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Akciger kanseri tanisi igin derin 6grenme modellerinin
karsilastirilmasi ve uygulanmasi
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Oz

Akciger kanseri, diinya genelinde yaygin bir saglik sorunu haline gelmistir. Erken teshis ve dogru tedavi, hastaligin seyrini
onemli Olgiide etkileyebilmektedir. Bu calismada, akciger tomografisi (CT) goriintiilerini kullanarak akciger kanserinin erken
teshisini yapabilmek amaglanmustir. Bu teshisi yapabilmek igin derin 6grenme modellerinin karsilastirilmast ve uygulanmasi
tizerine odaklanilmigtir. CNN, DenseNet ve ResNet gibi {i¢ popiiler derin 6grenme modeli kullanilarak, akciger kanseri tanisi igin
performanslar1 degerlendirilmistir. Ayrica egitim verileri igin 1440 akciger tomografisi goriintiisii, test verileri i¢in 174 akciger
tomografisi goriintiisii ve dogrulama verileri i¢in 36 adet akciger tomografisi goriintiisii kullanilmigtir. Sonuglar
degerlendirildiginde en basarili modelin ResNet (%96.55), bir sonraki bagarili modelin CNN (%89.08) ve son olarak DenseNet
modelinin (%88.51) basaris1 oldugu gozlenmistir.

© 2023 DPU All rights reserved.
Anahtar Kelimeler: Derin Ogrenme, Akciger Kanseri, Erken Teshis, Performans Degerlendirmesi

Comparison and application of deep learning models for diagnosis
of lung cancer

Abstract

Lung cancer is a widespread health issue globally. Early detection and proper treatment can greatly impact the progression of the
disease. This study aimed to identify lung cancer at an early stage using lung tomography (CT) images. The focus was on
comparing and applying deep learning models for this diagnosis. The performance of three popular deep learning models - CNN,
DenseNet, and ResNet - was evaluated for lung cancer diagnosis. The training data consisted of 1440 lung tomography images,
while 174 images were used for testing and 36 for validation. Upon evaluation, it was observed that the most successful model
was ResNet (96.55%), followed by CNN (89.08%), and finally the DenseNet model (88.51%).
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1. Giris

Tiim kanser tiirleri arasinda en yaygin tiir olan akciger kanseri tiim diinyada kanser tiirleri arasinda, erkeklerde en
stk dliime neden olan birinci, kadinlarda ise ikinci kanser tiiriidiir ve tiim diinyada her y1l yaklasik 1,6 milyon can
kaybina neden olmaktadir [1]. Erken teshis ve dogru tedavi, hastaligin seyrini 6nemli 6l¢iide etkileyebilmekte ve
hastalarin yasam siirelerini artirabilmektedir. Bu nedenle, akciger kanserinin erken teshisi biiyiik bir 6neme sahiptir.
Geleneksel olarak, akciger kanseri tanist i¢in radyologlar tarafindan yapilan goriintiileme yontemleri
kullanilmaktadir. Bunlar arasinda en sik kullanilani akciger tomografisi (CT) goriintiilemesidir. Ancak, akciger CT
goriintiilerinin incelenmesi zaman alict ve subjektif bir siire¢ olabilir. Bu nedenle, otomatik ve objektif bir tani
yonteminin gelistirilmesi biiylik bir gereksinim haline gelmistir [2]. Sekil-1’de 6rnek olarak akciger kanseri
hastasina ait bir CT goriintiisii sunulmustur.

Sekil 1. Akciger kanseri hastast CT gortntiisii [3]

Derin 6grenme, son yillarda tibbi goriintii analizinde biiylik bir ilgi odagi haline gelmistir. Derin 6grenme
modelleri, biiyiik veri setleri lizerinde egitilerek karmagik yapilari algilayabilen ve yiiksek dogrulukla siniflandirma
yapabilen yapay sinir aglaridir. Bu nedenle, akciger kanseri tanisi i¢in derin 6grenme modellerinin kullanimi,
otomatik ve hassas bir tan1 yontemi saglayabilir [4]. Derin 6grenme, yapay sinir aglar ile olusturulan ve karmagik
veri yapilarini analiz etmek ve Ogrenmek amaciyla kullanilan bir makine 6grenme yontemidir. Bu ydntem,
bilgisayar sistemlerinin veriye dayali kararlar alabilmesinde rol oynar. Aymi zamanda bir¢ok uygulama alaninda
biiyiik basarilar elde ettigi goriilmiistiir. Ozellikle goriintii isleme, dogal dil isleme, ses tanima ve otonom siiriis gibi
alanlarda derin 6grenme modelleri biiyiik ilgi gormektedir [5]. Derin 6grenme modelleri, cogunlukla ¢ok katmanli
sinir aglar1 olarak tasarlanir ve biiyiik miktarda veriyle beslenerek 6grenme yeteneklerini gelistirirler. Bu modeller,
veri setlerindeki karmagik desenleri algilayabilir ve bu desenlere dayali olarak tahminlerde bulunabilir. Ozellikle
goriintli isleme alaninda, derin 6grenme modelleri, piksellerin diisiik seviyeli 6zelliklerinden yiiksek seviyeli
ozelliklere kadar agamali olarak 6grenme yetenegine sahiptir. Bu sayede nesne tanima, yiiz tanima, nesne tespiti gibi
gorevlerde oldukga etkili sonuglar elde edilebilir [6]. Derin 6grenme, akciger kanseri teshisi gibi saglik alanindaki
hastalik teshislerinde de biiyiik basariya sahiptir. Akciger tomografisi (CT) gibi goriintiileme yontemleri kullanilarak
elde edilen veriler, derin 6grenme modelleri tarafindan analiz edilebilir ve akciger kanserinin erken teshisinde

2
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6nemli bir rol oynayabilir. Derin 6grenme modelleri, pulmoner nodiillerin tespiti ve siniflandirilmasi gibi gorevleri
gerceklestirebilir ve radyologlara hizli ve dogru sonuglar sunabilir. Ayrica, derin 6grenme modelleri, akciger
kanserine iliskin genetik verilerin analizinde de kullanilabilir ve kisiye 6zgii tedavi yontemlerinin belirlenmesinde
yardimci olabilir [7].

Derin 6grenme, biiyiik veri setleriyle beslenerek 6grenme yeteneklerini siirekli olarak gelistirme potansiyeline
sahiptir. Ayrica, derin 6grenme modelleri, transfer 6grenme ve hizli 6grenme gibi tekniklerle farkli veri setleri ve
uygulama alanlarina da genisletilebilir. Ancak, derin 6grenme modellerinin karmagikligi ve hesleme giicii
gereksinimi, egitim siirecinde yiiksek kaynak ve hesaplama giicii gerektirebilir.Sonug olarak, derin 6grenme, akciger
kanseri teshisi gibi ciddi saglik sorunlarina ¢6ziim olabilecek etkili bir aragtir. Goriintii isleme, genetik veri analizi
gibi alanlarda derin 6grenme modellerinin kullanilmasi, akciger kanseri tanist ve tedavisinde 6nemli bir ilerleme
saglayabilir. Ancak, daha fazla arastirma ve gelistirme gerekmektedir ve derin 6grenme modellerinin klinik
uygulamalara entegrasyonu i¢in daha fazla ¢alisma yapilmahidir [8].

Literatiir incelendiginde, Ayrik Dalgacik Doniisiimi (ADD) yaklasimi ile 6053 akciger tomografi veri seti
kullanarak, VGG-16, Inception v4, MobileNet v3 ve AlexNet yontemi ile goriintillerde kanser hastaligi tespiti
yapilmustir. En basarili performansi AlexNet’in %99,86 ile sagladig1 goriilmiistiir [9]. U-Net mimarisi kullanilarak
yapilan piksel temelli goriintii segmentasyon modelinin avantajini1 sunan bir baska ¢aligmada, egitim goriintiisii az
olsa dahi klasik modellerden daha basarili sonug verdigi vurgulanmaktadir. 138 sol ve sag akciger bolgesinin GXI
goriintiilerini iceren veri setinde bulunan goriintiiler %80 egitim, %10 dogrulama ve %10 test olarak rastgele
bolinmiistiir. Modelin performansi Dice katsayisi dlgiilerek 0,9763 Dice degeri elde edilmistir [10].

Liu ve Lee, 37 hastanin biyopsi goriintiilerini kullanarak kanserli ve kanser olmayan hastalar1 belirlemek i¢in
birden fazla derin 6grenme modelini kullanmiglardir. Calismada geleneksel derin 6grenme modellerinden CNN
mimarisi tabanli; AlexNet, VGG, ResNet ve SqueezeNet modelleri ince ayar yapilarak uyarlanmigtir. Derin
ogrenme modelinin AUC' si daha makuldiir (0,8808-0,9121). Yani genellikle modeli sifirdan egitmek daha iyi bir
sonu¢ vermektedir. Fakat ResNet50 modeli i¢in durum farklidir, bu durumda &nceden egitilmis modele ince ayar
yapmak daha saglikli sonug¢ vermektedir [11].

Literatiir incelendiginde bir baska ¢aligmada InceptionV3 temel alinarak gelistirilen ISANET adli siniflandirma
modeli kullanilmistir. Model, kanal dikkati ve mekansal dikkat mekanizmalarini igererek patolojik bdlgelere
odaklanmay1 amaglamaktadir. ISANET'in geleneksel modellere (AlexNet, VGG16, InceptionV3, MobilenetV2 ve
ResNet18) gore iistiin dogruluk elde ettigini gostermektedir. Bu deneylerin sonuglari, ISANET'in akciger kanserini
siniflandirmada etkili bir model oldugunu dogrulamaktadir, %95,24 ve %98,14 bagar1 orani elde edilmistir[12].

Bu arastirmanin amaci, bu derin 6grenme modellerinin akciger kanseri tanisi i¢in performanslarini karsilastirmak
ve degerlendirmektir. Bu calisma, akciger kanseri tanisinda derin 6grenme modellerinin etkili bir sekilde
kullanilabilecegini ve potansiyel olarak mevcut yontemleri tamamlayabilecegini gostermektedir. Derin 6grenme
tekniklerinin kullanimiyla, akciger kanseri tanisinda erken teshisin miimkiin olabilecegi ve hastalarin tedavi
stirecinde avantaj saglanabilecegi diistiniilmektedir. Bu ¢alismada, akciger kanseri tanisi i¢in derin Ogrenme
modellerinin karsilastirilmast ve uygulanmasi iizerine odaklanilmigtir. CNN, DenseNet ve ResNet gibi ii¢ popiiler
derin 6grenme modeli kullanilarak, akciger CT goriintiilerinden elde edilen veriler iizerinde egitim ve test iglemleri
gerceklestirilmistir. Egitim veri seti olarak 1440 akciger CT gortntiisii kullanilirken, test veri setinde 174 goriintii ve
dogrulama veri setinde 36 goriintii bulunmaktadir.

2. Materyal ve Yontem
2.1. Veri seti
Aragtirmada yer alan veri setine dair bilgiler su sekildedir: Veri setinde akciger CT goriintiileri bulunmaktadir bu

goriintiilerin etiketleri kanserli ve saglikli seklinde etiketlenmistir. Kanserli olarak etiketlenen 876 goriintii, saglikli
olarak etiketlenen 564 adet goriintli vardir [13]. Toplamda 1440 adet egitim verisi(876 kanserli 564 saglikli), 174
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adet test verisi ( 120 kanserli 54 saglikli) ve 36 adet dogrulama verisi ( 23 kanserli 13 saglikli) olmak iizere
ayrilmustir [14]. Sekil 2° de temsili olarak saglikli ve kanserli akciger CT gortintiileri paylasilmistir.

