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EDITOR NOTU / Editor Note

Journal of Scientific, Technology and Engineering Research,
miithendislik uygulamalarinin tiim akademik ve teknoloji odaklh
taraflara ulastirilmasi amacina yonelik olarak yayinlanan dergimiz
ikinci yilin1 da tamamlamis olup, 110 farklh iilkeden
arastirmact tarafindan ziyaret edilmis ve farkh
lilkelerden makale basvurusu alarak uluslararast
akademik dergi oldugunu percinlemistir. gostermistir.

JSTER, vyerli ve yabanci arastirmacilara, bilim, teknoloji ve
miithendislik  alanlarindaki calismalarin1i  ve  emeklerini
gostermeleri acisindan kendilerini ifade etme sansi veren bir
platfom olmustur. Bilim, Teknoloji ve Miihendislik Arastirmalar:
Dergisi, hedefledigi misyonu dogrultusunda kalitesinden 0diin
vermeden yoluna devam etmeyi siirdiirecektir.

Journal of Scientific, Technology and Engineering Research has
completed its first year published for the purpose of delivering
engineering applications to all academic and technology-oriented
parties, and its website has been visited by researchers from 78
different countries and has shown that it has attracted close
attention.

JSTER has been a platform that gives local and foreign
researchers the chance to express themselves in terms of showing
their work and efforts in the fields of science, technology and
engineering. Journal of Science, Technology and Engineering
Studies will continue on its way without compromising its quality in
line with its mission.

Dr. Mehmet BULUT

Kapsam / Scope

Dergide yayimlanan makaleler, izin alinmaksizin hicbir sekilde bagka bir
yerde yayimlanamaz veya konferans, seminer, kongre gibi yerlerde bildiri
olarak sunulamaz. Makalelerin bir kismi veya tamami, ancak dergimiz
kaynak gosterilerek kullanilabilir.

Articles published in the journal may not be published elsewhere without
permission or can not be presented as a paper in conferences, seminars,
congresses. Some or all of the articles can only be used by citing our
journal.

Yayin Dili / Publishing Language

Dergide yaymlanacak makalelerin yayin dili olarak, Tiirkce ve ingilizce
dillerinde yazilmis makaleleri yayinlamaktadir.

As the publication language of the articles published in the journal, it
publishes articles written in Turkish and English.

ilim algakta olanlari yiikseltir, ilimsizlik de yiiksektekileri alcaltir.
Knowledge uplifts the low, ignorance lowers the high.
Hz. Ali (r.a)
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Big Data Studies in Combating the Covid-19 Virus Outbreak:

The Case of China
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HIGHLIGHTS

GRAPHICAL ABSTRACT

= This  article is a
compilation of Al studies
applied in China against
Covid-19

= Studies in this topic has
been gathered and
compiled differently.

= The portion of big data
infrastructure and Al apps
in China

® This article is a good
source as a compilation of
the literature regarding
China case

Keywords:

The coronavirus epidemic has greatly affected lives by causing radical changes all over the
world. It has caused changes in a variety of areas, from the way of working and education,
communication and interaction methods, shopping behavior of people. China has actively used
smart technologies such as big data, artificial intelligence, cloud computing, blockchain, 5G
to fight the coronavirus. Companies made their algorithms public, researchers shared data.
Companies have also increased access to important video streaming tools for educators and
remote workers. While its effects are continuing under various restrictions all over the world
and the effects of the second wave are heavy in many countries, the epidemic has been brought
under control in countries such as South Korea, Singapore, Taiwan and especially China, and
life almost completely returned to normal. In this research, it is aimed to investigate how the
big data and artificial intelligence studies which have been applied in China are used to fight
against the pandemic and the situation is taken under control by the installation of digital

infrastructure, the analysis and monitoring of the data provided by the sensors and cameras.
: ——

= Coronavirus

= Covid-19

= Epidemic

= Big data studies

= Artificial intelligence
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Aim of Article: It is aimed to research how China prevented Covidl9 viruses’ spread in just a few
months by artificial intelligence using big data.

Theory and Methodology: The experimental method or theory of this study is mixed methodology
which includes case studies, participant and non-participant observations, observational trials.

Findings and Results: China has succeeded in collecting big data, processing the collected data with
the help of artificial intelligence and producing meaningful interpretations, creating a technological
ecosystem by keeping a whole structure consisting of drones, autonomous vehicles, health institutions,
cameras and sensors in communication thanks to the internet of things.

Conclusion: China is ahead of almost all countries in the world in the war with the pandemic.
Therefore, other countries have a lot to learn from China's data-driven crisis management assessment.
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ONE CIKANLAR

Bu makale Covid-19’a karsi Cin’deki yapay zeka uygulamalarini iceren bir derlemedir.

Bu konuda yapimis ¢calismalar derlendi ve farkl bir sekilde yorumlandi.

Bu makalede Cin deki biiyiik veri altyapisinin yapay zekayr besleyerek salginla miicadelede payma yer verilmigtir.
Bu makale Cin drnegi igin iyi derlenmig bir kaynaktir.

Makale Bilgileri /Article Info OZET

Gelis Tarihi :02.03.2021
Kabul Tarihi : 24.04.2021
Yayim Tarihi: 12.21.2021

Koronaviriis salgini, biitiin diinyada kéklii degisikliklere sebep olarak bireylerin hayatini biiyiik
olciide etkiledi. Calisma ve egitim sekillerinden, iletisim ve etkilesim yontemlerine, alisveris
davranislarina kadar ¢esitli alanlarda degisikliklere sebep oldu. Cin, koronaviriisle savasmak igin
biiyiik veri, yapay zeka, bulut bilisim, blok zinciri, 5G gibi akill teknolojileri aktif olarak kullandi.
Sirketler algoritmalarini halka acik hale getirdi, arastirmacilar verileri paylasti. Sirketler,
egitimciler ve uzaktan ¢alisanlar icin énemli video yaywn araglarina erisim olanaklart artirildr.
Etkileri hala biitiin diinyada ¢esitli kisitlamalar altinda devam ederken ve bircok iilkede ikinci
dalgann etkileri agir bir sekilde seyrederken, Giiney Kore, Singapur, Tayvan ve ozellikle Cin gibi
tilkelerde salgin kontrol altina alindi ve neredeyse hayat tamamen normale dondii. Bu ¢alismada,
Cin’de uygulanan biiyiik veri ve yapay zeka ¢alismalarinin salginla miicadelede nasil kullanildig:
ve durumun dijital altyapr kurulumu, algilayicilarin (sensérlerin), kameralarin sagladigi verileri
analizi ve takibi ile kontrol altina alindigi incelenmektedir.

DOI: 10.5281/zenod0.4718426
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o ¢Oziimlerle iligkili zorluklar ve sorunlar belirtilmistir.

I. GIRIS[INTRODUCTION]
Yeni tip koronaviriis vakasi, ilk olarak Aralik 2019'da
Cin'in Hubei (Wuhan) kentinde ortaya ¢ikmistir. COVID-
19 salgin1 diinyanin 214 iilkesine ve bdlgesine yayildi ve
giinliik hayatimizin her yoniinii 6nemli 6l¢iide etkiledi. Bu
calismanin yapildig: tarih itibariyle, [1] diinya genelinde

Yeni tip koronaviriisiin neden oldugu COVID-19, diinyay1
sadece saglik hizmetleri alaninda degil, ayn1 zamanda
egitim, ulagim, politika, tedarik zinciri gibi insan hayatinin
bircok alaninda da Onemli Olglide degistirdi. Yeni
koronaviriise karsi savasin liderleri olarak Diinya Saglik

76.4 milyon pozitif vaka, 1.688.574 6liim raporlandi. Bu

makalede, Cin devletinin COVID-19 salginiyla
miicadelede ne gibi yapay zekd uygulamalarindan
faydalandigi, biiyiik veriden nasil faydalanmldigi

incelenmistir. Yapay zekd ve bilyilk verinin 6nemine
vurgu yapilan bu ¢alismada, COVID-19'a kars1 savagmay1
amaclayan uygulamalardan bahsedilmis, son teknoloji

