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In our age, we are bombarded with multimedia content daily. Although, face-to-face communication always
outgrows the potential factors of healthy assessment of our peers through recorded content or live media
interaction, (be it text, video, images, speech) new approaches to render us able to understand and discern between
emotions of our peers on multimedia content are getting more and more popular and more complex. Two robust
topics in this regard are generally named as sentiment analysis and emotion detection. The advent and exponential
growth of social networks and for instance, the employment of speech bots have made it a necessity to particularly
address the problem of healthy emotion recognition outside face-to-face, everyday conversations or interactions.
Machines’ capability to perform the set of tasks through Machine Learning approaches, namely consisting of
detecting, expressing, and understanding emotions is collectively known as, as in humans, emotional intelligence.
Different modes of input as human behavior like those taken from audio, image, video sources and signal
interpretations processed through Electro-encephalography (EEG), related brain wave measurements are used in
emotion recognition. My study aim is intended to be the examination and review of recent study approaches in
Emotion Detection in Speech, possibly establishing links or differences between recent study publishes because
each study paper focuses on a single or set of Machine Learning approaches which are employed in Emotion
Detection in Speech. This paper tries to examine various relevant research involving methods of Machine Learning
which were studied and tested under this research respective to Speech Emotion Recognition (SER). Effectiveness
of the involved methods and databases are discussed while commenting on the studies and expressed in the form
of their findings. Improvements throughout these studies are, though not chronologically, compared using simple
tables which show independent accuracies of several Machine Learning classifier combinations.

Keywords: speech emotion recognition, emotion detection in speech, machine learning classifier, machine
learning approaches

1. Introduction

Human emotion detection in speech is a subset of emotion recognition. Emotion recognition focuses on
other modes of input as well such as video captures, images, signal interpretations processed through
Electro-encephalography (EEG), related brain wave measurements; all collected where a human being
is the subject/source. Human emotion can be identified by many physical attributes like responses, body
gesture, heart rate, body temperature etc. It can also be detected without a physical contact such as using
speech [1]. Speech features such as intensity, intonation, pitch which are prosodic features are extracted
from human audio sources. Spectral features are represented by further processing signals from these
audio sources. Speech emotion recognition (SER) is benefitting many applications in recent years.
Examples include tutoring system used in distance learning which can detect the bored or not interested
users and can allow changing the style and the level of study material provided [1][2]. There are three
important factors under consideration when detecting emotion from speech:

1. Contents: "what is said"
2. Style/way: "how it was said"

3. Human: It refers to male/female/actor "who says it".

46



Ankara Science University, Researcher

Dala, 2023

The main steps in SER are speech database (preprocessing if needed), the process of feature Extraction
and classifier used to detect the emotions [1].
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Figure 1 — Classification Process

Speech database collection is important for emotion recognition from speech. A lot of work has been done
on collection techniques and evaluation of speech databases. There are many criteria that are used to
evaluate the suitability of speech databases for different ML Classification methods.

Feature selection and extraction is the second and one of the important steps in SER activities.

Extraction of features is a critical step in SER, determining the final stage performance which ultimately
is the accuracy of Machine Learning classifiers. In the case of relevant features, combination of features
can also be relevant in improving the emotion recognition [1] Prior to this final stage which is
Classification, the ML model or models in question must be trained with the help of a portion of the
dataset. (TRAIN_SET comprising usually %70-80 of the whole samples belonging to the dataset).

Genetic algorithms are originally a breed of optimization over search problem approaches. If we assume
going through weighted nodes or edges to have made out a pattern, in consistently lesser durations of
time, is refined closer to the goal at hand, search problem solution improvements can be met as shown
in many previous studies. One stretched assumption which shows us that application of GAs on MLs is
feasible is that in a credit risk assessment setting when a priori information about the potentially
attractive areas is available, then the initial population of the GA can be generated in such a way that
the attractive areas of the feasible region must be covered with a set of points and the dimensionality of
the problem can be reduced to those features that form attractive areas. In this way, the attractive area
(the region of attraction) of a global minimum is defined as the largest set of points, such that for any
starting point from that set, the infinitely small step of the gradient descent algorithm will converge to
the global minimum. Feature selection is the problem of choosing a small subset of features that ideally
is necessary and sufficient for describing the target concept. (Kira & Rendell, 1992) [3]

A more recent study comparing performance of heuristic optimization among options applicable to
problems on making decisions shown to be critical by UAV flight range limitations can be found in [4].
These options include improved GA and Nearest Neighbors heuristics.

Parallel computation that starts each optimization process from a different starting point (vertex) and
works with diversified vertices can be considered as a mechanism to prevent stagnation during the steps
of search optimization techniques. [5]
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As an additional remark due to the following part quoted from a study in Machine Learning in [6], “we
show that with proper regularization, distributional bias of the data can push the solution towards the
global minima.”

2 Literature Review

Classifiers are used for recognition of subsets of human emotion. Several classifiers can be implemented
for SER and their performance depends on the database design and features extracted from the speech
[1]. There are many Machine Learning classifiers to classify emotions from speech input. Some of the
popular ML classifiers are mentioned in Table 1 [1]:

TABLE 1: ML classifiers

Classifiers Description
Incomplete Sparse Least Square Regression It is a model which uses least square regression to find emotion labels based on linear
relationship between speech features [1][8]. It is a statistical method which depends on
(ISLRS) sparseness of the model itself and incompleteness of the dataset. There are two critical
reasons why sparse linear models might be preferable to non-sparse models. First, sparse
models often produce lower variance predictions, and hence better generalization. Also,
models with a reduced number of nonzero coefficients tend to represent only strong
effects of the data, thus eliminating details that may be unimportant to a further analysis.

Extreme learning machine (ELM) It is a feed forward neural network which uses only one hidden layer. ELM is very efficient
and effective when the training set is small. Unlike conventional NNs whose weights need
to be tuned using the backpropagation algorithm, in ELM the weights between the input
layer and the hidden layer are randomly assigned and then recalculated. The weights
between the hidden layer and the output layer can be analytically determined through a
simple generalized inverse operation of the hidden layer output matrices. [1][9].

Gaussian Mixture Models (GMMs) GMMs perform better when data is normally distributed. The classification accuracy of
GMMs also depends on factors like number of Gaussians in each class, size of the dataset,
distribution of data and so on. GMM is a probabilistic model and is considered as a state-
of-art model and is used mostly for identification and verification of speaker. This model
is the most appropriate model in case of global feature [1] [10-16].

Support Vector Machine (SVM) SVM is more popular in case of non-linear features as opposed to ISLRS (Kernel
function). SVM is used in case of speaker independent application and gives better results
in such a goal as compared to other classifiers [1][16].

Artificial Neural Networks (ANN) ANN is another classifier which is popular for its non-linear features (Kernel function)
[1]. This classifier gives better results compared to GMM and HMM in case of smaller
number of training samples [1] After ANN training, the information may produce output
even with inadequate data. The loss of performance here relies upon the significance of
missing data.

Vector Quantization (VQ) In VQ, a vector of fixed size is created with fixed dimensions. [1] In a Learning Vector
Quantization setup, the neural network in question has a first competitive layer and a

second linear layer. The competitive transfer function produces a 1 for output element a;

corresponding to £, the winning neuron. All other output elements in &* are 0. Neurons
close to the winning neuron are updated along with the winning neuron. The linear layer
transforms the competitive layer’s classes into target classifications defined by the user.

k-Nearest Neighbors k-NN assigns the class label of most of the K-nearest patterns in data space. For this sake,
we must be able to define a similarity measure in data space.
(k-NN)

The choice of K defines the locality of KNN. For K = 1, little neighborhoods arise in
regions, where patterns from different classes are scattered. For larger neighborhood
sizes, e.g. K = 20, patterns with labels in the minority are ignored.

Hidden Markov Model (HMM) In case of automated emotion recognition, HMM is very popular and gives accurate
results. This model is especially used when samples are subjectively considered to be little
in number. [1] Forced alignment can be used to represent audio features as HMM states.
HMM can be incorporated along with a Gaussian Mixture Model.

In human emotion recognition from speech, most essential part is to identify relevant features and
classifiers. From the literature, the accuracy of the above-mentioned classifiers with different speech
databases are summarized in Table 2 as follows:
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TABLE 2: Literature Survey of Emotion Recognition from Speech

Ref. Classifier used Database Accuracy (%)
63.30 as an autoencoder is a type of artificial neural network used to learn efficient
Autoencoder codings of unlabeled data (unsupervised learning) which is suitable for use at the
. ABC, GeWEC, . .o . .
[1] based Adaptation EMODB. SUSAS preprocessing step. An autoencoder learns two functions: an encoding function that
model ’ transforms the input data, and a decoding function that recreates the input data
from the encoded representation.
69.33 and 60.50 as we can compare linear and logistic models’ performance by
[1][8] ISLRS eNTERFACE DB,  using root mean squared error (RMSE) and the coefficient of determination (R?
FAUAIBO score), the linear models being of the nature having more applicability to
prediction purposes
[1709] ELM [EMOCAP 54.30 as Extreme Learmng Machine approach used when in its primal
development level is moderately efficient
75 A further improvement which can be applied on the class margin (in terms of
[1] GMM Real life data distance between mixture means) is critical for convergence of self training to
useful models
84.7 as real-life data can be considered randomly generated to a degree except the
[1][10] GMM Basque language in which it is recorded, performance in Basque was more uniform due to
setting
[1]11] ANN and GMM IITKGP-SESC 56
[1012] GMM and SVM [TKGP-SESC 60.6 where a Support Vector Machine is representative of a more accurate
hyperplane among features
SM?\/I(;?EEEMMI Berlin (EMO- 78 as RBF approach includes mapping your point into the function being a
Onptimization DB) Gaussian distribution where data is represented ultimately in a linear fashion. As
[1][13] Al Iz)ri thm) with ) SMO is fastest for linear SVMs and sparse data sets, this SMO + RBF as part of a
g . . English SVM approach is successful with the EMO-DB dataset being comprised of the
RBF (Radial Basis SUSAS ; . . . .
. ( ) synthesis of data with emotion-simulating speech.
Function)
69, 82.7 as in a general Gaussian Mixture Model, the mixture is brought together
as each model of utterances is a set of model parameters with estimated mean
HMM with Human speech and vector, covariance matrix and mixture weight. Each of parameter models is trained
[1][14] ) animaIl) oice as part of unsupervised classification by using the expectation maximization
4- mixture GMMs v property (EM) in mixture GMMs. A HMM is also employed where for speech
recognition, the conditional probability distribution of a state in HMM is
classically modelled using GMM.
Swedish VP and
[17[15] GMM English ISL meeting 79
corpus Real life data
74.75 where SVMs provide new efficient separability of non-linear regions that
use “kernel functions”: generalization of ‘similarity’ to new kinds of similarity
[1][16] SVM Real Life data measures based on dot products. SVM brings an option of use of quadratic
optimization problem to avoid ‘local minimum’ issues with neural nets. SVMs
have higher accuracy on average than most other approaches.
Berlin (EMO-DB),
[1][10] SVM VAM DB 91.6
[1][7] SVM Danish 88
English speaking
[1] SVM people, English 71.62
movies
60 as when fuzzy sets are implemented by their own in classification purpose, can
[1][20] Fuzzy Set Malay English provide lower accuracy in spite of the setting at the beginning but they can be used
in cooperation with Extreme Learning Machine approaches.
English, . . I
. 80.69 where the value of k is crucial, and one needs to choose it wisely to prevent
[1] kNN Chineseurdu and . .
. overfitting or underfitting the model.
Indonesian
88 as the accuracy is better than a regular GMM. A HMM can be thought of as a
Semi- general mixture model plus a transition matrix, where each component in the
[1][23] HMM professional general Mixture model corresponds to a node in the hidden Markov model, and the
female actress transition matrix informs the probability that adjacent symbols in the sequence
transition from being generated from one component to another.
[1][24] HMM German 64.7

49



Ankara Science University, Researcher

Dala, 2023

60.1, VQ allows each speech utterance under consideration to be represented as a

[1][25] VQ based HMM Burmese time sequence. The dataset in this study should be evaluated for its suitability
given the language hardships.
[1][26] HMM Spanish 70

From the literature review, it is observed that the accuracy of the human emotion detection from speech
depends on feature extraction, feature vector size, classifier used and speech database.

3. Method

As the method of Research Study, Literature Review was chosen. A comparative display of simple
tables including the approaches in Machine Learning and their applications on specific databases with
the resulting accuracies were given depending on respective studies specified as references.
The research process was divided into three steps:
-Problem definition: A comprehensive reflection of methods used in Machine Learning for the purpose
of Emotion detection in speech was to be given. To aid this goal, the following research questions were
devised and examined:
a) What approaches in Machine Learning are used for emotion detection in speech?
b) What are efficient algorithms used for emotion detection in speech?
¢) Were the approaches or combination of approaches sufficient in terms of accuracy or performance?
-Literature search: to display the paper which gave me further leads in Literature Review, I had to use
specific keywords:

“Emotion recognition”

“speech database”

“feature extraction”

“classifier”
-Basic analysis: An elimination of references from the [1] referenced paper which were not immediately
relevant to the Literature Review and the comparison of the approaches which were in the remaining
studies given as references in [1] were carried out. The paper is intended to be a summarization of
comparisons of such approaches in the field.

4. Results

The accuracy increases with combination of classifiers. From the survey, it is also observed that the
accuracy of the human emotion detection is not only dependent on the classifier used to detect it, it also
depends on the speech database, features and the size of the feature vector used [1]. It is also observed
that mostly features are categorized into prosodic, spectral or combination of these. Choice of classifiers
or the combination used also plays an important role in achieving more accuracy. In the case of database,
size and quality of speech recordings are the important factors affecting the accuracy [1].

5. Discussions

If we were to assume that all the datasets used were of equal length and quality: the SVM approach is
the most accurate in classifying Human emotions from speech with the HMM coming second where
HMM is normally most efficiently used over a small number of samples. ELM is the least efficient
approach possibly because it uses one hidden layer although being feed forward is a prospective feature
for the approach. SMO (Sequential Minimal Optimization algorithm) with RBF (Radial Basis Function)
are two linear optimizations which give out a considerably successful outcome. The database and
relatedly, the language spoken by the human subject and the naturality of speech in these recordings
should play a more important role in the evaluation of accuracy.
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6. Conclusion

A Literature Review based on Emotion Recognition in Speech has been given in this study. Artificial
features like noise have been found to impact the results of the given studies where resulting
performance is affected. This problem can be resolved using speech analysis based on correlation. There
are still challenges in selecting the right speech database, feature selection by the approach(es) and
estimation of features, classifiers which can get accurate results.
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Bu makale, uzaydan giines enerjisini yakalama ve onu Diinya'ya aktarma potansiyelini arastiran uzay
tabanli glines enerjisine genel bir bakig sunmaktadir. Uzay tabanl giines enerjisi (UTGE), atmosferik
kosullar veya sinirli giin 15181 saatleri tarafindan engellenmeden giines enerjisinden giines enerjisini
dogrudan kullanma kavramini kapsar, temiz ve siirdiiriilebilir enerji talebinin artmasi i¢in umut verici
bir ¢oziim haline getiriyor. Giinlimiizde enerji taleplerinin artmasiyla birlikte, yenilenebilir enerji
kaynaklarina olan ihtiya¢ da biiyiik 6l¢lide artmigtir. Giines enerjisi, temiz ve sinirsiz bir kaynak olmasi
nedeniyle enerji iiretiminde onemli bir role sahiptir. Bununla birlikte, bazi zorluklar, &zellikle
atmosferin engel teskil ettigi yer yiiziinde gilines panelleri kurulumu ve enerji toplama verimliligi
konularinda ortaya ¢ikmaktadir. Bu makale, uzay tabanli giines enerjisinin potansiyel ve 6nemli
faydalarini inceleyerek, bu alanda kiiresel enerjinin gelecegi i¢in devam eden Ar-Ge Onemini
vurgulamaktadir. Sonuglar, gelecekteki enerji stratejileri i¢in dnemli bilgiler saglayabilir ve giines
enerjisinin kullanimindaki potansiyeli artirabilir.