Saglikli Kanserli

Sekil 2. Saglikli ve Kanserli akciger CT goriintiileri [3]
2.2. Kullanilan modeller
2.2.1. Resnet50 modeli

ResNet50, Residual Neural Network (ResNet) ailesine ait bir derin 6grenme modelidir. Ismi, 50 adet katman
icermesinden kaynaklanmaktadir. Bu model, 6zellikle goriintii siniflandirma ve nesne tanima gibi gorevler igin
kullanilmaktadir. ResNet50'nin katmanlart ve oOzellikleri su sekildedir [15].Giris Katmaninda ilk katman,
goriintiilerin girigini alir ve boyutunu belirler. Genellikle RGB renk kanallarini temsil etmek i¢in 3 kanala sahip olur.
Bu katman, goriintiilerin dogrudan alinmasindan sorumludur ve verileri agin geri kalanina iletmek i¢in herhangi bir
islem yapmaz. Girig katmani, goriintii verilerinin dogru boyut ve formatlara sahip oldugundan emin olmak igin
énemlidir. Ornegin, piksel degerlerini normalize etmek gibi 6n isleme adimlar1 da bu katmanda gergeklestirilebilir.
Giris katmani, agm temelini olusturan ve verilerin aga uygun bir sekilde aktarilmasini saglayan onemli bir
bilesendir. ResNet50 modeli, giris katmaninin yani sira birgok derinlikte konvoliisyonel ve toplama (addition)
katmanlarindan olusur. Bu yapi, modelin daha derin aglarda da basarili olabilmesini saglayan kendine has bir
Ozelliktir. ResNet50'nin geri kalan katmanlari, bu derin ag yapisini olusturmak, goriintiilerin 6zelliklerini 6grenmek
ve 6nemli desenleri yakalamak i¢in optimize edilmistir. Evrisim Katmaninda ardigik olarak yer alan katmanlarda,
goriintiiler iizerinde 6zellik haritalart olusturulur. Bu katmanlar, farkli boyutlarda filtreleri kullanarak goriintiiniin
farkli 6zelliklerini algilar. ResNet50'de 16 adet evrisim katmani bulunur. Evrisim katmanlarinin ardindan havuzlama
(pooling) katmanlart gelir. Bu katmanlar, 6zellik haritalarini kiigiiltiir ve 6zelliklerin Slgeklenebilirligini artirir.
Cogunlukla maksimum veya ortalama havuzlama kullanilir. Ardindan &zellik haritalart tam baglantili (fully
connected) katmanlara verilir. Bu katmanlar, ¢iktilar1 diizlestirir ve siniflandirma veya tanima igin kullanilacak
ozellik vektoriinii olusturur. Son katman olan ¢ikis katmanina gelindiginde, siniflandirma veya tanima amactyla
kullanilan noronlar igerir. Akciger kanseri tanisinda, bu katman, kanserli veya kansersiz olarak siniflandirma
yapmak i¢in kullanilir [16]. ResNet50 modelinin akciger kanseri tanisiyla baglantisi, derin 6grenme modelinin
akciger CT goriintiilerinde kanserli bolgeleri dogru bir sekilde tanimlama ve siniflandirma yetenegiyle ilgilidir.
ResNet50'nin evrisim ve havuzlama katmanlari, akciger CT goriintiilerinin 6nemli 6zelliklerini algilar ve kanserli
bolgeleri tespit eder. Tam baglanti katmanlari, bu ozellik vektdrlerini kullanarak kanserli veya kansersiz
siniflandirmasint gergeklestirir. ResNet50, yiiksek dogruluk oranlar1 ve genelleme yetenegiyle akciger kanseri
tanisinda etkili bir arag olabilir. Model, goriintiilerdeki kanserli bdlgeleri hassas bir sekilde tespit ederek erken
teshisin saglanmasina katkida bulunabilir. Ayrica, derin ag yapisi sayesinde genis bir veri setiyle egitilmis olan
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ResNet50, daha az veriyle ¢alisirken yiliksek performans sergileyebilir ve klinik uygulamalarda radyologlara ciddi
bir destek sunabilir.

2.2.2. Cnn modeli

CNN (Convolutional Neural Network) modeli, akciger kanseri tamisi igin kullanilan ve goriinti isleme
gorevlerinde basariyla kullanilan bir derin 6grenme modelidir. Modelin katmanlari su sekildedir. Evrisim Katman
(Conv2D) ile modelin girisine (150, 150, 3) boyutunda olan ve RGB renk kanallarini igeren goriintiiler verilir. Bu
katmanda 32 adet 3x3 boyutunda filtre kullanilir ve aktivasyon fonksiyonu olarak ReLU (Rectified Linear Unit)
kullanilir.  Evrisim katmani, goriintiller iizerinde farkli 6zellikleri vurgulayan o6zellik haritalarini
olusturur.Havuzlama Katmani (MaxPooling2D) ile evrisim katmanindan elde edilen 6zellik haritalar1 {izerinde boyut
kii¢iiltme islemleri yapilir. Bu katmanda 2x2 boyutunda bir havuzlama filtresi kullanilir ve maksimum degeri alarak
ozellik haritalarinin boyutunu kiigiiltiir. Tkinci evrisim Katmaniyle énceki evrisim katmaninin ¢iktilarina 64 adet 3x3
boyutunda filtre uygulanir ardindan tekrar ReLU aktivasyon fonksiyonu kullanilir. Bu katmanda da farkli
ozelliklerin vurgulanmasi saglamir. Ikinci havuzlama katman: ile ikinci evrisim katmaninin ¢iktilarina aymi sekilde
2x2 boyutunda bir havuzlama filtresi uygulamr ve 6zellik haritalarmin boyutu daha da kiigiiltiiliir. Ugiincii evrisim
katmaniyle onceki katmanlardaki iglemler tekrarlanir. Bu sefer 128 adet 3x3 boyutunda filtre kullanilir ve ReLU
aktivasyon fonksiyonu uygulanir. Ugiincii havuzlama katmanina gelindiginde {iiincii evrisim katmaninin ¢iktilarina
yine 2x2 boyutunda bir havuzlama filtresi uygulamir ve boyut kiigiiltme iglemi yapilir. Dordiinci evrigim
katmaninda onceki adimlarda oldugu gibi 128 adet 3x3 boyutunda filtre kullanilir ve ReLU aktivasyon fonksiyonu
uygulanir. Dérdiincii havuzlama katmamiyla dordiincii evrisim katmaninin ¢iktilarma 2x2 boyutunda bir havuzlama
filtresi uygulanir ve boyut kii¢iiltme islemi yapilir. Diizlestirme katmani (Flatten) ile havuzlama katmanlariin
ciktilar1 diizlestirilir ve tek boyutlu bir vektdr elde edilir. Bu vektor, sonraki tam baglantili katmanlara giris olarak
kullanilir. Tam baglantili katman (Dense) ile de 512 néron igeren bir tam baglantili katmandir. ReLU aktivasyon
fonksiyonu kullanilir ve 6zelliklerin daha spesifik kombinasyonlarini 6grenmeye yardimer olur. Cikis Katmani
(Dense) ile son olarak, tek bir noron igeren bir ¢ikis katmani yer alir. Bu katmanda sigmoid aktivasyon fonksiyonu
kullanilir ve kanserli veya kansersiz siifini tahmin etmek i¢in kullanilir. CNN modeli, akciger CT goriintiilerindeki
kanserli bolgelerin tespiti ve siniflandirtlmasi i¢in kullanilir. Evrisim katmanlari, goriintiiler tizerindeki 6zellikleri
vurgulayarak kanserli bolgeleri belirler. Havuzlama katmanlari ise boyut kii¢iiltme islemi yaparak &zelliklerin
Ol¢eklenebilirligini artirir. Tam baglantili katmanlar, 6zellik vektoriinli olusturarak smiflandirma yapar. Cikis
katmani ise kanserli veya kansersiz sinifini tahmin eder. Bu sekilde, CNN modeli akciger kanseri tanisinda etkili bir
sekilde kullanilabilir ve hastalarin erken teshis ve tedaviye yonlendirilmesine yardimet olabilir [17] [18].

2.2.3. Densenet modeli

DenseNet, yogun baglantili bloklar ve gegis bloklari adi verilen iki temel yapiyr igeren bir derin 6grenme
modelidir. Modelin katmanlari su sekildedir. Girig katmaninda, modelin giris verilerini alan ve islemeye baslamak
i¢in ilk adimi atan bir katmandir. Girig Katmani, genellikle goriintiiler icin RGB (3 kanal) veya siyah-beyaz (1
kanal) gibi belirli bir giris boyutuyla tanimlanir. Bu katman, aga giris verilerini aktarirken ayni zamanda boyut ve
format ayarlamalar1 yapabilir. Ornegin, RGB goriintiilerde her bir kanali ayri ayr1 temsil edebilir ve siyah-beyaz
goriintiilerde yalnizca tek bir kanali kullanabilir. Giris Katman1 ayn1 zamanda giris verilerini normalize etmek veya
on isleme adimlarini uygulamak i¢in kullanilabilir.

Giris Katmani, modelin temelini olusturan ilk katmandir ve verilerin ag igindeki diger katmanlara dogru
iletilmesini saglar. Bu katman, veri akisinin baglangicini belirler ve diger katmanlarin {izerinde ¢alisacagi uygun bir
giris formati saglar. Giris Katmani, modelin performansini etkileyen 6nemli bir bilesen olarak goriiliir ve giris
verilerinin dogru sekilde islenmesi ve aktarilmasi i¢in dikkatli bir sekilde tasarlanir. Ardindan baslangic
konvoliisyon Katmani ile giris verileri, konvoliisyon iglemi kullanilarak iglenir. Bu katmanda filtrelerle konvoliisyon
yapilir ve aktivasyon fonksiyonu (genellikle ReLU) uygulanir. Bu adim, dzellik ¢ikariminin baglamasini saglar.
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Yogun bloklara gelindiginde Yogun bloklar, ardigik katmanlarin yogun baglantilarla birlestirildigi bloklardir. Her
katman, dnceki tiim katmanlarin ¢iktilarina sahip olur. Bu baglantilar, bilgi akisini kolaylastirir ve gradient kaybim
azaltir. Yogun bloklar, bir dizi yogun katmandan olusur. Her katmanda, girise ek olarak birer konvoliisyon, toplama
islemi ve aktivasyon fonksiyonu uygulanir. Hemen sonra gecis bloklarina geg¢ilir, yogun bloklar arasinda yer alir ve
boyut kiigiiltme iglemi yapar. Bu katmanlar, 6zellik haritalariin boyutunu azaltarak derinligi kontrol eder. Tipik
olarak, havuzlama (pooling) veya konvoliisyon (convolution) islemleri ile boyut kiigiiltme saglanir. Global average
pooling ile yogun bloklarin ardindan, 6zellik haritalar1 global ortalama havuzlama iglemine tabi tutulur. Bu islem,
her 6zellik haritasinin ortalamasini alir ve vektorlestirir. Bu sayede, boyut azaltma ve 6zelliklerin 6zeti elde edilir.
Son olarak tam baglantili katmanlariyla vektorlestirilmis 6zellikler, tam baglantili (fully connected) katmanlara
aktarilir. Bu katmanlar, siniflandirma islemi i¢in kullanilir. Genellikle ReLU aktivasyon fonksiyonu ve ¢ikis sinif
sayisina uygun bir aktivasyon fonksiyonu (genellikle softmax) kullanilir. DenseNet modeli, akciger kanseri tanist
icin kullanildiginda, yogun bloklar kanserli bolgelerin tespit edilmesi ve 6zelliklerinin vurgulanmasi i¢in kullanilir.
Gegis bloklar ise boyut kiigiiltme islemiyle 6l¢eklenebilirligi artirir. Bu sayede, model akciger CT goriintiilerinde
kanserli bolgeleri tespit etmek ve siniflandirmak i¢in kullanilabilir [19] [20].

3. Onerilen model ve Bilgiler

Akciger kanseri tanisi igin derin 6grenme modelleri son derece etkili ve giiglii araglar olarak kabul edilmektedir.
Bu ¢alismada, akciger kanseri tanisi igin ii¢ farkli derin 6grenme modeli kullanilmistir.

Sekil 3, incelendiginde 1440 adet egitim verisi (876 kanserli, 564 saglikli), 174 adet test verisi (120 kanserli, 54
saglikli) ve 36 adet dogrulama verisi (23 kanserli, 13 saglikli)) olmak iizere ayrilmistir. Goriintiller 224x224
boyutuna yeniden boyutlandirilmis ve piksel degerleri 0-1 araligma dlgeklendirilmistir. Bu 6l¢eklendirme islemi,
goriintiilerin iglenmesini kolaylastirmak igin yapilmistir. Veri seti smurlt sayida gorlintii icerdigi i¢in veri artirma
teknikleri kullanilmistir. Goriintiller yatay olarak ¢evrilmis, 0.2 oraninda kaydirilmis ve 0.2 oraninda
yakinlagtirtlmistir. Bu islemler, veri setinin cesitliligini artirarak modelin genelleme yetenegini gelistirmeyi
hedeflemistir. Sekil 3’te kullandigimiz modellerin siireci sunulmustur.

