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1- Introduction 
 

Power quality has become an important concern due to the increased use of 
non-linear loads in modern power systems over the past decade. Nonlinear loads 
inject harmonics into the power system and thus may lead to poor power quality 
and lower power factor (Abdurrahman, 2000). Therefore harmonic distortion 
has to be measured and filtering approaches must used to reduce the effects of 
harmonic distortion in modern power systems. 

A common remedial solution to reduce the effects of harmonic distortion in 
a power system is filtering. Passive and active filters are two common types of 
harmonic filters. The principle of the parallel-passive filter is to provide a low-
impedance shunt branch to the load’s harmonic current, so that reducing 
harmonic current flowing into the source is reduced. Series-passive filters 
provide high impedance to the harmonic currents and prevent them from 
flowing into the power system. The principle of the parallel-active filter is to 
inject harmonic current with the same amplitude and opposite phase of the 
load’s harmonic current into the line, so that harmonic current flowing into the 
source is eliminated. Parallel-passive and –active filters are effective for 
compensating such current-source nonlinear loads while a series-passive filters 
or series-active filter are effective for compensating voltage-source nonlinear 
loads (F.Z. Peng, 2001). 

Before designing a filter for a power system, harmonic distortion must be 
determined. Harmonic analyzer is used for measuring distorted waveforms, 
harmonic currents and voltages. Most measuring algorithms are based on short-
time Fast Fourier Transform (FFT). This method is known to loose accuracy 
under some conditions if no preventive actions are taken. 

This paper presents a new approach to determine the THDV using FIS 
instead of an harmonic analyzer. 

 
Materials and Methods 
What is a Harmonic? 
Nonlinear and swithed loads and sources can cause distortion of the 

sinusoidal current and voltage waveform in ac power systems. So harmonics are 
distortion of the sinusoidal current and voltage in an ac power system. The 
proliferation of non-linear loads produce harmonic currents at frequencies other 
than the fundamental 50 Hz. Actually distorted current and voltage waveforms 
can be expressed as Fourier series with a fundamental frequency equal to the 
power frequency and fundamental frequency that is a submultiple of power 
frequency (A. Medina, et al., 1996). The Fourier Series for a periodic function 
f(x) can be present as: 
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The coefficient A0 is the dc component of the function and it can be taken as 
zero in practice. The coefficients An and Bn are defined as shown below: 
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For n=1 (A1cosx + B1sinx) is called as “fundamental component of the 
function”. Other components of the function are called as “Harmonics”. 

 
Harmonic Analysis 
Harmonic Analysis is the calculation of the amplitudes and phase angles of 

the fundamental and harmonic components of the distorted waveforms. 
Harmonic components of distorted waveforms can be expressed using a Fourier 
series. If it is difficult to express distorted waveform mathematical, graphical 
methods can be used instead. According to this measured waveforms using an 
oscilloscope divided by sample number “k” and coefficients can be calculated 
as shown below. 
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Another method to determine the harmonics is measuring. Harmonic 

analyzer using Fast Fourier Transform (FFT) is used to measure of amplitude 
and phase angle of the fundamental and harmonic components of the distorted 
waveforms.     

 
Basic Concepsts 
Harmonics are increasing due to the increased use of non-linear loads in 

modern power systems over the past decade. There are some definitions for 
expression of harmonics. Most commonly used definition is Total Harmonic 
Distortion (THD). The THD definition is used for both current and voltage 
distortion. 
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A current waveform which maximum harmonic order is N is shown below; 
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Effective current (I), Current Total Harmonic distortion (THD1) and 

Current Distortion Factor (DF1) are expressed as shown below; 
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The Effects of the Harmonics are : 

- Line  voltage distortion 
- Equipment overheating 
- Transformer overheating 
- Malfunction of sensitive electronic equipment  
- Inference with telecommunication systems 
- Erratic operation of circuit breakers and   relays 
- Fuse blowing and electronic equipment shutting down 
- Conductor overheating due to skin and proximity effects 
- Neutral conductor failure due to triplen harmonics in 3-phase 4-wire 

system 
- Pronounced magnetic fields near transformers and switchgears 
- Increased RMS current 
- Power factor correction capacitor failure due to harmonic resonance 
- Effects on Power Factor 

 
Effects of the Harmonics on Power Factor (PF) 
Non-linear loads draw high frequency current from power systems so that 

harmonic distortion will occur. Thus nonlinear loads may lead to poor power 
quality and low power factor. Altough power factor correction capacitor value is 
very high power factor increases untill a limited value and decreases again in 
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power systems contain nonlinear loads. This means that using a capacitor is not 
useful in practice. Filters must be used to cancel harmonics from nonlinear 
loads and increase the power factor under varying load conditions in power 
system (A. İnan, 1999). 

Active Power (P), Apparent Power (S) and Power Factor (PF) in non-linear 
circuits which are from a sinusoidal voltage source are expressed as shown 
below: 

If line voltage is purely sinusoidal definition of Active Power (P) drawn 
from power system is given below: 
 

I. 111 cosVIPP ==                                              (8) 
 

φ1 is the angle between feeding fundamental voltage (V) and fundamental 
component of load current (I1). Average Power occur fundamental component 
current and feeding voltage due to feeding voltage contains only fundamental 
harmonic component. In this condition the Apparent Power (S) is 

 
S=VI                                                              (9) 

 
Power Factor (PF):  
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I1 / I is called as “Distortion Factor” (DF). In this condition the Power Factor 

can be expressed again as shown below: 
 

     DFCosPF *1=                                 (11) 
 

Fundamental Distortion Factor (DF) value is smaller than “1” due to         I > 
I1. If voltage and current waveforms are sinusoidal the Power Factor could be 
“1”. 

 
Fuzzy Inference System Design For Classification Of Harmonics  Footers) 
Fuzzy logic is an attempt to the representation and utilization of knowledge 

but in a way more comparable to the way human beings think. “Crisp” variables 
and crisp knowledge are elements in the knowledge domain that have an exact 
“truth value”; either TRUE or FALSE. Another definition of fuzzy logic is that 
it is a method for easily representing analog processes on a digital computer. 
These processes are concerned with continuous phenomena that are not easily 
broken down into discrete segments, and the concepts involved are difficult to 
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model along mathematical or rule-based lines (L.A. Zadeh, 1995; H.T. Nguyen 
et al., 2000). A major issue of concern in the electric power quality industry is 
the classification of power quality problems (W.R.A. Ibrahim, 2001). This 
article involves the development of several fuzzy inference systems that 
accomplish the following objective: prediction of the total harmonic distortion 
level as a function of Power Factor (PF), cosφ, difference (D) between PF and 
cosφ and Current (IL3). 
 

 
Figure 1: Prediction algorithm 

 
The MATLAB Fuzzy Logic Toolbox is used for prediction of total harmonic 

distortion as a function of Power Factor (PF), cosφ, difference (D) between PF and 
cosφ and current (IL3). In the first part of this research, the input variables PF, cosφ, 
D, IL3 and a output variable THDv are defined. Membership functions (MF) are also 
defined for input and output variables using harmonic measurement table shown in 
table 1. After defining the MF, fuzzy rules are defined in MATLAB Fuzzy Logic 
Toolbox Rule Editor. Finally, the fuzzy system is tested using different input values. 
Figure 1 shows the complete prediction algorithm proposed. 

 
Results 
Nonlinear and swithed loads and sources can cause distortion of the sinusoidal 

current and voltage waveform in ac power systems. So harmonics are distortion of the 
sinusoidal current and voltage in an ac power system. The proliferation 

In this application there are four inputs and one output. Input variables are Power 
Factor (PF), cosφ, difference (D) between PF and cosφ, 3rd phase Current (IL3), the 
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output variable is THDv. They are defined using MATLAB Fuzzy Logic Toolbox. 
After defining Fuzzy Inference System we tested the system. Finally we show that 
THDv can be predicted by using fuzzy inference system. 

After defining input and output variables the membership functions are defined 
using table 1. According to this table we decided that each input variable PF, cosφ, D, 
IL3 has three MFs and the output variable THDV has also three MFs. MF intervals 
for input and output variables are shown in table 2. In this application Mamdani 
inferencing is used.  The fuzzy space consists of 15 (5 MFs x 3 MFs) fuzzy partitions. 

First of all input variables Power Factor, cosφ, differences current and output 
variables THDV are defined using table 1 for designing of FIS as shown in figure 2. 
Membership functions of input and output variables are also defined using table 1. 
According to this table THDv is changing between 4.2 to 13.2. This interval can be 
divided in 3 parts to define the THDv membership functions. THDV intervals  
between 0 - 6.5, 6.5 – 10, 10 – 13.2 are called  “LOW”, “NORMAL” and “HIGH” 
membership functions respectively. Power Factor intervals between 0.751 – 0.88, 
0.805 – 0.915, 0.88 – 0.905 are called “LOWLOW”, “LOW” and “NORMAL” 
membership functions respectively. Intervals between 0.764 - 0,905, 0.865 - 0.955, 
0.977 - 0.991 are called “LOWLOW”, “LOW” and “NORMAL” membership 
functions respectively. Difference intervals between 0 – 0.031, 0.06 – 0.108, 0.08 – 
0.11 are called   “LOW”, “NORMAL” and “HIGH” membership functions 
respectively. Current intervals between 540 – 740, 510 - 735, 640 - 680 are called 
“LOW”, “NORMAL” and “HIGH” membership functions respectively. These 
intervals of membership functions are shown in table 2. 

The membership functions are defined after defining input and output variables 
using table 2. The membership function definition for PF is shown in figure 3, that for 
cosφ is shown in figure 4, that for Difference is shown in figure 5, membership 
function definition for Current IL3 is shown in figure 6 and membership function 
definition for THDv is shown in figure 7. The “GBELLMF” type 3rd function is used 
to define membership function of input variabes and the “TRIMF” type membersip 
function is used to define the membership function of output variable. 

“If Then” rules are defined for FIS after defining membership functions. Three 
rules are defined for predicting of THDV. Defuzzification  method  is  selected    as  
“Centroid” type. OrMethod is selected as “max”, ImpMethod is selected as “min” and 
AggMethod is selected as “max”. “If then” rules for prediction THDV are given 
below: 

 
Rule1: If Cos=LOWLOW and PF=LOWLOW and 

D=LOW and IL3=LOW then THDV =LOW 
Rule2:  If Cos=LOW and PF=LOW and D=NORMAL 

and IL3=NORMAL then THDV =NORMAL 
Rule3: If Cos=NORMAL and PF=NORMAL and D=HIGH 

and IL3=NORMAL then THDV =HIGH 
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Figure 2: Definition of input and output variables 

 

 
Figure 3: MF of PF 

 

 
Figure 4: MF of cosφ 

 

 
Figure 5: MF of Difference 
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Figure 6: MF of Current IL3 

 

 
Figure 7: MF of THDv 

 
Table 1: Real time harmonic measurment values 

Time PF Cos D IL3 (kA) %THDv 
16:07:30 0,886 0,95 0,064 0,535 7,9 
16:07:55 0,839 0,947 0,108 0,675 7,6 
16:08:20 0,877 0,945 0,068 0,58 7,9 
16:08:45 0,86 0,95 0,09 0,58 7,5 
16:09:10 0,84 0,946 0,106 0,735 7,6 
16:09:35 0,869 0,95 0,081 0,54 7,8 
16:10:00 0,805 0,865 0,06 0,58 7 
16:10:25 0,769 0,8 0,031 0,62 4,2 
16:10:50 0,76 0,772 0,012 0,63 4,9 
16:11:15 0,759 0,772 0,013 0,62 5 
16:11:40 0,77 0,77 0 0,66 4,8 
16:12:05 0,762 0,777 0,015 0,64 4,8 
16:12:30 0,758 0,77 0,012 0,63 4,8 
16:12:55 0,765 0,769 0,004 0,645 4,6 
16:13:20 0,76 0,772 0,012 0,63 4,8 
16:13:45 0,775 0,795 0,02 0,61 5,5 
16:14:10 0,842 0,86 0,018 0,57 5,5 
16:14:35 0,835 0,93 0,095 0,6 7,6 
16:14:55 0,87 0,94 0,07 0,57 8,3 
16:15:00 0,87 0,95 0,08 0,52 8,3 
16:15:25 0,881 0,95 0,069 0,51 7,5 
16:15:50 0,888 0,955 0,067 0,51 7,2 
16:16:15 0,85 0,955 0,105 0,64 7,2 
16:16:40 0,751 0,764 0,013 0,61 4,6 
16:17:05 0,754 0,78 0,026 0,62 4,8 
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16:17:30 0,769 0,794 0,025 0,63 4,2 
16:17:55 0,841 0,854 0,013 0,54 5,5 
16:18:20 0,853 0,95 0,097 0,67 6,5 
16:18:45 0,901 0,989 0,088 0,65 13,2 
16:19:10 0,898 0,987 0,089 0,655 11,3 
16:19:35 0,898 0,987 0,089 0,67 10,3 
16:20:00 0,899 0,991 0,092 0,64 10,3 
16:20:25 0,905 0,988 0,083 0,68 10,3 
16:20:50 0,898 0,986 0,088 0,66 10,4 
16:21:15 0,894 0,988 0,094 0,67 10,3 
16:21:40 0,897 0,977 0,08 0,67 9,2 
16:22:05 0,88 0,99 0,11 0,72 10 
16:22:30 0,86 0,87 0,01 0,72 5 
16:22:55 0,868 0,88 0,012 0,74 5,3 
16:23:20 0,88 0,905 0,025 0,73 6 
16:23:45 0,915 0,95 0,035 0,7 7,7 

 
Table 2: Real time harmonic measurment values 

PF Cos D IL3 %THDv 
0,751-0,88 0,764-0,905 0-0,031 540-740 0-6,5 
0,805-0,915 0,865-0,955 0,06-0,108 510-735 6,5-10 
0,88-0,905 0,977-0,991 0,08-0,110 640-680 10-13,2 

 
After designing the FIS we tested this new method using Rule Viewer for 

different input values as shown in figure 8. Real harmonic measurement values 
shown in table 1 is used for testing of the FIS. In this table power factor, cosφ, 
difference, 3rd phase current and THDV values are measured every 15 sec. This 
means that we measured voltage harmonics under varying load conditions in 
power system. According to this real measurement values we designed the FIS 
for prediction of THDV. FIS is tested by using measured PF, cosφ, D and IL3 
values and both FIS outputs and real time measured outputs. The results and 
error percentage is also shown in table 3.  

The surface of the FIS is presented in figure 9 and dependency of THDV is 
also presented by using Matlab Surface Viewer function in figure 10. According 
to figure 10 when differences between PF and cosφ increase THDv also 
increases. This means that “harmonics in power system increase when power 
factor degrease” in practice. This expression can be proofed using equation 10. 
Table 3 shows that designed FIS using between harmonics and PF relationship 
is satisfied. 
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Figure 8: Rule Viewer of FIS 

 

 
Figure 9: Surface of FIS 

 

 
Figure 10: Dependency of  THDv upon difference. 

 
Table 3: Real time harmonic measurment values 

PF Cos D IL3 THDv FIS Error % 
0,886 0,95 0,064 0,535 7,9 7,65 3,16 
0,839 0,947 0,108 0,675 7,6 7,6 0,00 
0,877 0,945 0,068 0,58 7,9 7,63 3,42 
0,805 0,865 0,06 0,58 7 7,55 -7,86 
0,769 0,8 0,031 0,62 4,2 4,61 -9,76 
0,76 0,772 0,012 0,63 4,9 4,54 7,35 
0,775 0,795 0,02 0,61 5,5 4,54 17,45 
0,842 0,86 0,018 0,57 5,5 4,58 16,73 



17

0,835 0,93 0,095 0,6 7,6 7,65 -0,66 
0,87 0,95 0,08 0,52 8,3 7,61 8,31 
0,881 0,95 0,069 0,51 7,5 7,72 -2,93 
0,85 0,955 0,105 0,64 7,2 7,61 -5,69 
0,751 0,764 0,013 0,61 4,6 4,55 1,09 
0,754 0,78 0,026 0,62 4,8 4,58 4,58 
0,769 0,794 0,025 0,63 4,2 4,55 -8,33 
0,898 0,987 0,089 0,655 11,3 10,6 6,19 
0,898 0,987 0,089 0,67 10,3 10,6 -2,91 
0,899 0,991 0,092 0,64 10,3 10,7 -3,88 
0,905 0,988 0,083 0,68 10,3 10,3 0,00 
0,898 0,986 0,088 0,66 10,4 10,7 -2,88 
0,894 0,988 0,094 0,67 10,3 10,6 -2,91 
0,897 0,977 0,08 0,67 9,2 9,99 -8,59 
0,86 0,87 0,01 0,72 5 4,53 9,40 

 
Conclusion 
This research shows that prediction of THDv using fuzzy classification 

system is satisfying. The proposed fuzzy prediction approach has been 
successfully applied to predict THDv. A reactive power control relay used in 
energy control systems measures cosφ, power factor and phase current values. 
Consequently the THDv can be predicted using this values in FIS. A new 
harmonic analysis method is found which is very economical. THDv levels are 
predicted using this new method. So harmonic filter designing will be more 
economical using this new method. 
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INTRODUCTION 
The power systems are supposed to have a stable fundamental frequency and an 

amplitude but it is variable in reality. For the health, security, and efficiency of the 
power systems, instantaneous tracking and evaluation of power quality are very 
important. The details of these are stated with different standardizations (IEEE Power 
and Energy Society, 2009), (IEEE, 2010), (I. Standard and N. Internationale, 2008), (I. 
Power and E. Society, 2010), (International Electrotechnical Commission, 2003). 

Power quality includes most disturbances like sag, swell, interruption, harmonics, 
flicker, notch, etc. Although these distortions are made up singularly, they sometimes 
emerge together in one window. These disturbances are formed in the range from 
semicycle to two hours in a random magnitude and interval (IEEE Power and Energy 
Society, 2009), (International Electrotechnical Commission, 2003). Therefore, the 
processing issue of the power quality is important and should be addressed separately 
as in studies (Verma et al., 2021), (Crotti et al., 2021), (Akkaya and Durna, 2018), 
(Akkaya and Salor, 2022), (Akkaya and Salor, 2018), (Akkaya and Salor, 2019), 
(Kuwalek and Wiczynski, 2021), (Lv, 2022), (Tarjano Santos and Pereira, 2022), (Xi 
et al., 2018), (Xiao et al., 2020). 

