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Authentication with Iris Recognition Based on A 3-Tier Security
Analysis Approach

Y. Sandal*”, H. Kutucu?

Abstract: Audit controls are made using the tools such as ID, magnetic card, password, pin code to enable
people to access to areas requiring access permission. This situation with increasing the number of security
measures forces people to remember more than one password. In addition, it is becoming compulsory for a
person to have more than one type of card in order to be able to identify himself / herself. Increasingly
reliable and practical detachment of such measures has increased the interest of researchers in biometrics
systems, which is the recognition method of self-identification by using their own structural features. The
aim in this project is to authenticate with one of these biometric systems, iris recognition. Iris screening is one
of the most reliable biometric scans. There is no need for physical contact between the user and the scanner.
Being able to use even with glasses, easy integration into systems and being one of the most reliable designs
of iris has been the main factors in choosing iris definition. In the project done, the security level is aimed to
be authenticated in a short time and correct match with the algorithm produced based on the increased three
layer security analysis. These layers in the project; eye color in the first layer, ratio of the area of the iris to
the area of the eyeball in the second layer, and tissue analysis in the third layer. The difference between this
project and other work that has been worked on before is that the authentication process is performed with a
different algorithm approach by increasing the number of security layers. Thus, it is aimed to reach reality in
a safer and shorter time. At this time, only studies of iris texture have been carried out in the examination of
iris. Other factors have not been evaluated in studies. In this study, eye color and the ratio of the iris area to
the eyeball are examined by adding the account. After these factors are correctly matched, iris tissue is
examined. The project has two databases, one to record real-time data, and the other to contain data from the
CASIA database. The real-time data base is created with the images we have obtained from different people
with the piece of hardware we have developed. By using different image processing algorithms, images in
these databases are processed and an iris code is created to see the key task. Snapshots taken from the live
eye are compared through the created iris code to the database data to find out if there is a match. It is
determined that the analysis of the three security layers is done in a short time and with high success rate.
The version_01 of the CASIA database is used in the study. In this database, 50 images of eyes taken from
different angles at different times were worked on. In the real time database there are 25 images. The success
rates of both databases are calculated separately. The obligation of individuals must carry lots of card with
them and memorizing many password in order to introduce themselves will be avoid with this work. It will
provide savings time and financial gains to institutions and individuals. There is not much study about
identification of iris in the country, and necessary software in this area is generally supplied from abroad.
With this work, it is aimed to increase the interest of researchers in this field and to eliminate this deficiency
in the country..

Keywords: Iris Recognition, Biometric Security.

1. Introduction

In recent years, especially in the last few years, the
rapid development of technology in the field of

access to information has increased the need for
many field security. The need for individual secure
access in developed applications brought with it
the problem of smart person identification. One
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common method for person identification, which is
a specific image, is now inadequate and unreliable
in today's conditions. Moreover, these methods do
not have much practicality. Many factors, such as
loss of keys and ID cards, forgetting passwords,
cause problems in using these methods. In order to
overcome these problems, researchers have
exploited  the  behavioral and  physical
characteristics of individuals to find new ways to
identify people (Giirkan, 2015). As a result of
these investigations, reliable and more practical
methods called biometric measurements have been
obtained.

Biometric recognition is a reliable method used to
determine who is allowed to perform an action and
who is not. The basis of the biometric definition is
based on defining the behavioral and physical
characteristics that are different for each person.
These behavioral and physical properties that can
be used as biometric measurements include the
fragrance components of the human body,
temperature distribution, facial features, iris and
retina structures, palm and fingerprints, hand
geometry, individual voice, for example (Tekyildiz
et al., 2015). Despite the fact that voice recognition
and fingerprinting are among the most popular
among these biometric measurements over the last
few years, changing demands have accelerated the
work on iris recognition.

Iris is the name given to the colored region in the
circle inside the eye. The iris recognition system
was developed based on the fact that the iris did
not change during human life. More than one
reference point can be used in this system. For
example, in a biometric system that uses
fingerprint separation for absolute success, there
are about 60 to 70 comparison points, while iris
recognition has about 200 reference points for this
comparison (Jain et al., 2004).

The iris recognition system is now available in
many areas. First of all, outposts are preferred in
areas requiring strict security measures such as
airports. In addition, organizations, companies and
universities benefit from the iris recognition
system for students and staff follow-up (Abatea et
al., 2017).

Iris is among the most preferred among other
biometric recognition systems because it is one of
the most reliable because it has its own
characteristics and is not easily affected by
external factors (Akgay and Cetinkaya, 2011). It is

aimed to reduce the need for information such as
PIN number and password, which are highly likely
to be shared with the Iris recognition system and
the risk of being forgotten.

In the case of biometric authentication, the user
uses his / her own physiological or behavioral
characteristics to access the system. When a person
wishes to access a system that works in this way,
the system takes the appropriate biometric data
(voice, iris, fingerprint, retina etc.) of the
individual (Kamal et al., 2015). This data is taken
from the same individual and matched with the
biometric data previously added to the database. If
the matching result is positive, the identity of the
individual is verified.

This study refers to the definition of iris, one of
these biometric based security systems. Iris
recognition is also one of the methods of digital
identification. Iris recognition is a system based on
studying by scanning iris with high resolution
cameras and comparing it at the time of reading.

In this study, we present a three layered security
level enhanced tissue analysis based method for
person authentication with iris identification.
However, it is aimed to contribute to these areas by
providing benefits to the health fields such as entry
and exit of the personnel, need for strict security
control such as country borders, banks, and
entrance to the operating theater.

This paper is organized as the following. Section 2
describes how the iris boundaries are detected and
the blob counter and haugman circle algorithms
used when determining these boundaries. In
section 3, the security layers which is three are
analyzed.. In the last section we present the
conclusions

2. Detection of Iris Boundaries

Up to this day, studies on iris recognition have
been made in different approaches such as phase
information base, zero crossing basis and tissue
analysis base for the analysis of iris (Yuanning et
al, 2015). In this project, tissue analysis based on
these approaches is used for iris recognition.

In this section, the aim is to determine the
boundaries of the iris. The iris has two boundaries
that must be determined, an outer boundary and an
inner boundary that defines the middle pupil. For
this, edge detection, filtering and segmentation
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algorithms of the image processor are used. As a
result of this operation, unnecessary fields in the
image will be cleared and ready iris is obtained.
The output the result of this operation illustrated in
Figure 1.

Figure 1. Detection of iris boundaries

Before determining the outer border of the iris, it is
necessary to determine the inner border which
forming the pupil. The image is passed through
gamma correct and gaussian filters to remove
noise from the original image. After the noise-free
image is subjected to inverse processing, gray
conversion is performed. The threshold is set by
specifying a threshold value on the image that has
been Gray transformed. The objects on the image
are then detected after thresholding.

2.1. Blob counter

The blob counter is an algorithm that can find the
objects in the image sent to it (Cakir et al., 2013.)
After the threshold is set in the project, the image
is sent to the blob counter algorithm to determine
the objects in the image. As a result of the
experiments, it is determined that the pupil has a
value within the range of 10 to 50 pixels, so the
blob counter is limited to these values to prevent
unnecessary objects from being moved backwards.
Figure 2 shows the view of the objects obtained
from the image that comes to it as a result of the
execution of this algorithm.

Figure 2. Objects found with blob counter
2.2. Haugman circle

The Haugman circle is an algorithm that finds
objects that are similar to the circle sent to it
(Eristi, 2010). We only need objects that look like
circle because we try to find the pupil in our work.
With this algorithm, the inner boundary of iris in
other words the pupil is found. This algorithm is
also used to find the outer boundary of the iris. If
the pupil is the smallest, the diameter of the iris is
2.5 times the radius of the pupil. Starting from 2.5
times distance from the center of the pupil, the
circle search is performed again with the haugman
circle. Each time a search is made until a circle is
found by reducing by 10%. As a result of these
operations, the inner and outer boundaries of the
iris are determined. The pupil with the haugman
circle is shown in figure 3. The iris with
boundaries is enclosed in a rectangular frame and
cropped from the source image.

Figure 3. Pupil with haugman circle
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3. Analysis of Security Layers

This study proposes a method based on a three-
tiered security analysis with enhanced level of
security for people recognition with the help of
iris. Unlike other studies, this study carries out the
identification of persons by examining factors such
as eye color and iris diameter and eye diameter as
well as iris texture. Eye color in the first layer,
ratio of the diameter of the iris to the diameter of
the eye blade in the second layer, and tissue
analysis in the third layer is implemented. Once
the boundaries of the iris are detected, this image is
cropped from the original image to obtain an
image that is only iris.

3.1. Analysis of first security layer

Once iris boundaries are detected, layers will be
analyzed. The first layer of the project is color
analysis. Colors are expressed as values between 0
and 255 The heat map is used for color analysis.
The nearest value pixels are grouped and the
standard deviation of these groups is taken and a
value is obtained for the image The values of the
color tone in the eye is determined and values
obtained below and above this value is accepted by
adding a certain tolerance value to the obtained
value.

Figure 4. Analysis of iris color

3.2. Analysis of second security layer

In this layer, the area of the iris boundaries and the
area of the eyeball are compared to obtain a value
that is different for each eye. The presence of the
iris domain is detected in the previous section. To
find the area of eyeball the haar cascade eye class
of the haar cascade library is used. Haar cascade is
an algorithm that trains cascade objects and allows
them to be found in the given image. In the image

given in the study, eye scanning is done with haar
cascade. The eye that is found is contained in the
rectangle. Lastly, the ratio of these areas to each
other is found. This ratio is shown in figure 5.

Figure 5. Analysis of proportion of areas
3.3. Analysis of third security layer

The last layer of analysis is the analysis of Layer 3
texture. This layer consists of the steps of
normalization and feature extraction to determine
the structure of the iris texture. In order to
overcome the adverse effects of the images, all iris
images must be expressed in equivalent
dimensions and therefore iris normalization should
be done. The extraction of the is performed using
the normalized iris pattern.

Figure 6. Calculated iris code

Creation of Iris code: After the examination on 3
layers, the code to generate the key task is
generated from the iris image obtained with the
software produced. This allows the code generated
database to perform a quick comparison with other
codes. The code generated during these operations
is encrypted.
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Identification: In the test phase, an iris image
taken with the camera from the live eye is obtained
from the data obtained after passing through all the
steps described above, and the identity of the iris is
determined. The iris code generated from the live
eye snapshot soon be able to map from the
database containing another previously registered
iris code. This comparison is performed by the
hamming distance algorithm.

The algorithms generated in the working phase of
this project are written in Emgu Cv platform which
is an image processing library adapted to OpenCV
C EmguCV is a library with image processing
functions in net-based programming languages
(Yang, et al., 2017). My Sql is also used for the
database created from the images taken with the
camera.

4. Conclusion

Detecting the iris in a noisy image is difficult
process. So, first of all noise is removed by using
gaussian and gamma correct algorithms from the
original image. The inner and outer boundaries of
the iris are determined with the blob counter and
the haugman circle algorithms. In the first layer,
color analysis is done using the heat map. In the
second layer, the ratio of the iris are to eyeball are
is calculated. Then, in the last layer, the iris tissue
analysis is examined and the iris code is generated.

The proposed algorithm brought a different
perspective to the recognition of iris. Parameters
that are not previously considered in the
recognition of iris are evaluated in this study and a
study that yielded a fast match with high accuracy
is obtained. The study consists of two databases.
One of these contains data from the CASIA
database. The other consists of the data obtained in
real time. The study is tested on 50 images in the
CASIA database and 88.7% success rate is
achieved. In the real-time part, 25 people are tested
and 84.6% success rate is achieved.
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Development of The Road Analysis System to Provide the Fuel
Efficiency Awareness in the Vehicles

H. Biilbiil'* A. Bégrek®

Abstract: Damaged roads, speed bumps and potholes are quite annoying for drivers. Bad roads that damage
the suspension system can cause accidents as well as damage to cars. In this study acceleration-deceleration
parameters of vehicles are measured by using mems based accelerometer depending on the road condition. In
this way, the driving characteristics of the driver can be observed. After determining a rating system based on
classes of vehicle acceleration, drivers can be compared their driving characteristics with this system. The
vehicle drives can be encouraged to use with low acceleration. When specified acceleration level is exceeded,
visual and audible warning system is activated and the driver is alerted. The drivers are encouraged to use the
vehicle with low-level acceleration. It means leads to a reduced fuel consumption, reduced exhaust emissions
and longer life of the vehicle. For this aim, 7480 measured data (2451for shock absorber test, 5029 for
determining the barriers on the road) were analyzed. The results were plotted and proved to be quite similar
to each other. So, the developed economic system could be an alternative to the test methods used in the

industry.

Keywords: Accelerometer, microprocessor, road analysis, shock absorber, fuel efficiency

1. Introduction

During the acceleration and deceleration of the
vehicle, inertia forces are generated in the vehicle
in the reverse direction. The force encountered
during the movement of the vehicle is called the
"Acceleration Resistance", since it is opposite in
direction to the acceleration and consists of the
inertia forces of the masses in linear motion and
the rotational inertia forces of the wheels
(Cetinkaya, 2010). Braking, accelerating, and
changing the direction of a wvehicle creates
momentum on the vehicle (Bayrakgeken et al.,
2009). For this reason, acceleration and
deceleration of the drivers cause acceleration
resistance on the vehicle. There are systems that
provide audible stimulation to drivers according to
acceleration resistance, allowing them to drive
more controlled (Siimbiil, 2013; Pothole, 2017).
But these systems are not cheap and do not have
widespread use.

2. Material and Method

The data recording and transfer system consists of
3 parts; microcontroller data acquisition unit, data
transfer unit and software. The system includes
Arduino Mega microcontroller, 2x24 character
LCD display, ADXL345 acceleration sensor, and
SD memory and data transfer circuit. All of the
power is fed from a 12V battery source. In the
system, the acceleration changes in the X, Y and Z
axes of the vehicle are measured in real time with
the accelerometer and recorded on the SD card
during driving. The measurements were carried out
at varying speeds (20km / h, 30km / h) on a track
that 120m long with 3 barriers. Drive speed and
road obstacle conditions are analyzed in 3-axis in
the Cartesian coordinate system.

2.1. Test Racecourse

The measurements were carried out in front of
Yesilyurt D.C. Vocational School, Ondokuz Mayis
University in Samsun, Turkey. The test racecourse
consists of a road with a total length of 120m with
3 barriers. The distance between the barriers is
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School, 55300, Samsun, TURKEY
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measured as 25m and 28m. The barrier height is
about 10 cm. Figure 1 shows a space view of the
area where the measurements are performed.

Only the first word of the subtitle will be
capitalized. The article will be written in Times
New Roman in 10 pt with a single line spacing.
Only the first word of the subtitle will be
capitalized. The article will be written in Times
New Roman in 10 pt with a single line spacing.

Sond Barier

== otal Distance 120

Figure 1. The view of the area where the
measurements are performed.

2.2. Acceleration Sensor

MEMS semiconductor technology combines
micromechanical structures and electrical circuits
on a single silicon chip. With this technology,
MEMS based accelerometers sense acceleration on
one, two or even three axes, with analog or digital
outputs. The ADXL345 is also a MEMS based 3-

axis accelerometer with digital output. It is
manufactured by Analog Devices Inc. It features a
selectable +2-g, +4-g, +£8-g or +16-g measurement
range (selected the +2g setup in this study);
resolution of up to 13 bits; fixed 4-mg/ least
significant bit (LSB) sensitivity; a tiny 3-mm x 5-
mm x 1-mm package; ultralow power
consumption (25puA to 130pA); standard 2-wire
Inter-Integrated Circuit (12C) and Serial Peripheral
Interface (SPI) serial digital interfacing; and 32-
level first in first out (FIFO) storage (Ning, 2009).
MEMS accelerometers that are used from military
areas to health care industry have been explained
in (Goetenberg at al, 2007; Siimbiil at al, 2016).
Hence, this combination of features makes the
ADXL345 an appropriate accelerometer to
observing the movements of diaphragm for our
study. Figure 2 shows the accelerometer used in
the experiments

SCL/SCLK
Voo (1]
GND +X
Bos |3 .y
GND|[ 4] iz
GND([ 5] [9]
Vs |6

Ccs
(@) (b)
Figure 2. ADXL345 accelerometer, a) pin

structure, b) circuit structure (Analog Devices,
2017).

2.3. Measurement Device

At the control circuit, an acceleration sensor which
has the ability to define position by using 3-axis
cartesian  coordinate systems is used to
measurement of accelerations from the car. The
accelerations data measured by the sensor were
recorded on the SD card (32 GB). Figure 3 shows
a block diagram of the designed and realized
system.
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Figure 3. The block diagram of designed and
realized system.

Sampling frequency of designed and realized
system is 20Hz. Each 32-bits of float received data
are composed of x, y and z data. Thereby, the
amounts of data transferred are 20 x 3 x 32 = 1920
bits / sec and it is suitable for a wireless
transmission.

The circuit of the system was composed of
Arduino Mega (preferred because of the need for
the number of peripheral ports) microcontroller
(licensed with Creative Commons Attribution
Share-Alike 2.5), 4x20 character LCD display,
accelerometer sensor, SD memory component,
RTC (real time clock, produced by the Dallas
company,) and a button (for recording). The
required power for the entire circuit has been
obtained from a circuit containing a 12V battery.
Arduino board is being programmed with the
Arduino Software (IDE). V.1.6.4 software was
used to program the Arduino microcontroller. The
accelerometer was extended via a cable (usb type
of cable) during the tests.

The acceleration sensor was positioned on the right
front suspension system of the wvehicle,
perpendicular to the Z-axis. So Z axis information
was used in the measurements.

3. Results

Firstly, in order to examine and compare the
performance of the developed analysis system, the
vehicle’s shock absorber test was performed.
During the test, the real test device used in the
industry and the developed system were connected
together to a car and the shock absorber test was

carried out simultaneously (At SERP car vehicle
test center, Samsun). Measured 2451 z-axis data
were analyzed. The results were plotted and
proved to be quite similar to each other. Figure 4
shows simultaneously shock absorber test results.
So, the developed economic system could be an
alternative to the test methods used in the industry.
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Figure 4. The shock absorber test results, a)
developed device, (b) industrial test device.

Secondly, 5029 Z-axis data were analyzed with the
aim of determining the barriers on the road. The
maximum acceleration that occurs when passing
through 3 points on the road (look at figurel)
belongs to where the barriers are located. Figure 5
shows the accelerating response of the on-road
disturbance to the vehicle in terms of vehicle speed
(20Kmh, 30Kmh).

The three vertical piles shown in Figure 5,
represents the presence of the barrier and the
situation that occurs when the vehicle crosses the
barrier. As can be seen, the number of barriers on
the road has been achieved successfully and
clearly. Similarly, pits on the road can be found
easily with this device. While the column length
represents the height of the barrier on the road,
column width represents the length of the barrier
on the road. Figure 5 also gives information about
the speed of the vehicle and the vehicle's barrier
speed.
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Figure 5. Accelerating response of the on-road
disturbance to the wvehicle in terms of vehicle
speed, (a) 20Kmh, (b) 30Kmh.

4, Discussion and Conclusions

Thanks to the designed system, acceleration
control can be provided in the cars. The drivers are
alerted by the warning system to reduce their
acceleration and thus do not make unnecessary
acceleration or deceleration depending on the road
conditions during driving. Thus, unnecessary fuel
consumption can be avoided, which can be caused
either by driver use or by roadside faults. The
design can be controlled with accelerometer and
software to be added to the Electronic Control Unit
(ECU) in the newly manufactured wvehicles.
Moreover, once the average acceleration value
reaches the limit value, the ECU can reduce the
acceleration by controlling the fuel system through
the software to be developed. With this system, an
acceleration rating system standard to be prepared
according to vehicle class will be established.
According to this standard, the comfort of public
transportation is increased by restricting
acceleration to public transport vehicles. Private
fleet companies can improve their fuel
consumption by limiting the driver's use of
accelerated vehicles. This will provide a safer
traffic environment. Automotive factories can
optionally offer average acceleration monitoring
systems to customers to drive their vehicles with
minimal fuel consumption in urban traffic.

Damaged roads, speed bumps and potholes are
annoying for drivers. Bad roads that damage the
suspension system can cause accidents as well as
damage to cars. In this study acceleration-
deceleration parameters of vehicles are measured
by using mems based accelerometer depending on
the road condition. For this aim, 7480 measured
data (2451for shock absorber test, 5029 for
determining the barriers on the road) were
analyzed. The results were plotted and proved to
be quite similar to each other.
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Real-Timely Decrease of Snoring in Patients with Severe Degree
of Obstructive Sleep Apnea Syndrome Using SNORAP

M. Yaganoglu!, M. Kayabekir?", C. Kose®

Abstract: The decrease and/or removal of snoring complaint, a significant social and familial health
problem, is an important medical issue that needs to be solved interdisciplinary for sleep medicine. Surgical
techniques and technological studies related to this topic have been mentioned in a few articles. SNORAP,
developed by Yaganoglu et al (2017), is a wearable device that operates just by the application of vibration to
the patient. SNORAP is a device designed to improve the sleep health of snoring patients especially with
Sleep Disordered Breathing (SDB). In this study, the detection of snoring sound at patients with severe
degree obstructive sleep apnea syndrome (OSAS), and the effect of SNORAP device on snoring sound in
these patient group were investigated. SNORAP consists of Raspberry Pi, Grove, microphone, vibration
motor and screen. It uses the SNORAP audio fingerprint (AF) method to detect the snoring sound. AF is a
short digital summary of the quick index and audio object that can be used to introduce the short and
unlabeled part of the audio signal to correspondences at audio database, and similar elements. First of all,
SNORAP performs sampling by receiving audio data with a microphone. Secondly, spectrograms are
obtained from the audio data. Thirdly, peak points are found, and the summarization of fingerprint is created.
Finally, SNORAP detects whether this is a snoring sound or other sounds, through database. SNORAP was
applied to 2 voluntary patients (male, mean age: 49, body mass index average: 27.5) diagnosed with severe
OSAS in company with polysomnography (PSG). The experimental protocol was performed in the form of a
night sleep test to the volunteers, by using and without using SNORAP, with a week interval, in a sleep and
electrophysiology laboratory under the supervision of the responsible physicians and technicians. The
resulting data were analyzed by a sleep medicine physician, in accordance with the 2007 American Academy
of Sleep Medicine (ASSM) criteria. PSG, known as a night sleep test, has sensors that measure body systems
for all purpose. This study was conducted especially on the basis of snoring sensor of PSG. Patients who
diagnosed as severe OSAS, accepted to sleep laboratory two times for a night-sleep test, first with SNORAP,
later without SNORAP. The snoring parameters of the first volunteer patient whose number of snoring
716/night and average amplitude of snoring 50 uV before using SNORAP was high, decreased after using
SNORAP (number of snoring: 98/night, average amplitude of snoring: 3,52 V). The snoring parameters of
the second volunteer patient whose number of snoring 1738/night and average amplitude of snoring: 62,5 uV
before using SNORAP was high, decreased after using SNORAP (number of snoring: 81/night, average
amplitude of snoring: 1,40 uV).

Keywords: Snoring, SNORAP, Severe Degree Obstructive Sleep Apnea Syndrome, Audio Fingerprint,
Wearable Processing.