Hasta

Eitjm eH
m o e [
..ﬂ - - ngf - Saglikl

ResNet50 )

4

CNN

DenseNet )

Sekil 3. Calismada 6nerdigimiz modelin galisma yapisi

CNN, DenseNet ve ResNet50 modeli, giris katmani, konvoliisyon katmanlari, havuzlama katmanlari, tam
baglantili katmanlar gibi temel yapilart igerir. Bu modeller, akciger tomografisi (CT) goriintiilerinden 6zellik
¢ikarimi yaparak kanserli bolgeleri tespit etmeyi amaglar. DenseNet modeli ise yogun baglantili bloklar ve gecis
bloklar1 kullanir. Yogun bloklar, bilgi akigini artirir ve gradient kaybini azaltirken, gecis bloklar1 da boyut kii¢iiltme
islemiyle dlgeklenebilirligi artirir. Son olarak, ResNet modeli, derin aglarda ortaya ¢ikan gradient kaybi sorununu
¢ozmek i¢in rezidiiel baglantilar1 kullanir. Bu sayede, daha derin aglarin egitimi daha kolay hale gelir. Her bir
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modelin performansi degerlendirildiginde, ResNet modelinin en yiiksek basariya (%96.55) ulastigi gorilmiistiir.
CNN modeli %89.08, DenseNet modeli ise %88.51 bagari elde etmistir. Bu sonuglar, derin 6grenme modellerinin
akciger kanseri tanisinda onemli bir rol oynayabilecegini ve erken teshis igin degerli bir arag¢ olabilecegini
gostermektedir.

4. Performans metrikleri

Metriklerin sonuglarini karsilagtirarak algoritmanin performansim degerlendirdik. Metrikler, Python Scikit-learn
paketi kullanilarak hesaplandi. Duyarlilik, 6zgiillikk, kesinlik, F1 puami ve alict ¢aligma karakteristik egrisinin
altindaki alan (AUROC) olmak iizere bes metrik kullanildi ve duyarlilik, 6zgiilliik, dogruluk ve F1 puani su sekilde
hesaplandi:

Sensitivity = TPiFN @
Specificity = %, (2)
Accuary = %, 3)
Flscore = —— 2 (4)

Precision ' Recall

Burada TP, dogru kanserli sayisi; TN, dogru saglikli sayisi; FP, yanls pozitif kanserli sayisi; FN, yanlis saglikli
sayisi; kesinlik (precision) = TP / (TP + FP) ve hatirlama (recall) = duyarlilik olarak hesaplanmustir.

Table 1. Elde edilen bulgular

Modeller Goruntii boyutu  Duyarhilik Ozgiilliik Kesinlik AUROC  F1 puam
DenseNet 150 x 150 0.80 0.90 0.80 0.88 0.76
ResNet50 224 x 224 0.84 0.95 0.90 0.96 0.84
CNN 150 x 150 0.71 0.77 0.64 0.89 0.70

En basarili modelin ResNet50 oldugu (%96.55), CNN modelinin ikinci sirada geldigi (%89.08) ve DenseNet
modelinin ii¢lincii sirada oldugu (%88.51) goriilmiistiir. Veri setinin bilyiikliigline ve kalitesine gore &zellikle F1
puani ve diger metrikler etkilenmektedir.

5. Sonuclar ve tartisma

Bu c¢alismanin sonuglari, akciger kanseri tanisinda derin 6grenme modellerinin etkili bir sekilde
kullanilabilecegini gostermektedir. Her bir modelin performans: detaylica incelenmistir. ResNet modelinin
performansi akciger kanseri tanisinda %96.55 dogruluk elde ederek yiiksek bir performans sergilemistir. Ayrica,
modelin hassasiyeti, 6zgilligii ve F1 skoru diger modellere gore daha yiiksek bulunmustur. ResNet modelinin
basarisi, literatiirdeki benzer ¢aligmalarla tutarlidir ancak en yiiksek bagari oranina sahip degildir [21]. CNN modeli
ise %89.08 dogruluk orani ile ikinci sirada yer almistir. Bu model, daha hizli egitim siireleri ve diisiik hesaplama
giicii gereksinimi gibi avantajlar sunmaktadir. CNN tabanli modellerin genis uygulama alanlar1 ve etkileyici
sonuglari, dnceki literatiirde de sik¢a vurgulanmustir [22]. DenseNet modeline gelince, %88.51 dogruluk orant ile
tigiincli sirada yer almistir. Bu modelin, daha karmasik yapilar1 anlamak ve &grenmek igin etkili olabilecegi
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gozlemlenmistir ayrica DenseNet'in, benzer caligmalarda da kullanilarak bagar elde ettigi literatiirde belirtilmistir
[23]. Bu calismanin sonuglari, akciger kanseri tanist alaninda derin 6grenme modellerinin potansiyelini
vurgulamakta olup, dnceki arastirmalarla uyumludur. Bu sonuglar, akciger kanseri tanis1 alaninda derin 6grenme
modellerinin gelecekteki klinik uygulamalar ve aragtirmalar i¢in 6nemli bir temel olusturabilecegini gostermektedir.
Ancak, daha biiyiik ve ¢esitli veri setlerinin kullanildig1 gelecekteki ¢aligmalarin, bu modellerin genellestirilebilirligi
ve klinik uygulamalardaki etkinligi izerinde daha fazla bilgi saglayabilecegi unutulmamalidir.
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Abstract

This work presents the design of a model communication satellite featuring an autonomously separable mission mechanism.
Focusing on originality and efficiency, the model satellite is designed in two parts: the container and the payload. The model
satellite is configured with software and necessary mechanical-electronic components to gather relevant data with the sensors
placed on the payload. The design emphasizes mobility and simplicity to meet the requirements of Teknofest model satellite
competition 2023. The development process adhered to specific work packages, culminating in the configuration of components
to meet vehicle requirements. Subsequent to hardware and mechanical development, the software development process
commenced in three distinct phases: hardware integration, communication software, and ground station software, each essential
for autonomous missions.
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Teknofest 2023 Yarismasi igin Taslyl%l ve Faydali Yiikten Olusan Bir Model Uydu
asarimi

Oz

Bu calisma, otonom olarak ayrilabilen bir gérev mekanizmasina sahip model bir haberlesme uydusunun tasarimini sunmaktadir.
Ozgiinliik ve verimlilige odaklanan model uydu, tasiyici ve faydali yiik olmak iizere iki parga halinde tasarlanmistir. Model uydu,
faydali yiik iizerine yerlestirilen sensorlerle, ilgili verileri toplamak igin yazilim ve gerekli mekanik-elektronik bilesenlerle
yapilandirilmigtir. Tasarim, Teknofest Model Uydu Yarismasi 2023"in gerekliliklerini karsilamak icin mobilite ve basitligi
vurgulamaktadir. Gelistirme siireci, belirli is paketlerine bagli kalarak, ara¢ gereksinimlerini karsilamak icin bilesenlerin
yapilandirilmasiyla sonuglandirildi. Donanim ve mekanik gelistirmenin ardindan, yazilim gelistirme siireci de donanim
entegrasyonu, iletisim yazilimi ve yer istasyonu yazilim: adimlarinda ¢ ayr1 fazda gergeklestirildi.

© 2023 DPU All rights reserved.
Anahtar Kelimeler: Model Uydu, Gorev Yiikii, Tastyici, Telemetri Iletimi, Uydu Yapisi, Mekanik Tasarim, Donanim, Yazilim

1. Introduction

In accordance with the Turkish Space Agency (TUA), a Satellite is a compact celestial object traversing an
orbital trajectory around a celestial body. These satellites manifest in two primary classifications: Natural Satellites,
and Artificial Satellites. The latter encompasses a spectrum of specialized categories, including Communication
Satellites, Meteorology Satellites, and Astronomy Satellites [1].

The popularity of satellites in modern applications is conspicuous, with communication and observation
emerging as the foremost domains of their utilization [2], [3]. One of Turkey's first steps in satellite research took
place on 23 April 1979 with the inauguration of AKA-1 (Ankara-1), the first indigenous satellite ground station. A
milestone in Turkey's venture into satellite technology was the launch of Turksat 1A, the nation's first domestic
satellite, on January 24, 1994. After this historic event, Turkey has witnessed a progression in satellite initiatives.
This pivotal establishment laid the groundwork for subsequent advancements, including the achievement of data
transfer at a velocity of 140Mb/s, employing a 1310nm wavelength through fiber optic cables. This breakthrough
not only amplified channel capacity in communication but also played a pivotal role in augmenting public awareness
about Satellite Systems [1], [4], [5].

Satellite Systems, instrumental in diverse sectors such as communication and imaging, have evolved into
indispensable components of contemporary technology. The integration of distinct containers and mission
mechanisms has further enhanced their efficacy. Concurrently, the relentless march of technology has engendered
the design and implementation of autonomous functionalities, expanding the spectrum of tasks that Satellite Systems
can autonomously undertake on a daily basis [6], [7].

Today, model satellite technology is appreciated and promoted. Various model satellite competitions are
organized in Turkey and worldwide:

e TEKNOFEST Model Satellite Competition: Organized as part of TEKNOFEST, Turkey's largest technology
festival, this competition has been held since 2018 and is the most prestigious model satellite competition in
Turkey. Teams launch their own designed and manufactured model satellites to perform various tasks that meet
the competition requirements.
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e Istanbul Technical University (ITU) Model Satellite Competition: This competition has been organized by ITU
since 2004 and is one of the oldest model satellite competitions in Turkey. Teams launch their own designed and
manufactured model satellites to perform various tasks.

e Middle East Technical University (METU) Model Satellite Competition: Organized by METU since 2007, is
one of the most prestigious model satellite competitions in Tiirkiye. Participants are expected to design a model
satellite that will fulfill the specified missions.

e CanSat is organized by NASA and is known as the oldest model satellite competition with a history dating back
to 1999. Participating teams are expected to design a Can-sized model satellite and are also asked to fulfill the
specified tasks.

e CubeSat Design Competition: The CubeSat competition has also been organized since 1999. The model satellites
that will participate in the competition are expected to be 10 cm x 10 cm x 10 c¢cm in size and are expected to
fulfill various tasks.

In model satellite competitions, participating students are expected to acquire skills such as electronic circuit
modeling, control software design, mechanical calculations and design, project management, teamwork and
effective presentation during the design and prototype production of a model satellite.

In this study, a model satellite design was realized for Teknofest 2023 Model Satellite competition. The model
satellite designed in the study has functionalities to meet the competition qualifications. After the model satellite
ascends with a rocket or drone and descends to a height of approximately 400 meters at medium speed, it is divided
into two parts as container and payload. In addition to transferring parameters such as speed, position, pressure and
temperature to the ground station via sensors on the payload, the model satellite has real-time imaging capability
through a built-in camera and is designed to continuously transmit images to the ground station throughout its
operational phase. In addition, the data from the sensors on the payload can be sent to the ground station without any
interruption and visualized at the ground station through the designed software user interface.

1.1. Literature Review

In a study focusing on very small-scale satellites, two innovative model satellite designs called "SpaceChip" and
"PCBSat" were proposed. These designs introduced the concept of very small model satellites and emphasized the
miniaturization and cost reduction of satellites. The "SpaceChip" integrates all components on a single microchip
and the "PCBSat" utilizes mass-produced printed circuit boards. Initial evaluations have shown significant cost
savings compared to existing technologies [8].

In 2011, researchers analyzed the various uses of satellites and their miniature models, highlighting applications
in communications, weather observation, data collection and even military purposes. That study emphasized the
advantages of model satellites, such as fast and low-cost development processes and simpler launch procedures. In
the study, a successful model satellite measuring altitude-dependent temperature and pressure variations was
demonstrated with a low-budget design [9].

