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3 Öz: Üretimi maliyetli olan elektrik enerjisinin doğru kullanılması önemli bir 
konudur. Ülkemizdeki önemli sorunlardan birisi olan kaçak elektrik kullanımların 
tahmin edilmesi, enerji piyasasında çözülmesi gereken bir problemdir. Birlikte 
değerlendirilen kayıp ve kaçak kullanım miktarları, birbirinden farklı terimlerdir ve 
ayrı ayrı değerlendirilmesi gerekmektedir. İki terimin ayrı değerlendirilmesi, 
herhangi bir şebeke üzerinde alınacak önlemlerin veya yapılacak yatırımların daha 
sağlıklı olmasını sağlayacak ve elektriğe bakış açısını da olumlu yönde 
değiştirecektir. Bu sayede bölgelere yapılacak yatırımların, kaçak ile mücadele 
üzerine mi yoksa kayıpların azaltılması üzerine mi yapılması gerektiği hakkında 
bilgi verecektir. Kaçak kullanımların tahmin edilmesi sosyo-ekonomik yönden ve 
kaçak kullanımlarla mücadele kapsamında büyük gelişmelerin önünü açacaktır. 
Bu çalışmada kaçak kullanım miktarlarının tahmin edilmesi yapay sinir ağları ile 
gerçekleştirilmiştir. Tahmin yapılması istenilen şehirlerin şebekeleri tek bir trafo 
bölgesine indirgenerek yapay sinir ağlarında tüm kayıpların ve kaçak kullanım 
miktarlarının tahmin edilmesi sağlanmıştır. 
Literatürde kaçak kullanımların doğal kayıplardan ayrı değerlendirilmesiyle ilgili 
pek çalışma olmasa bile, bu çalışma ile kaçak kullanımların tahmin edilebilmesi 
önerilen algoritmalar ile mümkün hale gelmiştir. Önerilen algoritmalar yardımıyla 
doğal kayıplar ve kaçak kullanımlar birbirlerinden ayrılacak şekilde tahmin 
edilmiştir. Sonuçlar farklı eğitim fonksiyonları ile eğitilen yapay sinir ağları 
yardımıyla da desteklenmiştir. Hem şehirlerin kaçak kullanım miktarları tahmin 
edilmiş, hem de eğitim fonksiyonlarının performansları karşılaştırılmıştır. 

  
  

Forecasting Of İllegal Consumption İn Electrical Power Systems  
 
 

Keywords 
Loss 
Illegal use 
Distrubition lines 
Power systems 
Energy 
Artificial neural networks 
(ANN)  

Abstract: Correctly using electrical energy, which is costly to produce, is essential. 
Estimating illegal electricity, which is one of the critical problems in our country, 
usage is a problem that needs to be solved in the energy market. Loss and illegal use, 
considered together, are different terms and should be evaluated separately. 
Evaluating each term separately will ensure that the measures to be taken or the 
investments to be made on any network will be healthier and positively change the 
perspective on electricity. In this way, it will provide information on whether the 
investments to be made in the regions should be made to fight against illegality or 
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1. Giriş 

Elektrik enerjisi tüketimi geçmişten günümüze kadar ülke ekonomilerinde çok önemli rol oynamaktadır. Özellikle 
son zamanlarda gelişen ve büyüyen dünyada, elektrik enerjisi her alanda önemli bir rol üstlenmektedir. Enerjiye 
ihtiyacın yüksek seviyelerde olduğu günümüzde enerjinin kaçak kullanım şeklinde yok olması ekonomik bir 
yüktür. Engellenmesi ve tespit edilmesi zor olan kaçak kullanımlar, ülkemize her yıl maddi olarak ciddi anlamda 
yük olmaktadır [1]. Kaçak kullanım miktarı altında kaybolan enerjinin değerlendirilmesi, başta ekonomik anlamda 
olmak üzere birçok alanda büyük önem arz etmektedir [2]. Ekonomik Kalkınma ve İşbirliği Örgütü (OECD) ülkeleri 
ile karşılaştırıldığında ülkemizde meydana gelen kayıp kaçak kullanım miktarları ortalamanın yaklaşık iki katı 
kadardır [3,4]. Kayıp ve kaçak kullanımlar hem değerlendirme bakımından hem de elektriksel (terimsel) ifade 
bakımından birbirinden ayrılması gereken iki farklı terimdir. Kayıplar terimi; şebekelerden kaynaklı meydana 
gelen ve sıfır olması mümkün olmayan gerçekleşmesi beklenen doğal kayıplardır.  
 
Kaçak kullanım terimi ise; sıfıra indirilmesi mümkün olan, şebekenin özelliklerine bağlı olmayan kayıplardır [5-
7]. İki terimin birbirinden ayrı değerlendirilmesi, şebekelere yapılacak yatırımların daha sağlıklı olmasını 
sağlayacaktır. Şebekeler üzerinde yapılacak iyileştirmelerin teknik kayıplar üzerinde mi yoksa kaçak kullanımlarla 
mücadele üzerine mi olması gerektiğinin anlaşılmasını sağlayacaktır. Her yıl gerçekleştirilen yatırımlar, kayıp ve 
kaçak kullanımların ikisinin de birlikte azaltılması yönünde gerçekleştirilmektedir [7,8]. Ancak kaçak kullanımı 
olmayan bir bölgeye, kaçak kullanımla mücadele için bütçe ayırmak gereksizdir. Tam tersi durum doğal kayıplar 
içinde geçerlidir. Doğal kayıpların az, kaçak kullanımların fazla olduğu bölgeler için de şebekelerin 
iyileştirilmesinden ziyade, kaçak kullanımlar ile mücadele edilebilecek bir yatırım gerekmektedir.  Bir şebeke 
üzerinde kaybolan enerjinin ne kadarının kayıp ne kadarının kaçak kullanım olduğunun bilinmesi şebekeyi daha 
iyi tanımlamamızı sağlayacaktır.  
 
Bir şebeke üzerinde meydana gelen kaçak kullanım miktarı direk hesaplanamazken, şebeke üzerinde kaybolması 
beklenen teknik (doğal) kayıpların hesaplanabilmesi, şebekelerde kullanılan malzemelerin elektriksel 
özelliklerine bağlı olduğu için mümkündür [8-10]. Birlikte değerlendirilen kayıp ve kaçak kullanımların toplam 
miktarları (şebekede boşa giden enerji miktarı) göz önünde bulundurulduğunda, kaçak kullanımların da tahmin 
edilebilmesi mümkün olacaktır.  Kaçak kullanım miktarı ile şebekeden kaynaklı meydana gelen teknik kayıpların 
en azından yaklaşık olarak bilinmesi şebekelerin sağlamlığı hakkında da bize bilgi verecektir. Kaçak kullanımlarla 
mücadele de ağırlık verilmesi gereken bölgeler belirlenerek daha spesifik çalışmaların yapılması mümkün 
olacaktır. 
 
Kaçak kullanımların noktasal olarak belirlenmesi de birkaç yöntemle mümkün olabilir. Şebekelere yerleştirilen 
akıllı sayaçlar, akıllı sensörler veya haberleşme altyapıları ile PLC kullanılarak kaçak kullanımlar noktasal olarak 
tespit edilebilir. Ancak bu yöntemler çok maliyetlidir. Özellikle kayıp ve kaçak kullanımların aynı değerlendirildiği 
göz önüne alındığında; kaçak kullanımların noktasal tespiti için kurulması gereken sistemin nereye kurulacağı çok 
yanıltıcı olabilir. Bu çalışmada şebekelerdeki kayıp ve kaçak kullanım miktarlarının ayrı ayrı değerlendirilmesi, 
yapılacak olan yatırımların daha sağlıklı olmasını da hedeflemektedir. 
 
2. Meteryal ve Metot 

 
2.1. Kaçak kullanımların tahmini için önerilen algoritma gösterimi  

Ülkemizin en büyük sorunlarından biri olan kaçak kullanım miktarlarının, ayrıştırılması ile ilgili literatürde çok az 
çalışmalar bulunmaktadır. Güç sistemleri üzerinde yapılan en önemli konulardan birisi meydana gelen doğal 
kayıpların azaltılması yönündedir. Ancak kaçak kullanımların miktarlarının da tahmin edilebilmesi için birkaç 

reduce losses. Estimating illegal uses will pave the way for significant developments 
in socio-economic terms and the fight against illicit uses. 
The estimation of the amount of illegal usage was carried out with artificial neural 
networks. Reducing the cities' networks to be estimated to a single transformer zone 
ensures that the amount of illegal use in artificial neural networks is estimated. 
Although there are not many studies evaluating illegal uses separately from natural 
losses, this study has made it possible to predict illegal uses with the proposed 
algorithms. With the help of the proposed algorithms, natural losses and illegal uses 
are estimated separately. The results are also supported with the help of artificial 
neural networks trained with different training functions. Both the amount of illicit 
use in the cities were estimated, and the performances of the education functions 
were compared. 
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yöntem uygulanabilir [11,12]. Enerjinin korunumu kanunu “Var olan enerji yok olamaz” kapsamında tüketicilerin 
kullandığı enerji başta olmak üzere teknik ve teknik olmayan kayıpların toplam miktarı, harcanan enerji miktarına 
eşit olmak zorundadır. Bu kapsamda kaçak kullanım miktarlarının tahmini için, abonelerin tüketmiş oldukları 
enerji miktarı ve teknik kayıpların hesaplanması gerekmektedir. Abonelerin harcamış oldukları enerji miktarı 
faturalandırılan enerji miktarı anlamına gelmektedir.  
 
Çalışmada faturalandırılabilen (abonelerin harcamış oldukları) ve faturalandırılamayan (kayıp ve kaçak yollarla 
harcanan) enerji miktarları “W” ile ifade edilmiştir ve aralarındaki ilişki Denklem (1)’de belirtilmiştir. Teknik 
olmayan kayıplar ve teknik kayıplar ise faturalandırılamayan enerji miktarı olarak kaybolan kayıpların tamamıdır. 
Teknik olmayan kayıplar Denklem (2)’de belirtildiği gibi tanımlanabilir. 
 

𝑊2   (𝑀𝑊ℎ) = 𝑊1 (𝑀𝑊ℎ) − 𝑊3 (𝑀𝑊ℎ) (1) 

𝑊4   (𝑀𝑊ℎ) = 𝑊2  (𝑀𝑊ℎ) − 𝑊5  (𝑀𝑊ℎ)  (2) 
 
W1: Toplam Harcanan Enerji Miktarı  
W2: Faturalandırılamayan Enerji Miktarı  
W3: Faturalandırılabilen Enerji Miktarı 
W4: Teknik Olmayan Kayıplar  
W5: Teknik Kayıplar 
 
Teknik olmayan kayıpların tahmin edilebilmesi direk olarak mümkün değildir. Teknik olmayan kayıpların tahmin 
edebilmesi için öncelikle teknik kayıpların hesaplanması gerekmektedir. Bir şebekede meydana gelen teknik 
kayıpların büyük bir bölümünü iletken kayıpları ve trafo kayıpları oluşturmaktadır. Teknik olmayan kayıplar ise 
şebekelerden bağımsız, insan hatalarından dolayı meydana gelen kayıplardır. Teknik olmayan kayıpları oluşturan 
etmenler; faturalandırma hataları, müşteri takipsizliği, sayaç okuma hataları, dosya hataları vb. gibi insan 
hatalarından meydana gelen hatalar olduğu için tüm bu kayıpları kaçak kullanım olarak ele alabiliriz [13-15]. 
Dolayısıyla teknik olmayan kayıplar yaklaşık olarak kaçak kullanımlara eşittir diyebiliriz ve teknik olamayan 
kayıpları Denklem (3)’te, teknik kayıpları ise Denklem (4)’te gösterildiği gibi ifade edebiliriz. 
 

𝑊4   (𝑀𝑊ℎ) = 𝐸𝐾𝑎ç𝑎𝑘 𝐾𝑢𝑙𝑙𝑎𝑛𝚤𝑚  (𝑀𝑊ℎ) (3) 

𝑊5  (𝑀𝑊ℎ) = 𝐸1 (𝑀𝑊ℎ) + 𝐸2 (𝑀𝑊ℎ)  (4) 
 
E1: İletkenler üzerinde meydana gelen kayıplar 
E2: Trafo üzerinde meydana gelen kayıplar 
 
İletken kesiti ve üzerinden geçen akım değeri bilinen iletken üzerinde kaybolan zaiyat gücü Denklem (5) 
yardımıyla hesaplanabilir.  
 

𝑃𝑍 = 3 ∙ 𝐼2 ∙ 𝑅 (5) 

 
PZ: Zaiyat Güç 
I: Hat akımı 
R: Hattın direnci 
İletkene ait direnç değeri ise Denklem (6)’da verilmiştir [9,17].  
 

𝑅 =
𝐿

𝑥 ∙ 𝑞
 (6) 

 
L: Hattın Uzunluğu (m) 
x: Hattın Özgül İletkenliği (m/Ωmm2).  
 
Konut abonelerinin kullanmış oldukları sayaç tiplerine göre de güç kayıpları meydana gelmektedir. 2001 yılında 
yayınlanan (15.02.2001 tarih ve 24319 sayılı resmî gazetede) düzenlenmeye göre konutlardaki abonelerin 
elektronik sayaç kullanması gerekmektedir. Elektronik sayaçlarda meydana gelen güç kayıpları ortalama olarak 
1-2 W arasında değişmektedir [11]. Sayaçlar üzerinde kaybolan enerji miktarı da faturalandırılamayan enerji 
miktarı içerisinde teknik kayıplara dahil edilebilir.  
 
Trafo kayıpları için ise transformatör gücü 1000 kVA’nın altında ise, bakır kayıpları yaklaşık olarak transformatör 
gücünün %3’ü veya %4’ü oranında değişiklik göstermektedir. Sargılar üzerinde oluşan bu kayıplar kısa devre 
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deneyi ile hesaplanmaktadır. Primer ve sekonder sargıları üzerinde kaybolan toplam bakır kayıpları Denklem 
(7)’de belirtilmiştir [12,13].  
 
Toplam bakır kayıpları;  
 

𝑃𝐶𝑈 = 𝐼1
2 ∙ 𝑅1 +  𝐼2

2 ∙ 𝑅2 (7) 

 
Trafolar üzerinde kaybolan demir kayıpları ise boşta çalışma deneyleriyle hesaplanmaktadır. Boşta çalışma 
deneylerinde bakır kayıpları ihmal edilir ve demir kayıpları sabit olarak nitelendirilir. Demir kayıpları Histeresiz 
ve Fuko kayıpları olarak ikiye ayrılmaktadır. Histeresiz ve Fuko kayıpları Denklem (8) ve Denklem (9)’da 
belirtildiği gibidir.  
 

𝑃ℎ𝑖𝑠  = 𝐾ℎ𝑖𝑠 ∙ 𝑓 ∙ (𝐵𝑚𝑎𝑥)1,6 (𝑊) (8) 

𝑃𝑓𝑢  = 𝐾𝑓 ∙ 𝑓 ∙ (𝐵𝑚𝑎𝑥)2  (𝑊)  (9) 
 
Transformatörün boştaki kayıpları Denklem (10)’da gösterildiği gibidir.  
 

𝑃𝑏  = 𝑃ℎ𝑖𝑠 ∙ 𝑃𝑓𝑢  (𝑊) (8) 

 
Büyük ve karmaşık bölgeler için tek tek teknik kayıpların hesaplanması zor ve vakit alacak bir iştir [14,15]. 
Karmaşık bölgelerde hesap yapabilmek için önerilen algoritmalar takip edilebilir. Şekil-1’de teknik kayıpların 
hesabı için önerilen bir algoritma gösterilmektedir. 
 

 
Şekil 1. Şebeke Üzerindeki Teknik Kayıpların Tespit Edilme Algoritması 

 
Şekil 1’de önerilen algoritma (algoritma 1) yardımıyla bir şebekede meydana gelen toplam kayıplar, yaklaşık 
olarak hesaplanabilir. Karmaşık bölgelerde ise genel hesaplama yapılarak yaklaşık teknik kayıplar tahmin 
edilebilir. Bir şehirde meydana gelen teknik kayıpların tek tek hesaplanması yerine, şehir tek bir trafo bölgesine 
indirgenerek algoritma 1 uygulanabilir. Bir şehri veya karmaşık bir bölgeyi tek bir trafo bölgesine indirgemek için 
şekil 2’de verilen algoritma 2 uygulanabilir. 
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Şekil 2. Bir bölgenin tek trafo bölgesine indirgemesi ve kayıpların tahmin edilmesi 

 
Önerilen algoritma-2 yardımıyla karmaşık bölgeler tek tip trafo bölgesine indirgenebilir ve bölgenin yaklaşık 
teknik kayıpları hesaplanabilir. Güç sistemlerinde teknik kayıplar, hat uzunlukları, trafo yapısı ve bilgileri, gerilim 
ve güç değerleri bilinen şebekeler için tahmin edilebilir [16,17]. Bir dağıtım şebekesinde harcanan toplam enerji 
miktarı, tüm trafo bölgelerine eşit miktarda paylaştırılarak, eş değer trafo bölgeleri elde edilir. Paylaştırılan güç 
miktarlarına uygun bir iletken tayin edilerek yeni bir trafo bölgesi oluşturulur. Herhangi karmaşık bir şebekeyi 
veya bir şehri tek trafo bölgesine indirgeyerek, teknik kayıpların analizleri bu sayede daha kolay bir şekilde 
gerçekleştirilir. Trafo kayıplarını hesaplarken, şebekenin veya bir şehrin genel durumunu veya bölgede kullanılan 
trafo tiplerinin yaygınlık durumunun göz önüne alınması, yapılacak tahminin doğruluk oranını artıracaktır. Trafo 
bölgesinin çok çeşitli olduğu bölgelerde yaygın kullanılan her çeşit trafo için, yeni trafo bölgeleri oluşturulabilir. 
Ancak harcanan enerji miktarları, hat uzunlukları, tayin edilen iletken özellikleri eşit (her bölge için eşdeğer) 
olacağından dolayı değişiklik gösterecek tek durum trafolar üzerinde meydana gelen kayıplar olacaktır (E1 değeri 
sabit, E2 değeri değişken olacaktır).  
 
Algoritmalar ile elde edilen sonuçlar yapay sinir ağları (YSA) ile de desteklenmiştir [18-25]. Kullanılan YSA 
modelinde 5 adet giriş ve 2 adet çıkış bulunmaktadır. Girişler sırasıyla; şehrin toplam trafo gücü, toplam trafo 
sayısı, toplam hat uzunluğu, kayıp-kaçak oranı, faturalandırılan ve faturalandırılamayan enerjinin (tüm enerjinin) 
toplam miktarı şeklindedir. Çıkışlar ise toplam teknik kayıplar ve tahmin edilen kaçak kullanım miktarıdır. 
Oluşturulan YSA ağ yapısı şekil 3’te gösterildiği gibidir. 
 

 
Şekil 3. Kullanılan YSA ağ yapısı 

 
İleri beslemeli geri yayılımlı (Feed-Foward Backprop) ağ tipi kullanılmıştır. En yüksek doğruluk oranı, nöron 
sayıları sırasıyla 10 ve 8 olan iki gizli katmanın kullanılmasıyla elde edilmiştir. Nöron sayılarının belirlenmesinde, 
kabul görmüş herhangi bir yöntem olmadığı için nöron sayıları deneme yanılma yoluyla belirlenmiştir. Aktivasyon 
fonksiyonu olarak en yaygın kullanılan aktivasyon fonksiyonu sigmoid fonksiyon seçilmiştir. Birden fazla eğitim 
fonksiyonları kullanılmış ve eğitim fonksiyonlarının performansları birbirleri ile karşılaştırılmıştır.  

 
2.2. Kullanılan eğitim fonksiyonları  

 
Önerilen algoritmalar birden fazla eğitim fonksiyonu ile eğitilmiş; eğitim ve test sonuçları birbirleri ile 
kıyaslanmıştır.  
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Trainlm eğitim algoritması; “Luvenberg-Marquardt” geri yayılımı olarak bilinen ve ANN uygulamalarında 
kullanımı yaygın olan bir eğitim fonksiyonudur. Fazla belleğe ihtiyaç duyması dezavantaj olmasına rağmen ANN 
uygulamalarında sık tercih edilmektedir. Luvenberg-Marquardt optimizasyonuna göre bias ve ağırlıkları 
güncelleme prensibi ile çalışmaktadır [26].  
 