Anahtar Kelimeler: Uzay, Enerji, Giines panelleri, Lazer, Mikrodalga

Space-Based Solar Energy Overview

Abstract

This article provides an overview of space-based solar energy, which explores the potential to capture
solar energy from space and transfer it to Earth. Space-based solar energy (UTGE) covers the concept
of using solar energy directly from solar energy without being blocked by atmospheric conditions or
limited daylight hours, it makes it a promising solution for increasing demand for clean and sustainable
energy. With the increase in energy demands today, the need for renewable energy sources has also
increased greatly. Solar energy has an important role in energy production as it is a clean and unlimited
resource. However, some difficulties arise especially in the areas of solar panels installation and energy
collection efficiency on the face of the atmosphere. This article examines the potential and important
benefits of space-based solar energy, emphasizing the ongoing R&D importance for the future of global
energy in this field. The results can provide important information for future energy strategies and
increase the potential for the use of solar energy.

Keywords: Space, Energy, Solar panels, Laser, Microwave
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1. Giris

Giinlimiizde enerji ihtiyacinin artmasi ve fosil yakitlarin siirli olmasi, yenilenebilir enerji kaynaklarina
olan ilgiyi artirmigtir. Bu kaynaklar arasinda giines enerjisi, riizgar enerjisi, hidroelektrik enerjisi ve
biyokiitle enerjisi gibi birgok secenek bulunmaktadir. Ancak, bu kaynaklarin verimliligi ve maliyeti hala
birgok {ilke i¢in sorun teskil etmektedir. Bu nedenle, enerji liretiminde yeni ve daha verimli yontemler
arayisi devam etmektedir [1]. Sekil 1°’de Yenilenebilir kaynaklar hizla artmaya baglasa da komiir, petrol
ve dogalgaz birincil kiiresel enerji kaynaklart olmaya devam ediyor gostermektedir.

-0.8% Petrol igin 2016'dan 2021'e kadar diinyada kullanimi
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Sekil 1. 2000 — 2021 Yillar Arasi1 Kiiresel Enerji Tiiketimi [2].

Uzaydan gii¢ saglama, bu arayisin sonucunda ortaya ¢ikan bir fikirdir. Glines panelleri, diinya
ylizeyindeki gilines 1ginlarini elektrik enerjisine doniistiirmek igin kullanilan bir teknolojidir. Ancak,
uzayda giines 1sinlarindan yararlanarak daha yiiksek verimlilikle elektrik {iretmek miimkiin olabilir. Bu
fikir, ilk olarak 1960'larda NASA tarafindan ortaya atilmigtir [3]. Uzayda giines panelleri kullanarak
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elektrik tiretme fikri, elde edilen enerjinin mikrodalga veya lazer aracilifiyla diinya yiizeyine iletilerek
enerji ihtiyacini kargilamasi seklinde gergeklestirilebilir. (Sekil 2).

Yoriingedeki bir elektrik santrali, enerjiyi

Diinya'ya isinlamadan dnce lazere veya

mikrodalgalara doniigtirir

3

Yerde, bir ahci sistem 151m elektrige

gevirir ve elektrik yebekesine besler.

Giinesten gelen radyasyon, diigiik
Diinya ybriingesindeki bir giines

paneli filosu tarafindan yakalamr.

Sekil 2. Uzay Tabanli GES Calisma Prensibi [4].

Uzaydan gii¢ saglama fikri, enerji ihtiyacinin artmasi ve fosil yakitlarin sinirli olmasi gibi nedenlerle
yeniden glindeme gelmistir. Bu teknoloji, diinya yiizeyindeki giines panellerine gore daha yiiksek
verimlilik saglayabilir ve enerji ihtiyacinin karsilanmasi agisindan biiyiik bir potansiyele sahiptir.
Ancak, bu teknolojinin uygulanabilirligi ve maliyeti gibi bir¢ok faktdriin de g6z dniinde bulundurulmasi
gerekmektedir [5].

Bu arastirmada, uzaydan gii¢ saglama potansiyelini ve uygulanabilirligini incelemektir. Caligmada, uzay
tabanli gilines enerjisi (UTGE) fikrinin yontemleri, avantajlari, uzaydan gii¢ saglamaya Yonelik
calismalar gibi konular ele alinacaktir. Bu aragtirmanin sonuglari, Uzaydan gii¢ saglama, gelecekte
enerji iiretimi agisindan, yenilenebilir enerji kaynaklarina yonelik stratejilerin gelistirilmesinde ve enerji
giivenligi konusunda 6nemli bir katki saglayabilir.

2. Giines ve Giines Enerjisi Potansiyeli

Giines, evrenimizdeki en énemli yildizlardan biridir. Yaklasik 5 milyar yil 6nce olusmus ve yaklasik 6
milyar yil daha varligini siirdiirmesi beklenen bir yildizdir. Giines, diinya tizerindeki hayatin kaynagidir
ve ayni zamanda diinya ylizeyindeki iklimi etkileyen en 6nemli faktorlerden biridir. Giinesin diinyaya
olan uzaklig1 150 milyon Km (Sekil 4), yaklagik 109 katrilyon ton agirhigmdadir ve yaklagik 1,5 milyon
kilometre ¢apindadir (Sekil 3). Yayildigi 1sin Diinyaya 8 dakika sonra gelmektedir. Giines, yaklagik 15
milyon derece sicakliga sahiptir ve siirekli olarak hidrojeni helyuma doniistiirerek enerji tiretir [6—7—8].
Bu niikleer fiizyon siireci, Giines'in i¢indeki yogun basing ve sicaklik nedeniyle gerceklesir. Giines, bu
nedenle diinya {izerindeki hayatin devamu i¢in hayati bir 6neme sahiptir.
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Sekil 4. Giines, Diinya ve Giines Sistemindeki Diger Gezgenler Arasindaki Mesafe [10].

Giines enerjisi, giines 1smlarmi kullanarak elektrik enerjisi tiretmek i¢in kullanilan bir teknolojidir. Bu
teknoloji, diinya yiizeyindeki glines panelleri aracilifiyla uygulanir. Giines panelleri, glines 1sinlarini
elektrik enerjisine doniistiiren fotovoltaik hiicrelerden olusur. Fotovoltaik hiicreler, giines 1smlarinin
diismesiyle birlikte elektriksel bir akim iiretirler. Bu akim, bir batarya veya elektrik sebekesi araciligiyla
depolanir veya kullanilir [11].

Giines enerjisi, ¢evre dostu bir enerji kaynagi olmasi nedeniyle, diinya genelinde giderek daha fazla
tercih edilmektedir. Giines enerjisi, diinya genelinde bir¢ok alanda kullanilmaktadir. Ozellikle, evlerde
ve is yerlerinde elektrik enerjisi iiretmek icin kullanilmaktadir. Ayrica, glines enerjisi, su 1sitma
sistemlerinde, tarim sektoriinde ve ulasim sektoriinde de kullanilmaktadir [12—13].

Glines enerjisi teknolojileri, son yillarda biiyiik bir ilerleme kaydetmistir. Giines panelleri, daha verimli
ve daha ucuz hale gelmistir. Ayrica, giines enerjisi teknolojileri, depolama kapasitesi ve verimliligi
acisindan da gelistirilmistir. Bu gelismeler, giines enerjisi liretiminin daha yaygin ve ekonomik hale
gelmesini saglamistir.

Yenilenebilir enerji hedefleri, enerji politikalarmin énemli bir parcas1 haline gelmistir. Ozellikle,
Avrupa Birligi {ilkeleri, giines enerjisi liretimini tegvik eden politikalar uygulamaktadir. Ayrica, Cin ve
Hindistan gibi {ilkeler de giines enerjisi iiretiminde biiylik bir artis yagamaktadir. Diinya genelinde
giderek daha fazla tercih edilen bir enerji kaynagi haline gelmektedir. Giines enerjisi, diinya tizerindeki
hayatin kaynagi olan gilinesten elde edilen bir enerji kaynagidir. Giines enerjisi teknolojileri, siirekli
olarak gelistirilmekte ve daha yaygin hale gelmektedir [14].
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2.1. Giines Enerjisi Sistemleri

Glines enerjisi sistemleri, giines 1sinlarin1 kullanarak elektrik enerjisi liretmek i¢in kullanilan
teknolojilerdir. Bu sistemler, Fotovoltaik (PV) ve Gilines termal olarak iki ana gruba ayrilir. Fotovoltaik
sistemler, giines 1sinlarini dogrudan elektrik enerjisine doniistiiriirken, Giines termal sistemler ise giines
enerjisini 1s1 enerjisine doniistiiriir ve bu 1s1 enerjisi ile elektrik enerjisi iretirler. Giines enerjisi
sistemleri, diinya genelinde giderek daha fazla tercih edilmekte ve ¢evre dostu, ekonomik ve
siirdiiriilebilir bir enerji kaynagi olarak kabul edilmektedir. Giines enerjisi sistemleri, evlerde,
isletmelerde, endiistriyel tesislerde ve hatta uzayda kullanilmaktadir. Glines enerjisi sistemleri sayisi,
kullanim alanlarina gore degismekle birlikte, diinya genelinde milyonlarca sistem bulunmaktadir [15].

2.1.1. Fotovoltaik (PV) Sistemleri

Fotovoltaik (PV) sistemler, giines 1sinlarimi dogrudan elektrik enerjisine doniistiiren teknolojilerdir. Bu
sistemler, fotovoltaik hiicrelerden olusur ve giines 1smnlart distiginde elektrik akimi iretirler.
Fotovoltaik hiicreler, silisyum kristalleri, fosfor ve bor gibi malzemelerden yapilmistir. Bu malzemelerin
bir araya gelmesiyle, hiicrede pozitif (+) ve negatif (-) yiikler olusur. Giines 1simnlari, bu yiiklerin hareket
etmesine neden olur ve elektrik akimi tiretilir (Sekil 5) [16].

elektron akisi |

photons

electron flow

hole flow

n-tipi yaniletken

p-n bariyeri

p-tipi yaniletken

Sekil 5. Fotovoltaik Sistem Caligma Prensibi.

Fotovoltaik hiicreler, bir¢ok hiicrenin bir araya gelmesiyle olusan PV modiilleri seklinde kullanilir. PV
modiilleri, glines 1gmlarint dogrudan elektrik enerjisine doniistiiriirler. Bu elektrik enerjisi, bataryalar
veya elektrik sebekesi araciligiyla depolanir veya kullanilir.

Fotovoltaik sistemlerin igleyis prensibi, fotovoltaik hiicrelerin giines 1sinlarinin etkisi altinda
caligsmastyla iliskilidir. Giines 1sinlar1 hiicre yilizeyine ulastiginda, "fotonlar" olarak adlandirilan kiigiik
parcaciklar seklinde gelirler. Bu fotonlar, hiicrenin malzemesinde bulunan elektronlari serbest birakarak
elektrik akimi olusturur. Olusan bu elektrik akimi, hiicrenin pozitif ve negatif ucglar1 arasinda hareket
eder ve bu siire¢ sonucunda elektrik enerjisi iiretilir [16].

2.1.2. Giines Termal Sistemleri

Glines termal sistemleri, giines enerjisini kullanarak 1s1 enerjisi lireten teknolojilerdir. Bu sistemler,
glines enerjisi toplayicilarindan olusur ve gilines enerjisini kullanarak suyu veya baska bir akiskani
wsitirlar. Isitilan su veya akiskan, buhar veya sicak su liretmek i¢in kullanilabilir. Giines termal sistemleri,
iki ana tipe ayrilir: diiz plaka kolektorleri ve konsantre kolektorler. Diiz plaka kolektdrleri, glines enerjisi
toplayicilar1 olarak kullanilir ve genellikle evlerde sicak su iiretmek icin kullanilir. Konsantre
kolektorler ise, giines enerjisini yogunlagtirmak i¢in kullanilir ve genellikle elektrik enerjisi tiretmek
i¢in kullanilirlar [17].
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Bu sistemler ¢aligma prensibi, giines enerjisinin toplandig1 ve kullanildig bir dongiliye dayanir. Giines
enerjisi, toplayicilar tarafindan toplanir ve akigskanin igindeki borulara veya tiiplere iletir. Akigkan,
giines enerjisi tarafindan 1sitilir ve daha sonra bir depolama tankina veya baska bir yerde depolanir.
Isitilan su veya akiskan, daha sonra kullanim igin hazir hale getirilir (Ornek Sekil 6°de Bir giines termal
enerji santrali) [17].

Buhar davul

&7 >
E Heliostatlar

Sekil 6. Giines Termal Enerji Santrali Caligma Prensibi [18].

Sekil 7. Ispanya’da- PS10 Giines Enerjisi Kulesidir [19].

2.2. Giines Enerjisi Kullanim Alanlar

Giines enerjisi, glines 1smlarmin kullanilarak elektrik enerjisi tiretilmesi islemidir. Bu enerji kaynagi,

cevre dostu bir enerji kaynagidir ve fosil yakitlarin kullanimina kiyasla daha az karbon salinimi yapar.

Glines enerjisi kullanim alanlar1 olduk¢a genistir ve siirekli olarak gelismektedir [20]. Asagida, giines

enerjisi kullanim alanlar1 siralanmugtir:

e Evlerde kullanilan giines panelleri, evlerin ihtiyaci olan elektrik enerjisini giines enerjisinden
karsilar. Bu, evlerin enerji ihtiyacini karsilamak i¢in geleneksel enerji kaynaklarina olan bagimliligi
azaltir.

e Isletmeler, giines enerjisi kullanarak isletme maliyetlerini diisiirebilirler. Endiistriyel isletmelerde
giines enerjisi, liretim maliyetlerini azaltir ve ¢evre dostu bir enerji kaynagi olarak tercih edilir.
Giines enerjisi kullanimi, igletmelerin siirdiiriilebilirligini artirir ve enerji maliyetlerini diistirtir.

e Ulasim sektoriinde de giines enerjisi kullanilabilir. Ornegin, giines enerjisi ile ¢alisan arabalar ve
trenler gelistirilmistir. Bu, fosil yakitlarin kullanimini1 azaltarak c¢evre kirliligini azaltir ve enerji
kaynaklariin stirdiirtilebilirligi konusunda adimlar atmamizi saglar.
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e Tarnm sektoriinde de giines enerjisi kullanim1 yayginlasmaktadir. Gilines enerjisi ile ¢caligan sulama
sistemleri, sera 1sitma sistemleri ve hayvan yemleme sistemleri gelistirilmistir. Bu, tarim sektoriiniin
stirdiiriilebilirligini artirir ve enerji maliyetlerini distiriir.

e Schirlerde kullanilan sokak lambalari, trafik sinyalleri ve diger aydinlatma sistemleri glines enerjisi
ile caligabilir. Bu, sehirlerin enerji maliyetlerini disiiriir ve c¢evre dostu bir enerji kaynagi
kullanmalarmi saglar [20].