In (Verma et al., 2021), an algorithm to measure fundamental frequency by using a 
moving average filter for a three-phase application has been improved. In (Crotti et al., 
2021), measuring harmonics in presence of subharmonics is studied with a set-up. It 
was observed that subharmonics worsen the harmonic measurement seriously. In 
(Akkaya and Durna, 2018), a robust measurement method of the total effect of each 
low frequency-interharmonic component is proposed. In (Akkaya and Salor, 2022), a 
flicker curve and a flickermeter based on this were proposed. Flickermeters and flicker 
curves for just high frequency and all frequency were proposed respectively in (Akkaya 
and Salor, 2018), (Akkaya and Salor, 2019). In (Kuwalek and Wiczynski, 2021), the 
flicker distortion based on voltage fluctuation caused by interharmonics was searched. 
It was seen that when the effects of high-frequency components were available, the IEC 
flickermeter can not detect these effects. Thus, the IEC flickermeter standard should be 
revised for cutting frequencies from 35 Hz to higher frequencies (at least 450 Hz).  
Transient stability with the sparse logistic classifier has been evaluated in better 
performance than Support Vector Machines (SVM), k-Nearest Neighbors (kNN), and 
Linear Logistic Classifiers methods (Lv, 2022). An envelope estimation method based 
on geometric properties of time-series signal was studied (Santos and Pereira, 2022). 

A new sag detection method using Adaptive Process Noise Covariance Kalman 
Filter (APCKF) was proposed (Xi et al., 2018). 

The detection of sag and interruption disturbances, using MODWT (Maximal 
Overlap Discrete Wavelet Transform) and DL (Deep Learning), has been carried out 
under a noisy environment for the robustness of the detection system by converting PQ 
waveforms into 2D binary vectors (Xiao et al., 2020). 

All these methods analyze the disturbances separately and detailly. These studies 
focus on only one distortion. So, although the evaluation of the mentioned distortion is 
done all detailed, the other distortions will require similar processes which increase the 
computational load. Instead of the fact that applying a special technique for each 
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distortion, firstly it can be detected, then classified and quantified at the final. Especially 
the first-two process is important, hard, and time-consuming.  So, most recent studies 
have been done by considering the problem in this way. 

Instantaneous fundamental and combined power components were calculated with 
Undecimated Wavelet Packet Transform (UWPT) and Hilbert Transform (HT) 
according to IEEE Standard 1459-2010 in (Tiwari et al., 2021). Similarly, in (Yu et al., 
2021), the same methods and same components were utilized to evaluate disturbances 
of transient and interharmonics. 

PQD-DC method based on Stockwell Transform (ST) and Rule-Based DT is 
proposed resulting in 99.14% accuracy for classification of only 6-classes with 
noiseless synthetic data (Zaro, 2021). 

An enhanced method of S-transform, Discrete Orthogonal S-Transform (DOST), is 
introduced and obtained better results than other transform methods such as Short-Time 
Fourier Transform (STFT), Discrete Wavelet Transform (DWT), and S-Transform 
(ST) in (Jaya Bharata Reddy et al., 2013). 

Similar to ST, a Time-Frequency-Scale Transform method depending on window 
length was utilized for noise-immunity classification (Singh and Singh, 2017). 

A Fractional Fourier Transform-based method both outcoming better than ST and 
compatible with that is proposed to classify PQDs (Singh and Singh, 2017-2). 

For the feature extraction, the Volterra series with the Type-2 Fuzzy Logic System 
(IT2FLS) was searched on a few PQD classes for some MLAs with high performance 
(Kapoor et al., 2018). The selection of the optimum combination of base-wavelets and 
MLAs is searched and tested in a noisy environment. This investigation showed that 
instead of an ideal wavelet, each MLA may match a wavelet for the optimum 
performance (Hafiz et al., 2019). An approach using the rule-based ELM (Extreme 
Learning Machine) and dual STF(Strong Tracking Filters) performs more promising 
than the other compared to MLA-based classification methods in spite a high number 
of the classes (Chen et al., 2018). In another study, some signal processing and MLAs 
are conducted comparatively and the best result is observed with the kNN+HHT 
(Hilbert Huang Transform) for this study (Mishra, 2019). 

A Kalman Filter and Fuzzy -expert system- based PQD classification method is 
studied for 7 classes (Abdelsalam et al., 2012). 

Another Kalman Filter-based generalized PQD recognition approach classifies 16 
PQD classes by calculating fundamental frequency and the amplitudes of the 
harmonics and then iTHDs (instantaneous Total Harmonic Distortions) & statistical 
values of these (Abdelsalam et al., 2021). 

An approach using Sparse Signal Decomposition (SSD) and DT algorithms was 
proposed in (Manikandan et al., 2015). Although this approach can detect a high 
number of PQD classes, the accuracy is low even in the noiseless synthetic data. 

With the help of Multi-Objective Grey Wolf Optimizer (MOGWO) and MLAs, the 
time series waveforms were converted to 2D signals by using 2D-Riesz Transform 
(RT) for 18-classes (Karasu and Saraç, 2020). The combination of 2D-RT, MOGWO, 
and kNN performs better than the other hybrid models. 



23

With the hybrid PQD D&C method including 1D and 2D CNN (Convolutional 
Neural Network), higher performance and almost the same complexity were obtained 
as compared with other similar methods (Sindi et al., 2021). This was performed with 
13-synthetic classes and mostly single disturbance data. 

In (Narayanaswami et al., 2021), thanks to the reinterpretation of Euler’s rotation 
hypothesis, PQDs were detailed in 3D problems and analyzed with high performance 
for 10 PQD classes. 

An approach based on a Simple Gated Recurrent Network (SGRN) is proposed 
with lower complexity, higher speed, and accuracy as comparing with similar methods 
under 15 noise-free classes (Zu and Wei, 2021). 

Parameter selection using kNN and SVM machine learning methods has been done 
for 10 classes and thus the accuracy of classification is increased (Manimala et al., 
2011). 

The Time-Dependent Spectral Featured (TDSF)-based classification method using 
the adaptive kNN with excluding outliers (AdaKNNEO) is proposed for complex 
PQDs in the case of 12-classes (Liu et al., 2021). 

A feature-based time series classification method using the SiZer (Significant Zero 
crossings of derivatives) method and 11-different machine learning algorithms was 
applied to different popular datasets in (Altay and Baydoğan, 2021). 

A comprehensive and comparative review study adduces that detection & 
classification of PQDs in most studies make use of FT, WT, HT, and these-based 
transforms along with MLAs for classifications such as NN (Neural Network), SVM, 
FL (Fuzzy Logic), NF (Neuro-Fuzzy), DL, etc. The lots of specified studies are 
performed with synthetic data, noiseless environment, single events, below 15 classes 
(Khetarpal and Tripathi, 2020). This study and (Abdelalam et al., 2021) emphasize that 
analysis of PQD in real-time is hard and so in a premature stage. Therefore, this field 
must be oriented toward different issues. 

Observed from the literature that the current algorithms for detection and 
classification of PQDs perform boundedly with pre-processing with data reduction 
leading measurement error, synthetical dataset, low-number classes, noiseless 
environment, etc. Because of all these limitations, this paper is proposed a PQD D&C 
method being robust to a noisy environment, effective for high PQD classes, and 
reduces the process done with hyperparameter optimization in this study. Hence all 
these requirements are ensured with this proposed study. 

The paper is organized as follows. In the 2nd section, classes of power quality 
disturbances and figures of them are shown in detail.  ML algorithms and searched 
hyperparameters of them are presented in the 3rd section.  In Section 4, the proposed 
optimization of MLAs’ hyperparameter for the PQDs method is defined and detailed. 
In section 5, the results of the study are given with comparative tables and figures. 
Finally, the outputs and the future work of the investigation are discussed in section 6. 

 
POWER QUALITY DISTURBANCES 
Power quality disturbances of the electrical systems have different time, 

frequency, and amplitude characteristics with models according to IEEE 1159. 
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These disturbances, sag, swell, interruption, flicker, harmonics, transients, 
notches, spikes, emerge as single or multiple. 

These disturbances are classified as 21-PQD classes and labeled from C1 to 
C21 as shown in Table 1. Dataset is made up randomly with the parameters of 
the disturbances and added noise from 20 dB to 60 dB in each IEEE 1159 interval. 

Amplitude, frequency, and time matrices, parameters used for PQDs in Table 
1, all elements of which are prepared randomly are given the following (IEEE 
Power and Energy Society, 2009), (IEEE, 2010), (I. Standard and N. 
Internationale, 2008). 

 
Table 1: Classes of Power Quality Disturbances 

Class Type Class Type 
C1 Pure C11 Swell+Harmonic 
C2 Sag C12 Interruption+Harmonic 
C3 Swell C13 Flicker+Harmonic 
C4 Interruption C14 Sag+Transient 
C5 Flicker C15 Swell+Transient 
C6 Transient C16 Spike+Transient 
C7 Harmonic C17 Notch+Transient 
C8 Notch C18 Flicker+Transient 
C9 Spike C19 Swell+Spike 
C10 Sag+Harmonic C20 Sag+Notch 

  C21 Interruption+Transient 
 
 

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = [𝛼𝛼𝑠𝑠𝑠𝑠𝑠𝑠, 𝛼𝛼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 , 𝛼𝛼𝑖𝑖𝑖𝑖𝑖𝑖𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, 𝛼𝛼𝑓𝑓𝑠𝑠𝑖𝑖𝑓𝑓𝑓𝑓𝑠𝑠𝑖𝑖 ,
𝛼𝛼𝑖𝑖𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠𝑖𝑖𝑖𝑖, 𝛼𝛼3, 𝛼𝛼5,    𝛼𝛼7, 𝛼𝛼𝑖𝑖𝑖𝑖𝑖𝑖𝑓𝑓ℎ ,
𝛼𝛼𝑠𝑠𝑖𝑖𝑖𝑖𝑓𝑓𝑠𝑠] 

(1) 

 (2) 

, ] (3) 

 
The time-series waveforms in a 60 dB noisy environment belonging to these 

disturbances are shown respectively in Figure 1. Inasmuch as C1 is pure having 
50 Hz, the classes are given in range from C2 to C21. As seen in the figures, and 
stated above, the amplitudes, times, and frequencies of the events vary randomly. 
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Figure 1: Time- Series Waveforms of the PQDs 
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MACHINE LEARNING ALGORITHMS 
Machine learning (ML) is a field of study that enables computers to learn 

without being explicitly programmed (Samuel, 1959). Even though machine 
learning is a field of research about extracting information from data and at the 
intersection of statistics, artificial intelligence, and computer science, it can also 
be defined as predictive analytical and statistical learning (Müller and Guido, 
2016). Machine learning enables computers or machines to make data-driven 
decisions rather than being programmed explicitly to perform a specific task, and 
these programs or algorithms are designed to learn and improve as they are 
exposed to new data over time (Sammut and Webb, 2010). 

To detect the location of the power quality distortion, predict the class of the 
detected disturbance, and make classifications, machine learning algorithms are 
used. Decision Tree Classifier (DTC) (Uddin et al., 2019), (Turanoğlu Bekar et 
al., 2016), Extreme Gradient Boosting (XGBoost) from Distributed (Deep) 
Machine Learning Community (DMLC) (Chen and Guestrin, 2016), Multilayer 
Perceptron (MLP), and (Kwon et al., 2017), (Tajmiri et al., 2020) have been 
selected from Scikit-Learn. 

 
Decision Tree (DT) 
Decision Tree (DT) is one of the oldest and most common machine learning 

algorithms. DT designs the logic of the decision in such a way that evaluates and 
matches results for the classification of data items into a structure like a tree 
(Uddin et al., 2019). DT has multiple levels of nodes, the topmost level is known 
as the root or parent node and others are child nodes. The class is indicated by a 
leaf node which is a node at the end of a tree. The decision rule is defined by the 
branch or the path of the node. Each new sample has its unique decision rule for 
classification purposes (Turanoğlu Bekar et al., 2016). 

 
Extreme Gradient Boosting Classifier (XGBoost Classifier) 
XGBoost is a machine learning algorithm that can be used for both 

classification and prediction. XGBoost is based on a gradient boosting algorithm 
(Chen and Guestrin, 2016). It is an improved version of the decision tree 
algorithm. The most important advantages of this method are having high 
predictive power and preventing overfitting. As with all machine learning 
algorithms, it aims to minimize errors. It can also be used to determine the weight 
of features. 

 
Multi-Layer Perceptron (MLP) 
Multi-Layer Perceptron (MLP) is a well-established neural network-based 

classification algorithm, which consists of three or more types of layers: an input 
layer, an output layer, and one or more hidden layers between input and output 
layers (Kwon et al., 2017). Every layer contains several ‘neurons’ connecting. 
The input layer consists of as many neurons as the input number of the dataset, 
while the output layer consists of a single or more neuron depending on the class 
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number. MLP is a universal multivariate non-linear mappings calculator that 
results from the capacity of training data to learn and generalize from training 
data using backpropagation learning methods (Tajmiri et al., 2020). 

 
PROPOSED METHOD BASED ON OPTIMIZATION OF MLAs’ 

HYPERPARAMETER FOR PQDs 
In this paper, a research has been done with some MLAs space. The proposed 

algorithm is given in Figure 2. 
As to this figure, at first, the signal data is obtained and then zero-crossing 

points are detected (Akkaya and Salor Durna, 2018). After that, 0.2 sec (640-
FFT)-windows are extracted with the help of these points. MLAs mentioned 
above are performed by hyperparameters search space in Table 2 for these 
windows. At the end of the investigation on the workstation (with CPU: Intel 
Xeon W-2223, GPU: Nvidia Quadro P4000), the best results with related 
hyperparameters are selected. Finally, these models with hyperparameters are 
utilized for PQD detection and classification. 

For the testing data, a similar zero-crossing process is done. But instead of the 
rest of the process, only the best models with the hyperparameters are utilized for 
the detection and classification of PQDs. 

 

 
 

Figure 2: Proposed Algorithm for Detection and Classification of 
 PQD based on MLAs 
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COMPARATIVE RESULTS OF THE PROPOSED PQD D&C 
ALGORITHM 

All mentioned MLAs with the PQ dataset are compared on a workstation. 
Comparative results are given in Figure 3 for all the methods in terms of 
frequently used 5-different statistical metrics such as accuracy, precision, recall, 
f1 score, and mean cross-validation score. As can be seen, the best performance 
belongs to XGBoost while the second and the third ones are MLP’s and DT’s.  

The achievement sorting of applied MLAs is as follows XGBoost > MLP > DTC 
respectively with the average K-Fold accuracy values, 95.31 > 94.01 > 86.09. 

These results are important achievements considering the number of classes, 
variations, noisy environment, and randomness. 

 

 
Figure 3: MLAs’ Metric Results 

 
The meshes of the algorithms are given in Figure 4. The most successful 50 

combination values for each algorithm (For accuracy, the values of the first 50 
combinations) are shown in Figure 4. The best hyperparameter combination 
values for each algorithm are shown with the blue dashed line. 
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(a) 

 

 
(b) 

 

 
(c) 

 
Figure 4: Hyperparameters Tuning Results with Best Parameters  

(a) for DT (b) for MLP (c) for XGBoost 
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In the confusion matrix, true classes and predicted classes are compared. 
Confusion matrices of the algorithms are shown in Figure 5. Here, there are 
different numbers of data in the PQD classes caused by the random splitting of 
the test data. 

 

 
(a) 

 

 
(b) 
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(c) 

 
Figure 5: Confusion Matrix Results (a) for DT (b) for MLP (c) for XGBoost 
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CONCLUSION 
A MLAs’ hyperparameters-based detection and classification of PQDs 

algorithm have been proposed in this paper. XGBoost, MLP, and DT algorithms 
were compared in terms of PQD classification and is seen that from the most 
successful to the worst algorithm with hyperparameter optimization for PQD 
D&C as XGBoost, MLP, and DT. The optimized hyperparameters and the best 
MLA were found in this paper, while the accuracy of the classification of PQDs 
increases and the calculation load of that decreases.  In this paper, owing to the 
hardware limitation, a total of 6615 time-series signals including 21 classes of 
PQDs in the range from 20 dB to 60 dB were trained and tested in a workstation. 
If the hardware is upgraded and the datasets are increased, more stable and more 
robust methods can be improved in the future. Depending on the fact that the real-
time implementation of the detection and classification of PQD is in a premature 
stage, this study will be enhanced increasingly. 
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 GİRİŞ 
Kesterit yapısındaki ince filmler; yüksek absorpsiyon katsayısı, uygun bant 

aralığı düşük maliyetli elementler olması ve tüm elementlerin doğada bol 
bulunması nedeniyle ilgi çekmektedir. (Siebentritt ve Schorr, 2012: 512–519), ( 
Fouad vd., 2018: 124-133). Cu2ZnSnS4 (CZTS), güneş pilinde soğurucu tabaka 
olarak kullanılan önemli Kesterit yapılardan biridir. CZTS ince filminde 
çinkonun Nikel, kobalt ve demir gibi diğer geçiş metalleri ile ikamesi sonucu PV 
cihazları için uygun Cu2NiSnS4, Cu2CoSnS4, Cu2FeSnS4 gibi bazı yeni 
malzemeler elde edilmiştir (Kumar vd., 2018:287-299). Cu2NiSnS4, Cu2ZnSnS4 
malzemesine benzer bir yapıya sahiptir. Cu2NiSnS4, yüksek absorpsiyon 
katsayısına sahip olup 1.14-1.3 eV aralığında umut verici bir p-tipi kesterite 
malzemedir (Jariwala vd., 2018:118-120) . Cu2NiSnS4 ince filmleri üretmek için 
solvotermal yöntem (Wang vd., 2014:148-150), hidrotermal (Sarkar vd., 
2015:155-158), sıcak enjeksiyon (Kamble vd., 2014: 440-443), döndürmeli 
kaplama yöntemi (Ghosh vd., 2016:96025–96034 ), elektrodepozisyon (Chen 
vd., 2016:215-218) ve daldırmalı kaplama (Elsaeedy, 2019:12545–12554) 
teknikleri gibi çeşitli hazırlama yöntemleri kullanıldı. Cu2NiSnS4 filmleri ile ilgili 
önceki makaleler, bant aralığı ve absorpsiyon katsayısı gibi bazı lineer optik 
özelliklere odaklanmıştı (Chen vd., 2016:215-218). Cu2NiSnS4 ince filmlerin 
yüksek bir absorpsiyon katsayısı ve uygun bir bant aralığı sergilediğini 
göstermektedir. Öte yandan, Cu2NiSnS4 ince filmlerinin tavlama koşullarına 
bağlı olarak gösterdiği değişimler ile ilgili çalışmalar makalelerde sunulmamıştır, 
bu nedenle bu çalışmada özel olarak odaklanılmıştır. 