Traincgb eğitim algoritması; Powerll/Beale yeniden başlatmalı geri yayılım optimizasyonuna göre bias ve 
ağırlıkları güncelleme prensibi ile çalışmaktadır [26].  
 
Traingdx eğitim algoritması; değişen öğrenme ve geri yayılıma sahip eğitim fonksiyonudur. En önemli 
avantajlarından bir tanesi değişken öğrenme hızının yüksek olmasıdır [26].  
 
Bu çalışmada yapay sinir ağı; birden fazla eğitim fonksiyonları yardımıyla ayrı ayrı oluşturulmuştur. Bu sayede 
eğitim fonksiyonlarının tahminleme üzerindeki performansları da karşılaştırılmıştır. 
 
3. Bulgular 

Ülkemizde ve dünyada kayıp ve kaçak kullanımlar beraber değerlendirilmektedir. Konuyla alakalı çalışmalar olsa 
bile net bir sonuç yoktur [7]. Ülkemizde kaçak kullanım miktarları; kayıp ve kaçak kullanım miktarlarının toplam 
miktarına bakılarak yorumlanmaktadır. Ancak bu kesin bir sonuç vermemektedir [27-28]. 
 
Enerji Piyasası Düzenleme Kurumu (EPDK) verilerine göre; dağıtım firmalarının kayıp kaçak oranları şekil 4’te 
gösterilmiştir [29-30]. 
 

 
 

Şekil 4. Dağıtım firmalarına ait 2018 yılı kayıp kaçak oranları 
 
Çalışmada 81 şehrin kaçak kullanım miktarları farklı güç katsayılarıyla denenmiştir. YSA için şehirlerin mevcut 
harcadıkları güç miktarları örnek sayısının fazla olması için 0.1, 0.25, 0.5, 0.75, 1.1 gibi katsayılarla çarpılmış ve 
örnek sayısı artırılmıştır. Her şehir için 6 adet örnek olmak üzere toplamda 486 adet örnek elde edilmiştir. 486 
örneğin yaklaşık %60’ı eğitimde %40’ı test için kullanılmıştır. Kaçak kullanım tahmini yapılırken, MATLAB 
üzerinde tahminleme metodu ve K-En Yakın Komşu (kNN) sınıflandırma metotları denenmiştir. Eğitim 
fonksiyonlarına ait başarı oranları Tablo 1’de gösterildiği gibidir.  
 

Tablo 1.  Eğitim fonksiyonlarına ait başarı oranları  

Eğitim Fonksiyonu Training Validation All (R) 

TrainLM 0.998 0.998 0.995 

TrainCGB 0.997 0.922 0.989 

TrainGDX 0.858 0.794 0.854 

TrainRP 0.988 0.961 0.988 

 
 
Test veriler sonucunda kaçak kullanım miktarı tahmininde oluşan MSE (Ortalama Kare Hata) oranları ise tablo 
2’de gösterilmiştir.  
 

Tablo 2.  Eğitim fonksiyonlarına ait hata oranları  

Eğitim Fonksiyonu MSE RMSE MPE 

TrainLM 5.364E+17 7.32E+08 18.88588 

TrainCGB 0.1784273 0.422407 67.16684 

TrainGDX 0.0748873 0.273655 49.26689 

TrainRP 0.0471565 0.217155 -10.16977 

0
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80
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Eğitim sonuçlarında trainlm eğitim fonksiyonu daha iyi bir performans göstermesine rağmen test sonuçlarında iyi 
bir performans göstermediği gözükmektedir. En iyi performans MSE (ortalama kare hata) dikkate alındığında 
“traingdx” eğitim fonksiyonunda elde edilmiştir. 
 
Algoritmalardan elde edilen sonuçlara göre, bazı şehirlere ait kaçak kullanım miktarları tablo 3’te verilmiştir. 
 

Tablo 3.  Eğitim fonksiyonlarına ait başarı oranları  

Şehirler 
W1 

(MWh) 
W2 

(MWh) 
   E2 (MWh) Şehirler 

W1 
(MWh) 

W2 
(MWh) 

E2 (MWh) 

Adana 36997.36 13562.34 23435.02 Eskişehir 8859.39 5164.11 3695.27 

Adıyaman 4944.96 2793.26 22574.47 Erzurum 9365.82 3213.82 6151.99 

Afyonkarahisar 7664.47 5614.77 2049.69 Gaziantep 18313.86 7350.76 10963.09 

Ağrı 25008.06 1848.51 23159.55 Hakkâri 30175.74 1292.38 28883.35 

Aksaray 4226.54 2860.09 1366.44 İstanbul 374710.33 94795.45 279914.87 

Ankara 90127.81 33479.56 56648.24 İzmir 66098.54 36495.01 29603.53 

Antalya 80276.03 23331.52 56944.50 Karaman 2516.59 1876.37 640.21 

Ardahan 659.42 360.18 299.23 Kayseri 12483.12 7416.23 506.88 

Artvin 4500.92 1175.25 3325.67 Kocaeli 40434.20 18018.56 22415.63 

Aydın 19104.89 7751.33 11353.55 Konya 28756.79 16824.77 11932.01 

Balıkesir 26674.11 8859.41 17814.70 Malatya 10128.78 4266.02 5862.75 

Bartın 

Batman  

Bayburt 

Bilecik 

Bingöl 

Bitlis 

3934.02 

29214.34 

596.96 

3314.60 

5784.90 

18984.16 

1449.02 

2268.24 

346.55 

2822.42 

735.95 

1414.11 

2484.99 

26946.09 

250.39 

492.17 

5048.95 

17570.05 

Mardin 

Sakarya 

Samsun 

Şanlıurfa 

Şırnak 

Trabzon 

180895.17 

14901.31 

16260.82 

220564.36 

39901.35 

13803.36 

9302.94 

6022.72 

6778.85 

17518.78 

3227.57 

3917.11 

171592.22 

8878.59 

9481.97 

203042.58 

36673.77 

9886.24 

Bolu 3993.30 2479.52 1513.77 Van 91799.32 4006.70 87792.61 

Burdur 3890.94 2176.69 1654.25 Yozgat 9312.12 2715.81 6596.30 

        

 
 
Bu çalışmada önerilen algoritmalar ve yapay sinir ağları yardımıyla şebekeler tek bir trafo bölgesine 
indirgenmiştir. Öncelikle faturalandırılabilen enerji miktarları bilinen şehirlerin kayıp kaçak oranları da dikkate 
alınarak faturalandırılamayan (toplam kayıp ve kaçak) enerji miktarları tahmin edilmiştir. Tek tip trafo 
bölgelerine eşit miktarda paylaştırılan enerji miktarına göre; trafo bölgesine hayali bir iletken tayin edilip, iletken 
üzerinde meydana gelen teknik kayıplar (doğal kayıplar) hesaplanmıştır. Çalışmada her bölge (her şehir) için 
eşdeğer (tek tip) trafo kullanılmıştır. Trafo kayıpları yaklaşık olarak trafodan çekilen enerjinin %3’ü ile %4’ü 
civarında kabul edilmiştir. 
 
Bazı şehirlere ait kayıp ve kaçak kullanım miktarının grafiksel gösterimi şekil 5’de gösterildiği gibidir. 
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Şekil 5. Bazı şehirlere ait kayıp-kaçak oranlarının grafiksel gösterimi 

 
 
3. Sonuçlar  

Önerilen algoritmalar ile istenilen herhangi basit bir bölgenin veya büyük elektrik güç sistemlerinin yaklaşık 
olarak kayıp ve kaçak kullanım miktarlarının birbirinden ayrılması hedeflenmiştir. Kayıp ve kaçak faktörleri 
birbirinden farklı konulardır ve ayrı ayrı incelemek enerjiye bakış açımızın değişmesi bakımından önemli bir 
konudur. Kaçak kullanımların ayrı değerlendirilmesi yapılacak olan çalışmaların daha verimli hale gelmesine 
yardımcı olacaktır. Herhangi bir bölgeye yatırım yapılacağı zaman, kayıpları azaltmak için mi yoksa kaçak 
kullanımların engellenmesi için mi yapılması gerektiği önemli bir konudur. İki terimin birbirinden ayrı 
değerlendirilmesi, yatırımların önünü açacaktır. Bu çalışmada iletken kesitinin bilinmediği bölgelerde, iletkenler 
çekilen yük miktarına göre ortalama olarak seçilmiştir. Trafolar bölgelere ve sık kullanılan trafo güçlerine göre 
seçilmiştir, trafo kayıpları yaklaşık olarak hesaplanmıştır. Bölgelerde kullanılan iletkenlerin ve trafoların 
durumuna göre tahminler ile gerçek değerlerin farklı çıkması muhtemel durumdur. Kaçak kullanım hesabı için 
önerilen algoritma, bilgileri bilinen tüm şebekeler için kullanılabilir. Kayıp ve kaçak kullanım miktarına göre, 
şebekeler yenilenerek kayıplar azaltılabilir veya kaçak kullanımlarla mücadeleye destek verilerek kaçak kullanım 
miktarı azaltılabilir. Engellenen her kayıp enerjinin, farklı alanlarda verimli bir şekilde kullanılması sağlanabilir. 
 
Kayıp-Kaçak oranları ülkemizde doğu bölgelerinde yüksek, batı bölgelerde düşük seyrederken; kaçak kullanım 
miktarları yer yer değişiklik göstermektedir. Örneğin İstanbul bölgesi için kaçak kullanım miktarı batı bölgelerine 
göre yüksek olduğu tahmin edilmiştir. Bilecik için ise neredeyse kaçak kullanım yok denilecek kadar az olduğu 
gözükmektedir. Bu çalışmanın öncelikli amacı kaçak kullanımların tahmin edilmesidir. Ve bununla birlikte 
şehirlere yapılacak olan yatırımların nasıl yapılması gerektiği, kaçak kullanımlarla mücadelede nerelere 
yoğunlaşmak gerektiği konusunda yapılacak olan çalışmalara kolaylık sağlaması hedeflenmiştir. Kayıp ve kaçak 
kullanımlar elektriksel açıdan birbirinden farklı terimlerdir ve ayrı değerlendirmeleri gerekmektedir. 
 
Yazar Katkı Oranları 

Gerçekleştirilen çalışmada Enes YILDIZ, modelin oluşturulması, literatür taraması, verilerin toparlanması ve 
işlenmesinde, Nurettin ÇETİNKAYA fikrin oluşması, elde edilen sonuçların değerlendirilmesi ve makalenin imla 
denetiminde katkıda bulunmuştur. 
 
Çıkar Çatışması 

Yazarlar, bilinen herhangi bir çıkar çatışması veya herhangi bir kurum/kuruluş ya da kişi ile ortak çıkar 
bulunmadığını onaylamaktadırlar. Hazırlanan makalede etik kurul izni alınmasına gerek yoktur. Hazırlanan 
makalede herhangi bir kişi/kurum ile çıkar çatışması bulunmamaktadır. 
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Abstract: In this study, coal, which is one of the energy raw materials, and coal-
related keywords and the relationship between industrialization and 
political/social events from past to present were investigated by n-gram analysis. 
Within the scope of the study, using the English works registered in the Google 
books directory, coal as energy raw material and related keywords “coal”, “coal 
mine”, “coal mining”, “fossil fuels”, “industrial revolution”, “industrialization” 
“mercantilism”, “geopolitics”, and "geology” were used, and these words were 
subjected to n-gram analysis as subgroups that would form a unity within 
themselves. 
With this study, coal-energy raw material, which is the most important engine 
power of industrialization in the industrial revolution and the following period, 
and the relationship of its related concepts with "Geo(logy)politics and its 
parallelism with political, military, social and economic events from past to present 
have been examined with n-gram analysis. 
As a result, there has been an increase in the frequency of use of keywords after 
the 1820s in relation to the beginning of the Industrial Revolution and the increase 
in its effectiveness in world history, and it has been determined that the related 
words have significant co-changes with each other. Therefore, with the n-gram 
analysis, the Industrial Revolution/industrialization relationship between coal and 
related keywords was easily observed. When the digital environment, which is a 
large data source, is analyzed with the n-gram method using the appropriate 
keywords to be selected, it is understood that it will be possible to reach many 
sources and that such a large corpus will allow multi-purpose and 
multidimensional evaluations. The fact that this study reveals the origins of coal-
related concepts and industrialization in the literature with the n-gram analysis 
method, which is one of the energy sources, also presented an extraordinary 
perspective with an analysis technique out of the ordinary. 
 

  
1. Introduction 

 
In today's world, where information technologies are an important part of our lives, and their use is spreading to 
all areas of our lives (Hussein, 2021; Raudeliuniene et al., 2020), digital media data analysis is gaining 
importance day by day and finds its place in many areas. While globalization and technological advances color 
our world, which has turned into an information universe, on the other hand, it also contains difficulties in every 
field at the point of management of such a large amount of information. Technological innovations also increase 
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very creative demands (Raudeliuniene et al., 2020). Today, information technologies and technology-based 
social networks are used by more than 50% of the world's population. This has brought some innovations that 
seem impossible to return in our age, in many areas of our lives: communication tools, information exchange, 
products and services, etc. 
Especially with the widespread use of the internet, accessing information has become faster and easier than ever 
before. The irrepressible increase in information has presented a new problem for researchers: How to use such 
a large source of information efficiently and easily. In this context, "big data" and "data mining", which are now 
widely used in the literature, have become popular concepts in almost every scientific field (Wang et al., 2020). 
The concept was first expressed in the journal Nature and defined as data on a very large scale that cannot be 
presented, processed and analyzed with existing technology, methods and theories (Goldston, 2008). Today, new 
research/evaluation methods have been started to be developed for such a large data collection that has been 
transferred to digital media and can be accessed from almost the most remote point of the world via the internet 
(Lin et al., 2019). What is important today is how effectively researchers can use these methods in the 
information universe rather than their access to information. Researchers gain a linear advantage over other 
researchers with the methods they use/develop. 
 
In this study, one of the important energy sources and the most important engine power of industrialization, 
coal, and the relationship between coal-related concepts and economic and political events, using the data in the 
digital environment, were examined with n-gram analysis, which is a kind of natural language processing 
method. The study is also related to the fields of geopolitics and geology. Although geology is briefly defined as 
earth sciences, it covers many fields with its sub-branches and sheds light on underground resources and many 
issues that are especially important for countries (Bobbette & Donovan, 2019). Geopolitics, on the other hand, is 
the science that examines the relations between the geographical features of states and their politics. The name 
of the concept originates from Swedish Rudolf Kjellen (1864-1922). He introduced the concept for the first time 
in 1916 in his book The State as an Organism. C. Haushofer, one of the geopolitical theorists, also defines 
geopolitics as the relationship of the state with the place in which it lives. Although the concept of geopolitics, 
which became widespread between the two World Wars and was widely used during the Second World War, 
seems to have lost its importance today with the development of transportation and communication 
technologies and the decrease in the dependence of countries on geographical features, it still has an important 
place (Dodds, 2007). The concept of geopolitics also emphasizes the importance of natural resources and 
therefore, geographical location in the development. Along with the concept of geopolitics, the concepts of 
geography-geostrategy have also found use. Coal, one of the fossil fuels, which was the main energy source for 
the energy demand, which was a kind of engine of the Industrial Revolution, had a dominant place in the history 
of World Industrialization(Andrews, 2008; Beresford, 2018). Considering all the infrastructure explanations 
mentioned above, the ability to examine the relationship between industrialization and energy resources with 
each other and with political/social/economic events from past to present is the research question of the study, 
and the aim of this study is “A conceptual retrospective analysis of coal in particular, an important motivational 
force of the Industrial Revolution, natural energy resources/fossil fuels in general, and the 
industrialization/industrialization process, from the past to the present, with political/social events, by making use 
of the English works registered in the Google books directory in the digital environment, by the n-gram method”.  
N-gram analyzes have been used in the literature mostly in the informatics sector. There are very limited studies 
in the literature on the use of analysis with natural resources, which are important raw materials for 
geology/geopolitics and political, social and technological developments of countries (Çiftçi et al., 2019; Çiftçi, 
Ural, et al., 2020; Çiftçi, Vural, et al., 2020a, 2020b; Ural et al., 2020c, 2020b, 2020d; Vural et al., 2021b; Vural, 
Çiftçi, et al., 2020; Vural, Ural, et al., 2020a, 2020b; Vural et al., 2021a; Vural & Çiftçi, 2021b, 2021a). In the 
studies conducted by Vural et al. (2019; 2020c), the relationship between colonialism and precious metals (gold, 
silver) was analyzed with the n-gram method and a significant relationship was revealed. In the study by Vural et 
al.(2021a; 2020), it was emphasized how the colonial activities toward gemstones such as diamonds affected the 
fate of weak countries. In a similar study, a retrospective analysis of Pb-Zn-Cu elements (base metals for short), 
which has an important place in Industrialization, was carried out by Çiftçi et al. (2019; 2020). Ural et al. (2020a, 
2019) tested the hypothesis that rare earth elements (REE), which is an important raw material of high-tech 
products, will relate to the supply, market and geopolitics with n-gram analysis and reached satisfactory results. 
In the aforementioned studies, researchers have shown that significant relationships can be determined by n-
gram analysis in the evaluation of geopolitical processes, colonization and related events that accelerated after 
the Industrial Revolution. 
Although fossil fuels, especially coal, have been partially recognized and have long been known by humanity, 
they have gained importance in the history of humanity both politically, socially, economically and 
technologically with the Industrial Revolution and have always maintained this importance until today. It is 
known that coal was used for heating and simple metallurgy activities (smelting copper) in China about 3000 
years ago. In the 4th century AD, the Romans also used coal. In the 13th century, it is known that surface coal 
mining was carried out, especially in France (Ünalan, 2013). Until the 18th century, the use of coal was on a small 
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scale. In the 18th century, the most important energy source effective in the birth of the first Industrial 
Revolution in Europe was coal. It has maintained its importance from the Industrial Revolution until today 
without losing its importance. Today, it is the most important and most abundant fossil energy source in the 
world, and when it is considered as a reserve, its volume is quite high compared to oil and natural gas. It is 
thought that coal will still be available after the depletion of these raw materials. Considering that the regions 
where a large part of the world's coal reserves are located and the regions where the industry was born and 
developed are different (United Kingdom, Europe, industrialized-America, Asia, Africa raw material source), the 
supply-demand imbalance has increased the imperial appetite for the supply of this mine. Therefore, this 
imbalance has been the driving force of important exploitation movements in history and has led to 
social/political consequences. In this study, coal and other related keywords, which have an important place in 
the political-economic life of the mentioned societies, were analyzed using the n-gram method, and it was 
examined whether the frequency of use of these words overlapped with the social/political/economic events 
covering approximately 250 years. It has been investigated whether the n-gram analysis of the 
political/social/economic events in the mentioned period with the selected keywords works. 
 
2. Material-Method 

In this study, the n-gram analysis method, which has been used very limitedly in the social/political field, has 
been used. N-grams are all combinations of adjacent words or letters of length n that can be found in the source 
text. (Çiftçi, Vural, et al., 2020b). If each word is considered as a class in the N-gram analysis method, language 
modelling can also be viewed as a classification problem (Aleahmad et al., 2007; Huang et al., 2012). This is used 
to create an index of how often words follow each other. The assumption that the probability of a word depends 
only on the previous word is also known as the Markov conjecture (Gagniuc, 2017). Markov models are a class of 
probabilistic models that assume that the probability of a future unit can be predicted without looking too far 
into the past. 
In this study, n-gram analysis method was used. For N-gram analysis, the works registered in the Google books 
database were scanned with the interface prepared by Google. In the scanning, 3 was used as the smoothing 
factor and the English language was used as the corpus. Since the field of energy is a large phenomenon in itself, 
only "coal" from energy raw materials and related concepts and the phenomenon of industrialization were 
investigated in this study. By revealing the historical usage frequencies of these concepts in the literature with 
the n-gram analysis method, an extraordinary perspective has been tried to be presented with an analysis 
technique (n-gram) out of the ordinary.  
As keywords in N-gram analysis industrialization, fossil fuels, the industrial revolution, coal mining, coal mine, 
geopolitics and mercantilism concepts are preferred. The graphs of n-gram analysis, in which all the concepts are 
used together, were not preferred because they present a complex appearance and in some cases, some concepts 
suppress other concepts, instead, it was preferred to create analysis graphs by considering the concepts that 
exhibit meaningful integrity with each other. 
 