Orgiitii (WHO) ve Hastalik Kontrol ve Onleme Merkezleri
(CDC) bir dizi kamu tavsiyesi ve teknik kilavuz yayinladi
[2][3]. Ulusal hiikiimetler ve biiyiik sirketler arasindaki is
birligi ve cabalarin COVID-19 salgiminin yayilmasidan
kaynaklanan riskleri 6nemli 6l¢iide azaltmasi bekleniyor.
Ornegin, Google, koronaviriis haritas1, en son istatistikler
ve sik sorulan sorular gibi yararl bilgilerin paylasildig: bir
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COVID-19 portalin1 [4] kullanima sundu. Ayni sekilde
Microsoft da benzer bir veri tabam [5] hizmete sundu.
Diger bir 6rnek, IBM, Amazon, Google ve Microsoft'un
Beyaz Saray ile birlikte koronaviriisle ilgili arastirmalar
icin bir siiper hesaplama sistemi gelistirmesidir [6].
Pandemiye yanit olarak, bazi yaymecilar artik COVID-19
benzeri viriisle ilgili makalelere, teknik standartlara ve
diger belgelere iicretsiz erisim sunarken, arXiv, medRxiv
ve bioRxiv gibi web arsiv hizmetleri de COVID-19 ile
ilgili tim belgelere ulasilmasi i¢in hizli bir baglanti
olusturmustur [7]. Yapay zeka (Al) ve biiyiik veri, simdiye
kadar bilgisayar bilimi, bankacilik, tarim ve saglik
hizmetleri gibi g¢esitli alanlarda birgok uygulamada
bulundu. Cin’de 19 Aralik 2020 tarihi itibariyle 86.806
pozitif vaka, 4.634 6liim 81.865 iyilesen hasta tespit edildi.
Salgin baslangicindan sonra 14.108 pozitif vaka ile pik
yaptig1 tarih 12 Subat 2020’dir (Sekil 1). Oliimler ise
4.632 olim ile 19 Nisan 2020 tarihinde pik yapmustir
(Sekil 2). Makalenin yazildig1 bu tarihe kadar ise Cin’de
yeni vaka ve 6liim goz ardi edilecek kadar az oldugu icin
yok sayilmaktadir. Cin devletinin, ilk vaka Wuhan’da
¢ikt1g1 halde biitiin diinyadan 6nce bunu nasil bagardig ve
2.dalgaya dahi yakalanmadan siireci yonettigi merak
konusu olmustur.

Gunlik Yeni Vakalar

@  cunlikvakalar 3 ginlitk hareketl ortalama -+ 7giinlik hareketli ortalzma

Sekil 1. Cin’de Giinliik Vakalar (19 Aralik 2020) [1]

Gin'daki Toplam Blim
(Linger lgek]

Sekil 2. Cin’de Goriilen Oliimler (19 Araltk 2020) [1]
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Il. LITERATUR CALISMASI [LITERATURE STUDY]

A. Tarihte Salgin Hastaliklar

Insan veba vakalar1 c¢ok eski zamanlardan beri
bilinmektedir. Ik veba kaydi, Incil'de (I Samuel, V ve VI)
anlatilan MO 1320'de Filistliler arasinda bir salgindi. Son
iki bin yilda, veba yaygin hale geldi ve birgok pandemi
sirasinda ¢ogu kitada ¢ok sayida tilkeyi etkiledi.
Justinianus salgini olarak bilinen ilk veba salgin1t MS 542
ile MS 546 arasinda meydana geldi ve Asya, Afrika ve
Avrupa'da salginlara neden oldu. Yaklasik 100 milyon
magdur oldugu tahmin ediliyor.

Ikinci veba salgmi, on dordiincii yiizyilin ortalarinda
ortaya ¢ikan (1347-1350) "Kara Olim" olarak tanminan
vebadir. Bu salgin, sonraki yiizyillarda Avrupa ve
Afrika'y1  kasip kavuran bir dizi veba salgiminin
baslangicrydi.

Ugiincii salgin 1894'te Kanton ve Hong Kong'da basladi
ve ticaret filolarindaki yavas hareket eden yelkenli
gemilerin yerini alan daha hizli buharli gemilerdeki fareler
tarafindan hizla tiim diinyaya yayildi. 10 yil i¢inde (1894—
1903) veba, bes kitada 77 limana girdi. Veba bir¢ok iilkede
yayginlagti. Hindistan'da 1898'den 1908'e kadar 6
milyondan fazla 6liim oldu [8].

20. yiizyilda ortaya ¢ikan ve Covid-19 viriisiiniin temelini
olusturdugu belirtilen, Ispanyol Gribi 1918-1919
yillarinda milyonlarca &liime sebep oldu. ispanyol gribi,
tarihteki pandemilerin en biiyligii olarak bilinmektedir.
1918 yilinda 1. Diinya Savasi etkisiyle yayilimimi
artirmugtir [9]. Sekil 3’te Ispanyol Gribi dénemindeki
maske takan bir grup insan goriilmektedir.

Sel 3. Ispanyol Gribi doneminde maske kullanimi [10]

B. Koronaviriis (Covid-19)

COVID-19 bir betakoronaviriis olan siddetli akut solunum
sendromu yeni tip koronaviristen (SARS-CoV-2)
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kaynaklanir. Yeni vaka sayis1 hala ¢ok biiyiik, glinde
yaklagik +440.000 yeni vaka ve +7.000 oli ile 6lim
oran1% 2.2'dir (22 Aralik 2020 itibariyle). Kiiresel egilim
Sekil 4’te goriilmektedir. COVID-19'un ciddi durumu
nedeniyle DSO (Diinya Saglik Orgiitii), COVID-19 risk
degerlendirmesini en yiiksek seviyeye ¢ikardi ve pandemi
olarak ilan etti.

Kiiresel COVID-19 Egilimi
Vaka: 77,532,568 | Oltm: 1,705,912 | iyilegen: 54,129,411

Sekil 4. Kiiresel COVID-19 egilimi (22 Aralik 2020) [11]

COVID-19’un diinya iizerindeki carpict etkisi olarak
COVID-19 salginina kars1 savagsmak i¢in bircok ¢6ziim
girisiminde  bulunuldu. Hiikiimetler temel olarak
pandemiyi durdurmaktan sorumludur, Ornegin
enfeksiyonun yayilmasini sinirlamak icin kisitlamalarin
ilan edilmesi, saglik sisteminin salginla bas edebilmesini
saglamak ve wulusal ekonomi Tizerindeki etkileri
hafifletmek icin kriz paketi saglamak ve COVID-19
durumuna gore uyarlanabilir politikalar benimsenmesi
gibi topluma maddi ve manevi katki saglayacak aksiyonlar
almak durumundadir. Ayn1 zamanda, halka acik yerlerde
maske takilmasi, ellerin sik yikanmasi, sosyal mesafenin
korunmasi ve en son bilgilerin bolge saglik merkezine
bildirilmesi i¢in halk saglikli kalmaya ve baskalarini
korumaya tesvik edildi. Ote yandan, COVID-19 ile ilgili
arastirma ve gelistirmeye artitk Oncelik verilmistir.
Hiikiimetler, endiistriler ve akademi gibi cesitli
paydaslardan ozel ilgi gdrmiistiir. Ornegin, yapilan
aragtirmalar COVID-19 salgminin kiiresel tedarik zinciri
tizerindeki biiyiik etkilerini gosterdi ve siirdiiriilebilirlik,
istikrar, saglamlik ve esneklik dahil olmak iizere tedarik
zincirlerinin farkli yonlerini degerlendirdi. COVID-19
koronaviriisii i¢in etkili bir ag1 ve tibbi tedavi gelistirmeye
yonelik kiiresel girisimin yani sira, bilgisayar bilimi
arastirmacilart COVID-19 ile miicadele i¢in ilk cabalari
gosterdi. Yapay zekanin ve cesitli alanlardaki biiyiik
verinin muazzam basarisindan motive olarak, COVID-19
koronaviriis hastaliginin {istesinden gelmek i¢in yapay
zekaya ve biiyiik verilere dayanan son teknoloji ¢oziimler
ve yaklagimlar sunulmaya baglandi [12].
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C. Biiyiik Veri

