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Design and Improvement of Route Plans with 
Multiple Automated Guided Vehicles for 

Mechatronics Education 

Baris Gokce1, Ercan Simsir2  

Abstract 
In this study, an automated guided vehicle model which can move freely with wireless control system and which comprises 
the transferring and storing of the items with easily changeable direction system for the purpose of being used for 
Mechatronics education. In this study, it has been assumed that the item will be transferred to the automated guided vehicle 
model from its position to another position. Besides, this system is controlled by computer remotely with wireless control 
system. Thus, apart from the person who controls the system, the fully automatic, suitable for needs and fast process of 
transferring and storing has become easier without the help of any human beings. This study whose prototype has been 
made will be a model for Mechatronics education and it has been aimed that it will be a step for the further studies.  
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1. INTRODUCTION 

Depending on the fast improvement of the technology, smart machine design and producing has gained importance fitting for 
the purpose of high cost and instead of human power. The development of all these studies has led to the common usage of 
robot and automatization in the developed countries [1]. Recently the development of technology and industry has shown its 
real effect with the development robots and their usage when necessary. As these robotic studies have improved, it has been 
understood that robots are necessary for different application areas. The robot which reaches to a target whose coordination 
are known without crashing barriers has been aimed to reach the target with no human power in a mapped area. While 
carrying on its mission the robot will continue along its way by detecting the barriers and passing over them without moving 
away from its target [2]. With this system, the creating storing areas with high and narrow corridors has been effective on 
increasing the capacity. Transportation with no operator and risk could be done apart from standard height with the increase of 
capacity paralleling with height. In this study, an education robot design which both helps the storing problems to be solved 
and contributes to mechatronics education has been made. In addition to a software which positions the robot in the storing 
system has been improved.  

Machines, robots and all mechanisms carrying out certain functions depend on mechatronics system components to perform in 
a smart way [3]. 

Automated guided vehicle decreases the cost and increases the productivity by helping a production facility or store 
automatization to become mechanical. First automated guided vehicles were invented by Berret Electronic in 1953. An AGV 
can pull the objects with a trailer attached to its back size separately. These trailers were used in order to carry raw materials 
and manufactured goods. AGVs can also store the objects on a ground and those products can be placed on conveyors and can 
be pulled turning upside down. AGVs can be used nearly all kind of ındustries ıncluding paste paper, metal, newspaper and 
general production. Materials such as food, linen or drugs which can be transported are ıncluded in this process. 

AGVs are the vehicles which are used in transportation within the factories in the fields of production and installation and 
storing. In principle AGVs should be divided in two [4].  

•Those which transport freely, 

•Those which depend on a route. 

                                                           
1 Afyon Kocatepe University, Faculty of Technology 

 



 
 
 

260 

 

First type vehicles use laser or infra-red ray equipment identifying its position by using the reflected ray via the mirrors on the 
walls and position predictions. In addition, a communication net which is installed on the floor to arrange the calibration can 
be used. This system can be established by using kits fulfilling transmitter and receiver duties, magnets or chess board shaped 
figures which can be carried optically [4]. 

Nowadays AGVs are used in any other transportation duties (stores, container stations, external transferring system). The 
source of information about the design and control of AGV system in production, distribution, load transfer and transportation 
has been dealt with. Most of the patterns have been understood to be applicable for the problems in the production centres. It 
has been proved that the present patterns and some of the new patterns are successful in big AGV systems. In fact, new 
analytical and simulation patterns should be improved for big AGV systems to deal with the problems such as extended 
calculating time, unity, congestion, getting stuck, delay and finite planning time [5]. 

Figure 1 shows the directing flexibility of mobile pack transporter with trailer, automated guided vehicles are used in many 
production systems, especially in the facilities with various and complex process routes. In the recent years, there are a lot of 
studies related to AGV problems one of which is vehicle accidents. One of the strategies to prevent those accidents is to 
separate the route of the vehicles and to use the “one area strategy” which enables the vehicles to function alone. The vehicles 
do not help each other in the systems in which traditional one area strategy is used and when there appears a load imbalance of 
the vehicle, immobile area strategy cannot respond to the demand because of this limitation [6]. 

 
Figure 1. Mobile pack transporter with AGV trailer. 

 

2. MATERIAL AND METHOD 
The route planning training set of unmanned multiple automated guided vehicles consist of four main areas like its production, 
software and design as it is shown in Figure 2. Those areas are computer based solid pattern layout, its prototype production, 
computer control and electronic control card. Each area has been examined and the rate of cost and performance had been 
emphasized as its being economical. 

 
Figure 2. The model of multiple automated guided vehicles. 

2.1. Bottom Sachet System 
In this training robot study, materials which have been used for the construction of sub-chassis have been mentioned in robot 
locomotor system. U plate which is 110x95x3 mm in size has been fixed in parallel with T plate which is 200x110x4 mm in 
size which is reinforced with a material M4x40 mm. As it is seen in Figure 3, four dead shores are added between the parallel 
Plexiglas plates and bottom sachet plate has been fixed. There are cable vessels and holes on the bottom sachet plate in order 
to provide convenience in installation. 

 
Figure 3. Installation model of bottom and top plate. 
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Shaft driver which has been installed on a polo wheel Φ 90x10 mm in size has been fixed with motor shaft. The installed 
Wheel has been shown in Figure 4. 

 
Figure 4. The installed Wheel. 

The system which will enable the movement on the black band has been prepared on the bottom sachet by locating ARM 
control cart 90x55x3 mm in size through vessels as it is seen in Figure 5. 

 
Figure 5. The design of the automated guided system. 

2.2. Functioning Principle of the System 
The aim of this study is to Show that two vehicles move without crashing each other and carry the predetermined load from a 
certain location. Besides, the robots turn back to the desired location by certain movements. After the distance between the 
two robots and the in and out destination are determined, the destination of the defined robot is questioned from the database. 
Then, the signals are converted into a language which can be understood by driver cards in order for automated guided 
vehicles to go to the determined location. DC motor has been aimed to function with this process. This information has been 
sent to the controller of the DC motor. For this reason, the system functions. By keeping the distance between the vehicles, 
they are enabled to move without crashing. Vehicles and the place they move in has been shown in Figure 6. 

 
Figure 6. The solid works design of the vehicles and their movement system. 

2.3. Motion System with Line Tracking 
The schematic circuit, showing the monitor system of tracking and drawing and being created for the automated guided 
vehicles, has been illustrated in the Figure 7. 8 entry gear socket; GND gathering pin numbered 8 and pin numbered 7 has 5-
volt supply voltage. Pins numbered 6.5.4.3.2. are used to take a reading coming from the sensors and the pin numbered 1 has 
been left empty. It has been enabled that both robots can move on the floor set up black tape. 
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Figure 7. Schematic circuit of line tracking. 

2.4. Control of PID 
In this study, PID has been used. These terms explain three functions applied on a mistake, which are basis rate, integral, 
mathematical derivative. The vehicle has been enabled to move to the line without any rolling.  According to the information 
from sensors, deviation of target movement is calculated. Hence, the deviation can be minimalized.  

The robot which isn’t applied PID can move on the line without any rolling in low speed. When the speed of robot is 
increased, rolling and off-road can be observed. Thus PID is used to enable the robot move on the line properly.  

The control of PID has been shown in the Figure 8. If the mathematical template which belongs to a system can be improved, 
it can be possible to apply lots of model design techniques to calculate control variance which will explain the temporary and 
permanent situation and their features of closed loop. Hence if the mathematical model cannot be created and the system is 
complicated, then analytic approach for the model of PID control is impossible [7]. 

 
Figure 8. PIC controller of a system. 

 

2.4.1. Ziegler – Nichols rules for the settings of  PID Control 
Ziegler-Nichols advices rules to calculate modulating gain Kp, integral time Tİ, derivative Ta considering temporary 
characteristic of answers. Measurements will be taken into consideration to calculate the parameters of PID controller. 
Ziegler-Nichols uses two ways for the settings rules. 25% carry in maximum is aimed in both ways. This aim is shown in the 
Figure 9 [7]. 

 
Figure 9. Cure of step replication, maximum 25% transport [7]. 

The factors -such as friction, weight- of parts used in the set of mechanic system has not been regarded before the system has 
been set. It has been considered that troubles can be seen in tracking the black line and in the speed of mechanic speed on the 
condition that these are added to the system. These troubles have been tried to be minimalized with a few interferences. The 
interfaces done were greasing the place where friction is seen, minimizing the friction. The automated guided vehicle which is 
able to move without human beings is shown in the Figure 10. 
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Figure 10. The system of automated guided vehicle moving without human beings. 

2.5. Creating the Movement Information 
After robots are defined, it is decided which defined robots will be taken to the which entry- exit units of a computer. Then to 
reach this coordinate, all the necessary movements are calculated. Movements calculated are turned into a signal which can be 
understood by the drivers. Encoder DC motor has been aimed to move with the turning process. This information has been 
sent to the sensitive DC motor controller. All these control processes are really critical. The coordinate information calculated 
before is sent to the related encoder DC motor. Hence robot has been enabled to move.  

 

In this study, loading and discharge stations are detected on the path for two automated guided vehicles, which can be seen in 
the Figure 11. In this system, car numbered 1 takes the products from the loading station numbered 1 and moves towards the 
discharge station without any human being’s help. The car numbered 2 uses the same path at the same time. If the second car 
encounters the first car, while moving on the path, the second car stops at a suitable distance to avoid any crash or follows the 
other car. The car numbered 2 get the products from the second station and moves towards second discharge station. 

 
Figure 11. The movements of the automated guided vehicles on the path. 

The working principle of the robot depends on moving on the lines while keeping the line in the middle. Robot determines its 
position according to the black line detecting the sensor periodically. It is illustrated in the Figure 12. 

 
Figure 12. The movement of the robot forward. 

2.6. Interface of Vehicle Control 
C# computer program has been used as an interface in this study. As it is seen in Figure 13, the vehicle numbered 1 takes the 
product from the second loading station with no human interfere and moves towards the second dumping offloading station. 
The information about the location of the vehicles has been transferred to the control interface. Besides, the vehicle numbered 
2 takes the product from the loading station with no interfere and moves towards the offloading station. We can see the 
information about their movement on interface with the lines “vehicle communication 1” and “vehicle communication 2”. 
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Figure 13. The control interface of the vehicles on the system. 

 

3. DISCUSS AND CONCLUSION 
It is significant to use the current technology on the mobile robot systems and to up bring experts on this field and improved 
them. Techniques used on the mobile robots are updated for the development of the working fields. To perform the current 
form with the robots used in daily life cause the loss of time while they are set, financial problems, and the robots wear off and 
energy loss. Producing portable robots provide the problems to be solved. Besides that, portable robots are used for the visual 
education as they are real-like. These portable robots provide us to apply the methods taught, observe the results, analyse the 
data in education without regarding real robot system necessary.  

Robots have been enabled to move properly on the black line in the system of design and improvement of the path plans and 
automated guided multiple vehicles. Robots are activated in different speed and applied more than one supply voltage. Supply 
voltage, 12 volts, applied on the DC motors are observed to decrease the speed of the working performance. The best supply 
voltage has been found as 15.7 volts.  

It is required that both vehicles should move on the determinate path without crashing each other. The robot completes its 
target after taking the materials from the entry station and then transmitting them to exit station. The distance between stations 
and the main road should be set properly to enable the robots turn back with 1800 from the exit station.  

In this study, the process is not only reforming and product development and also transporting of the products, planning and 
improvement of the path, making a model of the system and the usage of the automatization technology. It is possible to 
decrease the labour force and expenses on the transport of products and planning of the auto vehicle path.  

The practice of the modelled robot sets an example for the students in mechanical engineering, electrical and electronic 
engineering. As it is really had to understand lessons at the mechatronics engineering without applied course and laboratory 
practice. Besides, it is necessary to produce real-like vehicles and use them in laboratory. In the end, it will be beneficial for 
the students to have portable vehicles in the laboratory. Thus, this system is suitable to be improved and enlarged. It sets an 
example for courses of mechatronics engineering as well as being a robot application. 
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Investigation of Wind Energy Potential Using 
Weibull Parameters 

B. Yaniktepe 1, I. Aladag2, C. Ozalp1, C. Aladag1 

Abstract 
Turkey is not prevailing country for energy issue and electric energy consumption is getting ascended quickly in the sense of 
population growth rate and the development of industry. Even tough Turkey has extensive ratio of energy resources for 
example petroleum, natural gas, coal, etc., they are finite. On account of this, sources from renewable energy for Turkey’s 
future energy demand are playing significance role owing to both energy dependency and disadvantages from the fossil 
fuels. On this issue, especially wind energy which has high potential in Turkey from renewable energy sources has still 
invested. In this study, wind energy distribution according to Weibull parameters are researched in Osmaniye. shape and 
scale factors are determined using graphical method. 

Keywords: Weibull distribution, Osmaniye, Turkey 

1. INTRODUCTION 
Turkey’s electricity consumption has inreased rapidly in recent years owing to population growth rate and the development of 
industry. Even though Turkey has extensive ratio of energy resources for example petroleum, natural gas, coal, etc., they are 
finite. Therefore, Current trend in energy policy of Turkey has started to look for alternative energy resources espacially wind 
and solar energy. So that the research of wind energy has gained prominence quickly in Turkey which has high rate potential 
[1]. 

Analysis of wind characteristics studied for a specific period of time such as monthly, seasonal, and yearly based on the wind 
data of the location that is obtained. In the past fifteen years, different mathematical methods were used to investigate of wind 
characteristics considering with many locations. In the evaluation of wind energy for a specified region, the usage of two 
parameters Weibull distribution is an essential instrument in order to determine whether wind energy is a reasonable or not. 
Many studies for different locations were done so as to determine the shape (k) and scale (c) parameters of Weibull 
distribution for the region [2-4].  

Seguro and Lambert studied Weibull distribution by using three methods for estimating shape and scale parameters. They 
determined the wind energy analysis considering with the graphical method, maximum likelihood method, and the modified 
maximum likelihood method. Their results showed that both maximum likelihood method and modified maximum likelihood 
method can provide more accurate results than graphical method [5]. Yaniktepe et al. investigated the wind energy potential 
for Osmaniye region by using 44 months meteorological data. And they calculated the two parameters of Weibull distribution 
applying graphical method. Frequency distribution for wind direction and the average power density values for different 
directions are presented in this study [6]. Akdag and Guler developed a novel method (NEPFM) to determine Weibull 
parameters efficiently and accurately. Comparison was made between NEPFM method and eight methods considering various 
data set. The result in their study indicated that the NEPFM method is slightly better fit than compared parameter estimation 
methods [7]. Islam et al. carried out a study about the wind potential assessment in two different regions in Malaysia. They 
determined monthly scale and shape parameters for each year. Finally, they found wind power density values for the regions. 
A maximum power density of 67.40 (W/m2) was encountered at Kudat region [8]. 

This paper presents an investigation of wind energy potential as a consequence of the  Weibull distribution in the location of 
near Osmaniye. the shape (k) and scale (c) parameters were calculated using graphical method. Wind power densities were 
also determined of location. 

2. MATERIAL AND METHOD 
The location, measurement, data and calculation method are given below in detail. 

2.1. Location, Measurement Station and Collected Wind Speed Data 

                                                           
1 Corresponding author:  Osmaniye Korkut Ata University, Department of Energy Systems Engineering, 80000, Osmaniye, Turkey. 
byaniktepe@osmaniye.edu.tr 
 

mailto:byaniktepe@osmaniye.edu.tr


 
 
 

266 

 

Wind speed distribution is a very significance parameter for consideration the wind energy potential of a region. In this study, 
ten minutes time-series wind data for the location near Osmaniye has been analyzed. The location of region to investigate, 
where the measurement station is installed, can be seen in Figure 1. 

Measurement station was installed in the region and wind speed value at  approximately 80 m height were recorded during a 
nine months period between the April, 10st 2012 and December , 30th 2012. The collected data were recorded as 10 min 
average values using an data logger and weather data transfer utility. The direction of the wind as well as air pressure and 
temperature values were also measured and recorded for the observation period. 

 
Figure 1. Location of region in Osmaniye, Turkey 

 

 

2.2. Weibull Distribution 

Equations (1-2) using measured data were calculated monthly average wind speed values and standard deviations. 
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where v is wind speed, vi observed wind speed, vm is average wind speed (m/s), N is total number of wind speed and σ is 
standard deviations (m/s).  

Weibull distribution for the probability density function can be characterized in terms of wind speed at a given location within 
a specified time period and it is given below, 
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where fw(v) is the probability of having a wind speed of v (m/s), k  and c is a shape factor and scale factor respectively. The 
relationship between shape factor k, scale factor c and the mean wind speed vm is shown as it is given below formula: 
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Remark tahat the gamma function , has the features of 



 
 
 

267 

 

(1 ) ( )x x xΓ + = Γ  and ( )1

0

( ) expxx dζ ζ ζ
∞

−Γ = −∫  

Furthermore, cumulative probability function of the Weibull distribution Fw(v) is figured out as given below, 
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As shown equations (3-5), the Weibull distribution has two-parameter. These are shape and scale parameters. In this study to 
calculate the shape “k” and scale “c” parameters of the Weibull distribution from the observed wind data the after methods are 
applied [9,12],  

Equation (6) can be shown as, 

( )( )ln ln 1 ln lnwF v k v k c − − = −                                                                                                                   (6) 

İn this place, if lnx v=  , ( )ln ln 1 ( )wy F v = − − 
, A k=  and lnB k c= −  are to be accepted, there becomes a linear 

equation. Afterwards, y Ax B= +  is acquied from the equation (6). Moreover, the equation of exp( )c B A= −  is 

estimated from the equation of lnB k c= − . The least square method is applied to estimated the A and B are estimated as 
follow: 
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İn this place, x  (mean of x values) and y  (mean of  values) are found by, 
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From the graphical method, by using linear least-squares regression model with regression coefficient or regress variable 

taken as wind speed to compute the best fitted line. Plotting ln v  counter ( )ln ln 1 ( )wF v − −   should output a flat line. k is 

the slope of the line and  – k ln c is the intersection of the y–axis. The obtained graph as an example for the mean value of nine 
months is shown in Fig. 2, k and c parameters in equation (5) of the Weibull distribution can be readily calculated using the 
wind speed data of Osmaniye location as 1.93 and 6,09 respectively. 

 

 

Figure 2. Linearized curve and fitted line comparison 

2.3. Calculation of Wind Power Density  
Wind power is dependent upon the cubic of wind speed. Therefore, the power density for observed data can be estimated 
using the following equation [10, 11]: 
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Where ρ is the standard density of  air, 1.225 kg/m3, the theoretical power depended on the Weibull probability function per 
unit area is given by [10], 
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3. RESULTS AND DISCUSSION 
Wind speed potantial of Osmaniye location was studied using Weibull distribution. The monthly avarage values of wind speed 
and the standard deviations obtained from equations (1-2) using observed data, also shape (k) and scale (c) parameters of the 
Weibull distribution were estimated using equations (4-5). All estimated monthly parameters are shown in Table 1. The 
monthly average wind speeds are observed maximum values in May and June with the magnitudes of 7.80 m/s and 7.28 m/s 
and the lowest values of 3.55 m/s and 3.82 m/s  are occured in August and September. Also the highest value of standard 
deviation is 3.89 m/s and the lowest value is determined as 1.09 m/s for wind speed data at Osmaniye region. The Weibull 
parameters have been well fitted by the linear regression model (Graphical method) for the given location.  Shape parameter 
of Weibull distribution has been determined in the range of 1.34 to 3.54 and it is lowest in December and highest in August. 
Scale parameter of Weibull distribution has been determined in the range of 4.67 m/s to 7.91 m/s. 
 

Table 1. Parameters, calculated from wind speed data of Osmaniye location 
 

 Vm (m/s)  ϭ (m/s) c (m/s) k 
April 7,00 2,66 7,04 2,30 
May 7,80 2,94 7,91 2,19 
June 7,28 2,85 7,33 2,47 
July 6,99 2,66 6,87 2,43 
August 3,55 1,29 4,67 3,54 
September 3,82 1,09 5,07 3,43 
October 4,89 2,52 5,89 2,24 
November 5,80 2,85 5,98 1,87 
December 6,29 3,89 5,87 1,34 

 
 
Figure 6 shows monthly variation of the power densities based on actual data and Weibull function for nine months period. It 
showed that the wind power density values has maximum average value of 415.97 W/m2 in May and minimum value of 41.45 
W/m2 for the month of August. As can be seen from this figure, the values of power densities spring season of year are higher 
than the other seasons.  
 

 
Figure 6. Monthly variation of average power densities 

4. CONCLUSIONS 
In current research, monthly average wind speeds have been observed for a region of Osmaniye.  Shape parameter k and scale 
parameter c of the Weibull distribution were detemined using graphical method by measuring wind speed at 80m height. 
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Results are concluded as it is given below, 
 

• The mean wind speeds range between 3.55 and 7.80 m/s. The lowest values of mean wind speed were in August, 
September, October. On the other hand, the highest amounts of mean wind speed were seen May, June, April. The 
average wind speed for spring, summer and autumn seasons is 7.4 m/s, 5.94 m/s and 4.83 m/s respectively. 

• The values of c have been observed higher as compared to the value of k in all the months. The monthly values of k 
parameter ranged from 1.34 to 3.54. Also, c values varied from 4.67 to 7.91 m/s.  

• The wind power density has maximum average value of 415.97  W/m2 in May  and minimum value of 41.45 W/m2 
for the month of August. 

• Weibull and actual data are almost the same rate values. 
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A Comparative Study of Joint Clearance Effects on 
Robotic Systems Having 2D and 3D Motion 

Necessities 
Selcuk Erkaya1 

Abstract 
Due to the advances in technology, robots are used in industrial applications where high accuracy, repeatability and 
stability of operations are required. Even in an accurate design and manufacturing process, clearance in a joint cannot be 
completely eliminated in articulated systems owing to the relative motion necessity of links. This is a main reason of 
accuracy loss for a robotic manipulation. In this study, effects of joint clearance are investigated on the system dynamics. 
Theoretical analysis is performed for a small clearance size. By using the nonlinear spring-damper characteristic, contact 
model in revolute joint with clearance is established and the friction effect is performed using the Coulomb friction model. 
2D and 3D motion sensitivities are compared relative to each other by considering with and without joint clearance. The 
results show that even if the clearance size is small, it has a crucial role on motion sensitivity of robotic manipulations. 

Keywords: Contact force, joint clearance, manipulation accuracy, motion sensitivity, rigid impact. 

1. INTRODUCTION 

Due to the advances in technology, robots are used in industrial and medical applications where where high accuracy, 
repeatability and stability of operations are desired. The possible sources of errors in robots are summarized as assembly 
errors, resolution of the servo actuators, backlash in the reducers and clearances in the joints [1]. In the kinematic and dynamic 
analyses of the robot manipulator systems, each joint is characterized as perfect adjustments, that is, clearance, wear, 
deformations etc. are not considered. However, the clearances always exist in the joint connections due to assemblage, wear 
and manufacturing errors [2-6]. A reasonable clearance for the joints at link connections of mechanical system is necessary to 
allow the relative motion of the connected links. In the presence of clearance at a revolute joint, the two kinematic constraints 
are eliminated, and two degrees of freedom consisting of the horizontal and vertical displacements of the journal center 
relative to bearing center are added to the mechanism motion.  

An error analysis for a parallel device was proposed to predict the accuracy of the parallel devices with the static and dynamic 
errors [7]. The optimal allocation of joint tolerances was investigated by considering the positional and directional errors of 
the robot end effector and the manufacturing cost. The unknown joint variables were modelled as interval parameters due to 
the inherent uncertainty [8]. The effects of joint clearance on the parallel robot’s accuracy were investigated. An analytical 
model was presented to predict easily the pose error for a given external load, a nominal pose and the structural parameters of 
the 3-UPU parallel manipulator [9]. Due to the clearances and elastic deformations in parallel manipulators, a procedure was 
proposed to calculate the positional. A 5R planar mechanism was used for an example to perform the validity of proposed 
procedure [10]. The effect of joint flexibility on the dynamic performance of a serial spatial robot arm with  

rigid links was studied by using three developed models. Theoretical and simulation studies showed that joint damping was 
outlined as a major source of inaccuracies, causing trajectory error without a proper feedback controller [11]. The trajectory of 
a mobile robot having clearance joint was studied. The ANFIS approach was used to model the clearance characteristics and 
the system kinematics were investigated. To decrease the effects of clearance on the desired trajectory, an optimisation 
process was also outlined by using genetic algorithms [12]. The effects of joint clearance and link flexibility on the kinematics 
and dynamics of conventional articulated mechanisms were extensively performed with analytical and numerical studies [5, 
12, 13]. For improving the mechanism precision, optimisation methods were also introduced to decrease the deviations owing 
to the clearance joint [14, 15]. Artificial neural networks were used to model the vibration characteristics of a mechanism with 
joint clearance [16]. Both theoretical and experimental studies about joint clearance were presented [17]. 

1.1 MOTION EQUATION OF ROBOT MANIPULATOR WITH JOINT CLEARANCE 

The existence of clearances in the joints of mechanical systems is inevitable due to the assemblage, manufacturing errors and 
wear. A reasonable clearance for the joints at link connections of mechanical system is necessary to allow the relative motion 
of the connected links. Radial clearance in a joint, as shown in Fig. 1, can be defined as the difference between journal and 
bearing radii.  



 
 
 

271 

 

 

ith link 

jth link 

ey 

ex 

RB 

RJ 

(a) 

ith link 

jth link 
ey 

ex RB 

RJ 

(c) 
ith link 

jth link 

y 

x 

ey 

ex 

e 

t n 

Collision 

l  

 RB 

RJ 

Bearing 

 

Journal 

 

(b) 



 
 
 

272 

 

Figure 1. Different motion types of journal inside the bearing: (a) free flight mode, (b) contact with impact mode, (c) contact with relative 
penetration (continuous contact mode) 

The magnitude of the clearance vector represents the relative displacement between journal and bearing centers. Three 
different types of motion between the journal and bearing can be observed during the dynamics of the revolute joint clearance, 
(i) free flight mode, that is, journal and bearing are not in contact and journal moves freely within the bearing’s boundaries 
(Fig. 1(a)), (ii) impact mode, which occurs at the end of the free flight mode (Fig. 1(b)), (iii) continuous contact mode, in 
which contact is always maintained although the relative penetration depth between the bearing and journal (Fig. 1(c)).  If 
there is no lubricant, the journal can move freely within the bearing until contact between the two bodies takes place. When 
the journal impacts the bearing wall, normal and tangential contact forces are developed. The bearing and journal are parts of 
the ith and jth bodies, respectively. The relative penetration depth (δ) between the journal and bearing is given as 

e cδ = −  (1) 

in which e is the magnitude of the clearance vector between the bearing and journal centres, and c is the radial clearance 
(c=RB-RJ). In a joint with clearance, the force is explained by two different situations. The first one is no contact forces (FC) 
when the journal and bearing are not in contact with each other. The second is, when the contact between the two bodies 
occurs; the contact-impact forces are modelled according to a nonlinear dissipative force model based on the Hertzian contact 
theory (normal force, FN) together with Coulomb’s friction law (tangential force, FT). These two conditions can be given as 
[2], 

N

=0 if δ<0
=F + if δ 0

C

C T

F
F F ≥

 (2) 

The normal force is expressed as [2] 

( )3 2
NF =Kδ +Dδ   (3) 

where the first term represents the elastic force component and the second term explains the energy dissipation. K is the 
generalised stiffness parameter and D is the hysteresis damping coefficient. The generalised stiffness parameter K depends on 
the geometry and physical properties of the contacting surfaces. The stiffness parameter K is defined by [18] 

( )
( ) ( )( )

1/2

2 2

4 E E R R
K=

R -R3 E 1-ν +E 1-ν
i j i j

i jj i i j

 
  
 

 (4) 

ν  and E are the Poisson’s coefficient and the Young’s modulus associated with each body (journal and bearing). The 
hysteresis damping coefficient is outlined as [2] 

( ){ } { }2 3/2
0D= 3 1-ζ Kδ / 4v  (5) 

where ζ  is the restitution coefficient and ν0 is the initial impact velocity. Friction force acts when contacting bodies tend to 
slide relative to each other. This force is tangential to the contact surface and is opposite to the sliding velocity. The friction 
force model is given as [19]. 

( )T N T T=-μ υ F / υTF υ   (6) 

where μ(υT)  is the coefficient of dynamic friction. It is a function of relative tangential sliding velocity (υT) in the collision 
plane. This expression is defined as: 
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where μs and μd are the static and dynamic friction coefficients, respectively. υs and υd denote the critical velocities of the static 
and maximum dynamic frictions, respectively.  
A six-axis industrial robot was considered for the theoretical analysis. This robot is mainly used for laser cutting, welding, 
handling, assembly etc. The robot manipulator has six degrees of freedom when all joints are perfect, as shown in Fig. 2. Joint 
clearance leads to different motion modes such as free-flight, impact and continuous contact. Therefore, the dynamic model of 
the robot manipulator must be developed considering joint clearance.  

( ) ( ) ( ) ( ) ( ) ( )q(t) (t)+ q(t),q(t) (t)+ q(t) + q(t) t + δ,δCM q C q Q G = F F      (8) 

where q is the generalised coordinate column matrix. 𝑀(𝑞(𝑡)) denotes the inertia matrix of the robot manipulator. 
𝐶(𝑞(𝑡), �̇�(𝑡)) is the vector of centrifugal and Coriolis terms. 𝑄(�̇�(𝑡)) represents the friction term, which consists of the 
viscous and dynamic frictions. G(q(t)) and F(t) denote the vector of gravity term and the generalized force matrix, 
respectively. 𝐹𝑐(�, �̇) is the contact force which comprises the normal and tangential components. The characteristics of the 
robot manipulator are outlined in Table 1.  

Table 1. Characteristics of robot manipulator 

Robot 

Links 

Length 

[mm] 

Mass 

[kg] 

Mass moment of inertia characteristics [kgm2] 

Jxx Jyy Jzz Jxy Jyz Jzx 

Link 1 680 74.08 3.26 0.32 3.25 1.84 10-3 0.145 -1.32 10-3 

Link 2 402 43.51 0.336 1.407 1.362 -5.28 10-3 -7.46 10-3  9.78 10-3 

Link 3 268 7.87 1.83 10-2 6.46 10-2 5.89 10-2 1.83 10-5 4.02 10-6 3.68 10-3 

Link 4 115 2.22 2.09 10-3 4.9 10-3 4.86 10-3 7.61 10-10 1.13  10-9 5.56  10-4 
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Figure 2. Robot manipulator 

2.RESULTS 

A theoretical investigation of joint clearance effects on the motion accuracy of robot manipulators with joint clearance was 
implemented for 2D and 3D motion necessities. As an imperfect joint characteristic, the value of joint clearance in joint 5 was 
considered as 0.2 mm for necessary comparison. The working period was adjusted as 2 and 6 seconds for fulfilling the 2D and 
3D required tasks, respectively. All simulations were performed in an Intel Xeon computer. To evaluate the force and moment 
components, joints 2 and 3 are selected for each motion type of robotic system. The dynamic simulation parameters of the 
robot manipulator with joint clearance are outlined in Table 2. 

 

Table 2. Simulation parameters of robot manipulator 

Description Value Description Value 

Dynamic friction coefficient 0.01 Young’s modulus  71.7 GPa 

Restitution coefficient 0.9 Integration step size 1x10-3 s 

Poisson’s coefficient 0.33 Integration tolerance 1x10-5 

Force components with and without clearance are outlined in Figs. 3 and 4. As seen from figures, for each motion necessity, 
the existence of joint clearance causes impulse type contact forces. These forces occur during a small time interval [5, 6]. 
Also, 3D motion necessity in a robotic system having joint clearance leads to an increasing at the force peak frequency 
relative to 2D motion necessity. In particular, these peaks are seen at the beginning of the motion and there is an instant 
change in force characteristics. This force characteristic not only decreases the performance of robot manipulator such as 
motion sensitivity and repeatability, but also leads to degradation of its vibration and noise quality.  

The effects of clearance on torque characteristics are given in Figs. 5 and 6. As seen from figures, the robot manipulator with 
joint clearance has some peaks on torques [5, 6]. These peaks are seen especially at the instant change of torques. Naturally, 
due to the more torque changing in 3D motion, the peak frequency of torque is bigger than the 2D path motion.  

3.CONCLUSIONS 

As an imperfect joint characteristic, clearance in a joint causes deterioration on the whole system performance. All simulations 
show that much more computation time is necessary in the case of the imperfect joint approach. Even if the clearance size is 
small, it has a crucial role on motion sensitivity of robotic manipulations. Additional degrees of freedom originating from 
clearance lead to different motion modes. These are sources of uncertainties in robotic manipulations. The impulsive 
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behaviour arising from a joint with clearance has a clear effect on the force and torque characteristics. The dynamics of the 
robot manipulator are obviously different for the case of different motion necessity. Especially, 3D motion is more chaotic 
relative to 2D motion in the robotic system having joint with clearance. 

 
Figure 3. Force components for the 2D motion path necessity 

 
Figure 4. Force components for the 3D motion path necessity 
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Figure 5. Torque components for the 2D motion path necessity 

 

 
Figure 6. Torque components for the 3D motion path necessity 
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A Mechatronic Device for Preventing the Surgical 
Operation in Intussusception 

Selcuk Erkaya1, Bilal Ozak2, Selim Doganay3 and Kazim Gumus4 

Abstract 
Intussusception case is a common abdominal emergency for children. It is necessary to make prompt diagnosis and 
management. The majority of intussusceptions in children can be treated safely with nonsurgical operations. This study 
proposes design and prototype manufacturing of a mechatronic air feeder device which is named as pneumatic reduction 
device. This device can control the pressure and flowrate. Working stability in millibar level is also possible. By using this 
device, it is aimed to solve the invagination problem, frequently experienced in children between six months and two years 
old, without surgical operation. This device was tested in laboratory condition and it was seen that it can quickly reach 
necessary pressure level in spite of change in volume and it can preserve this pressure level stably. 

Keywords: Intussusception, invagination, mechatronics, pneumatic reduction device  
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1 INTRODUCTION 

The treatment of intussusception in children is vital. In case of the treatment process, in first step, water or compressed air is 
used to open the intertwined and clogged bowel in the patient’s rectum. If it is not succeeded by this way, surgery becomes 
inevitable due to the intestinal blood problems. Surgery is an undesired phenomenon since it specially increases mortality and 
morbidity risks, also length of hospital stay and the cost of treatment increase. Nonsurgical reduction of intussusception dates 
back to the time of Hippocrates, and various reduction procedures have been used since then [1-3].  

The prototype which is produced in this study is unique in domestic. There is no any company which produces this product in 
a foreign country or supplies in domestic according to detailed research on the internet and interviews with Pediatric Surgery 
and Pediatric Radiology departments of Erciyes University [4-6]. It is reached the conclusion that manual pneumatic devices 
are using instead of hydrostatic devices for reduction of intussusception. It has been observed that important medical centers, 
which work on reduction of intussusception with air/water, try to produce these devices for their needs [7]. Although barium 
enema can be considered as a standard care for the diagnosis and therapeutic reduction of intussusception, alternative 
procedures has been introduced to the literature. Among them, pneumatic reduction with fluoroscopic guidance is claimed to 
be quick, safe, and clean, and it has been reported to have a high success rate [8-12]. There are academic studies about how to 
use manual pneumatic devices and about the effectiveness of treatment [13]. Studies on these cases, it can be seen that the 
maximum pressure of insufflation recommended for this pathology is 120 mmHg and the effectiveness of pneumatic reduction 
procedure is more than 90% [10-14]. Experimental and clinic studies outlined that the amount of liquid emerging from the 
patient's anus during the pneumatic reduction process is less than that of hydrostatic reduction [15-16]. This is crucial by 
considering the hygiene and used device's continuity/working life. Also air is preferred instead of water because air causes a 
limited perforation and it is less dangerous in the peritoneal cavity in case of the perforation of reduction [17]. In case of 
intussusception, reduction with air is quicker, cleaner and more acceptable. Also, potentially risk of perforation is lesser and 
the application time is smaller than that of reduction with water [18]. In an analysis of cases in 2007, the effectiveness of 
hydrostatic reduction of intussusception is 85.3% but the effectiveness of pneumatic reduction is 88.2%. This study 
emphasizes the importance of pneumatic reduction in intussusception cases [19]. As a result of the study which is conducted 
on 44 cases, it is stated that the average pressure is 110.4 mmHg in pneumatic reduction process [20]. After the process, the 
length of hospital stay for children by pneumatic reduction is shorter than hydrostatic reduction. In another study which is 
experienced on 150 cases, the effectiveness of pneumatic reduction with manual pneumatic device is around 86% [21]. In the 
literature, pneumatic and hydrostatic reduction of intussusception the methods of perforation and success rates have been 
evaluated. Pneumatic reduction is more advantageous than hydrostatic reduction; thereby, pneumatic reduction is more 
preferable [10, 22-24].  

According to the factors such as shortness of the length of hospital stay, the risk result from the air in the peritoneal cavity in 
perforation is less compared to the water, application success rate show the effectiveness of pneumatic reduction in 
intussusception cases. In response to these cases, developing a mechatronic device which provides easy implementation for 
medical doctor, is going to be beneficial. For instance, medical doctors will be able to concentrate all the attention on the 
trouble region, time to reach the required pressure value will be short like 2-3 minutes, the success rate of opening the bowel 
will increase. 

2 INTUSSUSCEPTION AND REDUCTION 
Invagination can be described as a bowel problem. In general, the third quarters of invagination patients are younger than 1 
year old. Invagination mostly occurs between 6 months and 2 years old babies. Male infants and toddlers, who are suffering 
from invagination, are more than female ones. Under the 5 years old patients, invagination is the cause of surgical operation at 
25 percent. Frequently, it is occur at the tissue of small bowel joint with large bowel. The last part of small bowel is 
penetrating to the first part of large bowel. The general symptoms of intussusception are blood on the feces, uneasiness and 
vomiting. On the early stages of sickness, firstly nonsurgical methods must be applied. On the other hand, on the later stages 
of sickness, may be required an operation because of the cardiovascular problem at the bowel surface. The potential risks 
which are caused by surgical operation can be followed as; 

 Especially, the increasing at the mortality and morbidity risks (operation based complications) 

 The increasing at the costs and the length of hospital stay. 

 The necessity of a general hospital to perform the operation. 

 Complications arising from anesthetize applying to the babies 

The bowel regularly acts in a coordinated contraction and relaxation. These relations in the bowel help the materials that 
inside the bowel to be transferred to the anus. This process continues at a certain speed and pattern. Conditions which lead to 
increases of intestinal motility such as diarrhoea or medication use break the regular act of bowel. Therefore, large and small 
bowels may frequently entwine together. If the incoming part of the bowel cannot go back and stay, then the result of this 
situation defines as invagination (Figure 1). This intestinal problem may be seen all ages.  
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Figure 1. Intussusception (a) Schematic presentation [25] (b) View on the case [26] 

If it is not attempted on time, stopping of bleeding after a while, it results in the death of that tissue there. The necrosis that 
occurred in the wall of bowel may result in a perforation. In this case, the stool placed in the bowel spreads into the abdomen 
and a very serious intra-abdominal infection (peritonitis) and an inflammation of blood (sepsis) occur, which threat the life. 

Without the necessity of a surgical operation, and even the staying of kid in the hospital, the solution of the problem is 
specified as reduction which is a process of clearing the occluded area away by inserting from the anus. The process of manual 
aerating into the bowel is predicted on the physical performance of the medical doctor. Reaching the necessary pressure values 
and taking it constant, or not being able to focus on the problematic area of bowel, more time necessity show the ineffectuality 
of manual air reduction device. In the thematic literature, there are manual air reduction devices which are used for this 
process (Figure 2). Also, it is possible to see the devices which are used water instead of air. Aerating of occluded bowel is 
carried out by inserting a cannula from anus.  The occluded area during the operation is monitored by the medical imaging 
devices (ultrasound and/or scopy). 

 
Figure 2. Manual device with air feeder 

The process of aerating into the bowel is performed by a medical doctor. It is rather difficult both reaching the pressure level 
sensitively which is necessary to aerate and being increased gradually (from 70 mmHg to 110 mmHg), and taking it constant 
in that pressure level for a certain period (until the occluded bowel is threated). This process needs about 20 minutes. Also, the 
medical doctor might not be able to focus on the occluded bowel because he makes a physical effort and might be distracted. 
These are the negative reflections encountered frequently in the intervention with the manual systems. In the automatic 
devices with water feeder, it might be seen some problems, such as hygiene problems because of the outing of water from the 
anus, impairments of the electronic equipment used in monitoring owing to the water and the complications resulted from the 
water coming into the abdomen area are relatively (compared to intervention with the air) more dangerous. 

A prototype model of the automatic device with air feeder, which can control the pressure and flowrate and can be used with 
the aim of treatments in invagination, is given in Figure 3. 
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Figure 3. The solid model of low pressure, flow controlled pneumatic reduction device [27] 

The main components of the system are; Electronic control unity, mini compressor, digital manometer to monitor the level of 
pressure, pressure switch, solenoid valve, pressure level adjusting button, LCD control panel, emergency button, pneumatic 
connection components and trompe, changeable cannula and effusion tank to prevent the damaging of fluid coming from the 
bowel because of the pressurized environment. 

3 CONCLUSIONS AND RECOMMENDATIONS 

The various reasons for using air instead of water during the opening process of occluded bowel can be mentioned as follows; 
the high possibility of complications caused by bowel perforation and subsequently the leaking liquid in the peritoneal cavity 
during the water usage [17], the excessive liquid coming from the anus [15, 16], the high possibility of medical equipment 
getting damaged by this excessive liquid, the success rate of reduction with air being higher [19]. The device produced as a 
prototype, which has been experimentally tested at the laboratory conditions and registered by Turkish Patent Institute (TPE), 
can be applicable easily and effectively to intussusception cases no need surgery operations. Complications and increasing 
costs arising from stay in hospital and surgery operation can be prevented by this device. 

The disadvantages of this manual device are the difficulty of reaching a desired pressure and holding this pressure as stable, 
and the more time needed to achieve this. In addition to these, users (medical doctors) may not be able to focus on the 
occluded bowel because of the physical effort used on manual air supply. There are also various systems that use water 
instead of air. But in these systems there are some possible negative effects such as hygiene and equipment breakdowns 
(Figure 4) because of the extra amount of liquid coming from the patient's anus. Besides, there is a necessity of an expert 
radiologist at the operation team during the reduction with water process. Providing the required air through a compressor in 
the reduction with air operation in intussusception is a difference compared to the existing type that provides air manually and 
used in the thematic literature.  Because, all the physical efforts and the attentions of the users (medical doctors) will focus on 
the occluded bowel for necessary threating by the usage of developed device. The time required in the manual air systems for 
reduction will be further shortened (about 1/10 level).  

 
Figure 4. Imaging systems which are used during the reduction of intussusception process 
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Additionally, the device which has low and adjustable pressure, can sensitively supply the desired pressure range. It has an 
electronic control unit, pressure switch and solenoid valve. Pressure level can be monitored digitally. The pressure value is 
properly kept under the strength of human bowel by solenoid valve, that is, the pressure shall not exceed the upper limit of the 
resistance of human bowel due to an incorrect setting during application. 
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Heart Sounds Analysis by Using Linear Prediction 
Cepstral Coefficients  

Fatma Z. Gogus1 and Gulay Tezel 1 

Abstract 
The analysis of heart sounds has an important role to recognize the signs of various pathological conditions of heart. Along 
with the development of the signal analysis techniques, analysis of heart sounds and determination of the pathological heart 
sounds have become possible in the digital environments. In this study, following the filtering and segmentation pre-process, 
9 different heart sound data were analyzed using linear prediction coding technique. Weighted cepstral coefficients derived 
from linear prediction parameters were evaluated characteristic features of heart sound data. Reduction of features was 
performed using principal component analysis. Artificial neural network, k nearest neighbor and support vector machine 
algorithms were used to classify heart sounds into 9 different types. As a result of analyzing and classification, the accuracy 
of over 90% with each classifier was obtained for identification of 9 different heart sounds.  

Keywords: Artificial Neural Network, Cepstral Coefficient, Heart Sounds, K-nearest Neighbor, Linear Prediction Coding, 
Support Vector Machine 

1 INTRODUCTION 
Heart sounds are produced while pumping blood to the lungs and body [1]. The sounds are caused opening and closing of the 
heart valves and mechanical activities such as movement of blood between the heart chambers and vibration of the heart 
muscles. These sounds carry important information about the pathological conditions of heart, heart valves and cardiovascular 
system. For this reason, interpretation of heart sounds is very important for diagnosing of various heart diseases. Cardiac 
auscultation, which based on listening and assessment of heart sounds, is the most common diagnostic tool in diagnosing 
cardiovascular diseases [2]. In the process of auscultation, heart sounds are listened through a stethoscope from the 
auscultation points. Fig. 1 shows auscultation of heart.  The heart sounds listened by physicians are used to diagnose diseases. 
Although there are several advantages of auscultation such as cheapness, reliability efficiency, this tool has many limitations 
and problems [3]. Recognition and interpretation of the findings obtained by auscultation depend on personal expertise. Many 
factors such as physician's age, experience, education, ability to distinguish sounds, environmental factors and fatigue can 
affect the interpretation of findings. Also human ear is not the sensitive against sounds at certain frequencies [4]. This is 
another limitation of auscultation. Due to these reasons, auscultation is insufficient for the diagnosing of some cardiac 
diseases. 
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Advances in computer technology and improved methods in acoustic pattern recognition and signal processing [5] overcome 
many restrictions of auscultation. Thus, interpretation of heart sounds has become more objective and reliable. There are many 
studies about the heart sound analysis and detection of pathological conditions of cardiac. Autoregressive (AR) method is an 
effective method used most of these studies [1], [6]. With this technique, analysis and feature extraction process has been 
performed and effective results have been achieved in many studies about the heart sounds [1], [6]. 

 

 
Figure 1. Auscultation of heart 

AR approach is closely related to linear predictive coding (LPC) technique. LPC technique is one of the parametric analysis 
techniques. It models the signal as output of the all-pole filter [7]. It is used generally for analysis of echoes, speech sounds 
and musical sounds. However, it is adapted to heart sound analysis by Agostinho and Souza in 1997 [7]. Since that time, this 
technique has been used in various studies that deal with heart sound analysis [8]. Cepstral coefficients derived from the LPC 
method are the strong characteristic features of the heart sounds.  These coefficients are called linear prediction cepstral 
coefficients (LPCC) and often used as a biometric for human identification from the heart sounds [9, 10]. Although analysis of 
heart sounds with cepstral coefficients provide high performance in the biometric recognition area, this analysis form is rarely 
used in the biomedical area for detection of pathological conditions. Because of this reason, in this study, it is intended to 
show that LPCC belonging to heart sounds can produce successful performances in the biomedical field, too. 

In this study, 9 different heart sounds are analyzed and classified in the digital environment for identification of heart sound 
types associated with several pathological states. Block diagram shown in Fig. 2 summarizes the study schematically. 

 
Figure 2. Block diagram of study 

In this study, after the heart sounds were pre-processed with filtering and segmentation, they were subjected to analysis by the 
LPC method. As a result of analysis, the weighted cepstral coefficients were derived from the LPC parameters. These 
coefficients were considered as features of the heart sounds. Principle component analysis (PCA) was used to reduce 
dimensions of features. 

For testing the reliability of the analysis results, different classification algorithms; artificial neural network (ANN), k-nearest 
neighbor (KNN) and support vector ma-chine (SVM) algorithms were used. Identification of 9 different heart sound types was 
carried out via classification of features.  

As a result of the classification procedure, it is observed that the heart sounds are well represented by weighted cepstral 
coefficients and different types of heart sounds are identified with a high rate. 

Finally, classification algorithms were compared on the basis of classification ac-curacy. 

2 MATERIALS AND METHODS 

2.1 Used Heart Sound Data 
Nine different heart sounds which were used in study named “A Novel Feature Extraction Method for Heart Sounds 
Classification”[11] were also used in this study. Used heart sounds are normal heart sounds (S1 and S2) (NHS), third heart 
sound (S3), fourth heart sound (S4), opening snap (OPS), aortic stenosis (AST), midsystolic click and late systolic murmur 
(MCC-LSM), ventricular septal defect (VSD), atrial septal defect (ASD) and patent ductus arteriosus (PDA). The duration of 
these sounds is 14 or15 sec. and sampling frequency is 44100 Hz. Each of sounds contains 17 heartbeats. Fig. 3 shows used a 
heartbeat sounds. 

Heart Sounds 

Filtration and Segmentation 

Feature Extraction with LPC 

Classification 
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Figure 3. Used heart sounds 

2.2 Pre-Processing 
Heart sound signals are generally in the range of 20-600 Hz. While normal heart sounds are dispersed in the frequency range 
20-100Hz, abnormal heart sounds and murmurs are usually scattered throughout the frequency range 30-600Hz [12]. In this 
reason, our heart sound data were filtered using a band-pass filter Butterworth, with 3rd order and cut-off frequencies set at 
20Hz and 600Hz [12]. 

Following the filtering process, each of heart sounds was segmented into a little duration of complete one cycle of heart beat. 
In this way, 9 x17, in other words, 153 heart sound signals were obtained. 

2.3.Feature Extraction Methods 

2.3.1. Linear Predictive Coding (LPC) 
The basic idea behind the LPC analysis method is that each sample of signal can be expressed as a linear combination of a few 
past samples of the signal [13]. LPC method is formulated as shown in equation 1. 

[ ] [ 1] [ 2] ... [ ]1 2s n a s n a s n a s n pp= − + − + + −                                                                                        (1) 

According to equation 1, signal sample at time n, s[n], can be approximated a linear combination of the past p signal samples. 
a1, a2,…,ak are the LPC parameters. 

 
Figure 4. LPC synthesis model 

According to the LPC synthesis model expressed by Fig. 4, when the normalized input signal u(n) is scaled by the gain G 
(power of a signal) and acted as input the all pole system, output signal s[n] is produced [14]. Thereby, equation 1 is 
rearranged as in equation 2 [14]. 

[ ] [ ] [ ]
1

p
s n a s n k Gu nkk

= − +∑
=

                                                                                                                                              (2) 

In the analysis process with LPC, signals are separated into short frames and pre-diction parameter estimation is performed for 
every frame. The number of parameters is determined by the degree of the LPC method. There are two methods for estimation 
of LPC parameters. These are covariance and autocorrelation methods. According to the results of a study [14], it is expressed 
that the filter is designed with autocorrelation parameters is stable. However, this guarantee cannot be given for filters 
designed with covariance parameters [14]. Also autocorrelation method requires less calculation than covariance [15]. 
Therefore, the autocorrelation method was preferred for parameter estimation in this study. 

2.3.2. Linear Prediction Cepstral Coefficients (LPCC) 
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Cepstrum is defined as the inverse Fourier transform function of the logarithmic Fourier transform of a signal. Due to the 
nature of the sound signals, they can be modelled by Cepstrum coefficients.  Cepstrum coefficients can be obtained by Fourier 
transform. They also calculated based on the linear prediction parameters [16].  Cepstral coefficients which are calculated 
LPC parameters are referred as the linear prediction cepstral coefficients (LPCC). 

LPCC values are obtained through Fourier transform of the linear prediction parameters [15]. These values are computed as in 
equation 3 [16].   

p is the number of LPC parameters. 

1
( ) ( ) ( ) ( )

1

p k p
LPCC p LPC p LPCC p k LPC k

k p

− −
= + −∑

=

 
 
 

                                                                                         (3) 

The calculation process of LPCC values is shown as schematic in Fig. 5 [15]. 

 
Figure 5. Calculation process of LPCC values 

 

2.3.3. Principle Component Analysis (PCA) 
Principle component analysis (PCA) expresses a variety of original variables by using new variables. The new variables are 
linear component of the original variables and dimension of these new variables are fewer than that of original variables [12]. 
There are relationship and dependence among original variables, but there is no relationship between the new variables. These 
low dimensional new variables are referred to as principal components [12]. The first principal component has the highest 
variance value [17].  Other components are ranked from highest variance to lowest variance [17]. Because PCA produces 
lower dimensional variables, it can be used for reducing the dimension of features. 

2.3.4.Feature Extraction of Heart Sounds 
It is important to determine the LPC degrees. In this study, LPC algorithms with different degrees were applied to 9 different 
heart sounds. Because of the best representation of heart sounds, the degree of the algorithm is determined as 35 Fig. 6 shows 
heart sounds spectrums and LPC spectrums with different degrees. As shown in Fig. 6, LPC spectrum with 35th degree is 
more similar to spectrum of heart sound. 

Each of the 153 heart sounds was divided into 20 frames. Every frame contains approximately 40 msec sounds. With a 
framing process, non-static heart sound signal is rendered more stable. However, signal discontinuity may occur at the 
beginning and end of the frames. Therefore, the windowing process was applied to all frames to minimize signal discontinuity. 
Hamming window was used for windowing process. After the windowing process, LPC parameters were estimated for every 
frame by using the Autocorrelation Levinson Durbin method. 

When compared with LPC parameters, cepstral coefficients provide more reliable and robust representation of sound signals 
[18]. Moreover, various factors such as noise can be minimized and major differences between cepstral values can be 
eliminated by weighting cepstral coefficients. Therefore, LPC parameters found by the autocorrelation method were 
transformed into weighted Cepstral coefficients by using the equation 3. 
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Autocorrelation 
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LPC-LPCC 
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Parameters 
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Figure 6. Spectrums 

As a result of performed operations, 20 frames belonging to every sound and 35 weighted cepstral coefficients belonging to 
every frame were obtained.  In other words, 20 x 35 feature values were obtained from each of the 153 heart sounds. 

Because of the high dimensionality of features at the extraction stage, the classification cannot be performed effectively and 
quickly. Feature amount must be reduced for an effective classification result. Therefore, PCA was used to achieve feature 
reduction. With this method, the number of features was diminished to 25. Feature extraction of heart sounds can be 
summarized as shown in Fig. 7. 

 

3 RESULTS AND DISCUSSIONS 
Heart sounds are a bio signals providing information about the mechanical activity of the heart. Therefore, the identification of 
heart sounds is an important step for detection of pathological conditions of heart. In this study, it is intended to recognize 
normal and abnormal 9 different heart sounds.  To accomplish this intent, LPC method was applied to each of the heart sounds 
and the sounds were analyzed. The weighted cepstral coefficients obtained by the LPC method were considered as features of 
the heart sounds.  

ANN, KNN and SVM algorithms commonly used for classification of biomedical sounds and they produce high performance. 
That’s why, ANN, KNN and SVM algorithms were used to classify heart sounds into 9 different types in this study. Orange 
canvas toolbox [19] was used for classifiers. This toolbox is available for free at www.ailab.si/orange. 

Classification results of features values by ANN, KNN and SVM are shown in Table 1. 
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Figure 7. Feature extraction diagram of heart sounds 

 

 

 

 

 

Table 1. Classification accuracies of heart sounds using ANN, KNN and SVM. 

Classification Algorithm Classification 
Accuracy (%) 

Artificial Neural Network (ANN) 100 

Support Vector Machine (SVM) 100 

K-Nearest Neighbor (KNN) 95.42 

   

 

Classification process was carried out with 1000 iterations and 10 cross-validations. ANN with 3-layer was used. The input 
layer has 20 neurons, hidden layer contain 21 neurons and output layer include 9 neurons. k value was determined as 6 for 
KNN. Cost (c) value is determined as 1.00 and kernel function is selected linear for the SVM classifier.  
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As seen from Table 1, the highest accuracy rate for the recognition of different heart sounds as %100 was obtained by SVM 
and ANN classification algorithms. All sound samples were classified correctly by these two classifiers. When the confusion 
matrix belonging to classification of heart sounds by KNN is examined, it is observed that 7 of the 153 heart sounds are 
misclassified. 

SVM and ANN algorithms produce equal correct classification rate as %100. Although the KNN algorithm produces high 
classification accuracy, it is less successful than SVM and ANN for recognition of the different heart sounds. 

4 CONCLUSIONS 
Analysis of heart sounds is very important for the diagnosis of cardiac diseases such as heart failure. Many digital signal 
processing algorithms are used for analysis of heart sounds. Due to ease of use, less memory requirement and producing 
effective results, LPC is a digital signal processing method for analyzing the sound signals.  

In this study, analysis of 9 different heart sounds was carried out by LPC method. Weighted cepstral coefficients obtained by 
using the LPC method were considered as characteristic features of heart sounds. ANN KNN and SVM algorithms were used 
to recognize 9 different heart sounds by classifying the resulting feature values. As a result of the classification process, it is 
observed that weighted cepstral coefficients represent well the heart sound data. Also we can say that as in the field of 
biometric recognition, analysis of heart sounds with LPCC has high performance in the biomedical field. This analysis 
technique gives useful information about the pathological conditions of heart. 

The results obtained from this study are very promising for defining different types of heart sound associated with various 
pathological conditions. Therefore, it can be said that detection of various pathological conditions is performed by analysis of 
heart sounds in a digital environment. However, more experimental work is required, especially with larger data sets in order 
to develop and commercialize real-time computer based sound analysis and disease diagnostic systems. 
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Application on Forest Waste Biosorbent for the 

Removal of Zinc(II) 

Handan Ucun Ozel1, Ercan Berberler2, Halil Barıs Ozel3 

Abstract 

The aim of this study is to evaluate the potential use of forest waste as a biosorbent for removal of Zinc(II) ions from 
aqueous solution. With this purpose, used of forest waste were obtained from oriental beech (Fagus orientalis Lipsky.) 
forests. The biosorption properties of Zinc(II)onto forest waste were investigated by using batch techniques. Biosorption 
studies indicated that the biosorption efficiency decreased with increasing initial concentration of Zinc(II), but the 
biosorption capacity increased. The biosorption efficiency of Zinc(II) from solution with forest waste dose of 3 g L−1 varied 
from 41.9 % to 33.2% for an increase of the Zinc(II) ion concentration from 10 to 50 mg L−1. It is said that the results of this 
study indicate the possibilities that exist in the clean-up of the environment with the use of natural resources. Forest waste 
was screened as a potent candidate for biosorbent capable of removing Zinc ions efficiently.  
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1. INTRODUCTION 
Metals like Cd, Hg, Pb, Cr, Ni, Cu, Zn, and Co are, at elevated concentrations, detrimental to human health and ecosystem 
stability, and threshold values have been set for these metals for wastewater discharged into environment and for drinking 
water [1]. The removal of heavy metals from aqueous effluents so as to avoid their toxic and bioaccumulation effects to 
environment is usually realized by means of physical, chemical treatment and biological processes [2]. The removal of heavy 
metals from contaminated wastewater is generally accomplished chemical precipitation as sulphides and hydroxides, chemical 
oxidation or reduction, ion exchange, lime coagulation, evaporative recovery. All these processes have several disadvantages 
including high-energy requirements, high energy consumptions or expensive synthetic resins and chemicals requirements. The 
search is still on for an efficient, yet cost-effective treatment option.  Biosorption is a widely used technology to remove of 
heavy metals. Biosorption by inexpensive biomaterials promises to be an excellent alternative. These biomaterials are bacteria, 
fungi, algae, industrial wastes, agricultural wastes, natural residues, and other biomaterials [3]-[10]. 

Zinc is an essential trace element for all forms of life. However, an excess of zinc in the human body may cause a range of 
serious illnesses including anemia, damage to pancreas, lungs, decreased immune function, ranging from impaired 
neuropsychological functions, grows retardation and stunting, impaired reproduction, immune disorders, dermatitis, impaired 
wound healing, lethargy, loss of appetite and loss of hair [2]. Zinc may be found in wastewater discharges from acid mine 
drainage, galvanising plants, as a leachate from galvanised structures and natural ores, and from municipal wastewater 
treatment plant discharges. Zinc is not biodegradable and travels through the food chain via bioaccumulation. Therefore, there 
is significant interest regarding zinc  
removal from wastewaters and its toxicity for humans at levels of 100–500 mg/day. World Health Organization (WHO) 
recommended the maximum acceptable concentration of zinc in drinking water as 5.0 mg/L [10], [11]. 

Oriental beech or eastern beech (Fagus orientalis Lipsky.) belongs to the family Fagaceae. It is a deciduous broad-leaved tree 
which reaches height of 30-40 meters. Stem diameter can reach about 1 m at breast height. Height growth of oriental beech at 
early ages is slow. The maximum growth rate is usually achieved at the age of 30- 40 years, but under shelter, this could take 
longer, even 60 years. If oriental beech experiences fast growth during the early stages, then growth will end at about 100 
years of age, whilst for stands growing more slowly over the early stages, the growth will continue until the age of 160-200 
years. Oriental beech is indigenous to the Balkans in the west, through Anatolia (Asia Minor), to the Caucasus, northern Iran 
and Crimea. Oriental beech is a shade-tolerant species that occurs in Turkey, Syria and north of Asia Minor and Iran, in mild 
mountainous or marine climates with high humidity. Moist and acid clay soils inhibit its regeneration, and late frost, early 
heavy snow, and direct sunlight damage the seedlings. As a sapling, F. orientalis is much more resistant to frost, sunburn and 
drought stress than European beech (F. sylvatica Lipsky). In Turkey, the species is distributed in Trachia and in the south of 
Marmara Sea and throughout the Black Sea Regions where it is possible to find oriental beech both as pure stands and mixed 
forests with conifers and other deciduous broadleaves [12], [13]. 

This study investigates the potential use of forest waste from oriental beech (Fagus orientalis Lipsky.) forest as biosorbent for 
removal of Zn(II) ions from aqueous effluents. The biosorption of Zn(II) ions from aqueous solutions on forest waste was 
studied as function of initial Zn concentrations and biosorbent dosages.  

2.MATERIALS AND METHODS: 

2.1.Biosorbent preparation 

In this study, forest wastes were collected on natural pure oriental beech (Fagus orientalis Lipsky.) forest stands in the Bartin-
Yenihan range forest district in the Western Black Sea Region in Turkey and used as a low-cost and abundant biosorbent. The 
forest wastes as combined materials were collected on the forest floor and forest wastes were prepared as biosorbent after 
various procedures. Firstly, forest wastes were washed with deionized water several times to remove surface impurities and 
then dried at 80 oC for 24 h. The dried forest wastes were ground and sieved to particle size of 500 µm. Required biosorbent 
amount for the experiments was obtained from this dried mass by weighing precision and used as biosorbent.  

2.2.Reagent preparation 
The Zinc stock solution was prepared by dissolving analytical grade ZnSO4·7H2O in 1 L of deionized water. Zinc solutions at 
the desired concentrations were prepared by adequate dilution of the stock solutions with deionized water.  

2.3.Experiments 
Biosorption experiments were performed in the batch system. Biosorption experiments were carried out in 250 mL 
Erlenmeyer flasks using 100 mL metal-bearing solution with a known quantity of the dried biosorbent. The biosorption of 
Zn(II) ions from aqueous solutions on forest waste was studied as function of initial Zn concentration(10-50 mg/L) and 
biosorbent dosage (1.0-4.0 g/L). The biosorption medium was stirred at constant speed (150 rpm) for 2.0 h at 25 oC and pH 
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6.0. The samples were taken at definite time and were filtered immediately to remove forest waste.  The Zn(II) in the 
remaining solution was analyzed. The Zn(II) removal efficiency were calculated using the following equation; 

%𝑍𝑛 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 = 𝐶𝑜−𝐶𝑒
𝐶𝑜

∗ 100 (1) 

The adsorption capacity of the Zn was calculated as follows;  

𝑞𝑒 = (𝐶𝑜−𝐶𝑒)𝑉
𝑚

 (2) 

where qe  is the mass of adsorbed metal per unit mass of adsorbent (mg/g); Co and Ce are the initial and equilibrium Zn 
concentration (mg/L), respectively, V is the volume of the Zn solution (L) and m is the biosorbent mass (g) [2], [4], [15]. 

2.4.Analysis 
After being filtered, the concentrations of unadsorbed Zn(II) ions in the effluent were determined using an atomic absorption 
spectrophotometer. 

3.RESULT AND DISCUSSION 

3.1.Biosorption capacity 
The biosorption capacity, as it is a measure of the amount of metal ions bound by unit weight of biomass increased first with 
increasing of the initial concentration of metal ions and reached a saturation value [11]. Biosorption capacity (mg Zn 
adsorbed/g biomass) of the forest waste for removal of the Zn(II) at pH 6.0 and 150 rpm for 2.0 h was presented in Figure 1. 
In order to determine the biosorption capacity of forest waste, biosorption experiments were carried out at a fixed forest waste 
dose of 3.0 g/L and different Zn(II) concentrations ranging from 10 to 50 mg/L. The biosorption capacity of Zn(II) initially 
increased rapidly with increasing concentration Zn(II). It is thought that will increase its adsorption capacities even at the 
higher Zn(II) concentrations. The biosorption capacity of forest waste at the Zn(II)concentrations from 10 mg/L to 50 mg/L  
increased from 1.4 mg/g to 5.53 mg/g, respectively. Similar findings were reported for Zn uptake by other types of biosorbents 
[9], [11], [14]. 

 
Figure 2. Biosorption capacity of forest waste for Zn(II) 

The biosorption efficiency of forest waste was also determined for different initial Zn(II) ion concentrations (Fig.2). From 10 
mg/L to 50 mg/L Zn ion solutions, the biosorption of 41.9 % zinc were achieved with 3.0 g/L forest biosorbent. The rate of 
biosorption is a function of initial concentration of ions. The biosorption efficiency of Zn(II) ions to the forest biosorbent 
decreased as the initial concentration of Zn(II) ions was increased.  

 
Figure 2. Biosorption efficiency of forest waste for Zn(II) 
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3.2.Effect of biosorbent dosage on Zn(II) biosorption 
The influence of initial biosorbent dose on the biosorption efficiency and biosorption capacity of forest waste was studied for 
Zn(II) concentration of 30 mg/L and a content of 1.0-4.0 g/L of biosorbent. The experimental results are illustrated in Fig. 3 
and Fig.4.  

 
Figure 3. Effect of initial biosorbent dose on biosorption efficiency of forest waste for Zn(II) 

 

The increase in forest waste dose from 1.0 to 4.0 resulted in a rapid increase in biosorption efficiency. The maximum Zn(II) 
uptake was observed at 3.0 and 4.0 g/L. It is thought that will not increase its biosorption efficiency at the higher biosorbent 
doses. Because, it may be that further increase in dose results in clumping of the biosorbent particles, which can result in loss 
of available surface area for metal ion uptake. This condition was observed by some researchers [2], [9], [11], [14]. 