3. Findings and Discussion 

Within the scope of the study, n-gram analyzes were carried out by using the keywords that characterize the 
energy raw materials coal and coal and other political/social events of interest (Figure 1-10). As stated in the 
method section, n-gram analysis was carried out separately for the related concept groups, since the graphics of 
the analyzed concepts were not very clear due to the dominance of some concepts compared to other concepts. 
In this context, first, n-gram analysis was created by using the concepts of coal and coal mine and coal mining 
(Figure 1). It is clearly seen in the graph that the word “coal” suppresses the other two words. When n-gram 
analysis is made with other keywords, it is observed that the word coal is always dominant, since the graphics in 
question are not meaningful, they are not included in the article, only the coal keyword and the graphics of the 
coal mining and coal mine keywords are given in the article. For this reason, it is preferred to interpret the 
graphic formed by the word coal. When the concept of coal is examined (Figure 1), it is seen very comfortably 
that it has had an upward trend since the 1750s. This upward trend showed itself more strikingly after the 1860s 
and reached its peak in the early 1900s (just before the First World War and the war years). The 1920s (1929 
economic depression years) were the years of transition to a decreasing trend. On the eve of and after World 
War II, the downward trend was reversed again, and the aforementioned years became the years of an upward 
trend with the effect of the war. From the 1940s to the 1960s, a decreasing trend was observed in the frequency 
of use of the concept. The cold war years of 1970 and after being  observed as the years in which the keyword 
tends to increase. It is thought that the economic struggle of the bipolar world is effective in this. The rise seen in 
the graph in the 1970s can also be associated with the 1973 Oil Crisis. The increase in the price of oil, which is an 
important energy source, and the decrease in its production and supply, brought about the discussion of 
alternative energy sources such as natural gas, nuclear energy, and wind energy. In this period, it can be easily 
thought that coal among alternative energy sources came to the fore and discussed. For example, at the 
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beginning of the 20th century, England made its coal-fired warships run on oil in order to maintain its 
dominance on the seas (Yılmaz & Kalkan, 2017). Probably the 1973 Oil Crisis has created a reversal trend here. 

The 1980s and later and the 1990s were the years in which the frequency of use of the concept tended to 
decrease with the transformation of the cold war into a unipolar world order and with the effect of 
environmental concerns and awareness of carbon emissions (Figure 1). 

When the graph of the n-gram analysis, in which the keywords fossil fuels and industrial revolution are 
evaluated together, is examined (Figure 2), it is understood that the concept of fossil fuels, which was rarely used 
in the past, began to be seen prominently in the literature after the 1920s. It is understood that the frequency of 
use of the concept increased after the 1940s, therefore, in the past, concepts such as coal and oil were used 
separately instead of fossil fuels (Figures 1 and 2). Similar to Figure 1, the 1980s and later and the 1990s were 
the years when environmental concerns and awareness increased, and a more increasing trend is observed in 
the concept of fossil fuels in this period (Figures 1 and 2). The concept of the industrial revolution, on the other 
hand, shows an increasing trend after the 1860s, as expected. After the 1920s, there was a remarkable upward 
trend between the years 1940-1970, following the downward trend. This time period is the period when the 
growth in the economies of the World's capitalist countries is the highest and the Industrialization accelerates. It 
was also found significant that it overlapped with the years corresponding to the revolutionary youth 
movements (1968 generation etc.). When the concepts of industrialization and industrial revolution are analyzed 
together (Figure 3), it is seen that the concept of industrial revolution dates back to the 1750s, while the concept 
of industrialization has a remarkable increase after the 1920s. 

At the beginning of the Second World War, the concept of the industrial revolution was horizontal, while the 
concept of industrialization decreased slightly in the period coinciding with the war years. It is also possible to 
see this as a reflection of the decline in industrial production during the war years and the necessity of 
industrialization. Economic historians and social scientists state that the fastest growth and development in 
industrialized countries occurred between the 1950s and 1970s. For example, the average growth rate in 
industrial production between 1953 and 1975 was 6% (Kennedy, 1996). The increase in the frequency of use of 
the concept of industrialization observed in Figure 3 has parallels with this period. The growth between 1950-
1970 is traced to the peak point in the 1970s on the graph (Figure 3). The concept of “industrialization” has a 
decreasing trend in terms of usage frequency after the 1970s, and it has started an upward trend since the 
2000s, especially with the concept of industry 4.0 (Jones, 2021; Mavropoulos & Nilsen, 2020).   

Considering the n-gram analysis of the concepts of industrialization and fossil fuels, it is seen that the 1980s had 
a generally parallel trend, confirming Figures 2 and 3 (Figure 4). 

 

Figure 1. n-gram analysis graph of coal keyword 
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Figure 2. Analysis of Industrial Revolution and Fossil Fuels concepts together 

 

Figure 3. n-gram analysis of industrialization and industrial revolution keywords 

 

Figure 4. n-gram graph of fossil fuels and industrial revolution keywords 

When the concepts of “industrial revolution”, “coal mining” and “coal mine” are subjected to n-gram analysis as a 
group (Figure 5), it is seen that the frequency of use of coal mine and coal mining keywords in the literature 
dates back to before the 1800s, although there are small fluctuations. After the 1800s, coal-fired engines came to 
the fore (Bruere, 1922), and coal gained importance, and in parallel, a relative increase was observed in coal and 
related keywords. When these two concepts are evaluated together with the concept of the industrial revolution, 
the increase in their use in the literature in the 1820s is remarkable. Especially after the 1870s, the increase 
shows itself more with small fluctuations (Simmons, 1976). It is known that since the beginning of the 1900s, 
mass production began in the industry, and as a result, the amount of product produced has increased many 
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times over the previous decades. Therefore, the use of coal in the industry and the frequency of use as a concept 
in the literature tend to increase in this period, which was confirmed in Figure 5. The rise seen in the graph from 
the 1900s to the 1940s can also be explained by the mass production in the industry. Among the reasons for the 
increase seen after the 1920s, the development of India, especially based on the coal industry, should be 
mentioned. There is a parallelism with this situation (Simmons 1976). Likewise, their monopolization by 
acquiring European coal mines is in parallel with this process. Considering the aforementioned data, the increase 
in the frequency of use of the concept seems more significant. 

 

Figure 5. n-gram graph for keywords industrial revolution, coal mine and coal mining 

The concept of mercantilism, which argues that the economic power of states is related to the mines they own 
(Magnusson, 2015; Stern & Wennerlind, 2014), is also directly related to concepts such as industrialization and 
industrial revolution. (Çiftçi et al., 2019; Çiftçi, Ural, et al., 2020; Vural et al., 2019). Considering that the energy, 
and therefore the possession of energy raw materials (especially coal) in the industrialization of countries, is 
related to mercantilism, the concepts of mercantilism and coal mining and coal mining were also analyzed with 
n-grams (Figure 6). When Figure 6 is examined, it is seen that the concepts of coal mining and coal mining show 
parallelism with each other, while the concept of mercantilism in general terms has been on an upward trend 
since the 1880s. When the concepts of geopolitics and mercantilism are evaluated together, it is seen that the 
concepts of mercantilism and geopolitics have entered an upward trend together since the late 1930s. The 
concept of geopolitics was used a lot in the literature during the Second World War, and it peaked after the war. 
While the two concepts showed a downward trend, although not parallel, in the 1960s, the concept of geopolitics 
had a remarkable upward trend after the 1990s (Figure 7). Since the end of the Cold War and the bipolar world 
order at the beginning of the 1990s, and the establishment of a new order or disorder, the concept of geopolitics 
has come to the fore in the literature, as can be seen in the graphic, a sharp rise has been observed since the 
1990s. Figure 7 clearly demonstrates this.  Today, the concept of geopolitics has a high frequency of use in line 
with its importance. 

 

Figure 6.  Graph of n-gram analysis of coal mining, coal mine, mercantilism concepts 
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Figure 7. n-gram analysis of geopolitics and mercantilism 

The science of geology (especially economic geology), which also deals with the exploration and discovery of 
natural resources, has gained importance, especially with industrialization and, subsequently, colonialism. Coal, 
which has an important place in industrialization and the industrial revolution, can be chosen as a suitable 
keyword group with the science of geology in this sense. Therefore, in the study, the concepts of 
industrialization, the industrial revolution, coal mine and coal mining were subjected to n-gram analysis in 
subgroups, taking into account the multiplier effects of the concepts (Figure 8-10). 

Although the mining activities of human beings started with the existence of humanity on earth  (Vural, 1998, 
2006; Vural et al., 2009; Vural & Aydal, 2016; Vural & Ünlü, 2020, 2016), the concept of "geology", which has 
become synonymous with earth sciences and benefiting from natural resources, began to take place in the 
literature at the end of the 1700s, and the frequency of use always had an increasing trend with temporal 
fluctuations in the period until the end of the 1900s  (Figure 8-10).  The concept showed an upward trend until 
the end of the 1980s in parallel with the concept of industrialization after the 1920s. After the 1980s, with the 
concept of economic geology replacing the concept of geology, the frequency of use of the concept decreased. The 
concept of industrialization, on the other hand, entered an upward trend again, albeit slightly, after the 2000s, as 
stated earlier (Figure 8).  

 

Figure 8. n-gram analysis of industrialization and geology concepts  

Although the concepts of "geology" and "industrial revolution" do not show clear parallelism (Figure 9), both 

concepts are in an increasing trend from the early 1900s to the 1980s (2000s). Since the frequency of use 

multipliers are different, clear relationships are not seen, but the fluctuation trends of both concepts show 

relative parallelism, especially from the 1920s to the 2000s (Figure 9). The same is true for the concepts of 

geology, coal mining and coal mine. (Figure 10). Therefore, there are significant usage frequency relationships 
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between the concepts of geology, the industrial revolution, coal mine, coal mining and even industrialization.

 

Figure 9. n-gram analysis of the concepts of geology and industrial revolution 

 

Figure 10. n-gram analysis of the concepts of geology, industrial revolution, coal mine and coal mining 

3. Results 

In this study, the concept of coal, which is an important energy raw material, has been analyzed with the n-gram 
method by associating it with industrialization and the industrial revolution and using related keywords that are 
expected to contribute to the analysis of the subject. For this purpose, the keyword “coal” was chosen as “coal 
mine” and “coal mining” keywords to be the distinction, and the related keywords were “fossil fuels”, “industrial 
revolution”, “industrialization”, mercantilism”, “geopolitics” and “geology” has been determined. Since it would 
be difficult to do an n-gram analysis of all keywords together, these words were subjected to n-gram analysis 
under subgroups. When the n-gram analysis graphs obtained are evaluated together, it is understood that the n-
gram analysis of coal, which has an important place in the industrial revolution and early industrialization 
period, with related keywords, shows a usage frequency trend associated with political, social, military and 
economic events in history. Therefore, the possibility of deep analysis on the targeted subject with n-gram 
analysis with appropriate keywords has been confirmed/shown in this study. 
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Abstract: This paper aims to elucidate the potential environmental risks associated 
with ore deposits and alteration areas related to these mineralizations by 
quantifying contamination in stream waters. For this purposes, 23 surface water 
samples were collected from the streams and analyzed by inductively coupled 
plasma-mass spectrometry (ICP-MS) for heavy metals and minor elements. 
Concentrations of heavy metals in surface waters reached 160 µg/L for Al, 288.6 
µg/L for Mn, 13.2 mg/L for Fe, 58.2 µg/L for Co, 164.4 µg/L for Zn, 100.2 µg/L for 
Cu, 2.4 mg/L for Sr, 77.0 µg/L for Ba, 96.7 µg/L for Pb, 115.4 µg/L for V, 101.5 mg/L 
for Ca, 15.0 mg/L for Mg, 24.4 µg/L for Ni, and 16.0 mg/L for Na. In addition, high 
arsenic, cadmium values (137.9 µg/L for As, 6.7  µg/L for Cd), were detected in some 
locations. Some other heavy metals are below the limit of quantification (LOQ). At 
the end of the study, a heavy metal pollution risk has been reached in the surface 
waters examined from the instant data obtained, caused by various anthropogenic, 
agricultural and industrial activities, as well as alteration areas with buried ore 
deposit potential and ore deposit areas. More detailed studies should be carried out 
by increasing the number and period of sampling in such areas and precautions 
should be taken against possible heavy metal contamination risks. 

  
 

1. Introduction 
 

It is estimated that the water in the world water cycle is 1.380000.1012m3 and 3/4 of the earth’s surface is covered 
with water. Despite the abundance of water, most of it is salty and only 2.5% is freshwater [1]. A very small portion 
of freshwater is drinkable. 68.7% of these waters are in the form of ice and snow. 1.2% is in lakes, rivers, wetlands 
and polar regions and only 30.1% is in the form of fresh groundwater [1]. Especially with the rapid population 
growth and industrialization of the world, water resources (especially freshwater resources), today, are one of the 
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most vital natural resources for all countries. Water management policies are now at the top of the priorities of all 
countries. In the past, uncontrolled/unconscious industrialization moves have caused human-induced pollution of 
water resources over time. Now, nowadays water contamination/pollution is a major problem for all countries 
related to the economic/industrial growth of any country. Water pollution is not only caused by anthropogenic 
factors, but also by mixing trace elements released into the environment through natural processes, water 
pollution can occur depending on natural processes [2].  
 
Contrary to popular misconception, Türkiye is not a water-rich country, on the contrary, it is among the countries 
in the middle risk group suffering from water stress [3]. Considering the amount of usable water per capita per 
year (1400 m3 according to 2017 data), Türkiye is in the class of countries facing water scarcity [4]. It is predicted 
that Türkiye's population will reach 100 million in 2040, and the annual amount of usable water per person will 
decrease to 1120m3. Therefore, the sustainable management of Türkiye's water resources is a national issue that 
is the responsibility of all sectors, both on the basis of society, the public and the individual. Based on the strategic 
importance of water for Türkiye, a Climate Change Strategy document has been prepared by the Government of 
Türkiye. In addition, the National Climate Change Adaptation Strategy and Action Plan were prepared by the 
Ministry of Environment and Urbanization and the targets in water resources management were set. In addition, 
the name of the ministry was changed to the Minister of Environment, Urbanization and Climate Change on 
October 29, 2021.  
 
When evaluated in terms of water resources, Gümüşhane has a potential above Türkiye's average. In addition to 
large rivers and streams (Harşit River, Çitderesi River etc.) there are lakes, albeit on a small scale. Although it has 
decreased in recent years, the amount of precipitation it receives in the form of snow is at a significant level, and 
snow can remain until the end of June and July in the high areas. This ensures that the creeks of Gümüşhane are 
flowing in almost every season. The region is also in an important metallogenic belt and is home to many mineral 
deposits such as copper, lead, silver, gold etc. [5,6]. Although mineral deposits are important raw materials in the 
development of countries, they also bring some environmental problems. Such environmental problems bring the 
risk of pollution to the soil, plants and especially the waters of the region [7,8].  
 
The Arzular-Kabaköy, Kaletaş, Dölek and its surrounding areas are situated at the east of the Gümüşhane city (NE 
Blacksea Region) and these areas host either mineral deposits (Arzular-Kabaköy gold deposit, Kaletaş gold 
mineralization) or hydrothermal alteration areas with buried mineralization potential. There are many large 
(Arzular Stream, Kabaköy Stream, etc.) and small streams (Yoncalık creek, Kalıyaz creek, Yetirmez Creek, etc.) in 
the area. City, town and especially village residents mostly get their drinking water from these streams. These 
streams are also used by the local people for irrigation activities for agricultural purposes. Considering the litho-
chemical, geological and metallogenic characteristics of the region, the surface waters in the area have the risk of 
heavy metal pollution/contamination. The aim of the study is to investigate the heavy metal pollution risk of the 
streams and creeks in Arzular-Kabaköy, Kaletaş, Dölek and their surroundings and to determine the water quality 
of the surface waters.  
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Figure 1. Geological and location map of the study area (After [9]) 

 

2. Material and Method 
2.1. Geological and Hydrological/Hydrogeological Features of The Study Area 

The study area covering Arzular-Kabaköy, Kaletaş, Dölek and its vicinity is located in the southern zone of the 
Black Sea Tectonic Unit (Fig. 1). In the Gümüşhane province, it can be observed all stratigraphic units of the region. 
If the general geology of the site is mentioned, the basement geological unit of the region consists of pre-Jurassic 
(Early-Middle Carboniferous) metamorphic rocks [10] and middle-late Carboniferous unmetamorphosed 
granitoids [11,12]. These basement units are unconformably overlain by an early to middle Jurassic volcani-clastic 
unit which passes upward to the late Jurassic and early Cretaceous carbonate rocks. In the area, late Cretaceous 
clastic unit begins with sandy limestones at the bottom and grades upward to red pelagic limestone and then to a 
turbiditic series which conformably overlie late Jurassic and early Cretaceous carbonates. All these units -outside 
of the study area, in Torul/Gümüşhane and its near vicinity- were cross cut by late Cretaceous intrusions [13] and 
were cut and cover by late Cretaceous volcanic rocks [14]. The Eocene volcanic and volcani-clastic rocks overlie 
the late Cretaceous volcanic and/or sedimentary rocks with an angular unconformity [15], and intruded by calc-
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alkaline granitoids of same age [16]. The youngest units in the region are actual travertine occurrences [17], talus 
and alluvium.  
 
All lithological units belonging to the geology of the region are observed in the area that is the subject of this study 
on the risks of heavy metal and/or minor elements on surface waters (Fig. 1). Pre-Jurassic metamorphic rocks are 
observed in the southern parts of the study area, while unmetamorphosed granitoids crop out in the southwestern 
part of the study area. The Early to middle Jurassic volcani-clastic unit, late Jurassic and early Cretaceous carbonate 
rocks, and late Cretaceous clastic crop out to the west and southwest of the study area.  
 
In the study area, dominantly Eocene volcani-clastic rocks outcrop in the vast majority of the area and these rocks 
undergone intense hydrothermal alteration and weathering and host some epithermal ore deposits such as 
Arzular gold deposits, Kaletaş gold mineralizations. Actual travertine occurrences are also observed around 
Bahçecik and Tekke villages in the area [17], and there are alluviums in the stream banks.  

2.2. Sampling, Reagents-Solutions and Analysis 

For elucidating the potential environmental risks associated with mineralization and alteration areas with buried 
ore deposits potential by quantifying the heavy metal contamination in stream waters in the areas, 23 surface 
water samples were collected from the streams (Fig. 1) in September 2016, and analyzed for some heavy metals 
and minor elements by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) (Agilent 7700e model ICP-MS, 
Santa Clara, US) at Gümüşhane University Central Research Laboratory, Gümüşhane, Turkey. Water pH 
measurements were also performed in the area during sampling.  
 
Surface water samples were taken with 500 mL PP bottles. Prior to sampling, the bottles were thoroughly rinsed 
with tap water, washed with 1:10 dilute nitric acid, then again well washed with tap water, then ultrapure water, 
and finally labeled. As soon as water samples were taken for metal analysis, they were acidified with 0.5 mL of 
ultrapure concentrated HNO3. After the water samples were brought to the laboratory during the day, they were 
filtered through a vacuum filtration device with a 0.45 µm nitrocellulose membrane. The clear water samples were 
then analyzed in terms of some heavy metal/minor element contents using the ICP-MS. 
 
2.3. Quality Assurance 
 
Both accuracy tests were made with some parameters of the measurements made in ICP-MS and the performance 
of the system was tested. First, the calibration method used for measurements on the device was the internal 
standard method to eliminate possible interference [18]. 45Sc, 89Y, 185Re, 209Bi isotopes were used as the internal 
standards. 
 
Table 1 reflects some analytical performance criteria (RSD, LOD and LOQ) of the ICP-MS instrument used in metal 
measurements. The limit of detection (LOD), expressed as the smallest signal (or concentration) that the relevant 
method/device can detect for each metal, was calculated by taking 3 times the standard deviation of the results 
obtained from the measurement of a series of blank solutions (approximately 20). Similarly, the limit of 
quantification (LOQ), which is the lowest signal or concentration quantitatively sensed by the instrument/method, 
is 10 times the standard deviation of the results from blank solutions. Relative standard deviation (RDS), the most 
common indicator of the repeatability, was determined by dividing the standard deviation of the results obtained 
from 20 repeated measurements of a series of multi-element standard solutions at very low concentration by the 
mean value. This ratio was multiplied by 100 and the results were converted to the percent relative standard 
deviation (RSD%). The accuracy of the method has been proven in two ways. The first is the spiked/recovery tests, 
and the other is the certified reference material (CRM-TMDW-A Trace Metals in Drinking Water) analysis. As a 
result of both tests, very satisfactory results were obtained with recovery values between 95–105% [19,20]. 
 
