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Elektrik tiiketim tahmini, gii¢ sistemlerinin planlanmasi ve isletilmesi agisindan kritik bir rol oynamaktadir.
Giiniimiiz modern zaman serileri analiz yontemleri ile ge¢mis verilere dayali gergekgi ve 6lgiilebilir tahminler
yapilabilmektedir. Bu ¢aligmada, Tiirkiye’deki ger¢cek zamanl elektrik tiiketim verileri lizerinden kisa dénem yiik
tahminlerine (KDYT) ve orta dénem yiik tahminlerine (ODYT) odaklanilmistir. Bu tahminler igin Ustel
Diizlestirme Yontemlerinden olan Holt-Winters metodu kullamlmistir. Veri setleri, EPIAS Seffaflik
Platformundan alinan ger¢ek zamanli tiiketim miktarlarindan olusturulmustur. Holt-Winters metodunun basarimi
haftalik, aylik ve yillik veriler iizerinden hem 6rneklem i¢i (in-sample) hem de 6rneklem dis1 (out of sample)
tahminler icin gozlemlenmistir. Yapilan deneyler sonucunda, mevsimsellik iceren verilerde, modelin 6nceki
yillara ait elektrik tiiketim miktarlarini tahmin etmede basarim saglayabildigi goriilmiistiir. Bu basarim esas
almarak, ayrica gelecek giinlere ait tilketim tahminleri de gergeklestirilmis ve sonuclar paylasilmistir.

Ozet

Anahtar kelimeler: Elektrik tiiketimi tahmini, Holt-Winters metodu, Kisa Donem yiik tahmini, orta donem yiik
tahmini

Abstract

Electricity consumption forecasting plays a critical role in the planning and operation of power systems. With
modern time series analysis methods, realistic and measurable forecasts can be made based on historical data
patterns. This study focuses on short-term load forecasting (STLF) and medium-term load forecasting (MTLF)
based on electricity consumption data in Turkey. The Holt-Winters method, which is one of the exponential
smoothing methods, is used for these forecasts. The datasets are based on real-time consumption data from the
EPIAS transparency platform. The performance of the Holt-Winters method is observed for both in-sample and
out-of-sample forecasts on weekly, monthly, and annual data. The results show that the model is able to predict
the electricity consumption of previous years for seasonal data. Based on this performance, future consumption
forecasts are also made and the results are shared.

Keywords: Electricity consumption forecasting, Holt-Winters method, Short-term forecasting, medium-term
forecasting

1. Giris

Enerji tliketimleri iilkelerin ekonomik, teknolojik ve sosyal biiylimeleri ile dogrudan iliskilidir.
Giinlimiizde elektrik enerjisine olan talep siirekli artmaktadir ve dahast mevcut enerji kaynaklari endise
verici bir hizla tiikenmektedir. Bu nedenle, enerji kaynaklarini etkili bir sekilde yonetmek ve kaynak
planlamasmi yapmak igin enerji kullanim tahminleri elzemdir [1]. Basarili tahminler, iiretim
maliyetlerini azaltilabilir ve gevresel riskleri en aza indirilebilir [2]. Dahasi enerji arzi ile talebi arasinda
denge saglanabilir ve basarili elektrik enerjisi fiyatlandirmasi yapilabilir. Yiik tahmini, yapildigi zaman
araligina gore kisa donem, orta donem ve uzun dénem yiik tahmini olmak iizere {i¢ kategoriye ayrilabilir.
Uzun Doénem Yiik Tahminleri (UDYT) bir yildan uzun, Orta Dénem Yiik Tahminleri (ODYT) bir
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haftadan bir yila kadar, Kisa Donem Yiik Tahminleri ise bir saatten bir haftaya kadar olan siireleri kapsar
[3]. KDYT, gii¢ santralleri arasinda yiik dagilimini optimize etmeye ve jeneratdrlerin devreye giris-cikis
zamanlarini belirlemeye yardime1 olur [4]. Ayrica kullanicilari enerji tiiketimini azaltma veya enerji
kullanim diizenini degistirme amaciyla enerji talep yonetimini kolaylastirir. ODYT ise, gii¢
sistemlerinin y1llik isletme bakim programlarinin hazirlanmasinda, kisa vadede elektrik iletim sistemine
entegre edilecek santrallerin planlanma ¢aligmalarinda ve hidroelektrik sistemlerin rezerv yonetimini
belirlemede olduk¢a onemlidir [5].

Tiirkiye de dahil olmak iizere bir¢ok iilkenin kurumlari, aragtirmaci ve miihendisleri enerji tiiketim
analizleri i¢in ¢alismalar yapmaktadir. Kaytez, Tiirkiye'nin 2018 yilina kadar net elektrik tiiketim
tahminlerini, ¢oklu lineer regresyon analizi, yapay sinir aglar1 ve destek vektor makineleri gibi makine
O0grenmesi yontemleri ile yapmustir [6]. Bu ¢calismada kurulu giig, briit elektrik iiretimi, niifus ve toplam
abone sayis1 gibi faktorler, bagimsiz degiskenler olarak ele alinmistir. Kargar ve Charsoghi, Iran'daki
yillik elektrik tiiketimini tahmin etmek i¢in ekonomik kriterleri de goz 6niinde bulundurmustur [7]. Bu
amacla niifus, gayri safi yurt i¢i hasila, ithalat ve ihracat degiskenleri girdi olarak kabul edilerek,
ARIMA ve yapay sinir ag1 modelleri ile tahminler gelistirilmistir. Abdoos ve Hemmati, kisa dénem yiik
tahmini i¢in ge¢misteki benzer yiik ve sicaklik degerlerini kullanarak yeni bir hibrit akilli tahmin
yontemi Onermigtir. Tahmin dogrulugunu artirmak i¢in giin tiplerini belirleyerek destek vektor
makineleri regresyonu kullanmilmistir [8]. Fan ve Hyndman yapay sinir aglarmi kullanarak
Avusturalya’da bir veya daha fazla bolge igin kisa donem yiik tahminleri gergeklestirmigtir [9].
Calismada, takvim degiskenleri, gecikmeli gercek talep gézlemleri ve sicaklik izleri kullanilan modelin
temel girdilerdir.

Elektrik tiiketim verileri zaman serileri olarak ele alindiginda, gegmisteki benzer davranig desenleri veya
matematiksel anlamli tepkiler gelecek tahminlerini kolaylastirabilir [10]. Giinlimiizde bu tip zaman
serisi analizleri yapan bircok yontem bulunmaktadir. Bunlar arasinda, sinyal isleme alaninda siklikla
kullanilan diizlestirme yontemi temelli yaklagimlar 6zellikle lineer veya mevsimsellik (seasonality)
iceren zaman serilerinde basarili sonuglar iiretebilmektedir. Kolay kullanimli bu basit yontemler,
verilerdeki dalgalanmalarin filtre edilmesine olanak saglayarak gercekci tahminler saglayabilir [11]. Bu
calismada, Ozger ve digerleri ile Ozkan ve digerlerinin [15,16] kulland1g1 mevcut zaman serilerinin
karakteristigini dikkate alarak enerji tahminleri i¢in diizlestirme temelli yaklasimlardan olan Holt-
Winters yontemi kullanilmistir. Bu ¢aligma literatiirden farkli olarak haftalik, aylik ve yillik tiiketimler
de tahmin edilmistir. Bu yontem ile hem 6rneklem i¢i (in-sample) hem de 6rneklem disi (out of sample)
analizler gerceklestirilmistir.

Calismanin bundan sonraki organizasyonu su sekildedir; Holt-Winters metodunun temel ayrintilar1 ve
kullanilan veri setlerinin tanitimi ve karakteristik yapilar1 Boliim 2°de verilecek, deneylerin sonuglar
Boliim 3’te paylasilacaktir. Boliim 4’te ise sonug ve Oneriler yer alacaktir.

2. Materyal Metod

Bu boéliimde oncelikle Holt-Winters yontemine ait detaylar verilecek daha sonra kullanilan veri setleri
tanitilarak gerekli 6n islem ve karakter analiz sonuglar1 paylagilacaktir.

2.1. Holt-Winters Ustel Diizlestirme Yontemi

Holt-Winters, egilim (trend) ve mevsimsel etki iceren zaman serilerinin analiz ve tahminlerinde
kullanilan bir iistel diizlestirme yontemidir. Tahminlerde gegmis verilerin agirliklandirilmis degerleri
belirleyicidir. Ustel azalma karakteristigine sahip bu agirliklandirma iteratif bir sekilde gergeklestirilir.
Tekli Ustel Diizlestirme (SES) ve Dogrusal Ustel Diizlestirme (Holt’s Lineer) ydntemlerinden farkli
olarak mevsimselligin de dikkate alinmasindan dolayi ii¢ safhali bir diizlestirme yiiriitilmektedir [11-
14]. Her ii¢ sathay1 temsil eden ii¢ parametre a, B, ve y’dir. «, orjinal verinin diizlestirme parametresi
olup mevcut seviye (deger) tahminine dahil edilirken gegmis degerlere ne kadar agirlik verilecegini
belirler. B trend diizlestirme i¢in kullanilan dogrusal diizlestirme parametresidir. Mevsimsellik ise y
diizlestirme parametresi kontrol edilmektedir. Her {i¢ parametre de 0 ile 1 arasinda niimerik degerlere
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sahiptir (0 < a, B, ¥ < 1). Holt-Winters yonteminin genel ifadeleri Denklem 1-4 ‘de ve bu
denklemlerde kullanilan sembollere ait agiklamalar da Tablo-1’de verilmistir.

L= aS:itm + (A= a)(Le-g = Te-1) 1)
Te =B (L _YLt—l) + (1 =BTt 2
Se=y7+A=VSm 3)

Froe = (Le + Tek)St—mk “4)

Tablo 1: Kullanilan parametrelere ait aciklamalar

Parametre Agiklama
m Mevsim uzunlugu(Bir yil igerisindeki mevsim sayis1)
Y Degiskenin t anindaki gdzlem degeri
L¢ Serinin t donemindeki genel seviyesi
T, Trend bileseni
St Mevsimsel bilesen
Fiik k ileri donem igin tahmin degeri
a Modelin ortalama diizey diizlestirme sabiti
B Trend diizlestirme sabiti
Y Mevsimsel diizlestirme sabiti

Holts-Winters yontemi mevsimsellik bilgisinin tipine gore iki farkli modele sahiptir. Bunlar; Carpimsal
(Multiplicative Seasonal) ve Toplamsal (Additive Seasonal) modellerdir. Mevsimsel degisimlerin seri
boyunca biiyiik oranda sabit oldugu durumlarda toplamsal model, mevsimsel degisimlerin serinin

seviyesiyle orantili olarak degistigi durumlarda ise ¢arpimsal model tercih edilir.

2.2.Veri setleri ve Karakteristik Yapilar:

Calismada, KDYT ve ODYT icin EPIAS Seffaflik Platformundan alinan ve Tiirkiye’deki gercek
zamanl tiiketim miktarin1 gosteren verilerden elde edilen 3 adet veri seti kullanilmistir. Bunlardan ilki,
17.08.2023 tarihi 00:00 saati ile 23.08.2023 tarihi 23:00 saati arasindaki 168 adet saatlik veriden olusan
haftalik veri setidir (HTVS). Ikincisi, aylik veri seti (ATVS) olup 24.07.2023 tarihi 00:00 saati ile
23.08.2023 tarihi 23:00 saati arasindaki 744 adet saatlik bilgileri icermektedir. Son veri seti ise
24.08.2022 tarihi 00:00 saati ile 23.08.2023 tarihi 23:00 saati arasindaki 8760 adet saatlik veriden olusan
yillik veri setidir (YTVS). Zaman serisi analizlerinde veri seti karakteristikleri kullanilacak yontemin
belirlenmesinde 6nem arz eder. Holt-Winters yontemi, trend ve mevsimsellik igeren zaman serilerine
odaklandig1r i¢in veri setlerinde bu karakteristiklerin olup olmadig1t incelenmelidir. Yapilan
¢oziimlemelere ait sonuglar Sekil-1’de gortilebilir. Her ii¢ veri setinde de aslinda ¢ok periyodik olmayan
mevsimsellik (seasonality / cycling) goriilmektedir. Bununla birlikte belirli zamanlarda trend davranisi
da kismi olarak vardir. Veri setlerinin duraganlik testleri ise Augmented Dickey Fuller (ADF) ve
Kwiatkowski-Phillips-Schmidt-Shin (KPSS) yontemleri ile yapilmistir. Bu testlere ait detayli sonuglar
ise Tablo-2’de paylagilmistir. Duraganlik testleri yapan istatistiksel yontemler ayni veri setleri i¢in farkli
sonuclar verebilmektedir. Bunun nedeni veri setinin egilim-duragan veya fark-duragan karakteristige
sahip olmasidir. KPSS’nin duragan, ADF ise duragan olamadig1 durumlar egilim-duraganligi (trend
stationary), KPSS’in duragan olmadigi, ADF ise duragan oldugu durumlar ise fark-duraganlig:
(difference stationary) gdsterir. Buna gore, haftalik ve aylik tiiketim veri setlerinin karakteristigi egilim-
duragan iken, yillik tiketim veri setinin fark-duragan karakteristige sahip oldugu goriilmektedir.
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Sekil 1. Kullanilan veri setlerine ait trend ve mevsimsellik ¢dziimleme sonuglari

Tablo 2. Duraganlik Testleri

ADF KPSS
]Iélerigtiel; p-Value ADF Sonucu ]I; lgtlekr p-Value KPSS Sonucu
Haftalik Tiiketim -2.155 0.223 Duragan Degil 0.128 0.100 Duragan
Aylik Tiketim -1.870 0.346 Duragan Degil 0.068 0.100 Duragan
Yillik Tiiketim -6.313 3.19e-08 Duragan 2.772 0.010 Duragan Degil

3. Talep Tahminleri

Deneylerde tiim veri setleri % 80-20 oraninda egitim ve test verileri olarak ayrilmistir. Model egitimleri
egitim verileri ile 6rneklem igi (in-sample), basarimlar ise test verileri ile kontrol edilmistir. Orneklem
dis1 basarimlar, haftalik gelecek tahminlerinde 12 saat, aylik gelecek tahminlerinde 72 saat ve yillik
gelecek tahminlerinde 168 saat icin yapilmistir. Modellerin performans degerlendirmeleri ise Denklem
5-6’da verilen R? ve K&k Ortalama Kare Hata (Root Mean Squared Error-RMSE) metrikleri {izerinden
irdelenmistir. Burada, SSy 4, hatalarin karelerinin toplamini, SS74p;4m bagimh degiskenin degerleri ile
ortalama deger arasindaki farklarin kareleri toplamidir.

SSHata
RZ=1-—"%% 5
SSToplam ( )
RMSE — \/ §V=1(Tahmirlt\j — Gergek;)? ©6)

Calismada kullanilan her bir veri seti i¢in modelin performanst farkli basarim metrikleri ile
degerlendirilmis ve 6rneklem i¢i basarim sonuglar1 Tablo 3°te gosterilmistir. Bu sonuglara gére hem
RMSE hem de R? degeri acisindan ATVS ile modelin diger veri setlerine gore daha iyi, HTVS ile
modelin ATV S’ye gore daha kotii ancak YTVS’ye gore daha iyi performans gosterdigi goriilmiistiir.

Tablo 3. Oreklem i¢i basarim sonuglar

RMSE R?
Haftalik Tiiketim Veri Seti 775.048 0.981
Aylik Tiiketim Veri Seti 614.819 0.987
Yillik Tiiketim Veri Seti 1628.657 0.922
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Sekil 2. Orneklem dis1 tahminler

Modeller test setleri {izerinde uygulandiktan sonra elde edilen sonuglar ve gerceklestirilen gelecek
tahmini Sekil 2'de gosterilmektedir. Sekillerin her biri orijinal, egitim, 6rneklem i¢i tahmin edilen ve
orneklem dis1 tahmin edilen enerji tiiketiminin saatlik gézlemlerinin ¢iktisini temsil eder. Modellerin
her birinde egitim ve Orneklem i¢i tahminlerin ¢ok kiiclik farklarla orijinal degerleri takip ettigi
goriilmektedir. Orneklem dis1 tahminlerde ise HTVS ve ATVS ile gelecek enerji tiiketiminin dnceki
donemlerle benzer olacagi, YTVS ile gelecek enerji tiiketiminin bir 6nceki yila gore azalacagi
gbzlemlenmektedir.

Yapilan analizler, ozellikle akilli sebeke sistemleri gibi nesnelerin interneti temelli alt yapi
teknolojilerinin goézlem {initelerde veya karar verici modiillerde kullanilmasi 6nemli avantajlar
saglayabilecektir. Ote yandan son yillarda ortaya ¢ikan ve farkli disiplinlerde kullanilan kural tabanl
veya rastgele arama temelli teknikler ile gelistirilecek hibrit yaklagimlar, bu analizlere farkli bakis acilar
katabilir [17,18].

4.Sonuc ve Oneriler

Bu ¢alismada Tiirkiye’ deki KDYT ve ODYT analizlerine odaklanmistir. Bu analizler, EPIAS Seffaflik
Platformundan alinan ve Tiirkiye’deki gercek zamanli tiiketim miktarin1 gosteren verilerden elde edilen
3 adet veri seti lizerinden yapilmistir. Haftalik, aylik ve yillik olmak iizere ti¢ farkli periyot i¢in yapilan
bu analizler, 6nemli diizlestirme yontemlerinden olan Holt-Winters metodu ile gergeklestirilmistir.
Analiz ve tahmin sonuglari, mevsimsellik iceren bu verilerle modelin bagarili oldugunu gostermektedir.
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Orneklem i¢in tahminlerde R? basarimlar1 0.9’un iizerinde olup bu modeller ile yapilan 6rneklem dist
tahminlerde yakin donem tiiketim miktarlarinin devam edecegini gostermektedir. Yazarlar bundan
sonraki ¢aligmalarinda ¢oklu parametre girdilerini dikkate alan hibrit analizlere odaklanacaktir.
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Bu makalenin yazilmasina tiim yazarlar esit katkida bulunmustur.
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Numerous investigations have focused on recognizing Internet news as valid documents. This study encompasses
the application of text mining techniques to generate a TF-IDF matrix and the subsequent automatic identification
and categorization of an optimal number of clusters. The research examines the impact of K-Means document
clustering on internet news articles, integrating the User Engagement dataset which includes articles from various
esteemed publishers. Prior to implementing the K-Means algorithm, several preprocessing steps were undertaken
to prepare the TF-IDF matrix. Due to the absence of the content attribute data, the description attribute was selected
for document clustering. During preprocessing, extraneous ASCII symbols, punctuation marks, line breaks, emails,
mentions, internet extensions, stopwords, and words outside the 2 to 21 character range were removed. Words
were stemmed to consolidate different forms of the same root. The Elbow method was employed on the TF-IDF
matrix to determine the optimal number of clusters, followed by an analysis of results using prominent words and
word clouds. Ultimately, five clusters of document counts 797, 408, 89, 364, and 8755 were identified.

Abstract

Keywords: K-Means, TF-IDF, Clustering, Document Clustering

1. Introduction

In this study, we embark on a journey through the intricate domain of document clustering, with a
particular focus on the "Internet news data with readers engagement" dataset. Our mission unfolds in
several pivotal stages, each contributing to the overarching goal of unveiling insightful cluster analysis.
It all begins with meticulous data preprocessing, where we meticulously cleanse the dataset of empty
rows and parse texts into individual words, setting the stage for effective clustering. Leveraging the TF-
IDF (Term Frequency-Inverse Document Frequency) method, we extract features to gauge the
significance of words within documents, laying a robust foundation for subsequent analysis. The heart
of our study lies in the application of the K-Means algorithm, a cornerstone of unsupervised machine
learning, which diligently partitions the dataset into K clusters based on similarity. Through iterative
refinement and the judicious use of the Elbow Method to determine the optimal number of clusters, we
unveil clusters ripe for analysis. Visualizations further enhance our understanding by showcasing the
most prominent terms within each cluster, revealing distinct thematic threads lurking within the corpus,
ranging from geopolitics to journalism. This systematic approach not only refines the dataset but also
unveils nuanced insights, illuminating the latent patterns and narratives embedded within the textual
data.

2. Data Preprocessing

Before processing the dataset, it must be prepared depending on the algorithm or operations to be
applied. To perform preprocessing, understanding the structure of the dataset is essential. Within the
dataset, there are two headers suitable for clustering: 'description’ and 'content’. While data from the
'content' header is preferred for its representation of the articles' content, the 'description' header,
containing summaries of the news, is also utilized due to the unavailability of complete content in the
dataset. Data in this header was cleaned of empty rows before processing, resulting in a dataset
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comprising 10,413 rows. Following the removal of empty spaces, text within the dataset was segmented
into individual words. Furthermore, stop words in English, words with less than two characters, ASCII
symbols, commas, special characters, emails and mentions, and internet extensions were cleansed using
appropriate functions. Additionally, for more meaningful clustering results, words within the dataset
were organized to retain only their roots.

Latest figures suggest Governmet is on course to hit its tax and spending targets
latest figur suggest governmet cours hit tax spend target

Figure 1: Comparison Before and After Data Preprocessing

3. Feature Extraction with TF-IDF

At this stage, determining the importance of a word for a document is crucial for utilizing the
preprocessed dataset in the K-Means algorithm. TF-IDF (Term Frequency-Inverse Document
Frequency) is a numerical statistic aimed at reflecting the importance of a term for the document it is
deemed relevant to. This method operates by increasing the weight of a term when it appears multiple
times in a document, while decreasing the weight when it is common across many documents. This
weight typically ranges between 0 and 1, signifying the term's significance within the context of the
document.
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Figure 2: The Top 15 Terms with Highest Weight

4. Application of K-Means Algorithm and Cluster Analysis

K-Means stands as one of the simplest and most popular machine learning algorithms to date. Operating
without the utilization of labeled data, it epitomizes an unsupervised algorithm, signifying that in this
context, no single text belongs to a specific class or group. It functions as a clustering algorithm that
categorizes a dataset into K clusters. The underlying principle of this algorithm revolves around defining
the clusters by K centroids. Each centroid represents a center of a cluster. The algorithm iteratively
operates by initially randomly placing each centroid into the dataset's vector space and then shifting
them towards points closer to themselves. With each iteration, the distances between each centroid and
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points are recalculated, and centroids are relocated to the centers of the nearest points. The algorithm
concludes when either the positions or groups no longer change, or when the distance by which centroids
change falls below a predefined threshold. Given the ambiguity regarding the ideal number of clusters
initially, the K-Means algorithm was executed with cluster numbers ranging from 1 to 10, and the results
were scrutinized to determine the optimal K value. The Elbow Method was employed for this
determination, wherein the sum of squared distances of points to the cluster centroids is calculated for
each K value, and a graphical representation is generated. The inflection point on the graph, where the
rate of decrease in the sums begins to diminish, denotes the most suitable K value.

The Elbow Method
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Figure 3: The Graphs Drawn for Each K Value

Based on the trend observed in the graph, where the difference starts diminishing from the point where
K equals 5, this value is chosen as the optimal one.

5. Results and Evaluation

Following the execution of the K-Means algorithm with a K value of 5, the most popular terms in each
cluster were visualized, and word clouds were generated.
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Figure 4: The Most Popular Terms for Each Cluster
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Upon examining the clusters generated by the K-Means algorithm, distinct thematic threads and patterns
emerged, shedding light on the underlying structures within the dataset. Notably, the first cluster
prominently featured terms related to the United States, suggesting a concentration of news articles
pertaining to American affairs. In contrast, the second cluster showcased terms associated with
publishing, indicative of articles discussing the journalism industry and its practices. The third cluster
revealed a focus on journalism-related terms, suggesting a thematic emphasis on the profession itself.
Similarly, the fourth cluster exhibited a concentration of terms related to the United Kingdom, indicating
a distinct regional focus within the dataset. Finally, the fifth cluster presented a diverse array of
fundamental terms, reflecting a broad spectrum of topics encompassing various aspects of news and
information dissemination.

Furthermore, the respective sizes of each cluster provided valuable insights into the distribution of
articles across different thematic categories. The largest cluster, comprising 8755 documents,
represented a comprehensive collection of articles covering diverse subjects. In contrast, smaller
clusters, such as the third and fourth clusters with 89 and 364 documents respectively, highlighted more
specialized topics within the dataset. These findings underscore the effectiveness of the K-Means
algorithm in discerning meaningful patterns and clustering documents based on their thematic content.
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Through this systematic approach, our study has successfully elucidated the inherent structure of the
dataset, offering valuable insights into the composition and distribution of internet news articles.

6. General Evaluation and Conclusions

To facilitate the application of the K-Means algorithm and achieve cleaner results, preprocessing was
conducted on the dataset. Once the dataset was refined to a state conducive for obtaining accurate
outcomes, feature extraction was performed using the TF-IDF method. This methodology enabled the
determination of the weight associated with each term for every document, providing valuable insights
into the dataset's structure. Subsequently, the K-Means algorithm was applied with cluster numbers
ranging from 1 to 10, and the optimal K value was determined using the Elbow Method, resulting in a
choice of 5 clusters. Within these 5 clusters, the most popular terms were identified for each, and word
clouds were generated accordingly. Upon examining the clusters, distinct thematic threads emerged,
with the prominence of terms related to the United States in the first cluster, publishing in the second,
journalism in the third, and the United Kingdom in the fourth. The fifth cluster exhibited a collection of
fundamental terms. The respective term counts for the clusters were as follows: 797, 408, 89, 364, and
8755. Throughout the implementation process, insights from the article "Text Clustering with K-Means"
were taken into consideration.
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The manufacturing industry is a socio-technical system with high and medium-high technology, and companies
within these sectors aim to enhance their capabilities to maintain a competitive edge and ensure long-term
sustainability. Organizational performance plays a crucial role in the ecosystem, but performance outcomes may
not always align with continuous planning due to changes that can occur. Therefore, managing variability based
on the human factor, particularly in the manufacturing industry, which has a significant impact on the national
economy, is a top priority when developing solutions to address the challenges faced by these sectors. The
Functional Resonance Analysis Method (FRAM) is a safety analysis technique that aims to analyze variability that
causes deviations and well-performing situations. This study conducts a bibliometric analysis to provide insight
into studies that have benefited from FRAM in the manufacturing industry. The study found that 52% of published
works are journal articles, and Tarcisio Abreu Saurin and Eric Hollnagel are the most prominent authors in the
field. For researchers, the top three journals for publishing and citing are Safety Science, Reliability Engineering
& System Safety, and Ergonomics, respectively. Brazil, China, and Italy lead in the number of publications, with
a limited number coming from Turkey. To identify research gaps, it is suggested that researchers use keywords
such as FRAM, socio-technical systems, and resilience engineering. The results of this study are expected to
motivate future research that will support the long-term viability of Turkey manufacturing industry, particularly.

Abstract

Keywords: Manufacturing industry, socio-technical systems, safety analysis, FRAM, bibliometric analysis
1. Introduction

According to the NACE Rev.2 guide, manufacturing comprises 24 divisions [1]. While manufacturing
is considered a substantial alteration, renovation, or reconstruction of materials, the output of the
manufacturing process can either be ready for consumption or, in the form of semi-finished goods, serve
as input for further manufacturing. Additionally, the assembly of the component parts of manufactured
or purchased products is considered in manufacturing. Contemporary manufacturing systems are
classified into five groups: cellular manufacturing, computer-aided manufacturing, just-in-time
manufacturing, flexible manufacturing, and optimized manufacturing systems [2]. The manufacturing
industry plays a crucial role in the economic development of countries [3, 4]. The sectors within it are
known to possess high and medium-high levels of technology, which is a well-established fact [5].
Manufacturing companies typically prioritize investments in technology to maintain a competitive edge
and enhance productivity [6, 7]. Adapting to rapidly evolving technology and understanding the social
and technical components of the system, along with their functions, interactions, and potential threats,
are essential for maintaining the continuity of the current state [8, 9]. In previous studies, it has been
reported that occupational accidents affecting the safety and health of workers in the manufacturing
industry are prominent, ranking among the top issues in different sectors [10—13] Additionally,
occupational diseases in the manufacturing industry have been emphasized as significant [14]. The data
presented in Figure 1 indicates that the number of accidents per person employed in the manufacturing
industry in Turkey is roughly twice as high as the ratio observed in EU member countries. The need for
analyzing hazards in the manufacturing sector is unquestionably acknowledged.
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Figure 1: The percentage of employee and accidents for the manufacturing industry in Turkey and Europen
Union-27 countries [15, 16]

Safety analysis methods can be divided into two perspectives: Safety-I and Safety-II. Safety-I is based
on the idea that identifying the causes of negative outcomes and reducing or eliminating their
occurrences will enhance safety, and all accidents can be prevented by avoiding unwanted events in this
way [17]. The notion that individual or collective human performance is always variable weakens the
belief that eliminating causes alone is sufficient for improving safety [17]. The Functional Resonance
Analysis Method (FRAM), proposed by Hollnagel [18], is a safety analysis method based on the Safety-
II perspective. It assists in managing functions, interactions among them, and potential undesired effects
on complex socio-technical systems, contributing to the enhancement of system safety. FRAM also
provides reactive analysis, such as the examination of historical accident records [19, 20]. In FRAM, a
function is characterized by six aspects: input (I), output (O), preconditions (P), resources (R), time (T),
and control (C) [18]. The Figure 2 demonstrates an example Functional Resonance Analysis Method
(FRAM) for a system comprised of four functions. In this scenario, the Output of Function-1 serves as
the Control for Function-3, while the Output of Function-2 acts as the Input for Function-3. Lastly, the
Output of Function-4 represents the Resources required for Function-3.

Output-1

Qutput-2

Output-4

Figure 2: Example of FRAM model consist of four functions,

In a study carried out by Patriarca et al. [21], a thorough examination of the literature on FRAM was
conducted using the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA).
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The results revealed that the top three sectors where FRAM applications are most prevalent are Aviation,
Healthcare, and Industrial Operations. Among the literature reviews focusing on FRAM applications,
there are studies such as those by McGill et al. [22] on FRAM applications in healthcare and Salehi et
al. [23] on modeling complex socio-technical systems using FRAM. It is worth noting that no specific
research has been conducted to investigate FRAM applications in the manufacturing industry.
Therefore, this study aims to provide a quantitative overview of FRAM studies in the manufacturing
industry through numerical indicators, providing researchers with a comprehensive perspective.