1. Introduction works for the emergence of healthy communities

for the future. In this direction, disciplinary studies
Technological developments in health care have increased with the contribution of the
services aim at increasing life quality by providing discipline of medicine as well as of engineering
people with better treatment and doing supporting and diagnosis and treatment of diseases have been
Ataturk University, Faculty of Engineering, Department of Computer Citation (Atif): Yaganoglu, M., Kayabekir, M., Kose, C. (2017). Real-
Engineering, 25240, Erzurum, Turkey Timely Decrease of Snoring in Patients with Severe Degree of
2 Regional Training and Research Hospital, Sleep Disorders Center, Obstructive  Sleep Apnea Syndrome Using SNORAP. Bilge
Electrophysiology Laboratory, 25240, Erzurum,Turkey International Journal of Science and Technology Research, 1 (Special
3Karadeniz Technical University, Faculty of Engineering, Department Issue): 10-17.
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provided in short-term. One of the important fields
of study on health is the studies on sleep
physiology and sleep disorders. These studies are
done at sleep labs having information about
people’s  sleep  physiology by  getting
electrophysiological signal records from body
systems. These labs include practitioners
specialized on sleeping medicine, sleeping
technicians and other allied health personnel. Sleep
physiology and disorders is a multidisciplinary
field of study relating to lots of medical fields
impressing all body systems, notably brain. It is
too difficult and demanding to diagnose that kind
of interpenetrated activities. As sleeping and
electrophysiology labs help sleep disorders to be
diagnosed and treated, they allow for developing
new diagnosis and treatment tools for the disorders
at the same time. While these labs really provide
that one understands a lot of physiologic
mechanisms’ relations with each other in body,
they strengthen scientific curiosity of the
researches on both medicine and engineering
fields. SNORAP has been developed as a part of
that curiosity.

Sleep is a physiologic process being necessary for
people to function daily. This process is completed
every night, regularly and constantly. Human
brain, a part of biological rhythm, has a more true
mechanism by catching dark and day moments.
Sleep is a mixture of physiological and behavioral
processes.

For a quality wakefulness within day, we need a
quality sleep throughout the night. A person sleeps
in one third of his life. Balance of that important
sleep physiology for life shouldn’t be deteriorated.
Sleep-related breathing disorders have been tried
to be understood curiously in terms of research,
diagnosis and treatment (Table 1) (Medicine,
2005). Obstructive sleep apnea syndrome (OSAS)
from this group of sleep disorders is of special
interest by researchers because of its systemic
impacts on human body (Table 2).

Table 1. Sleep-Related Breathing Disorders

Sleep-Related Breathing Disorders

Primer Snoring, Simple Snoring

Central Sleep Apnea Syndromes

Obstructive Sleep Apnea Syndromes

Sleep-related hypoventilation/hypoxemia syndromes
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Table 2. OSAS Classification

Apnea Hipopnea Index OSAS Degree
5< Normal
5-15 Mild
16-30 Moderate
>30 Severe
OSAS is an important sleep disorder that

deteriorates sleep physiology because of repeated
upper airway obstructions throughout the night
(respiratory standstill for at least 10s or owver it;
apnea or decrement; ‘“hypopnea”) and that
damages all body and organ systems like brain and
heart. The most frequent symptom of OSAS is
snoring. Along with snoring, apnea observed by
bed partner or family is its another important
complaint. Day sleepiness originating from apnea
attacks leading to a person’s sleep interruption
throughout the night forbids his intraday activity of
the patients with OSAS mentally and physically.
Because this disorder exercises influence over all
systems, weight creep, increase of weights, waking
up with apnea, waking up because of his own
snoring sound, sweating on breast and back of the

neck overnight, nocturia, enuresis, sexual
impotence, depression, anxiety, forgetfulness,
attention deficit, difficulty in concentration,

problems on learning, headache and dryness of the
mouth on the morning, bruxism, insalivation,
insomnia, sleep walking and reflux symptoms
should bring OSAS to mind (Guilleminault et al.,
2006; Karacan and Karatas, 1995). Gold standard
method in diagnosis is polysomnography (PSG)
known as a sleep test for a single night. Non-
diagnostic and untreated disorders are important
reason for morbidity and mortality: “Loss in
cognitive functions, decrement in life quality,
increment in traffic and work accidents associated
with day sleepiness, hypertension, arrhythmia,
coronary artery disease, impaired glucose
tolerance, increment in health expenses and
increment in mortality” (Young and Peppard,
2000).

Snoring is a medical and social complaint affecting
both sleeping and general health of mothers,
fathers and children. It considerably affects
married life and interaction between partners.
Snoring occurs based on tissue vibrations in upper
airway while breathing in sleep. That vibration of
upper airway is generally formed in velum, tongue
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base or posterior pharyngeal wall (Ayappa and
Rapoport, 2003; Urschitz et al., 2004).

SDB called simple snoring or primer snoring is a
situation that regularly continues but doesn’t lead
to extreme day sleepiness and interruption of sleep.
Only if who snores is woken up by his bed partner,
it would lead to interruption of sleep and
insufficient sleep. In the cases of snoring man, the
risk of progress of OSAS is high in 10 years.
Predisposing factors for snoring can be listed as
the gender of man, obesity, alcohol, use of sedative
medicine, smoking and nasal obstruction (Gavriely
and Jensen, 1993; Urschitz et al., 2004). Hoffstein
et al. said that there is no standard method of
measurement for snoring and ear of the person
witnessing snoring measures it in fact. Volume of
snoring can show difference between patients and
in the same patient between nights, be constant or
discrete. According to acoustic analyses, it can be
200 Hz on the level of palate and 1000 Hz in
tongue base (Gavriely and Jensen, 1993; Hoffstein
etal., 1994).

Snoring acoustic analyze studies and some
important scientific studies presenting the relation
of snoring with SDB should be mentioned here: It
was argued by Cohen and Lieberman that analysis
and classification of snoring signals occurring
during inhalation and exhalation can be considered
as an objective criterion to be able to be used by
practitioner in treatment to apply to patient(Cohen
and Lieberman, 1986). Sound records gotten
through sticking a miniature microphone on chins
as 1 cm below from lips of the patients while
getting PSG records have been analyzed on time
and frequency domains by Fiz et al.(Fiz et al.,
1996) on seventeen patients (seven out of them
have never smoked and are with simple snoring
diagnosis and ten out of them are with OSAS
diagnosis).

Sola-Soler et al. (Sola-Soler et al., 2007) have
recommended a new method to identify
electrophysiological characteristics of snoring in
the patients with sleep apnea in their studies. It was
set forth by Beck et al. (Beck et al., 1995) and Fiz
et al. (Fiz et al., 1996) that analysis of snoring
voices can be taken advantage of in determining
such SDB as OSAS and upper respiratory airways.

Ng et al. (Ng et al., 2009) have applied wavelet
bicoherence analysis from multiple spectrum
wavelet analysis techniques to snoring voices.
Remarkable differences have been found between
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the patients with OSAS and simple snoring in
terms of the parameters of peak frequency and
total peak frequency obtained from the analysis.

Snoring voices are generally reviewed by electrode
microphones, a dielectric part of matters attached
on patient’s chest wall or neck region or capacitor
microphones hanged in a distance of 15-20 cm
meter from patient’s lip-length in studies by PSG
and other sleep analysis devices. Snoring voices
are kept on computer by transforming into a digital
signal by analog/digital converter. Such reviews as
generic and regular sound level analysis, time and
frequency domain analysis, power spectrum
analysis, linear prediction coding analysis and
multidimensional voice parameter analysis have
been made for measurement and analysis of the
signals kept on computer.

Just as snoring isn’t sufficient by itself while
diagnosing OSAS, there may be OSAS without
occurrence of distinct snoring. However, every
degree of OSAS can be together with the
complaint of snoring. In the cases of those with
mild- and moderate degree OSAS with the
complaints of snoring (Table 3), SNORAP is a
device that has contributed to treatment of sleep
disordered breathing in terms of decrement in the
number and severity of snoring and apnea-
hypopnea and whose prototype has been created
by ourselves (Yaganoglu et al.,, 2017). In this
study, the impact of SNORAP on the number and
severity of snoring voices has been tried to be
understood in 2 volunteer cases with severe degree
OSAS.

Table 3. Patient groups SNORAP contributed in
treatment

Simple Snoring Patients

Mild Degree OSAS Diagnosed Patients with Snoring
Complaints

Moderate Degree OSAS Patients with Snoring
Complaints

In normal patient groups (increased snoring and apnea)
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2. Material and Method

2 man volunteers have been included in the
planned study in accordance with Declaration of
Helsinki. Experimental procedure belonging to the
device tried on volunteers having respiration
disorder in sleep (Table 4) is as the following:
Firstly, night PSG records have been gotten from
volunteers with the only aim of diagnosis. Then,
PSG records have been gotten with the application
of SNORAP (Figure 1 example record). At first
night, severe degree OSAS has been diagnosed on
volunteers by the practitioner receiving education
on medicine of sleep, MD specialist of physiology.
At second night, SNORAP application has been
performed under the surveillance of sleep
technicians at the same time with PSG. Number
and severity of snoring belonging to those records
of two nights have been compared.

Table 4. Characteristics of volunteers with sleep
disordered breathing. BMI: Body Mass Index,
AHI: Apne Hipopne Index, Al: Apne Index, TST:
Total Sleep Time, SE: Sleep Efficiency)

First Second Volunteer
Volunteer Patient
Patient
Age 32 68
BMI (Kg/m?) 25,8 31,5
AHI %78 %54,4
Al %58,9 %51,4
TST (min) 260 261
SE %63 %381
2.1. Psg recording
In PSG, measurements are made of the

electroencephalogram (EEG), electro-oculogram
(EOG), and electromyogram (EMG) for muscle
tone, respiratory airflow, respiratory effort, arterial
oxygen saturation, snoring intensity,
electrocardiogram, and EMG of the anterior
tibialis muscles (Figure 1).
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Figure 1. PSG recording and SNORAP

Assessment of respiratory events observed in sleep
and sleep stages has been made according to the
guide of AASM-2007. Apnea is the shortness of
orinasal air flow for at least 10 seconds. Hypopnea
is defined as a 3% decrement in oxygen saturation
with decreasing by at least 50% in orinasal air flow
or arousal track. Arousal is to wake up while
sleeping or transition to more superficial sleep
stage.

AHI is division of the sum of numbers of apnea
and hypopnea seen in sleep by hourly time of
sleep. Thanks to this value, degree of disorder is
determined. In case this index is bigger than 5, it
can be said that there is sleep apnea syndrome but
clinically important value is 15 and bigger than it.
Amplitude and frequency of snoring is monitored
by snoring sensor channel belonging to PSG
(Figure 2).

i I‘II‘HJJH\H\,I i |j'lf\" RN i

Figure 2. Snoring trace in 9th channel on PSG
screen is seen
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2.2. Snorap

SNORAP is composed of Raspberry Pi, Grove Pi,
Vibration Motor, Microphone, Hearth Rate Sensor
and Screen parts as seen in Figure 3. Raspberry pi
is a full equipment minicomputer composed of a
single credit card-size board. Grove is plugged on
Raspberry Pi  without needing any other
connection. Vibration motor works as connected to
Grove module. If SNORAP determines any
snoring voice, vibration would work. Magnitude of
the vibration can be adjusted with respect to
person. Microphone is connected to Raspberry Pi
thanks to USB sound card. After microphone
receives sound, it is transmitted to Raspberry Pi
environment by sampling. After sound is received
from microphone, it is determined by Audio
Fingerprint method whether that sound is a snoring
or not. Heart Rate Sensor measures heart rate. This
sensor is connected to user by finger clip and if
value is smaller or larger than determined

reference values (40-120/min), it sends frequent
vibrations to keep user away from heart problems.
Screen provides whether user snores real-timely or
not and that we easily see heart rate (Yaganoglu et
al., 2017).

Figure 3. Prototype of SNORAP

As speech recognition method in SNORAP, Audio
Fingerprint (AF) has been used. AF is brief
summary of a voice file. Sound track is a brief
digital summary of rapid index and sound object to
be able to be used to identify short and untagged
part of sound signal to corresponding ones or
similar elements in sound database. As audio
fingerprint, combinations created by taking
advantage of differences of time and frequency
between peak points in spectrogram have been
used. Firstly, sound data received has been
sampled. According to Nyquist-Shannon Sampling
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Theorem, 44100 samplings are made per second.
Because received samples are a kind of signal,
spectrogram of the sound has been created. Thus,
Fast Fourier Transform is used from sound
samples in little time windows. Amplitude peak
points of sound signal have been found from its
spectrogram and time corresponding to the value
of amplitude, the biggest one of the adjacencies
around that peak point, is frequency pair. By using
frequency values and time differences of peak
points found, fingerprint is created. When we find
peak points, there can be similar peak points,
therefore a summary to distinguish sounds by
considering with time difference between
Spectrograms’ peak points and peak-frequency
combinations has been created (Yaganoglu et al.,
2017).

One of the factors to determine availability of a
recognition system is that an unknown part of
sound can be effectively compared to known
millions of sound parts. Comparison method
depends on fingerprint model. General approach
here is “to create an index structure to decrease the
number of distance calculations when an inquiry is
given. The fingerprint model we have created is
coincided with new sound data. As a result of
search in the database, a certain level of matching
has been obtained with some sound parts. To
express the amount of matching with sound parts,
distance calculation methods are used. Sound part
whose distance is the shortest is the biggest
candidate. Our system distinguished sound coming
whether it is snoring or another sound and if it is
snoring sound, it would send signals to user.

3. Results
3.1. Number of snoring

According to review on snore sensor trace in first
PSG records belonging to the first volunteer with
severe degree OSAS, number of snoring
throughout sleep has been found as 716/night. In
second PSG records after using SNORAP, number
of snoring has been found as 98/night. According
to review on snore sensor trace in first PSG
records belonging to the second volunteer with
severe degree OSAS, number of snoring
throughout sleep has been found as 1738/night. In
second PSG records after using SNORAP, number
of snoring has been found as 81/night (Table 5 and
Table 6).
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3.2. Snoring amplitude

According to review on snore sensor trace in first
PSG records belonging to the first volunteer with
severe degree OSAS, average amplitude of snoring
throughout sleep has been found as 50uV. In
second PSG records after using SNORAP, average
amplitude of snoring has been found as 3,52 pV.
According to review on snore sensor trace in first
PSG records belonging to the second volunteer
with severe degree OSAS, average amplitude of
snoring throughout sleep has been found as 62,5
uV and average amplitude of snoring has been
found as 1,40 puV in second PSG records after
using SNORAP (Table 5 and Table 6).

Table 5. Comparison of Patientl

Before SNORAP | Using SNORAP
(Volunteer (Volunteer
Patient 1) Patient 1)
Number  of | 716 98
Snoring
Snoring 50uV 3,52 uv
Amplitude

Table 6. Comparison of Patientl

Before SNORAP | Using SNORAP
(Volunteer (Volunteer
Patient 2) Patient 2)
Number of | 1738 81
Snoring
Snoring 62.5 uv 1.40 pVvV
Amplitude
4. Discussion and Conclusions
Snoring is a social problem leading to

embarrassment in society and even affects married
life. Volume of snoring can vary between patients
and in the same patient between nights and be
continuous or discrete. Simple snoring is a
situation that doesn’t lead to continuous
interruption of sleep. However, if he is woken up
by his bed partner, it would lead to interruption of
sleep and insufficient sleep. In the cases of man
with snoring, the risk of progress of OSAS in ten
years has risen (Lindberg et al., 1999). It has been
foreseen that hypertension in severe degree snoring
ones is found as multiplication of the normal value
by 1,4, myocardia infarcts is found as
multiplication of the normal value by 1,34 and
decrement is found as multiplication of the normal
value by 1,67 independently from age, gender,
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body mass index, diabetes, level of education,
smoking and alcohol in the multiple variable
analysis (Dunai et al., 2008). Solving problems of
the patients with snoring and the complaint of
snoring leading to wvery important social and
medical problems has excited our study group and
SNORAP is a device that has been prepared by
ourselves to solve these problems and our
innovative efforts are still continuing on.

The impact of SNORAP, whose use is
recommended by ourselves in the cases with mild
and moderate degree OSAS with the complaint of
snoring, on number and amplitude of snoring has
been tried to be understood in two cases with
severe degree OSAS in this study. According to
results, amplitude and number of snoring of the
patients using SNORAP has been found
considerably lower compared to previous
experiment conditions before using it.

Acoustic analyses for snoring, the most frequent
symptom of sleep breathing disorders negatively
affecting sleep physiology, are important scientific
works for development of diagnosis and treatment.
The researchers have noticed the snoring-OSAS
correlation and tried to prevent these disorders
through acoustic analyses. For example, snoring
burst index has been created by analyzing
amplitude frequencies of vibration signals on
frontal neck during sleep. Emoto et al. (Emoto et
al., 2014) have recommended an automatic new
method based on PNAR to automatically
categorize snoring and breathing wvoices from
sound record and to measure voice signals’ forms.
Ben-Israil et al. (Ben-lsrael et al., 2010) have
developed analysis algorithm for snoring voices all
night long that provides prediction of adults’ apnea
hypopnea index (AHI). SNORAP, which has been
designed by Yaganoglu et al. (Yaganoglu et al.,
2017) as a latest and innovative device and whose
applications are monitored at lab, determines by
Audio Fingerprint method whether voice is a
snoring voice or not after receiving voice from
microphone. SNORAP, which can isolate snoring
voice even in a noisy environment, determines
snoring voice at 98,9%.

While the studies done are generally on the level
of understanding snoring voice analysis and
characteristics of voice signal, SNORAP also
sends electrical stimulus in order to decrease
amplitude and number of snoring. Just as it
positively affects decrement of snoring in patients
with mild and moderate degree OSAS, it provides
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a recovery in the parameters of AHI, Al, and
nocturnal oxygen saturation, increasing sleep
quality and is an innovative product. Considering
patented devices in the world, SNORAP preserves
its originality in terms of its activity, ease of use
and recommended disorder indications. It will be
put at practitioners’ and patients’ disposal with the
aim of diagnosis/treatment at hospitals and homes
as a wearable device in the shortest time.

If you work with a device whose sensitivity to
snoring voice is high, your contribution to treating
disorders associated with SDB would be
proportionately high(Yaganoglu et al., 2017).
SNORAP really sends electrical vibrations to
person to change his position while sleeping after
determining each one of snoring voices. Thus, it
provides decrement in amplitude and number of
snoring of the volunteers with severe degree OSAS
in this study especially.

Patients with severe degree OSAS breath the air
they couldn’t throughout the night because of
apnea attacks through air-generating devices called
continue positive air pressure (CPAP). When they
regularly and continuously use, apnea attacks are
removed and they are substantially treated.
However, amplitude, number of snoring
throughout sleep (back-to-sleep position) and even
frequency of apnea attacks of the patients with
OSAS continue with decreasing in spite of this
effective treatment. In this group of patient, the use
of SNORAP can be recommended as well as of
CPAP. Thus, SNORAP makes an important
contribution to success of treatment activity
associated with regular use of CPAP by decreasing
snoring voice and apnea attacks.

Patients with the complaint of snoring and every
degree of OSAS are at cardiac risk. As SNORAP
sends tactile stimulus by perceiving signals
relating to snoring on one hand, it wakes up by
increasing frequency of stimulus out of BPM
(number of beat/min) reference values by
perceiving heart rhythm changes on the other hand.
Heart beats belonging to volunteers included in the
study have varied between reference values.

Because snoring and OSAS that will occur in next
years will lead to such important problems as “loss
in cognitive functions, problems of learning and
perceiving, decrement in life quality, traffic and
job accidents, hypertension, diabetes, increment in
health expenses because of impotence and
increment in mortality”, studies intended to
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decrease and remove snoring voice will provide
communities with huge benefits both medically
and financially. In addition, decreasing snoring
voice will help us solve social problems becoming
very important today and ending up with
sleeplessness, a significant problem in community
and family life, and lack of communication
between partners.
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Velocity Estimation of Turkish National Permanent GNSS
Network- Active Points Located at Central Anatolia Region
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Abstract: Turkey is located a region where Eurasia, Anatolia and Arab Tectonic plates intersect. The relative
movements of these plates according each other cause that the locations of the geodetic points change in cm
level per year. For this reason, the changes in the coordinates of the geodetic points should be monitored
continuously and the velocities of these points should be determined.

In this study, the current coordinates and velocities of Turkish National Permanent GNSS Network- Active
(TNPGN-Active) points which are located at Central Anatolia Region have been determined at ITRF2008
reference frame and 2005.00 epoch. In the calculation, 11 IGS points have been selected as benchmark points
and GNSS measurements which were obtained by selecting a day from every week with equal intervals from
2009 to 2015 have been evaluated with using Bernese v5.2 GNSS software. In addition, the coordinates and
velocities of selected points have been obtained from General Directorate of Land Registry and Cadastre.
These have been compared by the coordinates and velocities calculated by Bernese v5.2 GNSS software.
Keywords: Velocity estimation, GNSS, Bernese, TUSAGA-Active

1. Introduction boundaries of the tectonic plates in the region are
shown in Figure 1 with the general outlines of
Nowadays, the coordinates of geodetic points are lateral motion and normal faults and rupture zones.
calculated in a specific reference epoch according _
to the points that are considered to be fixed. In the B KARADENZ LEVHASI 3 A
calculating of the points coordinates, it is accepted ~ _—= ‘ / AvmAsTA
that there are relative movements of the points O <
according to tectonic plates in which the points are | - Ty
located. The tectonic plates in which geodetic | qoosiel ' X

points are located are moving against each other
and change the point coordinates at the cm level
per year. Also, if it is considering that our country
(Turkey) is located in the earthquake zone, o e {r ananEmR
earthquakes affect the positions of the geodetic N JeRikn 71 r}

points in large scale. It is possible to continuously
monitor point coordinates with the help of GNSS Figure 1. Tectonic plates on which Turkey is
measurements. With the help of the fixed GNSS located and their movements

stations in our country, geodetic points can be
continuously monitored and current point
coordinates and wvelocities can be calculated
(Ozdemir, 2016).

\
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Tectonic plate movements in the region; according
to the Eurasian plate of the Arabian plate, the
movement of the East Anatolian region at a speed
of 15-20 mm/year in the north-northwest direction

Turkey is located in the collision zone of the and the rotation of the Anatolian plate to the west

Eurasian, the African and Arab tectonic plates. The
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with the speed of 20-25 mm/year can be
summarized as the northward movement dipping
below the Anatolian plate and the extension of the
Aegean block in the north-south direction due to
withdrawal along the Hellenic arc (McKenzie,
1972; Jackson and McKenzie, 1988; McClusk et
al., 2000).

The velocities of Turkish National Permanent
GNSS Network-Active (TNPGN-Active) points in
our country are calculated by Geodesy Office of
General Command of Mapping and published by
the General Directorate of Land Registry Cadastre
(Tusaga, 2017a). In this study, the coordinates and
velocities calculated by Bernese v5.2 GNSS
software used in determining the point velocities
were compared with the coordinates and velocities
published by the General Directorate of Land
Registry.

2. Turkish National Permanent GNSS Network-
Active

The GNSS Stations Network  (TNPGN-
Active/CORS-TR), which are making constantly
observation, started on May 8, 2006, as the joint
customer of General Command of Mapping
(HGK) and General Directorate of Land Registry
and Cadastre (TKGM) under the project of
Istanbul ~Kiiltir ~University (IKU). It was
completed as of December 2008. TNPGN-Active
consists of 146 reference GNSS stations and 4 of
them are located in the Turkish Republic of
Northern Cyprus (Figure 2). In the system of
TNPGN-Active, observations of GNSS receivers
located at reference stations whose known
coordinates cover the entire country are
transmitted to a control centre; atmosphere and
other errors are modelled in the control centre, the
corrections are calculated in real time and sent to
rover GNSS receivers for positioning.

Figure 2. TNPGN-Active Stations

TNPGN-Active system is frequently used by earth
sciences and geographic information systems

researches, earthquake engineering, geophysics
and seismology areas, prior knowledge of
earthquakes and early warning  studies,
meteorological studies, and other studies in space
and earth sciences (Eren et al, 2010).

3. Determining of The Velocities of TNPGN-
Active Stations

The analysis of the TNPGN-Active stations is

carried out by Geodesy Office of General

Command of Mapping. The solution of RINEX

data is running GAMIT / GLOBK v10.35 / v10.40

in Linux / MAC OS X operating system. As

evaluation strategy, the following conditions have

been selected.