Table 1. Analytical performance of the device, Agilent 7700x ICP-MS 

  1 2 3 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Parameter pH Ca Mg Na K Sr Fe Ba Zn Cu Al Mn Cd Co Ni Pb Cr   V      As    Rb    

RSD (%) 0.02  3.1  2.8  3.0  3.6  1.2  3.4  2.6  2.0  2.6  4.1  2.2  3.0  3.4  2.3  3.3  3.8  4.2  3.8  2.8  

LOD (µg/L) –  2.2 1.4 3.2 2.2 2.9 3.1 2.5 2.7 2.5 3.5 3.1 2.0 3.0 3.1 3.0 3.0 2.7 2.1 2.7 

LOQ (µg/L) –  7.3 4.7 10.7 7.3 9.7 10.3 8.3 9.0 8.3 11.7 10.3 6.7 10.0 10.3 10.0 10.0 9.0 7.0 9.0 

 
 
3. Result and Discussion 
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Descriptive statistics parameters for pH values and some minor-trace elements and heavy metals contents of the 
streams in the study area are given in Table 2. Figure 2 and Figure 3 also reflect the distributions of these contents 
of a total of 23 water samples. In addition, dot distribution maps plotted for the same parameters can be seen in 
Figure 4. Since some elements are detected only in limited locations above the detection limit (such as, Cr, Co, Cd), 
and some (Na, Mg etc.) are abundant in nature under normal conditions, their point distribution maps have also 
been created (Figure 4).  
 
Interestingly, the Ca, Mg and Na contents of five samples between w-28 and w-32 coded samples are at very low 
levels (Figures 2 and 4). These samples were taken from the small branches of the main stream and were probably 
fed by rain water. Therefore, their effects on distribution are also great. Since the levels of some metals were below 
the LOQ value, these metals could be detected in a limited number of samples. In this respect, when Table 2 is 
examined, Cr could be determined in only two samples, and Cd and Co in three samples. The fact that domestic 
wastes (batteries, parts of some household appliances and electronic devices, etc.) were occasionally encountered 
at the points where these samples were taken indicate anthropogenic pollution at these points. 
 
It has been found that the pH values of the waters vary between 7.02 to 8.68 (Table 1 and Figures 2 and 4). 
According to these values, waters are between slightly neutral and generally basic but some of them are near 
neutral to acidic in especially intense altered areas such as Leriköy, northwest of Kabaköy, northwest of Akpınar 
etc. (Figure 1). It has been observed that pH values are more alkaline, especially in areas exposed to anthropogenic 
effects. Probably due to detergent-based household waste.  
 
It has been observed that Mn and Fe concentrations are high especially in two samples coded w-34 and w-35 in 
the areas close to granitic intrusions in the northeast of the field (Figure 2). Considering that the mobilities of Mn 
and Fe are close to each other, the observed results met the expectations (Figure 4). Cu concentrations were 
observed at high values around Dölek village, around Arzular village and northwest of Akpınar village, where 
intense alteration development occurs. Zn values also show a similar pattern with Cu because they have similar 
physicochemical properties. While the Al values of the samples are generally below 40 µg/L, the three samples 
coded w-35, w-36 and w-36 have high contents with values of 109.4 µg/L, 160.0 µg/L and 117.4 µg/L, respectively. 
Vanadium (V) could be determined quantitatively in 14 samples. While the results were below 20 mg in most 
samples, 115.4 mg V was detected in the w-44 coded sample, 63.4 in the w-50 coded sample, and 47.5 mg V in the 
w-45 coded sample. Although there is no remarkable situation in other metal contents, the results show a very 
heterogeneous distribution. It is expected that the clarification of the origins of these anomalies will be clarified 
with the completion of the other parts of the study (periodical water results, stream sediment and soil data) 
 
The metal contents of the studied water samples were compared with the EPA's guidelines for surface waters. 
Table 3 summarizes these guideline values. The red dots on the graphs represent samples that exceed the EPA-
reported limit values (Figures 2 and 3). The surface water’s pH values are within the standards but some HMTEs 
were above the EPA’s standards. Mn values were found to be higher than EPA standards, especially at Dölek village 
alteration zone. In addition to the two samples with high Mn content, w-34 and w-35, the other two samples, w-
25 and w-36, are slightly above the guideline value. As to Fe, those values are generally high in whole area. In terms 
of Fe content, while many samples are outside of the A1 class surface water quality, two samples coded w-34 and 
w-35 have extremely high Fe content with 13.15 mg/L and 13.14 mg/L contents, respectively. High Mn and Fe 
values are associated with the intense hydrothermal alteration of the region, and since Mn and Fe are mobile 
elements, they can easily pass into water at surface conditions and at appropriate pH values. The stream from 
which these samples were taken should be monitored especially in terms of Mn and Fe. 

w-34 and w-35 coded samples have high values for Co metal, which can be detected only in three samples. While 
Ni can be detected at four sample points similar to Co, the w-34 and w-35 coded samples have the highest value 
here too. These values slightly exceed the EPA's guidelines for drinking water. The fact that household wastes 
(battery, electronic device fragments and small household appliances, etc.) are encountered at sampling points 
suggest that high Ni and Co values are probably anthropogenic. EPA reports the limit value for Ba content of A1 
class surface waters as 0.1 mg/L. The Ba contents determined in twenty samples have a very heterogeneous 
distribution as seen in Figure 2 and Figure 4, but no sample exceeds the guide value.  

Cd values were also determined at only three points. These values were close to the upper limit of the standard 
values.  

Perhaps the most critical values in this study are Pb values. Pb values in many samples were above the LOQ, but 
the content of eight samples exceeded the EPA-reported threshold of 0.05 mg/L. Wastes from various factories, 
exhaust gases, pollution caused by mining operations and of course Pb pollution caused by natural geological 
formations cause significant health problems in waters.  
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Arsenic detected at seven points in total is generally below 20 mg/L. However, the w-28 coded sample with an As 
value of 137.9 mg/L far exceeds the 50 mg/L limit value reported by the EPA. Known as the "king of poisons", 
arsenic enters the food chain through many activities. As can enter the waters with many anthropogenic activities, 
geological formation and mining activities also trigger the As level in the water. It is seen that high As values are 
mostly close to the region where volcanic rocks and granitic rocks cut them. It is thought that the hydrothermal 
alterations developed due to granitic intrusions in these regions increase the As concentration in these 
hydrothermal alteration zones, and therefore the As values in the waters interacting with these units also increases 
(Figure 4). 

Minor elements such as Ca, Mg, Na and K, which are more abundant in waters (Figures 2 and 4) and do not pose 
much threat to health compared to heavy metals and trace elements, are also extremely important especially for 
the sustainability of aquatic life. However, although they are important for health, very high amounts of them are 
still undesirable. In this respect, the determination of minor elements, in other words mineral elements, is also 
very important. The content of minor elements in water were determined within the limit values of EPA’s surface 
water standards.  

 

Table 2. Descriptive statistics of the surface waters and analytical performance criteria of the analysis 
method 

  1 2 3 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

  mg/L µg/L 

Parameter pH Ca Mg Na K Sr Fe Ba Zn Cu Al Mn Cd Co Ni Pb Cr   V      As    Rb    

Mean 8.02 54.1 7.0 7.4 10.1 1.2 1.6 30.5 65.5 43.0 47.2 64.9 6.6 43.1 17.3 50.2 20.7 26.4 27.8 12.1 

Median 8.07 57.4 6.9 6.9 12.1 1.1 0.4 26.2 50.1 32.5 25.3 24.0 6.6 57.4 17.4 45.4 20.7 13.5 7.8 11.4 

Std deviation 0.43 33.5 4.9 4.0 4.9 0.5 3.7 18.1 34.6 24.0 48.3 99.7 0.0 25.5 17.3 32.8 13.4 30.1 48.6 2.1 

Min. 7.02 1.4 0.1 0.1 0.4 0.7 0.02 8.3 22.6 13.9 12.2 10.9 6.6 13.6 10.2 10.1 11.2 9.3 7.2 9.9 

Max. 8.68 101.5 15.0 16.0 20.3 2.4 13.1 77.0 164.4 100.2 160.0 288.6 6.7 58.2 24.4 96.7 30.2 115.4 137.9 16.1 

Number 20 23 23 20 23 23 23 20 23 23 13 13 3 3 4 16 2 14 7 7 
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Figure 2. Distributions of pH and metal contents of the water samples 
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Figure 3. Distributions of metal contents of the water samples 
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Figure 4. Dot distribution map of HMTEs, minor elements and pH values of the study area streams 

(Explanations of the geological map are given in Fig. 1) 
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Figure 4 (Continue) (Explanations of the geological map are given in Fig. 1) 
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Figure 4 (Continue) (Explanations of the geological map are given in Fig. 1) 

 
Table 3. EPA Water Quality Standards for some elements 

    

Drinking water 

Surface water 

Element Unit A1 class A2 class A3 class 

pH   6.5 – 9.0 5.5 – 8.5 5.5 – 9.0 5.5 – 9.0 
Al µg/L 200 - -  

As mg/L  0.05 0.05 0.1 
Ba mg/L  0.1 1 1 
Cd mg/L  0.005 0.005 0.005 
Ca mg/L  - - - 
Cr mg/L  0.05 0.05 0.05 
Co mg/L  - - - 
Cu mg/L  0.05 0.1 1 
Fe mg/L 0.2 0.2 2 2 
Pb mg/L  0.05 0.05 0.05 
Mg mg/L  - - - 
Mn mg/L 0.05 0.05 0.3 1 
Hg µg/L 1 1 1 1 
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Mo µg/L - - - - 
Ni µg/L 20 - - - 
K mg/L - - - - 
Se mg/L 0.01 0.01 0.01 0.01 
Na mg/L 200 - - - 
Sn mg/L - - - - 
Zn mg/L - 3 5 5 

 
As a result, these findings point out that the surface waters in the Arzular-Kabaköy, Kaletaş, Dölek and its 
surrounding areas were affected by some HMTEs such as Mn, Fe, Cd, Co, As and Pb. Although there is an 
anthropogenic effect especially for Ni, Cr, Co, Cd at some points, ore deposit sites and related hydrothermal 
alteration areas with buried ore deposits potential have been found to cause heavy metal contamination in the 
surface waters around these environments, therefore, more detailed studies should be done on such fields and 
necessary precautions should be taken in order to avert the dispersal of contamination sourced those areas. 
 
Studies on water quality parameters and other physical properties in the region are continuing. These data are the 
first to be obtained, when other data are obtained then they will be evaluated separately in different articles. 
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Abstract: With this study, it is aimed to meet a part of the total electricity need in a 
site consisting of 4 houses with the photovoltaic-battery system. Partial energy to 
be covered by the photovoltaic-battery system has been focused on equitably 
distributed among these 4 houses. Standard deviation method was used for fair 
distribution. Standard deviation calculations were made with the conditional flow 
algorithm, random algorithm and excel solver. Sizing optimization studies were 
carried out according to this standard deviation value. Conditional flow algorithm  
and particle swarm optimization algorithms were used for sizing optimization. At 
the end of the study, the minimum standard deviation value was calculated as 
0.219779. Fair usage percentages were calculated as 1.1061%, 9.1814%, 
32.3474% and 57.3650% for the minimum standard deviation for each house, 
respectively. According to the minimum standard deviation value, the optimum 
result was obtained with conditional flow algorithm. 

  
  
1. Introduction 

In today's society, electrical energy plays an important role in human life. Electrical energy can be generated in 
many ways. One of these generation methods is electricity generation from fossil fuels. However, this method 
causes many environmental problems. As a result of the burning of coal and petroleum fuels like fossil fuels, 
global and local pollution problems occur. Both living lives are threatened and ecological balance is disrupted. In 
addition, the high cost of fossil fuels is another problem with this method. Due to these problems, it has become 
necessary to find new energy sources [1-2]. In this context, electricity generation based on renewable energy 
sources is seen as a promising solution. Solar and wind power systems in particular have become popular 
choices [3-4]. However, the discontinuity of their energy and their high costs are the downsides of these systems. 
They must be optimally sized in order to provide continuous energy and minimize costs. For this, algorithms are 
developed for sizing optimization in hybrid renewable energy systems [5]. The variation of solar radiation values 
requires PV systems to work with a storage unit. The use of renewable energy systems together with energy 
storage systems helps to increase the reliability of these systems and to reduce the mismatch between energy 
consumption and production profiles [6-7]. The optimum dimensioning of BT energy storage systems is an 
important element in the planning and design of microgrids [8-10]. Choosing battery numbers in a random or 
non-optimal size can increase the cost and system losses [11]. In addition, a fair distribution should be ensured 
in case of joint use of renewable energy resources. Here, what is meant by fair usage is to determine the 
percentage of energy to be drawn from the source according to the average consumption amount, taking into 
account all consumption amounts at different consumption times. It is assumed that the energy demand of the 
site considered in the study will primarily be taken from the renewable energy source and then from the main 
grid in case of the remaining energy demand. For fair usage purpose, methods such as standard deviation can be 
used. Two main issues should be taken into account while designing the PV-BT system. The first is the loss of 
power supply probability (LPSP) of the system, and the second is the system annual cost (SAC) that arises due to 
this possibility. To achieve this, an optimization method have been used [12].  

 
1 Electrical and Electronic Engineering Department, Inonu University, 44280, Malatya, Turkey 
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Ghaffari et al. used a modified crow search algorithm for sizing optimization of a hybrid system consisting of a 
photovoltaic panel, diesel generator and fuel cell. Total cost and LPSP criteria were taken into account. They 
concluded that the proposed method had a great effect on the LPSP value and gave better results than the genetic 
algorithm and PSO [13]. Makhdoomi et al. proposed an algorithm for the optimization of a photovoltaic, diesel 
generator and pumped hydro storage system. The crow search algorithm produced better results than the 
genetic algorithm, PSO and the original crow search algorithm [9]. Hemeida et al. worked on the optimization of 
wind-solar-battery systems. They concluded that it was cheaper to install the hybrid system than to install it 
separately [14]. Kaabeche et al. aimed to minimize the cost and sizing of a solar-wind system with their study. 
Ant lion optimizer, gray wolf optimizer, krill herd and jaya algorithms were used in optimization. They had 
obtained the most suitable solutions with three battery technologies with the jaya algorithm [15].  In the study 
by Mahmoud et al., optimization was carried out for batteries in a micro grid with solar-wind-battery. PSO, 
genetic algorithm and flower pollination algorithm methods were used. They concluded that using smart 
batteries could reduce the annual generation cost of microgrids [10]. In the study by Bukar et al., LPSP and cost 
optimization were performed for a micro-grid. Grasshopper optimization algorithm was used. It was concluded 
that the grasshopper optimization algorithm achieved results close to the results of the PSO and cuckoo search 
algorithms, and reduced the system capital cost by 14% and 19.3%, respectively [16]. In the study by Jamshidi et 
al., a hybrid system consisting of photovoltaic, fuel cell and diesel generator was designed. It was aimed to 
minimize the total cost and LPSP. Multi-objective crow search algorithm had been utilized for optimization [17]. 
In the study by Zhang et al., they analyzed the optimum sizing of a hybrid solar-wind system based on chaotic 
search, harmony search and simulated annealing algorithms. The reliability of the system was evaluated by LPSP 
[1]. Zhang et al. optimized a hybrid renewable system that includes hydrogen and battery storage units. Modified 
simulated annealing algorithm-based chaotic search and harmony search were used. As a result, it was 
determined that a wind-solar energy-based hybrid system with electrochemical storage offers the most cost-
effective and reliable energy [6]. Astaneh et al. proposed a method to find the minimum cost structure of a 
lithium-ion battery-based and off-grid renewable energy system. All possible combinations were evaluated in the 
proposed method. It was seen that the cost in the scenario optimized according to the results decreased by 9.7% 
compared to the basic scenario cost [18]. Mohamed et al. aimed at the cost optimization of the grid-connected 
hybrid photovoltaic wind energy system with their study. They used the PSO algorithm. It was seen that the 
proposed algorithm provides a reliable sizing solution and responds well to changes in system parameters [4]. 
Chauhan et al. focused on the optimal sizing of a stand-alone integrated renewable energy system which 
comprises the resources of micro hydropower, biogas, biomass, solar and wind energy. A demand response 
strategy based on the energy consumption planning of the devices was proposed. With this strategy, it was 
aimed to minimize the highest hourly energy consumption in the study area. They concluded that significant 
savings were achieved in system size and cost [2]. In the study by Fetanat et al., a sizing optimization was made 
for the hybrid photovoltaic-wind energy system. Ant colony optimization for continuous domains based integer 
programming technique was used for optimization. It was observed that this method performs better than the 
others in terms of reaching the optimum solution and speed [19]. In the study by Bukar et al., an optimization 
study was carried out for the photovoltaic and wind energy system integrated with a fuel cell. It was aimed to 
create a cost-effective system with optimization [20]. Al-falahi et al. presented a comparison of single algorithms, 
hybrid algorithms, and software tools used to determine the number of variables in an independent solar and 
wind hybrid system. The evaluation parameters of all possible combinations in economic, safety, environmental 
and social aspects were taken into account [5]. Kerdphol et al. made a sizing optimization using frequency 
control based on the PSO method in order to prevent instability of the microgrid after power failure and to 
minimize the total cost of the system. The results showed that the optimum size of the battery energy storage 
system based PSO method could achieve higher dynamic performance than its traditional size [11]. conducted by 
Lian, it was aimed to find an equal and lowest-demand profile among all combinations in terms of energy supply. 
It was aimed to guide the architects to find the most appropriate consumption among different combinations of 
buildings with various functions and how many buildings should be in a project area. To achieve this, the 
standard deviation method was used. With this case study, a general methodology was developed that facilitates 
the work of urban designers [21].  

This study, it was carried out to ensure fair usage of energy from a renewable energy source among loads. To 
ensure this fair usage, the standard deviation method was used. Three different (CFA, RA, ES) methods were 
used for calculating the standard deviation. Studies were also made for optimal sizing of the PV-BT system. For 
this, CFA and PSO methods were used. In the methods, technical LPSP and economically SAC research were done 
and the number of components was calculated depending on these concepts. In the optimization process, the 
first mathematical model of the PV-BT system was derived. Then, the system reliability model based on the LPSP 
technique and economic models based on the SAC concept presented. The optimization process aimed to find a 
compromise between these two goals. The decision variables were PV and BT numbers. In this respect, it is 
thought to be a guiding study towards ensuring the fair usage of energy obtained from a renewable energy 
source among loads.  
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The next part of the study after this section consists of the following sections. The second section is the materials 
section where photovoltaic, battery, inverter and load models are defined. The third section is the method 
section in which the standard deviation calculations performed with CFA, RA, solver and the criteria used in 
optimization are explained. The fourth section is the results and conclusions section, where results are obtained 
and discussed. Finally, the results are given in the fifth section. 

2. Materials 

2.1. Photovoltaic Panel 

The solar radiation data of the province of Malatya used in this study were taken from the General Directorate of 
Meteorology [22]. These were the hourly data of 720 hours for June 2010. 

PV panel values used in this study are shown in Table 1. 

Table 1. PV panel technical specifications [23] 
Voc 
(V) 

 

Isc 
(A) 

 

Vmax 
(V) 

 

Imax 
(A) 

 

Pmax 

(W) 
Area 
(m2) 

Lifespan 

45.
23 

5.9
8 

36.6
9 

5.47 200 1.3 25 

 

2.2. Battery 

Batteries are electrochemical elements that store energy in chemical form. The amount of energy in the battery is 
related to the state that the battery changes from t-1 hour to t hour. This can happen in charge, discharge or 
neutral situations. 

Technical specifications of the batteries used in this study were as in Table 2. 

Table 2. Battery technical specifications [24] 
Capacity 

(W) 
 

Voltage 
(V) 
(A) 

 

Current 
(A) 

 

Battery 
efficiency (%) 

Lifespan 

900 12 75 87 4 

 

Batteries had 12 V/75 Ah characteristics and their lifespan was assumed to be 4 years. The design of the battery 
system to be installed was planned in a way that it could feed the total electricity for 1 hour. Based on the 720-
hour consumption values of four houses determined as the load, hourly average of the demanded load was 
determined as 1600 Wh. The batteries used in the study were 12 V/75 Ah and the batteries with a maximum 
charge depth of 87%. Accordingly, the minimum number of batteries that could feed the load for 1 hour: 
1600 (Wh) ×1 / 12 (V) = 133,3 Ah, 
It is determined as (133,3 Ah) / (0,87×75 Ah) = 2,04. 
Accordingly, in cases where energy can’t be generated from the main source, 2×(12 V/75 Ah) serial batteries 
must be used in order for the batteries to feed the load independently for 1 hour. In this case, the string would 
consist of 2 batteries, and the number of batteries would increase by two while scanning the most appropriate 
battery number in both CFA and PSO algorithms. 
 