 
MATERYAL VE YÖNTEM 
Cam  (SLG'ler) iyonize suda temizlendi ve metanol ve aseton içinde 10 dakika 

boyunca ultrasonik olarak titreştirildi. Cu, Ni, Sn kaynakları için 0,08 M Kuprik 
klorür (CuCl2), 0,04 M Nikel klorür hekzahidrat (NiCl2), 0,04 M kalay (II) klorür 
dihidrat (Cl2Sn2H2O) etanol içindeki çözeltileri kullanıldı. Çözeltilerin 
hazırlanması sırasında CuCl2 çözeltisine NiCl2 çözeltisi ve son olarak 
Cl2Sn2H2O ilave edildi. Karışık çözeltiye 0.2 ml dietanolamin eklendi. Çözelti 
2 saat karıştırıldı. 0,5 ml solüsyonlar SLG substratları üzerine damlatıldı ve 
camlar 5000 rpm'de 30 sn süreyle döndürüldü ve 10 dakika boyunca 220 °C'de 
ısıtıldı. Bu işlem 10 kez tekrarlandı. Cu2NiSnS4 ince filmlerin cam üzerine 
yerleştirilmesinden sonra ince filmler kuvars fırınında 30 ccm ve 40 ccm H2S:Ar 
(1:9) akışları altında 1 saat 300 C' de tavlanmıştır. (Aytuğ Ava vd., 2019:111565). 
Filmlerin yapısal özellikleri X-ışını kırınımı (XRD) kullanılarak incelendi, 
morfolojik özellikler bir FEI Quanta 250 FEG taramalı elektron mikroskobu 
(SEM) ve atomik kuvvet mikroskobu (AFM) kullanılarak belirlendi. optik 
özellikleri Shimadzu UV-3600 spektrofotometre kullanılarak belirlenmiştir. 

 
BULGULAR 
Şekil 1‘de 30 ve 40 ccm H2S:Ar (1:9) akışları altında 1 saat tavlanmış 

Cu2NiSnS4 ince filmlerinin XRD modellerini göstermektedir. 30 sccm altında 
tavlanan örnek CNSS1 ve 40 sccm altında tavlanan örnek ise CNSS2 ile 
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adlandırıldı.CNSS1 de ortalama kristal boyutu CNSS2’ ye göre çok daha büyük 
olduğu gözlendi. Bu gözlem SEM VE AFM görüntüleri ile doğrulandı. filmlerin 
dislokasyon yoğunluğu CNSS2’ de oldukça yüksek bir artış göstermiştir. Bu 
değişiklik, numunelerin kristal özellikleri üzerindeki Ni ikame etkisine atfedilir. 
30 ccm ve 40 ccm Ar: H2S akışları altında tavlanmış ince filmlerden; 40 ccm 
H2S:Ar (1:9) akışları altında tavlanan ince filmlerin XRD tepe noktaları çok zayıf 
olduğu görülmüştür. 

                      
Tablo 1: 300 oC’de  tavlanan Cu2NiSnS4 ince filmlerinin XRD parametreleri 

 

 
Şekil 1. Cu2NiSnS4 ince filmlerin XRD desenleri 

 
Cu2NiSnS4 ince filmlerinin 20kx taramalı elektron mikroskobu  SEM 

görüntüleri Şekil 2a ve Şekil 2b 'de verilmiştir. Bu görüntülerine göre, 40 ccm 
Ar: H2S akışlarında tavlanan filmlerin yüzeylerinin, 30 ccm Ar: H2S akışlarında 
tavlanan filmlere göre daha homojen olduğu söylenebilir.  

Örnek 2𝜽𝜽 FWHM 
(Radyan x 10-4) 

D 
(x 10-8 m) 

d  
(Å) 

δ 
(1015 m2) 

Stres  
(x10-3) 

 
Cu2NiSn
S4 (1) 

 
28.84 
32.07 
47.74 
56.59 

 
37.00 
49.04 
52.70 
57.24 

 
4.11 
3.10 
2.88 
2.65 

 
3.09 
2.77 
1.90 
1.62 

 
0.60 
1.03 
1.19 
0.41 

 
2.8 
3.8 
4.0 
4.4 

 
 
Cu2NiSn
S4 (2) 

 
28.79 
32.65 
48.16 
56.45 
 
 

 
35.40 
46.81 
54.25 
58.43 

 
1.134 
1.151 
1.183 
1.609 
 

 
3.09 
2.53 
1.88 
1.63 
 

 
7.77 
7.70 
7.74 
3.86 
 

 
9.6 
9.5 
9.2 
6.7 
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Şekil 2a: Cu2NiSnS4 ince filmin  30 sccm’deki SEM görüntüsü 

 

 
Şekil 2b: Cu2NiSnS4 ince filmin  40 sccm’deki SEM görüntüsü 

 
Filmler ve H2S gazı arasındaki daha fazla etkileşim nedeniyle yüzeylerdeki 

ek aglomerasyona atfedilebilir. Ayrıca SEM görüntülerinden elde edilen bulgular 
AFM görüntüleriyle de desteklenmektedir. Tavlama koşullarının filmin 
morfolojisi üzerindeki etkisini görebilmek için AFM görüntüleri Park System 
XE-100 ölçüm sistemi kullanılarak incelenmiştir. Şekil 3a ve Şekil 3b filmlerin 
5x5µm2’lik alanda elde edilmiş 3-boyutlu AFM görüntülerini göstermektedir. 
Elde edilen görüntüler 40 scmm Ar: H2S gazı altında tavlanan örneklerin daha 
homojen olduğunu ancak 30 sccm’ de tavlanan filmlerin yüzeylerinde ise 
topaklanma olduğu görülmüştür. 
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Şekil 3a: Cu2NiSnS4 30 sccm AFM görüntüsü 

 

 
Şekil 3b: Cu2NiSnS4 40 sccm AFM görüntüsü 

 
 Tüm filmlerin absorbans-dalga boyu, 300 ila 1100 nm dalga boyu arasında 

elde edilen UV-vis verileri kullanılarak analiz edildi. Tüm filmlerin bant 
boşlukları, (αhν)2-hv grafiğinin enerji eksenine çıkarılmasıyla hesaplandı.  Bu 
hesaplama sonucu bant aralığının; tavlama koşullarının değişimi yani Ar: H2S  
akış hızının artmasıyla arttığı görülmüştür. Filmlerin UV bölgesinde güçlü bir 
soğurmaya sahip olup ve UV ışık için güçlü bir afiniteye sahip olduğu 
görülmektedir. 30 ve 40 ccm Ar: H2S akışlarında tavlanan filmlerin elde edilen 
bant aralığı değerleri  ve enerji grafiği Şekil 4 ve Şekil 5‘te verilmiştir. 
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Şekil 4: Cu2NiSnS4 ince filmlerinin enerji bant grafiği 
 

 
 

Şekil 5: Cu2NiSnS4 ince filmlerinin soğurma grafiği 
 

TARTIŞMA 
40 sccm H2S:Ar (1:9) akışları altında tavlanan CNSS ince filmlerin XRD tepe 

noktalarının yani piklerinin çok zayıf olduğu görülmüştür.  Buna ek olarak SEM 
görüntüleri incelendiğinde 40 ccm Ar: H2S akışlarında tavlanan filmlerin 
yüzeylerinin, 30 ccm Ar: H2S akışlarında tavlanan filmlere göre daha homojen 
olduğu ve bu durumun AFM görüntüsü ile uyuştuğu gözlenmiştir. Filmlerin UV- 
Vis verileri ise tavlama koşulunun enerji bant aralığı değerini arttığını 
göstermiştir. (Elsaeedy, 2019: 12545–12554) 

 
SONUÇLAR 
Yapılan bu çalışmada CZTS ince filmlerinin Ni katkılanması sonucu elde 

edilen bulgular tartışılıp CNSS ince filmlerinin bant aralığı dolayısıyla yüksek 
soğurma kapasitesine sahip olup gelecekte güneş pili uygulamaları için uygun bir 
aday olarak gösterilmektedir.  
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INTRODUCTION 
In recent years, the rapid progress in internet technology has led to a huge 

increase in the use of many it systems. With the advancements on the internet, it 
is seen that it technology is the most preferred systems by companies and 
internet users (Alazzam et all, 2019:4), (Ebadifard et all, 2020:180). The biggest 
factor in how computing systems are so preferred and popular is the 
opportunities it provides to its users. The first of these opportunities is to share 
it resources with other users. At the top of the it resources comes the database, 
storage, server and software (Ebadifard et all, 2020:180), (Jena et all, 2020), 
(Kaur, 2019), (Dixit et all, 2014:23). These opportunities have made a quick 
transition to the distance training infrastructure during the Covid-19 period. In 
this rapid transition, distance education systems were either delayed or never 
offered the opportunities they were demanding to users due to sudden overload. 
Load balance mechanisms are of great importance to users and organizations 
providing information technology and may lead to delays in service delivery 
and/or lack of service (Zhang and Guo, 2014). 

Load balancing is the process of sharing the load between servers in a server 
cluster to reduce increased load and traffic on server architectures 
(Govindarajan and Kumar, 2017). Load balancing mechanisms allow 
information systems to achieve maximum efficiency with minimum response 
time (Chou et all, 2014:414). It has a significant impact on the performance of 
distance education systems for load balancing algorithms that aim to maximize 
efficiency, reduce response time and prevent overloading of any resource. With 
the distribution of load keeping LMS servers busy for a long time, there are 
many requests waiting for service in the queue and accumulated. This problem 
with load balancing causes the overloaded servers to fail and be out of service 
as well as increased pending requests (Mouradian et all, 2017). 

The load balancing mechanisms are statically and dynamically divided. The 
static load balancing (SLB) strategy works well for homogeneous and stable 
environments. However, it is not flexible and cannot adapt to the dynamic 
changes in the structure of the system (Mitzenmacher,2001:1099), (Zheng et all, 
2019:773). Unlike the SLB strategy, dynamic load balancing (DLB) 
mechanisms take into account load and server conditions when distributing 
loads. In short, the loads that come into the system are not assigned to the 
servers at a fixed rate and vary depending on the density of the system (Beraldi 
and Alnuweiri, 2019:83), (Yadav, 2015), (Hanamakkanavar and Handur, 2015). 

This study offers analytical models and a definitive solution tactic for better 
system performance results. Different load balancer algorithms have been 
applied for the LMS system. In the real environment, how these algorithms 
produce results is evaluated. 
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MATERIAL AND METHOD 
Load balancing is the name for sharing incoming network traffic between 

servers (Beraldi and et all, 2020:5). It can therefore distribute workload across 
multiple servers, improving the performance and security of sites, applications, 
and other services. Users who come into the system with the Load balancing 
process are distributed between servers called server groups in an equal or 
specific rule. These actions that can be performed between application and 
database servers are called load balancers. A single server is connected when 
the Load balancing process is not in use. If there is a problem with this 
connected server, the website cannot be accessed. There may also be a problem 
if many people access the website. This means that the website is not accessible 
by the possible decelerations on the website. it is necessary to carry out the load 
balancing operation to avoid these conditions. Figure 1 introduces the general 
logic of the load balancer structure (URL-1). 

 

 
Fig. 1 Load balancer sitting between clients and servers 

 
Round Robin Method 
It is the most commonly used among algorithms. It distributes the incoming 

requests to the servers in order. The first request goes to the first server, the 
second request goes to the second server, and the load is distributed 
respectively. It is not a recommended method for large structures. As the 
number of processes increases, the load on the processor also increases. In case 
of too many requests in a short time, an overload occurs on the processor and 
may endanger the structure. Because round robin does not calculate the current 
load on the server. The working logic of the round robin algorithm is given in 
Figure 2 (URL-2). 
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Fig. 2 Working diagram of round robin algorithm 

 
Least Connection Method 
The least connection algorithm directs the incoming connection to the server 

with the least connection between the defined servers. Round Robin was equally 
distributing regardless of the load situation. What if a server is experiencing a 
problem and transactions are slow? In this case, Round Robin will continue to 
send the same requests to the server with the slow response time, which means 
that the load balancer is not efficient. In this case, it is more efficient to 
distribute according to the number of active connections with the least 
connection algorithm. The working logic of the least connection algorithm is 
given in Figure 3 (URL-3). 

 

 
Fig. 3 Working diagram of least connection algorithm 

 
Least Response Time Method 
Technically, what we want from our server is that it answers quickly at its 

core. The least Response time has come up with this idea. The response times of 
the servers we have are calculated with a health check application. However, 
we'll know which server is returning faster. The next request is also forwarded 
to this fast running server. This will advance the load balancing process. It has a 
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more complex operation than the least connection method. Based on the amount 
of time a server spends responding to a system status monitoring request. The 
speed of the response is an indication of how much load is on the server and the 
expected user experience. Some load balancers that apply this method may also 
take into account the active connection time on each server. Figure 4 shows the 
operating logic of the least response algorithm (URL-3). 

 

 
Fig. 4 Working diagram of least response algorithm 

 
Hashing Method 
This algorithm distributes according to the user's IP address. A unique hash 

is generated with the user's source and destination IP addresses. This hash will 
reserve space on one of the servers we have. The user uses this reserved server 
for each connection. It may not seem very efficient, but it is a critical solution 
element in situations where the user must connect to the same server and 
continue their operation if they are disconnected or reconnected. Figure 5 shows 
the operational logic of the hashing algorithm (URL-3). 

 

 
Fig. 5 Working diagram of hashing algorithm 
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The main goal in all methods is that servers provide a seamless and fast 
service to users. Formula 1 provides a general purpose for all of these methods. 

 
                         (1) 

 
 is the average number of jobs in the system, 
 is the average arrival rate (jobs/second), 
 is the average wait time (second). 

 
In this study, a load balancer algorithm has been developed for continuous 

and rapid operation of the LMS system. The LMS system uses an open source 
Moodle system. The system was developed with a total of 5 virtual servers in 
the Ubuntu 20.04 version installed on the Linux platform. In the LMS system 
with 6900 users, the cpu, ram, and response times of virtual servers are defined. 
Different cpu and ram quantities have been defined for all virtual servers to 
control the operation of the algorithm. However, the server response times are 
the same. This allows the custom load balancer to first query the load on the 
servers through SNMP, creating the most efficient compensation. In this 
developed method, JMeter loading tests were performed and Benchmark tests 
were performed live. Table 1 provides the CPU and ram quantities of virtual 
servers. 

 
Tablo 1: Virtual server data 

Virtual Server CPU RAM 
1  2 GHz 4 GB 
2 4 GHz 2 GB 
3 8 GHz 8 GB 
4 8 GHz 16 GB 
5 8 GHz 16 GB 
 
RESULT 
This section shows the analytical model results developed to assess and 

compare the performance of the load balancing mechanisms reviewed under the 
various system parameters. At the same time, analytical models have been 
confirmed by simulation. Performance values are calculated in all analyzes 
based on the average arrival rate (R) of varying loads. In addition, all results 
provided have been analyzed by looking at the servers section. Table 2 shows 
the test results obtained using the special load balancer algorithm. 
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Tablo 2: Benchmark test results in load balancer usage 
Description Time (seconds) Acceptable limit Critical limit 
Moodle loading time 0.113 0.5 0.8 
Processor processing speed 0.101 0.5 0.8 
Reading file performance 0.024 0.5 0.8 
Writing file performance 0.165 1 1.25 
Reading course performance 0.399 0.75 1 
Writing course performance 0.068 1 1.25 
Database performance (#1) 0.093 0.5 0.7 
Database performance (#2) 0.193 0.3 0.5 
Login time performance for the 
guest account 0.073 0.3 0.8 

Login time performance for a fake 
user account 0.083 0.3 0.8 

 
CONCLUSION 
In this study, a load balancer algorithm has recently been addressed, which 

has been developed for systems to operate more efficiently, with the rapid 
increase in online training. The custom load balancer algorithm is optionally 
customized, unlike other methods. This allows both the system to accelerate and 
the servers to operate healthier than other methods. Other algorithms tested 
prior to the custom load balancer have experienced 2 interruptions on virtual 
servers in the last 6 months in the hashing method. Similarly, there was a 5-time 
blackout with the Round Robin method. Although the response time of the 
hashing method is fast, continuous operation of systems is a priority. This 
means that the algorithm has been developed so that no interruptions have been 
made due to overload in the last 6 months, and the response times have been 
shown to be load-perforated in the Benchmark tests. 
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I. INTRODUCTION 
Clustering is the grouping of data showing similar characteristics in a data set. 

Clustering is used in data mining, statistical data analysis, data compression, and 
vector quantization and aims to aggregate data into clusters (Karaboga and 
Ozturk, 2011:652), (Ren et al., 2017:1401). Clustering brings some problems 
with its advantages (Rahman and Davis, 2013:224). The data's 
multidimensionality and large size can result in time expenses. Furthermore, 
when the distance between clusters cannot be calculated in distance-based 
clustering, the related cluster in multidimensional space is challenging to define. 