 
Figure 4. Effect of initial biosorbent dose on biosorption capacity of forest waste for Zn(II) 

 

Zn(II) binding capacity values showed a reverse trend and therefore, its magnitude decrease with increment in biomass 
dosage. Their maximum value was 8.9 mg/g, therefore obtained for the lowest biosorbent dosage (1.0 g/L). Bozic et al. [8]  
have repoted that the maximum adsorption capacity of  Zn adsorption on beech sawdust was found to be 2 mg/g. this value 
obtained by beech sawdust was lower than value of this study. An increase in Zn(II)/biosorbent ratio caused a decrease in 
biosorption efficiency. 

4.CONCLUSIONS 
The biosorption of Zn(II) metal ions from aqueous solution was performed by using oriental beech (Fagus orientalis Lipsky.) 
forest wastes biomass. The results indicated that oriental beech (Fagus orientalis Lipsky.) forest wastes biomass may be used 
as an inexpensive and effective for the removal of zinc from aqueous solutions. The zinc biosorption of the forest waste 
biomass was influenced by the initial metal concentration and biosorbent dosage. For used experimental conditions, the 
attained maximum biosorption capacity was as 8.9 mg/g and maximum biosorption efficiency was as 41.9%.  
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the City of Malatya 
Atilla Atik1, Furuzan Aslan1, Bulent Yilmaz1 

 
Abstract 

In the city center of Malatya are a total of 94 parks providing active service in accordance with the figures pertaining to the year 2015. 
Among these parks is only the one referred to as ‘’The Park of the Disabled’’, which was designed to be used by disabled individuals in 
particular.In this study, it was aimed on the basis of the participatory approach that the view, wish and satisfaction levels of the disabled 
individuals regarding ‘’ The Park of the Disabled in Malatya’’, which was constructed for the purpose of being used by the disabled 
individuals living in the City of Malatya, be determined. Within this context, a survey study was conducted on the disabled individuals living 
in this city. According to the data obtained from the survey study, it was determined that 69.5% of the disabled individuals living in the city 
center of Malatya had found The Park of the Disabled insufficient in terms of its areal size. 51.4% of the participants found the number of 
equipments insufficient, whereas 32.4% of them found the equipment qualities insufficient; on the other hand, 58.1% of them expressed the 
view that the park was in an inconvenient location in terms of transportation. Accordingly; in Malatya, almost 13.9% of the population of 
which consist of disabled individuals, it is necessary to develop the Park of the Disabled in terms of its areal size, the number and the quality 
of the equipments as well as easy transportation. Separately, the fact that there is only one park designed to be used solely by the disabled 
individuals in the city impairs the urban quality of life in terms of disabled individuals.   
 
Keywords: The Disabled, Urban Park, Design, Participatory Approach.  
 
1. INTRODUCTION 
 
According to the “World Report on Disability (2010)” by the World Health Organisation (WHO), more than a billion people 
or about 15% of the world’s population are estimated to live with some form of disability [1]. So far today, the definition of 
disability has been made in different ways by different people, institutions or organizations. According to three major 
international organizations, which are The United Nations (UN), The World Health Organization (WHO) and The 
International Labour Organization (ILO), the definition of a disabled or handicapped person is as follows: 

The United Nations (UN) gives the definition of a disabled person over the term ‘handicapped’ and defines this term as such: 
“one who is unable to do the chores that a normal person is supposed to do on his/her own in his/her personal and social life as 
the result of any flaw that occurs in his/her physical or spiritual abilities hereditarily or later during lifetime” [2]. The 
International Labour Organization (ILO) also gives the definition of a disabled person over the term ‘handicapped’ and 
defines an individual “whose job assurance specific to him/her and the sustenance of this job have greatly declined, and whose 
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expectations of being able to progress in his/her own job have considerably weakened as the result of an accepted physical or 
mental disability” as a handicapped person [3]. The World Health Organization (WHO), on the other hand, exhibited a 
medical approach in defining the handicapped by sticking to their own study field, and by considering disability as a disease, 
they defined the concepts by classifying them separately [4]. 

In Turkey, according to TurkStat, the ratio of the disabled to the total population is 12.29%, which makes nearly 10 million 
people all over the country [5]. 

The greatest obstacles for the disabled in taking part within the society are transportation and physical environmental 
problems. The physical environment in which the disabled live is of great importance due to the physical 
dysfunctioning/impairments they possess as well as the restrictions caused by these incapabilities. Roads, pavements, public 
buildings, parks and gardens, schools, the residential settlements, transportation vehicles and several physical environmental 
factors like these pose serious obstacles against the disabled in their participation within the society [6]. 

The principles of The European Urban Charter, while identifying how cities should look like for the purpose of owning the 
rights defined through the European citizen rights, also lay emphasis on the architectural arrangements in order to allow the 
disadvantaged groups ignored in our cities, such as the disabled, the elderly and children users, to benefit from urban areas and 
structures. Within the principles of The European Urban Charter, it is aimed that unobstructed, habitable, functional and 
accessible urban areas and structures be constituted, that awareness towards the disabled be raised, and that the urban quality 
of life be enhanced in cities [7].  

In Turkey, the insufficiency of the architectural arrangements that should allow the disabled to realize their civil rights vested 
in them through the Law, such as education, health, occupation, entertainment and sports, cause the disabled population to 
remain uneducated to a large extent, thus, leading them to participate in production and labour force less and less. While, in 
the developed countries, the disabled comprise 7-8% of the population, this percentage is about 12% in Turkey [5, 7]. 

Open-green area systems situated in a city can be defined as the areas that areally comprise or need to comprise a major part 
of a city, and that are vegetated by local managements by being arranged in the way that they will meet the recreational 
requirements of people during the time remaining behind their general activities like working and sheltering in order to allow 
them to make use of their leisure time like walking around, entertainment, physical activities. These areas are the cultural or 
natural places used commonly by those living in cities [8]. 

There are many various services and benefits provided for the society by the open-green areas in a city. Until today, there have 
been many studies conducted by the researchers from different disciplines who aimed to find out these services and benefits. 
Among these, the studies suggesting that the open-green area systems in a city have positive and direct effects on those living 
in the city, such as reducing stress and psychological disorders in terms of psychology [9, 10], reducing obesity [11, 12], 
increasing physical activity [13], protecting health order [14], and boosting the perception of life quality [15], can be given as 
the examples to these. 

As in all developed countries, today in Turkey, necessary arrangements for the disabled are also being performed in the parks, 
which are among the most important elements of the active green-area systems in cities, for the purpose of meeting the 
recreative requirements of the disabled individuals. Depending on this, the quality and the quantity of the roads and 
equipments with accessible design features are being continuously increased in all the parks available in cities. Besides, in 
order for the disabled individuals to make use of all the activities in the parks of today’s cities, The whole design was 
implemented by taking into consideration the physical limitations of the disabled, and special importance is attached to the 
construction of the parks planned to be of service to only the disabled individuals by taking into account various disabled 
groups. 

In this study, on the basis of the participatory approach, it was aimed that the view, wish and satisfaction levels of the disabled 
individuals regarding ‘’ The Park of the Disabled in Malatya’’, which was constructed for the purpose of being used by the 
disabled individuals living in the City of Malatya, be determined. Thus, according to the findings obtained as the result of this 
study, it was planned that various opinions and suggestions regarding the park of the disabled be presented to the institutions 
and the people in decision-making positions who were in charge of designing, planning and managing the parks. 

2. MATERIALS AND METHODS 
This study was conducted for the purpose of determining the user satisfactions, expectations and suggestions in ‘’ The Park of 
the Disabled in Malatya’’ located in the city center of Malatya, Turkey. To that end, a face-to-face survey study was 
performed with the disabled individuals residing in the city center of Malatya. In determining the sampling size, the 
proportional approach determined with the help of Formula 1 was benefited from [16]. 
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In the Formula; n, sampling size, N, population size; , variance; p represent the ratio of the disabled users visiting the 
park of the disabled. To conduct research with a large population, the p = 0.5 value was accepted for p(1-p) to be the largest 
value [16, 17]. 

According to TUIK’s (Turkish Statistical Institute) data over the Population and Settlements pertaining to the year 2011, the 
number of people with at least one disablement in Turkey is 420 227 in the Eastern Anatolian Region and 69 376 in Malatya 
[18].Using the above formula, the minimum sample size was calculated to be 94 people at 10% error and 95% confidence 
interval. This sample size was increased by about 10% to 105 people [17]. 

The survey consists of 11 questions, and the first 7 questions are about the socio-demographic characteristics of the 
participants and the identification of the disabled groups. The remaining 4 questions, however, were prepared for the purpose 
of determining the views of the participants regarding the size of “The Park of the Disabled in Malatya”, the quantity-quality 
status of the components of park equipments as well as accessibility through convenient transportation.                                                                                            

3. RESULTS AND DISCUSSION 
The data obtained as the result of the survey and some statistical information pertaining to these data are given in Table 1.  

 

 

 

 

Table 1. The results of the questionnaire. 

Socio-demographic 
characteristics Name of characteristics Number % Sdt. 

Dev. Scale 

Gender Female (1) 34 32.4    Male (2) 71 67.6 
 TOTAL 105 100 0.470 1-2 
Marital Status Single (1) 66 62.9    Married (2) 39 37.1 
 TOTAL 105 100 0.486 1-2 
Age ≤20 (1) 25 23.8 

   21-40 (2) 45 42.9 
 41-60 (3) 29 27.6 
 ≥61 (4) 6 5.7 
 TOTAL 105 100 0.852 1-4 
Education Level Illiterate (1) 20 19.0 

  Primary School (2) 27 25.7 
Secondary school (3) 34 32.4 
High school (4) 7 6.7 
Vocational school (5) 9 8.6   
University graduate (6) 8 7.6   
TOTAL 105 100 1.451 1-6 

Occupation  Housewife (1) 11 10.5 
   Public officer (2) 10 9.5 

 Worker (3) 14 13.3 
 Retired (4) 5 4.8   
 Self-employed (5) 18 17.1   
 Unemployed (6) 47 44.8   
 TOTAL 105 100 2.455 1-6 
Income Level  ≤1000 TL (1) 78 74.3 

   1000-2000 TL (2) 16 15.2 
 2000-3000 TL (3) 10 9.5 
 ≥3000 TL (4) 1 1.0   
 TOTAL 105 100 0.697 1-4 
Disability Group Orthopedic (1) 43 41.0   Hearing (2) 5 4.8 

Mental (3) 33 31.4   
Visually impaired (4) 19 18.1   

2
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Speech and language (5) 5 4.8   
TOTAL 105 100 1.746 1-5 

Is the park sufficient as 
areal size for you? 

No (0) 73 69.5   Yes (1) 32 30.5 
TOTAL 105 100 0.426 0-1 

What is your opinion 
about the number of 
equipments in the park? 

Rather insufficient (1) 23 21.9 

  
Insufficient (2) 31 29.5 
Neutral (3) 30 28.6 
Sufficient (4) 13 12.4 
Quite sufficient (5) 8 7.6 
TOTAL 105 100 1.101 1-5 

What is your opinion 
about the qualities of 
equipments in the park? 

Rather insufficient (1) 11 10.5   Insufficient (2) 23 21.9 
Neutral (3) 28 26.7   
Sufficient (4) 25 23.8   
Quite sufficient (5) 18 17.1   
TOTAL 105 100 1.319 1-5 

The Park of the Disabled 
in Malatya is in well-
located. 

Strongly Disagree (1) 7 6.7   Disagree (2) 16 15.2 
Neutral  (3) 21 20.0   
Agree (4) 49 46.7   
Strongly Agree (5) 12 11.4   
TOTAL 105 100 1.309 1-5 

According to the data obtained from the survey study, 69.5% of the disabled individuals living in the city center of Malatya 
expressed the view that the park of the disabled, located in the city center of Malatya, was not large enough in terms of its 
areal size. “The Park of the Disabled in Malatya”, which was designed for the purpose of being used by the disabled living in 
this city, is situated in an area of 2500 m2. The green areas established to meet the recreational needs of the city people may 
show territorial or regional differences in terms of planning and design features. However, the main objective in planning such 
areas is to allow the city folk to meet with Nature and to fulfill their longing for Nature [19]. 

The sufficiency of the green areas in cities have been evaluated by several researchers. Gökyer and Bilgili, in their study 
conducted for determining the sufficiency and accessibility of the green areas in the city center of Bartın, Turkey, evaluated 
the parks smaller than 8000 m2 as non-standard places [20].  

Emür and Onsekiz (2007) stated that a living environment of quality along with the urban fabric were the result of a balanced 
spatial relationship among structures, transportation facilities as well as open and green areas. Accordingly; the type, size, 
fitting (equipment) and functional levels of the use of open and green urban areas has a significant impact on determining the 
effect of green areas on the urban quality-of-life [21]. As an efficient element in terms of creating a lively environment within 
the city, in establishing human/environment relationship in the hectic city center and in constituting an urban circulation and 
activity areas, parking areas, due to the fact that they are socially reduced to a living space/location, can be characterized as 
one of those significant components of the urban quality-of-life in the sense of the presence of open and green areas [22]. 

According to TUIK’s (Turkish Statistical Institute) 2011 data, the park of the disabled in Malatya, the city in which  69 376 
disabled individuals live in total, is rather insufficient/poor in terms of both its areal size and of being the only park that 
provides provincial-wide service for the disabled. Also according to the result of the survey, the majority of the disabled 
individuals living in Malatya state the fact that this park is rather poor in terms of its areal size. While only 20% of the 
participants expressed their positive opinions as to the sufficiency of the number of equipments/fittings in the park, 51.4% of 
them said they had negative opinions over this matter, whereas the remaining 28.6% said that their opinions about this subject 
were neutral. Accordingly, the majority of the disabled in Malatya find the number of equipments in the park of the disabled 
rather insufficient. Although most of the participants find the number of equipments insufficient, they still state the fact that 
the equipments within the park are qualitatively sufficient.  

On the other hand, when the park in question is evaluated in terms of its positional accessibility, 58.1% of the participants 
expressed positive opinions, whereas 21.9% of them were negative in this matter and 20% of them stated that they were 
neutral about this subject. Accordingly, the majority of the participants are of the opinion that “The Park of the Disabled in 
Malatya” is in well-located spot in terms of its positional accessibility. However, even though the views expressed by most of 
the participants were towards the fact that the park was well-located in terms of accessibility, Aslan and Atik (2015), in their 
study, reported that 63.8% of the disabled individuals in Malatya were not even aware of the fact that there was a park 
constructed to provide service solely for them [23].  

Keleş (1998) defines the open areas located within the city as urban components where people keep on living, that which 
remains outside the closed spaces on which constructions were built, those left in their own natural condition, or those that are 
spared for resting and relaxing purposes, except for agricultural and residential ones. The green areas in cities are the places 
spared as resting, wandering spots as well as game areas for humans, and such places can be defined as communal areas, such 
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as  the alleys arranged by the urban managements and wooded roads, built for preventing the city from becoming a heap of 
stones [24]. 

In the City of Malatya, about 13.9% of the population of which consist of disabled individuals, the fact that there is only one 
single park designed to be used only by the disabled impairs the urban quality-of-life a great deal in terms of the disabled 
individuals.  

In a study conducted by Dikmen (2011) in the City of Yozgat, Turkey, within the context of the Transportation and 
Circulation Principles of the European Urban Charter, the challenges confronted by the disabled in transportation, circulation 
and access into the structures in the urban area as well as the architectural arrangements required to be performed in order to 
eliminate these challenges were discussed, the implementation level of the arrangements for the disabled, which were specific 
to the city of Yozgat, were questioned, and suggestions were made for the purpose of elevating the quality-of-life and the 
participation of the disabled in the social and urban life [7]. 

In the survey study conducted by ÖZİ (2010) for determining the convenience of the built environments and urban services for 
the disabled, 90.1% of the participants expressed the view that public transport vehicles, buildings, main roads, streets and 
pavements were not convenient for the disabled [25]. 

In a study in which the problems that a visually-impaired individual confronts in Turkey in order to minimize the restrictions 
for use and circulation in parks were discussed, the design criteria were specified in line with the behaviours and requirements 
of the individual, and finally, solution proposals for implementation were developed [26]. 

In Turkey, in the sample of the city of Istanbul, the expectations of the disabled individuals regarding the areas of activity in 
urban parks were evaluated, and through the survey study conducted, it was determined that the majority of the participants 
had wished the urban parks to provide the opportunity for them to become socialized [27].  

Philippa et al. (2009) states that the structural environments in cities increase the movement difficulties for the elderly 
individuals [28]. 

4. CONCLUSIONS 

The expression in the 61st clause of 1982 Constitution stating, “The State takes measures for providing protection for the 
disabled and allowing them to conform to social life”, was included in the Constitution as a direct regulation for the disabled; 
in addition, along with the regulation in the 60th Clause titled as Social Security within 1982 Constitution, which stated: 
“Everybody has a social security right. The State takes the necessary precautions to ensure this security and establishes the 
governance”, the State was assigned the duty to perform any type of regulation to allow the disabled individuals to conform to 
social life [29]. Accordingly, the number of the parks designed to provide service for the disabled in the city center of Malatya 
are proposed to be maximized in line with equality and affirmative action towards the disabled by also taking into 
consideration the population rate of the disabled in the city. 

Separately, this park with the areal size of only 2500 m2 can be characterized as a non-standard one, as was remarked by 
several researchers. However, when the current localization status around it is taken into consideration, there is no possibility 
for this park to be enlarged. For this reason, the areal size of the new parks to be designed for the disabled in the city must also 
be in accordance with the standards and expectations.  

In conclusion, the disabled individuals should be able to make optimum use of the urban parks - which are important public 
areas for use in elevating the urban quality of life - in order to be able to meet their social needs without excluding themselves 
from social life but along with the whole society, yet, independently, and this depends on the existence of the parks designed 
only through the evaluation of various disabled groups. 
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Abstract 

Historical surroundings are among important elements for the sustainability of cultural heritage. Contribution of such city parts to cultural 
tourism is also large since they function as a bridge between past and future. It is emphasized in Convention Concerning the Protection of 
World Cultural and Natural Heritage (UNESCO 1972) that such unique values are not only owned by the geography they are located but also 
by commonly all mankind. In this respect, cultural tourism is an effective tool to protect historical and cultural heritage and may provide 
significant economic incomes.  

Battalgazi District (Ancient Malatya) is evaluated whose history dates back to Palaeolithic period in the scope of the present study. The 
District has been one of the most important junctions from Antique period to date between Anatolia, Middle East and Eurasia geography. As 
the first settlement area of the city of Malatya, Battalgazi District, tries to sustain its historical tissue inherited today. Historical tissue in the 
District cannot reflect its cultural identity completely due to various reasons such as lack of maintenance and wrong restorations. 
Performance of historical remains the district shelters in its body is very low and inefficient. Aim of the present study is to offer solution 
proposals for Battalgazi district to develop tourism by determining its cultural tourism potentials. Thus, cultural tourism may overtake 
responsibility to protect cultural heritage. 

  
Keywords: Cultural tourism, historical environment, Battalgazi, Malatya. 
 

1. INTRODUCTION 
Tourism has been studied for its economic, environmental, cultural, and social impacts. Rarely has tourism been explicitly 
examined as a possible catalyst for social movement participation [1-14]. Countries prefer to develop strategies and 
competitive and marketable local touristic products to get more share from tourism sector by considering their own potentials. 
Tourism activities in Turkey began to develop in 1980s based initially on sea, sand and sun (3-S) aiming sightseeing and 
entertainment. At present, more than half of the foreign visitors to Turkey still come for this aim [15]. As a result of such a 
situation, alternative types of tourism to 3-S began to be suggested in many places [16]. In this respect, culture tourism as a 
type of alternative tourism is growing day by day with the changing travel trends and tourist expectations. Desires to see and 
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visit more distinctive and authentic places have caused increase in the number of travels to cultural sites. Culture tourism is 
expected to develop since culture tourists are willing to discover cultural richness [17, 18]. 

Culture tourism as a concept can involve several sub-topics. Historical and archaeological remains reflecting the history of a 
given area, historic and religious centres, museums, festivals and special days, local handicrafts can be counted among such 
subthemes. Such topics can serve as cultural capital in a country. Many cities may own a long historical background. 
Formation of cities may date back to centuries ago even antique ages. Historical and archaeological urban tissue and 
architectural examples in a region can bear valuable clues about the history of the mentioned area and its close proximity and 
serve as important cultural heritage in a city by providing scenes related to living conditions and social life [19-21]. 

Culture includes everything human produces against nature to survive together with it. Formation of different cultures in 
different places resulted in tourism and in the last years, concepts such as cultural heritage, heritage tourism, historical 
tourism, cultural tourism have been suggested by various sides of the tourism sector. However, basic point is the complete use 
of cultural sources for touristic purposes [22]. Cultural tourism is a form of tourism which is emphasized on for not only its 
income increasing effects but also for the preservation of cultural values [23]. However, despite positive and constructing 
effects of culture tourism on the conservation and restitution of historical and cultural values, culture tourism is known to have 
sometimes destroying and devastating effects on them by causing an unplanned tourism development [15, 24-25]. 

Historical and cultural environment is defined to be the views of cultural values humans created throughout their history and 
reflected on physical environment [26]. Historical city centres can bear an accumulation of many historical and cultural 
experiences gained in a process from their inceptions and transfer to date. However, such areas are taken under the effects of 
new and bad developments due to their locations in the entire city and remain inefficient to meet spatial needs required by 
modern life style. Such type of developments may turn these areas into depression zones from physical, economic and social 
aspects [27]. 

The aim of the present study is to determine tourism potential of Battalgazi, a historical settlement and offer suggestions to 
improve such potentials. It is also aimed in the study to attract attention to historical structures in the area which suffer 
seriously from problems like false restoration and differentiations in social structure and suggest solution proposals for the 
creation of liveable historical areas. 

2. MATERIALS AND METHODS 
Main material of the study is Battalgazi district, the first settlement area of Malatya, and sheltering important historical tissues. 
Battalgazi is located in Upper Euphrates sub- region of East Anatolia inside the official border of Malatya province [28]. 
Surface area of the district is 213 km2 and it is 9 km away from city centre. The area is surrounded by Karakaya Dam Lake in 
the north, Kale and Pötürge districts in the east and Yeşilyurt district in the west and south (Figure 1). 

 

Figure 1 Location of study area  

Historical remains were introduced by reviewing related literature to Battalgazi known also to be Ancient Malatya in the scope 
of the study. Their locations were determined through field surveys and photographs. Importance of historical works in the 
history of the region and cultural heritage tried to be determined. 

3. RESULT AND DISCUSSION 
The city of Malatya, so-called history books, was 9 km northwest of present city with the name Ancient Malatya (Battalgazi) 
[29]. The region covering Malatya was under the sovereignty of historical states such as Assyrian, Urartian, Persian, Hittite, 
Roman, Byzantine, Arabic, Seljuk and Ottoman. 

In 2nd Century BC, Roman Empire carried the city of Malatya from Aslantepe to today’s Battalgazi and surrounded it with 
walls. The city was attacked many times since it remained to be a border location in the east of the country and many 
civilisations took the city under their control. Photographs and information of the historical works in the district are given 
below (Figure 2). 
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(a) Kale Surları (fortress walls): Fortress remaining from Roman Era began to be constructed in 79 AD and was completed 
around 530 – 540 after a very long lasting construction period. The fortress lost its defencing properties from Ottoman Period 
onwards and was demolished largely in 19th century. The fortress had originally 95 constellations and 11 gates [30]. Cut 
stones in regular edges used in the fortress walls can now be seen in the walls of houses and gardens. In some parts walls are 
restored today. 

(b) Armourer Mustafa Paşa Caravanserai: This structure was built by Armourer of Ottoman Emperor Murad IV, Mustafa 
Paşa, in 1632 in Battalgazi (Ancient Malatya). Construction material of the rectangular – shaped and structure with an arcaded 
yard and indoor extension of the yard is cut stone. Closed with a vault roof system, the structure is made up of two parts used 
distinctly in winter and summer [30]. It is one of the most important monumental structures of Battalgazi. Caravanserai, in a 
good physical condition after a restoration today, is used for meetings, autograph sessions, discourses and exhibitions. 

(c) Ulu Cami (mosque): This Mosque was constructed by Seljuk Sultan Alaaddin the 1st in 1224. It sustains the heritage of 
Great Seljuk Empire in Anatolia. It is the only structure which has a domed shrine, yard and iwan together. The mosque 
restored in 1970s takes place in a social complex together with Sahabiye Kübra Madrasah, remains of which are in the south 
facet of the Madrasah [30]. 

(d) Melik Sunullah Minaresi (Minaret): Normally the Minaret belongs to a mosque constructed by Çerkez, the son of 
Abdullah Hüsnü in Battalgazi in 1394 but demolished completely today. The Minaret is constructed using bricks and called 
preacher centre by local people [30]. 

(e) Emir Ömer Masjid: It was built in Battalgazi in 1556 with a rectangular plan and is used and visited today as tomb not 
masjid. It has a flat roof and stone walls. Tomb shelters a burial chamber [30]. It is a typical example of Ottoman architecture 
[31]. 

(f) Karahan Mosque: According to its identity tablet, the structure was constructed in 1583 by Hüsrev Bey, the colonel of 
Malatya in Ottoman period on a square plan. The Mosque built in Battalgazi and restored in 1900 has a narthex surrounded by 
porticos [30]. 

(g) Ak Minare Cami (White Minaret Mosque): The Mosque constructed of cut stone by Himmet, the son of Zaim Yusuf in 
1572 is a structure from Ottoman time. Minaret of the Mosque which is the only mosque with solitary dome collapsed [30, 
31]. 

 (h) Sütlü Minare (Milky Minaret): Even though it has no tablet, the Minaret in Battalgazi is considered to belong to 17th 
Century in Ottoman period when considered construction techniques and materials used. The mosque it was once connected is 
now demolished. The Minaret facing demolishing threats has a one balcony [30, 31]. 

(i) Namazgah (small praying house): The structure built in 1243 managed to survive and reach to date by preserving its 
original situation. All the historical structures in Battalgazi were constructed from cut stones. In the Namazgah, which was 
constructed in Seljuk’s period for voyagers to pray comfortably along the route, shelters a shrine and s seven-staged pulpit 
(minbar) [30]. 

(j) Miralay Şah Ali Bey Mosque: The mosque was constructed by colonel Şah Ali Bey in 1591 Battalgazi in the south of 
Alacakapı Wall Gate in convenience with a square plan and a flat wooden ceiling [31]. 

(k) Sıddı Zeynep Tomb: Even though it has no tablet on it, it is understood that it is a Seljuk time structure due to its 
construction technique. Pyramid was constructed in Battalgazi in the form of a conic polygon and from stone material [30]. 

(l) Kanlı Kümbet (Bloody Tomb): Its tablet cannot be read. It was constructed in nearly 1300s as a monumental grave from 
stone and brick material in a square plan. Downstairs of the two – storey Tomb serves as mummy place and upstairs is for 
visit. Dome of the Tomb estimated to be covered by a conic shape looks like a half moon inside [30]. 

(m) Halfetih Minaresi (Minaret): Minaret constructed completely from brick material is from 13th century. It is estimated to be 
the part of mosque or madrasah around it. It is similar Ulu Cami in its structure technique and construction material. It is so – 
called "Hötüm Dede" by locals in Battalgazi [30]. 

(n) Toptaş Mosque: The Mosque constructed in the neighbourhood in the same name in Battalgazi was restored many times 
and deviated heavily from its original form. According to the dates in its tablets it was restored in 1681 and 1827. The Mosque 
has a roof and a Minaret constructed in 1960s [30]. 

(o) Sahabiye-i Kübra Madrasah: Ruins in the south of Battalgazi Ulu Cami belong to this Madrasah. According to art 
historians, it was constructed in the era of Seljuk Sultan Keykavus. It is estimated to take place in a complex together with Ulu 
Cami [30]. 

(p) Ahmet Duran Masjid and Tomb: It was constructed in 1792 from wooden material. It is visited densely by locals by 
considering its holly aspects. The person who gave his name to the structure is said to be one of Seyit Battalgazi's commanders 
[30]. 

(r) Kırk Kardeşler Şehitliği (Forty Brothers Martyrdom): A cemetery from 13th century Seljuk’s time was surrounded with a 
stone and concrete wall by Battalgazi Municipality and taken under protection. People believe this area belongs to 40 Seljuk 
soldiers [30]. 



 
 
 

302 

 

(s) Nefise Hatun Türbesi (Tomb): The Tomb constructed out of Battalgazi city walls in Meydanbaşı point is from 14th century. 
The Tomb covered with a pendentive doomed roof was constructed from regularly cut stones and bricks. The burial chamber 
belongs to Hacı Nefise Hatun, daughter of Emir Sühnab Bey [31]. 

(t) Battalgazi Makamı (House of Battalgazi): It is in Meydanbaşı neighbourhood in Battalgazi. Evliya Çelebi, a famous 
Turkish voyager, mentioned about this structure in his book, Seyahatname, as that it was in Aspuzu vineyards and it stood for 
700 years strongly due to Battalgazi’s holly soul [31]. 

 (u) Aslantepe Tumulus: It is in Orduzu location 4 km away from Malatya citty centre. It hosts 27 cultural layers from 
Neolithic (8.000 BC) to Roman Age. Excavations have regularly been going on since 1961. 

 
Figure 2. Photographs of historical structures in Battalgazi  

Economic activities in Battalgazi are performed based on agricultural sector. Share of tourism sector is not significant in the 
total economic District even though it shelters the mentioned historical and archaeological values serving as the potentials for 
cultural tourism [21]. The number of tourists in Malatya is at an ignorable level when compared to that of the country [Table 
1, 32, 33]. 

 
Table 1. Tourist number in Malatya Turkey  

 Years Domestic 
Tourists 

Foreign Tourists 

Malatya 

2010 5 846 3 956 
2011 6 324 3 814 
2012 5 701 3 895 
2013 3 710 2 289 
2014 3 393 1 934 

Turkey 

2010 10 921 427 28 632 204 
2011 11 592 653 31 456 076 
2012 11 731 463 31 782 832 
2013 12 474 218 34 910 098 
2014 12 768 914 35 257 859 

 
It is important for the continuity of cultural heritages reaching successfully to date to transfer historical structures to 
generations next. Introduction of cultural tourism to the area may prevent historical tissue from leaving unattended and 
improving the physical conditions of the structures constructed in this tissue. The point to be considered should be the 
prevention of cultural values. Even though there are various legal regulations to conserve cultural heritages in Turkey, they are 
not applied efficiently in practice. Such a situation is also valid for Battalgazi district. The most important problem may be 
accepted to be the good intended but amateur approaches of local authorities and NGOs. Restorations perceived to be not 
original should be avoided and told to be not an acquirement. Several of restored historical structures can exhibit views not 
belonging originally to them. Local construction workers not knowing how to repair and restore such structures harm to these 
buildings and remains and cause them to lose their real identity. In addition, majority of historical structures are captured in 
narrow streets and settlement zones. Especially, the stones of city walls are used as the construction material in the walls of 
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some houses and gardens. As the result of such unconscious activities, the district faces the danger of losing its cultural tissue. 
Such a situation may be thought to be a primary problem for the development of cultural tourism. 

4. CONCLUSIONS 

Only 20% of park areas in the city have shelter water surface. Historical and cultural heritage in Turkey offers an important 
potential for cultural tourism. It is an indispensable responsibility to transfer such heritage to generations next by preserving 
and improving historical sites in order to develop cultural tourism. Historical tissue of Battalgazi district, an important part in 
Malatya city, may serve as an important culture tourism circle. In this context, conscious activities both nongovernmental 
organisations and local authorities will perform related to cultural heritage are of great importance.  
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Examining The Arboreal Taxa used in Landscape 
Design Works of the City of Malatya 

Atilla Atik*1, Furuzan Aslan1, Bulent Yilmaz1 

 
Abstract 

In the scope of this study, the arboreal plant taxa which are used in open urban area landscape design in the city center of Malatya in Turkey, 
have been examined. In the light of the data received from the Parks and Gardens Management of Malatya Metropolitan Municipality, the 
types that were purchased by the relevant units of the municipality to be used in landscape design like the city parks, children’s playgrounds, 
roadside planting, square designs for the years 2011-2012-2013 and 2014 have been determined. According to the data obtained, it was 
observed that 83 strains belonging to 29 families and 50 stocks were used in these design works. 25 out of these 83 strains were gymnosperm 
and 58 were angiosperm. Again, among these 83 strains, 37 were shrub species and 46 were tree species.  
 
Keywords: Urban green area, Plant material, Biological diversity, Malatya.  
 

1. INTRODUCTION 
Throughout history, arboreal plants, especially trees have attracted the attention of human beings, and have been used actively 
in agricultural areas as well as for landscape design works [1, 2]. Today, depending on the increasing population and dense 
urbanization, the need for open green areas have increased more than ever [2]. There have been a great number of studies from 
various disciplines conducted on the positive effects of trees in urban areas on the urban ecosystems of any size and any 
intensity.   

Davies et al. (2011) and Paoletti et al. (2011) reported that trees and other vegetation in open urban green areas have the duty 
of being a carbon sink against the carbon release stemming from industrial activities because of their carbon-binding 
properties [3, 4]. Gidlöf-Gunnarsson & Öhrström (2007) reported that a vegetation form with especially arboreal taxa had 
effects that could decrease the noise in a city [5]. 

Today, about 31% of the Earth’s land area consist of forests [6]. The total area of Turkey is 78 356 000 ha, and 1.78% of it 
consists of water. In this context, the total land area is 76 963 000 ha. The country has the 1.14% of the total land area of the 
Earth, and is in the 37th row in terms of area size [7]. 

Due to its geographical location and distinct topography varying across very limited distances, Turkey is much richer than 
most of the surrounding countries in terms of plant biodiversity. The number of plant taxa distributed across Turkey is close to 
the number of plant taxa spread in the whole of the European continent. According to the latest inventory information, Turkey 
hosts nearly 12,000 plant taxa. This is also a result of the diversity of plantation habitats [8, 9]. 

Not only does this case provide a wide range of plant material selection in rural and urban landscaping in Turkey but also the 
climatic, edaphic, physiographic and biological changes at short distances make it necessary to select appropriate and adaptive 
species in regional, urban and even suburban scales. 

The plant materials used in landscape designing works are green building elements having aesthetic features and providing 
various functional features to the environment as well. Urban population growth and urban sprawl, one of the largest problems 
of especially developing countries, further increase the importance of using plant materials in the landscaping works in urban 
areas. Today, selection of plants, knowing their dendrologic and ecological features and demands, is perceived as the most 
important indicator on the effective use of limited resources [2]. 
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In this study, especially in Malatya, with limited conditions in plant breeding and variety selection due to its climate-induced 
handicap, the plant materials consisting of arboreal taxa used in landscaping works were identified. The results obtained from 
this study has a expansive effect in terms of revealing the plant diversity used in the city center and creating resources for 
studies to be conducted to determine the adaptability of the species planted, as well. 

2. MATERIALS AND METHODS 
This study was conducted to determine arboreal plant taxa used in urban open green spaces for 4 years between 2011-2014 by 
the Parks and Gardens Management of Malatya Metropolitan Municipality. 

Malatya is located in the Upper Euphrates River Valley of Eastern Anatolia Region in Turkey. A substantial portion of the 
land of Malatya lacks vegetation. Formerly, an important part of the province was covered with forests, while this cover has 
disappeared in time. Because the natural conditions greatly complicate self-renewal of forests, steppes are formed in patches. 
367.253 hectares of provincial land area (30%) are covered with forests and heathland, and 125.156 ha of it (10%) with 
grasslands. Malatya mountains extending in east-west direction that cover the southern lands of provinces from longitudinally, 
disordered woods dominated by oak, and coppice forests starts to turn into order woods and coppice woods. Cranberries, a 
species of coniferous trees which has been disapprearing in Eastern Anatolia, are found in mountain slopes overlooking the 
Sultansuyu Valley, at the western end of Malatya Mountains. The plateaus situated on Malatya mountains and the plains 
having a half-lowland quality located in areas close to Malatya Plain are covered with rich meadow grasses. The natural 
vegetation in the mountains surrounding the southwest of the province and in the plateaus have virtually disappeared. No other 
vegetation other than disordered forest remains consisting dominantly of oaks can be found in this region. This vegetation is 
occasionally accompanied by wild fruit trees, poplars and willows found around water sources and in the valleys. In areas 
where plant growing is practiced, orchards are more common than the natural vegetation. The mountains surrounding the 
northern part of Malatya are considered richer than the western part, and to a lesser extent, Pütürge and Doğanşehir in terms of 
vegetation. In these areas are deciduous forests mostly of oak, most of which are of a disordered nature. fruit trees, willows 
and poplars, along with a thick layer of soil, are observed in this part [10]. 

According to Thornthwaite climate classification; a continental climate type, indicated by D,B'2,s,b'2, semi-arid, mesothermal, 
and having a moderate level of excess water in winter and an evaporation rate of 58% in summer [11].  

According to Address Based Population Registration System, total population of the province of Malatya in 2014 is 769.544. 
The provincial average of annual population growth in the 7-year period from 2007 to 2014 has been determined as 9.2% and 
the total increase in the same period as 48.7. The population of the city of Malatya in 2014 is 583.579 [12]. The city center, 
especially in recent years, lets in a mass migration from rural areas and neighboring provinces. 

While the main material of the study consists of the data obtained from the Parks and Gardens Directorate of Malatya 
Metropolitan Municipality, observational studies were also conducted on different types of open-green areas in the city. 
Additionally, evaluation of plant materials used in various open-green areas and similar studies done on the subject in Malatya 
city center constitute the auxillary material for the study. 

3. RESULT AND DISCUSSION 
The list of arboreal plant taxa list used in the landscape design works in urban open-green areas by Parks and Gardens 
Directorate of Metropolitan Municipality of Malatya during the 4-year period between 2011-2014 is given in Table 1. 

 
Table 1. Arboreal Taxa used in the urban open-green areas of Malatya between the years 2011-2014. 

Turkish name of plants Latin name of plants Label 
Abelya Abelia grandiflora Ag 
Doğu Karadeniz Göknarı Abies ordmanniana An 
Dişbudak Yapraklı Akçaağaç Flamingo Akçaağacı Acer negundo flamingo Ane 
Çınar Yapraklı Akçaağaç Acer platanoides Ap 
Japon Akçaağacı Acer palmatum Apa 
Kırmızı Çizgili Akçaağaç Acer capillipes Ac 
Bayaz Çiçekli At Kestanesi Aesculus hippocastanum Ah 
Gülibrişim-İpek Ağacı Albizzia julibrissin Aj 
Kadıntuzluğu Berberis thunbergii Bt 
Salkım Huş Betula pendula roth Bp 
Şimşir Buxus baccata Bb 
Adi Şimşir Buxus sempervirens Bs 
Himalaya Sediri Cedrus deodora Cd 
Atlas Sediri Cedrus atlantica Ca 
Toros Sediri Cedrus libani Cl 
Erguvan Cercis siliquastrum Cs 
Japon Ayvası Chaenomeles japonica Cj 
Mavi Servi Cupressus arizonica Car 
Limoni Servi  Cupressus macrocarpa goldcres altuni Cm 
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Leylandi Chamacparis leylandi Cp 
Kara Servi - Akdeniz Servisi Cupressus sempervirens Cs 
Dağ Muşmulası Cotoneaster horizontalis Ch 
Ateş ağacı Delonix regia Dr 
Altuni Taflan Euonymus japonica var. Aurea   Ej 
Gümüşi Taflan Euonymus varigeta Ev 
Kalem Ağacı Euphorbia triucali Et 
Altınçanak Forsythia intermedia Fi 
Amerika Dişbudağı Fraxinus americana Fa 
Adi Dişbudak Fraxinus excelsior Fe 
Hatmi Hibiscus syriacus Hs 
Kış Yasemini Jasminum nudifolium  Jn 
Adi Yasemin Jasminum officinale Jo 
Yatay Ardıç Juniperus chinensis var. pfitzeriana Jc 
Yatay Ardıç Juniperus horizontalis Jh 
Ardıç Juniperus indica Ji 
Ardıç Juniperus sabina Js 
Ardıç Juniperus conferta Jco 
Yatay Ardıç Juniperus davurica Jd 
Ardıç Juniperus squamata Jsq 
Oya Ağacı Lagerstroemia indica Li 
Akdeniz Defnesi Laurus nobilis Ln 
Karayemiş Lauroceracus officinalis Lo 
Lavanta Lavandula angustifolia La 
Ligüstrum Ligustrum japonicum Lj 
Ligüstrum Ligustrum ovalifolium Lov 
Ligüstrum Ligustrum vulgare Lv 
Lale Ağacı Liriodendron tulipifera Lt 
Küçük Yapraklı Hanımeli Lonicera nitida Lni 
Hanımeli Lonicera sempervirens Ls 
Manolya Magnolia grandiflora Mg 
Tesbih ağacı Melia azedarach Ma 
Çınar Yapraklı Dut Morus platanifolia Mp 
Ters Dut Morus nigra pendula Mn 
Zakkum Nerium oleander No 
Pavlonya Paulownia tomentosa Pt 
Filbahri Philadelphus coronarius Pc 
Alev Ağacı  Photinia fraseri red robin Pf 
Batı Ladini Picea abies Pa 
Doğu Ladini Picea orientalis Po 
Mavi Ladin Picea pungens  Pp 
Karaçam Pinus nigra Pn 
Ehrami Karaçam Pinus nigra var. Pyramidata Pni 
Yıldız Çalısı Pittosporum tobira nana Pto 
Londra Çınarı Platanus acerifolia Pac 
Doğu Çınarı Platanus orientalis Por 
Douglas Göknarı Pseudotsuga menziesii Pm 
Pırnal Meşesi Quercus ilex Qi 
Top Akasya Robinia pseudoacacia umbriculifera Rp 
Salkım Söğüt Salix babylonica Sb 
Mamut Ağacı Sequoiadendron giganteum Sg 
Japon Soforası Sophora japonica Sj 
Keçi Sakalı Spiraea bumalda Sbu 
Keçi Sakalı Spiraea vanhouttei Sv 
Leylak Syringa vulgaris Svu 
Porsuk Taxus baccata Tb 
Çit Mazı Thuja orientalis To 
Piramit Mazı- Boylu Mazı Thuja plicata Tp 
Büyük Yapraklı Ihlamur Tilia platyphyllos Tpl 
Gümüşi Ihlamur Tilia tomentosa Tt 
Palmiye Trachycarpus fortunei Tf 
Yıldız Çiçekli Yasemin Trachelospermum jasminoides  Tj 
Kartopu Viburnum opulus Vo 
Kartopu Viburnum tinus Vt 

 
According to Table 1; 83 different arboreal taxa were used in the landscape design works in the urban open-green areas of 
Malatya between the years 2011-2014. 

A total of 83 species were used in the landscaping works in the city center of Malatya between the years 2011-2014 in terms 
of purchase and planting activities. While the number of plant species planted in 2011 during this period was 12, this value 
shows an upward trends with 33 in 2012, 39 in 2013, and 40 in 2014. In addition, when plant pruchases for the specified 
period are studied, the number of species purchased was found to be 4 in 2011, 6 in 2012 and 54 in 2013 and 9 in 2014. 
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If we classify the plant taxa used in landscaping works in section; it is understood that 25 of the species belong to 
gymnospermae section, while 58 to angiospermae species. The section-besed distributions of the species used in Figure 1 are 
given in percentage. 

 

 
Figure 1. The sectional distribution of the species used in landscaping work in Malatya city center. 

 

It was determined, when classified according to their forms; 46 of the the species used in landscaping work carried out in 
Malatya city center were in the form of tree, while 37 of them were arboreal taxa in shrub or creeping forms. The distribution 
of the species shown in Figure 2 according to their forms is given by percentage. 

 

 
Figure 2. The distribution of the species used in landscaping work in Malatya city center according to their forms. 

 

In Figure 3a, b, c and d; photographs of plant material used in the landscaping work of various types of open-green areas in 
Malatya city are presented. 
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3a. Akpınar Square - Albizzia julibrissin 

 
3b. Sümer Park - Nerium oleander 

 
3c. Ring Road Pavement – Morus platanifolia 

 
3d. Sümer Park – Cedrus libani 

 
Within the scope of this study, in which the progressive use and demand of the arboreal plant material used in landscaping 
works in open-green areas in the city center of Malatya province were evaluated in terms of section, form and species; a total 
of 83 species, as gymnosperm and angiosperm, were determined to be in tree and shrub-creeping form. 

In the study of Yilmaz and İrmak (2004), to determine the plant species used in the open-green areas of the Province of 
Erzurum, which is located in the same geographical region as Malatya, 60 species of plants, used for different purposes, were 
identified.  It was reported by the researchers that only ten of these species are commonly used in open-green areas [2]. 

In the study of Acar and Sari (2010), which was conducted in Trabzon, located in the Black Sea Region in Turkey and having 
different climatic characteristics from those of Malatya, a total of 232 distinct plant taxa were identified in residential gardens 
in the city [13].  

In a survey conducted by Aslan et al. (2013), aimed to determine the outdoor plant preferences of Malatya people, a total of 83 
plant species were determined to exist in the gardens of the respondents in the survey [14].  

4. CONCLUSIONS 
With its growing population, the city of Malatya is faced with a rapid restructuring process. One of the most important 
parallels for an upgraded quality of urban life in this fast growth process is the presence of active green spaces in the city.  
According to Welch (1994) Atik et al. (2013) and Aslan et al. (2013); the socio-economical and geographic structure of a city, 
and the preferences of city administration in area using are the most important factors on plant species diversity [14-16]. In the 
city of Malatya, the severe and drought summer period due to its continental climate, high temperature differences between 
day and night and especially the danger of frost emerge as the factors limiting plant species diversity.  Therefore, ecological 
requirements of the species to be used in the selection of species in the region should be examined in detail, and adaptation 
success of the species used in similar climatic conditions should be investigated in the city. ıt is recommended that the local 
government cooperate with the universities and research institutes in the region on these issues. Within the scope of this 
cooperation, adatability of these species should be determined by experimenting on the species thought to be purchased 
domestically or imported from other countries in order to increase the plant biodiversity in the region. 
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In addition to this, the region houses 206 endemic species according to 30 families, and is noted for its high level of endemism 
[17]. Therefore, it is recommended that native species grown in the region and in particular endemic species be primarily 
given special attention in the selection of plant material to be used in urban open-green spaces.  
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Determining the Relation between Lighting and Park 
Security with the Help of Logistic Regression 

Analysis 
Atilla Atik*1, Furuzan Aslan1, Bulent Yilmaz1 

 
Abstract 

The purpose of this study is determining the relation between the lighting and park security in parks, which are one of the most important 
elements of urban open green area systems. In the scope of the study, a questionnaire has been prepared and applied to determine the 
viewpoints of the users on security and lighting in Abdullah Gul Park, which is one of the biggest and the most developed parks in the city 
center of Malatya in Turkey. The logistic regression method has been used to determine the relation between the lighting and park security. 
According to the logistic regression model, which has been established with the data obtained in the questionnaire study, the effects of the 
lighting on the viewpoints of the users on park security is 61.8%. 
 
Keywords: Lightning, Security, Urban park, Malatya.  

1. INTRODUCTION 
Safe life, which is one of the basic needs of human beings, is not limited by the planning of the areas in a city, but is related 
with the planning of the safe areas to live in. Insufficient lighting cause the people living in the area feel unsafe in urban areas 
during nights [1].  

According to the data provided by FAO for the year 2015, around 54% of the 7.3 billion world’s population live in urban areas 
[2]. Urban areas may be converted into total criminal areas due to insufficient lighting during nights. Designing safe urban 
areas is extremely important in decreasing the fear created by the crime that develop due to the physical and social structure of 
the city [1].  

Urban open green areas are defined as the areas that response to the recreational needs of the people in terms of the leisure 
times spent on the general activities except for accommodation and working [3]. Parks, natural or artificial woods around the 
city, orchards, trees in streets and squares, road slope and median trees, cemeteries, house gardens, school gardens, green 
roofs, the hardens of the private or public work places, and sports complexes may also be included in this definition [4].  

Parks, which are among the most important elements of active urban green area systems, are used not only during daytime but 
also at nights. The sustaining of the contribution of the parks to the needs and urban life quality of the human beings during 
daytime depends on lighting in parks at nights. Today, the importance of outdoor areas increase with each day. People living 
in houses and similar places may use the gardens during daytime and may also use them during nights with the same comfort 
and security. Moreover, lighting is provided in parks, streets and sports areas at nights to provide different usage areas for 
people [5].  

Lighting is the basic conditions for parks to be used at nights. The use parks as passage, trip, game and making use of several 
opportunities by the city people is only possible with a lighting. Security appears as an important problems before us in parks 
where there are no lighting systems or the lighting system is insufficient. 

A questionnaire has been performed in the scope of this study in Abdullah Gul Park in Malatya city center. With this 
questionnaire, the relation between the park security and the lighting system has been determined by using the regression 
analysis. 

2. MATERIALS AND METHODS 
In determining the sampling volume, the rate approach determined with the help of Formula 1 has been made use of [6]. 

 
(1) 

In the Formula; n is the size of the sampling; N is the size of the universe; is the variance1; p is the rate of the 
handicapped users visiting Abdullah Gul Park2 [6, 7]. 
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Questionnaire forms were completed using face to face method in all neighbourhoods of the city in order to include almost all 
the views from all parts of the city. According to Addresses Based Population Recording System of Turkish Statistics 
Institution (TSI), population of the city is 769 544 in 2014. The total population of the city center of Malatya, which is divided 
into two districts as Battalgazi and Yeşilyurt Municipalities, for the year 2014 is 583579 people [8]. When considered this 
value, sample size was calculated in 10% error and 90% confidential interval to be 96 people minimum. 

The questionnaire consisted of 9 questions, and the first 6 questions were intended to determine the socio-demographic 
properties of the participants the remaining 3 questions consisted of 1 dependent and 2 independent variables, and were 
intended to determine the relation between the park security and the lighting. 

The Regression Analysis Method, in which the relations that are valid for the subject are investigated, requires that the data 
are in accordance with the true nature of the data. Although the analysis methods that may be used in situations where the 
dependent variable could be double (0, 1) are limited in number, the most frequently used ones are the Logistic Regression 
(=LR), Logit, Probit and Linear Probability Models [9].  

Logistic Regression is a method used as an alternative to Linear Regression Analysis due to the disruption of the normality 
assumption in case there is two-class or multiple-class discrete variables. The assumption being not limited, the ease in the 
use, the model obtained with the analysis being very flexible, and being easily interpreted increased the interest in the method 
[10, 11]. 

3. RESULT AND DISCUSSION 
With the evaluation of the questionnaire forms, the question “Do you feel yourself safe at nights in Abdullah Gul park?”, 
which is the dependent variable in the model, was answered by the participants, and when the answers are examined it has 
been determined that 68.8% of the participants said “No”, and 31.2% said “Yes”. In this context, the majority of the people of 
the city stated that they did not feel themselves safe in Abdullah Gul Park at nights.  

The statement “I find the night lighting in Abdullah Gul Park sufficient” is the independent variable that is influential on the 
viewpoints of the participants on the security of the park. 26.0% of the participants stated that they definitely did not agree to 
this statement; 30.2% of them stated that they did not agree with it; 28.1% stated that they agreed; and 12.5% stated that they 
had neutral opinions on the issue. In this context, the majority of the people in the city find the lighting in Abdullah Gul Park 
insufficient.  

In order to determine the relation between the lighting and security, the summary of the data in the two-variable logistics 
regression model is given in Table 1. According to the R square value in Table 1 (0.618), the lighting has had an influence on 
the viewpoints of the participants on the security of the park was 61.8%. 

 
Table 1. Model summary. 

Step -2 Log 
likelihood 

Cox & Snell 
R Square 

Nagelkerke R 
Square 

1 63.614a 0.440 0.618 
a. Estimation terminated at iteration number 20 because maximum iterations has been reached. Final solution cannot be found. 
 
The classification table in which the specifity and sensitivity values of the model were obtained is given in Chart 2. In this 
context, our model estimated 54 people out of 66 people who did not feel themselves safe in Abdullah Gul Park in an accurate 
way (specifity 81.8%), and estimated 27 out of 30 people who did feel themselves safe (sensitivity 90.4%). In this context, the 
general estimation rate of the model is 84.4%. 
 

Table 2. Classification Tablea 

 

Observed 

Predicted 
Do you feel yourself safe at 
nights in Abdullah Gul park? Percentage 

Correct No Yes 
Step 1 Do you feel yourself safe at 

nights in Abdullah Gul park? 
No 54 12 81.8 

Yes 3 27 90.0 
Overall Percentage   84.4 

a. The cut value is 0.500 

                                                                                                                                                                                       
1 In order to determine the highest sampling volume; 1This value has been taken as 1.645 Sp

2=0.05. 
2 To conduct research with a large population, the p = 0.5 value was accepted for p (1-p) to be the largest value. 
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The history of the city that reflects the cultural heritage, modern buildings and artistic values are visible with all their glory 
during daytime. These values define the culture and civilization level of the people living in the city and leave the city 
deprived of the beauties when darkness falls in. for this reason, the symbolic urban values that define the character of the city 
must be lit to increase the time in which people can see them [12]. 

Yılmaz et al. (2014) conducted a study in Antalya, Turkey, and reported that the lighting elements in a park existing at a 
sufficient level in terms of their lighting level and number could change the perceptions of people on the park. This situation 
influences the usage density of the park directly. Again, he stated that according to the data obtained in the study, lighting was 
directly related with security [13]. 

According to Arifoğlu and Sözen (2000), lighting parks for security reasons is not sufficient. The design of the lighting must 
be conducted by considering the amusing and relaxing elements to attract attention [14]. 

4. CONCLUSIONS 
The city of Malatya has a profile that shows that it is growing in a fast pace in terms of population and constructions. One of 
the most important elements in the life quality of a city is security. The fact that people feel safer in well-lit areas during nights 
in open areas has been revealed in many studies. However, according to the data obtained from this study, it has been 
determined upon the user evaluations that the lighting in Abdullah Gul Park, which is the most developed park of the city with 
its area and opportunities, is not sufficient. Another situation which depends on this finding and which has been proven to 
have an  association with this situation in statistical terms is the fact that people do not feel safe in Abdullah Gul Park. 
According to these results, the lighting systems in Abdullah Gul Park and in all of the other parks in the city must be reviewed 
by the Parks and Gardens Management of the Metropolitan Municipality, which is responsible for the maintenance and 
running of the parks in the city. First of all, it is recommended that the faults and missing points that stem from the lighting 
systems of the parks are projected again. In addition, the failures and breakdowns in the present lighting system must be 
determined and repaired. All of these procedures and operations must be repeated in a systematic manner with regular 
intervals. 
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Examining the Intracity Parks in Terms of the 
Existence and Size of Water: The Example of the 

City of Malatya 
Atilla Atik*1, Furuzan Aslan1, Bulent Yilmaz1 

Abstract 
 

The services and benefits of the open and green areas in cities for the residents of the city have been examined and revealed with a great 
number of studies conducted by authors from various disciplines. Parks, on the other hand, are accepted as the most important elements of 
this open and green area systems. Especially in the designs of the parks in hot climate areas the issue of water has a wide area of use. In this 
study, the existence and size of water element in the 94 parks located in the city of Malatya, which has the half-dry climate type in 
Thornthwaite Climate Classification, and which is a transitional area between the Eastern Anatolian and Southeastern Anatolian Regions and 
the contributions of the parks to the city as a surface of water have been examined. 
 
Keywords: Open green area, Urban park, Water, Malatya.  

1. INTRODUCTION 
The density of the buildings increase in almost every city in global scale depending on the density of the human beings. In this 
process, open green area systems, which are among the important symbols of the urban life quality, increase with each 
growing day. Urban open green area systems consist of elements of different function, shape and size [1]. According to 
Konijnendijk et al. (2013) the green areas in cities cover the parks as well as natural or artificial forest areas surrounding the 
cities, orchards, street trees, and the trees in squares, road slope and refuge, trees, cemeteries, house gardens, school gardens, 
green roofs, gardens of the work places of the public or private sector, and sports complexes [2].  

Urban open green areas are the areas that are planted by local administrations in a way that may cover the recreational needs 
of people in times other than general activities such as accommodation and working for the purpose of having a trip, fun, 
bodily activities and leisure activities. These are natural areas used by the people living in it as mutual areas, and which shapes 
or has to shape an important part of a city. These areas may be in function areas, and the elements from trees to forests and 
other elements are all included in the definition of green areas [3]. 

The current regulation related with urban open green area symbols in Turkey is the one that was enacted on 14.11.2015 with 
the number 29532 in Official Gazette with the title “Regulation on the Changes to be made on the Planned Area Types 
Building Regulation”. The regulation includes the changes made in previous 15 regulations with the dates 02.11.1985 with the 
number 8916 in Official Gazette with the title “Planned Areas Type Building Regulation”, the first one being on 12.08.1987 
with the number 19542 released in the Official Gazette. In the 7th Item of the Regulation which has the title of “Urban Area 
Definitions and Area Use Conditions” and in “Social and Cultural Infrastructure Areas” which is the 2nd Item, these areas are 
classified under 5 main groups, which are green areas, sports and game areas, socio-cultural facility areas, worshipping places, 
and cemeteries. The green areas in this classification are defined as “the total of game gardens, children’s gardens, recreational 
areas, travel areas, picnic areas, entertainment areas, recreation areas and coastal areas. The fairs, botanic and animal gardens 
and regional parks are also included in this classification”. These elements are given under 3 titles, which are children’s 
gardens, parks and picnic-recreational areas. The parks, which are covered under the title of “the green areas in the city” in the 
relevant regulation, are defined as “The green areas are determined in the construction plan and organized by considering the 
natural ground or evened soil ground together with forestation and plants with a soil layer with sufficient depth covering the 
standards; the car parks, pools, open sports and game areas, public toilets so long as the 1st floor does not exceed h=4,50 m 
and the basement areas does not exceed 0,03 n total; provided that the relevant materials are produced from detachable 
elements; on which open tea gardens, buffets, pergola, mukhtarship, security hut, sportsmen cabins, taxi stops, transformer 
and similar establishments may be built; and the areas where the green plant and recreational needs of the residents are 
covered” [4].  

According to Atik et al. (2014), the benefits of the open green areas in cities for the people living in them have been 
investigated by a great number of studies [1]. Among these, the study conducted by Annerstedt et al. (2012) and Ward et al. 
(2012) the open green area systems decrease the stress and psychological disorders of the people living in the cities; Nielsen 
and Hansen (2007) and Bell et al. (2008) reported that these systems decreased the rate of obesity; Mitchell (2012) reported 
that these systems increased physical activity; Mitchell and Popham (2008) reported that these systems had effects that could 
protect the health system; Maas et al. (2006) and Stigsdotter et al. (2010) reported that they increased the life quality 
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perception of people; Tinsley et al. (2002) and Hung and Cromption (2006) reported that they had direct influences on people 
in terms of psycho-social effects [5-6]. 

The hard tissue, which consist of various structures in a city and green areas, and watery areas, which compose the soft tissue 
define the general characteristics of a city. Today, the qualities and quantities of the green areas in cities are accepted as the 
indication of the welfare and civilization. In this context, many countries try to plan and organize the urban areas and ecology 
in a style that is most proper for the mental and physical needs of the people [7].  

Konijnendijk et al. (2013) defines the city parks as the areas the majority of which is covered with water and the rest covered 
with plant, and which are spared for the use of the people of the city as urban open green areas [2]. According to this 
definition, the natural and/or artificial water surfaces areas in the city parks are the elements of the urban open green area 
systems. Water joins the atmosphere by vaporizing and increases the relative humidity in the air. The cities and the watery 
areas around them soften the climate and decrease the difference between the temperature during the night and day. In this 
context, water has the quality of increasing the microclimatic comfort level of the cities. It is known that especially in hot 
climates, pools, lakes and similar structures create positive media in the atmosphere [8, 9].  

During the history of the mankind, water was important as the source of life in previous periods, and in various periods in 
residential periods, it has become the indispensable part of life, which is parallel to different developmental levels, different 
needs [10, 11]. 

Water is the most important source of all creatures as well as of the mankind, and has been an important element in landscape 
design from the past until today. Many researchers report that water has the effects of being therapeutic, and relaxing, taking 
away from stress. Meanwhile, the elements that have water surfaces are used as a flexible material that may be used is parks, 
gardens etc. that has various sizes; they are the focus of interest even in small-sized usage areas. For this reason, water is 
defined as the most active and exciting elements in landscape design [12]. 

Water has a wide area of use in landscape architecture, and is an indispensable elements especially in hot climates. Water may 
be used as micro-climate agent in all size landscape designs as well as being a sound barrier [13]. 

Water is generally used as an element that ensures rich design possible in landscape design. In addition, the accessory 
elements that consist of water and water elements increase the recreational use in places, and make the landscape become 
more attractive [14]. Especially in a city like Malatya, which has a half-dry and dry climate, water elements make the 
landscape design become more valuable [15].  

In the context of this study, the existence and the size of water elements in the city center of Malatya; and in addition to this, 
the parks and water surface area rate per capita have been determined. 

2. MATERIALS AND METHODS 
Malatya is located in the Upper Euphrates Basin of the Eastern Anatolia Region of Turkey, and its neighbors are Elazığ and 
Diyarbakir in the East, Adıyaman in the south, Kahramanmaraş in the west, Sivas and Erzincan in the north. 47% of the city 
area consist of meadows and ranges, 34% of it consist of agricultural areas [16, 17].  

According to Malatya Meteorology Regional Management, whose elevation from the sea level is 950 m and the distance to the 
city center is 8 km, the annual average temperature is 13.8°C for many years (1954-2013). The highest temperature is recorded 
in July (27.4°C), and the lowest temperature is recorded as January (0.0°C). The highest temperature average value is 34.0°C 
(July), and the lowest temperature average value is -2.9°C (January). The number of annual average rainy days is 92, the days 
with frost is 69, and the annual average rainfalls is 381.7 mm. according to the Thornthwaite Climate Classification, 
continental climate, which is shown with D,B'2,s,b'2, sub-arid, mesothermal, water excess rate being in winter, vaporization 
rate in summer season is 58%, dominates the city [18]. 

According to the Address-Based Population Registry System, the total population of Malatya in 2014 is 769544. The average 
increase in the population in the city between the years 2007-2014 for 7 years has been 9.2%, and the total increase in the 
same period has been determined as 48.7‰. Malatya Centrum Municipality became metropolitan municipality in 2012, and 
the city center was divided into two as Battalgazi and Yeşilyurt Municipality. The total population of these municipalities was 
583579 in 2014 [19]. 

The name list, total area size and address information of the 94 parks located in the city center of Malatya, which is the subject 
matter of the study, were obtained from the Malatya Metropolitan Municipality, Park and Gardens Management. The list was 
organized with the data obtained and constitutes the basis of the study. All the parks in the list were marked in the Google 
Earth Satellite Map and on the construction plan of the city, and the quality and quantity of the watery areas were determined. 

3. RESULT AND DISCUSSION 
The names and the geographical distributions of the 94 parks in the city center are given in Figure 1. According to the data 
obtained at the end of the study, there are natural or artificial water surfaces only in 19 (%20.21) of the parks in Malatya city 
center. All of the water surfaces in these parks are in the quality of being artificial and accessory pools. The rest of the parks 
(75 parks (79.79%) did not have natural or artificial landscape elements for the purpose of forming a water surface (Figure 2).  
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The names, rates, neighborhoods, surface areas and water surface areas are given in Chart 1. It was determined that only in 15 
neighborhoods of the 85 neighborhoods in Malatya Metropolitan Municipality borders had parks with water surfaces, and the 
remaining 80 neighborhoods did not have artificial or natural water surfaces (Table 1, Figure 3). This means that there are 
parks with water surfaces in 15,9% of the neighborhoods in Malatya city center. When Table 1 is examined it becomes 
obvious that the number of the parks with water surfaces is 3 in Hamidiye Neighborhood, 2 in Inönü and Zafer 
Neighborhoods, and 1 in the remaining 12 parks. 

The surface areas of the parks with water surface vary between 350 m2 - 26740.18 m2. The water surface areas in these parks 
is between 3-300 m2. The biggest park is Hurriyet Park in Zafer Neighborhood (Figure 3); and the smallest one is Kanalboyu I 
Park in Ucbaglar Neighborhood. When the sizes of the parks are considered, it is observed that the park with the biggest water 
surface is Kanalboyu I Park, which constitutes the 3.43% of the total park area; and the smallest one is Abdullah Gul Park 
located in the Inönü Neighborhood, which constitutes the % 0.31 of the total park area (Figure 4) (Chart 1). 

 
Figure 1. The Geographical Distribution of the Parks in Malatya. 

 
Table 1. The position and area information of the parks with water surface in Malatya city center. 

Park 
No 

The Name of the 
Park Neighborhood Park General 

Area (m2) 

The Wate  
Surface 

Area in th  
Park (m2  

Water 
Surface Per 

Area (%) 

1 Çöşnük Çöşnük 4663.32 70 1.50 
2 Mehmet Emin Fatih 12636.29 100 0.79 
3 Begüm Kartal  Yaka  10923 40 0.37 
4 Hürriyet  Zafer  26740.18 300 1.12 
5 Gima Özalper  1550 25 1.61 
6 Çavuşoğlu I Çavuşoğlu  2290 15 0.66 
7 Fazilet Sitesi Cevatpaşa  5970.94 27 0.45 
8 Nakliyatçılar Sitesi H. Ahmet Yesevi 5951 27 0.45 
9 Zafer  Zafer  1840 30 1.63 
10 Yenicami  Hamidiye 1645.82 30 1.82 
11 Emekliler  Hamidiye  2843 10 0.35 
12 Gazi  Kernek  1133.08 25 2.21 
13 Kanalboyu II Küçük Şahinbey 931.63 30 3.22 
14 Kanalboyu I Üçbağlar 350 12 3.43 
15 Turgut Özal Turgut Özal 5633.81 50 0.89 
16 Hacı Kalender Ataköy 3010.90 75 2.49 
17 Güldaş  Hamidiye  670 3 0.45 
18 Dedekorkut  İnönü  8452.16 75 0.89 
19 Abdullah Gül İnönü 97299 300 0.31 

TOTAL 194534.13 1244 0.64 

Bold lines represent the Neighborhoods which have parks with more than 1 water surface. 



 
 
 

316 

 

 

 
Figure 2. Water existence of the parks in the city center of Malatya. 

 

 
Figure 3. The distribution of the parks with water surface. 

 

Figure 3. Ornamental pool in Hürriyet Park. 
 

Figure 4. Ornamental pool in Abdullah Gül Park. 
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When Chart 1 is examined it is observed that the total area of the 19 parks with water surfaces is 194531.13 m2, the total water 
surface area is 1244 m2; and the rate of the water surface area to the general park area is 0.64%.  