2.3. Inverter Model 

It was assumed that the devices used in 4 houses, which were determined as load, operate with 220 V and 50 Hz 
alternative current in this study. For this reason, direct current generated from PV and batteries must be 
inverted into alternative current. For this, an inverter was needed. The power value to be taken from the inverter 
output was obtained by multiplying the power coming to the input of the inverter with the efficiency of the 
inverter. This situation was shown in equation 1. 

In this study, inverter loss was accepted as 8%. 

Inverter Capacity = (
hourly energy requirement × inverter loss compensation

Base time (1 hour)
) (1) 

Accordingly, the inverter capacity that should be in the system was: 

Inverter Capacity = (
1600 W × 1.08

(1 hour)
)  = 1728 W 
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2.4. Load Model 

The load is also called the demanded energy. It is waived in kW. The load profile helps to see how the demanded 
energy is used over time [25]. The data set was collected by Precon [26] with smart meters. It contains data from 
users of different demographic features and different social and financial backgrounds. The properties of four 
different houses used in this study are as in Table 3. 

Table 3. The properties of four different houses [26] 
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1 1992 Yes 3 2 2 1 2 1 
2 1985 No 0 1 2 1 1 1 
3 2010 No 0 0 2 1 0 1 
4 1990 No 1 0 1 1 0 1 

 

Figure 1 shows 720 hours consumption data for four houses. 

 

Figure 1. 720 hours consumption data of four houses 
 

3. Method 

The aim of this study was to ensure that part of the total electricity need in a site consisting of four houses was 
met by the PV-BT system with the minimum cost within the framework of fair usage. The standard deviation 
method was used for this. The standard deviation value was obtained by finding the minimum and maximum 
values from the combinations of the 720×1 matrix, which was the result of multiplying the values of 720-hour 
electricity consumption of four houses by four different percentages. Table 4 shows the unknowns in the study 
and the limitations of these unknowns. 

Table 4. Unknowns and restrictions 
Unknown values H1 H2 H3 H4 

Restrictions 
0 <= Hn <= 100, 

H1+H2+H3+H4=100% 

 

There were 720 hours of data for four houses separately. These data form a 720×4 matrix consisting of 720 rows 
and 4 columns. H1, H2, H3 and H4 were the parameters that determine the percentage ratios of the electrical 
energy obtained from the PV-BT system used by the houses. These parameters form a 4×1 matrix consisting of 4 
rows and 1 column. As a result of the multiplication of these two matrices, a 720×1 matrix consisting of 720 rows 
and 1 column was formed. This matrix gives total load amounts with minimum and maximum standard 
deviation. It was ensured that these load amounts were met fairly by the PV-BT system.  

Standard deviation is defined as the standardised measure of the distance of each data from the mean in a data 
set. It is a statistic calculated based on the average. Its value is desired to be the smallest. It is calculated as in 
equation 2 [27]. 
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𝐴 = √
∑(𝑋𝑖 − 𝑋̅)

2

𝑛 − 1
 

(2) 

 

Flowchart of the study is as in Figure 2. 

 

 

Figure 2. Flowchart of the study 
 

3.1. Minimum Standard Deviation Calculation with CFA 

In the conditional flow algorithm, there is no need for any extra information about the objective function. It is a 
method used in solving optimisation problems. Unlike traditional optimisation methods, it searches for a point 
lower than the value of the objective function for the moment in the set of points [28]. It is a method that 
guarantees to reach the target result. It works on the principle of scanning all values in the range that must be 
scanned to achieve the target result. The ability to scan only two parameters, such as solar panels and battery 
numbers and to guarantee to find the global minimum are the features that make this algorithm superior. At this 
stage, the result obtained with CFA is the actual minimum deviation value result. This is due to the fact that it 
was obtained as a result of scanning the entire range. While making standard deviation calculations with CFA, 
the variables H1, H2, H3 and H4 were scanned between 0 and 100 with 1 number increment. Scanning ranges 
were as follows: 

H1=0:1:100 
H2=0:1:100 
H3=0:1:100 
H4=0:1:100 

 

In this direction, the result obtained with CFA was as in Table 5. 

Table 5. Minimum standard deviation and usage percentages with CFA (Integer) 
H1  

(%) 
H2  

(%) 
H3  

(%) 
H4  

(%) 
Min. Std.  

Dev. 
1 9 32 58 0.219799 

 

3.2. Minimum Standard Deviation Calculation with RA 
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The calculation was made by assigning random values to the relevant variables in the specified range in the 
random algorithm. The results were obtained by considering the restrictions in Table 4 and assigning random 
values to each variable. Scanning ranges for variables were done as follows: 

H1=0:1:100 
H2=0:1:100 
H3=0:1:100 
H4=0:1:100 

 

The results were obtained by running the program 10 times. All results are shown in Table 6. 

Table 6. Minimum standard deviation and usage percentages with RA (Integer) 

Run 
H1  

(%) 
H2  

(%) 
H3  

(%) 
H4  

(%) 
Min. Std.  

Dev. 
1 1 20 25 54 0.234196 

2 3 23 5 69 0.263518 

3 9 3 40 48 0.245961 

4 4 1 38 57 0.230273 

5 8 11 34 47 0.237975 

6 1 31 23 45 0.272449 

7 5 8 48 39 0.238395 

8 2 14 26 58 0.223898 

9 6 1 23 70 0.239731 

10 13 20 19 48 0.281758 

 

The best result was obtained with the eighth run. The minimum standard deviation was achieved as 0.223898, 
while the percentages were 2%, 14%, 26% and 58%, respectively. When the results obtained with the 
conditional flow algorithm were compared with the results obtained by assigning a random value, it was seen 
that the random algorithm also obtained a value close to the minimum result. 

3.3. Minimum Standard Deviation Calculation with Solver 

The result obtained in the study with ES was the same the result obtained with CFA. Considering that CFA 
calculates the global minimum standard deviation by calculating among all combinations, ES's reaching the same 
result showed that it was also a successful method. The result obtained with ES is as in Table 7. 

Table 7. Minimum standard deviation and usage percentages with ES (Integer) 
H1 

(%) 
H2 

(%) 
H3 

(%) 
H4 

(%) 
Min. Std.  

Dev. 

1 9 32 58 0.219799 

 
In the studies up to this stage, the results were obtained by scanning with integer values. After this stage, the 
study was carried out according to the decimal status of the variables. Accordingly, all the minimum standard 
deviation results obtained with CFA, RA and ES are as in Table 8. 

Table 8. Minimum standard deviation with all methods (Integer and Decimally) 

Method H1 H2 H3 H4 Minimum Standard Deviation 

CFA (Integer) 1 9 32 58 0.219799 

CFA (Decimally) 
(From 0 to 100 with 0.50 steps) 

1.0000 9.0000 32.5000 57.5000 0.219788 

ES (Integer) 1 9 32 58 0.219799 

ES (Decimally) 1.1061 9.1814 32.3474 57.3650 0.219779 

RA (Integer) 2 14 26 58 0.223898 

RA (Decimally) 
(The lowest after 10 times of 

running) 
0.6643 15.5541 16.7632 67.0172 0.233042 

 
When Table 8 is examined, it is seen that the lowest value among the minimum standard deviation results in the 
use of decimals scenario was produced by ES. The minimum standard deviation value obtained as a result of this 
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scenario was 0.219779, and fair usage percentages for each house were 1.1061%, 9.1814%, 32.3474% and 
57.3650%, respectively. In other words, if 1.1061% of the energy received from the PV-BT system were used by 
house 1, 9.1814% by house 2, 32.3474% by house 3 and 57.3650% by house 4, the energy to be obtained from 
the PV-BT system would be used fairly. 

3.4. Maximum Standard Deviation Calculation 

While calculating the minimum standard deviation, since the best result was obtained with decimal numbers in 
the ES application, only ES application and decimal numbers were studied in the maximum standard deviation 
calculation. Accordingly, the result obtained by ES was as in Table 9. 

Table 9. Maximum standard deviation and usage percentages with ES (Decimally) 
H1 

(%) 
H2 

(%) 
H3 

(%) 
H4 

(%) 
Max. Std. 

Dev. 

100 0 0 0 1.240993 

Considering these results, the graph of the total load values required to be fed by the PV-BT system at the 
minimum and maximum standard deviation values is as in Figure 3. 

 

Figure 3. Total consumed load values according to the minimum and maximum standard deviation values 
 

3.5. Technical Criteria 

The technical criteria can also be called LPSP. The system that provides reliable electrical power means having 
enough power to supply the power demanded by the load in each period. In other words, it is the case where the 
LPSP value is zero. When the power system cannot meet the energy demanded by the load, the probability of the 
load being de-energized is calculated. If the value of the variable used in the calculation does not change, it 
means that the power demanded by the load is provided by the power system. An increase in its value means 
that the energy generated by the power system at that hour is not sufficient to feed the load. LPSP is a statistical 
parameter. The calculation of LPSP value is not only related to the solar radiation value. It is also related to the 
condition of the batteries at that time. For this reason, the system is largely powerless at times when these data 
are bad. In this study, LPSP, one of the target functions, is calculated as a percentage and determined according 
to equation 3. 

LPSP (%)= (A/720) ×100                                      (3) 

Variable A indicated the total number of hours in which the energy supplied by the PV panel and battery string 
could not meet the demanded energy. The load remain powerless during these hours. The number 720 refers to 
the total hours from 00:00 on June 1, 2018 until 23:00 on June 30, 2018. 

The power required by the load is calculated as in equation 4: 

(t)(t)/ηP(t)P invACloadiht =      (4) 
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For the specified hour, if the energy generated by the PV panels was more than the load, the excess energy was 
stored in the batteries and the new state of the battery was determined according to equation 3. The remaining 
energy was not used. The LPSP value remains at its final value. (LPSP=LPSP). 

If the energy demanded by the load were more than the energy generated by the PV panels, the batteries would 
be activated to meet the energy demanded by the load. The batteries would be discharged according to equation 
3 and would feed the load. If the total amount of energy in the batteries were enough to feed the load, the LPSP 
value would remain in its final state. If the energy in the batteries were insufficient, the load would be weak, and 
the LPSP value would be increased by 1. (LPSP=LPSP+1). 

3.5. Economic Criteria 

It is the economic criterion used in optimisation in this study. The aim was to minimise the cost based on the SAC 
concept. CFA and PSO algorithms were used to minimize the SAC. The total cost of the system consisted of the 
initial main costs, replacement costs and maintenance costs. While calculating these costs, PV, BT, inverter (INV), 
charge control unit (CCU), panel and installation costs were taken into consideration. Accordingly, the total cost 
is as in equation 5. 

Total Cost (for 25 years) =Initial Main Costs + Replacement Costs + Maintenance Costs      (5) 

PV panel, battery group, inverter, charge control unit, panel and installation costs were taken into account in the 
initial cost of each component. This is as in equation 6. 

Initial Main Costs = (PVinitialcost×PV)+(BTinitialcost×BT)+(INVinitialcost×1)+ 

(CCUinitialcost×1)+(PANELinitialcost×1)+Installation          
(6) 

 

Replacement costs are calculated by considering equation 7. 

Replacement Costs = (BTinitialcost × BT× number of replacement) + (INVinitialcost × 1× 

number of replacement)    
                              (7) 

Considering that the life span of PV is 25 years, the number of changes was taken as 5 for BT (since its life span is 
4). For INV (since its life span is 10), the number of changes was taken as 1.5. Considering the life span of the 
components, only the battery and the inverter need to be changed periodically during the life of the system. 

Maintenance costs (25 years) are calculated by considering equation 18. 

Maintenance Costs (25 years) =(PVannualmaintenance×PV× number of 
maintenance)+(BTannualmaintenance×BT× number of maintenance)               
 

                 (8) 

Since the life span of PV is 25, the number of maintenance for PV is 24. It will complete its life without 
maintenance in the last year. Since the life span of BT was 4 years, 5 times change was required for BT in 25 
years. There will be no maintenance during these replacement years. For this reason, there will only be BT 
maintenance in the intervening 3 years. Accordingly, the string of the battery feeding the load will change 6 
times. In this case, the number of maintenance for BT will be 18 (6×3). 

Unit price, full price, maintenance cost and lifespan of PV panel, battery and other devices in this study are 
shown in Table 10. 

Table 10. All cost of the system component [23-24] 

Component 
Unit Price  

($) 
Price  

($) 
Maintenance Cost  

($) 
Lifespan 

(year) 

PV (200 W) 0.85 85 0.85 (1%) 25 

BT - 115 1.15 (1%) 4 

Inverter - 700 - 10 

Charge Control Unit - 1000 - - 

Panel (Electric Panel) - 300 - - 

Installation Cost (cable etc.) 
 

- 1500 - - 

 

Accordingly, the final version of the above cost equations was as follows: 
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Initial Main Costs ($) = (85×PV) + (115×BT) + (700×1) + (1000×1) + (300×1) + 1500 

Replacement Costs ($) = (115×BT×5) + (700×1×1.5) 

Maintenance Costs ($) = (0.85×PV×24) + (1.15×BT×18) 

Accordingly SAC value was: 

SAC = (Initial Main Costs + Replacement Costs + Maintenance Costs) / (25 year); 

SAC = ([(85×PV) + (115×BT) + (700×1) + (1000×1) + (300×1) + 1500] + [(115×BT×5) + (700×1×1.5)] + 

[(0.85×PV×24) + (1.15×BT×18)])/25; 

SAC= (105.4×PV + 710.7×BT + 4550)/25 

For determining the number of PV and BT that could feed load value at an optimum level, minimum LPSP and 
min SAC values will be taken into account. Two different algorithms were used for optimisation. These were CFA 
and PSO. CFA was described in section 3.1. PSO is a meta-heuristic algorithm often used in discrete, continuous 
and combinatorial optimisation problems. It was developed in 2001 by Kennedy and Eberhart [29]. It imitates 
the social behaviour of food-seeking bird flocks. The only solution is called a particle. The sum of all solutions is 
called a herd. The algorithm is started with randomly generated particles looking for the most suitable solution. 
Every particle has a position and velocity. The velocity of each particle is updated according to the following 
equation 9 [30-31]: 

𝑣𝑖,𝑗(𝑡 + 1) = 𝑤 × 𝑣𝑖,𝑗(𝑡) + 𝑐𝑝 × 𝑟𝑝 × (𝑝𝐵𝑒𝑠𝑡𝑖,𝑗 − 𝑥𝑖,𝑗(𝑡)) + 𝑐𝑔 × 𝑟𝑔 × (𝑔𝐵𝑒𝑠𝑡𝑗 − 𝑥𝑖,𝑗(𝑡))                            (9) 

vij is the velocity of i th particle in the j th dimension. x is the current particle position, and w is the constant 
called momentum, which sets from the previous time step how much the velocity will affect the velocity in the 
current time step. cp and cg are predefined constants. rp and rg are random numbers in the range (0, 1). The 
position of particle i in the jth dimension is updated as in equation 10: 

𝑥𝑖,𝑗(𝑡 + 1) = 𝑥𝑖,𝑗(𝑡) + 𝑣𝑖,𝑗(𝑡 + 1)                    (10) 

Excel solver (ES) is an excel application that can be used for simulation analysis. The aim is to find the optimum 
value for a formula in the cell. ES works with a group of cells used in calculation formulas in objective and 
constraint cells. Values in the decision variable cells are set to accommodate the constraints in the constraint 
cells and create the desired value for the objective cell [32]. 

4. Results and Discussions 

4.1. Minimum SAC with Minimum Standard Deviation 

While scanning with CFA to calculate the minimum cost in the minimum standard deviation, the number of PV 
was obtained with 1 increment in the range of 0-200. The number of BT was obtained by scanning with two 
increments between 2-50. Considering these range, a total of 306 LPSP values out of 500 (200×25) probabilities 
were calculated as 0%, and among these values, the value of 1850.576 $ in the 97th rank was calculated as the 
minimum SAC value. This situation is seen in Figure 4 (a). According to the cost of 1850.576 $, the number of PV 
and BT was calculated as 180 and 32, respectively. In order to calculate the minimum cost with PSO according to 
the minimum standard deviation, the number of PV was scanned in the range of 0-200, and the number of BT 
was scanned in the range of 0-100. The SAC value was obtained as 1759.992 $. This value could only be obtained 
at a minimum value of 0.83% LPSP. As can be seen in Figure 4 (b), the minimum cost had calculated by PSO from 
the 63rd iteration out of 100 iterations in total. According to the cost of 1759.992 $, the number of PV and BT 
was calculated as 172 and 30, respectively. 
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Figure 4. (a) Graph of calculating the minimum SAC value with CFA 
(b) Graph of calculating the minimum SAC value with PSO 

 

4.2. Minimum SAC with Maximum Standard Deviation 

In order to calculate the minimum cost according to the maximum standard deviation with CFA, the number of 
PV was obtained by scanning with one increment in the range of 0-1000, and the number of BT was obtained by 
scanning with two increments in the range of 2-200. Considering these ranges, a total of 212 LPSP values among 
1000 × 100 = 100.000 probabilities were calculated as 0%, and among these values, the value of 9437.104 $ in 
the 141st row was calculated as the minimum SAC value. This situation is seen in Figure 5 (a). According to the 
cost of 9437.104 $, the number of PV and BT was calculated as 995 and 178, respectively. With PSO, according to 
the maximum standard deviation, the number of PV was scanned between 0-1000 and the number of BT 
between 0-200, and the minimum cost was obtained as 8918.896 $. This value could be obtained at 0.83% LPSP 
value. As can be seen in Figure 5 (b), the minimum cost calculation had been made by PSO from the 59th 
iteration out of 100 iterations in total. According to the cost of 8918.896 $, the number of PV and BT was 
calculated as 953 and 166, respectively. 

 

 

(b) 

(a) 

(a) 
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Figure 5. (a) Graph of calculating the maximum SAC value with CFA 
(b) Graph of calculating the maximum SAC value with PSO 

 

The results obtained for both cases (case 1 and case 2) are as in Table 11. 

When the studies in the literature were reviewed, it wasn’t possible to see studies regarding the fair usage of 
energy resources by loads. In this study, unlike the studies in the literature, it was aimed to ensure fair usage of 
the power obtained from the renewable energy source among the loads. The standard deviation method was 
used for this. CFA, RA and ES methods were used to calculate the standard deviation. Ghaffari et al. [13], Bukar et 
al. [16] and Astaneh et al. [18] achieved their goals by using different algorithms for LPSP and minimum cost 
calculations in their studies. In this study, after calculating the minimum standard deviation, LPSP and SAC 
research was done with CFA and PSO for optimum sizing of the PV-BT system. 

Table 11. Results of case 1 and 2 (LPSP= % 0 – 1) 

Case 
Standard 
Deviation 

Method 

H1  

(%) 
H2 

(%) 
H3 

(%) 
H4 

(%) 
Standard 
Deviation 

Optimization 
Method 

PV 
(200W) 

BT 
(12 V 

75 Ah) 

Min. 
SAC 
($) 

LPSP 
(%) 

Load 
(kW) 
(720 

hours) 

1 
Excel 

Solver 
(Decimally) 

1.1061 9.1814 32.3474 57.3650 
0.219779 

(min) 

CFA 180 32 1850.576 0.00 
456.58 

PSO 172 30 1759.992 0.83 

2 100.00 0.00 0.00 0.00 
1.240993 

(max) 

CFA 995 178 9437.104 0.00 
2836.23 

PSO 953 166 8918.896 0.83 

 

This study, unlike the studies in the literature, it was aimed to ensure fair usage of the power obtained from the 
renewable energy source among the loads. Standard deviation method was used for this. CFA, RA and ES 
methods were used to calculate the standard deviation. Ghaffari et al. [13], Bukar et al. [16] and Astaneh et al. 
[18] achieved their goals by using different algorithms for LPSP and minimum cost calculations in their studies. 
In this study, after calculating the minimum standard deviation, LPSP and SAC research was done with CFA and 
PSO for optimum sizing of the PV-BT system. 