2. Method and Material

This research aims to provide a comprehensive perspective, supported by quantitative data, on the
literature regarding the application of FRAM in the manufacturing industry. The decision to focus on
the manufacturing industry was made based on the statistical classification of economic activities in the
European Community Guide prepared by Carré [1]. Keywords were selected for the query based on
relevant sectors and definitions within the industry. The query (ALL(“Functional Resonance Analysis
Method”) AND ALL(“manufacture systems”) OR ALL(“manufacturing systems’”) OR ALL(“assemble
systems”) OR ALL(“production systems”) OR ALL(“manufacturing industry””)) AND PUBYEAR >
2012 AND PUBYEAR < 2024) was executed in the Scopus database on January 1, 2024. However, the
five publications for the year 2024 were not included in the study, as the year had not yet been
completed. In total, 92 publications of various types, published between 2013 and 2023, were included
in the study. The dataset was analyzed using VOS viewer, a widely used tool in bibliometric analysis
studies [24-26]. The main results of the analysis included co-authorship of authors, citation of authors,
citation of countries, co-occurrence of author keywords, bibliographic coupling of documents, and
bibliographic coupling of authors.

3. Results

The prevalence of publications utilizing the Functional Resonance Analysis Method within the
manufacturing sector is depicted in Figure 3. A considerable proportion of these publications comprised
of journal articles, whereas conference papers were less than half the number of journal articles. Upon
analyzing the distribution of research by subject area, it was observed that the top three areas were
engineering, computer science, and social science.

60
50
40
30

52,17%; 48

20,65%; 19
20 14,13%; 13
8,70%: 8

10 4,35%; 4
0

# Documents

Journal Article  Conference  Review Article Book Book Chapter

Paper Document Type

Figure 3: Documnet type in the dataset

In analyzing the publications related to FRAM in the manufacturing industry, a threshold of at least one
publication and one citation was established for co-authorship. The study of shared authorship
publications revealed that 25 authors were grouped into five clusters, comprising a total of 102 links
and 104 total link strengths. The clusters to which the authors belong, along with the links, total link
strength, and documents, are presented in Table 1. Tarcisio Abreu Saurin ranked first in terms of shared
authorship publications, citations, links, and total link strength. The network map for the co-authorship
of authors is illustrated in Figure 4. Although Ricardo Patriarca and Sylvie Nadeau, who each
contributed six documents, are among the top three authors with the highest number of documents, and
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Patrick Waterson and Peter Underwood, who each received 286 and 171 citations respectively, are
among the top three authors with the most citations, they are not among the most connected authors as
depicted in Figure 4.
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Figure 4: Map for co-authorship of authors
Table 1: The cluster for co-authorship of authors
. # Total link
# Links for # Documents
Cluster Cluster strength for
# Authors each one for each one
number color each one
author author author

1 Red 11 12 12 1
Green 5 5 5 1
4 1 1 1
3 Blue Tarcisio Abreu Saurin 24 26 10
4 Yellow Michel Jose Anzanello 2 2 1
Marlon Soliman 2 3 2
5 Violet 2 2 2 1

To assess the citation networks of authors, a citation analysis was conducted with a minimum threshold
of one publication and one citation per author. Among the 76 authors, 380 links were identified, and
they were grouped into six clusters. The 22 authors in Cluster 1 (red color) were followed by 15 authors
in Cluster 2 (green color), 12 authors in Cluster 3 (blue color), 10 authors each in Cluster 4 and Cluster
5 (yellow and violet colors, respectively), and seven authors in Cluster 6 (turquoise color). The top three
authors with the most citations are listed in Table 2. Tarcisio Abreu Saurin led in terms of the number
of publications, citations, and total link strength. The network map of the citations among the authors is
presented in Figure 5.

Table 2: Top 3 for citation of authors

Cluster Cluster . L. Total link
Authors Documents Links Citations
number color strength
2 Green Tarcisio Abreu Saurin 10 24 394 58
1 Red Patric Waterson 2 24 286 43
3 Blue Sylvie Nadeau 6 23 12 35
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Figure 5: Map of citation of authors

To examine the network map of countries that produced, received citations, and had relationships among
them, a threshold was set requiring at least one publication produced and one citation received by each
country. A total of 14 countries were identified with relationships among them, forming five clusters
within their own. There were 34 links between these countries. The United Kingdom had the most
citations, while Brazil had the most documents. The network map of the citations among countries is
shown in Figure 6. Turkey is included in Cluster 1, which has three documents, 37 citations, and a total
link strength of three.

Table 3: Top 3 for citation of countries

Cluster Cluster . . o Total link
Countries Documents Link Citation
number color strength
1 Red United Kingdom 6 11 496 28
3 Blue Canada 9 93 24
2 Green Brazil 18 7 457 18
3 Blue China 13 4 169 9
4 Yellow Italy 12 6 249 14
denmark
australia
ger@any brazil
weey swegden

unitedigingdom

¥ unitedstates

italy
belgium

capada

chipa

AN .
%, VOSviewer Jagan
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Figure 6: Map of citation of countries based on # document

The research conducted on "Co-occurrence of author keywords" uncovered the categorization of at least
two related and observed keywords into seven distinct clusters, resulting in a total of 136 connections
between them. Table 4 showcases the top three keywords in terms of overall link strength. Moreover,
the network map portraying the co-occurrence of author keywords is illustrated in Figure 7.
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Figure 7: Map of co-occurence of authors keywords
Table 4: The top three keywords for co-occurrence of author keywords

Cluster Cluster color Keyword # Occurrences Total link strength
number

5 Violet fram 12 32

3 Blue socio-technical systems 7 25

2 Green resilience engineering 7 22

In conducting the analysis of “bibliographic coupling of authors”, it was stipulated that an author must
have produced at least one publication and received at least one citation. The resulting network map
displayed in Figure 8 indicates that 211 authors were grouped into 17 clusters, which represent various
aspects of FRAM research in manufacturing. The largest cluster, comprising approximately 29% of the
articles, was centered around Tarcisio Abreu Saurin. A network map for the bibliographic coupling of
the authors is visible in Figure 8.
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Figure 8: Map of bbibliographic coupling of authors
The network map for the “Co-citation of cited authors” analysis, considering publications where an
author received at least 10 citations, is depicted in Figure 9. This map shows that 116 authors are
interconnected, forming five clusters. Although Tarcisio Abreu Saurin was the dominant author in the
bibliographic coupling of authors, Hollnagel E. emerged as the most frequently cited author among
them. The distribution of citations among the authors was more balanced (see Table 5).

Table 5: The top co-cited publications based link and total link strength

Cluster . . Total link
Cluster color Authors Link Citations
number strenght
4 Yellow Hollnagel E. 114 291 12841
3 Blue Patriarca R. 108 100 5957
4 Yellow Abreu Saurin T. 102 86 3027
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Figure 9: Map of co-citation of cited authors

The “bibliographic coupling of documents” analysis, which involves identifying works that have been
cited by at least two independent sources, was conducted with a minimum threshold of one citation.
This analysis resulted in the identification of 72 linked publications, which were grouped into eight
clusters, and a total of 1043 links and a total link strength of 2265. The three publications with the
highest bibliometric matching are Underwood (2013), with 171 citations, Waterson (2015), with 115
citations, and Almeida Marodin (2015), with 97 citations. In terms of total link strength, the top three
publications are Braithwaite (2018), with a total link strength of 336, Hollnagel (2018), with a total link
strength of 330, and Adriaensen (2019), with a total link strength of 162. The network map for the
“Bibliographic coupling of documents” analysis is provided in Figure 10.
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Figure 10: Map of bibliographic coupling of documents

In our analysis of “Co-citation of journal”, we applied a threshold of at least 20 citations per journal.
This resulted in the identification of 19 journals that were grouped into four clusters, with a total of 107
links and a total link strength of 6,728. A network map for “Co-citation of journal” is presented in Figure
11. Among the 19 journals, the top three in terms of both citations received and total link strength were:
(1) Safety Science (#citations=156, total link strength=2,684), (2) Reliability Engineering & System
Safety (#citations=80, total link strength=1,402), and (3) Ergonomics (#citations=99, total link
strength=1,578). It is worth noting that “safety science” and “saf. sci.” refer to the same journal, as do
“reliability engineering & syt” and “reliab eng syst saf.” This is clear from the network map, which
shows records with a single expression in the Scopus database. Furthermore, these journals are indexed
using the SCIE index.
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Figure 11: Map of co-citation analysis for journals

3. Conclusion

This study aimed to provide a comprehensive perspective for researchers by utilizing quantitative data
on publications related to FRAM in the manufacturing industry from 2013 to 2023. Specifically, the
study analyzed publications in the Scopus database and found that a significant number of them were
published in the reputable journal, Safety Science. Tarcisio Abreu Saurin and Eric Hollnagel are
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prominent authors in this field. The study also identified Brazil, China, and Italy as the countries with
the highest number of publications in this domain.

For future research, it is suggested that researchers consider studies related to keywords such as FRAM,
sociotechnical systems, and resilience engineering to identify research gaps. However, the study's
analysis was limited to the Scopus database, and it is recommended that future studies utilize the Web
of Science (WOS) and Google Scholar databases to reassess the consistency of the network map. This
is due to the abbreviations and full names of the journals where publications are produced, which may
result in incomplete data. Additionally, the inability to access index information for publication types
through the Scopus database interface is another limitation to be considered.
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Brain tumors are one of the most common causes of death. An early and correct identification of brain tumors is
critical for effective therapy. Using artificial intelligence-based software programs instead of traditional methods
can provide more accurate results in brain tumor detection. Especially recently, there have been many studies in
the detection of diseases based on the processing of medical images. In this study, a novel hybrid algorithm was
proposed based on three different feature selection algorithms (univariate feature ranking for classification using
chi-square tests (f-chi2), rank the importance of features using ReliefF algorithm (f-Relief), rank features for
classification using minimum redundancy maximum relevance algorithm (f-mRMR), and the classic and ensemble
learning, respectively based on support vector machine (SVM) with different kernel structures and ensemble
learning (EL) with boosting methods, were performed to detect the brain tumor using magnetic resonance imaging
(MRI) features. K-fold is used to prevent overfitting. Analysis results show that a 100% accuracy score was
achieved in the ensemble-based classifier in the detection of brain tumors with the proposed hybrid method. As a
novelty for detecting the tumors, statistics-based feature selection methods are proposed, to help reduce the size
and thus reduce complexity in complex network problems. The proposed method suggests a feature selection
algorithm that can help reduce the data size in future studies.

Abstract

Keywords: tumor detection, feature selection, support vector machine, ensemble learning

1. Introduction

A brain tumor is characterized as an unexpectedly large group of brain cells that can significantly affect
the central nervous system. Tumorous tissues that do not have physiological functions may form in the
human body as a result of abnormal growth of tissues due to uncontrolled proliferation of cells. These
types of tumors, which can disrupt the functionality of the brain by increasing its size and pressure,
cause different neurological symptoms such as attention deficit, coordination disorder, speech changes,
headaches, hallucinations, anxiety, seizures, and memory loss, depending on their location in the brain.
As stated by the latest data from the World Health Organization, brain tumors are one of the most
common types of cancer death worldwide and can occur at any age. It causes more deaths, especially
for under the age of 40 people [1]. The causes of brain tumors are not fully known. They are divided
into primary and secondary. Primary brain tumors are benign and do not spread to other parts of the
brain. Secondary brain tumors are malignant, they occur when cancer cells spread to the brain from
other organs such as the lung or breast [2].

Early detection of brain tumors is critical for treatments. Patients who are diagnosed early on might have
a considerably greater survival rate. However, signs of this condition include headaches, vomiting,
visual abnormalities or diplopia, tiredness, trouble swallowing, personality or behavior changes, and
hand tremors. As a result, neurosurgeons rely heavily on it to identify even the slightest abnormalities
in the brain. However, manual controls by radiologists and doctors can be time-consuming and result in
incorrect conclusions. It is critical to examine the photos promptly and precisely. Computer-aided
automated detection systems have been created to assist radiologists and clinicians in making decisions.
Numerous imaging methods exist. The most common techniques for identifying brain cancers are
computed tomography (CT), magnetic resonance imaging (MRI), and head biopsies. Latent
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characteristics are acquired with these imaging methods. The literature has made extensive use of deep
learning and machine learning models for brain tumor diagnosis [3][4][5][6]1[7][8][9][10].

Developing technology and scientific research allow the development of innovative approaches to
cancer detection. Biomedical datasets used for cancer detection are often high-dimensional and
multivariate, requiring feature selection to extract meaningful patterns from these data and obtain
accurate and reliable results. In this context, feature selection is a key step for enabling meaningful
information from large and complex biomedical data sets. Moreover, feature selection helps to improve
model performance, reduce the computational cost, reduce the risk of overfitting, reduce meaningless
features, and increase the interpretability of the model. So, it can contribute to making the model more
effective, faster, and generalizable.

This study aims to investigate the effectiveness of feature selection and machine learning algorithms to
develop new and advanced methods for brain tumor detection. Considering the data size, it is not enough
for the proposed method to only obtain the tumor with high success. At the same time, it is very
important to be able to make faster predictions by using fewer variables. This gives a smoother model.
This study focuses on how feature selection and classification methods can be used for cancer detection
by examining existing literature about brain tumors. These methods can provide high sensitivity,
specificity, and accuracy; and have the potential to contribute to early diagnosis and effective treatment
in clinical applications. In this study, the data were analyzed, which have brain tumors and non-tumor.
Different feature selection algorithms are performed, including, f-chi2, f-Relief, f-mRMR. After feature
selection, ensemble learning-based boosting methods and support vector machine-based kernel structure
were performed to detect brain tumors. During the training process, k-fold cross-validation is preferred
to handle the overfitting. The following diagram shows the algorithm in this study.
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» Ensemle Learning Classifier using
\ k-fold

Y

‘ Asses the performance metrics
No

Y

Decision criteria are met? “>.ves| Choose the best model Stop )

Figure 1: The proposed hybrid algorithm

2. Motivation and Overview

Brain tumor detection techniques are the process of identifying the presence or absence of a tumor using
MRI image databases. The goal of tumor detection is usually an MRI image labeled as normal or
abnormal. Factors such as the increasing number of patients, tumors of different shapes and sizes, and
the fact that they can be found in different parts of the brain and make the process of diagnosing tumors
more complicated for experts. It takes a long time for experts to manually diagnose brain tumors. Early
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diagnosis of the tumor plays an important role in increasing treatment opportunities and survival rates
of patients. For this reason, the use of computer-aided systems to reduce the time spent by experts in the
early diagnosis of brain tumors, and making improvements in this field have become the main focus of
many studies. Brain tumor detection in MRI images can be done using traditional machine learning
methods or deep learning techniques. In recent years, remarkable advances have been made in numerous
studies aimed at processing medical images and diagnosing brain tumors. Vani et al. [3] proposed a
machine learning-based, Support Vector Machine (SVM) method to classify brain tumors. They stated
that they predicted brain tumors positively and negatively with an accuracy of 82% and 81.48%,
respectively. Mohsen et al. [4] proposed a new method to classify brain tumors using deep learning
methods and the Discrete Wavelet Transform (DWT) model. In experimental studies, they achieved
93.94% accuracy with this model [4]. Shahzadi et al. [S] used the CNN-based hybrid model construct
to detect brain tumors. Feature extraction and classification used the Long Short-Term Memory (LSTM)
structure together with the AlexNet and VggNet CNN models. In the study, they achieved 71% accuracy
with AlexNet-LSTM and 84% accuracy with VGGNet-LSTM. Swati et al. [6] proposed transfer
learning for the multiclass classification of brain tumors. For this purpose, AlexNet used CNN models
VGG16 and VGG19. In experimental studies, AlexNet achieved accuracy rates of 89.95%, 94.65%, and
94.82% in VGG16 and VGG19 models, respectively. Nayak et al. (2022) performed an algorithm based
on DWT and DCNN. In experimental studies, the brain tumors were detected with accuracy, as 97%
[9]. Rammurthy, and Mahesh [11] proposed a method Whale Harris Hawks optimization (WHHO)
based on deep convolutional neural network (DCNN). Their method gave an 81.6% accuracy for
detecting tumors. Pendela et al. [12] proposed an approach based on Exponential Deer Hunting
Optimization (ExpDHO), Shepard convolutional neural network (ShCNN), deep convolutional neural
network (DCNN), Exponential weighted moving average (EWMA) and they detected the tumor with
91.7% accuracy.

3. Methodology

3.1. Univariate feature ranking for classification using chi-square tests (f-chi2)

Univariate feature ranking for classification using chi-square tests (f-chi2) is a statistical technique. It
involves evaluating the relevance of individual features for classification using chi-square tests to
evaluate the significance of each feature (variable) in a dataset for categorical result prediction [13]. To
determine which features are the most discriminative for a given classification problem, univariate
feature ranking using chi-square tests might be a useful step in the feature selection process It is
noteworthy that although this method is instructive, taking feature interactions into account could
enhance the feature selection process, particularly in datasets with greater complexity [14].

N(AD — CB)?

X (e yi) = (A+C)(B+D)(A+B)(C + D) M

In Equality 1, x;, belongs to the kth feature and y; is the ith class. A is the number of samples in y; that
contain the feature x;. B is the number of samples that contain the feature x;, in other classes. C is the
number of records in the class y; that do not contain the feature xj. D is the number of samples that do
not contain the feature xj, in other classes and N is the total number of samples in the dataset.

3.2. Rank the importance of features using ReliefF algorithm (f-Relief)

The ReliefF (Relief) algorithm is designed to rank the importance of predictors in a dataset. Relief-based
algorithms like ReliefF and RReliefF are employed as feature selection techniques to prioritize
predictors (features) within a dataset. They are based on the concept of feature weighting. ReliefF is a
deterministic version, while RReliefF introduces randomization for enhanced efficiency [15][16]. When
significant features are present among noisy or irrelevant ones, these algorithms are very helpful in
recognizing the former. Features' relevance and redundancy are assessed using the feature selection
algorithms ReliefF and RReliefF. To identify which traits are important, they consider the distance
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between instances and their class labels [17]. The following algorithm gives the main idea behind the
Relief method [18][19].

Algorithm 1: Relief Method

1 Input: M learning instances x;, described by N features; sampling parameter m
2 Output: for each feature F; a quality weight —1<WI[i]<1

3 for i=1 to N do W]Ji] =0.0

4 end for

5 for 1=1 to m do

6 randomly pick an instance x;

7 find its nearest hit xy and nearest miss xy

8 for i=1 to N do

9 Wil = Wil — dif f (i, x, xy) /m + diff (i, xp, Xpp_py) /M

10 end for
11 end for
12 return (W)

3.3. Rank features for classification using minimum redundancy maximum relevance algorithm
(f- MRMR)

The Minimum Redundancy Maximum Relevance algorithm emphasizes the redundancy among the
characteristics that are chosen as well as their relevance to the target variable [20]. The goal of f-mRMR
is to rank features based on their relevance to the target variable while minimizing redundancy among
selected features (Ding and Peng, 2005). The following algorithm shows the basic idea behind f-mRMR
[21]:

1
argmax jea (f (%) — WZ 9(xj,x1)) 2)

leS
Algorithm 2: f-mRMR Method

S—0

add x; = argmax jeq.f (x;,y)to S

for t=1:k-1 do

add the feature that satisfies Eq. xx to S
end for

return S

o U W N

In Equality 2, the first term and second term maximize the relevance condition and minimizes the
redundancy condition, respectively. In this algorithm, x; is the ith feature in X, g(x;, x;) is the function
that returns the redundancy between two features x; and x;. f (xj, y) is the function that returns the
relevance between a feature x; and class labels y. S is the selected feature. () is all features. (g shows
the candidate's features. k is the number of selected features.

3.4. Ensemble Learning

Ensemble learning is a method of combining multiple models and typically aims to improve the
predictive performance of the model. Numerous algorithms have been developed for training ensemble
classifiers. Bagging, boosting, voting, and stacking algorithms are the most common approaches.
Among them, the boosting algorithm is a method for obtaining strong classifiers to produce strong
classifiers with low training error from weak classifiers [22][23]. The following algorithm gives the
Adaboosting:
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Algorithm 3: Adaboosting Method

1 Input: D ={dy,dy, .., d,} and d; = (x;,y;) x;eX and y;e{y1, V2 -, Yu}

2 M: maximum number of classifiers

3 Output: O is the classifier, 0:X = {y1,¥2, -, Yu}

4 Initialize the weights w} =% ie{1,2,..,N}

5 For m=1 to M, calculate the following metrics:

6 Error, = YN, wmh(—y;0y(x;)) (Error,, is the weighted error for Op,)
7 am=%lo 1;::::;’" (a,, is the weight of weak learners)

8 v = wexp (—a,Y;On(x;)) (Updating the weights)

9 Sm=2?’=1vj and w™! =9p"/S, (Normalizing the weights)

10 0(x) =sign¥,a;0;(x) (Calculating the last classifier)

3.5. Support Vector Machine

The fundamental principle behind support vector machines (SVMs) is to maximize the distance between
a discrete hyperplane and the data in an N-dimensional space. In where, N is the number of features, to
identify a hyperplane that effectively separates the data from each other. The margin is the length of
time between the decision border and the closest training sample [24]. It is introduced in the context of
statistical learning theory and structural risk minimization. This approach is highly effective in resolving
numerous common problems including density estimation, function estimation, and nonlinear
classification. It additionally acts as a guide for numerous new advancements in kernel-based techniques
[23]. Kernel functions are utilized to create a convex quadratic problem, where the global optimal value
is the quadratic function's minimal value, in cases when the dataset has a nonlinear structure that is not
linearly separable. The effectiveness of kernel functions varies depending on the nature of the issue. The
following table shows the kernel functions and their formula (Bishop, 2006):

Table 1: Kernel function and formula

Kernel Function Formula
Linear K(xl-,xj) = (xl-,x]-)
2
RBF K x) = exp (=v|lx - x]°)
2
Gaussian K = —M
(xi,x;) = exp 202

Polynomial K(xi,x;) = (1 + (x5 )*
Quadratic K (xi, %) = (1 + (x;, %;))°
QublC K(xi,x]-) = (1 + (xl-,xj))3

3.6. Performance Metrics

Evaluation metrics provide information about the success of the prediction, by comparing the
predictions obtained from the model with the actual results. They are needed to measure which of the
created models will give better results. In this work, the following evaluation criteria were used: the
model's accuracy, recall, precision, F1 Score, and G Mean [25][26][27][28]. In table 2, it can be found
that these metrics’ mathematical formulas.
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Table 2: The evaluation metrics

Evaluation Metrics Formula
Accuracy (TP+TN)/(TP+TN + FP + FN)
Sensitivity TP/(TP + FN)
Specificity TN/(TN + FP)
Precision TP/(TP + FP)
FI_Score 2 * (Precision x Sensitivity)/(Precision + Sensitivity)
G-Mean \/Precision * Sensitivity

In this table, TP, TN, FP and FN are described as follows:

TP; when both the expected and actual values are positive

TN; when both the predicted value and the actual value are negative.

FP (Type 1 Error); when the prediction is positive but the actual is negative.
FN (Type 2 Error); when the prediction is negative but it actually is positive.

4. Analysis

4.1. Dataset

The dataset includes five first-order features (mean, variance, standard deviation, skewness, kurtosis)
and eight texture features (contrast, energy, angular second moment, (ASM), entropy, homogeneity,
dissimilarity, correlation, coarseness) from the 3762 images, the number of having tumor and without
tumor is 1683 and 2079, respectively. Detailed information can be found at Bohaju, 2020 [29].
Following Figure shows the images with tumor and without tumor.

0 0 0

50 50 50

100 100 100

150 150 150

200 200 200

0 50 100 150
No tumor Tumor No tumor

200

Figure 2: Sample of 3 brain images with labels

4.2. Results

Initially, 13 features were used in the study. With the proposed feature selection methods, the number
of features was reduced, and resulted in a reduction in model complexity. During the training process,
different hyperparameters were performed to increase the classifiers’ performance. To reduce
overfitting, k-fold cross-validation was performed during the training processes.

The following tables include results obtained full model and feature selection model using different
boostings and kernel structures. In the tables below, NoF, ACC, SPEC, PREC, SENS, F M, G M,
LOSS are descriped as number of features, accuracy, specifity, precision, sensitiviy, F1 Score, geometric
mean, respectively. The classification results are given in the following tables:
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Table 3: Ensemble Learning K fold=2

Testing Data Training Data
Model NoF ACC SPEC PREC SENS FM GM LOSS|ACC LOSS
fullmodel | 13 0,99 0,99 0,99 099 099 099 0,01 | 098 0,02
Gentle Boost fscchi2 7 0,99 0,99 0,99 0,99 099 099 0,01 | 098 0,02
relieff 4 099 099 099 099 099 099 002 | 097 0,03
f-mRMR 3 0,98 098 098 098 098 098 0,02 | 0,96 0,04
fullmodel | 13 0,99 0,99 0,99 099 099 099 0,01 | 098 0,02
fscchi2 4 0,99 0,99 0,99 099 099 099 0,02 | 097 0,03
Ada Boost .
relieff 4 0,99 0,99 0,99 099 099 099 0,01 | 097 0,03
JS-mRMR 3 099 099 099 099 099 099 002 | 0,96 0,04
fullmodel | 13 0,99 0,99 0,99 099 099 099 0,01 | 098 0,02
. fscchi2 4 0,98 098 098 098 098 098 0,02 | 097 0,03
Logit Boost .
relieff 5 099 099 099 099 099 099 0,02 | 098 0,02
f-mRMR 6 0,99 0,99 0,99 099 099 099 0,01 | 098 0,02

From Table 3, instead of use all features, it can be seen the best results are obtained using Gentle Boost
with relieff, AdaBoost with f-mRMR and Logit Boost with relieff. The number of features are 4, 3, and

5, respectively. When k-fold=2, AdaBoost with f-mRMR gave the least complex result.

Table 4: Support vector machine K fold=2.

Testing Data Training Data

Model NoF ACC SPEC PREC SENS FM GM LOSS|ACC LOSS

fullmodel | 13 096 096 096 096 0,96 0,96 004 | 0,96 0,04

. fscchi2 0,96 096 096 09 09 096 0,04 | 0,96 0,04
Linear .

relieff 7 09 096 096 096 096 096 0,04 | 0,96 0,04

JS-mRMR 094 094 094 094 094 094 0,05 | 0,94 0,06

fullmodel | 13 097 097 097 097 097 097 003 | 096 0,04

fscchi2 4 098 098 098 098 098 098 0,02 | 098 0,02
RBF .

relieff 4 098 0998 098 098 098 098 002 | 0,98 0,02

fmRMR | 2 097 097 0,97 097 097 097 003 | 096 0,04

fullmodel | 13 097 097 097 097 097 097 003 | 09 0,04

. Jfscchi2 4 098 098 098 098 098 098 0,02 | 0,97 0,03
Polynomial .

relieff 3 097 097 097 097 097 097 0,03 | 097 003

fmRMR | 4 097 097 0,97 097 097 097 003 | 096 0,04

fullmodel | 13 097 097 097 097 097 097 003 | 097 0,03

. fscchi2 7 098 098 098 098 098 098 0,03 | 097 0,03
Quadratic .

relieff 097 097 097 097 097 097 003 | 097 0,03

f-mRMR 5 097 097 097 097 097 097 003 | 097 0,03

fullmodel | 13 098 098 098 098 0,98 0,98 002 | 096 0,04

Qubic fscchi2 4 097 097 097 097 097 097 003 | 097 0,03

relieff 3097 097 097 097 097 097 003 | 097 0,03

f-mRMR 5 098 098 098 0,98 098 098 0,03 | 097 003

From Table 4, instead of use all features, it can be seen the best results are obtained using Linear Kernel
with f-mRMR, RBF Kernel with relieff, Polynomial Kernel with fscchi2, Quadratic Kernel with relieff,
and Qubic Kernel with relieff. The number of features are 6, 4, 4, 2, and 3, respectively. When k-fold=2,
Quadratic Kernel with relieff, gave the least complex result having 2 features.
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Table 5: Ensemble Learning kfold=10.

Testing Data Training Data
Model NoF ACC SPEC PREC SENS FM G M LOSS |ACC LOSS
full model | 13 1,00 1,00 1,00 1,00 1,00 1,00 0,00 | 0,98 0,02
fscchi2 2 0,99 099 099 0,99 099 099 0,01 | 096 0,04
Gentle Boost .
relieff 5 1,00 1,00 1,00 1,00 1,00 1,00 0,01 | 098 0,02
ff-mRMR 1,00 1,00 1,00 1,00 1,00 1,00 0,01 | 0,98 0,02
fullmodel | 13 1,00 1,00 1,00 1,0 1,00 1,00 0,00 | 098 0,02
fscchi2 1,00 1,00 1,00 1,00 1,00 1,00 0,01 | 0,98 0,02
AdaBoost .
relieff 6 1,00 1,00 1,00 1,00 1,00 1,00 0,01 | 098 0,02
f-mRMR 1,00 1,00 1,00 1,00 1,00 1,00 0,01 | 0,98 0,02
fullmodel | 13 1,00 1,00 1,00 1,00 1,00 1,00 0,00 | 099 0,01
. fscchi2 4 1,00 1,00 1,00 1,00 1,00 1,00 0,01 | 097 0,03
Logit Boost .
relieff 2 0,99 0,99 0,99 0,99 099 099 0,01 | 095 0,05
ff-mRMR 2 0,99 0,99 099 0,99 099 099 0,01 | 096 0,04

From Table 3, instead of use all features, it can be seen the best results are obtained using Gentle Boost
with f-mRMR, AdaBoost with f-mRMR and LogitBoost with fscchi2. The number of features are 4, 5
and 4, respectively. When k-fold=10, Gentle Boosting with f-mRMR gave the least complex result.

Table 6: Support vector machine, kfold=10.