The difference in the structure of clustering algorithms leads to the production 
of controversial results in clustering operations (Ding et al., 2018:215). The 
classification process is generally divided into two categories, supervised and 
unsupervised. The primary purpose of the supervised classification is to place the 
data, which is unknown in which class, into the most appropriate one of the 
existing classes. In unsupervised classification, the aim is to separate the 
unclassified data in a cluster into meaningful subsets (Berry et al., 2019). The 
clustering process is examined under the unsupervised classification method. 
Fraley and Raftery (1998:578) divided the clustering into two different groups, 
hierarchical and segmented. Without prior notice, hierarchical clustering is 
formed by dividing the number of clusters in a top-down and bottom-up tree 
structure. Segmented clustering is the grouping of data with a pre-given number 
of clusters without a hierarchical order. Piecewise clustering is based on the 
Euclidean distance criterion. This criterion is expressed by calculating the 
distance of the points to each cluster and including that point in the cluster that 
minimizes this distance (Saxena et al., 2017:664).  

Cluster analysis is used in fields such as statistics, biology, data mining, 
machine learning, image recognition, pattern recognition, customer 
segmentation, and market segmentation (Akgün, 2019), (Li et al., 2020:147463). 
Yu et al. (2018) use K-means as a widely used center-based, fast and 
straightforward clustering algorithm (Yu et al., 2018:747). The K-means 
algorithm has been extensively used in scientific and industrial subjects such as 
marketing, chemistry, geographic systems, meteorological events, social 
sciences, and medicine (Govender and V. Sivakumar, 2020:40). Evans et al. 
(2005:1161) investigated the negative effects and risk factors of drugs used in 
medicine on humans. They used the K-means algorithm in the classification of 
drugs. As a result, they concluded that factors such as the patient's age, gender, 
weight, and drug dose were high-risk factors. In a study in dentistry (Vickers et 
al., 2006:69), it was investigated whether psychological and social changes affect 
acute pain after surgery. The patients were clustered according to their 
psychological characteristics and conditions using the K-means algorithm. As a 
result, it was understood that depressed, anxious, and female patients had more 
pain after surgery. In another study conducted in psychiatry (Falkenbach et al., 
2021:7161), cluster analysis was performed using various personality 
inventories. The analysis of the clusters revealed the differences between the 



58

profiles of the two groups, and as a result, it was aimed to illuminate the complex 
dimensions of psychopathy.  

Similarly, Kim et al. (2018:184) classified 888 cases who applied to the 
Korean emergency service under two different groups with K-means. According 
to various demographic and clinical variables, it was concluded that 85% of 
suicide attempts were made impulsively, and 15% were planned. The K-means 
algorithm has also been used in studies in the field of genetics. Shai et al. 
(2003:4918) used the K-means algorithm to reveal molecular subtypes of 
unknown pathological types and classes. Bertucci et al. (2005:2170) defined five 
breast cancer subtypes by hierarchical clustering. According to Ushizawa et al. 
(2004:1), animal embryos analyzed gene profiles with cDNA microarrays and 
used the K-means algorithm to cluster genes. 

In the medical field, doctors diagnose patients using a variety of tests, 
observations, and patient history data. At the same time, there are decision 
support systems prepared with various methods to help doctors in the health 
sector (Sutton et al., 2020:1); Shortliffe and Sepúlveda, 2018:2199); Abdel-
Basset et al., 2019:4160), (Musen et al., 2021:795). The K-means algorithm is 
one of the decision support systems used in the field of health (Mahmud and 
Ismail, 2015:2), (Sumarlinda and Lestari, 2021:190), (Phul et al., 2017:211). 
Although the K-means algorithm performs fast and functional clustering, it has 
the disadvantage of being stuck in the local optimum (Viloria and Lezama, 
2019:1201). The K-Means algorithm produces results dependent on the first 
reference points in the clustering process. That is, it always converges to the 
nearest local optimum from the starting position of the search. Researchers use 
hierarchical clustering, partition-based clustering, density-based clustering, and 
artificial intelligence-based clustering to overcome the local optimum problem. 
Case studies for the methods used are respectively: Graph Theory, Artificial 
Neural Networks, Swarm Intelligence Algorithms (Genetic Algorithm, Ant 
Colony Algorithm, Artificial Bee Colony Algorithm, Particle Swarm 
Optimization, Flower Pollination Algorithm, and Ant Lion Optimization, Gray 
Wolf Optimization Algorithm), Evolutionary algorithms, Statistical methods, and 
Expectation-Maximization algorithms (Karaboga and Ozturk, 2011:652), 
(Roberto e Souza et al., 2020:151), (El-Khatib et al., 2019:324), (Sharma et al., 
2018:145), (Tekerek and Dörterler, 2020:1). These studies were used to increase 
the clustering success rate and to overcome the problem of being stuck in the 
local optimum. 

In this study, the hybridization of DEA and HSA algorithms with the K-means 
method was carried out to increase clustering success. The success was increased 
by determining the importance of parameter values used in diagnosing heart 
disease by the heuristic algorithm. 

In other words, a more accurate diagnosis is provided by changing the 
importance of the parameters that have a high impact on the diagnosis of the 
related disease. At the same time, we aimed to prevent misdiagnoses by reducing 
the coefficient of the parameter that has a low effect on the diagnosis of the 
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disease. In this way, the problem of the K-means method being stuck to the local 
optimum has been eliminated, and at the same time, the accuracy of the clustering 
method has been increased by optimizing the coefficients. 

 
II. MATERIAL AND METHOD 
The Differential Evolution Algorithm (DEA) and Harmony Search Algorithm 

(HSA) algorithms were hybridized with K-means to improve the clustering 
integrity performance of the K-means algorithm. This study diagnosed heart 
disease with a high success rate using the Heart Disease medical data set. 

 
A. The Canonical K-Means Algorithm 
The K-means method is the best known and simplest clustering method. It is 

often used in clustering problems. Here, K is the number of clusters defined by 
the user, and it is based on the logic of dividing the data set into k clusters. The 
objective function is given in equation 1. 

 

𝑗𝑗 = ∑ ∑ ‖𝑥𝑥𝑖𝑖
 (𝑗𝑗) − 𝑐𝑐𝑗𝑗‖

2𝑛𝑛
𝑖𝑖=1 

𝑘𝑘
𝑗𝑗=1                                                                    (1) 

 

Here, ‖𝑥𝑥𝑖𝑖
(𝑗𝑗) − 𝑐𝑐𝑗𝑗‖

2
 is the distance between 𝑥𝑥𝑖𝑖

𝑗𝑗 and the cluster center 𝑐𝑐𝑗𝑗, and 
the aim is to find the lowest j value (Saxena et al., 2017:664). Thus, the data 
𝑥𝑥𝑖𝑖

(𝑗𝑗)belongs to the set with center 𝑐𝑐𝑗𝑗 for the min j value. The flowchart of the K-
means algorithm is given in Figure 1. 
 
 

 
Figure 1: Flowchart of the K-Means Algorithm 

 
Besides the simplicity and popularity of the K-means method, it brings some 

problems. No method has been presented so far to determine the number of 
clusters K. In addition, the K-means method is sensitive to noisy data and outliers. 
Another problem is that even if an object is far from the cluster, cluster shapes 
are distorted because they try to be included in the cluster (Ahmed et al., 
2020:1295). 

 
B. Differential Evolution Algorithm 
The population-based DEA was developed by Storn and Price (1997). The 

working principle of the algorithm, which is based on the Genetic Algorithm, is 
based on creating new generations by developing the initially created random 
population with mutation and crossover operators. Each new generation is aimed 
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at producing generations with optimum or near-optimal fitness values. The 
algorithm consists of 4 steps. These steps are given in Algorithm 1. 

 
Algorithm 1. DEA Algorithm Steps 
Step 1: Initialization 
DO 

Step 2: Mutation 
Step 3: Crossover 
Step 4: Selection 

While (Condition) 
 
Step 1: In the initialization phase, algorithm parameters are determined. The 

initial population of NP chromosomes is randomly generated using equation 2. 
 

𝑥𝑥𝑗𝑗,𝑖𝑖,𝐺𝐺=0 = 𝑥𝑥𝑗𝑗
𝑚𝑚𝑖𝑖𝑚𝑚 + 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑗𝑗. [𝑥𝑥𝑗𝑗

𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑗𝑗
𝑚𝑚𝑖𝑖𝑚𝑚],  

𝑖𝑖 = 1,2, … , 𝑁𝑁𝑁𝑁,       𝑗𝑗 = 1,2, … , 𝐷𝐷                                                                 (2) 
 
G defines the generation number, and the problem size is defined by D. 𝑥𝑥𝑗𝑗

𝑚𝑚𝑖𝑖𝑚𝑚 
is the min and 𝑥𝑥𝑗𝑗

𝑚𝑚𝑚𝑚𝑚𝑚 is the max parameter limits. 𝑥𝑥𝑗𝑗,𝑖𝑖,𝐺𝐺=0 refers to the j gene of 
the i chromosome of the G generation. 

 
Step 2: After the initialization phase, chromosomes are selected from the 

randomly generated population and subjected to mutation. Except for the 
chromosome to be mutated, three different chromosomes are selected from the 
1st generation (G=0) (𝑟𝑟1,2,3). The difference chromosome is created by taking the 
two selected chromosomes' differences and multiplying them by the F parameter 
(scaling factor). Then, the different chromosomes and the other selected 
chromosomes are added together to form the intermediate chromosome used in 
crossover (Equation 3). 

 
𝑟𝑟𝑗𝑗,𝑖𝑖,𝐺𝐺+1 = 𝑥𝑥𝑗𝑗,𝑟𝑟3,𝐺𝐺 + 𝐹𝐹. (𝑥𝑥𝑗𝑗,𝑟𝑟1,,𝐺𝐺 − 𝑥𝑥𝑗𝑗,𝑟𝑟2,𝐺𝐺), 𝑟𝑟1,2,3 𝜖𝜖 {1,2, … , 𝑁𝑁𝑁𝑁},   𝑟𝑟1 ≠ 𝑟𝑟2 ≠ 𝑟𝑟3 ≠ 𝑖𝑖          (3) 

 
Step 3: Equation 4 is used to generate the candidate chromosome that will 

build the next generation of 𝑢𝑢𝑖𝑖,𝑔𝑔+1 utilizing 𝑥𝑥𝑖𝑖,𝑔𝑔, and 𝑟𝑟𝑖𝑖,𝐺𝐺+1 chromosomes. 
 

𝑥𝑥𝑗𝑗,𝑢𝑢,𝑔𝑔+1 = {
𝑥𝑥𝑗𝑗,𝑚𝑚,𝑔𝑔+1 

𝑥𝑥𝑗𝑗,𝑖𝑖,𝑔𝑔                   𝑖𝑖𝑖𝑖 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 [0,1]  ≤ 𝐶𝐶𝐶𝐶 𝑜𝑜𝑟𝑟 𝑗𝑗 = 𝑗𝑗𝑟𝑟𝑚𝑚𝑚𝑚𝑟𝑟
𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑟𝑟𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒                (4) 

 
Step 4: As a result of the processes, new candidate chromosomes were 

produced. Suppose the objective function value of candidate chromosome 𝑥𝑥𝑢𝑢,𝑔𝑔+1 
is better than  𝑥𝑥𝑖𝑖,𝑔𝑔 in that generation. In that case, the chromosomes are changed, 
and the candidate chromosome is transferred to the new generation. Thus, the 
chromosome from the previous generation passes on to the next generation. With 
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each new generation, the fitness value of the chromosomes approaches the 
optimum. 

 
C. Harmony Search Algorithm 
This optimization technique was found by Geem et al. (2001:60). The basic 

logic of this algorithm is based on the musician's conducting an appropriate 
search process to discover a better harmony in a musical performance process. 
The aim here is to catch a beautiful harmony. (Azizi et al., 2022) 

The mathematical formulation of the HS algorithm consists of five steps in 
detail. It is explained by Azizi et al. (2022) as follows. 

 
Step 1: For the harmony vectors (𝑋𝑋𝑖𝑖

 ) consisting of different decision variables 
(𝑋𝑋𝑖𝑖

 = { 𝑥𝑥1
 , 𝑥𝑥2

  , … , 𝑥𝑥𝑖𝑖
 , … , 𝑥𝑥𝑛𝑛

 }), the initial values and the relevant objective 
function (𝐹𝐹𝑖𝑖

 ) quantities are determined. Decision variables show different 
musicians, and objective function evaluations show the harmony achieved by 
these musicians. Important HS algorithm parameters like Harmony Memory Size 
(HMS), Pitch Adjusting Rate (PAR), Harmony Memory Considering Rate 
(HMCR), and termination criteria, such as the maximum number of iterations 
(MaxIter), are chosen in this step. The PAR and HMCR parameters are utilized 
in the optimization process to increase the quality of each solution vector. 

 
Step 2: At this stage, the size of the harmony memory (HMS) and the first 

Harmony Memory (HM) containing randomly generated solution vectors are 
determined and classified according to the values of the objective functions. The 
HM is as follows. 

 

𝐻𝐻𝐻𝐻 = [
𝑥𝑥1

𝑥𝑥2

:
𝑥𝑥𝐻𝐻𝐻𝐻𝐻𝐻

]                                                                                               (5) 

 
Step 3: Based on the pitch adjustment, memory evaluation, and randomization 

process, a new harmony vector (𝑋𝑋𝑖𝑖
′ = { 𝑥𝑥1

′ , 𝑥𝑥2
′  , … , 𝑥𝑥𝑖𝑖

′, … , 𝑥𝑥𝑛𝑛
′ }) is improvised from 

the harmony memory or initial harmony vectors in this stage. Decision variables 
can be determined by choosing any value from the HM in equation 5 or by 
choosing from the first fit vectors. In this context, a uniformly distributed random 
number in the range (0, 1) is generated to decide between two options. The new 
fit vector is chosen from the HM if the generated random number is greater than 
the predefined HMCR. The new vector is determined to create initial harmony 
vectors (Xi) for random integers less than the HMCR. They are expressed as 
follows. 

 

𝑥𝑥𝑖𝑖
′  

→ {𝑥𝑥𝑖𝑖
′  ∈ 𝐻𝐻𝐻𝐻           𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑤𝑤ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑏𝑏𝑏𝑏𝑤𝑤𝑏𝑏𝑤𝑤𝑤𝑤𝑏𝑏 𝑝𝑝𝑜𝑜 (𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻)

𝑥𝑥𝑖𝑖
′   ∈ 𝑋𝑋𝑖𝑖       𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑤𝑤ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑏𝑏𝑏𝑏𝑤𝑤𝑏𝑏𝑤𝑤𝑤𝑤𝑏𝑏 𝑝𝑝𝑜𝑜 (1 − 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻)                             (6) 
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The pitch adjustment is used to mathematically model the mutation step of the 
procedure for the values obtained from the HM by creating another random value 
evenly spread over the (0,1) range. If the generated random number is greater 
than the predetermined PAR, the new fit vector selected from HM will choose a 
neighboring value with probability PAR. No pitch adjustment is made if the 
generated random number is less than the PAR. These thoughts are expressed as: 

 

𝑥𝑥𝑖𝑖
′  

→ {𝑥𝑥𝑖𝑖
′ + (𝑏𝑏𝑏𝑏 × 𝑢𝑢)           𝑏𝑏𝑤𝑤𝑤𝑤ℎ 𝑤𝑤ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑝𝑝𝑏𝑏𝑤𝑤𝑝𝑝𝑤𝑤𝑤𝑤𝑝𝑝 𝑝𝑝𝑜𝑜 (𝑃𝑃𝑃𝑃𝑃𝑃)

𝑥𝑥𝑖𝑖
′                          𝑏𝑏𝑤𝑤𝑤𝑤ℎ 𝑤𝑤ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑝𝑝𝑏𝑏𝑤𝑤𝑝𝑝𝑤𝑤𝑤𝑤𝑝𝑝 𝑝𝑝𝑜𝑜 (1 − 𝑃𝑃𝑃𝑃𝑃𝑃)                        (7) 

 
where bw denotes an arbitrary distance bandwidth and u is a uniformly 

distributed random number in the range of (-1,1). 
 
Step 4: If the HM is amplified and the newly created harmony vector 

outperforms the worst harmony with respect to the value of the objective function 
in the HM, the new harmony is replaced with the worst, and the HM is ranked 
using the objective function values. 

 
Step 5: The third and fourth stages are repeated until the termination 

conditions are caught. 
 
D. Proposed Hybrid Model 
In this study, the hybridization of the K-means method and metaheuristic 

algorithms (DEA and HSA) was performed to increase the clustering success. 
The parameter values used in diagnosing heart disease were determined by meta-
heuristic algorithms, increasing the clustering success. In other words, we aimed 
to determine a more accurate diagnosis by changing the importance of the 
parameters that have a high impact on the diagnosis of the related disease. At the 
same time, the coefficient of the parameter, which has a low effect on the 
diagnosis of the disease, was reduced to prevent misdiagnosis. In this way, it is 
aimed to eliminate the problem of local optima of the K-means method. At the 
same time, the accuracy of the clustering method is increased by optimizing the 
coefficients. To multiply all dimensions of the data by a weight, a W pool is 
created for the size of the data. 

 
𝑊𝑊 = [𝑏𝑏1, 𝑏𝑏2, … , 𝑏𝑏𝑚𝑚]                                                                                        (8) 
  
W is the weight value that the optimization algorithm will optimize. The 

optimization algorithm weights each w value according to its importance in 
diagnosing the disease. To manipulate the dimensions of the data in order of 
importance, all dimensions (Xn) are multiplied by a weight parameter (Wm). 

 
𝑋𝑋𝑛𝑛,𝑚𝑚 = 𝑊𝑊𝑚𝑚 ∗ 𝑋𝑋𝑛𝑛,𝑚𝑚         𝑛𝑛 = 1, … , 𝑁𝑁 ;         𝑚𝑚 = 1, … , 𝑀𝑀                                    (9) 
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Here n is the number of data, and m is the number of attributes of the data. 
Each attribute is multiplied by Wm to create a new Xn, m pool. Then, the center 
points of all data according to this pool are found using Equation 10. 