 

5. Conclusions 

In this study, in order to benefit from a renewable energy system consisting of PV and BT both fairly and 
economically, an optimum design was made according to the electrical energy data of a site consisting of 4 
houses. Seven different standard deviations were calculated. Among these, the minimum standard deviation 
value obtained in the study of ES with decimal numbers had the lowest value. This value was calculated as 
0.219779. The fair usage percentages of the energy to be obtained from the renewable energy source on the 
basis of houses were calculated as 1.1061%, 9.1814%, 32.3474% and 57.3650%, respectively. The maximum 
value of the standard deviation was 1.240993, with fair usage percentages being 100%, 0%, 0% and 0%. 
Optimisation studies were carried out considering the partial consumption amount obtained according to these 
standard deviation values. Results were obtained with both CFA and PSO to calculate the number of PV and BT 
where both criteria were minimum. Considering the minimum standard deviation value, in the optimization 
study with CFA, 306 combinations with an LPSP value of 0% among 500 probabilities were calculated. Among 
these, the minimum SAC value was calculated as 1850.576 $.  The numbers of PV and BT calculated for this cost 
were 180 and 32, respectively. Considering the minimum standard deviation value, the LPSP value was 
calculated as 0.83% in the study with PSO. The minimum SAC value was calculated as 1759.992 $. The numbers 
of PV and BT calculated for this cost were 172 and 30, respectively. The same studies were also carried out on 
the basis of the maximum standard deviation. According to the optimisation with CFA, the minimum SAC value 

(b) 
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was calculated as 9437,104 $. The numbers of PV and BT corresponding to this SAC value were calculated as 995 
and 178, respectively. In case study, the standard deviation was maximum, and the minimum SAC value was 
obtained as 8918.896 $ in the optimisation with PSO, while this value was obtained at 0.83 % LPSP value. The 
calculated numbers of PV and BT were 953 and 166. Considering the results obtained, although the CFA 
algorithm obtained the global minimum for the minimum LPSP value, a minimum LPSP value above this value 
was obtained by the PSO algorithm. The algorithm's inability to catch the global minimum can be seen as a 
shortcoming. However, the difference of only 0.83% ensures that both the number of PV and BT are lower and, 
accordingly, the total cost is lower. As a consequence, it is thought that this study will be a guide in ensuring fair 
usage and sizing optimisation of renewable energy in places where there is collective energy usage. 
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Abstract: It is seen that many diseases, especially dermatological diseases, arise due 
to bad weather conditions such as high temperature, dust, smoke, and sun in the 
environment. The most common diseases are eczema caused by malnutrition, soil, 
bacteria, bad food, and other factors, and risky moles, which are usually caused by 
excessive sunlight or during childbirth. Due to all these environmental, 
physiological, and chemical factors, it is important to quickly detect all existing skin 
diseases, especially eczema and risky moles, and it has become inevitable to 
establish a less costly diagnostic system with the help of doctors to prevent the 
aggravation of the diseases. If eczema and risky skin problems progress, they will be 
difficult to treat and take a long time. For this reason, the research aims to take an 
image from the infection site and then process this image in many ways in a MATLAB 
environment to obtain an output that can help doctors in their work. Decision trees 
supported the currently used image processing and classification method, and the 
results of both methods are also compared with this method. According to the 
results obtained, the accuracy, sensitivity, and selectivity ratios of decision trees are 
obtained compared to image processing. The software used gives a warning when 
the image processing and decision tree methods give conflicting results. If this 
occurs, it is necessary to stick to the doctor's data. The system in this study aims to 
improve human life and make it safe by recognizing eczema and risky moles. In this 
study, samples were selected from various layers of the body. In addition, a different 
interpretation can be made in the normal situation. When this approach technique 
is applied, more appropriate results have emerged in the process of detecting 
eczema and risky moles. In addition, normal skin is also involved in the process. 
Being able to define the normal state has been a contribution to science and it is 
aimed in this study to facilitate the work of medical personnel. 
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1. Introduction 
 

When skin diseases are examined, it is seen that there are many causes. Examples of physical skin diseases are 
wounds in the human body, burns, and cracks caused by cold. In addition, there are also skin diseases caused by 
parasites. In addition, another type of skin disease is seen as allergic skin disease [1]. 
 
Dermatological diseases are frequently seen in the community as diseases with low mortality. These diseases are 
thought to be important diseases due to their high morbidity, but it is seen that the number of patients with skin 
diseases who apply for medical help is low. As the years progressed, it has been determined that there has been 
an increase in the applications of patients with dermatological complaints to health institutions, of which society 
has become conscious. Since dermatological diseases are long-term diseases and these diseases are costly diseases, 
their importance is increasing [2]. 
 
When the studies on the subject are examined, it has been determined that the use of artificial intelligence and 
data mining applications is used effectively in the field of health. At this point, in many areas; It is seen that alf 
activity takes place in many fields such as medical disease diagnosis, follow-up, cost estimation, imaging analysis, 
resource planning, emergency management, processing of unstructured data [3, 4, 5]. 
 
Artificial intelligence models, which are used as a result of bringing patient data in high dimensions to the 
functional point, play an active role in increasing data reliability and quality [6, 7]. Regarding the use of artificial 
intelligence in the field of health, legal and ethical processes are used effectively regarding the accuracy of clinical 
data, data management, and data protection [8]. The processes regarding this issue differ from country to country 
[9]. 
 
The use of artificial intelligence is especially used in the detection of diabetes. Different applications are used 
concerning artificial intelligence in the detection of diabetes. In the study of Mujumdar and Vaidedi in 2019, large 
data sources in the health management system are used to increase the accuracy rate in the detection of diabetes 
[10]. 
 
A decision tree is defined as a model used in data mining to show classifiers and regressions. The decision tree 
consists of some nodes and branches. In the classification carried out in the decision tree, leaves and classes are 
specified. It has been determined that the decision is made according to one or more attributes in another node. A 
decision tree is used extensively in data mining because it is simple and understandable. To interpret the output 
in the decision tree, the entire content is explained one    by one, independently of an expert. A graphical method 
is applied in the decision tree. Since this method is used in the decision tree, it is seen that it is simpler than other 
classification methods. Due to a large number of nodes in the decision tree, it can be difficult to display the graph 
[11]. 
 

 
Figure 1. Example of Decision Tree 

When the decision tree model was examined, it was determined that the model consisted of several parts. These 
parts: 
 
- Creating node definitions to assign each record of the data set in the decision tree to a leaf node, 
- Rules for assigning each record of the dataset to a leaf node, 
- Revealing the posterior probabilities of the nodes of each leaf, 
- A target level is assigned to each leaf node in the decision tree. 
 
In this part, it was determined that node definitions were developed using the training data set. And it is specified 
in terms of input ranges. Using the training dataset, posterior probabilities are calculated for each node. Finally, 
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the target level found is assigned to each node and then the process is carried out using the training datasets within 
the training phase [12]. 
 
Many methods are used in the image analysis process. These methods are morphologically processing the image, 
extracting the image features, realizing the separation of the image into layers, identifying the patterns, and edge 
detection methods. 
 
When morphological image processing is examined, it has been determined that it is a type of image processing in 
which the structure of objects in an image is changed. It is seen that three basic morphological processes, 
expansion, erosion, and skeletonization method are used in this species. 
 
In enlargement, it is ensured that an object is reduced uniformly by erosion as a result of uniform enlargement 
within the spatial scale. In the skeleton method, especially an object is represented in the form of sticks [13]. 
 
It has been determined that there are activities to extract information such as high-level color and shape from 
images to obtain the characteristics of an image. For this reason, when the applied processes are examined,shadow 
detection, edge detection, contrast detection, motion detection, slope detection, and determination of the sequence 
of movements are made to examine the image properties caused by the density difference. In the operations 
applied in this framework, high- and low-level feature extraction operations are carried out. The basis of these 
processes is based on the principle of shadow, edge, contrast determination, detection of motion, and slope and 
determination of motion sequences depending on the image properties caused by the density difference [14]. 
 
It has been determined that especially machine learning increases the accuracy rate in the determination of 
diseases. When the studies on this subject are examined, a study has been made on the determination of skin 
diseases by using supervised machine learning algorithms because of the use of the data set on the patients, 
especially in the Indian sample [15]. 
 
When the health management processes in which machine learning methods are used are examined, a study 
related to the management of diabetes has been made. As a result of this examination, the prediction and 
determination of the disease, the complications, the genetic history of the patients, management, and treatment 
processes were examined. In this study, it is seen that 85% of classification and supervised algorithms are used in 
prediction regarding the machine learning process. In this study, the most preferred algorithm is the Support 
Vector Machine. 
 
The reasons for the widespread use of machine learning techniques in the field of health sciences are listed as 
follows. These are: 
 
- Estimation, 
- Diagnosis and determination of post-disease complications, 
- It is determined as providing quality service to patients by saving time and workload [16]. 
 
It is seen that a patient-oriented and artificial intelligence-based patient follow-up system is recommended for 
providing comfort for patients with diabetes and improving treatment processes within the health management 
processes [17]. 
 
In another study investigating the opportunities of machine learning in healthcare, a model classified according to 
the risk groups of patients using hospital data was proposed, and it was determined that there was an 
improvement in patient follow-up and related actions [18]. 
 
In another study, it is seen that an artificial intelligence model was created that identifies high-cost and risky 
patients to determine the necessary treatments and steps in the treatment of diabetes [19]. 
 
In the study of Mercaldo et al. in 2017, it was determined that the Hoeffding Tree algorithm was used to diagnose 
and classify diabetes [20]. 
 
Despite the availability of advancing technology, precisely diagnosing the symptoms of any skin disease is still a 
major challenge for physicians. Many people suffer from serious skin conditions that require them to go to 
hospitals and undergo expensive medical examinations that take days. In this study, a method that solves skin 
diseases based on image processing and data science is used. Codes prepared on MATLAB help the above problem 
to a certain extent, and can also identify two different skin diseases, eczema, and skin cancer. In addition to 
previous studies, it can also provide an interpretation for normal skin. The study detects a range of symptoms in 
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a matter of seconds and acts as a switch. It also makes the diagnosis more intuitive and realistic. This study aims 
to classify different diseases and normal conditions based on images given as input. The study uses the MATLAB 
software program. Images, Dermnet and DermWeb etc. It is collected from various publicly available databases 
such as First, sample images of the two skin diseases and the normal condition need to be processed. Second, the 
diseased parts of the images are identified, and the corresponding mathematical operations are performed. Based 
on these, the characteristics of the two types of skin diseases and normal conditions are extracted, and the 
associated feature tissue parameters of these diseases and pixels of the lesion areas are collected through image 
segmentation. Finally, eczema and skin cancer symptoms are defined using the multiple support vector machine 
(MultiSVM) method to increase the identification accuracy and provide an interface to the physicians, and the 
normal state is not neglected either. It was created with 25 of 72 images in the Multi SVM image folder. However, 
the system gives consistent results when any new image is introduced that does not form the database. Clinical 
data of images were also collected from public databases such as Dermnet and DermWeb. Adding the decision tree 
system to the study helps the other party in the accuracy analysis part.  Decision trees use the clinical data of the 
images to indicate that if the image is sick, it is sick or if it is normal, it is normal. The results of image processing 
and decision trees are compared with each other and in case of conflict, the system warns the system 
administrator. 
 
1.1.Description of Diases  
 
Eczema is in the form of red, inflamed, and itchy patches that appear during the heat increase in the skin. Skin 
cancer, which occurs in the form of malignant moles, can suddenly appear on normal skin without any warning, or 
it can develop on a pre-existing mole. Source of vitally serious skin cancer; cells called melanocytes. Melanocytes 
produce the pigment melanin, which gives our skin its color and enables us to tan. Skin cancer occurs because of 
the abnormal and uncontrolled proliferation of melanocytes. 
 
1.1.1.Eczema  
 
The best definition for eczema is an inflammatory skin reaction to various exogenous and/or endogenous stimuli 
[21]. 
 
The main manifestations and symptoms of eczema in infants are itching, rash and extensors, and in older children, 
skin deformities may occur. The occurrence of symptoms depends on the type of chronic recurrent eczema and 
whether there is another atopic disease in the family, and dryness is another manifestation of this disease. Facial 
pallor, various allergic shines, dermatographism, conjunctivitis, cataract, and skin prick test positivity can be seen 
in these people. 
 
Clinical findings consist of a severe itchy rash that presents as red dots, scaling, and papulovesiculation. This is a 
generalization, but eczema progresses step by step, depending on many of the previously mentioned 
characteristics such as the patient's disease history, age, immunity, and skin type. 
 
1.1.2.Skin Cancer 
 
It is necessary to know the location and appearance of moles in the body well to perceive the changes in the 
following processes. It is possible to confuse malignant moles with other atopic moles. Sometimes skin cancer may 
be mistaken for a normal mole, but there is a possibility that that mole has been skin cancer since its inception 
[22]. 
 
Other warning signs; peeling, leakage, bleeding or swelling, or blistering on the mole. In addition, there may be 
changes in feeling related to me such as itching, tenderness, and pain. However, the relevant physician (usually a 
dermatologist) should advise on the necessity of removing an abnormal mole or following it closely. 
 
It is recommended to consult a doctor if the following features are observed in a mole. These features are: 
 
- If one half of the mole is not similar to the other half (in color and/or shape), 
- If the borders of the mole are irregular (indented), 
- If the color of the mole is not homogeneous (two or more of the colors such as brown, black, red, gray, white is 
combined or have a mottled appearance), 
- If the mole is larger than 6 mm in diameter (roughly larger than the diameter of an eraser pencil). 
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2.Methods 
 
2.1.Methodology 
 
The method to be used for this study is the iterative model, which is a part of the software development lifecycle. 
The iterative model is a method of breaking down the software development lifecycle of large applications into 
smaller segments [23]. 
 
In addition, the iterative method starts with a small application of the software requirements branch and includes 
stages that develop until the entire system is complete. In addition, the iterative approach gives the system the 
ability to make some changes and add new practical capabilities. The main idea of this approach is to develop the 
system over iterative loops in smaller chunks over a period of time. 
 
“The key to successful use of an iterative software development lifecycle is rigorous validation of requirements 
and validation and testing of each version of the software with those requirements in each cycle of the model.” 
[24]. 
 
As the main features of the iterative method; In the model, it can be shown that results are obtained periodically 
and early, can measure progress, develop in parallel, and do not have to change requirements or scope. On the 
negative side, the methodology has a few disadvantages such as having too many resources and their management. 
Figure 2 below shows an example of an iterative pattern diagram. 

 
 

Figure 2. Iterative model diagram 
 
The main stages of the iterative model in this study were determined as follows. These are: 
 
-    The stage of collecting and analyzing the requirements. 
- Design phase: This phase analyzes the system requirements collected in the first phase and processes the system 
design by designing the block diagram, adjusting the MATLAB software to be used in this study to identify diseases. 
- Implementation phase: In this phase, the work is implemented according to the current requirements and 
information, and while the system is being implemented, the work is divided into small programs called units to 
facilitate the implementation in MATLAB. 
-   Integration and testing phase. 
- System deployment: After all functional and non-functional tests of the system are completed, the product is run 
with real data in the working environment. 
-   Care. 
 

 
 

Figure 3. Iterative model stages of this study 
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Progress with iterative means that bug fixes are done continuously, so the result is more likely to be delivered on 
time and in higher-order as a result. 
 

A function as an example: f(x)=x3-x-1 
If we first write the equation x=ϕ(x) 
a<b and f(a)⋅f(b)<0 the points a and b found. 
If f(a) is closer than 0'af(b)  
then x0=a, otherwise x0=b. 
x1=ϕ(x0) 
x2=ϕ(x1) 
x3=ϕ(x2) 
... 
is repeated until |f(xi)-f(xi-1) |≈0  

 
In the current algorithm, the newly added image is included in the function created by MultiSVM and the aim is to 
obtain results with minimum error with the iterative model. The system repeats itself every time a new image is 
uploaded to the system [25]. 
 
A comparative research method has been applied to this study, which helps the original image acquisition, feature 
extraction, and classification process based on MultiSVM. Previous studies discuss the use of colors and their effect 
in recognizing the surface of the human skin using the RGB YCrCb-HSV technique, distinguishing changes in the 
ratio of colors present on all four sides of the skin.  
 
As the work progresses, there are clear differences in the feature extraction method part. Previous studies aimed 
to identify the skin area directly, which means that the primary goal was to know the location and surface of the 
skin. In recent studies, it is possible to follow the method of finding colors and extracting energy values from the 
image to detect diseases. The system in this study, which we have done, has the capacity to do this. What will be 
achieved in this work is to consider the extraction of multiple features, to improve the performance of the study, 
and to increase the capacity of the detection system to extract color features. Unlike other studies, the skin with 
eczema and skin cancer is also determined as normal skin. Unlike other studies, MultiSVM was used. In addition, 
unlike other works, MultiSVM was created with only lines of code without using MATLAB GUI. This system aims 
to increase the success of image classification every time the user uploads a new image. 
 
2.2.Design and Analysis 
 
Using the flowchart in Figure 4, the full functioning of the system can be seen. 
 

 
 

Figure 4. System flow chart 
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2.3.Operation and algorithm 
 
The algorithm runs the system regularly with piecemeal progression logic. First, it is necessary to define RGB and 
grayscale images. 
 
A digital color image is a type of image in which each pixel contains color information. Visually acceptable. For 
results, it is important to declare three color channels for each pixel, which in some color spaces are also 
interpreted as coordinates. In the computer environment, RGB color space is widely used. In a color image, each 
pixel has three values (or channels) that measure the chromaticity and intensity of the light. Luminance 
information in the spectral band is considered as real information stored in digital image data [26]. 
 
In grayscale, the value of each pixel is a single sample. A grayscale image is different from a single-bit two-tone 
black and white image. The grayscale digital image only gives density information. Also known as black and white, 
this image type consists of shades of gray ranging from black to white, with white at the strongest and black at the 
weakest. Grayscale images have many shades of gray, usually, grayscale images are produced by measuring the 
intensity of light in each pixel of a single band of the electromagnetic spectrum and exhibit monochromatic 
behavior only when a certain frequency is captured. Grayscale images can also be synthesized from a full-color 
image [26]. 
 
Converting RGB to grayscale; The main reason for this process is to process the brightness information of the 
image or  to make an operation with the color information, for example, it can be examined whether an object is 
the same color in two different images or edge detection can be performed. To do this, it is necessary to separate 
the luminance information from the color information; this is mostly done using RGB to grayscale. Comparing 
colors in the grayscale color space is much easier than in RGB. For this reason, programmers prefer grayscale over 
RGB color space [27]. 
 
Feature extraction; means extracting features from images of processed lesion regions. The complexity of the 
classification problem in the processed images can be reduced by this method. The problem area can be 
distinguished from the background through certain features such as geometry and color. Feature extraction is very 
important to improve the accuracy of results in biomedical image processing, it is a necessary step to improve the 
quality of the processed image [28]. 
 
Image segmentation: It is defined as the process of dividing the image into several parts by converting the 
representative image into an easy form to make it more meaningful and easier to analyze [29]. 
 
The segmentation steps using K-means are as follows: 
 
Step (1): Image reading. 
Step (2): Converting the image from RGB color space to L*a*b* color space: The image used contains different 
colors. To distinguish these colors, it is necessary to convert the image from color space to L*a*b* space. All the 
color information of the space consisting of the L luminosity layer and a* b* chromaticity layer are in a* and b* 
layers. 
Step (3): Classification of colors in a* b* space using the K-means clustering system. Clustering is a method of 
dividing the data into a set of clusters, this is done when the data is used without defined groups, the purpose of 
this algorithm is to find the groups in the data used, then the image will be divided into 3 clusters using the 
euclidean distance metric. 
Step (4): An array is created to store the results of the clustering, the cluster containing the ROI to be converted to 
grayscale is selected, and then the GLCM is generated. 
ROI: This name means "region of interest" containing a subset of samples selected from a dataset defined for a 
specific purpose [30]. The concept of ROI is widely used in many application areas. A region of interest (ROI) is a 
piece of the image on which filtering or other processing can be performed. More than one ROI can be identified 
in a single image [31]. 
The Gray Level Co-occurrence Matrix (GLCM) method is a method by which second-order statistical texture 
properties can be extracted. A GLCM is a matrix in which the number of gray levels in the image is equal to the 
number of rows and columns. A matrix element of two pixels with relative frequency (a, b | Δc, Δd) is separated 
from these pixels by a pixel distance (Δc, Δd), this matrix belonging to a certain neighborhood is formed at the 
density "a" and the other has density "b" [32]. 
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Figure 5. Block diagram of image segmentation 

 

 
Figure 6. General block diagram of the proposed technique 

 
2.4.MultiSVM and feature extraction 

 
The mathematical background of the multiclass SVM (MCSVM) problem, typically with noise: (x1, y1), …, (xN, yN), 
where xi: i = n length vectors from 1 to N and yi∈ {1, … represents the class of M} instances. The classical approach 
strategy for solving MCSVM classification problems is to think of the problem as a kind of combination of binary 
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classification problems. In the “One Support Vector Machine All” method, M classifiers are created, one support 
machine one for each class. The Mth classifier creates a hyperplane between the m class and the remaining M – 1 
class. A new test sample is assigned to the class at which the distance from the positive boundary is maximum. By 
minimizing the optimization problem, it can be generalized to the following [33]: 
 

Ф(w, ε)=
1

2
∑ (𝑤𝑚

𝑇 . 𝑤𝑚)𝑀
𝑚=1  + 𝐶 ∑ ∑ 𝜀𝑖

𝑚
𝑚≠𝑦𝑖

𝑁
𝑖=1 , 

s.t. (𝑤𝑦𝑖
𝑇 . 𝑋𝑖)+𝑏𝑦𝑖≥(𝑤𝑚

𝑇 . 𝑋𝑖)+𝑏𝑚+2-𝜀𝑖
𝑚 , 

𝜀𝑖
𝑚  ≥0, for i = 1, …, N:      m∈ {1, …, M} \{yi}. 