Testing Data Training Data

Model NoF ACC SPEC PREC SENS FM GM | LOSS ACC

full model 13 096 096 096 0,96 096 096 0,04 0,96 0,04

) fscchi2 5 096 096 096 0,96 096 096 0,04 0,96 0,04
Linear .

relieff 095 095 095 095 095 095 005 0,95 0,05

f-mRMR 6 095 095 095 0,95 095 095 0,05 0,95 0,05

full model 13 098 098 098 0,98 098 098 0,02 0,97 0,03

RBF fscchi2 4 098 098 098 098 098 098 0,02 0,97 0,03

relieff 2 098 098 098 098 098 098 0,03 097 0,03

f-mRMR 5 098 098 098 098 098 098 0,02 0,97 0,03

full model 13 099 099 099 0,99 099 099 0,02 0,97 0,03

) fscchi2 0,98 098 098 098 098 098 0,02 0,97 0,03
Polynomial .

relieff 098 098 098 0,98 098 098 0,02 0,97 0,03

f-mRMR 098 098 098 0,98 098 0,98 0,02 0,97 0,03

full model 13 098 098 098 0,98 098 098 0,02 0,97 0,03

] fscchi2 5 098 098 098 098 098 098 0,03 097 0,03
Quadratic .

relieff 097 097 097 097 097 097 0,14 0,87 0,13

f-mRMR 6 098 098 098 0,98 098 098 0,02 0,97 0,03

full model 13 099 099 099 0,99 0,99 0,99 0,01 0,97 0,03

Qubic fsechi2 098 098 098 098 098 0,98 0,02 097 0,03

relieff 097 097 097 097 097 097 0,05 0,95 0,05

f-mRMR 098 098 098 098 098 098 0,02 0,97 0,03

From Table 6, instead of use all features, it can be seen the best results are obtained using Linear Kernel
with relieff, RBF Kernel with relieff, Polynomial Kernel with fscchi2, Quadratic Kernel with fscchi2,
and Qubic Kernel with fscchi2. The number of features are 6, 4, 4, 2, and 3, respectively. When k-
fold=2, Quadratic Kernel with relieff, gave the least complex result having 2 features.
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5. Discussion and Conclusion

By identifying and ranking the characteristics that are most likely to provide useful information for a
classification task, this method improves the interpretability and accuracy of the model. In this study,
thirteen extracted features from images are used. As a novelty for detecting the tumors, the statistics-
based feature selection methods are proposed, to help reduce the size and thus reduce complexity in
complex network problems. From Table 3 to 6, the results obtained from full model and 3 different
feature selection methods, ensemble learning with different boosting, and different kernel structures for
k fold 2 and 10 are compared. In these tables, the best results are shown in italics. From the results,
ensemble learning based on boosting methods gives better results than SVM based on kernel structures.
The proposed hybrid algorithm-based feature selection and boosting approaches give good results in
classifying data obtained via MRI from patients with and without brain tumors.

Among the feature selection algorithms, the f-chi2, f-Relief, -mRMR, were used to select the features
from all features. To detect the brain tumor, classified machine learning algorithms were performed
which are Support vector machine-based kernel and Ensemble Learning based Boosting. Some results
were obtained when the K fold was 2 and 10, respectively. The best result was obtained using f-mRMR
feature selection method and ensemble learning, when k-fold was 10. The proposed hybrid algorithm
reduced the model complexity, by decreasing the number of features. Comparative results of some
studies in the literature are given in the table below:

Table 7: The performances of existing approaches in the literature

Source Classes Method Accuracy

Vani et al., 2017 [3] Tumor/No Tumor SVM 82%

Mohsen et al., 2018 [4] Tumor/No Tumor DWT, DL 93.94%

Shahzadi et al., 2018 [5] Tumor/No Tumor AlexNet and VggNet, CNN 84%

Ghahfarrokhi and Khodadadi, 2020 [7] | Tumor/No Tumor LE, ApEn, FD, GLCM, DWT, | 98,90%
SVM, KNN

Al-Saffar and Yildirim, 2021 [8] No Tumor/HGG/LGF | LDI-Means, MI, SVD, SVM, 91,02%
MLP, MES

Nayak et al., 2022 [9] Tumor/No Tumor DWT, SDA-DA CNN 97%

Isunuri and Kakarla, 2023 [10] No Tumor/HGG/LGF | EfficientNetB4, EMCMA 98,35%

The Proposed work Tumor/No Tumor Jf-chi2, f-Relief, ~-mRMR, EL 100%

LE: Lyapunov Exponent

ApEn: Approximate Entropy

FD: Fractal Dimension

GLCM: Gray-Level Co-occurrence Matrix

DWT: Discrete Wavelet Transform

SVM: Support Vector Machine

KNN: K-Nearest Neighbors

LDI-Means: Local Difference in Intensity - Means

MI: Mutual Information

SVD: Singular Value Decomposition

MLP: Multi-Layer Perceptron

MES: Multiple Eigenvalues Selection

SDA-DA CNN: Deep Autoencoder based Spectral Data Augmentation
EMCMA: Multi-Path Convolution Network with Multi-Head Attention
HGG: High Grade Gliomas

LGF: Low Grade Fliomas
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CO2 emisyonu, karbon dioksit gazinin atmosfere salinmasi anlammna gelmekte ve fosil yakitlarin yanmasi,
endiistriyel siiregler, ormansizlagma ve tarim gibi insan faaliyetlerinden kaynaklanmaktadir. Artan CO2 seviyeleri,
sera etkisi yaratarak diinya genelinde iklim degisikligine neden olmaktadir. Tiirkiye hem ulusal hem de uluslararasi
diizeyde ¢evresel siirdiiriilebilirlik ve iklim degisikligiyle miicadele konusunda kararli bir tutum sergilemektedir.
Bu baglamda, Tiirkiye 2020-2030 dénemi igin belirledigi Ulusal Belirlenmis Katki (NDC) ile 2030 yilina kadar
sera gazi emisyonlarint 2005 seviyelerine gore %21 oraninda azaltmayi hedeflemistir. Tiirkiye’nin CO2
emisyonlarini azaltma stratejileri arasinda yenilenebilir enerji kaynaklarina gecisin tesvik edilmesi, enerji
verimliliginin artirilmasi, sanayi sektoriinde temiz teknolojilere gegis, ulasimda elektrikli araglarin ve toplu tasima
sistemlerinin yayginlastirilmas1 ve tarimda siirdiiriilebilir uygulamalarin desteklenmesi bulunmaktadir. Paris
Anlagmasi cergevesinde Tiirkiye, kiiresel sicaklik artisini 2 derece altinda tutmay1 ve miimkiinse 1.5 dereceyle
sinirlamay1 hedefleyen taahhiitlerde bulunmustur. Bu ¢alisma, Tiirkiye'nin CO2 emisyonlarini1 tahmin etmeyi
amaglamakta ve bu konuda 6nemli bir boslugu doldurmaktadir. ANFIS (Adaptive Neuro-Fuzzy Inference System)
yontemi kullanilarak yapilan bu arastirma, Tiirkiye'nin gegmis CO2 emisyon verilerini analiz ederek gelecekteki
emisyon trendlerini tahmin etmeyi hedeflemektedir. Elde edilen sonuglar, siirdiiriilebilir kalkinma stratejilerinin
olusturulmasinda, enerji politikalarmin sekillendirilmesinde ve g¢evresel etki degerlendirmelerinde 6nemli bir
rehberlik saglayabilir. Ayrica, ANFIS modelinin CO2 emisyon tahminindeki basarisi, benzer ¢alismalara ilham
kaynagi olabilir ve bu alandaki gelecekteki aragtirmalara 6nemli katkilar sunabilir. Bu ¢alisma, Tiirkiye'nin CO2
emisyonlarini azaltma g¢abalarinin ve ANFIS yontemiyle yapilan tahmin ¢alismalarinin 6nemini vurgulamakta,
ayni zamanda Paris Anlagmasi’nin taahhiitlerine uyum saglamaya yonelik stratejilerini detaylandirmaktadir.

Anahtar kelimeler: CO2 emisyonu, ANFIS, Regresyon Analizi, Ekonomik Biiyiime, Enerji Tiiketimi, Tahmin,
Enerji Verimliligi, Yenilenebilir Enerji

Abstract

CO2 emissions refer to the release of carbon dioxide gas into the atmosphere, primarily resulting from human
activities such as the burning of fossil fuels (coal, oil, natural gas), industrial processes, deforestation, and
agriculture. Increasing CO2 levels create a greenhouse effect, leading to global climate change. Turkey is
committed to environmental sustainability and combating climate change on both national and international levels.
In this context, Turkey has set a Nationally Determined Contribution (NDC) for the 2020-2030 period, aiming to
reduce greenhouse gas emissions by 21% compared to 2005 levels by 2030. Turkey’s strategies to reduce CO2
emissions include promoting the transition to renewable energy sources, enhancing energy efficiency, adopting
clean technologies in the industrial sector, expanding the use of electric vehicles and public transportation, and
supporting sustainable agricultural practices. Under the Paris Agreement, Turkey has committed to limiting global
temperature rise to well below 2 degrees Celsius above pre-industrial levels, and to pursue efforts to limit the
increase to 1.5 degrees Celsius. This study aims to fill a significant gap by forecasting Turkey's CO2 emissions
using the ANFIS (Adaptive Neuro-Fuzzy Inference System) method. By analyzing Turkey’s historical CO2
emission data, this research seeks to predict future emission trends. The results can provide crucial guidance for
forming sustainable development strategies, shaping energy policies, and conducting environmental impact
assessments. Additionally, the success of the ANFIS model in CO2 emission forecasting can inspire similar studies
and contribute significantly to future research in this field. This study emphasizes Turkey’s efforts to reduce CO2
emissions and the importance of forecasting studies using the ANFIS method, while detailing strategies to comply
with the commitments of the Paris Agreement.
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1. Giris

CO2 emisyonu, karbon dioksit gazinin atmosfere salinmasi anlamina gelmekte ve fosil yakitlarin
yanmasi, endiistriyel siiregler, ormansizlagma ve tarim gibi insan faaliyetlerinden kaynaklanmaktadir.
Artan CO?2 seviyeleri, sera etkisi yaratarak iklim degisikligine yol agmakta ve ekstrem hava olaylari,
deniz seviyesinde ylikselme ve biyolojik ¢esitlilik kayb1 gibi sorunlara neden olmaktadir. Tiirkiye, ulusal
ve uluslararasi diizeyde gevresel siirdiiriilebilirlik ve iklim degisikligiyle miicadele konusunda kararlidir.
2020-2030 donemi i¢in belirlenen Ulusal Belirlenmis Katki (NDC) kapsaminda, Tiirkiye 2030 yilina
kadar sera gazi emisyonlarimi 2005 seviyelerine gore %21 oraninda azaltmay1 hedeflemektedir. Bu
hedeflere ulagsmak icin yenilenebilir enerji kaynaklarina gecis, enerji verimliligi, temiz teknolojiler,
elektrikli araglar ve siirdiiriilebilir tarim uygulamalar gibi stratejiler benimsenmektedir.

Bu calisma, Tirkiye'nin CO2 emisyonlarini ANFIS (Adaptive Neuro-Fuzzy Inference System)
yontemiyle tahmin etmeyi amaglamaktadir. Gegmis CO2 emisyon verilerini analiz ederek gelecekteki
trendleri ongdrmek, siirdiiriilebilir kalkinma stratejileri ve enerji politikalarmin sekillendirilmesinde
onemli bir rehber saglayacaktir. ANFIS modelinin basarisi, benzer arastirmalar i¢in ilham kaynagi
olabilir ve bu alanda gelecekteki calismalara 6nemli katkilar sunabilir. Analiz bu kapsamda, Tiirkiye'nin
gecmis CO2 emisyonlarini azaltma g¢abalarin1 ve ANFIS yontemiyle yapilan tahmin calismalarmin
onemini vurgulamaktadir.

Giintimiizde, atmosferik karbondioksit (CO2) emisyonlarinin tahmin edilmesi, iklim degisikligi ve
cevresel siirdiiriilebilirlik acisindan hayati bir éneme sahiptir. CO2 emisyonlarinin dogru tahmin
edilmesi, ¢evresel politika olusturuculari, endiistri liderleri ve bilim insanlari i¢in temel bir gerekliliktir.
Literatiir taramasinin odak noktasi, CO2 emisyonlarimi tahmin etmek i¢in kullanilan parametrelerin ve
yontemlerin incelenmesidir. Bu baglamda, bulgularin odak noktasi, bulanik mantik teorisi temelli bir
yapay zeka yontemi olan Adaptif Sinirsel Bulanik Inferans Sistemi (ANFIS) iizerinde yogunlasmistir.
Literatiir taramasi, CO2 emisyonlarin1 tahmin etmek icin kullanilan cesitli parametrelerin
incelenmesiyle birlikte, ANFIS'in bu baglamdaki roliinii ve etkinligini anlamaya yardimci olacaktir. Bu
arastirma, CO2 emisyonlarinin gelecekteki seviyelerini tahmin etmek igin gelistirilen yeni ve etkili
yontemlerin kesfedilmesine katki saglayabilir. Bu da iklim degisikligiyle miicadele ve siirdiiriilebilir bir
gelecek icin daha etkili politikalarm gelistirilmesine olanak tanir.

Art ve Zeren [1] karbon emisyonlart ile kigi bagina gelir arasindaki baglantiy1 inceleyerek Cevresel
Kuznets Egrisi (EKC) teorisini smamislardir. Calismada, karbon emisyonlar: ile kisi basina gelir
arasinda ters-U seklinde bir iligski oldugu ortaya koyulmustur. Ayrica, niifus yogunlugu ve enerji
titkketiminin CO2 emisyonlarini pozitif yonde etkiledigi bulunmustur. Sel ve Tekgiin [2] kiiresel 6l¢ekte
yasanan yogun sanayilesme, hizli niifus artisi, bilingsiz enerji tiikketimi ve yiiksek enerji talebinin CO2
emisyonlarimi artirdigi belirtmigtir. Calismada, CO2 salinimi tahmininde ANFIS yontemi kullanilmis ve
Kyoto Protokolii ile Paris Iklim Anlasmasi cercevesinde degerlendirilmistir. Mardani vd. [3] Diinya
Kalkimma Gostergeleri veri setleri lizerinde yapilan deneysel analizler ile, ANFIS modelinin enerji
tiketimi ve ekonomik biiyiime temelinde CO2 emisyonlarmi basarili bir sekilde tahmin ettigini
gostermistir. ANFIS modeli, G20 iilkelerinde enerji tiiketimi, CO2 ve ekonomik biiylime arasindaki
iliskiyi incelemistir. Karaboga ve Kaya [4], ANFIS’in egitimi i¢in ABC algoritmas1 kullanmistir ve
bulgularinda, Tiirkiye'ye gelen yabanci ziyaret¢i sayisini tahmin etmede basarili sonuglar elde edilmistir.
Bayramoglu vd. [5] Tiirkiye'nin 2016-2030 donemindeki enerji talebini belirlemek amaciyla ANFIS
yontemi kullanilmistir. Tiirkiye'nin gelecekteki enerji talebinde oOnemli bir artis olabilecegi
ongorilmiistiir. Kogak [6] Tiirkiye Orneginde internet kullanimmin CO2 emisyonlar1 iizerindeki
etkilerini incelemistir. Internet kullaniminin hem kisa hem de uzun vadede CO2 emisyonlarini olumlu
yonde etkiledigi bulunmustur. Saritas ve Akar [7] turizmin karbon emisyonlarina etkisini panel veri
analizi ile incelemiglerdir. Caligmalarinda turizmin karbon salimmimi pozitif yonde etkiledigi
bulunmustur. Giiler ve Kandemir [8] OECD iilkelerinin CO2 emisyon degerlerini kullanarak tahmin
analizi gerceklestirmislerdir ve Kiibik regresyon analizi kullanilarak daha giivenilir sonuglar elde
etmislerdir. Pabuccu ve Bayramoglu [9], Tiirkiye ve AB-28 iilkelerinin sera gazi salim degerlerini

142



Ankara Science University, Researcher

Arik et al., 2024

tahmin etmek i¢in YSA modeli kullanilmigtir. Tiirkiye'nin 2030 yil1 i¢in Paris iklim Zirvesi'nde taahhiit
ettigi salinim miktarimi asacagi bulunmustur. Bozkurt ve Okumus [10] Tiirkiye'de EKC hipotezini
smamak amaciyla CO2 emisyonu, ekonomik biiylime, enerji tiiketimi, ticaret agiklig1 orani ve niifus
yogunlugu arasindaki uzun vadeli iligkiyi analiz etmislerdir. Analiz sonucunda, ekonomik biiyiimenin
CO2 emisyonunu artirdigi bulunmustur. Jeong vd. [11] ingaat sirasinda tiiketilen malzemeler nedeniyle
apartman {initelerinden yayilan CO2 emisyonlarin1 incelemislerdir. Insaat malzemelerinin CO2
emisyonlar1 iizerinde 6nemli etkileri oldugu bulunmustur. Sun vd. [12] tarim ati§1 yakilmasindan
kaynaklanan CO2 emisyonlarint hesaplamislardir. Aniz yakmanin 6nemli bir CO2 emisyon kaynagi
oldugu bulunmustur. Bengochea vd. [13] Avrupa Birligi'nde ekonomik biiyiime ile CO2 emisyonlari
arasindaki iliskiyi incelemislerdir. Emisyonlari kontrol etmek i¢in her AB iiyesi devletin 6zel ekonomik
durumu ve sanayi yapist goz oniinde bulundurulmasi gerektigi belirtilmistir. George ve loana [14]
Yapay Sinir Aglar1 ve bulanik mantik tekniklerini kullanarak turizm talebini tahmin etmiglerdir.
Modelin performansi klasik istatistiksel Ol¢iilerle degerlendirilmistir. Harandizadeh vd. [15] farkli
toprak tiirlerinde derin temel tagima kapasitesini tahmin etmek i¢in iki gelistirilmis ANFIS teknigi
kullanmiglardir. ANFIS modelleri, ¢oklu regresyon denklemlerine kiyasla daha yiiksek hassasiyet
gostermistir. Ho vd. [16] hibrit Taguchi-genetik algoritmasi (HTGA) ile donatilmig bir ANFIS modeli
kullanarak tibbi bir rejimin uygunlugunu tahmin etmislerdir. HTGA tabanli ANFIS modelinin tahmin
dogrulugu yiiksektir. Roy vd. [17] CRDI destekli dizel motorun CNG c¢ift yakithi operasyon altindaki
performans ve emisyon parametrelerini tahmin etmek igin ANFIS tabanli model gelistirmislerdir.
Model, yiiksek dogrulukla deneysel verilerle eslesmistir. Yazar vd. [18] askeri ugak motorlari i¢in egzoz
gazi emisyonlarini tahmin etmek i¢in ANFIS yapisin1 kullanmiglardir. ANFIS'in tahmin hata degerleri
diistiktiir ve egitim siiresi kisadir. Suleymani ve Bemani [19] biyokiitlelerin yiiksek 1s1l degerini tahmin
etmek icin ANFIS yontemini kullanmiglardir. ANFIS-parcacik siirii optimizasyonunun, HHV'nin
tahmin edilmesinde yiiksek performans gosterdigi bulunmustur. Pusat vd. [20] kurutma islemi sirasinda
komiir nem igerigini tahmin etmek i¢in ANFIS yontemi kullanmiglardir. ANFIS ag1, kodmiir kurutma
isleminde oldukca tatmin edici sonuglar elde etmistir. Thanh vd. [21] Internet kullanicilar1 ve mobil
hiicresel aboneliklerin dijitallesme, yesil teknoloji, CO2 emisyonlar1 ve enerji verimliligi arasindaki
baglantilar1 arastirmiglardir. Internet kullanicilarinin dijitallesme iizerinde etkisi biiyiiktiir. Nassef vd.
[22] Suudi Arabistan'n CO2 emisyonlarini tahmin etmek i¢in yapay zeka araglarmi kullanmislardir.
LSTM modeli en yiiksek dogrulugu gostermistir. Acheampong ve Boateng [23] Avustralya, Brezilya,
Cin, Hindistan ve ABD i¢in karbon emisyon yogunlugunu tahmin etmek amaciyla YSA kullanmiglardir.
YSA modelleri yiiksek dogruluk gostermistir. Yeasmin vd. [24] yapay zekanin akilli sehirlerde CO2
emisyonlarini1 6ngoren bir analiz sunmuslardir. Delano€ vd. [25] dijital teknolojilerin ve yapay zeka
modellerinin CO2 emisyonlarin1  azaltmaya yonelik ¢o6ziimleri optimize etmedeki roliinii
incelemislerdir. Yapay zeka modelleri, baz1 durumlarda negatif etkilerin pozitif etkilerden yiiksek
olabilecegini gostermistir. Xu vd. [26], Cin'in CO2 emisyonlarinin zirve yapma zamanini tahmin etmek
icin NARX modelini kullanarak 2029, 2031 veya 2035'i 6ngdrmiistiir. Meng ve Noman [27], endiistriyel
faaliyetlerin CO2 salinimina etkisini ele alarak COVID-19'un etkisiyle ilgili analiz yapmislardir. Alam
ve AlArjani [28], Korfez iilkelerinde CO2 emisyonlarini tahmin etmek icin farkli modelleme
tekniklerini karsilagtirmislardir. Palconit vd. [29], karayolu tasitlarinin CO2 emisyonlarini ANFIS
modeli ile tahmin etmeye ¢alismistir. Soroush vd. [30], amino asitlerin CO2 yakalama siire¢lerindeki
potansiyelini incelemis ve ANFIS modeli gelistirmistir. Abdlwahaab ve Balik [31], Kanada'da motor
ozelliklerine dayali bir ANFIS modeli kullanarak CO2 emisyonlarini analiz etmistir. Cano ve Jurado
[32], Ekvador'un elektrik sistemini optimize ederek yenilenebilir enerji entegrasyonu iizerine
caligmiglardir.

Adaptif Sinirsel Bulanik Inferans Sistemi (ANFIS), CO2 emisyonlarinin tahmin edilmesi konusunda
oldukgca etkili bir aragtir. ANFIS, farkli veri setlerinde yiiksek dogruluk oranlari ile tahmin yapabilme
kapasitesine sahip olup, dzellikle enerji tiiketimi, ekonomik biiylime ve cevresel degiskenler gibi
faktorler goz oOniine alindiginda basarili sonuglar elde etmektedir. Bu baglamda, ANFIS'in CO2
emisyonlarinin gelecekteki seviyelerini tahmin etmek i¢in kullanilabilecek gii¢lii bir yontem oldugu
sOylenebilir.
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2. ANFIS

ANFIS, Yapay Sinir Aglar1 (YSN) ve Bulanik Mantik (BM) sistemlerini birlestiren bir yaklagimdir.
Temel hedefi, girig verileri ile ¢ikig verileri arasindaki karmasik iligkileri 6grenme yetenegine sahip,
esnek bir model olusturmaktir. ANFIS'in 6ne ¢ikan 6zelligi, veriler arasindaki belirsizlikleri ele almak
icin Bulanik Mantik prensiplerini benimserken, 6grenme ve adaptasyon yeteneklerini Yapay Sinir
Aglar temelinde saglamasidir. Yapay Sinir Aglari, biiylik veri setlerindeki desenleri 6grenme
konusunda gii¢liidiir, ancak belirli durumlarda belirsizlikle basa ¢ikmakta zorlanabilir. ANFIS, bu
baglamda Bulanik Mantik prensiplerini entegre ederek, belirsizlik yonetimi ve 6grenme yeteneklerini
birlestirir.

ANFIS genellikle girig, bulanik kural, belirleme, ¢ikis ve 6grenme katmanlarindan olusur. Bu katmanlar,
giris verileri ile ¢ikis arasindaki iliskiyi modeller. Bulanik kurallar ve iiyelik fonksiyonlari, belirli
durumlar ifade etmek i¢in kullanilirken, 6grenme katmani modelin parametrelerini verilere uyarlamak
icin gorev yapar. Bu metot, karmagik sistemlerde desenleri tanima, tahmin etme ve kontrol etme gibi
bircok uygulamada kullanilir. ANFIS'in esnek yapisi, belirgin ve belirsiz durumlari ele alabilme
kabiliyetini igerir, bu da onu ¢esitli endiistrilerde etkili bir sekilde kullanilan bir ara¢ haline getirir.

ANFIS, Eger-Ise kurallar1 ve giris cikis bilgi ¢iftlerinden olusan bir bulanik ¢ikarim sistemi igerir. Ancak
sistem egitimi ve kontroliinde Yapay Sinir Ag1 (YSA) 6grenme algoritmalari kullanilir. Eger x ve y
girisleri ile z ¢ikigini ele alirsak temel kural yapist asagidaki gibi ifade edilebilir.

Egerx € Ci vey e Diise zi = eix + fiy + gi

Ci ve Di, bulanik mantik sistemlerinde kullanilan girdi degiskenlerinin bulanik alt kiimelerini ifade eder.
Bu alt kiimeler, girdilerin belirli bir kategoride olma derecesini tanimlar. pi, qi ve ri ise bulanik mantik
kurallarinin belirlenmesinde rol oynayan tasarim parametreleridir. Her bir kuralin ¢ikis degeri (zi), girdi
degiskenlerinin belirli bir kuralla iligkili ¢ikis degerlerinin birlesimiyle elde edilir. Bu ¢ikis degeri,
sistemin sonuglarmi ve davraniglarimi belirlemek i¢in kullanilir. Bu baglamda, Esitlik (1) girdi
degiskenlerinin sistem ¢ikisina olan katkisini belirlemek i¢in temel bir aragtir ve sistemin nasil
calistigini anlamak i¢in 6nemlidir.

;= ank=1 WmZm (1)

m=1Wm

Verilen iki bulanik kurala dayali olarak, birinci derece bulanik Sugeno modeli i¢in 6nerilen ANFIS
mimarisi Sekil 1’de sunulmugtur. ANFIS modelinin katmanlarini genel olarak 6zetlersek:

1. Katman: Girigler, bulaniklastirma islemi icin iiyelik fonksiyonlarindan gegirilerek bulanik hale
getirilir.

2. Katman: Bulanik mantik sisteminin isleyisini belirleyen kurallar, bu katmanda insa edilir.
3. Katman: Hesaplanan katkilar, normalizasyon islemi ile tek bir degere doniistiiriiliir.

4. Katman: Bulanik kiimelerin iiyelik fonksiyonlar1 kullanilarak, bulanik sonuglar kesin degerlere
indirgenir.

5. Katman: Bulanik mantik sistemi, tiim kural ¢iktilarinin toplamini kullanarak tek bir sonuca ulasir.

Bu mimari, giris verilerinden baslayarak bulanik mantik kurallarina gore ¢ikarimlar yapar ve sayisal
degerlere doniistirme ile toplama islemlerini igerir. ANFIS modeli, karmasik iligkileri 6grenme
yetenegiyle dikkat ceken bir yap1 sunmaktadir.
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Sekil 1: ANFIS Katman Yapisi (ANFIS Layer Structure)

3. Tahmin Parametrelerinin Secimi

CO2 emisyonlariin tahmin edilmesi, iklim degisikligi ile miicadele ve siirdiiriilebilir kalkinma
hedeflerine ulagmak i¢in 6nemli bir adimdir. Bu tahminler, ¢evresel politikalarin belirlenmesi, enerji
stratejilerinin olusturulmasi ve kaynaklarin etkin bir sekilde yonetilmesi agisindan kritik bir rol oynar.
CO2 emisyonlariin tahmin edilmesi i¢in gerekli verilerin tespiti de bu siirecin temelini olusturur ve su
nedenlerle dnemlidir:

Politika Gelistirme: CO2 emisyonlarinin tahmin edilmesi, gevresel politikalarin etkin bir sekilde
olusturulmasmna yardimci olur. Hiikiimetler ve kuruluslar, bu tahminlerle gelecekteki emisyon
trendlerini belirleyerek uygun politika dnlemleri alabilirler. Ornegin, enerji verimliligini artirmaya
yonelik tesvikler veya yenilenebilir enerji kaynaklarmin kullanimmi tesvik eden politikalar, bu
tahminlere dayanarak gelistirilebilir.

Kaynak Yonetimi: CO2 emisyonlarinin tahmini, enerji kaynaklariin etkin bir sekilde yonetilmesine
olanak tanir. Bu tahminler, enerji talebinin gelecekteki artisin1 dngdrerek enerji arzini planlamayi ve
kaynaklarin siirdiiriilebilir bir sekilde kullanilmasini saglar. Boylece, enerji giivenligi ve ekonomik
istikrar saglanabilir.

Yatirim Kararlari: CO2 emisyonlarmin tahmin edilmesi, endiistriyel ve ticari faaliyetler icin stratejik
yatirim kararlarmin alinmasina yardimer olur. Sirketler, gelecekteki emisyon trendlerini géz oniinde
bulundurarak ¢evre dostu teknolojilere yatirim yapabilir veya karbon azaltma Onlemleri
uygulayabilirler.

Cevresel Etkilerin  Degerlendirilmesi: CO2 emisyonlariin  tahmini, ¢evresel etkilerin
degerlendirilmesine ve iklim degisikliginin olasi sonuglarmin anlagilmasina katkida bulunur. Bu
tahminler, ¢cevresel duyarhilik ve siirdiiriilebilirlik stratejilerinin olusturulmasinda énemli bir rol oynar.

Uygun Kaynak Dagitimi: CO2 emisyonlarmin tahmin edilmesi, kaynaklarin uygun bir sekilde
dagitilmasini saglar. Ornegin, enerji tilketimini azaltmaya yonelik projeler veya sera gazi emisyonlarimni
izleme ve raporlama sistemleri i¢in gereken kaynaklar, bu tahminler dogrultusunda yonlendirilebilir.

Bu nedenlerle, CO2 emisyonlarmin tahmini i¢in gerekli verilerin tespiti, ¢evresel siirdiiriilebilirlik ve
iklim degisikligi ile miicadele ¢abalarinin temelini olusturur. Bu verilerin dogru ve giivenilir olmasi,
alinacak onlemlerin etkinligi ve basarisi agisindan hayati 6neme sahiptir. CO2 Emisyonunun tahmini
icin gerekli verilerin tespiti amaciyla literatiir detayl bir sekilde taranmis ve CO2 Emisyonunu etkileyen
en Onemli faktorler asagidaki Tablo 1’de verildigi gibi siralanmistir. Tablo 1°de sunulan CO2
emisyonunu etkileyen kriterler i¢in Tiirkiye'nin 2000 ile 2021 arasindaki verileri kullanilarak, Spearman
korelasyon katsayilar1 ve regresyon analizi katsayilar1 hesaplanmis ve bu sonuglar yine Tablo 1°de
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sunulmustur. Bu analiz, Tirkiye'nin CO2 emisyonlarmi etkileyen faktdrlerin arasindaki iliskileri

anlamak i¢in yapilmustir.

