanilabilmektedir. GNS3 ag simiilasyonunun saglanmas igin kendi
sanal makinesini sunmaktadir. Ayrica birgok ticari ya da agik kaynak ag oncelikli isletim sistemi ya da
cihaz gomiili sistem imajlar1 icin destegi bulunmaktadir. Baslangicta Cisco iiriinlerinin imajlarina
odaklanmisken son yillarda farkli cihazlarin da imajlarini desteklemeye baslamistir. Bu kapsamda bir¢ok
isletim sistemi, router, switch ve diger ag bilesenlerini desteklemekte fakat gercek kablosuz cihazlarin
benzetimi yapilamamaktadir. Bununla birlikte GNS3 ag topolojisi ve kablolu baglantilarin benzetimi igin
oldukca kullanishdir. Kablo baglantilar1 iizerinde filtre, duraklatma ve paket kaybi senaryolarin
dogrudan desteklemekte, ayrica web ya da grafik ara yiizii ile kullanicillarin harici programlar ile
yapilandirmasina olanak saglamaktadir.

MATERYAL VE METOT (MATERIAL AND METHOD

Bu calismada DDS ara katmaninin sagladigi Reliability, Durability, Life Span ve History QoS
yapilandirmalar: igin ag fiziksel benzetimine yonelik sanallastirma temelli bir metot Onerilmistir. Bu
kapsamda IoT nesnelerini modellemek iizere GNS3 ag benzetim yazilimi kullanilmigtir. A§ benzetimi ile
nesnelerin fiziksel olarak bulundurulumasina olan ihtiyag¢ kaldirilmistir. GNS3 sanallastirma yontemi ile
benzetim yaptig1 icin ag bilesenlerinin kendi isletim sistemleri ve yazilimlarin1 muhafaza ederek ag
konfigiirasyonunun ve nesne uygulama yazilimlarinin tiimlesik olarak benzetimi yapilabilmektedir.
Yazilim gelistirme asamasinda ag benzetimi yapilmasi, olasi hatalarin erken tespiti ve diizeltilmesi
maliyet ve zaman agisindan faydali olacaktir. GNS3 kablosuz aglarin modellenmesi ve benzetimi
konusunda bir¢ok dezavantaja sahiptir. Ozellikle fiziksel katman siireglerinin benzetimi i¢in GNS3 yerine
kablosuz aglarin benzetimine odaklanmis diger benzetim araglari kullanilmalidir.

Bununla birlikte bu ¢alismada nesnelerin veri aktarimi igin kurulu ve konfigiirasyonu tamamlanmis
agm bulundugu, kablosuz aglarda olasi kalica ve gecici kesintilerin, yavaglamamin ya da paket
kayiplarinin olabilecegi degerlendirilerek fiziksel katmandan ziyade OSI modelinde veri baglanti, Ag ve
tizeri katmanlar tizerinde durulmustur. Bu da yazilim gelistirme asamasinda veri ve paket kayiplarinin,
ag gecikmelerinin benzetimi i¢in makul bir yaklasimdir. Bu nedenle GNS3 aracimin yeterli ve yetkin bir
benzetim araci oldugu degerlendirilmistir.
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Sekil 2. DDS QoS Ag Benzetimi
Figure 2. DDS QoS Network Simulation

IoT nesneleri kendi uygulama yazilimlar1 dahilinde veri iireterek aga iletmektedir (Sekil-2). Bu

asamada yayinlanan veriler abone diger nesnelere ulasmaktadir. Bu sanallastirilmis benzetim modeli
dogrudan gercek uygulama kullanildig1 i¢in sahaya alindiginda herhangi bir degisiklige ihtiyag
kalmayacaktir. Bununla birlikte 6rnegin ag kesintisi olduktan sonra kesinti giderildiginde eski degerlerin
de otomatik aktariminin yapilabilmesi i¢in, ya da yeni eklenen nesnelerin aga dahil oldugu durumda
verilerin ulagsmasmi saglayabilmek icin farkli QoS yapilandirmalari bulunabilir. Bu senaryolarin
gerceklestirilebilmesine yonelik olarak ag kesintisinin saglanmasi, yavaglama ya da rastsal paket kaybi
benzetimi icin Sekil-3'te gosterilen web ara yiizii gelistirilmistir.