» IGS precise orbit (sp3) and USNO_Bull_A
orbit parameter (EOP)

+ 16 IGS stations

 Reference frame: ITRF 2005

 Ocean loading effect: FES2004

* 9 parameters for Bern model to Radiation
pressure parameters

« Zenith delay: Saastamoinen Troposphere
model (2 hours, PWL)

e For dry / wet atmosphere: GMF reduction
function

 Predictive Troposphere:  Global Pressure
Temperature Model (GPT)

 lonospheric free L3 (L1, L2) |linear
combination

 Antenna phase center: Absolute and Azimuth +
Height dependent model

» Phase ambiguities: Ambiguity-fixed and loose
glx

Atmospheric loading effect is not brought

(Ozdemir et al. 2011).

4. Determining of The Velocities by Using
Bernese GNSS Software

A reasonable time interval must be available so
that the velocities of the points can be reliably
estimated with Bernese v5.2 GNSS software (Dach
et al, 2015). Where GNSS data is less than 2.5
years, annual signals can cause a significant bias in
estimating station velocities. When it is over 4.5
years, the bias of wvelocities falls rapidly to
negligible levels (Blewitt and Lavallee, 2002).

In order to be able to calculate the velocities with
software, the obtained data must be analysed as a
campaign. After the campaigns are solved, the
normal equation systems(NEQ) are combined with
software and the point velocities are estimated. In
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estimating of the velocities in the Bernese v5.2
GNSS software,

Menu>> Processing >> Combine normal equations
system ready command is used (Figure 3).

- o X I

RINEX  OrbitsEOP | Processing Senice Comversion  BPE
Code-based clock synchronization
Create baseline flles
Phase preprocessing

User  Help

Parameler esfimaiion
Combine normal equation systems

Program output extracion

I ext | Gane'l | SaveiAs | “Save | “Ho O 7| MDay “Day
> User: HP Campaign: ${PYPPP1009 $Y+0=2015 $5+0-2620

Figure 3. Velocity estimation by Bernese v5.2
GNSS software

5. Application

In the study, 11 stations from the TNPGN-Active
points in the Central Anatolia region were selected
as test points.

5.1. Obtaining data sets

In the study, the 30-second RINEX data of the test
points was selected as one day per week which
cover from 23.01.2009 to 25.12.2015 and
evaluated based on the selected 11 IGS stations.
(TUSAGA, 2017b; NASA, 2017a).

The necessary files to run Bernese v5.2 GNSS

software;

« lonosphere and troposphere data,

« Differential code bias,

+ Clock correction data,

« Earth rotation parameters

« Satellite summary files (AIUB, 2017a ;
AIUBD),

» Precision orbit data for both GPS and
GLONASS (NASA, 2017b ; NASA, 2017c),

* Oceanic loading (Onsalo Space Observatory,
2017),

» Tropospheric functions (GGOS)

were obtained from related websites.

5.2. Analysis of data sets
The Bernese GNSS Software is a scientific, high-
precision, multi-GNSS data processing software

developed at the Astronomical Institute of the
University of Bern (AlIUB). The Bernese GNSS
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Software, Version 5.2, continues in the tradition of
its predecessors as a high performance, high
accuracy, and highly flexible reference
GPS/GLONASS (GNSS) post-processing package.
Typical users of the software are;
+ Scientists for research and education
 Survey agencies responsible for high-accuracy
GNSS surveys (e.g., first order networks)
» Agencies responsible to maintain arrays of
permanent GNSS receivers
+ Commercial users with complex applications
demanding high accuracy, reliability, and high
productivity (Bernese, 2017)

The features and highlights of the software are;
+ Auvailable on Unix/Linux, Mac and Windows

platforms

+ User-friendly GUI with a built-in HTML-based
help system

+ Multi-session parallel processing  for
reprocessing activities

* Ready-to-use BPE examples for different

applications:

 PPP (basic and advanced versions)

* RINEX-to-SINEX (double-difference network
processing)

» Clock determination (zero-difference network
processing)

 LEO precise orbit determination based on
GPS-data

» SLR validation of GNSS or LEO orbits

« All examples are designed for combined
GPS/GLONASS processing.

« Some of them are prepared for an hourly
processing scheme.

» Program for automated coordinate time series
analysis (FODITS)

« Ambiguity resolution for GPS and GLONASS

» Flexible parameter handling on normal
equation level

« Modern troposphere models (e.g.,
GMF/GPT)

* lonosphere modelling including higher order
ionosphere corrections

+ IGS and IERS 2010 conventions compliance

+ Combination of different receiver and antenna
types

+ Galileo processing capability (URL-10).

VMFL,

In the study, the solution of RINEX data was run

with Bernese v5.2 GNSS software in Windows

operating system. As evaluation strategy, the

following conditions were selected.

« IGS precise orbit (sp3) and USNO_Bull_A
orbit parameter (EOP)
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» 11 IGS stations

» Reference frame: ITRF 2005

» Ocean loading effect: FES2004

* 9 parameters for Bern model to Radiation
pressure parameters

e Zenith delay: Saastamoinen
model (2 hours, PWL)

e For dry / wet atmosphere: GMF reduction
function

Troposphere

» Predictive Troposphere: Global Pressure
Temperature Model (GPT)
* lonospheric free L3 (L1, L2) linear

combination

» Antenna phase centre: Absolute and Azimuth +
Height dependent model

» Phase ambiguities: Ambiguity-fixed and loose
glx

» Atmospheric loading effect: Model calculated
by using atmospheric tide model coefficients
generated by point coordinates and
atmospheric loading effect (Ray and Ponte,
2003) were selected.

In order to analyse the data with Bernese v5.2
GNSS software, firstly campaigns were created

(Fig. 4).
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Figure 4. Creating of Campaign

7-character file names were used to create
campaigns. For example, in creating the campaign
named TZ10043, first 2 character (TZ) is the
abbreviation of related processing, 10 is year and
043 is the day of year.

After the campaigns were created, NEQ used to
obtain the velocities in the Bernese v5.2 GNSS
software were obtained using the RNX2SNX.PCF
automatic solution module (Figure 5).

21

I
i B i N

Figure 5. Running of RNX2SNX.PCF

In RNX2SNX.PCF the automatic solution module
respectively,

. Copying  Required Files, Creating
Preliminary Coordinates and Preparing Hourly
Solutions

. Preparation of polar and orbital
information

. Synchronization and transformation of
observation files

. Obtaining the bases, pre-processing the
phases and resolving without phase initial
uncertainties

. Analysis of phase initial uncertainties

. Implementation of final solution and
creation of NEQ, SNX and TRP files

. Creation of summary files, recording of
results, deletion of completed files

. Termination of BPE

process steps are implemented
An average of 330 campaigns were created in the
analysis and the solutions were obtained in the
measurement epoch (Figure 6).

209331 . T200338 . TZo9s

TZ10092 L TZ10099 1210106

Figure 6. Part of the campaigns that were solved
6. Application

In order to be able to estimate velocities after
NEQs are obtained, the main menu >> Processing
>> Combine normal equations system was run.
And NEQ’s were combined with the automatic
command and the point coordinates and velocities
were obtained in the reference epoch (2005.00).
The point coordinates and velocities obtained in
the reference epoch are shown in Table.1.
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Table 1. Point coordinates and velocities obtained in the 2005.00 epoch

Point ID X (m) Y (m) Z (m) Vx (mly) | Vy (mly) | Vz (mly)
AKDG | 3985177.05402 | 2881782.34504 | 4049905.34644 | -0.01277 | -0.00204 | 0.01431
ANRK | 4119925.63959 | 2659815.33246 | 4066510.64897 | -0.00829 | -0.00181 | 0.01000

BEYS | 4298980.59632 | 2659931.99080 | 3877883.30113 | -0.00975 | 0.00372 | 0.00738
CIHA | 4187342.46874 | 2711236.69936 | 3962713.17718 | -0.01073 | 0.00000 | 0.00993
HYMN | 4161311.86831 | 2650610.44941 | 4030510.17327 | -0.00865 | -0.00071 | 0.00786
KIRS | 4098385.58734 | 2780607.91706 | 4007175.45520 | -0.01119 | -0.00098 | 0.01129
KKAL | 4088935.95164 | 2708243.45912 | 4065148.10444 | -0.01022 | -0.00093 | 0.01133
KLUU | 4155559.18035 | 2705396.67806 | 3999801.22778 | -0.00957 | 0.00044 | 0.01086
NEVS | 4103186.18254 | 2841492.92308 | 3959954.44751 | -0.01276 | 0.00046 | 0.01356
YOZT | 4028005.98932 | 2801198.41605 | 4063858.17392 | -0.01119 | -0.00152 | 0.01268
YUNK | 4233095.37438 | 2617095.58405 | 3977555.57705 | -0.00752 | -0.00036 | 0.00692

The display of all of the coordinates obtained from
the adjustment result takes up too much space.
Therefore, the graphs obtained by opening the
coordinates (X, Y, Z) of the adjustment result of
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the Ankara station (ANKR) to the time series is

shown in Figure 7-9.
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Figure 7. Expansion of the X coordinate of the ANKARA station into time series
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Figure 8. Expansion of the Y coordinate of the ANKARA station into time series
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Figure 9. Expansion of the Z coordinate of the ANKARA station into time series

When figure 7-9 are investigated, it seen that the
coordinates of ANRK station have a movement
and that in the directions of X and Y axis, the
movements is negative and in the direction of Z
axes, the movement is positive. When calculated

velocities are compared with figure 7-9, it is seen
that the movements are similar with each other’s.
Coordinates and velocities of the TNPGN-Active
stations which are continuously updated and
loaded are shown in Tables 2.

Table 2. point coordinates which are published at 2005.00 reference epoch

Point ID X (m) Y (m) Z(m) Vx (mly) | Vy (mly) | Vz (mly)
AKDG | 3985177.07014 | 2881782.35537 | 4049905.31060 | -0.01256 | -0.00148 | 0.01149
ANRK | 4119925.65215 | 2659815.33773 | 4066510.60688 | -0.00773 | -0.00095 | 0.00774
BEYS | 4298980.61314 | 2659931.99914 | 3877883.26147 | -0.00950 | 0.00428 | 0.00462
CIHA | 4187342.48310 | 2711236.70890 | 3962713.14115 | -0.01042 | 0.00038 | 0.00696
HYMN | 4161311.88079 | 2650610.45934 | 4030510.13163 | -0.00823 | -0.00038 | 0.00549
KIRS | 4098385.60160 | 2780607.92625 | 4007175.41611 | -0.01080 | -0.00062 | 0.00868
KKAL | 4088935.96101 | 2708243.46828 | 4065148.07311 | -0.00931 | -0.00044 | 0.00784
KLUU | 4155559.19598 | 2705396.68516 | 3999801.18637 | -0.00942 | 0.00125 | 0.00845
NEVS | 4103186.20042 | 2841492.93445 | 3959954.41146 | -0.01276 | 0.00075 | 0.01061
YOZT | 4028006.02230 | 2801198.42496 | 4063858.13620 | -0.01050 | -0.00290 | 0.00950
YUNK | 4233095.40544 | 2617095.59200 | 3977555.53260 | -0.00660 | -0.00200 | 0.00470
Differences between coordinates which are published by TKGM are calculated,;
calculated via Bernese v5.2 GNSS software and
DX = Xgernese — XTNPGN-Active DVy = VxBemese - VXTNPGN_ACtive
DY = Ygernese — YTNPGN-Active DVy = VYBemese - VYTNPGN_ACtive (1)
DZ = Zgernese — ZTNPGN-Active DV, = VZBemese - VZTNPGN_ACtjve

Obtained differences are shown in Table 3.
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Table 3. Differences of coordinate and velocities between Bernese v5.2 and TNPGN-Active

Point ID | DX (cm) | DY (cm) | DZ (cm) | DVx (cm/y) | DVy (cm/y) | DVz(cmly)
AKDG -1.612| -1.033 3.584 -0.021 -0.056 0.282
ANRK -1.256 |  -0.527 4.209 -0.056 -0.086 0.226
BEYS -1.682| -0.834 3.966 -0.025 -0.056 0.276
CIHA -1.436| -0.954 3.603 -0.031 -0.038 0.297
HYMN -1.248| -0.993 4.164 -0.042 -0.033 0.237
KIRS -1.426| -0.919 3.909 -0.039 -0.036 0.261
KKAL -0.937| -0.916 3.133 -0.091 -0.049 0.349
KLUU -1.563| -0.710 4.141 -0.015 -0.081 0.241
NEVS -1.788| -1.137 3.605 0.000 -0.029 0.295
YOZT -3.298| -0.891 3.772 -0.069 0.138 0.318
YUNK -3.106| -0.795 4.445 -0.092 0.164 0.222
When Table 3 is investigated, maximum have a time interval which are longer than 4.5

coordinate differences in direction of X, Y and Z
axes are 3.298 cm, 1.137 cm and 4.445 cm,
respectively. It can be said that the reason why the
differences of the Z coordinates are bigger than the
other coordinate components is due to the
determination of the heights with GNSS
techniques. When Table 3 is investigated, in the
comparison of the velocities, maximum velocities
differences in direction of X, Y and Z axes are -
0.092 cmly, -0.164 cm/y and 0.349 cmly,
respectively.

7. Conclusion

The geodetic points that are considered as constant
on earth are subjected to displacements because of
the earthquakes, the movement of the earth, the
intervention of mankind, etc. at cm level per year,
even m level per year. As a result of these effects,
it can be seen that in the geodetic studies the points
are not fixed points and their locations are
changing. For this purpose, it is important to
determine how much the point movements change
annually.

In the determining of the velocities of point with
GNSS measurements, the existence of the
continuously observed GNSS stations provides
great convenience to investigate this subject.
Long-term observations are crucial in determining
the point velocities with GNSS data. For this
purpose, it is necessary to analyse the minimum
2.5-year data and determine the point velocities. In
the studies carried out, it is seen that if GNSS data
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years, it removes the misconceptions that may
raise in estimation of the point velocities.

The velocities of 11 stations which are located at
Central Anatolia Region were calculated with
Bernese v5.2 GNSS software and compared the
velocities published by TKGM. It is showed that
there is no significant difference between
calculated and published velocities because there is
a similarity at mm-below level. because of that, at
measurement epoch, if the point coordinates are
calculated with the velocities calculated with
Bernese v5.2 GNSS software or published by
TKGM, it is caused no different at significant
level.

The reasons why the point coordinates and
velocities which are obtained by Bernese v5.2
GNSS software and published by TKGM are
different from each other can be caused processing
algorithm and IGS points selected as reference.
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Performance of the Copper Based Grinding Wheels
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Abstract: The present study relates to design of grinding wheels in terms of improving their performance
with respect to surface quality of glasses during grinding. The performance of the copper based grinding
tools was investigated on the production line in a flat glass factory. Tools were manufactured under selected
sintering temperature and pressure circumstances. The grinding wheel economic service life was determined
and the surface roughnesses of the samples were assessed with experimental study. ldeal microstructure
conditions and grinding parameters were figured out.
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Bakar Esash Rodaj Disklerinin Performansi

Ozet: Bu calisma taslama esnasinda diiz camim yiizey kalitesine bagli olarak, taslama disklerinin
performasini arttirmak i¢in taslama tasi dizayni ile ilgilidir. Bakir esash taslama diskinin performansi, cam
fabrikasinda iretim hatlarinda yapilan galismalarda incelenmistir. Kullanilan taglama diskleri belirlenen
sinterleme sicakliginda ve basing kosullarinda tiretildiler. Taslama disklerinin ekonomik servis omiirleri
deneysel olarak islenen camlarin yiizey kalitesine gore belirlenmistir. Elde edilen deneysel sonuglar ile
taglama diskinin ideal mikro yapisi ile ¢caligma parametreleri belirlenmistir.

Anahtar Kelimeler: Cam, Taslama, Taslama diski 6mrii, Yiizey piirtizliligi

1. Giris

Mutfak ve beyaz esya sektdriinde cam
Cam, beyaz esya, astronomi, mikro elektronik, kullaniminin artis gostermesi, cam sektoriiniin
ucak ve iletisim gibi bir¢ok endiistride sikca pazarin1 arttirmakta ve diisiik maliyetli istenilen
kullanilmaktadir (Oztiirk, 2014; Oztiirk, 2016). kalitede iretimin gerekliligini ortaya koymaktadir.
Tiirkiye’deki cam sektori biyikliigi 2,3 milyar $ Kullanilan taglama disklerinin se¢imi ve tasarimi
civarinda olup, cam ve cam firiinleri ihracat1 993,4 O6nem arz etmektedir. Taslama taslarinmn ig¢indeki
milyon $, ithalati ise 816,9 milyon $ (2013 yili) metalik baglayicilar yiiksek sicaklik ve yapigma
olarak gerceklesmistir. Tirkiye’deki cam sektorii dayanimina sahiptirler (Denkena vd., 2016).
girdilerinin tamamina yakinini yurtigcinden temin Uygun taslama davranisi igin tasin i¢ yapisi ve
etmekte olup, ilke olarak cam ihracatgisi taglama parametreleri énemlidir (Butler vd., 2000;
konumundadir (Cam Sektér Raporu, 2014). Wegener vd., 2011; Nguyen ve Butler, 2008).
Kullanilan camlarin ¢ogu diizdiir ve diiz cam
ozellikle mutfak dekorasyonunda ve mobilya Taglama taglarinda disklerinde, dayanimi ve omiir
sektorinde  kullanilmaktadir  (Popov, 2009). degerlerini arttirmak icin elmas da
Gilintimiizde ayrica diiz cam insaat ve otomotiv kullanilmaktadir. Kullanilan elmas ile metalik
endiistrisinde de tercih edilmektedir. Cam tiretimi baglayicilar arasinda olusacak bag kuvvetini
esnasinda  birgok  talas  kaldirma  islemi saglamak i¢cin bakir alasimlar1 da tercih
yapilmaktadir. Talag kaldirma islemlerinin ¢ogu edilmektedir (Lin vd., 2008; Duan vd., 2015).
delme ve taglama islemleridir. Bu iglemlerde elde Cesitli matris malzemeye sahip farkli taglama
edilen yiizey kalitesi ve delik geometrisi iirliniin takimlari baz1 arastirmacilar tarafindan
kalitesini belirlemektedir. arastirilmistir (Tillmann vd., 2007; Lin vd., 2008;
1 Abant izzet Baysal Universitesi, Miihendislik-Mimarlik Fakiiltesi, Citation (Atif): Kahraman, M.F., Bilge, H., Karagag, M., Oztiirk, S.
14280, Bolu, Tiirkiye (2017). Bakir Esash Rodaj Disklerinin Performansi. Bilge International
2 Sakarya Universitesi, Teknoloji Fakiiltesi, 54080, Sakarya, Tiirkiye Journal of Science and Technology Research, 1 (Special Issue): 26-31.

*Corresponding author(iletisim yazari): mfkahraman@ibu.edu.tr
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Dai vd., 2015). Elmas parcaciklarin sekli ile kesici
takim performansi arasdaki iliski gegmis yillarda
calisiimistir (Nitkiewicz ve Swierzy, 2006; Zeren
ve Karagoz, 2007). Bir calismada ise asindirici
elmas parcacik igeren takimlar mikro yapi analizi
ile incelenmistir (Wu ve Funkenbusch, 2010).

Son yillarda yapilan ¢alismalar ile farkli bag ve
matris malzemeler kullanilarak taslama diskleri ve
kesici takimlar gelistirilmis ve {iretilmistir.
Kimyasal buhar birikim yoluyla iretilen elmas
kaplamali fiberler veya kaba taneli elmas
parcaciklar agindirict tanecik olarak taglama
isleminde kullanildi (Smith vd., 2003; Zhao vd.,
2013). Daha onceki galigmalarda belirtildigi gibi
sinterleme  sicakliginin  elmas pargaciklarinin
grafitizasyonuna ve taslama taslarnin mekanik
oOzelliklerine 6nemli etkisi vardir (Wang vd., 2009;
Sun vd., 2015).

Beyaz esya sektoriinde diiz camim iglenmesinden
sonra tiiketicilerin kullanima sunulmasi yiizey
kalitesi beklentisi olugturmaktadir. Bu beklentiyi
kargilamak i¢in uzun Omiirlii taglama takimlari
tasarlanmalidir. Bu ¢alismada daha fazla takim
omrii i¢cin elmas pargaciklart kullanilmigtir.
Baglayici olarak bakir tercih edilmistir. Farklh
boyutlarda elmas pargacigi kullanilarak diiz camin
taglanmasi yapilarak takim omrii ve yiizey kalitesi
test edilmistir. Matris malzeme ve bakir baglayici
taglama tas1 olusturularak ylizey kalitesinde artis
hedeflenmistir. ~ Endiistriyel uygulamalarda da
kullanilabilen parametrelerin bulunmasi
¢alismanm farkliliklarindandir.

Miihendislerin bir imalat siirecinde karsilastigi iki
temel pratik problem vardir. Birincisi, istenen iiriin
kalitesini (teknik spesifikasyonlar1 karsilayacak)
verecek olan siire¢ parametrelerinin degerlerini
belirlemek, ikincisi ise; mevcut kaynaklari
kullanarak imalat sistemi performansini en st
diizeye cikarmaktir. Diiz cam isglenmesinde bu
performanst yiikseltmek igin pazarda siki bir
rekabet ortami olusmustur. Uretimde maliyetleri
diigirmek i¢in ekonomik tretim yontemleri ile
kalite gereksinim haline gelmistir. Diiz camin
rodajlanmasinda taglama diskleri kullanilmaktadir.
Uretim sonucunda elde edilen yiizey piiriizliilik
degerleri tirliniin kalitesini belirlemektedir.

2. Materyal ve Yontem
Deneylerde 5.85 mm kalnhiginda diiz cam

kullanilmistir. Deneysel c¢alisma igin iki farkli
elmas tane boyutlarma sahip taslama diskleri
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olusturulmustur.  Kullanilan elmas  parcacik
boyutlari sirasiyla 600/700 ve 100/120 mesh olarak
almmustir. Bu taglama takimlari iki ana bdliimden
olugsmaktadir. Bu boliimler metal merkez ve
segment olarak adlandirilmaktadir. Deneylerde
kullanilan taglama disklerinin boyutlar1 ayni olup,
dis ¢ap1 150 mm, yiiksekligi 6.5 mm ve segment
genisligi 13 mm olacak sekilde imal edilmiglerdir.
Taglama testlerinde uygulanacak kesme derinligi
0.5 mm segilmistir. Arzu edilen taslama kalitesine
ulagmak igin, taglama diskinin ilerleme hiz1 9000
mm/dak olarak belirlenmistir. Yapilan deneylerde
taslama diskinin dénme hizi1 5000 devir/dak olarak
uygulanmustir. Is par¢asinm uzunlugu ve genisligi
sirastyla 650 mm ve 450 mm’dir. Hatali degerler
elde etme riskini ortadan kaldirmak i¢in birgok
deney yapilmistir. Deney sonuglarina gore
kullanilan bes adet taslama diskinin Omiir
ortalamasi alinarak, ortalama taslama disk Oomrii
belirlenmistir.  Taslama disklerinin  kimyasal
birlesiminde ise %15.7 elmas ve %17 Co
kullanilmigtir. Ayni malzeme iizerinde yapilan
taglama  islemiyle tiim kenarlarin  yiizey
pliriizliiliigi  Olciilmiis ve karsilastirilmistir. Bu
islem neticesinde cam malzemenin taslanan
yiizeyinde en az altt farkli noktadan yiizey
pliriizliiliigi degerleri alinmigtir. Ortalama yiizey
piiriizliliigi (Ra) Olgiimleri  Marsurf M300
cihaziyla gerceklestirilmistir. Mikro yapi ise Jeol
Scanning Electron Microscope (SEM, JEOL 6390-
LV) ile incelenmistir.