Biiyiik veri kavrami 1990 yilinda ortaya atilmig ve bu
tarihten itibaren sanayideki ve akademideki giderek artan
bir egilim izlemistir. Nesnelerin internetinin ve
teknolojinin son yillardaki hizli biiyiimesi ile birlikte hem
yazilimsal gelisimin hem de donanimsal gelisimin
hayatimizin her alaninda kullanilmasi diinya {izerinde
toplanan biiyiik verinin hacminin artmasinda biiyiik rol
oynamaktadir. Biiyiikk verinin hizli biiylimesi depolama,
isleme, analiz etme ve yorumlama gibi problemleri de
beraberinde getirmistir. Bu baglamda biiyiik veri kavrami
hem veriyi hem de beraberinde getirdigi teknolojiyi,
sorunlar1 ve yontemleri de barmdirir. Biiyiik veri tanimim
yaparken bes farkli karakteristik 6zellikten bahsetmek
gerekmektedir [13].

e Hacim: Bu 6zellik, verinin biyiikliigiinii,
miktarin1 ifade eder. Genel olarak terabayttan
eksabayta kadar degisebilen birimlerle ifade
edilmektedir.

e (Cegsitlilik: Bu o6zellik, biiyiik verinin gesitliligini
ifade eder. Ornegin, giyilebilir cihazlardan
saglanan saglik wverileri, mobil cihazlardan
saglanan veriler, saglik sektorii c¢alisanlariin
girdileri, internete bagli olan tibbi cihazlardan
saglanan veriler, sosyal medya verileri, otonom
sistemlerden saglanan veriler, sokak kameralari ve
termal kameralardan saglanan veriler gibi birgok
farkli alandan heterojen bir veri akist
bulunmaktadir. Veriler, yapilandirilmis veya
yapilandirilmamug tiirlerde bulunmaktadir.

e Hiz: Bu ozellik, veri iiretme hizini ifade eder.
Veriler siirekli akmaktadir ve akan verilerin
degerlendirilerek yorumlanmasi gerekmektedir.
Ornegin, saghik sektoriindeki veri iiretme hiz,
saglik durumunu takip etme veya teshisin hizl
konmas1 gibi durumlar i¢in biiyiik Onem
tasimaktadir.

e Dogruluk: Bu &zellik verinin kalitesini, Veri
tizerindeki sipheyi ifade eder. Veri kalitesinin
yilksek oranda olmamasi yanlis Kkararlar
verilmesine yol agabilir.

e Deger: Biiyiik veriler sonu¢ olarak bir katma
degere sahip olmalidir. Ortaya ¢ikacak verilerin
yukarda belirtilen ozelliklerle birlikte
gelistirilebilir olmasi beklenmektedir. Buna gore
kurulacak altyap1 ve donanim yatirimlarina karar
verilebilmektedir.
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1) Koronaviriis ile Miicadelede Biiyiik Veri

Biiyiik verilerin koronavirlis gibi bulasici hastaliklarla
miicadelede yardimci olmaktadir. Yapay zeka analitigi ile
birlesen biiylik veri, salginin tahmin edilmesi ve takibi,
viriisiin ~ yapisi,  hastaligin  tedavisi,  vakalarin
izlenebilirligi, bulas takibi ve as1 iiretimi agisindan
koronaviriisiin anlagilmasina yardime1 olmustur. Ornegin,
yapay zeka tabanli donamimlarla iligkili biiyiik veriler,
salgin tahmini i¢in koronaviriis veri akiglarini kullanarak
karmasik benzetim modelleri olusturabilir. Bu, saglik
kuruluslarinin koronaviriis yayilmasini izlemesine ve daha
iyi 6nleyici tedbirler hazirlamasina yardimci olmustur. Bu
modeller erken tespit icin biiylik miktarda veriden
yararlanma konusundaki veri toplama yetenegi sayesinde
gelecekte koronavirtis salgint  tahminini de
desteklemektedir. Aym1 zamanda biitiin diinyanin veri
tabanlarim1 birbirine agarak giivenilirlik orami yiiksek
kapsamli tedavi ¢oziimleri gelistirmek igin yapay zeka
gelistirilerek koronavirlis arastirmalarinin verimliliginin
ve hizinin artmasimi desteklemektedir. Biiyiik veri ayni
zamanda saglik sektoriindeki teshislerin daha dogru
yapilmast ve ast/ilag gelistirilmesi ve tedavilerin daha
dogru wuygulanmasi igin virlis gelisimini anlamada
yardime1 olmaktadir [13].

Biiyiik veri analitiginin, koronaviriis veri kesfi gibi diger
bilgileri ve faydali gizli kalmig bilgileri kesfetmek igin
biiylik hacimli veri kiimelerini toplama ve analiz etme
siireci oldugu vurgulanabilir. Yapay zeka koronaviriis
belirti siiflandirmalar1 gibi olasi sonuglart dgrenmek,
siniflandirmak ve tahmin etmek i¢in bir makinenin islevini
taklit edebilen insan zekasi olusturmak amaciyla mantik
ve akil ylriterek uygulamayr amaglamaktadir.
Koronaviriis salgintyla miicadelede her teknolojinin
potansiyel uygulamalar1 bir dizi pratik kullanim 6rnegi
araciligtyla asagidaki boliimlerde acgiklanacak ve
tartigilacaktir.

2) Koronaviriis ile Miicadelede Yapay Zeka

Yapay zeka, bilgisayar bilimi bagligi altinda toplanan,
makine 6grenmesi ve derin 6grenmeyi kapsayan ana bilim
dalidir. Yapay zeka giiniimiizde bir¢ok alanda birbirinden
farkli uygulama ile siirekli gelismeye devam etmektedir.
Giiniimiizde var olan teknolojilerden bahsetmek gerekirse,
otomotiv endiistrisinde otonom araglar, saglik sektoriinde
tibbi teshis ve teletip uygulamalari, siber giivenlik
sistemleri, finans sektdriinde yazilimlar, goriintii isleme ve
sesli komutlarin yaziya aktarilmasi da birer yapay zeka
ornegidir. Makine 6grenmesi, sistemlerin algoritmalar ve
veri kiimeleri dahilinde kaliplar1 tanimasini ve ¢dziim
kaliplar1 gelistirmesidir. Makine &grenmesinde yapay
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bilgi deneme yoluyla iiretilir yani sistem oncelikle insanlar
tarafindan algoritmalar ve veriler ile beslenmelidir. Derin
Ogrenme ise insan sinir sisteminden ilham alarak yapay
sinir aglar1 ile Ornekler iizerinden insana en yakin
O0grenmeyi saglayan yapay zeka yaklagimidir. Daha basit
temsillerden 6grenerek karmasik sistemleri ¢ozebilir [13].
Ornegin, bilim adamlar1 “ilacin yeniden kullanilmas1” i¢in
mevcut ve ticari ilaglart belirlemek yani pozitif hastalara
hemen uygulanabilecek mevcut ilaglar1 kullanarak hizli bir
ilag stratejisi bulmak icin bir derin 6grenme modeli
gelistirdi. Bu ¢alisma, yeni gelistirilen ilaglarin piyasaya
stirlilmeden Once basartyla test edilmesinin genellikle
yillar almasi gerceginden kaynaklanmaktadir. Bu
calismadaki bulgular su anda klinik olarak onaylanmamis
olsa da koronaviriis hastaligiyla miicadelede yeni veriler
olusturmaktadir. Bilgisayarli tomografi (CT) goriintii
isleme icin derin 6grenme kullanilan ¢alismada, 499 CT
hacmi ile egitim ve 131 CT hacmi lizerinde test yaparken
Onerilen derin 6grenme modelinin 0,840 pozitif tahmin
degeri ve 0.982 negatif tahmin degeri ile 0,901 dogruluk
degeri elde edebilecegi gosterilmigtir. Bu ¢aligma
sayesinde vakalar1 zamaninda teshis ve takip ederek
karantinaya alma ve tibbi tedaviye baglama siiresini
hizlandirmistir. Bir diger 6rnek ise, Cin’deki koronaviriis
salgininin gergek zamanli tahmin dinamiklerinde (or.
Enfekte vakalarin sayisi, sona erme siiresi ve salginin
seyri) yapay zekanin (yani otomatik kodlayici tabanl bir
yontem) kullanilmasidir [13]. Onerilen yapay zeka tabanli
yaklagimin yiikksek dogrulugu, COVID-19 salginmnin
izlenmesiyle birlikte saglik ve politika stratejilerinin
iyilestirilmesine yardimci olur. Bahsedilen uygulamalarin
yani sira COVID-19 viriisiiniin aragtirma ve gelistirmesini
hizlandirmak igin arastirmacilar, doktorlar ve bilim
adamlarinin etkin bir sekilde desteklenebilmesi i¢in dev
teknoloji sirketlerinin katkisina ihtiya¢ vardir. Son
zamanlarda IBM, COVID-19 ile ilgili arastirma
makalelerinin bir koleksiyonu olan COVID-19 agik veri
kiimesi (CORD-19) iizerinde egitilmis bulut tabanli bir
arastirma kaynagi sagladigini duyurdu [14]. Ayrica IBM,
ilac kesfi i¢in Onerdigi yapay zeka teknolojisini
benimsemistir ve bu teknolojiden 3000 yeni COVID-19
molekiiliiniin elde edildigi resmi olarak rapor edilmistir
[15]. Diger bir destek ise COVID-19 ile ilgili aragtirma
onerilerine agik olan COVID-19 HPC Konsorsiyumunun
[16] gelistirilmesiyle Beyaz Saray Bilim ve Teknoloji
Politikas1 Ofisi, ABD Enerji Bakanligi ve IBM’den
gelmektedir. Diger bir 6rnek ise COVID-19'a kars1 asilar
ve terapotik ¢oziimler gelistiren bir grup bilim insan1 olan
Koronavirus Uluslararast Arastirma Ekibi (COV-IRT)
[17].