AG PARAMETRES!
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Sekil 3. Ag Davranis Yapilandirma Web Arayiizii
Figure 3. Network Behavior Configuration Web Interface

— : /C\/

Bu kapsamda Ubuntu sanal makinesi {izerinde (Sekil-2, AgKonfigiirasyonu, Ubuntu 20.04) tc (traffic
control) programi kullanilmis, programa ait genis parametre kullanimi i¢in web ara ytizii kullanilmistir.
tc komutu paketlerin bir yonlendirici {izerinde alindig: ve iletildigi kuyruk sistemleri ve mekanizmalari
igin kullanilir. Bir ag arabiriminin girisinde hangi paketlerin hangi hizda kabul edilecegine karar vermeyi
ve cikisinda hangi paketlerin hangi sirayla hangi hizda iletileceginin belirlendigi yapilandirma

parametrelerini kullanir.

> tc gdisc add dev eth0 root netem delay 100ms

bildiriler arasindan secilmistir (10-11 Kasim 2021 Konya, TURKIYE).
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komutunun $ekil-2'deki “AgKonfigiirasyonu” Linux bilgisayarinda calistirilmas: ile her iki switch
arasinda 100ms’lik gecikme benzetimi yapilabilmektedir. Benzer sekilde agin duraklatilmasi, baglantinin

kaldirilmasi ve paket kaybi senaryolar: da uygulanabilir.
> tc gdisc add dev ethO root netem loss 20%

komutu ile %20 olasilikla paket kayb1 benzetimi saglanabilmektedir. tc komutu haricinde GNS3 sanal
sunucusu REST API destegi sagladig icin gerceklestirilen ara yiiz yazilimida hem tc komutu hem de REST
istekleri olusturan yap1 gelistirilmistir.

Node 1-4 DDS IoT nesneleri birbirleri arasinda veri transferi gerceklestirirken uygulama katmanindan
tamamen bagimsiz olmak tizere, Layer2 ve Layer3’te ag davrams: degistirilebilmektedir. Bu ¢alismada
Ozellikle Reliability, Durability, History ve Life Span QoS’larina yonelik testlerde izole bir sekilde ag
senaryolarinin gerceklestirilebildigi gosterilmistir.

PERFORMANS ANALIZI (PERFORMANCE ANALYSIS)

Bu calismada IoT nesnelerinin yazilimlari degistirilmeden olas1 ag kesinti, yavaslama ya da veri kayb1
senaryolarindaki davraniglarinin incelenmesine yonelik bir metot onerilmistir. IoT veri aktarimi igin
ozellikle DDS ara katman mimarisinin bir¢ok avantaji bulundugu literatiirde yer almaktadir
degerlendirilmistir (Abels ve dig., 2017; Baunthiyal, 2021; Kwon ve dig., 2017). Ara katman mimarilerinin
en onemli avantaji ag merkezli yazilim gelistirme yaklasimi yerine veri merkezli gelistirme modelinin
uygulanabilmesidir. Boylece gelistirici karmasik ag yapismna bagimliligi olmayan ve ag
konfigiirasyonundan izole edilmis bir yap1 kullanarak yazilim gelistirebilecektir. Bununla birlikte bu
durumda da agin fiziksel kosullarindaki testler icin farkli araglara ihtiya¢ duyacaktir. Varga 2010,
Omnet++/ INET ayrik zaman simiilasyon araci ile ag1 modelleyerek karmasik senaryolardaki test
islemlerinin yontemini sunmustur. Bununla birlikte -diger benzer calismalarda da oldugu gibi- ag testleri
i¢in olduk¢a zaman alict modelleme ve yazilim gelistirme faaliyetleri tamamlanmalidir. Bu ¢alismada ise
yazilm degisikligine ihtiya¢ duyulmadan dagittk mimarideki nesnelerin kendi aralarindaki veri
aktariminin deterministik test kosullarinda ve tekrar edilebilen deney tasarimlarn ile test edilebilmesi
saglanmistir. Cizelge 1’de ayni olay zamaru igerisinde (51-65. Paketler arasi) sirasiyla 1ms gecikme
durumu ya da gegici kesinti durumundaki Ol¢iimler verilmistir. Tekrarlanabilir deney tasarimi ile ug
noktalarda calisan yazilimlara ve ag konfigiirasyonuna miidahale edilmeden testlerin yapilabilmesi
saglanmistir.