Bulut et al. successfully designed and built a model satellite named "Vecihi" in accordance with the CanSat 2013
competition requirements. Vecihi transmitted sensor data wirelessly during its orbital flight and stored additional
sensor and image data on the model satellite. Simple and cost-effective solutions were prioritized in the design of
the model satellite, and the innovative aspects included an adapted quadcopter aerodynamic braking system for
increased durability and a protection system inspired from egg [10].

Also in 2013, a study emphasized the critical role of ground stations in the success of CanSat. A new, platform-
independent ground station software designed specifically for CanSats was presented. Built using C#, the station
offers enhanced reliability and functionality and enabled users to monitor multiple parameters and send control
commands simultaneously [11].
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Kizilkaya et al. introduced a novel descent control system designed for a CanSat participating in the 2016
International CanSat Competition's Mars Glider theme. Prioritizing simplicity and reliability, the system ensured no
interference with the CanSat's electronics. The authors proposed its adaptation for other glider projects and highlight
the educational value gleaned through competition participation. The proposed system have earned the Tenderfoot
Award at CanSat 2016 [12].

In 2019 Islam et al. proposed a satellite design packed within the limited space for the CanSat competition. Their
novel design featured an independent parachute recovery system and successfully accomplished the primary mission
of real-time atmospheric parameter sensing (temperature, pressure, altitude) and a secondary mission of image
capture for later analysis [13].

In another work, the researchers focused on the design of the container and payload of a CanSat. Polylactic Acid
(PLA) carbon fiber was chosen as material with its advantages of lightness and strength. Also, as a novelty, a blade
mechanism was integrated into the structure for controlled descent. The achieved results showed that the chosen
structure for the container and payload successfully completed the mission. [14].

In another study focused on minimizing satellite structural mass with particularly aluminum honeycomb panels,
the authors investigated various configurations to achieve mass reduction. They compared the performance of the
novel hexagonal structure formed from honeycomb panels with conventional container designs and the proposed
hexagonal design resulted in a significant 15% mass reduction [15].

A more recent study focused on designing a small satellite for the 2021 CanSat Competition. The proposed
model satellite was designed to have the capabilities of real satellites, such as real-time telemetry and measurement
of environmental data such as temperature, altitude or atmospheric pressure. The design had novelties such as cost-
effectiveness and small scale. The model successfully completed the competition missions [16].

In a recent study presented in 2023, researchers aimed to minimize the body weight of a model satellite without
sacrificing robustness through an optimization study. Designing the optimization problem to include the calculation
of static and dynamic loads acting simultaneously on the model satellite at launch, the researchers achieved a 30%
mass reduction in the satellite structure with this novel approach [17].

2. Materials and Methods

The main task of the participating teams in The Teknofest Model Satellite competition is as follows. The model
satellite should be designed as two parts: Container and Payload. The model satellite will be lifted to an altitude of
500-700 m and released. After a fall from a height of up to 400 m, the payload and the container will be separated.
The payload will send a telemetry packet to the ground station every second from the time it is powered on until it
lands on the ground. Additionally, the data will be saved to an SD card on the payload. In addition, data coming to
the ground station will be plotted in real time and video images from the payload can be watched simultaneously.
The Teknofest Model Satellite Competition consists of the following stages: Plan and Organization Review (POR),
Preliminary Design Review (PDR), Critical Design Review (CDR), Qualification Review (QR), Flight Readiness
Review (FRR) and Post Flight Review (PFR). This study has met the requirements within the scope of POR, PDR
and CDR reports. In the POR phase, the project plan is created, and the team organization is determined. During the
PDR phase, preliminary designs were studied and tests to be carried out at the equipment, subsystem and system
levels were planned. In the CDR phase, the details of the model satellite design were determined, and the equipment
and subsystems were tested.

Under the PDR and CDR stages, initially, the selection of sensors and electronic components for the project was
finalized. Subsequently, attention was directed towards the development, and testing of the mechanical subsystem,
followed by the study of the landing control system design. The fourth phase entailed the design of the
communication and data processing subsystem. Following this, the electrical subsystem was devised in the fifth
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phase, while the flight software was developed in the sixth phase. Lastly, the ground station interface program was
designed to complete the project.

2.1. Electronic component and sensor selection

In this study, the design of an original model communication satellite model was performed. Alongside
transmitting essential data such as speed, location, pressure, and temperature, our model satellite design incorporates
a live imaging capability, enabling continuous transmission of images to the ground station during operation via an
onboard camera. The developed software is geared towards enabling the model satellite to execute targeted tasks by
employing algorithms that process sensor-derived data and relay it to the ground station. Data obtained by the model
satellite's sensors is relayed to our designed ground station for collection and subsequent analysis. Furthermore, the
ground station facilitates real-time tracking of satellite movements, with graphical representations and images of
instant tracking data also transmitted to the ground station. The electronic components utilized in this study are
given in Table 1.

Table 1. List of electronic components.

Components Payload Container

GPS UBLOX M-8N GPS -

Temperature Adafruit BNOO55 9-DOF Integrated Circuit -

Pressure BMP-280 Pressure Sensor BMP-280 Pressure Sensor

Autogyro Adafruit BNOO55 9-DOF Integrated Circuit -

Camera Arducam Mega 5MP -

Communication RFD900X Telemetry Holybro 3DR Telemetry

Processor Raspberry Pi Zero Raspberry Pi Zero

Battery 352000mAh 30C 25 1250mAh 30C

Antenna 15-50dB gain, 1.5dB noise factor, passive antenna (M8N) 433MHz active antenna, ~5dBi
868-900MHz Quarter wave monopole 2.1dBi (RFD900X)

Subsystem Arduino SD card module -

Subsystem MG90 servomotor -

Other Buzzer Buzzer

Other Voltage Sensor Voltage Sensor

After the model satellite gains altitude with a rocket or Unmanned Aerial Vehicle (UAV) and passively descends
to an altitude of 400 m (+/- 10) at a speed of 12-14 m/s, the container and the payload on the model satellite are
autonomously separated by a mechanism. Then, the telemetry data generated from the sensors in the payload
mechanism is transferred to the ground station without interruption, and the determined task is successfully carried
out. Data collection and transmission tasks set for the model satellite require high processing power. For this reason,
Raspberry Pi Zero was chosen as the microcomputer on which the software will be developed. Single Board
Computer (SBC) with ARM11 core provides high performance in data processing with its 1 GHz frequency and
512MB SDRAM hardware. In addition, the computer's communication ports (12C, SPI, UART), CSI and USB
connections for the camera, Mini-HDMI and MicrosSD ports for 1080P60 analog video transfer were preferred.
Another feature in choosing the controller is that it has dimensions of 65mmx=30mmx5mm. Thus, the controller can
be easily placed inside the small satellite model and a compact structure will be created.
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Fig. 2. Block diagram of the container system.

In the payload section, the Arducam Mega camera module was used to transmit the environmental image live to
the ground station. The camera, which will be connected to Raspberry Pi Zero via Serial Peripheral Interface (SPI)
protocol, can obtain images up to 2592x1944 (UHD) resolution and 30fps. The module, which has a speed of
8MHz, has low power consumption and weight.

For the precise positioning capability of the designed satellite, a 72-channel Ublox GYGPSV1 NEO M-8N GPS
module was used. Location control and tracking can be done using GPS with the universal asynchronous receiver-
transmitter (UART) protocol, and it is possible to obtain location information with high precision. The module,
which has an accuracy range of 2-2.5 m, met the desired requirements in the model satellite project and was easily
integrated into the microcontroller, providing comfortable use.

Telemetry was used to transmit data generated from the sensors on the model satellite to the ground station in real
time. In this context, RFD900X telemetry module was chosen to use in the payload. The most important factor in
choosing the specified telemetry is the ability to transmit up to 40 kilometers with a properly configured system.
Transmission can be made uninterruptedly and at high speeds with the transmitter with 2000mW high output power.
The module, which sends packet data via MAVLink protocol, is compatible with many RF modules and has open-
source software, providing great ease of use. 433MHz YRRC Radio telemetry module is used for the container.
Telemetry, which can transmit data up to 5000 m under maximum conditions, communicates with the UART
protocol and can be easily integrated into the ground station software. The transmission power of the telemetry
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transmitter is 2000mW. In addition, the fact that the module is compatible with many RF modules and has open-
source software provides great ease of use.

AutoGyro sensor was added to the system to generate the data that the payload will transfer to the ground station
with the telemetry module. The sensor, connected via 12C protocol, produces pressure, altitude, altitude difference,
descent speed, temperature, roll, pitch and yaw values and transmits them to the ground station via the RFD900X
telemetry module. Adafruit BNOO55 9-DOF 9-axis model was preferred as the Inertial measurement unit (IMU)
Sensor. By using this sensor, absolute position, angular velocity vector, acceleration vector, magnetic field intensity
vector, linear acceleration vector, gravity vector and temperature data can be obtained quickly and with high
precision. Since the sensor has dimensions of 20 mmx27 mmx4 mm and a mass of 3 g, it is easily integrated into the
system.

High accuracy DF-Robot BMP280 digital pressure sensor was preferred to obtain pressure values on the
container and payload. In addition to pressure measurement, this sensor can measure temperature with an accuracy
of 0.01 °Cand a range of 0 °C- 65 °C. Working with 12C protocol, the sensor produces pressure data in the range of
300~1100 hPa with + 1 hPa absolute and + 0.12 hPa relative accuracy.

When the payload is separated from the container, it is separated by a separation mechanism consisting of 2 servo
motors. The preferred MG90S Model servo has a torque of 2 kg/cm and a rotation angle of 180 degrees. Servo
motors, with their small size and mass of 13 g, support mass and space optimization.

TS832 Transmitter and RC832 Receiver were used to transfer camera images from the payload to the ground
station. The operating distance of this receiver and transmitter, which has a capacity of 48 channels, is 5 kilometers.
The TS832 Transmitter has 60mW output power and is compatible with 5.8GHz receivers. All images received via
the model satellite can be transmitted uninterruptedly to the ground station via the RC832 Receiver.

A voltage sensor based on the voltage divider principle was used to read the voltage values of the batteries of the
container and the payload and send them to the microcontroller. The sensor, connected to the microcontroller via
analog ports, supports input voltages in the range of 0-25V. SD card module was used to save sensor data depending
on the task load to the SD card. The module was connected to Raspberry Pi Zero via the SPI protocol. The buzzer
component was preferred so that the payload and container can be easily found after passive landing.

Lithium Polymer batteries were preferred to provide the necessary power to the system. Leopard-Power 3S
2000mAh 30C capacity batteries were used in the container, and 2S 1250mAh 30C capacity batteries were used in
the mission load. The required power calculations for the systems were made in the electrical subsystem design
section.

(a) (b)

U @
Ll
bel

Fig. 3. Render images of (a) the container (b) the payload (c) the bottom view of the payload and (d) the upper view of the payload.
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2.2. Development of the mechanical subsystem

The container is produced from PLA material using a 3D printer and coated with glass fiber and polyester. Glass
fiber increases the strength and ensures that the container has a rigid structure. Glass fiber does not conduct
electricity, thus preventing damage to electronic devices and does not disrupt the transmission of electromagnetic
waves (Fig.3).

The electronic equipment housing in the payload was accommodated within circular cross-section plates crafted
from PLA material via a 3D printer. These plates were secured together using metric 3 (M-3) bolts and nuts,
forming a tight fit connection with carbon fiber pipes. PLA was chosen for the chassis due to its effective vibration
damping properties, ease of production, and cost-effectiveness. Carbon fiber pipes were selected for their high
strength, rigid structure, and capacity to support stable task execution. Parachute attachment was facilitated through
holes drilled on the plate above the payload system (Fig.3).

The separation mechanism, designed for simplicity and optimal performance, ensures stability and cost-
effectiveness in fulfilling its designated function. The separation mechanism works by rotating the drive shaft 180°,
that is, half a turn, by means of two servo motors. Thus, the circular shaft retracts and separates from the holes in the
container mechanism, causing the duty load to fall in free fall (Fig.4). The parachute on the free-falling payload
opens because of the air currents that occur during the fall, and a healthy passive landing is achieved. The parachute
was stacked neatly on the container and the parachute ropes were connected through the holes drilled on the
container cylinder. The container has a length of 300 mm, an outer diameter of 113 mm and an inner diameter of
108 mm. For the separation mechanism, holes with a diameter of 8.5 mm were drilled on both sides.