https://dergipark.org.tr/tr/pub/jster

(f\,\ JOURNAL OF SCIENTIFIC, TECHNOLOGY AND ENGINEERING RESEARCH 9

4
e ID
"’\.7 J ISSN : 2717-8404 https://dergipark.org.tr/tr/pub/jster

D. Koronaviriis ile Miicadelede Cin’de Biiyiik Veri ve
Yapay Zeka Uygulamalar

Cin, veriye dayali ¢oziimleri hizla ve Covid-19 salgiimnin
baslarinda devreye aldi. Halihazirda biiyiik miktarda veri
iireten Onceden var olan kapsamli bir dijital altyapiya
giivenerek pandemiyle savagmaya bagladi. Cin hiikiimeti
mevcut altyapry1 kolaylikla déniistiirerek koronaviriisle
miicadele stratejisinin ayrilmaz bir parcasi haline getirdi.
Mevcut dijital teknoloji ekosisteminin Dbilesenlerini
yenileyip gelistirdiler. Yiiz tanima sistemleri ve WeChat
gibi uygulamalar vardi. Hiikkiimet ve is diinyas1 arasindaki
koklii baglantilar, Pekin'in biiylik miktarda kullanict
verisinden,  genellikle  gercek  zamanli  olarak
yararlanmasini sagladi. Cep telefonu takip verilerinden
iiretilen araglar Cin’in Salgm Onleme ve Kontrol
(Epidemic Prevention and Control) yaklagiminin
merkezinde yer almaktadir. Karantina kisitlamalarmin
hizli bir sekilde kaldirilmasini saglayan QR kodu saglik
uygulamalarini gelistirmek icin girdiler sagladilar.

Potansiyel enfekte olan kisileri belirlemek icin Cin
hiikiimeti sicaklik sensorleri ve kizilotesi tanimlama
cOziimleri iceren gelistirilmis yiiz tanima teknolojisi
kullandi. Hastaneler ve doktorlar, biiyiik veri ve yapay
zekdya dayali hastalik izleme, teshis ve kaynak yonetimi
sistemleri i¢in dijital platform ¢oziimlerini ve iicretsiz
cevrimici saglik danismanliklar1 kullandi. 6 Mayis 2020
itibariyle Cin’de koronaviriise kars1 yapay zeka ve biiyiik

veri teknolojileri kullanilarak farkli  disiplinlerde
uygulanmis 543 uygulama mevcuttur. Bu 543
uygulamanin 98 tanesini biiylik veri akilli analiz

sistemleri, 90 tanesini sicaklik 6l¢iimii saglayan akilli tan1
sistemleri, 69 tanesini akilli egitim ve ¢evrimi¢i ofis
uygulamalari, 63 tanesini akilli danismanlik, akilli rehber
uygulamalari, 42 tanesini medikal robot uygulamalari, 40
tanesini medikal asistan tani robotlart ve digerleri
olusturmustur [17].

1) Insansiz Hava Araci ve Otonom Ara¢ Kullanimi

Cin devletinin ilk uygulamaya koydugu islerden birisi
halihazirda belirli bir kitlenin kullanmakta oldugu maske
ve tibbi malzemelerin dagitilmasi i¢in insansiz hava
araclarii kullanmaya baglamistir. Tibbi malzemelerin
saglik kurumlar1 arasinda transferlerinin saglanmasi igin
kullanilmigtir. Kamusal alanlarda insansiz  hava
araglarinin gezdirilerek, yiiz tanima sistemleri ve termal
algilayicilar sayesinde, hem karantina kurallarmi ihlal
eden insanlarin tespit edilmesi hem de olas1 yiiksek atesli
insanlarin  acilen karantinaya alinmasi i¢in Dbilgi
toplanmas1 saglanmistir. flag ve gida malzemelerinin
saglik kurumlari arasinda ulastirilmasinda sokak temizligi
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ve hastane otonom araglar

kullaniimustir.

dezenfeksiyonu igin

2) Akilli Temas Takibi

Temas takibi biiylik verilerin nasil genis Olcekte
kullanilabileceginin ~ ve  mevcut  teknolojilerinin
gelistirilerek  neler  yapilabileceginin  en  glizel

orneklerinden birisidir. Cogu uygulamanin merkezinde
mobil cihaz sahibinin 6nceki 14 giin icindeki seyahat
geemisine, cografi konuma ve kisisel kimlige dayali olarak
bir kisinin viriise yakalanma olasiligini 6l¢en algoritmalar
bulunmaktadir. Kullanic1 tarafindan gonderilen bilgiler,
enfekte bir kisiyle temasi ve saglik durumunun kendi
kendine degerlendirilmesini icerebilir. Bu
kisisellestirilmis dijital saglik degerlendirme sertifikalar1
QR kodlarinda saklanir. QR kod tarandiginda ii¢ sonugtan
birini verir. Yesil "serbest¢e hareket etmesine izin verildi",
turuncu "yedi giinliik karantina i¢in onerilir" veya kirmizi
"14 giinliik karantina i¢in Onerilir". Cogu toplu tagima,
stipermarket ve konut kompleksi artik bireylerden
onceden verilen kagit sertifikalar yerine bir QR kodu
gostermelerini  talep ediyor. Cogu QR uygulamasi,
tarandiktan sonra tek tek bilgileri merkezi bir veri
tabanindan alan dinamik kodlar iiretmek igin
tasarlanmistir. Statik QR kodlarindaki bilgiler kodun igine
kalict olarak yerlestirilmigtir (Sekil 5). Benzer bir
uygulama Tiirkiye’de de HES uygulamasi ile pandeminin
erken safhalarinda hayata gecirilerek uygulamaya
konmustur.

SERBESTLIK YA DA KARANTINA- COVID-19 SURESINCE CIN'IN DiJITAL SAGLIK KONTROLU
Karmasik ve opak algoritmalar bireysel verileri analiz eder

ETid
Uygulama taban saghk kontroli ne kadar iyi?
Birkag uyan var:
girdidir.

iy pargalanms
azaltir.