 

𝐶𝐶𝑘𝑘 = ∑ 𝑎𝑎𝑛𝑛,𝑘𝑘∗𝑋𝑋𝑛𝑛𝑁𝑁
𝑛𝑛=1
∑ 𝑎𝑎𝑛𝑛,𝑘𝑘𝑁𝑁

𝑛𝑛=1
  ,  𝑎𝑎𝑛𝑛,𝑘𝑘 = { 1   𝑦𝑦𝑛𝑛 = 𝑘𝑘

0   𝑦𝑦𝑛𝑛 ≠ 𝑘𝑘  , 𝑘𝑘 = 1, 2, … , 𝐾𝐾                            (10) 

 
Here k is the number of clusters, yn is the known actual set of the data. a is a 

variable consisting of 1 or 0. If the true value of the data belongs to the set k., a 
takes the value one, and the elements of the set k. are added. Thus, the center 
point of k. clusters are found. After the centers of all clusters are found, the set of 
data according to their center points is found using Equation 11. 

 
𝑓𝑓𝑛𝑛 = 𝑘𝑘 𝑖𝑖𝑓𝑓 min(|𝑥𝑥𝑛𝑛 − 𝑐𝑐1|, |𝑥𝑥𝑛𝑛 − 𝑐𝑐2|, … , |𝑥𝑥𝑛𝑛 − 𝑐𝑐𝐾𝐾|, )                                     (11) 
 
fn are calculated values that represent sets of data. The data is assigned to fn 

to belong to which center point is closest. Finally, the weight values (w1, w2, …, 
wm)  that reach the optimum result by processing the existing data are found with 
the proposed algorithm. The objective function used is given in equation 12. 

 

max 𝑓𝑓(𝑣𝑣) = 100
𝑁𝑁 ∗ ∑ 𝑏𝑏𝑛𝑛

𝑁𝑁
𝑛𝑛=1  ,     𝑏𝑏𝑛𝑛 = {1   𝑦𝑦𝑛𝑛 = 𝑓𝑓𝑛𝑛

0   𝑦𝑦𝑛𝑛 ≠ 𝑓𝑓𝑛𝑛
                                          (12) 

 
Here N represents the number of data. If b is a variable that takes the value 

one if the found value and the actual value are equal to each other, it takes the 
value 0 otherwise. These steps are repeated until the algorithm's termination 
criterion (number of iterations) is completed, and finally, w weights are found, 
which gives the maximum objective function value. The stages of the proposed 
model are summarized and presented in the flowchart in Figure 2. 
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Figure 2. Flowchart of Proposed Model 
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E. Dataset 
i. Heart Disease Dataset 
These data, collected from the databases of 4 different hospitals, were taken 

from the https://archive.ics.uci.edu/ml/datasets website. There are 270 real 
patient observation data in this data set, 13 features, and the results are divided 
into two classes "1" if they are heart patients and "0" if they are not. 70% of the 
data in the data set was chosen randomly for training and 30% for testing. 

 
F. Statistical Performance Measurement Metrics 
Accuracy, recall, specificity, precision, and F1-score measurements were used 

to measure the performance of the proposed model. TP (True Positive) refers to 
the positive rate in the test result that is correctly labeled as a disease. TN (True 
Negative) is the correctly labeled negative (normal) rate. FP (False Positive) is 
the negative (normal) rate mislabeled as positive. 

FN (False Negative) is the rate of positive disease in the model that was 
mislabeled as negative (normal). Accuracy, recall, specificity, precision, and F1-
score values were found by using TP, FP, TN, and FN values. The formulas of 
the accuracy, recall, specificity, precision, and F1-score metrics are given in 
Equation 13, Equation 14, Equation 15, Equation 16, and Equation 17, 
respectively. 

 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑇𝑇𝑇𝑇+𝑇𝑇𝑇𝑇

𝑇𝑇𝑇𝑇+𝐹𝐹𝑇𝑇+𝑇𝑇𝑇𝑇+𝐹𝐹𝑇𝑇                                                                                (13) 

𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝑅𝑅𝑅𝑅 = 𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇+𝐹𝐹𝑇𝑇                                                   (14) 

𝑆𝑆𝑆𝑆𝑅𝑅𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝑆𝑆𝑆𝑆𝐴𝐴 = 𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇+𝐹𝐹𝑇𝑇                                       (15) 

𝑃𝑃𝐴𝐴𝑅𝑅𝐴𝐴𝑆𝑆𝑃𝑃𝑆𝑆𝑃𝑃𝑃𝑃 = 𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇+𝐹𝐹𝑇𝑇                                                   (16) 

𝐹𝐹1 𝑆𝑆𝐴𝐴𝑃𝑃𝐴𝐴𝑅𝑅 = 2 × 𝑇𝑇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃×𝑅𝑅𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅
𝑇𝑇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃+𝑅𝑅𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅                                                 (17) 

 

 
Figure 3. Confusion Matrix 
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III. RESULTS 
In this study, DEA and HSA algorithms and K-means algorithm were 

integrated and modified and used for the diagnosis of Heart Disease. The 
proposed model was run on Matlab 2021a version, Windows 10 operating 
system, and a computer with Intel i7, 2.5 GHz CPU, and 8 GB RAM. Values such 
as the parameter values used by the algorithms, the number of populations, and 
the number of iterations is given in Table 1. 

 

Algorithm Parameter Iteration 
Number 

Population 
Number 

DEA F=0.5; 
CR=0.9 100 40 

HSA 
HMCR=0.9 
PAR=0.1 

BWR=0.01 
100 40 

Table 1. Parameter Settings 
 

• F (Scaling Factor), CR (Crossover rate), CR*(Harmony Memory 
Considering Rate), PAR (Pitch Adjustment Rate), BWR (Bandwidth Rate) 

 
By adjusting the parameter values in Table 1, the algorithms were run 20 

times, and the weight values that gave the best objective function value were 
determined. The values obtained for the Heart Disease Dataset are presented in 
Table 2. 

Weights DEA HSA 
w1 0.16507 0.02578 
w2 0.23100 0.13592 
w3 0.0 0.68801 
w4 0.78459 0.87090 
w5 0.26515 0.27988 
w6 0.68654 0.85993 
w7 0.91161 0.45981 
w8 0.52024 0.57042 
w9 0.61540 0.66365 
w10 0.79037 0.84812 
w11 1.0 0.02684 
w12 0.81664 0.65162 
w13 0.64848 0.97256 
Table 2. Weight Values of Proposed Model 

 
The cost function graph for the training dataset of the proposed models is 

given in Figure 4. 
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Figure 4. Cost Functions Graph  

 
The DEA algorithm reached the optimum result in the 43rd iteration and the 

HSA algorithm in the 7th iteration when the cost function is examined. The 
convergence speed of the HSA algorithm is faster than the DEA algorithm, but 
the optimum value of the DEA algorithm is better. In addition to convergence 
graphs, statistical results of the best fitness, worst fitness, average fitness, 
standard deviation, and mean running time (ms) values are presented in Table 3. 
Values that produce better results are shown in bold. 

 
 

 DEA HSA K-Means 

Best Fitness (%) 85.185185 66.666667 55.5556 

Worst Fitness 
(%) 64.197531 62.962963 45.9222 

Average Fitness 
(%) 78.271605 64.444444 52.2341 

Standard 
Deviation 8.906199 1.241049 13.23401 

Mean Runtime 0.401251 0.415695 0.015334 

Table 3. Statistical Results 
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When the statistical results are examined, the DEA algorithm produces the 
best results in terms of the best fitness, worst fitness and average fitness values. 
The HSA algorithm produced the best result in the standard deviation value. On 
the other hand, K-means produced faster results than the proposed models. 
However, this difference is acceptable due to the great success of DEA and HSA 
models in optimum results. DEA and HSA algorithms generally produced more 
stable and more consistent results. 

In order to show the success of the created models and to compare them with 
each other, optimum fitness values were found for the training and test data set 
of each algorithm. In addition, by presenting Confusion Matrices, accuracy, 
recall, specificity, precision, and F1-score test results were given. Heart Disease 
data set test results are presented in Table 4. The better values for the training 
dataset are shown in red, and the better values for the test dataset are shown in 
blue. 

 
Measurement 

Metrics Algorithm Training Dataset Test Dataset 

Optimum Fitness 
DEA 88.359788 85.185185 
HSA 76.719577 66.666667 

K-means 67.1958 55.5556 

Accuracy (%) 
DEA 0.883597884 0.9 
HSA 0.767195767 0.666666667 

K-means 0.671957672 0.555555556 

Recall (%) 
DEA 0.927272727 0.804878049 
HSA 0.8 0.725 

K-means 0.7 0.6 

Specificity (%) 
DEA 0.82278481 0.818181818 
HSA 0.721518987 0.609756098 

K-means 0.632911392 0.512195122 

Precision (%) 
DEA 0.879310345 0.818181818 
HSA 0.8 0.644444444 

K-means 0.726415094 0.545454545 

F1-score (%) 
DEA 0.902654867 0.857142857 
HSA 0.8 0.682352941 

K-means 0.712962963 0.571428571 
Table 4. Comparison Results of Proposed Models 

 
 According to Table 4, the hybrid DEA algorithm we propose achieved 

significant performance in all measurement metrics for the training and test data 
sets. When the DEA algorithm's test data set accuracy rate is examined, the K-
Means algorithm performs clustering with 55% accuracy. In comparison, the 
proposed HSA algorithm increases this rate by approximately 20% to 66%. On 
the other hand, the proposed DEA algorithm increased this rate by approximately 
55% to 85%. Therefore, the new hybrid model (DEA) we propose has made 
classification about 55% more successful than the K-Means algorithm. The 
confusion matrices obtained using the heart disease test dataset are given in 
Figure 5. 
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Figure 5. Confusion Matrix of DEA (a), HSA (b), K-Means Algorithm (c)  
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According to Figure 5, it is clearly seen that the proposed hybrid DEA and 
HSA algorithms achieve higher performance than classical K-means in 
classifying heart disease. 

 
IV. CONCLUSIONS AND DISCUSSION 
In this study, a solution is presented to the problem of getting stuck in the local 

optimum depending on the randomly generated first center values in the 
clustering process. At the same time, a solution approach is presented for the 
disadvantages such as slow convergence, especially in the processing of large 
files. The parameter values used in diagnosing the disease were determined by a 
meta-heuristic algorithm, increasing the clustering success. In other words, a 
more accurate diagnosis is provided by changing the importance of the 
parameters that have a high impact on the diagnosis of the related disease. At the 
same time, it is aimed to prevent misdiagnoses by reducing the coefficient of the 
parameter that has a low affect on the diagnosis of the disease. In this way, it is 
aimed to eliminate the problem of local optima of the K-means method, and at 
the same time, the accuracy of the clustering method is improved by optimizing 
the coefficients. 

The metaheuristic algorithms (DEA and HSA) used in the study and the K-
means algorithm were hybridized and used in an integrated structure. In this way, 
high success in disease detection rate was achieved by using the Heart Disease 
data set. At the same time, we statistically evaluated the meta-heuristic algorithms 
(DEA and HSA) and K-means algorithm using accuracy, recall, specificity, 
precision, F1-score, and standard deviation performance metrics. 

The DEA algorithm is more successful than the K-Means algorithm, with an 
accuracy rate of 85%. Similarly, the DEA algorithm found that 80% of the cases 
needed to predict positive and negative. When examined in terms of the precision 
metric, the DEA algorithm has the highest score with a rate of 0.81. The DEA 
algorithm also achieved high performance in the F1-score, which shows the 
harmonic mean of the recall and precision values. On the other hand, the HSA 
algorithm diagnosed diseases with an accuracy rate of 66%. The HSA found 72% 
of the cases it needed to predict positive and negative. At the same time, the HSA 
algorithm obtained a value of 0.64 from the precision metric score. 

  As a result, the proposed DEA model has classified approximately 50% more 
successfully than K-means in all measurement metrics. On the other hand, HSA 
achieved approximately 20% more successful results than the K-means 
algorithm. The results of this study are expected to contribute to decision support 
systems strategies used in the field of health, researchers and health workers. This 
proposed model can be developed with different medical datasets and different 
metaheuristic algorithms, and the results can be compared. 
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INTRODUCTION  
 
Today, with the increase in living standards, there has been a significant 

increase in energy use. Renewable energy sources can play an important role in 
meeting these demands. One of the rapidly developing and promising 
applications of energy production technology from these sources is solar panel 
systems (Li & Lam, 2007). Solar panel systems generate power with non-linear 
current-voltage curves depending on environmental conditions (Taherbaneh, 
Rezaie, Ghafoorifard, Rahimi, & Menhaj, 2010). Therefore, users' expectations 
of power and economic benefits need to be realistic. Otherwise, solar electricity 
becomes an expensive resource (Ancuta & Cepisca, 2011). 

On the other hand, there are many studies to increase the efficiency of solar 
panels as a result of technological innovations (Purvis, 2013). Installed solar 
panels lose their efficiency as a result of some deterioration. Faults or defects; 
delamination, connection faults, polymer cracks, front surface contamination, 
blackening on bottom edge of panel, junction box corrosion, bypass diode fault 
and hotspot fault, soiling, glass breakage, snail marks, rapid performance 
degradation and rapid structural deterioration, etc. way can be classified 
(Djordjevic, Parlevliet, & Jennings, 2014). 

A single panel defect can affect the lifetime of all panels connected to the 
array, resulting in high replacement costs (Ding, 2012). Panel performance is 
directly affected by direction, angle, shading, panel type, maintenance, cleaning 
and back temperature, apart from the above factors. 

In this study, the 1128 kW solar power plant located in Diyarbakır/Turkey 
was examined with a thermal drone. The types of faults found in Turkey were 
analyzed. As a result of the examinations, 3 hotspot faults, 3 Multi-hotspot 
faults 6 bypass diode faults were detected in the field. 

Thermal photographs of all 12 faults detected in this paper are included, and 
all of the faults are shown on the panel placement maps.  

It is planned to determine the cause of these faults with the controls to be 
made in the field.  

 
MATERIALS AND METHOD 
DJI Mavic enterprise advanced thermal drone 
In this study, DJI Mavic advanced model drone was used. The drone picture 

used in the study is shown in Fig. 1. 
This model, which runs quieter and can fly longer than many other models, 

flies at a speed of 72 km in windless air, and its flight time is 31 minutes. Since 
obstacle detection is extremely important in drone flights, DJI Mavic advanced 
drone is used and it has versatile obstacle detection systems. As seen in Fig. 2, 
the drone camera features are given. 
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Fig. 1 DJI Mavic enterprise advanced thermal drone 

 

 
Fig. 2 Properties of thermal drone camera 

 
Solar Power Plant in Diyarbakır/Turkey 
In this study, fault analysis and detection were carried out in a 1128 kW 

solar power plant using a thermal drone in the field. The image taken by the 
drone of the power plant is given in Figure 3. Table 1 gives the drone flight 
information used while testing the 1128 kW solar power plant. Temperature 
differences in the PV panel are important and what to do in case of these 
differences is given in Table 1. If the panel temperature is below 1 °C, it is seen 
that the panel is normal. If the panel temperature has taken a value between 1 
°C and 4 °C, it can be seen that the panel needs to be inspected. If the Panel 
temperature is detected between 4.0 °C and 15 °C, it is given in the table that 
the panel should be repaired. When the panel temperature rises above 15.0 °C, it 
can be seen that the panel needs to be taken to the emergency response. 
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Fig. 3 1128 kW solar power plant captured by drone 

 
Table 1. Drone flight information for 1128 kW solar power plant 

Flying height Radiation Ambient 
Temperature 

Panel 
Temperature 

20-25 Meter 985 W/m2 24 °C 38.86 °C 
 

Table 2. The importance of temperature differences in PV panel 
Normal Should be examined Should be 

repaired 
Emergency 
response  

<1.0 °C 1.0 to 4.0 °C 4.0 to 15.0 °C >15.0 °C 

 
Experimental results and discussion 
When the images taken with the drone were analyzed, one hotspot fault was 

detected on the panel shown in Fig. 4(a). The panel temperature was determined 
to be a maximum of 46.0 degrees, a minimum of 34.6 degrees. Two more 
hotspot faults were detected in the panel shown in Fig. 4(b-c).  

With the thermal drone in Fig. 5(a), one multi-hotspot fault was detected on 
the panel and the panel temperature was determined as maximum 57.9 degrees, 
min 32.2 degrees. Two more multi-hotspot faults were detected in the panel 
shown in Fig. 5(b-c). 

As another fault, one bypass diode fault was detected on the panel with the 
thermal drone and the panel temperature was found to be maximum 26.2 
degrees, min 11.6 degrees Fig. 6(a). Five more bypass diode faults were 
detected on the panel with the thermal drone, similar as Fig. 6(b-c). Only 3 
images from 6 images was given in this paper Fig. 6(b-c). 

     According to the tests, a total of 12 faults were detected, and the thermal 
shot fault distributions taken on the panels with the drone are given in Fig. 7. 
Six bypass diode faults are given with blue colored busbar, three hotspot faults 
are given as grey colored busbar, three multi-hotspot faults are given as yellow 
colored bus. No other type of fault has been detected.  
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(a) 

 

 
(b) 

 

 
(c) 

Fig. 4. Hotspot faults of 1128 kW solar power plant captured by thermal 
drone 
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(a) 

 

 
(b) 

 

 
(c) 

Fig. 5. Multi-hotspot faults  of 1128 kW solar power plant captured by 
thermal drone 
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(a) 

 
(b) 

 
(c) 

Fig. 6. Bypass diode faults of 1128 kW solar power plant captured by 
thermal drone 
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Fig. 7. Thermal shooting fault distributions for 1128 kW solar power plant 

 
CONCLUSION 
The study was implemented in a real environment at a large-scale 1128 kW 

PV power station, demonstrating its practical feasibility. The thermal drone we 
use detects and pinpoints faulty PV modules in a large-scale PV power station. 
With the application, the types of faults occurring in solar power plants in 
Turkey have been observed. In this study, the solar power plant located in 
Diyarbakır/Turkey was examined with a thermal drone. The types of faults 
found in Turkey were analyzed. As a result of the examinations, 3 hotspot 
faults, 3 Multi-hotspot faults  6 bypass diode faults were detected in the field. 
Thermal photographs of all 12 faults detected in this paper are included, and all 
of the faults are shown on the panel placement maps.  