Fig. 4. Render images showing (a) the engagement and (b) the separation states of the separation mechanism.

Table 2. Mass budget of the payload and the container.

Section  Components Mass (g) Source of Information
Payload plates 82 Application Result
Payload carbon fiber pipes 14 Application Result

E Separation mechanism 12 Application Result

5 Servo motor x 2 13x2 Datasheet
Raspberry Pi Zero 9 Datasheet
Arducam mega camera 15 Datasheet
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Adafruit BNO055 5 Datasheet
UBLOX M-8N GPS 17 Datasheet
Voltage sensor 1 Datasheet
RFD900X telemetry 16 Datasheet
Buzzer 3 Datasheet
SD card module 5 Datasheet
TS832 transmitter 14 Datasheet
3S 2000mAh Li-Po battery 126 Datasheet
Power distribution card 12 Datasheet
Power control switch 20 Datasheet
Total Mass: 3799
Container load 241 Application Result
STM32F4 BlackPill 9 Datasheet
BMP280 pressure sensor 2 Datasheet
Voltage sensor 1 Datasheet
E Holybro 3DR Telemetry 10 Datasheet
g Buzzer 3 Datasheet
© 2S 1250mAnh Li-Po Battery 58 Datasheet
Power distribution card 12 Datasheet
Power control switch 20 Datasheet
Total Mass: 356 g

In the mechanical subsystem design studies, the mass budget of the container and payload was also calculated. A
mass budget was created by calculating the datasheet data of the equipment to be used in the design and the material
masses of the body designs. As a result of the designs and optimization studies, the total mass of the container and
payload was found to be 735 g (Table 2). The total mass of the designed model satellite met the requirements of the
competition which is 730 g +/- 20 g.
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Fig.5. Static and Modal (Vibration) Analysis with Ansys Workbench.

Before production, the system that was designed underwent static, modal, and harmonic response analyses using
a CAE program. The analysis was performed on the Ansys Workbench program (Fig.5). This allowed for the
identification of potential mechanical and structural issues before production, enabling revisions to the design. In the
analysis phase, attention was paid to meshing processes and was checked based on element quality and skewness
values. Boundary conditions were accurately defined to reduce the margin of error in the analysis. The analysis
concluded that no deformation would occur in the material. To ensure the robustness of our design, we analysed
mechanical performance using Ansys software. This analysis focused on also withstanding an 8G force. Ansys
software analysis verified that the mechanical design meets the key requirement of withstanding 8G forces.

2.3. Landing control system design

During the design phase of the landing control system, separate parachute dimension calculations were conducted
for both the payload and the container, based on the mass specifications established in the mechanical subsystem
design phase. Parachute surface area was calculated according to Eq. 1:

sp=—<Mx9_ ®

v:x pxCd

In the equation, Sp denotes the surface area, m represents the total mass, g signifies the gravitational acceleration
(9.81 m/s?), v denotes the speed, p represents the air pressure (1.225 kg/m?), and Cd symbolizes the drag coefficient
(0.5). This equation is used to ensure that the parachute descends slowly to the ground and minimizes damage to the
rocket. It provides the balance between the weight of the rocket and the drag force [18]. The diameter of the
parachute represents the area within this equation, and a circular parachute is generally considered. With calculated
total masses of 735 g and 356 g, and the expected speeds of 13 m/s? and 7 m/s?, the corresponding parachute surface
areas were determined as 0.1364 m? and 0.2183 m?, respectively, for the total system and the payload separately.
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2.4. Communication and data processing subsystem

The RFD900X telemetry module in the payload is equipped with an 868-900MHz Quarter Wave Monopole
antenna. We opted for a single antenna to minimize mass and ensure reliable communication. However, the system
supports the use of two antennas if needed. The antenna, featuring a Reverse Polarity SubMiniature version A (RP-
SMA) connection, has a signal gain of 2.1dBi, enabling transmission distances of up to 40 km under optimal
conditions. In comparison, the Holybro Telemetry antenna has a transmission distance of 3-4 km under similar
conditions.

We also conducted comparisons between dipole and monopole antennas for telemetry. The monopole antenna,
covering half the area of the dipole antenna, boasts nearly twice the gain (5.2 dBi). However, it has a radiation
resistance of 36.5Q, half that of the dipole antenna. Following these comparisons, we determined that the Quarter
Wave Monopole antenna best ensures continuous and robust communication, which is critical for our application.

All the data that is carried on a telemetry packet is shown at Table 3.

Table 3. Telemetry packet format and its description.

Veri Formati Data Example  Description

<PACKET_NUMBER> <2> Number of each telemetry packet
<SATELLITE_STATUS> <4> A numerical value that shows the state of the model satellite at the time of mission. (0-7)
<ERROR_CODE> <0> The telemetry data of possible errors that may occur. (0-5)
<TIME> <12:43:26> Real time clock data. (Hour:Minute:Second)
<PRESSURE1> <1079.2> Pressure data from the payload (pascal)

<PRESSURE2> <1032.3> Pressure data from the container (pascal)

<HEIGHT1> <320> The height of the payload above the ground. (m)
<HEIGHT2> <125> The height of the container above the ground. (m)
<HEIGHT_DIFF> <195> Difference between HEIGHT1 and HEIGHT2 (m)
<LANDING_SPEED> <6> Landing speed daya (m/s)

<TEMPERATURE> <23> Temperature data from the payload (°C)
<BATTERY_VOLTAGE> <10.65> Voltage value of the battery (V)

<GPS1_LATITUDE> <39.48137> The latitude of the payload.

<GPS1_LONGITUDE> <29.89837> The longitude of the payload.

<GPS1_ALTITUDE> <324> The altitude data of the payload taken from GPS.
<GPS2_LATITUDE> <39.48695> The latitude of the container.

<GPS2_LONGITUDE> <29.89529> The longitude of the container.

<GPS2_ALTITUDE> <129> The altitude data of the container taken from GPS.
<PITCH> <80> The angle of inclination of the payload on the pitch axis. (°)
<ROLL> <45> The angle of inclination of the payload on the roll axis. (°)
<YAW> <60> The angle of inclination of the payload on the yaw axis. (°)
<TEAM_NUM> <211334> Model satellite competition team number
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2.5. Electrical subsystem design

During the electrical subsystem design phase, our primary objective was to establish a power budget. This budget
was formulated by analyzing the power requirements of the components installed on both the container and the
payload. Subsequently, the selection of batteries to power the entire system was carefully determined.

Table 4. Power budget of the payload and the container.

Section  Components Voltage Peak Current Max. Min. Tolerance  Mission
V) (mA) Power (W)  Power (W) (W) time (s)
BMP280 press. sens. 1.7-36 112 0.0041 0.0192 0.0021 132
Adafruit BNO055 33-5 50 0.25 0.165 0.085 132
UBLOX M-8N GPS 33-5 23 0.115 0.0759 0.0391 132
Voltage sensor 3 112 213 - - 132
RFD900X telemetry 5 1000 5 2.8 1.6 132
'c'g Raspberry pi zero 5V 1000 5 5 - 132
5 Servo motor 48-6.2 400 24 0.096 0.024 10
SD card module 33-5 200 1 0.0165 0.0085 132
Arducam mega cam. 33-5 154 0.77 0.66 0.34 132
TS832 transmitter 12 200 24 - - 132
Buzzer 3.3 20 0.066 - - 30
Total Power: 19.135 W
Raspberry pi zero 5V 1000 5 5 - 132
Voltage sensor 3 112 2.13 - - 132
5 BMP280 press. sens. 1.7-36 112 0.0041 0.0192 0.0021 132
'% Voltage sensor 3 112 2.13 - - 132
§ Holybro 3DR Telemetry 3.3-5 100 05 0.33 0.17 132
Buzzer 33 20 0.066 - - 30
Total Power: 7.700 W

As a result of the calculations, the maximum power required for the payload was determined to be 19.135W. To
power the payload system for 1 hour, the battery capacity was calculated as (19.135W /11.1V) X 1h = 1.724 Ah.
Consequently, a 2000mAh 30C Li-Po battery was selected, which met the calculated requirements.

The power required for the container is calculated as 7.700 W. To power the system for 1 hour, the battery
capacity is calculated as (7.700W /7.4V) x 1h = 1.04 Ah For the container, we decided to use a 1250mAh 30C Li-
Po battery, which can meet the calculated requirements.

2.6. The flight software

The flow diagram of the flight software for the model satellite is illustrated in the Fig.6. The flight control
software was developed using the C language in both Visual Studio and Arduino IDE environments. Upon receiving
the "System calibration” command from the ground station, the software initiates a series of tasks: it resets the
sensors, sets the reference altitude to zero, resets the inclination angles, and calibrates the system. The software then
proceeds to collect camera images and telemetry data from the model satellite's sensors, saving this information to
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the onboard SD card. Concurrently, all collected data is transmitted in real-time to the ground station.

After completing its readiness checks, the model satellite is launched via rocket and released at an altitude of
500-700 meters. The payload is separated from the container by a designated mechanism at an altitude of 400 meters
(£10 meters). As an additional communication performance test, a 500 kByte video packet is transmitted from the
ground station to the model satellite and stored on the SD card. Subsequently, the same video packet is transmitted
from the model satellite to another ground station computer. Upon successful landing, the data transmission
continues for an additional 10 seconds, during which the buzzer is activated.

L, Send the recieved
The payload video data to another
landed? ground station

Transfer the talemetry data
and camera data Send video data
to ground station to model satellite
10 secands more

Start manual
Start the buzzer separation

mechanism

Transfer the telemetry data
and camera data
to ground station

Show the errors
in Ul and write

to the SO card
F
he carrier an M

.

h Staft writin% Show the errors
the telemetry data > : the payload
to the SD card '?UL%Ihg"]‘S'jD"‘Q;T_‘S separated?

The model satellite is
launched by a rocket
and undergoes
a passive landing.

Any errars
in the landing speed
and position data?

Activate the
seperation
at 400 m altitude

Fig. 6. The flow diagram of the flight software.
2.7. The ground station user interface

A user interface program was developed in C# using the .NET platform and Visual Studio Code environment.
This interface allows manual control and tracking of the model satellite from the ground station when necessary, and
it visualizes the data sent from the model satellite. Figure 7 illustrates a screenshot from this interface program.

The interface enables users to issue Start, Stop, and Calibration commands for the model satellite mission.
Additionally, in the event of an error in the automatic separation mechanism, a manual separation command can be
issued. Real-time data from the sensors onboard the model satellite is visualized within the interface, providing users
with immediate insights. Moreover, the interface allows users to view camera images transmitted by the model
satellite.

22



Ozgiiltekin, C., Turanh, Y. and Sadik, S.A., (2024)/ Journal of Scientific Reports-C, 7, 10-24
Ozgiiltekin, C. Turanli, Y. ve Sadik, §.4., (2024)/ Journal of Scientific Reports-C,7, 10-24

Port: [coms v Gorev Tamamlama Yizdesi
S et e
KIZIL KUASAR Paket Numaras: = 217
Takim No : 211334 Garev Siresi : 00:16:21 -
Sicaklik Q) BASING (Pai

e S ) Gare i e

Gerilim(V] YOKSEKLIKim)

e s se]. G s thsn)

TAKIM D] GOREV SURESI | PAKET NUMARASI | BASIN | YOKSEKLK | iz | SICAKLIK | GERILIM | GPSLATITUDE | GPS LONGITUDE | GPS ALTITUDE | UYDU STATUSU | PITCH | ROLL | YAW | DONUS SAYISI| VIDEO AKTARIM BILGISI

134 | 001619 26 95000 31 &1 ) 8% | 74 29898613 33481703 28 1 1070 [% 0 HAYIR
1334 | 001618 215 34000 46 4516 | 88 | 73 29897365 33,4835 45 1 140 | 50 [ 110 0 HAYR
1334 | 001607 4 93000 92 25 | 8§ 12 29896667 39,480842 89 1 160 | 9| % 0 HAYIR
134 | 001616 Jit] 92000 164 M3 | B | 12 29896519 39482936 16 1 0|0(% 0 HAYR

Fig. 7. The user interface of the ground station.
3. Results and Discussion

This study focused on the design and development of a model communication satellite with an autonomously
separable mission mechanism for the Teknofest Model Satellite Competition 2023. The project prioritized
originality, efficiency, and reliability, resulting in a satellite equipped with reliable software and suitable mechanical
and electronic components with the Teknofest Model Satellite Competition requirements. The emphasis on mobility
and simplicity ensured ease of transportation and deployment.