The existence of water in city parks has important functions in terms of esthetics. Water exists as ornamental pools, various 
water games and artificial lakes in park designs, and is a dominant and important element in visual quality [20] and has a 
positive influence in perceiving the landscape as an attractive object [21, 22]. Forming a focal point, recreation, circulation 
control, audio-visual filtering and cooling are the important factors of water surfaces, and the sound, debit, vision and color of 
water give calmness and excitement for people [23]. Yılmaz et al. (2013) conducted a study in Akdeniz University Campus on 
water elements and reported that 73% of the users thought that water elements had a relaxing influence [17]. 

4. CONCLUSIONS 
The rate of water existence at a rate of 20% in the parks in the city supports the idea claiming that the landscape designs so far 
have not cared for water elements. The city center of Malatya is 15 km air distance far from Karakaya Dam Lake, which is 
located in the Northern/North-Eastern part of the city, 260 km far from the nearest sea, the Mediterranean. When the climate 
data of the Malatya Meteorology Station are considered, it is observed that the annual precipitation is lower than 400 mm, and 
there is sub-arid climate in the city according to the Thornthwaite Climate Classification. When the abovementioned climatic 
and geographical data are considered together, it is observed that the city of Malatya longs for water and humidity both in 
terms of vision and for climatic reasons. When considered in this aspect, it is recommended that the climate in the city must be 
cared for and the designs and planning of the parks or various green areas in the city center and water surface areas must be 
given due importance.  
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Comparison of the Oil Agglomeration Results for the 
Enriched Coals 

Selma Duzyol1, 

Abstract 
The success of the enrichment process is depended on the several parameters. Many factors are taken into consideration to 
decide on which method is applied for the beneficiation of any mineral. The particle size of mineral is one of these factors. 
Dense medium is the most common separation method in order for cleaning of coarse coal. This method is based on the 
density differences between the coal and inorganic materials. However, dense medium separation for fine particles loses its 
effectiveness due to the decrease in the gravitational forces on the fine particles. Oil agglomeration is a well-accepted 
method for the enrichment of fine mineral particles. In this method, the mineral particles which are naturally hydrophobic 
or rendered hydrophobic by surface active agent together with the oils used and agglomerated. The various parameters 
such as type and amount of oil, stirring speed, agglomeration time, pH, solid rate etc. influence the success of the process.      

In this study, the oil agglomeration of enriched coals which had +18 mm and -18+0.5 mm of particle sizes obtained from the 
Tuncbilek (Kutahya) coal washery plant along with the raw coal sample were investigated and correlated. The 
agglomeration time, stirring speed and amount of oil were also examined for each sample. 

Keywords: Coal, oil agglomeration, kerosene, combustible recovery 

1. INTRODUCTION 
Coal which meets the energy need of countries is one of the important basic materials. It can be utilized either as extracted 
from the mines or after going through a number of coal preparation processes according to the demand. Coal is rarely used as 
mined off. The coal preparation process based on the increase of coal quality includes size reduction and enrichment of coal 
via ash rejection. The coal size is a significant factor for determining the enrichment method(s). Most coal beneficiation 
techniques are established on the differences in the physical properties between the coal and its impurities. The most common 
application of physical enrichment of coal is gravity method using the difference in the specific gravity and in surface 
properties of components. A commercial coal processing plant includes sizing and screening, specific gravity-based cleaning 
and dewatering. The method commonly used in coal preparation plants in Turkey is the heavy medium separation achieved by 
setting the desired density using magnetite. 

While the method developed for fine particles enrichment is flotation, it loses its efficiency for ultra-fine    particles. Oil 
agglomeration is highly effective method for the beneficiation of ultra-fine coal particles. The differences in surface properties 
of coal and its mineral matter (hydrophobic or hydrophilic) are considered in both flotation and oil agglomeration techniques. 
Oil agglomeration processes rely on the wettability of the coal particles by bridging agent, such as oils [1-3]. These oil-wetted 
coal particles are brought together by stirring and the agglomerated forms having larger sizes are obtained. These 
agglomerates are easily separated from the inorganic impurities by sieving with a residual of ash. However, the major 
disadvantage of oil agglomeration is that the large amount of oil is consumed during the process.  

In the present paper, different coal samples were selected in order for further understanding of oil agglomeration technique. 
Enriched coal samples with two different sizes such as coarse (+18 mm) and fine (-18+0.5 mm) and raw coal sample were 
obtained from the coal washery plant in Tuncbilek (Kutahya).  Therefore, the oil agglomeration experiments were performed 
on these coal samples.  

2.METARIALS AND METHODS 

2.1.Coal Samples 
In this study, the coal samples mentioned above were used for experimental works. The cleaned (coarse and fine) and raw coal 
samples were ground by using steel rod mill under the size of 75 micrometer. After milling, the size distribution of each 
sample was identified by screen analysis and given in Fig. 1. The d80 values of samples (80% of the sample falls within) were 
obtained from Figure 1 and given in Table 1 with the ash contents of samples. As seen from Table 1, the ash contents of 
enriched coals in two different sizes were varied depending on the enrichment sizes. In other words, the ash content of 
enriched fine sized coal sample was lower.  
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Figure 3. Particle size distribution of coal samples 

 

Table 2. Sample specifications 

Coal Sample d80 (µm) Ash (%) 

Raw 32.5 50.5 

Coarse 44 17.9 

Fine 48 11.4 

 

2.2.Oil Agglomeration Experiments 
The oil agglomeration experiments were performed in the 400 cm3 volume of cylindrical vessel. Four baffles were attached to 
the interior surface of vessel in order to increase the collision effect. It is known that the presence of baffles in the 
agglomeration unit reduces power consumption and assists to produce more turbulence [4,5]. 5 gram samples of coal and 300 
cm3 distilled water were used for the preparation of the suspension. Kerosene was added into the solution after the 3 minutes 
stirring period and the coal agglomerates was separated from the solution by a test sieve (75 µm). The agglomerates were 
washed by the tap water and dried in an oven at 105º. Finally, the dried agglomerates were weighed and then the ash contents 
were determined from the ash analysis.   

The combustible recovery (CR) which implies the success of the oil agglomeration process was determined by the following 
equation.  

𝐶𝑅% = 𝑀𝑐(1−𝐴𝑐)
𝑀𝑓(1−𝐴𝑓)

                                                                                                                                                                    (1) 

where Ac is the ash content of agglomerate, Af is the ash content of feed, Mc is the mass of agglomerated coal and Mf is the 
mass of feed. 

3.RESULTS AND DISCUSSIONS 

3.1.The Effect of Agglomeration Time 
The effect of agglomeration time on the oil agglomeration was investigated and obtained results were given in Fig. 2. The 
stirring speed and oil amount were kept constant at 1000 rpm and 31.6% (w/w), respectively.   For coarse and fine coal, the 
increasing agglomeration time resulted in the increasing in CR%. Whereas, 5 minutes of agglomeration time could be enough 
for raw coal, 15 minutes of agglomeration time was almost effective for the coarse coal sample. The ash content of coal 
samples did not change much with time. The ash contents were determined between 22-25%, 9-10% and 8% for raw, coarse 
and for fine coal samples, respectively. In fact, the increase in the agglomeration time enhanced the collision rate between the 
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coal particles and agglomerates [5-9]. Therefore strong agglomerates occurred. As seen from the Fig. 2, the best results were 
reached for the fine sized coal at 10 minutes of agglomeration time. 

 
Figure 2. The effect of agglomeration time on the CR% and ash content of coal samples (conditions; stirring speed:1000 rpm, oil amount: 

31.6% (w/w) 

3.2.The Effect of Stirring Speed 
The results of oil agglomeration for different stirring speed were given in Fig. 3, comparatively. An increase was onserved in 
CR% for three samples with the rising of stirring speed. To disperse the bridging oil into small droplets, strong agitation 
should be required. Therefore, successful agglomeration could be created due to the collision among the oil-coated particles 
[10,11]. Similar results were reached by the researchers in the literature [9,12-14]. It can be seen from the Fig. 3, the 
maximum CR% was achieved at 1000 rpm for raw and fine coal and 1500 rpm for coarse coal. It was also concluded that the 
ash content of samples did not change much.  
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Figure 3. The effect of stirring speed on the CR% and ash content of coal samples (conditions; oil amount: 31.6% (w/w), agglomeration time: 
5 min for raw coal sample, 15 min for coarse coal sample, 10 min for fine coal sample) 

3.3.The Effect of Oil Amount 
The effect of oil amount was investigated and obtained results were given in Fig.4. The increase in oil amount enhanced the 
oil agglomeration of coal samples therefore reached CR% of samples were raised. The ash contents were also decreased with 
the further addition of oil. Oil amount was strongly affected the agglomerate structure, therefore oil agglomeration behavior 
especially CR% [15]. Small agglomerates were reached at the low concentrations and the CR% was low due to the weak and 
small agglomerate structure.  The best results were gained at 47.7% of oil amount for raw and coarse coal samples and 31.6% 
of oil amount for fine coal sample.    

 
Figure 4. The effect of oil amount on the CR% and ash content of coal samples (conditions; stirring speed: 1000 rpm for raw and fine coal 

samples, 1500 min for coarse coal sample) 

4.CONCLUSIONS 
The oil agglomeration behaviors of enriched coal samples together with raw coal sample were investigated, compared and 
following conclusions were obtained; 

• Whereas the increasing of agglomeration time has a positive effect on the enriched coal samples, it causes a 
decreases in the CR% for raw coal. 

• The CR% of three samples is increased with the rising stirring speed while the ash contents of these samples are 
decreased.   

• The oil amount is strongly enhanced the recovery by the oil agglomeration of samples. The obtained ash contents 
are 18.1% and 7.7% for raw and coarse coal samples, respectively at 47.4% oil amount and 8.3% for fine coal at 
31.6% of oil amount. The CR% values are also determined as to be 48.8% and 66.8% for raw and coarse coals, 
respectively at 47.4% oil concentration and 100% for fine coal at 31.6% oil concentration.  

• The fine coal presents the best oil agglomeration behavior due to the liberalization among the enriched coals. It can 
be concluded that this liberalization increases the selectivity of coal and mineral matter and therefore the oil 
agglomeration.   
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An Investigation Of The Effect Of Zeolite On 
Physical And Mechanical Properties Of Autoclaved 

Aerated Concrete 

Osman Unal1, Kadir Gucluer2 

Abstract 
Autoclaved aerated concrete is the construction material that is contained in lightweight concrete class. Zeolites are raw 
materials which has a puzzolanic properties. The new generation of building materials production, it is important for 
scientists working in this field. For this purpose, in this study it is investigated that the effect of zeolite additive in autoclaved 
aerated concrete production. Zeolite are main raw material use in this study. Samples are produced 7cm cubic shape and ın 
order the determine for physical and mechanical properties subjected to the bulk density, ultrasound pulse velocity and 
compressive strength. As a result, compressive strength and bulk density value of samples are same to commercial 
autoclaved aerated concrete that were observed.  

Keywords: Zeolite, Autoclaved Aerated Concrete, Physical and Mechanical Properties 

1. INTRODUCTION 
Nowadays, lightweight concrete (LWC) is widely used in building construction due to its low density, low thermal 
conductivity, low shrinkage and high heat resistance. There are many advantages in low density, for example reduction of 
dead load, faster building rate and lower haulage cost. Autoclaved aerated concrete (AAC) is the LWC production by creating 
gas bubbles in a cement slurry and cured in high-pressure steam curing (autoclaved). Generally, aerated concrete is made from 
quartz-rich sand, lime, cement and aluminium powder as pore-forming agent [1].  

Autoclaved aerated concrete (AAC), from the group of lightweight concretes, is a mixture of quartzite sand and cement, lime 
and gypsum (calcium sulphate dihydrate) with a trace amount of aluminium powder to bind the material. There is a growing 
interest in the use of mineral admixtures for cement [2]. 

Autoclaved aerated concrete (AAC) is a lightweight and highly porous wall material with excellent insulation ability [3]. 
Autoclaved aerated concrete (AAC) has attracted the attention of the construction industry in view of its low weight, excellent 
thermal insulation and sound absorption [4]. 

The uses of waste by-products from various industrial processes as a component of concrete have been investigated prior to 
this. To increase the range of waste materials reused as raw materials in concrete, and lower production costs, several previous 
works have investigated the possibility of traditional raw materials replace- ment in AAC by using industrial waste such as 
efflorescent sand and phosphorescent slag, iron oretailings, air-cooled slag, siliceous crushed stone, lead–zinc tailings, coal 
bot- tom ash, copper tailings and blast furnace slag and calcium fly ash and natural zeolite [5]. 

Zeolites are found in nature, and the zeolite mineral stilbite was first discovered in 1756 by the Swedish mineralogist A.F. 
Cronstedy [6]. Zeolites has own low weight, highly porous, firm and solid homogenous structure. Its pozzolanic reactivity, ion 
make change, adsorption properties preferred in many industrial fields, including the construction industry [7]. 
 
İn this study, it is investigated that the effect of zeolite on physical and mechanical properties of autoclaved aerated concrete.  

2.MATERIAL AND METHOD 
The zeolites used in this study has obtained from Manisa-Gördes region in Turkey. İt is physical  properties are given Table 1, 
chemical properties are given Table 2 and particle size of zeolite are given Figure 1. CEM I 42.5 R type cement was used in 
this study. Physical properties are given Table 1, and chemical properties are given Table 2. 
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Table 3. Physical properties of zeolite and cement  

 Specific Gravity (gr/cm3) Blaine surface area (cm2/gr) 

Zeolite 1,72 2522 

Cement 3,10 3074 

 

Table 4. Chemical properties of zeolite and cement 

Component (%) SiO2 CaO Al2O3 Fe2O3 MgO K2O Na2O 

Zeolite 71,9 2,0 13,2 1,4 1,1 3,5 0,3 

Cement 19,2 62,8 3,8 4,2 3,4 0,3 - 

 
Particle size distribution of zeolite d10=5,054 µm, d50=28,240 µm and d90=103,200 µm  values was measured with Malvern 
Mastersizer 2000 device to "laser diffraction method’’. (Fig 1.) 

 

 

Figure 4. Particle size diagram of zeolite 

 

While the mixture is produced, primarily used aggregate, cement and gypsum were subject to the homogeneously dry mixture. 
After the mixture came to the consistency of the ready state by the addition of lime and aluminum powder mixture was stirred 
from 1-2 minutes with the help of mixer. Then, the mixture which the prepared mold height 7 cm sides cube molds into 2/3 is 
placed at the level of fill.  Then the samples were allowed to cure in an oven at 75 0C (Fig 2). Samples removed from the 
mold was subjected to curing for 8 hours at 172 0C temperature and 8 bar of steam pressure in autoclave for determining of 
physical and mechanical properties.  
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Figure 2. samples were allowed to cure in an oven 

 

3.FINDINGS 

3.1.Bulk Density Findings 
Bulk density of the samples is calculated with the formula (1) and bulk density values are given in Figure 3. 

∆= 𝑊
𝑉

 𝐷ℎ  = 𝑀𝑘
𝑉ℎ

× 1000(gr/cm3)                                                                                                                                                          
(1) 

∆: Bulk density (gr/cm3) 

W: Oven dry weigth  (gr)  

V: Volume of sample (cm3) 

 
Figure 3. Bulk density values of series 

 

Bulk density values of series range from 0.8 gr/cm3 to 0.72 gr/cm3. With the fall of the cement dosage in the series, the bulk 
density values also decreases. Bulk density values of the samples are similar to commercial aerated concrete examples, they 
are floating in the water situation (Fig 4). 
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Figure 4. Samples of water floating state 

3.2.Compressive Strength Findings 
Compressive strength values of experiment samples is calculated with formula (2). İn this place fc is the compressive strength 
value (MPa), P is the load (Newton) and the A is the surface area(mm2). Compressive strength values of samples are given 
Figure 5.  

𝑓𝑐 = 𝑃
𝐴

                                                                                                                                                                                         (2) 

 

 
Figure 5. Compressive strength values of series 

 

Compressive strength values of series range from 5.52 MPa to 4.14 MPa. In the series, compressive strength values decreases 
with the decline of cement dosage were observed.  

The intended use of the zeolite in this study, to observe the formation of the Tobermorite and CSH (CaO-SiO2- H2O) phase in 
the autoclave at high temperature and  steam pressure. According to the XRD results (Fig 6),  under the 172 0C and 8 bar 
steam pressure, has been observed that the development of the CSH structure in the microstructure of material. Tobermorite 
plate started the development has been observed when examine the SEM analyzed(Fig 7).    
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Figure 6. XRD patterns of Z1 series 

 

 
Figure 7. SEM figures of Z1 series 

4.RESULTS AND DISCUSSION 

This study is used as a raw material of the zeolite, bulk density and compressive strength values it reached similar conclusion 
commercial autoclaved aerated concrete. 

Tobermorite plates found in microstructure study shows positive results on the pozzolanic activity of the zeolite. The 
development of the  tobermorite plates will be more intense when working at higher temperatures and  steam pressure. 

Conservation of raw materials and the application of different production methods in construction material studies will be 
more useful in terms of our  science world. 
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Numerical Analysis of SiO2/Water Nanofluid Flow 
over Backward Facing Step 

Recep Ekiciler 1, Kamil Arslan2 

Abstract 
Two-dimensional numerical simulation of steady state laminar forced convection flow and heat transfer in a duct having 
backward facing step (BFS), using SiO2/water nanofluid is presented in detail. This study was conducted for effects of 
nanoparticle volume fraction on flow and heat transfer characteristics. The Reynolds number was ranged from 75 to 225. 
Both of the step and inlet heights of the duct were 4.8 mm. As the downstream wall was subjected to constant and uniform 
heat flux of 2000 W/m2, the other walls were insulated. The nanoparticle volume fraction was varied from 1.0% to 4.0%. The 
average and local values of Nusselt number and Darcy friction factor were obtained for each nanoparticle volume fractions. 
Velocity and temperature profiles were analyzed. It is found from the results of numerical simulation that the Nusselt 
number increases with increasing the nanoparticle volume fraction; however, there is no change on Darcy friction factor. 

Keywords: Backward facing step, Forced convection, Heat transfer, Laminar flow, SiO2/water nanofluid.  

1.INTRODUCTION 
The phenomena of flow separation and subsequent reattachment which occur due to a sudden expansion in flow passages such 
as backward facing steps have been recognized as important industrial situations. This complex flow structure present in 
heating or cooling applications such as cooling electronic equipment, cooling turbines blades, combustion chambers, chemical 
processes, cooling of nuclear reactors, wide angle diffusers, high performance heat exchangers, energy systems equipment, 
and flow in valves [1].  

The phenomena of flow separation and reattachment caused by sudden changes in geometries is very popular in engineering 
applications. There are many publications about the flow over backward facing step to understand flow characteristics of 
geometry. Goldstein et al. [2] conducted an experimental study to investigate the reattachment point under laminar and 
subsonic flow conditions over a step. They noticed that the reattachment point and boundary displacement thickness change 
with Reynolds number. Denham and Patrick [3] investigated 2D laminar flow over the BFS. Water is used for working fluid. 
The channel’s expansion ratio and aspect ratio is equal to 3 and 20, respectively. The Reynolds number was changed between 
50-250. They observed that the flow characteristics of BFS resemble to other 2D geometries having sudden expansion. Yet 
both recirculation length and mass flow rate circulating were smaller. At Re=229, they noticed a fluctuation, which shows the 
beginning of transition to turbulent separated boundary layer. Armaly et al. [4] studied the effect of Reynolds number on 
velocity distributions and length of reattachment. The work was numerically done as two-dimensional under laminar, 
transitional and turbulent flow conditions. Air was flowed in the channel has aspect ratio of AR=36. They observed that length 
of reattachment strongly depended on Reynolds number. Reattachment length increases to Re=1200 and then occurs velocity 
fluctuations. At higher Reynolds numbers 3D effects was dominant near the sidewalls. Numerical predictions were compared 
with the experimental results. They realized that numerical and experimental results were in good agreement. Chen et al. [5] 
investigated the influence of the step height on flow and heat transfer characteristics in 2D BFS channel under turbulent forced 
convection flow conditions.  The Reynolds number was 28000. Uniform and constant heat flux ( wq′′ =270 W/m2) was exposed 
to the stepped wall downstream from the step and the other walls were kept at adiabatic. Step heights were 0.019, 0.038 and 
0.076 m. They observed that bulk temperature, maximum turbulent kinetic energy, primary and secondary recirculation 
regions increase while the step height increases. Mahdi et al. [6] studied to explore heat transfer mechanism and flow behavior 
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due to expansion ratio and Reynolds number over 2D BFS. The study was done on laminar incompressible flow conditions. 
They found that separation zone size and reattachment length increases with increasing expansion ratio and Reynolds number. 
As long as Reynolds number increases, Nusselt number increases, too.  

Recently, nanofluids have been used for enhancing heat transfer. Nanofluids are novel heat transfer fluids having 
nanoparticles whose sizes change from 1 nm to 100 nm suspended base fluids. The first scientist who used nanofluid was Choi 
[7]. Nanofluids are used for increasing thermal conductivity to enhance heat transfer. Due to this, nanoparticles are chosen as 
either metallic or metal oxide materials which have high thermal conductivity. In ducts with backward-facing step, heat 
transfer applications have been increased by using nanofluids. Abu-Nada [8] may be approved the first scientist conducted a 
numerical study concerning heat tranfer by using nanofluids in ducts with backward-facing step. In this study, five different 
nanoparticles (Cu, Ag, Al2O3, CuO, and TiO2) were used  with volume fractions between 0.05% to 2.0%. Water was the base 
fluid. Duct was thougth 2D and its expansion ratio was 2. The range of Reynolds number was 200-600. He reported that 
Nusselt number increases with increasing volume fractions. Al-aswadi et al. [9] studied numerically 2D laminar forced 
convection flow of nanofluids in channel with BFS. The base fluid was water. They conducted this study by using Au, Ag, 
Al2O3, Cu, CuO, SiO2, TiO2 and diamond nanoparticles with 0.05 volume fraction. The study was performed for Re=50, 100 
and 175. Step height and expansion ratio of he devised channel were 4.8 mm and 2, in respectively. All the walls were 
insulated. They presented effects of Reynolds number and nanofluids types on pressure drop, velocity distribution and friction 
coefficient. They noticed that the highest wall shear stress is observed for SiO2/water nanofluid. They found that nanofluids 
prepared nanoparticle with low density increas velocity much more compared to nanofluids prepared nanoparticle with high 
density. Also, they obtained that Reynolds number and skin friction coeffcient are inversely proportional. Heshmati et al. [10] 
investigated a numerical simulation of a two dimensional duct having backward-facing step devised slotted baffles on the top 
wall. Flow was performed for laminar mixed convection condition. Working fluids were SiO2/water, Al2O3/water, CuO/water 
and ZnO/water nanofluids. Nanoparticles were added obvious volume fraction ( φ =1.0-4.0%) and their diameters range were 
at 20–50 nm. Also, Constant and uniform heat flux ( wq′′ =10000 W/m2) was applied to downward of the step wall while the 
other walls and slotted baffle were insulated. The main purpose of the study was that effects of the slotted baffle’s positions 
(with a vertical solid baffle, with a solid inclined baffle, with two inclined slotted baffle), nanofluid’s volume fractions and 
diameters on heat transfer. They observed that SiO2/water nanofluid having 4%  nanoparticle volume fraction and 20 nm 
nanoparticle diameter enhances heat transfer much more amoung the other nanofluids. In addition, they found that maximum 
Nusselt number is obtained in duct with inclined slotted baffle.  

It is obtained from the above literature review that the case of forced convective heat transfer over horizontal BFS utilizing 
SiO2/water nanofluid seems not to have been investigated in the past and this has motivated the present study. The present 
study deals with 2D laminar forced convective flow over a backward-facing step (BFS) in a horizontal rectangular cross-
sectioned duct by using different nanopaticles volume fractions (1.0%-4.0%) of SiO2/water nanofluid. Results of interests such 
as Nusselt number, Darcy friction factor, velocity and temperature distributions for laminar forced convection flow over a 
horizontal BFS are reported to illustrate the effect of nanoparticles volume fractions of SiO2/water nanofluid on these 
parameters. 

2.MATHEMATICAL MODELING 

2.1.Geometrical Configuration 
A duct having backward facing step was modeled to analyze in this study. Both the step height (s) and inlet height (hs) of the 
duct were 4.8 mm. Total length (H) of duct was 9.6 mm. As the downstream wall was subjected to constant and uniform heat 
flux, the other walls were insulated. The schematic diagram of the backward facing step is presented in Figure 1. 

 

 
Figure 1. Schematic diagram of the backward facing step 
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2.2.Governing Equations and Boundary Conditions 
In the mathematical modeling of single-phase steady-state incompressible laminar flow, the following governing equations are 
used. 

Contunity:  div( V ) 0ρ =
                                           (1) 

Momentum: div( VV ) grad P div( gradV )ρ µ= − +
                                          (2) 

Energy:  
Pdiv( C VT ) div( k grad T )ρ =
                                         (3) 

In the governing equations, the buoyancy effect, viscous dissipation and radiation heat transfer are assumed to be negligible. 
Constant inlet velocity is applied and the inlet velocity can be calculated by specified Reynolds number as follows. 

=inlet
h

ReU
D

µ
ρ

                                           (4) 

where µ [Pa.s] is the viscosity, ρ [kg/m3] is the density of the nanofluid. Dh is the hydraulic diameter and Dh=H.   

Constant heat flux of 2000 W/m2 is applied to the downstream wall of backward facing step. 

2.3.Thermophysical Properties 
To solve the governing equations, the thermophysical properties of nanofluid should be defined. The effective density and 
specific heat of SiO2-water nanofluid can be defined with following equations [11] 

= + −eff s f( 1 )ρ ϕρ ϕ ρ                                            (5) 

− +
=

− +
p f p s

eff
f s

( 1 )( C ) ( C )
( Cp )

(1 )
ϕ ρ ϕ ρ

ϕ ρ ϕρ
                                                     (6) 

where ϕ  is the nanoparticle volume fraction, CP [J/kgK] is the specific heat. The subscripts eff, s and f denote effective, 
nanoparticle and base fluid, respectively. 

The effective thermal conductivity of SiO2-water nanofluid can be calculated by the following equation is given by Vajjha and 
Das [12] as: 

= +eff static browniank k k                                                                     (7) 

The kstatic is presented by Ghasemi and Aminossadati [13] as: 

 + − −
=  

+ + −  

s f f s
static f

s f f s

( k 2k ) 2φ( k k )
k k

( k 2k ) φ( k k )
 

Thermal conductivity resulting from Brownian motion is offered by Vajjha and Das [12] as: 

= 4
brownian f f

s p

KTk 5x10 βφρ Cp f (T ,φ )
ρ d

                                                                                                                  (8) 

where 

− − − −= + + − −2 3 2 3

o

Tf (T ,φ ) ( 2.8217x10 φ 3.917x10 ) ( 3.0669x10 φ 3.91123x10 )
T

                                                           (9) 

where T is the fluid temperature, To is the reference temperature and K is the Boltzman constant. 

Corcione [12] presented viscosity of nanofluid equation as:  

−=
−

eff
0.3 1.03

f p f

μ 1
μ 1 34.87( d / d ) φ

                                                                                                                         (10) 

where 

 
=  
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Nπρ
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where fμ and effμ are viscosity of base fluid and nanofluid, respectively. fd  is the base fluid equivalent diameter and pd is 

diameter of nanoparticle. N is the Avogadro number, M is the base fluid’s molecular weight, and foρ is the mass density of the 
base fluid calculated at T=293 K. The nanoparticle diameter was taken as 65 nm. 

The effective thermal expansion of nanofluid is presented by Corcione [11] as: 

− +
=

− +
f s

eff
f s

( 1 φ )( ρβ ) φ( ρβ )
β

(1 φ )ρ φρ
                                                                                                                               (12) 

Thermal expansion value of SiO2 can be calculated from −= 1.4594
sβ 1.9526(100φ ) . 

Average Nusselt number, Darcy friction factor and heat transfer coefficient are calculated as:  

= hhDNu
k                                                                                                                                                        (13) 

∆
= h

2
inlet

P( D / L )f
ρU / 2

                                                                                                                                             (14) 

= − −inlet c p mo mi s w mh ρU A C (T T ) / A (T T )                                                                                                             (15) 

where ∆P is the pressure difference between inlet and outlet of the duct, L is the total length of the duct, cA is the cross-section 
area of the duct, L is the length of the heated wall, mo miT , T  and wT are mean temperatures of outlet, inlet and heated wall 
temperature of duct, respectively. 

The thermophysical properties for base fluid and nanoparticle are given in Table 1. 

 

Table 1. Thermophysical properties for base fluid and nanoparticle [14, 15]  

Material 3( kg / m )ρ  PC ( J / kgK )  k (W / mK )  2( Ns / m )µ  

Water 997 4179 0.613 0.000855 

SiO2 2200 703 1.2 - 

2.4.Numerical Method and Code Validation 
Hexahedral mesh distribution was utilized in the modeling of backward facing step. Finite volume method was used to carry 
out the numerical computation. The governing equations were solved with boundary conditions. SIMPLE algorithm was used 
to resolve velocity and pressure coupling. To discretize the momentum and energy equation, Green Gauss Cell Based Method 
was applied. The convergence criterion of 10-6 was used in the iteration of governing equations. No convergence problems 
were observed during the calculations. 

The mesh independence study was performed for the duct having backward facing step by refining the mesh number until the 
variation in both average Nusselt number and average Darcy friction factor are less than 0.08%. To obtain the optimum mesh 
number, a grid independence study was conducted using eight different mesh numbers changing from 3.4x102 to 5.7 x105 for 
Re=225. Changing of Nusselt number and average Darcy friction factor values with mesh number for pure water flow is given 
in Figure 2 as an illustration. It was observed that a further refinement of mesh number from 4.4x104 to 5.7x105, the changing 
of average Nusselt number and average Darcy friction factor is negligible. If Figure 2 is observed, optimum mesh number 
with minimum computational time and maximum accuracy approximately can be seen at 4.4x104. 
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Figure 2. Mesh independency validation 

To validate the code, the numerical results were compared with the data given by Togun et al. [16] and illustrated in Figure  3. 
As can be seen from Figure 3, the results obtained by present study show good agreement with the results obtained by Togun 
et al. [16].  

Distance 

0.0 0.2 0.4 0.6 0.8 1.0

Su
rfa

ce
 H

ea
t T

ra
ns

fe
r C

oe
ffi

cie
nt

0

100

200

300

400

500

600

Present Study
Togun et al. [11]

 
Figure 3. The comparison of the surface heat transfer coefficient values obtained by present study with that of Togun et al. [16] at Re=225  

3.RESULTS 
Laminar forced convection flow and heat transfer characteristics of SiO2 nanofluid over a 2D horizontal backward facing step 
was numerically investigated. The nanoparticle diameter was 65 nm. The effects of the nanoparticle volume fractions on the 
average usselt number and average Darcy friction factor are presented in Figure 3 and Figure 4, respectively. As seen in 
Figure 3, the average Nusselt number increases with increasing both nanoparticle volume fractions and Reynolds number. 
Nanoparticle volume fraction of 4.0% has the highest average Nusselt number. Pure water has the lowest average Nusselt 
number. These results can show that adding nanoparticles inside the base fluids enhance the heat transfer. It can be obtained 
from Figure 4 that the average Darcy friction factor decreases with increasing Reynolds number. Also, changing nanoparticle 
volume fraction does not affect the average Darcy friction factor. Pure water has higher average Darcy friction factor 
compared to nanofluids. This means that SiO2/water nanofluid has lower pumping power in comparison to pure water. 
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Figure 3. Average Nusselt number for different nanoparticle volume fractions of SiO2/water nanofluid 
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Figure 4. Average Darcy friction factor for different nanoparticle volume fractions of SiO2/water nanofluid 

 

The local Nusselt number distributions were presented along the heated wall in Figure 5. In the presented figure, four different 
nanoparticle volume fractions ( φ =1.0%-4.0%) were used as the Reynolds number was kept constant at 225. It was noticed that 
the local Nusselt number is realized to increase steeply to its maximum value at the separation point and then it decreases with 
keeping away from the step of the duct having BFS until the reattachment point and then it takes a fixed shape when the flow 
is being thermally fully developed condition. This is due to the fluid flow separation which leads to enhance the heat transfer 
[17]. The local Darcy friction factor distributions were presented along the heated wall in Figure 6. In this figure, four 
different nanoparticle volume fractions ( φ =1.0%-4.0%) were used for Re=225. It was obtained that the local Darcy friction 
factor decreases the minimum value and increases 0.05 levels and then it decreases 0.04 levels and finally increases until it 
reaches a point where the local Darcy friction factor remains constant along the rest of heated wall. This shows that the local 
Darcy friction factor asymptotically approaches the hydrodynamically fully developed condition. Also, it is noticed that the 
local Darcy friction factor is independent from nanoparticle volume fractions. 
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Figure 5. Local Nusselt number distributions for different nanoparticle volume fractions along the heated wall at Re=225 
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Figure 6. Local Darcy friction factor distributions for different nanoparticle volume fractions along the heated wall at Re=225 

 

Streamlines inside the duct for different Reynolds numbers and different nanoparticle volume fractions of SiO2/water 
nanofluid were presented in Figure 7 and Figure 8, respectively. It was noticed from Figure 8 that changing of Reynolds 
number markedly affects the size of the recirculation zones for volume fraction of 4.0%. As the Reynolds number increases, 
the size of the recirculation zone increases. Also, the contours of streamlines for different nanoparticle volume fractions at 
Re=225 are given in Figure 8. It can be obtained from the figure that, variation of nanoparticle volume fraction does not affect 
the size of the recirculation zones. Also, flow velocity increases with increasing nanoparticle volume fraction because of 
increasing viscosity of nanofluid. 
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Figure 7. Streamlines for different Reynolds number of SiO2/water nanofluid for volume fraction of 4.0%; (a) Re=75, (b) 
Re=125, (c) Re=175, (d) Re=225 

 

 

 

 

 

 

Figure 8. Streamlines for different nanoparticle volume fractions of SiO2/water nanofluid at Re=225;  
(a) φ =1.0%, (b) φ =2.0%, (c) φ =3.0%, (d) φ =4.0% 

 

4.CONCLUSIONS 
Numerical simulation of steady state laminar forced convection flow and heat transfer in a 2D duct having backward-facing 
step (BFS) was presented. SiO2/water nanofluid was used as working fluid. Effect of Reynolds number and nanoparticle 
volume fraction on convective heat transfer were investigated in detail. It was noticed from the numerical simulation results 
that SiO2/water nanofluid enhances heat transfer. The average Nusselt number increases with increasing the Reynolds number 
and nanoparticle volume fractions. Also, average Darcy friction factor decreases with increasing Reynolds number. There is 
no effect of changing of nanoparticle volume fractions on average Darcy friction factor. 
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Remote Control of Lighting Usıng Programming 
Language Matlab, ZigBee Technology and 

PIC18F452 Microcontroller 

Edin Mujčić1, Dženita Nuhić2, Mujo Hodžić3 

Abstract 
Microcontrollers are used in automated products and devices, such as automobile engine control systems, remote controls, 
office machines, power tools, toys and other systems that are embedded. Also, the ZigBee networks are very suitable for 
network applications. ZigBee is a low-cost, low-power, wireless mesh network standard targeted at the wide development of 
long battery life devices in wireless control and monitoring applications. Bearing in mind the numerous advantages and 
ease of linking these two technologies, the remote control of lighting is practically implemented. Lighting assembly is made 
from more types of light sources. The PIC18F452 microcontroller and transistor amplifiers are used to control lighting. 
XBee modules are used for serial communication to PIC18F452 microcontroller and computer. The graphical user 
interface, designed in the programming language MATLAB, is used for remote control of lighting. In this way, the user has a 
complete overview of the state of lighting at any time. 

Keywords: PIC18F452 microcontroller, XBee modules, XCTU, lighting, graphical user interface 

1. INTRODUCTION 
The occurence of microcontrollers and microprocessors are regarded as one of the greatest technical achivements that 
characterized  twentieth century. Main difference between microcontrollers and microprocessors is that they are the first 
optimized for speed and performance with computer programs, while microcontrollers are optimized towards integration of a 
large number of circuits real-time control, mass production, low cost and low power consumption [1]. Microcontrollers are 
also more resistant on variation of voltage, temperature, humidity, vibration, etc. Huge advantage is reflected in the fact that 
can be programmed, beside Assembler, and in high-level programming languages: C, Pascal, Basic, etc. [2]. This increases 
number of users who can write programs and thus also apply [1],[3]. They are used in a wide variety of modern devices such 
as: robots, telecommunication devices, satellites, cars, measuring instruments, mobile phones, cameras, etc. Also they are 
widely  used in many home devices such as washing machines, microwave ovens, breadmakers, etc. [3].Today on market 
there are few major manufacturers microcontroller which in its production program have different microcontroller families. 
The most popular of them are Intel, Motorola, Amtel and Microchip. In this paper is used PIC18F452 microcontroller [4]- 
[10]. 

XBee radio module is a brand company Digi International which fully implement the Zigbee protocol [11]. XBee is tiny RF 
(radio frequency) module that has been developed and specifically designed to provide a simple and cost-effective 
performance of ZigBee wireless technology. It requires minimal energy to operate and provides reliable data transmission 
between devices [12]-[15]. Available are different protocols and characteristics of RF modules, which allow the user great 
flexibility to choose the best option for their needs. Family Xbee module is composed (March 2016) from 18 different 
modules of different qualities [16].  

Remote control of lighting is achieved using XBee modules, where a module is connected to the computer, and the other is 
attached to the model. Communication is achieved by using wireless networks established between them using ZigBee 
network. 

In programming language MATLAB is created a graphical user interface for lighting control. The user interface sends data 
using the serial port. On the serial port the XBee module is connected. XBee module is programmed using a programming 
language X-CTU. Received data from the MATLAB programming language, using XBee wireless communication module is 
sent to the second XBee module which is connected to the PIC18F452 microcontroller. The PIC18F452 microcontroller is 
controlling lighting system.  

2. PIC18F452 MICROCONTROLLER 
The PIC18F452 microcontroller is a modern microcontroller with a large storage space and a large number of I/O lines, 
implemented in CMOS technology. In CMOS technology, consumption is noticeable only in the transition from the state of 
logic zero in the state of logical units, or vice versa. Consequently, the PIC18F452 microcontroller has a low power 
consumption. Also, microcontroller made in this technology is resistant to impulse noise at the I/O lines and the power supply. 
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In figure 1 (a) shown the appearance PIC18F452 microcontroller in 40-pin DIP package and in figure 1 (b) shown the 
appearance PIC18F452 microcontroller in 44-pin TQFP package. 

 

 
Figure 1. (a) The PIC18F452 microcontroller 40-pin DIPpackage (b) The PIC18F452 microcontroller 44-pin TQFP package 

 

In this paper, PIC18F452 microcontroller in 40-pin DIP package is used. In Figure 2 shown the pin diagram of PIC18F452 
microcontroller and pins description. 

 

 
Figure 2. Pin diagram of PIC18F452 microcontroller and pins description [8] 

 

From Figure 2 we see that the PIC18F452 microcontroller has, in addition to the basic pins for power supply, connect the 
oscillator and reset, 34 digital I/O pins, 8 analog inputs and two ten-bits inputs and two PWM modules.  

Written program should be placed in the microcontroller memory. Programming microcontrollers is done by entering the 
instruction in the EPROM according to the instructions of the microcontroller used, and according to a set of instructions that 
are supported by the central unit. In this paper, the code written in assembly language, using MPLab integrated development 
environment. Hexadecimal file, using programmer MPLAB ICD2, is transferred to PIC18F452 microcontroller. The code is 
not listed in this paper because of its size. 
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Figure 3. A method of programming PIC18F452 microcontroller 

 

On Figure 3 the steps to programme the  microcontroller PIC18F452 are shown. 

3. XBEE MODULES 
XBee radio module is a brand of company Digi International to fully implement the Zigbee protocol [11]-[13]. XBee is a tiny 
RF (radio frequency) module that has been developed and specifically designed to provide a simple and cost-effective 
performance of ZigBee wireless technology. Requires minimal energy to operate and provide reliable data transfer between 
devices [14]. Different protocols and features of RF modules are available, which allow the users great flexibility to choose 
the best option for their needs. 

 
Figure 4. XBee Module 24 

XBee/XBee PRO modules have 20 pins (see Figure 4). For work of XBee module four basic pin connections are sufficient - 
power supply Vcc (3.3 V), ground GND, Data input DIN and Data output DOUT. Other pins are used as input-output pins for 
the analog and/or digital data as well as control pins (sleep, status, reset, etc.). 

Characteristics of XBee module 24 are [12]: 

• Supply Voltage  2.8 – 3.4 V 

• Indoor/Urban Range Up to 30 m 

• Outdoor RF line-of-sight Range Up to 90 m 
• Transmit Power Output (software selectable) 1 mW (0 dBm) 
• Operating Frequency ISM 2.4 GHz 

• Seven 10-bit ADC input pins 

• 8 digital I/O pins 

• 128-bit encryption 

• AT or API command set 

To program XBee module programming tool X-CTU is used. X-CTU set program is shown in Figure 5. 
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Figure 5. Appearance of XCTU program 
 
Table 1 shows how to configure the XBee modules to communicate with each other.  
 

Table 1. Configure the XBee modules to communicate with each other 

 Xbee 1 Xbee 2 

PAN ID 3010 (or any number in the range of  
 0-FFFF) 

3010 (or any number in the range of 
 0-FFFF) 

CH C C 

MY Address 1 2 

DH 0 0 

DL 2 1 

Besides basic configuration it is necessary to set a large number of parameters for proper and safe operation of the ZigBee 
network.After programming the XBee modules they are ready to communicate with each other. In our project XBee modules 
are used to send data from the computer to the PIC18F452 microcontroller. 

4.REMOTE CONTROL OF LIGHTING USING PROGRAMMING LANGUAGE MATLAB, ZIGBEE 
TECHNOLOGY AND PIC18F452 MICROCONTROLLER   

In programming language MATLAB is created a graphical user interface for lighting control. The graphical user interface 
sends data using the serial port. On the serial port the XBee module is connected. XBee module is programmed using a 
programming tool X-CTU. Received data from the MATLAB programming language, using XBee wireless communication 
module is sent to the second XBee module which is connected to PIC18F452 microcontroller. The PIC18F452 microcontroller 
is controlling lighting system. This is shown in Figure 6. 

 
Figure 6. Block diagram of model of  lighting 

In order to use the PIC18F452 microcontroller for lighting control, amplification of its output signal must be made. We used 
MOSFET transistors IRFZ 44 and relays to do so. After designing in the programming language Circuit Wizard, development 
and soldering necessary parts receive the energy part of the system as shown in Figure 7. 
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Figure 7. The appearance of the energy part of lighting control system 

 

For the PIC18F452 microcontroller is used a develop board for 40-pin PIC microcontrollers shown in Figure 8 

 
 

Figure 8. Development board for 40-pin microcontrollers with the PIC18F452 microcontroller 

After connecting and testing we’re getting circuit for remote control of lighting  shown in Figure 9. 

 
Figure 9. The appearance of the finished circuit for remote control of lighting 

 

From Figure 9 we see that XBee module wirelessly receives signals from XBee module connected to the serial port. The 
received control signals are sending to the PIC18F452 microcontroller  where   these signals are being processed and sent to 
the individual outputs from the PIC18F452 microcontroller.The processed signals are then amplified and sent to individual 
consumers on the board that is used to verify the work designed system for remote control of lighting. Consumers are at the 
lighting: incandescent bulbs, LEDs, LED modules and LED strips. 

5.EXPERIMENTAL RESULTS 
In this part of the paper experimental verification of work created system was carried out. User is using the graphical interface 
created in programming language Matlab, controls the work of the remote system lighting. Pressing the green buttons (see 
figure 10) turn on light bulbs, LED strips or LED modules and pressing the red buttons turn off the specified lighting. Panel 
(white or yellow color) at the end of each pair of on-off changes color depending on whether it is on or off lighting. The 
yellow color of the panel means that turn on bulbs (LED strip, LED module) which spatially corresponds included on-off pair. 
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Figure 10. The graphical user interface with the turn on four bulbs (LED strips, LED bulbs) 

 

Figure 11 shows the appearance of the model lighting for this case. We see that they include two LED strips along the street, 
and two LED bulbs equivalent to yellow panels on the graphical interface shown in Figure 10. From this we can conclude that 
the project to a remote control model of lighting works well. At any time, the user knows which the buld (LED strip, LED 
Module) is turned on and which one is not. 

 

 
Figure 11. The appearance of created system for remote control of lighting 
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We can also  select the mode "Automatski mod" (see figure 10) in which the light bulbs (LED strips, LED modules) turn 
on/turn off the pre-programmed order. Pressing the button titled "Iskljuci automatski mod" again switches to manual operation 
system for remote control of lighting. 

6.CONCLUSION 
Based on the experimental analysis, we can conclude that the system designed for remote control of lighting works well. With 
minimal changes (suiting real system) designed system can be used to control lighting of smart house. 
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Evaluation of Antioxidant Capacity of Paronchia 
argyroloba Seeds 

Idris Arslan*,1, Ali Zeytunluoglu2 

Abstract 
The genus Paronychia Miller (Illecebraceae) is distributed in warm and dry regions of the world. Paronychia species are found in 
Irano-Turanian and East-Mediterranian phytogeographic regions and is represented by 28 species, 20 of which are endemic to 
Turkey & East Aegean Islands.The main objective of the present study was to analyze the antioxidant capacity and phenolic content 
of aqueous and methonolic extracts of Paronchia argyroloba naturally grows in Anatolia region. TEAC (trolox equivalent 
antioxidant capacity), TPC (total phenolic content) and DPPH (free radical scavenging activity) of each extracts were investigated. 
As a results, a positive correlation was determined between total phenolic content and antioxidant capacity. 

Keywords: Paronchia argyroloba, ABTS+. , DPPH, TOC 
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1 INTRODUCTION 
The genus Paronychia Miller (Illecebraceae) is distributed in warm and dry regions of the world. Paronychia species are 
found in Irano-Turanian and East-Mediterranian phytogeographic regions and is represented by 28 species, 20 of which are 
endemic to Turkey & East Aegean Islands [1-2]. In the Red data book of turkish plants, the status of 12 endemic Paronychia 
species has been described [3].  

Paronychia argyroloba is an annual plant and naturally found in Tavas/Denizli region ant its environments. 

It was reported that Paronychia species shows a broad spectrum of different activities, such as antidiabetic, antimicrobial, 
antiulser, antianorexia and antioxidant [4-6].  

 

  
Figure 1. (a) Morphological apperance of Paronchia argyroloba  (b) Seeds of Paronchia argyroloba 

It seems that the among the main constituents oleanane-type saponins are widely found. Gypsogenic acid-derived 
triterpenoidal saponins from Paranochia genus was reported [7]. Also, there is a report on the isolation and characterizattion 
of four new tritepenoidal saponins from Paronychia anatolica subsp. balansae roots [8]. 

To the best of our knowledge, there is no report on antioxidant capacity and total phenolic content of Paronchia argyroloba 
plant species. The main objective of the present study was to analyze the antioxidant capacity and phenolic content of 
methonolic extracts of Paronchia argyroloba naturally grows in Anatolia region. 

2 MATERIAL AND METHODS 

2.1.Plant materials 
The plant samples (Paronchia argyroloba) was collected from Çakıroluk region, Tavas-Denizli, Turkey. 3.0 g of the powder 
plant material was solved in 100 ml of distilled water. The mixture was stirred on the hot-plate in temperature of 50-60 °C for 
2.5 hours and then filtered by the double-layered cheesecloth. Obtained filtrate was centrifuged at 5000 rpm for 10 min and 
then the supernatant collected in a dark glass bottle in frozen (- 20 °C) until use 3.0 g of the powder plant material was solved 
in 500 ml of methanol (90 %).  The mixture was stirred on the hot-plate in room temperature for 2.5 hours and then then 
filtered using Whatman filter paper No. 1. The filtrate was concentrated in a rotary evaporator at 60°C. The resulting extracts 
were stored at −20°C until the analysis. 

2.2.Total phenolic content 
Total phenolic content of methanolic extract obtained from P.argyroloba was determined using modified of microscale Folin-
Ciocalteau’s method described by Slinkard & Singleton with slight modifications [9]. Briefly, 20 μl of plant extract were 
mixed with 100 μl of Folin–Ciocalteu reagent and the mixture was incubated for 1 min in room temperature and then added of 
80 μl of 7.5% (w/v) sodium carbonate. The mixture was allowed to stand for a further 30 min in the dark, and absorbance was 
measured at 760 nm. All measurements were carried out in triplicate and calculations were based on a calibration curve 
obtained with gallic acid. Total phenolic content was expressed as mg.g-1 gallic acid equivalent using the equation obtained 
from the calibration curve y=0.00427×-0.0138,  R2=0.9987.  

2.3.Trolox equivalent antioxidant capacity 
The ABTS radical scavenging activity was measured according to the method described by Re et al., 1999.  The ABTS stok 
solution (7mM) and 2.45 mM potassium persulphate were mixtured. The reaction mixture for to obtain the ABTS radical 
solution was left to stand at room temperature (16 h) in the dark before use. ABTS radical solution was diluted with 80 % 
ethanol, to give an absorbance value of ~0.70 at 734 nm. For measuring ABTS radical scavenging activity 20 μl of the sample 
was mixed with 200 μl of the ABTS radical solution. Absorbance was monitored at 734 nm for 6 min. The decrease in 
absorption at 734 nm 6 min after addition of ABTS radical solution was used for calculating the TEAC (trolox equivalent 
antioxidant capacity). The total antioxidant activities were expressed as mM trolox equivalent antioxidant capacity (TEAC). 
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All measurements were performed at least in triplicate. Trolox standards prepared in ethanol (80%) ranging from 100–500 
μM. 80 % ethanol was used as blank in measurement. 

2.4.DPPH free radical scavenging activity 
The DPPH radical scavenging activity was measured according to the method described by Brand-Williams [10] with slight 
modifications. DPPH (2,2’-diphenyl-1-picrylhydrazyl)  stock solution was prepared by dissolving 12 mg in 50 ml 100% 
methanol and then stored at -20 oC until needed. The working solution was obtained by mixing the stock solution (10 ml) with 
methanol (20 ml) to obtain an absorbance of 1.0 ± 0.02 units at 517 nm using the Multiscan Go Microplate reader (Thermo, 
USA). The methanolic extract of Paronchia argyroloba (15 µl) and 200 µl DPPH were mixed and then shaked and followed 
by incubation at room temperature in the dark for 10 minutes. The decrease in absorbance in presence of DPPH was measured 
at 517 nm. Trolox was used as a standard compound. A standard calibration curve is constructed for Trolox at 50-750 µM 
concentrations. TEAC (trolox equivalent antioxidant capacity) values were calculated by using the standard regression curve.  

3 RESULTS AND DISCUSSION 
The improved ABTS+. method, described by Re et al. [11] was used to determine the antioxidant capacity for the plant species 
examined in this study. The concentration response curves for ABTS+., as a function of five separetely prepared stock 
solutions of trolox standards (100, 150, 200, 250 and 500 µM) in terms of trolox equivalent antioxidant capacity (TEAC, mM 
trolox equivalent per g dry weight of plant). Similarly, concentration response curves for DPPH and TOC five and seven 
separetely prepared stock solutions of standards (Figure 1).  

 

 

  
Figure 1. Concentration-calibration curve for absorbance at 517 nm for DPPH as a function of standard trolox solution at 765 nm for gallic 

acid standard. 

 

There was a large variation in the antioxidant and free radical scavenging capacities of the aqueous and methanolic extracts of 
the plant material tested, as shown in Table 1. We found at 16.23, 23.80 for ABTS and 4. 

The results obtained from ABTS and DPPH assays were determined as 16.23, 4.84 for aqueous extracts and 23.80, 22.76 mM 
TE/g dry weight for methanolic extracts, respectively. Total phenolic content of methanolic extracts were found as 29.12 mg 
GAE per g weight. 

Total phenolic content (TOC) was estimated by Folin-Ciocalteu colorimetric method, based on the procedure of [9]. using 
gallic acid as a standard phenolic compound. A linear calibration curve of gallic acid, in the range 25-250 µg/mL with r2 value 
of 0.9998, was constructed Figure 1. For methanolic extracts showed the total pheolic content of 29.12 mg gallic acid 
equivalent per g dry weight of test material. 

 

Table 1. Antioxidant capacity of P.argyroloba extracts 

Antioxidant capacity (mM TE/g dry weight)a Total phenolic content (mg GAE/g)b ABTS DPPH 
Aq.E Met.E Aq.E Met.E Met.E 

16.23 23.80±0.72 4.84±0.26 22.76±1.41 29.12±0.57 
All data are shown as means ± SD from two extraction replicates, each run in dublicate. 
Aq.E : Aqueous extracts 
Met.E: Methanolic extracts 
a Data are expressed as mM of trolox equivalents per g dry weight. 
b Data are expressed as mg of gallic acid equivalents (GAE) per g dry weight. 
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These results suggested that the phenolic compounds contributed significantly to the antioxidant capacity of the investigated 
plant species. In many paper, a positive linear correlation between antioxidant capacity and total phenolic content [12] The 
Folin-Ciocalteu assay gives a crude estimate of the total phenolic compounds present in an extract. It is not specify to 
polyphenols, but many interfering compounds may react with the reagent, giving elevated apperent phenolic concentrations 
[13]. 

As stressed by Frenkel and Meyer, no single method is adequate for evaluating the antioxidant capacity of foods, since 
different methods can yield widely diverging results. Several methods based on different mechanisms must be used [14]. 
Therefore, we investigated the antioxidant capacity both ABTS radical cation assay and DPPH free radical scavenging 
activity. 
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Trolox Equivalent Antioxidant Capacity, Free 
Radical Scavenging Activity and Total Phenolic 

Content of Astragalus flavescens  
Idris Arslan*,1, Ali Zeytunluoglu2 

Abstract 
The genus Astragalus (Fabaceae) is a large genus of about 3.000 species of herbs and small shrubs. It is a largest genus of plants in 
terms of described species. Astragalus species are native to temperate regions of the Nothern Hemisphere and their common names 
"geven" in Turkey. Some pale-flowered vetches are similar in apperance, but vetches are more vine-like. Medicinal plants are very 
important for therapeutical usage. Astragalus species and their extracts have been used for alternative therapy. 

The main objective of the present study was to test the antioxidant capacity and phenolic content of extracts of Astragalus flavescens 
naturally grows in Ödemiş/İzmir region. Hydroxymethanolic extracts were used for antioxidant activity testsa and TEAC (trolox 
equivalent antioxidant capacity), TPC (total phenolic content) and DPPH (free radical scavenging activity) of each extracts were 
incestigated. As a results, a positive correlation was determined between total phenolic content and antioxidant capacity. 

Keywords: Astragalus flavescens, ABTS+. , DPPH, TOC, Fabaceae 

1 INTRODUCTION 

The genus Astragalus is the largest one in the Fabaceae family and is represented by 380 species in the flora of Turkey [1]. 
Several Astragalus species are used in traditional medicine as an antiperspirant, diuretic, and tonic drug and for the treatment 
of diabetes mellitus, nephritis, and leukemia. [2].  In China, many pharmaceutical preparations containing Astragalus extract 
or isolated compounds have been used: Water decoctions of the roots of A. membranaceus and A. sinicus were incorporated 
into pharmaceutical preparations for treatment of toothache or for oral hygiene [3]. Chemical studies on Astragalus saponins 
have provided oleanane-type and cycloartane-type triterpenoid glycosides that exhibited cytotoxic, immunostimulatory, 
hepatoprotective, or antiviral activities [3]. 

Astragalus flavescens, a compound prescription of Chinese herbal medicine, contains Radix Astragali, Radix Scutellariae and 
Flavescent Sophora. Astragalus flavescens has been utilized in the treatment of chronic liver disease for >10 years and has 
shown curative effects. It has been clinically demonstrated that Astragalus flavescens is effective in receding jaundice, 
detumescence, retracting the spleen, reducing ascites, lowering transaminase activity, increasing serum albumin levels and 
improving the prothrombin time. Clinical studies have indicated that Astragalus flavescens is able to regulate the immunity 
and scavenge oxygen free radicals, as well as exhibiting anti-viral and -tumor effects. In addition, the prescription for 
Astragalus flavescens is low in cost and convenient to use; therefore, it has good developmental value. The present study 
investigated the preventative effects of Astragalus flavescens on liver fibrosis in rats and its mechanism of action. The study 
aimed to provide  

a reliable experimental basis for the further application of Astragalus flavescens in the treatment of hepatic fibrosis [4]. 
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Figure 1. (a) Morphological apperance of Astragalus flavescens  

To the best of our knowledge, there is no report on antioxidant capacity and total phenolic content of A. flavescens plant 
species. The main objective of the present study was to analyze the antioxidant capacity and phenolic content of methonolic 
extracts of A. flavescens naturally grows in Anatolia region. 

The main objective of the present study was to test the antioxidant capacity and phenolic content of aqueous and methanolic 
extracts of A. flavescens naturally grows in Ödemiş, İzmir region.  

2 MATERIAL AND METHODS 

2.1.Plant materials 
Astragalus flavescens samples were collected from Bozdağ, Ödemiş, İzmir, Turkey.  

3.0 g of the powder plant material was solved in 500 ml of methanol (90 %) (methanolic extract) and distilled water (aqueous 
extract).  The mixture was stirred on the hot-plate in room temperature for 2.5 hours and then then filtered using Whatman 
filter paper No. 1. The filtrate was concentrated in a rotary evaporator at 60°C. The resulting extracts were stored at −20°C 
until the analysis. 

2.2.Total phenolic content 
Total phenolic content of methanolic extract obtained from Astragalus flavescens was determined using modified of 
microscale Folin-Ciocalteau’s method described by Slinkard & Singleton with slight modifications [5]. Briefly, 20 μl of plant 
extract were mixed with 100 μl of Folin–Ciocalteu reagent and the mixture was incubated for 1 min in room temperature and 
then added of 80 μl of 7.5% (w/v) sodium carbonate. The mixture was allowed to stand for a further 30 min in the dark, and 
absorbance was measured at 760 nm. All measurements were carried out in triplicate and calculations were based on a 
calibration curve obtained with gallic acid. Total phenolic content was expressed as mg.g-1 gallic acid equivalent using the 
equation obtained from the calibration curve y=0.00427×-0.0138,  R2=0.9987.  

2.3.Trolox equivalent antioxidant capacity 
The ABTS radical scavenging activity was measured according to the method described by Re et al. [6]   The ABTS stok 
solution (7mM) and 2.45 mM potassium persulphate were mixtured. The reaction mixture for to obtain the ABTS radical 
solution was left to stand at room temperature (16 h) in the dark before use. ABTS radical solution was diluted with 80 % 
ethanol, to give an absorbance value of ~0.70 at 734 nm. 

For measuring ABTS radical scavenging activity 20 μl of the sample was mixed with 200 μl of the ABTS radical solution. 
Absorbance was monitored at 734 nm for 6 min. The decrease in absorption at 734 nm 6 min after addition of ABTS radical 
solution was used for calculating the TEAC (trolox equivalent antioxidant capacity). The total antioxidant activities were 
expressed as mM trolox equivalent antioxidant capacity (TEAC). All measurements were performed at least in triplicate. 
Trolox standards prepared in ethanol (80%) ranging from 100–500 μM. 80 % ethanol was used as blank in measurement. 

2.4.DPPH free radical scavenging activity 
The DPPH radical scavenging activity was measured according to the method described by Brand-Williams [7] with slight 
modifications. DPPH (2,2’-diphenyl-1-picrylhydrazyl)  stock solution was prepared by dissolving 12 mg in 50 ml 100% 
methanol and then stored at -20 oC until needed. The working solution was obtained by mixing the stock solution (10 ml) with 
methanol (20 ml) to obtain an absorbance of 1.0 ± 0.02 units at 517 nm using the Multiscan Go Microplate reader (Thermo, 
USA). The methanolic extract of Astragalus flavescens (15 µl) and 200 µl DPPH were mixed and then shaked and followed 
by incubation at room temperature in the dark for 10 minutes. The decrease in absorbance in presence of DPPH was measured 
at 517 nm. Trolox was used as a standard compound. A standard calibration curve is constructed for Trolox at 50-750 µM 
concentrations. TEAC (trolox equivalent antioxidant capacity) values were calculated by using the standard regression curve.  
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3 RESULTS AND DISCUSSION 
The improved ABTS+. method, described by Re et al. [6] was used to determine the antioxidant capacity for the plant species 
examined in this study. The concentration response curves for ABTS+., as a function of five separetely prepared stock 
solutions of trolox standards (100, 150, 200, 250 and 500 µM) in terms of trolox equivalent antioxidant capacity (TEAC, mM 
trolox equivalent per g dry weight of plant). Similarly, concentration response curves for DPPH and TOC five and seven 
separetely prepared stock solutions of standards (Figure 1).  

 

 

  
Figure 1. Concentration-calibration curve for absorbance at 517 nm for DPPH as a function of standard trolox solution at 765 nm for gallic 

acid standard. 

 

There was a large variation in the antioxidant and free radical scavenging capacities of the aqueous and methanolic extracts of 
the plant material tested, as shown in Table 1. The results obtained from ABTS and DPPH assays were determined as 
16.04±0.12; 4.85±0.23 for aqueous extracts and 10.10±1.06; 23.75±1.41 mM TE/g dry weight for methanolic extracts, 
respectively. 

Total phenolic content (TOC) was estimated by Folin-Ciocalteu colorimetric method, based on the procedure of [9]. using 
gallic acid as a standard phenolic compound. A linear calibration curve of gallic acid, in the range 25-250 µg/mL with r2 value 
of 0.9998, was constructed Figure 1. For methanolic extracts showed the total pheolic content of 29.12 mg gallic acid 
equivalent per g dry weight of test material. 

Table 1. Antioxidant capacity of A. flavescens extracts 

Antioxidant capacity (mM TE/g dry weight)a Total phenolic content (mg GAE/g)b ABTS DPPH 
Aq.E Met.E Aq.E Met.E Met.E 

16.04±0.12 10.10±1.06 4.85±0.23 23.75±1.41 29.39±0.97 
All data are shown as means ± SD from two extraction replicates, each run in dublicate. 
Aq.E : Aqueous extracts 
Met.E: Methanolic extracts 
a Data are expressed as mM of trolox equivalents per g dry weight. 
b Data are expressed as mg of gallic acid equivalents (GAE) per g dry weight. 
 

Astragalus flavescens was proposed to be involved in activating blood and dissolving stasis, strengthening body resistance, 
supplementing qi, heat-clearing and detoxifying, removing dampness and receding jaundice. It may provide multi-channel, -
level and -target prevention of and treatment for hepatic fibrosis [4]. 

These results suggested that the phenolic compounds contributed significantly to the antioxidant capacity of the investigated 
plant species. In many paper, a positive linear correlation between antioxidant capacity and total phenolic content [12] The 
Folin-Ciocalteu assay gives a crude estimate of the total phenolic compounds present in an extract. It is not specify to 
polyphenols, but many interfering compounds may react with the reagent, giving elevated apperent phenolic concentrations 
[13]. 

As stressed by Frenkel and Meyer, no single method is adequate for evaluating the antioxidant capacity of foods, since 
different methods can yield widely diverging results. Several methods based on different mechanisms must be used [14]. 
Therefore, we investigated the antioxidant capacity both ABTS radical cation and DPPH free radical scavenging assays. 
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Electromagnetic Harvesting Based on Pyramid 
Metamaterial Absorbers 

Mehmet Bagmanci1, Muharrem Karaaslan2, Zafer Ozer, Emin Unal 

Abstract 
The new metamaterial absorber (MA) based energy harvesting structure composed of pyramid inclusions is numerically 
presented and investigated in microwave frequency regime. The proposed harvesting mechanism has very simple 
configuration, scalability and three band responses. The operating frequency values include mobile communication 
frequencies, WIMAX, WLAN and satellite communications region. The absorption ratios for the proposed structure are 
higher than %90 for all resonance frequencies. Beside this, polarization (TE/TM) and incident angle independencies of the 
pyramid model are analysed for the same frequency ranges. The energy harvesting ratios of the system is investigated 
especially resonance frequencies i.e. maximum absorption frequencies. The energy harvesting potential of the pyramids are 
as good as the proposed structures in the literature. The proposed structure model can be used to gather widely used 
microwave signals in environment 

Keywords: Energy harvesting, Multi-layered SSRs metamaterial absorber. 

1 INTRODUCTION 
Metamaterials (MTMs) has unnatural properties and draw interest especially in the last decade by electromagnetic (EM) 
society. Due to their interesting electromagnetic characteristics resultant  from the artificially tailored electric [1] and magnetic 
[2] responses, metamaterials have been used to obtain negative refraction [3], subwavelength image resolution [4, 5], and 
cloaking effects [6–8]. It is composed of artificial structures of which dimensions are much smaller than the applied signal 
wavelength. The properties of the metamaterial absorber, especially depends on the bandwidth and the dependency to the 
polarization of incident wave.  Metamaterials can be adjusted to absorb energy for a specific region of the electromagnetic 
spectrum. The periodic inclusions can also be rearranged to restrain the electromagnetic energy perfectly. Realization of this 
duty, the imaginary parts of the permittivity and permeability could be manipulated to obtain a perfect absorption [9].  

These metamaterial absorbers (MAs) can also provide polarization angle independency at multiple frequency ranges by 
arranging symmetrical with respect to centre of the structure [10–14]. Both the polarization and the incident angle insensitivity 
can be realized by these absorber structures [15]. With this adaptability characteristic of  MAs,  MAs can be useful for some 
kind of engineering application such as long distance radio communication, sensor, solar cell, medical imaging etc.[10–14]. In 
this study SSRs (Square Shape Resonator) based absorbers are utilized to provide multi-band absorption response [16]. 
Although SSRs can provide multiband response, band-width is not wide enough at resonance frequency due to resonance 
characteristics.  

Hence the combination of SSR placed different substrate layers are designed to enhance absorption band and efficiency in this 
study. 