It is planned to determine the cause of these faults with the controls to be 
made in the field. 
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1- INTRODUCTION 
At first, the idea of constructing compact representations of quantum states 

with an artificial neural network (ANN) has been proposed by Carleo and 
Troyer in 2017 (Carleo and Troyer, 2017). To reduce the exponential 
complexity of the representation for many-body wave function, a two-layer 
ANN with a variable number of hidden neurons has been invented. The neurons 
in the same layer should not be connected.  

A novel reinforcement-learning algorithm has been used to find a ground 
state or describe the unitary time evolution for a quantum system under its 
interaction.  

The ANN structure proposed in (Carleo and Troyer, 2017) is called a 
Restricted Boltzmann Machine (RBM), which is a particular case of a multi-
layer learning system called a ‘deep belief network’ (Fischer and Igel, 2012). 
RBMs are used mostly as generative models, and also they are suitable to 
perform classification tasks (Upadhya and Sastry, 2019).  

The structure of the Restricted Boltzmann Machine can work very efficiently 
for modeling quantum systems (Zhang, et al., 2015) and quantum computations 
(Wu, et al., 2020). For instance, a ‘black box’ model of an RBM network can 
represent the system of N qubits (Sarma, et al., 2019). The main constrain of the 
RBM algorithm is the relatively large number of neurons in both layers (visible 
and hidden).  

Here we discuss the possibility to decrease the number of elements in RBM 
by using a certain type of non-linear neurons with the developed set of threshold 
outcomes. We already used such models as FitzHugh-Nagumo (Borisenok, 
2021a) or Hodgkin-Huxley (Borisenok, 2021b) dynamical systems of ordinary 
differential equation models to emulate quantum algorithms. 

The Hodgkin-Huxley neuron input does not stimulate the active output if it 
stays below a certain level. If the input overcomes a minimum threshold level, 
the HH neuron produces a single spike; for the current stimulus above a certain 
greater level acting during a longer time interval, the outcome forms a spike 
train, bursting, and similar varieties of behavior. This property is sufficient to 
replace the hidden layer of linear mathematical neurons with a smaller number 
of HH elements.  

The greater is the variety of thresholds, the smaller is the number of neurons 
in the hidden layer. The computational costs to model the system of N qubits 
can be much less than the computational costs for the exponents in the standard 
RBM approach. 
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PRINCIPLE OF RESTRICTED BOLTZMANN MACHINE 
 
A standard Restricted Boltzmann Machine used for the representation of a 

quantum system of N qubits is formed as a two-layer ANN, see Fig.1.  
 

 
 
Figure 1: Principle scheme of the two-layer Restricted Boltzmann Machine 

(Sarma, et al., 2019). 
 
The first layer of RBM (‘visible layer’) consists of N neurons, each of them 

corresponds to a physical qubit. The second (‘hidden’) layer contains M 
neurons. The cells in the same layer are not connected (Carleo and Troyer, 
2017). 

 
Quantum State of N-Qubit System 
Let’s consider a many-body quantum system with the N-qubit configuration. 

A quantum state for such a system can be represented as: 
 

                  
.,...,

;)(

1

}{

N



=

=
σ

σσ
σ                                           (1) 

 
Here σ stands for all possible multi-body N qubit configurations, and the 

complex functions Φ(σ) reflect the amplitudes and the phases of quantum states.  
 
Black Box Model for RBM 
The black box model for ANN representing the quantum system (1) 

interprets a given quantum state σ  as an input of RBM, while the output is 
given but the state (Sarma, et al., 2019): 
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with the set of hidden neuron configurations {h}, bias parameters aj and bk, 

and the coupling parameters wij between the visible and hidden neurons.   
Thus, by (1)-(2) the number of neurons in the Restricted Boltzmann Machine 

ANN is given by N in the visible layer (i.e. by the number of qubits) and by M 
in the hidden layer (i.e. by the number of possible quantum configurations). 

 
 
HODGKIN-HUXLEY NEURON AND ITS THRESHOLD SET 
 
For reduction of the neuron number in the RBM algorithm, we will use non-

linear Hodgkin-Huxley (HH) elements (Hodgkin and Huxley, 1952) which we 
successfully applied in small-scale deep learning ANNs well-trained with 
quantum data collected from the ‘Ab Initio’ principle for the Ising ferromagnetic 
system (Borisenok, 2021c).  

HH neuron is based on the mathematical model of real biological neurons. It 
consists of four non-linear ordinary differential equations: 
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The variable I(t) is an input of the neuron, the variable v(t) is its output, the 

set m(t), n(t), h(t) are the variables corresponding to the inner degrees of 
freedom. Their physiological interpretations are not sufficient for our 
application to quantum systems.  

The nonlinear functions of the output v are given by: 
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The set of positive constants is represented by ENa, EK, ECl, gNa, gK, gCl, and 

CM; our notation in (3)-(4) follows (Hodgkin and Huxley, 1952). 
The model (3)-(4) possesses the extended set of thresholds: the input I does 

not stimulate the active output v, if it stays below a certain level. If the input 
overcomes a minimum threshold level, the HH neuron produces a single spike; 
for the current stimulus above a certain greater level acting during a longer time 
interval, the outcome forms a spike train, bursting, and similar varieties of 
behavior. Interestingly, the magnitude of the spikes almost does not change as 
the input magnitude increases (FitzHugh, 1960). 

The property of the threshold variety for the Hodgkin-Huxley neuron 
dynamics is sufficient to replace the hidden layer of linear mathematical 
neurons with a smaller number of the HH elements. 

 
HODGKIN-HUXLEY NEURON-BASED ANALOGUE OF 

RESTRICTED BOLTZMANN MACHINE 
The key principle of the Hodgkin-Huxley neuron hidden layer analogue for 

RBM is based on the number Mt of different thresholds for a single HH element. 
Correspondingly, the number of neurons in the hidden layer is not greater than 
M/Mt. 

To illustrate our idea, let’s consider the example of two quantum bits (N = 2) 
connected with the single HH neuron (analogue of the hidden layer). The 
principal scheme of such ANN is presented in Fig.2. 
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Figure 2: Principal scheme of the HH neuron-based hidden layer analogue 

for RBM for two qubits. 
 
The inputs of qubits can be presented in the form (Nielsen and Chuang, 

2010): 
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with the complex amplitudes α1, β1, α2, β2. 
To define the output h1, let’s consider the element: 
           

  .1111
21

==                                       (6) 
 
The amplitude of the element (6) is equal to the product β1β2, with the 

corresponding probability p11 = |β1β2|2.  
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Figure 3: The Heaviside step function θ(x). 

 
Defining θ(x) as the Heaviside step function (see Fig.3), a small positive 

constant Δ as the allowable error, and It as the minimum threshold level of the 
input, under which the HH neuron generates a single spike, we can invent now:  

 

 
.

;)1(1
2
1)(

2111

t
)1()1( 1111





=

−−= −−−+−

p

ItI pp

                  (7) 

 
The input (7) applied to the single hidden layer neuron in Fig.2, keeps this 

Hodgkin-Huxley element in the resting regime, apart from the narrow 
probability interval [p11−Δ, p11+Δ]. Inside this interval, i.e. for the probability 
corresponding to the output (6), the HH hidden neuron generates a single spike.  

Thus, the spiking regime of the neuron in the hidden layer serves as a marker 
for the specific outcome state of our quantum system. 

 
CONCLUSIONS 

 
Usage of Hodgkin-Huxley, FitzHugh-Nagumo, or other types of neurons 

with the threshold properties (i.e. with the different dynamical regimes as 
possible outcomes) allows decreasing the number of elements in the hidden 
layer of the Restricted Boltzmann Machine network. 

The greater is the variety of thresholds, the smaller is the number of neurons 
in the hidden layer. 

The computational costs to model the system of N qubits can be much less 
than the computational costs for the exponents in the standard approach with the 
output (2). 
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INTRODUCTION 
 
UHPC is currently used in cladding, roof components, repair of structures, 

offshore structures, industrial floors, pavements, prefabricated structures, and 
especially bridge elements with large spans, etc. It is a future material that has the 
potential to improve the sustainability of buildings and infrastructure components 
by enabling innovative designs. Ultra high performance concrete (UHPC), a type 
of concrete with high strength and durability, also has superior properties such as 
low water-cement ratio, high binder content, dense matrix, and low void content. 
In UHPC mixtures, unlike conventional concrete, new generation 
superplasticizers; fine-grained aggregates; nano silica, nano calcite, nano 
aluminum, etc. nanomaterials such as; With a good design mix using fiber, it is 
possible to obtain a sustainable concrete that is improved in terms of both 
mechanical and durability. 

Studies show that the design of high-performance concrete is more difficult 
than the design of high-strength concrete (Sobolev, 2004:901). For this reason, 
new developments are experienced in the mixture design of high-performance 
concretes day by day. About 10% of the boron minerals produced in the world 
are consumed directly as minerals, and the remaining part is consumed to obtain 
refined products; Tinkal, Colemanite, Kernit, Ulexite, Pandermite, Borasite, 
Szaybelite and Hydroboracite are among the commercially important boron 
minerals (Güyagüler, 2001:18), (Yenmez, 2009:59).  

There are more than 230 boron minerals in nature and can be consumed as 
boron chemicals and concentrated boron products. Boron minerals are enriched 
by physical processing and concentrated boron products are obtained. However, 
concentrated boron is subjected to chemical processes and then refined and 
converted into various boron chemicals. Boron products, which are mostly used 
in glass, glass fiber, fertilizer and detergent production in our country, are also 
used as roofing materials, cellulosic insulation materials and cement additives in 
the construction industry (Bilgiç and Dayık, 2013: 27). 

Studies have shown that the use of the boron mineral colemanite in appropriate 
amounts has a positive effect on the strength and durability properties of concrete; 
It has been shown that it contributes to the parameters of expansion, early setting, 
early shrinkage, sulfate resistance, freeze-thaw resistance. 

Many studies have been carried out to determine mechanical properties using 
traditional test methods. Non-destructive testing methods, although not 
necessarily representative of in situ structural concrete, are used to estimate the 
quality and measure mechanical properties of concrete structures (Hassan and 
Jones, 2012: 361), (Tsioulou et al., 2017: 66), (Graybeal, 2006), (Hajar et al., 
2004: 242), (Bungey and Millard, 1995). 

One of these methods, ultrasonic pulse velocity (UPV) test is a preferred 
method that can be used to determine the elastic properties of concrete. Practical 
problems and limitations regarding the use of this method have been detailed in 
the literatüre (Graybeal, 2006), (Hajar et al., 2004:242), (Bungey and Millard, 
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1995), (Shah and Ribakov, 2011:4122). In studies conducted from the past to the 
present, this technique has been successfully used to obtain the modulus of 
elasticity of normal concrete (Hassan and Jones, 2012:361). Considering that the 
speed of waves in concrete is affected by the same properties that determine the 
elastic stiffness and mechanical properties of concrete, the modulus of elasticity 
of concrete or any other medium can be determined with the intensity and velocity 
information of wave propagation. In the literature, there are various models 
proposed for conventional and UHP concrete for the correlation of UPV with 
concrete compressive strength and modulus of elasticity (Dias, 2004:311), 
(Qaswari, 2000:739), (Del Rio et al., 2004:527). 

The degree of saturation and porosity of concrete affect its resistance to 
electric charge. The electrical resistivity of concrete ranges from 50 Ohm-m in 
the saturated state to 109 Ohm-m in the completely dry state. When resistivity is 
higher than 20,000 Ohm-cm, the risk of corrosion is negligible, while for 
resistivity less than 5,000 Ohm-cm there is a very high risk of corrosion. The 
resistivity of a cementitious material indicates whether the reinforcing steel is 
susceptible to corrosion, a low resistivity is associated with a high risk of 
corrosion. In addition to many factors affecting resistivity, microstructure 
formation is among the most important factors. A dense cementitious matrix 
shows a higher electrical resistivity (Sohail et al., 2021:101669), (Andrade and 
Alonso, 1996:315), (Gulikers et al., 2001:603).  

Since UHPC has a very brittle matrix structure, steel, synthetic, natural or 
hybrid fibers are commonly used. In addition to many factors affecting resistivity, 
the microstructure of concrete is among the most important factors. As a function 
of resistivity, the risk of corrosion is classified as high, medium, low, very low 
and negligible. Cementitious matrix with a dense structure shows higher 
electrical resistance. Due to the improved UHPC microstructure, higher 
resistance to electric current is achieved. In the wet state, a lower electrical 
resistance is obtained because it carries ions to the liquids. Therefore, in this 
study, resistivity measurements has been researched in dry, room conditions and 
wet conditions. 
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MATERIALS AND METHOD 
Materials 
CEM I / 52,5 R Portland cement has been used as a binder in the mixtures. 

White Portland Cement is a product, that has been used for more than 100 years 
around the world, preferred for obtaining aesthetical appearances and high 
strength levels.  Properties of the cement used are given in Table 1.  

 
Table 1: Physical, mechanical and chemical properties of the cement used 

Chemical Properties Physical Properties 
SiO2 (%) 21,6 Specific weight (g/cm3) 3,06 
Al2O3 (%) 4,05 Specific Surface 

Area(cm2/g) 
4600 

Fe2O3 (%) 0,26 Socket Start (hr/min) 01:40 
CaO (%) 65,7 Socket End (hr/min) 02:10 

MgO (%) 1,30 Volume constancy (mm) 1 

SO3 (%) 3,30 45 µm Sieve balance (%) 1 
Na2O (%) 0,30 90 µm Sieve balance (%) 0,1 
K2O (%) 0,35 Mechanical Properties 
Chloride(Cl) (%) 0,01 Compressive Strength (MPa) 
S.CaO (%) 1,60 2-day 37 
Insoluble Residue 

(%) 
0,18 7-day 50 

Ignition Loss 
Kaybı(%) 

3,20 28-day 60 
 
Microwhite silica fume (SF) was added to the mixtures as pozzolanic material. 

Microwhite silica fume is a dry silica fume powder. This silica füme is often used 
to improve the properties and performance of high performance concrete and 
specialty mortar formulations. This SF, which is also reactive, is often used to 
improve the properties and performance of high performance concrete and special 
mortar formulations. Properties of the SF used is given in Table 2. 

 
Table 2: Physical and chemical properties of silica fume used 

Property Amount 

SiO2 % 96 

Color Reflection % 75 
H2O % 1 

Ignition Loss % 3 
Specific Surface Area 15 m2/g 
Specific weight 2,20 g/cm3 

 
Colemanite with an average grain diameter of 21.4 µm and obtained from Eti 

Maden Bigadiç Boron Operations Directorate was used. The physical and 
chemical properties of colemanite are given in Table 3, Fig. 1. 
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Table 3: Physical and chemical properties of colematine used 
Chemical Properties 

B2O3 (%) 39,85 Al2O3 (%) 0,1
5 CaO (%) 27,24 MgO (%) 2,8
4 

SiO2 (%) 5,60 Na2O (%) 0,1
0 Fe2O3 

(%) 
0,03 Ignition Loss 24,

06 
Physical Properties  

Specific weight 
(g/cm3) 2,50  

Specific Surface 
(cm2/g) 3839  

 

 
Fig. 1: The particle size range of the colemanite used 

 
Silica sand (SS) with an average grain diameter of 205 µm (60-70 AFS), 

quartz powder (QP) with an average grain diameter of 39,1 µm (QP 100) quartz 
powder with an average grain diameter of 16,1 µm (QP 45) were used as filling 
material. The SiO2 content of the quartz sand used is 97% (minimum), and its 
specific gravity is 2,85 g/cm3(Table 4-5, Fig. 2-4). 

 
Table 4: Chemical properties of silica sand used 

Component  Amount(%) 
SiO2 98,91 

Al2O3 0,04 
Fe2O3 0,14 
CaO 0,13 
SO3 0,02 
K2O 0,08 
P2O5 0,01 
TiO2 0,15 
Cr2O3 0,0214 
Mn2O3 0,0042 
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Fig. 2: The particle size range of the silica sand used 

 
 

Table 5: Physical and chemical properties of quartz sand used 
Component  Amount(%) 

SiO2 % 97-99 
CaO % 0,14 
SO3 % 0,02 
K2O % 0,02 
P2O5 % 0,01 
TiO2 % 0,15 
Cr2O3 % 0,0076 

Specific weight 2,85 g/cm3 
MOHS' Hardness 7 

Melting point 1785oC 
Sintering 

Temperature 
1500oC 

 

 
Fig. 3: The particle size range of the quartz sand (100) used 
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Fig. 4: The particle size range of the quartz sand (45) used 

 
The physical and chemical properties of superplasticizer (SP) are given in 

Table 6.  
 

Table 6: Physical and chemical properties of SP used 
Property Amount 

Appearance Amber 

PH value 4,40  

Specific weight 1,08 g/cm3 

Ignition Temperature > 100 oC 

Viscosity > 20,5 mm2/s (40 oC de) 

Volatile organic compounds < 25 g/l 

 
Stainless micro steel fiber (MSF) with a length of 12.5 mm and a diameter of 

0.175 mm was preferred as the fiber. The tensile strength and modulus of 
elasticity of the fiber used are 2800 MPa and 210 GP, respectively (Table 7). 

 
Table 7: Physical and mechanical properties of steel fiber used 

Property Amount 
Fiber Length 12,5 mm 

Fiber Diameter 0,175 mm 

Specific weight 2,20 g/cm3 

Tensile Strength 2800 MPa 

Modulus of Elasticity 210 GPa 

Mix Design 
Based on previous work for the UHPC mixture, the Modified Anderson 

particle packing model was used. Mixtures were prepared by adding 0, 0.25, 0.50, 
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1 (R, C25, C50, C100) ratios of colemanite by weight. In the mixture, first all fine 
aggregates (silica sand, quartz sand) then cement, silica fume and colemanite 
were added to obtain a homogeneous dry mixture. Water and superplasticizer 
were then added slowly while the mixer continued to run. Mixing was continued 
until the mixture became fluid, and when the mixture started to show sufficient 
consistency, steel fibers were added. When the mixture was obtained with 
homogeneously dispersed fibers, it was taken into molds without applying any 
vibration process. The molds were covered with glass plates and kept at room 
temperature for 24 hours, then the samples were taken to the curing cabinet for 
28-day tests. Information on the mixtures prepared with a water/binder ratio of 
0.20 is given in Table 8. Flowchart is given in Fig. 5, and images of the mixing 
procedure are given in Fig. 6. 