Cizelge 1. Paket Gecikme ve Kesinti Senaryolarina Ait Olciimler
Table 1. Measurements of Packet Delay and Interruption Scenarios

Gecikme Kesinti

. 2 . 2
wv (%]

£ 15 £ 1.5
[J] 1 V 1
£ £

X 0.5 = 0.5
3 ]

o 0 o O

1 61116212631364146515661667176 1 61116212631364146515661667176
Paket no Paket no

SONUC (CONCLUSION)

IoT sistemlerinin birbirleri arasindaki veri transferi igin bir¢ok avantaji bulunan DDS ara katman
mimarisi 6l¢eklendirme, yonetim ve izleme gereksinimlerinin saglanmasi ve gercek zamanl transfer ve
farkl: servis kalitesi (QoS) ozellikleri ile son yillarda siklikla kullanilmaktadir. DDS kullanan uygulama
yazilimlari ise olas1 ag kesintileri, yavaglama ya da veri kaybi olusturabilecek senaryolar igin test edilmesi
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onemli olacaktir. Yazilim gelistirme asamasinda ag benzetimi yapilmasi, olas1 hatalarin erken tespiti ve
diizeltilmesi maliyet ve zaman acisindan faydali oldugu aciktir. Bu ¢calismada DDS ara katman mimarisine
yonelik ag kesintisi, bant genisligi daralmasi, paket kayb1 ve ag topolojisine yonelik olas1 incelemeler icin
bir benzetim modeli ve yazilim mimarisi onerilmistir. Buna gore, veri iletim aginin belirli noktalarinin
davranus1 degistirilerek ag gecikmesi, paket kaybi ya da servis kesintisi durumlarinda yazilim
davranislarinin incelenebilmesi saglanmistir. Ag benzetimi ve test sistemi igin bir web ara yiiz yazilim
gelistirilerek ag baglantisinin farkli durumlar i¢in benzetimi amaclanmistir. Sonug olarak Onerilen
yaklagimin son giinlerde artan ara katman yazilimlar1 kullanan IoT sistemlerinin testleri i¢in oldukga
faydali olacag1 degerlendirilmistir. Benzer sekilde MQTT, AMQ ve diger protokollerin de farkli ag§ durum
senaryolarinda nasil reaksiyon gostereceginin test edilmesi icin 6nerilen yaklasim kullanilabilir.

Literatiirde ag benzetimi igin ns-3, ommnet++, opnet, netsim vb. ayrik olay simiilatorleri
kullanilmaktadir. Bu ve benzeri simiilatorlerin oldukca kapsamli modelleme yeteneklerinin bulunmasi ile
fiziksel katman dahil olmak iizere ag haberlesme sistemlerinin bir¢ok alt sistemi modellenebilmektedir.
Bununla birlikte ayrik olay gevriminin getirdigi performans kaybi nedeni ile bu tiir simiilator
yazilimlarina farkli proseslerde galisan gercek ag yazilimlarin modele dahil edilmesi oldukga zordur. Bu
calismada sanallastirma teknolojisi kullanarak yazilim iceren ag bilesenlerinin gercek imajlarinin
kullarulabildigi araglar kullanilarak ara katman yazilimlarmin test edilebilmesine yonelik yeni bir
yaklasim uygulanmis, sonuglar: verilmistir.

Giintimiizde IoT ya da yiiksek performansli veri haberlesmesi i¢in bir¢ok avantaji bulunan ve farkl
problemler igin gesitli ¢dziim Onerileri sunan ara katman teknolojileri kullanilmaktadir. Bu ¢alismada bu
teknolojilere kisaca yer verilmistir. Ara katman mimarileri en diisiik OSI-Layer-4 (Tasima: Transport)
katmaninda calismakta ve agin tam ve kesintisiz oldugunu varsaymakta, fakat agda kismi ve gecici
kesintilerin olmasi senaryolarina karsiik farkli yontemler gelistirerek farkli QoS gereksinimlerini
karsilamak iizere ¢oziimler gelistirmistir. Bu calismada ara katman mimarileri kullanan yazilimlarin kismi
ya da gegici ag kesintisi, yavaslama vb. senaryolardaki davranis ve calisma sekillerinin test edilebilmesine
yonelik sanal ve gercek ag bilesenlerinin birlikte bulunabildigi ve asgari kaynak kullanimi ile hizli devreye
alinabilecek bir test ve simiilasyon metodolojisi Onerilmistir. Bu kapsamda gelistirilen uygulama
yaziliminda degisiklik yapilmadan farkli ag senaryolarinda test edilebilmeleri miimkiin olmaktadir.
Calismada ag benzetim yazilimlar1 (Omnet, ns-3, GNS3 vb.) karsilastirilmis, ara katman yazilimlari
kullanularak gelistirilen ag yazilimlar: {izerinde degisiklik yapilmamas: gereksinimini karsilamak {izere
GNS-3 yazilimi kullanan oldukga etkin bir yontem sunulmustur.

Gelecek calismalarda kablosuz aglarin davranislarinin da benzetimi hedeflenerek mobil nesnelerin
kapsama alani disina ¢ikmasi ya da aralarindaki mesafeye bagl olarak modiilasyon semasinin dinamik
olarak degisebildigi yeni nesil kablosuz sistemlerde uygulama yazilim davramisinin modellenmesi
yapilabilir.
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