Tablo 1: CO2 Emisyonunu Etkileyen Faktorlerin Korelasyon ve Regresyon Katsayilar

SRA EMISYONUNU  KORELASYON ~ REGRESYON

NUMARASI ETKILEYEN KATSAYILARI DECERLERI
FAKTORLER

1 ;Fj(r)le)tllaﬁll: Elektrik 0.988 0

2 Dogalgaz -0.449 0.01

3 Hidroelektrik -0.172 0.285

4 Kfimﬁr e Komiir 0.66 0
Tiirevleri

5 Stv1 Yakit -0.941 0

6 Yenilenebilir Enerji  0.936 0

7 Ihracat 0.953 0

8 Ithalat 0.839 0

9 i\r;;fr:irlr:;‘; Kullanim 0.986 0

10 Akaryakit 0.982 0

11 GSYH 0.709 0

12 Niifus 0.986 0

13 Otomobil 0.685 0.001

14 Minibiis -0.949 0

15 Otobiis -0.918 0

16 Kamyonet 0.902 0

17 Kamyon -0.986 0

18 Motosiklet 0.290 0.026

19 Ozel Amach 0.252 0.319

20 Traktor -0.986 0

21 Kara Tasitlar 0.986 0

22 Yapi izinleri 0.671 0.001

Tablo 1’de belirtilen sonuglara gore, yiliksek korelasyon katsayisi iliskisi olan ve diisiik regresyon p
katsayis1 sonucuna varilan 5 ana kriter, Tiirkiye'nin CO2 emisyonunu tahmin etmek i¢in girdi olarak
belirlenmistir. Korelasyon katsayisi hesaplanirken Spearman korelasyonu tercih edilmistir. Bu tercihin
temel nedeni, bu yontemin veriler arasindaki iliskiyi degerlendirirken siralama diizeyindeki iliskilere
odaklanmasidir. Spearman korelasyonu, veri setindeki herhangi bir aykir1 degerin etkisini azaltarak
analizin daha giivenilir olmasmi saglar. Ozellikle, veriler arasindaki iliskinin dogrusal olmadig1
durumlarda bu yontem tercih edilir. Bu nedenle analizde Spearman korelasyonu kullanilmasi, verilerin
dogru sekilde degerlendirilmesine ve sonuglarin giivenilirligine katkida bulunmustur. S6z konusu
fakotrler Sekil 2°de ana kriterler ve elde edilen sayisal veriler ise Tablo 2’de gosterilmektedir. Bu
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kriterler, Tiirkiye'nin CO2 emisyonlarini etkileyen temel faktorleri temsil etmek ve tahmin modellerinin
dogrulugunu artirmak i¢in Onemli bir rol oynamaktadir. Sekil 3'te Tirkiye'de oOl¢iilen CO2
emisyonlarina iligkin veriler sunulmaktadir [38]

GIRDILER 1. KATMAN 2. KATMAN 3.KATMAN 4. KATMAN 5. KATMAN GIKTI

2

l  CO:
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Sekil 2: CO2 Emisyonunu Etkileyen Ana Parametreler ve ANFIS Katmanlar1
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Sekil 3: Tiirkiye'de 6lgiilen CO2 emisyonlart
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Tablo 2: CO2 Emisyonunu Etkileyen Ana Faktorler ve Tiirkiye Verileri

Elektrik Ihracat (BIN USD $) Akaryakit Niifus Toplam Kara
Uretimi (Mwh) 34] (Ton) 36] Tasitlar:
[33] [35] [37]

pl p7 p10 p1s p24
124921600 27774906 12677438.47 64113547 6302172
122724700 31334216 13440518.93 65072018 7181601
129399500 36059089 14203599.39 65988663 8655170
140580500 47252836 15393666.00 66867327 8903843
150698300 63167153 16449909.00 67785075 10236357
161956200 73476408 18075998.00 68704715 11145826
176299800 85534676 18100225.00 69601333 12227393
191558129.4 107271750 18103787.00 70158112 13022945
198418000 132027196 19131192.00 71051678 13765395
194812926 102142613 18206872.00 72039206 14316700
211207700 113883219 18461624.00 73142150 15095603
229395100 134906869 19439057.00 74223629 16089528
239496800 152461737 20144101.00 75175827 17033413
240153953 151802637 21128076.00 76147624 17939447
251962817 157610158 21892670.00 77181884 18828721
261783303.5 143838871 24824703.00 78218479 19994472
274407749 142529584 26717671.00 79277962 21090424
297277522.9 156992940 28460979.00 80312698 22218945
304801885 177168756 27807222.69 81407204 22865921
303897559.6 180832722 26737750.00 82579440 23156975
306703092.4 169637755 26372288.00 83384680 24144857
331491935 225214458 29349759.00 84147318 25249119

4. ANFIS’in Egitilmesi

Algorithms, codes, and pseudocodes should be given in a table structure centered on the page as shown

Farki iiyelik fonksiyonlari ile Tablo 2 ve Sekil 3’de sunulan verileri kullanilarak farklt ANFIS modelleri
egitilmigtir. Egitim sonucunda elde edilen tahmin hatalar1 asagidaki Tablo 4’de sunulmustur. Kullanilan
iiyelik fonksiyonlar1 asagida siralanmistir. Tablo 4’de yer alan MFs degerleri her bir girdi i¢in
tanimlanan iiyelik fonksiyonu adetini gostermektedir. Tablo 4’deki tiim egitimler 150 tekrar ile
yapilmistir.

e Trimf: Ucgen seklinde, {ic parametre ile tammlanir: Baslangic, orta nokta ve bitis degerleri.
Belirli bir degere ait olma derecesini belirler.
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Trapmf: Trapezoid seklinde, dort parametre ile tanimlanir: baglangig, sol egim, sag egim ve bitisg
degerleri. Belirli bir degere ait olma derecesini belirler.

Gbellmf: Genellestirilmis can seklinde, {i¢ parametre ile tanimlanir: merkez, yayilma ve egrilik
parametreleri. Belirsizlikli ve degisken durumlarin modellenmesinde kullanislidir.

Gaussmf: Gauss egrisi seklinde, iki parametre ile tamimlanir: merkez ve yayilma. Istatistiksel
analizlerde ve yumusak hesaplama sistemlerinde kullanilir.

Gauss2mf: 1ki Gauss egrisi seklinde, iki ¢ift parametre ile tanimlanir: her bir Gauss egrisinin
merkezi ve yayilma degerleri. Cift modelli verilerin analizinde kullanilir.

Pimf: Uggen seklinde, ii¢ parametre ile tamimlanir: baslangig, orta nokta ve bitis degerleri. Trimf
fonksiyonuna benzer sekilde liggen bir tiyelik fonksiyonudur.

Tablo 4: Farkli Egitim-Test Oranlar1 ve Uyelik Fonksiyonlar1 Icin ANFIS Sonuglari

EGITIM- - .

g};:&TNI VERI ngnlilsliy ONU | MFs R2 MSE RMSE
70-30 Trimf 33333[0.4228 [5799.832 |76.157
70-30 Trapmf 33333(0.3324|6778.082 [82.329
70-30 Gbellmf 33333(0.8576 | 1526.408 | 39.069
70-30 Gaussmf 33333(0.9336|735.154 |27.114
70-30 Gauss2mf 33333(0.8939 |1332.606 |36.505
70-30 Pimf 33333(0.3324 [6778.095 | 82.329
70-30 Dsigmf 33333(0.8975(1287.422 |35.881
80-20 Trimf 33333[0.809 |1627.750 [40.345
80-20 Trapmf 33333(0.8428 [271.015 |16.463
80-20 Gbellmf 33333[0.9725[265.681 |[16.300
80-20 Gaussmf 33333(0.9513(602.687 |24.550
80-20 Gauss2mf 33333(0.9855[110.355 [10.505
80-20 Pimf 33333[0.8426 |1236.808 | 35.168
80-20 Dsigmf 33333(0.9867 |100.109 |10.005
85-15 Trimf 33333(0.9755[2022.885 |44.976
85-15 Trapmf 33333(0.9843(1310.100 |36.195
85-15 Gbellmf 33333[0.9805|1701.855 |41.254
85-15 Gaussmf 33333(0.9747 |2137.759 | 46.236
85-15 Gauss2mf 33333[0.9832|1381.121 |37.163
85-15 Pimf 33333[0.9845 | 1298.335|36.032
85-15 Dsigmf 33333[0.9961 |1036.510 |32.195
90-10 Trimf 33333[0.9599 [330.405 |18.177
90-10 Trapmf 33333(0.9823(149.172 |12.214
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90-10 Gbellmf 33333(0.9881 (110.791 |10.526
90-10 Gaussmf 33333(0.9825|158.237 |12.579
90-10 Gauss2mf 33333(0.987 |123.117 |11.096
90-10 Pimf 33333(0.9829(140.333 |11.846
90-10 Dsigmf 33333(0.9874|119.213 [10.918
95-5 Trimf 33333(0.9784 (178.557 |13.363
95-5 Trapmf 33333(0.9831(137.570 |11.729
95-5 Gbellmf 33333(0.9999 0.271 0.520

95-5 Gaussmf 33333(0.9995 |4.644 2.155

95-5 Gauss2mf 33333(0.9804 (162.777 |12.758
95-5 Pimf 33333(0.9822(144.223 |12.009
95-5 Dsigmf 33333(0.9888 |94.246 |9.708

Yapilan ANFIS tahminlemesi sonuglari, R2 degerleri en yiiksek ve MSE ile RMSE degerleri en diisiik
olan modellerin belirlenmesi amaciyla dikkatle incelenmistir. Bu degerlendirme neticesinde, egitim ve
test verilerinin 95-5 oraninda ayrildig1 géz 6niinde bulundurularak en iyi performansi gosteren liyelik
fonksiyonlari olarak Gbellmf ve Gaussmf tespit edilmistir. Gbellmf ve Gaussmf iiyelik fonksiyonlari ile
egitilen ANFIS modellerinin CO2 emisyon tahminindeki etkinlikleri ise Sekil 4.’te net bir bi¢imde

ortaya konmustur.
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Sekil 4: Gergeklesen ve tahminlenen CO2 emisyonlari

Tablo 5 bu farkli tahmin modellerinin sonug¢larint ve performans olgiimlerini karsilastirmali olarak
sunmaktadir. Parametreler (p1, p7, p10, p15, p24) kullanilarak yapilan analizlerde, Gbellmf ve Gaussmf
iiyelik fonksiyonlari ile egitilen ANFIS modellerinin, klasik regresyon modeline gore daha diigiik hata
degerlerine ve daha yiiksek R2 degerlerine sahip oldugu gorilmistiir.

150



Ankara Science University, Researcher

Arik et al., 2024

Tablo 5: ANFIS tahmin modeli ve Regresyon Tahmin analizlerinin karsilastiriimasi

PARAMETRELER ;%%hég R2 MSE RMSE
pl,p7.p10,p15,p24 Gbellmf 0.9999 0.271 0.520
pl,p7,p10,p15,p24 Gaussmf 0.9995 4.644 2.155
pl,p7,p10,p15,p24 Regresyon 0.9969 22.932 4.7887

Tablodaki verilere dayanarak, Gbellmf ve Gaussmf modellerinin regresyon modelinden daha iyi
tahminler yaptig1 sonucuna varilmistir. R2, MSE ve RMSE metriklerine gore, Gbellmf ve Gaussmf
modellerinin daha diisiik hata degerlerine ve daha yiiksek R2 degerlerine sahip oldugu gézlemlenmistir.
Bu bulgular, Gbellmf ve Gaussmf modellerinin regresyon modeline kiyasla daha iyi bir performans
sergilendigini gostermektedir.

5. Tahmin Senaryolari

ANFIS ile egitilen parametreler esliginde 2022 ve 2030 yillar1 arasindaki CO2 emisyonu tahmini i¢in
ANFIS modelleri kullanilmistir. Tahminleme yaparken senaryolar gelistirilmis ve sonuclar birbiriyle
karsilastirilmistir. Senaryo 1°de elektrik, ihracat, akaryakit, niifus ve kara tasit1 alanlarinda artis oranlar1
belirlenmistir. Elektrik ve ihracat alanlarinda %3.82 ve %4.00 artis 6ngoriiliitken, akaryakit ve niifus
alanlarinda sirastyla %1.50 ve 9%1.30 artis Ongoriilmiistiir. Kara tasitlart i¢cin ise %1.00 artig
ongorilmiistiir. Senaryo 2 elektrik, ihracat, akaryakat, niifus ve kara tasit1 alanlarinda daha ytiksek artis
oranlarint i¢ermektedir. Bu senaryo igin Elektrik ve ihracat alanlarinda %5.50 ve %6.50 artig
ongoriiliirken, niifus alaninda %2.50’lik bir artig 6ngoriilmiistiir. Diger yandan, akaryakit ve kara tagiti
alanlarinda ise %1.50 ve %1.00’lik sabit artig oranlar1 kullanilmistir. Senaryo 3’de, elektrik, ihracat,
akaryakit, niifus ve kara tasiti alanlarinda farkli artis oranlari belirlenmistir. Elektrik ve ihracat
alanlarinda %3.82 ve %3.50 artis ongoriiliirken, akaryakit ve kara tasit1 alanlarinda ise %2.50 ve %3.50
artis Ongorllmistir. Niifus alaninda ise %1.30 artis Ongdriilmiistiir. Senaryo 4 digerlerine benzer
sekilde, elektrik, ihracat, akaryakit, niifus ve kara tasit1 alanlarinda artis oranlarini igermektedir. Elektrik
ve ihracat alanlarmda %5.50 ve %6.50 artis ongoriiliirken, akaryakat, niifus ve kara tasit1 alanlarinda ise
sirastyla %2.50, %2.50 ve %3.50 artis dngoriilmiistiir. Iki model ile elde edilen 2022 ve 2030 yillari
arasindaki CO2 tahminleri Sekiller 5, 6, 7 ve 8’de verilmistir.
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Sekil 5: Senaryo 1’e gore modellerin karsilastirilmast
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Senaryo 2
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Sekil 6: Senaryo 2’ye gore modellerin karsilastirilmasi
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Sekil 7: Senaryo 3’e gore modellerin karsilastiriimasi
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Sekil 8: Senaryo 4’e gore modellerin karsilastiriimasi
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6. Tartisma

Bu calismada, GBELLMF ve GaussMF modelleri kullanilarak 2022'den 2026'ya kadar olan donemde
CO2 emisyonlarmdaki degisiklikler incelenmistir. Farkli senaryolar altinda yapilan analizler, her iki
modelin de CO2 emisyonlarinin gelecekteki egilimlerine dair farkli iggdriiler sundugunu ortaya
koymaktadir. Bu modellerin sundugu g¢esitli perspektifler, c¢evresel politikalarin ve teknolojik
yeniliklerin etkilerini anlamak agisindan énemlidir.

GBELLMF modeli, 2022'den 2025'e kadar olan donemde CO2 emisyonlarinda siirekli bir artig trendi
gozlemlerken, 2026'dan itibaren belirgin bir diisiis egilimi gostermektedir. Bu diislis, belirli
parametrelerin etkilerinin zamanla azalmasiyla iliskilendirilebilir. Modelin esnekligi, c¢evresel
politikalarin ve teknolojik gelismelerin etkilerini daha dinamik ve degisken bir sekilde yakalayabilme
yetenegi sunar. Ornegin, cevre dostu politikalarin hizli bir sekilde yiiriirliige girmesi ve teknolojik
yeniliklerin hizla benimsenmesi, GBELLMF modelinde daha hizli ve belirgin bir sekilde yansitilabilir.
Bu, ozellikle uzun vadede cevresel Onlemlerin ve teknolojik gelismelerin etkilerinin nasil
degisebilecegini gdstermek acisindan degerlidir.

GBELLMF modelinin uzun vadeli etkileri yansitma yetenegi, politika yapicilar ve aragtirmacilar i¢in
onemli bir avantaj sunar. Model, CO2 emisyonlarindaki dalgalanmalar1 ve bu dalgalanmalarin altinda
yatan nedenleri daha iyi analiz edebilir. Bu, ¢evresel dnlemler ve teknolojik yeniliklerin zamanla nasil
bir etki yaratacagin1 6ngdérmek ac¢isindan kritik 6neme sahiptir. Ayrica, bu modelin sundugu esneklik,
politika degisikliklerinin ve yeniliklerin etkilerini daha hizli bir sekilde degerlendirebilme imkani tanir.

GaussMF modelinde ise, CO2 emisyonlari siirekli bir artig gostermektedir. Bu model, daha istikrarli ve
stirekli bir biiylime egilimi ortaya koyar. Bu siirekli artig egilimi, ekonomik ve demografik faktorlerin
daha istikrarl bir sekilde arttigin1 gosterebilir. GaussMF modelinin sundugu siireklilik ve denge, kisa
vadeli ekonomik ve demografik degisimlerin daha stabil ve 6ngoriilebilir etkilerini ortaya koyar.

GaussMF modeli, kisa vadede daha az dalgalanma gdstermesi nedeniyle ekonomik ve demografik
parametrelerin etkisinin daha piiriizsiiz ve istikrarl oldugunu isaret eder. Bu durum, ekonomik biiylime,
niifus artis1 ve sanayilesme gibi faktorlerin CO2 emisyonlar iizerindeki siirekli ve dengeli etkilerini
anlamak ac¢isindan 6nemlidir. Modelin sundugu bu istikrar, 6zellikle kisa vadeli politika ve strateji
gelistirme siireglerinde degerlidir.

GBELLMF ve GaussMF modelleri, CO2 emisyonlarinin gelecekte nasil degisebilecegine dair farkli
bakis acilar1 sunmaktadir. GBELLMF modeli, parametrelerin etkilerini daha esnek ve dinamik bir
sekilde yansitirken, GaussMF modeli daha istikrarli ve siirekli bir biiylime egilimi gostermektedir. Her
iki modelin de sagladig1 i¢goriiler, cevresel politikalarin ve teknolojik yeniliklerin CO2 emisyonlari
iizerindeki etkilerini anlamak i¢in degerlidir.

GBELLMF modeli, uzun vadede cevresel onlemler ve teknolojik gelismelerin etkilerini daha iyi
yansitirken, GaussMF modeli kisa vadede ekonomik ve demografik degisimlerin daha stabil ve
ongoriilebilir etkilerini ortaya koymaktadir. Bu modellerin birlikte kullanilmasi, politika yapicilar ve
arastirmacilar i¢in daha kapsamli ve dengeli stratejiler gelistirilmesine olanak tanimaktadir.

Oregin, GBELLMF modelinin sundugu uzun vadeli iggoriiler, cevresel politikalarin ve teknolojik
yeniliklerin gelecekteki potansiyel etkilerini degerlendirmek i¢in kullanilabilir. Bu, politika yapicilarin
uzun vadeli hedefler belirlemelerine ve stratejilerini buna gore ayarlamalarma yardimer olabilir. Ote
yandan, GaussMF modelinin sundugu kisa vadeli istikrar ve siireklilik, ekonomik ve demografik
faktorlerin kisa vadede CO2 emisyonlar {izerindeki etkilerini anlamak i¢in degerlidir. Bu, kisa vadeli
politikalarin ve stratejilerin daha stabil ve dngoriilebilir olmasini saglar.

Sonug olarak, GBELLMF ve GaussMF modelleri, CO2 emisyonlarmin gelecekteki egilimlerini anlamak
ve cevresel politikalarin ve teknolojik yeniliklerin etkilerini degerlendirmek i¢in birbirini tamamlayan
araglar olarak kullanilabilir. Bu modellerin birlikte kullanimi, daha dengeli ve kapsamli stratejiler
gelistirilmesine olanak tanir ve bdylece CO2 emisyonlarinin azaltilmasina yonelik daha etkili
politikalarin ve yeniliklerin hayata gegirilmesine katki saglar.
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7. Sonuclar

Bu calismada, Tiirkiye’nin 2022-2030 yillar1 arasindaki CO2 emisyonlarini tahmin etmek amaciyla
ANFIS yontemi kullanilmigtir. Literatiir analizi sonucunda, CO2 emisyonlarimi etkileyen temel
parametreler belirlenmis ve Tiirkiye’ye 6zgii veriler toplanmistir. Regresyon ve korelasyon analizleriyle
yiiksek iligkili ve anlamli veriler tespit edilmistir. Bu veriler dogrultusunda, farkli iyelik fonksiyonlarina
sahip alternatif ANFIS modelleri {iretilmis ve en diisiik hata oranina sahip iki model se¢ilmisgtir.

Testler, her iki modelin de CO2 emisyonlarini tahmin etmede yiiksek dogruluk sagladigini gostermistir.
Gbellmf iiyelik fonksiyonuna sahip Model 1'in MSE degeri 0.271 ve R? degeri 0.9999, Gaussmf iiyelik
fonksiyonuna sahip Model 2'nin ise MSE degeri 4.644 ve R? degeri 0.9995 olarak tespit edilmistir. Bu
dogruluk seviyeleri, modellerin giivenilirligini ortaya koymaktadir.

Dort farkli senaryo ¢ergevesinde yapilan tahminlerde, ekonomik biiylime ve enerji tiiketimi artiglarinin
en fazla oldugu Senaryo 4, CO2 emisyonlarinin en yiiksek oldugu senaryo olarak belirlenmistir. En
diisitk CO2 emisyon artisi ise ekonomik ve enerji tiiketim artiglarmin daha smirli oldugu Senaryo 2’de
goriilmiistiir. Model 1, genel olarak CO2 emisyonlarinda daha temkinli bir diisiis trendi éngdriirken,
Model 2 daha stabil ve artig egilimindedir.

Caligma, Tiirkiye’nin CO2 emisyonlarimi etkileyen faktorleri detayl bir sekilde analiz ederek, enerji ve
cevre politikalarina yonelik 6nemli ¢ikarimlar sunmaktadir. Yenilenebilir enerji kaynaklarma yapilan
yatirimlarin artirilmasi, enerji verimliliginin iyilestirilmesi, kentsel planlama ve siirdiiriilebilir ulagim
politikalarinin gelistirilmesi, yesil iiretim teknolojilerinin tesvik edilmesi ve karbon ayak izinin
azaltilmas1 gerekmektedir.

Analiz sonucunda elde edilen bulgular, gelecekteki aragtirmalar i¢in dnemli yonergeler sunmakta ve
daha kapsamli ¢alismalar yapilmasini 6nermektedir. CO2 emisyonlarinin yani sira diger sera gazlarinin
etkilerinin de analiz edilmesi, farkli iilkeler veya bolgeler i¢in benzer senaryo analizlerinin
gergeklestirilmesi ve ekonomik, teknolojik ve politik degiskenlerin daha genis veri setleri ile
modellenmesi, tahmin sonuglarimin dogrulugunu artiracaktir. Sonug olarak, bu ¢alisma Tiirkiye nin CO2
emisyonlarina iliskin gelecekteki projeksiyonlar ve enerji politikalar1 i¢in hayati bilgiler saglamaktadir.
Modellerin dogrulugu ve senaryo analizlerinin ¢esitliligi, siirdiiriilebilirlik hedeflerine ulagsma ve kiiresel
iklim degisikligi ile miicadele stratejilerine 6nemli katkilar sunmaktadir. Bu ¢alisma, Tiirkiye 6zelinde
oldugu kadar kiiresel diizeyde de iklim politikalarinin gelistirilmesine yonelik bilimsel temelli stratejik
planlamalarin yapilmasina zemin hazirlamaktadir.
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Bu calismada oncelikle insansiz hava araglarinda insan faktort ile ilgili yayinlanan literatiir gozden gegirilmistir.
Bir sonraki adimda, c¢aligmalart siniflandirmak {izere bir igerik analizi yapilmistir. Literatiirdeki ¢aligmalar
sistematik olarak ana ve alt gruplarda toplanmistir. Siniflandirmanin ardindan literatiir tartisilarak eksik alanlar
ortaya ¢ikarilmis ve gelecekteki arastirmalara 151k tutulmaya ¢alisilmistir. 69 ¢alismanin derinlemesine incelendigi
bir makale iizerinden icerik analizi yapilmistir. Bu siiregte arastirmacilarin tizerinde durduklari bazi ortak konular
belirlenmeye galisiimistir. Bes ana grupta toplanan siniflandirma iginde THA Tasarimi ve Ergonomi basligi iizerine
yogunlasilmistir. Insansiz hava araglarmin kullanici arayiizlerinin ve ekranlarinin tasariminda insan faktdrlerinin
etkisi bulunmaktadir. Operatoriin bulundugu yer kontrol istasyonunun (YKI) tasarimi ve ergonomik &zelliklerinin
insan hatasia yol agabilecek faktorleri incelenmistir.Kullanici arayiizii ve ekran tasarimlart ile ergonomik
yapilarin is yiikii, durum farkindalig1 ve karar verme gibi degiskenler iizerindeki etkileri arastirilmistir. Is yiikiinii
azaltacak, durumsal farkindaligi artiracak, algiy1 olumlu yonde etkileyecek ve operatdrlerin dogru karar vermesine
yardimc1 olacak optimum tasarim ve ergonomik yapilarin gelistirilmesine odaklanilmas: saglanmistir. Ayrica,
insansiz hava araglarinin insan faktoriiniin olumsuz etkilerini ortadan kaldiracak sekilde tasarlanmasidir. Tasarim
ve ergonomik yapidaki gelismeler sonucunda insansiz hava araglarinin operatorler tarafindan daha verimli, etkin
ve giivenli bir sekilde kullanilmasinin saglanmasi amaglanmaktadir.Yer kontrol istasyonlarmin ekran agisi,
sicaklik, ekran karsisindaki durus, ¢aligma saati gibi hususlarda ergonomik agidan yasanabilecek sorunlar ve
¢oziim Onerileri iizerine calisilmistir.Ornek bir yer kontrol istasyonu tasarimi incelenmis ergonomik faktorler
gozden gecirilmistir. Ekranlarin agisi, oturma pozisyonu ,termal konfor gibi faktorler {izerine Onerilerde
bulunulmustur.

Ozet

Anahtar Kelimeler: insansiz hava araci, yer kontrol istasyonu, tasarim, ergonomi
Abstract

In this study, first of all, the published literature on the human factor in unmanned aerial vehicles was reviewed.
In the next step, a content analysis was made to classify the studies. Studies in the literature were systematically
grouped into main and subgroups. After the classification, the literature was discussed, and missing areas were
revealed, and it was tried to shed light on future research. Content analysis was conducted on an article in which
69 studies were examined in depth. In this process, some common issues that the researchers focused on were tried
to be determined. In the classification grouped in five main groups, the focus is on UAV Design and Ergonomics.
Human factors have an effect on the design of the user interfaces and screens of unmanned aerial vehicles. The
design and ergonomic features of the operator's ground control station (GCS), which may cause human error, were
investigated. The effects of user interface and screen designs and ergonomic structures on variables such as
workload, situation awareness and decision making were investigated. Focusing on the development of optimum
design and ergonomic structures that will reduce the workload, increase situational awareness, positively affect
perception and help operators make the right decision. In addition, unmanned aerial vehicles are designed to
eliminate the negative effects of the human factor. As a result of the developments in the design and ergonomic
structure, it is aimed to ensure that the unmanned aerial vehicles are used more efficiently, effectively and safely
by the operators. Ergonomic problems and solution proposals have been studied in issues such as the screen angle
of the ground control stations, temperature, posture in front of the screen, working hours. The design of a ground

157



Ankara Science University, Researcher

Akyiirek et al., 2024

control station is examined, and ergonomic factors are reviewed. Suggestions were made on factors such as the
angle of the screens, sitting position, thermal comfort.

Keywords: Unmanned aerial vehicle, ground control station, design, ergonomics

1. GIRIS

Sivil Havacilik Orgiitii insansiz hava araglarmni uzaktan kumandali ve otomatik olmak iizere iki ana
gruba ayirmaktadir.

Giintimiizde kesif, taarruz, diger insansiz hava araglarina kars1 savunma, hedef alma askeri egitim ve
mayin temizleme gibi askeri gérevlerde insansiz hava araglari siklikla kullanilmaktadir.

Sivil kullanim alanlar1 arasinda dogal afetlerin ve arama kurtarma faaliyetlerinin takibi, tarim alanlarinin
ve zirai ilaglamalarin izlenmesi, havadan fotograf ve video ¢ekimi yer alryor. Bunun yani sira haritacilik,
¢evre gozlemi, kentsel yapilanma, arkeoloji, orman yanginlarinin izlenmesi veya kamusal alanlar gibi
bir¢ok faaliyet icin insansiz hava araglari tercih edilmektedir.

Havacilik sistemlerinde insan faaliyetinin evrimi ugagin varlig: sirasinda, i¢lerindeki bir kisinin roli,
otomasyonun biiyiimesiyle birlikte dnemli degisikliklere ugramistir. Baglangigta, pilotun rolii manuel
kontrolden olusuyordu, yavas yavas sevk kontrol ve takip operator faaliyetlerine dogru degisti, ardindan
"Insansiz hava arac1” ortaya ¢ikmustir. Bir ugag1 ugurmanin dogrudan insan faaliyeti, kokpit aletlerinin
kullanimi ve manuel kontrol, kokpit aletlerinin izlenmesine kadar uzaktan kumanda igin yer istasyonu
araglarmin kullanimina kadar ugagi neredeyse otomatik olarak kontrol edin ug¢agm kontrolii olarak
tanimlanmaktadir.

Diinya askeri insansiz hava araglar1 pazarinin hacminin 2025 yilinda 26,8 milyar dolara ulagmasi
beklenmektedir. Diinyadaki askeri ve sivil insansiz hava aract pazar1 2019 yilinda toplam 9,3 milyar
dolara ulagmistir. Bu pazarin yillik bilesik biiyiime orani ile %15,5 artarak 2025 yilinda 45,8 milyar
dolara ulasmas1 beklenmektedir. Oniimiizdeki 5 yilda diinyanin her yerinde insansiz hava araglarmin
sayisinda artig beklenmektedir [1].

Insansiz hava araglarinin yogun kullanimi, gerekli dnlemler alinmadig1 takdirde kazalarin ve olaylarin
artmasina neden olabilir. Amerika Birlesik Devletleri Federal Havacilik idaresime (FAA) bildirilen
insansiz hava araci kazasi sayis1 Subat 2014'te sadece 50 iken, bu say1 Aralik 2016'da 200'i asmustir.

Kaza ve olaylara neden olan faktorler arasinda insan faktorii 6nemli bir rol oynamaktadir. Bu baglamda
insansiz hava araclarinda insan faktdriiniin daha iyi anlagilmasi, gelecekte olabilecek kaza ve olaylarin
onlenmesi agisindan oldukga faydali olacaktir.

Bu calismada oncelikle insansiz hava araglarinda insan faktorii ile ilgili 1945-2020 yillar1 arasinda
yayinlanan literatiir gozden gecirilmistir.