Sekil 5. Biiyiik Veri ve Yapay Zeka ile Temas Takibi [19]

Cin devletinin tiim diinyadan ¢ok daha hizli bir sekilde
harekete gegerek 11 Mart’ta DSO (Diinya Saghk Orgiitii)
tarafindan kiiresel pandemi ilan edilmesinden dahi once
biiylik veri ve yapay zekd destekli uygulamalar1 hayata
gecirmig olduklart kronolojik olarak gézlemlenmektedir.
2019 Aralik ayinda ilk vaka ortaya ¢ikmustir. 12 Ocak
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2020°de  DSO 2019-nCOV  olarak viriisin adim
duyurmustur. 20 Ocak 2020°de Cin baskani insandan
insana bulasan salgin oldugunu duyurmustur ve ilk biiyiik
veri ¢aligsma grubu kurularak tilke genelinde ulusal saglik
orgiitityle birlikte calismalara baslanmistir, 23 Ocak
2020°de 639 vakanin ortaya c¢ikmasiyla kisitlamalar
baslatilmistir. 30 Ocak 2020°de Baidu firmasi yeni bir
algoritma ile viriis RNA’sinin analizinin hizlandirilmasi, 2
Subat 2020’de hastane calisanlar1 ve kaynak ydnetimi
platformu, 8 Subat 2020’de yakin temas takibi, 9 Subat
2020’de saglik kodu uygulamasi, 15 Subat 2020°de viicut
sicaklik tespit sistemleri, 15 Subat 2020°de maskeli
yiizlerin taninmasini saglayan sistemler, 29 Subat 2020°de
3 biiyiik telekom sirketi tarafindan biiyiik veri seyahat
gecis kodu uygulamasi, Tencent firmasi tarafindan 20
Mart 2020°de egitim sektoriine ait saglik kodu
uygulamasi, 21 Nisan 2020’de ise biiyiikk veri seyahat
gecis  kodu uygulamasi iyilestirilerek uluslararasi
seyahatleri de kapsayacak diizeyde antipandemik saglik
bilgi kodu olarak hayata gecirilmistir [18].

Akalli temas takibi yetkililerin olas1 bir tehdidi belirlemek,
viriislin aktaricilarin izole etmek ve tehlikede olabilecek
herkesi bilgilendirmek i¢in tepki siiresini kisaltir. Herkese
acik uygulama ayrica her kullaniciyi, onaylanan hastalar
tarafindan hangi alanlarin ziyaret edildigini, hangi yerlerin
karantina altinda oldugunu ve potansiyel olarak
etkilenebilecekleri bilgilendirir. Sistem ayn1 zamanda
viriisiin aktivitesini de takip ederek hastanelerin ve
Kliniklerin  bir sonraki dalga durumuna daha iyi
hazirlanmasina yardime1 olur.

3) Test ve Teshis

Son dijitallesme g¢abalar1 nedeniyle Cin'in saglik sektorii
veriye dayali araglar1 kullanmaya hazirdir. 2018'den beri
Danistay ve Ulusal Saglik Komisyonu tarafindan
yiriitilen ulusal bir girisim, bilgi kanallarinin
sayisallasmasin1  ilerletti. Bunlar, tibbi kayitlar,
laboratuvar degerlendirmeleri ve goriintii arsivlemeyi,
bireysel verilerin ve teshis araglarimin cakistigi alanlari
icerir. Bu girisim platform tabanl erken uyar sistemleri,
hastalik izleme ve kaynak yoOnetimi sistemlerini
uygulamak ig¢in biiylik veri ve yapay zekanin kullanimini
tesvik etti. Yararlanilacak alanlar arasinda halk saglig1 ve
tip alaninda arastirma ve  gelistirme (Ar-Ge)
bulunmaktadir. Ornegin, PingAn Technology tarafindan
gelistirilen bir tahmin modeli, Chongqging ve Shenzhen
sehirlerindeki resmi saglik kuruluslarinin salginlari ylizde
90'dan fazla dogruluk oranlaryla tahmin etmelerine
yardimc1  olmaktadir. Shenzhen'deki The National
supercomputing Center, Sensetime gibi sirketlerle is

Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(2): 4-14

birligi icindedir, potansiyel ilaclarin biiyiik 6lcekli
taramasini yapan ve virlis mutasyonlarini tahmin etmek
icin c¢alisan arastirmacilara yiiksek performansh bilgi
islem destegi saglamaktadir. Benzer cabalar tomografi
(Computer Tomography) taramalarimi degerlendirmek
veya SARS-CoV-2'nin genetik RNA yapisini analiz etmek
icin gereken zamani biiyiik 6l¢iide azaltmada basarili oldu.
Cin’in yerli Beidou navigasyon sistemindeki uydular Cin
hiikiimetinin altyapi kurulumunu ve kaynak dagitimini
gelistirmesini  sagladi. Ornegin Wuhan Universitesi
devasa derme catma hastaneler igin en 1iyi noktalar
bulmak i¢in ¢oklu veri akigini toplayip analiz edebildi.
Yiiksek ¢oziiniirliiklii diinya gdzlem uydular1 daha sonra
insaatlarini izledi. E-ticaret sirketi JD ayrica, Beidou'da
calisan dronlar ve robotlarla Wuhan'in uzaktaki
hastanelerine tibbi ekipman sagladi.

Sirketler bireysel davranisin kapsamli bir sekilde
izlenmesini saglamak i¢in yiiz tanima teknolojilerini hizla
gelistirdiler. Seyahat ge¢misi, karantina ve maske takma
uyumlulugunu (dronlar aracilifiyla) izlemenin yani sira
viicut sicakligr testi de Onemli bir yenilik olmustur.
Gelistiriciler, sicaklik izleme i¢in ylizde doksan dokuzun
iizerinde ve maske takan kisilerin yliz tanimalar igin
yiizde doksandan fazla dogruluk seviyeleri (£ 0,3° Celsius
hata oran1 ile) oldugunu iddia ediyorlar. Ancak
dogruluklar iddia edilenden daha diisiik olabilir. Aralik
2019'da yapilan bir anket Cinli yanit verenlerin yaklagik
yiizde 60'inin konut kompleksleri ve toplu tasimayi iceren
durumlarda yiliz tamima teknolojisi (FRT) ile ilgili
sorunlarla karsilastigini gosterdi.

Mobil cihazlardan GPS wverileri, kredi karti islemleri,
kamu alanlarindaki kameralar ile yiiz tanima sistemlerinin
kullanilmas1 gibi konum verileri ile temas takipleri
miimkiin kilinmigtir. Hatta hastalik 6zelinde getirilen
kisitlamalar1 ve belirtileri tespit edebilmek amaciyla yiiz
tanima sistemlerine insanlarin maske giyip giymediginin
ve viicut sicakliklarinin kontrolii de entegre edilmistir.
Termal goriintiileme teknolojisi, bir insan kalabalig
arasinda kimlerin yiiksek viicut 1sisina sahip oldugunu
belirlemeye yardimeci olup atesi yiiksek olan kisileri
ayiklamak icin kullanilir. Sekil 6’da yer alan gorsel bu
uygulamaya bir 6rnek olarak gosterilmektedir.

Hasta olarak tespit edilmis bir hastanin hareketinin
kapsamli bir resmi kamuya agik olarak paylasilir.
Uygulama bireyin ge¢misi, zaman ¢izelgesi ve ziyaret
ettigi yer hakkinda bilgi verir. Restoran ve otel ziyaretleri,
hangi ulasim aracini kullandiklari, hangi hat veya otobiise
bindikleri, hatta sinemadaki koltuk tam olarak takip
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edilmektedir. CCTV kameralar kalabalik kitlelerin viicut
sicakliklarini, viriis aktarimim izlerken ve analiz ederken
de yogun bir sekilde kullanilir. 2020 itibariyle Cin’de 626
milyon civarinda CCTV kamera oldugu
hesaplanmaktadir, bu say1 her gecen giin artmakta olup
ABD’de genelindeki kamera sayisinin yaklasik 12 katidir.
Cin devleti 2022 yilina kadar 2 kisiye 1 kamera diisecek
sekilde kamera sayilarmin iilke genelinde artirmayi
planlamaktadir [17].
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Sekil 6. Termal kameraya yansiyan insanlarin goriintiisii [20]

E. Saghk Sektoriine Ozel Coziimler

Cevrimigi platformlar bir¢ok tip kurumunun Covid-19 ile
ilgili zorluklara etkili yanitlar gelistirmesi i¢in temel bir
destek olmustur. Cin Sanayi ve Bilgi Teknolojileri
Bakanligi’'ndan (MIIT) alinan hiikiimet verileri iilke
capinda 190'dan fazla kamu tip kurumunu ve yaklasik 100
kurumsal internet hastanesinin su anda geleneksel kamu
hastaneleri tizerindeki baskiy1 kismen hafifleten iicretsiz
cevrimici danmismanlik sagladigini gdstermektedir. Good
Doctor Online, Chunyu Doctor, Ping An Good Doctor ve
diger kuruluslar, hastalara {icretsiz danigmanlik saglamak
icin solunum, bulasici hastaliklar ve i¢ hastaliklari
alanlarinda 10.000'den fazla tibbi uzmanin kaynaklarini
bir araya getirdi. Bu platformlar ayrica kaynak
yonetiminin iyilestirilmesine de yardimci oldu; 6rnegin,
“Huoshaoyun Saglik Yonetimi Platformu” artik Fujian
yerel yonetimine, kaynaklarin dagitimin1 koordine etmek
ve hastane personelini rahatlatmak icin saglk
sektoriindeki 4.500 isletmeden 60.000 ¢alisandan olusan
bir veri taban1 saglamaktadir.