Giines enerjisi kullanim alanlari, diinya genelinde giderek artmaktadir. Bu, enerji kaynaklarinin
stirdiiriilebilirligi konusunda atilan adimlarin 6nemli bir pargasidir. Giines enerjisi kullaniminin artmasi,
cevre kirliliginin azaltilmasina ve siirdiiriilebilir bir gelecege yonelik adimlar atmamiza yardimci
olacaktir.

2.3. Giines Enerjisi Avantajlar1 ve Dezavantajlari

Giines enerjisi, ¢cevre dostu, slirdiiriilebilir ve yenilenebilir bir enerji kaynagidir. Ancak, bazi avantajlari
ve dezavantajlar1 vardir.
e Avantajlarn:
o Cevre dostu: Giines enerjisi, fosil yakitlara goére daha ¢evre dostu bir enerji kaynagidir. Giines
enerjisi Uretirken, sera gazlar1 veya diger kirletici maddeler salinmaz.
o Siirdiirtilebilir ve yenilenebilir: Giines enerjisi, sinirsiz bir kaynaktir ve tiikenmez. Bu nedenle,
giines enerjisi, diger enerji kaynaklarina gore daha stirdiiriilebilir ve yenilenebilirdir.
o Diigiik bakim maliyetleri: Giines enerjisi sistemleri, diisik bakim maliyetleriyle ¢alisir. Bu
nedenle, uzun vadede daha ekonomiktirler.
o Uzun Omir: Giines enerjisi sistemleri, uzun Omirlidiir ve genellikle 25-30 yil boyunca
kullanilabilirlerc [12—13].
e Dezavantajlari:
o Yiiksek yatirim maliyetleri: Giines enerjisi sistemleri, yliksek yatirim maliyetleri gerektirir. Bu
nedenle, kurulum maliyeti diger enerji kaynaklarina gore daha yiiksektir.
o Depolama sorunu: Giines enerjisi, glines 15181na baglidir ve giiniin farkli saatlerinde farkli miktarda
enerji liretir. Bu nedenle, giines enerjisi sistemlerinin enerji depolama sorunu vardir.
o Hava kosullarina bagli: Giines enerjisi, glines 15181ma bagli oldugu i¢in, hava kosullarina baghdir.
Bulutlu veya yagmurlu havalarda, giines enerjisi liretimi azalabilir.
o Alan gereksinimi: Giines enerjisi sistemleri, genis bir alan gerektirir. Bu nedenle, baz1 yerlerde
giines enerjisi sistemleri kurulmasi miimkiin olmayabilir [12—13].

3. Giines Panelleri

Giines panelleri, fotovoltaik (PV) paneller olarak da bilinen, giines 151811 elektrik enerjisine doniistiiren
cihazlardir. Bu paneller, silikon gibi yariiletken malzemelerden yapilmis giines pilleriyle olusturulur ve
giines 151¢1ndan fotonlar emerek elektronlar: serbest birakir, boylece elektrik akigi saglar. Fotovoltaik
etki prensibiyle ¢alisan bu paneller, temiz, yenilenebilir ve siirdiiriilebilir enerji {iretirler, bu nedenle
kiiresel olarak elektrik iiretiminde giderek daha fazla tercih edilen bir secenek haline gelirler [21-22].

3.1. Giines Panellerinin Yapisi ve Malzemeleri

Giines panelleri, giines 151811 elektrik enerjisine doniistiirmek icin kullanilan fotovoltaik (PV)
hiicrelerden olugmaktadir. Bu hiicreler, genellikle silikon adi verilen bir yariiletken malzemeden
yapilmistir. Silikon, giines 151811 elektrik enerjisine doniistiirebilen 6zel bir 6zellige sahip olan
fotovoltaik etkiyi gosterir. Giines panelleri, genellikle gesitli katmanlardan olusur. Sekil 8’de solar
panelin hiicre katmanlan gostermektedir [23-24].
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Sekil 8. Solar Panelin Hiicre Katmanlar1 [25].

Glines pili, 6n ylizeyinde 1smnlar1 absorbe eden 150 mikron kalinligindaki bir kaplama malzemesi ile
kaplanmustir. Sekil 6'da gosterilen panelleri ¢evreleyen aliiminyum g¢ergeve, paneli fiziksel etkilerden
korumaktadir. Panellerin distan ige yapisi, aliiminyum gerceve, temperlenmis cam, EVA (etilen vinil
asetat), giines hiicresi, arka tabaka folyosu ve baglanti kutusunu icermektedir. PV (fotovoltaik) paneller,
iclerinde bulunan yariiletken malzeme araciligiyla giines enerjisini %6 ila %20 verim oraniyla elektrik
enerjisine doniistiirebilirler. PV panel verimliligi {izerinde etkili olan faktorler arasinda panelin
konumundaki egim agis1, golgelenme diizeyi, toz birikimi orani, giines 1s1nim1 yogunlugu, sicaklik ve
diger kayiplar yer almaktadir [26].

2.1. Giines Panelinin Teknik ve Mekanik Degerleri

Giines panellerinin teknik ve mekanik degerleri, panelin performansini ve kullanimini belirleyen bir dizi
parametreyi ifade eder. Tablo 1’de Bir giines panellerinin en yaygin teknik ve mekanik degerleri
verilmigtir [25].

Tablo 1. Giines Panellerinin Teknik ve Mekanik Degerleri [25].

Giines Panelinin Teknik ve Mekanik Degerleri
Giines panelinin iretebilecegi maksimum gii¢ ¢ikisini ifade eder. Panelin
Gii¢ Cikig1 (Watt) verimliligi ve boyutuna bagl olarak gii¢ ¢ikisi farklilik gosterebilir.
Giines panelinin giines 1g1gindan elektrik enerjisine doniisme verimliligini gosterir.
Verimlilik (%) Yiiksek verimlilik, daha fazla gili¢ {iretimi anlamina gelir. Genellikle, giines
panellerinin verimliligi yiizde cinsinden ifade edilir.
Maksimum Gii¢ Noktas1 | Giines panelinin en yiiksek gii¢ ¢ikisina ulastig1 gerilim ve akim degerleridir. MPP
(Maximum Power Point- | gerilimi ve akimi, panelden maksimum verimlilikle gii¢ elde etmek i¢in dnemlidir.

MPP) Gerilimi (V) ve
Akimi (A)
Acik Devre Gerilimi Giines panelinin devre agikken iiretebilecegi en yiiksek gerilimi ifade eder. Panelin
(Open Circuit Voltage- | baglanti noktalar1 acik oldugunda, bu gerilim elde edilir.
Voc)
Kisa Devre Akimi (Short | Giines panelinin devre kisa devrede oldugunda iiretebilecegi en yiiksek akimi ifade
Circuit Current- Isc) eder. Panelin baglant1 noktalar1 kisa devre oldugunda, bu akim elde edilir.
Caligma Sicaklik Araligi | Gilines panelinin verimli bir sekilde calisabilecegi sicaklik araligini gosterir.
(°C) Yiiksek sicakliklar panel verimini diisiirebilir, bu nedenle ¢alisma sicaklig1 aralig

Oonemlidir.

Mekanik Dayaniklilik: Giines panelleri, dis etkilere ve ¢evresel kosullara dayanikli
Mekanik Dayaniklilik | olmalidir. Mekanik dayaniklilik, panellerin darbelere, riizgara, kar yiikiine ve diger
mekanik streslere kars1 dayanikli olmasini saglar.

Omiir (Yasam Siiresi): Giines panellerinin kullamm 6mrii énemlidir. Panelin
Omiir (Yagam Siiresi) | kalitesi, iiretim malzemeleri ve kullanilan teknoloji, émriinii etkileyebilir.
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Bu degerler, giines panellerinin performansint degerlendirmek ve farkli panelleri karsilastirmak icin
kullanilir. Her deger, panelin belirli bir 6zelligini temsil eder ve panel se¢ciminde dikkate alimmalidir
[25].

3.2. Giines Pili Cesitleri

Giines panelleri, farkli yapilar, malzemeler ve uygulamalar igin ¢esitli tiplerde gelir. Asagidaki yaygin

olarak kullanilan bazi giines paneli tipleri:

e Mono kristal Silikon Paneller: Monokristal silikon paneller, tek bir kristal yapiya sahip silikon
kullanilarak iiretilir. Genellikle siyah renkte ve homojen bir gdriiniime sahiptirler. Yiiksek verimlilik
saglarlar ancak {iiretim siireci daha maliyetlidir.

e Polikristal Silikon Paneller: Polikristal silikon paneller, birden ¢ok kristal yapiya sahip silikon
kullanilarak {iretilir. Daha ucuz bir iiretim siirecine sahiptirler ve mavi renkte olabilirler.
Monokristal panellere gore biraz daha diisiik verimlilik sunarlar.

e Ince Film Paneller: Ince film paneller, silikon tabakalarinin daha ince bir sekilde uygulanmasi veya
farkl yariiletken malzemelerin kullanilmasiyla yapilir. Amorf silikon, kadmium telliir veya bakir
indiyum galenit gibi malzemeler kullanilabilir. ince film paneller, esneklik ve hafiflik avantajlarina
sahip olabilir, ancak genellikle daha diigiik verimliliklere sahiptir.

e Konsantratorlii Paneller: Konsantrator paneller, glines 15111 odaklamak i¢in lensler veya aynalar
kullanir. Bu sayede daha az yariiletken malzeme kullanarak yiiksek verimlilik elde etmeyi hedefler.
Konsantrator sistemler genellikle ticari dl¢ekte kullanilir.

e Organik Giines Panelleri: Organik giines panelleri, karbon bazli organik malzemelerden tretilir.
Genellikle esnek ve hafif olurlar. Organik panellerin verimlilikleri héald gelistirme agsamasindadir,
ancak diisiik maliyet ve ¢esitli uygulama potansiyeli sunarlar.

e Hibrit Paneller: Hibrit paneller, giines 1s181indan elektrik tiretmek i¢in farkli teknolojileri birlestiren
panellerdir. Ornegin, Fotovoltaik (PV) giines panelleri ile termal giines kolektorleri kombinlenebilir.
Bu sayede ayni panel hem elektrik hem de 1s1 enerjisi liretebilir. Giines pilleri nesillerine gore sekil
9’da gosterildigi gibi de siniflandirilabilir [24].

1. Nesil Giines Panelleri

Monokristal
Giines Pilleri

Giines Pilleri

Heterojonksiyon
Giines Pili

TN

Sekil 9. Nesillerine Gore Giines Pili Cesitleri [24].

3.3. Giines Pili Calisma Mekanizmasi

Giiniimiiz elektronik iirtinlerinde kullanilan transistdrler, dogrultucu diyotlar gibi giines pilleri de yari
iletken maddelerden yapilirlar. Giines hiicresi yapiminda en ¢ok silisyum, galyum arsenit ve kadmiyum
telliir (CdTe) gibi inorganik yar iletken maddeler kullanilmaktadir [24].

Glines panelleri bir¢ok giines hiicresinin paralel veya seri olarak baglanmasiyla olugsmaktadir (Sekil 10).
Giines hiicrelerinin elektrik tiretimi “fotoelektrik olay” prensibine dayanir. Giines hiicresi yapisinda n-
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Giines Pili Kesit Alani

N-P kesigim bdlgesi
P tipi yan iletken Akim

Giines is1gina maruz kalan yari iletken silikon
katmanlar elektronlan serbest birakir. Serbest
birakilan elektronlar ile dogru akim iiretilir.

Giines pili

Sekil 10. Giines paneli bilegenleri [24].

> Gines iginimi

{Foton akisi) Metal iletim

sentlen

>
Elektron akigi

0.58 VDC
Cam

N tip silikon

Elekronlar

/ P tip silikon ’/
Alt tabaka \ o—[>’—o
Bosluklar

PV hicre simgesi

Azalma katmani /

Sekil 11. Giines pili caligma semasi [24].

4. Giines Enerjisi Aynalar1

Parabolik aynalar, Fresnel aynalari, heliostatlar ve Dish stirling sistemleri gibi farkli tiplerde iiretilebilen
giines enerjisi aynalari, giines 151811 toplamak, yogunlastirmak veya belirli bir noktaya odaklamak

tipi ve p-tipi olmak {izere iki ¢esit silikon bulunmaktadir. Valans bandinda 4 elektron bulunan n-tipi
silikon atomlarina, Valans bandinda 5 elektron bulunan fosfor eklenir ve fosfor elektron vermeye yatkin
oldugundan kristal yapiya 1 elektron verir. Bu nedenle n- tipi silikon “verici” olarak adlandirilir. P-tipi
silikon eriyigine ise valans bandinda 3 elektron bulunan (aliiminyum, indiyum, galyum, bor vb.)
elementler eklenir. Bu eklenen atomlarn son katmaninda 3 elektron olmasi nedeniyle kristal yapida
elektron boslugu (hole) olusur. Bu nedenle de p-tipi silikon “alic1” olarak adlandirilir [24].

Sekil 11°da goriildiigii lizere hiicre yiizeyine ¢arpan giines 1sinlar1 (fotonlar) ylizey tarafindan absorbe
edilerek n-tipi silikondan p-tipi silikona 1 elektron génderir bu sirada p-tipi silikonda da 1 bosluk olusur.
Bu gdénderim sonucu ise p-n aktif maddeleri arasinda bir elektriksel potansiyel olusur ve bu potansiyelin
kullanimu ile elektrik enerjisi elde edilebilir [24].

amactyla kullanilan optik cihazlardir. Bu aynalar, giines enerjisi sistemlerinin verimliligini artirmak ve

enerji toplama siirecini optimize etmek i¢in énemli roller iistlenirler (Sekil 12) [27-28].
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Parabolik Aynalar : Heliostatlar
™
5 «d
. &
Fresnel aynalan Dish Stirling Sistemleri

oS

AN

Sekil 12. Giines Aynalar Kullanim Sistemi Gore Cesitleri [28].

4.1. Giines Aynalan Cesitleri
4.1.1. Parabolik Aynalar

Parabolik aynalar, parabolik bir yiizeye sahip olan ve giines 151811 bir odak noktasinda toplamak igin
kullanilan aynalardir. Bu tiir aynalar, termal enerji iiretimi i¢in yogunlastirilmis giines enerjisi (CSP)
sistemlerinde kullanilir. Parabolik aynalar, genellikle termal alictya odaklanarak suyu veya baska bir
akiskani 1sitarak buhar veya sicak su tiretir [27-28].

4.1.2. Fresnel Aynalan

Fresnel aynalari, ¢cok sayida kii¢iik aynanin bir araya gelmesiyle olusan aynalar sistemidir. Bu aynalar,
giines 151811 bir odak noktasina yonlendirmek i¢in kullanilir. Fresnel aynalari, giines enerjisi
santrallerinde ve giines odakli 1sitma sistemlerinde kullanilir. Fresnel aynalarmin avantajlar, diisiik
maliyet, kolay iiretim ve taginabilirlik gibi faktorlerdir [27-28].