Biitiin  testler aym1  taglama  kosullarinda
gerceklestirilmis  ve  operasyonlar  sirasinda
sogutucu kullanilmigtir. Rodaj islemi sirasinda
kullanilan sogutma sivist cam endiistrisinde
kullanilan ticari bir sogutma sivisidir ve sogutma
stvist  direk olarak rodaj diskinin yiizeyine
piiskiirtiilmiistiir. Destekleyici malzemeler de rodaj
diskinin pargasi olup asindirici elmas tanelerini
rodaj diski tizerine sabitlemektedir.

Taglama diskinin ¢alisma anindaki goriiniisti Sekil.
1’de verilmistir. Sekilde gosterildigi tizere, taglama
diski is parcast olan cam iizerinde taslama islemi
yapmaktadir.
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Sekil 1. Diiz camin taglanmasi

3. Bulgular

Yukarida belirtilen iki farkli tane boyutuna sahip
elmas parcacikli takimlar ile yapilan deneyler
sonucunda elde edilen takim omrii ve yiizey
pliriizliiliik degerleri karsilastiriimigtir.

3.1. Takim omrii

Cam endiistrisinde, rodaj diski takim Omrd,
yenisiyle degistirilmeden oOnce islenen pargadan
kaldirilan talagin hacminin hesabiyla
tanimlanmaktadir. Bu nedenle, her iki rodaj diski
icin kaldirilan talas hacmi, takim Omriiniin
belirlenmesinde kullanilmigtir. Rodaj diski iki
temel parcadan olusur. Bunlar metal gévde ve
agmdirict kisimdir (Sekil 2).
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Baglayici ve asindiriei(elmaslarin)
bulundugu bolge

Metal govde (demir yada
aliiminyum olabilir)

E o

Sekil 2. Rodaj disk yapisi

Her iki rodaj disk i¢in beser adet ayni kosullarda
birbirinden bagimsiz deneyler gergeklestirilmistir.
Deneyler sonucunda Sekil 3’de goriildiigi gibi
diskin baglayici ve agidiricilarin bulundugu bélge
bitmis ve asindirict kisim kaybolmustur. Bu olmasi
gerektigi gibi C formunun en alt noktasindan
segmente ulasmis, yani disk sonuna kadar
kullanilmustir.

Sekil 3. Omriinii tamamlamus rodaj diski

600/700 mesh boyutuna sahip elmas igeren bakir
esasli rodaj diski i¢cin elde edilen talas hacmi
degerleri 0.181 ile 0.189 m3 araliginda
gerceklesmistir. Yapilan deneylerin giivenirligini
arttirmak icin, 5 adet birbirinden farkli rodaj diski
calisma omrii degerleri ol¢lilmils ve bu degerlerin
aritmetik ortalamast almarak c¢alisma Omiirleri
belirlenmistir. Elde edilen test sonuglari biiyiik
Olglide birbirleri ile uyumluluk gostermektedir.
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Bakir esasli rodaj diski igin ortalama ¢aligma dmrii
0.186 m3 olarak bulunmustur. 100/120 mesh
boyutuna sahip elmas iceren bakir esasli rodaj
diski i¢in bes ayri deney sonucuna gore ortalama
disk omrii ise 0.427 m3 olmustur.

Deneylerden elde edilen sonuglara gore, bakir
esaslt rodaj diskler igin kullaniom Omiirleri
sirastyla, 600/700 mesh boyutlu elmas igin 0.186
m3 ve 100/120 mesh boyutlu elmas igeren disk
i¢in 0.427 m3 talag hacmi verileri elde edilmistir.
Birim zamanda daha kiigiik elmas pargacikla
islenen diiz cam sayis1 daha yiiksektir. Ozellikle,
elmas tane boyutu rodaj disk Omiirleri agisindan
biiyiik 6neme sahip oldugu anlasiimaktadir. Elmas
boyutu kiiciildiik¢e elmas parcacik sayist ve ylizey
alan1 artmakta ve bu sayede takim Omri
artmaktadir. Elmas taneciklerin boyutunun dikkatli
secilmesi  beraberinde  iretimde  verimliligi
arttirdig1 agikca goriilmiistiir (Sekil 4).

ra w s
= = =

Kaldimlan talas hacmi igin rodaj disk emri (x10-2m3)
—
=

=

Elmas tane boyutu

Sekil 4. Farkli mesh boyutlu elmaslar i¢in takim
omri

Elmas taglama diskinin ¢alisma yilizeyi SEM
cihazindan  alman  gorintiiler  vasitasiyla
incelenmistir. Sekil 5’de bakir matris igine gomiilii
elmas tanelerinin, Omiir sonunda c¢ekilen SEM
fotograflar1 goriilebilmektedir. Bakir baglayici
matrisin elmas tanesine tutunma giicii zayiftir.
Bakir matris kullaniminda elmas tanelerinin yiizeyi
bozulmus ve ayni zamanda temiz degildir. Bakir,
baglayict matris olarak kullanildiginda, yiizeyde
asinmis pargalar goriilebilmektedir.
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Sekil 5. Bakir matris igine gomiilii elmas
tanelerinin SEM fotograflar (bilyiitme 500x)

EDX (energy dispersive  X-ray) analizi
yapildiginda, Sekil 6’daki analiz sonuglari elde
edilmistir. Spektrum incelemesi sonucunda deney
oncesi bilesimden farkli olarak yaklasik %]l
oraninda Si elementi izlenmistir. Bunun nedeni
yiiksek sicaklikta cam icerisindeki Si elementinin
bakir bazli rodaj diskinin yilizeyine yapismasi
olabilir.

Spectrumd

[Vert=478

Window 0.005 - 40955= 21611 ent

Sekil 6. Bakir bazli rodaj diskinin EDX analizi
3.2. Yiizey piiriizliiliigii

Yiizey piirlizliliigi ortalama degeri (Ra) yiizey
kalitesinin ~ belirlemesinde  kullanilan  yiizey
parametresidir. Ra piriizliliik profili ile bu profilin
merkez ¢izgisi arasinda kalan alan seklinde
tanimlanabilmektedir. Yiizey piiriizliilik aritmetik
ortalamasi ISO 4287:1997 standartlarmma gore
belirlenmektedir. Bakir esasli rodaj diskleri
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kullanilarak elde edilen ortalama yiizey piiriizliiliik
degerleri 600/700 ve 100/120 mesh boyutlu elmas
parcacikli takimlar igin sirastyla 2.3 pm ve 2.2
um’dir.  Sonuglara gore bakir esasli rodajlama
diskinde elmas pargacik boyutu azaldik¢a yiizey
kalitesi az miktarda iyilesmektedir. Dolayisiyla,
takimm elmas parcacik tutma kabiliyeti arttikca
islenen parcanin yiizey kalitesinde artis meydana
gelecektir.

Bakir esasli elmas pargacikli disk kullaniminda
elmas pargaciklarin tane boyutu kiiciildiik¢e sayist
artiyor, yiizey alant artip pargacik terk siiresi
uzuyor ve takim omriinde artis saglaniyor. Takim
tizerinde camdan geldigini dislindiigiimiiz Si
mevcut. Daha fazla Omir igin bir sonraki
calismada demir bazli elmas takim kullanilabilir.
Bu sayede sinterleme sicakligi arttirilabilir. Sonug
olarak elmas parcaciklarin  tutunma  siiresSi
artirilarak takim omrii artabilir.

4. Sonuglar

Beyaz esya sektoriinde kullanilan diiz camlarin
rodajlanmasinda takima dayali bazi giigliikler
yasanmaktadir. Bu deneysel ¢alismada, beyaz esya
endiistri i¢in kullanilan diiz camlar bakir bazli
elmas takimlarla islenmistir. Belirlenen sinterleme
sicakligt ve presleme basinci ile elde edilen
takimlar  farkli  boyutta  bulunan  elmas
parcaciklariyla test edilmistir. 100/120 mesh
boyuta sahip takim 600/700 mesh’e sahip rodaj
diskine gore 0.241 m3 daha fazla taslama islemi
yapmistir. Elmas parcaciklarinin  kiigiilmesi ile
yiizey alani artmis, pargaciklarin diski terk etme
siresi uzamustir. 100/120 mesh elmas tanecik
boyutuna sahip takim i¢in elde edilen yiizey
piiriizliiliik degerleri 600/700 mesh boyutuna sahip
elmas iceren bakir esashi taglama takimi ile elde
edilen degerlere gore 0.1 pm daha disiiktiir. Bu
calismadaki deneyler diiz cam fabrikasinin {iretim
hattinda gergeklestirilmistir. Sonug¢ olarak, bu
calisgmada elde edilen bulgular ve sonuglar
endiistriyel uygulamalar i¢in iiretimde verimliligi
arttirmaya yonelik kullanilabilir. Daha fazla dmiir
i¢in bir sonraki ¢alismada demir bazli elmas takim
kullanilabilir ve bakir bazli takimla
karsilastirilabilir.
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Performance Evaluation of Eigenvalue Based Detection
Methods for Cognitive Radio Systems
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Abstract: Nowadays, due to spectrum inadequacy, it is necessary to use the spectrum of the scarce source in
the most efficient way. Cognitive radio systems are at the forefront of important technologies that meet this
need. Eigenvalue-based detection methods for cognitive radio systems are the reason for much preference
because of the low cost of computation. The purpose of this study is to perform detailed performance
analyzes of eigenvalue detection methods for cognitive radio systems. For the multi-antenna communication
systems in the work done, detection methods are used to detect the presence of the primary user mark in a
certain spectrum area. It has been tried to perceive the spectrum in the most accurate way by using randomly
generated zero mean primary user and noise signals. In the method, the communication signals received by
multiple antennas are spectrally perceived using eigenvalues of covariance matrices. It has been observed
that the largest - smallest eigenvector detection method gives more successful results than the other methods
(generalized maximum likelihood method, greatest eigenvalue - energy detection method, energy detection
method) in simulations made.

Keywords: Detection theory, Cognitive radio, Spectrum sensing, Tracy-widom distribution

Bilissel Radyo Sistemleri icin Ozdeger Tabanh Algilama
Yontemlerinde Performans Analizi

Ozet: Giiniimiizde spektrum yetersizligi nedeniyle kit kaynak durumundaki spektrumun en verimli sekilde
kullanilmas1 gerekmektedir. Ozellikle kablosuz haberlesmede sistemlerinde sunulan hizmet standardinmn
gelistirilmesi ve buna bagli olarak iletilen veri boyutlarmin artmasi bu sonucu dogurmustur. Bu probleme
¢Oziim olan en dnemli teknolojilerin basinda bilissel radyo sistemleri gelmektedir. Bilissel radyo bulundugu
ortami algilayan ve ilgili frekansi firsatgr olarak kullanabilen yeni nesil bir radyo big¢imidir. Spektrum
algilama ise bilissel radyonun en ¢nemli ve baslangi¢ asamasidir. Bilissel radyo sistemlerinde spektrum
algilama igin farkli yontemler mevcut olmasma ragmen oOzdeger tabanli algilama yontemleri diger
yontemlerin aksine, hesaplama maliyetinin az olmasi nedeniyle ¢ok fazla tercih sebebidir. Bu g¢alismanin
amaci biligsel radyo sistemleri igin 6zdeger tabanl algilama yontemlerinin detayli performans analizlerinin
yapilmasidir. Yapilan ¢alismada ¢ok antenli haberlesme sistemleri i¢in belirli bir spektrum bdolgesinde,
birincil kullanici isaretinin varligini tespit eden 6zdeger tabanl algilama yontemleri kullanilmistir. Rasgele
olusturulan sifir ortalamali birincil kullanic1 ve giiriiltii isaretleri kullanilarak, en dogru sekilde spektrum
algilanmaya calisilmistir. Yapilan benzetim caligmalar1 sonucunda en biiyliik-en kiiciik 6zdeger tabanl
algilama yonteminin, simiile edilen diger yontemlere gore daha basarili bir algilama yaptig1 gozlemlenmistir.
Anahtar Kelimeler: Algilama teorisi, Biligsel radyo, Spektrum algilama, Tracy-widom dagilimi

1. Giris (Mitola ve Maguire, 1999). Bu durumun en énemli

sebebinin, sabit spektrum lisanslama politikasi
Yapilan son Olgiimler, frekans spektrumunda ¢ok oldugu bilinmektedir. Giiniimiizde kablosuz
biyik bir bolimiin zamanin 6nemli  bir haberlesmede sunulan hizmet standardinin ve bu
periyodunda kullanilmadigimni ortaya koymaktadir hizmetlerden faydalanan kullanici sayisinin siirekli
1Erciyes Universitesi, Kayseri MY O, 38000 Kayseri/Tiirkiye Citation (Atf): Ciflikli, C, Ilgn, F.Y. (2017). Biligsel Radyo Sistemleri
2Erzincan niversitesi, Erzincan MYO, 24000 Erzincan/Tiirkiye igin Ozdeger Tabanli Algilama Yéntemlerinde Performans Analizi.
*Corresponding author(iletisim yazar): fyilgin@erzincan.edu.tr Bilge International Journal of Science and Technology Research, 1
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artmas1 nedeniyle, sabit spektrum politikasi artik
stirdiiriilebilir olmaktan ¢ikmistir (Ratnarajah ve
Vaillancourt, 2005). Bu probleme bir ¢6ziim olmak
ve  spektrum  kithgmi  hafifletmek  i¢in
giintimiizdeki en Onemli ¢ozlim yoOntemlerinden
biri biligsel radyo(BR) sistemleridir (Sobron vd.,
2015). Daha genis bir tamimla bilissel radyo
bulundugu ortami algilayabilen ve algilama
sonuglarma gore otomatik olarak bir karar radyo
sistemleridir (Chatterjee vd., 2014). Bu sistemler,
algilama teorisi, yapay zeka ve makine dgrenme
mekanizmalarmi  kullanarak c¢evresiyle iletisimi
saglarlar. Ayrica dinamik olarak bulundugu ortama
bagl olarak calisma ve algilama parametrelerini
degistirebilirler. BR sistemleri frekans spektrumun
genig bir bolgesini tarayan genis band spektrum
algilama ve sadece frekans spektrumunun belirli
bir bolgesini algilayabilen dar band spektrum
algilama olarak iki grupta incelenebilir. BR
sistemlerinin  amaci,  frekans  bosluklarimi
belirleyerek lisanstan muaf ikincil kullanicilara bu
frekans bosluklarini tahsis etmektir. Bu teknolojiyi
uygulamanin en biyiikk zorluklarindan birisi,
spektrumda birincil kullanict olup olmadiginin en
dogru bir sekilde tespit edilmesidir. Bu zorlukla
basa c¢ikabilmek igin literatiirde farkli yontemler
onerilmistir. Filtre denklestirme, enerji algilama,
cyclostationary algilama, 6zdeger tabanli algilama,
kovaryans tabanli algilama, spektrum algilama i¢in
literatiirde ~ Onerilen  yontemlerin ~ basinda
gelmektedir. Bu yontemlerin kendi i¢inde avantaj
ve dezavantajlari mevcuttur. Ornegin filtre
denklestirme  yonteminde  birincil  kullanici
isaretinin  tam olarak  bilinmesi  gereklidir
(Bhargavi ve Murthy, 2010). Cyclostationary
algilama yonteminde birincil kullanici isaretinin
cyclix isaretinin tam olarak bilinmesi gerekli
oldugundan yiiksek hesaplama maliyetine sahiptir.
Enerji algilama yontemi hesaplama maliyeti
acisindan oldukga basit olmasina ragmen giiriiltii
varyansinin tam olarak kestirilememesinden dolay1
uygulama zorluklarini beraberinde getirmektedir.
Ozdeger tabanl algillama ise giiriiltii isareti ve
birincil kullanic1 isareti hakkinda higbir 06nsel
bilgiye (varyans, modiilasyon, kanal bilgisi)ihtiya¢
duymadigindan diger yontemlere gore daha kolay
uygulanabilme imkani sunmaktadir (Zeng ,Liang.,
2009). Literatiirde 6zdeger tabanli algilama icin de
farkli yontemler onerilmistir. En biiyiik—en kiigiik
Ozdeger orani, en blylik Ozdeger—enerji oOrani
(EBEK) ve en bilyiik 6zdeger-iz (EBOI) ve en
kiigiik 6zdeger- enerji (EKOI) dedektorler zdeger
tabanli algilama i¢in en ¢ok kullanilanlaridir.
Bunlara ek olarak daha dogru bir spektrum
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algilama icin isbirlik¢i algilama ydntemleri de
onerilmistir (Shi-Qi vd., 2012).

Bu caligmada amag, literatiirde bulunan 6zdeger
tabanli  algilama  yontemlerinin,  algilama
olasiliklarinin ~ farkli  6rnek sayilarina  gore
degerlendirilmesidir. Bu degerlendirme yapilirken
en iyi performans sergilen ilk ii¢ yontem g¢alismada
kendisine yer bulmustur.

Bu calismada koyu kiigiik harfler (x) matrisleri,
normal kiiglik harfler (x) ise vektdrleri belirtir. x'
ise degiskenin transpozunu belirtir.

2. Ozdeger Tabanh Spektrum Algilama ve
Temel Kavramlar

Ozdeger tabanl1 algilama da temel amag belirli bir
spektrum bolgesinde herhangi bir haberlesme
isaretinin varliginin veya yoklugunun tespit
edilmesidir. Ozdeger tabanli algilama igin genel
olarak asagidaki senaryo kullanilabilir (Jin vd.,

2015).
R AN
hy oy T T
LRl
PPt rtle h Ikincil Kullanict
et m RX
) S
Birincil verici TSSISTIza~l

TX

ikincil Kullanict
RX

Sekil 1. Bilissel radyo sistemleri i¢in Onerilen
senaryo

Burada ¢oklu antenlerle donatilmis olan ikincil
kullanicilar mevcut spektrumun dolu/bos oldugunu
belirleyerek, bos oldugu durumlarda ilgili
spektrumu kendi aralarinda haberlesmek igin
kullanmaktadirlar (Pillay ve Xu, 2011). Fakat
birincil kullanici aktif duruma geldiginde derhal
ilgili spektrumu bosaltmak zorundadirlar. Burada
hl, h2 ve hm birincil kullanicidan ikincil
kullaniciya olan kanal katsayr vektoriinii temsil
etmektedir. Bu durum matematiksel olarak;

Hy :x=1 )

H :x=m+s (2)
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seklinde ifade edilir. Burada x matrisi ikincil
kullanicinin ¢oklu antenleri vasitasiyla algiladigi
isareti, s gauss dagiliml ve sifir ortalamali birincil
kullanici isaretini, n ise gauss dagilimli giirtiltiiyii
temsil etmektedir. Dolayisiyla birincil kullanicinin
pasif oldugu durumda x matrisi sadece giiriiltiiden
olusmaktadir. Fakat H1 durumunda x matrisi hem
birincil kullanici isaretinin hem de giiriiltiiniin
karigimmdan olusan igaret toplulugunu
algilamaktadir. Boylece H1 ve HO durumlari i¢in x
matrisinin kovaryans matrisi 6zdeger dagilimlar
asagidaki gibi olur (Ciflikli ve Ilgin, 2018).

Hy, :x~CN(0, 621,) 3

H, :x~CN(0, c2hht + 6?1,,) 4)
Esitliklere  dikkat edilirse arasinda birincil
kullanicinin aktif/pasif ~ durumuna gore
Ozdegerlerin olasihk dagilm fonksiyonlar1 ve
varyanslarinda bir fark olusacaktir. Ozdeger
tabanli algilama igin bu fark kullanilarak H1 ve HO
durumlar1 arasinda bir karar verilmektedir (Xinzhi
ve Feifei, 2015).

2.1. EBEK yontemi i¢in esik ve test istatistigi

Dar band spektrum algilama yontemlerinde H1 ve
HO durumlar1 arasinda bir karar verilmesi test
istatistigi (TS) ve esik degerine baglidir. Bu durum
matematiksel olarak;

Py =P(TS >yggex | Ho ) 5)

Pyo = P(TS > yggex| Hy ) (6)
seklinde ifade edilir. Burada P,, yanls alarm
olasiligi ve P,, ise algilama olasiligini belirtir.
Esik degeri hesaplanirken 802.11 kablosuz
haberlesme ¢alisma gurubu tarafindan belirlenen
0.1 gibi smir bir deger bulunmaktadir ve bu deger
dikkate alinmalidir. Esik degeri olusturulurken P,
yani  yanlis algilama  olasilifindan  yola
cikilmalidir. EBEK yontemi igin esik degeri olan
asagidaki  matematiksel  formdillerle

VEBEK
gosterilir.

Aeb < H
Zeb >Ho
Aor ~H1 YEBEK

U]
Burada 4., X’in kovaryans matrisinin en biyiik
0zdegerini, A, ise en kiiglik 6zdegerini belirtir. Ho
hipotezi gecerli oldugundan esitlik yeniden
diizenlenirse;
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)\eb > YEeBEK )\ek (8)
Esitligi elde edilir. Esitligin bir tarafi 1. Dereceden
Tracy-widom dagilimina benzetilmelidir bunun

icin Ag ‘nin ortalama degeri olan (vn — \/5)2
degeri yerine yazilmalidir bu durumda asagidaki
esitlik elde edilir. Burada n 6rnek sayisim p ise
ikincil kullanicidaki anten sayisini belirmektedir.

Aeb > YEBEK (\/__ \/5)2

Burada 2A,, 1. Derecede Tracy-widom dagilimima
yakinsayacagindan esitligin bu tarafi 1. Dereceden
Tracy-widom dagilimina benzetilir ve survival
fonksiyonu kullanilirsa esik degeri asagidaki gibi
elde edilir.

YEBEK = Ffl(l - Pfa) (%)

s vp) "
1+ =77 (10)

©)

Burada F; ! 1.dereceden tracy-widom dagilmmini
gosterir ki bu dagilim rassal hermit matrisinin en
bityitkk 6zdegerinin olasilik  dagilimidir  (Deo,
2016). Bu dagilim i¢in belirli degerler asagidaki
tabloda verilmistir.

Tablo 1. Dereceden tracy-widom dagilimi igin
niimerik bazi degerler.

X -3.90 -2.78 -1.27 0.45 2.02

0.01 0.10 0.50 0.90 0.99

F, (X)

Burada esik degerine dikkat edilirse giiriiltii veya
birincil kullanic1 isareti hakkinda herhangi bir
onsel bilgi gerektirmemektedir. Bu nedenle bu
yontem kor yontemler icine dahil edilebilir.

2.2. EKOE yéntemi icin esik ve test istatistigi
EKOE icin test istatistigi ve esik degeri;

_Im

TS = 7 11)

seklinde ifade edilir. Burada T(n) alman isaretin
enerjisi olarak tanimlanir. Esik degerini elde etmek
icin ise gauss dagilim fonksiyonu kullanilmalidir.
Literatiirde kovaryans matrisi en kiigiik 6zdegeri
i¢in, tanimli bir fonksiyon olmamasi nedeni ile



Bilge International Journal of Science and Technology Research 2017, 1(Special Issue): 32-37

giiriiltiiniin ~ olasilikk  dagilimi  kullanilmalidir.
Haberlesme sistemleri i¢in giiriiltii dagilimi normal
dagiima  yakinsadigit i¢in bu  fonksiyon
kullanilabilir.

Q"1 (Pra) (VZ7+ VP)
BV \p)’

(12)

YeExkOE =

Seklinde tanimlamr. Burada Q! gauss dagilim
fonksiyonudur. Yine burada da esik degerine
dikkat edilirse giiriiltii veya birincil kullanici igareti
hakkinda herhangi bir onsel bilgi
gerektirmediginden kor spektrum algilama olarak
tanimlanabilir. Fakat giiriiltii giiciiniin 6nceden
kestirilmesi gerekmektedir.

2.2. EBOI yontemi icin esik ve test istatistigi

EBOI yonteminde alman isaretin kovaryans
matrisinin en biiylik 6zdegerinin, alman isaretin
izine orani seklinde bir test istatistigi mevcuttur.