 
Table 8: Mix design of UHPC (Volume(dm³) Used in 1m³ ) 

Series R C25 C50 C100 
Silica Sand 178,44 178,01 177,38 176,10 

Quartz Sand (100) 73,00 72,82 72,56 72,04 
Quartz Sand (50) 73,00 72,82 72,56 72,04 

Silica Fume 102,27 102,27 102,27 102,27 
Cement 294,12 294,12 294,12 294,12 

Colemanite 0,00 1,16 2,32 4,65 

Superplasticizer 41,67 41,28 41,28 41,28 

Water 225,00 225,00 225,00 225,00 

Steel Fiber 12,50 12,50 12,50 12,50 

 

 
Fig. 5: Flowchart of the experimental program 
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Fig. 6: Mixing Process in UHPC Production 

 
Test Methods 
Density values were calculated by measuring the dry weight and dimensions 

of 28-day samples. Ultrasonic pulse velocity (UPV) and resistivity tests were 
performed as non-destructive methods. UPV tests were performed according to 
ASTM C597 (Standard test method for pulse velocity through concrete, 
American Society for Testing and Materials, 2009). The resistivity value of each 
sample was obtained from Ohm's law as a result of the current flow. Different 
methods of resistivity measurement have been proposed in the literature 
(Dehghanpour and Yılmaz, 2020), (Dehghanpour et al., 2019), (Dehghanpour and 
Yılmaz, 2020:119948). However, the two-point uniaxial measurement method 
preferred in this study is simple in principle and reliable in terms of obtaining 
data. In addition, colemanite added cement pastes were prepared at the same 
replacement rates and their microstructures were determined by scanning electron 
microscopy (SEM) at 28-day. 

 
RESULTS 
Density 
The 28-day density values of the reference and colemanite added UHPC 

samples are given in Figure 7. The densities of the samples with 0, 0.25, 0.50, 1 
colemanite increased by 0.68%, 0.0.41, 0.06, respectively, compared to the 
reference sample. When the 28-day density values were examined, it was 
determined that the C25 sample had the highest values with 2.32, and the lowest 
values with 2.307 for the reference sample. 
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Fig. 7: Densities of the samples obtained from 4 different mixtures. 

 
Ultrasonic Pulse Velocity (UPV) 
In this study, UPV test was performed to obtain information about the 

microstructure voids of the samples and the test results at 28-day are summarized 
in Figure 8. The UPV values of the samples with 0, 0.25, 0.50, 1 ratios of 
colemanite increased by 1.52, 1.93 and 3.56%, respectively, compared to the 
reference samples. It was determined that the maximum UPV value was 4.49 
km/s, belonging to the sample containing 1% colemanite, and the minimum UPV 
value was 4.34 km/s, belonging to the Reference sample. Compared to the 
reference sample, the densities increased as the amount of colemanite increased; 
It was determined that the 1% colemanite added sample had the highest values 
with 4.49 and the lowest values with 4.34 for the reference sample. 

 

 
Fig. 8: 28-days ultrasonic pulse velocity test results. 

 
Electirical Resistivity 
In this study, the electrical resistivity values of the samples produced with four 

different UHPC mixtures were measured in room conditions, dry and wet 
conditions, and the voids in their internal structures were examined and compared 
with the density values. The 28-day dry-room-wet electrical resistivity values of 
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the reference and colemanite doped UHPC samples are given in Figure 9. 
Considering the dry electrical resistivity values of colemanite samples in all 
series, C25 samples increased by 4.76% compared to the reference sample; while 
the C100 samples showed a decrease of 26.67%, there was no change in the C50 
series. Considering the room electrical resistivity values of colemanite samples 
in all series, C25 samples showed 11.11% compared to the reference sample; C50 
samples 27.27%; C100 samples showed a decrease of 31.03%. Considering the 
wet electrical resistivity values of colemanite samples in all series, C25 samples 
increased by 5.77% compared to the reference sample; C50 and C100 samples 
showed a 19.12% reduction.  

 

 
Fig. 9: 28-days electrical resistivity test results. 

 
Microstructure Analysis (SEM) 
SEM microstructures of the reference, C25, C50 and C100 pastes on the 28th 

day of hydration are given in Figures 10-a, 10-b, 10-c and 10-d, respectively. 
When SEM images are examined; cement pastes with reference and colemanite 
additives contain C-S-H and acicular crystallized CH on the matrix surfaces. 
Although C-S-H layers were formed on the hydrated particles, the voids were not 
fully filled with hydration products. Voids and some cracks in C25, C50, C100 
samples; Calcite piles are seen in C50 and C100 samples.   
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Fig. 10: SEM Images of R (a), C25 (b), C50 (c) and C100 (d) samples at 28-

days 
 

DISCUSSION 
 
Due to the low use of colemanite, there is no significant difference between the 

density values. The density values of 2.31-2.32 g / cm3 obtained in this study have 
been confirmed by the literature, and the reason why UHPCs are denser than 
conventional concretes is that large aggregates are not used, prefer fine aggregates 
using special packing density, and the addition of fibers. The reason why UHPCs are 
heavy in mass is the use of heavy aggregates such as quartz and silica sand. Meeting 
the requirement for optimum classification of quartz sand for uniformity of the 
UHPC matrix and optimum packing density is one of the challenges in UHPC 
manufacturing (Soliman and Tagnit-hamou, 2017:243). 

Conventional test methods that examine the properties of concrete cannot provide 
information about its microstructural and physicochemical properties. The UPV test 
method has been suggested by many researchers to examine the microstructural 
changes and strength of concrete. According to the results of many studies, it has 
been confirmed that there is a strong relationship between UPV values and cement 
hydration (Yoo et al., 2013:427). 

The UPV levels obtained were compared with the literature, and confirmed by the 
results of UHPCs studied in many studies (Yoo et al., 2016), (Hamiruddin et al., 
2018:476), (Fodil et al., 2018:1). Fodil et al (2018:1) measured 4-5 km/s UPV values 
for concretes with compressive strength above 80 MPa. 4.34-4.49 km/h UPV values 
were obtained for the UHPC samples produced in this study. UPV values increased 

 

(b) 

(c) (d) 

(a) 
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with the addition of colemanite and increasing its ratio. This can be proven with SEM 
images. Considering the SEM images, the presence of colemanite shows that it leads 
to the formation of a more crystalline structure. therefore, when the microstructure is 
smooth, the sound transmission rate is increased. 

In cementitious materials, filling materials close the porosity and electrical 
resistivity can be examined as two different situations. If the filler material itself is 
conductive, it will allow better conduction of electrical current, resulting in a decrease 
in resistivity. In the second case, if the filling material used is an insulating material, 
it closes the current path and increases the resistivity. This is valid if the filling 
material dosage is optimum enough to fill the pores. If the filling material dosage is 
more than the optimum amount, it causes the formation of extra pores in the 
cementitious material. This ensures that the resistivity decreases due to the presence 
of moisture in the pores (Karimipour et al., 2020:119463), (Dehghanpour et al., 
2022:127079). Considering the electrical resistivity values obtained in this study, it 
is observed that the resistivity values in all conditions decrease with the increase of 
colemanite ratio. This shows that the concrete is more compact, not porous.  

Electrical resistivity values in dry, room and wet conditions were obtained as 
333333-454545, 172414-250000 and 14706-19231 Ω.cm, respectively.The electrical 
resistivity of the outdoor dried concrete was determined as 6.54 X 105–11.4 X 105 
Ω.cm. In addition, according to the studies conducted by different researchers, the 
electrical resistivity of wet concrete and dry concrete were determined to be 106 
Ω.cm and 109 Ω.cm, respectively (Dehghanpour et al., 2020: 119948). 

 
CONCLUSION 
Using three different ratios of colemanite, four different mixtures of UHPC were 

obtained, including the reference. Cylindrical samples of 7 cm diameter and 14 cm 
length were produced to perform electrical resistivity, UPV and density experiments 
of the obtained mixtures and tested at 28 days old. SEM images were also taken for 
the characterization of the internal structure of the samples. The results are 
summarized below. 

The addition of colemanite and the increase in its ratio caused a decrease in 
electrical resistivity values in all three (dry, room and wet) conditions. This may be 
due to the development of hydration products due to the presence of colemanite. A 
more crystalline and continuous microstructure was obtained, as confirmed by the 
SEM images of the colemanite-containing mixtures. If the resistivity values in the 
dry condition were increased with the increase of the additive ratio, it would mean an 
increase in the pore ratio in the microstructure. Whereas, a slope in the same direction 
was observed in all three conditions. This means that the pore ratio of colemanite is 
reduced and a more compact microstructure is obtained. This was also confirmed by 
the increase in UPV values. Considering the density results, no significant difference 
was observed between the values. 
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1- GİRİŞ  
Hayatımızı devam ettirmek adına yapılan tüm yenilikler literatürde teknoloji 

olarak anılmaktadır. 21. yüzyıla gelindiğinde gösterdiği değişimle teknoloji, 
hızla hayatımızın her alanına yayılarak getirdiği yenilikler ile birçok alanı 
etkilemiş ve değiştirmiştir. Bilgisayarların ve internetin gelişmesi ise bilgilerin 
düzenli saklanması ve hızla yayılmasını sağlamıştır. Kullanıcıların daha çok 
bilgiye her yerden ulaşabilme isteği nedeniyle mobil cihazlar hayatımızın bir 
parçası olmuştur. Bunun sonucunda internet ortamındaki içeriklerin mobil 
cihazlarımıza uyumlu olması zorunlu hale gelmiştir. Zamanla kullanıcıların 
ihtiyaç ve taleplerine göre video paylaşımı, mesajlaşma, bankacılık, alışveriş 
gibi konularda geliştirilen mobil uygulamalar da insanlara günlük hayatta büyük 
kolaylıklar sağlamaktadır. 

Kullanıcıların mobil cihazlara yönelimi ve kullanım oranının artması, mobil 
uygulamaların daha değerli ve önemli bir hale gelmesini sağlamıştır. 
Kullanıcılar mobil cihazlarda geçirdikleri vaktin önemli bir kısmını mobil 
uygulamaları kullanarak geçirmektedir. Abonelik tabanlı bir pazar araştırma 
sitesi olan eMarketer’in yaptığı araştırmalara göre ABD’li kullanıcılar, mobil 
cihazlarında geçirdikleri vaktin ortalama %88’ini mobil uygulamaları 
kullanmak için ayırmakta ve günde ortalama 4 saatten fazla mobil 
uygulamalarda vakit geçirmektedir (Wurmser, 2020). 

 

 
Şekil 1: Dünya Çapında Mobil Uygulama İndirme Sayısı Grafiği  

 
Pazar ve tüketici verilerinde uzman bir istatistik sitesi olan Statista 

tarafından sunulan raporda ise dünya çapında kullanıcılar tarafından indirilen 
mobil uygulama sayısının Şekil 1’deki grafiğe göre sadece 2021 yılında 230 
milyar olduğu görülmektedir (Ceci, 2022). 

Günümüzde teknolojik gelişmelerle birlikte değişen hayat tarzı nedeniyle 
yaşlı bireyler üretimden çekilerek emeklilikle birlikte rol ve statüleri değişip 
sosyal izolasyona uğramakta, başkalarına olan bağımlılıkları artmakta, yaşlarına 
bağlı rahatsızlıklar yaşamakta ve evlerinde daha uzun süre geçirmektedirler. 
Başka bir ifadeyle yaşlılık sürecinde bireyin hem bedensel hem de zihinsel 
gelişimleri değişmekte ve bu da teknolojik araçları kullanma süreçlerini 
etkilemektedir.  

Aynı dönemlerde ve aynı kültürlerde doğup aynı dönemin toplumsal 
özellikleriyle sosyalleşen bireylerin, bulundukları kuşağa göre özellikler ve 
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tutumlar sergiledikleri bilinmektedir. Dolayısıyla yaşlı bireylerin dijital 
teknolojiyi benimsemeleri ve kullanma süreçleri gençlere göre farklılaşmaktadır 
(Uysal, 2020). TÜİK verilerine göre 1935-2080 yılları arasındaki yaş grubuna 
göre nüfus oranı grafiği Şekil 2’de verilmiştir. 

 

 
Şekil 2: Yaş Grubuna Göre Nüfus Oranı Grafiği (TÜİK, 2021) 

 
Yaşlı nüfus olarak kabul edilen 65 ve daha yukarı yaştaki nüfus, Şekil 3’te 

görüldüğü üzere 2015 yılında 6 milyon 495 bin 239 kişi iken son beş yılda 
%22,5 artarak 2020 yılında 7 milyon 953 bin 555 kişi oldu. Yaşlı nüfusun 
toplam nüfus içindeki oranı ise 2015 yılında %8,2 iken, 2020 yılında %9,5'e 
yükseldi. Nüfus projeksiyonlarına göre yaşlı nüfus oranının 2025 yılında %11,0, 
2030 yılında %12,9, 2040 yılında %16,3, 2060 yılında %22,6 ve 2080 yılında 
%25,6 olacağı öngörüldü [4]. Dolayısıyla yaşlı nüfus artışı ile günümüzde aktif 
yaşlanmanın önemi artmıştır. Bireylerin yaşamlarının son yıllarında bile 
topluma katılım, yeni sistemlere ve teknolojilere uyum sağlama güdüsü ile 
yaşam boyu öğrenmenin teşvik edilmesi söz konusu olmuştur (Findsen ve 
Formosa, 2016). 

  Yaşam boyu öğrenme (Lifelong Learning), sürekli bir süreçtir ve kişinin 
bilgi, beceri ve yetkinliğini geliştirme amaçlarıyla gerçekleştirilen çok amaçlı 
öğrenme etkinlikleri olarak tanımlanmaktadır. Yaşam boyu öğrenme, 
toplumların ekonomik uyum yeteneğine ve bireylerin kişisel gelişimine katkıda 
bulunmaktadır (The Organisation for Economic Cooperation and Development 
[OECD], 2001). Yaşam boyu öğrenme, öğrenmenin hayatın yalnızca ilk 
yıllarında değil yaşam boyu sağlanmasını, öğrenmenin çok çeşitli ortamlarda 
gerçekleştirilmesini, endüstri ve diğer toplum hizmetlerinde hem genç hem de 
yetişkinler olmak üzere çok çeşitli grupların çeşitli ihtiyaçlarını karşılamak için 
kaliteli hizmetlerin mevcut olmasını sağlamaktır (Department of Education and 
Science, 2000). 

Yapılan çalışmalara göre yaşlanan nüfus tarafından bilgi-iletişim 
teknolojileri kullanımının; yetişkin öğrenimini, sağlık bilgilerine erişimi ve aile 
ve arkadaşlarla iletişimi desteklediği görülmektedir (Hernández-Encuentra, 
Pousada, Gómez-Zúñiga, 2009). Özellikle 65 yaş üstü olan yaşlı bireylerde 
teknolojik araçlar ve internet kullanımı, kendilerine daha fazla bağımsızlık ve 
günlük yaşamları üzerinde kontrol duygusu verir. Ancak çoğu eve bağımlı 
olduklarından kendilerini izole hissetmektedirler (Morris, Goodman, Brading, 



113

2007). Gündelik yaşantıda büyük bir yeri olan mobil uygulama kavramını, 
toplumumuzun %13,9’unu oluşturan 60 ve üzeri yaşlardaki yaşlı bireylerimizin 
de yaşamlarına entegre etmeleri, yaşlılarımızın iletişimden sağlık sorunlarına 
kadar birçok konuda bağımsız yaşam sürmeleri ve toplumla bütünleşmeleri 
anlamına gelen aktif yaşlanma (Active Aging) süreci geçirmelerini 
sağlayacaktır (Formosa, 2015). Gelişen teknoloji, kullanıcıların hayat tarzını, 
birbirleriyle kuracakları iletişimi, günlük faaliyetlerini ve boş vakitlerini nasıl 
geçireceklerini dahi etkilemiş ve değiştirmiştir. Hızla gelişen teknolojiye ve 
getirdiği değişikliklere uyum sağlamak, teknolojiyi öğrenmek veya kullanmak 
yaşlı bireylerimiz için kaygılara sebep olmaktadır. TÜİK verilerine göre 
hanehalkı tiplerine göre yaşlı nüfus oranı grafiği Şekil 3’te verilmiştir. 

 

 
Şekil 3: Hanehalkı Tiplerine Göre Yaşlı Nüfus Oranı Grafiği (TÜİK, 2021) 

 
Şekil 3’teki verilere göre ülkemizdeki hanelerin %24’ünde en az bir yaşlı 

ferdin yaşadığı ve bu nüfusun %25’inin tek kişi, %46,4’ünün ise sadece tek 
çekirdek aile ile yaşadığı görülmektedir (TÜİK, 2021). Dolayısıyla yaşlı 
bireylerimizin gündelik hayatlarında karşılaştıkları zorluklarla kolayca baş 
edebilmeleri için rahatlıkla kullanabilecekleri bir mobil uygulama, kendilerine 
hem hayat kolaylığı hem de dijital teknolojiye ayak uydurma fırsatı sunacaktır. 

  Yaşlı bireylerin teknolojiye bakış açıları ile ilgili yapılan bir araştırmada 
yaşlı bireylerin %41,5’inin internet kullanmayı bildiği görülüyor. Bu bireylerin 
%70,5’i interneti araştırma ve bilgi edinme amacıyla kullanırken %15,9’u e-
mail kontrolü, %9,1’i gündemi takip etme, diğer %4,5’i ise eğlence amacıyla 
kullanmaktadır. Araştırmaya katılan bireylerin internet kullanımına yönelik 
bakışı %39,5’i için iletişim, %16’sı için paylaşım, %2,8’i için eğlence şeklinde 
iken %41,5’inin ise bu konuda bir fikri bulunmamaktadır. Gerçekleştirilecek 
olan mobil uygulamada, bu konuda fikri olmayan bireyler için de yararlı 
içeriklere yer verilerek kullanıcıları teknolojiye teşvik etmek amaçlanmıştır. 
İnternet kullanmayı bilmeyen %58,5’lik kısmın ise sadece %29,4’ü internet 
kullanmayı öğrenmek istemektedir (Tekedere, Arpacı, 2016). Ancak yaşlı 
bireylerimize teknolojinin kendilerine hangi konularda faydalar 
sağlayabileceğini gösterip onların ihtiyaçlarına yönelik çalışmalar yaparak 
teknolojiyi benimsemeleri sağlanabilir.  