4.1.3. Heliostatlar

Heliostatlar, hareketli aynalara sahip olan giines aynalaridir. Heliostatlar, giinesin konumunu takip
ederek giines 151811 istenen bir hedefe yansitir. Bu tiir aynalar, genellikle biiyiik gilines enerjisi
santrallerinde kullanilir ve giines 151811 odaklamak ve termal enerji iiretmek i¢in kullanilir [27-28].

4.1.4. Dish Stirling Sistemleri

Dish Stirling Sistemleri: Bu sistemlerde, parabolik bir ayna kullanilarak giines 1sinlar1 bir noktada
toplanir ve bu noktada yer alan bir Stirling motoru kullanilarak elektrik enerjisi tiretilir. Dish Stirling
sistemleri, yiiksek verimlilik ve odaklanmig giines enerjisi kullanimi saglamastyla bilinir.

4.2. Giines Enerjisi Aynalar Yapisi ve Malzemeleri

Giines enerjisi aynalari, giines 1sinlarmi odaklayarak yiiksek sicakliklarda enerji iiretmek amaciyla
kullanilan bir tiir teknolojidir. Genellikle termal enerji liretimi veya gilines enerjisi toplama sistemlerinde
kullanilirlar. Giines enerjisi aynalari, farkli tiplerde olabilir ve farkl1 malzemelerden yapilmis olabilir.

Giines enerjisi aynalarmin yapiminda kullanilan malzemeler genellikle cam veya metaldir. Cam
malzemeler, genellikle yiiksek sicakliklara dayanikli 6zel cam veya cam kaplamali malzemelerdir.
Metal malzemeler ise aynalarin yiizeyini kaplayan reflektif bir tabaka olarak kullanilir. Bu metal
tabakalar genellikle aliiminyum veya giimiis bazlidir, ¢iinki{i bu metaller giines 151g1n1 iyi yansitabilirler.
Ayrica, aynalari yapisal destegi i¢in ¢elik veya aliiminyum alagimlar1 gibi malzemeler de kullanilabilir.
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5. Uzaydan Giines Enerjisi

Uzay tabanli giines enerjisi (UTGE), giines enerjisi uydular: ile uzayda gilines enerjisi toplama ve
Diinya'ya dagitma konseptidir. Avantajlar1 arasinda atmosferin yansimasi ve emilimi, ¢ok az gece
olasilig1 nedeniyle daha yiiksek bir enerji toplanmasi ve gilinese bakacak sekilde daha iyi yonlendirme
yetenegi. Uzay tabanli giines enerjisi sistemleri, giines 1s1gin1 atmosferden Diinya yiizeyindeki alicilara
iletilebilen mikrodalga veya lazer gibi baska bir enerji formuna doniistiiriir [29-30]. Sekil 13’te Uzaya

tabanli giines enerjisi sistemin blok diyagram gostermektedir.

Giines Is1g1

Giines Paneller Dizisi

Uzay Anteni

Anten

Zemin Bolimii —

DC-RF Doniisiimii

§

| Gnes Paneler Dizisi__
4

| Mikrodlgs Devreleri __
. 4

__ Uoyanen ]
.4

e
4

| DC-RFDinisimi __
4

Elektrik Santrallerine

Mikrodalga Devreleri — Uzay Boliimii

Sekil 13. Uzay Tabanli GES Blok Semasi.

Giines enerjisi elektrige doniistiiriildiikten sonra, cesitli yontemlerle Diinya'ya iletilir. Onerilen
yontemler, enerjiyi mikrodalgalar veya lazerler kullanarak yeryiiziindeki alici istasyonlarina 1ginlayarak
geri gondermektir. Bu alici istasyonlari, iletilen enerjiyi mevcut enerji sebekeleri araciligiyla
kullanilabilir elektrige doniistiiriir (Sekil 14). Kablosuz enerji iletimi, uzun mesafe kablolarina veya

iletim altyapisina ihtiya¢c duymadan enerji kaybin1 azaltarak iletim siirecini saglar.
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1. Uzaya kurulan dev aynalar giinesten
giines enerjisi topluyor.

2. Uzaydaki giines panelleri, giines
enerjisini elektrige dontistiiriir.

‘ Giines Panelleri

Enerji
Diniistiiriicii

T 3. Enerji daha sonra lazer veya
Mlk‘r';’;‘_,ga mikrodalga yoluyla Diinya'ya geri
1s1nlanir.

4. Enerji elektrige doniistiiriiliir

2 Y - .
‘ i RTINS
1 [ITITTTTIE
(BRI

Sekil 14. Uzay Tabanli GES Caligma Yontemi [31].

Giines enerjisini Diinya'dan farkli olarak uzaydan elde etmenin avantaji, hava kosullar1 ve giindiiz
saatleri gibi faktorlerle sinirli olmayisidir. Uzayda giines panelleri Diinya yoriingesine veya hatta Ay
ylizeyine yerlestirilebilir ve siirekli giines 15181 alabilir. Bu sayede bu sistemler siirekli olarak elektrik
iiretebilir ve gilivenilir, kesintisiz ve temiz enerji kaynagi saglayabilir.

5.1. Uzaydan Giines Enerjisi Toplama Yontemleri

Giines enerjisinin uzaydan toplanmasi igin ¢esitli yenilik¢i yontemler onerilmis ve aragtirilmigtir. Bu
yontemler, gilines 151811 uzayda verimli bir sekilde yakalamay1 amaglamakta ve Diinya'ya geri iletmeyi
hedeflemektedir [32]. Dikkate alinan bazi 6nemli yaklagimlar sunlardir:

e Giines Enerjisi Uydulari: Gilines enerjisi uydulart kavrami, jeostatik yoriingede
(Geostationary orbit) bir dizi giines paneli ile donatilmis biiyiik platformlarin
konuslandirilmasini igerir. Bu uydular siirekli olarak gilines 1s18in1 yakalayacak ve
fotovoltaik hiicreler kullanarak elektrige doniistiirecektir. Uretilen giic daha sonra bir
mikrodalga veya lazer 1smnma doniistiriilecek ve Diinya'daki alic1 istasyonlarina
iletilecektir. UGE, atmosferik kosullardan veya Diinya'nin doniisiinden herhangi bir
miidahale olmadan giines 15181n1 toplama avantaji sunar [33].

e Yoriinge Aynalari: Yoriinge aynalar1 kavrami, giines 1s1gin1 Diinya'daki belirli alanlara
yonlendirmek icin uzaya yerlestirilmis biiylik aynalarin veya reflektorlerin kullanilmasini
icerir. Glines 15181n1 gilines enerjisi santrallerine veya giines enerjisi santrallerine
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odaklayarak ve yogunlastirarak, bu ydriinge aynalar1 enerji toplama verimliligini artirabilir.
Bu yontem, karmasik iletim sistemlerine olan ihtiyact ortadan kaldirir ve mevcut enerji
iiretim teknolojilerinin kullanilmasina izin verir [33].

e Uzay Tabanli Konsantre Giines Enerjisi: Konsantre Giines Enerjisi (CSP) teknolojileri,
giines 151811 merkezi bir aliciya odaklamak i¢in aynalarin veya lenslerin kullanilmasini
icerir; daha sonra konsantre giines 1s18in1 1siya veya elektrige dontistiiriir. Bu kavrami
uzayda kullanarak, atmosferik parazitin olmamasi nedeniyle giines enerjisi toplanabilir ve
daha etkili bir sekilde konsantre edilebilir. Konsantre giines enerjisi daha sonra mikrodalga
veya lazer 1sinlar1 yoluyla Diinya'ya iletilmeyi amaglayabilir [33].

e Giines Yelkenleri: Giines yelkenleri, uzayda giines enerjisini yakalamak i¢in essiz bir
yaklasim sunar. Bu biiyiik, hafif yapilar, bir teknedeki yelkenlerin riizgar tarafindan
stiriiklendigi gibi, giines 151gmin baskisi ile tahrik edilir. Glines yelkenleri, gilines 151811
yakalayan ve uzay aracina gii¢ saglamak veya enerjiyi Diinya'ya geri iletmek i¢in elektrige
doniistiiriilen esnek giines panelleri ile donatilabilir. Bu yontem, hem enerji toplama hem
de itme amaglar1 i¢in kullanilabilir, bu da onu uzay arastirmalar1 ve enerji tiretimi i¢in ¢ok
yonlii bir secenek haline getirir [33].

e Ay Gic Sistemleri: Bir bagka ilgi ¢ekici yaklasim, Ay'dan giines enerjisinin kullanilmasidir.
Ay gii¢ sistemleri, giines 151811 engellenmeden yakalamak i¢in Ay'in ylizeyinde giines
dizileri insa etmeyi igerecektir. Toplanan enerji daha sonra lazer veya 1smlanmig gii¢ gibi
farkli yontemlerle dontistiiriilerek ve Diinya'ya iletilmeyi amaclayacaktir. Bu yontem, Ay'in
Diinya'ya yakin olmasindan ve uzun siire giines 1s1§1na maruz kalmasindan yararlanir [33].

5.2. Uzaydan Giines Enerjisi letim Yoéntemleri

Giines enerjisini uzaydan kullanmanin temel zorluklarindan biri, toplanan enerjiyi verimli bir sekilde
Diinya'ya geri iletmektir. Uzay tabanli giines enerjisi (UTGE) sistemlerinin bu 6nemli yoniinii ele almak
icin cesitli iletim yontemleri onerilmis ve arastirilmistir [33—34-35]. Bu yontemler, yakalanan giines
enerjisini onemli mesafeler olmadan genis mesafelerde iletmeyi ve varista kullanilabilir elektrige
doniistiirmeyi amaglamaktadir

5.2.1. Mikrodalga Giic letimi

Mikrodalga gii¢ iletimi, giines enerjisini uzaydan iletmek i¢in en yaygin olarak incelenen ve umut verici
yontemlerden biridir. Bu yoOntem, toplanan gilines enerjisinin mikrodalga radyasyonuna
doniistiiriilmesini igerir, bu da daha sonra odaklanmis bir 1s1n seklinde Diinya'ya i1sinlanir. Yerde,
dogrultucu antenlerle donatilmig 6zel alici istasyonlar1 mikrodalga kirisini yakalar ve tekrar elektrige
doniistiiriir. Mikrodalga giic iletimi, yiiksek iletim verimliligi ve uzun mesafelerde giic iletme yetenegi
dahil olmak tizere cesitli avantajlar sunar [32—33-36].

5.2.2. Lazer Gii¢c Aktarimi:

Giines enerjisini uzaydan iletmek i¢in arastirilan bir baska uygulanabilir yontem lazer gii¢ iletimidir.
Toplanan giines enerjisi daha sonra Diinya'ya yonlendirilen lazer 1gmlarina doniistiiriilerek iletilir. Yer
tabanli fotovoltaik hiicreler veya alicilar lazer 1gmini alir ve elektrige cevirir. Lazer giig iletimi, uzun
menzilli odaklama kabiliyeti ve mikrodalga gii¢ iletimine kiyasla daha yiiksek iletim verimliligi
potansiyeli gibi avantajlar sunmaktadir [33-36].

5.2.3. Radyo Frekansi (RF) ile Gii¢ Isinlama:

Radyo frekansi (RF) ile gii¢ 1sinlamasi, giines enerjisini uzaydan iletmek igin arastirilan alternatif bir
yontemdir. Bu yaklasim, uydudan yer tabanh alicilara gii¢ aktarmak i¢in radyo dalgalarimi kullanir.
Toplanan giines enerjisi, Diinya'ya iletilen ve alici istasyonlarda elektrige doniistiiriillen radyo frekans
sinyallerine doniistiiriiliir [37-38].
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6. Uzay Tabanh Giines Enerjisi Santrah Giig iletimi Tipi Gore Tasarimi

Uzay tabanli gilines enerjisi esasen {li¢ unsurdan olusur:

e Giines enerjisinin giines pilleri iizerindeki yansiticilar veya yanisitict aynalar veya termal sistemler
icin 1siticilar ile uzayda toplanmasi,

e Mikrodalga veya lazerle Diinya'ya kablosuz gii¢ iletimi,

e Rectenna; Bir mikrodalga anteni araciligtyla Diinya'da enerji alim [35].

Uzay tabanli kismin nispeten zayif gelgit gerilmeleri (disinda yergekimine) kars1 kendini desteklemesi
gerekmeyecektir. Karasal riizgar veya hava kosullarindan korunmaya ihtiyag duymaz, ancak
mikrometdrler ve giines patlamalari gibi alan tehlikeleriyle basa ¢ikmak zorunda kalacaktir. iki temel
donilistim yontemi incelenmistir: fotovoltaik (FV) ve giines dinamigi. UTGU'nin ¢ogu analizi, giines
151811 dogrudan elektrige doniistiiren giines pilleri kullanarak fotovoltaik doniistime odaklanmugtir.
Giines dinamigi, 15181 bir kazan iizerinde yogunlastirmak i¢in aynalar kullanir. Giines dinamiginin
kullanilmas1 watt basina kiitleyi azaltabilir. Kablosuz gii¢ iletimi, ¢esitli frekanslarda mikrodalga veya
lazer radyasyonu kullanilarak enerjiyi toplamadan Diinya yiizeyine aktarmanin bir yolu olarak erken
onerildi [33-38].

Uydu, diinyanin etrafinda dénen bir nesne olarak tanimlanir, bu nedenle ay da bir uydu olarak bilinir ve
dogal bir uydu olarak adlandirilir. Ote yandan, insan yapimi uydulara yapay uydular denir ve dért tip
olarak ayrilmaktadir [39]. Bunlar;

= Diistik Toprak yoriingesi (180-2000 km),

= Orta Diinya ydriingesi (2000-35785 km),

= Jeosenkron yoriinge (35786 km),

» Yiiksek Diinya yoriingesi (>35786 km).

Ug tip UTGE istasyonu bulunmaktadir, bu istasyonlar tasarimi su sekilde siniflandirilmugtir:
- Tip-I,

- Tip-1I,

- Tip-1II [40].

6.1. Tip-I

UTGE istasyonu Tip-I giines isaretli glines sistemi modiiliinden, toprak isaretli kablosuz gii¢ iletiminden
(Sekil 15) UTGE i¢in mikrodalga frekansi, anten boyutu ile atmosferik zayiflama arasinda 6diin vererek
1-6 GHz araliginda alinir. Bu tasarim, asagidaki farkli tasarim tiirlerinde ¢oziilen 6nemli bir sorun
“yiiksek gerilim gii¢ yonetimi ve dagitim sistemi” 'e sahiptir [41].

Sekil 15. Tip-I "Mikrodalga" [41].
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6.1.1. Mikrodalga Tabanh

Bu teknolojide, giines pili uyduya monte edilir ve lizerine giines 15181 diistiiglinde elektrik enerjisi liretir.
Ayrica, bu elektrik enerjisi 5.8 GHz frekansta topraga ileten bir yardim vericisi (anten) araciligiyla radyo
frekans enerjisine doniistiiriilir. Bu konsept, magnetron ve empedans eslestirme devresini igerir.
Magnetron, elektrik enerjisini mikrodalgalarina doniistiiriirken, empedans eslestirme devresi
mikrodalga firinin empedansimi antenle uyumlu hale getirmeye yardime1 olur [42].