Aeb

- tr(x) (13)
Burada tr(x) alinan isaretin izini belirtir. Bu
yontemde esik degerini elde etmek igin esitlik
yeniden diizenlenirse;

Aep > Yegoi tr(x) (14)
Seklinde olacaktir. Burada A, yine 1. Dereceden
Tracy-widom dagilimima benzetilmelidir. Boylece
EBOI yontemi igin esik degeri asagidaki gibi
tanimlanir.

_ [Frw(1-Pra)+ (@/B)]B
YeBOI = np

(15)

Seklinde tanimlanir. Burada a ve £, Tracy- widom
dagilimi i¢in sakala ve wvaryans Kkatsayilarini
gosterir ve agagidaki gibi tanimlanir.

a=(n=1+ p) (16)
ﬁ=m+ﬁ(ﬁ)+% (17)

EBOI yonteminde yine esik degerine dikkat
edilirse bu yontemde kor olarak tanimlanacag
goriilebilir.
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3. Benzetim Sonuclari

Bu boliimde, o6nerilen yontemlerin basarimini
gormek igin simiilasyon sonuglari verilmektedir.
Simiilasyonlarda MIMO-OFDM tabanl
haberlesme sistemi kullanilmistir. Sekil 2° de 4x4
MIMO sistem (4 alict, 4 verici anten) i¢in degisen
SNR degerlerine karsi Onerilen yontemlerin
algilama performanslari goriilmektedir. Pra 0.1
olarak secilmistir.(bu deger WRAN 802.22
calisma gurubu tarafindan izin verilen sinir
degeridir). Simiilasyonlarda birincil  kullanici
isareti ve giirliltii isareti rasgele olusturulmus ve
monte karlo analizi i¢in her algoritma 1000 kere
caligtirilarak  algilama  olasiligi  degerinin
ortalamasi1 almmustir. Grafige dikkat edildiginde
ilk goze garpan nokta simiile edilen kor yontemler
arasinda EBEK yonteminin digerlerine gore en
basarili performans: sergilemesidir.

EBEK yo6nteminin -11.5 dB lik bir giirilti
varliginda bile algilama olasithimm 1 oldugu
goriilmektedir.  Ayrica  grafikte  simiilasyon
sonuglartyla birlikte teorik sonuglara da yer
verilmigtir. EBEK yontemi i¢in simiilasyon ve
teorik  sonuglarin  neredeyse birebir olarak
ortlistiigli goriilmektedir.

[N

~ =
&8 A EKO 1
- f EBEK Simiilasyon
20 7 --EBEK Teorik
z 06 A AEBOI Simillasyon |
5 4 OEKOE Simiilasyon
= 04 EKOE Teorik i
g EBOI Teorik
=
002 ,
<

I L L I

&

Sekil 1. Bazi1 6zdeger tabanli algilama yontemleri
icin simulasyon sonuglari: n=1000, p=4, pfa=0.1

EKOE yontemi ise EBEK yonteminden daha kétii
performans  sergilemesine ragmen, EBEK
yontemine  yakin  performans  gostermistir.
Grafikten goriildiigii {izere EKOE ydntemin dogru
algilama olabilmesi i¢in giirtiltii esigi degeri
yaklagik 11.3 dB olarak goriilmiistiir.

Bilindigi tizere enerji algilama (ED) yonteminde
spektrum  algilamada  hesaplama  kolaylig
acgisindan oldukga tercih edilebilir bir yontemdir.
Fakat bu yontemin uygulanabilmesi icin giriilti
glicliniin tam olarak bilinmesi gereklidir (Guo,
2011). Bu nedenle uygulamada o6zellikle giiriiltii
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belirsizligi durumlarinda performansi diigmektedir.
Giiriiltii belirsizligi uygulamada genellikle 2dB
civarlarinda kargimiza ¢ikmaktadir.

-

—_
o

08 . ]

&) I\ PEKO

= EBEK Simiilasyon

z 06 N\ |EBEK Tearik | ]

© BOI Simiilasyon

< 0.4 (OBKOE Simiilasyon|

g I\ |-~EKOE Teorik

= EBOI Teorik

2002

<

SNR

Sekil 2. Baz1 6zdeger tabanli algilama ydntemleri
icin simulasyon sonuglari: n=1000, p=8, pfa=0.1

Yapilan simiilasyonlarda MIMO sistemler igin
anten sayisinin algilama olasiligma etkisini
gostermek icin ise sekil 3’e bakilabilir. Sekil 3’
ozellikle EBEK ve EEKO yéntemlerinin anten
sayisina gore algilama performanslarinda 6nemli
bir artis goriilmektedir. EBOI yontemi de 8x8
MIMO sistem igin basarim artis1 saglamakla bu
artis diger yontemlere gore daha azdir. Gorildigi
tizere MIMO sistemlerde anten sayisinin artmasi
algilama olasilig1 degerine pozitif etki etmektedir.
Fakat uygulamada anten sayisini artirmak pek
miimkiin olmayabilir. Sadece giliniimiiz teknoljisi
icin massive MIMO sistemlerinde bu anten
sayilarina ulagmak miimkiim olmaktadir.

Kor spektrum algilama yontemlerinin  6rnek
uzunluguna gore basarimi ise sekil 4’te verilmisgtir.
Burada onceki grafiklerden anlasildigi iizere en
basarili yontem EBEK oldugundan 6rnek uzunlugu
i¢in sadece bu yonteme yer verilmistir.

[N

N/ 50 drnek
H5/200 6rnek
7500 6rnek
L[5,71000 6rnek
[X/5000 6rnek

d

o
o)

o
o

o
=

o
[N}
7

G-l

Algilama olasihgi (P,)

SNR

Sekil 3. EBEK yontemi igin degisen Ornek
sayilarina gore algilama performansmin degisimi
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Burada artan Ornek sayisiyla birlikte algilama
olasilig degerininde dogru orantili olarak arttig
goriilmektedir.

Biligsel radyo sistemlerinde ilgili frekans firsatci
olarak kullanilacagr i¢in ornek uzunlugunun
artmasi uygulama da istenmeyen bir durumdur.
Ciinkii 6rnek uzunlugunun artmasi beraberinde
spekktrumu algilamak i¢in gegen siirenin de
artmasi anlamma gelmektedir. Bunun igin en az
ornek uzunlugunda dogru bir algilama yapmak
biligsel radyo sistemleri i¢in dnemli bir noktadir.

4. Tartisma ve Sonuclar

Giliniimiizde spektrum kit ve sonlu bir kaynak
durumunda oldugundan bu kaynag1 verimli sekilde
kullanmak, kablosuz haberlesme sistemlerinin
gelecegi icin Onemli bir noktadir. Son yillarda
sayisal haberlesme basligi altinda bu problemin
¢Ozilimii i¢in fazlaca calisma yapilmaktir. Spektrum
algilama igin kor yontemler, birincil kullanict ve
giiriiltii  isareti icin herhangi bir Onsel bilgi
gerektirmediginden son derece umut veren
calismalar olmustur. Enerji algilama, durgun
duraganlik ozelligi gibi farkli spektrum algilama
yontemlerinde genellikle onsel bilgi gerekliligi
mevecuttur.  Bu  durum  bu  ydntemlerin
uygulanmasinda zorluk sunmaktadir. Budan dolay:
Ozdeger tabanli algilama yontemleri bu alanda
bityiikk bir acigi kapatmaktadir. Bu nedenle bu
calismada  farkli  kor  spektrum  algilama
yontemlerinin performans analizleri yapilmistir.
Simiilasyonlarda EBEK yonteminin digerlerine
gore daha basarili algilama performanst sundugu
belirlenmistir.
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Abstract: In this study, a Fractional Order Sliding Mode Controller (FOSMC) structure was simulated to
control the body speed and direction angle of a four Wheel drive skid-steered mobile robot (4WD SSMR).
The body velocity and orientation angle of the mobile robot are calculated using the angular velocity of each
motor. The torque signal of each motor for the mobile robot's trajectory tracking and position stability will
be generated by the FOSMC. To compare the performance of the FOSMC, a PI controller with well-tuned
parameters was applied to the mobile robot using the same references. Simulation studies have shown that
the FOSMC provides better results in terms of trajectory tracking accuracy and error levels than the
conventional PI controller.
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Dort Teker Tahrikli Mobil Robotun Govde Hizi ve Yonelme
Acisisinin Kesir Dereceli Kayan Kipli Kontrolcii ile Kontrolii

Ozet: Bu calismada dort teker tahrikli mobil robotun (4TT MR) govde hizi ve yonelme agismin kontrolii
igin Kesir Dereceli Kayan Kipli Kontrolcii (KDKKK) yapisi benzetim ortaminda test edilmistir. Mobil
robotun govde hiz1 ve yonelme agis1 her bir motorun agisal hizi kullanilarak hesaplanmaktadir. Tasarlanacak
olan KDKKK ile mobil robotun yoriinge izleme ve konum kararliligr i¢in her bir motorun tork isareti
iretilecektir. KDKKK’niin performansini kiyaslamak i¢in ayni referanslar kullanilarak mobil robota
parametreleri iyi ayarlanmus bir PI kontrolcii de uygulanmistir. Benzetim sonuglart KDKKK ’niin geleneksel
PI kontrolciiye gore yoriinge izleme dogrulugu ve hata biiyiikliigii agisindan daha iyi sonuglar verdigini
gostermistir.

Anahtar Kelimeler: Mobil Robot, 4TT MR, Kesir Dereceli Kayan Kipli Kontrol

1. Giris

Son birka¢ yilda, arasgtirmacilar mobil robotlarin
yoriinge izleme sorunlarina odaklanmig ve farkl
yaklasimlar tartisiimistir. Ozellikle, mobil robotun
konformik  olmayan  kisitlamalar1  dikkate
almmustir. Normey-Rico ve arkadaslart (Normey-
Rico vd., 2001) saglam bir PID algoritmasina
dayanan bir yol izleme denetleyicisi dnermislerdir.
Yontemlerinde integral alict ve bir geciktiriciden
olusan basit bir dogrusallagtirilmis mobil robot
modelini kullanmiglardir. Ayrica bu g¢alismada
Ziegler-Nichols yontemine benzeyen kolay bir
sentez prosediiri kullanilmis ve elde edilen

kurallar PID kontrolcii i¢in uygulanmistir. Mobil
robotlarin yalnizca kinematik modeline dayanan
kontrolciiler gercek uygulamalarda ozellikle
yilksek hizli manevralarda basarili sonuglar
verdiyse de, (Sun, 2005; Das ve Kar, 2006; Carelli
vd., 2006)yiiksek hizli manevralar ile tatmin edici
izleme performansini elde etmek zordur. Bu
nedenle, denetleyiciyi tasarlarken, mobil robotun
dinamiklerini ve kinematigini ayn1 anda gz 6niine
almak zorunlu hale gelir. Bu duruma ¢6ziim olarak
kinematik kontrolcii ile entegre olabilen bir
dinamik kontrolcii 6nerilmektedir (Yue vd., 2012).
Onerilen yontemde ¢ift kapali dongii denetleyicisi
kullanilmistir. Hiz kontrolii i¢in dis dongiide geri

1Erzincan Universitesi, Erzincan Meslek Yiiksekokulu, Erzincan,
Tiirkiye.

2Sakarya Universitesi, Teknoloji Fakiiltesi, Sakarya, Tiirkiye.
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adimlama yontemi kullanilmigtir. Ayn1 zamanda i¢
dongiiye bir bozulma-gozlemeci tabanli kontrolcii
uygulanmig ve dinamik kontrolcii olarak kayan
kipli kontrol yontemi kullanilmistir. Uygulama
acisindan, dinamik parametreleri elde etmek cok
zordur. Yapilan bagka bir ¢aligmada ise birlestirme
yapisina  dayanan  dinamik geri  besleme
dogrusallastirma yontemi Onerilmistir (Ma vd.,
2011). Mobil robotun dinamikleri iyi biliniyorsa
bu yontemle iyi sonuglar almak miimkiindiir.
Mobil robotlarda geri adimlama kontrol ydntemi
de yoriinge izlemede kullanilir (Huichao vd, 2012;
Hwang vd., 2013), ancak denetleyici ve tasarim
stireci ¢ok karmagiktir. Huang ve ark. (Huang vd.,
2014), nonholonomik mobil robotlar igin yiiksek
kazangli bir gézlemci yapisina dayali uyarlamali
cikig geri beslemeli yoriinge izleme kontrol
tasarim1  semasint  Onermiglerdir. Goézlemcileri
sirastyla bilinmeyen dogrusal ve agisal hizlari
tahmin etmek icin kullanmislardir. Insansiz kara
araglar1 i¢in yoriinge izleme hatasina bagl kontrol
yaklagimi sunulan ¢aligmada (Kayacan vd., 2016);
yoriinge izleme hatasina baglh model, dogrusal bir
model tahmin denetleyicisini tasarlamak igin
kullanilmis ve kontrol eylemi ileri besleme ve
giirbliz  kontrol eylemleri ile birlestirilmistir.
Ayrica bir traktor tarafindan c¢ekilen romork
sistemi tizerinde farkli rotalar ile test edilmistir.
Model tahminine dayali bir kontrol yaklagiminda
(Hang vd., 2017) ise kontrolcii tasarimi i¢in aracin
dogrusal olmayan dinamik modeli dogrusal bir
model olarak basitlestirilmistir. Daha sonra
referans yonelme acis1 ve referans ilerleme
mesafesi olarak ifade edilen referans yolu takip
etmek i¢in bir model tahmin kontrol cihazi (MPC)
tasarlanmastir.

Tim bu gelismelerin yan1 sira, kesir dereceli
hesaplamalar eski bir gegmise sahip olsa da son
zamanlarda artan bir ilgiye sahiptir. Kesir dereceli
hesaplamalarin baslangict G.W. Leibnz (1695) ve
L. Euler (1730)’e dayanmaktadir. Bu alanda temel
teskil edecek c¢alismalarda; Kesir dereceli
hesaplamanin temel matematigi (oldham vd
Spainer, 1974), kesir dereceli diferansiyel
denklemlerin  ¢oztimleri  (Podlubny,  1999g;
Podlubny, 1999b) ve bu hesaplamalarin
mithendislikteki bazi kurallar1 (Das, 2008)’de
sunulmustur.

Bu calismada, 4 teker tahrikli mobil robotun (4TT
MR) sirastyla hiz ve yon agist kontrolii i¢in Kesir
Dereceli Kayan Kipli Kontrolcii (KDKKK) ve
paramaetreleri iyi ayarlanmis PI kontrolcii
benzetim ortaminda kiyaslanmistir. Benzetim

sonuglart KDKKK’niin PI kontrolciiye gore ani
referans degisimlerine karsi hassasiyet ve hata
miktar1 agisindan daha basarili  oldugunu
gOstermistir.

2. Materyal ve Yoéntem
2.1. 4 teker tahrikli mobil robot (4TT MR)
Sekil 1'de iki boyutlu diizlem iizerinde hareket

eden 4TT- MR ve eksenler gosterilmistir (Ertugrul
vd., 1994).

Sekil 1. 4TT MR un Kinematikleri

4TT MR’un dort sabit tekerlegi vardir ve kayarak
yonlendirilir. Tekerler Sekil 2'de gosterildigi gibi
bir disli kutusu yoluyla BLDC motor araciligiyla
hareket eder.

vvvvvvv

Vb BLDC
W Motor
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Kutusu 7

Teker

Sekil 2. Her tekere ait tahrik sistemi

Mobil robotun kinematik denklemleri asagidaki
gibi tiiretilmistir (Ertugrul vd., 1994).



Bilge International Journal of Science and Technology Research 2017, 1(Special Issue): 38-46

S L
112 2 |,
) :ig _Otjl o w
L L
e
H—w—r*[erwl] (3)
ér = wrlél =W (4)

r—wl] xcos(@) (5)

vxzv*cos(ﬁ)zr*[

v, =v=sin(f) =1 * [wr ;wl] * sin(6) (6)

Araca ait kisitlar ise;

¥y, * cos(B) — x, * sin() = ab (7
X, * cos(0) + Y, * sin(0) + LO =16, (8)
X, * cos() + y, * sin(f) — L =16, 9)

Burada ‘r’ tekerlerin yar1 capi, ‘2L’ sag ve sol
tekerler arasindaki mesafe, w, ve w; sag ve sol
tekerlere ait agisal hizlar, ‘v’ ve ‘6’ ise 4TT
MR’un gévde hiz1 ve yonelme agisi, v, Ve v, ise
ATT MR’un agirhk merkezi (Pc)’nin x ve y
eksenindeki hiz bilesenleridir. 4TT MR’un gergek
konumu koordinat ekseninde Pc = (x.,y.,6) ile
ifade edilmektedir.

4TT MR’un her bir motoruna ait elektriksel ve
makanik esitlikler asagidaki gibi ifade edilebilir,

afie] R[] 1 I

ip| = ——|in| ——en| +—|v|  (10)
dt Ll i Ly e, Ly v,
dom 1
% = E (Te — Bhwp, — Tyuk) (11)

14

Pe = Egom (12)
€q fa(@)Awp,
e | = |fo(P)Awn (13)
€c fc(go)/lwm

T,=T,+T, +T, (14)

dom + By, + Ty 15

= Jm —" + B (15)
dzfp 12p, Lom

Tyuk =n ]2 dt 2 BZ dt +n | | (16)

Burada ‘n’ digli kutusunun doéniistiirme orani, ‘B,,;’
motor ve yiikiin siirtiinme katsayisini, ‘J,,, * motor
ataletini, ‘J,” disli kutusunun ataletini, ‘F,’
Coulomb tork sabitini, ‘f,(¢)’, ‘fp (@), ‘f-(p)’
zit emk’lar ile ayn1 sekillere sahip fonksiyonlari,
‘A’ ise doniis sayis1 ve aki linki/iletkeninin garpimi
olarak toplam aki baglantisim temsil eder, ‘w,,’
motorun acisal hizini, ‘¢,,’ rotorun mekanik
acisini, ‘¢@,’ rotorun elektriksel acisini, ‘p’
rotordaki kutup sayist, L;= L — M, Burada ‘L’ faz
basina sarginin kendi indiiktansini, ‘M’ ise faz
basina karsilikli indiiktansi ifade etmektedir.

T,y Esitlik (15)’te yerine yazilarak her motor igin
asagidaki gibi yeniden diizenlenebilir,

T, —(]m+n2]2) dt2 =+ (B, +n232)

+ nf.sign(¢n,) (17)
BLDC motorun durum denklemleri sasagidaki gibi
belirlenmistir.

x(t) = Ax(t) + Bu(t) (18)

Burada durumlar ve giris vektorii asagidaki gibi
ifade edilmistir,

x(@t) = [ig i ic o o] (19)
u(®) = [va v v Tyl (20)
Sistem matrisleri ise;
R fa((p)l
- 0 0 0
Ly Jm
R fo(@)A
0 - 0 0
Ly Jm
A= 0 0 _5 fe(@)2 0 (21)
Ly Jm
fol@)d fo(@)d fe@A  Bwm
Im Im Jm Jm
p
0 0 0 > 0
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L o 0 o
Ly
0~ 0 o
Ly
B = 1 22
00 — 0 @2
Ly
0 0 0 ——
Jm
Lo 0 0o o

olarak belirlenmistir.
2.2. Kontrolcii tasarimi

Bu c¢alismada kullanilacak olan kontrol yontemi
Sekil 3'te gosterildigi gibi agiklanmaktadir. Her bir
motor i¢in gereken tork, kontrolciiniin c¢ikislari
olarak tanimlanan u, Ve uy ile hesaplanmaktadir.
Sag on ve arka tekerleklerin torku;

u,+u
T, = v 76 (23)
2
Sol 6n ve arka tekerlerin torku ise;
U, — U,
7= @9

olarak belirlenmistir.

4TT MR’un gévde hizi ve yonelme agisi, sol ve sag
motorlar i¢in verilen esitlik (2) ve (3) 'ten
hesaplanir. Esitlik (23) ve (24)’te belirtilen sag ve
sol referans torkularmi  hesaplamak igin
KDKKKler tarafindan u, ve ug kontrol sinyalleri

uretilir.
Vyef Uy, T, v
O[] >
-
e, aTT
KYMR
eg
—;-Pé > >
-
eref Ug T 7]

Sekil 3. KDKKK sistemi
2.3. Kesir dereceli hesaplama

Kesir dereceli tiirev alict an operatorii ile
gosterilebilir, burada “a” ve “t” smirlar1 ifade eder.
Kesir dereceli tiirev / integral operatorii asagidaki

gibi tanimlanir,
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dp
dat”
1 tp=0

(25)

i(
D=1
{f:(dr)‘p :p<O0

burada “p” kesir derecesini ifade eder ve karmasgik
bir sayt olabilir, bununla birlikte “p” baslangi¢
kosullar1 ile ilgilidir. Kesir dereceli tirev ve
integral i¢in ¢esitli matematiksel tanimlar
mevcuttur (Oldham ve Spanier, 1974; Podlubny,
1999a). Bu tanimlar arasinda en yaygin olarak
kullanilan Griinwald-Letnikov (GL) tanmimi ve
Riemann-Liouville (RL) tanimidir. GL tanmmi
asagidaki gibidir;
5

Py e (P e
DF £(®) = Jimh p;( 1)1(].)f<t jh) (26)

Burada [t_Ta] ifadesi tam say1 kismu ifade eder, RL
tanimi ise asagidaki gibidir.

oDf ()
1 dr (¢ T
== f L)_dr (27)
I(n—p)dt* ), (t —r)p—n+1
(n—1<p<n) igin, I'(.) Euler'in gamma
fonksiyonunu, “a” baslangi¢ zamanini ve “t” ise
tiirev ve integral parametrelerini temsil eder.

2.4. Kesir dereceli kayan Kkipli Kkontrolcii
(KDKKK)

4 TT KYMR’un govde hizi ve yonelme agisi
hatalar1 asagidaki gibi tanimlanmistir.

&(t)=v t)—v(t
v( ) ref( ) ( ) (28)
gg(t) = 6ref(t) —0(t)
Her bir kontrolcliye ait kayma yiizeyleri ise
asagidaki gibi tanimlanabilir;

Sv(t) = )\161,(15) + év(t) (29)
sp(t) = A0 (t) + £9(t)
kayan kipli kontrol yaklasimi igin asagidaki gibi
tanimlanan bir sistemi ele alabiliriz (Daewon vd.,
2009).
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X1 = f1(Xy, %2, 1) (30)
Xy = fo (1, %3, 1) + By (g, x5, )u(t)
Bu durum uzay tamimlamasinda, x; € R*™™,x, €
R™ ve B ise m*m boyutunda tekil olmayan bir
matristir. Kontrol islemindeki amag, sistemin
durumunu asagida tanimlanan kayma yiizeyine
yaklastirmaktir.

s ={xt) - &) = elx, 0) =0} @31
Burada 7(t) kayma fonksiyonunun zamana bagli
kismidir ve kontrolciiye uygulanacak referans
girisleri icerir. &(x) ise kayma fonksiyonunun
durum denklemlerine bagli kismmi ifade eder.
Kapali dongii kontrol sisteminin kararlilik analizi
icin segilen lyapunov V(&) fonksiyonu ve pozitif
tamiml tiirevi ise (Jezernik vd., 1994; Sabanovic
vd., 1996);
V= %ETE , V=¢T¢ (32)
Lyapunov fonksiyonunun zamana gore tiirevi
agagidaki gibi ifade edilebilirse &(x,t) =0
¢Oziimii sabit olacaktir (Sabanovic.vd., 1996).
V =—¢"Pe (33)
Burada P porzitif tanimli bir matristir. Boylece
Lyapunov fonksiyonunun tiirevi negatif olacak ve
kararlilik saglanacaktir. Esitlik (32) ve (33)’deki
tirev ifadeleri kullanilarak asagidaki esitlik elde
edilir.