 The decision boundary can be written as: 
f(x)= arg 𝑚𝑎𝑥𝑚[(𝑤𝑚

𝑇 . 𝑥)+𝑏𝑚]     for m= 1 ,..., M; 
  
The optimization problem will be solved by finding Lagrange's saddle point. The final classifier is as follows: 
 

F(x)= ∑ 𝑎𝑖  𝑥𝑖
𝑇 + 𝑏𝑚 

 
There are only N coefficients in the above equation (regardless of the number of classes, M), and the editing directly 
tries to reduce the nonzero number of α. In this study, the MultiSVM Struct structure is obtained by processing the 
2 disease states and normal states with the obtained features without extracting the features. The extracted 
features show different properties from each other for the disease states and the normal state found in the study. 
Therefore, this is very important for classification. It is necessary to examine these attributes and how they are 
extracted. 

 
When examining the properties of the gray level formation matrix, we obtain the values of contrast, correlation, 
energy, and homogeneity. These values show different properties for each image [29]. 
 
Contrast: Returns a measure of the intensity contrast between a pixel and its neighbor over the entire image. 
 

∑|𝑖 − 𝑗|2. 𝑝(𝑖, 𝑗)
𝑖,𝑗

 

 
Correlation: Returns a measure of how related a pixel is to its neighbor over the entire image. 
 

∑
(𝑖 − 𝑢𝑖)(𝑗 − 𝑢𝑗)𝑝(𝑖, 𝑗)

𝜎𝑖𝜎𝑗
𝑖,𝑗

 

 
Energy: Returns the sum of the squared elements in the gray level formation matrix; 
 

∑ 𝑝(𝑖, 𝑗)2

𝑖,𝑗

 

 
Homogeneity: Returns a value that measures the closeness of the distribution of elements in GLCM to the GLCM 
diagonal. 

∑
𝑝(𝑖, 𝑗)

1 + |𝑖 − 𝑗|
𝑖,𝑗

 

 
Apart from these four features, there are different features obtained by using the RGB matrix form of the picture. 
For instance: 
 
Kurtosis: A measure of how outlier-prone a distribution is. 
 

k= 
𝐸(𝑥−𝑢)4

𝑎4  

 
Here μ is the mean of x, σ is the standard deviation of x, and E(t) represents the expected value of quantity t. 
Skewness: A measure of the asymmetry of the data around the sample mean. 
 

s= 
𝐸(𝑥−𝑢)3

𝑎3  

 
Here µ is the mean of x, σ is the standard deviation of x, and E(t) represents the expected value of quantity t. 
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Variance: Returns the variance of the A elements along with the first array size whose size is not equal to 1. 
 For a random variable vector, A consisting of N scalar observations, the variance is defined as: 
 

v=
1

𝑁−1
∑ |𝐴𝑖 − 𝑢|2𝑁

𝑖=1  

 where μ is the mean of A, 

u=
1

𝑁
∑ 𝐴𝑖

𝑁
𝑖=1  

  
Some definitions of variance use a normalization factor N instead of N, which can be specified by setting w to 1. 
Smoothness: The sum of all elements of the RGB matrix is set to a value and the formula 1-(1/(1+a)) is used. For all 
kinds of diseases and normal conditions, the operation where the distribution of color values in the RGB image is 
different will produce different results. 
 
RMS (Root-mean level): Root-square-mean level of a vector x; 
 

𝑋𝑟𝑚𝑠 =  √
1

𝑁
∑ |𝑥𝑛|2

𝑁

𝑛=1

 

with aggregation carried out along the specified size. 
 
Entropy: A statistical measure of randomness that can be used to characterize the texture of the input image. 
 
Entropy is defined as -sum(p.*log2(p)); p contains the normalized histogram numbers returned from imhist.  
 
Standard deviation: Returns the standard deviation of A elements along with the first array size whose size is not 
equal to 1. 

s=
1

𝑁−1
∑ |𝐴𝑖 − 𝑢|2𝑁

𝑖=1  

where μ is the mean of A, 

u=
1

𝑁
∑ 𝐴𝑖

𝑁
𝑖=1  

 
The standard deviation is the square root of the variance. Some definitions of standard deviation use the 
normalization factor N instead of N-1, which you can specify by setting w to 1. 
 
Mean: For a random variable vector A consisting of N scalar observations, the mean is defined as: 
 

u=
1

𝑁
∑ 𝐴𝑖

𝑁
𝑖=1  

 
 IDM: Gets the measure of the distribution of GLCM elements to the GLCM diagonal. 
 
2.5.Evaluation of the methods used 
 
Image Processing and Decision Trees; The mean value of each feature in all images was calculated to examine the 
extracted features and to determine which disease they correspond to. In Table 1 below, the average value was 
found by moving through only 3 pictures of eczema. This shows the reader how MultiSVM is running in the 
background. 
 

Table 1. Feature Inference Results and Averages of Three Skin Infected With Eczama 

  A B C D E 

1 Parameters       Average 

2 Contrast 0,67704 0,43435 0,77974 0,63037 

3 Correlation 0,87741 0,88214 0,9015 0,88701 

4 Energy 0,57749 0,63881 0,2442 0,56794 

5 Average 32 23 65 40 

6 
Standard 
Deviation 66 53 73 64 

7 Entropy 3 2 5 3,33333 
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8 RMS 7 6 11 8 

9 Homogenity 0,95079 0,96476 0,90031 0,93 

10 Variance 3,81E+18 2,20E+18 4,71E+18 3,58E+18 

11 Smoothness 1 1 1 1 

12 Kurtosis 2 2 0,60633 1,33333 

13 Distortion 6 7 2 5 

14 IDM 255 255 255 255 
 

 
Figure 7. MultiSVM's determination of planes and boundaries [32] 

 
Figure 7 represents the operating system of MultiSVM. In the real system, there are data taken from 25 images. Three 
planes have been created: Eczema, Skin Cancer, and Normal condition. Since the skin condition with the highest number 
of 25 images that make up the Multi SVM is skin cancer, the blue dots symbolize the skin cancer, the pink dots symbolize 
the normal state, and finally, the black dots with the least number symbolize the eczema disease. For each point, the health 
status of the skin is written in the relevant matrix. MultiSVM classification (fitcecoc) is performed. 

The parameters appearing in TABLE 1 are extracted again for each added image, whether or not it is out of 25 photographs 
in the database, and its location in the MultiSVM plane is determined by the 'predict ()' estimation method. As a result, 
when a new image is given to the system, the system will determine how close it is to these three regions and accordingly 
classify whether it is one of the diseases or normal. 

There are 51 stored images for skin cancer, 11 for eczema, and 10 for normal skin. It has the advantage of having many 
images. The values obtained from the images of these two diseases and normal skin in the database were compared with 
the data in the 'Diseasesetyeni. mat' file. 

 
Figure 8. The matrices and their contents in Diseasesetyeni.m 

Footnote: Skin cancer= Cilt kanseri, Eczama= Egzama 

'Diseasesetyeni. mat' and its matrix and their values were created with 25 of the 72 images already in the system. However, 
the system gives consistent results when any new image that does not create the database is introduced. As mentioned 
before, the predict () function is used during the simulation.  
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Studies are carried out to find the feature with similarities, to know the obtained similarities, and to reveal the percentages. 
There is a limited amount of data on 'diseasesetyeni. mat'. However, this data set was sufficient to reveal the purpose and 
results of the current study. In the future, the study can be made more detailed by increasing the data set. The data of all 
images are not saved in 'Diseasesetyeni. mat'. In the study, it has been tried to prove that it gives correct results for the 
newly added images. For each image entered, the values are always extracted again and compared with 'Diseasesetyeni. 
mat'. 

The values of skin cancer and eczema disease and normal skin are found in the matrices in the 'Diseasesetyeni. mat' file. 
The database contains all the necessary information that helps the user in the search process. The process consists of 
checking the values from 1 to 25 for each image and using the MultiSVM planes created from them to classify the image 
with the appropriate group and achieve the required similarity ratio. 

The situations processed in the background of the code are: 

Image is taken from the outside and displayed inside the system. The features of the image are extracted and saved in the 
workspace. The 'disease feat' and 'disease type' matrices in the 'Diseasesetyeni. mat' file is subjected to the MultiSVM 
training function and the 'svmStructDisease' structure is created. It is shown in Figure 8. Finally, the predict the disease 
function is performed, a match is made between the new image and the database, and the results of the predictions of the 
diseases or the normal state are given. 

As a result, the system will notify the other party of the disease type or normal state. If the result of the image 
processing differs from the result of the decision trees, this will also be reported as an upstream message. 

Table 2. Decision Tree Method 

KAY T3 TST TSTT TSH MADTSH Görüntü İşleme Karar agac 

1 113 9,9 3,1 2 5,90 cilt kanseri egzama 

2 105 7,3 1,5 1,5 0,10 cilt kanseri cilt kanseri 

3 114 9,9 2,4 1,5 5,70 cilt kanseri cilt kanseri  

4 106 4,2 1,2 1,6 1,40 cilt kanseri normal 

5 112 8,1 1,9 3,7 2,00 cilt kanseri cilt kanseri 

6 111 8,4 1,5 0,8 1,20 cilt kanseri cilt kanseri 

7 115 7,1 1,3 1,3 2,00 cilt kanseri cilt kanseri 

8 109 10,4 1,9 0,4 0,10 cilt kanseri cilt kanseri 

9 100 6,1 2,4 1,8 3,80 cilt kanseri cilt kanseri 

10 105 11,1 2 1 1,00 cilt kanseri cilt kanseri 

11 116 11,1 2 1,2 2,30 cilt kanseri cilt kanseri 

12 117 12,2 1,9 1,2 3,90 cilt kanseri cilt kanseri 

13 106 9,4 1,5 0,8 0,50 cilt kanseri cilt kanseri 

14 121 10,1 2,4 0,8 3,00 cilt kanseri cilt kanseri 

15 121 13,5 1,5 1,6 0,50 cilt kanseri cilt kanseri 

16 109 10 1,3 1,8 4,30 cilt kanseri cilt kanseri 

17 118 8,1 1,9 1,5 13,70 cilt kanseri normal 

18 115 8,1 1,7 0,6 2,20 cilt kanseri cilt kanseri 

Footnote: Skin cancer= Cilt kanseri 

                 Eczama= Egzama 

                 Image processing= Görüntü işleme 

                 Decision tree= Karar ağacı 

                 Record= Kayıt 

 



Y.S. Erdem et al. / Investigation of the eczema and skin cancer disease diagnosis by using image processing techniques 

59 
 

 
 

Figure 9. Calculation of Sensitivity, Accuracy and Selectivity 

Footnote: Skin cancer= Cilt kanseri, Eczama= Egzama 
 
Table 2 and Figure 9 show the use of the decision tree method. DT1 is the number of images in which image 
processing for normal skin images yields parallel and accurate results against decision trees. DT2 is the number of 
images where image processing for skin cancer and eczema skin images yields parallel and accurate results across 
decision trees. YT1 is the custom of images where image processing for skin cancer and eczema skin images yields 
inconsistent and incorrect results against decision trees.  YT2 is the custom of images where image processing for 
normal skin images gives opposite and wrong results against decision trees. Relevant clinical data used for decision 
trees Sakarya Uni. Taken from the lecture notes of the Data Mining course. In addition, the code lines in the system 
are the version of the Plant Disease Classification study in MathWorks File Exchange, developed with the decision 
tree method. In the excel data in Table 2, only some of the clinical data of 72 images in the picture folder are shown 
as representative. The health status of the skins was started to be classified by placing the limit of 5.2000 on the TST 
data found in clinical data. Decision trees progress step by step. Obtaining entropy information at each stage shows 
the user how well the separation progresses, and the closeness of entropy to 0 shows the opposite side that the 
process steps are approaching the end. Of the values included in the classification, T3 is the result of the blood test 
used when measuring the level of thyroid hormone, TST is the thyroid gland serum hormone test, TSH is the thyroid-
stimulating hormone test, TSTT is the tubing scopic threshold test, MADTSH is the absolute difference from the 
thyroid-stimulating hormone test based on.    
 
Entropy: It is mostly defined as randomness and disorder in a system and is used in many fields from statistics to 
technology. R is seen as a resource. It is assumed that this resource can generate n messages as {m1, m2, m3,…, mn}. 
All messages are generated independently of each other and the probability of generating mj messages is pj. 
 
The entropy H(R) of the R source that produces messages with probability distribution P= {p1, p2, p3,…, pn} is as 
follows. 

H(R)= -∑ 𝑝𝑖 ∗ 𝑙𝑜𝑔2(𝑝𝑖)𝑛
𝑖=1   or H(R)= -∑ 𝑝𝑖 ∗ log(

1

𝑝𝑖
)𝑛

𝑖=1  

 
Finally, when the classification with decision trees is completed, the sensitivity, accuracy, and selectivity analysis of 
the system are performed according to the image processing by using the above formulas. It describes the results 
of the comparison of simulative data and numerical data. 
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3.Results 
 
The operation of any system depends on the probability of occurrence of a particular event, this study includes a 
wide range of possibilities, it is necessary to compare images of a particular disease and define the category to 
which it belongs. Reference is made to studies that can compare a database of pathological images with images 
from outside the database and work with several models. While working on the identification and classification of 
diseases, it was observed that insufficient information was collected for the database, and the success of the 
process was low when only the image processing technique was used in the process. The database is very 
important and dermatology medicine needs to focus on improving the content of the database so that it is easier 
to identify any disease with images stored in its system. Moreover, adding the decision tree system to the study 
helps the user in the accuracy analysis part. 
 
This problem was solved by extensive research on various websites associated with the idea of the study, and a 
sufficient number of images were found in terms of the number and quality of images. A series of images have been 
collected to be used directly in the database and by comparing them according to the inputs to be presented, the 
desired results can be obtained. In addition, all data and images were collected from public databases. 
 
Skin diseases seriously affect people's lives and health. This study proposes an effective approach to identifying 
skin diseases. To increase the diagnostic accuracy of many types of dermatological diseases, it is necessary to 
replace traditional methods and develop automated methods. In this study, two types of skin diseases were 
defined, namely Eczema and Skin Cancer diseases, and it can also determine normal skin. The decision tree method 
adds strength to this study and distinguishes it from other studies. The program will detect and identify 
dermatological diseases. It was designed through the MATLAB program. This study will serve a large segment of 
society and will solve the problems in identifying and distinguishing the types of skin diseases in humans due to 
the similar effects and symptoms that humans are exposed to and will certainly contribute to the early diagnosis 
and treatment of skin diseases. 
 
The detection of skin diseases has gone through several testing stages to make more accurate image processing. 
Simulations were made on two different diseases and normal conditions using the MATLAB program. This study 
is very useful in increasing the understanding of programming by using MATLAB software. After relying on the 
similarity rate for eczema and skin cancer diseases, the system was tested with new images. As expected, the result 
of the system will be an assistant for all users, including doctors and nurses. It is used with MATLAB software 
technology. The system can be used by any person, be it a professional, a programmer, or a regular person. 
 
In the first part, the aim is to match the images to one of the selected diseases and to reach the basic principles for 
estimating the similarity ratio when an image is uploaded to the system, and a training model that can always be 
improved has been successfully obtained. The number of items in the database has been increased and since this 
study will help many people in the hospital, the system has been designed with an easy-to-use interface to make it 
much easier to use, and this section has been completed very successfully. Apart from the professionally working 
GUI interface of MATLAB, uniquely written codes were used, and this helped a lot in recognizing the backside of 
the process. Energy feature extraction and extraction of other features were used on images of different diseases 
taken from the user and not included in the database system, but which will be compared with this particular 
database. 
 
The use of skin diseases detection methods will positively affect the field of medicine in terms of early detection 
of the disease. Since the patients will not have to stay in the hospital for a long time to perform the examination 
procedures, the number of patients will be improved. It also saves time for nurses and doctors, making the process 
go faster, and more time is allocated for other diseases that require more than one procedure to complete the 
examination. In all its aspects, the importance of developing a skin disease detection system is how to extract 
features from the images, including the acquisition phase of the images, and increase the accuracy of the study, 
which will make a significant difference to community users. It certainly has benefits and reduces diseases and it 
is recommended that government or private organizations working in the medical field support and invest in this 
method for the following reasons. These reasons: 
 

1. Increasing number of skin diseases 
2. Ability to use multiple features for higher resolution such as contrast, 
3. Ability to extract entropy, correlation, and homogeneity features, 
4. Purpose of using a camera that takes pictures of the patient directly in the future 
5. Application of different images of a different disease, 
6. It is listed as the purpose of having the function of determining the amount and type of drug-assigned to 

the patient in the future. 
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Anahtar Kelimeler 

Katı hal fiziği 
Amorf 
Kristalografi 
Dozimetri 
Örgü 
Termolüminesans Dozimetri 
(TLD) 

Özet: Bu derleme makalesinde, bazı amorf ve kristaller hakkında yapılan çalışmalar 
gösterilmiştir. Kristalografinin alanına giren, kristal örgü ve yapı konusu da, katıhal 
fiziği perspektifi altında açıklanmıştır. Kristal büyüme yöntemleri de kısaca 
açıklanıp, obsidyenin  termolüminesans dozimetri (TLD) için kullanılması tavsiye 
edilmiştir. Obsidyen, radyasyon korunması üzerine yapılan çalışmalarda 
kullanılmıştır. Bu makalede, obsidyenin radyasyon dedeksiyonu için uygun bir 
malzeme olabileceği düşünülmüştür.  

Usage of Some Crystals and Amorphous Materials in Radiation Physics Studies 

Keywords 

Solid State Physics 
Amorphous 
Crystallography 
Dosimetry 
Lattice 
Thermoluminescence Dosimetry 
(TLD) 

Abstract: In this review article,  studies of  some amorphous and crystalline have 
been viewed. Lattice of crystalline related with cristallography has been elucidated 
on the perspective of solid state physics. Furthermore, usage of obsidian has been 
recommended for thermoluminescence dosimetry (TLD). Crystalline growth 
methods have been explained briefly. Obsidian has been utilized in studies which 
are related with radiation protection. In the article, obsidian has been contemplated 
as a suitable material for radiation detection. 

1. Introduction 

Main purpose in this review article is to introduce studies about some crystalline and amorphous materials
related with radiation physics applications and also another aim is to propound a new idea  with respect to 
amoprhous material such as obsidian whether  can be used in radiation applications or not. Dosimetric application 
of both nuclear and radiation physics have made a huge stride on development of new dosimeters which are 
utterly crucial to understand the nature of some crystalline and amorphous materials. Material at higher 
temperatures can emit red(infrared-visible light) radiation and materials which will be used in dosimetric studies 
would be either semiconductors or insulators. Metals will not be appropriate tool to observe a luminescent 
properties. Luminescence effect has been appeared by heating materials which are suitable as mentioned above. 
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Heating is a kind of radiation and when the heat has stimulated, the material will store some energy with ionizing 
radiation, which means material absorbs some energy. Then, stored energy has been released as visible light but 
if the material has been cooled, TL properties(Thermoluminescence) of material have been terminated. Re- 
exposed process of ionising radiation is necessary to see visible light upon crystal or semiconductor again [1].  