Biiyiik veri ve yapay zekd tabanli ¢oziimler saglik
hizmetleri sektoriinde kaynak yoOnetimini ve hasta
tedavisini destekledi. Cozlimler arasinda personel ve
yataklarin hastane ¢apinda yonetimi ve hastaneler arasinda
yapay zeka tabanli uzaktan c¢evrimigi danigmanliklar,
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yerinde teshis ve hasta bakimi yer almaktadir. Ornegin,
Jiangsu Saglik Komisyonu i¢in ¢evrimici danismanliklara
izin vermek ve tibbi tam1 formlarim (ERM)
standartlastirmak i¢in insa edilen bir saglik platformu, 68
hastane tarafindan benimsenmis ve salgindaki diger 20
saglik hizmeti platformuyla iligkilendirilmistir [18].

Cin'deki doktorlar COVID-19 hastalarini teshis etmek igin
bilgisayarli tomografi (CT) taramalarina ve kan testlerine
odaklandilar. Bir yapay zeka algoritmasi gelistirmek i¢in
tomografi taramalarindan gelen verileri klinik bilgilerle ve
kullanicilarin tibbi verileriyle entegre ederek yapay sinir
aglar1 ve makine Ogrenmesi yontemleriyle yazilim
egitmeyi bagardilar. Gelistirilen bu yapay zeka bir
doktorun COVID-19'u teshis etmek ig¢in kullandigr is
akisim taklit edip pozitif veya negatif tani igin nihai bir
tahmin vermektedir. Yapay zekd ayrica bilgisayarl
tomografi taramalarina klinik verilere ve her ikisine birden
dayali olarak COVID-19 pozitif olma olasiliklar1 da
iretmektedir.

1) Ulkeler
Karsilastirilmast

Arasindaki Vaka Durumunun

Tablo 1’de yer alan niifus biiyiikliiklerine gore ilk 24 iilke
degerlendirildiginde diinyanin en biiylik niifusuna sahip
olan Cin, 14.02.2021 itibariyle ABD ve Hindistan’in
arkasindan en ¢ok test uygulayan tiglincii tilke olarak
goriinmektedir. Cin, Diinyanin en biiyiik niifusuna sahip
olmasina ragmen niifusunun sadece %11’e karsilik gelen
kismina test uygulamistir. Diinyanin siiper giicii olan
ABD, niifusuna goére %100t gegen bir oranda test
uygulamasi yapmustir. Tiirkiye, niifusuna gore %36°lik bir
test uygulamasi yapmustir. Ingiltere, niifusuna gore
%118’lik bir test uygulamasi yapmistir.

Vaka oranlarina baktigimizda en diisiik vaka oranlarinda
bu listede 3. olarak karsimiza ¢ikmaktadir. ABD, en ¢ok
vakanin yasandigi iilke olarak milyonda 84877 kiside
viriise rastlanmustir. Ingiltere ise milyonda 59128 vaka ile
en ¢ok vaka goriilen 2.ilke olarak gorinmektedir.
Tiirkiye’de ise milyonda 30387 kiside viriise rastlanmustir.
Oliim oranlarma bakildiginda Cin bu 24 iilke arasinda en
az kayb1 veren tllkelerden 2. sirada yer almaktadir.
Milyonda 3 kisiyi kayip olarak vermistir. Ingiltere en ok
Oliim goriilen iilke olup milyonda 1717 kisiyi kaybetmistir.
Tiirkiye’de ise milyonda 322 kisi hayatin1 kaybetmistir.
ABD verilerine baktigimizda ise en ¢ok Oliim goriilen
ikinci iilke olarak milyonda 1493 kisi kaybedilmistir.
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Tablo 1
Covid-19 Ulkelere Vaka Durumu Tablosu [1] (19 Aralik 2020)
# Ulke Toplam Vaka | Niifusa Gore Milyonda | Toplam Oliim | Niifusa Gore Milyonda Toplam Test | Niifusa Gore | Milyonda Test Niifus
Sayis1 Toplam Vaka | Vaka Sayis1 Sayis1 Toplam Oliim | Oliim Sayis1 Sayis1 Toplam Test Sayis1
A - A Oram |~ A hd Oram |~ A b Oram |~ A v
1 iCin 89.763 0,0062% 62] 4.636 0,0003% 3 160.000.000 11,1163% 111.163] 1.439.323.776
2 {Hindistan 10.904.940 0,7854% 7.854 155.673 0,0112% 112 206.230.512 14,8536% 148.536] 1.388.419.695
-«~3m ABD 28.197.074 8,4877% 84.877| 496.065 0,1493% 1.493] 334.805.401 100,7815% 1.007.815 332.209.157|
4 {Endonezya 1.217.468 0,4422% 4.422) 33.183 0,0121% 121 10.061.418 3,6545% 36.545] 275.316.836)
MSM Pakistan 563.029 0,2519% 2.519 12.307 0,0055% 55 8.434.098 3,7730% 3.773 223.537.866
6 |Brezilya 9.811.255 4,5955% 45,955 238.647 0,1118% 1.118] 28.600.000 13,3959% 133.959 213.497.994
M7M Nijerya 145.664 0,0696% 696 1.747 0,0008% 8| 1.398.630 0,6683% 6.683 209.280.632
“é“ Banglades 540.592 0,3262% 3.262 8.274 0,0050% 50] 3.848.116 2,3222% 23.222] 165.706.987|
MQM Rusya 4.071.883 2,7895% 27.895) 80.126 0,0549% 549 106.800.000 73,1640% 73.164] 145.973.468
“1“6 Meksika 1.988.695 1,5324% 15.324] 173.771 0,1339% 1.339 5.085.315 3,9186% 39.186 129.772.637|
11:Japonya 413.154 0,3273% 3.273 6.849 0,0054% 54 7.539.403 5,9725% 59.725] 126.234.697|
“H Etiyopya 145.704 0,1248% 1.248 2181 0,0019% 19 2.040.290 1,7481% 17.481] 116.714.297
13 {Filipinler 549.176 0,4971% 4.971 11.515 0,0104% 104 8.288.845 7,5023% 75.023] 110.483.925
“‘:‘L'Zlm Misir 173.202 0,1673% 1.673] 9.935 0,0096% 96 1.000.000 0,9659% 9.659 103.525.295
1—5; Vietnam 2.228 0,0023% 23 35 0,0000% 0.4 1.529.651 1,5627% 15.627 97.882.052
—E‘ Kongo 2424 0,0027% 266 693 0,0008% 8| 0,0000% 91.229.525
1—7— Turkiye 2.579.896 3,0387% 30.387] 21.377 0,0322% 322 31.412.611 36,9988% 369.988 84.901.668
-1?3‘ iran 1.518.263 1,7934% 17.934] 58.945 0,0696% 696 10.048.871 11,8699% 118.699 84.658.640
E Almanya 2.336.905 2,7837% 27.837] 65.415 0,0779% 779 41.758.675 49,7419% 497.419 83.950.702
20 : Tayland 24571 0,0351% 351 80 0,0001% 1 1.217.873 1,7421% 17.421 69.909.040
21 tingiltere 4.027.106 5,9128% 59.128] 116.908 0,1717% 1.717 81.044.007 118,9938% 1.189.938 68.107.747
22 {Fransa 3.448.617 5,2761% 52.761 81.647 0,1249% 1.249 48.207.178 73,7525% 737.525 65.363.463
z‘éﬂ Tanzanya 509 0,0008% 8| 21 0,0000% 0.3 0,0000% 60.777.837|
24 {Italya 2.710.819 4,4876% 44.876] 93.356 0,1545% 1.545 35.962.939 59,5350% 59.535] 60.406.354f

Bu tablodan da anlasilacagi tizere 1,5 milyarlik Cin,
niifusuna gore ¢ok kiiciik oranlarda seyreden vaka ve 6liim
oranlartyla viriisii Nisan 2020 sonunda biiylik veriyle
beslenen, bu verileri analiz eden, akilli sistemlerden
olusan teknolojik altyapisi sayesinde basarili bir sekilde
yonettigi gozlemlenmektedir.