The development process followed a structured approach determined by the competition committee, from the
initial hardware and mechanical design to the subsequent software integration and testing phases. In the PDR phase,
the first designs were carried out by determining and selecting the electronic components. The design of electronic
subsystems and the design steps of the mechanical body and subsystems were carried out at the CDR stage.
Mechanical and electronic designs were made considering the requirements determined by the Teknofest
competition committee. The mechanical performance and durability simulations of the subsystems were carried out
using Ansys software and it was observed that the design met the critical requirements. A parachute design was
prepared to control the landing of the subsystems of the design. The design of the communication module was also
carried out in accordance with the telemetry package format determined to meet the competition requirements. The
flight control software was developed in both Visual Studio and Arduino IDE environments using C language.
Finally, the ground station interface programme was designed in C# using the .NET platform and Visual Studio
Code environment. The first three phases of the competition were thus successfully completed, but the flight phase
could not be started due to difficulties in meeting the deadlines.
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Abstract

This article presents the critical issue of coal production accidents in Tiirkiye within the last decade, providing a comprehensive
analysis of these accidents to shed light on the safety and challenges of coal production. Beginning with setting the stage for the
inquiry on coal's significance as a primary source of energy, the research compares Tiirkiye and the USA’s coal production sector
accident rates and revealing high contrasts changes within the same period. The past decade underground mine accidents
examinations identified key contributing factors to these incidents, enriched by insights from leading experts specializing in
Occupational Health and Safety (OHS) within the Turkish coal mining sector. Moreover, the analysis of safety measures and
regulatory changes over the timespan, revealed the reactive nature of these amendments rather than proactive, which could have
served in mitigating these accidents or anticipating the hazards responsible for these tragedies. This study concludes with a
discussion of lessons learned from these accidents, proposing a set of forward-thinking suggestions that aim to reduce accident
rates, enhance safety protocols, and prevent future tragedies. This investigation not only illuminates the urgent need for proactive
and preventive strategies in mine risk management but also calls on decision-makers, industry shareholders, and the global
community to put the lives and well of workers in this field above all else. Through the balanced combination of the available
methods used in this research, this article aims to contribute deeply to improving coal production safety standards in Tiirkiye and
the world.

© 2023 DPU All rights reserved.
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Tiirkiye'deki komiir madenciligi kazalarinin analizi: On yillik kazalar

0z

Bu makale, Tiirkiye’de son on yilda meydana gelen komiir iiretim kazalarini ele alarak, bu kazalarin kapsamli bir analizini
sunmakta ve komiir tiretimindeki giivenlik ve zorluklara 151k tutmaktadir. Komiirlin birincil enerji kaynagi olarak dneminin
sorgulanmasina zemin hazirlayarak baglayan arastirma, Tirkiye ve ABD’nin komiir {retim sektorii kaza oranlarimi
karsilagtirmakta ve aym donemdeki yiiksek kontrast degisimlerini ortaya koymaktadir. Son on yilda meydana gelen yeralti maden
kazalar1 incelenerek, bu kazalara énciiliik eden temel faktorler tespit edilmis ve Tiirkiye komiir madenciligi sektoriinde Is Saghig
ve Giivenligi (ISG) alaninda uzmanlasmis énde gelen uzmanlarin goriisleriyle zenginlestirilmistir. Ayrica, s6z konusu zaman
araliginda alinan giivenlik onlemleri ve mevzuat degisikliklerinin analizi, bu kazalarin hafifletilmesine veya bu trajedilerden
sorumlu tehlikelerin Ongoriilmesine hizmet edebilecek bu degisiklikleri proaktif olmaktan ziyade reaktif niteligini ortaya
koymustur. Bu ¢alisma, kazalardan ¢iakrilan derslerin tartisilmasiyla sona ermekte ve kaza oranlarmi azaltmayi, giivenlik
protokollerini gelistirmeyi ve gelecekteki trajedileri 6nlemeyi amaglayan bir dizi ileri goriislii 6neri sunmaktadir. Bu arastirma,
maden risk yonetiminde proaktif ve Onleyici stratejilere duyulan acil ihtiyaca 151k tutmakla kalmayip, ayni zamanda karar
vericileri, sektdr paydaslarmi ve kiiresel toplumu bu alandaki ¢alisanlarin hayatlarini ve refahini her seyin iistlinde tutmaya

cagirmaktadir. Bu aragtirmada kullanilan mevcut yontemleri dengeli bir sekilde bir araya getirilmesiyle, bu makale Tiirkiye’de ve
diinyada komiir iiretimi giivenlik standartlarinin iyilestirilmesine derin bir katki saglamay1 amaglamaktadir.

Anahtar Kelimeler: Kazalar, komiir madenciligi, is saghgi ve Giivenligi, Turkiye, risk yonetimi
1. Introduction

According to the International Labor Organization, nearly 2.3 million individuals, both men and women, globally
lose their lives due to work-related accidents or occupational diseases on an annual basis, which equates to an
alarming daily average of over 6,000 fatalities. The world witnesses approximately 340 million work-related
accidents and around 160 million cases of individuals suffering from occupational illnesses every year, and these
statistics, unfortunately, tend to grow [1].

One of the most accident- prone industries is mining, especially coal mining. Coal plays a crucial role in
numerous industrial procedures and is a fundamental element in 70% of global steel manufacturing, it holds a
crucial position in global electricity production [2]. Currently, coal-fired power stations supply 37% of the world's
electricity, and estimations from the International Energy Agency (IEA) indicate that coal will continue providing
22% of the world's electricity in 2040 [3]. Despite its bad reputation due to the hazardous structure of mining and
processing, coal is predominantly used to produce electrical power and industrial heating. Tiirkiye’s 2022 total coal
reserve estimation is 20.84 billion tons, including 19.32 billion tons of lignite, asphaltite and approximately 1.52
billion tons of hard coal [4], with a total beneficiation, from 800tons traded in the same year, that surpassed 128M $
[5].

The top three countries with the highest fatal occupational accident rate values in the world are India, Russia, and
Tirkiye, which increased substantially in the last decade. Coal production-related activities, which involve
extraction and processing, are one of the riskiest working lines within industries in Tiirkiye [6, 7, 8]. The occurrence
of occupational accidents unfolds at a rate of approximately one incident every 7 minutes, resulting in a tragic loss
of an employee's life roughly every eleven hours, with another employee experiencing disability approximately
every 6 hours [9].

Analysis of the Social Security Institution (SGK) statistical data between 2001 and 2020 shows that the mining
sector in Tirkiye has the highest death rate, with an average of 0.81 per 10,000 employees [10]. Moreover,
according to the Tiirkiye Komiir Isletmeleri Kurumu (TKI), the accident severity rate average between 2013-2022
stands at 0.431, which makes it one the riskiest, if not the riskiest, work in terms of accident severity [11].
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Thus, minimizing or preventing coal production catastrophic accidents demands a long-term commitment to
safety, comprehensive regulations, training, and education, improving community awareness, accountability,
investment in hazard detection technologies and risk management & analysis. Immediate actions are essential to
protect the well-being of workers and minimize the environmental and social impact of such accidents. This study
aims to shed light on the last decade of accidents in the coal production industry, analyzes the root causes of the
incidents, and offer recommendations and insights to support the countermeasures that could prevent any similar
situations from happening in the future.

2. Overview of major accidents
Tirkiye has one of the most severe occupational accidents, which are primarily deadly since the activities in the

coal production line are considered significantly hazardous. Historically, officials and non-governmental
organizations reported a substantial number of accidents (Table 1) [12, 13].

Table 1. Major coal mining accidents in Tirkiye (1992-2012).

Year Location Fatalities Root cause

1992 Kozlu, Zonguldak 263 Firedamp explosion
1995 Sorgun, Yozgat 37 Firedamp explosion
2003 Askale, Erzurum 8 Firedamp explosion
2003 Ermenek, Karaman 10 Firedamp explosion
2004 Bayat, Corum 3 Firedamp explosion
2005 Gediz, Kiitahya 18 Firedamp explosion
2006 Dursunbey, Balikesir 17 Firedamp explosion
2009 M.Kemalpaga, Bursa 19 Firedamp explosion
2010 Dursunbey, Balikesir 13 Firedamp explosion
2010 Karadon, Zonguldak 30 Firedamp explosion
2011 Elbistan, K.Maras 11 Slope failure

As seen in the table, these incidents always leave an enormous number of fatalities which makes a bad reputation
for the coal sector.

The total death toll in the twenty years before 2012, sadly reached at least 429. Whether it was a state agency, a
public participation, a contractor company, or a private company, unfortunately, all these incidents included the loss
of many lives. In comparison with the USA, the mine safety and health administration reported for the same time
period 733 deaths [14] (fig. 1).
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Fig. 1. Coal production fatalities in Tiirkiye and U.S.A through (1992-2012).

When comparing the coal mining sector in Tiirkiye with the USA’s sector through the last ten years, we can
notice a huge difference (fig. 2). For instance, comparing yearly death rates per million tons of coal produced we
instantly observe the high death rates among Turkish coal workers for each million tons. These rates reached
enormous peak (nearly 5 miners for each million tons), in the year 2014 due to the tragic event of Soma disaster,
ranking that year as the highest in terms of occupational fatalities, which have led to increased scrutiny of mining
practices and regulations in the country. Besides, we can clearly see that even with the large production values of the
USA, which attained double of the Turkish ones in some of the years, the fatality rates are incomparable.
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Fig. 2. Tiirkiye and USA coal production and death toll rates within the last decade [15, 14, 16, 17, 18, 19].

In the same context of comparison, when analyzing the incidence rates (IR) in the two countries within the same
time span, we notice a clear difference between the two (fig. 3). We notice an increasing trend toward high numbers
in terms of incidence for 200000 working hours in Tiirkiye’s coal production sector. In contrast, the USA’s
incidence rates trend is miraculously constant and low, given the high production numbers, mentioned earlier.

IR is one of the indicators that can help measure occupational accidents occurrences rates, taking into account
several parameters such as the workforce, their total working hours, and the number of accidents that occurred
during a specific time period. It is calculated as follows:
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Fig. 3: Incidence rates in Tiirkiye and U.S.A coal production sector within the last decade.

Today, Tiirkiye’s production of coal, from the last data available, reached 140 million tons, but the price was 54
workers, unfortunately [4]. On the other hand, the USA coal production attained 539 million tons, with a death toll
that reached 11 workers [14, 20, 18].

According to statistical reports from the Social Security Institution of Tiirkiye (SGK) 104,099 coal and lignite
production-related workers have been exposed to work accidents or occupational diseases within the last decade

(fig. 4) [21].
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Fig. 4. Insured workers having or exposed to occupational accidents in Tiirkiye Coal and Lignite production sector within the last decade.

The statistics for sure show a massive increase in the last couple of years, even though the Turkish mining sector
has faced criticism over the years for its safety standards which, as we can see, still completely insufficient to cope
with the high production levels.
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The same statistics reveal frightening numbers of deaths and permanent incapacity among workers that occurred
due to work accidents related to coal production activities in the same period (fig. 5) [21].

150 1,000

é 110 ]

g 100 &
10 1
2012 2013 2014 2015 2016 2017 201§ 2019 2020 2021 2022

BPermanent incapacity ODeath cases

Fig. 5. Insured workers deceased/permanent incapacity due to occupational accidents in Tiirkiye’s Coal and Lignite production sector within the
last decade.

These statistics reveal that, unfortunately, 786 workers were permanently incapacitated, and a death toll of 568
among workers in the coal and lignite sector within the same period.

Generally, accidents frequency rates (AFR) and accidents severity rates (ASR) are used to get a deeper
understanding and evaluation of the data collected from occupational accidents. To clarify, these rates are used to
measure past performance indicating how repeatably and how severe these accidents were withing a defined
timeframe. To calculate these rates, the following formulas are used:

Total number of accidents

AFR =

x 1,000,000 2

Total exposure hours

Total number of Lost workdays

ASR =

x 1,000 3)

Total exposure hours

AFR & ASR show an increasing trend in recent years, except when AFR reach low values 74.04 accidents for
every million working hours and 78.37 accidents for every million working hours in 2012 and 2015, respectively
(fig. 6). These values are considered to be the lowest within the last decade, yet these values are still very high
compared to other countries. The rate has reached its max in 2022 within the last ten years, according to the last data
available, with more than 127.64 accidents for every million working hours.
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Fig. 6: Coal & lignite mining accidents frequency rates in Tiirkiye within the last decade.