2 DESIGN AND NUMERICAL SETUP OF PROPOSED STRUCTURE 
In this study, we simulated a structure to get a multi-band layered MA and to investigate the harvesting capability. The 
proposed structure has three SSRs on three different layers of dielectric substrate which are used to achieve resonance at three 
different  frequencies. The number of the resonance frequencies provide resonances depending on the number of the different 
resonators [17]. The resonance number is directly related with number of resonators, gaps, orientation of gaps and dimensions. 
[18] 

MSRR inclusions and unit cell is shown in Fig. 1(a) and Fig. 1(b), respectively. The proposed structure is assigned on FR4 (ε 
= 4.3 and tan δ = 0.025) substrate. The metal film designed as MSSRs is copper with an electric conductivity of 5.8x107 S/m. 
The size and thickness of each SSR  of the proposed structure are presented in Table 1. Each resonator possess  two gaps with 
equal dimensions with a width of 1 mm. the dimensions of each resonator in Table 1 is determined by using parametric sweep 
to obtain high absorption ratio at a certain frequency. 
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(a)                                                                           (b)                                                                 (c)                       

Fig. 1 (a) Fabrication of proposed structure, (b) typical size of the SSRs and layers’ thickness and      (c) simulation setup with unit cell 
boundary conditions 

 

Table 1-Typical size of Structure 

Bottom SSR(mm) a1 =33 w1=1 

Middle SSR(mm) a2 =29 W2=2.5 

Top SSR(mm) a3 =22 w3=1 
Others(mm) b=37 d=1.6 

g=1 Copper Thickness=0.035 

3 SIMULATION RESULTS AND DISCUSSION 
In this study, the simulations are realized by using Finite Integration Technique (FIT) to obtain the absorption mechanism. The 
boundary conditions are assigned as unit cell x, y directions and open (add space) z direction. In Fig. 1 (c), the proposed MA 
structure to achieve energy harvesting is presented. The frequency absorption properties of structure (A (w)) can be evaluated 
by the equation;        A (w) =1-R (w)-T (w). In order to increase the absorption ratio of structure both reflection R (w) =|S11

2| 
and transmission T (w) =|S212| must be decreased at the resonance frequency band. The transmission ratio is vanish due to the 
blocking metallic plate located at back side of structure as shown in Fig. 1(a) Hence, evaluation of the absorption is only 
dependent to the the reflection S11 parameter. Therefore, the optimization and simulation results of the MSSRs structure is 
realized with the absorption equation A(w)=1-R(w) where |S212|=0  since T(w)→0. 

The frequency response of each SSRs on different dielectric layer is investigated to observe their behaviours  separately as 
shown in Fig. 2.  

 

Fig. 2 The resonance frequency of top, middle, bottom resonator and the actual frequency of all resonators on one dielectric 

The resonance frequencies of the only bottom resonator are 2.8 GHz, 5.4 GHz and 10.5 GHz with absorption coefficients of 
0.8, 0.9 and 0.85, respectively. Each resonance frequency of the suggested structure is in conventional range, such as GSM, 
WIMAX and satellite communications. The resonance frequencies are low due to the higher dimensions of the bottom 
resonator with respect to the wavelength of incident angle. The resonance frequencies of the middle resonator are 3.4 GHz, 
6GHz and 10.5 GHz with absorption coefficients of 0.95, 0.98 and 0.83, respectively. The resonance frequency of the middle 
resonator shift to the higher frequency due to wavelength effects. The first resonance frequency of the top resonator is at 
higher value (4.2 GHz) due to lower dimensions. The two other resonances are 7.7GHz and 9.6 GHz with absorption values of 
0.94 and 0.85, respectively. The combination of the overall structure includes three resonators in one layer has resonances in 
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almost all resonance frequencies of individual resonator. Hence combined structure can be used as an absorber for all 
conventional communication frequencies. 

The absorption response of the three resonator structure on three layer and three resonators on the same layer with the same 
size as presented in Table-1 is demonstrated in Fig. 3. Since we aim to realize a structure with an absorption characteristic for 
WIMAX, WLAN and satellite communications ranges , we firstly investigated these   operating frequencies.  The three 
layered structure has better absorption properties and bandwidth according to three resonator systems on one layer. The 
resonance frequencies and absorption rates of the suggested structure are 92.36% at 2.62 GHz, 90.90% at 5.03 GHz, 99.41% 
at 10.54 GHz, 86.14% at 2.14 GHz, 99.45% at 6.19 GHz, 86.13% at 7.98 GHz and 89.22% at 9.05 GHz. The resonance 
frequencies of the structure can be used to absorb all conventionally used frequencies in environmental. Hence the three 
layered structure has an impressive  potential for harvesting of EM energy for WIMAX range with 92.36% at 2.62 GHz and 
86.14% at 2.14 GHz for WIFI range with 90.90% absorption at 5.03 GHz and for direct broadcast satellite services with 
99.41% absorption at 10.54 GHz. 

 

Fig. 3 All in one substrate and proposed structure comparison. 

 

The angle dependency of three layer resonator based absorber structure is also investigated by changing phi angle between 0o 
and 45o. the polarization angle response of the suggested structure is revealed in Fig.4. The proposed structure shows almost 
angle independency with respect to the phi angle. This is due to the centre symmetry  of the proposed configuration. 

 
Fig. 4 Response of polarization angle  independency of structure 

4 CONCLUSION 
The new metamaterial absorber based energy harvesting structure composed of inclusion of pyramid inclusions is numerically 
presented and investigated in microwave frequency regime. According to the results of numerical simulations, the proposed 
structure shows and maintains perfect absorption characteristics both two-layered SSRs and three layered SSRs case for 
WIMAX, WLAN and satellite communications region and it can be used for harvesting in for the same frequency ranges. 
Proposed structure is also polarization insensitive. After all, proposed structure could be utilized more to be a good candidate 
for several engineering applications such as spectroscopic imaging, medical imaging, sensor and so on. 
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Metamaterial Based Absorber Design 
 

Muharrem Karaaslan*1, Mehmet Bağmancı2, Emin Ünal2 

Abstract 
In this study, a new type of metamaterial absorber composed of gammadion and square inclusions are numerically 
investigated in microwave range by using finite integration technique based EM solver. This absorber can be easily 
fabricated and has good absorption characteristic at two different frequency bands. This resonance frequencies are around 
3GHz and 6 GHz which are important for telecommunication technologies. The absorption levels at these frequencies are 
around %90. Incident angle and polarization effects on absorption ratios are also investigated for the same resonance 
frequencies. The proposed structure performance can be used for stealth technology and new generations of solar cells. 

Keywords: Energy harvesting, Multi-layered SSRs metamaterial absorber. 

1 INTRODUCTION 
Metamaterials (MTMs) has important application areas in the last decade by electromagnetic (EM) community. It demonstrate 
unnatural properties in electric [1] and magnetic [2] responses. Hence it is used to produce negative refraction [3], 
subwavelength image resolution [4, 5], and cloaking effects [6–8]. The novel properties of MMs stem from the artificial 
inclusions which can be adopted in the electric and magnetic response. MMs can be defined as effective medium with 
negative permittivity (ε) and permeability (μ), simultaneously [9]. the researches on MTMs has focused on the real parts of 
permittivity (ε) and permeability (μ), and characteristically it is desirable to reduce the loss represented by the imaginary parts 
of ε and μ [10]. But loss in MTMs can be used to create convenient phenomena and devices. Recently, Landy et al. have 
suggested a thin metamaterial absorber (MA), in which electric and magnetic field sustain resonance and absorber has 
matched impedance with incident medium to minimize the reflection, so the proposed structure  strongly absorbs the incident 
wave [11].This area is enlarged and , many different types of MAs have been realized from microwave to optical frequencies. 
But absorption bandwidth of typical structure is around 10% at resonance frequencies. The enlargement of the absorption band 
is the main task to make the MA units resonate at several neighbour frequencies [12, 15]. Mostly,MAs includes a processed 
metal film above homogeneous metal film with a dielectriclayer . Although some studies have been made to extend the 
absorption band of MAs, absorption band is not wide enough or the absorption spectra are composed of discontiguous 
absorption peaks [16].  

2 DESIGN AND NUMERICAL SETUP 
we investigated a wide band structure in the microwave frequency range. The proposed structure consist of multi-layered 
metallic-dielectric truncate cones. The proposed structure is shown in Fig. 1(a), which consist of a periodic array of twenty 
truncate cones with metal film as the ground to block transmission wave. A unit cell of the proposed structure is shown in Fig. 
1(b). The cone type inclusions is chosen to realize angular independency. A truncate cone with 20 metal films of which width 
tapered linearly to obtain wide band absorption characteristics. All metal film layers  are separated by dielectric layer. Copper 
is choosen as metal in structure with an electrical conductivity of σ=5×107s/m. FR4 is the dielectric layer with relative 
permittivity of 𝜖𝑟= 4.3 and loss tangent of tan δ = 0.025. The suitable dimensions of the structure are investigated by 
parametric study. 
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                    (a)                                                               (b)                                                 (c) 

Fig. 1 (a) schematic of the proposed structure, (b) typical size of the truncate cone and thickness of layers and (c) simulation setup with unit 
cell boundary conditions. The optimized dimensions of a unit a=5 mm, b=8.99 mm, c=11mm, h=5mm, tr=0.05mm (copper film thickness) and 

tf=0.2mm (Fr-4 layer thickness). 

3 SIMULATION RESULTS AND ASSESSMENT 
In this study, the simulations are achieved by CST Microwave Studio based on Finite Integration Technique. A numerical 
simulation is used for the structure to investigate reflection and absorption properties as shown in Fig. 1(c). Periodic boundary 
conditions are assigned along x and y directions and open (add space) boundary condition along z direction along which the 
plane wave is incident toward on the structure. The electric field polarization is along y-direction (TE) as the incident source 
component. The absorption value (A (w)) in the frequency band can be evaluated by the equation;    A (w) =1-R (w)-T (w). 
Maximization of the absorption ratio can be realized by minimizing  both reflection R (w) =|S11

2| and transmission T (w) 
=|S21

2| coefficients at the resonance frequency range.  The transmission coefficient is nearly zero due to the the metallic plate 
located at its back side in Fig. 1(a), Therefore the absorption coefficient is only effected by reflection ratio with S11 
parameter. So, the absorption is evaluated by simplified equation A (w) =1-R (w) where |S21

2|=0 since T (w) →0.  Absorption 
and reflection characteristic of the proposed structure is shown in Fig. 2. 

 

 
Fig. 2 Absorption and reflection graph of proposed structure 

4 CONCLUSION 
In conclusion, a wide band absorber is realized and utilized as an harvesting device of electromagnetic energy in a RF 
spectrum, it is also researched to obtain for stealth applications of military radars. In respect of the the numerical results, the 
suggested structure have perfect absorption characteristic with 90% absorptivity in the frequency range of 9.68- 17.45 GHz 
and 95% in the frequency range of 9.91-14.86 GHz  with a good harvesting characteristics. Proposed structure demonstrate 
polarization and angular independency for all angles of TE and TM incident case . As a result proposed structure exhibits 
different and specific characteristics with respect to the other broad band structures in literature. 
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A Comparative Design of the Surface Mounted 
Permanent Magnet Synchronous Motors 

Mumtaz Mutluer1 

Abstract 
Permanent magnet synchronous motors are recently popular in industrial fields. These motors enable different applications 
with great precision and efficiency through their structural features. It needs to provide a good design approach to provide 
a high-performance permanent magnet synchronous motor. So in this study, the surface mounted inner and outer rotor 
permanent magnet synchronous motors were investigated. A number of stator slots per pole and per phase were selected to 
achieve high efficiency. Analytical designs were made and then to evaluate the optimal geometric parameters genetic 
algorithm was used. The obtained results were compared with each other and the results were sufficient. This study contains 
useful comparisons for motor designers and industry eventually. 

Keywords: design optimization, genetic algorithm, inner rotor, outer rotor, permanent magnet synchronous motor 

1 INTRODUCTION 
Electric motors are one of the largest energy consumers. Therefore, the energy efficiency of the electric motors is very 
important. The design studies on electric motors have focused on efficiency [1]. In this case, the design that should be done by 
selecting the structure of the energy efficient motors is of great importance. 

Permanent magnet synchronous motors (PMSMs) have compact structures, high torque/volume ratio and efficiency. One of 
the most important advantages of the PMSMs is also no need the gearbox [2]. PMSMs have different structures in reviews and 
in many industrial fields. In low-speed applications, the most popular motor is the surface mounted PMSM with inner rotor, so 
that the permanent magnets can be protected from centrifugal forces. But for high speed the inner rotor structure are not 
suitable [3]. The most appropriate ones are the outer rotor PMSM. Moreover power density of them based on the diameter of 
the air gap is greater. However the stator winding of outer rotor PMSM is a disadvantage because of thermal considerations. 
Production costs of the surface mounted PMSMs with inner rotor and outer rotor are lower than the other PMSMs because of 
their simple design features. In the surface mounted motors, inner rotor and outer windings contributes cooling but of 
weakness of power density, on the other hand outer rotor and inner windings contributes power density but of weakness of 
cooling. 

In order to benefit from the design optimization, sufficient design parameters should be chosen. These variables may be 
generally geometrical parameters. Another issue with the design parameters is about objective of the design optimization. 
Surely, the objective function determines the number and the kinds of the parameters. 

The stochastic methods have been used for engineering optimization problems in recent years. They search the great solution 
space very rapidly and they often convergence the global results [1], [4], [5]. One of the optimization methods is genetic 
algorithm may be the most popular. The most outstanding aspects of these methods are that the initial solution or population 
do not require. But the objective function of the optimization problem should be established very carefully to be used in the 
method. The objectives of the design optimization of the PMSMs are especially to minimize the torque harmonics and the 
weight of the motor or to maximize the efficiency and torque/volume ratio of the motor [4]-[7]. 

This paper proposes the designs of the surface mounted PMSMs for the certain slot number per pole and per phase. Then to 
increase the efficiency of the motors the design optimization of them was investigated with the genetic algorithm. Therefore 
pre-analytical design equations based on the geometrical design parameters were firstly obtained. Then the genetic algorithm 
was run to provide the optimal efficiency values. Finally, the obtained efficiency results and the analytical results were 
compared by using tables or graphics. The results are absolutely acceptable and useful. 

2 DESIGN PARAMETERS OF THE PMSM AND THE OBJECTIVE FUNCTION 
The placement of the permanent magnets in the surface mounted PMSMs, the stator slot number per pole per phase and the 
stator windings schemas are the significant issues for the design. In this study, the investigated PMSMs are the surface 
mounted, the number of stator slots per pole per phase is 0,4 and 12/10, 24/20, and 36/30 slot/pole numbers, and the winding 
layout is the double layer concentrated winding. Therefore the geometric, electrical and magnetic properties of the surface 
mounted PMSMs herein are generally similar. In this case the most important point for different stator slots and pole numbers 
of the surface mounted PMSMs is to examine the efficiency. Winding layout for 12/10 slot/pole numbers was shown in Figure 
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1 and for the other motors it is periodically. The winding factor that is an effective value for the motor performance and it is 
0,933 [2], [8]. 

𝐶𝑂𝐼𝐿𝑆���
𝑆𝐿𝑂𝑇𝑆

�𝐶′𝐴�
1

� �𝐴′𝐴′�
2

� �𝐴𝐵′�
3

� �𝐵𝐵�
4

� �𝐵′𝐶�
5

� �𝐶′𝐶′�
6

� �𝐶𝐴′�
7

� �𝐴𝐴�
8

� �𝐴′𝐵�
9

� �𝐵′𝐵′�
10

� �𝐵𝐶′�
11

� �𝐶𝐶�
12

� 

Figure 5.Winding layout for 12/10 slot/pole number 

2.1.The Geometric Parameters 

An electric motor design is a nonlinear study and there are a lot of geometric parameters. Some of these parameters are the 
dependent variables while others are the independent variables and constants. Therefore, the selection of the parameters which 
will affect the obtained efficiency is important in terms of ease and accuracy of the design. These variables for each PMSM 
were selected as the rotor diameter for the inner rotor or stator diameter for outer rotor Drc, magnet thickness lm, air gap length 
δ, slot wedge height hsw, stator tooth width bts, stator slot height hss, ratio of the slot opening over the slot width kopen [2], [4]. 
The two dimensional geometries of the PMSMs were given for the motors have 12/10 slot/pole numbers in Figure 2. 

  
Figure 2.Two dimensional geometries of the PMSMs 

2.2.The Invariable Parameters 

The diameter and the stack length are identical as well as the half pole angle, these quantities are constraints. For each motor 
the outer diameter is 322mm, the stack length is 120mm, and the pole angle is 126°. 

Other quantities for each PMSM such as the supply, power and speed values are 340V, 2400W, and 250rpm. The remanence 
flux density and the relative permeability of the permanent magnets are 1.2T and 1.03. 

2.3.The Objective Function 

Permanent magnet synchronous motors have three torque terms in Equation 1. The last term is mutual torque that is desired 
for PMSMs. The others are parasitic components. On the other hands the current of the motor affects the copper losses namely 
the efficiency [8]. 

𝑇 = 1
2

𝑖2 𝑑𝐿
𝑑𝜃

− 1
2

𝜙2 𝑑𝑅
𝑑𝜃

+ 𝑁𝑖 𝑑𝜙
𝑑𝜃

    (1) 

where, 𝑖 is motor current, 𝐿 is self inductance, 𝜙 is magnet flux, 𝑅 is reluctance, and 𝑁 is coil number. 

A primitive performance indicator is described as motor constant which is the ratio of the torque to the copper losses in 
Equation 2. This ratio in inner rotor PMSM is 1.19 for 12/10 slot/pole number and 1.37 for 24/20 slot/pole number [8]. 

𝐾𝑚 = 𝑇
�3𝐼2×𝑅𝐶𝑢

      (2) 

To obtain the objective function namely the efficiency, copper and iron losses of the motor were calculated by using the other 
design parameters. The efficiency equation was acquired as follows. 

𝑃𝑜𝑢𝑡 = 𝑇 × 𝜔𝑚𝑒𝑐ℎ      (3) 

𝑃𝐶𝑢 = 3𝐼2 × 𝑅𝐶𝑢      (4) 

𝑃𝐹𝑒 = 𝑃ℎ + 𝑃𝑒      (5) 

𝜂 = 𝑃𝑜𝑢𝑡

𝑃𝑜𝑢𝑡+𝑃𝐶𝑢+𝑃𝐹𝑒
× 100%     (6) 
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where, 𝜔𝑚𝑒𝑐ℎ is mechanical angular velocity, 𝑃𝑜𝑢𝑡 is output power, 𝑃𝐶𝑢 is copper loss, 𝑃𝐹𝑒 is iron loss, and 𝜂  is efficiency of 
the permanent magnet motor. 

3 THE GENETIC ALGORITHM 
The basic principle of the genetic algorithms is to select the best individuals. Genetic algorithms (GAs) do not produce only 
one solution to solve the optimization problem. Instead, the endeavor performance is a finding the optimal solution of the 
optimization problem in the search space. Thanks to these features as soon as genetic algorithms can scan a very large solution 
space. As a structural in genetic algorithms, populations are composed of individuals are independently of each other, the 
individuals are composed of genes which includes the solution of the problem. Every individual in the population is a solution 
of the optimization problem. Population size and the number of genes directly are related to the input parameters [1], [4]. 

In GAs the moving of genetic characteristics of individuals to the future populations is provided by using the fitness function. 
The individuals which high fitness values will be effective in the development of the current population and the weak 
individuals will remain outside. This situation occurred in each iteration will provide to converge to the optimum solution in 
GAs. 

Genetic algorithms do not guarantee to find the optimal solution. However, the GAs may converge to a local solution. But also they do not 
require the solution of the initial solution. Genetic algorithms have reproduction, crossover and mutation operators. The reproduction 

chooses the individuals with high fitness values to continue the struggle for life by using roulette wheel, tournament or other selection criteria. 
Crossover operator exchanges the genes of the selected two individuals at random. Mutation operator changes randomly the string’s bit from 
a “1” to a “0” or vice versa. In this way, the convergence of the algorithm to the local solutions is prevented. The common flowchart of the 

genetic algorithm is shown in Figure 3.Figure 3.Flowchart of the genetic algorithm 

 

 

 

 

 

 

4 THE DESIGN APPLICATION AND THE EVALUATION OF THE RESULTS 
First of all, this study notes to make some assumptions about the design optimization. These are that the mechanical strength, 
thermal loadability, manufacturability, and the armature reaction have been neglected. At the same time the only constraints 
are the saturation on the stator teeth and stator and rotor yokes. The constraints are 1.6T for the teeth and 1.2T for the yokes 
which are small by the normal standards. The design parameters were mentioned as geometric parameters. 

Pre-analytical design was firstly made for each motor. The outer diameter of the motor is kept constant and the dimensions of 
the stator teeth, the stator yoke and the rotor yoke value were adjusted according to saturation. The efficiency, ohmic loss, and 
iron losses results were given in Table 1. The investigated motors have very high efficiency but the external rotor PMSMs 
which has 12 slots and 10 poles is generally more efficient. However it is may be said that, for the same stator slot number per 
phase and per pole, while the slot number and the pole number of the inner or the outer PMSM decreases the efficiency 
increases. Changes in ohmic loss are not very effective, but the frequency is directly proportional to the number of the motor 
poles. Therefore, the number of poles increases iron losses vary significantly. 

Table 1.Pre-analytical design results 

PMSMs Slot/Pole Numbers Ohmic Loss (W) Iron Losses (W) Efficiency (%) Km 

Inner Rotor 12/10 69.3 63.7 94.75 1.32 

Inner Rotor 24/20 40.7 133.9 93.22 2.25 

Inner Rotor 36/30 33.6 210.8 90.76 2.73 

Outer Rotor 12/10 79.4 41.7 95.20 1.15 

Outer Rotor 24/20 47.4 79.0 95.00 1.93 

Outer Rotor 36/30 37.7 123.9 93.69 2.43 
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Then the genetic algorithm for the design optimization was run five times to obtain the reliable results. For the genetic 
algorithm, the population number, iteration number, crossover ratio, and mutation ratio was chosen 25, 25, 0.85, and 0.01 
respectively. Iteration number was assigned as the termination criterion of each run. The genetic algorithm has binary codes 
and each gene was composed of ten bits. The design optimization studies were made for only motors which have 12/10 
slot/pole numbers and the obtained efficiency, ohmic loss, and iron losses results were compared with the analytical results 
Table 2. 

Table 2.Design optimization results 

PMSMs Slot/Pole Numbers Ohmic Loss (W) Iron Losses (W) Efficiency (%) Km 

Inner Rotor 12/10 76.5 39.7 95.37 1.20 

Outer Rotor 12/10 82.0 36.7 95.29 1.12 

Industrial manufacturability of the PMSMs was neglected in the genetic algorithm results. The efficiency of the external rotor 
PMSMs did not notably improve, but the inner rotor PMSM improved because of the constraints of the design parameters. 
The analytical and the optimization efficiency results are 94.75% and 95.37% for the inner rotor and 95.20% and 95.29% for 
the outer rotor. The genetic algorithm may be fallen in a local solution that is absolutely weakness. The graphics of the genetic 
algorithms were shown in Figure 4. 

 
Figure 4.The graphics of the genetic algorithms 

The motor constant of the inner rotor PMSM has 12/10 slot/pole numbers was mentioned as 1.19. In the analytical design this 
value was calculated as 1.32 and then in the optimization it is evaluated as 1.2. This value is very close to the reference value. 
This is the benefit of the optimization and the machine is closer to the ideal design values. The motor constant of the outer 
rotor PMSM changed from 1.15 to 1.12. 

5 CONCLUSION 
The design optimization of the surface mounted PMSMs with inner rotor and outer rotor were investigated by pre-analytical 
design and then by using genetic algorithm. The obtained results for the same fractional slot motors, namely for the same 
stator slot number per pole and per phase, show that if the slot and pole numbers for the constant external PMSM diameter 
decreases the efficiency of the PMSM increases. The ohmic loss is more important in the low pole numbers and the iron losses 
are more important in the large pole numbers. Eventually, the design optimization study of the permanent magnet synchronous 
motor is satisfactory. 
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Nutshell as Reinforcing Filler in Thermoplastic 
Composites 

Mursit Tufan1, Nadir Ayrilmis2 

Abstract 
Mechanical properties of recycled polyethylene composites filled with nutshell flour (NSF) were investigated. Polymer 
composites were formed by single screw extrusion compounding. All polymer composites formulations were compression 
molded into a hot press for 3 min at 170 ºC. Compression molded composites were prepared from NSF and recycled high 
density polyethylene (R-HDPE) with and without maleic anhydride-grafted polyethylene (MAPE) at 30, 40, 50 and 60 wt % 
contents of the NS flour. The flexural and tensile modulus of the composites significantly increased with increasing the filler 
content while the flexural and tensile strength significantly decreased. The MAPE improved the interfacial adhesion between 
nutshell flour and polymer matrix. This study demonstrate that NS has the potential to be effectively recycled as filler in 
HDPE composites. 

Keywords: Nutshell, HDPE, polymer composites, mechanical properties. 

1 INTRODUCTION 
As a result of a growing awareness of the interconnectivity of global environmental factors, principles of sustainability, 
industrial ecology, eco-efficiency, and green chemistry utilization of renewable resources gained importance. One of the 
factors affecting the utilization of renewable resources are the environmental pollution caused by fossil fuels and the 
regulations imposed to control such emissions. Renewable resources like wood is the most abundant and widely utilized 
renewable material on earth. However rising with population has increased the need for wood materials. On the other hand 
some countries like Turkey faces the problem of lack of woody raw material by reason of its forested areas (21.6million ha) 
are unproductive by 46.7% like the most of the countries [1,2]. As a result, many agricultural waste has been used as an 
alternative to wood material. In addidition to utilization of agricultural waste became more practical in some countries, such as 
Turkey, which has very limited forest resources.  

Numerous experimental studies have focused on the use of agricultural waste as reinforcement in composite with 
thermoplastics polymer matrices. Wood plastic composites (WPCs) have attracted considerable attention from industry in 
recent years. WPCs can be made from wood or agriculturel waste fiber or flours mixed with polymers such as high density 
polyethylene (HDPE), polypropylene (PP) and polyvinylchloride (PVC). The advantage of using agricultural waste in WPC 
are that the low density, good thermal insulation and mechanical properties, low price, lower density per weight of raw 
material, non abrasive and recyclable [3,4]. 

Hazelnut (Corylus avellana) is an important crop that is cultivated which plantations cover 690.000 hectares of land in Turkey 
and nearly 70% of the world hazelnut production is in Turkey and 660.000 tons of nuts are produced annually. Produced nuts 
constitute 45-50% of the nutshell. This waste is used for heating purposes in  

household, but there is limited information on nutshell utilization [5,6]. This study, investigated the mechanical properties of 
nutshell polyethylene composites produced with and without maleic anhidrite-grafted polyethylene at 30, 40, 50, 60 wt% 
contents of the nutshell flour.  

2 MATERIALS AND METHODS 

2.1.Materials 

Recycled High density polyethylene (R-HDPE), nutshell flour (NSF), maleic anhydride grafted polyethylene (MAPE) 
coupling agent were used as thermoplastic matrix, organic filler and coupling agent, respectively. The polymer  matrix, R-
HDPE, was supplied by Ayan Plastic Co. Ltd.,Turkey, and MAPE (PE MA 4351 GR) was provided by Clariant International 
Ltd. Nutshell waste was supplied from Espiye, Giresun. The experimental design of the study is presented in Table 1. 
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Table 1.Composition of thepolymercompositesfilledwithdifferentamounts of NSF. 

Compositegroupcode 

NSF 

(%wt) 

R-HDPE 

(%wt) 

MAPE 

(%wt) 

A 30 70 - 

B 30 67 3 

C 40 60 - 

D 40 57 3 

E 50 50 - 

F 50 47 3 

G 60 40 - 

H 60 37 3 

 

2.2.Preparation of polymer composites 

The air dried nutshell waste was milled using a laboratory type Willey mill. The flour screened to 60- and 80-mesh size and 
this particles were dried for 24 h at 103 ± 2 °C. NSF mixed with R-HDPE and MAPE laboratory mixer (Shini SVM-80U, 
China). This mixture was compounded in a single-screw laboratory extruder (Rondollinear 30, UK, L/D ratio30:1). The 
temperature profile was set at the die end for 170-175-180-185 °C. The screw speed was calibrated at 70 rpm. The extrudates 
samples were cooled and cut into pellets. Finally, the pellets were compressed into 150 (L) mm × 170 (W) mm × 5 (T) mm 
size composites for 3 min at 170 °C.  

2.3.Mechanical properties 

The flexural and tensile properties of all samples were determined according to ASTM D790 and ASTM D683 standards, 
respectively, using a Zwick 10KN universal testing machine. In the three-point flexural test, specimens with dimensions of 
150 (L) mm × 12.7 (W) mm × 3.5 (T) mm were used at a crosshead speed of 2 mm/min. For the tensile test (dogbone, type III) 
the crosshead speed was 5 mm/min. Seven replicate specimens of each polymer composite group were tested for flexural and 
tensile properties.  

2.4.Scanning electronmicroscopy 

The fracture surface of the tensile test bars was observed with a scanning electronic microscope (Zeiss scanning electron 
microscope (SEM) (ZeissEvo/LS10) under an acceleration voltage of 10 kV. The specimen was coated with gold under 
vacuum prior to scanning. The morphology such as filler dispersion and interfacial adhesion of the components was 
investigated. 

3 RESULTS AND DISCUSSION 
The tensile properties of the polymer composites produced from different NSF loadings with and without MAPE are presented 
in Table 2. The tensile strength of the WPC specimens decreased with increasing amount of NSF content, while the tensile 
modulus increased. Tensile strength values decreased by 45.6% when NFS flour content increased from 30 to 60 wt% without 
MAPE samples.  It is well known that the mechanical properties of composites depend on mainly interaction between 
lignocellulosic filler and the thermoplastic materials. Because plastics are hydrophobic substances that are not compatible with 
hydrophilic lignocellulosics, resulting poor adhesion between polymer matrix and NSF in composites. This weak interfacial 
adhesion between the lignocellulosic material and the polymer matrix resulted in lower tensile strength.   

Particularly, the tensile modulus of the WPC significantly increased as the amount of NFS increased from 30 to 60 wt% 
without MAPE samples. Statistical analysis showed that the filler rate significantly affected the tensile properties (p < 
0.05).Lignocellulosic material has higher modulus values than HDPE, thus adding NSF reduced the ductility of the 
composites and increased the modulus [7,8].  

One way to improve this to incorporate a coupling agent as an additive. The addition of coupling agent improved the tensile 
properties of all groups in this study. Similar results reported by the others [9,10]. 
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The flexural strength and modulus values of the composites are presented in Table 2. Flexural modulus of the WPCs were 
enhanced with the increase in the amount of NSF material. Lignocellulosic fiber have a higher modulus compared with 
polymer matrix. As a result, flexural modulus increased gradually with increasing NSF content. The same trend has also been 
reported in other studies [11,12]. 

Table 2. Mechanical properties of NSF composites 

Composite 
group 
code 

Tensile Strength 
(MPa) 

Tensile Modulus 
(GPa) 

Flexural Strength 
(MPa) 

Flexural Modulus 
(GPa) 

A 21.02 e 
(0.37) 

1.03 a 
(0.04) 

27.53 d 
(2.20) 

1.04 a 
(0.28) 

B 26.17 g 
(0.87) 

1.21 b 
(0.15) 

30.77 e 
(0.97) 

1.39 bc 
(0.16) 

C 17.78 d 
(0.62) 

1.10 a 
(0.07) 

24.70 c 
(2.56) 

1.24 ab 
(0.17) 

D 23.09 f 
(0.98) 

1.36 c 
(0.04) 

27.57 d 
(0.68) 

1.61 de 
(0.18) 

E 14.84 c 
(1.01) 

1.37 c 
(0.16) 

19.89 b 
(3.15) 

1.52 cd 
(0.09) 

F 17.51d 
(0.75) 

1.62 d 
(0.06) 

23.46 c 
(3.36) 

1.83 e 
(0.14) 

G 11.42 a 
(1.22) 

1.70 d 
(0.04) 

16.01 a 
(2.27) 

1.71 de 
(0.23) 

H 13.44 b 
(0.94) 

1.93 e 
(0.03) 

20.34 b 
(3.27) 

2.11 f 
(0.19) 

-The value in parenthesis is the standard deviation. 
-Each value is the average of seven samples tested. 
-Groups with same letters in column indicate that there is no statistical difference (p < 0.05). 
 
The result of the flexural strength test are similar to the result of the tensile strength test. The flexural strength values of the 
WPCs decreased when the NSF addition level increased from 30% to 60%.  The decreasing rate was around 42% without 
MAPE samples. The reduction in the flexural strength of the WPCs as a function of the NSF content was mainly attributed to 
the poor compatibility between polar NSF and non polar polymer matrix, which forms the weak interfacial regions. The weak 
interfacial region results lower flexural strength as the amount of filler was increased in the composites. The addition of 
coupling agent enhanced flexural properties of all groups in this study. Surface adhesion was improved by the addition of 3% 
MAPE [13]. Figure 1 shows the void areas for the WPC samples in the composite group E. Figure 2 shows a reduction of the 
voids and better surface adhesion in the composite group F resulting from the addition of 3% MAPE. NSF particles were well 
dispersed in the polymer matrix (Figures 1 and 2). Indicating, good encapsulation of the lignocellulosic matrix.  

 

  
Figure 1. SEM imagesshowingpoorsurfaceadhesion of 
thecompositesproducedwithoutMAPE (Group code: E). 

Figure 2. SEM imagesshowinggoodsurfaceadhesion of 
thecompositesproducedwith MAPE (Group code: F). 

4 CONCLUSIONS 
The tensile and flexural modulus values of the composites improved with increasing content of NSF flour, whereas tensile and 
flexural strength decreased. Tensile and flexural properties were enhanced by the addition of MAPE. The results revealed that 
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the NSF had a potential as filler for WPCs. The results of the present study showed that the 40 wt% nutshell flour as filler 
could be efficiently used in the production of R-HDPE. 
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Obtaining the Ground Seismic Vulnerability Indexes 
Using Microtremor Method 

Aykut Tuncel1, Mustafa Akgun1 

Abstract 
It is important to have an idea about the damages of an earthquake at any place. Vulnerability indexes called K values for 
ground (Kg) give a chance to estimate the earthquake damage before the earthquake occurs. K values have been proposed 
by Nakamura (1996) for estimating earthquake damage of surface ground. Here in this study, Kg will given as an example of 
application of microtremor method. Main goal of this study is to obtain the Kg values and the distribution of the values at the 
study area additionally to determine the zones may be damaged after an earthquake.  The parameters to calculate Kg values 
are obtained using microtremor method. Microtremor measurements were collected using Guralp CMG-6TD sensor model 
seismograph equipped with a three component high sensitive seismometers, which have a flat instrument response between 
0.02 and 30 seconds. At each site, microtremor measurements were recorded for 30 minutes within 100 Hz sampling 
interval at 112 different locations in order to identify predominant frequency of the ground. Microtremor measurements 
were estimated according to Nakamura HVSR technique. Kg values were calculated using the predominant frequency and 
amplification values obtained by using HVSR technique. Nakamura proposed the use of a Kg to identify sites where seismic 
hazards and damage may be expected. The study after the 1989 Loma-Prieta Earthquake offers pretty big ground 
deformations where Kg values are bigger than 20 and no damages where Kg values are very small. Consequently, southern 
parts of the study area have Kg values bigger then 20. It is expected less earthquake damage at the northern parts of the 
study area because this part produces smaller Kg values. 

Keywords: Vulnerability index, Kg values, Mikrotremor 

1 INTRODUCTION 
During the past fifty years, many destructive earthquakes in different regions of the world have occurred. These earthquakes 
have killed many people, caused social and economic detriments. Damaged points due to earthquake motions are weak points 
revealed by earthquake itself. If weak points are investigated in advance, it is possible to reinforce the weak structures 
damaged by earthquake. One of the essential factors in urban disaster management is being able to recognize the extent of 
damage caused during an earthquake. In a vulnerability management study, the value of human life should always be precious 
than the cost of reinforcing the buildings. 

Occurrence of earthquake damage depends on strength, period and duration of seismic motions. These parameters, of course, 
depend upon earthquake itself but they are also strongly influenced by the seismic response characteristics of ground and 
structures. Thus, the weak points can be found by investigating seismic characteristics of ground and structures. Significant 
damage from large earthquakes is related to local ground response and structure status. Therefore, obtaining both ground 
characteristics and the condition of structures is very considerable in earthquake risk analysis. Ultimately, identifying the 
vulnerability index that is related to ground parameters and structure status simultaneously is very important in the context of 
disaster management of an urban region. 

Many empirical studies have been carried out to establish the reliability of the horizontal to vertical (H/V) spectral ratio 
method as a transfer function. The latest method was suggested by Nakamura [8]. This method was used to identify the 
predominant resonant frequency of a ground layer using the H/V of the Fourier transform from microtremor data. The 
comparison between the fundamental frequency obtained from microtremor H/V spectral ratios and the receiver functions of 
earthquake recordings or explosion data have allowed researchers to conclude that microtremor H/V spectral ratios provide 
reliable estimates of the fundamental frequencies of ground layers. Many researchers have studied to determine the H/V 
spectral ratio in ground characterization, in addition to microzonation and urban vulnerability studies [6-14-5-2-7]. 

Microtremor measurements were collected using Guralp CMG-6TD sensor model seismograph equipped with a three 
component high sensitive seismometers, which have a flat instrument response between 0.02 and 30 seconds. At each point, 
microtremor measurements were recorded for 30 minutes within 100 Hz sampling interval. Locations of these 112 points are 
given in Figure 2. With these measurements, characteristics of surface ground are investigated with H/V of microtremor [8]. 
From the preliminary analysis of the data, fundamental natural frequency F, amplification factor A and vulnerability index for 
ground Kg values (Kg = A2/F) are estimated. 
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Figure 1. Location map of the study area with topography. 

2 GEOLOGY 
Volcanic rocks containing mineralizations in the study area divided into three types as dacites, andesites and andesitic dykes 
[3]. These volcanics are accepted as "Yamanlar volcanites" by Akdeniz et al. [1], while the ore bearing volcanites named as 
"Altıntepe volcanites" by Dönmez et al. [4]. Volcanites overlie İzmir flysch [13] in near vicinity of the study area. İzmir flysh 
is named for the first time as "Crystalline schists" by Dora [3] and mapped as phylitte, clay bearing schists and low grade 
metamorphosed quartzite, greywacke and very low grade metamorphosed arkose alternating with schists and phyllites. The 
age of crystalline schists is Paleozoic. Lateron, this unit is described as "flysch association" of Upper Cretaceous age 
according to regional correlations made by Oğuz [12]. This unit is made up of chlorite schists, phyllite, metasandstone, 
albitepidote schists, actinolite schists spilite, cherty limestone, meta-conglomerate, bituminous schists and other kind of schists 
which metamorphosed under greenschist facies. Limestones and serpantinite exotic blocks of Permian, Triassic, Jurassic and 
Lower Cretaceous age occur in this unit. This unit is called as "Bornova complex" of Maastrichtian Danien age by Dönmez et 
al. [4]. 

The northern part of the Izmir bay between Bayraklı and Karşıyaka district is bounded by the Karşıyaka fault zone (KFZ) 
which is an antithetic fault to the İzmir fault zone (IFZ). It is an approximately N80°W- to E–W trending normal fault zone 
0.5–2.5 km wide and 20 km long, characterized by a concave, curvilinear range-front fault trace to the south. The hanging 
wall of the KFZ contains modern basin fill units, while the footwall includes the Bornova mélange and volcano-sedimentary 
rocks of the lower sequence. The fault zone displays a well-developed step-like morphology. There is also a series of actively 
growing lateral alluvial fans aligned parallel to the fault [15]. 



 
 
 

371 

 

 
Figure 2. 1/25000 scale geological map of the study area (modified from MTA 2000), blue pluses show mikrotremor method measuring 

points. 

3 METHOD 
In order to evaluate the vulnerability of ground, Nakamura [10] suggested an approach in which he defines the Kg 
vulnerability index for ground and Kb for various structures based on specifications pertaining to the H/V spectral ratio.  

Regarding the formulations described in detail by Nakamura [10-11] a brief description vulnerability index for ground (Kg) is 
introduced in Equation (1)  

𝐾𝑔 = (𝐴𝑔)2

𝐹𝑔
 (1) 

 

Here, Fg and Ag are the predominant frequency and amplification factor on the ground surface. These parameters were 
estimated using the H/V spectral ratio. Predominant frequency (Fg) and amplification factor (Ag) which represents dynamic 
characteristics of the ground are found from microtremor analysis and Vulnerability index (Kg) are calculated as explained 
above. 
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Figure 3. Calculated vulnerability index distribution map using microtremor method data 

4 RESULTS AND COCLUSIONS 
It has been proved in many studies [9-10] that K value is high where the damage risk is high. Since this approach is possible to 
apply before the earthquake, this information can be useful tool for damage estimation. Main target of this approach is using 
this information for earthquake disaster prevention. Site effect and vulnerability of ground and structures is an important issue 
for earthquake disaster mitigation, and also detailed microzonation of any city which is waiting for the earthquake is still 
needed.  

After confirming dynamic characteristics of ground, in the present study, the vulnerability index (Kg) of each measurement 
points which makes possible to estimate the weak points of the ground surface were also calculated. Kg values are directly 
calculated from the predominant frequency (Fg) and amplification factor (Ag) parameters. 

Consequently, southern parts of the study area that are mostly located on alluvium have Kg values bigger then 20. It is 
expected less earthquake damage at the northern parts of the study area because this part produces smaller Kg values. Smaller 
vulnerability values are coincide with the volcanic units likewise alluvium units shows bigger vulnerability. According to 
these results we can clearly mention that the Kg index values are compatible with the geological units.  
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A Survey of Web Service Attacks and 
Countermeasures 

Hatice Cataloluk1 

Abstract 
Through the arise of web services technology, e-commerce and e-business systems are performing efficiently. Web services 
simplifies communication with devices and people by standardizing the flow of information and by breaking down the 
barriers of discrete systems. However, they have some security issues. Due to the nature of web services, they cause the need 
for bridged firewalls, and go down to application environment of an enterprise, increase vulnerability to malicious attacks 
and confront companies with security risks. Therefore this paper presents a survey on different specific attacks of web 
services. For each attack a description of the attack execution, the effect on the target and some simple examples are given. 
Additionally, some of the important general countermeasures for preventing web service attacks are discussed. 

Keywords: Web Services, SOA, Security, Attacks, Countermeasures 

1 INTRODUCTION 
The Internet has begun to make change in the method of businesses perform. The Web is being used for selling products, 
finding suppliers or trading partners, and for connecting existing applications to other applications by companies.  Through the 
arise of e-commerce and e-business systems, web services are expeditiously becoming the technology in order to provide 
commerce. Nevertheless, they have some problems. Because of the ability of passing through firewalls and accessing APIs 
(Application Program Interfaces), security issues are come with web services [11]. 

It is important that the security of web services be assured for web services technologies in order to keep their promise. They 
must have confidentiality, integrity, availability, and digital identity management. Thus, people can be assured that 
interactions with services over the Internet are kept confidential and the privacy of their personal information is protected. 
They should be sure that the information used for searching and selecting services is true and the integrity is assured. Also 
people want services to be available when they needed. Providing these requirements is a difficult challenge, especially with 
open distributed applications [11]. 

In this paper, we aimed to provide a survey on some of most significant attack types and general countermeasure approaches 
for these attacks. We have given descriptions on the concepts of attacks and a brief summary on countermeasures. 

2 BACKGROUND OF SCOPE 

2.1 Service Oriented Architecture (SOA) 
A Service Oriented Architecture (SOA) can be defined as a collection of services. These services are in communication with 
each other. SOA specifies an interactivity between software agents as an exchange of messages between service requesters 
and service providers. Clients are software agents and they request the execution of a service. Providers are software agents 
too and they provide the service. The basic SOA is a relationship that consists of three roles: a service provider, a service 
requester and a service registry. The interactivity contains publish, find and bind operations [12].  

 
Figure 1. Web services architecture [7]. 
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In a SOA, functionality is published on a network where two important capabilities are provided: discovery and binding. 
Discovery is the ability to find the functionality. Binding is the ability to connect to the functionality. These activities 
correspond to three roles: Web Service provider, Web Service requester and Web Service broker [7]. 

2.2 Web Services 
A web service is an application which can be described, published, located, and invoked over the Internet. URI identifies web 
services and its public interfaces, and bindings are defined, and described by using XML in a WSDL (Web Service 
Description Language) file [14]. 

Web services are XML (eXtensible Markup Language) based messages delivered by means of Internet standard protocols and 
deployed in Service-Oriented Architectures (SOAs). Thus web services established upon the XML, the Simple Object Access 
Protocol (SOAP), and related standards. One of the specific definitions of web services is “A web service is an application that 
exists in a distributed environment, such as the Internet” [5]. According to another definition; “A web service is an interface 
that describes a collection of operations that are network accessible through standardized XML messaging.” [4]. 

The main object of web services is to allow applications on dissimilar platforms to interchange business data. 

The technologies that make the organization of Web services are SOAP, WSDL, and UDDI. 

Simple Object Access Protocol (SOAP) is utilized for communication in between different Web Services. SOAP messages 
flow from source to a final receiver through a SOAP message path. A SOAP message consists of Soap: Envelope and it 
contains a Soap: Body element and an optional Soap: Header element. The Soap: Header element can involve a set of child 
elements that describe message processing that the sender expects a receiver to perform [12]. 

Web Service Description Language (WSDL) is utilized to describe the functionalities of the services. When the requester 
receives the WSDL file for the candidate web service, it must be validated [12]. 

Universal Description Discovery and Integration (UDDI) is utilized as a registry of information for web services. UDDI 
specifies a group of standard interfaces for accessing a database of web services. The object of UDDI is to allow users to find 
available web services and interact with them dynamically [12]. 

3 ATTACKS ON WEB SERVICES 
In this section, we describe some of the possible important attacks on web services. These are the coercive parsing, WSDL 
access and scanning, oversize payload, command injections and schema poisoning. 

3.1 Coercive Parsing 
Parsing the SOAP message and transforming the content of it is one of the first steps in processing a Web service request. 
XML documents may be more verbose and complicated in parsing, particularly when using namespaces. Then, the XML 
parsing process allows the coercive parsing attacks [6][10]. 

The main object of coercive parsing attacks is to exploit XML based portions of web services. Replay attacks, Recursive 
Payloads attacks, and Oversize Payloads attacks are the subclasses of Coercive Parsing attacks and coercive parsing is the 
subclass of DoS attacks. 

In Replay attacks, attackers send repeated SOAP messages to overwhelm web services. It is really difficult to detect this kind 
of attacks because of well formed HTTP requests and validity of IP addresses and network packets [15]. 

The ability of nesting of XML elements in documents causes to Recursive Payloads attacks. In this attack, an attacker may 
make a document with a large number of nested elements deep to break XML parsing [15]. 

3.2 WSDL Access and Scanning 
WSDL supplies information about methods such as a service’s operations including parameters, data types and network 
bindings etc. that can be exploited by the attackers and lead to potential disaster on web services. WSDL file must be provided 
with restricted access while WSDL Scanning enables to identify various vulnerabilities in the application [3].  

If the generated WSDL file contains all operations (internal and external), in this case, an external client can gain knowledge 
of the internal operations and can invoke them [6]. 

In order to avoid WSDL Scanning, a separate access from WSDL to clients that contains just the external operations, can be 
provided. Thus attackers could try to estimate the excluded operations and call them [2],[3]. 

3.3 Oversize Payload 
Querying a service using a huge request message is another method in order to perform a resource exhaustion attack. This 
attack is named as Oversize Payload attack [6]. 
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Oversize Payloads attacks happen when an attacker creates a huge SOAP message document and there is not sufficient system 
buffer for a XML parser to process it [15]. 

Figure 2 shows an example of Oversized Payload attack [3]: 

 
Figure 2. Example of Oversized Payload attack [3] 

A straightforward countermeasure approach against this type of attacks is the limitation of the total buffer size in bytes for 
incoming SOAP messages by controlling the actual message size and rejecting if any message exceeding the predefined limit 
[6]. 

3.4 Command Injection 
The Web service engine parses SOAP message requests and turns into extracted parameters to native types. Command 
Injection attacks change parameters within SOAP request messages [16]. 

SQL Injection attack is a category of Command Injection attacks. In SQL Injection attack, an attacker tries to manage the 
database by using SQL statements arbitrarily. With SQL injection attacks, attackers aim to access and retrieve private 
information and data that are not exposed to everyone in applications [3]. 

If SQL statements are dynamically created while application executes, it means that there is an opportunity for a security 
violation. In this case, an attacker can break security and pass fixed inputs into the SQL statement. The way of generating SQL 
injections is inserting spatial values or characters into SOAP requests, Web form submissions, or URL parameters [14]. 

Through SQL injection attacks, an attacker can gain access to privileged data, log-in to password-protected areas without a 
proper log-in, remove database tables, add new entries to the database, or even log-in to an application with admin privileges 
[14]. 

Another category of Command Injection attacks is XML Injection attack. 

XML injection attacks change SOAP messages by modifying existing XML tags or inserting contents like operation 
parameters with XML tags using special characters. If the special characters such as "<" and ">" are not escaped 
appropriately, occurring of this kind of attacks is more possible [6].  

Figure 3 presents an example of XML Injection attack against a .NET web service. In this example, the deployed service 
method has two parameters a and b. Both of these parameters are of type xsd:int. The service has been invoked by using the 
following message [6]. 

 
Figure 3. XML injection example [6]. 

In the SOAP message, <b>1</b> was inserted as a parameter content and so, the attacker was able to change the value of b by 
changing the content of a [6]. At the Web Service server side, this content is regarded as part of the SOAP message structure 
and can lead to undesired effects. 

XML injection attacks happen when user input is passed to the XML stream. Because of the capability of parsing the XML 
documents by the second-tier application or the database, XML code can be injected to database. Then it becomes the part of 
the stream when it is retrieved from the database [15].   

Prevention of xml injection attacks can be provided by rigid validation and check on SOAP messages [3].  
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3.5 Schema Poisoning 
A web service client retrieves all information about a web service such as message format, network location, security 
requirements, etc. from the metadata documents like schemas provided by the Web Service server. This metadata usually is 
distributed by using communication protocols like HTTP or mail and these circumstances create new attack possibilities 
aiming at poisoning these metadata documents [6].  

In schema poisoning attack, the attacker can damage the XML Schema document or replace it with a similar but changed one. 
Then it would allow the parser to process malicious SOAP messages [13]. 

Figure 4 presents an example of XML schema for an order shipping application [13]: 

 
Figure 4. Example of a XML schema [13]. 

 

Figure 5 shows the schema after a simple poisoning attack [13]: 

 
Figure 5. The schema file after a simple poisoning [13]. 

 

In this example, by deleting the some schema conditions and limitations, the attacker is free to send a malicious XML message 
that may include content types [13]. 

To avoid Schema Poisoning attack, all metadata documents must be controlled carefully for authenticity. Nevertheless, the 
mechanisms for securing metadata documents are not standardized unlike for securing SOAP request messages [6]. 

4 PREVENTION OF WEB SERVICE ATTACKS 
There are various suggested countermeasures for web services attacks in literature. In this section, some of the general 
methods are presented. These are the schema validation, XML signature, XML encryption and the use of WS-Security. 
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4.1 Schema Validation 
Schema validation is the easiest countermeasure approach. This approach is based on validation of incoming SOAP messages 
with XML schema. If there are SOAP messages that diverge from web service specification, they are declined. 

Because of the validation of every incoming SOAP messages, system performance can be reduced in terms of CPU and 
memory consumption. And this is the disadvantage of schema validation countermeasure approach [3].   

4.2 Schema Hardening 
Main object of schema hardening approach is to examine a schema file for constructions which allow unlimited large or 
complicated XML trees. Then these constructions are altered for restricted boundaries [6].  

If there is a definition for an unbounded list of elements in web service description, this list is turned into a list with bounded 
number of elements. This restriction is used to limit the memory which is necessary for processing the message [3]. 

For instance, if there is an entry like <element maxOccurs="unbounded"> in the XML schema, this is replaced by <element 
maxOccurs="n">. Here n is a finite number [6]. 

4.3 XML Signature 
A mechanism for digitally signing XML documents or some parts of XML documents is presented by XML Digital Signature.  
Signatures do not have to be in the document being signed. By the way XML signature can be used also to sign non-XML 
documents [14]. 

XML Digital Signature determines how to digitally sign XML content and how to represent the resulting information in 
conformity with an XML schema. Information integrity and non-repudiation are given by XML Digital Signature [17]. 

 
Figure 6. XML Signature example [7][8]. 

XML Digital signatures are much more complicated to perform than encryption. Because XML signatures depend on the 
representation of the data being signed. So signature processing is too sensitive to alteration in data representation and 
processing order. The representation of the signed data and the verified data must be consistent and thus necessary caution 
must be taken. Although the signature was valid at the moment it was created, it cannot be verifiable because of differences 
that happened when the SOAP message was routed. [5] 

4.4 XML Encryption 
A model for encryption, decryption and representation of XML document elements is provided by W3C XML encryption.  
The problem of confidentiality of SOAP messages exchanged in web services is solved with W3C XML encryption. It 
describes the structure and syntaxes of the XML elements and it provides rules for encryption or decryption of an XML 
document [17]. 

In XML encryption, an entire XML document or only selected parts of an XML document can be encrypted. Also it supports 
the super encryption of data which means that encrypted data can be encrypted again [5]. 
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Figure presents an example of encrypted data in XML document. This represents a payment information. In this example, 
while the name on the credit card and the credit limit are being transmitted clearly, the credit card number is encrypted. The 
encrypted data looks as "CipherValue" [5]. 

 
Figure 7. Example of encrypted data [5]. 

 

4.5 WS-security 
WS-security is a family of specification developed by Microsoft and IBM, which are under OASIS standardization process. It 
is the most significant specification which addresses the security requirements of web services [1].  

WS-Security defines mechanisms for the integrity and confidentiality of web service messages. WS-Security also describes 
security tokens for authentication, which can be used for access control systems [6]. 

The WS-Security specification describes a group of XML elements and attributes which can include security tokens in the 
SOAP messages. It also specifies how to use XML Signature and XML Encryption for the confidentiality and integrity of 
these tokens (username token and binary security token) [7]. 

A security element in the header of the SOAP message that carries the WS-Security extensions, is defined by WS-security to 
provide per-message authentication, as well as end-to-end message confidentiality by using XML Encryption and end-to-end 
message integrity by using XML Digital Signature in a web services environment. WS-Security also describes the use of time 
stamps to block message replay [9].   

WS-Security is one of the important countermeasure approaches for attacks. But it has to be applied carefully. Because the 
usage of WS-Security itself enables new kinds of DoS attacks. [6] 

5 CONCLUSIONS  
Web services are exposed to many various attacks by attackers. In this paper, the important web service attacks by describing 
along with possible effects and the general available countermeasures to these attacks of web services have been presented.  

By the way, it has been shown that these attacks have a serious effect on web services and can cause to complicated problems 
for web services. Thus, securing of web services is of great importance. 
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Reluctance Network Model Circuit Analysis and 
Optimization of Permanent Magnet Brushless DC 

Motor 
Ismail Topaloglu1, Fatih Korkmaz1, Hayati Mamur1 

Abstract 
 The main idea of this study is to optimize the performance of brushless DC motor (BLDCM). The originality of this work 
concerns on the use of a Reluctance Network (RN) method, which furnishes the harmonics of output parameters such as 
torque and back-emf. Then, precise and very fast optimizations are performed by gradient method as Sequential quadratic 
programming (SQP) which is an iterative method for nonlinear optimization. The results of the study are also compared to 
Finite Element Analysis (FEA) and several optimizations are presented. Optimization process has been focused on 
minimizing weight of BLDCM and ohmic loss. That is why; objective functions of BLDCM have been developed and 
presented in the paper. The optimal BLDC motor design with slot/pole combinations 24/8 has been obtained. The motor with 
24 slots and 8 poles yields the highest torque density with the lowest mass of active parts copper, laminations, and magnets 
respectively. Finally, the proposed method helps engineers to have a better sense of machines behaviour and to quickly 
optimize the dimensions of their machines during preliminary design process. 

Keywords: Finite Element Analysis, BLDCM 

1 INTRODUCTION 
Brushless DC motor is widely used in industry because of having many advantageous from other motors such as high torque 
in small volume, high efficiency, usable in high-speed applications. Some researcher have been studied to optimizing 
brushless DC motor using finite element analysis [1-3]. Some of them have been studied using optimization techniques such 
as genetic algorithm, pattern search and global optimization methods [4-7]. Each optimization process has been focused on 
minimizing or maximizing a parameter. In this study, optimization process has been focused on minimizing weight of 
BLDCM and ohmic loss.  Electromagnetic equivalent circuit has been used for solution of optimization problem [8-10]. 
Permanent magnet shape values determined using two dimensional finite element analysis in literature [11-13]. Solving this 
kind of optimization problem has been taken long time [14-15]. Sequential quadratic programming (SQP) which is an iterative 
method for nonlinear optimization, is suitable for this kind of optimization problem. It provides wide solution area for using 
reluctance network model of proposed motor. Besides reluctance network model has been obtained for 24/8 brushless dc 
motor. Extended and forced optimization solutions can be obtain by using special techniques such as parametric approach, 
however, this techniques are not allowed to get satisfactory results. In this case, authors preferred reluctance network model of 
proposed motor with using sequential quadratic programming (SQP) to obtain better results. In addition, results show that 
used techniques generates better results. Several optimizations, which used reluctance network model, are presented in the 
study. BLDCM equations for torque, sizing equations, etc. can be found in literature [16-17]. In this study, objective functions 
of optimization problem have been developed and presented.  

2 RELUCTANCE NETWORK MODEL 
Reluctance network model can be define simply by using non saturated air gap reluctance sign,  saturated iron reluctance sign, 
magnet sign, and  MMF sign. Model use flux, which occur in the motor. This method provides to calculating electromagnetic 
characteristic of machine as a unique model for various positions. Element based structure of machine is obtained and 
presented.  

S
L

r
PM µµ0

=ℜ                             (1) 

Where, L is length and S is section of permanent magnet, and rµ  relative magnetic permeability. Eq. 1 is describe reluctance 
of permanent magnets in reluctance network model. Eq. 2 describe reluctance of stator core in reluctance network model. 
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Finally, reluctance network of brushless dc motor has been carried out. A unit magnetic circuit as shown in Fig. 2 can express 
the divided elements.  

2.1. Characteristics of the BLDCM 
The main characteristics of the BLDCM are given in Table 1: 

Table 1. Main Features of The BLDCM 

Number of stator slots 24 
Number of rotor poles 8 

Max. Power 3.5 kW 
Max. torque @ 1,500 rpm 18 N.m. 

Max. current (RMS) 35 A 
Number of turns (coils) 48 

Outer diameter 124 mm 
Depth (Stack length) 84 mm 

Air-gap 0.85 mm 

2.2. Machine's geometry 
Optimization process and finite element analysis of machine have been carried out by using electromagnetic design software. 
So obtained machine scheme is presented in Fig. 1.  

 
Figure 1. General view of proposed BLDC motor 

2.3. Reluctance network of the machine 
For the multistatic model, the RN of the 24/8 machine is modelled and is represented in Fig. 2. This model use as a unique 
model for various positions in optimization problems. Moreover, analysis results presented in Fig. 3, Fig. 4, Fig. 5, Fig. 6, and 
Fig. 7, respectively. In addition, transient analysis of machine has been carried out. Results are compared each other.  
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Figure 2. Reluctance network of the 24/8 BLDCM (1- non saturated air gap reluctance sign, 2- saturated iron reluctance sign, 

3- magnet sign, 4- MMF sign) 

3 MULTI-OBJECTIVES OPTIMIZATION 
Developed objective functions of BLDCM, which is included cost function for optimization process is represented in Eq.3- 
Eq.11. Performances of BLDC with optimizations are presented in Table 2. 
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Total active material weight of machine can be described as sum of weight of stator, magnet weight, rotor steel weight, and 
wire weight.  
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Total active material cost= RRWWPMPMSSTotal CWCWCWCWC +++=                                          (11) 
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Table 2. Efficient of The Initial & Optimal Machines 

 Initial geometry Optimal geometry 
 1,500 rpm 88.4 % 92.5 % 
 3,000 rpm 90.9 % 96 % 

 

Table 2 shows that efficiency of machine differs under different speed. For instance, efficiency of machine is optimized 4.1 % 
at 1500 rpm but efficiency is 5.1% changed at 3000 rpm.  

4 FEA ANALYSIS OF MOTOR 
Finite element analysis has been carried out with using Ansfot Maxwell. Simulations realized under different configurations 
such as transient and magneto static. This is very important to analysis of machines because of machine characteristic is seen 
under load conditions. Fig. 3 show winding currents under load at transient analysis conditions.  

 
Figure. 3. Winding currents under load at transient conditions 

Fig. 4 shows that winding current sunder load at magnet static conditions. Both transient and magneto static analysis results 
close match. In addition this, just only source current wave shape is different because of transient analysis is not included with 
this source. Proposed system does not contain any smart control algorithm, in this case speed parameters is not controllable in 
this stage. Both cost function and material weight is taken in account. Multi-objective optimization process include two 
limitation points. One of them is cost function and the other is material weight.  

 
Figure 4. Winding currents under load 

Fig. 5 shows that phase voltages and line voltages under load. Fig. 6 shows that torque variation under load at transient 
conditions. At transient conditions torque of motor produced has ripples because of system has no vector control or specific 
control algorithms. Fig. 7 shows that efficiency of motor. Efficiency is differ under transient conditions because of under this 
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conditions have a lots of undefined variable in the analysis environment. In addition, voltages wave shape is include also some 
notch. This is occur because of magnet shape will affect directly the voltages wave shape.  

ssLR
EVI

+
−

=                             (12) 

Eq. 12 is represent stator phase current. Where, E is back emf of motor, Ls is synchronous inductance, and V is terminal phase 
voltage.  

 
Figure 5. Voltages under load 

 

 
Figure  6. Torque under load at transient conditions 
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Figure 7. Efficiency of designed motor at transient conditions 

5 CONCLUSION 
In this study, optimization and analysis of BLDC motor have been carried out by using reluctance network method. In 
addition, transient analysis has been realized. Developed objective functions of BLDC motor presented in the study. Optimum 
design for 24/8 BLDC motor configuration is obtained. Results show that very close match between transient simulations and 
magneto static simulations. Several optimization with multi-objective limiting points have been carried out. Proposed method 
provides a lot of advantageous for engineers to designing better machine. Finally, smart control algorithm can be added to 
system, then system will contain less voltages notch and torque ripples.  
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Air Gap Optimization of Iron Core Shunt Reactions 
with Discretely Distributed Air Gaps for UHV 

Systems 
Ismail Topaloglu1 

Abstract 
This paper proposed optimal design of iron core Shunt reactors with discretely distributed air gaps that can suppress over-
voltages of high voltage transmission line in various situations, such as, the power frequency over-voltage regulation. It 
needs very hard optimization process to optimizing discretely distributed air gaps in shunt reactors. Precise and very fast 
optimizations are performed by gradient method as Sequential quadratic programming (SQP) which is an iterative method 
for nonlinear optimization. The results of the study are also compared to Finite Element Analysis (FEA) and several 
optimizations are presented. Optimization process has been focused on minimizing weight of shunt reactor and ohmic loss. 
The magnetic circuit structure and working principle of shunt reactor are analyzed as well as the technical features in the 
paper. The proposed method helps engineers to have a better sense of voltage control and reactive power regulation of 
ultra-high voltage transmission line.  

Keywords: Finite Element Analysis, Sequential quadratic programming 

1 INTRODUCTION 
Shunt reactors to prevent voltage fluctuations that occur from changes in load and capacitive load of high-voltage lines are 
used to absorb. Shunt reactors at power transmission lines according to the load condition remains active as they can be 
switched on continuously. Shunt reactors are composed transients entering the circuit and inrush current is the most important 
of them. In this study, Shunt reactors intended use of the transmission lines to reduce the voltage rise. Shunt reactors suppress 
excessive capacitive loads which are formed by energy transmission lines, underground cables can be activated partially or 
altogether. In this way, they can provide extra reactive power into the power transmission line. However, when shunt reactors 
startup that bring transient events occurring on the power system in the high voltage lines. Many researcher have been 
investigated transient situations on shunt reactor. [1-5]. Shunt reactor controllability, operating characteristics and effects of 
different connection types were examined [6-10].  Traditional power compensation equipment, low voltage shunt capacitor 
banks, static VAR compensator and generator groups; do not provide the required reactive power regulation and voltage 
spikes [11-13]. Many researchers have studied reactor design since early 1900’s. A method of designing air-gap in 
transformers and chokes to obtain a constant inductance has been introduced in [14] by experimental studies with 
superimposed dc and ac excitations. Calculation of apparent inductance of a gapped iron-core reactor under superimposed dc 
and ac excitation has been presented in [15]. An analytical design approach to gapped C-core inductor has been described 
using flowcharts in [16] for superimposed dc and ac currents. The behavior of the magnetic flux in a shunt reactor with a 
toroidal core, neglecting leakage flux, has been studied by 3D FEM analysis in [17]. In [18] optimization of smoothing 
inductors for electric traction by 6 obtaining the magnetic field distribution using FEA has been introduced for only single air-
gap case. A foil winding model for FEA simulations has been developed and introduced in [19]. The reluctances of a gapped 
core inductor has been calculated in [20] using Schwarz-Christoffel Transformation. Effect of fringing flux has been 
considered and inductance calculated by FEA, however distribution of air-gap and leakage inductance have not been defined 
considered and inductance calculated by FEA, however distribution of air-gap and leakage inductance have not been definedin 
[20].  
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Figure 1. Illustration of core and winding dimensions 

Here, in Fig.1, cw is clearance between two windings, d is depth of the core, hc is total height of the core, hf is height of the 
coil, hw is height of the window, tb is thickness of the tube, tf is thickness of the copper (each turn), ti is thickness of the 
insulation material between each turn, w is width of the limb and the yoke, wc is total width of the core and ww is width of the 
window. 

2 SEQUENTIAL MIXED INTEGER NONLINEAR PROGRAMMING METHOD 
In the design model, this optimization technique permits identification each variable depending each other in continuous 
space. Linear variables used in this technique definable in Eq. 1.  

∑ ∀<
i

jjiij cxα                                     (1) 

Here; 
ijα  represents coefficients, cj is comparison value for linear variable Jth and xi is design parameter of i. The objective 

function is minimized using the variable to meet the following constraints Eq.2 and Eq. 3. 
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Here; ( )( ) ( )( ) ( )( ) ( )( ) ( )( ){ }knnkkkk xyfxyfxyfxyfxyf ,........,, 332211=  is objective function vector. gj and hi are 
inequality and equality constraint functions respectively. u

kx  and l
kx are upper and lower limits. y is the second variable 

depends on the variable xk . Figure 2 shows the solution domain and focus range of the variable.  

 
Figure. 2. Solution area of sequential mixed integer nonlinear programming optimization method. 

2.1  Definition of shunt reactor electrical behavior 
When shunt reactors operating in the energy system, the shunt reactor system behavior demonstrated by the following 
equations; Eq.4, 5, 6 and 7. In addition, these equations are fundamental equivalent circuit parameters. 
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Equation 8 shows that when switches are open or closed for shunt reactor. As seen here, when the switches are open, shun 
reactor is not running so in this case transient and steady state situations are equal to zero.  
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Circuit impedance and phase angle calculations are given in Equation 9 and 10.  