Giines

iletim istasyonu (Uzay)

)/

iletim anteni (Mikrodalga)

Anten
(Mikrodalga’dan DC'ye) iletim Sebekesi

/ N
s
- - ".: f
; 5 7
Gii¢ Déniigtiirme el h’
\ ve Kogullandirma 4 ‘ ’I
Unitesi
\i istasyon Alma
K' (Dunya)

Sekil 16. Mikrodalga Tabanli UTGE Sistemi [42].

Sekil 17. Mikrodalga Iletimli Giines Uydular1 Sekil.

Diinya'da, mikrodalga radyo frekanslar1 uzaydan alinarak dogrudan akima (DC) doniistiiriiliir; ayrica
yerel ve ticari enerji saglamak i¢in alternatif akima (AC) doniistiiriilir. Bu alici aym1 zamanda
"Rectenna" olarak adlandirilan bir dogrultucu ve anten kombinasyonunu ifade eder. Bu kavramin
anlasilmasi i¢in Sekil 16, kullanilacak olan tiim modiilleri temsil etmektedir [42].
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6.2. Tip-II

UTGE istasyonunun Tip-II tasarimi, Tip-I tasarimindan farklilik gosterir. Bu tasarim temel olarak
"Lazer Teknolojisi"ne dayanmaktadir. Elektrik, lazer tabanli bir yaklasimla oldukg¢a uygulanabilir hale
gelir ve bu ¢oklu bireysel ve bagimsiz lazer platformunda saglanir. Tip-1I tasarimini uygulamak i¢in tek
engelin verimliliktir. Lazer 1gin1, kati1 hal lazer cihazlari kullanilarak giines enerjisinden lretilecektir. Bu
lazer 15101 zemine odaklanacak ve piiriizsiiz iletim ile elektrik enerjisi liretmek i¢in kullanilacaktir [41].

Sekil 18. Tip-Il UTGE istasyonu [41].

6.2.1. Lazer Tabanh

"Dogrudan giines enerjisi toplama lazer ile giic liretimi" olarak adlandirilan bu teknoloji, giines panelleri
tarafindan toplanan enerjiyi kullanarak, dnerilen konsepte gore, Sekil 20'de gdsterilen (kat1 hal lazer
ortami1) kullanilarak tek renkli "tek dalga boyu" 151k demeti tiretmektedir. Bu tiir bir cihaz, elektrik
enerjisini bir lazer 1s181na doniistiirmek i¢in kullanilir. Olusturulan lazer 15101, tiim sistemi verimli hale
getirmek i¢in kullanilir; bu 1510, alict olarak fotovoltaik hiicrenin yiizeyine yonlenir ve yerden aliciya
her zaman isaret etmesini saglamak i¢in vericinin bir kontrol sistemi tarafindan yonlendirilir. Alict
tarafindan lazer 1s1m1 alindiktan sonra, gilines pili ile elektrik enerjisi iiretmek i¢in aym kriterleri takip
eder [42].

ol

.
y

Sekil 19. Lazer Tabanli Giines Enerjisi Uydulari.
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Sekil 20. Kat1 Hal Lazer Cihazi [42].

Bu modiil, belirli frekans fotonlarini artirmaya ve islemi verimli hale getirmeye yardimei olur; safir
malzeme lazer ortami olarak veya kristal olarak kullanilir. Asagidaki sekil, lazer tabanli UTGE ¢alisma
prensibini gostermektedir [43].

Lazer " -
Kablosuz Isin’dan Giig . Gl.l‘,‘ .
Lazer Isin iletim Elektrik Sartlandirma letim ve Dagitim
Enerji’ye

Sekil 21. Lazer Tabanli UTGE Calisma Ilkleri [43].

Giines

|

6.3. Tip-1II

Bu tasarim, modiiler simetrik yogunlastirici konseptini sandvi¢ seklinde kullanir. Bu sayede tasarim,

hafif yeniden yonlendirme konseptini igerir ve bu nedenle Tip-I'deki (Gii¢ yonetimi ve dagitim sistemi)
sorunu ¢ozer (Sekil 22 ve 23) [44].

Birincil Ayna Birincil Ayna

ikincil Ayna

—— /'\ ——
" -
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2
)
=
3
O

Sekil 22. Tip-II UTGE "Modiiler Sandvi¢ Mikrodalga" [44].
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Sekil 23. Sandvi¢ Modiiliiniin Fonksiyonel Katmanlar [44].

Sandvi¢ modiilii, 1sinlanabilir 1s1 transfer iligkisi nedeniyle bazi kisitlamalar sergiler;
P =€ cAT* (1)

P iletilen 1s1 giiciidiir,

€ malzemenin emisyonudur,

o Stefan-Boltzmann sabiti,

A yayilan alandir,

T modiiliin ¢aligma sicakligi [44].

6.3.1. Hibrit Tabanh

Burada, mikrodalga teknolojisi ve lazer teknolojisi bu konsept icerisinde ele alinmigtir. Ciinkii her iki
teknolojinin de tim sorunlarin iistesinden gelmek ve &zelliklerine uygun en iyi modiilii tasarlamak
konusunda faydalar1 ve dezavantajlart bulunmaktadir. "Japonya Ulusal Uzay Kalkinma Ajanst”
(NASDA), hibrit bir konsepti planlamistir. Bu jeosenkron yoriingeden gelen uyduda elektrik enerjisi
iiretilecek ve lazer olarak yoriinge tabanl istasyona iletilmeyi hedefleyecektir. Istasyonda, lazerden
gelen enerji 6nce elektrige, ardindan elektrik mikrodalga radyasyonuna doniistiiriilecektir. Ortaya ¢ikan
mikrodalga enerjisi, diinyani yiizeyine yerlestirilen aliciya iletilmeyi amaglamaktadir [45].

7. Uzaydan Gii¢ Saglamanin Avantajlari

Giines enerjisini uzaydan kullanmak, hem ¢evresel hem de ekonomik agidan sayisiz avantaj sunar. Daha
stirdiiriilebilir bir gelecege gecis yapmaya calisirken, uzay tabanl giines enerjisinin (UTGE) potansiyel
faydalar1 giderek daha belirgin hale geliyor [46].

e (Cevresel Siirdiiriilebilirlik: UTGE, karbon ayak izimizi azaltmak ve iklim degisikligiyle miicadele
etmek i¢in 6nemli bir firsat sunuyor. Temiz ve yenilenebilir glines enerjisine dayanarak, geleneksel
enerji liretim yontemleriyle iliskili sera gazi emisyonlarmi en aza indirebiliriz. Fosil yakit bazli
enerji liretiminin aksine, uzay tabanli giines enerjisi atmosfere karbondioksit veya kiikiirt dioksit
gibi zararli kirleticileri salmaz. Bu yaklagim daha temiz havaya katkida bulunur, kiiresel 1sinmanin
etkisini azaltir ve daha saglikli ve daha siirdiiriilebilir bir gezegeni tesvik eder [46].

o Smirsiz Giines Potansiyeli: Uzayda giines enerjisinin bollugu, uzay tabanli giines enerjisi icin
benzersiz bir avantaj saglar. Hava kosullari, mevsimler ve gece nedeniyle giines 1siginda
degisikliklere maruz kalan karasal giines panellerinin aksine, uzaydaki gilines panelleri sabit ve
kesintisiz giines 15181 alir. Bu, uzay tabanlh giines dizilerinin maksimum verimlilikte ¢aligmasini
saglayarak daha yiiksek enerji verimi ve daha tutarli bir giic kaynagi saglar. Uzayda neredeyse
siirsiz glines potansiyeli, biiyliyen kiiresel ihtiyaglarimiz i¢in siirdiiriilebilir ve glivenilir bir enerji
kaynagi saglar [46].
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Kiiresel Enerji Erisilebilirligi: UTGE'nin dikkat g¢ekici yonlerinden biri, cografi siirlamalarin
iistesinden gelme yetenegidir. Geleneksel enerji altyapisinin olusturulmasinda zorluklarla kargilagsan
uzak ve yogun niifuslu bolgeler, uzay tabanl giines enerjisinden biiyiik fayda saglayabilir. Giines
enerjisini kablosuz olarak yer tabanli istasyonlara ileterek, enerji, ulasilmasi zor olan veya biiyiik
Olcekli giines enerjisi tesisatlar1 i¢in uygun araziye sahip olmayan alanlara dagitilabilir. Bu
erisilebilirlik, topluluklar1 ve uluslar1 temiz bir enerji kaynagi ile gii¢lendirir, gelismeyi tesvik eder
ve enerji erisimindeki esitsizlikleri azaltir [46].

Azalan Arazi Kullanim1 ve Cevresel Etki: Diinyadaki gilines panelleri, genellikle tarimsal veya dogal
yasam alanlariyla rekabet eden kurulum igin 6nemli arazi alanlar1 gerektirir. Buna karsilik, uzay
tabanl giines enerjisi, biiyiik kara ayak izlerine olan ihtiyaci ortadan kaldirarak karasal giines
ciftlikleriyle iligkili gevresel etkiyi azaltir. Giines enerjisi toplama icin alan kullanarak, tarim,
koruma ve diger hayati amaglar i¢in araziyi koruyabilir, boylece enerji liretimi ile ¢evre yonetimi
arasinda daha siirdiiriilebilir bir denge saglayabiliriz [46].

Ekonomik Firsatlar: UTGE'nin ilk yatirim ve gelistirme maliyetleri onemli olsa da, uzun vadeli
ekonomik faydalar umut vericidir. Uzay tabanl giines enerjisi yeni endiistriler yaratma, istihdam
firsatlar1 yaratma ve teknolojik gelismeleri tesvik etme potansiyeline sahiptir. UTGE'in altyapisi
olusturuldukea ve biiyiitiildiikce, uzay arastirmalari, uydu teknolojisi ve enerji iletim sistemlerine
yenilik ve yatirim getirebilir. Buna ek olarak, maliyetli ve sinirhi fosil yakit kaynaklarina olan
bagimliligin azalmasi, daha fazla enerji giivenligi ve fiyat istikrarina yol acarak ekonomik
dayaniklilig1 artirabilir ve siirdiiriilebilir ekonomik biiylimeyi tesvik edebilir [46].

Uzay tabanli giines enerjisi, ¢evreyi korurken enerji ihtiyaglarimizi karsilamak ic¢in doniistiiriicii bir
yaklasimi temsil eder. Giinesin giiclinii uzaydan kullanarak, gelecek nesiller i¢in daha temiz, daha
stirdiiriilebilir bir gelecek yaratabiliriz. Bu alandaki aragtirma ve gelistirme ilerledikce, uzay giicliniin
cevresel ve ekonomik avantajlar1 giderek daha cazip hale geliyor ve sinirsiz, yenilenebilir enerji ile
caligan bir gelecege bir bakis sunuyor [46].

8. Uzay Tabanh Giines Enerjisi Yonelik Calismalar

Uzay tabanli gilines enerjisi arayisi, llkeler enerji liretme ve dagitma seklimizde devrim yapma
potansiyelini tanidigindan, diinya ¢apinda ¢ok sayida proje ve ¢aligmaya yol acti. Bu cabalar, gilines
enerjisini uzaydan kullanmak, temiz ve siirdiiriilebilir kaynaklardan giic alan bir gelecegin yolunu
acmakla ilgili teknolojik, ekonomik ve lojistik zorluklar1 ele almay1 amaglamaktadir [33—47-48].

Amerika Birlesik Devletleri: Amerika Birlesik Devletleri, ¢esitli devlet kurumlari, arastirma
kurumlar1 ve 6zel sirketler ile olasiliklar1 aktif olarak arastiran uzay enerjisi arastirmalarin 6n
saflarmda yer almistir. NASA, Ulusal Uzay Toplulugu ve Enerji Bakanlig1 gibi kuruluslarla isbirligi
yaparak, uzay tabanli giines enerjisi i¢in caligmalar ve fizibilite degerlendirmeleri yapmistir. Ayrica,
SpaceX ve Lockheed Martin gibi 6zel sirketler uzay giicli teknolojilerini gelistirmeye ilgi
duyduklarini ifade ettiler[35].

Cin: Cin, artan enerji taleplerini karsilama ve fosil yakitlara olan bagimliligin1 azaltma potansiyelini
kabul ederek uzay enerjisi arastirmalarinda énemli adimlar att1. Cin Ulusal Uzay Idaresi (CNSA),
uzay tabanli giines enerjisinin fizibilitesini degerlendirmek i¢in ¢alismalar ve deneysel gorevler
baslatt. Ozellikle, Cin 2021 yilinda uzayda giines enerjisi toplama ve Diinya'ya aktarma kavramini
test etmek icin deneysel bir uydu bagslatti [35].

Japonya: Japonya'nin uzay giicii teknolojilerinde uzun bir arastirma ve gelistirme ge¢misi vardir.
Japonya Havacilik ve Uzay Arastirma Ajanst (JAXA), uzay tabanli giines enerjisi kavramini
incelemekte aktif olarak yer ald1 ve 2030'lara kadar bir gosteri giicli uydusu insa etmek i¢in iddiali
planlar 6nerdi. JAXA, mikrodalga 1smlar1 kullanarak kablosuz gii¢ iletiminin basarili bir sekilde
gosterilmesi ve uzay gii¢ sistemlerinin potansiyelini daha da dogrulamasi gibi deneyler
gergeklestirdi [35].

Avrupa Birligi: Avrupa Birligi (EU), uzay tabanl giines enerjisinin énemini de kabul etmis ve
fizibilitesini arastirmak igin arastirma projelerine fon saglamustir. Uluslararast Uzay Universitesi
liderligindeki AB tarafindan finanse edilen SPS-ALPHA projesi, geligsmis robotik ve otonom montaj
tekniklerini birlestiren uzay tabanli bir giines enerjisi sistemi gelistirmeyi hedefliyor. Proje, uzay
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giicli teknolojilerinin anlasilmasimni ve uygulanmasmi ilerletmek igin ¢esitli Avrupa iilkelerinden
uzmanlari bir araya getiriyor [35].

e Uluslararas1 Isbirligi: Bireysel iilke girisimlerine ek olarak, uluslararasi isbirligi uzay giicii
caligmalarinin gelistirilmesinde Onemli bir rol oynamaktadir. Uluslararasi Uzay Bilimleri
Akademisi (IAA) ve Uluslararast Uzay Bilimleri Federasyonu (IAF) gibi kuruluslar, arastirma, bilgi
aligverisi, ve iilkeler arasinda isbirligini kolaylastirmak [35].

Bu kiiresel ¢abalar, uzay tabanl giines enerjisinin potansiyel faydalarinin giderek daha fazla taninmasini
yansitmaktadir. Ulkeler is birligi yaparken ve bulgularmi paylastik¢a, kazanilan kolektif bilgi,
uygulanabilir alan gii¢ sistemlerinin gelistirilmesine katkida bulunacaktir. Onemli zorluklar devam
etmekle birlikte, bu caligmalarin isbirlik¢i dogasi, uzay tabanl giines enerjisi potansiyelinin kilidini
acmak i¢in ortak bir ¢aba saglamaktadir.