Bir sonraki adimda, literatiire sistematik bir bakis a¢is1 kazandirmak icin ¢alismalar1 siniflandirmak
iizere bir igerik analizi yapilmistir.

Sonug¢ olarak literatiirdeki caligmalar sistematik olarak ana ve alt gruplarda toplanmistir.
Smiflandirmanin ardindan literatiir tartisilarak eksik alanlar ortaya ¢ikarilmustir.

IHA sistemlerine 6zgii tasarim tavsiyeleri, ilgili ofis ve is icin literatiirde tanimlanmis cevre literatiirii
gbzden gecirilmis ve bu bosluklar1 doldurmak i¢in kullanilmigtr.

Kontrol istasyonu iizerinde yapilan ¢alismalarin genel amaci, Federal Havacilik idaresi'ne (FAA), THA
sistemlerinin giivenli pilotlugunu saglayacak insansiz hava araci sistemi (UAS) kontrol istasyonlariin
ergonomik tasartmi hakkinda bilgi saglamaktir. insansiz ugak kazalarinim biiyiik bir yiizdesi, %69'u hem
fiziksel is istasyonu tasarim1 hem de insan-makine etkilesimi dahil olmak iizere insan faktorii konularina
atfedilmistir. Literatiirde, FAA'ya uygun operator konforunu ve performansini artiracak ve kas-iskelet
yaralanma risklerini azaltacak minimum fiziksel kontrol istasyonu tasarim onerileri saglamaktir. ITHA
sistemleri kontrol istasyonu tasarimina 6zgi literatiiriin ayrmtili bir incelemesi yapilmistir. Kontrol
istasyonlaryla ilgili literatlir olmasina ragmen, aslinda is istasyonunun fiziksel tasarimina yonelik ¢ok
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az ¢alisma vardir. Bu nedenle, kontrol istasyonlari igin bir 6n tasarim onerileri vermek {izere mevcut is
istasyonu tasarim literatiirii yeniden gézden gecirilmistir.

Bu tavsiyeler mevcut standartlara ve en son literatiire dayanmakla birlikte, kontrol istasyonunun
tasariminda veya i¢inde degisiklik yapilacak alanlar1 belirlemek i¢in bu tavsiyelerin resmi olarak test
edilmesi ve degerlendirilmesinin yani sira mevcut kontrol istasyonlariyla karsilastirilmasina ihtiyag
vardir

Genel olarak, IHA'larin kontroliiniin sabit bir yer ve tesiste gerceklesmesi beklenmektedir. Bununla
birlikte, ITHA'larin mobil kontrol istasyonlar1 kullanilarak da kontrol edilmesi gerekebileceginden, iki ek
senaryo icin Oneriler gelistirilmistir: 1) hareketli bir ortamda (6rn. rémork, kamyonet, gemi, ugak)
bulunan kontrol istasyonu ve 2) sabit kontrol istasyonudur.

Bu itibarla ¢evresel her ii¢ seviye igin de faktorler (sabit kontrol istasyonu, mobil kontrol istasyonu ve
mobil operatoriin tagidigi kontrol istasyonu) dikkate alinmis ve oneriler sunulmustur.

2. METODOLOJI

Insansiz hava araglarinda insan faktorii ile ilgili ¢alismalar1 bulmak igin bir dizi arama yapilmstir. “insan
faktorii” ve “insan hatas” anahtar kelimeleri, “insansiz hava arac1”, “IHA”, “insansiz hava arac1”,
“insansiz havacilik sistemi”, “insansiz hava araci sistemi” ve “UAS” anahtar kelimeleri ile birlikte
aranmaktadir. Caligmalarin baglik”, “yazar anahtar s6zciikleri” ve “6z” alanlaridir. Zhang et. al. (2018)

anahtar kelime se¢iminde rehber olarak kullanilmistir [2].

Tarama ve eleme asamalarindan sonra 69 calismanin derinlemesine incelendigi icerik analizi
yapilmigtir. Bu siiregte arastirmacilarin {izerinde durduklar1 bazi ortak konular belirlenmeye
calisilmigtir. Shapel et. al. (2007), Chang ve Wang (2010) ve Wiener ve Nager (2014), ¢aligmalarin
siniflandirmasini tanimlamak i¢in kullanilmaktadir. Ayrica Zhang et. al. (2018) bu siirecte yol gdsterici
olarak dikkate alinmustir [2].

Yapilan icerik analizi sonucunda literatiirdeki calismalar 4 ana grupta toplanmis ve daha sonra ayni
ydntem kullanilarak her grubu olusturan alt gruplar olusturulmustur. Insan Faktdrlerinin Tanitilmast ilk
siradadir. Havacilikta insan faktorleri alaninda da siklikla ¢alisilan is yiikii, durumsal farkindalik, karar
verme ve i birligi gibi degiskenleri arastiran insansiz hava araglari iizerine ¢aligmalar bulunmaktadir.
Daha sonra “is yiikii”, “durumsal farkindalik”, “karar verme ve 6zerklik”, “yorgunluk” ve “is birligi,
takim uyumu ve koordinasyonu” olarak adlandirilan alt gruplar olusturularak caligmalar ilgili alt
gruplara dagitilir.

Ornegin, bir ¢alisma ayn1 zamanda yorgunluk, stres ve uyaniklig1 arastirmis olabilir. Bir digeri ise ayni
arastirmadaki yorgunlugu, ekip boyutunu ve is yiikiinii incelemektedir. Bu tiir ¢alismalar “Cok faktorlii
aragtirmalar” ad1 verilen farkl bir alt grupta toplanmaktadir.

IHA Tasarimi ve Ergonomi bashigi bu calismanin ana konusunu olusturmaktadir. Calisma grubu,
insansiz hava araclarmin kullanici arayiizlerinin ve ekranlarinin tasariminda insan faktdrlerinin etkisi ile
ilgilidir. Kullanici arayiizii ve ekran tasarimlari ile ergonomik yapilarin is yiikii, durum farkindaligi ve
karar verme gibi degiskenler lizerindeki etkileri arastirilmistir. Bu galismalarin birgogu, is yiikiinii
azaltacak, durumsal farkindalig1 artiracak, algiyr olumlu yonde etkileyecek veya operatdrlerin dogru
karar vermesine yardimci olacak optimum tasarim veya ergonomik yapilarin gelistirilmesine
odaklanmaktadir. Tkinci alt gruptaki calismalar, benzer bir tasarim ve ergonomi yaklasimini insansiz
hava araglarinin kontrol iiniteleri ve diger sistemleri {lizerinde yiriitmektedir. Bu ¢aligmalarda, ucus
yonetim sistemleri, navigasyon sistemleri, aviyonik sistemler gibi insansiz hava araci bilesenlerinin
tasariminin ve ergonomik yapisinin insan faktorii tizerindeki etkileri derinlemesine incelenmektedir [3].

Bu gruptaki ¢alismalarin ortak amaci, insansiz hava araglariin insan faktoriiniin olumsuz etkilerini
ortadan kaldiracak sekilde tasarlanmasidir. Tasarim ve ergonomik yapidaki gelismeler sonucunda
insansiz hava araglarinin operatorler tarafindan daha verimli, etkin ve giivenli bir sekilde
kullanilmasinin saglanmasi amaglanmaktadir.
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Ekip Uyeleri ise diger bir ana grup bashgidir. Bu gruptaki ¢alismalar miirettebat konularmi insan faktorii
agisindan ele almaktadir. Ug alt gruba ayrilirlar. Birinci gruptaki ¢aligmalar, farkli kosullar ve senaryolar
altinda miirettebat davranigini ve davranigsal tepkileri inceler. Ekiplerin farkli durumlara verdigi tepkiler
degerlendirilerek, insan faktorii degiskenlerine dayali ekip davranig profillerinin olusturulmasi
amaclanmaktadir.

Ikinci alt gruptaki ¢alismalar, ekip se¢imi, performans degerlendirmesi ve ekip yetkinliklerini insan
faktorleri perspektifinden ele almaktadir. Bu ¢alismalardan bazilar1, miirettebatin fiziksel yeterlilik, tibbi
durum ve hatta dil yeterliligi agisindan performansini ve yeterliliklerini ele almaktadir. Baz1 ¢alismalar,
insansiz hava araci pilotlarmin performans ve yeterlilik degerlendirmeleri icin insan faktorii odakli
oneriler sunmaktadir. Ayrica ekip iiyesi olarak yetistirilecek kisilerin se¢ciminde dikkate alinmasi
gereken insan faktorii konulart da bu alt grupta incelenir [4].

Operasyonel Konular son ana grup bashgidir. Bu gruptaki calismalar, insansiz hava araglari ile
gerceklestirilen fiili ugus operasyonlarini ve ilgili gérevleri insan faktorii agisindan incelemektedir. Bu
gruptaki yalnizca bir ¢alisma, operatorlerin ugus prosediirlerine ve kontrol listelerine uyma derecesini
otomatik ve siirekli olarak kontrol edecek bir sistem Onermektedir. Bu nedenle s6z konusu c¢alisma
“iglemler ve kontrol listeleri” ad1 altinda farkli bir alt gruba alinmistir [5].

Diger caligmalar “ugus operasyonlar1” adi verilen alt grupta yer almaktadir. Bu ¢alismalardan bazilari,
insansiz hava araclarmin paket teslim, arama kurtarma ve kamu hizmetleri gibi belirli gorevlerini insan
faktorll acisindan iyilestirmenin yollarmi ariyor. Ayrica, bu alt gruptaki calismalar, bir operatdriin
kontrol edebilecegi optimum ugak sayisinin hesaplanmasi ve gorev pargalarinin operatorler ve sistemler
arasinda dagitilmasi gibi konular1 arastirir [6].

Bu calismada yapilan siniflandirmanin agik bir sonucu, nispeten yeni olan insansiz hava araglar
alaninda, insan faktorii ¢alismalarina bir yol gostermesidir. Ayrica insan faktorleri alaninin ana konulari
olan is ytikii, karar verme, durum farkindaligi, yorgunluk gibi degiskenlerle ilgili cok az ¢alisma olmasi
dikkat ¢ekicidir. Bu degiskenlerin farkli kosullar altinda nasil degistigi, ugus operasyonlarinin etkinlik,
verimlilik ve emniyetini nasil etkilediginin arastirilmasi insansiz hava araglarinin gelecegi acisindan

faydali olacaktir.

Bazi yer kontrol istasyonu (YKI), karmasik tasarim 6gelerine sahiptir. Kiiciik veya rutin gorevleri
gergeklestirmek igin optimize edilmemis otomasyon arayiizleri bulunmaktadir. YKI'deki bu tasarim
hatalar1 kokpit konumlarina tasarim ve ergonomi ilkeleri uygulanarak 6nlenebilir. YKI tasarimimdaki
sorunlar, gelistirilmekte olan IHA'nin optimize edilmemesine neden olabilir.

Kontrol istasyonu tasariminda;

. [HA'y1 kontrol etmek igin aktif olarak kullanilmadan &nce pilota kontrol baglantisinin kalitesi
hakkinda bilgi saglamak

. Pilota, hangisinin aktif oldugunu belirlemek i¢in gerekli bilgileri saglamak (6rn. segilen frekans,
uydu vs. karasal)

. Baglant1 kayboldugunda veya 6nemli 6l¢iide bozuldugunda pilotu uyarmak

. Pilotun iletisim modunu se¢mesi i¢in bir ara¢ saglamasi (6rn. karasal/uydu, frekans)

. Isitsel veya gorsel uyarilarm icgiidiiselligi

. Is yogunlugu

. Tutarlilik

. Kontrol girigleri hakkinda geri bildirim

. Rahatsiz edici uyarilar

. Acil ozellikler

Secilen IHA konsepti asagidaki ana maddelere dayanmaktadir;
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Hava vektorleri hava ve yiizey uzaymda gorsel yarigapin dtesine gegebilen, altinda IHA nin galigmasi
hem hava hem de yiizey vektorleri i¢in eszamanli, ayr1 ¢aligma kosullari; operasyon ve sezgisel ve
minimum kaynak kullanimi yoluyla IHA'min bakimi; IHA islemi tiim asamalar1 kapsar. Ugus
planlamasindan bilgilendirmeye kadar gérevin boyutu, agirhg ve ¢ok yénliiliigii nedeniyle IHA
konsepti mevcut bir {iriine dayanmaktadir [7]. IHA dahili baglantilar1 sunlardir: gii¢ kaynag: (dahili /
harici kaynak), video sinyali iletimi, telemetri sinyalinin iletimi, kontrol ve komut sinyalinin iletimi,
harici kullanicilar ve baglantilardir [8].

IHA gelistirme ekibi, tasarim asamasindan itibaren bir dizi faktorii dikkate alir, drnegin, yapr ve
geometri, donanim ve baglanti donanimi, yazilim bileseni ve kullanic1 arayiiz dikkate alinan
parameterelerden bazilaridir. Parametereler asagidaki gibi detaylandirilmistir. Geometri ve yap1 tasarim
ozellikleri boyutsal olarak ve tamamen optimize edilmistir. I[HA'nin hareketliligi (sert kap, kulplar,
tagima makaralar1) gozden gegirilmistir.

IHA operatorlerinin baslica ergonomik sorunlar1 sunlardir [9]

* Duyusal sinyallerde azalma (nesnelerle géz temasiin bozulmasi (kamera bir smirli goriis alani,
azalmis isitsel ve koku alma duyumlari),

» Kontrol istasyonunun psikolojik ve duygusal algis1 (bunlar daha ¢ok geleneksel bir kabinden daha
kontrol odalar1 veya ofis is istasyonlar1),

» Insan fizyolojisi agisindan gergekgi olmayan, gorevin zamanlamasi (igin érnegin, 24 saatten fazla)
yorgunluk ve ardindan ihtiyag ile iligkili riskler eslik eder. Kontrolii baska bir operatére devretmek, bu
da hatalara yol acar;

* Ucusun acil bir sekilde sonlandirilmasi ve ugagin imha edilmesi olasiligi

+ Otomasyona giiven ayr1 bir sorundur. Bir ugagin aksine, bir IHA'nin higbir sekilde manuel kontrolii
yoktur.

[letisim sistemleri, sistem dgeleri ve hariciler arasinda veri paylasimi i¢in arag saglar. Giiniimiizde ¢ogu
IHA sistemi, veri iletmek icin radyo frekanslarmi (RF) kullanir. Bu sistemler yapilandirilmis uydu
iletisimleri gibi gorsel araligin 6tesinde dogrudan veya dolayl iletisim i¢in (SATCOM) veya havadan
radyo rolesi seklinde gergeklesir. Iletisim sistemleri, baska sistemlere entegre edilebilen birka¢ unsurdan
olusur. Sistem, modemler, vericiler, yiikselticiler ve antenlerden olusur. Antenin entegrasyonu,
aerodinamik etkiler ile anten arasinda yeterli bir denge bulunmalidir. iletisim sistemlerinin birbirine
bagli bilesenlerinin kapsama alani ve yakinlik verileri dikkate alinmalidir. Anten ve gerekli goriis alani,
entegrasyon yaklasimini ve tasarimi etkiler. Entegrasyonu iletisim sistemi, ilk tasarim asamalarindan
itibaren tasarimda 6nemli bir rol oynamalidir, ¢ilinkii kritik sistemi uyarlamaya yonelik girigimlerin
insansiz ucaklar i¢in tasarlanmasi zahmetli bir ¢alismadir.

Bir IHA ¢alistirmanin en énemli yonlerinden biri, biiyiik dl¢iide harici kaynaklara dayanan giivenliktir.
IHA operatérleri, iletisim sinyalleri ile IHA'y1 ve faydali yiiklerini dogrudan kontrol eder. Hava araci
ucus operator {i(kontrolor veya yer pilotu) ve gorev yiikii operatoriiniin yer kontrol istasyonunda
gerceklestirilebilecegi diger islevleri sunlardir: (1) gérev komutan, (2) iletisim operatérii, (3) akilli
uzman ve (4) hava gozlemcisi.

IHA kayiplari, operatdr hatalaria atfedilmektedir. Bir kismi etkisiz arayiiz tasarimu ile ilgilidir. Zayif
bir yer kontrol istasyonu tasarimimin bazi olasi eksiklikleri, YKi'nin; (1) asir1 is yiikii yaratmast, (2)
kritik bilgileri etkili bir sekilde sunamamast, (3) acil durum olusumu ve (4) YKI icinde operatdr stresi
olusturan rahatsiz edici bir duruma sahiptir.

Operatoriin calisma ortami rahat olmalhdir ve arayiiz etkili olmalidir; aksi takdirde operasyonel
yorgunluk ve olast IHA kayiplar1 olasidir. Insani ele alan bir tasarim planlandiginda, ergonomik
standartlarin dikkate alimmasi gerekmektedir. Insan faktdrleri miihendisligi alani bilimsel bilgiyi
kullanir bir insan-makine sisteminin tasarimmi ve kullanimini belirlemede insan davranisi hakkinda
bilgi saglar. Amag, insan hatasini en aza indirerek sistem verimliligini, performansi, konforu ve emniyeti
artirmaktir. Gelisebilecek tekrarlayan hareketelrden kaynakli zorlanmalari 6nlemek icin uygun
ergonomik tasarima ihtiyag bulunmaktadir [10].
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YKI igindeki operator, ihtiyag duyuldugunda ilgili tiim bilgilere erisebilmelidir. Yiiksek hacimli
verilerle rahatsiz olmamasi gerekir. Ayrica, YKI' deki sicaklik ve nem, maksimum konfor ve etkinlik
saglamak i¢in kontrol edilmelidir. Ek olarak, es zamanl faaliyetlerin sayis1 normal bir insandan az veya
ona esit olmalidir. Bu nedenle, joystick, pedal ve gosterge sayisi sinirlandirilmalidir. Oturma ortami ve
koltuk/masa iligkisi ergonomik esaslara gore tasarlanmalidir. Yazilim/algoritma, arayliziin operatore
izin verecek sekilde menii odakli olacak sekilde tasarlanmalidir (Belki birka¢ tus ile gerekli bilgileri
bulmak i¢in). Birden fazla oldugunda her operatoriin gérevleri agikca tanimlanmalidir.

Yanlis monitér konumlandirmasi, boyun ve goéz yorgunluguna neden olabilir. Baski olusturan koltuk
sirt izerinde rahatsizliga yol agabilir. Otururken monitor g6z hizasinda olmalidir. "Goriis Konisi" kisinin
g0z hizasinda tepeden baslayan ve 30°lik bir agiyla algcalan gdrme alanimi tarayan en yakin yerde
bulunmalidir. Monitdrler ¢ok oldugunda uzakta, insanlar iyi gérmek i¢in 6ne egilme egilimindedir. Bu,
insanlar yaslandik¢a giderek daha sik tekrarlanmaktadir. Ciinkii gérme neredeyse kaginilmaz olarak
zamanla azalir. Temel kural; kisi kolunu uzatabilir ve sadece parmak uglariyla ekrana dokunabilirse, o
zaman dogru konuma ulasilmistir. Bilekleri ve kollar1 optimum pozisyonda tutmak, tekrarlayan hareket
riskini azaltmak, joystick, boyunduruk ve anahtarlar otururken dirseklerle ayni seviyede olmalidir.
Herkesin standart bir boyutu yoktur, basit bir diizeltme ayarlanabilir. Diizgiin oturmak %20-30 arasinda
olmalidir. Alt sirttaki baskidan koltuk 17 ing ile 19 in¢ arasinda bel destegine sahip olmalidir. Viicut,
sirt1 koltuga gelecek sekilde konumlandirilmalidir. Paneli gérmek i¢in kendini 6ne dogru egilmis
bulursa, hareket etmesi gerekir. Bacak konumlandirma, koltuktaki genel konuma katkida bulunur, bu
nedenle bacaklarin biikiilii oldugundan emin olunmali, dizlerde yaklagik 900 agida olmalidir. (Sekil 1).
Bu durum, sirttaki baskiy1 hafifletmeye yardimei olur. Hareket esastir ancak sirkiilasyon i¢in, bu nedenle
konumlandirmada ince degisikliklere izin verilmeli ve ayakta durulmali ya da en az birka¢ adim
yuriinmelidir. Ayaklar yere saglam basmalidir. Uygun bilek hizalamasi i¢in gereken oturma pozisyonu
ayaklarin yere ulasmamasina neden oluyorsa, destegin yiiksekligi dizleri dik acida tutacak sekilde
ayaklar1 desteklemek i¢in ayaklik kullaniimalidir.

Sekil 1: Yer Kontrol Istasyonu

YKI iginde bir dizi monitdr ve ekran bulunmaktadir. Bir monitdr, bir video gériintiisii tasir. Monitorlerin
altinda, iizerinde kontrol ¢ubuklarinin bulundugu kontrol giiverteleri bulunur. Ugus sirasinda THA'nin
dogrudan operator kontrolii buradan saglamir. Gérev verilerini, yazilim giincellemelerini veya IHA'ya
yol noktalarini girmek i¢in tug takimi kontrolleri, kontrol giivertesinde bulunur. Ucagi baslatmak, ucus
oncesi test verilerini segmek ve ucak kalkisini etkinlestirmek i¢in kontroller saglanir. Orada olacak
kay1t ortamiyla birlikte yiik durumunu ve verileri (goriintii ve/veya diger veri tiirleri) gésteren ekranlar
olacaktir. IHA'da ve faydal yiikiin calismasmi kontrol etmek ve gdstermek icin bir ekran da dahil
edilebilir. Goriintii ekrani, IHA sensérlerinin tam ¢oziiniirliigiinden yararlanmak igin operatoriin
gorebilecegi sekilde yeterince biiyiik olmalidir. YKI operatdrleri, kontrol ettikleri IHA'da hareketli bir
harita ekraninda bir simge belirir ve ekranda goriintiilenen faydali yiik goriintiisiinii izler. Denizden
yakin mesafe IHA firlatildiginda, kontrol istasyonu denize yakin bir gemide konumlandirilir.
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IHA operatdriiniin faaliyetinin dzellikleri su sekilde siralanir; Insansiz hava araglarinda insan faktoriiniin
tezahiirleri her operasyonda ortay ¢ikmaktadir. Ornegin, bir ugagin pilotu fiziksel olarak algilar ve
islerse bilgi kokpitte yer alir. Aynm1 zamanda IHA operatdrii zihinsel olarak algilar ve bilgileri kontrol
nesnesinden uzaktan isler seklinde yiiriitiir. IHA operatorlerinin faaliyeti, agirlikli olarak bilissel tepki
ve diisiince siiregleri ile dikkatleri yiiksek olmaldir. Beklenmedik bir durumda IHA operasyon
gorevlerinin yiiksek basar1 oran1 ve gorevlerin 6nemli siiresi, artan strese ve fazla caligmaya neden olur.

Insansiz hava araci sistemlerinde insan faktorii egitimi disiplinler arasidir. Teknolojilerin ve ekipmanin
giivenligi, insan faaliyetinin glivenligi 6nem arz etmektedir. Her hangi bir teknolojinin veya sistemin
yasam dongiisi, riskleri dnleme ve olasi riskleri en aza indirme yetenegi insan faktoriiniin olumsuz
sonuglarint azaltabilmektedir. Toplumun karmagik sistemlerinin (ulasim, enerji vb.) giivenligini
saglama ihtiyaci lizerinden egitim uzmanlar1 insan faktoriiniin dogasi lizerine yogunlagmaktadir.
Insansiz sistemlerin tasariminda insan operatdriiniin psikofizyolojik ve bilissel dzellikleri arayiiz ve
bunlarm teknik nitelikleri ve yetenekleri dikkate alinmadan yapilan gelistirme faaliyetlerinde giivenlik
sorunu yaratacaktir. . Bu nedenle giiniimiizde iHA'lar1 da iceren karmasik sistemlerin tasariminda ve
isletilmesinde, insanin bireysel yeteneklerini ve sinirlarini dikkate almak gerekir [12].

Bir IHA igin YKI tasarlanirken,YKI tipini segmeli, dlciim cihazlarmi, operatdr sayisim segmeli ve
ardindan baz1 hesaplamalar ve analizler yapilmalidir. Genel olarak, YKI tasarimi igin birincil kriterler
sunlardir:(1) tiretim teknolojisi, (2) sistem validasyonu, (3) gorev, (4) hava durumu, (5) giivenilirlik,(6)
yasam dongiisii maliyeti, (7) IHA konfigiirasyonu, (8) insan faktorleri, (9) siirdiiriilebilirlik, (10)
dayaniklilik, (11) iletisim sistemi, (12) agirlik ve (13) kontrol seviyesi [13].

Genel olarak tasarim siireci, net bir ¢izgi olusturmak i¢in bir 6diin verme ¢alismasiyla baglar. Maliyet,
performans (yani dogruluk) gereklilikleri arasinda devam eder ve optimizasyon ile sona erer [14].
Tasarimet iki 6ge hakkinda karar vermelidir. YKI tipini ve ya istenen ekipmani segmelidir. Sonrasinda
hesaplama siirecini yliriitiirken, tasarim gerekliliklerinin saglandigindan emin olmak i¢in kontrol
edilmelidir. Tasarim siirecinin ¢ok énemli bir parcast YKI’yi hava aracina entegre etmektir. Eger tiim
ekipman/ekranlar segilir/tedarik edilir, entegrasyon siireci devam etmelidir. Aksilik ve hatanin minimum
diizeyde oldugundan emin olmak i¢in operatorlerin konfor diizeyi ve etkinligi (ergonomik gdstergeler)
sirastyla belirlenmelidir.

Cogu YKI tasariminin, IHA ugus bilgilerinin yani sira yeterli diizeyde operasyon alani bilgisi sagladig
bulunmugtur. Operator reaksiyon hizi ve performansi da ¢ok énemlidir. Tehditlerin hizli bir sekilde
tanimlanmasini saglarken, savas alan1 durumlariin iyilestirilmis gortiniirliigii, gelismis grafik teknikleri
kullanilarak gerceklestirilmistir [15].

Tehdidin biiyiikliigiiniin erken tespiti ve tanimlanmasi, hizli karar alimmmasini saglar. Insan arayiizii, izl
tepki ve gerekli bilgilerin genis sunumu i¢in dokunmatik ekran ve ¢oklu ekran sistemine doniigmiistiir.
Bir goriintli ekranmnin konfiglirasyonu agisindan operatdriin bireysel rahatligi, Ozellestirme ile
gergeklestirilmigtir [16].

Ekranim boyutu ile birlikte ekran sayisi da artma egilimindedir. Operatoriin yorgunlugunu azaltmak i¢in
ekrani yukar1 ve asagi yerlestirme egilimi vardir. Ayrica, savas alan1 durumunu ayrintili olarak ifade
etmek icin ili¢ boyutlu bir taktik harita kullanir. Farkli bilgiler icin sembol renklere gore
simiflandirilmistir. Pilotlarin is yiikiinii azaltmak icin sistemi calistiracak ek operasyonel personel
mevcuttur [17].

Insansiz sistemler igin yer kontrol istasyonu gelistirmek igin, tasarim asamalarindan yerlesim, bilgi
bileseni, temsil semasi ve insan operasyon yontemleri gibi bir¢ok faktoriin dikkate alinmas1 gerekir. Bu
kadar ¢ok faktoriin ¢ok zor olabilecegini gbz dniinde bulundurarak, diinyanin dort bir yanindaki bityiik
IHA istasyonlarindan tasarim faktorlerinin derinlemesine bir arastirmasi yapilmaktadir [18]. Tasarim
ozelliklerini ve 6zelliklerini analiz edilmelidir. S6z konusu parametereler, ekran goriintiileme bilgileri,
goriintiilleme yontemi, ekran sayisi, taktik durum bilgisi, taktik harita ekipmaninin ¢aligmasi, operator
sayis1, operatoriin konumu, diizeni ve operasyon ortamini igerir.

3. SONUC ve TARTISMA
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Insansiz hava araglarmin birgok alanda kullanilmaya baslanmasiyla, son yillarda insan faktdriiniin bu
alandaki rolii hizla 6nem kazanmaktadir. insan faktdrlerinin insansiz hava araci operasyonlari
iizerindeki etkisini bilmek, gilivenlik agisindan giderek daha kritik hale gelmektedir. Bu ¢alismada,
insansiz hava araglarinda insan faktorii konularma iliskin literatiire sistematik bir bakis sunulmaktadir.
Calismalar, ele aldiklar1 konulara gore gruplara ve alt gruplara ayrilmaktadir. Bu sayede ne tiir
calismalar yapildigi, hangi konularin incelendigi ve gelecekte ne tiir ¢calismalar yapilabileceginin
anlagilmasi amaclanmaktadir.

Insansiz hava sistemleri, ergonomik problemlere sahiptir, IHA operatoriiniin 6zellikleri ve IHA'nin
teknik 6zellikleri karmasik sistemlerdir. Operatorlerin tasariminda, ¢calistirilmasinda ve egitiminde insan
faktorli onemli yer almaktadir. Ayrica ergonomiyi zorunlu bir disiplin olarak uygulamaya sokmak acil
bir ihtiyactir. Insan-makine etkilesiminin karmasik siireglerinin anlasilmasidir; riskleri tahmin etme
yetenegi ve bu riskleri 6nceden géz oniinde bulundurarak sistemlerin gelistirilmesi insan hatalarinin
azaltilmasinda biiyiik pay sahibi olacaktir.

Insansiz hava araglarinda insan hatalar1 faktorleri iginde IHA tasarimi ve Ergonomi bashigi icinde yer
kontrol istasyonlar1 gozden gegirilmistir. Yapilan literatiir arastirmasi sonunda insan faktorii agisindan
onemli bir yeri olan ergonomi unsuru iizerinden pilotun yer aldig1 ve uzun saatler gegirdigi yer kontrol
istasyonunda sistem tasarimi ve yerlesimi konusunda onerilerde bulunulmustur.

Pilotun durusu, koltugu, kullandig1 klavye mause, joystick vb. tiim aparatlara erisimi uzun saatler
calisildigi diistiniildiigiinde eklem ve kol kaslarini1 yormayacak sekilde tasarlanmalidir. Ekran agis1 ve
yiiksekligi boyun sinirlerine basi yapmayacak sekilde ayarlanmalidir. Ayaklarin posziyonu ile kapali
alanda termol konfor sartlar1 gozden gegirilmelidir. Arazi sartlarinda kabin igi sicaklik kontrollii olmali
ve oda sicaklig1 sartlar1 saglanmalidir.