—eTPe =¢T¢ (34)
Esitlik (31)’de tanimlanan kayma yiizeyi
fonksiyonunun tiirevi ise;

s=é=1-¢& (35)
Burada,

E=Gx;+Gyx, ve §=Gx +G,x, (36)

olarak tanimhidir ve G; € R™"™™, G, € R™™ ise
kazan¢ matrisleridir. Esitlik (35) ve € =0 sart1
kullanilarak equivalent kontrol ifadesi;

é=1t—§=1— (G fy + Gofs + G,Byupy) =0 (37)

Ueqg = (G2B,)™ (i — G1fr — G,f2) (38)
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elde edilir, sisteme gelen kontrol isaretini bulmak
icin esitlik (34) ve (35) kullanilirsa;

g=—Pe=1—¢ (39)

T —(G.fi + G,f, + G,B,u) = —Pe (40)

Sonug olarak kisa bir cebirsel islem yapilarak
asagidaki ifade elde edilir.

U = Uy, + (G,B,) ™ Pe (41)

Esitlik (35) kullanilarak kayma fonksiyonunun
tiirevi asagidaki gibi yazilabilir.
¢ =1—(Gif1 + G f, + G, Bu) (42)

Yukaridaki esitligin her iki tarafi (G,B,) lile
carpilirsa

(G;By)té =
(G2B)'(@ — (G fy + Gof) —w) (43)
elde edilir ve esitlik (37) kullanilarak;
(GZBZ)_lé = Ugqg—U (44)

elde edilir ve sonug olarak Esitlik (44) ve Esitlik
(41) kullanirak kontrol isareti asagida verildigi gibi
elde edilir.

u() = ut™) + (G,B,) G + Pe) (45)

t=t1+4A A-0 (46)
Kontrol isaretinin anlik degeri, (t — A) anindaki
degeri ve kontrol hatasi ¢ ile tiirevinin tartilt
toplami {izerinden hesaplanir. Bu sayede 4TT
MR’un govde hizi ve yodnelme agist kontrol
yapisinda kullanilacak olan ve Sekil 3’te gosterilen

u, Ve ug kontrol isaretleri asagidaki gibi
belirlenebilir.
_ _ d v
Uy (9) = u, (671 + (G,B) M (S + Pe,)
de (47)
0

ug(t) = up(t™) + (Gsz)_l(? + Pgy)

Esitlik (47)’de ‘g,” govde hiz1 ve ‘gy’ yonelme
acis1 hatalarina ait zamana bagh tiirevler kesirli
dereceden hesaplanirsa nihai kesir dereceli kayan
kipli kontrol isaretleri asagidaki gibi elde edilir.
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uv(t) = uv(t_l) + (Gsz)_l(anfv + PSV)

() = g (1) + (GoB5) " (uDPep + Ps9>} “8)

Burada B, ve Bs
katsayilaridir.

kontrol isaretlerinin garpim

3. Benzetim Sonugclar:

Bu bolimde KDKKK ve PI kontrolciiniin
performanslarmin kiyaslandigi benzetim sonuglar1
verilmistir.

4 TT KYMR’a ayn1 anda govde hizi ve yonelme
acist referansi olarak once hiz olarak kare ve
yonelme acgist olarak sinus referans isareti
uygulanmistir. Hiz referansi olarak kare referans
kontrolciilerin ani degisim anlarmndaki
performanslarmi kiyaslamak agisindan 6nemlidir.
Sekil 4 ve Sekil 5’te sirasiyla KDKKK ve PI
kontrolcli benzetim sonuglar1  goriilmektedir.
Yonelme agis1 kontrolii agisindan her iki kontrolcii
benzer sonuglar vermistir. Bununla birlikte Sekil
5’te PI kontrolciiniin ydnelme agist hatasmin
KDKKK ye oranla daha fazla oldugu
goriilmektedir. Hiz referansini takip agisindan PI
kontrolcliniin ani degisim anlarinda gecikme
oldugu ve referanstan ayrildigi goriilmektedir. Ek
olarak her iki kontrolcii tarafindan tiretilen u,, - uy
kontrol isaretleri kullanilarak elde edilen, sag ve
sol tekerlere gonderilen komut igaretleri z,. ve T, de
verilmistir.

Ikinci referans isareti olarak gdvde hizi sinus ve
yonelme agisi sinus isaret uygulanmistir. Sekil 6 ve
Sekil 7’de sirasiyla verilen KDKKK ve PI
kontrolcii benzetim sonuglarinda; degisimin gévde
hiz1 ve yonelme agisi olarak daha yumusak oldugu
bu referans isareti i¢in her iki kontrolcii de takip
acisindan benzer performanslar sergilemistir.
Govde hiz1 ve yonelme agist hata miktarlarinda
KDKKK’niin PI kontrolciiye oranla daha az hata
ile referans isaretleri takip ettigi goriilmektedir.
Avyrica her iki kontrolcii tarafindan tiretilen u,, - ug
kontrol isaretleri kullanilarak elde edilen, sag ve
sol tekerlere gonderilen komut isaretleri ,. ve T; de
verilmistir.

43

0.4 T T T T
0.2r- —
Q ——Referans
v
E o — Simiilasyon
> é
B o — b
04 : : : :
0 5 10 15 20 25
Zaman (sn)
05 T T T T
- Hata
@
S
~ 0
o
©
T
05 : : : :
0 5 10 15 20 25
Zaman (sn)
2 T T T T
1 i
~—
ko)
@, i
=
s —Referans
1 — Similasyon
2 I I I I

Hata (rad)

4 L L L L
0 5 10 15 20 25

Zaman (sn)
0.4 0.4

0.2 0.2

T (V)
= (V)

02 0.2

Sol Motor Komut
04 0.4
0 5 10 15 20 25 0 5 10 15 20 25

Zaman (sn) Zaman (sn)

Sag motor Komut

Sekil 4. Hiz Kare/Yo6nelme Agisi Siniis referans
KDKKK benzetim sonuglari



0.4

0.2

v (m/s)

-0.2

0.4

0.5

Hata (m/s)

-0.5

Bilge International Journal of Science and Technology Research 2017, 1(Special Issue): 38-46

— Referans
— Similasyon
e —

: :
0 5 10 15 20 25
Zaman (sn)

L — Hata L
0 5 10 15 20 25
Zaman (sn)

¢ (rad)

T T

r r

— Referans
— Similasyon

r

10 15
Zaman (sn)

20 25

T T

L L
10 15

0 5 20 25
Zaman (sn)
0.4 0.4
0.2 0.2
— =
2 2
0 ~ 0
— o
e e
-0.2 -0.2
Sol Motor Komut Sag motor Komut
0.4 -0.4
0 5 10 15 20 25 0 5 10 15 20 25

Zaman (s)

Zaman (s)

Sekil 5. Hiz Kare/Y6nelme Agisi Siniis referans PI
kontrolcii benzetim sonuglari

44

0.2

L

—— Referans
— Similasyon

0 5 1’0 15
Zaman (sn)

20

IN

T T

~

Hata (m/s)

4 L L L
0 5 10 15

Zaman (sn)

—— Referans
— SimUlasyon

2 r L L
0 5 10 15

Zaman (s)

4 T T T

=)
Il
S
=
ol
©
I -
4 . : : :
0 5 10 15 20 25
Zaman (sn)
0.4 0.4
0.2 0.2
— —
2 2
— o
L e
02 0.2
Sol Motor Komut — Sag motor Komut
0.4 0.4
0 5 10 15 20 25 0 5 10 15 20 25

Zaman (sn)

Sekil 6. Hiz Siniis/Y&nelme Agisi Siniis referans

KDKKK benzetim sonuglar1

Zaman (sn)



Bilge International Journal of Science and Technology Research 2017, 1(Special Issue): 38-46

T T T T
0.2
@
£ o
g —— Referans
02f — Simllasyon
0 5 10 15 20 25
Zaman (sn)
B
x 10
4 T T T T
— Hata
—~, ]
@2
£
L ]
o
IS
T 2 A
“ : : . :
0 5 10 15 20 25
Zaman (sn)
2 T T
A
=)
Lo
ey —— Referans
ir — Similasyon
2 : : : :
0 5 10 15 20 25
Zaman (s)
5 10°
G 1
g
=
8
S
T

0 5 10 15 20 25
Zaman (sn)

0.4 0.4

02 02
O /\/\ 0 /\/\
0.2 0.2

Sag motor Komut

T V)
T (V)

Sol Motor Komut

5 10 15 20 25 - 0 5 10 15 20 25
Zaman (sn) Zaman (sn)

Sekil 7. Hiz Siniis/Yonelme Agisi Siniis referans
PI kontrolcii benzetim sonuglari

4. Sonuglar

Bu ¢alismada Dort Teker Tahrikli Mobil Robotun
(4TT MR) benzetim ortaminda gdvde hizi ve
yonelme acisinin kontrolii i¢in Kesir Dereceli
Kayan Kipli Kontrolcti (KDKKK) performansi test
edilmistir. Onerilen Kesir Dereceli Kayan Kipli
Kontrolcii (KDKKK)’niin performansini
kiyaslamak i¢in parametreleri iyi ayarlanmis bir PI
kontrolciisii de ayr1 referanslar kullanilarak test
edilmistir. Benzetim sonuglari KDKKK’niin PI
kontrolciiye gore referanstaki ani degisimlere daha
hizl1 cevap verme, referanstan ayrilmama ve daha
az hata miktar1 agisindan istiin - oldugunu
gostermektedir. Ilerleyen caligmalarda onerilen
kontrolctiniin deney diizenegi {iizerinde gergek
zamanli performansinin test edilmesi
planlanmaktadir.
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Investigation of the Effect of Curing Applications Containing
Different Nano Silica on the Strength of Cementitious
Composites

A. Akin'", A. J. Zia?

Abstract: In this study, the difference between the increase rate of compressive strengths of cement-bonded
composites at various ages cured in water and solutions containing different amount of nano-slica has been
investigated. In the new generation curing solution developed, 0.5%, 1%, 2% and 3% of nano silica were
used. A series of samples were cured in water only for control purposes. In the production of cement-bonded
composites, fly ashes which are classified by ASTM standards as class F and C were used. In this way, the
increase in strength of cementitious composites containing fly ash in different properties are cured in water
and solution with different nano silica amount has been revealed. According to the results obtained from the
experimental studies, the highest strength values were obtained from the samples cured in the solution with
the 2% ratio of nano silica.

Keywords: Cementitious composite, nano silica, fly-ash, cure.

Farkl Oranda Nano Silika Iceren Kiir Uygulamalarinin
Cimento Baglayicih Kompozitlerin Dayanimina Etkisinin
Incelenmesi

Ozet: Bu calisma ile farkli oranlarda nano silika igeren soliisyonlarda kiir edilen ¢imento baglayicili
kompozitlerin farkli yaslarda basing dayanimmina tabi tutulmasi sonucu su igerisinde kiir edilen numunelere
gore dayanim artisinin ne oranda oldugu test edilmistir. Gelistirilen yeni nesil kiir soliisyonunda %0,5, %1,
%2 ve %3 oranlarinda nano silika kullanilmstir. Uretilen bir seri numune kontrol amaciyla sadece su
igerisinde kiir edilmistir. Cimento baglayicili kompozitlerin tiretiminde ASTM standartlarina gore F ve C
smifi 6zellikler gosteren ugucu kiiller kullanilmistir. Buna gore farkli 6zellikte ugucu kiil igeren ¢imento
baglayicili kompozitlerin farkli oranlarda nano silika soliisyonu igerisinde kiir edilmesi ve su igerisinde kiir
edilmesi sonucu gelisen dayanim artislar1 ortaya konmustur. Deneysel galismalardan elde dilen sonuglara
gore en yiiksek dayanim degerleri %2’ lik orana sahip soliisyon igerisinde kiir edilen numunelerden elde
edilmistir.

Anahtar Kelimeler: Cimento baglayicili kompozitler, nano silika, ugucu kiil, kiir.

1. Giris ¢ekmektedir. Nano partikiillerin kullanimi ile

malzemelerin mukavemet, durabilite, islenebilirlik
Pek cok bilim ve miihendislik alanlarinda oldugu gibi  Ozelliklerinin  iyilestirilmesi ~ miimkiin
gibi Ingaat Mihendisligi alanin da nano olabilmektedir (Collepardi vd., 2004; Gaitero vd.,
teknolojideki gelismeler yakindan takip edilmekte 2008; Kawashima vd., 2012) Beton {iretiminde
ve olast yeni uygulama alanlar1 belirlenmeye nano boyutta yapilan degisiklikler kapsaminda
calisilmaktadir. Nano partikiillerin yap1 malzemesi ¢imento tanelerine, ¢imento fazlarina, agregalara
olarak kullanimi1 her gecen giin daha da ilgi veya katkilara molekiil asilamasi s6z konusu
Selguk Universitesi, Miihendislik Fakiiltesi, ingaat Miihendisligi Citation (Atif): Akin, A., Zia, AJ. (2017). Farkli Oranda Nano Silika
Boliimii, Konya/Tiirkiye fgeren Kiir Uygulamalarinin  Cimento Baglayicili Kompozitlerin
Karatay Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Dayanimina Etkisinin Incelenmesi. Bilge International Journal of
Boliimii, Konya/Tiirkiye Science and Technology Research, 1 (Special Issue): 47-51.

*Corresponding author(iletisim yazar): arifearslan@selcuk.edu.tr
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olmaktadir. Cimento esasli malzemeler icin biiylik
onem tegkil eden, ayn1 zamanda kendisi de bir
nano malzeme olarak nitelendirilebilecek C-S-H
jelinin ve diger hidratasyon {iriinlerinin nano ve
mikro oOlgekteki fiziksel ve kimyasal 6zelliklerinin
anlasilmasiyla malzemelerin makro boyuttaki
ozellik ve performanslari kontrol edilebilir hale
gelmektedir.

Nano malzemelerin ~ 6nemini  ve  betonun
ozelliklerine etkilerini anlamak icin ¢ok sayida
aragtirma  yapilmistir. Bu arasgtirmalarin  bir
kisminda ¢imento esasl kompozitlerin
tasarlanmasinda nano boyutta modifiye edilmis
SiO2, AlxOs, TiO2, Fe0s CaCOs ve karbon
nanotiip gibi malzememeler kullanilmistir (Nazari
vd., 2011; Jalal vd., 2013; Madandoust vd., 2015;
Hou vd., 2015) Yapilan bu g¢alismalarda genelde
nano parcaciklar baglayicinin belirli bir yiizdesi ile
yerdegistirilerek kullantlmistir. Deneysel
caligmalar neticesinde ¢ok kiigiik miktarlarda
kullanilan nano malzemelerin bile betonun ya da
ozel bir beton cesidi olan ¢imento baglayicili
kompozitlerin basing, egilmede ¢ekme, yarmada
¢cekme gibi mekanik 6zelliklerinde ve su emme, su
gecirimsizligi, donma-¢éziinme tekrarlart gibi
durabilite  ozelliklerinde  belirgin  iyilesmeler
oldugu goézlenmistir.

Cimento  baglayicih ~ kompozitler ~ (ECC-
Engineered Cementitious Composites), (Li, 2012)
tarafindan gelistirilen klasik betona ve liflerle
giiclendirilmis betonlara yakin bir kompozisyona
sahip olmakla birlikte, siineklik 6zellikleri klasik
betondan olduk¢a farklidir. Geleneksel beton son
derece gevrek bir malzemedir, ¢ekmede birim gekil
degistirme kapasitesi %0.01 seviyelerindedir.
Yalin beton ve lifli betonlarda ilk c¢atlak
olusumundan sonra yiik artisi olmadan catlak
genisleyerek deformasyon yumusamasi olurken,
¢imento baglayicili kompozitler deformasyon
sertlesmesi davranigini  gdsteren malzemelerdir
(Keskinates vd., 2016). Deformasyon sertlesmesi
davranisi, kompozitin ¢oklu ¢atlak davranisi
gosterme  potansiyelidir.  Genellikle  catlak
geniglikleri 100 pm’nin altindadir. Dar catlak
genigligi ayn1 zamanda kompozitin kendiliginden
iyilesmesi i¢in gerekli Onemli parametrelerden
biridir. Kendiliginden iyilesme mekanizmasi, daha
once hidrate olmamis ¢imentonun hidrate olmasi,
kalsit olusumu, c¢atlak kenarlarindaki betonun
geniglemesi, kristallesme, catlaklarin su
icerisindeki kati maddeler tarafindan tikanmasi
gibi sebeplerle miimkiin olabilmektedir (Sahmaran
vd., 2013).
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Literatiirden farkli olarak bu c¢alismada nano
parcaciklar, ¢imento baglayicili kompozitlerin
tasariminda bir katki olarak degil, kiir suyu
igerisine  katilarak  hazirlanan  nano  silika
soliisyonunun, sadece su igerisinde bekletilen
numunelere gore 3, 7 ve 28 giinlik basing
dayanimlarinda ne gibi degisiklikler olusturdugu
arastirilmistir,.  Ayn1  zamanda nano  silika
soliisyonlart  %0.5, %1, %2, %3 gibi farkli
oranlarda hazirlanarak dayanim agisindan en iyi
sonuglar veren konsantrasyon degeri belirlenmis
ve optimum nano silika %’ si olarak kabul
edilmistir.

2. Materyal ve Yontem

Deneysel c¢alismalarda iretilen kompozitlerin
tasariminda ¢imento olarak CEM 1 42.5 tipi
cimento(PC), F ve C smifi olarak iki farkh
ozellikte ucucu kii 1(UK), tane biyikligi
maksimum 400 [/m olan kuvars kumu ve siiper
akiskanlastirici(SA) katki malzemesi
kullanilmistir. Cizelge 1° de bu malzemelerin
karisimda hangi oranlarda kullanildigi, Cizelge 2’
de ise ¢imento ve ucucu kiillerin fiziksel ve
kimyasal ozellikleri verilmistir. ASTM C 618
standardma gére F  smifi  ugucu kil
SiOz+Al,O3+Fe;03 degerinin %70’ in iizerinde ve
CaO degerinin %10’ un altinda olmas1 sebebiyle
disik  kiregli, C smifi  ugucu kil ise
SiO+AlLOs+Fe;03  degerinin - %70° in altinda
olmasi ve CaO degerinin %10’ un iizerinde olmasi
sebebiyle yiiksek kiregli kiil olarak ayrilmaktadir.
Iki farkli 6zellikte ugucu kiil ile hazirlanan
karigimlarda biitin @ malzeme oranlar1  sabit
tutulmus, sadece ayni islenebilirligi saglamak
amaciyla akiskanlastirict katk1 miktari
degistirilmistir.

Karisimlar hazirlanirken iki farkli hiz kademesine
sahip 5 It Kkapasiteli planet tipi mikser
kullanilmugtir. Oncelikle toz malzemeler
(Cimento, ugucu kiil ve kum) 2 dk diisiik devirde
karistirtlmig, daha sonra suyun yaklasik %70’i
ilave edilerek 2 dk yiiksek devirde karigtirilmis ve
son olarak akigkanlastirici ve suyun kalan kismi
birlikte karisggtma dahil edilerek 3 dk yiiksek
devirde kanstirilmistir.  Cimento  baglayicili
kompozitlerin eksenel basing dayanimlarini test
edebilmek amaciyla 50x50 mm boyutunda kiip
numuneler hazirlanmistir. Hazirlanan numuneler
ilk 24 saat kaliplarindan c¢ikarilincaya kadar
%9545 nem, 23+2 °C sicaklik degerlerini
saglayacak plastik torbalarda muhafaza edilmistir.
24 saat sonrasinda kaliplarindan  ¢ikarilan
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numuneler 4 farkli konsantrasyon degerine sahip
soliisyon (%0.5, %1, %2, %3) ve kontrol amaciyla
su icerisinde deney giinline kadar bekletilmek
iizere konulmustur. Bu ¢alismada farkli oranlarda
nano silika igeren soliisyonlarin hazirlanmasinda
ticari olarak satilan ve igerisinde %30 nano silika
bulunan soliisyon kullanilmistir. Bunun sebebi toz
halindeki nano silikanin su igerisinde homojen
olarak dagitilmasi ve bu homojenligini en son
deney giiniine kadar (28 giin) bozulmadan
koruyabilmesini saglamaktir. Soliisyonu temin
ettigimiz firmanin verdigi bilgilere goére soliisyon
igerisinde herhangi bir ¢okelme olugmamasi igin
pH degerinin 8-11 arasinda olmasi yani alkali
degerinin yiiksek olmasi gerekiyordu. Bu sebeple
su ile seyreltilen soliisyonlara sodyum hidroksit
(NaOH) ilave edilerek pH degeri arttirilmistir.

Cizelge 1. Karisimlarda kullanilan malzeme
oranlari

Karigim oranlari
Kod

PC UK/ Kum/ Su/ SA

PC (UK/PC) | (UK/PC) | (kg/m®)

F-UK |1 12 | 036 0.27 4.3
C-UK |1 12 | 036 0.27 5.2

Cizelge 2. Cimento ve karisgimlarda kullanilan

farkli ucucu kiillerin kimyasal ve fiziksel

ozellikleri
Kimyasal PC UK (F) | UK (C)
Bilesimi(%)
SiO; 20.8 58.75 34.29
Al20s 5.42 25.24 14.94
Fe:0s3 2.98 5.76 4.25
S+A+F 29.2 89.75 53.49
CaO 61.53 | 1.46 30.82
MgO 2.39 2.22 2.08
SOs3 2.4 0.08 7.02
K20 0.75 4.05 0.97
Na,O 0.21 0.60 0.61
Fiziksel
Ozellikleri 306 |2 2.47
Ozgiil agirlik 325 290 308
Incelik (m%kg)

3. Bulgular

Eksenel basing deneyleri 2200 N/sn yiikleme hizi
ile gerceklestirilmistir. 3, 7 ve 28 giin farkli nano
silika konsantrasyonlarinda ve su igerisinde
bekletilen numunelerin basing degerleri i¢in en az
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iic numune test edilmis ve ortalamalari alinmustir.
Cizelge 3 ve 4’ te sirastyla F ve C sinifi ugucu kiil
numunelerine ait basing dayanim degerleri
verilmisgtir.

Cizelge 3’ den 28 giinliik ortalama basing dayanim
degerlerine bakildiginda F smifi ugucu kil ile
hazirlanan farkli nano silika soliisyonu igerisinde
kiir edilen numunelerin, sadece su igerisinde kiir
edilen numunelere gore dayanimlarinda bir artig
oldugu, bununla birlikte %?2 oraninda nano silika
igeren soliisyonda kiir edilen numunelerin basing
dayanimlarinm, diger konsantrasyon degerlerine
sahip soliisyonlarda ve yalin suda kiir edilen

numunelere  gére  daha  yiksek  oldugu
goriilmektedir. %2  soliisyonda kiir edilen
numunelerin  basing dayanimlari, sadece su

icerisinde kiir edilen numunelerin basin¢ dayanim
degerlerinden yaklasik %7 daha fazla ¢ikmistir.