9. Sonug

Bu makale, ¢evre sorunlari ve bolge sakinleri i¢in enerji tiretimi eksikligi gibi sorunlarimizin iistesinden
gelen uzay tabanli giines enerjisi tiretimi ve dagitilmis ag kavramim 6zetlemektedir. Bu teknoloji ile,
temiz ve temiz bir iglemle gece giindiiz herhangi bir etkisi olmadan 24 saat gii¢ elde etmek miimkiindiir.
Gii¢, diinyanin herhangi bir noktasin1 kablosuz olarak farkli konumlardaki alic1 istasyonlara iletiyor
olabilir.

UTGE, geleneksel enerji kaynaklar1 i¢cin énemli bir secenek olarak kanitlama yetenegine sahiptir.
Mikrodalga iletimindeki kayiplar, geleneksel enerji iletim se¢eneklerinden ¢ok daha azdir. Boyle bir
kablosuz Iletim, biyolojik ekosistemi ve diinyadaki dogay1 etkilemez. Mikrodalga enerjisi,
stirdiiriilebilir kalkinma hedeflerini kolayca karsilayacak ¢ok temiz bir kaynaktir. Bununla birlikte,
boyle bir giines enerjisi istasyonunun uygulanmasi sadece uygulanabilir teknolojinin yavas gelisimi
degil, ayn1 zamanda daha yiiksek maliyettir. Gelecekte UTGE, enerji krizinde yaklagan ihtiyaglari
karsilamak i¢in uzaya dayali enerjiyi kullanmak i¢in daha etkili ve verimli bir segenek olacaktir. Elbette
uygulanmasi zaman alacaktir. Ancak, bu alandaki tutarl ¢calisma ve teknolojik arastirma, daha hizli ve
basarili bir sekilde biliylimemize yardimci olacaktir.
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The fight against leaks and failures in water distribution systems has gained a serious importance with the
increasing drought, the inefficient use of water resources and the rapid contamination of existing water resources.
These studies are generally carried out with two different approaches, active leakage control and passive leakage
control. Although the passive control method, which covers the repair of the reported faults, is less costly and
easier, the vast majority of the faults that occur in the system are caused by unreported faults. It is possible to
detect, repair and control such faults with active leakage methods. In order to gain the expected efficiency from
these methods, it is very important to regularly monitor the networks by dividing them into isolated areas, to
estimate the amount of preventable leakage, and to determine the leak location with devices and equipment such
as ground microphone, regional recorder, regional correlator within the framework of a certain systematic program.
The regular maintenance of these systematic studies in the implementation of the active leakage method also
creates serious costs for water administrations. In addition to the costs of creating and monitoring measurable
regions, the costs of devices and equipment with different characteristics, sensitivities and costs to be used for the
determination of the fault location should also be considered in the studies to be carried out. In this study, a standard
calculation structure is defined for the benefits and costs of the ground microphone and regional correlator methods
used to locate unreported leaks. By using the defined calculation methodology, the benefits and costs for both
methods are analyzed and compared in a sample network. The method to be selected according to the general
characteristics of the networks plays an important role for the most efficient operation.

Keywords: Water distribution system, leakage, active leakage control, leakage detection

1. Introduction

Water distribution systems are one of the most important urban infrastructure systems. Ensuring normal
operating conditions in water distribution systems is quite important for water supply safety. However,
failures, breaks and leaks occur in water distribution systems depending on various factors that are the
physical properties of network (pipe length, pipe material, pipe diameter etc.), environmental (traffic
loads, groundwater variation etc.) and hydraulic parameter (high pressure, pressure change) [1]. A
certain portion of these leakages rise to the surface and constitute the reported leakages. On the other
hand, a significant portion does not rise to the surface and constitutes unreported leakages [2]-[3].
Annual leakage rates in distribution systems are between 25 and 30% [4], and the NRW rate is
approximately 30% [5]. A significant part of water resources is lost due to leaks in water distribution
networks. In developed countries, the volume of these leaks is seen to be between 3 and 7% of the water
provided, while in developing countries there is more than 50% leakage [6]. In our country, according
to the data of 25 administrations in the report published by the Turkish Water Institute (SUEN); The
average GGS rate is 42%, and the lowest and highest values are 22% and 67%, respectively [7].

In water distribution systems, an active leak control strategy, which includes the activities of
recognizing, locating and repairing unreported leaks, which constitute a significant portion of leaks,
plays an important role in reducing the volume of physical losses [2], [8]. Active leak control includes
minimum night flow in district metered areas, performing night flow analysis, identifying potential
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recoverable leaks, and locating unreported leaks with acoustic methods. However, in order to obtain the
expected benefits of the active leak control approach, creating district metered areas and defining
boundaries is quite important step. The volume of recoverable leaks increases as the time it takes to
detect and locate unreported leaks increases [5], [9-11]. Moslehi et al. emphasized that leaks constitute
the most important component of water losses. It was stated that in many administrations, high-cost
methods are applied to minimize leaks, but economic criteria should be taken into account in leak
management in order to ensure efficiency in all aspects of the system [12].

Active leak control covers the detection, reduction and prevention of non-surface (unreported) leaks in
district metered areas. For active leakage control, it is necessary to district metered areas in the water
distribution system, perform minimum night flow analysis, monitor flow-pressure changes, detect
detected leakage locations and carry out leak repairs [13]. In addition, the flow-pressure change in the
isolated measurement area should be constantly monitored and new leaks should be intervened
immediately. Active leak control is applied to locate and prevent potential preventable leaks determined
by minimum night flow analysis. This method has no effect on reducing and preventing uncertain leaks.
In order to reduce the volume of preventable leakage detected by monitoring the minimum night flow
rate in a district metered areas, studies are carried out to detect the leak location with devices and
equipment such as ground microphone, regional recorder, regional correlator. It has been emphasized
in the literature that the aim is to detect and repair pipe bursts faster as a result of active leak control
studies [14]. In this way, it has been argued that the benefits of reducing both possible damage to the
environment and water loss will be achieved. Leak detection team refers to the technical team formed
to locate non-surface faults detected by minimum night flow analysis in distribution systems. This team
is of critical importance in combating leaks. Detecting the leak location late or not detecting it causes
the leak volume to increase. The field experience of the leak detection team is very important in
accurately detecting the leak location [15],[16].

Leak detection devices refer to acoustic devices that are based on sound waves and their propagation
and change along the pipeline-connectors in determining the exact location of the leak. These devices
can basically be given as ground microphone (local listening), regional correlator, regional recorders,
hydraulic model-based monitoring systems. Local leak detection involves monitoring the street-based
step-by-step change of sound waves by using acoustic devices, referred to as ground microphones, to
locate leaks that do not surface in the distribution system. Pipe material type, fault location, fault
diameter, soil cover thickness on the pipe, experience of the personnel using the device and inspection
time are effective in detecting this type of leak. In order to perform leakage inspection more accurately,
night hours when ambient noise is the least should be preferred. Regional leak detection aims to
determine the location of potential leak points with the help of sensors placed at valve points in the
region in order to prevent potential preventable leaks detected by MNF analysis in isolated measurement
areas. In this method, potential streets that may leak are determined based on the frequency changes
received from sensors in the region. Then, local detection work is carried out on the street with leakage
potential using local leak detection equipment.

The regular maintenance of these systematic studies in the implementation of the active leakage method
also creates serious costs for water administrations. In addition to the costs of creating and monitoring
measurable regions, the costs of devices and equipment with different characteristics, sensitivities and
costs to be used for the determination of the fault location should also be considered in the studies to be
carried out. In this study, a standard calculation structure is defined for the benefits and costs of the
ground microphone and regional correlator methods used to locate unreported leaks. By using the
defined calculation methodology, the benefits and costs for both methods are analyzed and compared in
a sample network. The method to be selected according to the general characteristics of the networks
plays an important role for the most efficient operation.
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2. Material and Method

2.1. Non-Revenue Water and Components

Non-revenue water refers to water that is supplied to the distribution system but cannot be charged for.
Non-revenue water basically consists of three main components: apparent losses, real losses and
unbilled authorized uses. This component should be minimal to ensure operational efficiency in the
system. In its simplest form, the non-revenue water ratio is obtained as the ratio of the non-revenue
water volume to the inlet volume. According to the water balance table, the non-revenue water volume
is calculated as the difference between the system inlet volume and the revenue-generating water
volume. Real losses occur as a result of malfunctions (reported/unreported) in water distribution systems
due to various factors or overflows and cracks in water tanks. This component is lost as leakage before
the water supplied to the system reaches the subscribers and constitutes a significant part of the
volumetric water losses. One of the most basic tools used to determine the amount and rate of water loss
at a certain standard and to monitor its change is the "standard water balance" recommended by
International Water Association (IWA) and American Water Works Association (AWWA) (Table 1).
In the next stage of this method, Administrative and Physical losses and their sub-components are
calculated or estimated based on legal consumptions and input volumes. The standard water balance
table, filled in using real data to represent the system, provides the opportunity to access information
about the subcomponents of water losses as well as the non-revenue water rate.

Table 1: IWA Standard water balance [2]

(4) Billed (2) Billed metered consumption (5) Non-
(10) authorized (3) Billed unmetered revenue
Authorized consumption congumption water
consumption (9) Unbilled (7) Unbilled metered
authorized copsumptlon
consumption (8) Unbilled uqmetered
consumption
(1) System (12) Illegal consumption
Input (13) Losses due to meter (6)
Volume (15) Apparent inaccuracies Revenue
(11) Water losses (14) Losses due to reading water
losses errors

(17) Leakages in transmission
and distribution systems
(18) Leakages in reservoirs
(19) Leakages in service
connections

(16) Real losses

In order to monitor the water loss performance of administrations and municipalities in Turkey and to
carry out water loss management studies effectively, systematically and at a certain standard, the
"Control of Water Loss in Drinking Water Supply and Distribution Systems" regulation was issued by
the Ministry of Agriculture and Forestry in 2014.The most basic methods applied in the management of
leaks in the international literature are suggested as active leak control, pressure management, fault
repair speed and quality and pipe material management (Figure 1).
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Figure 1: Basic reduction components of real losses [2]

In this figure, the unavoidable annual real loss (UARL) volume is the lowest value of leakages as
technical in a water distribution system. This volume is not the economical level. Therefore, the
economical leakage level should be defined based on the network characteristics and water utility
properties. Pipe material management is defined as the most difficult and costly process in reducing,
managing and controlling leaks [17-18]. Therefore, less costly methods such as active leak control, fault
repair speed and quality, and pressure management should be applied primarily in the distribution
system. Two different intervention methods such as passive leakage control and active leakage control
are applied to control and manage malfunctions and leaks occurring in the water distribution system.
Active leakage control covers the detection, reduction and prevention of non-surface (unreported) leaks
in district metered areas. For active leakage control, it is necessary to create isolated measurement zones
in the water distribution system, perform MNF analysis, monitor flow-pressure changes, detect detected
leakage locations and carry out leak repairs. This method has no effect on reducing and preventing
uncertain leaks. Passive leak control includes the process of repairing and managing surface (reported)
faults in distribution systems. This method only covers the management and repair of faults that surface.
Leak location detection refers to the determination of the location of potential preventable leaks in the
network (in which pipe on a street basis) detected by MNF analysis in district metered areas. Local,
regional and instant monitoring systems are used to detect the leak location. Detecting the leak location
is very important to reduce the leak volume and ensure water efficiency. Local leak detection involves
monitoring the street-based step-by-step change of sound waves by using acoustic devices, referred to
as ground microphones, to locate leaks that do not surface in the distribution system. Pipe material type,
fault location, fault diameter, soil cover thickness on the pipe, experience of the personnel using the
device and inspection time are effective in detecting this type of leak. In order to perform leakage
inspection more accurately, night hours when ambient noise is the least should be preferred.

2.2. Leak Detection with Ground Microphone and Cost-Benefit Analysis

Ground microphones refer to local detection devices used to listen from the ground on the pipeline using
the acoustic method. This device similarly detects leaks by monitoring acoustic signals. In this context,
it should be protected from external sounds such as traffic and wind, and listening should be done step
by step at 1- or 2-meters intervals on the pipe. Listening to and locating faults with a ground microphone
is one of the most frequently used methods in active leak management. In this method, when the location
of'the existing network is known, an operator tries to detect the sound of the leaks by listening sensitively
on the route of the network. The unreported leaks can be detected and leakage losses can be prevented
with this equipment [2], [19] (Figure 2).
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Figure 2: Sample Fault Detection Process with ground microphone

In the cost-benefit analysis of this method, after obtaining the data on the total line length and subscriber
numbers of the network to be studied, the total water loss in the network must be calculated in I/km/hour
(Yilmaz et al., 2023). The current average network pressure of the system and unit water costs should
also be defined as variables. The benefits and possible costs that can be obtained were calculated using
the following data, while making the cost benefit analysis of this method.

Table 2: Data used in analysis

No Parameters Unit
1 Total length of main line m
2 Average length of service connetions m
3 Unit cost of water produced Turkish Liras (TL) /m3
4 Total number of failures in a year No.
5 The volume of real losses m?3/month
6  The volume of leakages in water tanks m*/month
7 The ratc? of unr-eported failures to total failures in %
water distribution netwokr
8  System operation pressure m

2.3. Leak Detection with Regional Correlator and Cost-Benefit Analysis

Acoustic (zonal) recorders can be considered as a compact unit containing acoustic sensors and
programmable data loggers, which can be mounted on a valve-fire hydrant or metal pipe with a magnetic
structure. Its size and features enable it to be easily placed and used at points suitable for monitoring
sound frequencies in the distribution system. These devices are generally placed at suitable points to
listen to the sound of leaks between 02:00 and 04:00 at night, which is the most suitable time for
monitoring sound changes. After the recorders are correctly programmed and placed, the propagation
of sound waves along the pipeline is recorded and the collected data is analyzed to determine the
potential leak line.
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Acoustic (regional) correlators are shown to be one of the most effective tools used in locating leaks. In
the application of this tool, a mathematical-based relationship is established between the frequency
curves of two signals coming from the same leak (potential leak), and the location of the leak is
determined. Therefore, instead of looking for the highest noise point, the potential leak point is
determined by applying cross-correlation based on the frequency curves between two sensors.

In studies conducted in the literature, this method/tool detects the leak location with high accuracy
(generally with an error of less than 1 m). When planning the placement of recorders, two basic elements
must be taken into account as they affect the propagation of sound waves. These factors are the type of
pipe material to be listened to, the operating pressure present in the system. Another method most
frequently used in the active leakage method is to detect faults with a regional correlator. In this method,
a constant sound and vibration is listened to with the help of correlators placed at certain distances, and
accordingly, the location of the leak is aimed to be determined.

| L |
[ [
Sensor I

Sensor 11

Main line

| d / d L L-2d

Leakage

Figure 3: Regional Correlator working structure

The acoustic leak sound correlation method aims to compare the leak sound determined by sensors
(monitoring the exit sound frequency of water coming out of the fault crack point) placed at two valve
points (in a pipeline) in order to detect leaks that do not come to the surface in the isolated measurement
area and to determine the potential leak point accordingly. In this method, it is assumed that the leak
sound velocity in the pipe is constant and the leak sound moves from the leak note in both sensor
directions. If the crack (leak) in the pipe is at an equal distance from both sensors, the sensors detect the
leak simultaneously. If the crack (leak) in the pipe is not at an equal distance from both sensors, the
sensors detect the leak at different times, in which case the difference between the time the leak sound
reaches the sensors is measured by the correlation process [19].