Calisma, gelecekte yapilacak tasarim ve triin gelistirme ¢alismalarma 6n bir gereklilik saglamasi
acisindan onemlidir. Insansiz hava araglarinin gelecekte ¢ok daha sik kullanilacag: diisiiniildiigiinde yer
kontrol istasyonlarinin tasarimi ve ergonomisi iizerine ¢aligsilmasi gereken konulardandir.
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Akciger kanseri diinya genelinde yaygin ve dliimciil olan kanser tiirlerinden biridir. Akciger kanserinin erken
tanisi, hastaligin tedavi edilebilir asamada tespit edilmesine olanak tanir ve bu da hastanin yasam sansini 6nemli
Olciide artirir.  Yapay zekénin bu alanda kullanimi, bir dizi avantaj saglayarak hastaligin daha etkili bir sekilde
tespitine yardimei olabilir. Son zamanlarda derin 6grenme yaklasimlart goriintii siniflandirma c¢aligmalarinda
baskin bir rol almaktadir. Derin 6grenme yontemlerinin en 6nemli dezavantajlarindan birisi kapali-kutu yapisi
nedeniyle giivenirlik acisindan seffaflik eksikligidir. Bu amacla ac¢iklanabilir modeller 6nemli bir arastirma haline
gelmistir. Ac¢iklanabilir derin 6grenme modelleri, genellikle sinif aktivasyon haritalar (Class Activation Maps -
CAM) gibi tekniklere dayanmaktadir. Bu ¢alismada, akciger kanseri tespitinde agiklanabilir bir derin 6grenme
modeli olusturulmustur. Model igerisinde grad-CAM, score-CAM, faster score-cam gibi bazi 6nemli simf
aktivasyon teknikleri ile 1s1 haritalart elde edilmistir. Makale kapsamindaki deneysel g¢alismalar, akciger
bilgisayarli tomografi (BT) goriintiilerini igeren ve agik erisimli bir veri seti olan IQ-OTHNCCD veri seti iizerinde
yuritilmigtir. Smiflandirma asamasinda konvolisyonel sinir aglari (KSA) tabanli ResNet101V2, VGGI6,
MobileNetV2, DenseNet201 ve EfficientNetBO modelleri kullanilmistir. Deneysel sonuglara gore EfficientNetBO
modeli %98.63 ile en yiiksek siniflandirma dogruluguna ulagmistir. Siniflandirict modele uygulanan farkli CAM
teknikleri ile 1s1 haritalar: elde edilmistir. Elde edilen 1s1 haritalar1 uzman radyolog tarafindan degerlendirilerek
sonuglar tartigilmistir. Sekil 1°de 6rnek bir model ¢iktis1 gosterilmistir.

Ozet

Anahtar Kelimeler: Akciger kanseri, A¢iklanabilir derin 6grenme, Konvoliisyonel sinir aglari

Explainable Deep Learning Model and Radiologist Evaluation Using
Class Activation Maps in Lung Cancer Detection

Abstract

Lung cancer is one of the common and widespread cancer types worldwide. Early diagnosis of lung cancer makes
it possible to detect it at an individually treatable stage, which significantly increases the scope of life offered. The
use of artificial intelligence in this area can help detect it more effectively, providing a number of advantages.
Recently, deep learning treatments have been making their appearance and are taking a dominant role. One of the
most important risks of deep learning methods is the lack of transparency in terms of reliability due to their closed-
box structure. These intended explicable models have become an important research topic. Explainable deep
learning models are generally based on techniques such as Class Activation Maps (CAM). An explainable deep
learning model for detecting lung cancer in these patients. Heat maps were obtained with some important class
activation techniques in the model, such as grad-CAM, Score-CAM, Fast Score-Cam. The individual samples in
the article are run on the IQ-OTHNCCD dataset, an open-access dataset containing lung computed tomography
(CT) images. In the classification phase, convolutional neural networks (CNN) based ResNet101V2, VGGL16,
MobileNetV2, DenseNet201 and EfficientNetB0 models were used. The highest outputs of 98.63% were found in
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the EfficientNetB0 model spent experimentally. Heat maps were obtained with different CAM techniques applied
to the classifier model. The resulting heat maps were evaluated by a specialist radiologist and the results were
examined.

Keywords: Lung cancer, Explainable deep learning, Convolutional neural networks
1.Giris

Diinya ¢apindaki kanser 6liimlerinin neredeyse dortte biri akciger kanserinden kaynaklanmaktadir ve bu
hastalik, hem erkeklerde hem de kadinlarda kanserden 6liimlerin 6nde gelen nedenidir. Yakin tarihlere
kadar bilinmeyen bir hastalikta meydana gelen yiiksek artisin nedenleri bir¢ok arastirmanin konusu
olmustur. Baslica nedenleri olarak, sanayinin neden oldugu gaz ve tozlardan kaynaklanan artan hava
kirliligi; yollarm asfaltlanmasi; tasit trafigindeki artis; Birinci Diinya Savasi'nda gaza maruz kalma;
1918'deki grip salgini ve benzen veya benzinle ¢alismak goriilmiistiir. Ancak akciger kanseri, daha az
otomobilin, daha az sanayinin, daha az asfalt yolun oldugu iilkelerde ve benzen veya benzine maruz
kalmayan isgilerde ayni oranda arttigi goriildiigiinde, arastirmalar bagka etkenleri arama iizerine
yogunlagsmistir [1]. Son zamanlarda sigara igmekten bir olasilik olarak bahsedilmektedir. T{iimor
metastazlarinin ¢ok ¢esitli olmasi veya tani aninda hasta sagliginin kotii olmast nedeniyle cerrahi
rezeksiyonun gerceklestirilmesi ¢ogu zaman imkansizdir [2]. Akciger kanseri taramasi, radyoterapi,
cerrahi teknikler ve sistemik tedavideki son gelismeler, tani, tedaviye karar verme ve niiks
degerlendirmesinde artan karmasikliga yol agmistir. Akciger kanserinde hayatta kalmanin en 6nemli
belirleyicisi tant aninda hastaligin evresidir, bu nedenle erken tami i¢in etkili bir tarama ydntemi
gelistirmek, akciger kanseri bakiminda uzun vadeli bir hedef olmustur. Son on yilda, biiyiik klinik
calismalarin sonuglarina dayanarak, yiiksek riskli bireylerde diisiik doz bilgisayarli tomografi (LDCT)
kullanilarak akciger kanseri tarama programlari bazi klinik ortamlarda uygulanmistir [3].

Yapay zeka, karmagsik algoritmalar ve yazilimlar kullanarak, karmasik verilerin analizinde,
yorumlanmasinda ve anlagilmasinda insan biligini taklit etme yetenegine sahiptir ve su anda gesitli saglik
hizmetlerinde basariyla uygulanmaktadir. Akciger kanserinin degerlendirmesinde olugan sorunlara karsi
yapay zeka tabanli tahmin modelleri gelistirilmektedir ve yapay zekanin gelecekte tarama, teshis, tedavi
secimi ve kurtarma tedavisine iliskin karar vermede rol oynayabilecegi goriilmektedir. Yapay zekanin
gortintiilerdeki bilgiyi nicellestirme yeteneginden ve insanlarla karsilagtirildiginda goriintiilerdeki
karmagsik modelleri tanima konusundaki iistiin yeteneginden yararlanan yapay zeka, akciger kanseri
taramasi ortaminda elde edilen LDCT goriintiilerinin yorumlanmasinda klinik ¢aliganlarma yardime1
olma potansiyeline sahiptir. Son on yilda akciger kanseri tespitini iyilestirmeyi amacglayan gesitli yapay
zekd modelleri gelistirilmis ve bazi algoritmalar, iyi huylu akciger nodiillerini koti huylu akciger
nodiillerinden ayirma konusunda deneyimli radyologlarla esit, hatta onlardan daha iyi performans
gostermistir [3]. Gorilintiileme, akciger kanseri yonetiminin tiim bilesenleri igin gereklidir ve yapay zeka
uygulamalarinda 6nemli bir rol oynama potansiyeline sahiptir. Yapay zeka, akciger kanseri tanisi,
tedavisi ve yanit degerlendirmesinde prognostic biomarker kesfinde kullanilarak, onu kisisellestirilmis
tipta 6onemli bir noktaya getirmistir [4]. Bununla birlikte, kesif ¢alismalar1 potansiyel fayday1 gosterse
de, yapay zekanin klinik karar vermede kullanilabilmesi i¢in 6nce siki dogrulama ve standardizasyona
ihtiya¢ vardir.

Makine Ogrenimi, bilesen icinde daha Once yapilan tahminlere dayali olarak akilli 6grenmenin
gerceklesmesini sagladigi icin yapay zeka yazilimmi bir adim daha ileriye tagimaktadir. Yazilim,
ilerledik¢e karmasik karar verme siireglerini gergeklestirir ve Onceki faaliyetlerden 6grenir. Farkli
Makine 6grenimi algoritmalar1 kullanilarak akciger kanseri tespitine dayali arastirmalar yapilmaktadir.
Karar Agaci, Naive Bayes ve yapay sinir ag1 gibi algoritmalar1 karsilastirmak i¢in tahmine dayali veri
madenciligi algoritmalarini kullanarak akciger kanseri hastalarinda ameliyat sonras1 yasam beklentisinin
tahmin edilmesiyle ilgilenilmis, KNN, SVM, NN ve Lojistik Regresyon gibi smiflandiricilar
uygulanarak karsilik gelen dogruluk oranlari elde edilmektedir [5]. Bilgisayarli tomografi (BT)
goriintiileme, akciger kanseri tanisi ve tespiti i¢in kullanilan etkili bir tibbi tarama testidir. Doktorlar
elde edilen BT goriintiilerini akciger dokularini analiz etmek ve teshis etmek icin kullanir. Derin
O0grenme, veri temsillerinin 6grenilmesi s6z konusu oldugunda yiiksek diizeyde soyutlama elde etmek
icin birden fazla islem katmanindan olusan 6zel bir makine 6grenimi tiiriidiir. Yaygin olarak makine
O0grenimi yaklasiminin bir dali ve bir derin 6grenme simifi olarak bilinen Evrigimli Sinir Ag1 (CNN),
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giliniimiizde bir¢ok goriintii bolimleme yaklagimiin yerini almaktadir [6]. BT goriintiileri lizerinde
tibbi goriintii segmentasyonu i¢in derin 6grenme tekniklerinin uygulanmasi, biiyiik miktarda veriyi hizl
ve dogru bir sekilde 6grenme ve isleme yetenekleri nedeniyle biiyiik ilgi gérmektedir.

Derin dgrenme yontemleri kullanilarak BT goriintiileri igeren datasetler iizerinde siniflandirma ve
segmentasyon islemlerinin yapilmasi bir¢ok ¢alismaya konu olmustur. Kullanilan datasetler icerisinde
LIDC o6ne ¢ikan datasetlerden biridir. Amerkan Ulusal Saglik Enstitiisii Vakfi tarafindan acika kaynak
olarak sunulan, The Lung Image Database Consortium (LIDC) kelimelerinin kisaltmasindan olusan ve
Tiirkge karsilig1 Akciger Gorlintlii Veritaban1 Konsorsiyumu adli dateset i¢erisine 2000 adetin {izerinde
CT goriintiisii bulunmaktadir. Yokota et al., (2014) [7] tarafindan yapilan ¢alismada Pulmoner
nodiillerin buzlu camla opaklik tespiti (GGO) yonteminde kullanmak amaciyla yapay zeka
algoritmalarini1 LIDC dataset lizerinde uygulamislardir. Yapay sinir agi (ANN) kullanilarak olusturulan
otomatik algoritma sayesinde 82,1% TP, 6,7% FP orani elde edilmistir.

Mhaske et al., (2019)[8] tarafindan yapilan ¢alismada Bilgisayar Destekli Teshis (CAD) sisteminin
degerlendirmesi yapilmis ve BT goriintiileri lizerinde segmentasyon, dzellikle ¢ikarma ve siniflandirma
islemleri CNN-LSTM adli bir hibrit yapay sinir ag1 kullanilarak yapilmustir. Onceden islenip béliimlere
ayrilan gorintiiler iizerinde CNN aracilifiyla 6zellik ¢ikarimi, LSTM modeli iizerinde tahmin ve
smiflandirma gergeklestirilmistir. LIDC veri tabani iizerinden yapilan bu ¢alismada 97% oranina erigen
bir dogruluk tespit edilmistir.

Otomatik akciger kanseri tespiti ve smiflandirmast (ALCDC) sistemi BT goriintiileri iizerinde
tiimorlerin tespit edilmesi ve siniflandirilmasi i¢in tasarlanmig, LIDC datasetinin kullanildigi ¢aligmada
veriler test edilmis ve %97,2 dogruluk, %95,6 duyarlilikla en iyi sonuglar elde edilmistir [9].

LDNNET, softmax siniflandiriciy1 birlestiren convnet'lere dayali uyarlanabilir bir mimari olup LIDC-
IDRI dataseti iizerinde kullanilmis datasetin egitimi sonucunda dogruluk orami 0.982072 kadar
ulagmistir [10].

Akciger kanserini incelemek icin Isaretleyici Kontrollii Havza, Bélge Biiyiimesi ve Isaretleyici
Kontrollii Kaplamali Havza adli ii¢ goriintii segmentasyon yaklagimi LIDC dataset tizerine Random
Forest Ensemble ve RUSBoost yontemleri uygulanarak degerlendirilmis sonug olarak doku egitim veri
seti icin en yliksek dogrulugu sagladig: goriilmiistiir [11].

Derin 6grenme modellerinin kapsadiklari ¢ok sayida katmandan dolayr karmasiklik diizeyleri yiiksektir.
Bu durum onlarin yorumlanmasmi zorlagtirmaktadir. Herhangi bir CNN tabanli modeli gorsel
aciklamalar iireterek daha seffaf hale getirmek icin yeni bir smif ayrimer yerellestirme teknigi olan
Gradyan agirlikli Sinif Aktivasyon Haritalamasi (Grad-CAM) teknigi son dénemlerde kullanilmaya
baglamistir. Grad-CAM, goriintiilerdeki énemli bolgeleri vurgulamak i¢in agirliklar (grad agirliklar)
olarak degradeleri (meyil) kullanir [12] Grad-CAM gorsellestirmelerin siniflar arasinda daha dogru bir
sekilde ayrim yapabilmekte, bir siniflandiricinin giivenilirligini daha iyi ortaya ¢ikarabilmekte ve veri
kiimelerindeki yargilarin belirlenmesine yardimei olabilmekte ve goriintii smiflandirma, goriintii
altyazilama ve VQA dahil olmak {izere ¢esitli kullanima hazir mimariler Grad-CAM 'e genis ¢apta
uygulanabilmektedir[13]. BT goriintiileri iizerinden COVID-19 tespitini renkli goérsellestirme olarak
sunmak amaciyla Grad-CAM teknigi uygulanmis ve bdylece c¢alisma sonuglarmin yorumlanmasi
kolaylagsmistir[14].

Score-CAM Pertiirbasyon tabanli ve CAM tabanli yontemler arasindaki boslugu dolduran ve aktivasyon
haritalarmin agirligini sezgisel olarak anlagilir bir sekilde tiireten yeni bir gradyan icermeyen gorsel
aciklama yontemidir [15].  Pertiirbasyon teorisi, tam olarak ¢dziimlenemeyen bir problemin, bu
probleme bagli bagka bir problem ¢6ziimiiniin kullanilarak matematiksel agiklamasinin yapilmasi olarak
tarif edilebilir. Score-CAM, her aktivasyon haritasinin agirligi icin giiven artisini kullanir, egimlere olan
bagimlilig: ortadan kaldirir ve daha makul bir agirlik temsiline sahiptir [16]. BT goriintiileri {izerinde
COVID-19 tespiti icin denetlemeyen 6grenme + rasgele kirpma, denetlenemeyen 6grenme + merkez
kirpma gibi teknikler Score-CAM kullanilarak yapilabilmektedir [17].
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2. Materyal ve Yontem
2.1. Veri Seti

Bu c¢aligmada Irak-Onkoloji Egitim Hastanesi/Ulusal Kanser Hastaliklar1 Merkezi (IQ-OTH/NCCD)
‘den 2019 yilindan toplanan akciger kanseri veri seti [18] kullanilmistir. Data Set kanseri tanis1 konmus
hastalarin BT taramalarindan olugmaktadir. Data sette 1098 goriintii bulunmakta ve bu goriintiiler
benign ( iyi huylu) ve malignant ( kotii huylu) olmak iizere iki sinifta toplanmaktadir. Data set egitiminde
iki ayr1 siniftaki veriler 20% test ve 80% train olarak ayirilarak model egitimi yapilmistir. Sekil 1°de
kullanilan veri seti igerisindeki siniflara ait baz1 6rnek goriintiiler verilmistir.

Malignant

Sekil 1: Akciger kanseri veri seti i¢erisindeki bazi 6rnek goriintiiler

2.2. Onerilen Tespit Modeli

Konvoliisyonel sinir aglar1 (KSA) derin 6grenmeyle birlikte yapay zeka icerisinde yer alan bir
kavramdir. Yapisinda filtrelerle girdiden ozellikleri ¢ikaran konvoliisyon katmani, hesaplama
performansi boyutunu azaltmak i¢in bir havuzlama katmani ve bir sinir ag1 katmani [19] bulunmaktadir.
KSA modelleri bu tarz katmanlarin parametrelerin ayarlanarak birlestirilmesiyle olusturulmaktadir. Bu
calismada bagstan bir model kurmak yerine transfer 6grenme yaklagimi uygulanmistir. Bilylk veri
kiimeleri iizerinde egitilen ResNet101V2, VGG16, MobileNetV2, DenseNet201 ve EfficientNetBO
modelleri ile deneysel c¢aligmalar gergeklestirilmigtir. Model dogruluklar1 arasinda kiyaslama
yapildiginda EfficientNetBO modeli en yliksek siniflandirma dogruluguna ulagilmistir. EfficientNet
verimliligi artirmak i¢in kullanilan bir modeldir. Kullanilan parametre sayilarinin degismesiyle BO ve
B7 arasinda 8 modelden olugsmaktadir. Model olusturulurken konvoliisyon katmaninda ii¢ argiiman
kullanilmugtir. Tk “weigths” (agirliklar) parametresine “imagenet” degeri girilerek ImageNet'te 6n
egitim yapilmasi saglanmistir. Havuzlama katmaninda Global AveragePooling2D iglemi uygulanmigtir.
Ortalama alarak pooling islemi yapilmakta ve girdinin ortamsal ¢evirileri yerine ortamsal bilgiyi toplar.
Bu yontemde oOzellik haritalarinin {stiine tam bagl katmanlarin dahil edilmesi yerine &zellik
katmanlarinin ortalamasi alinir ve olusturulan vektor “softmax” katmanina baglanir [20]. Bir sinir ag1
ogrendikge noron agirliklart belirli 6zelliklere gore yararlanarak 6grenme gerceklestirir. Komsu
noronlar da bu dgrenmelere giivenerek ezbere gidebilmektedir. Bu durum cok ilerlerse modelin asir1
o0grenmesine doniisiir ve model kirilgan bir yap1 kazanir. Bunu 6nlemek amaciyla “Dropout” fonksiyonu
kullanilarak 20% bir olasilikla néronlar rasgele bir sekilde agdan ¢ikarilmistir. Boylece diger néronlarin
devreye sokularak eksik noronlarin yerine tahminleri yapmalar1 saglanmistir. Sinir ag1 katmaninda
Dense dnceki katmandaki tiim diiglimleri mevcut katmana baglar. Diizlestirme yoluna gider ve girisin
hangi smifa ait oldugunu goéstermektedir. Dense paramtresi olarak 2 sinifla ¢alisildigi igin “2” ve
aktivasyon fonksiyonu olarak “softmax” girilmistir. Modelin smiflandirmaya uygun ¢ikti1 vermesi i¢in
“softmax” kullanilmistir. KSA i¢inde olasilik kontrolii sirasinda negatif degerler softmax sayesinde
onlenir. “softmax” modele vektorel olarak verilirken mutlak degerler lizerinden hareket eder.
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Model giris BT goriintiilerinin etiketlerini benign ve malignant olarak belirlemek i¢in siniflandirma
gorevini gerceklestirir. Modelin katman detaylar1 ve katman parametreleri Tablo 1'de verilmistir.

Tablo 1: Modelin katman detaylar1 ve katman parametreleri

Katman No Katman Tipi Cikis Boyutu Egitilebilir Parametre
Sayisi

1 Conv2D (32,256,256) 864

2 Conv2D (16,256,256) 512

3 Conv2D (96,256,256) 1536

4 Conv2D (24,128,128) 2304

5 Conv2D (144,128,128) 3456

6 Conv2D (24,128,128) 3456

7 Conv2D (40,64,64) 5760

8 Conv2D (40,64,64) 9600

9 Conv2D (80,32,32) 19200

10 Conv2D (80,32,32) 38400

11 Conv2D (112,32,32) 53760

12 Conv2D (192,16,16) 129024

13 Conv2D (320,16,16) 368640

14 Conv2D (1280,16,16) 409600

15 Pooling2D 1280 0

16 Dense 2 2562

Onerilen modelde 14 evrisim katmani bulunmaktadir. Sekil 2°de goriildiigii gibi her EfficentNetB0
katmaninda bir evrigim katmani ve onu takip eden BatcNormalization, Activation ve DeptwiseConv2D
iglemleri ardisik bigimde bulunmaktadir. Batch normalization islemi y1gin normallestirmesi yoluyla
girdileri yeniden Ol¢eklendirip sinir aglarinin egitimine hiz ve kararlilik katmaktadir. Boylece ag
katmanlar1 6nceki katmanlarin 6grenmesini beklemeden es zamanli 6grenir.
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= e ) *
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e = ~N | - ]
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EfficientNetB0

Sekil 2: Onerilen model mimarisi (EfficentNetB0)

Model derleme siirecinde bazi parametreler kullanilarak egitim ortami kontrol edilmistir. Bu
parametrelerden biri olan “optimizer” , “Adam” degerini almistir. Bu deger egitim boyunca 6grenme
oranmin ayarlayan bir algoritmadir. Ideal 6grenme orami (Ir) degeri olarak Adam igin ¢aligmada 0.0001
degeri verilmigtir. Model egitiminde kayip fonksiyonu olarak [loss='categorical crossentropy’
kullanilmis ve bu fonksiyon iki olasilik dagilimi arasindaki mesafeyi 6lgmektedir. Olgiim degeri metrik
olarak accuracy (dogruluk) atanmistir. “ModelCheckpoint” arglimani kullanilarak belli araliklarla
egitimn model agirliklar1 kaydedilmistir. Verbose=1 degeri ile anlik olarak giincellenen sonuglar
gosterilmistir. Her yinelemede ezberi engellemek i¢in ve egitim verilerine daha iyi uymasini saglamak
icin egitim verisi giincellenmistir. Bunun i¢in de “EarlyStopping” argiimani kullanilmigtir. Calismada
egitim esnasindan takip edilen degerlerde epochs adimlari boyunca iyilesme olmadigi takdirde devreye
o0grenme hizini kiigiilten bir katsay1 olarak ReduceLROnPlateau fonksiyonu kullanilmigtir. Belirlenen
katsay1 factor=0.3 olarak girilmistir.
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2.3. Simf Aktivasyon Haritalar:

Derin 6grenme yontemlerinin kapali-kutu yapisi nedeniyle giivenirligin diigmesinin Oniine ge¢mek
amaciyla, genellikle simif aktivasyon haritalar1 (Class Activation Maps - CAM) gibi tekniklerin
kullanildig1 agiklanabilir modeller 6nemli bir arastirma konusu olmustur. Calismada olusturulan derin
o0grenme modeli iizerinde Grad-CAM, Layer-CAM, Smoothgrad-CAM++ gibi bazi 6nemli simf
aktivasyon teknikleri ile 1s1 haritalar1 elde edilmistir. Grad-CAM Gradyan agirlikli CAM teknigidir.
Kaba bir yerellestirme haritas1 olusturmak icin son katmandaki hedef (¢calismada tiimor) gradyanlari
kullanarak onemli bolgelerde tahmin yiiriitiir. En yiiksek softmax olasilifina ait etiket segilerek 2
boyutlu (2D) bir resim i¢in gradyan hesab1 3D seklinde sonug verir. Bu haritalamada Global Average
Pooling iglemi yapilir. CAM aksine GradCAM igin yeniden egitim gerekmez. Grad-CAM++ teknigi
ikinci dereceden gradyanlar1 kullanarak iglem yapmaktadir. XGrad-CAM teknigi aksiyom tabanlidir.
Aksiyomlar yontem i¢in gerekli diisiiniilen siireklilik, uygulamanimn degismezligi, hassasiyet ve koruma
gibi degerlerdir. Grad-CAM ve tiirevlerinin hepsinde parametre olarak bir giris modeli, bir hedef katman
ve toplu boyutlandirma haricinde beklenen giris tensoriiniin sekli bulunmaktadir. Calismada egitilen
model, model parametresine, modelin son katmani olan top_conv hedef katmana eklenerek islem
yapilmistir. Smoothgrad-CAM++ tekniginde ise yukarida bahsedilen parametrelere ek olarak
yumusatma i¢in kullanilacak Ornek sayist “num_samples” paramtresine g¢alisma ig¢in 4 degeri,
giirliltiiniin standart sapmasi std i¢in ¢alismada 0.3 degeri kullanilmistir. LayerCAM kullanima hazir
herhangi bir CNN tabanli modele uygulanabilir ve nesne lokalizasyonu ve semantik segmentasyon igin
fayda saglayan farkli katmanlardan sinif aktivasyon haritalar1 olusturur.

3. Deneysel Sonuclar

Model egitimi sonucu accuracy degeri 98.63% ve loss degeri 1.749% olarak tespit edilmistir. Sekil 3’de
goriildiigii gibi Epochs adimlari ilerledikce kayip degerleri ¢ok kiiciik kalmakta ve yiiksek oranda tahmin
dogrulugu saglanmaktadir.

Model Training & Validation Accuracy Model Training & Validation & Loss

—a= Training L

1.00 ining Loss
—— H :
Validaiton Loss
175
095

Accuracy

Loss

=& |raming Accuracy .-
Validation Accuracy 0.00

2 4 6 -] 10 2 El 6 8 10
Epochs Epochs

Sekil 3: Model egitim ve tahmin dogrulugu, egitim ve tahminde kayip degisimi

Her bir gériintiiniin sinifa aitliginin bulunmasindaki dogrulugun 6l¢iildiigii karmasiklik matrisleri Sekil
4’de gorilmektedir. Benign smifi i¢in 0, malignant smifi i¢in 1 kullanilmigtir. Sonuglara gore segilen
benign smifina ait 106 test verisinden 1 tanesi disinda, malignant siifina ait 113 test verisinden 2 tanesi
disinda digerlerinde dogru tahmin yapilmistir. Dogruluk metriginin %98.63 olarak odlciildiigii test
goriintiilerde hassasiyet degerinin malignant siifi icin %99.11 olarak yiiksek oldugu gériilmektedir.
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g Performans metrik degerleri
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Sekil 4: Model egitimine ait karigiklik matrisi ve performans metrik degerleri

Gorsel Sonuclar ve Radyolog Yorumlari

Test verileri iizerinde modelin odaklandig1 bolgeleri tespit etmek i¢in sinif aktivasyon fonksiyonlar1
kullanilmistir. Simif aktivasyon fonksiyonlarindan elde edilen gorseller uzman radyolog tarafindan
yorumlanmustir. Boylece modele agiklanabilir bir yap1 kazandirilmistir. Sekil 5°te Grad-CAM, Layer-
CAM ve Smooth GRAD-CAM++ teknikleri ile elde edilen goriintiiler verilmistir.
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Orijinal Gériintii Grad-CAM Layer-CAM  Smooth GRAD CAM++

Grad-CAM Layer-CAM  Smooth GRAD CAM+

Grad-CAM Layer-CAM  Smooth GRAD CAM++

Layer-CAM Smo oth GRAD CAM++

Sekil 5: Grad-CAM, Layer-CAM ve Smooth GRAD-CAM-++ teknikleri ile elde edilen goriintiiler

Aktivasyon haritalarindan goriilecegi gibi modelin bazi goriintiilerde modelin akciger
morfolojisine odaklandig1 goriilmektedir. Kanserli bolgedeki akciger sekli tiimérden dolay1 bozuldugu
icin model normal olan akciger lizerindeki odaklar1 iizerinden karar vermistir. Bazi goriintiilerde

dogrudan tiimdr olan akciger bolgesine de odaklandigi goriilebilmektedir.

Radyolog Yorumlari:

1. Vakada sag akciger iist lobda primer akciger kitle lezyonu, sol akcigerde birkac adet
milimetrik boyutlu metastatik (yayilim) pulmoner nodiill mevcuttur. Model aktivasyon
haritasinda sag akcigerdeki primer lezyona odaklanmistir. Fakat kitlenin sol akcigere yayilimim
gosteren daha kiigiik boyutlu metastatik lezyonlara odaklanmadigi goriilmektedir.

2. Vakada sol akcigerde iyi huylu parankimal atelektazik bant olarak yorumladigimiz iyi huylu
lezyon disinda kanser bulgusu gosterecek baska bir lezyon izlenmemistir. Fakat model herhangi
bir bulgu olamayan normal akciger dokusuna yanlis pozitif odaklanma gostermistir. Bu
goriintiilerde modelin ayrica normal kemik doku ve kalp dokusunada odaklandigi izlenmistir.
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3. Vakada sol akciger taban kesiminde biiyiik boyutlu bir kanser kitlesi mevcuttur. Sag akciger
parankimi dogal izlenmistir. Modelin normal akciger parankimine daha fazla olmak iizere hem
normal akciger hem sol akcigerdeki kitleye odaklandig izlenmistir.

4. Vakada sag akcigerde yaygin akciger zar1 ve bir kisim batin(karin) kesitlerini tutan kitle
lezyonu izlenmistir. Modelin tamamen basarili sekilde dogrudan kitlelere odaklandigi
izlenmistir.

Sonug olarak model en basarili odaklanmay1 4. Vakada gdstermistir. Bunun nedeninin mevcut
kitlenin daha biiyiik bir anatomik alan1 tutmasindan kaynakli oldugu diisiiniilmektedir. Sonraki
basarili odaklanmanin 1. Vaka ve 3. odaklanma gostermistir. Buradaki kitle lezyonu ¢ok biiyiik
boyutlu olmamakla birlikte model yine de lezyonu isaret etmektedir. Ik vakadaki kii¢iik boyutlu
lezyonlar isaretlenmemistir. Model biiylik boyutlu kitleleri tespit edebilmektedir. Kitle bulunan
gorlintiilerde odaklanmanin oldugu yerin ayna hayali izdiisimii olan yerlerde hafif yanlis
odaklanmalar mevcuttur. Bu yanlis goriintiilerin azaltilmas1 gerekmektedir.