)2sin(
)2(

)(
22

ZU
ts

L
R

SteadyTransientL ts
fLR

eeAiiti ϕϕπ
π

−+⋅⋅
+

+⋅=+=
−

                   (11) 

ts
L
R

ZU ets
fLR

eA
−

−+⋅⋅
+

−= )2sin(
)2( 22

ϕϕπ
π

              (12) 

The steady state and transient current conditions are given equations 11 and 12. A factor in this equation is given by equation 
12. When shunt reactor’s switches are closed and opened that occurred voltage and current are given equation 13, 14, 15 and 
16 respectively.  

When switches are closed;  
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When switches are open;  
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3 OBJECTIVE FUNCTIONS OF IRON CORE SHUNT REACTORS WITH DISCRETELY 
DISTRIBUTED AIR GAPS 

The problem considered in this work is to design a shunt reactor to be used in an ultra-high voltage power system (UHV). The 
system is composed of iron core, windings and discretely distributed air gaps. Design parameters used are as follows: air gaps 
of shunt reactor, total air gap (lg) and air gap inductance (Lg).  
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Here, Eq.17 used in objective function vector, then Eq. 18 optimization function has been obtained for shunt reactor.  
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Eq. 5 used in the optimization process minimizing the operational cost and production cost. The operational cost 
and production cost functions are seen in Eq. 19 and Eq. 20.   
  
Production Cost= ((Ncore*Npr )+(Ccopper *Cpr ))*1.65*1.20*1.20               (19) 
Operational Cost=Total loss*Electrical price (kWh)*24*30*Year               (20) 

4 OPTIMIZATION RESULTS 
Each optimization work has been performed for four different peak flux density values (0.85 T, 1.05 T, 1.25 T and 1.35 T), 
therefore several iterations were needed to be performed to obtain the target inductance. If the target inductance has not been 
satisfied in the first iteration, next iteration has been performed by increasing the number of turns or decreasing the total 
length of the air-gap sections in the core or vice versa. Inductance parameters and core losses have been calculated by using 
Maxwell 2D optimization work. Finally, the results of these three different design criteria obtained from FEA have been 
compared. A further objective of this work is to investigate the effects of number of discretely distributed air-gaps, AG on the 
OC and PC of the optimum reactors. For this purpose, each design work is carried out for two different number of air-gaps 
i.e., AG=4 and AG=16. 

Table 1. shows that production cost and operation cost of shunt reactor are small under 480kVAR, 2.2 kV and 75 Co for other 
compensation equipment. Optimization problem parameters such as N(turns), A(mm2), and Lg (total air gap length) that 
changed under solution process are presented in table 1. These parameters are varied because of shunt parameters operating 
values changed before the optimization solution process. Flux density of shunt reactor is directly affected the operation and 
production cost. Figure 3 shows that 2D air gap optimization of shunt reactor model core magnetic flux density and windings 
magnetic field intensity. 

Table 1. Optimization results under different air gaps and flux density 

Name of 
parameters 

Distributed 
air gaps=4 

Distributed 
air gaps=16 

Flux 
density=0.85 T 

Flux 
density=1.05 T 

Flux 
density=1.25 T 

Flux 
density=1.35 T 

Production 
Cost $ 

4225 4325 3824 4207 4465 4682 

Operational 
Cost $ 

1832 1245 2465 2365 1978 1454 

% leakage 5 5 14.5 15 16.5 17 

Lg (mm) 12 20 18.8 15.6 14.3 11,7 
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N (turns) 180 200 184 196 228 264 

A (mm2) 12935,91 52597,87 13221,23 11727,45 11527,43 11021,03 

 

 
Figure 3. Air gap optimization of shunt reactor 2D model. 
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Investigation of Anti-Termite Activity of Wood 
Treated with Geothermal Fluids from Different 

Regions of Turkey    
Mesut Yalcin1∗, Caglar Akcay1, Teresa de Troya2, Huseyin Sivrikaya3, Hediye Ceylan1 

 

Abstract 
The objective of this study was to investigate the anti-termite activity of geothermal fluids supplied from different 
regions of Turkey. Scotch pine treated with fluids either evaporated or non-evaporated obtained from Ankara, 
Afyon, Denizli and Eskişehir regions in Turkey. The increasing in the concentration of geothermal fluids 
significantly decreased the mass loss caused by termite, and increased the termite mortality. Mass losses of all 
wood samples treated with geothermal fluids were found lower than those treated with pure water.  The highest 
mass losses were found in pure water and non-concentrated fluids provided from Denizli and Afyon (0%) while 
the lowest mass losses were found in wood treated with thermal fluid from Denizli (75%). The highest and lowest 
termite mortality was found in the samples treated with evaporated fluid from Denizli (75%) and pure water, 
respectively. This study indicated that geothermal fluids might be evaluated to protect wood material against 
termites when it was evaporated.  

Keywords: Geothermal fluid, termite, Scotch pine, wood protection 

1. INTRODUCTION 

Wood is one of the oldest and most common used materials in various purposes such as building construction. Due to thermal 
properties of wood, easy workability, absorption of sound, better acceptance of paint and varnish, being more aesthetic than 
other materials, the need for and usage of wood material is increasing day by day [1]. However, wood has some disadvantages 
such as combustibility, moisture change, and vulnerability to degradation by termites as well as fungi and insects. In order to 
protect the wood material against biological organism, it must be impregnated with wood preservatives [2]. 

Recently, some traditionally wood preservatives such as CCA (copper chrome arsenic) have been banned or restricted due to 
their harmful effects of on the environment in many European countries, Japan and United States of America. Scientists have 
tended to develop new environmentally friendly wood preservatives [3]. 

Few studies have been done on usability of geothermal fluids for wood protection. Var et al. (2012) [4] found that geothermal 
fluids can be used against wood-degrading fungi. However, yet there is no published study on geothermal fluids that might be 
effective against termites that degrade the wood. 

Turkey has an important position in the world in terms of geothermal resources [5,6].  Geothermal energy is a heat flow that 
rise to the surface from the depths of the earth's crust by the effecting of high temperature formed from natural degradation of 
pluton and radioactive elements in magma in the earth's crust. Geothermal resource is dry or wet steam/water extracted from 
earth's crust [5,6,7].  This water contains some minerals like boron (B), chloride (Cl), potassium (K), sodium (Na), fluoride 
(F), silicondioksit ( SiO2), ammonia (NH3) and sulfate (SO4), and most of them are found in the wood preservatives in large 
quantities to protect wood against biological organisms [8].  

In the current study, we investigated the anti-termitic properties of geothermal fluids provided from four different regions of 
Turkey. This study is the first to evaluate the using of geothermal fluids in wood treatment against the termites in the 
laboratory scale. 
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2. MATERIAL AND METHODS 

2.1. Evaporation of Geothermal Fluids  
The geothermal fluids used in this study were obtained from Ankara, Denizli, Afyon and Eskişehir region in Turkey. To 
increase the concentration of the active ingredients in geothermal fluids, each natural geothermal fluid was evaporated by 
75%. The Scots pine samples either treated with non-concentrated fluids (natural) or evaporated to 75% of geothermal fluids. 
The distillated (pure) water was used as reference to compare with geothermal fluids in wood treatment 

2.2.  Termite Test 
Wood samples treated with geothermal fluids and pure water that were subjected to Reticulitermes grassei (Blattodea, 
Rhinotermitidae) termites in the forest product department laboratory of INIA- CIFOR according to the EN 117 (2005) [9].  
After termite test, termite mortality as well as mass losses occurred in Scots pine samples were determined. A test specimen 
was placed into a cylindrical test container. Totally 80 workers, 3 nymphs and 3 soldiers were placed into the container.  Three 
replicate were used for each treatment against termites. Termite test environment was set up as 28 °C and 85% for 8 weeks. 
After the test exposure period, the exposed wood samples were weighed to determine the post exposure weight. Percent mass 
loss and termite mortality were calculated as follows: 

                                                                 𝑀𝑎𝑠𝑠 𝑙𝑜𝑠𝑠 (%) = �𝑀1−𝑀2
𝑀1

� 𝑥100                                                                  (1) 
Where, M1: the weight of the test samples before exposure against termites (g), M2: The weight of the test samples after 
termite test (g), Termite mortality was calculated as follows: 

                                                                𝑇𝑒𝑟𝑚𝑖𝑡𝑒 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 (%) = �𝑇1−𝑇2
𝑇1

� 𝑥100                                                               (2) 
Where, T1 is the number of termites alive at the beginning of the test and T2 is the number of termites alive after the termite 
test. 

2.3.  Statistical Analysis 
The SPSS software (SPSS 19, 2010) [10]  was used as statistical tool. As a result of multiple analyses of variation (ANOVA) 
tests, the geothermal sources, concentration levels and their interactions on mass losses and termite mortality were evaluated. 
In addition, a Duncan test was used to compare values. 

3. RESULTS AND DISCUSSION  

The results obtained from termite resistance test are shown in Table 1. According to the results, 22% mass losses occurred in 
the samples treated with pure water (control samples). The mean weight losses in the Scotch pine wood impregnated with 4 
different geothermal fluids used in the study were lower than the control samples. Table 1 indicates that mass loss due to the 
termite activity significantly decreased in wood treated with fluids from Denizli and Afyon when evaporated to 75 %. 
Although low weight losses were detected in the samples treated with Eskisehir geothermal fluids, no significant change was 
found in the case of concentrated level. The lowest weight loss were occurred in treated with Denizli geothermal fluid 
evaporated by 75%.  
 

Table 1. The mass losses caused by R. grassei termite in Scotch pine treated with geothermal fluids 

Regions Evaporated ratio Mass losses 
(%) H.G Min. Max. 

Pure water 22,2 (0,5) d 21,7 22,7 

Denizli 0% (X) 20,7 (3,1) d 17,9 24,0 
75% (T) 10,9 (1,6) a 9,2 12,4 

Afyon 0% (X) 20,1 (4,4) d 16,9 25,1 
75% (T) 12,9 (0,8) ab 12,0 13,5 

Ankara 0% (X) 16,6 (1,4) c 15,5 18,1 
75% (T) 15,4 (1,4) bc 14,4 17,0 

Eskişehir 0% (X) 13,3 (2,3) abc 11,9 15,9 
75% (T) 13,4 (1,6) abc 11,5 14,3 

           H.G: Homogeny groups 

Figure 1 shows the percent preventing effect of geothermal fluids against R grassei according to control samples (pure water) 
in terms of mass loss. It can be seen that the best performance was obtained in the samples treated with fluid evaporated to 
75% (Denizli) with regard to mass loss as shown in Figure 1.  Among the natural fluids, Eskisehir was also found efficient in 
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relation to termite performance, whereas fluid from Denizli showed the lowest effect. It means that evaporating process 
significantly increases the performance of fluid from Denizli against termite activity.  

 
Figure 1. Preventing effect of geothermal fluids against R grassei compare with control sample (pure water) in terms of mass loss 

 
The results of termite mortality were shown in Table 2. As it can be seen in the table, the lowest termite mortality occurred in 
control samples treated with pure water. Additionally, higher ratio were detected in termite mortality when the wood samples 
treated with fluid from Afyon evaporated to 75 % and geothermal fluids from Ankara. The highest termite mortality (60 %) 
occurred in the wood treated with evaporated fluid (75 %) from geothermal source in Denizli.  
 

Table 2. Termite mortality caused by R. grassei termite in Scotch pine treated with geothermal fluids 

Regions Evaporated levels Termite 
Mortality (%) H.G Minimum Maximum 

Pure water 10,7 (11,6) a 23 0 

Denizli 
0% (X) 19,7 (4,0) ab 15 22 
75% (T) 60,3 (17,7) c 40 72 

Afyon 
0% (X) 26,0 (8,7) ab 16 32 
75% (T) 37,0 (8,5) b 29 46 

Ankara 
0% (X) 29,3 (11,2) ab 21 42 
75% (T) 29,3 (4,5) ab 25 34 

Eskişehir 
0% (X) 34,3 (17,8) b 15 50 
75% (T) 30,0 (9,5) ab 24 41 

 
Figure 2 shows the percent increasing in termite mortality according to the control samples. For instance, 75 % evaporated 
Afyon geothermal fluid increased the termite mortality (71,08%) while it was increased up to 58,85 % without evaporation. 

 

Figure 2.  Increasing in termite mortality (%) in Scots pine treated with different concentration levels of geothermal fluids. 
 

In literature, it was reported that many compounds that can be effective against biotic factors were identified in the chemical 
analyzes results of geothermal fluids.  A linear relationship between activities of geothermal fluids against biotic factors and 
the amount of compounds in the contents were found [4]. 

According to multiple variance analyses test results, the geothermal source (A), the concentration (B) and their mutual 
interactions (A*B) for mass losses and termite mortality were determined. While B and AxB were found to be significant, A 
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was not significant for the mass losses. Likewise, B was found to be significant, A and AxB were not significant for the 
termite mortality. 

 

 

Table 3. Multiple variance analysis for the mass losses and termite mortality 

Experiment Factor Sum of 
squares 

Degrees of 
freedom 

Mean 
square F-value P-value 

Mass losses 
Geothermal source (A) 24,6 3 8,2 2,2 0,114 

Concentration (B) 488,2 2 244,1 65,6 0,000 
Interaction (A*B) 114,4 6 19,1 5,2 0,002 

Termite mortality 
Geothermal source (A) 260,6 3 86,8 0,6 0,582 

Concentration (B) 4920,2 2 2460,1 18,8 0,000 
Interaction (A*B) 1980,4 6 330,1 2,5 0,149 

 

4. CONCLUSIONS 
This study dealt with the potential effect of geothermal fluids supplied from different regions of Turkey against the wood 
degrading termites. The highest anti-termite activity (the lowest mass losses and the highest termite mortality) was found in 
75% evaporated geothermal fluid supplied from Denizli region. Mass losses of all samples treated with geothermal fluids were 
found lower than treated with pure water ones. Likewise, termite mortality of the samples treated with geothermal fluids was 
found higher than control samples.  
It has been increased awareness about the environment and human health In today's world, the development of 
environmentally friendly wood preservative has become is an essential situation. Particularly, in the protection of the interior 
wood is need for non-biocidal treatments which should be developed in this direction. The fluids used in this study might be 
evaluated by increasing their concentration levels with evaporation process in wood protection, because   the fluids have no 
adversely effect on human and environment. 
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Histochemical Evidence for Copper Accumulation in 
the Kidneys of Loggerhead Sea Turtle Hatchlings 

from Dalyan Beach, Turkey 
Pinar Ili*1, Fikret Sari1, Nazan Keskin1, Yakup Kaska1 

Abstract 
Heavy metals such as copper (Cu) and zinc (Zn) have toxic effects on marine organisms. In this study, Cu accumulation in 
the kidneys of loggerhead hatchlings from Dalyan Beach, Muğla, Turkey were investigated using orcein histochemical 
technique. Cu associated proteins were seen as dark purple deposits mostly in the apical portions of the cells of the lining 
epithelium and also in the tubules’ lumen of some proximal convoluted tubules (PCT) and distal convoluted tubules (DCT) 
as extruded structures. Some of the hatchlings from different nests laid by different mothers showed high-density of Cu in 
PCT and DCT, whereas the others showed low-density. Our histochemical results has shown that Cu is maternally 
transferred to the hatchlings, the amount of transferred Cu depends on the amount of Cu accumulated by the female sea 
turtle, and the density of the metals in the tissues can be used to estimate the pollution status of the water. 

Key words: Cu accumulation, Caretta caretta, Dalyan Beach, Heavy metal, Histochemistry 

1. INTRODUCTION 
Heavy metals such as copper (Cu), zinc (Zn), lead (Pb), nickel (Ni), and cadmium (Cd) [1] accumulate in food chains with the 
increasing concentrations [2]. Therefore, diet has the greatest influence on the accumulation of metals in animal tissues and 
generally, metal concentrations are higher in larger animals that are end members of a trophic chain [3]. 

Most of the marine organisms accumulate heavy metals mainly in their liver, kidneys, muscle and gills [4]-[7]. The level of 
metals in animal’s body usually provides information about the pollution of the water [3]. Besides, heavy metals on fishes and 
aquatic invertebrates can cause reduction of the developmental growth, increase of developmental anomalies, and DNA 
damage [8]-[10]. 

Some elements such as Cu are important constituents of enzymes and other compounds [11]. Although these elements are 
necessary for metabolism, above a threshold availability they have toxic effects on organisms. One of the detoxification 
strategies of organisms against toxic heavy metals is to bind them with proteins such as metallothioneins (MT) which plays an 
important role in metal detoxification and to turn them into insoluble metal‐rich granules to be stored or excreted [11], [12]. 
MT occurs particularly in liver, kidneys, intestine and pancreas in varying amounts [13]. It specifically binds zinc (Zn) and 
copper (Cu) and controls the concentrations of these toxic elements [14]. It has been reported that the quantification of metals 
and MT in liver and kidneys may be a valid biomarker of metal exposure in the aquatic environment to assess the health of sea 
turtles [15]. Sea turtles have long lifespan and can accumulate contaminants from their food, sediment, and water [16]. Some 
communities consume sea turtle products (e.g., meat, adipose tissue, organs, blood, eggs) as food. Therefore, the consumption 
of the heavy metals and organochlorine compounds with sea turtle edible tissues could result in toxic effects (neurotoxicity, 
kidney disease, liver cancer, and developmental effects in fetuses and children) on human [17]. Loggerhead sea turtle (Caretta 
caretta) is one of two sea turtle species nesting in the Mediterranean [18], and the Mediterranean coasts of Turkey are 
important nesting grounds for them [19]. 

Cu discharged from navy facilities and ships into the marine environment is one of the most ubiquitous contaminant [20]. The 
aim of this study is to investigate the Cu accumulation in the kidneys of loggerhead sea turtle hatchlings from Dalyan Beach 
using histochemical method. 

2. MATERIALS AND METHODS 

2.1. Study Site and Sample Collection 
Dalyan Beach (Muğla) has a length of 4.5 km located in the southwest of Turkey. It is one of the most important reproductive 
sites of the loggerhead turtles in terms of annual nest numbers, nesting density and regular sea turtle surveys not only for 
Turkey but also for the Mediterranean region [21]. In this study, 25 dead loggerhead hatchlings were collected from 4 nests 
found during patrolling the beach or checking the nest surfaces for emergence and in nests during their excavation. 
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2.2. Histochemistry 
One kidney from each hatchling was dissected and fixed in Bouin’s solution [22]. They were embedded in paraffin after 
routine tissue processing. 5 µm sections were stained with hematoxylin and eosin (H&E) for general histology, and orcein 
(http://library.med.utah.edu/WebPath/HISTHTML/MANUALS/ORCEIN.PDF) for Cu associated proteins [23]. Olympus 
BX53 light microscope and Olympus DP2-BSW microscope digital camera system were used for photography. 

3. RESULTS 

3.1. General Histology 
Histological study of the kidney of the hatchlings show normal kidney architecture with normal glomerulus surrounded by the 
Bowman’s capsule, proximal and distal convoluted tubules. Two components of juxtaglomerular apparatus, juxtaglomerular 
cells and the macula densa, are easily identified. The podocytes overlap the glomerular capillary. Capillary endothelial, 
mesangial and podocyte cells nuclei are in the glomerulus. Bowman’s space is interposed between podocytes and parietal 
epithelium. The vascular pole and the urinary pole which usually situated opposite the vascular pole, are observed. Proximal 
convoluted tubules (PCT) have a brush-border eosinophilic epithelium, whereas distal convoluted tubules (DCT) have less 
acidophilic cytoplasm and smaller cubic cells and diameter (Figure 1). 

 
Figure 1. General histology of the kidney. PCT: Proximal convoluted tubule; DCT: Distal convoluted tubule, H&E, scale bar = 20 µm. 

3.2. Histochemical Findings 
Cu associated proteins, possibly MT, are seen as dark purple deposits in globular or granular forms in the cytoplasm of the 
lining epithelium of some PCT and DCT. They were localised not only in the apical portions of the cells but also in the 
tubules’ lumen as extruded structures (Figures 2 and 3). Kidneys of some of the hatchlings from different nests laid by 
different mothers show high Cu staining, whereas the others show low Cu staining in PCT and DCT (Figure 4). 

 

 

 

 

 

 

 

 



 
 
 

399 

 

 
 

Figure 2. Particular Cu associated protein deposition within the apical part of the cytoplasm (arrow) and extruded structures (*) in the 
tubules of the proximal convoluted tubules. PCT: Proximal convoluted tubules, orcein, scale bar = 20 µm. 

 

 
 

Figure 3. Extrusion of Cu associated proteins into the lumen (*) of distal convoluted tubules, and Cu associated protein deposition within the 
apical part of the cytoplasm (arrow) both in the proximal and distal convoluted tubules. DCT: Distal convoluted tubules, PCT: Proximal 

convoluted tubules, orcein, scale bar = 20 µm. 
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Figure 4. Low (A) and high (B) densities of the Cu associated proteins in convoluted tubules in hatchlings from two different nests. G: 
Glomerulus; PCT: Proximal convoluted tubule; DCT: Distal convoluted tubule. Cu associated proteins (arrow), orcein, scale BAR = 100 µm 

(A and B), and 20 µm (insets). 

4. DISCUSSION 

The presence of the metals in sea turtle eggs has been shown in several studies. It has been reported that the concentration of 
heavy metals (Mn, Cu, Zn, Cd and Pb) in fresh and un-hatched green turtle (Chelonia mydas) eggs are significantly different 
from each other and that the yolk of rotten eggs can be used as heavy metal indicator for future studies instead of fresh eggs 
[16]. Metals in the eggs of sea turtles are mainly present in the yolk (significantly higher concentration of mercury (Hg), Cu, 
Zn and Fe were found in yolk than in albumen) and shell contains highest levels of Mn and Cu [24]. Similarly, in a study in 
which the concentrations of Cd, Pb, Fe, Cu and Zn in loggerhead hatchling samples (eggshells, remaining yolk and liver) were 
investigated [25], it was found that Cd, Pb, Fe and Cu concentrations were higher in embryo liver than in yolk, whereas Zn 
concentration was higher in yolk. In this study, we demonstrated Cu associated proteins in PCT and DCT of the kidneys of 
loggerhead sea turtle hatchlings from Dalyan Beach, Muğla, Turkey. 

Furthermore, the maternal transfer of the heavy metals to the eggs has been also studied by investigators. In a study, the 
relationships between essential [Cu, Zn, Selenium (Se)] and non-essentials elements [Cd, Pb, Hg] concentrations in blood and 
in eggs and maternal transfer of these elements to eggs in leatherback (Dermochelys coriacea) females were examined [26], 
and it was observed that significant relationships between blood and egg concentrations of Se and Cd. Trace elements levels in 
the samples from multiple clutches of each female were also investigated, and it was reported that no change was observed in 
egg concentrations of Cu levels, while changes were observed in blood concentrations in female turtle [26]. It was also shown 
that Cu and Zn in the blood are maternally transferred into the eggs and that Cu is found the only element which is positively 
correlated with breeding age in flatback turtles (Natator depressus) [27]. Noteworthy, it was found that Cu concentrations in 
eggs are positively correlated with female Cu concentrations in the kidneys of turtles [28]. In this study, different densities of 
the Cu associated proteins in the kidneys of hatchlings from different nests laid by different mothers were observed. Our 
finding which points out the maternal transfer of Cu to sea turtle hatchlings is consistent with and supports the results of the 
studies mentioned above. It was also reported that the level of metals in animal’s body usually indicates information about the 
status of heavy metal pollutants in the water [3]. In light of this data, the Cu accumulation results of the current study can be 
used to estimate the pollution status of the aquatic environment where the mothers of the hatchlings use as foraging area. 

The correlation of the standard carapace length and the concentrations of heavy metals were investigated previously. Almost 
no variation of the major and trace plasma elements in captive hawksbill sea turtles (Eretmochelys imbricata) with carapace 



 
 
 

401 

 

parameters was reported, and it was suggested that marine pollution could cause the increase in plasma elements seen in wild 
sea turtles [29]. However, while significant negative correlations were shown between standard carapace length and the 
concentrations of Cu, Zn, and Se in the kidney in green and hawksbill turtles [30], positive correlations were detected in 
straight carapace length of loggerhead turtles with the concentrations of Cd, Cu and Ni [5]. When these results mentioned 
above are taken into account, we can assume that the hatchlings which have heavy Cu staining in their kidneys may belong to 
older mother, whereas the other hatchlings which have weak Cu staining in their kidneys belong to younger mother. 

The heavy metal accumulation into the tissues and the eggs of sea turtles has been extensively studied using spectroscopic 
methods, such as Atomic Absorption Spectrometer (AAS) [31], [32], Flame Atomic Absorption Spectrophotometry (FAAS) 
[33] and Coupled Plasma Optical Emission Spectrometer (ICP-OES) [34]. The spectroscopic methods give quantitative 
results; however, they require expensive and specialised equipment. Some of the investigators use the histochemical 
techniques to determine the heavy metals in the animal tissues. For instance, accumulations of Hg and Cd salts in liver and 
kidney of fresh water cat fish (Clarias batrachus) [35], localization of the Hg in the ovary of crucian carp (Carassius auratus 
gibelio) [36], and Cu accumulation and excreation in the renal PCT in rats [37] were demonstrated using histochemical 
techniques. Similarly, we demonstrated the Cu associated protein accumulation in the kidneys of the loggerhead sea turtle 
hatchlings using histochemical method in this study. 

In conclusion, despite our relatively small sample size, our results show that (1) Cu is maternally transferred to the hatchlings, 
(2) the amount of transferred Cu depends on the amount of Cu accumulated by the female sea turtle, (3) histochemical 
techniques are useful in demonstrating the density of the metals in the tissues of the marine organisms and in estimating the 
pollution status of the water. Nevertheless, further analyses are needed to understand the correlation between the copper levels 
in the water and in the tissues of marine organisms. 
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Experimental Assessment of Heat Flux throughout 
Cylinder Wall in a Compression Ignition Engine 

Mehmet Cakir1 

Abstract 
Internal combustion engines are a part of our daily lives as indispensable. The large of energy is consumed for engine 
operations. So the engine loss power and fuel economy is one of the conditions that need to be analysed. In internal 
combustion engines, the combustion chamber and the cylinder walls keep in touch with hot exhaust gases. This should be 
examined in terms of thermal stresses for both consistently engine operations and long-lived engine life.  

This paper aimed to analyse the combustion chamber wall heat flux by the change of engine speed and loads. The 
experimental study was carried out on a single-cylinder diesel engine. The experimental measurements involved to 1200 and 
2000 rpm engine speeds, and 25% (10 Nm) and 50% (20 Nm) engine loads. The Engine block temperatures were measured 
using the K-type thermocouples for all parameters. Experimental data were computed using Woschni heat transfer model. 
The variations of in-cylinder pressure and gas temperature, heat transfer coefficient and heat flux with the crank angle is 
illustrated graphically. The results demonstrate that the engine running conditions have considerable effects to the 
combustion chamber wall heat transfer. 

Keywords: Engine Heat Transfer, Diesel Engine, Heat Loss, In-Cylinder Temperature 

1 INTRODUCTION 
Internal combustion engines are a part of our daily lives as indispensable. Many scientists have researched enhancement of 
energy efficiency in internal combustion engines [1-6]. A quantity increase in brake power output can be gained by decreasing 
the heat losses from an engine cylinder [7]. So, cylinder block or liner materials, its design and thermal loads are important for 
the wall heat flux distribution. 

Alkidas and Myers investigated heat-flux measurements at several locations on the cylinder head and liner of a four-stroke, 
single-cylinder, spark-ignition engine. Eventually, they determined an increase in peak heat flux of about 30 percent, due to an 
increase in volumetric efficiency from 40 to 60 percent [8]. Chen et al. [9] examined the power output and thermal efficiency 
relations for an air standard reversible Otto Cycle taking into consideration the heat transfer loss from the cylinder wall. 
Demuynck et al. [10], measured the instantaneous heat loss inside a spark-ignition engine at three points for methane, 
gasoline, methanol and hydrogen fuels. Their conclusions showed that the influence of the engine factors is parallel for all the 
fuels. But, the heat loss to the cylinder walls of hydrogen is only at the same level of that of the other fuels for very lean 
mixtures.  

This paper examines the combustion chamber wall heat flux by the change of engine speed. The variations of in-cylinder 
pressure and gas temperature, heat transfer coefficient and heat flux with respect to the crank angle are illustrated graphically. 

2 METHODS 

2.1 Research Engine 
The experiments were conducted in a single-cylinder, air-cooled, and four-stroke diesel engine. The engine specifications are 
given in Table 1. K-type thermocouples were used for measuring temperature of the engine block. In-cylinder pressure was 
measured using a piezoelectric-type transducer and the crank shaft encoder was used to provide crank positional information. 
All of the data were recorded to a computer through data collection card. 

Table 1. Engine specifications 

Type Diesel, air cooled, four stroke 
Cylinder number 1 
Bore × Stroke 102, 5mm×100mm 
Compression ratio  17:1 
Engine power max.  17 p 

                                                           
1 Yildiz Technical University, Marine Engineering Operations Department ,İstanbul, mecakir@yildiz.edu.tr 
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2.2 Governing Equations 
Heat flux in an internal combustion engine is transferred between the combustion chamber gases and the cylinder wall. Fig. 1 
illustrates the steady one-dimensional heat transfer for critical points which are in-cylinder gas temperature, wall surfaces 
temperature and block external side temperature. It is formulated the heat transfer from in-cylinder gas to wall and heat 
conduction through the engine block wall (7 mm). Newton’s law of cooling for convection heat flux, which is between 
cylinder wall surfaces and in-cylinder gas, is given by [11]; 

 

�̇�𝑐𝑜𝑛𝑣 = ℎ𝑐�𝑇𝑔 − 𝑇𝑤�    � 𝑊
𝑚2�         (1) 

 

where �̇�𝑐𝑜𝑛𝑣, ℎ𝑐 , 𝑇𝑔 𝑎𝑛𝑑 𝑇𝑤 are heat flux in convection, heat convection coefficient, in-cylinder gas temperature and cylinder 
wall, respectively. Fourier’s law of heat conduction for the wall can be expressed as [12]; 

 

�̇�𝑐𝑜𝑛𝑑 = 𝑘 𝜕𝑇
𝜕𝑥

   (𝑊/𝑚2)            (2) 

 

where �̇�𝑐𝑜𝑛𝑑  𝑎𝑛𝑑 𝑘 are heat flux in conduction, heat conduction coefficient. 

 

 
                        𝑇𝑔    ℎ𝑐�𝑇𝑔−𝑇𝑤�              𝑇𝑤   𝑘𝑤

(𝑇𝑤−𝑇𝑜)
𝑙𝑤

      𝑇𝑜 

Figure 1. Heat flow across the combustion chamber wall 

From thermodynamics 1. Law, It can be called  that  the rate of heat convection into the wall is equal rate of heat conduction 
through the wall [12]. It can be written as; 

 

 �̇�𝑐𝑜𝑛𝑣 =  �̇�𝑐𝑜𝑛𝑑            (3) 

 

�̇� = ℎ𝑐�𝑇𝑔−𝑇𝑤� = 𝑘𝑤
(𝑇𝑤−𝑇𝑜)

𝑙𝑤
            (4) 

 

where  𝑙𝑤 is cylinder liner thickness.  

 

�̇� = �𝑇𝑔−𝑇𝑤�
1

ℎ𝑐

= (𝑇𝑤−𝑇𝑜)
𝑙𝑤
𝑘𝑤

            (5) 

 

�̇� = �𝑇𝑔−𝑇𝑜�
1

ℎ𝑐
+𝑙𝑤

𝑘𝑤

            (6) 
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The heat flux  through the wall can be determined from Equation 6. In-cylinder gas properties are evaluated at the cylinder-
average charge temperature 𝑇𝑔 is given as [13];  

 

𝑇𝑔(𝜃) = 𝑃𝑔(𝜃)𝑉𝑔(𝜃)
𝑚𝑅

             (7) 

 

where  𝜃, 𝑃𝑔, 𝑉𝑔, 𝑚 𝑎𝑛𝑑 𝑅 are crank angle, cylinder gas pressure, cylinder volume, air mass and gas constant, respectively. 
According to Woschni, with the exponent equal to 0.8, with the cylinder bore B taken as the characteristic length and 𝑊 as a 
local average gas velocity in ℎ𝑐 can be written [13]; 

 

ℎ𝑐(𝜃) = 3,26𝐵−0,2𝑃(𝜃)0,8𝑇𝑔(𝜃)−0,55𝑊(𝜃)0,8             (8) 

 

The Woschni formula also includes radiation effect in a lumped form [6]. The average cylinder gas velocity was expressed as 
follows[13]; 

 

𝑊(𝜃) = 2.28 𝑆�̅� + �0,00324 𝑉𝑑𝑇𝑟

𝑃𝑟𝑉𝑟
�𝑃(𝜃) − 𝑃𝑚𝑐(𝜃)��           (9) 

 

where 𝑆�̅� is the piston mean velocity and it is expressed as [14] 

 

𝑆�̅� = 𝑆𝑡𝑟𝑜𝑘𝑒 𝑥 𝑅𝑃𝑀
30

           (10) 

 
3 RESULTS AND DISCUSSIONS 
The heat transfer across the combustion chamber wall is important in terms of engine performance. In this study, it was 
investigated heat loss than the combustion chamber wall of working engine at low and high engine speeds and loads. Fig. 2-5 
illustrate in-cylinder pressures, heat transfer coefficients and heat flux across cylinder wall depending on the crank angle at 
1200 rpm and 2000 rpm under 10 and 20 Nm loads, respectively. 

 
1200 rpm 

 
2000 rpm 

Figure 2. Variation of in-cylinder pressure with respect to crank angle 

Fig. 2 demonstrates the variation of in-cylinder pressure with respect to crank angle and engine speeds for different engine 
loads. Blue line is engine compressor pressure that approximately is 32 bars. While red dotted lines illustrate to 10 Nm, black 
lines demonstrate to 20 Nm. It is see that cylinder pressure is increasing with raising engine loads at the same speeds. 
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1200 rpm 

 
2000 rpm 

Figure 3. Variation of in-cylinder temperature with respect to crank angle 

Fig. 3 illustrates the variation of in-cylinder temperature with respect to crank angle for different speeds. It is see that in-
cylinder temperatures are more increasing at 2000 rpm than values at1200 rpm. Furthermore, the variation of in-cylinder 
temperature at 20 Nm and 1200 rpm is nearly similar with the variation at 10 Nm and 2000 rpm. But, Fig. 4 and Fig. 5 
indicate to not be equal of heat transfer coefficients and heat flux at the same conditions.  

 

 
1200 rpm 

 
2000 rpm 

Figure 4. Variation of heat transfer coefficient with respect to crank angle 

Fig. 4 demonstrates the variation of heat transfer coefficient with respect to crank angle. It is seen that the heat transfer 
coefficient rise with increasing crank angle during the compression process. While the mean peak values are 1600-1800 at low 
speed conditions, they occur mean 1300-1600 at high speed conditions. So, the variation of heat transfer coefficients increases 
with decreasing engine speed on the contrary engine load. 

 
1200 rpm 

 
2000 rpm 

Figure 5. Variation of heat flux with respect to crank angle 

Fig. 5 indicates the variation of heat flux with respect to crank angle for low and high engine speeds. The heat flux at the start 
of combustion rises with increasing of crank angle. The mean peak values of heat flux under 10 and 20 Nm loads at 1200 rpm 
condition are 2.5 and 3.3 MW/m2, respectively. In case the 2000 rpm, the mean peak values of heat flux under the 10 and 20 
Nm loads are 2.7 and 3.5 MW/m2, respectively. While it is seen that the difference between mean peak values at the both 
speeds is nearly 0.8 MW/m2, the variation of heat flux at the 2000 rpm is higher than the variation at the 1200 rpm. 
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4 CONCLUSIONS 
In this work, the effects of engine speed and load on the heat transfer through combustion chamber wall have been obtained. 
The experimental measurements involved to 1200 and 2000 rpm engine speeds, and 25% (10 Nm) and 50% (20 Nm) engine 
loads. The variations of in-cylinder pressure and gas temperature, heat transfer coefficient and heat flux with respect to the 
crank angle are illustrated graphically and the following points have been reached: 

While in-cylinder pressure mean peak value is nearly 65 bars at 10 Nm-1200 rpm and 20 Nm-2000 rpm, the heat flux on 
cylinder wall are 2.5 and 3.5 MW/m2, respectively. As can be seen from this result in-cylinder pressure is not directly related 
to cylinder wall heat flux. 

Although the variations of in-cylinder pressure at 1200 rpm are higher than the variations of in-cylinder pressure at 2000 rpm, 
the variations of heat flux at 1200 rpm are lower than variations of heat flux at 2000 rpm. As a result, even if the in-cylinder 
pressure is higher, the cylinder wall heat transfer can be lower.     
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Moving Object Detection Using an Adaptive 
Background Modeling in Dynamic Scene 

M.Fatih Savas*1, Huseyin Demirel1, Bilgehan Erkal1 

Abstract 
Determination of moving foreground objects in dynamic scenes for video surveillance systems is still a problem can not be 
resolved exactly. In the literature; pixel-based, block-based and texture-based methods have been proposed  to solve this 
problem. The method we propose will be block-based method which can be applied to real time in dynamic scenes. We have 
created non-overlapped  blocks with the averages the pixels in the gray level. We used this average value to generate the 
background model based on a modified original KDE (Kernel Density Estimation) method. To determine the moving 
foreground objects and  to update background model, we use an adaptive parameter which is determined  according to  the 
number of changes in the state of this pixel during the last N frames. Performance evaluation of the proposed method is 
tested by background methods in literature without applying post-processing techniques. Experimental results demonstrate 
the effectiveness and robustness of our method. 

Keywords: Background modeling, Moving object, Background update, Adaptive threshold. 

1 INTRODUCTION 
Background modeling, which aims to classify each pixel as foreground and background, is one of the important processes of 
video surveillance system. It is a difficult process to determine moving objects in outdoor scenes such as waving trees, 
rippling water, moving shadow, illumination changes, camera jitters. Most of the studies conducted in recent years aim to 
minimize the effect of these changes which make difficult to detect efficient moving foreground. Wren et al [1]. have updated 
the parameters of the function regularly by creating a background model with single gaussian structure. However, this method 
is inadequate for dynamic background conditions. Gaussian mixture model (GMM) was proposed by Friedman and Russell 
[2]. and they updated the estimates by using incremental EM. In order to deal with complex scene changes, Stauffer and 
Grimson [3].expressed GMM with online k average approach. KaewTraKulPong and Bowden’s [4]. approach based on 
Mixture of Gaussians (MOG) improves adaptive background mixture model. To cope with background noise and illumination 
changes problems, Yan et al [5]. proposed a dynamic learning object determination which  synthesizes the methods of 
background subtraction and adjacent frame difference.  

Kim et al [6]. offered a structure called the codebook for real-time applications in one of the studies aimed at coping with the 
multimodal backgrounds. In this structure, by quantizing sample background values of each pixel into the codebook, he 
updated these codes in certain periods. In this structure, the codes which couldn’t be reached for a long time are removed from 
the code table. To reduce the number of process, by using the color difference, Tu et al [7]. modelled the background with 
boxed based codebook method. Although codebook structure offers an effective solution for dynamic background modeling, it 
is not fast while modelling. Maddalena et al [8]. proposed an adaptive learning rate in a neural network background modeling, 
a self-organizing method that does not contain a prior knowledge and model automatically background. 

Elgammal et al [9]. proposed a non-parametric structure by the certain number of framers he accumulated for background 
modeling that expresses the color distribution of pixels with gaussian function . To eliminate the disadvantages of this 
structure, adaptive and less computational burden of parzen window structure is used. Ianasi, et al [10]. proposed recursive 
density estimation with mean shift based mode to reduce the complexity of nonparametric kernel density estimation method. 
Tanaka et al [11]. proposed a fast PDF calculation function of structure by updating the PDF which  partially estimated from 
the previous frame. By using HSV color values and gradient information, Park et al [12]. created the classification of 
background or foreground with Bayesian decision rule. Cuevas et al [16]. proposed a real-time spatial-temporal non-
parametric method. To create background modeling in this method, by using both spatial and temporal data of pixels, they 
increased system's immunity to noise. Hoffman et al [13]. proposed the Pixel-Based Adaptive Segment (PBAS) structure by 
updating the background model which was created as non-parametric, with learning parameters. 
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Recently, Heikkila et al [10]. have proposed the texture-based background  model by using local binary pattern.  Although this 
method is effective against illumination changes, it is not strong in the uniform region. To eliminate the disadvantages of LBP 
method, which is inadequate in uniform regions. Yao and Odobez [14]. created background modeling by RGB color feature. 

2 PROPOSED METHOD 
Memory burden and process time are the problems that must be solved in Real-time applications. Lee and Park [15]. modified 
the KDE model to solve this problem. In our study, we based on  the modified KDE model for background model. 

Moving objects such as sudden illumination change, waving trees, rippling water in the dynamic scenes create too much noise 
for the background model. To reduce the amount of noise and the computational burden, we connected the pixels by averaging 
pixels as nxn blocks. These pixel blocks are used for the background model and adaptive parameters. To build an adaptive 
parameter, we used the counter structure which adaptive Casares et al [16]. used in their studies. By this parameter, the 
foreground determination and the background update was made. While updating the model, each block is continually involved 
in background model. Then, normalization process was performed to equal the area to 1, which is under the model's 
probability function. 

2.1.Background Subtraction Method 
In background determination algorithms, authors mostly focused on the models such as efficient usage of storage space, 
reducing process time. Two problems must be solved to use the background model in real-time applications. These problems 
are; storage space and processing time. In real-time applications, to reduce the processing burden and to use the storage space 
efficiently, pixels are used as gray level and background model is updated as adaptive. But one of the disadvantages of 
processing at gray level is that it is open to the noise came up on stage. 

A picture frame with the resolution of 160x120 size is made up of 19200 pixel. If these pixels are composed of RGB value, 
more time and more storage space is required. Processing on these pixels bring a lot of load on the system both in terms of 
time and the requirements for storage space. Therefore, to create a minimum level for processing time and storage space, the 
background model we propose was in gray level. However, in literature,  to minimize the disadvantage of grayscale structure, 
kernel density estimation based model which offers an effective solution to background modeling  was used. 

Lee and Park [15] created the background model as pixel based. In our study, we  put the average values created as 2x2 blocks 
in bins in background model. Instead of evaluating pixels’ membership value for bins as 1 or 0, probability values are 
calculated according to the distance of bins from the center. 

 

I(x, y) I(x,y+1) 

I(x+1,y) I(x+1,y+1) 

 

Figure 1. 2x2 block 

𝐼(𝑥, 𝑦) represents the gray level value of each pixel in the image frame. Pixels in the image frame were joined by averaging as 
2x2 non-overlap blocks. As computational, mean filter structure which requires less burden is used equation 1. 

𝜇(𝑥, 𝑦) = 1
𝑛𝑥𝑛

∑ ∑ 𝐼(𝑥, 𝑦)𝑛
𝑦=1

𝑛
𝑥=1                       (1) 

where μ (x, y),  is the average value of the pixels in nxn block. 

The following figure shows the change of the pixel at location (39,80) in the time interval 0-30 seconds and shows the gray 
level changes of the pixels averaged at location (39 + x,80 + y) in the time interval 0-30 seconds from the Wallflower dataset's 
WavingTrees test sequences. Here x,y={0,1} 
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Figure 2. I(39,80) pixels and 39 + x ,80+ y  block of pixels in the range of 0-50 times the change in gray level chart 

 

The following equation 2. shows the function we used for the background model. 

𝑝𝑡(𝐶𝑘) = 1

�2𝜋�
𝐵𝑑
2 �

2 𝑒𝑥𝑝 �− 1
2

� 𝐶𝑘−𝜇𝑡(𝑥,𝑦)
𝐵𝑑
2

�
2

�                                                                                     (2) 

In equation 2, for each block, the histograms are formed in the width of 𝐵𝑑 by bins.𝐶𝑘 is the central point of kth bin which 
belongs to  nxn block pixel, 𝑝𝑡(𝐶𝑘) is the probability value of block pixel at time index t.  

2.2.Adaptive Threshold Parameter 
Determining the fixed threshold used for the determination of moving objects in dynamic scenes is difficult. If less values are 
selected as the parameter, the image may contain a lot of noise, if a large value is selected as the parameter,  some values from 
the image may be lost. To overcome this problem, we created threshold as adaptive in our study. Adaptive threshold is created 
by counter structure counting the change in each pixel. This counter structure was used to reduce the computational burden. 

In this structure, the parameter of �𝑥 , 𝑥 ∈ {�1,2,3}� is the maximum value of a counter can count that determined by the user. 
𝐶𝐶𝑛, 𝑛 ∈ {�1,2,3}� shows the number of counter  belonging to a pixel. The value of a counter is incremented by 1 at change of 
each pixel’s state. After counting the frame number to be counted, counter values are sequentially reset [16].The value of 
counters increase or decrease according to the rate of pixels’ state changing. 𝜏(𝑥, 𝑦) = 𝐶𝐶1(𝑥, 𝑦) + 𝐶𝐶2(𝑥, 𝑦)+𝐶𝐶3(𝑥, 𝑦) ) is 
formed by the total value of counter of pixels. The parameter values of the pixels in moving regions take large τ value, τ 
values of the pixels in quasi-static area take small values. By this approach, at any time index t, we can determine the change 
number of pixels in past N frame. 

2.3.Background Update 
The following formulate is used for updating the background model. α is the fixed updating parameter. While updating , all 𝐶𝑘 
values aren’t calculated, only bins interval 𝑝𝑡�𝐶(𝑘−2)� and  𝑝𝑡�𝐶(𝑘+2)� are updated by considering bins interval 𝑝𝑡�𝐶(𝑘±2)� 
[15].The following equation 4. 

𝑝𝑡(𝐶𝑘) = �̂�𝑡−1(𝐶𝑘) + � 1
𝛼+100.𝜏

� 1

�2𝜋�𝐵𝑑
2 �

2 𝑒𝑥𝑝 �− 1
2

� 𝐶𝑘−𝜇𝑡(𝑥,𝑦)
𝐵𝑑
2

�
2

�                                                                                          (4) 

2.4.Foreground Detection 
Determination of moving objects in dynamic scenes depends on a robust background modelling  structure and the value of 
parameter to be determined. While determining the foreground, the distance between the bin center which has the largest 
possibility value at histogram and 𝜇𝑡(𝑥, 𝑦) is taken into consideration. Equation 5. 
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒|𝐶𝑘 −  𝜇𝑡(𝑥, 𝑦)| ≤ 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 + 𝜏                                                                                                                               (5) 

If the absolute value difference between 𝐶𝑘, which has the largest possibility value at histogarm and the average value 
calculated at t time of 𝜇𝑡(𝑥, 𝑦)  is bigger than threshold, foreground is determined. Equation 6. 

𝐼(𝑥, 𝑦) �            𝐹𝑜𝑟𝑒𝑔𝑟𝑜𝑢𝑛𝑑                 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒|𝐶𝑘 −  𝜇𝑡(𝑥, 𝑦)| ≤ 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 + 𝜏       
𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑                                                                       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

�                                                             

(6) 
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3 RESULTS AND DISCUSSION  
We tested the performance of our method by wallflower [17]. and Li [18]. datasets. We compared our proposed method with 
Mixture Of Gaussian V1BGS [4], Pixel Based Adaptive Segmenter [13]. and T2FGMM_UM [22].methods from  BGSLibrary 
which was created by Andrews Sobral [19]. Three different binary classification measurement methods were used while 
comparing methods. These methods are precision, recall and F-measure. When the recall and precision values are high, it 
shows that the performance is high. F-measure is the weighed harmonic average of recall and precision [20]-[21].Equation 7. 

 

𝑟𝑒𝑎𝑐𝑙𝑙 = 𝑇𝑃
𝑇𝑃+𝐹𝑁

       𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = 𝑇𝑃
𝑇𝑃+𝐹𝑃

       𝐹 =   2.𝑟𝑒𝑐𝑎𝑙𝑙.𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛
𝑟𝑒𝑐𝑎𝑙𝑙+𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛

                                                                                             (7) 
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Figure 3.Experimental Results 
 

 
Figure 4.The recall results obtained with the proposed scheme and other methods for the Li and wallflower dataset. 

 

 
Figure 5.The precision results obtained with the proposed scheme and other methods for the Li and wallflower dataset. 
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Figure 6.The f-measurement results obtained with the proposed scheme and other methods for the Li and wallflower dataset. 

 

Recall, also known as detection rate, gives the percentage of detected true positives as compared to the total number of true 
positives in the ground truth, where TP is the total number of true positives, and FN is the total number of false negatives, 
which accounts for the number of foreground pixels incorrectly classified as background. Precision, also known as positive 
prediction, that gives the percentage of detected true positives as compared to the total number of pixels detected by the 
method, is generally used in conjunction with the recall. Where FP is the total number of false positives. 

For five test videos, an evaluation was carried out between the models by calculating Recall, Precision and F measurement 
values. In test images, no post-processing technic application is performed. Test sequences are Camufalge, Curtain, 
WaterSurface, Fountain and WavingTrees. Some of these test sequences include continuously changing dynamic background, 
some of them include changing dynamic background at certain times. These test sequences have the frames with a size of 160 
x 120 and 160x128. 

The method we proposed in the measurements carried out with these test sequences, obtained robust results in most test data. 
When the WavingTrees scene was compared with other methods, the amount of noise was seen much more. These noises can 
be reduced according to the threshold parameter chosen in the process of determining foreground. On the contrary, reducing 
the noise can cause incorrectly classifying of some pixels belonging to foreground object. In T2FGMM_UM method, the 
amount of noise was reduced, but pixels belonging to foreground object were evaluated as background. In WaterSurface test 
sequence, as it is seen in the test data obtained via MOGV1BGS method, if the background model adapts to the scene very 
fast, the  continuance of stopped objects moving at the scene on the screen will be less. The disadvantage of Pixel Based 
Adaptive Segmenter method which gets similar performance values as our proposed method, it contains too many parameters.  

4 CONCLUSIONS 

In our study, we created an effective model for real time applications by modifying KDE structure of Lee and Park [15]. By 
dealing with background model as gray level blocks nonoverlap, we reduced both the memory area requirement for model and 
the time needed for processing pixels. We determined the adaptive parameter by using counter structure of Casares et al. [16], 
and by determining the condition changing number of pixels in N frame that past at any t time. Thus we created an effective 
background modeling at grey level in dynamic scenes. The weak point of this method is, as a single band was used for 
background modeling it can’t exactly discriminate the foreground and the background. As background model was created 
block-based, image belongs to foreground object is coarser than the pixel based methods. In future work, we are going to use 
this method for RGB band. Test data shows that, our study carried out for single color band is valid.    
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Effect of Washing with Acidified Sodium Chlorite 
(ASC) on Quality of Whole Mushroom (Agaricus 

bisporus) 
Fatih Tarlak1*, Murat Ozdemir1, Mehmet Melikoglu1 

Abstract 

Button mushrooms (Agaricus bisporus) are widely consumed all over the world owing to their 
characteristic taste, aroma and nutritional value. Unfortunately, the shelf life of mushroom is very 
limited as compared to most vegetables especially at room temperature. In addition, mushrooms can 
easily be contaminated with microorganisms during their growth and processing. Pseudomonas spp. is 
the most common spoilage organisms in mushrooms, and the initial count of Pseudomonas spp. on 
cultivated mushrooms is quite high, ranging from 6.9 to 7.8 log CFU/g. Pseudomonas spp. can be 
reduced, and shelf life can be prolonged by washing the mushroom with acidified sodium chlorite (ASC) 
solution. The concentration of washing solution and the treatment time are important factors which can 
adversely affect the colour and texture of mushroom. Therefore, there exists an optimum washing 
concentration and washing time in which maximum microbial inactivation occurs, but the colour and 
texture are not adversely affected. The main objective of this work was to determine the optimum ASC 
concentration and washing time on the quality parameters (microbial load, colour and texture) of fresh 
whole mushroom. For this purpose, the whole mushrooms were washed with 0.2-1.2 g/L of ASC solution 
for 2-10 minutes. Pseudomonas spp. inactivation was the highest when the mushrooms were washed 
with 1 g/L of ASC solution for 2 minutes in which colour and textural properties were very close to the 
fresh form. Results show that optimum washing conditions could be used in the mushroom industry to 
extend the shelf life of mushrooms. 

Keywords: Acidified sodium chlorite (ASC), optimization, washing, whole mushroom 

1. INTRODUCTION 
The cultivated button mushroom (Agaricus bisporus) is the most common edible mushroom in the world. Agaricus bisporus 
has a very short shelf life because it has no cuticle to protect it from physical or microbial attack [1]. After being harvested, 
mushrooms can be stored only for 1-3 days in the fresh form and lose their commercial value within a few days, because of 
their high moisture (almost 90%) and enzyme content [2], [3]. This is the biggest limitation of their industrial development 
since the short shelf life restricts export potential. One or two extra days of shelf life would compensate for time in transit; 
subsequent extra days of shelf life would give more flexibility to processors, retailers and consumers [1]. 

Mushrooms can be easily contaminated with microorganisms during growing and processing. The initial count of 
microorganism on cultivated button mushroom is quite high, ranging from 6.9 to 7.8 log CFU/g [4], [5]. In order to extend 
shelf life of mushroom and to reduce high initial microbial count of mushroom, they need to be washed with anti-microbial 
agents that do not adversely affect their sensorial and organoleptic quality [6]. In the last decade washing mushrooms has 
gained commercial popularity as a means of improving appearance by removing casing soil particles and increasing shelf life. 
Significant research has been conducted to develop washing processes with many anti-microbial and anti-browning 
compounds such as, hydrogen peroxide [1], sodium hypochlorite [4], citric acid [6], malic acid [7], acetic acid and ascorbic 
acid [8].  

The effect of washing treatment is basically based on washing concentration and time. Normally, as washing concentration 
and time are increased, anti-microbial effect increases to certain extend. After a point, anti-microbial effect maintains the same 
although washing concentration and time are increased. Furthermore, this adversely affects sensorial and organoleptic 
properties of mushrooms. Therefore, the optimum washing process conditions can be determined. If effective washing 
processes with anti-microbial and anti-browning agents could be found, combining with proper packaging techniques, could 
further increase the market value of mushroom [9]. Although significant amount of studies related to extending shelf life of 
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mushrooms were performed, the shelf life of mushrooms is still limited. Therefore, it is necessary to investigate the alternative 
antimicrobial solution to reduce high initial microbial count of mushrooms and to prolong their shelf life. 

The main objective of this work was to determine the optimum ASC concentration and washing time for the quality 
parameters (colour, microbial load and texture) of fresh whole mushroom. For this purpose, the whole mushrooms were 
washed with 0.2-1.2 g/L of ASC solution for 2-10 minutes and the effect of washing processes on microbial load, colour and 
texture of mushrooms were assessed.  

2. MATERIALS and METHODS 

2.1. Preparation of food and antimicrobial solution 
The cultivated button mushrooms (Agaricus bisporus) were obtained from MUPA Agriculture and Industry Incorporated 
Company (Izmit, Kocaeli, Turkey). The mushrooms were harvested at the closed cap stage with the cap diameter of 3.5-4.5 
cm. After harvesting, mushrooms were immediately transported to the laboratory. Then, mushrooms cleaned with distillate 
water, stapeses were trimmed at 1 cm. 

Acidified sodium chlorite (ASC) was prepared by mixing sodium chlorite (SC) with citric acid immediately before application 
and used within 30 minutes. Different amount of citric acid was used to obtain ASC solutions with different concentration 
ranging from 0.2-1.2 g/L. Obtained ASC solutions with central composite experimental design, which was performed using 
statistical software (Minitab, v.16) and their pH values are shown Table 1. 

Table 1. Prepared acidified sodium chlorite solutions 

Run Order Time (minute) Sodium Chlorite (g/L) Citric Acid (g/L) pH 
1 6.00 0.70 3.00 2.71 
2 6.00 0.70 3.00 2.71 
3 10.00 0.70 3.00 2.71 
4 2.00 1.20 0.00 10.12 
5 6.00 0.70 3.00 2.71 
6 6.00 0.70 0.00 9.88 
7 2.00 0.20 6.00 2.50 
8 2.00 0.20 0.00 9.30 
9 6.00 0.70 3.00 2.71 

10 10.00 1.20 0.00 10.12 
11 2.00 0.70 3.00 2.71 
12 10.00 0.20 0.00 9.30 
13 6.00 0.20 3.00 2.66 
14 6.00 0.70 6.00 2.52 
15 2.00 1.20 6.00 2.57 
16 6.00 1.20 3.00 2.78 
17 6.00 0.70 3.00 2.71 
18 10.00 0.20 6.00 2.50 
19 10.00 1.20 6.00 2.57 
20 6.00 0.70 3.00 2.71 

As can be seen from Table 1, twenty different washing treatments were performed and it was investigated to the effect of these 
treatments on colour value, texture value and the load of Pseudomonas spp. of whole mushrooms.  

2.2. Colour measurement 
The colour of whole mushrooms was determined using a Chroma Meter (CR-400, Konica Minolta Inc., Tokyo, Japan) 
equipped with D65 illuminant. Prior to colour measurements, the chroma meter was calibrated with its white calibration tile 
(Y=86.6 x=0.3188 y=0.3364). The 𝐿∗𝑎∗𝑏∗ colour analysis was performed randomly via twenty different measurements from 
the external surfaces of whole mushrooms. Colour assessment was performed using 𝐿∗ values of mushroom surface. The 
results were given as the average of twenty measurements. 

2.3. Microbiological analyses 
Twenty-five grams of mushrooms were aseptically weighed and homogenized using Stomacher (Interscience, Bag Mixer 
400VW, USA) at high speed for 2 min by adding 0.1% 225 ml of sterile peptone water. Serial dilutions (10-1-10-6) were made 
in serial tubes by taking 1 ml sample with 9 ml 0.1% of sterile peptone water. Pseudomonas spp. which already exists on 
natural microflora of mushrooms was determined in King's B medium [10], with an incubation temperature of 25°C for 48 
hours. Each experiment was repeated three times and the average of three measurements was expressed as the colony forming 
units per gram whole mushroom (log10 CFU/g).2.4. Texture measurement 
The firmness of whole mushrooms was measured using TAPlus texture analyser (TA1, Lloyd, USA) equipped with a load cell 
of 250N. Cylindrical probe with a 12.5 mm diameter was used with the constant speed of 2 mm/s and the contact force of 0.5 
N. Samples were penetrated to a depth of 5 mm. The maximum force (Newton, N) was expressed as the firmness of 
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mushroom. Due to the hardness of stipe, this was removed each piece, measuring only the firmness of the cap. Seven samples 
were analysed for one experiment and the results were given as the average of seven measurements. 

3. RESULT AND DISCUSSION  
Whole mushrooms were separated into twenty groups with respect to their washing treatments and  following quality 
parameters of mushrooms were analysed; i) colour, ii) microbial quality and iii) texture. Details of the results were explained 
in the following subsections. 

3.1. Colour measurement 

Normally, visual colour assessment of mushrooms is expressed with respect to their colour values (𝐿∗) individually, [11]. If  
𝐿∗ value of mushrooms is less than 80, wholesalers cannot accept them [11]. In this regards, to determine the effects of 
washing treatments on colour quality of mushroom (𝐿∗) were assessed after washing application. Figures 1-2 show the change 
of  𝐿∗ values on whole mushrooms at different washing treatments. 

 
Figure 1. The effect of time and concentration of washing treatments on 𝐿∗ values of whole mushrooms 

 
Figure 2. The effect of pH and concentration of washing treatments on 𝐿∗ values of whole mushrooms 

 

As can be seen from Figures 1-2, 𝐿∗ value of mushrooms decreased with increasing washing time and decreasing pH value. 
These colour results simply mean that the washing time could be decreased as much as possible and could be avoided from 
acidity, in order to increase 𝐿∗ value of mushrooms. 
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Table 2 show that linear, quadratic and cross product terms affect significantly (p < 0.01) the 𝐿∗ value of mushrooms. The 
value of lack-of-fit is higher than 0.05 and determination of coefficient value is higher than 0.99. These mean that the 
prediction performance of response surface model has high reliability for  𝐿∗ value of mushrooms.  

Table 2. Analysis of variance for Colour value (𝐿∗) 

Analysis of Variance Colour value (𝐿∗) 
Source  DF Adj SS Adj MS F-Value P-Value 
Model  9 395.5 43.9 596.6 0.000** 
Linear      3 136.4 4.5 617.1 0.000** 
Quadratic 3 255.7 85.2 1157.3 0.000** 
Cross product 3 3.4 1.1 15.4 0.000** 
Lack-of-Fit   5 0.6 0.1 4.7 0.058 
Pure Error  5 0.1 0.0  
Determination of Coefficient                      R2 =0.9981     
** Significant at p < 0.01. 
*Significant at p < 0.05. 

3.2. Microbiological analyses 
The microbial load on mushrooms is one of the most important parameters affecting their shelf life. According to [12], the 
microorganism usually responsible for spoilage of mushrooms are gram-negative bacteria, belonging particularly to the 
Pseudomonas spp. Therefore, it was determined that the effects of washing treatments on the load of Pseudomonas spp. on 
whole mushroom. Figures 3-4 show the change of load of Pseudomonas spp. on whole mushrooms at different washing 
treatments. 

 
Figure 3. The effect of concentration and time of washing treatments on the load of Pseudomonas spp. on whole mushrooms 
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Figure 4. The effect of pH and time of washing treatments on the load of Pseudomonas spp. on whole mushrooms 

 

As can be seen from Figure 3-4, the load of Pseudomonas spp. on whole mushroom generally decreased with increasing 
washing time and pH value. These results simply mean that the washing time and acidity of sodium chlorite could be 
increased as much as possible, in order to decrease the count of Pseudomonas spp. on whole mushrooms.  

Table 3. Analysis of variance for the load of Pseudomonas spp. log10 (CFU/g) 

Analysis of Variance Pseudomonas spp. log10 (CFU/g) 
Source  DF  Adj SS Adj MS  F-Value  P-Value 
Model  9 52.8 5.9 65.9 0.000** 
Linear      3 34.3 11.4 128.3 0.000** 
Quadratic 3 15.3 5.1 57.1 0.000** 
Cross product 3 3.3 1.1 12.4 0.001** 
Lack-of-Fit   5 0.7 0.1 3.1 0.117 
Pure Error  5 0.2 0.0  
Determination of Coefficient                      R2 =0.9834     
** Significant at p < 0.01. 
*Significant at p < 0.05. 
 
Table 3 show that linear, quadratic and cross product terms affect significantly (p < 0.01) the load of Pseudomonas spp. on 
mushrooms. The value of lack-of-fit is higher than 0.05 and determination of coefficient value is higher than 0.98. These mean 
that the prediction performance of response surface model has high reliability for the load of Pseudomonas spp. on 
mushrooms.  

3.3. Texture measurement 
Texture analysis is a testing of physical characteristics of food products, and it gives valuable information about their tactile 
properties such as firmness. Because tactile properties of mushroom affect consumers' sensory perception and their 
acceptance, texture analysis was performed to evaluate freshness of mushroom. Figures 5-6 show the change of texture value 
of whole mushrooms at different washing treatments. 
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Figure 5. The effect of time and concentration of washing treatments on the hardness value of on whole mushrooms 

 
Figure 6. The effect of time and pH of washing treatments on the hardness value of whole mushrooms 

As can be seen from Figure 5-6, the harness value of whole mushroom generally decreased with increasing washing time and 
decreasing pH value. These results simply mean that the washing time could be decreased as much as possible and could be 
avoided from acidity of acidified sodium chlorite, in order to increase the hardness of whole mushrooms. 

Table 4 show that linear and quadratic terms (p < 0.01), and cross product terms affect significantly (p < 0.05) on hardness 
value of mushrooms. The value of lack-of-fit is higher than 0.05 and determination of coefficient value is higher than 0.98. 
These mean that the prediction performance of response surface model has high reliability for the hardness value of 
mushrooms.  

Table 4. Analysis of variance for the hardness value (N)  

Analysis of Variance Hardness (N) 
Source  DF  Adj SS Adj MS  F-Value  P-Value 
Model  9 505.6 56.2 52.7 0.000** 
Linear      3 442.2 147.4 138.1 0.000** 
Quadratic 3 49.9 16.6 15.6 0.000** 
 Cross product 3 13.6 4.5 4.2 0.036* 
Lack-of-Fit   5 5.4 1.1 1.0 0.496 
Pure Error  5 5.3 1.1  
Determination of Coefficient                      R2 =0.9793     
** Significant at p < 0.01. 
*Significant at p < 0.05. 
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The main objective of this study were to found the optimum washing treatment to extend the shelf life of mushrooms. For this 
purpose, the maximization of 𝐿∗ and hardness value of mushroom and minimization of the load of Pseudomonas spp. on 
mushroom were simultaneously selected as objective function. Figure 7 shows that the effects of washing conditions on 
quality parameters of mushrooms (colour value, the load of Pseudomonas spp. and hardness). 

 

 
Figure 7. The effect of significant washing conditions on three quality responses 

Each response was plotted against each significant factor using the predicted models to better understand the relationship 
between factors and responses (Figure 7). As shown, when the treatment time increased, the hardness of mushrooms decreased 
fairly linearly from 35.31 to 13.02 N. When sodium chlorite concertation increased to 1 g/L, the load of Pseudomonas spp. 
decreased and then levelled off. When citric acid concentration increased, initially colour value of mushroom decreased then it 
starts to increase and the maximum 𝐿∗ value of mushroom was obtained at the concertation of 6 g/L citric acid. When all 
results are taken in to consideration, sodium chlorite 1 g/L and citric acid 6 g/L for 2 minutes of processing time were 
determined as the optimum washing process conditions. 

4. CONCLUSIONS  

In this work, the main objective of this work was to determine the optimum ASC concentration and washing time for the 
quality parameters (microbial load, colour and texture) of fresh whole mushroom. When compared to different washing 
treatment conditions, Pseudomonas spp. inactivation was the highest when the mushrooms were washed with 1 g/L of ASC 
solution for 2 minutes in which colour and textural properties were very close to the fresh form. Results show that optimum 
washing conditions could be used in the mushroom industry to extend the shelf life of mushrooms. 
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Evaluation of Consulting Firms Selection in 
Construction Projects by Using Fuzzy Logic 

Aynur Kazaz1, M. Talat Birgonul2, Hakan Kaplan1, Turgut Acikara1, Bayram Er1 

Abstract 
Construction industry brings different specialization-required disciplines together in a common project. This circumstance 
complicates finishing a project within a desired time, cost and quality. In recent years, especially non-sector investors have 
started to employ consulting firms for the design and management of the projects to overcome this problem. Unlike 
contractor selection process, consulting firm selection process is too complicated for a cost-oriented evaluation. In this 
sense, different organizations such as International Federation of Consulting Engineers (FIDIC) developed new bidding 
systems for contractor selection. “Quality and Cost Based Selection” (QCBS), which allows to evaluate quality and cost of 
the bids concomitantly, is one of the widely used system in construction industry. In this study, it was aimed to determine 
which criterions are prioritized in QCBS system by using fuzzy logic. In this context, data of 65 bids belonging to 13 
different tenders were investigated and a fuzzy model consisting of 3 input and 1 output variable was developed. The results 
revealed that, in general consulting firms, which are invited to the tenders, ensures the quality criterions and cost criterion 
determines the selection.   