2) Koronaviriisiin Ulkelere Maliyeti

12 Haziran 2020 itibariyle, diinya c¢apindaki iilkeler
yaklasik 11 trilyon ABD dolar1 tutarinda mali 6nlemler
almigtir. Bu harcamalarin 8§ trilyon ABD dolar1 Nisan
ayina kadar yapilmistir. Mali destekler hem biitcesel hem
de biitge disi likidite 6nlemlerinden olusmaktadir. ABD 3
trilyon ABD dolari, Japonya 1,7 trilyon ABD dolan ve
Almanya 1,5 trilyon ABD dolar1 harcanustir. {1k {igte yer
alan bu iilkelerden sonra Cin 400 milyar ABD dolar
civarinda bir harcama yapmigtir. GSMH oranlarina gére
biiyiikten kiiclige siralandiginda Almanya GSMH’dan
%40,9 harcaman yaparken, Italya %37,5, Japonya %35,4
harcama yapmustir. Tiirkiye, bu siralamada 21.sirada

GSMH’nin %9,4’iinii harcamistir. Cin 26.s1rada yer alarak

GMSH’nin %4,6’sin1 harcamistir [21].

I11. SONUC VE DEGERLENDIRME [CONCLUSION
AND EVALUATION]

Cin’in Covid-19’a yonelik veriye dayali yonetim
yaklagiminin etkinligine iligkin degerlendirme karigik bir
tablo ortaya c¢ikardi. Teknolojik adaptasyonun ve
benimsemenin hizi ve kapsami Pekin'in acil politik
ihtiyaglar1 ve bazi kamu ihtiyaglarin1 karsilamak igin
teknik ¢oziimleri tesvik etme yetene§ini gostermistir.
Dijital 6nlemler Cin vatandaglari arasinda kamu giivenligi
algisinin artmasina katkida bulundu. Ancak tim bu
teknolojik iyilestirme ve gelistirmeler kisisel verilerin
korunmasi pahasina meydana geldi. Kisisel verilerin
korunmasi s6z konusu degildir. Ayni zamanda teknik
islevsellikteki zayifliklar iyilestirmeden ve kisisel veri
korumasini biiyiik ol¢iide saglamadan merkezi ve yerel
yetkililerin tam kamu destegi saglama noktasinda kisitlar
oldugunu da ortaya ¢ikardi. ABD ve Avrupa iilkeleri ise
yonetim anlayiglar1 geregi vatandaslarmin tepkisini
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almamak tizere hélihazirda ellerinde olan verileri 6zgiirce
kullanmadilar.

Cin pandemi ile savasta Diinya’daki nerdeyse biitiin
iilkelerin 6niindedir. Bu nedenle diger iilkelerin Cin’in
veriye dayali kriz yonetimi degerlendirmesinden
Ogrenebilecekleri ¢ok sey vardir. Cin bilylik veriyi
toplamay1, topladigir verileri yapay zekd yardimiyla
islemeyi ve anlamli yorumlar {iretmeyi, insansiz hava
araclari, otonom araclar, saglik kuruluslari, kameralar,
sensorlerden olusan biitiin bir yapiy1 nesnelerin interneti
sayesinde iletisim halinde tutarak adeta bir teknolojik
ekosistem olusturmayr basardi. Cin’de yasanan bu
deneyimlerin  gosterdigi  gibi  saglik  hizmetleri
sektoriindeki dijital ¢dzlimlerin, hastane yonetimi ve teshis
uygulamalarinda faydali oldugu gosterilmistir.

Ote yandan veriye dayal dijital ¢oziimler, 6rnegin mobil
cihazlarla izleme wverileri ve akilli sehir altyapi
uygulamalari, yiiksek hata paylar1 ve kotiiye kullanim
riskleriyle birlikte gelmektedir. Bu nedenle veri giivenligi
ve gizliligi politikalarina daha fazla 6nem verilmesi
gerekmektedir. Her giin logaritmik olarak artan kigisel
verilerin korunmasi, merkezi otoriteler, 6zel sirketler ele
gecirilmesi bircok sorunu beraberinde getirecektir. Veri
depolamaya odaklanirken veri paylagimmna iliskin
seffaflik  ve kullanici onaylarmin alinmasina da
odaklanilmalidir. Cin'deki gelismelerden elde edilen
kanitlar sabit bir veri paylasimmnin veri ihlallerinin temel
kaynaklarindan biri oldugunu gostermektedir. Bu
iilkelerde uygulama kullanimi genellikle zorunludur.
Ancak yasal kisitlamalar uygulandi ve
cevrimigi/cevrimdis1 6nlemler aktif ve seffaf bir sekilde
iletildi.
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The unparalleled laser beam provides promising avenues of future research and continuation
solutions concerning due to its unimaginable capabilities. One of the great advantages that
could be achieved is complemented the water cycle particularly when gaseous factories waste
concentrate in the manufacturing countries atmosphere where the high contamination reach to
works as a layer in front of the normal water life cycle, thus the perforation process become
indispensable using a specific instrument such as the laser beam.

Beam length

e, Movable Beam Exit MBE
- Sensor

Controllable Power

vo —

Analyzer

Figure 1. Optical beam station model to complement the water life cycle

Aim of Article: Enhance the water cycle in the Gulf region and mitigate impact rain outage
through providing a technical applicable solution.

Theory and Methodology: The optical beam terminal put forward to shoot the loaded beam
at a specific area to pass through the accumulation of pollution layers in the air. The beam
initially controlled via parameters such as the power to produce a suitable heat among the
layers, and the sensor to sense the layer contents, thus select a proper wavelength to avoid
attenuation due to absorption and scattering.

Findings and Results: optical beam station proposed and discussed the capability to control,
sense, and analyze in keeping with the atmospheric weather circumstance, the wavelength
absorption gives the partial stability between 610 nm to 700 nm indicated that easy to see less
disturbance in a visible wave then start to rise after that up to reach the peak at 1100 nm to
1150 nm.

Conclusion: The proposal gives a fresh look to the laser beam to provide a solution that could
contribute to complete the water cycle through laser carrier carry the evaporation gases via
pollution layer to reach the condensation layer and complete the process. The result showed
the lowest wavelength prone to absorption between 610 nm up to 700 nm and from 1550 nm
until 2600 nm. While the highest severely to the phenomenon around 1100 nm up to 1150 nm.
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I. INTRODUCTION
In the recent decade, revolution growth has been

Photonic beam has attracted massive researchers' attention from the time of invention in the

earlier decades and would continue due to unimaginable characteristics that contributed
potentially to reach the highest data transmission rate and remarkable bandwidth in addition
to the less susceptible to the environmental parameters via hundreds of kilometers. This
advantage gives to think about it to address the water cycle issue in the shortage water region
such as Gulf countries. The proposal considers the controllable beam properties that could
carry the evaporation gas to pass through the air pollution layers and complete the
condensation process hence reinforces an increase in rainfall chances, and lead to reducing
the desalination process as well cost-effectiveness. Accordingly, the photonics beam station
could sense and analyze the pollution layer to make a proper decision based on the data
variability. The paper takes into account the matter via suggesting a new model that
accommodates the significant environmental parameters in the desert area particularly in
Qatar which is severely prone to the water lake due to salinity and stark weather in addition
to the oil and gas manufacturing, which add a heavy layer in the atmosphere. So, this proofing
would help the government sector strikingly the meteorology, energy, and resources to
mitigate the impact of water shortage and provide a technical solution that would reflect in
the whole countries economy. The work also attention to the absorption phenomenon for the
most significant available wavelengths such as 850,1330 and 1550 nm and the results
demonstrated the lowest wavelength prone to absorption between 610 nm up to 700 nm and
from 1550 nm until 1600 nm.