C smifi ig¢in yapilan deney sonuglarina
bakildiginda ise, farkli oranlarda nano silika iceren
soliisyonlarda kiir edilen numunelerin basing
dayanimlar1 arasinda en yiiksek degerlerin %2
soliisyon oraninda kiir edilen numunelerden elde
edildigi goriilmektedir. Fakat bu artis ¢cok kayda
deger bir artis degildir. Ayn1 zamanda su igerisinde
kiir edilen numunelerin basing dayanimlar1 daha
yiiksek c¢ikmistir. Bunun nedeninin baglangicta
nano silika ihtiva eden kiir soliisyonlarinin
hazirlanmasinda NaOH ilavesinin  yapilmamig
olmasindan  kaynaklandigi  diisliniilmektedir.
Deneysel ¢alismalarda ilk olarak C sinifi ugucu kiil
karisgimlart hazirlanmis ve kir edilmistir. 1k
baglarda, seyreltilen soliisyonun pH degerinin
bozulmamas: gerektigi bilinmediginden soliisyon
icerisinde kiir edilen numunelerin yiizeyinde bir jel
tabakast  olusmustur. Muhtemelen bu jel
tabakasmin, nano pargaciklarm  kompozitin
hidratasyon = olayina katilmasin1  engelledigi
diisiiniilmektedir. Ikinci asamada F smifi ugucu kiil
ile hazirlanan numunelerin  kiir  edilecegi
sollisyonlar igerisine bir miktar NaOH ilave
edilerek c¢ozeltinin alkali degeri yiikseltilmis ve
boylece numune yiizeyinde jel tabakasi olusmadigi
gozlemlenmistir.
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Cizelge 3. F smifi ugucu kiil ile hazirlanan numunelerin 3, 7 ve 28 giinliik basing dayanim degerleri

" 3 7 28
KUR S 1l orr | .. | ORT 28 ORT

NO | SARTI ((;I\‘jl'gg;‘ (MPa) ((;I\‘jl“;;;‘ (MPa) ((;,t‘/l“;;;‘ (MPa)

1 353 37.99 62.41

2 |F-UK-0.5 [36.98  |37.19 [376 3820 [64.69 62.85

3 39.29 39 61.46

1 33.78 37.16 67.69

2 |F-UK-1 [37.49  |3561 |[37.12  |3633 |59.74 63.93

3 3557 34.72 64.36

1 41.81 46.07 56.08

2 |F-UK-2 [3425 3842 [3961  |4207 [71.42 64.52

3 39.19 40.52 66.05

1 3258 37.73 62.12

2 |F-UK3 [3563  |37.09 [4098  |3848 |60.67 62.32

3 43.05 36.74 64.17

1 33.93 39.19 57.66

2 |F-UK-Su 3453|3629 [29.44  |36.23 |62.12 59.95

3 35.42 40.07 60.07

Cizelge 4. C sinifi ugucu kil ile hazirlanan numunelerin 3, 7 ve 28 giinliik basing dayanim degerleri

NO |KUR éﬁnmk ORT éﬁnmk ORT 28 Giinliik | ORT
SARTI (MPa) (MPa) (MPa) (MPa) | (MPa) (MPa)

1 21,61 20,39 22,57

2 |C-UK-0.5 |18,53 18,68 |15,89 17,29 |31,16 26,88

3 15,89 15,6 26,9

1 19,43 23,31 28,97

2 |C-UK-1 [22,81 21,26 |19,69 2191 |24,84 26,18

3 21,53 22,74 24,74

1 24,56 21,89 29,74

2 |C-UK-2 |21,56 23,11 |22,55 22,37 |3358 31,84

3 23,21 22,68 32,21

1 24,69 23,93 25,25

2 |C-UK-3 20,62 21,69 17,03 19,08 27,09 25,16

3 19,77 16,29 23,15

1 25,32 24,12 33,48

2 |C-UK-Su |23,27 2429 22,43 23,28 [34,27 31,43

3 24,29 23,3 26,53

4. Tartisma ve Sonuclar

Literatiirden farkli olarak nano parcaciklarin
betona benzer 6zellik gosteren ¢imento baglayicil
kompozitlerde bir katki malzemesi olarak degilde,
kiir asamasindaki etkilerini arastirmak amaciyla
yapilan bu deneysel caligmalar neticesinde elde

edilen sonuglar agagida

vurgulanmigtir.
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maddeler

halinde

o Yiiksek miktarda mineral katki malzemesi
iceren ¢imento baglayicili kompozitlerde

kullanilan

mineral

katka

¢esidinin

kompozitin mekanik &zellikleri {izerinde
oldukca etkili oldugu goriilmiistiir. F ve C
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sinifi ugucu kiil kullanilarak hazirlanan
numuneler  lizerinde  yapilan  basing
deneyleri, F smifi kiilin kompozitle daha
uyumlu oldugu sonucunu ortaya ¢ikarmistir.

e Dort farkli oranda nano silika igeren
soliisyonlarda kiir edilen numunelerin basing
dayanim degerleri kiyaslandiginda, en
yiksek  dayanim  degerlerini  veren
konsantrasyon degerinin her iki karigimda da
(F ve C smifi ugucu kiil ile hazirlanan) %2’
lik orana sahip soliisyonda kiir edilen
numunelerden elde edildigi gorilmistiir.

Boylece optimum nano silika
konsantrasyonun %2 olmast  gerektigi
anlagilmistir.

o Nano pargaciklarin katki malzemesi olarak
degilde, kiir asamasinda betona ne oranda
katki saglayacaginin anlasilmasi ile, betonun
kiirii sirasinda olusabilecek kilcal ¢atlaklarin
ve dayanim diisiisiiniin bir miktar azalacagi

ve hatta dayanimda artis olabilecegi
distiniilmektedir. Bu  sekilde betonda
kendiliginden iyilesme mekanizmasi

tizerinde nano boyutta modifiye edilmis
nano pargaciklar ile hazirlanan kiiriin etkili
olabilecegi sonucunu diisiindiirmiistiir.

Tesekkiir

Bu calismalarmm  gerceklestirilmesinde MAG-
116M003 nolu proje numarasi ile finansal destek
saglayan TUBITAK’ a tesekkiirlerimizi sunariz.

Kaynaklar

Collepardi, M., Collepardi, S., Skarp, U., Troli, R.
(2004). Optimization of silica fume, fly ash
and amorphous nano-silica in
superplasticized high-performance concrete.
ACI Spec. Publ., vol. 221, pp. 495-505.

Gaitero, J. J., Campillo, I., Guerrero, A. (2008).
Reduction of the calcium leaching rate of
cement paste by addition of silica
nanoparticles. Cem. Concr. Res., vol. 38, no.
8-9, pp. 1112-1118.

Hou, P., Qian, J., Cheng, X., Shah, S. P. (2015).
Effects of the pozzolanic reactivity of
nanoSiO2 on cement-based materials. Cem.
Concr. Compos., vol. 55.

51

Jalal, M., Fathi, M., Farzad, M. (2013). Effects of
fly ash and TiO; nanoparticles on rheological,
mechanical, microstructural and thermal
properties of high strength self compacting
concrete. Mech. Mater., vol. 61, pp. 11-27.

Kawashima, S., Kim, J. H., Corr, D. J., Shah, S. P.
(2012). Study of the mechanisms underlying
the fresh-state response of cementitious
materials modified with nanoclays. Constr.
Build. Mater., vol. 36, pp. 749-757.

Keskinates, M., Felekoglu, K. T., Felekoglu, B.,
Godek, E. (2016). Cimento Esasli Lifli
Kompozitlerde Su/Cimento Orami ve Mineral
Katki Tiirlinlin Coklu Catlak Davranisina
Etkisi. Deu Muhendis. Fak. Fen ve
Muhendis., vol. 18, no. 54, pp. 440-440, Jan.

Li, V. C. (2002). Reflections on the Research and
Development of Engineered Cementitious
Composites (ECC). Proceedings of the JCI
International Workshop on Ductile Fiber

Reinforced Cementitious Composites
(DFRCC)- Aplication and Evaluation-
October.

Madandoust, R., Mohseni, E., Mousavi, S. Y.,
Namnevis, M. (2015). An experimental
investigation on the durability of self-
compacting mortar containing nano-SiO2,
nano-Fe203 and nano-CuO. Constr. Build.
Mater., vol. 86, pp. 44-50.

Nazari, A., Riahi, S. (2011). The effects of SiO02
nanoparticles on physical and mechanical
properties of high strength compacting
concrete. Compos. Part B Eng., vol. 42, no. 3,

pp. 570-578.

Sahmaran, M., Yildirim, G., Erdem, T. K. (2013).
Self-healing capability of cementitious
composites incorporating different

supplementary cementitious materials. Cem.
Concr. Compos., vol. 35, no. 1, pp. 89-101.



Bilge International Journal of Science and Technology Research fBjLGE

Web : http://dergipark.gov.tr/bilgesci - E-mail: kutbilgescience@gmail.com

ISSN: 2587-0742 a—
e-ISSN: 2587-1749 | i@’
1(Special Issue), 52-58, 2017 nternational>

PID Controller Design Based on Reference Model in Fractional
Order Control Systems
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Abstract: In the modeling of physical systems, fractional order systems are known to perform a more
successful modelling than integer order systems. In this paper, PID controller design was performed
according to a reference model for a fractional order system. The main purpose of the study is to obtain PID
controller parameters according to a desired time response in the output signal. It is aimed to obtain the
optimum PID parameters by minimizing the error between the reference model and controlled system.
Integral performance criteria were used to minimize the error. The reference model is a transfer function of a
second order system. This transfer function has two parameters that need to be set. These parameters are
natural frequency (on) and damping ratio ({). By setting these two parameters, desired unit step response
curve can be obtained. PID controller parameters were obtained by optimization method. Optimization
describes problem-solving processes in a systematic way by minimizing or maximizing a real function and
placing values in the function. PID controller parameters are obtained by optimizing according to model
transfer functions. By applying the calculated PID controller parameters to the fractional order control
system, the unit step responses are obtained. The success of the optimization method can be seen from the
graphs obtained and from the given tables.

Keywords: PID Controller, Optimization, Fractional order systems

Kesir Dereceli Kontrol Sistemlerinde Referans Modele Dayah
PID Kontrolor Tasarim

Ozet: Fiziksel sistemlerin modellenmesinde, kesir dereceli sistemler tamsay1 dereceli sistemlere gore daha
basarili bir modelleme gergeklestirebilmektedir. Calismada, kesir dereceli bir sistem i¢in referans bir modele
gore PID kontrolor tasarimu gergeklestirilmistir. Calismanin temel amaci, ¢ikis sinyalinde istenen bir zaman
cevabina gore PID kontrolor parametrelerini elde etmektir. Referans model ile denetlenen sistem arasindaki
hata minimize edilerek optimum PID parametrelerinin elde edilmesi amag¢lanmistir. Hatayr minimize etmek
icin siklikla integral performans kriterleri kullanilir. Referans olarak alinan sistem ikinci mertebeden bir
sistemin transfer fonksiyonudur. Bu transfer fonksiyonu ayarlanmasi gereken iki parametreye sahiptir. Bu
parametreler dogal frekans (wn) ve soniim oranidir (§). Bu iki parametre ayarlanarak istenilen birim basamak
cevap egrisi elde edilebilir. PID kontrolor parametrelerinin elde edilmesi optimizasyon yontemiyle
gercgeklestirilmistir. Optimizasyon bir gercel fonksiyonu minimize ya da maksimize etmek amaci ile
fonksiyona degerler yerlestirerek sistematik bir sekilde problem ¢oziim islemlerini tanimlar. Bu model
transfer fonksiyonlarma gore optimizasyon islemi gerceklestirilerek, PID kontrolér parametreleri elde
edilebilir. Bulunan PID Kkontrolor parametrelerinin kesir dereceli kontrol sistemine uygulanmasiyla,
denetlenen sistem ¢ikiginda birim basamak cevaplari elde edilir. Optimizasyon yonteminin basarisi elde
edilen grafiklerden ve olusturulan tablolardan goriilmektedir.
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1. Giris

Kontrol sistemlerinin tasarim asamasinda iki temel
bilesenden biri kontrol edilen sistem, digeri ise
kontrol eden sistemdir. Kontrol sistemlerinin
tasarimindaki temel amag, kontrol sisteminden
beklenenleri  karsilayacak  sekilde  kontroldr
yapisinin se¢imi ve kontrolor parametrelerinin
tespit edilmesidir. Bu ¢alismada, kesir dereceli bir
sistem i¢in PID kontrolér tasarimi gergeklestirmek
amacityla bir yontem sunulmustur.

Fiziksel sistemlerin  modellenmesinde,  kesir
dereceli sistemler tamsayr dereceli sistemleri
modellerken  daha basarili  sonuglar  elde

edilebilmektedir. Ilk olarak 1695 yilinda adindan
bahsedilen kesir dereceli hesaplamalar,
giiniimiizde giderek artan bir kullanim alanma
sahip olmustur. Giiniimiiz diinyasinda, kontrol ve
birgok alanda kesir dereceli sistemler ile ilgili
birgok calisma gormek miimkiindiir (Battula ve
Reddy, 2008; Bohannan, 2008; Cervera ve Bafios,
2006; Lokenath, 2003; Panda ve Dash, 2006; Pu
vd., 2006).

Kontrol sistemlerinde kullanilan farkli kontroldr
yapilart mevcuttur. Bunlardan en ¢ok kullanilanlar
PID, PI, PD, faz ilerlemeli ya da faz gerilemeli
kontroldr seklindedir. Calismada tercih edilen PID
kontrolér bircok avantajindan dolayr genis bir
kullanim alanina sahiptir. Hesaplanmasi1 gereken
parametre sayist az, yapisi basit, dayanikli ve
giivenilebilir olmasit bu kontrolérleri 6n plana
¢ikarmaktadir. PID kontrolérler oransal-integral-
tirev bilesenlerinin {istiin yanlarmi tek bir yap1
altinda toplayan kontroldrlerdir. Integral bileseni
sistemde kalic1 hal hatasimi sifira yaklastirirken,
tiirev etki sistemin cevap hizin1 artirmaktadir. PID
kontrolérlerin  parametrelerinin  ayarlanmasinda
literatiirde kullanilan bircok yontem mevcuttur.
Bunlardan en ¢ok bilinenleri Ziegler-Nichols,
Astrom-Higglund ~ seklindedir ~ (Astrém  ve
Hégglund, 2001; Ziegler ve Nichols, 1942). Klasik
tasarim  yontemlerinin  yaninda optimizasyon
yontemleri de mevcuttur. Gelismis bilgisayar
yazilimlar1 kullanilarak ve model olusturularak
PID  kontrolér  parametrelerini  hesaplamak
miimkiindiir.

Referans model olarak kullanilacak olan ikinci
mertebeden transfer fonksiyonunda dogal frekans
(on) ve sonim oramt (§)  degerlerinin
ayarlanmasiyla istenilen ¢ikis cevabr elde
edilebilir. PID kontrolér parametrelerinin elde
edilmesi isleminde integral performans
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kriterlerinden yararlanilir. En kiigiik hata degerini
veren PID kontrolor parametreleri belirlenir.

Sunulan bu c¢alisma bes bolimden olusmustur.
Giris boliimiinden sonra, ikinci boliimde kesir
dereceli sistemlerden bahsedilmistir. Ucgiincii
boliim, calismada referans model olarak alinan
ikinci mertebeden kontrol sistemleri ile ilgilidir.
Dordiincii  boliimde PID kontrolérlerin  yapist,
optimizasyon ydntemi ve yontemin uygulamasina
yer verilmistir. Son boliim, sonug boliimiidiir.

2. Kesir Dereceli Sistemler

Tiirev dereceleri tamsayr olmayan (reel say1)
degerler alabilen, diferansiyel denklemlerle ifade
edilen sistemler kesir dereceli sistemler olarak
adlandirilir. Kesir dereceli hesaplamalarin tarihi
17.ylizyila dayanmaktadir. flk kullanim L’Hospital
ve Leibniz arasindaki mektuplasma ile 1695
yilinda baslamistir (Xue vd., 2006). 1823 yilinda
ilk uygulama Abel tarafindan gelistirilmistir. Daha
sonraki yillarda Riemann, Lioville ve Holmgren
ilk sistematik ¢alismalart 19.ylizyilda yapmislardir
(Monje vd., 2010). 1lk zamanlarda kisith
hesaplama giiciinden dolayr sinirl sayida calisma
gerceklestirilirken, son  yillarda  bilgisayar
bilimindeki hizli gelismeye paralel olarak bu
alanda yapilan ¢alismalar artmastir.

Kesir dereceli hesaplama matematigin bir kolu
olarak ifade ediliyor olsa da, farkli bilim
alanlarmda uygulamalarini gérmek miimkiindjir.
Bu alanlardan birisi de kontrol miihendisligi
alanidir. Kesirli hesaplamalarin kontrol alaninda
yapilan ilk uygulamasi 1958 wyilinda Tustin
tarafindan gergeklestirilmistir (Tustin, 1958). Daha
sonra Manabe yapmis oldugu ¢alismalarla bu alana
katki saglamistir (Manabe, 1961;Manabe, 1963).
Son yillarda konu ile ilgili ¢ok sayida calisma
literatiirde yerini almusgtir.

Kesir dereceli tiirev ve integraller icin yaygin
olarak kullanilan {i¢ tanim vardir. Bunlar
Griinwald-Letnikov, Riemann-Lioville ve Caputo
tanimlaridir. Bu tanimlarla ilgili daha detayl1 bilgi
i¢in (Gutiérrez vd., 2010) incelenebilir.

Rls) Efs) Yis)

C(s) G(s)

Sekil 1. Birim geri beslemeli kontrol sistemi
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Sekil 1’de birim geri beslemeli bir kontrol
sisteminin blok diyagrami gosterilmistir. Burada
C(s) kontrolorii, G(s) kontrol edilecek sistemi
gosterir. Sekilde gosterilen G(S) kesir dereceli bir
sistem oldugunda transfer fonksiyonu Denklem 1
ile ifade edilir (Chen vd., 2009; Xue vd., 2006).
Burada ai (i=0,1,2..n) ve i (i=0,1,2...m) reel
sayilary, & (i=0,1,2...n) ve by (i=0,1,2...m) sabit
terimleri gosterir.

B B 5
,S " b, ST+ + DS

. (1)

b
G (S) = n Qny
a,s™ +a, 8 ...+ a5

Kesir dereceli sistemlerin tamsay1 yaklagimlarmin
elde edilmesinde kullanilan bir¢ok yaklagim vardir.
Bunlardan en ¢ok bilinenleri Matsuda, Oustaloup,
Carlson gibi yaklagiklik yontemleridir (Carlson ve
Halijak, 1964; Matsuda ve Fujii, 1993; Oustaloup
vd., 2000). Calismada Matsuda’nin 4. dereceden
yaklasiklik metodu kullanilmistir. Bu yontemde
irrasyonel bir fonksiyonun gegtigi frekans
araliklar1 belirlenir. Logaritmik aralikli olan bu
frekans  noktalar1  kullanilarak  irrasyonel
fonksiyona siirekli kesir agilim1 yontemi uygulanir.
Eger bu frekans noktalar1 sy, k=0,1,2...olarak
secilirse, yaklagim Denklem 2 ile ifade edilir
(Matsuda ve Fujii, 1993).

H(s) =a0 +ﬁﬁﬁ
a+ a,+ a+

S—5§;
vi(s)—a

& =V (Si)v Vo(s) =H(s), Vi+1(s) = 2

3. ikinci Dereceden Kontrol Sistemleri

Ikinci mertebeden bir kontrol sistemine ait blok
diyagram Sekil 2°de gosterilmistir.

2
R(s) m E(s) Wn ves),

2 s(s + 2¢wy)

Sekil 2. Ikinci mertebeden 6rnek bir kontrol
sistemi

Sistemin agik ¢evrim transfer fonksiyonu Denklem
3’teki gibidir.

YO _ e -

()= EG)  s(s+2lw)

Kapali ¢evrim sistemin transfer fonksiyonu
Denklem 4’te verildigi gibidir (Katsuhiko, 2010).

MO @

G(s) = =
®) R(s) s°+2lw,s+]

Burada, wn dogal frekansi, { soniim oranini ifade
eder. Kontrol sistemlerinde ¢ikis biiyiikliiklerinin
zamana gore degisimi biiyiik 6nem ifade eder. Bir
kontrol sisteminin zaman cevabi gecici hal yaniti
ve siirekli hal yanitt olarak iki kisma ayrilir. Gegici
hal yanitinda, kontrol sisteminin en kisa siirede
kararli hale ulagsmasi ve diisiik bir asma yapmasi
beklenir.

fkinci mertebeden sistemin karakteristik denklemi,
kapali ¢evrim transfer fonksiyonunun paydasi
sifira esitlenerek bulunur ve Denklem 5 ile ifade
edilir.

A(S)=s"+2lm, s+ =0 (5)

R(s)= 1/s birim basamak giris fonksiyonu igin
sistem ¢ikist Denklem 6 ile ifade edilir.

2
a,

- (6)

TSt 2lw,s+o)

Y (s)

Denklem 6 ile ifade edilen esitlige ters doniisiim
uygulanarak Denklem 7 elde edilir (Katsuhiko,
2010; Kuo, 1987).

ot
yO) =1-——=
Va-¢%

Denklem 7°den goriildiigii iizere, ¢ikis cevabini
etkileyen iki parametre dogal frekans (wn) Ve
soniim oranidir (§). Bu iki parametrenin degisimi
yiizde agsma degeri, yiikselme, yerlesme ve tepe
zamani gibi gecici hal yanmiti parametrelerini
etkilemektedir. Dogal frekans sabit bir deger
almdiginda soniim oranma gore birim basamak
cevaplart Sekil 3’te gosterilmistir.

sin(e,1- ¢t +cos &) (7)
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Birim Basamak Cevabi (w"=1 rad/s)

A A
Vi

Genlik

¢=0.1
¢=0.3]
(=05
¢=0.7
¢=0.9

051

Zaman (s)

Sekil 3. Ikinci mertebeden érnek sistemde gesitli
s6niim oranlar1 i¢in birim basamak cevaplar1

4, PID Kontrolor Tasarim

Bu bolimde, PID kontroldrin yapisindan
bahsedilerek, calismada olusturulan optimizasyon
yontemi  anlatilmistir.  Ayrica  simiilasyonu
gerceklestirilen bir kesir dereceli sistem &rnek
olarak sunulmustur.

4.1. PID kontroloriin yapisi

Kontrol sistemlerinin vazgegilmez &gelerinden
birisi olan PID kontroldrler c¢esitli nedenlerden
dolay1 kullanicilar tarafindan tercih edilmektedir.
Ayarlanabilir parametre sayisinin  az olmasi,
yapisinin basit olmasi tercih edilme sebeplerinin
basinda gelmektedir. Ayrica giivenilirligi ve
dayanikliligi diger tercih sebepleridir.

PID kontrolor iceren birim geri beslemeli bir
kontrol sisteminin blok diyagrami Sekil 1’de

gosterilmigtir.  Kontrolér  yapist  C(s) ile
gosterilmistir.  PID  kontrolorler {i¢  temel
kontroloriin (oransal-integral-tiirev)

birlesmesinden meydana gelir ve kontrol sinyali
u(t), Denklem 8 ile gosterilir (Katsuhiko, 2010).

u(t) =k et) +k .:[e(t)dt +k, %e(t) ©)

PID kontroloriin transfer fonksiyonu Denklem 9 ile
gosterilir (Katsuhiko, 2010).

C(s)=kp+%+kds 9)

PID kontroloriin transfer fonksiyonu zaman
sabitleri cinsinden Denklem 10 ile ifade edilir.
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C(s) =k, L+ 15 +T,5) (10)

Ts
Burada, zaman sabitleri Ti=kp/ki ve Td=kd/kp
seklindedir.

PID kontrolérler ihtiyag durumunda kd=0
yapilarak PI kontrolor ya da ki=0 yapilarak PD
kontrolor olarak kullanilabilirler. PID kontrolérler
genel anlamda sistemin hem gegici hem de kalici
hal durumunda etkilidirler.

4.2. Optimizasyon yontemi

PID kontroldér parametrelerinin hesaplanmasinda
kullanilan modelin blok diyagrami Sekil 4’te
verilmistir. Sekilde referans model ve denetlenen
sistemin arasindaki fark hata olarak tanimlanir.
Hatayr minimize etmek i¢in integral performans
kriterlerinden vyararlanilir. Burada tercih edilen
integral performans kriteri ITSE (integral of time-
weighted squared error) kriteridir. ITSE kriteri
Denklem 11 ile ifade edilir (Atherton, 2009).

J= Tt.ez(t)dt (11)

Burada t zamani, e(t) hatay: ifade etmektedir. Sekil
4’te olusturulan modelde hata Denklem 12’deki
gibi yazilabilir.