Keywords: Consulting firm selection, fuzzy logic, fuzzy set theory, construction management 

1 INTRODUCTION 
The construction industry consists of different project types such as building, highway, dam etc. which are constructed for 
different purposes and requires different expertise. In addition, numerous activities in each project type and different resources 
with different characteristics used in these activities, forces the project participants to specialize in a specific area. In this 
sense, the construction industry can be defined as an interdisciplinary sector with a wide range. Nowadays, due to this 
structure of the sector many project owners prefer to employ consulting firms for the design and management of the projects. 
Especially for the non-sector investors an effective consulting service is crucial to finish a project within its scope. In this 
context, “consulting firm selection” concept came to the fore in the sector and many institutions like International Federation 
of Consulting Engineers (FIDIC) made efforts to standardize the selection process.  

Unlike contractor selection, consulting firm selection is too complicated for a cost-oriented selection process. Although the 
price of consulting service is very low compared to the project cost, the success of design and inspection activities of the 
consulting firms will prevent time and cost overruns.  This circumstance, forced the institutions to develop new methods 
which enables to evaluate concurrently the quality and cost of the services.  

Quality and Cost Based Selection (QCBS), which was introduced by FIDIC is one of the widely used method. In this study, 
the data of 65 bids belonging to 13 different tenders, at which QCBS was used, were analyzed to determine the prioritized 
criterions in the selection process. 

2 QUALITY AND COST BASED SELECTION BID SYSTEM 

QCBS is a competitive method that enables to evaluate the quality of consulting services together with their costs. Besides 
inducing fewer errors, this method also reduces the contract cost by fewer claims and tender process cycles [1]. The evaluation 
of the proposals in this method is conducted in 3 steps.  In the first step the quality of the proposals are determined after 
technical evaluations. In context of technical evaluation; consultant firm’s project specific experience, methodology proposed 
for the project, key personnel who will be employed in the project, transfer of knowledge and participation by nationals are 
considered as criterions. Depending on the scope and features of the project for each criterion a score is determined where the 
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sum of these scores must be 100 (Table 1). As seen from the table, QCBS mainly focuses on methodology and key personnel. 
Actually, in most of the tenders transfer of knowledge is not evaluated.  

 

Table 1. Sample scores of criterions in QCBS 

Consultant’s specific experience 0-10 

Methodology 20-50 

Key personnal 30-60 

Transfer of knowledge 0-10 

Participation by nationals 0-10 

Sum 100 

 

In the second step the costs of the proposals which satisfy the quality requirements are evaluated. In general an inverse 
proportion approach is used for calculating the cost score of each proposal. In this context, the lowest proposal is scored as 
100 and the below shown formula is used for determining the cost scores of other participants.  

 

𝐹𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙 𝑆𝑐𝑜𝑟𝑒 =
𝑙𝑜𝑤𝑒𝑠𝑡 𝑝𝑟𝑜𝑝𝑜𝑠𝑎𝑙 𝑐𝑜𝑠𝑡

𝑝𝑟𝑜𝑝𝑜𝑠𝑎𝑙 𝑐𝑜𝑠𝑡
 𝑥 100 

(1) 

Finally, both scores obtained in the first 2 steps are combined and proposal scores of each participant are calculated. For this 
purpose different weight for both quality and financial scores are determined. Since quality is prioritized in QCBS the weight 
of financial score must be lower than weight of quality score. In common practice weight of cost is mainly taken as 20%.  

 

3 MODEL DEVELOPMENT 

After Zadeh [2] introduced fuzzy sets, fuzzy techniques become popular among many research areas in the past decades. In 
brief, fuzzy logic tries to imitate the human way of thinking [3]. In this context, humans are connected with computers by 
assessing linguistic statements with numerical values [4]. In classical set theory, each set has sharp boundaries [5]. Therefore, 
a variable whether belongs to a specific set or not. On the other side, in fuzzy set theory a variable can be a member of more 
than one set with different membership degrees at the same time [6]. This feature eases modelling complex problems 
encountered in real world. Fuzzy models are mainly developed based on the developer’s experience. Therefore real data is 
only needed for gaining experience and testing the validity of the model.  In this study, 65 proposals belonging to 13 different 
tenders in Turkey in which FIDIC documents were taken as a basis were investigated for the model development.  

Fuzzy rules are the conditional statements of the model which shows the correlation between input and output variables.  In 
this context, numerous input variables will increase the number of fuzzy rules and hence, extracting an answer for each rule 
becomes complicated. Therefore, in this study two assumptions were made to decrease the number of input variables; 

1. Methodology refers to the method that is proposed by consulting firms based on their previous experiences. In other 
words, methodology is an outcome of experience. In this context, it was assumed that there is a high correlation between 
methodology and experience of consulting firms and hence, these criterions were combined as a single variable in the 
model. 

2. Key personnel and participation by nationals are people-oriented criterions. In this sense, it was assumed that employing 
key personnel from nationals will provide an advantage for consulting firms.  Therefore, these two criterions were also  
combined as a single variable in the  model. 

Under these assumptions, a fuzzy model consisting of 3 inputs and one output named as “experience-methodology”, “key 
personnel-participation of nationals”, “cost” and “outcome”, respectively was developed (Figure 1). Since, the purpose was 
classification, Mean of Maximum (MOM) defuzzification method was used which extracts the output with the highest 
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probability. Maximum scores of “experience-methodology” and key personnel-participation of nationals” in these 13 
proposals were 40 and 60, respectively. Similarly, the weight of financial score was taken as 20% 

 

 
Figure1. Model structure 

 

In each input set 3 membership functions (unsuccessful, medium and successful) were used. The intervals of these functions 
were determined after examining the real data. Membership functions of each set and their intervals are shown in Figure 2, 3, 
4 and Table 2, respectively. Similarly, the outcome set included 2 membership functions named as “successful” and 
“unsuccessful” (Figure 5).  Since the model was consisted of 3 input sets and each set had 3 membership functions; 27 fuzzy 
rules were established which 6 of them extracted “successful” as the outcome.  

 

 

 

 

Figure 2. Membership functions of “experience-methodology” 
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Figure 3. Membership functions of “key personnel-participation of nationals” 

 
Figure 4. Membership functions of “cost” 

 

 

Table 2. Intervals of membership functions 

Sets Unsuccessful Medium Successful 

Experience-methodology 0-0-36,1 33,04-42,7-44,3 36,25-45-45 

Key personnel-participation of nationals 0-0-46,9 34,8-60,5-63,7 51,6-66-66 

Cost 0-0-76,3 54,7-93,3-96,84 83-100-100 
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Figure 5. Membership functions of “outcome” 

 

4 DISCUSSION OF RESULTS 
The aim of developing the model was to determine the prioritized criterions in the selection process. To validate the model, 
data of each proposal were tested and the model results were compared with the actual ones. All of the results extracted by the 
model overlapped with the actual ones and hence, the validity of the model was confirmed. 

In the model it was observed that in 3 successful rules “experience-methodology” was considered as “medium” where in 3 as 
“successful”. As can be seen from Figure 2, medium and successful membership functions were intensified between 36 and 
45.   The “experience-methodology” scores of 9 winners were placed in this intense area where the other 4 in 33-36 interval. 
The average “experience-methodology” scores and their standard deviation of all proposals were calculated as 34,95 and 3,60, 
respectively.  

Similarly, “key personnel-participation of nationals” was considered as medium and successful in 4 and 2 successful fuzzy 
rules, respectively. These two membership functions were intensified in 51-66 interval (Figure 3). In addition, all of the 
winners were placed in these intervals. The average score of this criterion was 58,25 with  a standard deviation of 4,43.  

Finally, in 2 successful rules “cost” was considered as medium where in 4 as successful. The intense area of these two 
membership functions was in 83-100 intervals (Figure 4). All of the winners were placed in this area and 7 of them also 
proposed the lowest cost in the tenders.  The average score and its standard deviation of this criterion were calculated as 78,01 
and 18,23, respectively.  

To summarize; among the criterions cost had the highest standard deviation. Similarly, experience-methodology and key 
personnel-participation of nationals scores of the winners were close to the average values of these criterions. Therefore, it can 
be deduced that the invited firms satisfied the quality requirements in general. In this context, although QCBS focuses mainly 
on the quality, the success of the bids depended on the proposed cost of the firms.  In other words, cost is the prioritized 
criterion in consulting selection processes.  

 

 

5 CONCLUSION  
The interdisciplinary nature of construction industry results in delays, cost overruns and quality losses in construction projects. 
To overcome these problems, especially non-sector investors have started to employ consulting firms for project design and 
management. In this context, many institutions such as FIDIC have developed new methods for standardizing the selection 
process.  QCBS is a widely used method which enables to evaluate the quality of consulting services together with their costs.  

In this study, it was aimed to determine the prioritized criterion in QCBS. For this purpose, 65 proposals belonging to 13 
tenders were investigated and a fuzzy model consisting of 3 input and 1 output was developed. Real data of these 65 proposals 
were tested in the model and 100% success was achieved. The results of the study revealed that most of the participants 
satisfied the quality requirements and cost is the main criterion that determines the winner.  
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Motivation as a Tool for Ensuring Productivity 
Improvement in Turkish Construction Industry 

Aynur Kazaz1, M. Talat Birgonul2, Turgut Acikara1, Bayram Er1 

Abstract 
Recently, human resource, which is crucial to ensure productivity improvement, became one of the most important 
competition tools. Employing the labor force in an effective way will provide to benefit from the advantages of productivity 
improvement. In this aspect, determination and evaluation of the factors affecting labor productivity will ease the right 
employment of labor force. In the literature, there are numerous researches related with the factors affecting labor 
productivity. However, in most of these studies motivation theories were neglected and critical factors were not correlated 
with motivation schemes. The aim of this study is to correlate the factors affecting labor productivity in Turkey with 
motivation schemes. For this purpose a two-step study was conducted. In the first step, factors affecting labor productivity 
were categorized under 4 different factors groups named as organizational, economical, socio-physiological and physical, 
respectively and a questionnaire was administered to craft workers. The results of the questionnaires were evaluated by 
using Relative Importance Index (RII). In the second step, productivity improvement based on motivation theories was 
investigated by reviewing the literature. The results revealed that, the most important schemes for craft workers and 
managers were economical and organizational schemes, respectively 

Keywords: Construction Labor Productivity, Productivity Factors, Motivation Theories, Relative Importance Index 

1 INTRODUCTION 
Motivation can be simply defined as a driving force which directs human behavior for realizing a specific goal. Indeed, 
motivation is a psychological process which appears when a task is planned to execute for a given purpose or a specific wish 
is fulfilled [1]. In addition, for some researchers motivation is accepted as a human engineering approach which is stimulated 
by personnel requirements [2]. Depending on the factors motivation can be indigenous or exogenous. Intrinsic motivators 
create an internal desire in persons to perform a specific task while extrinsic motivators are awards that increases personal 
satisfactions. For example, self-fulfillment which arises due to high performance is an intrinsic motivator while incentive 
awards given to the craft worker for his high performance is an extrinsic one. 

The researches in the literature have proven the direct relation between motivation and productivity of craft workers [3].  High 
motivation is one of the most important factors that provide high productivity. Besides  

personal productivity, motivation also affects the productivity of team work [4-5]. Therefore, to increase job satisfaction and 
performance of craft workers, motivation concept must be extensively clarified and investigated [6]. Motivation methods for 
productivity increasing were structured by different authorities through considering applications of different human relations 
theories of motivation [7].width and other features. Please make sure that the use of other languages in figures and tables is 
avoided. Papers should be checked by a native English speaker with expertise in the field prior to submission. 

In today’s competitive environment, increasing labor productivity became an important goal for the construction industry. 
Therefore, determining the factors affecting craft workers’ motivation is crucial. In this sense many researches were conducted 
to determine the factors affecting labor productivity. However, in most of these studies motivation theories were neglected. In 
this study, it was aimed to evaluate the factors affecting labor productivity in Turkey within the context of motivation theories. 
For this purpose, first motivation theories in the literature were addressed and then factors affecting labor productivity were 
determined.  Since craft workers can better evaluate their own performances [8], their perspectives were used for determining 
these factors. Finally, these factors were evaluated by using Maslow’s hierarchy of needs theory. A better understanding of 
these factors by using motivation theories will ease to take precautions and hence, a more productive working environment 
will be created for the Turkish construction industry. 

2 OVERVIEW OF MOTIVATION THEORIES 
Since 1950s many motivation theories were developed for utilizing in the organizational behavior and management areas [9]. 
The most known and widely used motivation theories are Maslow’s Hierarchy of Needs Theory, Herzbergs’ Motivation-
Hygiene Theory, McGregor’s Theory X and Theory Y, Expectancy Theories of Vroom and Lawler and Ouchi’s Theory Z [10-
15]. Motivation theories are categorized under 2 groups named as content theories and process theories [16]. Content theories 
mainly focus on personal needs and determining the factors which are effective on acting or stopping some desired behaviors 

                                                           
1 Corresponding author: Akdeniz University, Department of Civil Engineering, 07058, Konyaaltı/Antalya, Turkey. akazaz@akdeniz.edu.tr  
2 Middle East Technical University, Department of Civil Engineering,06531,  İnönü Boulevard/Ankara, Turkey, birgonul@metu.edu.tr 
  

mailto:birgonul@metu.edu.tr


 
 
 

430 

 

in persons. On the other side, process theories deal with how and why personal factors are affected from each other during 
creating a specific behavior pattern.  In other words content theories seek an answer for “what” while process theories for 
“how” and “why”. 

Maslow’s Need Theory is one of the widely used content theories in the literature. This theory became an ideal typology for 
many sectors to understand motivation types because of its widely understood concept [17]. Indeed, many other content 
theories in the literature originate from Maslow’s Hierarchy of Needs Theory [17]. Maslow assumed that there are 5 basic 
needs which provide a basis for personal behaviors. In his theory he categorized desires and needs of human beings in an 
ascending order of importance as physiological, safety, affiliation and social needs, esteem needs and self-actualization needs, 
respectively. Needs groups and associated samples according to Maslow’s Hierarchy of Needs Theory are shown in Table 1 
[3, 17, 18, 19]. 

Table 1. Examples of classified needs 

Physological 
Needs Safety-Security Needs Social- Affiliation 

Needs Esteem-Needs Self-actualization 
Needs 

Salary Safe working 
conditions/environment Friendship Status The ability to reach 

one’s potential 

Housing Freedom from pain and 
threat İnteraction Prestige İndividual’s personal 

sense of achievement 

Food Job security Affection from 
friends and family Respect Feeling of self-

fulfillment 

Clothing Absence of illness Sense of belonging 
to a group Recognition Need for personal 

growth 

Water Shelter Relationship with 
others 

Positive 
feedback 

Creating challenging 
tasks that are 
stimulating 

Air Warmth Team work Opportunity for 
advancement 

 

Wage Stability 
Activities to develop 
relationship between 

co-workers 
  

Working 
conditions Sick pay    

In general, Maslow’s hierarchy of needs is likened to a pyramid where self-actualization and physiological needs are placed 
on the top and bottom, respectively (Figure 1). Needs in lower level are mainly affected by external factors while needs in 
higher level from internal ones. According to Maslow’s Hierarchy of Needs Theory people seek to be satisfied from the next 
level only after lower level needs are satisfied. Except esteem and self-actualization needs and as long as a sudden 
environmental change does not exist, the motivators will lose their effectiveness after the needs are satisfied in a certain level 
[20].  

 

 

Figure 1. Maslow’s pyramid of needs 
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Maslow’s Hierarchy of Needs Theory was a basis for many motivation practice and empirical researches in the literature [21-
27]. Schrader’s study was one of the preliminary studies related to this topic in which Maslow’s theory was applied to 
construction workers [21]. This study revealed that physiological and safety needs were not motivating factors for the workers 
[21]. Similarly, Hazeltine and Wilson stated that higher level needs were important for motivating construction workers [22-
23]. Olomaiye and Ogunlana, and Zakeri et.al. found out that factors related with financial income are the predominant factors 
for motivating the workers in both Nigerian and Iranian construction industries, respectively [24-26]. According to Kaming 
et.al. the higher levels in Maslow’s pyramid came forefront among construction workers in Indonesia [27]. In addition, it is 
also believed that the economic development level of a country affects the needs of the workers [24]. Accordingly, in 
developed countries the workers require the higher level needs of the pyramid for motivation where in developing countries 
lower level ones [25, 27]. 

3 METHODOLOGY 
Researches related with labor productivity have proven that factors affecting labor productivity vary from region to region. 
Therefore, region specific researches must be conducted for identifying and evaluating these factors. Kazaz et.al. identified 37 
different factors affecting labor productivity in the Turkish construction industry [28]. 18 of these factors were compatible to 
Maslow’s Hierarchy of Needs Theory. In this study it was assumed that considering workers’ opinions would provide a more 
proper evaluation of the factors within the context of Maslow’s Hierarchy of Needs Theory. In this sense, a questionnaire 
involving the 18 compatible factors was prepared and administered to 126 workers face-to-face. Each factor was organized on 
a 5-point Likert-scale where 1 and 5 represents “not significant” and “extremely significant”, respectively. During the 
interviews necessary interventions were made and thus, all questionnaire results were used in the statistical analysis. The 
factors were ranked by using the Relative Importance Index (RII) method which represents the relative importance of a 
variable among other ones. The numeral interval of RII method used for 5-point Likert scale is shown in Table 2. 

 

Table 2. Numeral Intervals of RII Methods 

Min RII Points Definition Max RII Points 
1,00 not significant (NS) 1,80 
1,80 somewhat significant (SS) 2,60 
2,60 Significant (S)  3,40 
3,40 very significant (VS) 4,20 
4,20 extremely significant (ES) 5,00 

The Test of Internal Consistency was used to determine the reliability of the questionnaire.  The Cronbach’s Alpha Reliability 
Test Method is the most widely used method to test the internal consistency. The Cronbach’s alpha value varies between 0 and 
1 and a questionnaire with a value between 0,600 and 0,900 is accepted as reliable [29]. 

4 DISCUSSION OF RESULTS 
The Cronbach’s Alpha Reliability Test Method was applied to the factors of each level in Maslow’s pyramid separately.  The 
Cronbach’s alpha values of physiological, safety, affiliation and social needs, esteem needs and self-actualization were 
calculated as 0,724, 0,702, 0,604, 0,642 ve 1, respectively. These results confirmed that the questionnaire was reliable. 

In Table 3 ranking and RII score of each factor are represented. As seen from the table “Working in social insurance” factor 
which is categorized under safety needs was the most effective motivator among the craft workers with a RII score of 4,68. 
This factor satisfies the safety needs by securing the future of workers and their family. The second and third most effective 
motivators were financial related factors named as “On-time payment” and “Amount of pay” with RII scores of 4,60 and 4,52 
respectively. The interesting fact in this result is that craft workers evaluated on-time payment more important compared to 
their wages. These two factors were categorized under physiological needs in Maslow’s pyramid. The least effective motivator 
according to craft workers was “Sharing problems and their results” factor which was categorized under affiliation-social 
needs with a RII score of 3,03. Although this factor has the lowest RII score it was evaluated as significant by the workers. 
According to Maslow’s pyramid the most effective motivators of Affiliation-Social Needs and Esteem Needs were “Quality of 
site management” and “Incentive payments and financial rewards” factors with RII scores of 4,39 and 3,98, respectively. The 
interviews conducted with the craft workers revealed that the quality of site management affects both their communications 
between the people and sense of belonging. On the other side, incentive payments and financial rewards are perceived as a 
positive feedback and accepted as a prestige indicator among the workers. “Work satisfaction” as the only factor investigated 
under self-actualization turned out to be very significant among workers with a RII score of 3,44. 

Table 3. RII scores of productivity factors 

Maslow’s Need 
Category Rank Productivity Factor RII Score RII Effect Level Factor Group 

Physiological Needs 

1 On-time payment 4,60 ES Economical 
2 Amount of pay 4,52 ES Economical 
3 Camping Conditions 4,51 ES Organizational 
4 Relaxation allowances 4,31 ES Organizational 
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Safety-Security 
Needs 

1 Working in social insurance 4,68 ES Economical 
2 Health and safety conditions 4,49 ES Socio-Physiological 
3 Discontinuity of work 4,18 VS Economical 

Affiliation-Social 
Needs 

1 Quality of site management 4,39 ES Organizational 
2 Social activity opportunities 4,17 VS Socio-Physiological 
3 Relations with workmates 3,55 VS Socio-Physiological 
4 Crew size and efficiency 3,45 VS Organizational 
5 Cultural differences 3,20 S Socio-Physiological 

6 Sharing problems and their 
results 3,03 S Socio-Physiological 

Esteem Needs 

1 Incentive payments and financial 
rewards 3,98 VS Economical 

2 Giving responsibility 3,53 VS Socio-Physiological 
3 Firm reputation 3,21 S Organizational 

4 Worker participation in decision 
making 3,04 S Socio-Physiological 

Self-actualization 1 Work satisfaction 3,44 VS Socio-Physiological 

 

In context of the study, all of the factors belonging to physiological needs had the impact degree of extremely significant. 
Indeed, the results revealed that the impact degrees of the factors change from extremely significant to significant as the need 
levels climbs from bottom to top. In Table 4 the mean RII scores of the  

factors investigated in the same need levels and their impact degrees are shown. As seen from the table, physiological and 
safety-security needs were perceived as extremely significant by the workers with RII scores of 4,49 and 4,45, respectively. 
This result proves that workers in developed and developing countries give importance to different needs in Maslow’s 
pyramid [25, 27]. Therefore, perceiving the factors in the lower levels as extremely significant in Turkey was an expected 
result of this study. 

 

Table 4. Ranking of Maslow pyramid levels 

Maslow 
pyramid level Maslow’ needs Number of  

investigated factors Rank Median RII 
score Effect level 

Level 1 Physiological 4 1 4,49 ES 
Level 2 Safety-Security 3 2 4,45 ES 

Level 3 Affiliation-
Social 6 3 3,63 VS 

Level 4 Esteem 4 4 3,44 VS 

Level 5 Self-
actualization 1 5 3,44 VS 

5 CONCLUSION 
Since motivation has a big impact on workers’ performance, many researchers give importance on investigating this topic 
[28]. In this aspect, many theories were developed about motivation. Maslow’s Hierarchy of Needs Theory formed a basis for 
many theories in the literature. This theory, allows understanding human behavior and identifying proper motivational 
strategies for motivating people. Therefore, evaluating the factors affecting labor productivity within the context of Maslow’s 
Hierarchy of Needs Theory will ease improving labor productivity in the Turkish construction industry. 

In this study, factors affecting labor productivity in Turkey were evaluated within the context of Maslow’s Hierarchy of Needs 
Theory. For this purpose 18 factors were categorized by considering Maslow’s pyramid and a questionnaire involving these 
factors were administered to 126 workers. RII method was used for ranking the factors associated with the questionnaire 
results. 

The results of the study revealed that in the Turkish construction industry workers perceive physiological and safety-security 
needs which are located at the bottom of Maslow’s pyramid as extremely significant. Therefore, to improve labor productivity 
management has to consider the factors belonging to these needs. Evaluating the lowest levels in Maslow’s pyramid as 
extremely significant, which supports the results of the other studies in the literature, was an expected result for Turkey as a 
developing country. 
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Some Mechanical and Physical Properties of Plum 
Fruit 

Selen Alniak Sezer1, Mustafa Cetin2, Hulya Dogan3 

Abstract 
Exploration in the determination of physical and mechanical properties of plum fruit; a total of 18 Da, built in an area and 
plum of fruit in (Prunus cerasifera Ehrh.) situated manufacturer in the garden in the town of Aydın in Umurlu three different 
harvest period (April 15th - May 1st, May 15th) was carried out. This study aimed to determining the physical and mechanical 
properties of plums, during different harvest period moisture content, fruit length, width, thickness, geometric mean values 
of diameter, sphericity, shape index, bulk density, true density, mass, porosity, projection area, and some physical features 
detachment force compression behavior under load and damage in different situations, such as falls from heights on 
different surfaces were some of the mechanical properties. The first harvest from the last harvest until the fruit weight and 
size were generally tends to increase. Plum of fruit mass of 5.491 g with 20.028 g for (throughout) the harvest period, fruit 
length of 22.92 - 30.01 mm, fruit width 20.84 - 28.88 mm, thickness 20.28 - 27.54 mm,  shape index  were found between 
1.11 - 1.09. Moisture range is 15.22% with 20.86% of the range, bulk density during the harvest period 359.30 mm3 with 
278.88 mm3 decreases from and true density increased during the harvest period. Plum of fruit in different harvest periods 
0.5 m -1.5 m - 2.5 m in height when he was thrown from injury volume was measured respectively, 0186 mm3, 0.452 mm3, 
0.836 mm3. With the increasing height of fall generally have increased sensitivity to shock damage. According to this study 
the deformation of the second harvest period (May 1st); the other two harvest period (April 15th - May 15th) was determined 
to be less than. 

Keywords: Harvest Period, Physical Properties, Plum, Mechanical Properties 

1 INTRODUCTION 
Plum fruit is a drupe fruit (with a smooth stone/pit) which is from the Prunophore sub-genus of Prunus genus, from 
Prunoideae sub-family of Rosaceae family, which is from the order of Rosales. It is known that there are nearly 2000 types of 
fruits which belong to Prunus genus distributed all around the world and the majority of these fruits are located in the northern 
hemisphere. Plum fruits can be divided into three main groups according to their gene centers, which include European-Asian, 
Far East and American. The European-Asian species which also include the breeds in our country are also sub-divided into 
three groups which are Green Plums (Prunus cerasifera Ehrh.) (Papaz, Bekiroğlu, Aynalı), European plums (P. domestica L.) 
(Karagöynük, Köstendil, Üryani, A'Agen, Giant, Stanley, R.C. Violet, R.C. Verte, Sugar, President), and Japanese Plums (P. 
salicina Lindel) (Formosa, Santa Rosa, Climax, Red Kinenbol, Red Heart, Burbank, Duarte, Reubennel, Burmosa, Laroda, 
Nubiana, Wickson) [1]. 

Despite being a mild climate fruit, plum has spread all around the world with its persistent nature which allow it to grow in 
either sub-temperate climates or in warm climates easily [2]. 

Plum ranks as the third most produced drupe fruit in the world. In Turkey however, plum production ranks behind apricot, 
peach and cherry, however that doesn't stop Turkey to be one of the most important plum producers in the world [3]. 

Plum fruit can be divided into three types according to the time it takes for it to get ripe which are early bloomers, mid-season 
and late bloomers, and according to the type of consumption, they can be divided as edible, dryable and for kitchen use 
(canned, marmalade, jam). Most plums are consumed as green plums. Plums which are going to be green plums are harvested 
60 to 70 days before they are in full bloom and this harvest continues till they are fully grown [4]. 

It is necessary and important to be aware of the biological properties of agricultural products for machinery design, 
manufacturing, operating and control, determination and analysis of yield, for the release of new animal or plant based 
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products and to evaluate the quality of such products. Being aware of such properties do not just help the engineers, but also 
food scientists and processers, plant cultivators and other manufacturers and experts who make animal based production [5]. 

One of the main tasks of agricultural engineering is to present and apply the most advanced techniques which will be used for 
the qualitative and quantitative development of agricultural products and to make economical analysis and evaluate their 
results. One of the main factors to consider while presenting such techniques is the agricultural product itself. Therefore, it is 
important to wholly know the agricultural products, in other words, the technical properties of the biological material. It is 
possible to classify the properties of a biological material as physical properties (dimensions, mechanical properties, thermic 
properties, optical properties, electrical properties etc.), chemical properties and biological properties [6]. 

In this study; we aimed at presenting some of the physical properties of the plum fruit like their moisture content, length and 
width, thickness, arithmetic and geometric diameter mean value, sphericity, mass, shape index, bulk density, true density, 
porosity, projected area and color and also some mechanical properties like picking force, behavior under stress and ratio of 
damage on impact from various heights to various surfaces. 

2 MATERIALS AND METHODS 
The study took place in Umurlu district of Aydın province, on an 18 decares of production garden which also include “papaz 
plums”. In this garden, the distance between the rows of trees has been established as 5 meters, and the distance between the 
trees have been established as 4 meters. Attention was paid to not to include any physically deformed or rotten plums to the 
sample pool of the study, and by using 100 plums from each of the three harvesting periods, the length, width and thickness of 
the plums have been recorded using digital calipers capable of measuring between 0 to 150 mm, with 0.01 mm precision. The 
determination of the initial moisture content right after the harvest have been made by drying them in the drying oven for 24 
hours in 105±10°C [[7],[8]]. The plums which lost all their moisture were weighed once again and their moisture content was 
calculated with the following formula [9]. 

         𝑀𝑐(%) = 𝑤𝑜−𝑤
𝑤0

 .100                                                                                                                                                       (1) 

Mc:  moisture content (%) 
w0 : Weight before the drying oven treatment (g) 
w : Weight after the drying oven treatment (g)  

For presenting the common definitions that could be made according to the shape of a fruit (sphericity, flat, uneven, blunt-end, 
long, tapered, curved, wavy, ovoid etc.), shape index value is calculated using the following formula [10]. 

      𝑆ℎ𝑎𝑝𝑒 𝑖𝑛𝑑𝑒𝑥 = 𝐿
(𝑊+𝑇)

2
                                                                                                                                                       (2) 

T: Thickness (mm), 
W: Width (mm),  
L: Length (mm)’ 

The value presented in the dynamometer at the moment of snapping of from the branch was recored. This test was made in 4 
different directions, depending on the harvest time. For each direction 100 plums were picked from their branches. The picked 
fruits have been numbered and tagged depending on their directions. The mass (m) of each plum picked from its branch has 
been compared to its fruit picking resistance value (R) and m/R ratios have been calculated. 

  
Figure1. Fruit picking force of plum fruit 

The porosity has been determined using standard weighing methods. This method was carried out by weighing the fruits 
which are 1000 mm in fixed height in a 2000 ml container [[7],[8]]. For the determination of true density, the plums are 
dropped 100 mm, to the measuring cylinder which contains pure water and the changing water height in the measuring 
cylinder gives us the true density of the plums. The density of plums has been calculated as mm3 by using the following 
formula [8]. 

𝑉 = 𝑚
𝑝𝑡

  . 106                                                                   

m : mass (g) 
ρt  True density (kgm-3) 

Dynamometer 
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In determining the mass; 400 plums from each three harvesting periods have been used. This is defined as the ratio of the 
volume with porosity compared to the total volume. The following formula has been used to determine in percentage the 
porosity (Pf) values of plum fruits [[5], [8]]; 

𝜌𝑓 = �1 − 𝜌𝑏
𝜌𝑡

� 100  

where; 

ρb : Bulk density (kgm-3) 
ρt  : True density (kgm-3) 

The determination of the projection areas of plum fruits (Ap) (mm2), the area that the plum fruit covers on 100 cm2 have been 
made by using a special set up that includes a scanner connected to a computer and a special software [8]. For the purpose of 
presenting the damage ratios of plums which fall from various heights (0.5 m- 1,5m -2.5m) to various surfaces (rubber, wood 
and galvanized steel), a drop stand was established and fruits were dropped as in free fall to these different surfaces with static 
speeds. The plums were kept in room temperature for 24 hours before the test, in order to spot the color change in the area of 
impact in order to distinguish the damage marks on the fruits [11]. For the determination of damage volume, definitions and 
formulas given below were used, which are shown on the idealized damage type image [11]. 

Vz = V1 + V2                                                  
where;  

Vz : Damage volume (mm3), 
V1 : Damage volume under the contact plane (mm3), 
V2 : Damage volume over the contact plane (mm3)’ 

 

 
Figure 2. Definitions shown on the idealized damage types which are used for the determination of the damage volume 

For the determination of puncturing, cutting and compression forces, the dynamometer was given a vertical motion and 
puncturing, cutting or compression forces were measured depending on the attached tip. The dynamometer was connected to 
the computer with a connection cable and with the help of Data Acquisition Software Multi Channels Model no: SW-U801-
WIN, it was possible to process the data and observe the forces graph. The force data transferred from the dynamometer can 
be stored in the computer and can be seen using MS Excel software. Data logging is done in 2 second intervals. 

3  RESULTS AND DISCUSSION  
Some physico-mechanical properties of plum fruit (Prunus cerasifera Ehrh.) and the mean and standard error values of these 
properties are given in Table 1. Trials have been made in different harvest periods of the plum fruit (April 15th - May 1st, May 
15th). 

The differences of these properties of the plum fruit have been found statistically significant in p<0,001 and letter groupings 
were made in the order of severity. The moisture content of the plum fruit (Prunus cerasifera Ehrh.) have been determined for 
the three harvesting periods as 20,8%, 18,2% and 15,2% respectively. The fruit length mean values of the plum fruit (Prunus 
cerasifera Ehrh.) have been determined for the three harvesting periods as 22,920, 28,086 and 30,915 mm respectively. The 
length values have been found to be higher in the latest harvesting period. The fruit width mean values of the plum fruit 
(Prunus cerasifera Ehrh.) have been determined for the three harvesting periods as 20,845, 26,624 and 28,886 mm 
respectively. As the harvesting period progressed the fruit width also increased. The fruit thickness mean values of the plum 
fruit (Prunus cerasifera Ehrh.) have been determined for the three harvesting periods as 20,283, 25,681, and 27,547 mm 
respectively.  

The geometric mean diameter values of the plum fruit (Prunus cerasifera Ehrh.) have been determined for the three harvesting 
periods in the 15th of April, 1st of May and 15th of May as 21,306, 26,769 and 30,185 mm respectively. The geometric mean 
diameter value has been found higher in the latest harvesting period. The shape index mean values for the plum fruit (Prunus 
cerasifera Ehrh.) have been determined for the three harvesting periods as 1,11, 1,07 and 1,09 respectively. The ones with a 
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greater shape index than 1,25 have been evaluated as oval in shape and the ones smaller than 1,25 have been identified as 
round [11]. The mean weight values for the plum fruit (Prunus cerasifera Ehrh.) have been determined for the three harvesting 
periods as 5,491, 11,123 and 20,028 g respectively.  

The weight values increased as the moisture content increased and the harvesting period progressed. The bulk density mean 
values for the plum fruit (Prunus cerasifera Ehrh.) have been determined for the three harvesting periods as 359,30, 325,68 
and 278,88 kg/m3 respectively and the true density have been determined for the same periods as 5,369, 7,966 and 8,367 
kg/m3 respectively. The porosity mean value for the plum fruit (Prunus cerasifera Ehrh.) have been determined for the three 
harvesting periods as 6592,2, 3792,4 and 3400,8%  respectively. The projected area of the plum fruit (Prunus cerasifera Ehrh.) 
have been determined for the three harvesting periods in the 15th of April, 1st of May and 15th of May as 2,350, 2,333 and 
2,55 mm2 respectively. It's been determined that as the harvesting periods progressed, the picking force value for the plum 
fruit (Prunus cerasifera Ehrh.) have been decreased. The picking force values for the plum fruit (Prunus cerasifera Ehrh.) have 
been determined for the three harvesting periods as 74,408, 50,385 and 34,170 N  respectively. The impact force values for the 
plum fruit (Prunus cerasifera Ehrh.) have been determined for the three harvesting periods as 0,346, 0,648 and 0,446 N 
respectively. The mean deformation values regarding the puncturing forces for the plum fruit (Prunus cerasifera Ehrh.) have 
been determined for the three harvesting periods as 1,888, 1,452 and 1,782 mm respectively. 

 

Table 1. Physico-mechanical properties and the mean and standard error values for these properties 

Harvest Period (%) 15 April 1 May 15 May 

Mean and  Standard  Error (X  ± SE ) 

Moisture Content (d.b%) 20,86 a±0,201 18,22 b± 0,200 15,22 c± 0,200 

Length (mm) 22,92 a±0,201 28,086 b± 0,200 30,915c±0,200 

Width (mm) 20,845a±0,187 26,624 b±0,187 28,886 c±0,187 

Thickness (mm)  20,283 a±0,179 25,681 b±0,179 27,547 c± 0,179 

Geometric Diameter 
(mm)  21,306 a±0,644 26,769 b±0,642 30,185 c± 0,643 

Sphericity (%) 0,930 a±0,20 0,954 a±0,20 0,977 a± 0,20 

Shape İndex 1,11 a±0,375 1,07 b±0,375 1,09 c±0,375 

Mass (g) 5,491 a±0,129 11,123 b±0,129 20,028 c±0,129 

Bulk Density (Kg/m3) 359,30 a±10,353 325,68 b±10,353 278,88 c±10,353 

True Density (Kg/m3) 5,369 a±0,306 7,966 b±0,291 8,367 b±0,283 

Porosity (%) 6542,2 b±0,201 3792,4 a±0,200 3400,8 a±0,200 

Projected Area(mm2) 2,350 a±0,066 2,333 a±0,067 2,55 b±0,066 

Picking Force  (N) 74,408 a±1,309 50,385 b± 1,309 34,170 c± 1,309 

İmpact Force (N) 0,346 a±0,018 0,648 b±0,018 0,446 c±0,018 

Puncture forces 
Deformation(mm) 1,188 1,452 1,782 

 

Puncture forces Strain 
Energy(Nmm) 

21,978 26,157 27,763 

Puncture Injury forces 
volume(mm3) 3,730 4,559 5,595 

 

Cutting of forces 
Deformation(mm) 

1,617 0,726 0,957 

Cutting forces Strain 33,391 12,305 18,269 
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The mean deformation values regarding the cutting forces for the plum fruit (Prunus cerasifera Ehrh.) have been determined 
for the three harvesting periods in the 15th of April, 1st of May and 15th of May as 1,617, 0,726 and 0,957 mm respectively. 
The mean deformation values regarding the compression forces for the plum fruit (Prunus cerasifera Ehrh.) have been 
determined for the three harvesting periods as 0,693, 0,627 and 0,858 mm respectively. 

4 CONCLUSIONS 
density (ρb), true density (ρt), mass (m), porosity (Pf), projection area (Ap), and some mechanical properties like picking force, 
behavior under compression and ratio of damage have been tried to be identified. The fruit weight and sizes tended to increase 
starting from the first harvest to the last. Throughout the harvesting periods, the masses of the plums were found to be between 
3,95 g and 29,61 g, their length values were found to be between 20,57 mm and 37,55 mm, width values between 17,8  mm 
and 35,22  mm, thickness between 17,14  mm and 33,89 mm and their shape index values were found to be between 0,90  mm 
and 1,09 mm. The mean fruit weight was determined as 23,15 g, length as 32,25 mm, width as 34,00 mm, height as 37,20 mm, 
and shape index as 0 In this study of the plum fruit, some physical properties of it like moisture content (Mc), sphericity (k), 
shape index, bulk,91. [12]. 

It's been determined that the fruit sizes continued to grow because the cell division within the plum fruits have continued until 
the last harvest. Also as the mass increased as the harvest progressed, the picking forces decreased. The growth in M/R values 
is a positive and desired aspect for mechanical harvest. In the trials held by Gezer at al., it's been found out that as the harvest 
period extended, the mass also increased and picking forces were reduced. [11]. When the moisture content was between 
20,86% and 15,22%, bulk density decreased from 359,30 mm3 to 278,88 mm3 as the harvesting period progressed, however, 
true density increased at the same time. Porosity constantly decreased in the same period. 

The damage volume of plum fruit for different harvesting periods has been found to be 0,186 mm3, 0.452 mm3, 0.836 mm3 
respectively. It's been seen that as the harvest progressed, the impact damage sensitivity of the fruit has increased. This 
reduces the fruit quality. Peach is another delicate fruit that is adversely affected from different types of damages during or 
after the harvest [14]. These kinds of damages lead to loss of quality in peaches. The size properties of fruits like length, 
width, porosity, bulk density, true density are important for the design of the machinery that will be used for the cultivation, 
harvest and post-harvest periods. Furthermore, the physical and mechanical properties of agricultural products like density, 
weight and porosity are also used as design parameters for the storage and drying of the products in which they are in 
structural stresses. The puncturing and cutting strength of agricultural products are also parameters used to determine the 
behavior of such products under stress after their harvesting they also are used as parameters for the development of tools and 
machinery that will be used for storage, transport and packaging. [[15], [16], [17]]. 
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Prediction of Pull-Out Performance of  

Chemical Anchors Embedded into Concrete 
 

Ilker Bekir Topcu1, Murat Guler1, Mucteba Uysal2, Harun Tanyildizi3 

Abstract 

This paper summarizes the results of experimental research and prediction model focused on determination of the behavior of pull-out 

performance limits of what embedded into currently the most widespread concrete type of Turkey as C25/30. Rebars having 14, 16 and 18 mm 

diameters have been selected as the anchor rod in this study. Epoxy based three component chemical adhesive has been used for the 

connection between concrete and anchor bar. The depth of holes was in the range of 140 - 220 mm which had been selected various for 14, 16 

and 18 mm bar diameters. The effect of the anchor depths, bar diameters and reinforcement diameter on the pull-out capacity of adhesive 

anchors is product dependent. Moreover, an attempt to predict the pull-out capacity of chemical anchors embedded into concrete using 

artificial neural networks (ANNs) is presented. The problem is proposed to network models by means of three inputs and one output 

parameter. A multilayered feed-forward neural network trained with the different algorithm is constructed using 3 design variables as 

network inputs and the pull-out strength of adhesive anchors as the only output. Experimental results showed that increasing the anchor 

diameter and the depths of hole have increased pull-out performance of anchors. The best algorithm for collapse load of concrete is the 

Levenberg-Marquardt backpropagation with R2 of 0.9837. The results indicated that ANNs are useful technique for predicting the pull-out 

capacity of adhesive anchors. 

 

Keywords: Anchor; pull-out performance; rebar diameter; depths of holes; artificial neural networks. 

1. INTRODUCTION 

The researches and applications of an anchor embedded in a hardened cementitious material such as concrete have been 

carried out for many decades. For the convenience of the anchors embedded more efficiently in the concrete, researchers 

began to adopt post-installation for bonding the reinforcements into the concrete. General operations are drilling a hole in 

hardened concrete and installing a steel rod into the concrete with adhesive or cement grout. 

Chemical anchors are also getting more frequently used to connect structural elements. Anchors that are used to provide the 

connection between two different elements can be categorized under two categories as cast-in-place and post-installed 

anchorages. Post-installed anchorages could be manufactured using different methods such as mechanical, grout or chemical. 

Recently, more researches have focused on adhesive bonded anchors [1-3]. The variables investigated included the condition 

of the drilled hole, concrete compressive strength, aggregate type, adhesive curing period and loading at elevated temperature. 

Cook et al. analyzed the behaviors of single adhesive anchors and single headed or unheaded grouted anchors under tensile 

load in concrete [4-6]. General failure modes of these anchorage systems can be summarized as pullout of a concrete cone, 

debonding at anchor–adhesive/grout or concrete–adhesive/grout interface, fracture of anchor, and combination of some of 

these failure modes. Then several design models were recommended taking into account of all the possible failure modes. 

Moreover, for an adhesive anchor installed into a damp, wet and uncleaned hole, the bond strength between anchor and 
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concrete was generally reduced [7]. An adhesive anchor is installed using a rebar or threaded rod inserted in a drilled hole in 

hardened concrete using a polymer-based bonding agent including epoxies, vinylesters and polyesters. Typically, a grouted 

anchor isa threaded rod, headed bolt or deformed rebar inserted in a drilled hole filled with a cementitious or polymer grout. In 

this case, the diameter of the predrilled hole is at least 150% larger than that of the fastener [8]. 

The bond strength of rebars is a function of the geometric and material properties of the concrete member and the rebars. 

Several factors influence the pull-out performance of anhors. The most important of them are concrete compressive strength, 

splice length, the relative rib area (the ratio of projected rib area normal to bar axis to the product of the nominal bar perimeter 

and the center-to-center rib spacing), minimum concrete cover defined as the smallest of clear concrete covers in bottom 

and/or sides or 12 of the clear spacing between bars, the amount of transverse steel area to spacing ratio and the splice bar size 

illustrated as ratio of the area of the splice bar to the effective cross section of the beam [9]. Tepfers [10] illustrated that the 

bond strength increases as cover and bar spacing increase. The mode of failure also depends on cover and bar spacing. For 

large cover and bar spacing, it is possible to obtain a pull-out failure, but for smaller ones, a splitting tensile failure occurs 

resulting in lower bond strength. 

The approach based on the assumption of separated failure modes generally defines the resistance of an anchor for three load-

bearing capacity values. As shown in Fig. 1a, the first failure mode is the tensile failure of the steel anchor element. This 

failure is clearly defined by the area of the shank of the rebar. The second failure mode is defined as a full concrete failure. 

This failure typically takes the form of a breakout cone (Fig. 1b). It is usually described as being dependent on concrete 

strength and the anchorage length. The third failure mode is the extraction of the rebar from the concrete. This can occur via 

the failure of the concrete–glue interface, the glue–steel interface or via the failure of the glue itself (Fig. 1c). Usually in 

design methods, the definition of the pull-out resistance for this failure type is related to one of the surfaces of the interface. 

This is possible because the thickness of the glue layer is small (several millimetres). This failure mode is termed ‘bond 

failure. 

Fig. 1. Separated failure modes used in design methods: (a) tensile failure of the steel anchor bolt, (b) full concrete failure, and 

(c) bond failure: extraction of the steel bolt from the concrete [11]. 

Their main function is to transfer normal loads (tension and compression) and possible shear loads according to efforts at the 

base of the structure. The three main anchoring systems are the straight rod, the hooked rod and the headed rod. The tensile 

load is transferred through a bond between the steel rod and the concrete and/or abutment of the anchor plate or the hook on 

concrete. Load capacities of the mechanisms depend on the type and dimensions of anchor used. Under tension, the three main 

failure mechanisms are the breaking of the rod, the sliding of the rod and cone-shaped concrete breakout [12]. 

The artificial neural networks solve very complex problems with the help of interconnected computing elements. Basically, 

the processing elements of a neural network are similar to the neurons in the brain, which consist of many simple 

computational elements arranged in layers. In recent years, the ANNs and other models have been extended extensively and 

applied to many civil engineering applications such as epoxy-adhesive anchor systems. Similar results were also found in the 

experimental and numerical simulation studies by Li et al. [13]. James et al. developed an approximate expression to predict 

the ultimate tensile capacity of the epoxy-adhesive anchors based on the analysis of linear and nonlinear finite element method 

[14]. Bickel and Shaikh utilized two methods with proper adjustments to predict the shear capacity of single adhesive anchors 

[15]. Sakla and Ashour introduced artificial neural networks into predicting the tensile capacity of single adhesive anchors and 

found that the tensile capacity is linearly proportional to the embedment length [8]. Moreover, Beard and Lowe [16] adopted 

the ultrasonic guided waves to successfully inspect the maximum anchor length for a grouted anchor. 

The aim of this study is the investigation of that increasing the anchor diameter and the depths of hole on the performance of 

pull-out what embedded into currently the most widespread concrete type of Turkey. Furthermore, ANN model is constructed 

to predict the pull-out performance of chemical anchors embedded into concrete. 
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2. EXPERIMENTAL STUDY 

To measure the ultimate load for each anchor, a pullout test was performed to the specimens. 

Many strengthening applications are performed on buildings that are made of widespread concrete strength type of a country 

in order to better represent the practice, the anchors have been embedded in concrete elements. Preliminary data indicated that 

most concrete existing in Turkey has a compressive strength of 25 MPa for 15x15x15 cm cubic specimens and anchors were 

embedded in the concrete in scope of the study. Other parameters that have been used in this study are the anchor bar diameter 

and the anchor depth. In this study, rebars of three different diameters, namely 14, 16 and 18 mm have been embedded in 

depths that are 140, 150, 160, 170, 180, 190, 200, 210 and 220 mm as can be seen in Table 1. A total of 30 test specimens 

have been produced. Each data point represents the average of five measurements. The manufactured test specimens have 

been cured under laboratory conditions. Following this, the holes where the anchor bars will be embedded have been drilled. 

The holes were cleaned by using pressurized air from an oil-free compressor. The anchor bars have been embedded in the 

concrete blocks using epoxy resin and necessary precautions have been taken in order to the bars not to move until the epoxy 

has gained strength. The embedded anchors were covered by a loading block.  Testing procedure can be seen in Fig.2a-b-c.  
 

 
Figure. 1. Separated failure modes used in design methods: (a) tensile failure of the steel anchor bolt, (b) full concrete failure, and (c) bond 

failure: extraction of the steel bolt from the concrete [11]. 

 

 
(a)                                                                                                                 (b) 
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                                                                          (c) 

Figure 2. (a) Drilling, (b) cleaning and (c) embedding of the rebar specimens. 

 

Pattex CF 900 Epoxy was used in this study. Mix proportions and mechanical properties of the epoxy are listed in Table 2. 

After emmedding rebar specimens on the curtain wall the bar specimens have been loaded by a hydraulic test apparatus on the 

curtain wall. Fig.3 shows pull-out of anchor rebar hydraulic test apparatus. 

 

 
Figure 3. Hydraulic test apparatus of anchor rebar. 
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3. TEST RESULTS 
Fig. 4, Fig. 5 and Fig.6 show the results obtained from the anchor pull-out measurements of all the specimens emmebbed into 

concrete. It is shown in the Fig. 4 that the rebar of 14 mm of diameter has various embedment depths in the range of 140-180 

mm. The pull-out strength capacity has been observed to increase with increasing diameters as it was expected. However, with 

increasing embedment depth, a significant change could be observed in capacity of the specimens. Pull-out strength of the 

specimens increases with an increasing the depths of hole and there is a notable reduction in pull-out strength of the specimens 

when embedment diameter decrease from 22 mm to 20 mm. The rebar specimen has 14 mm diameter and 180 mm 

embedment depth showed pull-out strength performance 18.54 %  more than 150 mm embedment depth. Caliskan et al. 

investigated shear strength of epoxy anchors embedded into low strength concrete and found similar test results [3]. 

Fig. 5 shows that the rebar of 16 mm of diameter has various embedment depths in the range of 160-200 mm. The pull-out 

strength capacity has been observed to increase with increasing diameters.  However, with increasing embedment depth, a 

significant change could be observed in capacity of the specimens. Pull-out strength of the specimens increases with an 

increasing the embedment depth and there is a notable reduction in pull-out strength of the specimens when embedment 

diameter decrease from 24 mm to 22 mm. The rebar specimen has 16 mm diameter and 200 mm embedment depth showed 

pull-out strength performance 18.37 %  more than 160 mm embedment depth. Xu et al. modelled of anchor bolt pullout in 

concrete based on a heterogeneous assumption in this context made tests for influence of the embedded depth on the peak 

pullout load and found similar test results [17]. It can be seen in that research with the increase of the embedded length, the 

peak pullout load increases. Fig. 6 shows that the rebar of 18 mm of diameter has various embedment depths in the range of 

180-220 mm. Pull-out strength of the specimens increases with an increasing the embedment depth and there is a notable 

reduction in pull-out strength of the specimens when embedment diameter decrease from 26 mm to 24 mm. The rebar 

specimen has 18 mm diameter and 220 mm embedment depth showed pull-out strength performance 11.69 %  more than 180 

mm embedment depth.  

4. ARTIFICIAL NEURAL NETWORK MODEL FOR PREDICTION OF EXPERIMENTAL RESULTS 

ANN can exhibit a surprising number of human brain characteristics [18-26]. The fundamental concept of neural networks is 

the structure of the information processing system [27, 28]. They are consisting of a large number of simple processing 

elements called as neurons. A schematic diagram for an artificial neuron model is given in Fig. 7. 

Let X=(X1, X2… Xn ) represent the n input applied to the neuron. Where Wj represents the weight for input Xj and b is a bias, 

then the output of the neuron is given by Eq. 1.  These neurons are connected with connection link. Each link has a weight that 

is multiplied by transmitted signal in network. Each neuron has an activation function to determine the output. There are many 

kinds of activation functions. Usually nonlinear activation functions such as sigmoid, step are used. ANNs are trained by 

experience, when an unknown input is applied to the network it can generalize from past experiences and produce a new result 

[29-32]. 

∑
=

−=
m

0j
jj bwxu  and  V = f (u)                                        (1) 

Artifical neural networks are systems that are deliberately constructed to make use of some organizational principles 

resembling those of the human brain [29-32]. They represent the promising new generation of information processing systems. 

When designing an ANN model, a number of considerations must be taken into account. At first the suitable structure of the 

ANN model must be chosen. Then, the activation function need to be determined. The number of layers and the number of 

units in each layer must be chosen. Generally desired model consists of a number of layers. The most general model assumes 

complete interconnections between all units. These connections can be bidirectional or unidirectional. ANN can create its own 



 
 
 

445 

 

organization or representation of the information it receives during learning time [28-33]. There are many kind of ANN 

structure. One of these is multilayer feed forward ANN and is shown in Fig. 8. 

In this study, the problem is proposed to network models by means of three inputs and one output parameter. The parameters 

such as reinforcement diameter, anchor depth, anchor diameter were selected as input variables. The model output variables 

were the collapse load. A data set including 30 data specimens obtained from experimental studies were used for artificial 

neural networks. The data were normalized by dividing with max values. ANN architecture used for this study is given in 

Fig.9. 

Some ANN algorithms were used just learning in this study such as the BFGS Quasi-Newton backpropagation, the Powell-

Beale Conjugate gradient backpropagation, the Fletcher-Powell conjugate gradient backpropagation, the Levenberg-

Marquardt backpropagation, the One Step Secant backpropagation, the Resilient backpropagation, the Scaled conjugate 

gradient backpropagation. The computer program was performed under MATLAB software using the neural network toolbox. 

In the training, the number of neuron on the hidden layer changed to find best results. The best result for the BFGS quasi-

Newton backpropagation was obtained from the seventeen neurons. The best result for the Powell-Beale conjugate gradient 

backpropagation algorithm was obtained from the eight neurons. The best result for the Fletcher-Powell conjugate gradient 

backpropagation was obtained from the eleven neurons. The best result for the Levenberg-Marquardt backpropagation was 

obtained from the five neurons. The best result for the One step secant backpropagation was obtained from the eighteen 

neurons. The best result for the Resilient backpropagation was obtained from the twenty-three neurons. The best result for the 

Scaled conjugate gradient backpropagation was obtained from the fourteen neurons. A data set including 30 data specimens 

obtained from experimental studies were used for artificial neural networks. From these, 15 data patterns were used for 

training the network, and the remaining 15 patterns were randomly selected and used as the test data set. Fig. 10-16 present the 

measured collapse load and the predicted collapse loads by ANN model with R2 coefficients.  As it is visible in Figs. 10-23, 

the values obtained from the ANN models are very close to the experimental results. Furthermore, All of R2 values show that 

the proposed ANN models are suitable and can predict collapse load of concrete of the experimental values. This can be also 

observed in the other articles related to predicting concrete properties [26-29]. Fig.12 shows that the best algorithm for 

collapse load of concrete is the Levenberg-Marquardt backpropagation with R2 of 0.9837. The training performance during the 

training process is given in Fig. 17-23 where the variation of mean-square error with training epochs is illustrated. Artificial 

neural networks are capable of learning and modeling using the data obtained from experiments. This makes artificial neural 

networks a powerful tool for solving some of the complicated civil engineering problems [33].  

 

Table 1. Anchor depth, anchor diameter and rebar diameter of the specimens. 

Group 
Number 

Rebar 
Diameter 

Anchor 
Diameter 

Anchor 
Depth 

(mm) (mm) (mm) 
M1 14 20 140 
M2 14 20 150 
M3 14 20 160 
M4 14 20 170 
M5 14 20 180 
M6 14 22 140 
M7 14 22 150 
M8 14 22 160 
M9 14 22 170 

M10 14 22 180 
M11 16 22 160 
M12 16 22 170 
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M13 16 22 180 
M14 16 22 190 
M15 16 22 200 
M16 16 24 160 
M17 16 24 170 
M18 16 24 180 
M19 16 24 190 
M20 16 24 200 
M21 18 24 180 
M22 18 24 190 
M23 18 24 200 
M24 18 24 210 
M25 18 24 220 
M26 18 26 180 
M27 18 26 190 
M28 18 26 200 
M29 18 26 210 
M30 18 26 220 

 

 
Table 2. Mechanical properties and mix proportions and of the epoxy. 

Compressive strength (MPa) 56 

Flexural strength (MPa)  16 

Modulus of elasticity 3034 

Number of component 2 

Mixture density (g/cm3, 20 oC) 1.65 

 

 

 

 
Figure 4. Test results of pull-out strength of the specimens have 14 mm rebar diameter.   
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Figure 5. Test results of pull-out strength of the specimens have 16 mm rebar diameter.   

 

 
Figure 6. Test results of pull-out strength of the specimens have 18 mm rebar diameter. 
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Fig. 7. Artificial neuron model 
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Figure 8. Multilayer feed forward neural network structure. 

1

2

3

1

2

3

n-2

n-1

n

Input layer Hidden layer Output layer

Reinforcement 
Diameter 

Anchor 
Diameter

Anchor Depth

Pull-out strength 
of adhesive 

anchors 

 

Figure 9. ANN architecture. 
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Figure 10. Linear relationship between measured and predicted compressive strengths for the BFGS quasi-Newton backpropagation.

 
Figure 11. Linear relationship between measured and predicted splitting tensile strengths for the Powell-Beale conjugate gradient 

backpropagation. 
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Figure 12. Linear relationship between measured and predicted compressive strengths for the Levenberg-Marquardt backpropagation. 

 

 
Figure 13. Linear relationship between measured and predicted compressive strengths for the Fletcher-Powell conjugate gradient 

backpropagation. 
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Figure. 14. Linear relationship between measured and predicted splitting tensile strengths for the One step secant backpropagation. 

 

 
Figure 15. Linear relationship between measured and predicted compressive strengths for the Resilient backpropagation. 
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Figure 16. Linear relationship between measured and predicted splitting tensile strengths for the the Scaled conjugate gradient 

backpropagation. 

 

Figure 17. Training performance for the BFGS quasi-Newton backpropagation. 
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Figure 18.Training performance for the Powell-Beale conjugate gradient backpropagation. 

 

 

Figure 19.Training performance for the Fletcher-Powell conjugate gradient backpropagation. 
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Figure 20. Training performance for the Levenberg-Marquardt backpropagation. 

 

Figure 21. Training performance for the One step secant backpropagation. 
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Figure 22.Training performance for the Resilient backpropagation. 

 

Figure 23.Training performance for the Scaled conjugate gradient backpropagation. 
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5. CONCLUSIONS 

In this study, the pull-out strength capacity has been observed to increase with increasing diameters. An ANN prediction 

model for pull-out capacity of chemical anchors embedded into concrete was devised. From this laboratory and computer 

work the following conclusions were made: 

• A significant change observed in pull-out capacity of the specimens with increasing embedment depth. Pull-out 

strength of the specimens increases with an increasing the depths of hole and there is a notable reduction in 

pull-out strength of the specimens when embedment diameter decrease from 26 mm to 20 mm. 

• The rebar specimen has 14 mm diameter and 180 mm embedment depth showed pull-out strength performance 

18.54 %  more than 150 mm embedment depth. Moreover, the specimen has 16 mm rebar diameter and 200 

mm embedment depth increased pull-out strength performance 18.37 %  more than 160 mm embedment depth. 

Furthermore, the rebar specimen has 18 mm diameter and 220 mm embedment depth improved pull-out 

strength performance 11.69 %  more than 180 mm embedment depth.  

• All of R2 values show that the proposed ANN models are suitable and can predict collapse load of concrete of 

the experimental values. 

• The best algorithm for collapse load of concrete is the Levenberg-Marquardt backpropagation with R2 of 

0.9837. 
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Modeling of a Static VAR Compensator (SVC) as a 
Voltage Regulator for a Heavy Loaded Transmission 

Line 
Bekir Mumyakmaz1 

Abstract 
In this study, a Static Var Compensator (SVC) is modelled by using Matlab/Simulink in order to regulate the receiving end 
voltage of a 230 kV transmission line. Only one phase of the transmission system is represented. The SVC consists of one 10 
MVAr TCR bank and two 10 MVAr TSC banks connected to each phase of the load bus. The SVC controller monitors the 
receiving end voltage of the transmission line and successfully sends appropriate pulses to the compensator thyristors to 
obtain the susceptance required to keep the voltage level of the line end within ± % 5 tolerance limits. The desired voltage 
regulation at the transmission line end can be achieved in less than a half seconds using the modelled system under 
changing heavy and light loading conditions.    
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1. INTRODUCTION 
It is known that the shunt reactive compensation can increase the steady-state transmittable power and control the voltage 
profile along the transmission line, if it is applied appropriately. Reactive compensation changes electrical characteristics of a 
line to provide compatibility with the load demand. The reactors are used to minimize line overvoltage under light load 
conditions, and the capacitors are used to maintain voltage levels under heavy load conditions. In practical applications, 
reactive shunt compensation is often used to provide voltage support for the load or to regulate the voltage at a given bus 
against load variations. It can also significantly increase the maximum transmittable power. Thus, shunt compensation is able 
to change the power flow in the system with suitable and fast controls to increase the transient stability limit and provide 
power oscillation damping [1].  
 
In this study, a Static Var Compensator (SVC) is modelled in order to regulate the receiving end voltage of a 230 kV 
transmission line. A system consisted of two thyristor switched capacitors (TSC) and one thyristor controlled reactor (TCR) 
has been used. The line end load has been represented by step by step varying lagging power factor load. One phase 
equivalent of the system was simulated by Matlab Simulink [2] program. 
 

2.  VOLTAGE REGULATION USING SVC 
The voltage regulation system model is shown in Fig. 1. The circuit in Fig. 1 is a simplified one phase model of a 230 kV 
power system. The equivalent source is modeled by a voltage source (132.8 kV rms, 60 Hz.) in series with its internal 
impedance corresponding 2000 MVA short circuit level and X/R=10. Thus, the source inductance is Ls=70.2 mH and source 
resistance is Rs=2.645 ohms. The transmission line one phase equivalent model is one single pi section with a branch 
impedance of R=5.2 ohms and L=138 mH and two shunt capacitances of C=0.967 µF.  
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Figure 1- The modelled voltage regulation system circuit layout. 

 

The load at the line end has a total demand of 75 MW and 20 MVAr for each phase as seen in Fig 2. The load in the bottom of 
Fig. 2 is connected to the line at the beginning of the simulation and disconnected at 4th second. The other two loads in the 
figure are not connected to the line at the beginning. The load in the middle is connected to the line at 1st second while the 
other is at 2nd. These two loads remain until the end of the simulation. 

 
Figure 2- The changing load model with a total demand of 75 MW and 20 MVAr.  

 

The Static VAr Compensator (SVC) consists of two 10 MVAr tyristor switched capacitor (TSC) banks and one 10 MVAr 
thyristor controlled inductor (TCR) as seen in Fig. 1. The TCR capacity has been chosen to bring line voltage level to the 
specified limits under light loading conditions. The total TSC capacity is determined according to the full loading condition. 
The controllers of the TCR and TSC banks are explained in detail in the previous studies of [3 - 5]. 

The measurement and control block (not shown in Fig. 1.) measures the line voltage and the load current in order to calculate 
active and reactive power of the load and to decide the necessary number of the TSC units. The open-loop controller has been 
used to activate TSC banks. The TCR bank is used to regulate line voltage. The controller for the TCR is a “PI” type of 
controller that compensates the error between the reference line voltage and actual line voltage.   

3. RESULTS AND DISCUSSION 
At the beginning of the study, only source and the line were included in the simulation in order to see the line voltage at no 
load condition. The voltage of the ideal AC voltage source in Fig. 1 has been chosen as 1.075 per unit (p.u). At no load, the 
receiving end voltage was 1.117 p.u (257 kV Line to Line) while the sending end voltage was 1.096 p.u (253 kV Line to 
Line). Then, full load has been added to the simulation to see the voltage profile of the system. The voltage of the ideal AC 
voltage source in Fig. 1 has kept constant at 1.075 p.u. This time, the voltage at the receiving end of the line is 0.95 p.u. (219 
kV Line to Line) and the voltage at the sending end of the line is 1.03 p.u. The voltage level of the load is in the lower limit. 
Either at no load or at full load the receiving end voltage needs reactive compensation in order to remain inside the allowed 
limits. 

 

When the 10 MVAr of TCR has been added to the circuit at no load, the receiving end voltage of the line is at upper allowable 
limit of 1.05 p.u.  However, the receiving end voltage of the line is 1.024 p.u. and slightly bigger than rated value of 230 kV at 
full load when both 10 MVAr of TSC banks are included to the system. The TCR and TSC combination with the appropriate 
control can provide necessary voltage regulation on the receiving end of the line. 

The proposed system in Fig. 1 has been tested in changing load conditions. The total simulation time is 5 seconds. The active 
and reactive powers of the load and the source are seen in Fig.3 and Fig. 4 respectively. Only 25 MW and 5 MVAr of load has 
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been added in the simulation during the first second. Thus, there is light loading condition on the line and the receiving end 
voltage of the line is above the rated value (1.03 p.u.) because of the line capacitance as seen on Fig. 5. The only action option 
for the voltage regulator is using full capacity of the 10 MVAr of TCR. But, this is not enough to bring receiving end voltage 
to 1.0 p.u. value.   

 
Fig. 3- The changing active powers of the load and the source during the simulation.  

 

 
Fig. 4- The changing reactive powers of the load and the source during the simulation.  

 

 

At the 1st. second, additional 15 MW and 5 MVAr of load comes in the simulation. This change causes the voltage to be below 
the rated value, so the voltage regulator lowers the current in the TCR by changing the ignition angle of the thyristors. Thus, 
the desired voltage (1.0 p.u) at the receiving end of the line can be achieved in a couple of periods of line frequency as shown 
in Fig. 5. Another load change occurs in 2nd. second and the demand of the load is now 75 MW and 20 MVAr. In order to 
bring the voltage within the tolerance limits, the voltage regulator takes both TCS units on then adjusts the ignition angle of 
the TCR thyristors. The rated voltage on the line-end is achieved in 0.35 seconds. 

On the last part of the simulation, the load at the line-end is 50 MW and 15 MVAr. Only one TSC is enough to achieve the 
desired value on the line with the additional adjustment of TCR current. The current on the TCR is continuously controlled by 
changing ignition angle of the thyristors during the simulation and the resulting current of the TCR is shown in Fig. 6. The 
voltage regulation system in this study can affectively keep the voltage level at the receiving end of the transmission line 
within the specified tolerance limits of ± 5 %.  