  Yaşlı nüfusunun artması ile günümüzde aktif yaşlanmanın önemi artmıştır. 
Aktif yaşlanma, yaşlı bireylerin bağımsız bir hayat sürmeleri ve toplumla 
bütünleşmeleri anlamına gelmektedir. Yaşlı bireylerde teknolojik araç 
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kullanımı; hayatlarını kolaylaştırmanın yanı sıra kendilerini daha bağımsız 
hissetmelerini sağlar, aile ve arkadaşlarla iletişimlerini destekler. Diğer taraftan 
ilerleyen yaşın getirdiği fiziksel ve zihinsel değişimler, teknoloji kullanımını 
yaşlı bireyler için zorlaştırmaktadır. Dolayısıyla bazı teknolojik uygulamaların 
geliştirilmesi sürecinde yaşlı bireylerin ihtiyaçları ve içinde bulundukları yaşam 
koşulları da göz önünde bulundurulmalıdır. Bu yüzden bu çalışmamızda yaşlı 
bireylerin kolaylıkla kullanabilecekleri Zamane isimli bir mobil uygulama 
geliştirilmiştir. Bu uygulama ile sağlıktan beslenmeye, hobilerden zekâ 
oyunlarına yaşlı bireylerin kolaylıkla kullanabilecekleri bir mobil uygulama 
geliştirmek hedeflenmiştir.  

 
MATERYAL VE YÖNTEM 
Zamane uygulaması, en yaygın mobil işletim sistemlerinden biri olan 

Android için geliştirilmiştir. Android, yaklaşık 15 yıldır var olan bir işletim 
sistemidir. 

 
Tablo 1: Android Kullanıcıları Pazar Payı Tahmini Tablosu 
 

Yıl Android Kullanıcıları 
2020 %84,1 
2021 %83,8 
2022 %84,1 
2023 %84,4 
2024 %84,7 
2025 %84,9 

 
Tüketici teknolojisi üzerine market araştırmaları yapan IDC şirketinin 

sunduğu verilere göre Tablo 1’de görüldüğü üzere dünya çapında işletim sistemi 
pazar payı tahminine göre 2020-2025 yılları arası Android kullanıcısı oranı 
ortalama %84,3’tür (IDC, 2021). 

  Bu çalışmada program geliştirme IDE’si (Integrated Development 
Environment) olarak Android Studio, geliştirme dili olarak Java kullanılmıştır. 
Kayıt ve oturum bilgilerini tutma, kullanıcılara bildirim gönderme ve kullanıcı 
veri deposu ihtiyacı için ise Firebase platformu kullanılmıştır.  

 
Uygulama İçerikleri ve Bildirimler 
Geliştirilen mobil uygulamanın içerdiği fonksiyonlar aşağıdaki gibidir:  
• Egzersiz önerileri, 
• Sağlıklı öğün önerileri, 
• Hobi önerileri, 
• Yaşlı bireyler için zekâ oyunları, 
• Önemli konumlar (en yakın hastane, eczane ve taksi durakları, 

yakınlarının adresleri), 
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• Su içimi ve ilaç vakti hatırlatıcı, 
• Hastalıklara göre tüketilmesi ve tüketilmemesi gereken besinler listesi, 
• Doğum günü hatırlatıcı, 
• Acil durumlarda aranacak kişiler listesi. 
 
  Bu uygulamada kullanıcılara ilaç vakti, su içimi ve sevdiklerinin doğum 

günlerini hatırlatma gibi başlıklarla ilgili bildirimler de gönderilecektir. 
  Bu çalışmada gerçekleştirilen uygulamanın sistem mimarisi Şekil 4’te 

görülmektedir. Kullanıcılar akıllı telefonları ile internete bağlanıp gerekli 
verilerini uygulamaya girdikten sonra bu veriler veritabanına kaydedilmektedir. 
Daha sonra kullanıcılar uygulamayı tam kapsamlı olarak kullanabileceklerdir.  

 

 
Şekil 4: Sistem Mimarisi 

 
Kullanıcılardan alınan veriler aşağıdaki gibidir:  
  1. Kişisel Bilgiler: Kullanıcı profili oluşturmak için isim, yaş gibi bilgilerin 

yanı sıra kan grubu, alerji bilgisi, geçirilen operasyonlar gibi veriler de 
uygulamaya kaydedilmelidir. 

  2. Konum Bilgisi: Kullanıcının konumuna göre en yakındaki eczaneler, 
hastaneler, taksi durakları belirlenecek ve kullanıcılara bildirilecektir. 
Dolayısıyla kullanıcının konumu uygulamaya kaydedilmelidir.  

  3. Sağlık Verileri: Kullanıcının hastalıklarına göre tüketmesi ve 
tüketmemesi gereken besinleri listelemek ve hastalıklarının listelenmesi 
için kullanıcının sahip olduğu hastalıklar uygulamaya girilmelidir. Bunun 
yanı sıra ilaçların vaktini hatırlatmak ve ilaçların listelenmesi için 
kullanılan ilaçlar da uygulamaya kaydedilmelidir.  

  4. Kullanıcı Yakınları Bilgileri: Acil durumlarda aranacak kişilerin 
listelenmesi ve kullanıcı yakınlarının adreslerinin listelenmesi için 
kullanıcı yakınlarının isim, telefon numarası ve adres bilgileri 
uygulamaya kaydedilmelidir.  



116

Uygulama Arayüzleri 
1) Anasayfa Ekranı: 
 

 
Şekil 5: Uygulama Anasayfa Ekranı 

 
Şekil 5’te görülen ekran, kullanıcı uygulamaya giriş yaptıktan sonra açılan 

ekrandır. Bu ekranda kullanıcı; egzersiz önerileri, öğün önerileri, oyunlar, 
önemli konumlar, hobi önerileri, doktorların sağlık önerileri, hastalıklara göre 
tüketilmesi ve tüketilmemesi gereken besinler listesi ikonlarını görüntüleyecek 
ve tıklanan ikona göre seçtiği ekrana yönlendirilecektir.  

Kullanıcı; ekranın üst kısmında bulunan profil ikonu ile profilini 
görüntüleyebilecektir. Ayrıca ekranın alt kısmında bulunan alandaki bildirimler 
ikonu ile kendisine gelen bildirimleri görüntüleyecek, ayarlar ikonu ile 
uygulamayla ilgili ayarlamalar yapacak ve rehber ikonu ile de acil durumlarda 
aranacak kişiler listesini görüntüleyebilecektir.  

 
2) Egzersiz Önerileri Ekranı: 
Düzenli egzersizler; pek çok fiziksel, sosyal, psikolojik ve bilişsel yarar 

sağlarlar. Bunlara; bilişsel fonksiyonlarda düzelme, yakın dönemli hafızada 
artış, dikkat süresinde uzama, depresyon sıklığında azalma, ruhsal iyilik halinde 
gelişme, uyku kalitesinde ve süresinde artış örnek verilebilir. Düzenli ve uygun 
egzersizler bütün bu olumlu etkileri ile yaşam kalitesinin artmasına katkı 
sağlamaktadır (Ergün, 2013). Geliştirilen uygulamada ise yaşlı bireyler için 
önerilen germe, denge, kuvvetlendirme, aerobik ve pilates egzersizlerine yer 
verilecektir. 
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Şekil 6: (a) Egzersiz Önerileri Ekranı (b) Egzersiz İzleme Ekranı 

 
Şekil 6’da görülen ekran, kullanıcı anasayfada egzersiz önerileri ikonuna 

tıkladıktan sonra açılan ekrandır. Kullanıcı bu ekranda, yaşlanmayla birlikte 
gündelik hayatında vücudunun daha sağlıklı olması için kendisine rehber olacak 
egzersiz önerilerinin animasyonlarını izleyerek kendisi de eşlik edecek ve 
egzersiz yapabilecektir. 

 
3) Öğün Önerileri Ekranı: 
 

 
Şekil 7: Öğün Önerileri Ekranı 

 
Şekil 7’de görülen ekran, kullanıcı anasayfada öğün önerileri ikonuna 

tıkladıktan sonra açılan ekrandır. Kullanıcı bu ekranda, her yaşta olduğu gibi 
yaşlılık döneminde de yeterli ve dengeli beslenme için süt, et, kuru baklagiller, 
sebze-meyve ve tahıl grubunda bulunan besinleri içeren sağlıklı öğünlere 
erişebilecektir.  

Yaşlı bireyler, yetersiz besin tüketimleri ve beslenme sorunları nedeniyle 
toplumda öncelikli olarak beslenmelerine dikkat etmesi gereken risk grubundaki 
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bireyler arasında yer almaktadırlar (T.C. Sağlık Bakanlığı, 2015). Geliştirilen 
uygulamada ise yaşlı bireylerin, besin gruplarını dengeli tüketme yollarına ve 
sağlıklı öğün önerilerine T.C. Sağlık Bakanlığı tarafından hazırlanan Türkiye 
Beslenme ve Sağlık Araştırması verileri (T.C. Sağlık Bakanlığı, 2019) ışığında 
erişmeleri sağlanmıştır.  

 
4) Hobi Önerileri Ekranı: 
 

 
Şekil 8: Hobi Önerileri Ekranı 

 
Şekil 8’de görülen ekran, kullanıcı anasayfada hobi önerileri ikonuna 

tıkladıktan sonra açılan ekrandır. Bu ekranda kullanıcı; yaratıcılığı ön plana 
çıkarması, sosyalleşmeyi sağlaması ve stresle başa çıkmaya yardımcı olması 
gibi faydaları olan hobi edinme sürecinde kendisine hobiler hakkında fikirler 
vermesi amacıyla geliştirilmiş olan hobi önerileri listesini görüntüleyebilecektir. 

 
5) Oyunlar Ekranı: 
Yapılan araştırmalara göre yaşlı bireylerin dijital oyunlar oynadığı esnada 

beynin aktif olmayan bölgelerinin aktifleştiği, beyin hareketlerinin önemli 
derecede arttığı ve hatırlama becerilerinde gelişmeler olduğu 
gözlemlenmektedir. Başka bir araştırmaya göre ise 60-85 yaş arası yetişkinlerin 
6 ay boyunca, ayda 12 saat bilişsel becerilere odaklanan oyunlar oynayarak, 6 
ayın sonunda bireylerin çoklu işlem becerilerinin geliştiği, kısa süreli hafızada 
daha çok bilgi tutabildikleri ve dikkat becerilerinin güçlendiği sonucuna 
varılmıştır (BAU, 2018). Dolayısıyla geliştirilen oyunlar, yaşlı bireylerin 
unutkanlık ve hafıza kaybına karşı sağlıklı bir yaşlanma dönemi geçirmelerine 
yardımcı olacaktır. 
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Şekil 9: Oyunlar Ekranı 

 
Şekil 9’da görülen ekran, kullanıcı anasayfada oyunlar ikonuna tıkladıktan 

sonra açılan ekrandır. Bu ekranda kullanıcı; sudoku, bulmaca, puzzle ve kart 
eşleştirme gibi alzheimer ve demans vb. ileri yaş hastalıklarına yakalanma 
riskinin azaltılmasında etkisi olduğu bilinen zekâ oyunlarına erişecektir.  

 
6) Önemli Konumlar Ekranı: 
 

 
Şekil 10: Önemli Konumlar Ekranı 

 
Şekil 10’da görülen ekran, kullanıcı anasayfada önemli konumlar ikonuna 

tıkladıktan sonra açılan ekrandır. Bu ekranda kullanıcı; konumuna göre en yakın 
hastane, en yakın eczane ve en yakın taksi durakları ile birlikte uygulamaya 
kaydettikleri yakınlarının adreslerini görüntüleyebilecektir.  

Alzheimer hastaları kendi mahallesinde kaybolabilir, nerede olduklarını, 
oraya nasıl geldiklerini unutabilir ve eve nasıl gideceklerini bilemeyebilirler. 
Geliştirilen uygulamanın bu modülü ile, yaşlı bireylere benzer acil durumlarda 
yardımcı olmak hedeflenmiştir.  
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7) Hastalıklara Göre Tüketilmesi ve Tüketilmemesi Gereken Besinler 
Listesi Ekranı: 

 

 
Şekil 11: Hastalıklara Göre Tüketilmesi ve Tüketilmemesi Gereken Besinler 

Listesi Ekranı 
 
Şekil 11’de görülen ekran, kullanıcı anasayfada tüketilmesi ve tüketilmemesi 

gereken besinler ikonuna tıkladıktan sonra açılan ekrandır. Bu ekranda 
kullanıcı; uygulamaya kaydettiği hastalıklarına göre uygulama tarafından T.C. 
Sağlık Bakanlığı tarafından hazırlanan Türkiye Beslenme ve Sağlık Araştırması 
verileri [15] ışığında belirlenen besinleri, tüketmesi ve tüketmemesi gereken 
şekilde gruplanmış olarak görüntüleyecektir.  

 
8) Acil Durumlarda Aranacak Kişiler Listesi Ekranı: 
 

 
Şekil 12: Acil Durumlarda Aranacak Kişiler Listesi Ekranı 
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 Şekil 12’de görülen ekran, kullanıcı anasayfada rehber ikonuna tıkladıktan 
sonra açılan ekrandır. Bu ekranda kullanıcının; herhangi bir acil durumunda, 
yakınlarına ulaşılması gerektiğinde veya yakınlarını hatırlayamaması gibi 
durumlarda uygulamaya kaydettiği yakınlarının iletişim bilgileri 
listelenecektir. 

 
SONUÇ 
Teknolojik gelişmelerle birlikte değişen hayat tarzı nedeniyle yaşlı 

bireylerin yaşlarına bağlı rahatsızlıkları ve başkalarına olan bağımlılıkları 
artmaktadır. Diğer taraftan yaşlı nüfus artışı ile günümüzde aktif yaşlanmanın 
önemi artmıştır. Gündelik yaşantıda büyük bir yeri olan mobil uygulama 
kavramını yaşlı bireylerimizin de yaşamlarına entegre etmeleri, yaşlılarımızın 
birçok konuda bağımsız yaşam sürmeleri ve toplumla bütünleşmeleri 
anlamına gelen aktif yaşlanma süreci geçirmelerini sağlayacaktır.  

  Yaşlı bireylerin dijital teknolojiyi benimsemeleri ve kullanma süreçleri 
gençlere göre farklılık göstermektedir. İlerleyen yaşın getirdiği fiziksel ve 
zihinsel değişimler nedeniyle teknoloji kullanımı yaşlı bireyler için 
zorlaşmaktadır. Ancak yaşlı bireylerimize teknolojinin kendilerine hangi 
konularda faydalar sağlayabileceğini gösterip onların ihtiyaçlarına yönelik 
çalışmalar yaparak teknolojiyi benimsemeleri sağlanabilir.  

  Bu çalışmada yaşlı bireylere uygun şekilde hitap edecek, onların 
ihtiyaçlarına yönelik içeriklere yer verecek, yaşam kalitelerini artıracak ve 
hayatlarını kolaylaştıracak Zamane isimli bir mobil uygulama geliştirilmesi 
amaçlanmıştır. 

Geliştirilen uygulamada yer alan modüllerden egzersiz önerileri ile 
kullanıcı, vücudunun daha sağlıklı olması için kendisine rehber olacak 
animasyonları izleyerek kendisi de egzersizlere eşlik edebilecektir. Kullanıcı 
sağlıklı öğün önerileri modülü ile besin gruplarını dengeli tüketme yollarına 
erişebilecek ve bu konuda bilgi edinebilecektir. Hobi önerileri modülü ile 
kullanıcı, sosyalleşmeyi sağlaması ve stresle başa çıkmaya yardımcı olması 
gibi faydaları olan hobiler hakkında öneriler alabilecektir. Kullanıcı, oyunlar 
modülü ile alzheimer ve demans vb. ileri yaş hastalıklarına yakalanma ve 
ilerleme riskinin azaltılmasında etkisi olduğu bilinen zekâ oyunlarına 
erişebilecektir. Kullanıcı önemli konumlar modülü ile konumuna göre en 
yakın hastane, eczane, taksi durakları ve uygulamaya kaydettikleri 
yakınlarının adreslerini görüntüleyebilecektir. Su içimi ve ilaç vakti hatırlatıcı 
fonksiyonları ile de kullanıcı, düzenli su içmeye ve ilaçlarını doğru vakitlerde 
almaya teşvik edilecektir. Kullanıcı, hastalıklara göre tüketilmesi ve 
tüketilmemesi gereken besinler listesi modülü ile kaydedilen hastalıklarına 
göre T.C. Sağlık Bakanlığı tarafından hazırlanan Türkiye Beslenme ve Sağlık 
Araştırması verileri ışığında belirlenen besinleri, tüketmesi ve tüketmemesi 
gereken şekilde gruplanmış olarak görüntüleyebilecektir. Acil durumlarda 
aranacak kişiler listesi modülü ile de kullanıcı, herhangi bir acil durumunda, 
yakınlarına ulaşılması gerektiğinde veya yakınlarını hatırlayamaması gibi 
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durumlarda uygulamaya kaydettiği yakınlarının iletişim bilgilerini 
görüntüleyebilecektir.  

Araştırmalarımız sonucunda edindiğimiz bilgilere göre Zamane isimli 
uygulamanın ülkemizde yaşlılar için geliştirilen ilk geniş kapsamlı mobil 
uygulama olduğu görülmüştür.  

Bu çalışmada Zamane isimli uygulama Android işletim sistemi için 
geliştirilmiştir. Bir sonraki adımda Zamane uygulamasının iOS işletim sistemi 
için de geliştirilmesi hedeflenmektedir.  
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