While ASR reached its lowest, 0.875 lost workday per 1000 working hours, in the year 2018. Which is due to the
significant decrease in total days lost within that year. The highest recorded severity rate within the past decade is
surely the last two years, with 1.785 and 1.788 lost workday per 1000 working hours in 2021 and 2022, respectively

(fig. 7).
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Fig. 7: Coal & lignite mining accidents severity rates in Tiirkiye within the last decade.

The chronological summary of the deadliest coal accidents in the last decade, with their key details, are as
follows (Table 2) [13, 19, 22].

Table 2. Chronological summary of the deadliest coal occupational accidents in the last decade.

Year Location Fatalities  Root causes

2012 Soma, Manisa 1 N/A
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2013 Kozlu, Zonguldak 8 Sudden Methane discharge.

2014 Soma, Manisa 301 Firedamp explosion/Toxic gasses.
2014  Ermenek, Karaman 18 Flooding.

2017  Kemer, Antalya 2 Firedamp explosion.

2017  Sirnak 7 Landslide

2017  Kilimli- Zonguldak 2 Roof collapse.

2020 Soma - Manisa 3 Roof collapse.

2022  Amasra, Bartin 41 Firedamp explosion.

Moreover, on 13 Sept. 2023, the disaster and emergency presidency (AFAD) reported that at least one person
passed and 4 were seriously injured after a coal mine collapse in Armutguk, Zonguldak, as 4 other workers were still
trapped under the rubble.

In addition, it's important to acknowledge the minor incidents, which are not the focus of the present work,
however, will be discussed further with insights from the experts and can still significantly impact the health and
safety of the workers involved which contribute to the overall safety record of the mining industry.

All of this gives a clear message that lethal coal mine accidents are still in the picture if not treated properly from
their root causes. It is vital to note that the previous list has only the major occupational accidents reported in the last
decade, however, the number of injuries, traumas, and bad reputation of coal mining especially is immense.

3. Accidents analysis

Coal workers face a range of hazards that make their workplace one of the most dangerous, if not the most
dangerous. The spontaneous combustion and high explosion probability properties of coal make it one of the most
hazardous earth resources to extract and process.

In underground coal mining, the most frequent accidents occur due to collapses, pillar outbursts, firedamp
explosions, gas and dust explosions, blasting and shock waves, roof falls, floodings, transportation and hoisting [23,
9, 24, 25]. Mechanical failure has been a leading contributor to accidents in recent years due to the sensitivity of
features. Poor design of features such as tailing dams, ventilation systems, shaft systems, blasting and explosive
equipment, and transportation machines could also lead to disasters [26, 27, 28].

On the other hand, preparation plants face other types of hazards, these hazards can be fire hazards, chemical
exposure, falling, tripping, slipping, being squeezed under a pile, or hitting a limb while dealing with equipment.
Electric shocks, noise and vibration, coal dust which can cause suffocation and skin issues, or skeletal shocks due to
carrying high loads [29, 30, 6].

3.1. Factors contributing to accidents

According to a study conducted on research trends in mining accidents between 2015 and 2019, the selected
articles were from ten countries, and they managed to identify 57 studies related to mining accidents (fig. 8). Under
the theme of “Main causes of mine accidents”, half of these articles were subdivided into sixteen main causes.
Along with risk management factors (Safety management, Leadership behavior of supervisors, Unsafe behavior, and
Lack of safety training etc.), the statistical results of these research trends show that mechanical failures are the
dominant factor in contributing to accidents in the coal mining industry [31].
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Fig. 8. Main causes of mining accidents in published research (2015-2019).

Investigation on safety culture nowadays is a new area of interest when it comes to accidents prevention by
identifying the influence of the cultural factors, such as safety culture. A group of researchers conducted an analysis
combining OHS reports from five different countries and more than 900 references, representing a 50-year data set.
Their ultimate goal was to respond to the question if/how this concept historically influenced mining accidents. The
themes found to be of potential to provide insights into their role in accidents, are subdivided into two main frames
(a) Individual and (b) Organization, role in safety culture (Table 3) [32].

Table 3: Key safety culture themes related to main frames (a) Individual (b) Organization.

Individual Organization
Attitude Belief
Competence Safety Culture
Norms

Patterns

This analysis identified how the concept of safety culture was framed in the post accidents reports within 50-
years of research, which could provide insights on how each of these themes could contribute to understanding and
preventing future accidents. For instance, the role of an individual in safety culture is influenced by many factors
which consist of the worker’s attitude towards safety, how the worker’s characteristics add to how he should behave,
and his technical competence. On the other hand, the organizational role in safety culture is driven beyond
individuals to the larger context of organizational practices. This context is influenced by the commitment from all
stakeholders to safety through sharing responsibilities, persuaded by the dominant social practices, and attention.

The chronological summary of the major accidents that occurred during the last decade in Tiirkiye, shows that
firedamp explosions, roofs and wall collapses, ventilation problems, and flooding were the direct reasons that caused
these disasters (fig. 9).
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Fig. 9. The proportions on major accidents root causes in the last decade.

When analyzed, the distribution accidents that led to deaths indicate that causes related to gas explosions are the
highest in terms of death toll with a percentage of 90%, which is far from other causes due to its presence in the

Soma and Amasra disasters.

Methane, emitted throughout the coal mining process, encompasses gases released before, during, and after
mining activities, constituting a massive portion of the mine atmosphere. It combines with water vapour, coal or
rock dust, and various hazardous gases, creating a complex and potentially perilous mining environment. The origin
of these gases spans diverse sources within the mine. Factors such as mineral oxidation, wood degradation, oxygen
displacement, and instances like fires and explosions contribute to generating hazardous gases. Among these,
methane (CH4) is a primary concern due to its explosive nature and widespread presence in coal mines.
Additionally, gases like carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (N2), hydrogen sulfide
(H2S), and sulfur dioxide (SO2) pose significant health and safety risks to miners, forming toxic, flammable, or
suffocating gas combinations like firedamp and blackdamp (Table 4) [33, 13].

Table 4. Risks for main toxic gases in mines [9, 34].

Gases

Risks

CH4

Cco

Co2

H2S

02 Shortage

Diesel engines gazes

Explosion, Firedamp and Asphyxiation (Suffocation)
Asphyxia (Suffocation), Explosion

Suffocation

Eye and respiratory infections

Anoxia (lack of oxygen in the body tissues)

Respiratory infections, Lung cancer
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This investigation, along with many others, attributes a large number of accidents to methane, which can be a key
factor in firedamp explosions, with its varying concentrations and conditions creating volatile and potentially
catastrophic environments. This gas emanates from diverse sources within the mine, notably ventilation air, pre-
mining gas drainage, and post-mining areas. Ventilation air, despite containing lower methane concentrations,
significantly contributes to coal mine methane emissions, particularly in gassy coal mines, highlighting its role in the
risk profile of mining operations. These reasons can conceal indirect causes as discussed in studies and accidents
reports, such as [34]:

Poor uncertified electrical equipment, wiring and engines.

Insufficient licensed firefighters, gas detectors, and ventilation in the mine.
Poor safety plan, safety culture and training.

Inadequate safety measurements such as gas measurements.

e Poor control and recording of sensors.

e Untrained and unexperienced personnel supervising critical safety posts.

3.2. Expert Insights

We managed to conduct interviews to get a comprehensive view through the insights that were given by the
experts and decoding the challenges from different perspectives on preventing coal mining disasters. By connecting
our data with insights from experts, which serves as a bridge connecting statistical data of past accidents with the
experiential knowledge of those who confront these risks daily, thus offering a more holistic insights on what the
statistical data couldn’t provide. We asked the experts, from their point of view and experience, three fundamental
questions:

e What are the main reasons for occupational deaths in coal mines?
e What are the main reasons for injuries and loss of limbs in coal mines?
e What are the main reasons for minor accidents in coal mines?

OHS experts, MINER 1 and 2, are leading experts in mining safety with several years of experience in the field,
were interviewed on the 9th of January 2024. They contributed significantly through supervision of occupational
health and safety protocols in the coal company they’re working in.

¢ In response to the first question, MINER 1 stated that, “When fatal work accidents are examined, fortification,
ventilation (underground gases), ground water, methane explosion, accidents with mechanical vehicles, falling,
blocking, decline, public fall, compressed air hit, accidents while exploding dynamite, wagon crash, rope
breaking in descending, etc., accidents caused by electricity or electrical equipment are listed also.” While
MINER 2, added “Multiple deaths are usually due to fuel explosions, coal dust explosion after ignition, collapses,
CO exposure, and falling from heights etc.”

They emphasize on the complex nature of coal mining accidents that causes death or multiple death cases. their
response highlights the relationship between hazardous environmental factors and dangerous human behavior.

e Going to the second question, MINER 1 answers, “The reasons of work accidents causing limb loss and
occupational diseases, along with all the aforementioned reasons, coal dust usually causes occupational diseases,
although the risk of occupational disease is low compared to chemical and biological risks because coal is
organic.”
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They both agreed that “Loss of a limb is caused by movement machines and equipment, for example, belt drums,
chain conveyor jamming, etc.”

MINER 1 adds, “The first precaution, to prevent the formation of dust at the source, it is to prevent dust from
coming up during hole drilling, excavation, and blasting.” In terms of effective preventive measures for these
problems, he remarked, “For this, preventing dust by drilling with wet drilling and preventing dust formation by
using wet tightening cartridge. When dust forms for any reason, effective ventilation is provided as a precaution and
dust is removed from the environment. As a last precaution, the person's exposure is reduced by using a dust mask,
when drilling and blasting, in which workers are mostly exposed to dust, in order to reduce exposure, only the
driller and his assistant are present. Transportation and other persons are kept in another section to ensure that they
are not exposed to dust.” These insights point to the best available precautions from his point of view.

From their point of view, the machinery movement poses a major challenge which requires a high vigilance and
safety culture among workers that are exposed to such risk. However, MINER 1 expressed that the main challenge is
the prevention of coal dust inhalation which can cause Pneumoconiosis problems. He suggested prevention strategy
expresses the complexity of interaction between technological and risk management factors in mining safety. It also
highlights the necessity for a holistic safety approach, resonating with present OHS theories that support modern
risk management practice.

e Lastly, for the third question, they agreed that “When near miss accidents or accidents with minor injuries are
examined, they are usually due to falls due to slippery floor, accidents with hand tools, hit of the air hose,
accidents occurring while fortification, accidents while carrying masts, inclined roads, descended stairs. As well
as filling the wagon while standing, which can lead to waist injury.”

In terms of preventive actions, MINER 1 says, “Following the same logic, precautions are taken with personal
protection first at the source, then in the environment and then in the person. When risks arise from the environment,
those risks can be removed.”

As we can clearly notice that, that these minor accidents usually occur due to the overlooked daily work hazards,
which surely include inadequate maintenance, high complexity of routine operations, and minor technical
deviations. Their responses highlight the crucial significance of minor accidents as an indicator of potential major
risks. The importance of these routine hazards, points to the need for continuous vigilance and regular review of
safety standards and operational procedures in the mines.

3.3. Safety Measures and regulatory changes

The aforementioned tragedies come as a part of a pattern of accidents in Tiirkiye, often attributed to inadequate
safety measures and regulatory supervision in the coal production industry. Occupational health and safety act (No.
6331) from Tiirkiye official newspaper (No. 2833) was accepted and implemented on the 20th of June 2012. Its
purpose was to ensure OHS in workplaces and to improve safety conditions by regulating duties, authorities,
responsibilities, rights and obligations of employees and employers.

The law came with several definitions, from which it defines the work accident as “Any accident that occurs at
the workplace or due to the execution of work , causing death or damaging the integrity of the body mentally or
physically”, risk as “The possibility of loss , injury or other harmful consequences arising from danger”, and Hazard
class “ the hazard group determined for the workplace, taking in account characteristics of work, substances used at
every stage, equipment, production forms and methods, and other work related environment and conditions” [35].