 
 
 

461 

 

 
Fig. 5- The voltage of the receiving end of the line in p.u. during the simulation.  

 

 
Fig. 6- The current of the Thyristor Controlled Reactor during the simulation.  

 

4. CONCLUSION 
In this study, the voltage regulation of the receiving end of a 230 kV transmission has been made using a Static Var 
Compensator (SVC).  The system that consisted of two thyristor switched capacitors (TSC) and one thyristor controlled 
reactor (TCR) has been modelled in Matlab Simulink environment. The controller of the static compensator successfully kept 
the voltage of the receiving end of the line at the specified tolerance limits of ± 5 % by adjusting susceptance of the SVC 
while the load of the line has changed fast.  
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Diagnosis of Power Transformer Incipient Faults 
Using Electronic Nose  

Bekir Mumyakmaz1, Kerim Karabacak2 

Abstract 
Power transformers are very expensive entities of electrical power systems. Since repairing and maintaining health of a 
transformer is very difficult and time consuming, their failure will have big negative impact on the system. Thus, any 
information regarding incipient faults in the transformer is very important. In this study, an electronic nose that is 
implemented to detect incipient faults of power transformers is presented. The electronic nose has four gas sensors namely 
hydrogen, carbon monoxide, carbon dioxide and methane with an addition of humidity and temperature sensor. The results 
of the study show that the proposed detection method can effectively diagnose partial discharge and overheated cellulose 
type of incipient faults of power transformers.  

Keywords: Electronic Nose, Power transformer, Incipient fault diagnosis 

1. INTRODUCTION 
Power transformers are very expensive components of electrical power systems. Proper operation of them is crucial to 
maintain continuity of supply. Therefore, some mechanisms should be developed to predict transformer failures before they 
may occur. 

Certain gases are released in transformer insulating oil due to changing working conditions over time such as overloading, 
overheating, partial discharge, low energy sparking and arching in the insulation system. The type and amount of the gases 
generated in the transformer oil provide information about the status of the transformer. Dissolved gas analysis (DGA) is a 
reliable method to determine incipient faults in a transformer. IEC 60599 [1] and IEEE C57.104 [2] are the standard 
guidelines for DGA diagnosis. 

Classical method for DGA is to take some oil sample from the transformer, take it to the laboratory and put it in the gas 
chromatography equipment.  A modern power transformer may have an online DGA and monitoring system which is very 
expensive. Some of them may be capable of extracting full DGA gases namely hydrogen (H2), methane (CH4), ethane (C2H6), 
ethylene (C2H4), acetylene (C2H2), carbon monoxide (CO), carbon dioxide (CO2), nitrogen (N2), and oxygen (O2) [3]. The 
some others may have only hydrogen and carbon monoxide monitoring [4]. 

In this study, an electronic nose has been implemented to determine the gases that are released from transformer oil. Various 
catalytic chemical gas sensors are used in the electronic nose system. The gas samples, that simulate the gas mixtures that of 
malfunctioned transformers, have been applied to the implemented system and the type of fault has been determined by the 
sensor responses via information extraction. The chemical sensors that are used in the electronic nose can detect only gases 
that release in the case of transformer insulating paper deformations and partial discharge events. 

2. E-NOSE AND DIAGNOSIS OF INCIPIENT FAULTS 
Basically, an electronic nose (E-Nose) is a device intended to detect odors and it comprises of gas sensor arrays and pattern 
recognition systems. The sensors that are commonly used for electronic noses include metal–oxide–semiconductor, 
conducting polymer, quartz crystal microbalance (QCM), and surface acoustic wave (SAW) type of sensors. The data 
interpretation systems that are used for the analysis of results include artificial neural network (ANN), fuzzy logic, and other 
pattern recognition methods. 

The metal-oxide type of gas sensors are used in this study due to suitability of their measurement ranges for incipient faults in 
transformers. Table 1 lists the sensors that are used in the study. The sensors listed in Table 1 can only be used for transformer 
insulating paper deformations and partial discharge events. The determination of other type of incipient faults such as arcing is 
not possible since the sensors for the other three gases mentioned above is not available.  
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Table 1. The sensors that are used in the E-Nose for diagnosis of incipient faults of transformers. 

Sensor Gas Measurement Range  

TGS2442 CO 30-1000 ppm 

TGS3870 CH4+CO 500-12500 (CH4);50-1000 (CO) ppm 

FCM6812 H2 0-14000 ppm 

TGS821 H2 0- 5000 ppm 

TGS2611-E00 CH4 500-10000 ppm 

CDM4160-H00 CO2 400-45000 ppm 

SHT75 Humidity and Temperature RH %20-80 

KE-50 O2 0 - %100 

 

An E-Nose has been designed and implemented using the sensors above to diagnose transformer incipient faults. The E-Nose 
is shown in Fig. 1. The sensors are in an aluminum chamber in order to dissipate the heat from the sensors. The purging gas 
(dry air) and sample gas representing the fault in the transformer are taken from tedlar bags and passed through the chamber 
using a small pump inside the box. The sensor responses are collected via serial port of a tablet PC as seen in Fig. 1b.  

           
  a) From the inside of the box     b) From the outside of the box. 

Figure 1. The designed and implemented E-Nose.  

 

Each sensor must be characterized and calibrated before using them for the interpretations. Firstly, the output voltages of the 
sensors are maximized in the sensing ranges by using adjustable resistances. Secondly, the sensor responses are checked in 
terms of repeatability. Then, the sensor responses for changing concentrations of the sample gases are recorded in order to 
calibrate the sensors. One sample of calibration process is shown in Fig. 2.   

 
Figure 2. The TGS821 response to hydrogen samples in the calibration process.  
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Only 4 sensors namely TGS821, TGS4160, TGS2442 and TGS2641 are used to determine the fault types since some of the 
sensors are redundant. After calibration process of the sensors, the sample gas mixtures that represent incipient faults in power 
transformers are applied to the E-Nose. The gas mixtures are prepared according to the amounts in certain types of faults 
determined in power transformers mentioned in [5].  

3. RESULTS AND DISCUSSION 
Figure 3 shows sensor responses for a sample gas mixture after calibration process. At the beginning of the experiment, dry air 
is applied to the system in order to purge the sensors of the E-Nose for 10 minutes. The prepared gas mixture has been applied 
to the E-Nose for 5 minutes and then again there has been a purging time. The mixture consists of mainly hydrogen and 
methane gases with the addition of some carbon monoxide. These gases are dissolved in the transformer oil when there is a 
partial discharge or thermal cellulose type of faults in the transformer. The steady-state responses of the sensors are on the 
right side of the Fig. 3.  

 
Figure 3. Sensor responses for a sample gas mixture after calibration process.  

 

The sensors clearly show the amounts of the gases in the sample bag in ppm (particles per million). The concentration levels 
of the gases in the mixture are in the ranges that are seen in partial discharge and overheated cellulose type of incipient faults 
in a transformer. The E-Nose does not contain ethane, ethylene, and acetylene sensor. Thus, it cannot determine thermal faults 
in oil or electrical arcing faults.  

The pattern recognition part of the E-Nose is explained in detailed in other studies which employ artificial neural networks [6-
8].  

4. CONCLUSION 
In this study, an electronic nose that is designed and implemented to detect incipient faults of power transformers is presented. 
The calibrated electronic nose has four gas sensors namely hydrogen, carbon monoxide, carbon dioxide and methane with an 
addition of humidity and temperature sensor. The results of the study show that the proposed detection method can effectively 
diagnose partial discharge and overheated cellulose type of incipient faults of power transformers. 
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The Importance and Traditional Uses of Sideritis 
Taxa in Turkey Flora 

Belgin Cosge Senkal1, Cuneyt Cesur1, Cennet Yaman1, Tansu Uskutoglu1 

Abstract 
The genus Sideritis L. (Lamiaceae) is comprised by more than 150 species which are distributed in temperate and tropical 
regions of the world. For all that, most species are mainly found in the Mediterranean area. Turkey is Turkey is one of the 
countries having the highest number of Sideritis species. The genus Sideritis is represented in the Flora of Turkey by 45 
species and 55 taxa, of which 37 taxa are endemic to Turkey. The rate of endemism is 82%. Sideritis species are known as 
“dag cayı, yayla cayı or adacayı”, and the aerial parts of them are used in the preparation of traditional herbal medicines 
and teas. The tea is widespread for stomach ache, indigestion, and common colds such as fever, flu, sore throat and 
bronchitis. According to some recent researches, extracts and essential oils obtained from some Sideritis species were 
shown to have antifeedant, antimicrobial, antioxidant, anti-inflammatory, and analgesic. In recent years, the interest in and 
the demand for these species have increased particularly due to their high antioxidant effect. 

Keywords: Sideritis L., herbal tea, antioxidant capacity 

1 INTRODUCTION 
The genus Sideritis L. belonging to the Labiateae or Lamiaceae family comprises more than 150 species ([1], [2]). These are 
distributed in temperate and tropical regions of the world.  For all that, most species are mainly found in the Mediterranean 
area. Turkey is one of the countries having the highest number of Sideritis species ([2], [3]).  

These species are annuals, perennials, and evergreen subshrubs and shrubs. Leaves are often narrow (Figure 1-4). The corolla 
is mostly yellow, rarely white or red. Sideritis species grow optimally in full sun and are adapted to arid conditions. They are 
found on rocky slopes and pastures, from a few meters above the sea level to more than 3000 m, and require moderately 
nutrient-rich soils and slightly alkaline ([4], [5]). 

 
Figure 1. Sideritis germanicopolitana BORNM. (Kastamonu/TURKEY-18.07.2009) 

 
Figure 2.(a)Sideritis hispida P. H. DAVIS (Konya/TURKEY 16.07.2009) (b)Sideritis galatica BORNM. (Ankara/TURKEY 17.08.2009) 
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Figure 4. Sideritis dichotoma HUTER (Karabük/TURKEY- 23.07.2009) 

 

Many chemical components such as terpenes, flavonoids, essential oil, iridoids, coumarins, lignanes, and sterols have been 
identified in the aerial parts of Sideritis species. Diterpenes, flavonoids and essential oils are the main responsible for the 
pharmacological activity ([6]). 

Leaves are collected in spring, flowering tops as the first open, and dried for infusions. In fact, Sideritis species are not rich in 
essential oil, but their smell and aroma are pleasant. Dried inflorescences of Sideritis species are used as a popular herbal tea 
in Turkey ([4], [7], [8]). Some Sideritis species are used widely in the treatment of some diseases in folk medicine ([6]). 

2 SİDERİTİS TAXA IN THE FLORA OF TURKEY 
Turkey has different geographical and climatic features, and is at the intersection of three gene center (the Mediterranean-
Europe and Iran-Turan plant geographical regions). Therefore, Turkey is a country rich in plant diversity. On the other hand, a 
rate of endemic species in Turkey Flora is very high. According to the latest data, 9753 species and 11707 taxa, of which 3649 
is endemic (31.82% the rate of endemism) are in the natural flora of our country ([9]). 

The genus Sideritis is represented in the Flora of Turkey by 45 species and 55 taxa, of which 37 taxa are endemic to Turkey. 
The rate of endemism is 82% ([9]). The genus Sideritis has an important place among the other Lamiaceae genera because of 
the high percentage of endemism. Also, the Flora of Turkey has very important position in terms of the richness of Sideritis 
species. Sideritis taxa in the Flora of Turkey are given in Table 1. 

 

Table 1. Sideritis taxa in the Flora of Turkey 

Number Sideritis Taxa Turkish Name Endemic 

1 S. akmanii Aytaç, Ekici & Dönmez Kuyrukçayı + 

2 S. albiflora Hub.-Mor. Akçiçekçayı + 

3 S. amasiaca Bornm. Bodurçay + 

4 S. arguta Boiss. & Heldr. Köyçayı + 

5 S. argyrea P. H. Davis Boz eşekçayı + 

6 S. armeniaca Bornm. Yüzükçayı + 

7 S. athoa Papan.& Kokkini Kedikuyruğu çayı - 

8 S. brevibracteata P. H. Davis Hacımemetli çayı + 

9 S. brevidens P. H. Davis Gülnar çayı + 

10 S. bilgerana P. H. Davis Altınbaş çayı + 

11 S. caesarea H. Duman, Aytaç & Başer Topalçay + 

12 S. condensate Boiss. & Heldr. Kozalıkekik + 

13 S. congesta P. H. Davis & Hub.-Mor. Başakçayı + 



 
 
 

467 

 

14 S. cilicica Boiss.&Balansa Kandilçayı + 

15 S. dichotoma Huter Çatalçay + 

16 S. erythrantha Boiss. & Heldr. Morçay  

 subsp. cedretorum (P. H. Davis) H.  
Duman Karlıkçayı + 

 subsp. erythrantha Morçay + 

17 S. galatica Bornm. Kırçayı + 

18 S. germanicopolitana Bornm. Karakurbağa çayı + 

 subsp. germanicopolitana Karakurbağa çayı + 

 subsp. viridis Köseçay + 

19 S. gulendamii H. Duman & Karavel. Hanımçayı + 

20 S. hispida P. H. Davis Sertçay + 

21 S. hololeuca Boiss. & Heldr. Çalıçayı + 

22 S. huber-morathii Greuter & Burdet Şenköy çayı + 

23 S. lanata L. İpekçayı - 

24 S. leptoclada O. Schwarz & P. H. Davis Kızlançayı + 

25 S. libanotica Labill. Gevreğen - 

 subsp. kurdica (Bornm.) Hub.-Mor. İnceçay - 

 subsp. libanotica Gevreğen - 

 subsp. linearis (Benth.) Bornm. Torosçayı - 

 subsp. microchlamys (Hand.-Mazz) 
Hub.-Mor. Zühreçayı - 

 subsp. violascens (P. H. Davis) P. H. 
Davis Topuklu çay + 

26 S. lycia Boiss. & Heldr. Kemer çayı + 

27 S. montana L. Karaçay - 

 subsp. montana Karaçay - 

 subsp. remota P. W. Ball Mor karaçay - 

28 S. niveotomentosa Hub.-Mor. Duvaklı çay + 

29 S. ozaturkii Aytaç & Aksoy Paşaçayı + 

30 S. perfoliata L. Fincançayı - 

31 S. phlomoides Boiss. & Balansa Tilkiçayı + 

32 S. phrygia Bornm. Taşlıkçayı + 

33 S. pisidica Boiss. & Heldr. Eldiven çayı + 

34 S. romana L. Zarifçay - 

 subsp. curvidens (Stapf) Holmboe Eğriçay - 

 subsp. romana Zarifçay - 

35 S. rubriflora Hub.-Mor. Gülçayı + 

36 S. scardica Griseb. Pazlak çayı - 
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 subsp. scardica Pazlak çayı - 

37 S. serratifolia Hub.-Mor. Fenerli çayı + 

38 S. sipylea Boiss. Sipil çayı + 

39 S. stricta Boiss. & Heldr. Tilkikuyruğu çayı + 

40 S. syriaca L. Amanos çayı - 

 subsp. nusairiensis (Post) Hub.-Mor. Amanos çayı + 

41 S. taurica Stephan ex Willd. Kırımçayı - 

42 S. tmolea P. H. Davis Sivriçay + 

43 S. trojana Bornm. Sarıkız çayı + 

44 S. vulcanica Hub.-Mor. Madençayı + 

45 S. vuralii H. Duman & Başer Babaçayı + 

 

 

3. TRADITIONAL USES 

The consumption of herbal tea made from different medicinal and aromatic plants is quite common in 
Turkey (Figure 5). One of the most commonly used plants for herbal tea is Sideritis species ([7]). 
Sideritis species are known as “dag cayi, yayla cayi or adacayi”, and the aerial parts of them are used in 
the preparation of traditional herbal medicines and teas ([1], [2], [5]-[7], [10]) (Table 2 and Table 3). 

 
Figure 5. The several Sideritis species collected from natural area are sold by local people in Turkey. 

 

Table 2. Some Sideritis taxa as herbal tea in Turkey 

Sideritis taxa 

S. amasiaca 

S. brevidens 

S. caesarea 

S. cilicica 

S. erythrantha subsp. 
erythrantha 

S. libanotica subsp. libanotica 
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S. libanotica subsp. linearis 

S. ozaturkii 

S. rubriflora 

S. serratifolia 

S. stricta 

S. trojana 

The tea is widespread for stomach ache, indigestion, and common colds such as fever, flu, sore throat and bronchitis. Except 
herbal tea prepared with infusion and decoction methods using the aerial parts of these plants, there are also different methods 
of use.  For example, the leaves of S. pisidica are boiled with barley flour, grated onions and pine tar, and the poultice 
prepared is useful in treating abdominal pain in our country [11]. Table 3 is given traditional use of some Sideritis species in 
Turkey ([2], [3], [12-19]). 

 

Table 3. Traditional use of some Sideritis species in Turkey 

Sideritis species Traditional Use 

S. arguta Diuretic, common cold 

S. caesarea Gastroptotective 

S. condensate Flu, sore throat 

S. galatica Aperitif, carminative 

S. leptoclada Expectorant 

S. lycia Common cold 

S. pisidica Abdominal pain 

S. scardica Flu, cold, cough, bronchitis 

S. stricta Common cold, respiratory 
system, carminative 

S. trojana Chest and throat illness 

  

According to some recent researches, extracts and essential oils obtained from some Sideritis species were shown to have 
antifeedant, antimicrobial, antioxidant, anti-inflammatory, anti-ulcerogenic, antispasmodic, digestive, diuretic, and analgesic 
([2], [5], [6], [10]).  

4. CONCLUSIONS 
Herbal tea (infusion or decoction) made from leaves, flowers and stem of Sideritis species have been also used as folk 
remedies to treat various ailments. On the other hand, many studies based on their biological, phytochemical and 
pharmacological properties are conducted on these plants. In recent years, the interest in and the demand for these species 
have increased particularly due to their high antioxidant effect. 

The products derived from plants have very few side effects unlike synthetic drugs, and the plant products are more reliable 
than synthetic ones. Therefore, their consumption and the market volume are increasing parallel to the developments in the use 
of medicinal and aromatic plants worldwide. On the other hand, the healthier and living longer wishes of people has been 
increased significantly the consumption of herbal tea. From this perspective, Sideritis species is significant potential plants, 
and they are economically promising. 
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Tribological Properties of Boron Carbide Reinforced 

Copper Based Composites 

Huseyin Ipek*1, Hamdullah Cuvalci1, Cemal Celebi1 

Abstract 
In this study, a boron carbide (B4C) reinforced copper based Metal Matrix Composites (MMCs) manufactured by powder 
metallurgy method and tribological behavior of compacted composites were investigated. B4C reinforcement was selected at 
different ratio from 2%wt to 10%wt. Powders was compacted under 735±1 MPa pressure in a die with cold pressing 
method. Sintering of the samples was performed at two different sintering time as 1 hour and 3 hours under Ar gas 
atmosphere at 900 °C. Tribological tests were performed by using a computer aided pin-on-disc experimental setup under 
dry sliding conditions. Tribological tests were performed from 1 hour to 5 hours. And wearing surfaces were investigated in 
a Scanning Electron Microscope SEM) and mechanisms of the wear were detected. In addition to that tribological behavior 
and porosity properties of the manufactured samples were investigated. It was found that the porosity of the samples was 
increased with increasing B4C content. Nevertheless, wear resistivity increased with increasing reinforcement content.  

Keywords: Metal Matrix Composites (MMC’s), B4C, Tribology, Copper Based Composit 

1. INTRODUCTION 
Because of the unique properties of the Metal Matrix Composites (MMCs) have many application in industry [1, 2]. Most of 
the studies in industrial components should have good mechanical properties with better tribological properties [3]. The need 
for a recent wear resistant material for high performance tribological applications has been one of the major propellant power 
for the tribological development of ceramic particulate reinforced materials [4]. The introduction of hard, non-deformable 
ceramic particles into matrix alloy causes a loss in ductility and toughness of MMCs [5]. But the optimum ratio usage of the 
reinforcement particles could assist wear performance with a toughness. Matrix materials of the MMCs generally selected for 
their high thermal conductivity and ductility properties as copper, nickel and aluminum [6]. And reinforcement materials 
should be harder than matrix for the supporting the structure of composite as SiC, B4C Si3N4, Al2O3 and TiC [7].  

In this study, copper and B4C was selected as a matrix and reinforcement materials, respectively. Copper-based materials are 
widely used in many industrial applications because of their good wear resistance and friction ductility, remarkable corrosion 
resistance, as well as self-lubrication properties, such as sliding bearings, sleeves, brushes and other components [8-10]. B4C 
reinforcement material was selected for its tribological and mechanical properties [4, 11]. Moreover, B4C particles have high 
impact and wear, low density, high melting  

point, and excellent resistance to chemical agents as well as high capability for neutron absorption make boron carbide 
attracting much attention as an acceptable reinforcement [12]. 

Wear and friction are the common problem in industry [13, 14]. And wear shows itself in two different way, abrasive and 
adhesive. [15, 16]. Adhesive wear cause surface deformation with separation of the surface by layers but the abrasive wear 
cause separation of the particles from surface by scratching [17]. Main motivation and the novelty of the study was determine 
of the wearing performance of the Cu-B4C MMCs with a pin-on-disc wearing test machine.  

2. EXPERIMENTAL DETAILS 
In this study, MMCs was manufactured. Copper as matrix and boron carbide (B4C) as reinforcement were selected at different 
ration (2%, 4%, 6%, 8% and 10%). 0,1mg precisions balance was used for weighting operations. Composites were mixed 
about 8-10 min. with mechanically. Mold was lubricated with a solid lubricant before molding. Manufacturing parameters and 
wearing parameter was given Table 1. 
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Table 1. Manufacturing and wearing parameters. 

  Sintering 
Time (h) 

Molding Pressure 
(MPa) 

Sintering 
Temperature   (ºC) 

Wearing 
Time (h) 

Wearing 
Load (N) 

Cupper (pure) 
1 

735 900 

- - 

3 

1-5 50 ±5 
Composites 

(2%, 4%, 6%, 8% and 10%) 

1 

3 

 

Samples were sintered at 900 ºC.  Argon atmosphere were selected for preventing the dirtiness during sintering process.  
Different sintering time and molding pressure were applied. Hardness of the samples was measured with Brinell Hardness 
method. Porosity of the samples was calculated with experimentally.  

Samples experimental density was measured with formula 1. 

ρ=m/V                                                  (1) 

Where, ρ (g/cm3) density, m (g) mass and V (cm3) volume. Composites theoretical density was calculated with formula 2.  

ρT= [(% wt Cu . ρ 1 )+ (% wt B4C. ρ 2)]                                              (2) 

Where, ρT theoretical density, wt (g) mass, ρ1 and ρ2 (g/cm3) copper and B4C densities. Then formula 3 can be used for 
calculate the porosity of the samples.   

% porozite = (∆ρ/ρ0)x100                              (3) 

Where, ∆ρ difference between theoretical density and experimental density, ρ0 theoretical density. 

Pin-on-disc wear method was run for wearing process. Samples were cut suitable for sample (pin) holder about 10mm x 
10mm x40mm. Pin track diameter was selected as 100 mm. with 100 rpm working speed (≈0,5m/s).  Cold work tool steel disc 
was used for wearing. Running in process was applied before wearing. Running in and experiments were carried out 50±5 N 
load 

3. RESULT and DISCUSSIONS 

3.1 Structural Investigation 
Structural investigations of the composites were performed with a Leica named optical system and the images of the structures 
were given in Figure 1. Figures show the different reinforcement ratio of the B4C.   
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Figure 1.  Optical microscope images of the composites (1 hour sintering time) 

(a-2%, b-4%, c-6%, d-8%, e-10%) (10x) 

 

Investigated macrostructure images show that the effect of reinforcement. Images show that porosity (dark areas) was 
increased with increasing reinforcement B4C particles (grey areas). 

3.2 SEM Investigation  
Scanning Electron Microscope (SEM) investigations was imaged after wear tests. And Figure 2 shows the worn surface of the 
composites under dry sliding conditions.  
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Figure 2. Worn surface of the composites which was manufactured with 1 hour sintering time (a-2%, b-4%, c-6%, d-8%, e-10%) (1000x) 

3.3 Porosity 
Porosity of the samples was calculated with formulas 1, 2 and 3. The graphical explanation was given in Figure 3. 
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Figure 3. Porosity ratio of the samples  

Porosity of the samples was increased with the increasing reinforcement ratio. And pure compacted copper porosity was 
calculated as 10.05% 

3.4 Hardness 
Hardness of the samples was measured with Brinell Hardness test method. And the hardness of the samples was given in 
Table 4.  

Table 2. Hardness value of the samples 

 
Sample 

HB 
1 hour sintering 
time  

3 hour sintering 
time 

Pure compacted copper 32 24 
2 % 42 33 
4 % 51 53 
6 % 53 55 
8 % 56 84 
10 % 57 86 

3.5 Wear loss 
The wear investigation of the samples was performed under dry sliding conditions. Wear loss was measured hour by hour and 
mass loss was found. Finding of the mass loss was converted to the wear rate. Wear rate formula was given in Formula 4.  

Wear Rate (mm3 m-1) = mass loss (g) / [density (g/mm3) x sliding distance (m)]                                                                   (4) 

With the conversion of mass loss to the wear rate Figure 4 and 5 was obtained.  

 

 
Figure 4.Effect of the sintering time to the wear rate (1 h sintering time) 

 

Average wear rate of the samples was showed that minimum wear rate for 10% reinforced sample. 2% and 4% samples was 
showed higher wear rate and the ratio of the wear was decreased with increasing wear time. By the contrast with, samples 
which was reinforced in proportion as 6%, 8%, 10% showed that increasing wear rate with the increasing wear time. It means, 
B4C particles was removed from surface with the vibration and cause some deep scratching and erosion. 

 

 
Figure 5. Effect of the sintering time to the wear rate (3 h sintering time) 
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Figure 5 shows that the sintering effect on the samples and it was detected decreasing wear rate with increasing sintering time. 
Average wear rate was showed minimum wear rate for 10% reinforced sample as Figure 4. But the average wear rate was less 
than Figure 4 about almost 46%. And all samples difference was less according the 1 hour sintered. Also Figure 3 showed that 
sintering effect on porosity. So increasing sintering time cause less pore, high hardness and high wear resistivity.  

4. CONCLUSIONS 
Copper and B4C reinforced copper based metal matrix composites was manufactured with different sintering time. Hardness 
and porosity measurement was performed for all samples. But tribological tests was applied for the composites and the 
conclusion was found: 

1.) Porosity of the composites were increased with increasing reinforcement ratio. 

2.) Hardness of the composites were increased with increasing sintering time. 

3.) Wear loss was decreased with increasing sintering time. 
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Evaluation of a Potential Wildlife Crossing in the 
City of Burdur 

Latif Gurkan Kaya1, Cengiz Yucedag2 

Abstract 
Especially highways and expressways affect populations in numerous ways, from habitat loss and fragmentation, to barriers 
to animal movement, and wildlife mortality. For this reason, wildlife crossing has been established on the roads to protect 
the wild animals and them to breed, feed and to meet water needs in recent years. In this study, a wildlife crossing is 
designed for two fragmented areas (Mehmet Akif Ersoy Urban Forest and 607th Burdur Forest Compartment) located in the 
City of Burdur. For this purpose, computer software has been used to maintain a map that has been supported with 
photographs. This wildlife crossing is supported by samples established in the developed countries. The research team also 
reviewed studies that assess the efficiency of crossings and in doing so, learned what was working well. It has been thought 
that such a crossing is essential for the living in these areas. Moreover, this kind of crossing should be established in the 
whole fragmented areas in Turkey.  

Keywords: Fragmentation; Protection; Roads; Wildlife crossing; Burdur; Turkey 

1. INTRODUCTION 
Development pressures of countries including rapid population and unplanned growth necessitate the expansion of 
transportation infrastructure to prevent negative effects of roads on wildlife. The effects of roads on wildlife populations are 
habitat loss, reduced habitat quality and landscape connectivity and road-related mortality. They also have both immediate and 
cumulative deleterious effects. These include the degradation of remaining habitat, the disruption of ecological processes 
including animal migration and breeding, and the reduction or local extinction of wide-ranging species [1]. A research 
conducted in Hungary has showed that current expressways or an expressway under construction not only changes the 
frequency of deer crossings, but affects their distribution as well [2]. In reality, wildlife needs to move across the landscape to 
meet their basic survival needs (Figure 1). Therefore, ecosystems and landscapes must be connected and permeable to support 
sustainable wildlife population [3]. For these reasons, wildlife crossing has been set up on the roads to protect the wild animals 
and them to breed, feed and to meet water needs nowadays. 

Wildlife crossings have evolved since the first crossings were established in Florida, almost 70 years ago. Wildlife crossing is 
a patch of wildlife habitat, generally vegetated, which joins two or more larger areas of wildlife habitat [3]. Namely, it has 
facilitated the living of wild animals by providing a connection between two fragmented areas. Vegetation helps animals get 
used to it and increase the chances of it being used. Vegetation is especially important for an overpass because it makes the 
overpass more natural, and it will decrease the noise and light of the traffic as well, eliminating most of the disturbances [2]. 
Studies have shown that crossing structures can mitigate habitat fragmentation, facilitate wildlife passage, reduce wildlife 
mortality from vehicle collisions, improve highway safety, and improve habitat connectivity [4, 5].  

 

 
Figure 1. Wildlife needs to move across the landscape [6] 
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The general categories of wildlife crossings include underpasses (e.g. culverts and tunnels) and overpasses (i.e. bridges). 
Crossings have also been segmented by their height. Small and large underpasses are differentiated by a height or diameters of 
1.5 m. Other characteristics that can also be used to differentiate wildlife crossings include structure materials (e.g. concrete or 
metal) and shape (e.g. box, circular, elliptical, or open-span underpasses; and hourglass or box overpasses). Overpasses are 
usually designed for large vertebrates such as carnivores and hoofed animals. Their length is about 200 m and width range 0.3 
to 0.5 m [7-9]. 

The design choices for a particular wildlife crossing are often unique from location to location [8]. Proper placement of 
wildlife crossing structures is one of the most important considerations for successful mitigation. Most studies indicate that 
placing the crossing structure near traditional movement routes will increase effectiveness. Studies conducted in Florida 
determined that structures placed without regard to traditional movement paths failed [10]. Sometimes a few years are 
necessary for wildlife to get used to the crossing structures, and a few years with low use can be followed by sudden and 
significant increase [11]. Downs et al. [5] have indicated that using the maximal covering location problem (MCLP) allows 
planners to objectively choose the best locations for new crossing structures as well as to quantify the benefits of building each 
successive facility. Considered the information mentioned-above, in this study a wildlife crossing is designed for two 
fragmented areas (Mehmet Akif Ersoy Urban Forest and 607th Burdur Forest Compartment) located in the City of Burdur. 

2. MATERIAL AND METHOD 
The study is conducted on the Turkish D350 and D650 expressways, in Burdur (Southern West of Lake Burdur) between the 
kilometric posts 2.75 and 74.25. The highway runs across SW Turkey (Antalya), and it is built in 1993-2000. Climate has a 
transition between the Mediterranean climate and terrestrial climate with an average temperature of 13ºC and approximately 
405 mm precipitations [12]. There are forest lands on both side of the expressways, consisted of mostly Brutian pine (Pinus 
brutia Ten.). 

In this study, a wildlife crossing is designed for two fragmented areas (Mehmet Akif Ersoy Urban Forest and 607th Burdur 
Forest Compartment) located in the city of Burdur (Figure 2). For this purpose, computer software has been used to maintain a 
map that has been supported with photographs. 

 
Figure 2. Location of the case area 

3. RESULTS AND DISCUSSION 
In the study, a wildlife crossing has been designed for two fragmented areas in the city of Burdur. Figure 3 has illustrated the 
previous and future form of the landscape. Width and length of wildlife crossing designed as overpass are 30 m and 50 m, 
respectively. Vegetation of wildlife crossing is natural. Namely, it consists of Brutian pine and maquis plants (e.g. Phillyrea 
latifolia, Spartium junceum, Erica manipuliflora, E. arborea, Paliurus spina-christi, Styrax officinalis) growing naturally in 
the province. As a matter of fact, Özçelik et al. [13] have reported that the main vegetation formation of province is maquis 
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forming under the influence of the general climate type. As many smaller forest-dwelling species appear to be reluctant to 
cross roads, the construction of this vegetated wildlife overpass appears to have facilitated opportunities for movement that 
has been exploited by local species [14]. 

The choice of location for wildlife crossing has been noted to be the narrowest part of the expressway for more comfortable 
passage of animals. For example, crossing structures, built with the shortest dimensions possible, have been suggested for the 
most effective passage of mule deer under Utah highways [15]. The other aim of location selected for wildlife crossing is to 
provide the best connection between two fragmented forest areas. On the other hand, wildlife funneling, typically using 
fences, can be beneficial for effective use of wildlife crossing. Wildlife crossing signs encouraging drivers to slow down and 
be more observant of the expressway should be used. 

Wildlife overpasses appear to accommodate more species of wildlife that do underpasses. Primary advantages relative to 
underpasses are that they are less confining, quieter, and can maintain ambient conditions of rainfall, temperature and light. 
Furthermore, overpasses can serve both as passageways for wildlife and intermediate habitat for small animals such as 
reptiles, amphibians and small mammals. By providing intermediate habitat, overpasses may provide a feasible alternative for 
various species to cross highways, especially small animals [4]. On the other hand, the most important drawback is that they 
are expensive. The availability of adequate funding is one of the primary limiting factors to establish a wildlife crossing 
structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (a) Expressway before wildlife crossing; (b) Expressway after the suggested wildlife crossing 
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In conclusion, this is a preliminary study for the region. The different initiatives, environmental regulations, magnitude of the 
installation, target species, maintenance issues, budgets, and stakeholder attitudes toward such a project have influenced the 
decision to establish a wildlife crossing. Building wildlife crossings requires a considerable amount of funds, so it is essential 
to know their effectiveness and to monitor how often they are used by different species. In the further studies, a detailed study 
on the flora and fauna of the forest on both sides of the wildlife crossing needs to be conducted. Monitoring and maintenance 
plans should be prepared to ensure that mitigation systems continue to function over time. 
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The Use of Conditional Probability and 
Expected Value Functions to Maximize 

Earnings on Betting Games 
 

Nurhayat Varol1, Serkan Varol2 

Abstract 
Betting on sport games has become a rife habit since the invention of gambling software that allows online monetary 
transactions. Despite its glamour and intense imaginative power of being wealthy, people lose billions of dollars in total. 
The purpose of this research is to promote a new approach that people can utilize to maximize their earnings based on the 
use of conditional probability and expected value theorem on a bet.  The proposed approach measures how often the 
individuals’ predictions are accurate versus the actual results on betting games which finds the intersection of probability of 
the initial prediction and the final score of a game. The validity of the model is proven with a practical example. The results 
of the study are presented, and recommendations are made to help individuals to achieve the best practice in terms of 
maximizing their earnings on a bet.  

Keywords: Conditional Probability, Expected Value, Maximize Earnings, Betting, Gamble 

1. INTRODUCTION 
Winning at sports betting is a desired outcome that most people would be motivated to success. It is usually performed 
through internet outlets and bookmakers. There are many domestic and international organizations that run betting activities 
on sport games, but as far as the history, Software System LTD is known as the first company to create a gambling software in 
1994 while the CyptoLogic is recognized as the first company who allowed online monetary transactions in 1995 [1].  

According to Hing et al. [2] commercial arrangements between gambling operators and sport organizations yield extensive 
promotion of gambling during televised sports. They applied a survey on 544 Australian sports bettors with varying degrees of 
problem gambling severity indicate that problem gamblers have highest approval of these promotions. They concluded that 
frequent exposure of sports bettors to the proliferation of gambling and sports betting promotions that are now firmly 
integrated into televised sports broadcast may supply marketing cues that steer additional consumption, especially amongst 
problem gamblers. They claimed that problem gamblers report viewing these gambling promotions more favorable compared 
to non-problem and at-risk gamblers and to feel more encouraged and effected to bet by this type of marketing [2]. 

Canale et al. [3] have investigated the impact of online gambling on gambling problems in a large-scale nationality 
representative sample of Italian youth, and to determine and examine a subgroup of online gamblers that reported higher rates 
of gambling problems. They used data from ESPAD®Italia2013 (European School Survey Project on Alcohol and others), a 
national school survey applied every year to observe risk-attitudes among Italian young population. Participation in eight 
various gambling activities was assessed, including football pools, sport betting. The result shows that adolescent participation 
in online gambling is significantly relevant to greater problem severity. Rates of adolescent problem gambling were five times 
higher among online gamblers than non-online gamblers [3]. 

Lorentziadis [4] has investigated the game theoretic perspective in auction bidding. He claims that the predictive power of 
auction theory remains in many cases limited. So, he concentrated to improve the applicability of auction theory yielding to 
more realistic descriptions of bidding attitudes. He concluded that the growing application of auctions as a means of economic 
trading will certainly give rise to new unanticipated problems yielding to unchartered research ways [4]. 
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Gainsbury et al. have studied [5] on consumer attitudes towards Internet gambling that contributes to difficulties in developing 
regulations to encourage the use of regulated online gambling sites. They have concerned the issues of player protection, 
policies and responsible gambling. They summarized that policy makers should take continues actions to ensure that consumer 
protection measures are sufficiently rigorous and appropriate [5]. 

Thanks to the rapid development in internet era, the number of betting sites have increased dramatically and as a result, people 
bet more than ever despite the prolonged economic downturn. According to survey performed by ESPN, there are about 180 
million American gambled on sports as of 2008. Also, a recent survey has stated that 44% of 12th grade males had bet on sport 
gambling at least once, also 42% of Americans are ready to vote for legal sports betting in all states, if legalized sports betting 
is expected to generate more than $10 billion per year, also $100 million taxes per state. Surprisingly, gambling produce more 
revenue than movies, theme parks etc. In the down side, American has lost $119 billion gambling in 2013, followed by China 
for $76 billion [6]. 

Since betting has been a lifestyle of many people in the world, people are seeking for useful methods to maximize their 
earnings. In this research, the study of conditional probability (CP) and expected value (EV) are combined to evaluate sport 
betting, thus bring a new approach in terms of maximizing earnings.  

2. THE PROPOSED MODEL WITH AN EXAMPLE 

Let’s assume a gambler who wants to bet on soccer games at Liga BBVA (Spain) and Serie A (Italy) is accessing betting odds 
as given below (Table 1 and Table 2).  

 

Table 1. Soccer games at Liga BBVA, Spain 

 

 

 

 

 

 

 

 

 

 

The given odds (𝐺𝐶𝑅) are the conversion of implied probabilities where 𝑅 is the probability of each event in a game as home-
win (1), draw (0) and away-win (2). Implied probabilities are calculated as 𝐼𝑃𝐺𝐶𝑅 = 1/𝐺𝐶𝑅. Hence, when 𝐺𝐶𝑅 = 𝐿11, 
𝐼𝑃𝐺𝐶𝑅 = 1

2.20
= 0.45%.  It basically implies that the betting company assumes that Getafe has a 46% of probability of winning 

game L1 against Malaga whereas 𝐿10 = 34% and 𝐿12 = 40%. When 𝐼𝑃𝐿11 + 𝐼𝑃𝐿10 + 𝐼𝑃𝐿12 = 110% which proves that the 
betting company makes a certain profit out of any given bet, therefore 𝐺𝐶𝑅 is reduced by the amount of profit percentage.  

Table 2. Soccer games at Serie, Italy 

 

 

 

 

 

 

 

 

 

GC 
 

Liga BBVA(L) ODDS 

Home  Away 1 0 2 

L1 Gatefe vs Malaga 2.20 2.90 2.50 
L2 Real Madrid vs Granada 1.35 4.75 4.00 
L3 Valencia vs R.Betis 1.35 3.60 5.50 
L4 Eibar vs At.Madrid 5.00 3.50 1.40 
L5 R.Sociedad vs Espanyol 1.80 3.10 3.10 
L6 Sevilla vs Celta Vigo 1.65 3.30 3.40 
L7 D.La.Coruna vs Sporting Gijon 1.85 3.00 3.10 
L8 Villarreal vs Bilbao 1.80 3.20 3.00 
L9 Barcelona vs Levante 1.35 4.75 4.00 
L10 Las Palmas vs Vallecano 1.80 3.10 3.10 

GC Seria A(S) ODDS 

Home  Away 1 0 2 

S1 Udinese vs Empoli 1.85 3.00 3.10 
S2 AC Milan vs Palermo 1.50 3.30 4.30 
S3 Chievo vs Inter 3.20 3.00 1.80 
S4 Atalanta vs Verona 1.80 3.00 3.20 
S5 Bologna vs Frosinone 1.80 3.10 3.10 
S6 Genoa vs Juventus 3.75 3.20 1.60 
S7 Roma vs Sassuolo 1.30 3.75 6.25 
S8 Torino vs Sampdoria 1.70 3.20 3.30 
S9 Capri vs Fiorentina 3.50 3.10 1.70 
S10 Napoli vs Lazio 1.70 3.20 3.30 
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In this research, it is assumed that the betting company decides not to make any profit from games, thus offer original odds. 
Therefore, in order to access initial implied probabilities (𝑂𝐼𝑃𝐺𝐶𝑅), the first step is to find the profit rate, also named as bet 
profit (BP*) that the company implied on bets.  

 

 𝐵𝑃𝐿11=𝐿11/∑(𝐺𝐶𝑅 ∗/ 𝐺𝐶𝑅) where R=1,0,2 and 𝐵𝑃 ∗𝐿11= 1 − 𝐵𝑃𝐿11 

 

Then, original given odds (𝑂𝐺𝐶𝑅) are calculated as follows 

 

𝑂𝐺𝐶𝑅=𝐿11/ 𝐵𝑃𝐿11 

 

After all, original implied probabilities can be found: 

 

𝑂𝐼𝑃𝐺𝐶𝑅=1/𝑂𝐺𝐶𝑅 

 
Assume that 𝐿11 is taken as a sample unit, then 𝐵𝑃 ∗𝐿11 = 16.4%, 𝑂𝐺𝐶𝑅=2.64 and 𝑂𝐼𝑃𝐺𝐶𝑅 is measured to be 37.8%. In 
theoretical explanation, the original calculated odds are 37.8% (Getafe wins). However, the betting company adds 16.4% 
profit on every bet that they offer, thus the implied probabilities are artificially increased and set to be 45%. Original implied 
probabilities equal to 1. (𝑂𝐼𝑃𝐿11 + 𝑂𝐼𝑃𝐿10 + 0𝐼𝑃𝐿12 = 100%). 

In order to consolidate the problem and make it more understandable, conditional probabilities which is an important concept 
on probability theory that measures the probability of an event by assuming that another event has already occurred of 
predicting games scores and results are given as illustrated on Table 3 below. It is based on research predictions that reflect the 
relationship between predicting and final scores, represented as 𝐶𝑃𝑥𝑦 where x is initial predict and y is final score of the 
selected game. For example: 𝐶𝑃11 gives the interaction between the initial predict of home win and the actual result of home 
win. It is often illustrated on a tree diagram to ease understanding of problems.  

 

Table 3: Conditional Probability that measures the probability of an event 

 
 

Conditional 
Probability 

Initial Predict 
1 0 2 

𝐶𝑃𝑥𝑦 
FINAL 
SCORE 

 1 𝐶𝑃11 𝐶𝑃01 𝐶𝑃21 

 0 𝐶𝑃10 𝐶𝑃00 𝐶𝑃20 
 2 𝐶𝑃12 𝐶𝑃02 𝐶𝑃22 

 
 

Conditional  
Probability 

Initial Predict 
1 0 2 

𝐿1 
FINAL 
SCORE 

1 46% 28% 26% 
0 32% 20% 48% 
2 7% 40% 53% 

 

3.  FINDING INTERSECTION OF BOTH PREDICTIONS AND IMPLIED PROBABILITIES OF A 
BET 

This part of research aims to find the intersection of probability of the initial prediction and the final score of a game. This 
gives vital information to users to find how often individuals’ predictions are 𝑅  using the Table 4 below and it ties in 
predictions of game scores to return which the odds of winning money from a game (It basically measures how often is 
individuals predictions are accurate versus the actual results).  
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Table 4. Intersection of probability of initial prediction 

𝐹𝑥𝑦 1 0 2 

1 𝐹11 = 𝐶𝑃11 𝑥 𝑂𝐼𝑃𝐿11 𝐹01 = 𝐶𝑃01 𝑥 𝑂𝐼𝑃𝐿11 𝐹21 = 𝐶𝑃21 𝑥 𝑂𝐼𝑃𝐿11 

0 𝐹10 = 𝐶𝑃10 𝑥 𝑂𝐼𝑃𝐿10 𝐹00 = 𝐶𝑃00 𝑥 𝑂𝐼𝑃𝐿10 𝐹20 = 𝐶𝑃20 𝑥 𝑂𝐼𝑃𝐿10 

2 𝐹12 = 𝐶𝑃12 𝑥 𝑂𝐼𝑃𝐿12 𝐹02 = 𝐶𝑃02 𝑥 𝑂𝐼𝑃𝐿12 𝐹22 = 𝐶𝑃22 𝑥 𝑂𝐼𝑃𝐿12 

 

The following table explains when predictions are made to score 𝑅, how often the final score turns out be 𝑅 (Table 5 and 
Table 6). 

Table 5. Actual probabilities of winning game 

 

Table-6.Results of actual probabilities of winning game and expected value 

 

 

 

 

 

 

 

An assumption has been made that Min (𝑂𝐼𝑃𝐿1𝑅) = 1 where R is 0, then  𝑂𝐼𝑃𝐿11/ 𝑂𝐼𝑃𝐿10 and 𝑂𝐼𝑃𝐿12/ 𝑂𝐼𝑃𝐿10 give the 
corresponding factors of each 𝑂𝐼𝑃𝐿1𝑅. Therefore, when 𝑂𝐼𝑃𝐿10 is equal to 1 unit, 𝑂𝐼𝑃𝐿11 can bring 1.32 unit and 𝑂𝐼𝑃𝐿12 can 
bring 1.16 unit. (𝐿11 = 1.32   nd 𝐿10=1 and 𝐿12=1.16) 

4. RESULTS AND CONCLUSION 

The proposed model help subjects to choose from complicated bets based on their own observation with given odds. The 
result of the sample indicates that the person should select draw over away win in such given case despite initial odds 
suggested that away win must be chosen by margin. 
Combining conditional probabilities with expected value enhance the chance of getting more accurate results in betting games. 
The model can be expanded to where an actual survey is made and predictions are obtained from subjects and initiated with 
odds, which even give more accurate results to users.  

 

 

 

 

 

1=Home Win 
0=Draw  
2=Away Win 

Actual Probabilities of Winning Game 
1 0 2 

 
Predictions 

1 𝐹11/(𝐹11 + 𝐹10 + 𝐹12) 𝐹10/(𝐹11 + 𝐹10 + 𝐹12) 𝐹12/(𝐹11 + 𝐹10 + 𝐹12) 
0 𝐹01/(𝐹01 + 𝐹00 + 𝐹02) 𝐹00/(𝐹01 + 𝐹00 + 𝐹02) 𝐹02/(𝐹01 + 𝐹00 + 𝐹02) 
2 𝐹21/(𝐹21 + 𝐹20 + 𝐹22) 𝐹20/(𝐹21 + 𝐹20 + 𝐹22) 𝐹22/(𝐹21 + 𝐹20 + 𝐹22) 

Game:L1 Actual Probabilities of Winning 
Game 

 Expected Value 

1 0 2 
 
Prediction
s 

1 60% 32% 8% 1.20 
0 36% 19% 45% 1.19 
2 24% 33% 43% 1.14 
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Research on Retinal and Iris Identification Systems  
Yesim Ulgen Sonmez1, Asaf Varol2 

Abstract 

Biometrics is the science that analyzes biological data and also the technology that measures biological data. 
Biometric systems make identification or identity verification by using measurable, distinctive physical and 
behavioral properties of humans. The most widely used biometrics techniques rely on finger prints, palm, hand 
geometry, iris, retina, face, ear shape, vein, signature, hand writing and voice identification of an individual. 
Iris identification systems and retina identification systems are the most accurate and reliable identifying 
techniques. Iris is a circular structure surrounding the pupil, which determines eye color. The iris is a very 
rich tissue and it has a unique texture. This texture is different for each individual and it will stay same 
throughout their lives. Iris identification systems use the mathematical pattern-identification algorithms and 
statistical methods on individuals’ captured iris images. Retina, similar to iris, is unique for each person and 
has an unchanging texture throughout the life, except for some side effects of diseases. Retina that is located in 
the back side of the eye is responsible for vision. The mesh of blood vessels in retina is very complicated and 
distinctive. In retina identification systems, firstly, infrared light is radiated into the eye and blood vessels 
create unique reflections of this light. Retina identification is used in many areas from security systems to 
medical applications. This study examines and presents similarities and differences between two ocular 
biometric systems which are iris identification systems and retina identification systems. Analysis has also 
been carried out suing the findings of this study. 

Keywords: Biometrics, Iris identification System, Retina identification System. 

1. INTRODUCTION 
Biometric systems work with the principle of examining and identifying some unique physiological and behavioral 
characteristics of each person. The way the human brain works is taken as the basis of biometric systems. In such systems, 
there are two phases called identification and verification. In identification phase, data is collected and saved in the database 
as computer codes (which are digital codes). In the verification phase, the data collected is compared with the data of the 
person who requests access and a conclusion is reached by the system. 

Iris and retina identification systems are among ocular identification systems. However, they do have different structures and 
they are different biometric systems. Iris and retina tissues are unique and distinctive for each and every human being. The 
structure of iris does not change from birth to death. Retina tissue also does not change, however it is affected by some 
diseases like diabetes, high blood pressure, MS and leukemia. Thus, iris and retina identification systems are the highest grade 
biometric systems in their field with the properties of uniqueness, accuracy, universality and permanence. The rich texture of 
iris is essential for the iris identification systems. The shape of capillaries is taken into account for retina identification 
systems. 

This study examines and presents similarities and differences between two ocular biometric systems which are iris 
identification systems and retina identification systems. Analysis has also been carried out suing the findings of this study.  

1.1. Biometric System Characteristics and Criteria 

There are unique characteristics used in biometric systems which are unique for each and every human being. These can be 
finger prints, palm structure, hand shape, vein patterns, finger joint prints in hands, ear shape, teeth, tongue print in face area, 
retina, iris and sclera in the eyes, and as with biological properties go, DNA, bodily scent, heart sound, or behavioral features 
such as voice, signature, keystroke patters and style of walking. [1]. 

Biometric traits must have some criteria. These criteria can be listed as follows [1, 2]. 
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• Universality:  Every person should have that particular trait [1-5]. It should exist in every individual. 
• Distinctiveness/Uniqueness: The trait should be effectively different for each person [1-5]. 
• Permanence: The characteristic should not change as time goes by, it should permanently stay the way it is [1-5]. 
• Collectability: The trait which will be measured should be easily acquired by suitable devices. [1-5]. 
• Measurability: The quantitative measurability of the trait.   
• Performance: Performance is accuracy and speed, and also robustness of the technology used [1-4]. It is the relative 

success of defining the biometric trait [1]. 
• Acceptability: The approval rating of the technology used [1-5]. This can be defined as agreeable of acquisition and 

assessment of the biometric characteristic [1-5].  
• Circumvention: The ease of using a substitute [1-4]. The biometric system can be fooled easily by unauthorized 

persons. 
• If the human trait carries the permanence, universality, uniqueness, collectability criteria, it can be used for querying 

within a biometric system. If a system uses such a biometric trait and appropriate and robust technological 
equipment, it can be accepted as a reliable and powerful biometric system. 

Table 1 shows the comparison of iris and retinal biometrics, according to biometric trait criteria, under suitable conditions [1, 
2]. In the table, H means "high", L means "low" and M means mediocre.  

 

Table 1. Comparison of iris and retina characteristics [1, 2, 6]. 

 U

n

i

q

u

e

n

e

s

s 

U

n

i

v

e

r

s

a

li

t

y 

P

e

r

m

a

n

e

n

c

e 

M

e

a

s

u

r

a

b

il

it

y 

P

e

r

f

o

r

m

a

n

c

e 

 

A

c

c

e

p

t

a

b

il

it

y 

C

ir

c

u

m

v

e

nt

io

n 

Iris H H H M H L L 

Retina  H H M L H L L 

 

The measurements used in biometric systems are called biometric measurements. There are international standards for the use 
of these systems in passwords. These standards are set by INCITS, International Committee for Information Technology 
Standards [2, 7]. Thanks to these standards, any person with a bank account who can reach his account with iris or palm 
identification systems, can reach his bank account in his home country from anywhere around the world and make a 
transaction [2].  

1.2. Comparison of Iris and Retinal Biometrics 

In table 2, ease of use, possible problems, performance and security requirements of iris and retinal biometric systems under 
appropriate conditions have been compared. 

Retina identification systems are systems with high accuracy and speed; however, because they need focus of the camera, they 
are not widely used biometrics [1, 4, 8]. 
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Table 2. Comparison of iris and retina biometric systems [1, 8]. 

Biometric 

Trait 

Ease of 

Use 
Problems Accuracy 

Security 

Requirements 

Retina 

 
Low Glasses Very high High 

Iris 

 
Medium Light Very high Very high 

 

1.3. Areas in Which Retina and Iris Biometrics are used 

In table 3, the most common usage areas for iris and retinal biometrics have been listed. The most widely used biometric traits 
that are used for border security application are iris and retina. In ID cards and passports however, iris is used more in 
comparison to retina. 

 

Table 3. Fields of application for iris and retinal biometrics [1, 9]. 
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Border Security x x  

Forensics    

Identification of Criminals x x  

ID Cards x   

Passports x   

Computer Logon Processes x  x 

Access Control x x x 

Electronic Trade x  x 

Smart Phones    

Imaging Systems x   

Watching Videos    

Missing Child Identification x   

Crowd Tracking    

Electronic Banking    
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2. OCULAR BIOMETRICS 

Because of relatively more accurate and permanent characteristics of ocular biometric traits, many different approaches have 
been developed regarding ocular identification [1, 9]. The most important biometric traits in the ocular area are iris, sclera and 
retina. In iris based biometric systems, identification is done by benefiting from color, shape and the properties of iris tissue. 
Besides the distinctive property of iris, as these character based systems are relatively expensive and prone to attacks, they are 
not very widely used [1, 10]. 

In retina based biometric systems, the attributes of blood vessels which filter the light and optical field in retina are used as the 
distinctive traits [1, 9]. As the retina identification systems are expensive and it is rather difficult to obtain the data, they are 
not also widely used. 

The sclera of the eye consists of blood vessels. The particular patterns of these blood vessels are used in sclera based biometric 
systems. [1, 9]. 

 

2.1. The Structure of the Eye and Eyesight 

Eyes are very special and important organs which take in the light that is originated from the sun, and reflected 
from objects. The light that is visible to human eye is called visible light. It is the light in between wavelengths of 
400 and 700 nanometers. Human eyes cannot perceive X rays, ultraviolet rays and infrared rays [11, 12]. Eye 
consists of two types of structures, one for sight, and others for the protection of these structures. The protective 
structures are the eyelids, eyebrows, eyelashes, lacrimal glands, and the muscles that connect the eyes to their 
circular orbits and provide movement [11]. The structure of a human eye is made up of three layers. These layers 
are the sclera on the outer layer, choroid in the middle and retina in the inner layer [11]. 

Sclera is the white part of the eyeball. Sclera is a structure that surrounds and protects the eye. It becomes the 
transparent cornea on the front side of the eye and lets the light enter. 

Choroid is beneath the sclera. Its exact place in the eye is shown in figure 1. It consists of blood vessels that feed the eye. It 
also absorbs excess light and prevents damage to the eye. Choroid gets thicker in the front side of the eye and becomes the 
round and colorful structure called iris [11]. 

 

 

Figure 1. Anatomy of the eye [39] 

Iris can be in different colors according to the color material that it possesses. Iris color can be black, brown, blue, green or 
hazel. 

In the middle of iris is the pupil, which is a gap. The light enters the eye through this gap and goes to the back of the eye, to 
retina. As shown in figure 2, iris either enlarges or shrinks the pupil, according to the amount of light entering the eye. Thus, 
pupils constrict in bright light and they dilate in darkness. 
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Figure 2. Constriction and dilation of the pupils [40]. 

Retina is the inner layer of the eye. It receives colors and impulses and provides vision. As there are networks of nerve 
endings in this layer, it is called the retina [11]. 

2.2. The phases in which the vision is realized  

Vision starts with the rays of light coming from the sun which are reflected from the objects to come to our eyes. Any ray of 
light reflected from an object, gets refracted by the cornea and passes through the pupils and reaches to the lens [11].  

The light that reached to the lens is refracted once again and passes on to vitreous body and reaches to the retina. The rays of 
light that reached the retina create electrical pulses on optic nerves. These electrical impulses allow the formation of a reverse 
image in the macula [11]. Optic nerve transmits this reverse image to the brain. The part of the brain which manages sight 
rotates the image and, thus seeing occurs.  

Figure 3 shows how seeing works, how the light is refracted, where the vision is created, and how it is transmitted to the brain. 
The role of iris in seeing is to control the size of pupils and adjust the amount of light entering into the eye [13]. 

 

 

Figure 3. The phases of seeing 

3. IRIS IDENTIFICATION SYSTEMS 

Iris identification system is one of the most accurate and reliable biometric systems because it uses the unique and unchanging 
structure of iris. It was first introduced by John Daugman in 1993. J. Daugman, in 1994, introduced a prototype that delivers 
excellent results over databases with many different images and developed a human identification system based on iris 
analysis [13]. 

Iris identification is a highly reliable biometric method used for identification. The iris pattern of the person whose iris is 
scanned is mapped and converted into a digital code in various ways. This digital iris code is matched with the other ones in 
the database in order to make identification [14]. 

3.1. The Unique Structure of Iris 
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In 1985, Leonard Flom and Aran Safir have proven that iris pattern of each and every human being is different [14]. This part 
is also the part which gives the eye its color. The color of iris depends on cell density and pigment concentration. For example, 
brown eyes have more cell density and pigment count compared to blue eyes. The structure of iris is not hereditary, however 
its color is. 

 

Figure 4. Different iris structures 

The features related to the unique structure of iris which enables it to be a biometric trait are as follows; 

• The structure of each person’s irises is unique. Even though DNA structures in twins are the same, their irises are 
still different. 

• There are even differences between the right and left irises. 
• Iris is much less affected by genetic factors. 
• Iris structure does not change with genetic diseases. 
• Race, gender or skin color does not affect the characteristics of the iris. 
• It is an internal organ which can be seen and measures externally. 
• The structure of iris does not change. Due to its permanence, it is a secure biometric trait. 
• Eye is the organ which loses its viability the quickest after death. 

Figure 4 illustrates different iris tissues. Iris possesses the tissue properties of sclera and retina [13]. In biometric systems, this 
rich tissue's structure is converted into digital codes using various methods [14]. 

For a clear visibility of the iris tissue, the eye should be photographed using 750 nm infrared light. Because with visible 
daylight (400-700 nm), these tissues can't be seen clearly [14]. 

 

3.2. The Way the Iris Identification Systems Work 

3.2.1. Photographing the Iris  

There are stages of iris identification systems. In the first stage, digital photographs of the person who requests access to the 
system are taken using video cameras. This stage requires the person to willingly look at the camera. This biometric system is 
not intrusive as there is no contact with the eye by the camera, thus it is healthy. This way of it increases its adoption level by 
the people. 

3.2.2. Localization – Locating the Iris and the Pupil 

The captured image is processed using visual processing methods. Meanwhile, iris and pupil is distinguished in 
the image taken and the remaining parts are removed from the image. The purpose for doing that is to separate 
eyebrows, eyelashes etc. from the iris in order to create a code and make a healthy analysis. At this stage, the 
center of the pupil is also determined [13]. Various edge detection methods are applied in this stage. 

3.2.3. Segmentation 

At this stage, as shown in Figure 5, the circular edge between the iris and the pupil, and the circular edge between the iris and 
the sclera is determined.  
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Figure 5. Determining circular borders and noise [13, 41] 

 

The noise on the iris image is removed using a variety of image processing techniques. The noises over the iris image are 
factors like eyebrows, eyelashes, eyelids and light reflections etc. The removal of such factors from the image is called noise 
detection [13, 45, 46]. In figure 5, the pupil, iris and sclera is separated from each other using circular edge detection methods. 

3.2.3.1. John Daugman Segmentation Method 

Daugman used circular edge detection methods to determine the borders of iris, pupil and sclera. Especially to 
separate sclera from the iris, he used maximum gradient integrodifferential equation in iris images [13].  

 

𝑚𝑎𝑥𝑟,𝑥0,𝑦0 � 𝜕
𝜕𝑟

 𝐺(𝑟) ∗  ∮ 𝐼(𝑥,𝑦)
2𝜋𝑟

  𝑑𝑠𝑟,   𝑥0 ,,𝑦0
�                                     (1) 

 

𝐺(𝑟) = � 1
√2𝜋 𝜎

�  𝑒− (   (𝑟−𝑟0 )2 

2𝜎2  )                       (2) 

G(r), is the radial Gaussian function.  I(x, y) is the input iris image. The firs equation looks for the maximum 
value with fuzzy partial derivative for increasing radius and (0, 0)  𝑥0  , 𝑦0  central coordinate.  This method is 
also called active contour fitting [13, 15].  

3.2.3.2. John Daugman Polar Conversion Method 

The system generates a coordinate system on the localized iris image. The center of the coordinate system is the center of the 
circular pupillary boundary. Figure 6 shows the cartesian form of the iris image [13, 41]. 

 

Figure 6. Cartesian form of the iris image, normalization and polar form [41, 42, 46]. 

 

3.2.4. Normalization - Polar Transformation 

At this stage polar transformation is applied to the image and it is converted into dimensionless form polar from cartesian 
form. Daugman used radial scaling method for polar conversion [13, 46].  

 

𝑥( 𝑟, 𝜃) = ( 1 − 𝑟)𝑥𝑝(𝜃) + 𝑟𝑥1(𝜃)                                            (3) 

 

𝑦( 𝑟, 𝜃) = ( 1 − 𝑟)𝑦𝑝(𝜃) + 𝑟𝑦1(𝜃)                                       (4) 

 

As shown in figure 6, the image is converted from (x, y) form into polar (r, θ) form, using image radial scaling and polar 
transformation [13]. Figure 7 shows (a) the image of iris area, (b) the iris image after the application of polar transformation 
and normalization. Daugman's polar transformation method is called Rubber Sheet model [42]. 
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Figure 7. Normalized iris image [46]. 

 

In this stage, in order to compose a clearer iris code, histogram equalization and noise reduction methods are applied once 
again on the polar image. 

3.2.5. Demodulation - Formation of Iris Code 

After the normalization, feature vector (digital code) of the polar iris image is created during the demodulation stage. Pattern 
identification methods are used for image identification. In the first iris identification system, the digital code of the image is 
reduced to a size between 256 and 512 bytes, using a function called "2D Gabor wavelet transform" [13,16]. The created iris 
template in other words iris feature vector is matched with other iris templates in a huge database, for the identification and 
verification. During all these processes, the iris code is password protected and it is impossible to use them in any other way 
[16]. 

At this stage, feature extraction is performed using Gabor wavelet filter. Gabor wavelet filter is applied on the normalized 
image and a binary iris code like the one seen in figure 8 is created, which is in a fixed size and universal format.  

.  

Figure 8. Binary iris code [13, 44, 45]. 

 

In the field of iris identification, there are many different feature extraction methods in literature, for converting iris images 
into digital codes. Some of these methods are as follows [13]; 

• 1-D Gabor Wavelet Transform 
• 2-D Gabor Wavelet Transform 
• Correlation Filter 
• Haar wavelet transform 
• Dydatic wavelet transform 
• Discrete Cosine transform 
• Log Gabor wavelet transform 
• Zero-Crossing wavelet transform 

3.2.6. Iris Identification Methods According to Iris Encoding 

Iris identification Methods according to Iris Encoding are separated into 4 different classes [13]. These classes are as follows; 

• Phase based methods [17] 
• Zero pass method [18, 19] 
• Tissue analysis method [ 19, 20, 21,22] 
• Density gradient analysis [23] 

3.2.7. Comparison of Iris Codes  
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After the iris image of the person who demands access to the system passes the segmentation, normalization and demodulation 
processes, it is matched with the iris templates in the database and then identification is done. For this comparison, different 
methods and classifiers are used. 

The comparison method of Daugman was Hamming Distance [13]. Hamming distance is the comparison of two binary codes 
XOR and AND. It calculates the difference between the bits of two iris codes [13, 43, 45]. 

 

𝐻𝐷 =  ( 𝐼𝑟𝑖𝑠𝐶𝑜𝑑𝑒𝐴 ⊕ 𝐼𝑟𝑖𝑠𝐶𝑜𝑑𝑒𝐵 ) ⋂ 𝑀𝑎𝑠𝑘𝐴 ⋂ 𝑀𝑎𝑠𝑘𝐵 
𝑀𝑎𝑠𝑘𝐴 ⋂ 𝑀𝑎𝑠𝑘𝐵

                 (5) 

 

Normalized Hamming distance 

 

𝐻𝐷 =  1
2048

           ∑ 𝐴𝑗  
2,048
𝑗=1  ⊕     𝐵𝑗                                         (6) 

 

System makes matching according to the results of the Hamming distance results. It reaches to yes or no decisions. Figure 9 
shows the matching in between three iris samples. Hamming distances have been calculated. The iris with the smallest value 
of distance matches with the code [24]. It produces a "yes" result. Without any match, a "no" answer is produced. 

 
Figure 9. Hamming distance [24]. 

When the studies in the literature are examined, the classifiers used for the comparison of iris codes are as follows [13]; 

• Hamming Distance 
• Euclid Distance 
• Support Vector Machine (SVM) 
• Artificial Neural Networks (NN) 
• Nearest Neighbor Clustering (kNN) 
• Self-Organized Feature Maps (SOM) 
• Vector Quantization Learning (LVQ) 
• Bayes Classifier 

The iris codes derived from the iris images of a living eye are matched with another iris code which was previously saved in 
the database, within a few seconds. If there is any damaged bit on the iris code, the system detects it and only matches the 
valid ones [16]. 

4. IRIS IDENTIFICATION STUDIES IN LITERATURE 

Wildes [21, 25, 26] used different methods from what John Daugman used for iris identification. Wildes first used a histogram 
based approach for the detection of circular edges of the iris and pupil, then, he used Hough transform [26]. Eyelids were 
identified as parabolic arcs. 
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Wildes uses image saving technique for the scaling and rotation. 
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𝑦𝑥  dxdy                     (10) 
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Matching function that minimizes the similarity transformation which transforms (x, y) coordinates into (x', y') is used [21, 
25]. Instead of capturing the spatial details of the iris, isotropic band-pass derived with Laplacian of Gaussian is made. For the 
matching in between the obtained pattern and the patterns in the database, normalized correlation is used. 