   OSL (Optically Stimulated Dosimetry) is a procedure or natural material such as quartz or feldspar  [2]. Because 
of that reason, optically stimulated dosimetry has been suggested by scientists [3]. Radiation dosimetry generally 
has been used in the application such as health physics, x-ray studies, radiation protection and so on. Borate 
phosphors is effective and close to human tissue with an atomic number which is Z=7.4. Because of that reason, 
coefficient of absorption of borate phosphors is as same as biological materials. Borate phosphors has some 
advantages which are as follows; wide energy band gap, sensitivity of neutron, thermal stability, optical 
characteristic and etc [4], [5]. Piezoelectric quartz has been studied in dosimetric application as dosimeter. In a 
study which focuses on development of quartz dosimeter and determining of different corrosivity caused by 
photooxidizing agents and volatile organic acids has been resulted by using reactive lead coating was applied to 
quartz crystal.  Quartz vibrates coating lead that has an effect on lower frequency [6]. The other study on energy 
band gap of potassium lithium borate glass has been carried out by the applying FTIR(Fourier Transform Infra 
Red) and UV-VIS(Ultraviolet-Visible Spectrophotometry) spectroscopy techniques [7]. Next study has been related 
with the thermoluminescence of C doped lanthanum aluminate crystalline (LAIO3:C) synthesized by Solid State 
Reaction with U.V(Ultraviolet) dosimetry [8]. Another research has been done about the subject which is 
thermoluminescence and radioluminescence of a sodium doped feldspar. Sodium has been used for hole 
traps(Correcher et al, 2007) [9].  

   One of the oldest studies in dosimetry of alkali halide crystal has been irradiated with gamma and x -rays [10]. 
Photoconductivity has been efficient on imperfection lattice of crystals by doping H(hydrogen) or F(fluorine)  [11], 
[12]. Another study in luminescence about crystalline has been done by scientists (Jang et al, 2012) on Eu+3 doped 
fluorthalenite (Y3Si3O10F) for laser excitation spectroscopy for understanding temporal behavior of crystal[13]. 
Next research has been done on Ag doped and undoped lithium tetraborate(Li2B4O7)  by using Czochralski 
Method(Kuralı et al,2016) [5].Furthermore, diamond dosimeter has been studied and these types of dosimeters 
are adequate devices for small field dosimetry. Single crystal devices have shown efficient performance, where 
pollycrystalline can be into bigger size and they also have demonstated low quality due to structural imperfection 
[14].  

   Another study on radiophotoluminescent dosimetry for carbon and magnesium doped AI2O3 crystal [15]. 
Sm:CaNb2O6 single crystal has been studied by Czochralski method which includes high x-ray diffraction, optical 
absorption and fluorescence  [16]. Thermoluminescence dosimetry properties of Ge doped photonic crystal fibres 
(PCFs) have been evaluated with Modified Chemical Vapour Deposition method (MCVD) by scientists[17]. LiF 
material has been doped with elements which are P, Mg and Cu in a study to grasp the effect of 
thermoluminescence [18]. Hydrogenated amorphous silicon has been studied due to its own intrinsic radiation 
hardness for dosimetry and particle detection such as x-rays. Hydrogenated amorphous silicon has been thought 
as efficient candidate of radiation resistance quality [19], [20].TLD property of pencil lead graphite has been 
evaluated in another scientific study [21]. Another investigation have been done K2YF5:Tb+3 as well as undoped 
K2YF5 has been synthesized under hydrothermal conditions. Linearity of dose response and reproductivity of dose 
have been emerged by scientists  [22]. Lucin metavariscite (AIPO4.2H2O) has been studied with different 
characterization techniques. TL has an important role to see structural changing in material under 1500-1650C. 
Transformation of metavariscite into berlinite has caused by loss of water molecules and crystal lattice changing 
from monocilinic to trigonal [23]. Kinetic parameters of La doped phosphate glass under the TL glow curves of 
beta radiation by applying some methods such as peak shape (PS) methods and computerized glow curve 
deconvulation code (CGCD) [24]. In another paper, magnesium oxide (MgO) with co-doped Li+, Ce+3 has been 
synthesized  with the method called  Solid State Reaction Technique (Guckan et al ,2021) [25].Other research 
has been done on  boron doped  hydrogenated amorphous silicon by using co-sputtering technique related with 
PECVD film samples [26].In another research, amorphous silicon sensor has been put on the top of integrated 
circuit and radiation detectors  based on amorphous silicon industrialized in very thin films and also amorphous 
silicon has been used in solar cells for space application[27], [28], [29]. A new study on susceptibility of obsidian 
has been done in Japan and also obsidian has been characterized with different crystals such as microlites and 
phenocrysts [30]. Goksu and Turetken had studied on natural sources such as obsidian [31]. Other research is 
about to obsidian pellets in a powder will be adding teflon and these pellets have been exposed to gamma radiation 
of 60Co in dose interval between 10 Gy-10 kGy and TL,OSL, TSEE techniques have been used in study of obsidian 
materials which can be a candidate of detector [32]. Alzahrani et al, investigated on obsidians under U.V.  the 
situation of TL and PTTL[33].  



O. Dervişağaoğlu. / Usage of Some Crystals and Amorphous Materials in Radiation Physics Studies

65 

   The writer has written an article related with obsidians and he has made a mistake by writing a sentence ”% 75 
of obsidian contains quartz” which has not been proved in any study.These both materials are similar to each other 
chemically because of SiO2 compound and furthermore,  the writer of this article had thought that obsidian can be 
useful for radiation detection and it can be an   adequate tool as target for  particle accelerators. He has declared 
an opinion about this subject upon his own previous article  [12].  

2. Basic Information about Amorphous and Crystal

In the beginning of the 1900’s, development of quantum mechanics had a crucial impact on forming the theory
related with the energy band gap of solids. Correlation between crystals can be managed with the mechanic, 
thermal, electrical and magnetic qualities of solids. The main aim of crystal physics is to understand relationships 
between particles of microscopic and crystal structure [34]. Crystal physics studies consist of geometrical forms 
and physical properties such as doing experiment upon x-rays, electron, neutron beams and etc. Johannes Kepler 
had thought on the reason why snowflake has 6 corners instead of has 5 or 7 corners. He had made assumptions 
on the geometry of crystalline. Robert Hooke and Rene Just Haüy had studied on providing the mathematical 

theories[37].Picture1 shows amorphous and crystal stones which are taken from general chemistry notes[35]. 
Picture 2 demonstrates lattice models of both amorphous and crystal solid[36]. 

Obsidian

Figure 1.Galena(PbS), Pyrite(FeS2) and Quartz have crystal structure and obsidian is an amorphous material, 
(General Chemistry Notes) 
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Figure 2.Crystal and amorphous lattice ( Atif et al,2020) 

Amorphous means “ shapeless” and that word originally comes from ancient Greek word which is “ámorphos” 
[35]. Crystal lattices are consisted of three dimensional system. These systems are originated by atoms or group 
of atoms. In three dimensional space,  according to position of atoms in crystal there are 14 different lattices or 
Bravais lattice and the word   crystal  comes from “krystallos” which means “ice” [37]. 

2.1. Classification of Crystal Lattices  
   Cubic system: In this type of lattice system there are three different models which are; primitive, body-centered 
and face-centered. Connection of any two different cubic lattices is impossible. Tetragonal system: This type has 
included primitive and centered and there is no Bravais connection. Orthorhombic system: in this system there 
are four types of lattice that can be categorized as; primitive, base centered, body centered. There is Bravais 
connection between primitive and base centered which is defined as “phase transition” [38]. Trigonal or 
Rombohedral: It has three equal planes and two angles are also equal except one angle. Hexagonal system: It has 
six rotational axis and every each corner has one atom. One atom has placed in the surface and in the center, there 
are three atoms. Monocilinic system: It has different sides and one angle is not equal to 900. Triclinic system has 
no equal sides and angles are not equal to 900. Table 1, can give an information to the readers with different 
properties of crystals with respect to their geometric shapes [39]. Coordinate system have been defined as three 
dimensions and have been composed of non-coplanar vectors. Basis vectors can be called as a,b and c. Angle of 
intervectors α, β, θ are called as metric parameters. Different evaluations of basis have been originated by scalar 
products of all basis vectors. Changing from one basis to another basis has been explained by transformation 
matrix (P).This transformation can be described as in the followings; 

   (𝑎, 𝑏, 𝑐)𝑃 = (𝑎′, 𝑏′, 𝑐′)              (1) 

         𝐺′ = 𝑃𝑇𝐺 𝑃         (2) 
    G and G’ stands for metric tensors [40]. 
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Table1. Types of lattice in crystals (Kashif,2018). 

2.2. Amorphous Materials 
  Macroscopic crystals are made of microscopic sized crystals. Positions of every each atom in spectacular crystal 
have been extrapolated by the formula as   following; 

  [41], [42].  (3) 

  Positions of atom in amorphous materials have not been calculated as positions of atom in crystals. Amorphous 
materials have been supposed as disordered crystalline solids [43]. Most of amorphous solids do not shape up into 
crystalline form. Amorphousness is generally explained by what it is not rather than what it is in lattice of solid. 
Three methods have been used to determine the identity of amorphous solids in which has been carried out for 
experiment related with solid-state physics.(i) calorimetry to calculate temperature transition of glass (ii) x-ray 
scattering (iii) NMR to comprehend correlation of bonds in solid. Problem of disordered crystalline can be repaired  
but a new method should have been considered to grasp the structure of random atom in amorphous material. Set 
of random data has been set up with theorical point of view. The meaning of  “disordered” is generally described 
in dictionaries as unpredictable and something opposite to the order [41].Studies in amorphous liquids have been 
accelerated with theorical approach by Bernal[44] . In the last two decades, study interests have been divided into 
two different streams which are; (i) studies related with packing of both spheres and molecules [45], (ii) 
simulations for atoms by ab-initio method[46]. Simulation modelling has been applied in the packing of spheres 
randomly with extremely cold conditions such as the rate of the order 1015 K/s. Even so these methods succeeded 
to simulate the structure of amorphous materials by considering atomic arrangements which possessed 
imperfections. Ideal amorphous structure has not been officially accepted and lattice of atomic arrangements in 
amorphous materials have been keeping this mystery [47]. Adams and Matheson had studied on computation of 
dense random packings of hard spheres[48]. ,Finney also has done scientific study on random packings and the 
structure of simple liquids[49]. Bennet studied on defining of packing of spheres for creation of ideal amorphous 
solids. Bennett started with regular tetrahedron and formed random packing. It has been proved precisely which 
one has imperfection by Clarke and Jonnson [50], [51.]There are different scientists that made a precious 
contribution on the subject of packing spheres either related with lattice or not related with lattice [52], [53], [54]. 
Obsidian is the natural amorphous material which can solidify when it interact with oxygen. Amorphous solids can 
be categorized into two main groups;  

• Crystallisable  (metallic and metalloid glassses) 

• Naturally non-crystallisable     (cross- link polymers, atactic organic polymers) [41] .

When ab-initio has been emerged with Hamiltonian equation that let us to conceive intuitional with perspective 
of quantum mechanics 

Systems Axis/Sides   Angles Lattice 
Symbol 

Examples 

Cubic a=b=c α=β=θ=90 P,I,F Fe,Cu,NaBr,Au,Diamond,NaCl 

Hexagonal a=b≠ c α=β=90, θ=120 P Mg,Zn,Graphite,,ZnO,Ice 

Tetragonal a=b≠ c α=β=θ=90 P,I NH4Br, SnO2, Sn 

Rhombohedral a=b=c a=b=c<120(≠90) P Bi, NaNO3, KNO3, As, Bs 

Orthorhombic a≠b≠c α=β=θ=90 P,I,F,C BaSO4, K2SO4, 

Monoclinic a≠b≠c α=θ=90≠ β P,C Sugar, Sulfur 

Triclinic a≠b≠c α≠ β≠ θ P K2Cr2O7, H3BO3 
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 (4) 

   This equation managed interaction between atoms and also carried out the tendency of self assembly and 
furthermore, fluctuations took over the dynamic of the system. Random Gaussian distribution has been followed 
by spontaneous density fluctuations [55] , to put it simply,  all materials comprise larger or lesser defects which 
refer to crystalline structure, or contain flaws which correspond to amorphous materials.  
Ideal amorphous solid model is to represent the spheres/atoms which are randomly packed and non-intersection 
spheres and there are two rules for the perfectly random arrangements of atoms; 

• There are three non-touching spheres and centers of these three spheres which are adjacent should create
irregular triangles [56].

• Spheres should be in fixed position for mono atomic amorphous solid which is ideal in fixed position when
4 ≤ k ≤ 9 touching contacts with spheres which are neighbours, for k>9 sphere is in fixed position
permanently [57].

   Amorphous solid which is obsidian can be heated into quartz tube at the temperature in the range between 100- 
7000C. TL measurements were determined by Harshaw 3500 TLD apparatus with light pulses. First TLD read out 
confirmed to use the time from the room temperature which goes linearly to 4000C and second readout belongs 
to black body radiation[33]. Black obsidian has been crushed into small pieces and then it has been pulvarized by 
agate mortar and pestle porcelain and powder has been weighed, washed and dried for 24 hours. It was mixed 
with teflon by using liquid nitrogen to confirm homogeneity. Obsidian+ teflon have been irradiated at the center 
of radiation technology, IPEN, Atomic Energy of Canada LTD with Co-60. All test which are done related with 
dosimetric properties of material with respect to TL, OSL and TSEE dosimetry. Obsidian can be a good candidate 
as dosimeter[64]. 

3. Methods of Crystal Growth and Usage of Amorphous in Radiation Studies

 Crystal growth from liquid can be categorized into six groups[58] ; 
• Gel growth
• High temperature
• Hydrothermal growth
• Electrocristallization 
• Low temperature solution 
• Melt growth 

   Alves et al, have done a research on lanthanium aluminate polycrystals by using solid state reaction method 
which has been mixed as equimolar ratios of both lanthanium oxide and aluminium oxide. Mixed powder has been 
granulated in agate mortar after powder were weighted with 0.1% weighted carbon atoms. The first approach in 
methodology in this study, Lanthanium oxide and aluminum oxide were put into agate mortar with 0.1 weighted  
of  graphite and this mixture has been put into sintered process in hydrogen atmosphere at 17700C for 2 hours. 
The second way of the method is aluminium oxide powder has been mixed with 0.1 % carbon and has been 
sintered in the same conditions. The third method is that lanthanium oxide has been put into same procedure. U.V 
radiation has been applied the materials and captured charged carriers removed from traps by using Regaku 
D/Max Ultima X-ray diffractometer. Thermoluminescent analysis has been done by using Harshaw TLD-4500 
reader[8]. 

   High temperature crystal growth has been originated by the category of high temperature solutions growth. 
Constituents of crystallized material were dissolved in convenient solvent and crystallization occupied as a 
solution which   has been supersaturate. Supersaturation can be advanced by solvent evaporation with respect to 
cooling process of solvent or transport process in which solute is confirmed to flow from hot region to cooler 
region. High temperature crystal growth can be categorized into two groups which are;(i) growth from single 
component system and (ii) multi-component system. In this method, solid has been taken as the solvent and 
growth have stood under melting point. This method can be useful for oxide compounds that have high melting 
point [58]. 

   Hydrothermal growth, some materials tend to dissolve in water under high temperature and pressure in NaOH 
and  CaCO3  which are mineralization agents. Single crystal has been grown under high temperature and pressure. 
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Quartz can be grown by using this method which is generally called hydrothermal growth method. According to 
this method crystals have been grown into apparatus named autoclave and solution has placed at the bottom of 
hot region. Seed crystal has been placed into cooler region. Autoclave will be full of solvent which is definite 
amount that also can be a character as interior pressure in the system. Solution in the system will cause a rise in 
the heat because of temperature differences between upper and lower solution and bring solution at high 
temperature into growth region where material being crystallized in seed crystal[59]. Hydrothermal method has 
been shown in the Picture 3[65]. 

Pigure 3.Hydrothermal method;( Mohammadet al, 2020) 

   Another method on crystal growth is Czochralski method figüre 4 [62]that allows obtaining crystal of many 
intermetallic compounds. Crystallization methods have been carried out by Czochralski in 1916 and this method 
focused on taking crystal out from pure metals such as Pb Zn in air[60], [61]. Then this method has been applied 
on the crystal growth in semiconductors and oxide for electronic ındustries. In this method, Crystal has been taken 
out from melt after seed crystal immerse into melt region and it began to grow under an adequate temperature 
conditions. Grown crystal has been detached from melt region when growth process has been terminated[62] . 

 Figure 4. Czochralski method; (Kouwenberg,2018) 

   Bridgman growth method (BGO) is also used for crystal growth generally called directional solidification method. 
According to schematic diagram, , it consists of furnace and crucible holder [63]. Seed crystal has been put into 
little chamber with respect to vessel and at the bottom, quartz tube has been placed vertically. Crystal solidified 
from the seed by changing heat element under control with increasing temperature, intersection of solid-liquid 
along with it will be elevated. Most of scintillation crystals have been made with this method related to the subject 
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of crystal growth.  BGO Crystals with this method also used in satellite  for discovery of dark matter in cosmology 
studies. 

Figure 5. Bridgman method, (Venkataraman,2020) 

    Heat exchanger method (HEM)is directional solidification technique and this method includes gas-cooled heat 
exchanger which has been under the seed crystal. Growth has been begun by increasing cooled gas flow and 
decreasing temperature of furnace. Heat exchanger has a role of controlling temperature at the growth interface 
of crystal. Heat exchanger output has been controlled by helium gas. Sapphire crystal can be grown by HEM 
method. Evaporation method, circulation method, sublimation method, evaporation method, top seeded solution 
method, cold crucible method, floating zone method also can be used for the process of crystal growth [59]. Picture 
6 has been cited from a study of Khattak and Schmid [66].   

Figure 6. Heat exchanger method  (Khattak and Schmid, 2001). 

   Understanding of phase equilibrium is utterly necessary knowledge to provide efficient crystal growth. 
Homogeneous part of macroscopic mass system shows the same atomic arrangement which is phase of material 
and each phase uniform structure along its volume. Phases have been ruled by Gibbs which gives a knowledge 
about equilibrium state of a material also it can be described as following[59]; 
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    𝐹 = 𝐶 − 𝑃 + 2            (5) 

F: number of intensive degree of free state. 
C: number of components in the system. 
P: number of phases. 
Number 2 demonstrated both pressure and temperature which can be changed. 

Vapor Crystal System 

   Equilibrium temperature is T0 and saturation vapor pressure can be shown with P0. If P1>P0, vapor will be in 
supersaturated state and P1 stands for supersaturated vapor pressure. If vapor is assumed as ideal gas, metastable 
phase defined by P1  and change in free energy (Gibbs free energy) should be; [59] 

  ∆𝐺 = ∫ 𝑅𝑇0
𝑃1

𝑃0

𝑑𝑃

𝑃
= 𝑅𝑇0 𝐼𝑛

𝑃1

𝑃0
(6) 

(Ye, et al,2017) 

R: constant of gas 

  ∆𝐺 =   is force for crystal growth from vapor, released energy along phase transition 

Solution Crystal System 

   Solution and crystal in the system saturation concentration will be C0.  Constant pressure and temperature C1  
bigger than C0. Solution is supersaturated in metastable state. Driving force in this system related crystal growth 
will be Gibbs energy for growth process of material[59]. 

∆𝐺 = 𝑅𝑇0  𝐼𝑛
𝐶1

𝐶0
      (7) 

Melt Crystal System 

  Molten phase and solid crystal phase endures in an equilibrium state [59]; 

 ∆𝑇 = 𝑇𝑚 − 𝑇  (8) 

 ∆𝐻(𝑇𝑚) = 𝑇𝑚∆𝑆(𝑇𝑚)             (9) 

          ∆𝐻(𝑇𝑚) = molar enthalpy;           (10) 

       𝑇𝑚∆𝑆(𝑇𝑚) =  Entropy difference between crystal and melt states  (11) 

4. Results 

In this review article,  lattices of both crystal and amorphous were explained concisely by guiding oldest studies 
which are also related with luminescence dosimetry properties. Theorical approach has been made a clear shortly. 
Amorphous structure has been clarified by considering that it has flaw and crystal has disorder. Some 
hydrogenated amorphous silicon has been doped by H or F to observe photoconductivity properties. 
Thermoluminescence, carried out interaction between radiation sources and response of material in which goes 
through process of crystal growth method or mixing process (doping as PECVD method) for amorphous. Obsidian 
can be an efficient dosimeter for development of dosimetry and it can be useful on the subject of different studies 
related high energy physics such as particle accelerators for discovery of dark matter, neutrino and so on. 
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