E(S) =Y,(5)-Y,(5) (12)

PID kontroloriin Kp, Ki ve Kg parametrelerine
baglangi¢c degerlerinin girilmesiyle optimizasyon
algoritmasi baslatilir. Sekil 4’te yer alan referans
modele dogal frekans ve soniim orani degerlerinin

girilmesiyle, en uygun PID kontrolér parametreleri
elde edilir.

w? vils)
‘ N ——
s(s + 2{w,)

s E(s)
~ ITSE
o cs) — 6@

Yos)
Out

Sekil 4. Olusturulan modelin blok diyagrami
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4.3. Simiilasyon sonuclari

Sekil 1°de verilen kontrol sisteminde kesir dereceli
transfer fonksiyonunu asagidaki gibi diisiinelim.

5

G(s)= >
®) s%°(s® +2s+1)

(13)

Referans modelin iki parametresine gore (wn ve ()
elde edilen kontrolér parametreleri Cizelge 1°de
verilmistir. Bu uygulama igin referans modelde 9

farkli transfer fonksiyonuna gore kontroldr
parametreleri  hesaplanmistir.  PID  kontrolor
parametrelerinin -~ Denklem  13°teki  transfer

fonksiyonuna uygulanmasiyla elde edilen birim
basamak cevaplar1 sekillerde sunulmustur.

Cizelge 1. PID kontrolor parametreleri

¢ Kp Ki Kg
wn=2 rad/s
0.3 1,401 0,048 0,306
0.5 1,443 0,037 0,543
0.7 1,700 0,032 0,919
wn=3 rad/s
0.3 3,302 0,068 0,757
0.5 3,302 0,054 1,001
0.7 3,551 0,046 1,516
wn=4 rad/s
0.3 6,045 0,087 1,291
0.5 6,014 0,070 1,724
0.7 6,378 0,060 2,258
16 Birim Basamak Cevabi
150 ' '
n =05
l.’ ‘\ w, =2 rad/s
A
i ! \L s
. ! S T~
5 PN
© i
\
0.5 [
————— kontrolérsiiz sistem
referans model
PID kontrolérlii sistem
0 . N
0 10 20 30

Zaman (s)

Sekil 5. Kontrolorlii ve kontrolorsiiz sistemlerin
kapal1 ¢evrim birim basamak cevaplari

Sekil 5, kontroldrsiiz sistem, referans model ve
PID kontrolorlii sistemin kapali g¢evrim birim
basamak egrilerini gostermektedir. PID kontrolorli

56

sistemin referans modelle ¢ok yakin bir cevap
sagladigt sekilden acikca goriilmektedir.

mn=2 rad/s i¢in Birim Basamak Cevabi

14
1k JAN
x
=
[0
o
05
¢=0.3
(=05
=07
0 .
0 10 20 30

Zaman (s)

Sekil 6. PID kontrolorlii sistemlerin birim basamak
cevaplar1 (wn=2 rad/s)

“"n=3 rad/s i¢in Birim Basamak Cevabi

1.4
1 A
x
=
[0
o
0.5 H
¢=0.3
(=05
(=07
0 L
0 10 20 30

Zaman (s)

Sekil 7. PID kontrol6rlii sistemlerin birim basamak
cevaplari (wn=3 rad/s)

wn=4 rad/s i¢in Birim Basamak Cevabi

1.4
(HLA
x
=
[
(6}
0.5 f
(=03
¢=05
¢=0.7
0 .
0 10 20 30

Zaman (s)

Sekil 8. PID kontrolorlii sistemlerin birim basamak
cevaplar1 (wn=4 rad/s)
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Sekil 6, 7 ve 8 sirasiyla @n=2 rad/s, on=3 rad/s,
on=4 rad/s dogal frekanslarina gore tasarim
yapilmig, PID kontroldrlii sistemlerin  kapali
gevrim  birim  basamak cevap  egrilerini
gostermektedir. PID kontrolorler ti¢ farkli soniim
orant gdz Oniine almarak tasarlanmigtir. Sekil 6
incelendiginde, soniim orani (=0.3 degerinde iken
yiizde asma degerinin yaklasik %32 civarinda
oldugu goriliiyor. (=0.5 oldugunda yiizde asma
degerinin %14’lerde oldugu sekilden ve Cizelge
2’den goriilmektedir. {=0.7 degeri igin ise ylizde
asmanin neredeyse hi¢ olmadigi agiktir. Sekil 7 ve
Sekil 8’de de benzer durum séz konusudur. Dogal
frekans degismedigi siirece, soniim oraninin yiizde
asma degerini dogrudan etkiledigi agiktir.

¢=0.5 i¢in Birim Basamak Cevabi

Genlik

0.5 [y

w =2 rad/s
n

w =3 rad/s
n

w_ =4 rad/s
n

Zaman (s)

Sekil 9. PID kontrol6rlii sistemlerin birim basamak
cevaplari (=0.5)

Sekil 9, farkli dogal frekans degerlerine gore
tasarimui yapilmis, PID kontrolorlii sistemin kapali
gevrim  birim  basamak  cevap  egrisini
gostermektedir. Sontim oran1 ({=0.5) sabit kalirken
ve dogal frekanslar degisirken ylizde asma
degerlerinde ¢ok fazla degisme olmadigi, bunun
yaninda zaman parametrelerinin degistigi sekilden
goriilmektedir.

Cizelge 2, ornek olarak incelenen sistemin PID
kontrolorlii  kapali ¢evrim ¢ikisindaki  birim
basamak cevaplarma ait zaman parametrelerini ve
yilizde agma degerlerini gosterir.
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Cizelge 2. Zaman parametreleri ve ylizde asma
degerleri

=03 =05 £=0.7
wn=2 rad/s
Yiikselme zamam 0,70 0,79 0,92
Yerlesme zamani 7,07 4,25 4,25
Tepe zamani 1,71 1,74 1,78
Yiizde asma (%) 31,92 14,18 0,25
on=3 rad/s
Yiikselme zamam 0,47 0,53 0,61
Yerlesme zamani 4,59 2,66 2,38
Tepe zamani 1,16 1,18 1,20
Yiizde asma (%) 33,05 15,64 2,48
on=4 rad/s
Yiikselme zamam 0,36 0,40 0,46
Yerlesme zamani 3,39 1,94 1,73
Tepe zamam 0,88 0,89 0,90
Yiizde asma (%) 32,56 16,00 3,30

5. Sonuglar

Calismada, kesir dereceli bir sistem i¢in ideal bir
zaman cevabina gore PID kontroldr tasarimi
gerceklestirilmistir. Farkli dogal frekans (wn) Ve
sontim orani ({) degerleri igin referans modeller
olusturulmustur.  Referans  model  transfer
fonksiyonlarma  gore  optimizasyon  islemi
gergeklestirilerek, PID kontrolor parametreleri elde
edilmistir. Bulunan PID kontrolor parametrelerinin
kesir dereceli kontrol sistemine uygulanmasiyla,
birim basamak cevaplar1 elde edilmistir. Yiizde
asma degeri ve zaman parametrelerinin referans
model ve denetlenen sistem ¢ikiglarinda hemen
hemen aymi degerler oldugu gorilmiistir.
Yontemin basarist elde edilen grafiklerden ve
olusturulan tablolardan goriilmiistiir.
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Estimation of Tr81 Area Yearly Electric Energy Consumption
By Artificial Neural Networks

Y. Kocaday1*, O. Erkaymaz!, R. Uzun?

Abstract: In this study, the annual electricity consumption estimate of the TR81 region (Zonguldak,
Karabiik, Bartin) was made using by artificial neural networks (ANN). As ANN model input population,
import, export and building area datas were used to estimate electricity consumption in the region. The
estimation performance of the generated ANN model was investigated by calculating mean square error,
mean absolute error and correlation coefficient. According to the result, ANN model to estimate the
electricity consumption of the TR81 region was observed is valid and provided high accuracy. Using these
proved ANN model, TR81 regional electricity consumption forecast has been realized belonging to years
2016-2020. Thus, it is believed that the study done will help the energy investment projects to be carried out
or planned in the future.

Keywords: Artificial neural networks, Electricity consumption estimation, TR81 region, Fault tests, Machine
learning

Yapay Sinir Aglari ile Tr81 Bolgesi Yillik Elektrik Enerjisi
Tiiketiminin Tahmini

Ozet: Bu calismada, TR81 (Zonguldak, Karabiik, Bartin) bolgesinin yillik elektrik enerjisi tiikketim tahmini
yapay sinir aglar1 (YSA) kullanilarak yapilmustir. Bélgedeki elektrik enerjisi tiiketimini tahmin etmek igin
YSA modelinin girisi olarak niifus, ithalat, ihracat ve bina yiizolgiimii verileri kullanilmistir. Olusturulan
YSA modelinin tahmin performansi ortalama karesel hata, ortalama mutlaka hata ve korelasyon katsayisi
hesaplanarak incelenmistir. Ortaya ¢ikan sonuca gore YSA modelinin TR81 bolgesinin elektrik tiketimi
tahmini i¢in gegerli oldugu ve yiikksek dogruluk sagladigi tespit edilmistir. Uygunlugu ispat edilen bu YSA
modeli kullanilarak, 2016-2020 yillarina ait TR81 bolgesi elektrik tiiketim Ongoriisii gergeklestirilmistir.
Yapilan ¢alismanin, bolgede ileride yapilacak veya yapilmasi planlanan enerji yatirim projelerine yardimci
olacagina kanaat getirilmistir.

Anahtar Kelimeler: Yapay sinir aglari, Elektrik tiiketim tahmini, TR81 bolgesi, Hata testleri, Makine
Ogrenmesi

1. Giris calismalarinin  en oOnemli sorunlarindan biri,

gelecekteki talep tahmini  bilgilerinin  elde
Elektrik enerjisi, giiniimiizde kaliteli, verimli ve edilebilmesidir. Elektrik enerjisinin
hizla iletilebilen bir kaynak olmasindan Otiirii depolanamayan ve iiretildiginde aninda tiiketilmesi
yiiksek oranda kullanilan bir enerji formudur. gereken bir enerji tiirli olmast, yapilacak olan talep

tahminin dogruluk derecesinin O6nemini
Elektrik enerjisinin kullanimiyla birlikte meydana artirmaktadir. Bu nedenle talebin iizerinde yapilan
gelen arz-talep, iletim-dagitim ve fiyatlandirma tahminler ~ sonucunda  elektrik  iretiminde
konularinda planlamalarin  yapilmasi, elektrik kaynaklarin israf edilebilecegi gibi talebin altinda
enerjisi sektoriiniin saglikli bir sekilde gelisimi igin yapilan tahminlerde meydana gelen elektrik agigi,
biiylik onem tagimaktadir. Yapilacak planlama talebin yeterli miktarda karsilanamamasia neden
1Biilent Ecevit Universitesi, Miihendislik Fakiiltesi, 67100,Zonguldak, Citation (Atif): Kocadayi, Y., Erkaymaz, O., Uzun, R. (2017). Yapay
Tiirkiye Sinir Aglan ile Tr81 Bolgesi Yillik Elektrik Enerjisi Tiketiminin
*Corresponding author(iletisim yazari): yasemin.kocadayi@gmail.com Tahmini. Bilge International Journal of Science and Technology

Research, 1 (Special Issue): 59-64.
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olacaktir (Mahmutoglu vd., 2015). Ayrica yeni
enerji santrallerinin kurulmasi ve yapilacak olan
enerji yatirimlari hacminin belirlenmesinde de

gelecekteki  tilketim  tahminlerine  ihtiyag
duyulmaktadir. Yapilacak tahminler gergege ne
kadar  yakin  olursa, yapilan  planlama

¢alismalarmin da o kadar gecerli olacag: agiktir.

Elektrik enerjisi tiikketimi tahminine yonelik
calismalar ii¢ smifta degerlendirilebilir (Esiyok
vd., 1995):

1. Kisa donemli tahmin: Enerji tretimi ve
dagitimmm verimli ve gilivenli yapilmast igin
kullanilan ~ dakikalik, saatlik ve  giinlik
tahminlerdir.

2. Orta donemli tahmin: Enerji santralleri ve trafo
merkezleri arasindaki yiikk paylasgiminin en verimli
sekilde yapilmasini i¢in kullanilan haftalik ve aylik
tahminlerdir.

3.Uzun doénemli tahmin: Elektrik enerjisi
sistemlerinin ekonomik olarak tesisinde, iiretim
kapasitesinin planlanmasinda kullanilan yillik veya
daha uzun dénemli tahminlerdir.

Elektrik enerjisi tiikketimine yonelik tahminler yiik
tahmini olarak da isimlendirebilir. Elektrik enerjisi
talep tahmini i¢in YSA’ nin kullanildigi birgok
caligma mevcuttur. Karacasu ve Hocaoglu (2003)
Gaziantep yoresinin yiik tahmin analizini YSA ile
birlikte dogrusal ve dogrusal olmayan trend
denklemleri ve hareketli ortalamalar metotlarini
kullanarak gergeklestirmistir. Yal¢inoz vd., (2002)
Nigde bolgesinin elektrik yiik tahmini i¢in YSA ve
hareketli ortalamalar metotlarmi kullanmiglardir.
Demirel vd., (2010) ANFIS (Adaptif Ag Tabanh
Bulanik Cikarim Sistemi) ve ARMA (Otoregresif
Hareketli Ortalamalar) modellerini elektrik enerjisi
yik tahmini i¢in kullanmiglardir. Hamzagebi ve
Coskun (2004) ¢alismalarinda YSA, zaman serileri
analizi (ZSA) ve regresyon teknigini kullanarak
Tirkiye elektrik enerjisi tiiketimi tahminini
yapmuglardir.  Yigit (2011), genetik algoritma
kullanarak yaptigt c¢alismasinda Tiirkiye net
elektrik enerjisi tilketimi tahminini
gerceklestirmistir. Es vd., (2014) ise Tiirkiye net
enerji talep tahmini igin yaptiklari ¢alismalarinda
¢oklu dogrusal regresyon ve YSA modeli
kullanmiglardir. Toker ve Korkmaz (2011)
Tirkiye'nin kisa stireli elektrik talebinin saatlik
olarak tahmininde YSA ve ileri sinyal isleme
tekniklerini kullanmislardir.

Bu calismada, YSA modeli kullanilarak TR&1
bolgesinin yillik elektrik enerjisi tiiketim tahmini
yapilmistir. Bolgeye ait 2002-2014 yillarina ait
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TUIK’ ten alinan (TUIK, 2015) niifus, bina
yiizolglimii, ithalat ve ihracat verileri YSA’ nm
girdileri olarak kullanilmigtir. Agmn egitiminde
cikis olarak bolgenin elektrik tiiketim verileri
kullanilmigtir.  Egitimin  ardindan  2002-2014
yillarina ait verilerdeki degisimlerin ortalamasi
almarak 2016-2020 yillar1 igin sentetik veriler
olusturulmustur. Bu veriler kullanilarak
olusturulan YSA modeliyle birlikte 2016-2020
yillarina ait elektrik enerjisi tiikketim Ongoriisii
yapilmistir.

2. Materyal ve Yontem
2.1. Yapay sinir aglari

Yapay sinir aglart (YSA), biyolojik sinir
aglarindan yola ¢ikilarak elde edilmis ve bu aglara
ait benzer islevleri yerine getirebilmek amaciyla
olusturulmus bir bilgi isleme sistemidir (Fausett,
1994). En temel eleman1 YSA hiicresi olan bu
sistem, insan beyninin caligmasini taklit ederek
O0grenme, hatirlama, degerlendirme, karar verme
ve genelleme yapabilme becerilerinin
matematiksel olarak modellenmesiyle olusur.
YSA’ da cok ¢esitli ag modelleri vardir. Elektrik
enerjisi tiiketim tahmininin yapildig1 bu ¢alismada
¢ok katmanli ileri beslemeli YSA modeli
kullanilmigtir. Cok katmanli yapay sinir agi
yapisinda noronlar (diigiimler) katmanlar seklinde
dizilmistir. Bu yapida; ¢oziilmesi istenen probleme
ait bilgilerin alinmasini saglayan girdi katmani, ag
icinde islenen bilginin disariya verildigi ¢ikti
katmani ve bu katmanlar arasinda yer alan gizli
katman bulunur. Cok katmanli YSA’ da birden
fazla gizli katman bulunabilmektedir. Sekil 1° de
yapilan c¢alismada kullanilan ¢ok katmanli ileri
beslemeli YSA modeli gosterilmistir.
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Sekil 1. Calismada kullanilan ¢ok katmanli ileri
beslemeli YSA modeli

Model, MATLAB Neural Network Toolbox
programi ile olusturulmus ve agmn egitiminde
Levenberg - Marquardt geri yayilim algoritmasi
kullantlmistir.  Geri yayilim algoritmast adini,
hatanin geriye yani agin ¢ikisindan girisine dogru
azaltilmaya caligilmasindan almistir. Bu algoritma
danismanli 6grenme yapisina sahip ve yaygin
olarak kullanilan bir 6grenme algoritmasidir.
Danigmanli 6grenme yapisinda aga verilen her bir
giris degerine karsilik c¢ikis degeri verilir. Buna
gore ag verilen girdilere ait ¢iktilar1 en az hataya
sahip olacak sekilde elde etmeye calisir.

3. Bulgular

Bu calisma icin olugturulan YSA modelinde giris
katmani diigiim sayist 4 ve ¢ikis katmani digim
sayisi 1 olup ara katman diigiim sayis1 4, 5, 6, 7, 8,
9, 10, 12, 14, 16, 18, 20 degerleri alinarak YSA
modelleri olusturulmustur. Olusturulan modellerin
performanst ortalama karesel hataya (mse) gore
cizilen Sekil 2’ deki grafikle incelenmisgtir.
Grafikte, en iyi performansin gizli katman diigiim
sayisinin 7  oldugu modelde saglandigi
gbzlemlenmistir.
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Sekil 2. Gizli katman diiglim sayisina gore
ortalama karesel hata degeri degisimi

Olusturulan YSA modelinde rasgele siralanan
egitim verilerinin egitim ve test grubu olarak
kullanim yiizdeleri degistirilerek cesitli hata hesabi
yontemleriyle Cizelge 1’ deki performanslar elde
edilmistir.

Cizelge 1. Uygulanan egitim wve test grubu
yiizdelerinin performanslari

Ortalama Ortala Dogrusal

Veri Karesel Hata ma Regresyon

Oranlari (MSE) Mutlak Belirleme

(% Egitim- Hata Katsayisi

Test Verisi) (MAE) (R?)
%50-50 4.4586e-04 0.0191 0.9750
%60-40 2.0977e-04 0.0126 0.9909
%70-30 2.3541e-05 0.0048 0.9975
%380-20 9.5010e-06 0.0029 0.9975
Cizelge 1’deki veri gruplar1  kullanilarak

olusturulan YSA modelleriyle yapilan -elektrik
tiikketim tahminlerinin gercek tiikketim degerleriyle
yakinligr grafiklerle de ortaya konulmustur. Bu
grafikler sirasiyla Sekil 3, Sekil 4, Sekil 5 ve Sekil
6’ da gosterildigi gibidir.
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Sekil 3, Sekil 4, Sekil 5 ve Sekil 6 da gosterilen
grafikler incelendiginde YSA modelinin elektrik
tiiketimi tahmin sonuglarmm gercek degere cok
yakin oldugu goriilmektedir. Modelin en 1iyi
performansinin; ortalama karesel hata degeri
9.5010e-06, ortalama mutlak hata degeri 0.0029
olan ve korelasyon katsayisi 12’ ye bakildiginda
tahminin %99.75 dogrulugu saptanan Sek. 6.” da
elde edildigi gézlemlenmistir.

YSA modelinin, TR81 bolgesi icin mevcut
verilerle yapilan elektrik tiiketim tahminindeki
performanslari incelendikten sonra, bolgenin 2016-
2020 yillarina yonelik elektrik tiiketim tahmininin
iizerinde calisma yapilarak ongoriide
bulunulmustur. Bu calisma i¢in bolgenin 2002-
2014 yillarindaki niifus, bina yiizolglimii, ithalat,
ihracat ve elektrik tiiketimi degisim oranlarmin
ortalamasi alinarak 2016-2020 yillar1 igin &ngorii
verileri  hesaplanmistir.  Olusturulan  verilerle
gerceklestirilen YSA’ ya ait cesitli hata hesabi
yontemleriyle elde edilen degerler Cizelge 2 deki
gibidir. Ayrica TR81 bdlgesinin gelecege yonelik
elektrik  tahmini  Ongoriisiiniin -~ yapildigt  bu
calismadaki YSA’ nin performansi Sekil 7’ deki
grafikle de gosterilmistir.

Cizelge 2. Olusturulan YSA modelinin 2016-2020
yillart i¢in elektrik tiiketim 6ngoriisti performansi

Ortalama Ortalama Korelasyon
Karesel Hata Mutlak Hata Katsayisi
(MSE) (MAE) (R?)
2.0472e-04 0.0131 0.9055
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Sekil 7> deki grafigi bakildiginda TR81 bdlgesinin
gelecege yonelik 2016-2020 elektrik tiiketimi
ongoriisinde YSA modelinin hesaplanan 6ngorii
degerlerini yakindan takip ettigi goriilmektedir. Bu
yakinlik Cizelge 2’deki korelasyon katsayisi r2 ile
yorumlanacak olursa YSA’ nin elektrik tiiketimi
ongoriisii  tahmininin - %90.55 dogruluk payma
sahip oldugu sdylenebilmektedir. 2016-2020
yillarina ait elektrik tiketim Ongoriisii icin
hesaplanan degerler ve YSA tahmin degerleri
Cizelge 3’ te verilmistir.

Cizelge 3. 2016-2020 yillar1 i¢in Tr81 bolgesi
elektrik enerjisi tiiketim 6ngorii degerleri

Hesaplanan
etk YSA Elektrik
Yil Ongorii ']l;iilfetimi. Ongorii
Degerleri egerleri (MWh)
(MWh)
2016 4334521,796 4249377,112
2017 4492440,206 4595167,050
2018 4656110,810 4713307,051
2019 4825743,274 4761799,219
2020 5001554,533 4982254,321

4. Tartisma ve Sonuglar

TR81- Zonguldak, Karabiik, Bartin Bolgesinin
verileriyle olusturulan YSA modeliyle, bolgenin
uzun donemli elektrik enerjisi tiiketiminde oldukga
iyi bir tahmin aract oldugu yapilan hata
analizleriyle ispatlanmistir. Bunun sonucunda 5
yillik elektrik tiiketim oOngoriisii elde edilerek
bolgedeki elektrik enerjisi sektoriiniin gelisimi i¢in
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onemli olan arz, talep, iletim, dagitim,
fiyatlandirma konularindaki planlamalarin daha
saglikll yapilabilmesi ve yeni enerji santrallerinin
kurulmasiyla bolgeye yapilacak olan enerji
yatirimlar1  hacminin belirlenmesi gibi enerji
politikalarinin olusumunda o6nemli Olgiide katki
saglayacaktir.
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uygunluk ag¢isindan incelendikten sonra en az iKi
hakeme gonderilir. Hakemlerin degerlendirmeleri
sonucunda en az iki yaynlanabilir raporu alan
makale, dergi yonetimince uygun gdriilen bir sayida
yaymlanir. Hakem raporlarimin birisinin olumlu,
digerinin olumsuz olmasi durumunda makale
ticlincii  bir hakeme gonderilir. Bu durumda
makalenin yayinlanip yaymlanmamasina igiincii
hakemin raporuna goére karar verilir. Hakemler
tarafindan diizeltme istenen makaleler gerekli
diizeltmeler icin yazara geri gonderilir. Diizeltilen
metnin belirtilen siirede dergi sistemine yiiklenmesi
yazarin sorumlulugundadir. Makalenin
yaymlanmas:  konusunda son karar, dergi
editorligiine aittir.
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