Yazarlarin Katkisi

Bu makalenin yazilmasina tiim yazarlar esit katkida bulunmustur.

Cikar Catismasi

Yazarlar ¢ikar catismasi olmadigini belirtmektedir.
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Bu caligmada, evrigimli sinir aglarina dayali olarak beyin MRI goriintiilerinden beyin tiimoriiniin erken teshisini
kolaylagtiran ii¢ farkli derin 6grenme gercevesi tasarlanmistir. Beyin tiimori siniflandirmasini yapabilmek i¢in
ResNet50, VGG16 ve InceptionV3 gibi literatiirde ¢okga kullanilan mimariler tercih edilmistir. Deneyler i¢in hem
orjinal MRI gériintiileri hem de gesitli manipiilasyon teknikleri ile olusturulan sentetik veriler kullanilmustir. Tkili
beyin tiimori siniflandirma siirecine ek olarak, tasarlanan {i¢ evrigimli sinir ag1 modelinde iki farkli aktivasyon
fonksiyonunun kullanimdaki etkisi de aragtirtlmistir. Yapilan deneylere ait performans 6lgiitleri dogruluk, F-skor,
kesinlik, hassasiyet ve hata oran1 metrikleri ile sunulmustur. Simiilasyon sonuglarinda, evrigimli sinir aginin son
katmanindaki aktivasyon fonksiyonunun se¢imine gore sirasiyla InceptionV3 modeli igin ortalama %96,75
dogruluk orani ve ResNet50 modeli i¢in ortalama %97,75 dogruluk orani1 elde edilmistir.

Ozet

Anahtar Kelimeler: CNN, beyin tiimortii, siniflandirma, resnet50, vggl6, inceptionv3.

Abstract

In this paper, three different deep learning frameworks were designed based on convolutional neural networks that
facilitate the early diagnosis of brain tumors from brain MRI images. In order to classify brain tumors, several
architectures that are widely used in the literature such as ResNet50, VGG16 and InceptionV3 have been preferred.
Both the original MRI images and synthetic images generated by various manipulation techniques were used for
the experiments. In addition to the binary brain tumor classification process, the effect of two different activation
functions on the use of the designed three-convolutional neural network model was also investigated. Performance
measures of the experiments have been presented with accuracy, F-score, precision, precision and error rate
metrics. In the simulation results, according to the selection of the activation function in the last layer of the
convolutional neural network, an average \%96.75 accuracy rate for the InceptionV3 model and an average of
\%97.75 accuracy rate for the ResNet50 model were obtained, respectively.

Keywords: CNN, brain tumor, classification, resnet50, vggl6, inceptionv3.

1. Giris

Beyin hiicrelerinin yenilenmesi siirecinde anormal hiicrelerin biiyiimesi ve birikimi nedeniyle
kiimelesmesi beyin timorii olarak adlandirilmaktadir [1]. Beyin tiimorii varliginda kafatasi igindeki
basing nedeniyle tiimdriin bulundugu yere gore hastalarda siddetli bas agrisi, bayilma ataklari, denge ve
yliriime problemleri, gérme problemleri, konugma bozukluklari, kisilik degisiklikleri gibi cesitli
belirtiler ortaya ¢ikmaktadir. Beyin tiimorii tanisi, hastalik 6ykiisii, noérolojik muayene, yiiksek verimli
klinik goriintiileme cihazlar1 ve patalojik incelemeler sonucu ile konulmaktadir. Teshis i¢in manyetik
rezonans goriintiileme (MRI) ve beyin tomografisi dncelikle bagvurulan yontemlerdir [2].

Son yillarda, makine 6grenmesi alanindaki gelismeler saglik alaninda doktorlarin hastaliklar1 daha erken
ve daha dogru bir sekilde teshis etmesine olanak tanimistir [3]. Evrigimli sinir aglar1 (CNN), 6zellikle
tibbi gorlintiilerin etiketlenmesinde, siniflandirilmasinda, segmentasyon islemlerinde, nesne tespiti ve
nesne takibinde siklikla tercih edilen bir makine 6grenme yontemi olarak kullanilmaktadir. Bununla
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birlikte, beyin tiimoriiniin derecesini siniflandirmak i¢in destek vektér makineleri (SVM), bulanik
kiimeleme, lojistik regresyon, K-ortalamalar gibi denetimsiz 6grenme ve rasgele orman smiflandiricist,
yapay sinir aglari ve Naive Bayes gibi denetimli 6grenme teknikleri de kullanilmaktadir [1]. Baz1
uygulamalarda ayni gorev i¢in hibrit evrisimli sinir aglar1 siniflandirma gérevini iistlenir [4].

Literatiirde beyin tiimorii siniflandirmasi tizerine birden ¢ok hesaplama katmani ile verilerin temsilini
saglayan ve farkli derin 6grenme mimarilerinin kullanildig1 pek ¢ok ¢alisma mevcuttur. Bu ¢aligmalar
kisaca su sekilde 6zetlenmistir: Saxena ve ark., [5] beyin tlimorii verilerini siniflandirmak igin transfer
6grenme yOntemini kullanarak ResNet50 modelinde %95 oraninda bir dogruluk elde etmistir. [6]'da,
beyin tiimorii verilerini simiflandirmak i¢in ayrik dalgacik dontisiimii kullanilarak tasarlanan model ile
%93,94 oraninda bir dogruluk elde edilmistir. Citak ve ark., beyin tiimorii {izerinde yaptiklari calismada
[7] SVM, ¢ok katmanli algilayicilar ve lojistik regresyon yontemleri ile \%93 oraninda bir siniflandirma
basarimi elde etmislerdir. Farkli bir calismada [8], GoogleNet temelli 6grenme transferi yapilarak beyin
MRI goriintiilerinin siniflandirilmas: saglanmis ve %97.1 dogruluk elde edilmistir. [9]'da evrisimli
kodlayici aglara sahip ¢ok katmanli bir mimari beyin tiimorii siniflandirmasi i¢in kullanilmistir. Rehman
ve ark., [10] onceden egitilmis iic farkli CNN modelini (VGG16, AlexNet ve GoogleNet) transfer
ogrenme yaklasim ile birlikte kullanarak meningioma, glioma ve hipofiz seklindeki 3 spesifik beyin
tiimorind %98.67 dogruluk ile smiflandirmistir. [11]'de tiimor derecelerini tahmin etmek iizere Naive
Bayes ve k-en yakin komsu teknikleri kullanilarak %92.9 oraninda dogruluk elde edilmistir.

Bu caligmada evrisimli derin sinir aglari kullanilarak beyin MRI goriintiilerinden beyin tiimorii
simiflandirmasi yapilmasi amaglanmigtir. Bu amagla, benzetim ¢aligmalarinda ImageNet gibi ¢ok sayida
veri kiimesi iizerinde 6nceden egitilmis ResNet50 [12], VGG16 [13] ve InceptionV3 [14] olmak lizere
tic CNN mimarisi beyin MRI goriintiileri veri seti lizerinde kullanilmistir. Elde edilen siniflandirma
dogruluk degerlerine gore, evrisimli sinir aglari kullanilarak beyin tiimdriiniin erken asamada
yakalanmasinin miimkiin olabilecegi gosterilmistir. Bu anlamda hem hastaya miidahalenin biiyiik
Ol¢iide azalmasi, hem de saglik ekiplerinin is yiikiinli azaltan destekleyici siireclerin kullanilmasi s6z
konusu olacaktir. Bu bildirinin devam eden bdliimiinde evrisimli sinir aglari, veri seti, 6n isleme siireci
ve tasarlanan modeller tanitilmistir. B6liim 3'te performans 6l¢iitleri vurgulanmig ve deneysel sonuglar
sunulmustur. Son boliimde ise elde edilen sonuglar degerlendirilmistir.

2. Materyal ve Yontem

Bu calismada, beyin tiimorii siiflandirma problemi i¢in 6nceden egitilmis ii¢ farkli evrigsimli sinir ag1
tercih edilmistir. Bu boliimde oncelikle kullanilan modeller tanitilmig, devaminda veri seti ve
performans Olgiitleri hakkinda bilgi verilmistir.

2.1 Evrisimli Sinir Aglar:

Ozellikle goriintii tanima prolemlerinde kullanilan bir makine grenme teknigi olan evrisimli sinir aglari
geleneksel yontemlerin aksine, uzman bilgisine ihtiyag duymaksizin veriye ait 6znitelikleri otomatik
¢ikarabilme Ozelligine sahiptir [15]. Derin sinir aglar1 egitilebilen birgok katmandan olusmaktadir.
Calismada tasarlanan mimariye ait genel prensip semasi Sekil 1'de sunulmustur.
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Sekil 1: Evrigimsel Sinir Ag1 Mimarisi

Boyle bir evrisimli derin sinir aginda girdi olarak verilen goriintiilerin bilgisayarlar tarafindan taninmas1
ve islenebilecek bir formata doniistiiriilmesi gerekir. Bu nedenle goriintiiler dnce matris formatina
doniistliriiliir. Tasarlanan ag yapisi goriintiilerdeki ve dolayisiyla matrislerdeki farkliliklara gére hangi
gorlintlinlin hangi etikete ait oldugunu belirler. Egitim asamasinda bu farkliliklarin etiket tizerindeki
etkilerini 6grenir ve ardindan bunlari kullanarak yeni goriintiiler i¢in tahminler yapar. CNN, bu islemleri
etkin bir sekilde gerceklestirmek icin evrisim katmani, havuzlama katmani ve tam baglantili katman gibi
farkli katmanlardan olusur. Oznitelik cikarma islemi hem evrisim hem de havuzlama katmanlarinda
gergeklesir. Siiflandirma islemi tam baglantili katmanda gergeklesir. CNN mimarisinin temel katmani
olan evrisim katmani giris deseninin ozelliklerini belirlemekten sorumludur. Bu katmanda, giris
gorilintlisti 2x2, 3x3 ve 5x5 gibi filtrelerden gegirilir. Bu islemin sonucunda goriintiideki daha belirgin
olan oOznitelikler ¢ikarilarak yeni bir goriintii elde edilir. Bu gorlintii 6zellik haritas1 olarak da
bilinmektedir. Adim parametresi giris matrisi iizerinden gecis i¢in ayarlanan adim sayisidir. Bu
katmandaki evrigimli islem dogrusal bir islemdir ve derinlik boyutu boyunca tiim filtrelerin aktivasyon
haritalarinin istiflenmesiyle ¢ikti hacmi elde edilir. Dogrusal islem ¢ogunlukla, ayn1 girdi ile agirliklarin
carpilmasmi igerir. Evrisim katmanindan sonra gelen havuzlama katmani ozellik haritalarinin
boyutlarmi azaltmak i¢in kullanilmaktadir. Bu durumda, evrisim katmani tarafindan olusturulan 6zellik
haritalar1 yerine Ozetlenen yeni veriler iizerinde islemler gergeklestirilir. Bu sayede, 0grenilecek
parametre sayis1 ve yapilan hesaplama yiikii azaltilmis olur. CNN'in son ve en 6énemli katmani olan tam
baglantili katmani, ¢ok katmanl bir algilayici gibi iglev goriir. Tam baglantili katmanda yaygin olarak
ReLU aktivasyon fonksiyonu kullanilirken, Softmax ve Sigmoid fonksiyonlart son katmandaki ¢ikti
goriintiilerini tahmin etmek igin tercih edilir. Tam baglantili katmandaki ndronlar, dnceki katmandaki
tiim aktivasyon fonksiyonlar1 ile tam baglantiya sahiptir.

Bu caligmada, beyin tiimorii ile ilgili goriintiilerin ikili olarak siniflandirilmasini saglamak i¢in evrisimli
derin ag mimarisindeki ResNet50, VGG16 ve InceptionV3 modelleri kullanilmistir. Inception V3 [14]
modeli, 2014 yilinda GoogLeNet olarak tanitilan Inception V1 temel modelinin iistiin bir versiyonudur.
Toplam 42 katmana ve onceki versiyonlarina gore daha diisiik hata oranina sahiptir. VGG16 [13]
modeli, 1000 sinifa ait 14 milyondan fazla goriintiiden olusan ImageNet veri seti igin %92,7 test
dogrulugu saglamistir. Bu mimaride biiyliik boyutlu filtreler birden fazla 3x3 ¢ekirdek boyutunda
filtreyle degistirilmistir. Daha kii¢iik boyutlu filtrelerle agin derinligini artirma sayesinde daha basarili
iyilestirme sonuclari elde edilmistir. Basit bir ag modeli olan VGG16'nin dncesindeki modellerden en
onemli farki evrisim katmanlarinin ikili ya da ti¢li kullanilmasidir. Ayrica, tam baglan1 katmaninda
gorilintli matrisleri bir 6znitelik vektoriine donistiiriiliir. Hata oran1 oldukga diisiik olan ResNet50 [12],
havuzlama katmani ile birlikte 48 adet evrisim katmanina sahip ResNet modelinin farkli bir ¢esididir.
3.8x10° kayan nokta islemine sahiptir. ImageNet veri kiimesi tizerinde egitilmis 50 katmanl bir
mimaridir.
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2.2 Veri Seti

Calismada, Google LLC'nin bir yan kurulusu olan Kaggle kullanilarak, 2019'da yaymlanan "Brain MRI
Images for Brain Tumor Detection" (Beyin Tiimor Belirleme i¢in Beyin MRI Gériintiileri) veri seti ile
"Brain Tumor" (Beyin Tiimorii) veri seti kullanilmistir. Goriintii boyutlari birbirinden farkli oldugu i¢in
tim gorlntliler 224x224 piksel boyutuna getirilmistir. Veri igerigini gesitlendirmek i¢in orijinal
goriintiiler iizerinde bulaniklastirma, dondiirme, biiylitme, yakinlastirma gibi manipiile yontemleri
kullanilarak sentetik veriler olusturulmustur. Devaminda, veri setleri birlestirilmis ve toplamda 2000
adet goriintii lizerinde islem yapilmistir. Sentetik ve dogal goriintiilerden olugan 2000 adet goriintiiniin
yarist tiimorlii yarist tiimorsiiz olmak tlizere kategorize edilmistir. Egitim, dogrulama ve test
asamalarinda kullanilmak tizere veri seti sirasiyla 800, 800, 400 adet goriintii igerecek sekilde rastgele
boliinmiistiir. Sekil 2'de veri kiimesindeki goriintiilere ait 6rnekler sunulmustur.

Sekil 2: Siniflandirma igin Kullanilan Goriintii Ornekleri

2.3 Performans Olgiitleri

Smiflandirma performanslarini degerlendirmek icin literatiirde g¢esitli degerlendirme kriterleri
kullanilmaktadir. Beyin timori siniflandirmasi igin tasarlanan ti¢ farkli evrisimli sinir ag1 modelinin ve
bu modellerde kullanilan aktivasyon fonksiyonu degisiminin etkisini degerlendirmek {izere tercih edilen
istatistiksel performans o6l¢iitleri su sekildedir: dogruluk, F-skor, kesinlik, hassasiyet ve hata oranidir.
Olgiit denklemlerinde dogru tahmin edilen pozitif sonuglar "DP", yanlis tahmin edilen pozitif sonuglar
"YP", dogru tahmin edilen negatif sonuglar "DN", yanlis tahmin edilen negatif sonuclar ise "YN" ile
ifade edilmektedir. Dogruluk 6l¢iitii siniflandiricinin dogru tahmin ettigi 6rneklerin tiim 6rneklere orani
olup

Dogruluk = DP + DN % 100 (1)
OB = P ¥ YP + DN + YN ’

seklindedir. Bu metrik negatif bir durumun tahmin edildigi ve gercek degerinin negatif oldugu durumlar
gosterir. Hassasiyet kriteri dogru tanimlanmig veri yiizdesini belirtir ve

Hassasiyet = —2F— x 100 )
assasityet = DP + YN ,
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seklinde ifade edilir. Kesinlik metrigi pozitif tahmin degerinin yiizdesidir ve su sekilde tanimlanir:

Kesinlik = —2F % 100 3)
eSS = b+ YP ’

Bir testin dogrulugunu 6l¢mek i¢in kullanilan F-Skor degeri kesinlik ve hassasiyet arasindaki harmonik
ortalamadir. F-Skor puan araligi [0, 1]'dir.

F — Skor = 2 x (Kesinlik x Hassasiyet) 4
o= (Kesinlik + Hassasiyet)’ )

Hata orani, gercek deger ve elde edilen deger arasindaki farkin mutlak degeri seklinde hesaplanmaktadir.

3. Niimerik Sonuclar

Calismada, evrisimsel sinir aglar ile timor siniflandirmasi yapmak amaciyla MRI goriintiilerinden
olusan iki veri seti lizerinde Oncelikle ag egitimi tamamlanmistir. Devaminda "timorli" ve "timorsiiz"
olmak {izere smiflandirma sonuglarini elde etmek {iizere tahminleme yapilmustir. ikili timér
siniflandirma siirecine ek olarak, tasarlanan {i¢ farkli CNN mimarisi i¢in "sigmoid" ve "softmax"
aktivasyon fonksiyonlarinin kullanimdaki etkisi de arastirilmistir. En ¢ok kullanilan aktivasyon
fonksiyonlarindan biri olan sigmoid fonksiyonu karar vermeye yonelik olasiliksal bir yaklagimdir,
stireklidir ve deger araligi [0,1] arasmdadir. Ag ¢iktisinin hangi sinifa ait olduguna dair olasiliksal bir
deger iiretir. Tiirev degerinin fonksiyon sinir bolgelerinde sifira yakinsamasi 6grenmenin yavaslamasina
veya durmasina sebebiyet verir. Bu sebeple ¢ok katmanli aglarda sigmoid fonksiyonu yerine softmax
fonksiyonunun kullanimi tavsiye edilir. Cogu zaman c¢oklu sigmoid olarak da bilinen softmax
fonksiyonu, ¢ok sinifli hedef degiskeni i¢eren siiflandirma problemleri i¢in daha uygundur. Softmax
fonksiyonu ag ¢iktis1 olarak her sinifa ait olasilik sonucunu iiretir.

Deneysel calismalarda tasarlanan derin 6grenme modellerini egitmek i¢in Python programlama dili
kullanilmistir. Tiim deneyler, merkezi islem birimi (CPU), Tesla K80 grafik islem birimi (GPU) veya
tensor iglem birimi (TPU) donanimi ile ¢evrimigi bulut hizmeti kullanilarak Ubuntu igletim sistemine
sahip Google Colaboratory (Colab) Linux sunucusunda {icretsiz olarak gergeklestirilmistir. Veri setleri
Kaggle veri seti web sitesinden temin edilmistir. Veri manipiilasyonu i¢in VisualStudioCode editoriinde
Python programlama dili ve Pillow kiitiiphanesi kullanilmigtr.

Model se¢iminde InceptionV3, VGG16 ve ResNet50 CNN mimarileri tercih edilmistir. Modeller ile
birlikte kullanilan kiitiiphaneler numpy, OpenCV, os, matplotlib, Sklearn, Tensorflow ve Keras
kiitiiphaneleridir. Tiimor siniflandirmasi i¢in tasarlanan {i¢ mimarinin son katmanindaki aktivasyon
fonksiyonu sec¢imine gore modellerin sergiledikleri performans degerleri Tablo 1'de listelenmistir.
ResNet50, VGG16 ve InceptionV3 ile 10 evre siiresince yapilan deneylerde elde edilen dogruluk ve
hata oranlar1 Sekil 3 ve Sekil 4’te sunulmustur. Sonuglara gére, CNN modellerinde son katmanin
aktivasyon fonksiyonu sigmoid ise en yiiksek ortalama dogruluk orani %96,75 ile InceptionV3
modelinde, softmax ise en yiiksek ortalama dogruluk oranit %97,75 ile ResNet50 modelinde elde
edilmistir.
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Sekil 4: Ug Farkli CNN Modeline Ait Hata Oranlari
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Tablo 1: Model Performanslari

Aktivasyon Fonksiyonu: Sigmoid

Model Dogruluk F-Skor Kesinlik Hassasiyet Hata Orani
VGG16 0.9175 0.9192 0.9400 0.8995 0.0825
ResNet50 0.9500 0.9473 0.9000 1.0000 0.0500
InceptionV3 0.9675 0.9673 0.9650 0.9698 0.0325

Aktivasyon Fonksiyonu: Softmax

Model Dogruluk F-Skor Kesinlik Hassasiyet Hata Orani
VGG16 0.925 0.9253 0.9207 0.9300 0.0750
ResNet50 0.9775 0.9771 0.9650 0.9897 0.0225
InceptionV3 0.9025 0.8937 0.9763 0.8250 0.0975

4. Sonug¢

Bu ¢alismada, beyin tiimoriiniin erken asamada tespitini saglamak iizere derin 6grenme tabanli ikili
simiflandirma islemi gerceklestirilmistir. Bu kapsamda, onceden egitilen ResNet50, InceptionV3,
VGG16 modelleri tizerinde gesitli performans karsilastirmalart yapilmistir. Veri seti bliylkligl ve
cesitliliginin smmiflandirma performansini artiracag diistiniilerek manipiilasyon teknikleri ile sentetik
veriler olusturulmus ve bu veriler orjinal veri setleriyle birlestirilmistir. Elde edilen bu sonuglar,
literatiirdeki Ornekleri ile karsilastirildiginda tasarlanan CNN modellerinin tiimédr tespitinde oldukga
basarili bir performans sergiledigini gostermektedir.
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Understanding and classifying sentiment content in textual data is an important requirement for many industries.
Text-based data such as social media platforms, customer feedback and product reviews are a rich source of human
emotions and opinions. Extracting meaningful information from this text data and understanding the emotional
content helps businesses make strategic decisions, develop products and improve their services. Machine learning
methods are widely used to perform sentiment analysis on large amounts of text data. These methods are used to
process text data, extract features, train models and classify emotional content. Natural language processing
techniques are used to solve a range of problems such as increasing an application's user satisfaction, improving
its services or optimising marketing strategies. In this study, emotional tones are determined by analysing course
comments in the Udemy application. Prediction is made by classifying positive or negative comments. Udemy
application comments on Google Play were used and sentiment analysis is performed using K-Nearest Neighbour
(KNN) and Random Forest Classification (RFC) algorithms. As a result of the analyses, it was observed that the
KNN algorithm predicted with 84% accuracy. Accuracy, F1 Score, Recall, Precision metrics were used as
performance measures.

Keywords: Sentiment analysis, Udemy, RFC algorithm, KNN algorithm, machine learning

1. Introduction

Sentiment analysis is essentially a text processing task and aims to identify the emotional expression of
given text. Initial studies of sentiment analysis focused on emotional polarity, which aims to classify
text as positive, negative or neutral[1].

Sentiment Analysis is a scientific inference method that aims to quickly analyze and report individuals'
opinions about social, political events, products, services, brands, etc. in large data sets that have
emerged as the internet plays an important role in the daily lives of many segments of society at the
global level [2].

Technological developments, individuals' desire to access courses at any time and place they want, as
well as the freedom to choose courses with the content they want, have increased the demand for
educational platforms such as Udemy, Udacity, KhanAcademy. Increasing demand makes customer
satisfaction even more important. Analysing the comments about a course and making a positive or
negative evaluation quickly require an effective system. When the literature was analysed, it was seen
that there were very few studies on the Udemy application. Thanks to sentiment analysis, we can use
someone else's recommendation.

In his study on sentiment analysis in 2020, Tuzcu first applied the Multilayer Perceptron (MLP)
algorithm. Using RapidMiner software, Support Vector Machines (SVM), Logistic Regression (LR) and

184



Ankara Science University, Researcher

Sonmez et al., 2024

Naive Bayes (NB) algorithms were applied on the dataset. The results of the analyses were compared
and the classification success of the MLP algorithm was found to be 89%. The classification success of
positive samples was higher than negative samples [3].

In his study in 2021, Tokcaer reviewed the literature in the field of sentiment analysis in Turkish texts
and identified frequently preferred methods, open-source libraries and databases; and also discussed
important issues in terms of research. The findings revealed that open-source libraries are widely used
in the preprocessing stage of texts. The most frequently used libraries are Zemberek-NLP and ITU NLP
Turkish Parser. Research on Turkish texts has shown that binary or ternary word groups, i.e. n-gram
approaches, improve the analysis performance. However, it should be noted that punctuation marks and
unrelated words remain as attributes that can contribute positively to the analysis performance. It is
observed that statistical models such as Chi-Square and Information Gain are widely used in the feature
selection phase [4].

In their study conducted in 2020, ilhan and Sagaltic1 performed sentiment analysis using machine
learning algorithms on the classified comment data obtained from X. They performed sentiment analysis
with the N-gram method and compared the performances of methods such as NB and SVM, which are
frequently used in this analysis. As a result of the evaluations, it was determined that the SVM classifier
had the highest performance [5].

In their study conducted in 2023, Dasgm and Adem evaluated the positive and negative reviews of the
courses using machine learning and deep learning methods on the Udemy application. They used
BayesNet, J48, OneR and SVM among the classical machine learning algorithms and found the highest
accuracy rate with 91.57% from the BayesNet algorithm. They also applied Random, GloVe and
Word2Vec word embedding techniques to the dataset. They tried GRU and CNN-LSTM hybrid
architectures from deep learning architectures and obtained the highest accuracy rate with 95.67% from
the combination of GloVe word embedding technique and GRU architecture [6].

Sahinaslan et al. classified 15,082 data into positive, negative and neutral emotion classes using NB
classification algorithm in their study conducted in 2022. As a result of their WEKA analysis, they found
that the classification success rate was 65.56%. For the analysis, they used comment data from many
world languages on the YouTube platform. Their study supports the idea that people's emotions and
thoughts can be analysed by sharing their opinions, thoughts and satisfaction on social media platforms

[7].

2. Recommended Method

Within supervised machine learning algorithms, there are algorithms that do not take much time and
perform well, where predictions are made based on the similarities of observations to each other. The
main purpose of classification is to find out which class the objects belong to by looking at their
properties. In this study, KNN and RFC algorithms are used because they are simple and effective.

2.1 K-Nearest Neighbour Algorithm

KNN is one of the classification algorithms and is a simple and effective method used to solve
classification problems. The algorithm performs classification operations by using the proximity of a
given feature to another feature that is closest to it [8].
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Figure 1: KNN algorithm

If the graph in Figure 1 is interpreted, the distances of the three points close to the unknown sample
(green point) are analysed. If the closest proximity of the known red point is confirmed, it is inferred
that the unknown sample is also red. It is based on the assumption that your best friend is red, so you
are red too. In the KNN algorithm, the number of K nearest neighbours is taken into account instead of
one nearest neighbour. Commonly used distance measures are:

Euclidean Distance: As seen in Figure 2, the distances of the points neighbouring the unknown point
are calculated by using the Pythagorean theorem used in mathematics. For this, Equation 1 is used
according to the x and y coordinates of the points.

5 2
4 4
3 o
= e A
L]
> ® B
24
14
0
0.0 0.5 1.0 1.5 2.0 2.5 3.0

X axis

Figure 2: Calculation of Euclidean distance
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Manhattan (City-block) Distance: It is obtained by taking the absolute values of the differences of the
coordinates of the sample points in the data set and summing these values. Equation 2 is used in this
measurement method.

d(if) = ) [¥in = 2| @
n=1

Minkowski Distance: The Minkowski distance is a measurement in Euclidean space. It is created by
generalising the Euclidean distance and Manhattan distance. When p=2, the Minkowski distance is equal
to the Manhattan distance. When p=1, the Minkowski distance is equal to the Euclidean distance as

shown in Equation 3.
m 1/p
atij) = (Z|xm - x,-nr’) o
n=1

Compliance with some standards determined during the determination of the K value is beneficial for
the model to give healthy results. At the same time, the maximum value of K should not be greater than
the square root of the number of samples (n) in the data set.

In our study, 3, 5 and 7 values for the K parameter were tested. The most successful K value was found
to be 3.

2.2 Random Forest Classification Algorithm

RFC algorithm is one of the supervised classification algorithms and can be used in regression and
classification problems. This algorithm aims to increase the accuracy in the classification process by
creating multiple decision trees. The RFC algorithm works in the form of multiple decision trees that
work independently of each other, coming together and selecting the value with the highest score. It is
possible to show this process in Figure 3. As the number of trees increases, the probability of obtaining
the correct result increases. The main difference with the decision tree (DT) algorithm is that the root
node is found and the division of nodes is randomised [9].

Dataset

—1

Tree 1 Tree 2 ) Treen
— + “an 1
—— I —— I I
v

4 Meaning P
v
Prediction
Figure 3: Finding the root node in the RFC algorithm

In our study, the value expressing the depth of decision tree generation on the algorithm was set as 2
and the results were modelled accordingly.

No feature extraction was performed on the original data set. Empty values and repetitive rows were not
encountered during the data preparation phase.
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3. Results and Experimental Study

In this study, an original dataset was created by extracting user comments from a training platform
application, and after some preprocessing, emotion classifications were made with many classification
algorithms and the results were compared. Python programming language and Spyder software were
used to implement the applications.

3.1 Dataset

The original dataset was collected automatically by Web Scraping method using Python's selenium
library from the application named Udemy. It contains comments of 880 users. 880 rows consist of 2
columns. A balanced dataset consisting of 400 positive and 400 negative comments was created by
emotion classification on the comments taken from the dataset. An example from the dataset is given in
Table 2.

Table 1: A sample from the original data set

Sn. Comment Score Content

Don't use the app!! Use your browser. If you.... use app use browser use app good luck use

0 0 control use

1 I wish that I could be in control of the search. The 0 wish could control search filter disable
filter is disabled for ... odd...

5 The content is great for when it works, however 0 content great work however able watch
I've only been able... video...

3 Has it all. Just wish there was a. option to go 1 wish option strictly audio applicable
strictly audio... course. ..
Mostly good. It doesn't work in split screen mode mostly good work split screen mode table

4 0
on my table though... though. ..

5 This app has degraded itself to be designed to 0 app degrade design sell course rather
sell... medium actually watch..

3.2 Text Preprocessing

For text analysis, the interpretations to be used should undergo certain pre-processing steps. In this
study, the following were done as data pre-processing steps;

v Empty lines were deleted.

v" All characters other than the letters between A-Z (instead of punctuation marks) were replaced
with the space character.

v English words that do not make sense on their own (the, a, or, and, etc.) were separated from
the data set.

v Words have been reduced to their roots.