The Ministry of Labor and Social Security published, in the official newspaper (No. 28509) dated 26th of Dec.
2012, an annex listing the workplace hazard classification according to economical activities (Table 5).

Table 5. Hazardous Coal related activities (workplace hazard classes list) [36].
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NACE Rev.2 Code NACE Rev.2 Work Definition Hazard Class

05.10.01 Hard coal mining Very Dangerous

05.20.01 Lignite mining Very Dangerous

19.10.10 Manufacture of coke oven from lignite ~ Very Dangerous
and peat.

19.10.11 Manufacture of coke oven from hard Very Dangerous
coal

19.20.12 Fuel obtained by coal dust pressure Very Dangerous

Coal related activities have always been considered as one of the most, if not the most, dangerous in workplace

hazard classification related to Occupational Health and Safety. Consequently, over the past decade, Tirkiye has
been engaged in the process of reforming its nation's OHS regulatory system, to harmonize it with the regional and
international standards.

29" May 2013 the government issued law (No. 6485) concerning participation in OHS development framework
convention, which was already adopted by the International Labor Organization ILO [37].

19" Sept. 2013, a regulation within the scope of the previous law (No. 6331) on OHS in mining workplaces. This
regulation came with some general obligations of employers and employees, protection from explosion and
harmful ambient air, rescue, communication and warning systems, health surveillance, employee participation,
and minimum health and safety requirements, which was well in this amendment [38].

24™ Sept. 2014, after the SOMA mine disaster a regulation on amending the OHS in mining workplaces, was
published in the Turkish official newspaper number (No. 29129). This amendment brought some additional
articles to the previous regulations concerning evacuation and rescue process [39].

23" April 2015, (Law No. 6645) major changes were made in the decision provisioning related to regulatory laws
of Occupational Health and Safety decrees, such as providing guidance and consultancy to the employer on
issues related to OHS, accountability of employers who exposes employees to fatal work accidents, suspension of
workplaces that didn’t change conditions after work accidents occurred [40].

24™ March 2016, the ministry of Labor and Social Security made some changes to OHS regulations in the official
newspaper (No. 29663), tackling the enforcement of a tracking and monitoring system of employees during their
presence in the workplaces, some new definitions of equipment and materials, and some details concerning
escape and rescue plans [41].

18™ Sept. 2017, another regulatory changes (No. 30244), from the Ministry of Labor and Social Security, was
published. These changes were concerning technical materials within the mines that may ignite fires and
explosions, dealing with certain rescue and evacuation situations and their alternatives [42].

24™ May 2018, new regulatory amendments were introduced in the official newspaper number (No. 30430), on
the principles of regulations regarding procedure of OHS training of employees. This amendment insists on
issues such as OHS training of employees, ensuring their participation by recording and documentation reports of
training workshops, emphasizing on the responsibility of employers/sub-employers providing OHS training to
their employees. It even defined the minimum training time requirement assigned for each level of hazardous
workplaces [43].

From that time until now there was no significate amendment or regulations regarding the occupational health

and safety, which causes Turkish mining sector to face criticism over the years for its safety standards. Tragic events
like the Amasra, Bartin Province mine explosion in lately, have led to increased scrutiny of mining practices and
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regulations in the country. The accidents often lead to calls for improved safety measures, better regulation, and
more stringent enforcement of existing laws to protect miners.

4. Lessons learned and recommendations

Preventing or limiting coal-related activities and accidents demands a long-term commitment to safety,
comprehensive regulations, training/education, improving community awareness, accountability, investment in
hazard detection technologies and risk management strategies to be implemented.

The preventive actions should start from the root of all administrative and regulatory failures. Implementing and
rigorously enforcing robust safety regulations specific to coal mining and processing operations. These regulations
should address areas such as ventilation, equipment maintenance, hazard identification, and safe work practices.
Moreover, according to the analysis, employees working in the coal mining industry were found to be one the
topmost exposed to work accidents and fatality numbers in this particular industry cannot be tolerated. Lessons
collected from each incident highlight the critical need for a multifaced approach regarding the enhancement of
safety standards. Besides, as we can notice clearly from the measures and regulatory changes section, that
regulations and amendments are exclusively implemented almost predominantly after the occurrence of a tragedy,
such as SOMA, rather than as pre-action mitigation measures which revels a reactive rather than proactive approach
in managing risk. Even though it is commonly used in many industries and countries, the reactive approach is
increasingly considered as outdated in risk management practices.

Compliance with international occupational health and safety standards such as OHSAS 18001 and recent
standards such as 1SO 31000 & 1SO 45001, which describes a more advanced management system than OHSAS
18001, with terms, definitions, roles, and scope defined more clearly. The standard's compliance with other
management system standards such 1SO 9001 and ISO 14001 will provide a great advantage for organizations. 1SO
45001 establishes an organizational context, which describes factors (external and internal) that can affect the
organization's overall responsibility for OHS in a positive or negative sense. Moreover, the updated standard
emphasis on the planning aspect within this section, specifying that organizations are to precisely plan control
measures by delineating risks related with both routine and non-routine activities [44]. Furthermore, performance
evaluation is previously mentioned in the 1SO 18001, but it was highlighted in the new standard that monitoring &
performance documentation should be crucial to organizations [45].

Developing and implementing comprehensive training and education programs for coal miners is imperative.
These programs should not only cover the fundamental aspects of identifying risks, safe machinery operation, and
effective emergency response but also delve into advanced techniques and evolving industry best practices.
Moreover, specialized skill enhancement modules should be incorporated into these programs, focusing on specific
roles and responsibilities within the mining environment. A study on the relationship between coal workers
subjective wellbeing and unsafe behavior concluded that the wellbeing of miners plays a significant role when in it
comes to unsafe behavior in terms of, positive, negative emotions and life satisfaction of miners [46]. An
investigation of learning needs in the mining industry concluded that, training interventions prepared in the three
considered macro-areas with the aim of increasing knowledge, skills, and attitudes on not only a strictly cognitive
and technical scientific level, but also socio-psychological level which have been confirmed to be of crucial
significance when it comes to coal mining accidents. This approach translates into a skills development plan,
wherein socio-constructivist strategies and methodologies will be implemented, with a particular focus on the
proactive engagement of workers in their educational journey [47].

Engaging with local communities to raise awareness about the potential risks associated with coal mining and
processing, emphasizing the importance of safety measures and the role of the community in supporting a safe
working environment. A study analyzed work accidents and occupational diseases occurring in the mining sector in
Tirkiye, identified that, in recent years, both governmental authorities and employers have undertaken notable and
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promising initiatives aimed at mitigating work-related accidents in the mining sector. Particular attention has been
dedicated to increasing safety measures and promoting safety-oriented culture within mining operations.
Consequently, a noticeable but modest trend towards a reduction in work-related accidents has been observed. To
augment this positive trend, the authors put forth some recommendations designed to increase the decline in work-
related accidents [48].

In terms of accountability, the penalty and reward approach which typically refers to a mechanism of
consequences and motivations designed to encourage safety and prevent such tragedies especially for coal mining
companies. A study from China found that static penalty approach has a clear impact in promptly decreasing safety
hazards and enhancing the immediate state of coal-mine safety production. On the other hand, the dynamic penalty
strategy proves effective as mitigation measure and to lower safety risks coming from uncertainty [49].
Alternatively, it’s of major importance to have the balance between imposing punishment for violations and
disobedience of safety regulations while keeping rewards that motivate those who encourage positive safety
behaviour. A group of researchers conducted an analysis of coal safe production under a tripartite evolutionary game
model to provide ultimately a reference for an effective reward and punishment mechanism. They found that
governmental rewards for coal mining enterprises encourage them to adopt safe production methods,
simultaneously, the increase in rewards for local governments boosts the probability of strictly implementing coal
safety supervision policy. Moreover, punishment of enterprises for unsafe actions and rent-seeking behaviour of
local governments, with an increasing number of fines on both, leads to raising the local government’s sternness in
implementing safety supervision. Furthermore, increasing sales revenue and rent-seeking costs can lead also to the
implementation of coal safe production [50].

Investments in state-of-the-art monitoring and sensing technologies to continuously assess conditions in mines,
including gas levels, structural stability, and air quality, and remember early detection of potential hazards is critical
for accident prevention. A case study on, the use of sensors in occupational health and safety applications, it was
remarkably observed that the utilization of sensors in post-accident risk assessments, employing the 5x5 L-type
matrix method, resulted in a significant 75% reduction in the probability of work-related accidents [51].

Risk management and risk analysis protocols are vital, preventing coal mining and processing accidents. This
requires conducting thorough risk assessments to identify and evaluate potential hazards within the mining and
processing operations. Risk analysis is practical approach in the sense that it deals exclusively with potential
accidents, which is the opposite to an accident investigation, which is a reactive approach that seeks to determine the
causes and circumstances of accidents that have already happened. Integrating risk management and risk analysis
into the training and education programs for coal miners. Again, as we mentioned in the training and education
preventive measures, this empowers workers to recognize and respond to potential risks effectively [52]. This
assessment needs to be integrated in any project plan that involves any level of occupational risks and should
encompass geological, mechanical, and operational factors that may pose risks to worker safety. Developing and
implementing risk mitigation strategies based on the findings of the risk assessment. This includes engineering
controls, administrative measures, personal protective equipment to reduce the likelihood and severity of accidents,
continuous monitoring mechanisms to assess the effectiveness of risk mitigation measures and to adapt to evolving
risk factors, and strategies for preventing similar incidents in the future, by analyzing root causes to identify the
underlying factors and systemic issues that contributed to the incident.

The mentioned recommendations come as part of the commitment that coal mining companies, central
government, local communities, and workers in the coal production field, should comply with the ultimate aim to
increase vigilance, improve coal labor conditions, and prevent forthcoming tragedies.
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5. Conclusion

This study presents an analysis of coal mining accidents in Tirkiye, with the main focus on the last decade
(2012-2023), which have highly impacted the reputation of the coal sector negatively. It sheds light on major
accidents such as Soma mine disaster, towards minor incidents, which remind us to take serious actions towards the
prioritization of safety in coal mining and processing operations.

The historical overview on major accidents revealed that coal fatalities is not to be considered as recent issue,
shocking numbers in terms of fatalities were presented only in the twenty-years before 2012, more than four-
hundred workers, unfortunately, lost their lives. As in the same period, U.S.A’s fatality rates were twice more.
However, in recent years, even though with the increase of coal production from the U.S.A which triples Tiirkiye’s
production, the number of fatalities is less than the one observed in Tiirkiye. Which questions the application of
safety protocols, standards, and the challenges of safety culture.

The analysis of these accidents revealed multiple factors contributing to the list of root causes. It revealed that
ninety percent of these incidents were directly caused by firedamp explosions, which has a long history of being the
main trigger of these accidents as we seen in the previous years. The rising of gas content in underground mines
produces the necessity to increase airflow rates. This points out the need for more adequate and well-designed
ventilation systems that should be considered prior to exploitation phase, during mine development stage. Besides, if
the need increases production plans should be modified based on the ventilation requirements. In addition, floodings
and roof collapses come in minor percentages. Moreover, other direct and indirect causes, as mentioned in multiple
sources, for instance, mechanical failures, poor safety management, lack of safety culture and poor design of
mechanical parts, contributed to such accidents. It stretches also to other indirect factors that represent the concept
of safety culture which can be grouped as organizational and/or personal factors. From this point, we tracked the
regulatory changes that may have occurred in response to these accidents. We found that the foremost general nature
of these regulations and amendments were reactive rather than the proactive approach, which serves as a pre-
occurrence action to prevent such disasters in the future.

Finally, this study discusses a set of future recommendations drawn from the lessons learned of similar situations
and investigations, to ensure the fostering of a strong safety mentality that should be adopted by workers in this
field, governmental branches, and stakeholders. Again, following these suggestions from the proactive
implementation and enforcement of safety regulations, compliance with the safety international standards,
enforcement of safety education on companies, raising safety awareness among workers and local communities,
investments in monitoring and safety technologies, to the development of risk management practices, can draw the
way for a secure and more sustainable environment for all of those working in the coal production industry in
Tiirkiye.
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