Sensors are placed at two valve points (points I and II) as shown in the figure. The distance of the leak
point that occurs at the bottom of the pipe between the two sensors to sensor no. I is (d), and the distance
from the leak point to sensor no. II is marked (d). In this example, the distance (L.-2d) between the point
(d) away from the leak point and sensor no. II causes the delay time (t) for the leak sound speed to reach
sensor no. II. This distance (L-2d), which causes the delay time, can be written as V*t.

Here, V; The speed of sound created by the leakage coming out of the crack, L; horizontal distance (m)
between two sensors.L = (2 xd) + (V * t)

L=@2x*d)+ (L-2d) (1)
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In this case, the distance of the leak point to the sensor can be written as follows;

_L=(=*0)
=

. @)

In this method, the correlation process determines the delay time (t) of the leak sound between two
sensor points. In this method, the distance (L) between the two sensors must be measured accurately.
The speed of the sound of the leak caused by the leak coming out of a crack varies depending on the
pipe material, pipe diameter, pipe wall thickness and the characteristics of the ground around the pipe.
In general, theoretical values for the speed of sound are used in many cases and are acceptable for the
initial assumption of the leak location. However, since the sound speed varies depending on these
factors, if there are previous repairs on the pipe (different pipe material, etc.), then the assumption made
for the sound speed may change. In this method, the performance of the correlators depends on the
system operating pressure and the level of acoustic noise in the network. While making the cost benefit
analysis of this method, the benefits and possible costs that can be obtained were calculated using the
following data.

Table 3: Data Used in Analysis

No Parameters Unit Value
1 Total Network Length m

2 Unit Water Cost TL/m3

3 Existing Weighted Pipe Type of the Network -

4  Network Failure Repair Cost TL/piece 13.200,00
5 Correlator Cost TL/piece 15.500,00
6  Correlator System and Transmitter Cost TL/piece 1120.000,00
7  Estimated Number of Network Failures pieces/month Calculating
8  Calculation of Interceptable Flow m3/month Calculating
9  Calculation of Benefit Flow Rate to be m3/month Calculating

Obtained with Microphone
10 Number of Correlators Required piece Calculating

Network main line length refers to the length of the pipeline that passes through the street or street in
the distribution system and is under the responsibility of the water administration. Unit water production
cost refers to the production cost of water obtained from the sources feeding the distribution system. In
order to calculate this cost, first of all, all resources feeding the system must be measured continuously
and accurately. Energy expenses should be monitored regularly in the promotion system for water
production costs. Unit fault repair cost refers to the cost incurred by repairing one reported or unreported
fault that occurs in the distribution system. This cost especially has a direct impact on operating cost
and efficiency. This cost basically includes components such as excavation, pipe material, labor, filling,
road covering, and the cost of unsold water. In systems with a high number of malfunctions, fault repair
costs increase linearly, causing the water sales price to reach high levels. Correlator System and
Transmitter Cost includes the initial investment cost of the regional correlator used for leak detection in
the distribution system.
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Table 4: Data Used in Analysis (comt.)

No Data Name Unit Value

11 Determination of Method Performance % Calculating
12 Calculation of Interceptable Flow m3/month  Calculating
13 False Detection Cost TL Calculating
14  Detected Fault Repair Cost TL Calculating
15  Calculation of the Benefit Flow Rate to be Obtained with Correlator m3/month  Calculating
16  Correlator Total Cost TL/year Calculating
17 Economic Gain to be Obtained with Correlator TL/year Calculating

3. Results

In order to compare the costs and benefits of fixed correlator and ground microphone methods,
calculations were made for a network whose values are given below.

Table 5: Network Data used in analysis

Parameters Unit Value
Total Network Length km 15
Total Number of Customers No. 1000
Total Number of Commercial Subscribers No. 250
Total Number of Housing Subscribers No. 750
Average Night Pressure atm 55
System Inlet Flow m3/month 125000
Amount of Water Accrued m?*/month 100000
Average Unit Water Cost TL/m3 6.5
Average Unit Water Sales Price TL/m? 8
Annual Breakdown Amount No. 200

As aresult of the analyses, different amounts of water were recovered depending on the method chosen
in the ground microphone and correlator studies. Additionally, differences were observed in the
application costs of the methods. The benefit to be obtained is calculated in direct proportion to the
water sales price.

Table 6: Results of cost benefit analysis

Method Benefit Flow Cost Benefit +/-

etho (m*month) (TL) (TL) (TL)
ALC Ground Microphone 3,075 146,420 184,530 38,110
ALC Correlator 6,430 270,320 385,930 115,610

According to the results, the method is seen as a factor that seriously affects the benefit to be obtained
in ground microphone and correlator studies. The benefits to be obtained from the methods also vary
depending on the current characteristics of the region and the different values of the network and
operating conditions. Therefore, before developing water loss reduction strategies, the current
conditions of the region must be analyzed and appropriate methods must be selected.
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Conclusions

In this study, a standard calculation structure is defined for the benefits and costs of the ground
microphone and regional correlator methods used to locate unreported leaks. By using the defined
calculation methodology, the benefits and costs for both methods are analyzed and compared in a sample
network. The average non-revenue water rate in Turkey is 42%, and the lowest and highest values are
22% and 67%, respectively. These data show that non-revenue water rates in Turkey are very high and
urgent measures must be taken to reduce these rates. It can be concluded that the total annual economic
loss due to water loss and leakage in our metropolitan cities exceeds 7 billion TL at 2017 prices. This
economic loss is undoubtedly; This is a valid reason in itself to combat water loss and leakage.
Technological tools are needed for each method in combating water loss. For pressure management,
pressure breaking valves to be placed in various parts of the network or new drinking water tanks to be
built, and state-of-the-art equipment such as audio listening devices and magnetic listening devices are
required to perform active leakage control. Long-term strategies should be put forward by water utilities
to prevent losses and keep the system under control. This strategy should be based on the following
studies;

e Continuous and active monitoring of the system
e Constantly combating leaks and administrative loss of components
e Implementation of active leak control approach

e Implementation of subscriber, meter management, pressure management, pipe material
management, fault management applications

Although the approach based on active leakage control seems costly, it provides a long-term solution in
terms of resource efficiency, subscriber satisfaction and network management. Obtained results; It has
been concluded that the method to be chosen according to the general characteristics of the networks
plays an important role for the most efficient operation.
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The mechanical behaviour of the wall, in-situ wall tests and numerical analysis is required along with the material
properties. With the support of smart learning techniques, the state of the walls was estimated. This makes it
possible to obtain healthy data to support the experiment and modelling. The utilization of mathematical tools like
Fuzzy Logic has been demonstrated to be beneficial in resolving intricate engineering issues, without the need to
replicate the studied phenomenon, given that the only available information consists of the problem's parameters
and desired outcomes. To analyse the wall's behaviour more accurately and quickly, analyses were made using the
fuzzy method, one of the smart learning techniques, and compared with the data in the studies in which
experimental analysis was applied. The behaviour of the wall, the flexibility and energy capacity were tried to be
estimated. In the fuzzy, material parameters and wall load capacities that will affect the properties of the wall are
used as inputs. Thirty-five (35) data sets, experiments and modelling data from different studies were taken.
Estimation results were compared with empirical results.

Keywords: ductility, energy capacity, fuzzy logic, and masonry wall.

1. Introduction

Unreinforced masonry structures are known for their insufficient seismic per-formance, which has been
confirmed through numerous investigations of earth-quake disasters. This inadequate behavior is
typically attributed to the unsuitable characteristics displayed by the masonry when subjected to tensile
stress. In this regard, unreinforced masonry structures can be enhanced by incorporating verti-cally and
horizontally reinforced concrete elements (known as confining ele-ments) to create confined masonry
structures. These confined structures offer the advantage of efficiently confining masonry walls and
enhancing the structure's' ability to withstand deformation. [1-4].

There are many factors that affect the compressive strength of clay brick mason-ry walls connected by
cement mortar. In general, the way masonry responds to compressive loads depends on how the brick
and mortar interact. The properties of the materials themselves (bricks and mortar) also change when
used in a ma-sonry wall compared to when they are used individually. Additionally, it is im-portant to
consider that masonry is a material that has different properties in dif-ferent directions and is highly
influenced by construction processes. The wide variety of metrics available, some of which are
quantitative (such as brick com-pression resistance) and others more qualitative (such as construction
processes), make the construction and design of masonry structures more complex.

The deformability of the wall is influenced by the specific properties of the mor-tar, especially in the
joints of the matrix [5-6]. The mechanical properties of the components that compose the walls and
joining points were determined through laboratory experiments. Wall models were created. The
behavior of the walls was analyzed, and the obtained parameters were utilized in the modeling process
for comparisons [7-10]. The fragility of masonry walls is evident when they are ex-posed to compressive
stresses. However, under shear stresses, they can exhibit ductile behavior to some extent. Research on
the load-displacement behavior of masonry walls under axial load has shown that the compressive
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strength of the masonry can be estimated using the single-axis compressive strength of the ma-sonry
unit, while also considering the compressive strength of the mortar. Further analysis of the district split
of the walls revealed that the power level of the wall is low, leading to reduced ductility. To address this
issue, the wall distance pro-portion must be carefully designed, and the use of brittle materials should
be evaluated. Therefore, it is important to maintain earthquake reliability and ductil-ity through
appropriate construction methods [11]. There is evidence that masonry infill walls affect the stiffness
and strength of unfilled frame structures. Building designs have often ignored infill walls because their
brittle behaviour is unknown. It is recommended to conduct experimental tests and analytical
investigations to understand the behaviour of the frame and composite infill walls [12, 13 and 14].
During damage mechanisms, it is also important to conduct extensive tests to determine what caused
the corners of the walls to fail. A lateral load acts on an infill wall as a diagonal structure connecting
two corners. Masonry structures exhibit limited ductility under shear stresses and brittleness under
compression. According to the results of experiments on overload displacement behaviours under axial
load in masonry structures, the uniaxial strength of these structures is only determined by their uniaxial
strength and the mortar effect is minimal [15-21]. Based on the concept of an excellent plastic curve,
Tomazevic (1999) suggests that the durability effect of walls can be explained by considering both
inelastic and elastic achievements. This illustrates a reliance on the equal energy dissipation of actual
and theoretical stress-strain curves [22]. In a study conducted by Essa et al. (2014), the researchers
evaluated the impact of the performance of high strength reinforced concrete beams on the ductility of
the infill walls. To achieve this objective, they prepared different types of materials with varying
thicknesses and loaded them with filled and non-filled beams [23]. Several parameters were obtained
during this count. It was found that the type of scrape-off influences ductility. As a result, the load-
bearing walls' behavior could be determined, and it might be possible to devise techniques for repairing
the damage [24]. Modeling techniques are often employed to study the behaviors of walls, as ex-
perimental work on the walls is not always feasible. Composite models are com-monly used to represent
walls in these simulations. However, there are instances where quick judgment is necessary. Recent
studies have also incorporated artifi-cial intelligence methods alongside traditional approaches.

Artificial Intelligence (Al) refers to the advanced concept of machines being capable of independently
performing tasks by utilizing algorithms/models that enable computers and machines to function
intelligently. Consequently, Al has been developed at the intersection of various fields, including
computer science, cybernetics, information theory, psychology, linguistics, and neurophysiology [25].
All previous research has demonstrated the effectiveness of Al algorithms using traditional methods
related to assessment, decision-making, prediction, and optimization. The current survey focuses on
these methods as they are applicable to network issues in civil engineering, which is an interdisciplinary
field influenced by various global factors that are hard to simulate using calculations in math, physics,
and mechanics. Additionally, the effectiveness of Al in solving engineering problems relies on its
capability to learn from data inputs and outputs, guaranteeing that the complex relationships between
the data are accurately simulated, even when the interdependencies are uncertain, or the physical
phenomena are difficult to interpret [26]. Over the years, artificial neural networks (ANNs) and
customized Neuro-fuzzy inference systems (ANFIS) have been widely used in civil engineering due to
their resilience and high precision. These models have proven successful in various applications,
including the evaluation of compressive strength and elastic modulus of different concrete types, as well
as the analysis of concrete drying shrinkage and durability [27-36]. The purpose of this report is to
determine the compressive strength of a masonry structure made of clay bricks and cement mortar using
two numerical techniques: Artificial Neural Networks and Fuzzy Logic, rather than relying on pragmatic
models. These techniques address a complex problem by analyzing the input and output data of the
system, rather than considering the physical phenomena that served as their inspiration [36-39].

There have been only a few studies that have utilized artificial intelligence technology in the analysis of
masonry structures. In one study conducted by Plevris and Asteris [40], they employed an artificial
neural network (ANN) to forecast the failure of masonry under biaxial four (4) compression. Their ANN
model not only successfully predicted the failure pattern of masonry at a specific 0 (angle between the
bed joint and horizontal compressive stress), but also identi-fied the three-dimensional failure surface
formed by the failure pattern at any 0. Afterwards, Plevris and Asteris [41] proceeded to develop a
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dimensionless model for predicting masonry surface failure based on ANN. This model can also be
applied to other masonry materials with similar geometry and mechanical properties. However, there
have been very few studies conducted on the application of artificial intelligence techniques to predict
masonry behavior. Zhang et al. [37] conducted a study where they developed a cellular automata model
to determine the cracking patterns of vertically loaded masonry structures. In a separate study, Garzon-
Roca et al. [38,39] used both artificial neural network (ANN) and fuzzy logic methods to estimate the
compressive strength of brick masonry. Another study by Plevris et al. [40] involved the development
of an ANN model to analyze the failure surface of masonry under biaxial compressive stress. They
aimed to create ANN and ANFIS models that could predict the compressive strength of masonry prisms
made of hollow concrete blocks. To achieve this, they compiled and evaluated 102 sets of experimental
data from their own experiments and from previously published technical literature. The proposed
models were then compared to various empirical techniques to assess their reliability and accuracy [42-
45].

The results of this study, which used Fuzzy Logic methods, were subsequently compared with various
empirical suggestions to demonstrate their accuracy.

2. Material and Method

2.1. Material

Factory bricks, hollow bricks, clay bricks, pumice, cement mortar, and lime mortar were commonly
employed in the research. The mechanical properties of the materials were determined by assessing their
compressive strength and bend-ing strength. (Fig 1).

Fig.1 Masonry unit

The table with the data obtained from the studies is presented (Tablel) [46-48].