TF-IDF method was preferred as the term weighting method. TF-IDF is obtained by multiplying the
term frequency (TF) and inverse document frequency (IDF) values of the terms. In this way, the text
data were digitised. As a result of the digitisation process, the data were normalised.

3.3. Classification

In this study, model applications on the original dataset with KNN and RFC algorithms were performed
using Pandas, NumPy and Scikit-learn (sklearn) libraries in Python programming language. Pandas was
used for data storage and processing, NumPy library for mathematical operations and Scikit-learn
(sklearn) library for creating, training, testing and evaluating machine learning models. These libraries
were used to cover all stages of the machine learning model starting from the data processing process.
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The algorithm performed the training process by dividing the original data set into 10 parts. This
approach aimed to avoid memorisation by training the data set in parts instead of the whole data set. In
this way, it is aimed to achieve a more generalised learning and a better understanding of the patterns in
the data set.

In the training process, the model was trained on a dataset created by scanning the 300 most frequently
used words in each comment fragment. This approach prevented the inclusion of meaningless or
unnecessary words in the learning process.

Accuracy, F1 Score, Recall and Precision metrics were used as performance measures. The performance
evaluation metric results obtained in this direction are shown in Table 2 and Table 3.

Table 2: KNN Algorithm performance evaluation results

Metrics 3 K Va;lues 10
Accuracy Score 0.840 0.803 0.768
F1 Score 0.842 0.796 0.751
Recall Score 0.818 0.745 0.672
Precision Score 0.868 0.857 0.852

Table 3: RFC Algorithm performance evaluation results

Metrics Accuracy Score  F1 Score Recall Score  Precision Score

Results 0.758 0.736 0.650 0.848

The Receiver Operating Characteristic Curve (ROC curve) was also used to evaluate the performance
of the learning algorithm. The ROC curve, which is a preferred evaluation tool especially in
classification problems, is a graph showing the relationship between sensitivity and specificity. This
graph is used to evaluate the accuracy performance of the model at different thresholds and is an
important visual tool to understand the success of the classification model [10].

Sensitivity: As seen in Equation 4, it refers to the true positive rate. That is, the ratio of true positives
to the total number of positive samples. Sensitivity measures how good a model is for not missing true
positives.

Sensitivit Number of True Positives
ensitivity =
y Number of True Negatives + Number of False Positives

(4)

Specificity: As seen in Equation 5, it refers to the true negative rate. That is, the ratio of true negatives
to the total number of negative samples. Specificity measures how good a model is for not missing true
negatives.

Specificity — Number of True Negatives
pecificity = Number of True Negatives + Number of False Positives

(5)
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ROC Curve: X axis represents specificity. Y axis represents sensitivity. The ROC curve shows the
sensitivity and specificity performance of the model at different probability thresholds. As the curve
moves from the upper left corner to the lower right corner, it shows that the performance of the model
improves.

Area Under the Curve (AUC): It refers to the area under the ROC curve. The AUC value is used as a
metric that measures the classification performance of the model with a single number. The closer the
AUC value is to 1, the better the model performs.

The ROC curve and AUC are widely used to evaluate model performance, especially in imbalanced
classification problems. A large area under the curve indicates a good classification ability of the model.
The ROC curve graph of the KNN and RFC algorithms models is given in Figure 4.
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Figure 4: ROC curves of KNN-RFC algorithms
According to the ROC curve metric of the KNN algorithm, the area under ROC was calculated as 0.92.
According to the RFC algorithm ROC curve metric, the area under ROC is calculated as 0.85.

4. Conclusion

In this study, sentiment analysis was performed with various machine learning techniques on an original
dataset containing course reviews on Udemy. Since our dataset is original and no previous work has
been done, it has not been compared with previous studies. RFC and KNN classifiers, which are
commonly used classification algorithms, were used. The performance of these classifiers was compared
using various model performance measures. In the study, 3, 5 and 7 values for the K parameter were
tested and the most successful K value was determined as 3. According to the performance criteria
analysed, the highest performance was obtained from the KNN algorithm with a rate of 84%. With
piecewise training, the model gained better generalisation ability and became more successful on real
world data.
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The forests that cover the earth are the main source of everything for living things. The sustainability of forests is
of great importance for ecosystems, biodiversity, erosion prevention, climate diversity, tourism, protection of
global balance and water resources. Today, forests are subject to change and destruction among the resources on
earth. As a result of human interventions and actions, forests are damaged unpredictably. With the combination of
many reasons, the negative concept called deforestation has come to the agenda as an issue that is increasingly
attracting attention today. Deforestation is a problem that should be discussed, studied and urgent solutions should
be sought for Turkey. In this study, the causes of deforestation in Turkey are examined and analyzed using
statistical quality control methods. In this context, the effects of agricultural activities, forest crimes, forest fires,
global warming and climate change, urbanization and overpopulation on deforestation have been investigated.
Whether the causes are statistically under control or not are analyzed, out-of-control points are identified with the
help of control charts and suggestions are presented for the elimination of these causes. The causes of deforestation
have been evaluated using MINITAB software with the help of systematic statistical quality control tools. With
the effect of the study, it is aimed to develop awareness in cooperation with the authorities and society and to
determine relevant actions to prevent deforestation. By identifying the reasons that cause most to deforestation,
policies are revealed to eliminate the problem of deforestation in Turkey. With this paper, it is foreseen that the
actions to be taken regarding deforestation in the forest area of Turkey will have an impact on the global forest
area and will create an international awareness and example and will serve as a guiding study for decision-makers.

Keywords: Control Chart, Deforestation, Policy Development, Statistical Quality Control

1. Introduction

Forests are of great economic, ecological and socio-cultural importance. Today, great efforts are made
to protect forests and manage their life sustainably. The United Nations Conference on Environment
and Development in Rio in 1992, it was recognised that deforestation a threat to the environment in
terms of both change and biodiversity and forests are a 'life-support system' for humanity was made.
Forests are home to about 6,000 different species that we need at every stage of our lives being a source
of raw material for wood and non-wood forest products with a place of use. In addition, today forests
come to the fore in terms of biodiversity, carbon storage, oxygen, carbon storage and oxygen storage.
Being a source of water, regulating surface and groundwater, having a positive impact on climate, the
world's indispensable common values with social benefits such as preventing erosion among them.
Almost all of Turkey's forests are under the jurisdiction of the state. The vast majority of the forests are
under the control of the General Directorate of Forestry. Privately owned forest area is less than two
thousandths of the total forest area (approximately 30,000 hectares) [1]. Turkey's forests are managed
on the basis of forest management plans prepared on the basis of the smallest management unit, the
forest management chief, with 10 - 20 year return periods. As a general evaluation, it can be said that
the area, richness and annual increase of forests today are increasing compared to the past. In recent
planning and implementation activities, the consideration of other product and service functions of
forests other than wood production is effective in this change. In addition, the activities carried out for
the protection and evolution of forests are also effective in increasing forests in terms of area, wealth
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and increase. The size and changes in forest areas are based on the results of forest inventory assessments
carried out to date and by years in the following [1];

- 1999: 20,763,248 hectares (26.7% of the country),
-2004: 21,188,747 hectares (27.2% of the country),
-2012: 21,678,134 hectares (27.7% of the country),
-2015: 22,342,935 hectares (28.6% of the country),
- 2020: 22,933,000 hectares (29.4% of the country) .

According to this statistics, there has been an increase of approximately 2.7 million hectares in forest
area in the last 47 years. Turkey today has an ecologically rich diversity with an area of 78 million
hectares. Within this richness, forests have an important place in terms of species and composition [1].

With the understanding of the importance of forests in combating climate change, new concepts have
entered the forestry literature such as "deforestation". Although deforestation is defined in various ways
by different institutions, it means long-term conversion of forest areas to other uses [2]. Forests play a
vital role in combating climate change, erosion, protecting biodiversity and increasing water availability,
and are also a source of food and shelter for humans and wildlife. World the majority of threatened
species live in forests and and 1.6 billion people depend on forests for food, fresh water, clothing,
traditional medicine and shelter [3].

In this study, the reasons of deforestation in Turkey is aimed to analyze in detail with statistical quality
control methods. The effects of agricultural activities, forest crimes, forest fires, global warming and
climate change, urbanization and overpopulation on deforestation in Turkey have examined through
statistical analysis. It is aimed to analyze the effects of the area used for agricultural activities and the
effect of uncontrolled agriculture on deforestation in Turkey, land occupation and land opening activities
within forest crimes, forest area lost as a result of forest fires, the effect of global warming and climate
change on forest life, the effect of population growth as a result of urbanization and overpopulation on
deforestation in Turkey by adopting control charts. In this context, in order to ensure a sustainable forest
life and to eliminate the causes or effects of deforestation, the most critical causes are identified and
policies are recommended to reduce or eliminate these causes. With the reasons examined, it is aimed
to offer solutions to this problem, which attracts attention today and will continue to be talked about and
worried about in the future. The research questions (RQ) of the paper can be presented as:

RQ1: What are the causes of deforestation in Turkey?

RQ2: Are these causes statistically under control? If there is an out of control situation When, if ever,
has it happened?

RQ3: When did the detected out-of-control points occur?
RQ4: What is the most important cause of deforestation in Turkey?
RQ5: Which policies can be recommended to reduce and eliminate the occurrence of these causes?

In thelight of these questions, the rest of the paper is organized as follows. Section 2 gives the literature
review fot the research. Section 3 includes the adopted methodology. Section 4 gives real case statistical
analysis for the deforestration in Turkey. Finally, Section 4 give results and future directions.

2. Literature Review

Similar studies in the literature have been examined to undertand the problem and current applications.
Table 1 presents the results of the literature review with he keywords used ‘“deforestation”,

“deforestation in Turkey”, “statistical quality control”, “statistical process control” and “Shewhart
control charts” via scopus platform.
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Table 1: Literature Review Details

Author(s) Publication Aim of the Study Adopted
Year Methodology
1 Poduretal. [4] 2002 In Canada, Ontario and the northwest Statistical  Quality
Annual fire occurrence in Ontario and in the  Methods
mean and variance of the burning area detect
significant changes
2 Hennemuth et 2012 Statistical methods for the analysis of General Statistical
al. [5] simulated data and observed climate datato Methods
analyze the impact of climate change and
adaptation applied in projects and
institutions
3 Gunsen and 2019 Deforestation and deforestation analysis in  Correlation Analysis
Atmis [6] Turkey
4 Devecioglu et 2019 To examine the factors causing Correlation Analysis,
al. [7] deforestation in Turkey and to measure Survey
public  knowledge and interest in
environmental problems (desertification,
erosion, etc.)
5 Rehana and 2012 Present an integrated river water quality Statistical  Quality
Mujumdar [8] management modeling framework using Methods
GCM projections of modeled hydroclimatic
variables
6 Kuvan [9] 2011 Examination of the negative environmental Qualitative Analysis
impacts of tourism
7 Unal et al. [10] 2018 Regression analysis between forest area and Regression Analysis
urbanization
8 Akkemik et al. 2012 Examining the relationship between Data Analysis
[11] archaeological data and deforestation
9 Telkenaroglu 2017 To examine deforestation due to Data Analysis
and Dikmen urbanization in Trabzon, Turkey between
[12] 2006 and 2016
10  Sabuncu [13] 2019 Mapping and monitoring of the land Data Analysis
11  Coskun and 2011 To analyze deforestation according to the Legal Analysis
Gencay [14] Kyoto Protocol for the adequacy of Turkish
environmental and forest legislation
12 Colak [15] 2009 Examination and interpretation of restored, Data Analysis
rehabilitated, deforested and degraded forest
areas in Turkey with data
13  Gulser et al. 2021 Effects of deforestation on soil properties Data Analysis
[16] and soil organic C (SOC) stock in adjacent
pasture and forest areas on the same slope
position
14  Zambrano- 2018 An empirical investigation of the DEF Analysis
Monserrate et relationship between deforestation and
al. [17] economic growth
15 Avsar[18] 1997 To examine the extent of deforestation in  Statistical Analysis

Kahramanmarag-Elbistan region and the
problems caused by it
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16 Malkoc and 2016 Calculating the deforestation rate and Statistical Analysis
Nurlu [19] modeling the Reference and Carbon
Emission Reduction Scenarios under the
REDD+ Project through guiding factors

17 Gumuscu et al. 2014 To examine deforestation in the historical Qualitative Analysis
[20] process

When the study in the researched field has been analyzed by years, most studies have been found in
2019. The scarcity of studies in the literature related to the researched topic and the applied method is
also visualized in Figure 1. By checking this histogram, it can be claimed that the issue of deforestation
has become popular in recent years and addressing it will benefit the whole world.
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Figure 1: Literature Search Histogram
As aresult of the literature review, there is no study on analyzing deforestation and its causes in Turkey
with statistical quality control methods. This indicates that the adopted method will be used for the first
time in the field and shows the originality of the study. It can be said that this study will be a guiding
study to fill the literature gap in the related field.

The authors may claim that there is no study that investigates the causes of deforestation for a country,
as in this study, and furthermore, that there is no study that addresses this with numerical approaches
such as statistical quality control methods.

3. Materials and Methods

In this section, control charts which adopted in the analysis of the problem addressed in this paper is
presented.

3.1 Control Charts

Control charts are the main tools used to realize process control economically and reliably with statistical
methods. Armand V. Feigenbaum defines the control diagram as a graphic tool for chronologically
comparing the quality specifications of the product, its constituent parts or other components according
to the limits determined on the basis of past experience [21]. Control charts can be grouped into two
groups, control charts for variables and control charts for attibutes. Control charts for variables are Xbar
- R Charts, Xbar - S Charts, I - MR Charts while control charts for attibutes are p chart, np chart, u chart
and ¢ chart. The details of these control charts are given in the following sub-sections.
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3.1.1 Control Charts for Variables

i. X- R Charts

Xbar- R charts are control charts used in variables where quality characteristics can be measured and
expressed numerically. Assuming that a quality characteristic fits a normal distribution with mean p and
standard deviation o and that the process parameters (1 and ¢ ) are known, control limits can be
calculated as in the following equations (UCL: Upper control limit, CL: Center Line, LCL: Lower
Control Limit) [22], [23]:

XChart Control Limits

UCL: p+Ao (1)

CL:p (2)

LCL:p-Ac (3)
R Chart Control Limits

UCL: Dyo (4)

CL: do (5)

LCL: Dio (6)

If the mean p and the standard deviation o are not known, control limits can be calculated as in the
following equations:

X Chart Control Limits

UCL: X+ AR (7)

cL: X (8)

LCL: X- A;R (9)
R Chart Control Limits

UCL: DaR (10)

cL: R (11)

LCL:DsR (12)

ii. X- S Charts

If the sample volume in a production process is greater than or equal to 10, the S chart is used instead
of the R Chart. Because if the sample volume is equal to or greater than 10, the efficiency and reliability
of the range of variation decreases. Although the s diagram can also be used in cases where the sample
volume is less than 10, the R diagram is preferred for ease of calculation [23].
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XChart Control Limits
UCL: p+Ac (13)
CL:p (14)
LCL:p-Ac (15)

S Chart Control Limits
UCL : Bgo (16)
CL: cq0 (17)
LCL: Bso (18)

If the mean p and the standard deviation o are not known, control limits can be calculated as in the
following equations:

X Chart Control Limits

UCL: X+ AsS (19)
X (20)
LCL: X- AsS (21)
S Chart Control Limits
UCL : BsS (22)
CL: S
(23)
LCL:B3S (24)

iii. I - mR Charts

To understand the state of the process, the design of the control scheme will be based on unit or
individual measures and two basic measures will be controlled. On the one hand, the mean, which is a
measure of central tendency and used to measure the variability of individual observations, and on the
other hand, the range of variation, which is used to measure the spread between individual observations
[23].

[ Chart Control Limits

UCL: X + 2.66mR (25)

cL:X (26)

LCL: X — 2.66mR (27)
mR Chart Control Limits

UCL : 3.268mR 28)

CL: mR (29)

LCL:0 (30)
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3.1.2 Control Charts for Attributes

Control charts can be used for qualitative variables where the quality attribute is countable. Similarly to
variables, the decision is made whether the process is under control or not. In this case, the number of
defective items in a batch and the number of defects contained in a unit can be identified and analyzed
[23]. Four types of attribute control charts can be identified, and divided into two groups. These are the
(p) (np) group, which focuses on sample characteristics, and the (c¢) (u) group, which focuses on
functional characteristics of products.

i. p-Control Charts

A defect rate control chart, commonly called a p-chart, is used to understand whether the ratio of non-
conforming output to the total number of outputs in the population is under control. The non-
conformance value can usually be expressed as a decimal or percentage number. The following steps
should be followed when creating these graphs. Defect rate (p) is defined as the ratio of the number of
defective products/services in a subgroup to the subgroup size. The number of observations made gives
the sample (n). The average failure rate (p) is the ratio of the sum of the errors in the subgroups to the
sum of the number of observations in the subgroups[23].

UCL=p+3 /@ (31)

CL=p (32)

LCL=p -3 /”“T"’) (33)

ii. np- Control Charts

The np-charts apply to sampling characteristics in the same way as the plot described in the previous
section. Unlike the (p) plot, (np) is related to the number of failures in a given population [23].

UCL =np+ 3, /np(1—p) (34)
CL=np (35)
LCL =np — 3, /np(1 —p) (36)

iii. c- Control Charts

While keeping the sample size constant, the calculation of control limits requires some values, such as
the calculation of the number of defects per sample. The mean number of nonconformities per sample
is the total number of nonconforming units divided by the number of samples [23].

UCL = c+3vVc (37)
CL=c (38)
LCL=c —3vc (39)
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iv. u-Control Charts

The (u) graph is a control chart for the average number of defects per unit. It is useful for determining
the number of defects in a unit. In many ways, it is very similar to the control chart (c) but differs in
terms of sample size [23].

UCL=u+ 3\E (40)
CL=u 41)
LCL =u— 3\E 42)

4. Real Case Application

As aresult of literature research, deforestation in Turkey is assessed in terms of five main causes in this
paper. After analyzing the data types, I-MR control charts have been created for each cause. Individual
Moving Range (I-MR) chart is a tool used to monitor and control process performance and widely used
especially in continuous data collection processes. The I-MR control charts shows each measurement
value followed by consecutive moving ranges of these measurement values. In this paper, for analyzing
the out-of-control points, points outside the lower control limit have not been included in the
interpretation of the results. Because the points below the lower limit actually show us low values for
the reasons that cause deforestation, which is a desired result. It is true that sub-control points have the
potential to indicate a real change in the process, but it does not always mean that these points are a
definite problem with the performance of the process. Instead, these points are taken into account,
considered in conjunction with other data, and treated as a signpost for a more detailed examination of
the process if necessary. In order to examine the impact on deforestation, statistical analysis has been
conducted for 5 causes. These causes are “Agricultural activities”, “Forest fires”, “Forest crimes”,
“Global warming and Climate change”, “Urbanization and overpopulation”. Data on forest fires and
forest crimes are taken from official reports of the General Directorate of Forestry. Agricultural activity
and total greenhouse gas emission data are taken from TurkStat reports. Population growth data are from
The World Bank. In order to examine the compliance with Nelson's Rules in the control graphs plotted,
this section was enabled while plotting the graphs in Minitab. Thus, the analysis has been revealed
deeply. Nelson's Rules is a method in process control that determines whether some measured variable
is out of control (unpredictable or consistent). Rules for detecting "out of control" or non-random
conditions were first proposed by Walter A. Shewhart in the 1920s [24]. The rules are applied to a
control chart where the magnitude of some variable is plotted against time. The rules are based on the
mean value and standard deviation of the samples. Figure 2 shows the Nelson rules [25].
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Figure 2: Nelson Rules [25]

4.1. Statistical Analysis for Agricultural Activities

The first reason examined is agricultural activities in Turkey. Data has been taken from Tuik to be
examined and analyzed [26]. The graph created with the I-MR control chart by looking at 22 years of
agricultural area data in Turkey is shown in Figure 3.
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Figure 3: I-MR Chart of Agricultural Activities

According to the control chart in Figure 3, there is a decreasing trend in agricultural areas. In 2001,
2002, 2003, 2004, 2005 and 2006, the data has been exceeded the upper control limit. In 2011, 2016,
2017, 2018, 2019, 2020 and 2021, the points have been detected below the lower control limit. A
detailed analysis of the reasons for the out-of-limit points is shown in Figure 4 Fishbone Diagram which
shows the causes of the narrowing of agricultural areas.
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Figure 4: Fishbone Diagram for Decrease in Agricultural Areas

The reason for the declining trend of agricultural areas over the years is the use of fertile lands for factory
areas under the name of industrialization and the mixing of industrial wastes into water and soil.
Infrastructure projects such as railroads, highways, airports, energy lines and dam construction have
caused shrinkage in agricultural areas. Housing areas surrounding agricultural lands, illegal
construction, rapid population growth, and the urge of people to move away from urban life due to
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insufficient housing space are the reasons why agricultural lands are used for different purposes.
Economic policies and reduced purchasing power for agricultural products, farmers being affected by
changes in the country's economy, explain the out-of-control points [27]. According to the MR control
charts, the variation between consecutive observations shows that the process variation is high which
means data for 22 years show large variations.

4.2. Statistical Analysis for Forest Fires

The second cause analyzed is forest fires in Turkey. The data has been taken from the General
Directorate of Forestry to be examined and analyzed in detail [28]. The control chart created with the I-
MR control graph by looking at 26 years of forest fire data in Turkey is shown in Figure 5.
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Figure 5: I-MR Chart of Forest Fires

When the data for fires have been analyzed, it is seen that there has been a significant increase in forest
fires in 2001, 2003 and 2007 due to negligence and carelessness. In 2013, 2016 and 2020, in addition to
these reasons, the highest number of fires in 20 years has been obtained with the effect of unidentified
fires. In 2013, the number of forest fires reached its highest level with 3755 fires, burning 11446 hectares
of forest area. In 2013, 15% of forest fires had been caused by smoking, 3% by field clearing, 3% by
shepherds' fires, 1% by picnic fires, 2% by stubble burning, 1% by hunting, 6% by other causes, 35%
by unknown causes and 2% by energy transmission lines [28]. According to the MR graph, it is observed
that the process variation is high by looking at the change between consecutive observations. Looking
at 26 years of data, large changes were observed at some times.

When the general causes of 26 years of forest fires are analyzed, 5 main topics has been stand out. The
detailed analysis of the out-of-limit points is presented in the fishbone diagram in Figure 6.
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Figure 6: Fishbone Diagram for Forest Fires

As can be seen in the Fishbone Diagram, it has been determined that crimes such as deliberate arson
and terrorism or such as land clearing are effective in forest fires. Apart from these crimes, fires caused
by shepherd's fires, garbage dumps, hunting, cigarette butts, stubble burning and picnics were also
experienced within the scope of social negligence. Traffic accidents and energy-related accidents were

also observed. There are also natural causes such as unidentified unidentified fires and lightning.

4.3. Statistical Analysis for Forest Crimes

The third reason examined is forest crimes in Turkey. The data was taken from the General Directorate
of Forestry to be examined and analyzed [43]. Figure 7 shows the graph drawn with the I-MR control
chart by using the data of the crime of opening an area, which is included in 32 years of forest crime
data in Turkey. Figure 8 shows the graph drawn with the I-MR control chart by using the data of the
crime of land occupation, which is included in 23 years of forest crime data in Turkey.
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Figure 7: I-MR Control Chart of Opening Field in Forestry Areas
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The red dots in the graph indicate that Nelson's rule is not fulfilled at that point. According to the I chart,
the data from 1992 to 2008 are out of control because nine or more consecutive points are on the same
side of the mean (points in red with 2 written on them). Two or three out of three consecutive points are
more than 2 standard deviations from the mean in the same direction (points shown in red and labeled
5). Four or five out of five consecutive points are more than 1 standard deviation from the mean in the
same direction (points shown in red and labeled 6). Between 2014 and 2019, the points exceeded the
upper control limit and went out of control. The reason for this was found to be illegally built scouting
facilities. When the I chart is analyzed, the data for the years 2001-2004 show that the 2nd rule of
Nelson's rules, "Nine or more points in a row are on the same side of the mean." The data for 2014 and
2019 exceeded the upper control limit.
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Figure 8: I-MR Control Chart of Agricultural Land Occupation

When the control charts were investigated for Agricultural Land Occupation, the upper control limit
was exceeded for the [-control chart in 2016. The reason for the out-of-control point is that according to
the 2018 Regularity Audit Report of the Court of Accounts of the General Directorate of Forestry,
approximately seven thousand hectares of forest area have been occupied by the Turkish Scouting
Federation since 2016 by building wooden bungalows, classrooms, haystacks, guard huts, toilets, ski
center and chairlift facilities in the forest area in Bolu Aladag Basalan Plateau without permission from
the forest administration. It was evaluated that the provisions of Articles 17, 79 and 93 of the Forestry
Law No. 6831 were not complied with and the current situation posed a risk of public damage by not
calculating the amount of public receivable arising from the unauthorized occupation and use [29]. The
main reason for out-of-control point can be based on yhis occupation.

When the MR chart is analyzed, it is also seen that the upper control limit was exceeded in 2016 and
2017 when the occupation happened. Occupation of forestry land is a criminal offense. The penalty for
opening, cultivating and settling fields in forest areas is included in Article 93/1 of the Forestry Law.
Therefore, those who commit the prohibited acts specified in Article 17 of the Forestry Law are
sentenced to imprisonment from 6 months to 2 years [30].

Despite this, forest crimes continue to be committed today. The deterrent effect of punishment decreases
due to economic reasons such as livelihood concerns, insufficient land ownership and heating problems.
Administrative reasons, the state of forest cadastre and social reasons such as demographic structure,
migration, settlement status, and cultural structure are the reasons that push people to open and occupy
areas.
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Figure 9: Fishbone Diagram for Forest Crimes

4.4. Statistical Analysis for Global Warming and Climate Change

The fourth reason examined is global warming and climate change for deforestation. To analyze this
cause, greenhouse gas emissions in Turkey are analyzed. The data was taken from TurkStat to be
examined and analyzed. The graph drawn with the I-MR control chart by looking at 32 years of
greenhouse gas data in the atmosphere in Turkey is shown in Figure 10.
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Figure 10: I-MR Control Chart of Total Greenhouse Gas Emissions

When the control charts are analyzed, it can be said that greenhouse gas emissions in Turkey are not
under control. According to Turkish Statistical Institute data, Turkey's greenhouse gas emissions
increased by 157.1% between 1990 and 2021 [26]. In the 2020-2021 period, with an increase of 7.7
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percent, Turkey's greenhouse gas emissions reached 564.4 million tons of carbon dioxide equivalent
(CO2). According to experts, the increase in 20 years shows that Turkey has not been able to separate
the link between economic growth and greenhouse gas emissions. Figure 11 shows the possible reasons
why the points are out of control.

Accordingly, it is said that more assertive steps should be taken towards clean production techniques,
energy conversion and electrification. Fossil fuels such as Lignite, Fuel-Oil, Diesel, LPG, Naphtha,
Natural Gas, excessive use of hard coal in industry and daily life, heat production and gases released
after it, and of course gases released after electricity production increase greenhouse gas emissions in
the long term [31].
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Figure 11: Fishbone Diagram for Greenhouse Gas Emission

According to the MR chart, it is observed that the process variation is high by looking at the change
between consecutive observations.

4.5. Statistical Analysis for Urbanization and Overpopulation

The other cause examined is urbanization and overpopulation in Turkey for deforestation. Data from
The World Bank was used to examine and analyze of urbanization and overpopulation. Figure 12 shows
the I-MR control chart plotted against 37 years of population growth data for Turkey.
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Figure 12: I-MR Control Chart of Population Growth

When the graph is analyzed, it can be said that urbanization due to population growth in Turkey are not
under control. Economic growth due to labor supply and labor policies are the main reasons. Domestic
and international migration, increase in fertility as a result of the improvement of health care
opportunities in parallel with the developing country systems, solutions against infertility, increased
survival rate in newborns and children, vaccine and drug treatments, newborn early disease screening,
vaccine and drug treatments, increased survival chances in newborns and children explain the increase
in population growth [32]. Population growth is oe of the important cause for deforestation in Turkey.
Figure 13 shows the possible causes and sub-causes for the population increase.
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Figure 13: Fishbone Diagram for Population Growth
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5. Conclusions and Future Suggestions

Deforestation, a problem that attracts attention and requires intervention today, is a major threat to
forests, which contain essential resources for living things. Turkey, with its vast forest cover, is also
facing this threat. In this study, the causes of deforestation in Turkey are examined and interpreted by
using statistical quality control methods. After analyzing the studies in the literature, there is no research
has been found that analyzed the causes of deforestation using the statistical quality control method. The
data on the causes of deforestation were first determined, and organized in MS Excel application. Data
on forest fires and forest crimes are taken from official reports of the General Directorate of Forestry.
Agricultural activity and total greenhouse gas emission data are taken from TurkStat reports. Population
growth data are from The World Bank. The data were transferred to the Minitab package program and
the most appropriate control chart -MR (Individual -Moving Range) control chart for the data was
drawn. The analysis was explored in Minitab not only for out-of-control points but also for special cases
called Nelson's Rules. As a result of the control charts drawn, control limits were examined, out-of-
control points were identified and causes related to the deforestation were investigated. Some policies
were proposed for out-of-control points and situations by conducting cause investigations.

As a result of this study, the effects of agricultural activities, forest fires, forest crimes, global warming
and climate change, urbanization and overpopulation on deforestation were revealed. Global warming
and climate change, urbanization and overpopulation have been found to have a major impact on
deforestation. The effects of each cause on deforestation are examined in the paper in detail.

In general, many problems can be eliminated with social awareness and consciousness. Agricultural
activities, forest crimes and forest fires are among the causes that can be easily addressed in the short
term. It is clear that if society is educated on this issue, measures will be taken automatically. State
policies should also support the elimination of the causes. However, not all of these causes are problems
that can be prevented by state policies. A global awareness and action for deforestation beyond national
borders has become essential.

In the long term, actions against deforestation in Turkey will have positive impacts on the international
forest landscape and set an example for other countries. It can be one of the steps taken for global
awareness beyond the borders of the country.

In future studies, other possible causes that may affect deforestation can be revealed and these factors
can also be examined using statistical methods.
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