In the literature, in different stages of iris identification, there are studies carried out for the systems to perform better [13]. 
These are as follows; 

Systems have been developed which use iris code as biometric secret key. These keys were more secure than crypto-graph 
based keys [27]. 

In order to improve real time localization (iris and pupil separation), methods which are based on particle swarm optimization 
have been developed [28]. 

2D Haar wavelet transform was used, which separates iris images into 4 different phases and this 4 phases of high frequency 
information was quantized in 87 bits code form. For classification, vector quantized learning (LVQ) has been applied [29]. In 
another study, iris identification systems have been produced which are based on the zero pass of wavelet transform [30]. 

Iris identification systems combining wavelet transform and support vector machines have been developed. Support vector 
machine wavelet transform method reduced the error rates. 

Methods using support vector machines have given much better results compared to methods using feed-forward artificial 
neural networks, nearest neighbor clustering, Hamming and Mahalanobis distance classifiers [13]. 

As a result of the research, it's been determined that Haar wavelet transform does better feature extraction compared to Gabor 
filter [20]. Image 10 shows the iris code with applied 5-D Haar wavelet transform. Haar WT is used in visible light photos. 

 

 Figure 10. Iris code with Haar wavelet transform applied [31].  

5. RETINAL IDENTIFICATION SYSTEMS 

Retinal identification systems are biometric systems which convert the retinal pattern which consists of capillaries, into a 
digital code.  

5.1. The Unique Structure of the Retina 
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Retina is located behind the eyeball and is the most inner layer of the layers of the eye. It is rich in capillaries. These blood 
vessels absorb the excess light and protect the eye from damages. While working on ocular diseases in 1935, Dr. Carleton 
Simon and Dr. Isodure Goldstein found that each eye has a unique blood vessel structure [33]. Later on, it's also seen that 
although twins have the same genetic code, have different retinal patterns [34]. 

After the discovery that the retinal structure is unique and different for each and every human being, and is also universal, it's 
been understood that it could be used for identification and studies for a retinal identification system has been started. Retina 
can be affected by diseases like diabetes, high blood pressure, blood and cardio vascular diseases. This diminishes its 
reliability as a biometric system a little bit. In figure 11, (a) original photo of the retina, (b) blood vessel network of retina. 

 
Figure 11. (a) Original retinal image  (b) Blood vessels [34, 35]. 

5.2. Working Methods of Iris Identification Systems 

Retinal identification system consists of the following stages: obtaining retinal image, segmentation, blood vascular pattern 
extraction, feature extraction and filtering, finally biometric pattern matching. The flowchart of retinal identification is given 
in figure 12. 

 

 

Figure 12. Flowchart of retinal identification system [32]. 

 

5.2.1. Obtaining the Retinal Image-Acquisition 

The eye of the person who wants access to the system is photographed from close proximity. As the retina is behind the eye, 
the person has to stay close to the camera. The infrared ray of light is shone to the eye. This light passes the lens and follows 
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the retinal path and reaches the capillaries in the retina. Meanwhile, the capillaries undergo changes as the light reaches them. 
They take different shapes and forms. These characteristic shapes are reflected to a video camera. System obtains the image 
from this reflection.  

5.2.2. Preprocessing, Segmentation and Optimization  

There are green, red and blue levels in digital photos. A photo can be viewed in different levels. Green channel has a higher 
density compared to red and blue channels. Thus green channel is extracted from the photo. The green channel is located with 
the following mathematical formula. 

𝐺 =    𝐺
𝑅+𝐺+𝐵

                                                (12) 

R means the red channel, G means the green channel and B means the blue channel [38]. In figure 13, retinal images have 
been given according to the techniques applied in the preprocessing stage. 

 

 

Figure 13.  (a) green channel image (b) optimized capillaries  (c) Segmented image (d) Refined capillaries [34, 35]. 

Preprocessing stage includes the detection of noise and separation of background from the retinal image and to highlight the 
blood vessel pattern. The correction of retinal identification depends on the extraction of the features of capillaries. The 
preprocessing includes the following actions; 

• First, optimization of the image is done using wavelet transform in order to extract capillary pattern. 
• A multi layered thresholding is applied on the optimized retinal image. 
• Wavelet transform method is used for feature extraction. The used transform methods are as follows [34]. 
• Constant wavelet transform (CWT) 𝑇𝜓 ( 𝑏, 𝜃, 𝑎) 
• Fourier wavelet transform (FWT) 
• 2-D Gabor wavelet transform 

With Gabor wavelet transform, optimized vascular pattern can be obtained [34]. 

5.2.3. Feature Extraction and Bifurcation 

Bifurcation means branching. The main features of vascular patterns are vascular endings and branching points [35]. The 
system uses the crossing number method which is shown in figure 14, for the extraction of the vascular endings and branching 
[35]. Figure 15 shows the vascular features and branching which are obtained using this method. 

.  

Figure 14. Crossing number method [36]. 
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Figure 15. Vascular features, endings and bifurcation [34]. 

 

The mathematical expression of this method:  

 

𝐶(𝑝) =  1
2

 ∑ |𝑔(𝑝𝑖𝑚𝑜𝑑8) − 𝑔(𝑝𝑖−1)|8
𝑖=1                                                                             (13) 

g is the refined retinal image and p represents each vascular pixel. Pixels between  𝑝0  and  𝑝7  are the pixels in clock wise 
which define the 8 neighboring of p and 𝑔(𝑝) is the pixel value [34]. For vascular pixels 𝑔(𝑝) = 1, for others 𝑔(𝑝) = 0. 
𝐶(𝑝) = 3 𝑎𝑛𝑑 𝐶(𝑝) = 1 are branching and vascular endings. Feature spots obtained with this algorithm are the correct ones. 
In order to determine the wrong spots, 9x9 windowing method is used. Figure 16 shows the wrong spots like bling spots, 
breaks and short blood vessels. 

 

 

Figure 16.  Wrong spots, (a) blind spots, (b) breaks, (c) short Blood vessels [36]. 

 

While obtaining the retinal vascular patterns, the purpose is to find the correct branching. After the blind spots, breaks and 
short blood vessels are found using windowing technique, these are eliminated [36]. Thus, correct endings and branching 
feature spots can be determined. 

5.2.4. Comparison of Vascular Patterns 

This is the identification phase. The retinal image taken from the person who wants access is processed using various 
processing, recognition etc. methods and feature vector (digital code) is generated for the retina. This digital template is 
matched with other retinal templates in the big database. This comparison can be made using various methods. These methods 
are as follows; 

• Mahalanobis distance 
• Vascular pattern correlation 
• Matching which use branching spots.  

6. PERFORMANCE CRITERIA OF BIOMETRIC SYSTEMS 
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Performance is an important concept for computerized systems. Any computerized system should operate fast and accurate. 
The most important performance criteria in biometric systems are total processing time, false acceptance rate (FAR) and false 
rejection rate (FRR) [2, 37, 45]. 

The total processing time is the time elapsed between the person's request to access, and the time the access is given. This 
should take 1-2 seconds in a good system [2, 37]. False acceptance rate is the possibility of access being granted for an 
unauthorized person, with a faulty decision. False rejection rate is the possibility of access not being granted for an authorized 
person. The aim for all biometric systems is to reduce both FARs and FRRs below 1%. [2, 37, 45]. 

7. RESULTS 

In this study, different iris and retinal identification methods have been examined, and the similarities and differences of these 
systems have been identified. It's been seen that these systems are much more reliable, accurate and fast, compared to other 
biometric systems available. However, their high cost prevents them to be widely adopted. 

The similarities between iris and retinal identification can be listed as follows; 

• False acceptance rate is low in both. 
• False rejection rate is very low, almost 0. 
• Highly reliable, because the iris or retinal patterns are unique for everybody. 
• Identification is very fast in both. 

The differences between iris and retinal identification can be listed as follows; 

• The accuracy of retinal scanning can be affected by various diseases, however, the rich texture of the iris is fixed for 
life and immutable. 

• Iris scanning is not different from a normal photo shoot, shots are taken from a short distance. Retinal scanning 
requires the person to be much more close to the camera. 

• Iris is an internal organ which can be seen externally, but retina is on the back of the eye. Therefore, photographs are 
taken from different distances. 

• Iris scanning is more commercially accepted than retinal scans. Retinal scanning is considered to be harmful. 

Retina and iris can be used in cryptography with their unique structures. With smart cards that carry both iris and retinal 
codes, both users and the system owners or institutions can have a more security. 

When the properties of retinal and iris identification are analyzed, it is expected that these two systems can perform better 
compared to other biometric based systems like finger print, face or vascular identification systems. Apart from that, it's also 
been understood that with a combination of iris and retinal pattern prototype can be one of the most secure identification 
systems available.    
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What Sustainability and Sustainable Development 
Mean for Mining 

Necmettin Cetin1 

Abstract 
Mineral productions and processing are important economic activities in many parts of the world. Growth in world 
population, together with improvements in standards of living in many countries and development of new uses for minerals 
has fueled the pace of exploitations. This has been facilitated by advances in technology that allows lower-cost and more-
efficient extraction along with increased recycling. Improved mining equipment, methods and technology have placed an 
important role in reducing the risk faced by mine workers, partly through reducing the risk of human error. Sustainability 
requires collaboration and communication with the local and the wider community. Strategic partnerships with communities 
should be fostered to optimize social and economical benefits from its activities. The wisdom of sustainable development 
requires optimal outcomes for the industry, economy, society and the environment. Sustainable development for the mineral 
sector is broad and it encompasses for both public and private property, the sustaining of natural resources, ecosystem, 
communities and economies as they relate to the processes and products of the sector. For mineral sector, it involves 
minimizing rather than optimizing the negative effects of production and maximizing the potential benefits of the sector’s 
current capacity. 

Keywords: Sustainability, Sustainable Development, Mining, Mineral Industry 

1. INTRODUCTION 
Mining and mineral resources have the potential to be important sources of income and driving forces behind boarder 
economic development.  A mining project can be more successful when guided by targeting the highest possible standards in 
technical, safety, and environmental issues. Sustainability is really a simple concept. It requires only that something be 
maintained at its current level, for example, environmental quality or economic well being. This term originally referred to the 
management of renewable resources such as a fishery or a forest; a resource was being managed in a sustainable manner if the 
harvest rate was greater than the natural or biological rate of regeneration. Sustainable development is more recent, and more 
complicated. It requires that development be sustained. But what is development? It is first and foremost a multidimensional 
concept. One dimension is economic, reflecting the desire to improve economic well being, which may estimated by as per 
capita income of a nation. A second dimension is environmental and reflect the desire that improvements in economic well 
being not come at the cost of diminished environmental quality. A third dimension is socio-cultural and reflects the desire that 
improvements in economic well being occur in manner that is socially just. Social justice relates primarily to fairness in the 
distribution of the benefits and burdens (i.e. economic, environmental and social) that result from economic growth. 
Sustainable development requires that human beings act in ways that simultaneously sustain or enhance economic well being, 
the quality of environment and social justice. It is well accepted that the environmental and socio-cultural aspects must be an 
integral part of the way the minerals industry operates. Sustainability requires economic growth, environmental protection of 
our ecosystem, and social responsibility. The dynamic interplay of these three components is a prerequisite for achieving the 
goals of sustainability [1], [2], [3]. 

How do mining and mineral resources fit into this picture of sustainability and sustainable development? At first glance, 
mining and mineral resources seem to be quintessential unsustainable activities. Individual mines have finite reserves that 
once mined are gone. The earth crusts contain a limited supply of any mineral resources. Since through mineral exploration 
and development, mining companies replace reserves that mining depletes, mining is more sustainable than it appears. Also, 
through technological innovation, mining companies are able to discover or mine mineral resources that otherwise would be 
technically and commercially unfeasible to mine. Second, recycling sustains the benefits of materials made possible by 
mining, even if a mine itself is not sustainable. Third and most importantly, even if a mine is unsustainable, in principle the 
economic benefits created by mining can be sustained indefinitely through appropriate investment in education, health care, 
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infrastructure, and other activities that create well being long after mining ceases. In other words, a depleting mineral resource 
can, in effect, be converted into a sustainable, renewable source of human well being through appropriate investment [4], [5], 
[6]. 

 

 
Figure1. The Mining Lifecycle after Kogel [1] 

2. METHODOLOGY 
The life of a mine consists of discrete phases or activities that together comprise the mining lifecycle (Figure 1). Exploration 
focuses on the discovery of new mineral deposits. The next step is towards bringing a deposit into production. Feasibility 
studies are detailed engineering and economic analyses that include mine design, cash-flow analysis (capital cost, operational 
cost, and revenue), mineral processing flow-sheets, closure plans, reclamation plans and plant design. Mine design and 
planning encompasses a broad range of activities that are mainly concerned with determining the size of the mine, mine 
layout, mining method, production requirements, and equipment needs. After the ore has been removed, the mine is closed 
and the land is graded, re-vegetated and developed for a variety of post mining uses that, if managed appropriately, will bring 
long term value to the local community. 

2.1.Four Principles for Mining 
What do these broad concepts of sustainability and sustainable development mean for mining sector? What they certainly do 
not mean is that a mine should not be sustained forever, which of course is impossible. Also, these concepts do not mean that a 
mine should be sustained forever and at all costs the life an individual community. The concept of sustainability and 
sustainable development suggest the following principles or social goals associated with mining: 

• Facilitate the creation of mineral wealth 

• Ensure that mineral development occurs in an economically (socially) efficient manner 

• Distribute the surpluses from mining fairly; and 

• Sustain the benefits of mining even after a mine closes. 

2.2.Sustainable Mining Practices 

Mineral development can be viewed as supporting the concept of sustainable development if the extraction of minerals takes 
place in a manner that minimizes the environmental impacts; equitably shares the benefits from the new wealth created; 
utilizes the capital obtained to provide adequate healthcare, education, and other social services; and reduces the level of waste 
through recycling and improved technologies to optimize recoveries. Sustainable mining practices are a concept that embeds 
the principles of sustainable development into a mining and minerals context. At its core is the belief that through the 
responsible development of the world’s mineral resources, the global population will be able to access the mineral resources 
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they demand for both a higher standard of living and better access to energy. It is an important tool in alleviating poverty. 
Companies that exhibit sustainable mining practices demonstrate: 

• Environmental leading practices 

• Community engagement and support 

• Economic development 

• Safety excellence 

• Optimum resource utilization 

As a result of embedding these practices into the way of work, the operation will be sustained (premature mine closure 
avoided) and enduring benefits will flow to the community (Figure 2). An emerging standard of best practices in mining 
industry aims at resulting in net positive benefits across social, economic, and environmental areas that are sustainable after 
closure. 

 
Figure2. Five Pillars of Sustainability of Mining after Laurence, [2] 

3. RESULTS AND DISCUSSIONS 
Since mining is necessary to sustain economic prosperity and quality of life, a continued exploration for new mineral deposits 
is required. Before minerals can contribute to sustainability or sustainable development, mineral wealth needs to be created. 
The creation mineral wealth requires human activities to acquire sufficient knowledge of a mineral occurrence (or the chance 
of occurrence) that someone is willing to purchase explorations, development, or mining rights. Exploration is the most 
strategic activity of any mining company and efficient management of exploration portfolio is essential to sustainability. The 
success of a mining company is determined by its capacity to transform today’s exploration targets into tomorrow’ cash flows. 
Sustainable exploration strategies should be focused on controlling risks considering risk as chance of failure or loss (Figure 
3). 

The key idea or goal of economic efficiency is to maximize net benefits, in this case from mining. The definitions of benefits 
and costs need to be broad enough to include full social benefits and costs. Starting points estimating benefits and costs are the 
revenues received and costs incurred by profit-seeking mining companies. In addition when evaluating sustainability and 
sustainable development, one needs to consider the possible spillover benefits and costs associated with mining. Spillover 
benefits may include local purchases of inputs by a mining company, local spending of mine workers salaries, health 
improvements experienced by local communities from clinics, roads or other infrastructures.  Spillover costs may include 
environmental damage, cultural impacts associated by mining development. Economic efficiency requires that decision-
makers acknowledge and recognize the unpaid nature of spillover costs and overall incorporates at least conceptually the 
environmental and social problems that lead to the concern that these activities are unsustainable. 

Mining often generates surpluses or economic profits even after mining companies pay the spillover costs either by 
compensating local communities or others by bearing these costs or through activities such as expenditure on environmental 
protection that reduce or eliminate the creation of these costs. How these surpluses are distributed among the owners and 
worker of private mining companies, government and communities is a key issue in social and cultural sustainability and 
sustainable development. This issue is a critical aspect of the social justice. 

Investing appropriate portion of the revenues from mining in sustainable assets can in effect make the benefits from mining 
permanent. This principle is perhaps the key lesson from the concept of economic sustainability. The idea is simple: save and 
invest a portion of current income each period, spend at most the investment’s income each period and in doing so sustain the 
fund spending indefinitely into the future. 
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 In an ideal world, governments acting on behalf of society at large should establish appropriate legal and regulatory 
frameworks that facilitate achievement of the four principles of sustainable mineral development identified previously. In 
particular, most economists argue that government intervention in specific markets, including mining, be limited to activities 
that facilitate market activity, promote fairness in the distribution of burdens and benefits, and promote economic efficiency 
by correcting imperfections in actual markets that would prevent them from being well-functioning or economic efficiency. In 
mining, governments should facilitate mineral exploration, mine development, and mining through policies that define 
property rights, create processes for private companies to obtain approvals for exploration and development, and outline and 
describe the rights and responsibilities of private companies during extraction activities and after mining ceases (Figure 4). 

4. CONCLUSIONS 
Sustainability and sustainable development mean that mining companies and mine managers should continue to work with 
local communities and governments to integrate environmental and social issues into technical and commercial decisions 
about mining. They mean that processes though which companies and all other interested parties to mine development 
identify, discuss, and resolve issues that require integrating the technical, commercial, environmental, and social aspects of 
mining should continue to be important issues. More broadly, it is hoped that the growing experience of mining companies 
and communities interacting with one another should lead to broader agreement about what is to be sustained, for whom, and 
through what process. To date, there has been little consensus on how to put the broad concepts of sustainability and 
sustainable development into practice. There are limits to what extend that one can expect worldwide agreement to emerge 
since what is sustainable to a community in one part of the world may not be sustainable in any other community in any other 
part of the world. Sustainability and sustainable development are all about social preferences for the appropriate balance 
among the economic, environmental, and socio-cultural dimensions of human activities. In the foreseeable future, there will be 
growing pressure to ensure that mining projects and operations are managed for sustainability and sustainable development. 

 

 

 
Figure3. A View of an Ore Deposit in Australia [7] 
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Figure 4. A View of an Operating Open Pit Mine in Australia. [8] 
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Wave Hindcasting for Wave Energy Assessments in 
the Black Sea 

Adem Akpinar*1, Bilal Bingölbali1, Halid Jafali1 

Abstract 
Assessment of wave energy potential in sea areas is considered to be of great importance all over the world and the number 
of studies in this way has increased rapidly. For the Black Sea, however, only a limited amount of studies has been carried 
out so far, providing only a crude estimate of its wave energy potential. This paper summarises performance of the 
developed nested models to investigate spatial and temporal variability of wave energy potential in the Black Sea within the 
TUBITAK research project [1]. For this purpose, the third-generation numerical wave hindcast model SWAN results forcing 
with CFSR wind data were compared with the buoy measurements at six buoy locations (Hopa, Gelendzhik, Gloria, Sinop, 
Filyos, and Karaburun). Focusing on the south-western coast of the Black Sea, a set of nested SWAN model with increasing 
spatial resolutions (a coarse grid, then a fine grid, and then three sub-grids) was established. SWAN model with a coarse 
grid was calibrated and validated with the measurements at Gelendzhik, Sinop, and Hopa. Then, SWAN model with a fine 
grid was calibrated and validated at Gloria. And finally, each of SWAN model with three sub-grids was calibrated and 
validated at Karaburun, Filyos, and Sinop, independently. Thus, the numerical and physical settings of the SWAN model for 
the Black Sea by calibrating source term settings for deep and shallow water was optimised. The results show that SWAN 
model hindcasts match well with the measurements. Therefore, the setting of the nested SWAN models will be applied to the 
Black Sea during 31 years to obtain a data base including some wind and wave parameters and to correctly assess the wave 
energy potential of the south western part of the Black Sea.  

Keywords: SWAN, Wind-wave modelling, Wave Energy Potential, Black Sea 

1. INTRODUCTION 
SWAN wave model, which stands for Simulating Waves Nearshore, is a 3rd-generation numerical model. It can compute 
wind-generated waves both in coastal areas and inland waters such as lakes and it is the most used model globally at the 
moment. As a system, it has different formulations of source terms that help to drive it, some of which are optional. For wind 
input, Komen et al. [2], which is the default in the SWAN, Janssen [3, 4], and Yan [5] are the used formulations. For bottom 
friction, JONSWAP (Hasselmann et al. [6]), which is the default in the SWAN, Madsen et al. [7] and Collins [8] options are 
available. Therefore it is important to conduct a test on how different options affect the performance of the SWAN model, 
thus, ending up with the most suitable model for a given area. In this study, depth-induced wave breaking effect, triad and 
quadruplet wave-wave interactions, different bottom friction, wind input, and whitecapping options are examined with 
measured data at several stations over the Black sea. Besides, effects of some tunable parameters in the physical processes 
along with effects of some parameters for numerical setting to the SWAN model performance were also investigated for each 
nested SWAN model. 

2. DATA COLLECTION AND PRE-PROCESSING 
Two main inputs needed for wave model simulations were firstly obtained and processed. Globally preferred bathymetry data, 
the General Bathymetric Charts of the Ocean (GEBCO) data produced by the British Oceanographic Data Centre (BODC) is 
used. The data has the same resolution (30 seconds) in both latitude and longitude and was requested from BODC via their 
website. A few processes were performed on the data to make it detectable by the numerical model. The other main input is 
wind field. For this data, CFSR winds produced by NOAA were used based on a study carried out by Van Vledder and 
Akpinar [9] using the SWAN model for the Black Sea. They examined the effects of 6 different atmospheric models on wave 
hindcast and concluded that CFSR wind were most appropriate for the Black sea since they showed more accurate results.  

Since a long-term (31 years) analysis was carried out in our study, 31-year (1979-2009) data was obtained from the NOAA 
website in GRIB format. The data has u and v wind components of spatial resolution of 0.3125 °, 1 hour temporal resolution 
and at a height of 10 m. As in bathymetry data, a few processes were also performed on all 31-year wind data set in order to 
get it in a format detectable by the SWAN model.  

 

3. DEVELOPMENT OF NUMERICAL MODEL 
After acquiring and processing these two main input files, a numerical wave prediction model code was prepared. Considering 
that our model consists of nested grids (coarse, fine and 3 sub-grids) (see Figure 1), each grid was calibrated separately.  
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Figure 1. Bathymetry for coarse, fine and finer sub-grids used in the SWAN model and stations (K: Karaburun, F: Filyos, S: Sinop, H: Hopa, 

GL: Gloria, G: Gelendzhik) used for model calibration and verification of hindcasted data. 

 

In the calibration, we focused on the least known event in numerical wave modeling called whitecapping. Since SWAN model 
contains different formulations for wind input and whitecapping, five different combinations defining the two physical 
processes were formed. The performance of these combinations and the effect of tunable whitecapping coefficient in each 
combination were examined. Combinations created for calibration are as follows in the form of wind input formulation & 
whitecapping formulation: 

• Komen et al [2] & Komen et al [2] 

• Komen et al [2] & Janssen [3, 4] 

• Janssen [3, 4] & Janssen [3, 4] 

• Janssen [3, 4] & Komen et al [2] 

• Yan [5] & Westhuysen et al [10]. 

During the calibration process, we first started off with the main/coarse grid covering the entire Black sea as a whole using 
measurements from Hopa, Sinop and Gelendzhik stations collected in 1996. The performance of SWAN models developed for 
the above listed combinations were determined using statistical error parameters, after which whitecapping parameters were 
set using try and error method by increasing and decreasing their value in each combination. Thus, the model showing the 
highest correlation, lowest bias, rmse and mae errors and lowest scattering index (si) was determined as the best model. 
Comparisons of developed SWAN models’ scatter index values at all three stations are presented in Figure 2.  
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Figure 2. Comparisons of developed SWAN models’ scatter index values at all three stations  

(0 index represents default set-up scenario for each combination)  

 

After benchmarking the results, the best SWAN model setup was determined as C3.2 numbered SWAN model with the 
formulations of Komen for wind input and Janssen for whitecapping where the whitecapping dissipation parameter value (Cds) 
is setup to 1.5. Apart from the calibration process, sensitivity analysis was conducted for some parameters and physical 
processes. The cases performed for sensitivity analysis of physical and numerical parameters are as follows: 

• Depth-induced wave breaking ( active and non-active cases) 
• triad wave - wave interactions ( active and non-active cases) 
• Quadruplet wave - wave interactions ( active and non-active cases) 
• Bottom friction ( active, non-active cases and different formulations) 
• Delta parameter which determines the dependence of the whitecapping on wave number  
• Coefficient of the wave steepness for a Pierson - Moskowitz spectrum (stpm) 
• Coefficient of Jonswap formulation (cfjon) 
• Proportionality coefficient of the rate of dissipation (alpha) 
• The ratio of the maximum individual wave height over depth (gamma) 
• Collins bottom friction coefficient (cfw) 
• Equivalent roughness length scale of the bottom (kn) 
• Density of water (rho) 
• Computational grid's spatial resolution 
• Computational grid 's frequency range 
• Computational grid's frequency resolution 
• Computational grid's directional resolution 
• Correction of wind speeds using a coefficient (increased winds) 
• The time step of the non-stationary computation 

 

In the previous study [11], sensitivity of calculation of non-stationary time interval (time step) were examined for 6 hours, 3 
hours, 1 hour, 30 minutes and 15 minutes in the simulations, and 30 minutes setting was determined to be the most suitable. 
Therefore, 30 minutes time interval is considered for coarse grid computation in this study. The effect of the delta coefficient 
that represents dependence of whitecapping on the wave number was examined and based on the error statistics in three buoy 
stations, it is effective and therefore delta equaling to 1.0 was chosen as the suitable (Figure 3). SWAN model simulations for 
the above mentioned conditions and other parameters in sensitivity analysis were conducted. Different stpm coefficient values 
which are Pierson - Moskowitz spectrum’s values of wave steepness, were used to run the SWAN model but no any 
improvement in model performance was obtained. In addition, different values of cfjon, cfw and kn parameters and alpha and 
gamma were also used in SWAN model with no improvement in model performance. Furthermore, different values of 
computational grid spatial resolution, frequency range, frequency resolution and directional resolution were also used to run 
SWAN model but still no improvement was made in the model at the three stations. In addition, CFSR winds used as an input 
in the model were increased by 5% and 10% to examine their impact on the performance of the model. From the model 
results, by increasing the wind, there is an improvement in estimating both wave parameters at Gelendzhik station and an 
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improvement in wave period estimation at Hopa while at Sinop both parameters, and wave height estimation at Hopa worsen. 
Therefore, it has been decided not to increase winds on the coarse grid. The effects of depth-induced wave breaking, triad and 
quadruplet wave-wave interactions and bottom friction processes on SWAN model was also investigated by taking into 
consideration active or inactive cases for each processes. The results show that the model worsens when these processes are 
closed so they were left active. SWAN model performances developed for the parameters and cases examined in the 
sensitivity analysis are not presented here because they do not cause any change in comparison with the default model 
performance. Ultimately, after all the SWAN test analyses were carried out, the best model for the coarse grid was set. 
 

 

 
Figure 3. Comparison of results for SWAN models using different delta values in three buoy stations 

 

All test simulations, including calibration and sensitivity analysis carried out with the coarse grid were also performed 
separately for both fine and innermost 3 sub- grids. SWAN model setting using the combinations mentioned above used in 
the calibration process of the fine grid, was run using boundary conditions from the best model setting of the coarse grid, after 
which its results were tested for accuracy using measurements from Gloria station. Statistical error indicators in all the 
developed SWAN model estimates of both wave parameters for each combination of fine grid calibration process were 
computed for Gloria station. Comparisons of scatter index values at Gloria station for all developed SWAN models for the 
fine grid are presented in Figure 4. Based on the results presented here, the best SWAN model setting for the fine grid is 
determined as Janssen formulation for wind input and Janssen formulation for whitecapping where Cds equals to 3.0. 
Analyzing sensitivity testing for fine grid, no change occurred in the performance of models developed to examine all 
parameters. 
  

 
Figure 4. Comparisons of developed SWAN models’ scatter index values at Gloria station 

(0 index represents default set-up scenario for each combination)  

 

The performance of the five individual calibration combinations mentioned above in each sub- grid namely SD1, SD2 and 
SD3 has been examined and tested using try and error method and effect of the whitecapping dissipation parameter on the 
model has been investigated for each combination in each sub-grid. Scatter index comparisons of both wave parameters 
hindcasted for all developed SWAN models for three sub-grids are given in Figure 5. According to calibration process’ 
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results, the SWAN model settings with the best performance are as follows: Komen for wind input and Janssen formulation 
for whitecapping where Cds equals to 3.0 for SD1 sub-grid, Komen for wind input and Janssen for whitecapping where Cds 
equals to 9.0 for SD2 sub-grid and Komen for wind input and Janssen for whitecapping where Cds equals to 2.0 for SD3 sub-
grid. 

 

 
Figure 5. Comparisons of the developed SWAN models’ scatter index values for the three sub-grids 

The effect of some parameters and cases on the model results are discussed separately for each sub- grid with sensitivity 
analysis. SWAN models set according to the follows combinations were run; alpha coefficient values of 0.8, 0.9, 1.0, 1.1 and 
1.2 in the physical process of depth-induced wave breaking and gamma parameters of  0.53 , 0.63 , 0.73 , 0.83 and 0.93 but no 
change was seen in the results. Again no change was detected in model set-up results with cfjon parameter values of 0.02, 
0.03, 0.038 and 0.05 for the bottom friction formula, cfw values of 0,005, 0,015, 0.01 and 0.02, and kn values of 0.02, 0.03, 
0.04 and 0.05 combinations. Furthermore, no change was observed in computational grid for the frequency range 0.03 - 1, 
0.04 – 0.625, 0.04 - 1, 0.01 – 1.2 and 0.04 – 1.2 values, computational grid for the spatial resolution of 750 x 300, 500 x 200 
and 934 x 444, computational frequency resolution grid of values 18, 24, 30 and 35, and computational grid for directional 
resolution of values 10, 20, 30 and 36 combinations. Wind in each of the three sub-grids was increased by 5% and 10 %, but 
the results did not show any significant improvement. A small but important worsening change (increase in error value) was 
detected after triad and quadruplet wave-wave interactions were inactivated. Lastly, calculation of non-stationary time interval 
(time step of computation) impact on the model results are discussed for each of the three sub- grids. Models for each of the 
three grids were run for 30 min, 20 min, 15 min 10 min and 5 min intervals. Wave parameter statistical errors of model results 
at Sinop station for SD1 sub-grid, at Filyos station for SD2 sub-grid and at Karaburun station for SD3 sub-grid are given in 
Tables 1 and 2. Based on these results; SWAN models with 10 min computational time step for SD1 sub-grid, with 30 min 
computational time step for SD2 sub-grid and 20 min computational time step for SD3 sub-grid are determined to achieve the 
most accurate results. 

 
Table 1. Hm0 error statistics for different computational time steps in 3 sub-grids 

    Hm0 error statistics at Sinop 

Wind input: Komen 

Whitecapping: Janssen 

Cds=3 

Time step (min) n r Bias rmse mae Xmean Ymean si 

5 2164 0.84 0.01 0.27 0.20 0.80 0.79 0.33 

10 2164 0.84 0.01 0.27 0.20 0.80 0.79 0.34 
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15 2413 0.83 0.01 0.28 0.21 0.80 0.79 0.34 

20 1828 0.83 0.01 0.28 0.21 0.81 0.79 0.35 

30 1249 0.82 0.02 0.28 0.21 0.81 0.79 0.35 

    Hm0 error statistics at Filyos 

Wind input: Komen 

Whitecapping: Janssen 

Cds=9 

Time step (min) n r bias rmse mae Xmean Ymean si 

5 1335 0.56 0.00 0.44 0.30 0.59 0.59 0.75 

10 1335 0.56 0.00 0.44 0.30 0.59 0.59 0.75 

15 1335 0.56 0.00 0.44 0.30 0.59 0.59 0.75 

20 4003 0.55 0.00 0.45 0.30 0.59 0.59 0.76 

30 1335 0.56 0.00 0.44 0.30 0.59 0.59 0.75 

    Hm0 error statistics at Karaburun 

Wind input: Komen 

Whitecapping: Janssen 

Cds=2 

Time step (min) n r bias rmse mae Xmean Ymean si 

5 771 0.87 -0.02 0.23 0.16 0.63 0.65 0.37 

10 771 0.87 -0.02 0.23 0.16 0.63 0.65 0.37 

15 1019 0.88 -0.01 0.22 0.15 0.64 0.66 0.35 

20 734 0.88 -0.01 0.22 0.15 0.65 0.66 0.34 

30 531 0.87 -0.02 0.23 0.16 0.66 0.68 0.36 

 

 

Table 2. Tm02 and Tpeak error statistics for different computational time steps in 3 sub-grids 

    Tm0s error statistics at Sinop 

Wind input: Komen 

Whitecapping: Janssen 

Cds=3 

Time step (min) n R bias rmse mae Xmean Ymean si 
5 2164 0.73 0.08 0.73 0.59 3.79 3.71 0.19 

10 2164 0.73 0.08 0.73 0.59 3.79 3.71 0.19 

15 2413 0.72 0.09 0.74 0.59 3.79 3.70 0.20 

20 1828 0.72 0.10 0.74 0.59 3.80 3.70 0.19 

30 1249 0.71 0.12 0.74 0.59 3.80 3.68 0.19 

    Tpeak error statistics at Filyos 

Wind input: Komen 

Whitecapping: Janssen 

Cds=9 

Time step (min) n R bias rmse mae Xmean Ymean si 

5 1335 0.52 0.11 1.24 0.95 5.46 5.35 0.23 

10 1335 0.51 0.11 1.23 0.95 5.46 5.35 0.23 

15 1335 0.52 0.10 1.23 0.95 5.46 5.36 0.23 

20 4003 0.50 0.09 1.27 0.96 5.46 5.37 0.23 

30 1335 0.52 0.08 1.22 0.94 5.46 5.38 0.22 

 

4. CONCLUSION 
In this study, SWAN model calibration and sensitivity analysis process for coarse, fine and 3 sub-grids of the nested grid 
system has been performed. The physical and numerical settings for each grid have been carried out by using the measured 
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buoy data at six locations along the Black sea coasts were investigated. Based on the derived results, it was determined that 
the whitecapping process has the most effect on the SWAN model performance while the other processes and tunable 
parameters had less impact on the model results. The SWAN model setups for each grid are as below. 

For coarse grid:  

• Komen et al [2] & Janssen [3, 4] 

Delta = 1.0 

Cds = 1.5 

The time step of the non-stationary computation: 30 min 
Other physical processes are active in default mode 

 

For fine grid:  

• Janssen [3, 4] & Janssen [3, 4] 

Delta = 1.0 

Cds = 3.0 

The time step of the non-stationary computation: 30 min 
Other physical processes are active in default mode 
Boundary conditions are from SWAN model with the coarse grid 

For SD1 sub-grid:  

• Komen et al. [2] & Janssen [3, 4] 

Delta = 1.0 

Cds = 3.0 

The time step of the non-stationary computation: 10 min 
Other physical processes are active in default mode 
Boundary conditions are from SWAN model with the fine grid 

For SD2 sub-grid:  

• Komen et al. [2] & Janssen [3, 4] 

Delta = 1.0 

Cds = 9.0 

The time step of the non-stationary computation: 30 min 
Other physical processes are active in default mode 
Boundary conditions are from SWAN model with the fine grid 

For SD3 sub-grid:  

• Komen et al. [2] & Janssen [3, 4] 

Delta = 1.0 

Cds = 2.0 

The time step of the non-stationary computation: 20 min 
Other physical processes are active in default mode 
Boundary conditions are from SWAN model with the fine grid. 

 

Validation of the SWAN model results, which will be performed using data not used in the calibration, is still ongoing. After 
validation, 31-year long term simulations for three sub-grids will be carried out to correctly assess wave energy potential 
along the south western coasts of the Black Sea. 
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Modeling of Pyrolysis Products by Multiple-Linear 
Regression Model 

Hasan Merdun1 

Abstract 
Pyrolysis is probably the most commonly applied conversion process in which biomass is heated to moderate temperatures 
in an oxygen free atmosphere to yield solid (biochar), liquid (bio-oil) and gaseous (gas mixtures) products.  The yield and 
quality of pyrolysis products depend on several parameters such as feedstock properties and pyrolysis process parameters. 
The particle size, porosity, humidity, ash and mineral content are typical feedstock properties while pyrolysis temperature, 
heating rate, residence time, sweeping gas flow rate, and catalyst type are process parameters.  Modeling pyrolysis products 
by using the feedstock and pyrolysis process parameters as input through multiple-linear regression technique is relatively 
easy, produces acceptable results, and offers trying several scenarios at short time.  In this study, after collecting pyrolysis 
data from the literature, pyrolysis products (bio-oil, biochar or gas mixture) were modeled by multiple-linear regression 
using pyrolysis process parameters (temperature, nitrogen gas flow, and biomass particle size) as input.  The 75% of the 
data were used for the model derivation and the remaining 25% were used for the model validation.  The performances of 
the derivation and validation models were evaluated by using coefficient of determination (R2) and root mean square error 
(RMSE).  Some of the models had higher performances compared to the others and some of the independent model 
parameters were significant, whereas the others were not in the modeling processes.  It can be said that multiple-linear 
regression technique is promising in modeling pyrolysis products by using pyrolysis process parameters as input variables. 

Keywords: pyrolysis, bio-oil, biochar, gas, modeling, multiple-linear regression 

1. INTRODUCTION 
The importance of energy in our daily life is increasing because it is the basic element or driving force of social and 
economical development.  Renewable energy sources and technologies in Turkey should be improved because fossil fuel 
resources (coal, oil, and natural gas) are limited and they cause environmental problems such as climate changes, acid rains, 
and natural resources pollution.  Solar, wind, hydraulic, and biomass are main renewable energy sources [1].  Since biomass is 
available in all over the world, it is produced automatically, therefore, it is cheap, and its conversion technologies into biofuels 
are well-developed, biomass energy or bioenergy is getting more interest in all over the world.   

Biomass is all organic materials that store the solar energy in their chemical bonds [2].  Biomass is defined as all materials 
which includes terrestrial and aquatic plants, animal wastes, food and forest wastes, and urban wastes.  Energy in biomass as 
in conventional fuels is a chemical energy formed by bonding of carbon and hydrogen atoms [3].  Biomass energy resources 
can be classified into three main groups: agricultural resources (animal, plant, and aquatic), forest resources (woody 
resources), urban (municipal solid wastes, sewage sludge), and industrial resources [4]. 

Biomass can be converted to useful energy forms by using different processes or technologies.  Biomass can be converted to 
three main products: power/heat production, fuel, and useful chemicals.  Generally, biomass is directly converted to heat 
energy through combustion.  However, nowadays, the developed countries prefer  

biomass not only for converting into heat energy, but also for producing biofuel and useful chemicals through modern 
technologies   Two main processes are available in order to produce energy from biomass: thermochemical and biochemical.  
Biomass biochemical conversion technologies include two main processes; anaerobic digestion and fermentation, whereas 
biomass thermochemical conversion technologies include combustion, pyrolysis, gasification, and liquefaction ([3], [5]). 

Pyrolysis is a process to obtain organic volatiles from biomass by decomposition of organic molecules under oxygen-free 
environment.  Pyrolysis products are solid (char/biochar), liquid (bio-oil), and gas (mixture of several gases).  The yields of 
these products depend on biomass type, process parameters, and reactor type [6].  Pyrolysis is an easily applied 
thermochemical method to produce solid, liquid and geseous fuel from biomass.  Liquid product produced by pyrolysis 
contains quite complex organic compounds and some water.  Besides, this liquid is extremely viscous, corosive, and unstable 
and it has low heating value.  Therefore, this pyrolytic liquid should be upgraded to be able to use in vehicles as fuel [7].  
Pyrolysis methods are slow pyrolysis, intermediate pyrolysis, and fast pyrolysis [8].  Pyrolysis process parameters that affect 
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the distribution of pyrolysis products are pyrolysis temperature, heating rate, residence time, pyrolysis time, carrier gas flow 
rate, pressure, biomass particle size, pyrolysis environment, catalyst, and reactor geometry ([9], [3]). 

Intensive experimental studies related to biomass pyrolysis are conducted in all over the world, but the modeling studies on 
pyrolysis are very limited in the literature.  Modeling offers chance to investigate the relationships between the pyrolysis 
parameters and try many scenarios in a short time with limited effort and expense.  Therefore, the objectives of this study are 
to: i) determine the parameters that affect pyrolysis product yield and obtain these parameter values, ii) modeling the pyrolysis 
product yields through multiple-linear regression, iii) interpreting the modeling results in terms of the parameters affecting the 
pyrolysis product yields, and iv) assessing the performence of multiple-linear regression model in modeling the pyrolysis 
product yields by using some statistical parameters.  

2. MATERIALS AND METHODS 

The data used in this study were collected from the thesis and articles produced from pyrolysis studies conducted in Turkey.  
The data set with the pyrolysis input parameters and products such as temperature, bio-oil, biochar, and gas mixture was 
composed of 506 samples.  The data set with the pyrolysis input parameters and products such as temperature, nitrogen gas 
flow, biomass particle size, bio-oil, biochar, and gas mixture was composed of 302 samples.  Pyrolysis products such as bio-
oil, biochar, and gas mixture was modeled by multiple-linear regression by using pyrolysis process parameters like 
temperature, nitrogen gas flow, and biomass particle size in addition to gas mixture as input data. 

Multiple-linear regression model is a mathematical model determined through statistical analysis which investigate the cause 
and effect relationships between three or more parameters or variables in order to make estimation or prediction of a 
dependent variable from various number of independent variables.  Multiple linear-regression is a method of estimation or 
prediction of dependent variable from certain values of independent variables.  General form of multiple-linear regression 
models can be expressed as follows:  
y
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where, yi is dependent variable, β0 is intercept, β
1
, β2, β3, ..... , βn are regression coefficients, xi1, xi2, xi3, ....., xin are 

independent variables, and ε
i
 is error term.  Only main effects, main effects and interactions, and quadratic terms were used in 

multiple-linear regression models in order to get complete modeling or the best results.  The 75% of all data were used for the 
derivation of multiple-linear regression models, whereas the remaining 25% were used for the validation of the models.  All 
multiple-linear regression analyses were performed by using Statistical Analysis System (SAS) package program.  The 
performences of the multiple-linear regression models were evaluated by two statistical evaluation parameters: coefficient of 
determination (R2) and root mean square error (RMSE). 

3. RESULTS AND DISCUSSION 

Descriptive statistics of the input and output parameters of derivation and validation of multiple-linear regression models are 
given in Table 1.  The ranges of input parameters such as temperature (T), nitrogen gas flow (N), and biomass particle size 
(PS) for derivation of models were 400-700oC, 100-800 mL/min, and 0.2-1.5 mm, respectively.  The ranges of output 
parameters such as bio-oil (OIL), biochar (CHAR), and gas mixture (GAS) for derivation of models were 26.8-57.6%, 17.7-
51.5%, and 14.1-82%, respectively.  The ranges of input and output parameters of validation of models had a similar trends. 

 

Table 1. Descriptive statistics of input and output parameters of derivation and validation of multiple-linear regression models 

Parameter Derivation Validation 

 Min Ort Max SD Min Ort Max SD 

T* 400 550 700 110 400 564 700 105 
N 100 243 800 115 50 249 400 114 
PS 0.2 0.62 1.5 0.4 0,2 0.68 1.5 0.5 

OIL 26.8 10.6 57.6 7 23 40,8 52.5 5.9 
CHAR 17.7 27.4 51.5 6.9 10.3 27.1 44 7 
GAS 14.1 30.5 82 9.4 23 40.8 52.5 5.9 

*T: Temperature (oC), N: Nitrogen gas flow (mL/min), PS: Biomass particle size (mm),  
OIL: Bio-oil yield (%), CHAR: Biochar yield (%), GAS: Gas yield (%). 

Models for bio-oil and their performances for derivation and validation are shown in Table 2.  Bio-oil (O) was modeled by 
using temperature (T), biochar (C), and gas mixture (G) as input parameters.  The differences among the models (O1, O2, O3) 
were the number of samples used in the modeling, where the number of samples were 506, 302, and 172, respectively.  Only 
main affects were used in the models because when main effects and interactions and quadratic terms were included into the 
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models, the models had very bad performances.  The models had much better performences in the derivation than in the 
validation, where R2 values were much higher and RMSE values were lower in the derivation compared to the validation.  

 

Table 2. Models for bio-oil and their performences for derivation and validation 

Model Derivation Validation 

 R2 RMSE R2 RMSE 

O1=57.07+0.0260 T-0.341 C-0.693 G 0.52 4.63 0.05 11.2 

O2=52.01+0.0179 T-0.509 C-0.181 G 0.99 4.65 0.86 13 

O3=-159.6+0.537 T +5.656 C-0.573 G 0.71 7.04 0.02 14.6 
O: Bio-oil yield (%), T: Temperature (oC), C: Biochar yield (%), GAS: Gas yield (%),  

R2: Coefficient of determination, RMSE: Roort Mean Square Error. 

Models for bio-oil and their performances for derivation and validation are shown in Table 3.  Bio-oil (O) was modeled by 
using temperature (T), nitrogen gas flow (N), and biomass particle size (PS) as input parameters.  The first model (O1) had 
only main effects, the second model (O2) had main effects and interactions, and the third model (O3) had main effects, 
interactions, and quadratic terms.  The second model had the best and similar performances in both derivation and validation 
based on R2 and RMSE values.  However, even though the first model had much better performance in the derivation than in 
the validation, both derivation and validation had low performances.  These results showed that only main effects were not 
good enough to model bio-oil, but including much terms (quadratic terms) were also not a good idea as shown in the third 
model to improve the performance of the model.   

Table 3. Models for bio-oil and their performences for derivation and validation 

Model Derivation  Validation  

 R2 RMSE R2 RMSE 

O1=46.21+0.0023 T-0.014 N-5.799 PS 0.22 6.20 3.35E-06 5.60 

O2=40.63+0.0189 T -0.013 N-2.026 PS-
3E-5 T N-0.016 T PS+0.0206 N PS 

0.86 6.10 0.84 5.70 

O3=-55.63+0.385 T+0.0141 N-12.74 PS-
33E-5 T2-21E-6 N2 +9.083 PS2-51E-6 T 
N-0.018 T PS +0.0127 N PS              

0.50 5.10 0.37 5.20 

O: Bio-oil yield (%), T: Temperature (oC), N: Nitrogen gas flow (mL/min), PS: Biomass particle size (mm),  
R2: Coefficient of determination, RMSE: Roort Mean Square Error. 

Models for gas mixture and their performances for derivation and validation are presented in Table 4.  Gas mixture (G) was 
modeled by using temperature (T), nitrogen gas flow (N), and biomass particle size (PS) as input parameters.  The first model 
(G1) had only main effects, the second model (G2) had main effects and interactions, and the third model (G3) had main 
effects, interactions, and quadratic terms.  The second and third models had very good performances for both derivation and 
validation, where R2 values were very high and RMSE values were relatively low. However, the first model had low 
performances in the derivation and validation.  These results showed that only main effects were not good enough to model 
gas mixture as seen in Table 4.   

Table 4. Models for gas mixture and their performences for derivation and validation 

Model Derivation Validation 

 R2 RMSE R2 RMSE 

G1=-3.099+0.052 T +0.0111 N+5.401 PS  0.38 7.40 0.21 6.40 

G2=6.650+0.0303 T+0.0024 N-4.117 PS + 
328E-7 T N+0.0232 T PS-0.011 N PS  

0.95 7.30 0.95 6.90 

G3=68.06-0.200 T-0,011 N-1.572 PS+              
0.0002 T2+144E-7 N2-3.324 PS2+425E-7 
T N+0.0259 T PS-0.009 N PS              

0.88 7.30 0.90 6.40 

GAS: Gas yield (%), T: Temperature (oC), N: Nitrogen gas flow (mL/min), PS: Biomass particle size (mm),  
R2: Coefficient of determination, RMSE: Roort Mean Square Error. 
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Models for biochar and their performances for derivation and validation are tabulated in Table 5.  Biochar (C) was modeled by 
using temperature (T), nitrogen gas flow (N), and biomass particle size (PS) as input parameters.  The first model (C1) had 
only main effects, the second model (C2) had main effects and interactions, and the third model (C3) had main effects, 
interactions, and quadratic terms.  The second and third models had very good performances for both derivation and 
validation, where R2 values were very high and RMSE values were relatively low. And also the first model had good enough 
performances in the derivation and validation.  These results showed that the second and third models should be preferred to 
the first model in which only main effects were not good enough to model biochar as seen in Table 5.   

Table 5. Models for biochar and their performences for derivation and validation 

Model Derivation Validation 

 R2 RMSE R2 RMSE 

C1=57.08-0.047 T-0.021 N+0.295 PS 0.61 4.30 0.52 4.20 

C2=55.72-0.043 T-0.037 N+6.620 PS + 
232E-7 T N-0.014 T PS+0.0049 N PS 

0.98 4.20 0.97 4.30 

C3=124.7-0.302 T-0.038 N+3.939 PS+            
0.0002 T2+481E-8 N2-0.648 PS2+ 269E-
7 T N-0.009 T PS+0.0055 N PS 

 

0.91 11.00 0.88 11.10 

C: Biochar yield (%), T: Temperature (oC), N: Nitrogen gas flow (mL/min), PS: Biomass particle size (mm),  
R2: Coefficient of determination, RMSE: Roort Mean Square Error. 

4. CONCLUSIONS 

The relationships between pyrolysis process parameters and pyrolysis products were studied or pyrolysis products were 
modeled through multiple-linear regression method by using pyrolysis process parameters as input parameters.  In general, 
multiple-linear regression technique was good enough to model pyrolysis products such as bio-oil, biochar, and gas mixture 
by using pyrolysis process parameters as input.  Parameters such as pyrolysis temperature, nitrogen gas flow, and biomass 
particle size were significant input parameters in all models.  The models with the main effects and interactions of input 
parameter produced the best results, whereas the models with only main effects of input parameters resulted in the worst 
results.  As a conclusion, the application of multiple-linear regression technique is promising in modeling pyrolysis products 
by using pyrolysis process parameters as input variables. 
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Biofuel Production from Municipal Solid Wastes by 
Fast Pyrolysis 

Hasan Merdun*1, Ismail Veli Sezgin1 

Abstract 
Municipal solid wastes (MSW) are problematic directly for surface and subsurface waters and indirectly for climate change 
because of the decomposition of biodegradable part of them, leading to the emission of greenhouse gasses.  Nowadays, 
avoiding negative environmental impacts of biodegradable wastes and evaluate them as an energy source either for the 
protection of the environment and producing fuel / biofuel are widely discussed in the scientific researches.  For this 
purpose, in this study, yard wastes and food wastes were used as the biodegradable waste material in the fast pyrolysis 
experimental system in order to investigate the effect of different parameters (catalyst type, biomass particle size, 
temperature) on bio-oil and biochar yields and bio-oil quality.  GC-MS analyses were made to determine the compounds of 
the obtained bio-oil samples.  Based on the study results, different experiments produced different amounts of bio-oil and 
biochar.  The highest bio-oil yield was obtained as 42.73% in the experiment in which the biomass particle size was 1.0-1.5 
mm, the temperature was 500oC, and catalyst type of dolomite.  Besides, it was observed that bio-oil yield was the highest in 
case of zeolite usage as a catalyst.  GC-MS analysis results showed that bio-oil contained levoglucosan compound in the 
highest amount.  Allose, which is a kind of sugar, was in the second highest amount in bio-oil.  Heptanoic acid, butiric acid, 
and the other acids were also observed in bio-oil. 

Keywords: energy, renewable energy, fast pyrolysis, biomass, bio-oil, bioenergy 

1.  INTRODUCTION 
Main domestic energy resources of Turkey are coal, hydraulic, and biomass (as traditional fuel) and there are no great oil and 
natural gas reserves in Turkey.  Turkey imports around 75% of its energy demand as fossil fuels such as petroleum and natural 
gas [1]. Especially after 1973 energy crisis, intensive national and international researches began on renewable (alternative) 
energy resources.  The main parts of these researches were related to biomass energy [2].  Currently, 14% of the world energy 
consumption is from renewable energy resources and biomass is one of the important parts (around 10%) of these sources [3]. 

Biomass, known as biorenewable resources, is defined as all materials from biological origins.  Biomass energy or bioenergy 
is conversion of biomass into useful energy forms such as heat, electric, and liquid and gas fuels [4].  Biomass typically 
contains cellulose, hemicellulose, lignin, extractives, lipids, proteins, simple sugars, starches, water, inorganics (ash), and 
other compounds [5].  Eelementel composition of biomass (as dry weight %) is 51% carbon (C), 42% oxygen (O), 5% 
hydrogen (H), 0.9% nitrogen (N), and 0.01-2% chloride (Cl) [6].  Municipal solid wastes (MSW) contains up to 70-75% 
organic materials such as paper, cardboard, yard wastes, food wastes, plant and forest residues, plastics, etc.  

Recently, MSW management is one of the great problems of the world because of the increase in urbans populations, as a 
result, the production of MSW.  The storage of MSW is the most general method of their destroy.  However, it confirmed by 
researchers that this method causes the pollution of the environment and surface and/or subsurface water resources, emission 
of methane (CH4) gas due to the decomposition of biomass,bad smelling, emission of harmful gases due to the artificial and 
natural combustion of biomass, as a result, air pollution and climate change.  Therefore, the conversion of MSW into energy 
attracts an important interest globally.  Evaluation of MSW as biomass resources is an important issue of Turkey in general 
but Antalya Province in special.  Since the conversion of MSW into biofuels through biochemical conversion technologies 
(anaerobic digestion and fermentation) is inefficient due to high lignin content of MSW, thermochemical conversion 
technologies (combustion, pyrolysis, gasification, liquefaction) are used in quite effective conversion of MSW into biofuels.  
MSW pyrolysis and gasification technologies compared to the other technologies draw more attention in volarization of MSW 
by researchers due to the less pollution emission to the environment [7].  In Turkey a number of studies related to the 
conversion of biomass into biofuels (mostly biogas) through biochemical conversion technologies is available, studies on 
thermochemical conversion of biomass into biofuels through pyrolysis or gasification are very limited.  It is obvious that 
biomass resources in Turkey should be evaluated by modern and effective technologies in order to prevent the formation of 
harmful wastes from biomass for the environment and also to get rid of extreme energy deficit by producing biofuels out of 
biomass. 
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Therefore, the general objective of this study is to convert organic parts of MSW into biofuel (bio-oil) by fast pyrolysis.  The 
specific objective of the study is to investigate the effects of catalyst type, biomass particle size, and pyrolysis temperature on 
the yield and quality of bio-oil by using a laboratory scale drop-tube reactor fast pyrolysis experimental system.  The yield of 
bio-oil is determined by mass balance calculations and the quality of bio-oil is determined by GC-MS analysis of bio-oil 
samples.  Optimum fast pyrolysis process parameter values have been determined at the end of such study. 

2. MATERIALS AND METHODS 

2.1. Materials  
Since the most common organic matials found in MSW in Antalya Province were paper-cardboard, yard wastes, and food 
wastes based on the MSW characterization made by Municipality of Antalya Province; yard wastes and food wastes were used 
as biomass material in this study.  After biomass materials were air-dried for one week, they were milled and sieved to get the 
desired biomass particle size.  Biomass sample used in all experiments was 15 g (7.5 g mixture of yard wastes and food 
wastes)    

Catalyst is used to improve improper bio-oil properties such as high oxygen content, low calorific value, high viscosity, and 
instability.  Tar production during pyrolysis process decreases if an inorganic material is mixed with an organik material [8].  
Natural catalysts such as dolomite, calcite, and zeolite were used in this study to improve bio-oil quality.  Catalyst amount 
used in all experiments was 7.5 g (1:2 catalyst:biomass). 

2.2. Methods 

2.2.1. Pyrolysis 

Pyrolysis is conversion of biomass into liquid (bio-oil, tar, organic compounds, water), solid (char or biochar), and gas (CO, 
H2, CO2, CH4) products under no oxygen and atmospheric pressure around 400-600oC temperature ([9]-[10]).  Even though 
pyrolysis has different types such as slow, intermediate, and fast pyrolysis; nowadays fast pyrolysis is commonly used because 
mainly bio-oil can be produced up to 75% in this process.  In fast pyrolysis process, biomass is decomposed to mainly produce 
bio-oil under no oxygen and atmospheric pressure with around constant temperature of 500oC but very high heating rate (300 
oC/s).  Main characteristics of fast pyrolysis are: i) small biomass particle size and very high heating and heat transfer rates, ii) 
good controlled reaction temperature of around 500oC in vapor phase, iii) keeping pyrolysis vapor in reactor less than a 
second, and iv) quenching or cooling pyrolysis vapor very fast to obtain bio-oil ([11-[13]).   

2.2.2 Experiments 
Fast pyrolysis experiments were conducted in a specially designed laboratory scale drop-tube reactor experimental system 
(Figure 1).  After placing biomass sample (15 g) into biomass bed and reactor temperature reached the desired level, biomass 
was dropped into the reactor.  Then, pyrolysis vapor passing through the catalyst bed was condensed in condenser as bio-oil, 
but non-condensable gases were collected in gas bag.    

In fast pyrolysis experiments, the effects of catalyst type (dolomite, calcite, zeolite), biomass particle size (0.3-0.5, 0.5-1.0, 
1.0-1.5 mm), and pyrolysis temperature (450, 500, 550oC) on the yield and quality of bio-oil were investigated.  Fast pyrolysis 
process parameters or experimental plan of this study is shown in Table 1.  In all fast pyrolysis experiments, carrier gas 
(nitrogen) flow rate was 300 mL/min and pyrolysis (reaction) time was 5 min.  Bio-oil yield was determined by mass balance 
of bio-oil collected in condenser.  Similarly, biochar yield was determined by mass balance of biochar collected in the reactor 
after the experiment.  Quality of bio-oil was determined through GC-MS by defining the names and amounts (peak areas) of 
chemical compounds in bio-oil. 
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Figure 1. Fast pyrolysis experimental system 

3. RESULTS AND DISCUSSION 
In this study, the effects of catalyst type, biomass particle size, and pyrolysis temperature on the yield and quality of bio-oil 
were investigated by using yard wastes and food wastes as biomass wastes.  The results about the effects of fast pyrolysis 
process parameters on pyrolysis product yields are presented in Table 1. 

The highest bio-oil yield was observed as 42.73% in the experiment with the biomass particle size of 1.0-1.5 mm, pyrolysis 
temperature of 500oC, and catalyst type of dolomite.  The lowest bio-oil yield was observed as 26.53 in the experiment with 
the biomass particle size of 0.3-0.5 mm, pyrolysis temperature of 500oC, and catalyst type of calcite.  The highest biochar 
yield was observed as 43.40 in the experiment with the biomass particle size of 0.3-0.5 mm, pyrolysis temperature of 450oC, 
and catalyst type of dolomite. The lowest biochar yield was observed as 27.27 in the experiment with the biomass particle size 
of 0.5-1.0 mm, pyrolysis temperature of 550oC, and catalyst types of calcite and zeolite.  When considering the overall effect 
of catalyst type on bio-oil yield it was observed that the order of the mean bio-oil yield from the highest to the lowest was as 
zeolite > dolomite > calcite with 36.61%, 36.49%, and 35.71%, respectively.  It was observed that the overall effect of catalyst 
type on biochar yield with the mean biochar yield from the highest to the lowest was as dolomite > calcite > zeolite with 
33.63%, 33.45%, and 32.17%, respectively.  These results were similar to the results in the literature [13].  Biomass to bio-oil 
conversion got better with the biomass particle size of 1.0-1.5 > 0.5-1.0 > 0.3-0.5 mm in experiments conducted by using 
dolomite catalyst.  Besides, biomass conversion to bio-oil decreased over 500oC pyrolysis temperature under the dolomite 
catalyst.  The highest bio-oil yield under calcite catalyst was observed as 40.67% with the biomass particle size of 0.5-1.0 mm, 
pyrolysis temperature of 450oC.  Biomass to bio-oil conversion got better with the biomass particle size of 0.5-1.0 > 1.0-1.5 > 
0.3-0.5 mm in calcite use as catalyst.  The highest bio-oil yield under zeolite catalyst was observed as 38.27% with the 
biomass particle size of 0.5-1.0 mm, pyrolysis temperature of 500oC.  Biomass to bio-oil conversion got better with the 
biomass particle size of 0.5-1.0 > 0.3-0.5 > 1.0-1.5 mm in zeolite use.  In general, the yield ranges for bio-oil and biochar are 
26-43% and 27-44.  The reason of lower biochar yields in temperatures of 500 and 550oC than in temperatures of 450 can be 
explained as that pyrolysis gas yield increases. 

Properties of pyrolysis liquid depend on parameters such as biomass type, reactor type, and process conditions [14].  When 
GC-MS analysis results were examined (not shown here), it was observed that bio-oil contained over 70 chemical compounds.  
The number of chemical compounds in bio-oil samples determined based on GC-MS peak areas over 2.00 is tabulated in 
Table 2.  A sample GC-MS analysis spectrum is shown in Figure 2.  In general, in all fast pyrolysis experiments, most of 
chemical compounds in bio-oil had the peak area between 2.00 and 5.00, some between 5.00 and 10.00, few between 10.00 
and 15.00, and almost no compounds over 15.00 (Table 2).  Levoglucosan was the main chemical compound in bio-oil 
samples in terms of abundance.  Levoglucosan is one of six-carbone organic products emerged out of pyrolysis of 
carbohydrates such as cellulose and starch.  The other high amount compound after levoglucosan was allose which is 
monosaccharid sugar type.  The reason of high amount of levoglucosan in bio-oil samples may be explained that half of the 
biomass sample was the yard wastes (grass and plant residues), where they have high lignin contents.  Besides, bio-oil sample 
contained high amount of organic structures such as butanoic acid, pentanoic acid, asetik acid, furfural, and 1,2-benzenediol. 

 

Table 1. Fast pyrolysis process parameters and pyrolysis product yields 
 Fast Pyrolysis Process Parameters Fast Pyrolysis Product Yields 

Experiment 
No 

Catalyst Particle Size  
(mm) 

Temperature  

(oC) 

Biyoyağ  

(g) 

Biochar  

(g) 

Biyoyağ  

(%) 

Biochar  

(%) 

1  1-1.5 450 5.65 4.44 37.67 29.60 

2  1-1.5 500 6.41 5.01 42.73 33.40 

3  1-1.5 550 5.47 4.46 36.47 29.73 

4 Dolomite 0.5-1 450 5.7 5.79 38.00 38.60 

5  0.5-1 500 6.3 4.65 42.00 31.00 

6  0.5-1 550 5.77 4.72 38.47 31.47 

7  0.3-0.5 450 4.26 6.51 28.40 43.40 

8  0.3-0.5 500 5.36 5.43 35.73 36.20 

9  0.3-0.5 550 4.34 4.39 28.93 29.27 
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10 

Calcite 

1-1.5 450 5.39 5.97 35.93 39.80 

11 1-1.5 500 5.65 4.58 37.67 30.53 

12 1-1.5 550 5.8 4.54 38.67 30.27 

13 0.5-1 450 5.66 6.10 37.73 40.67 

14 0.5-1 500 5.95 5.43 39.67 36.20 

15 0.5-1 550 5.9 4.09 39.33 27.27 

16 0.3-0.5 450 5.28 4.65 35.20 31.00 

17 0.3-0.5 500 3.98 5.07 26.53 33.80 

18 0.3-0.5 550 4.60 4.73 30.67 31.53 

19 Zeolite 1-1.5 450 5.31 5.22 35.40 34.80 

20 

 

1-1.5 500 5.43 4.84 36.20 32.27 

21 1-1.5 550 5.54 4.24 36.93 28.27 

22 0.5-1 450 5.58 5.25 37.20 35.00 

23 0.5-1 500 5.74 4.87 38.27 32.47 

24 0.5-1 550 5.73 4.09 38.20 27.27 

25 0.3-0.5 450 5.34 5.32 35.60 35.47 

26 0.3-0.5 500 5.70 4.81 38.00 32.07 

27 0.3-0.5 550 5.05 4.78 33.67 31.87 

 

Table 2. The number of chemical compounds in bio-oil samples based on GC-MS peak area 
Experiment No GC-MS Peak Area 

 2-5 5-10 10-15 > 15 

1 8 7 1 - 

2 11 3 1 - 

3 8 1 1 1 

4 6 5 1 - 

5 9 1 1 - 

6 12 2 - - 

7 11 5 - - 

8 11 4 - - 

9 12 2 1 - 

10 14 1 1 - 

11 12 2 - - 

13 15 3 - - 

14 16 2 - - 
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15 12 5 - - 

16 14 3 1 - 

17 9 5 1 - 

18 11 4 - - 

19 10 4 2 - 

20 8 3 - - 

21 10 2 1 - 

22 10 2 - - 

23 12 3 - - 

24 10 4 - - 

25 6 5 1 - 

26 9 3 - - 

27 9 3 1 - 

 

 

Figure 2. GC-MS analysis spectrum 

4. CONCLUSIONS 
In this study, biofuel (bio-oil) was produced from biomass wastes such as yard wastes and food wastes by using laboratory 
scale fast pyrolysis system.  In experiments, the effects of catalyst type, biomass particle size, and pyrolysis temperature on 
pyrolysis products (bio-oil and biochar) yields and bio-oil quality were studied.  The study results showed that pyrolysis 
temperature was a significant parameter that affects yield and quality.  Overall the mean bio-oil yield was the highest with 
zeolite, but the mean biochar yield was the highest with dolomite.  GC-MS analysis results showed that bio-oil contained 
levoglucosan compound with highest amount.  Even though bio-oil yield may reach up to 70-75% of dry biomass weight in 
literature, in bio-oil yield was relatively low, may be because of low lignin content of biomass used in this study.  Besides, fast 
pyrolysis process parameters should be experimented with smaller changes so that the effects of these parameters on the yield 
and quality of the products (bio-oil and biochar) may be captured better.  And also configuration and control (automation) of 
fast pyrolysis experimental system may be improved.   
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