Table 1. Mechanical strengths of materials

Flexure Strength Flexure Strength Compressive Strength Compressive Strength
Code Brick Mortar Brick Mortar
A2 0.3 2.12 6.38 12.5
A3 0.3 2.12 6.38 12.5
A4 0.3 2.59 6.38 4.59
AS 0.3 2.59 6.38 4.59
A7 0.4 2.12 6.11 12.5
A8 0.4 2.12 6.11 12.5
A9 0.4 2.12 6.11 12.5
All 0.4 2.59 6.11 4.59
Al12 0.4 2.59 6.11 4.59
Al13 0.8 2.12 6.05 12.5
Al4 0.8 2.12 6.05 12.5
Al5 0.8 2.12 6.05 12.5
A17 0.8 2.59 6.05 4.59
A19 0.5 2.12 2.63 12.5
A20 0.5 2.12 2.63 12.5
A22 0.5 2.59 2.63 4.59
A23 0.5 2.59 2.63 4.59
A24 0.5 2.59 2.63 4.59
B1 3 3 10.3 72
B2 4 4 8.8 7.1
B3 34 34 7.5 6
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B4 33 33 7.8 5.7
B5 4 4 8.5 73
B6 33 33 7.9 52
C1 1.32 1.32 2.37 2.37
C2 1.32 1.32 2.37 2.37
D2 2 2 10.5 10.5
D3 2 2 11.5 11.5

Sample models of the walls were established in the studies, and experiments were conducted (Figure 2-
3). To analyze and compare the conditions of these test walls, simulations were conducted. It was

determined that the results of the experiment and the fuzzy logic were compared, and these results
showed similarity.

Fig.2 Experimental of Walls Set

It was discovered that the mechanical properties of the materials used in wall production have an

impact on the ductility and energy capacity of the walls. As a result, the data obtained from these
studies were utilized in this study.

Fig 3. Before-After Experimental System
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The data obtained depending on the experiment data of the walls are given in the table. Thirty- five
(35) sample wall works were selected. These walls are coded as follows (Table 2)

Table 2. Walls of Experimental Results

Code Horizontal Load Au Ay Ductility Energy
Capacity
Al 92.53 34.12 28.15 1.21 2325.41
A2 107.16 29.81 22.85 1.30 1722.03
A3 95.44 32.67 17.7 1.85 1824.57
A4 42.02 35.96 23.61 1.52 786.72
A5 49.07 24.99 12.08 2.07 703.11
A6 42.96 52.27 30.7 1.70 1263.54
A7 43.39 31.08 23.73 1.31 756.31
A8 52.51 22.18 17.85 1.24 565.14
A9 44.47 21.87 14.73 1.49 527.72
Al0 26.21 18.77 16.37 1.15 306.2
All 40.57 13.41 11.88 1.29 244.89
Al12 34.41 34.43 17.18 2.00 500.43
Al13 18.93 22.65 17.8 1.27 295.81
Al4 51.27 30.56 9.89 3.09 1169.9
Al5 35.77 24.51 15.2 1.61 553.26
Al6 12.08 21.93 10.56 2.08 186.83
A17 14.41 25.6 9.43 2.71 270.66
Al8 12.42 23.05 8.47 2.72 206.73
A19 46.21 36.21 22.95 1.58 1127.48
A20 96.06 28.15 21.47 1.31 1400.33
A21 53.58 21.79 10.3 2.12 471.375
A22 36.4 21.76 11.83 1.84 441.02
A23 46.69 22.95 14.55 1.57 557.16
A24 43.92 12.65 6.78 1.86 334.93
B1 84.2 8 1.8 4.44 597.82
B2 95.2 7.4 1.6 4.63 628.32
B3 52.4 21.7 22 9.86 1079.44
B4 75.3 14.3 1.5 9.53 1020.31
B5 63.8 15.3 1.6 9.56 925.1
B6 94.1 20.9 4.6 4.54 1750.26
C1 353 12 2.5 4.80 379.47
C2 63.4 11.9 1.2 9.92 716.42
D1 40 4 0.8 5.00 144
D2 42 3.7 0.8 4.63 138.6
D3 70 3.9 0.6 6.50 252
2.2. Method

Sufficient data has been collected at the start of fuzzy Logic modeling to define the parameters of the
models (Table 3-4). This data is obtained from the experiments being conducted and from previous

studies.
Table 3 Training Data Test
Flexure Strength  Flexure Strength  Compressive Strength  Compressive Strength  Ductility Energy
Capacity
Brick Mortar Brick Mortar Wall Wall
A2 0.3 2.12 6.38 12.5 1.30 1722.03
A7 0.4 2.12 6.11 12.5 1.31 756.31
All 0.4 2.59 6.11 4.59 1.29 244.89
A17 0.8 2.59 6.05 4.59 2.71 270.66
Al19 0.5 2.12 2.63 12.5 1.58 1127.48
A22 0.5 2.59 2.63 4.59 1.84 441.02
D2 2 2 10.5 10.5 4.63 138.6
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Table 4 Testing Data Set
Flexure Strength  Flexure Strength Compressive Strength  Compressive Strength  Ductility Energy
Capacity
Code Brick Mortar Brick Mortar Wall Wall
Al 0.3 2.12 6.38 12.5 1.21 2325.41
A3 0.3 2.12 6.38 12.5 1.85 1824.57
A4 0.3 2.59 6.38 4.59 1.52 786.72
A5 0.3 2.59 6.38 4.59 2.07 703.11
A6 0.3 2.59 6.38 4.59 1.70 1263.54
A8 0.4 2.12 6.11 12.5 1.24 565.14
A9 0.4 2.12 6.11 12.5 1.49 527.72
Al10 0.4 2.59 6.11 4.59 1.15 306.20
Al12 0.4 2.59 6.11 4.59 2.00 500.43
Al3 0.8 2.12 6.05 12.5 1.27 295.81
Al4 0.8 2.12 6.05 12.5 3.09 1169.90
Al5 0.8 2.12 6.05 12.5 1.61 553.26
Al6 0.8 2.59 6.05 4.59 2.08 186.83
Al8 0.8 2.59 6.05 4.59 2.72 206.73
A20 0.5 2.12 2.63 12.5 1.31 1400.33
A21 0.5 2.12 2.63 12.5 2.12 471.38
A23 0.5 2.59 2.63 4.59 1.57 557.16
A24 0.5 2.59 2.63 4.59 1.86 334.93
B1 3 3 10.3 7.2 4.44 597.82
B2 4 4 8.8 7.1 4.63 628.32
B3 34 34 7.5 6 9.86 1079.44
B4 33 3.3 7.8 5.7 9.53 1020.32
B5 4 4 8.5 7.3 9.56 925.10
B6 33 33 7.9 52 4.54 1750.26
C1 1.32 1.32 2.37 2.37 4.80 379.48
C2 1.32 1.32 2.37 2.37 9.92 716.42
D1 2 2 10.5 10.5 5.00 144.00
D3 2 2 11.5 11.5 6.50 252.00

2.2.1. Fuzzy Logic The fuzzy Logic theory, proposed by Zadeh [50], is a mathematical application
that enables its use in uncertain environments. Unlike classic logic, which categorizes items as either
belonging (1) or not belonging (0) to a set, fuzzy Logic considers a blurred pattern as a set that does not
have a clearly defined limit [51]. This set may only contain basic information with a partial membership
rating (a number between 0 and 1). In 1985, Sugano [52] conducted a study on a fuzzy deduction
technique, which showed that the out-come of the if-then rules can be linear or constant. A fundamental
rule in Sugano's fuzzy model takes the form: "If input 1 = x and input 2 =y, then output is z = ax + by
+ ¢." For each rule, the resulting output zi is weighted by the firing strength wi of the rule [50]. Therefore,
the final output (ofinal) of the technique is the average of all control outputs, which are balanced and
estimated as shown in figure 4.

(S [
DOG | e ||

input

Fig. 4 Back propagation training fuzzy logic.
2.2.2. Fuzzy Logic and Set Data

In order to increase the size of the training-testing database, 35 test data sets were compiled from
published information, specifically representing the test results for 35 prisms (as shown in Table 3-4).
For the implementation of Fuzzy Logic, the MATLAB Fuzzy Logic Toolbox [51] was utilized to create
a fuzzy deduction system. This system can be employed to determine the ductility and energy capacity
of a masonry structure (f), provided that the compressive strengths of its bricks and mortar, as well as
its flexure strength, are already known. This toolbox includes a membership function, the if-then rules,
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and the weight wi. These elements define the fuzzy inference system and establish the connections
between a set of inputs and the output. In this section, a hierarchical evaluation was first established,
which divided the factors that influence the health of the masonry structure into four layers. Based on
the hierarchical model, the judgment matrix of each level was determined using expert experience and
the characteristics of masonry structures. The weight coefficient vectors were then calculated based on
the judgment matrix. The process of fuzzy logic is depicted in figure 5.

Ductilite

Material Mechanic Testting

Properties
(Brick-Mortar)
Honizontal Load

=/
Fuzzy
\‘ Training Qj \

Fig. 5 Fuzzy Logic process

Data

Energy Capasity

The evaluation matrix was determined using the grey method. Consequently, the comprehensive rating
vector for each layer factor was calculated using fuzzy linear transformation, which involves the
weight coefficients vector and the evaluation matrix. Figure 6 depicts the study upload system.
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data set index

Testing and Training Data

Index

Training Data and FIS out-put

Fig. 6 Fuzzy Logic Study System and Upload Data

3. Finding and Results

After allocating 7 out of 35 data for training, the data underwent training. The preceding section provides
a detailed explanation of how the model operates. A comparison was made between the data obtained
from the fuzzy model and the actual data. The graphs generated using the acquired data demonstrate
that an accurate prediction was made using fuzzy logic. The objective of the research was to obtain
information regarding the ductility and energy capacities of the walls. By adding the horizontal loading,
according to the material strengths, the displacement of the wall at the point where it first started to flow
and the final displacement under loading were also estimated to support the study. In Figure 6 and 7 the
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study was observed to be demonstrable. Looking at the R? coefficients, which was obtained as 0.93-0.95

(figure 6-7).
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Fig. 7 Dy-Fuzzy Logic Data

The ductility and energy capacity of the wall are important for interpreting its behavior. The main
objective of the study was to analyses the conditions of the walls using intelligent techniques. The figure
8 and 9 values and have obtained in show that the study is supported by fuzzy logic. R? values were

obtained as 0.99 to 0.97.
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Fig. 8 Ductility- Fuzzy Logic Data
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Fig 9 Energy Capacity- Fuzzy Logic

Experiment and model values were modeled by fuzzy logic. What's more, the results are charted to
be healthy. To compare the Values, here, they are compared with the RSM technique. The results from
the RSM are given in the table of 5. In both estimation methods, results close to the real values were
obtained. When the R coefficients are compared according to the obtained data, it has been determined
that the values are very close. R values were obtained above 0.9

Table 5. Experimental, RSM and Fuzzy Logic Compared

Run Independent variables Dependent variables
no.” Compressive Flexure Strenght Ductilite Energy Capacity
Strenght
Brick Mortar  Brick Mortar  Experimental RSM Fuzzy Experimental RSM Fuzzy

1 0.3 2.12 6.38 12.5 1.21 1.50 1.53 1550 1520.8  1463.0
2 0.3 2.12 6.38 12.5 1.30 1.50 1.71 1722.03 1520.8  1577.0
3 0.3 2.12 6.38 12.5 1.85 1.50 1.76 1824.5 1520.8 1642
4 0.3 2.59 6.38 4.59 1.52 1.76 1.76 786.72 940.59 679
5 0.3 2.59 6.38 4.59 2.07 1.76 1.99 703.11 940.5 562
6 0.3 2.59 6.38 4.59 1.70 1.76 1.76 1263.54 940.5 1220
7 0.4 2.12 6.11 12.5 1.31 1.20 1.71 756.31 849.55 562.0
8 0.4 2.12 6.11 12.5 1.24 1.20 1.57 565.14 849.5 628.0
9 0.4 2.12 6.11 12.5 1.49 1.20 1.76 527.72 849.5 538.0
10 0.4 2.59 6.11 4.59 1.15 1.56 1.53 306.2 331.7 189.0
11 0.4 2.59 6.11 4.59 1.29 1.56 1.57 244.8 331.7 271.0
12 0.4 2.59 6.11 4.59 2.00 1.56 1.99 500.4 331.7 224
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13 0.8 2.12 6.05 12.5 1.27 1.62 1.57 295.8 412.7 294
14 0.8 2.12 6.05 12.5 2.03 1.62 1.99 569 412.7 441
15 0.8 2.12 6.05 12.5 1.61 1.62 1.76 553.2 412.76 253
16 0.8 2.59 6.05 4.59 2.08 2.53 1.99 186.8 231.1 172
17 0.8 2.59 6.05 4.59 2.71 2.53 2.4 270.6 231.1 247
18 0.8 2.59 6.05 4.59 2.72 2.53 2.8 206.7 231.1 201
19 0.5 2.12 2.63 12.5 1.58 1.65 1.76 1127.4 1166.3 1012
20 0.5 2.12 2.63 12.5 1.31 1.65 1.71 1400.3 1166.3 1115
21 0.5 2.12 2.63 12.5 2.12 1.65 1.99 997 1166.3 1047
22 0.5 2.59 2.63 4.59 1.84 1.81 1.76 441.02 4393 487
23 0.5 2.59 2.63 4.59 1.57 1.81 1.76 557.16 4393 517
24 0.5 2.59 2.63 4.59 1.86 1.81 1.76 334.9 439.38 426
25 3 3 10.3 72 4.75 4.78 5 597 597.78 602
26 4 4 8.8 7.1 4.63 4.70 4.63 2112 2207.6 1839
27 3.4 34 7.5 6 10.65 10.71 9.91 1079.4 1212.8 1220
28 33 33 7.8 5.7 7.89 7.92 7.94 1020.3 999.53 833
29 4 4 8.5 73 9.56 9.70 9.56 264 156.30 162
30 33 33 7.9 5.2 5.28 5.39 5.55 1347 1273.0 1042
31 1.32 1.32 237 2.37 7.36 7.37 7.34 379.4 551.09 448
32 1.32 1.32 2.37 2.37 7.36 7.37 7.34 716.4 551.09 512
33 2 2 10.5 10.5 5.00 4.79 5.55 144 124.02 140
34 2 2 10.5 10.5 4.63 4.79 4.81 138.6 124.02 125
35 2 2 11.5 11.5 6.50 6.44 6.5 1038 1084.2 980

4. Conclusions

In this study, the researchers utilized the numerical procedure of fuzzy logic to determine the
compressive strength and tension of masonry prisms. They gathered a reliable database of published
experimental results, from which they randomly selected 35 samples for instructional purposes.

The remaining 28 samples were then used to test the suggested modeling. The research resulted in the
subsequent outcome, which shows that the Fuzzy Logic modeling trained by the algorithm in the hidden
layer performs well in predicting commodities. The projected significance is important in relation to
experimental consequences for both the training and testing sets in the formulated models.

The Fuzzy Logic model, which utilized bell-shaped participation functions, displayed a high level of
accuracy. Additionally, the performance indices indicated that the Fuzzy Logic model slightly
outperformed the RSM model. The comparison revealed that, on average, the empirical methods
underestimated ductility and energy capacity by around 10.

On the other hand, the predicted results obtained from the models developed in this study closely align
with experimental values. Generally, the proposed Fuzzy Logic models exhibit great applicability and
reliability in predicting the ductility and energy capacity of various masonry prisms.

The estimation of ductility's energy has been found to be more accurate compared to its capacity.
According to the study, selecting material properties allows for estimating the mechanical behaviors of
the wall.

In subsequent research, various mechanical strengths can be examined, or empirical formulas can be
created to describe the behaviors of the wall. Experimental data is open to further increases and
experimentation with various methods in smart learning techniques.
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