Keywords: Elevated duct , refractive profiles, propagation factor, fading , loss

high-speed internet service. The customer demands
need endless capacity and massive bandwidth to fulfill

noticed in the advanced communication technologies ~ modern life needs. The limitation of the Radio

due to increasing usage of cloud, live streaming, and
video conferencing as a whole represents a part of the

Frequency RF carrier in addition to exceedingly
challenges even when thinking about a rising to higher
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frequencies such as millimeter-wave [1,2], which could
provide a vast bandwidth but with susceptible to the
climate atmospheric, hence to accommodate that, they
give a line of thinking to shift to the optical carrier
instead of Rf. However, the optical carrier has various
advantages such as spectrum restriction and licensing in
addition to high capacity and inconceivable bandwidth
to carry the data, even the power consumption is quite
better than the RF [3] . For these features and more, the
narrow directivity beam promising to do lots in the
upcoming digitalization and beyond. Our study based
on the Photonic Beam PhB which is distinguished from
others by the beam coherent passing long distances.
Thus, this characteristic gives the edge to play a prime
service to solve various challenges in many sectors such
as natural resource particularly in the countries located
in the desert area and suffering from the water shortage
[4]. The industrial countries consider the water
resources availability as part of national security, while
the scarcity of natural water could push the
governments to consume a huge financial to provide it.
This work proposed laser photonics to accommodate
the shortage of water as anticipated in the Gulf countries
and particularly in Qatar which is a small peninsula
located in the Arabian Gulf one of the highest seawater
salinity globally [5] surrounded by water from three
directions with stark desert climate led to totally
depends on the desalination process when considering
the water availability, considered a horrible situation to
the government financially and environmentally. In
addition to that, oil and gas manufacturing is taking into
account the main contributor to air pollution and
presents a negative impact on utterly environmentally
as well as healthy [2,6]. This various pollution could
increase the atmospheric layers and lead to blocking the
water evaporation and hence outage in the water life
cycle. The rare rain in the country becomes
inconvenient for the farmers, birds, and a whole
wildlife. This situation gives a unique opportunity to
open a new chapter to use the proposal to
accommodates the issue and provide a solution without
compromise an environment.

Different examinations based on the optical link
have been proposed to equalize the environmental
challenges, for instance in [7] the authors measure
atmospheric turbulence using a relay mirror for the
three different laser beam that radiator for 350 km from
the ground to the satellite, whereas in [8] the laser
transmitter station from California and New Mexico

demonstrated distortion of the laser beam via
atmospheric due to turbulence. Also, the comparison
between theoretical and experimental has been
achieved utilizing argon-ion laser [9] and the result has
shown lognormal distribution in the received signal,
whereas the adaptive optics was used to decrease the
atmospheric turbulence through correct the leaving
beam in single pulse that contains more than 100
photons [10]. Continuously to review direction, the
laser has been used for the military purpose to provide
data up to 30 Mbps using 5 W at 1064 nm between Earth
and Mars [11].

These literature reviews open the door to focus on
the laser beam capability to enhance the water cycle in
the Gulf region and mitigate impact rain outage, in
addition, to give thought to the desert climate
fluctuation and providing a technical applicable
solution. Furthermore, the various gas accumulation
and highest salinity seawater with the elevated humidity
due to rising temperatures provide a unique
distinguishing aspect. The rest of the paper is organized
as follows; in the following section, the optical beam
characteristics in water cycle to describe the proposal
thoughts. While the section 3 demonstrates the model
approach; and in section 4 the analysis and discussion
to obtain outcomes, then finally, summarize the work
with recommendation for future work.

Il. PHOTONIC BEAM PROPERTIES

The proposal of laser beam to implement the
evaporation process and complete the significant
missing stage in the water cycle based on the beam
properties and environmental parameters for the
specific area. Accordingly, the study focuses on the
Arabian Gulf area; particularly in Qatar state which is
considered one of the fastest-growing countries
globally with the most significant oil and gas industry.
Although it which located in a peninsula surrounded by
water from three directions the woefully insufficient
annual rainfall consider notable yearly [4]. In addition
to that, the highest seawater salinity universally gives
dramatically different environment. Further, the desert
weather among the salt seawater there is fully qualified
to achieve the task through the unique phenomenon.
Whereas air pollution eliminates the water cycle
process due to accumulation layers. The high-
temperature whether by heat or electricity stimulating
the atom to generate a charge and emerges the light,
while the laser generates same the light through
stimulating photonics of certain gases such as neon,
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argon, and helium. Despite the laser beam is quite
dangerous as it could be loaded to carry a massive
amount of energy and become harmful, while the useful
applications are undeniable starting from the highly
accurate measurements, alloys, welding, and cutting
iron until medicine and operations without bleeding.
Whereas the famous revolution laser used lay in fiber
optics telecommunication field. The high bandwidth,
focusing, unlicensed spectrum, and far up security gives
the laser beam utterly and unmistakably advantages
from others. For instance, the sharp directivity laser
beam in 10 kW is quite enough to cut a heavy glass plate
[12,13] from laser beam consequences point of view.
When the controllable beam heat interacts with the
weather factors such as fog, it will give a positive action
through a strike and passes the photonics heat hence
make a duct depends on the beam directivity bandwidth
[14]. The unparalleled beam properties could
comfortably hit where the target is, and reaching out
loaded by the various energy, data, and gases. The
evaporation process needs an open water surface with a
high temperature to change the state of the matter from
the liquid to the gas [15]. Whereas to complement the
water cycle, the beam should carry this gas and pass into
the condensation layer in the cloud, that is based on the
thickness of the gasses layers in the air which are work
as the blocker. The next section will denote the
manageable optical beam terminal invention which is
contributing to the research in different areas such as
meteorological, manufacturing, and ecology.

111. THE MODEL APPROACH

For a comprehensive understanding, the optical beam
terminal put forward to shoot the loaded beam at a
specific area to pass through the accumulation of
pollution layers in the air. The beam initially controlled
via parameters such as the power to produce a suitable
heat among the layers, and the sensor to senses the layer
contents, thus select a proper wavelength to avoid
attenuation due to absorption and scattering [16].

The Beam specification B in frequency fp loaded by
energy to pass the pollution layer in the air vd, hence
from the Doppler effect law [17]:

vp + vd vp ]
B = () () M
vp vp —vd
and after calculations equation 2 has been obtained below:
vp +vd\ |
B=fp()) @
vp —vd

where fp is photon frequency, vp photon velocity in the
beam , vd layer movement via the air, and j is model

factor which is equal to n¢g where n represents the
refractive index when the beam transfers between
different weather mediums and equal to the ratio
between the speed of light in vacuum to the speed of
light in medium and give clear result that higher
reflective index of the medium at the nominator leads to
light travel more slower in the medium, and ¢ is an
atmospheric coefficient depends on the various weather
parameters [18].

Due to distinguish weather aspects in the Gulf region, j
should consider as the key role to accurate the model.
The stark humidity and unimaginably temperature
mixed with factories cement, oil, and gas in the global
dust belt, can form a tremendous air layer blockage
leads to prohibitive the evaporation gas pass to higher.
If consider the pollution layer at the 0, and the
probability to pass through it 6 equal to:

c=0ng 3)
np=c/0 4)

where o is the chance to push through, 6 air pollution
thickness layer, and n¢ equal to j which is the model
factor. Hence, the equation could be valid for the
turbulence weather with consider:

BzU_fp(Up-i—Ud)

- ®)

vp — vd

while from the Column law which describe the charge
q along the beam length 1 [19].

A=gq/l (6)

where A is a linear density that will help to calculate to
the small beam photon

dg= 1 dl (7)

The electricity filed E that could strike the layer 6 from the
charge (photon) dg can calculate is:

dE=n@ dqg/I? )
Hence
=neidl/l? 9)
=[npidl/i?
=npAlltdl
=npill
where ne (j) is the constant model factor and represents

the refractive index in atmospheric weather, dg is one
charge (photon) pick up from the laser beam and the |
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is the length of the beam. While in agreement with the
charge and electricity field could calculate the force F
based on the Newton law [20].

To express in a certain manner, the next figure 1
denotes the mini directional optical beam terminal when
hit an accumulation layer in the atmosphere.

Beam length

~"._Movable Beam Exit MBE
- Sensor

Controllable Power

I/0 —

Analyzer

Figure 1. Optical beam station proposed for water life cycle

From equation 5 prospective, the momentum inversely
proportional with the wavelength which leads to
increasing the energy that increase the frequency and
decreasing the wavelength, thus raise the loaded
photonics energy as well as ability to pass a cross the
air pollution layers, while in equation 9 the relation
between electricity field E and the beam length |
demonstrates also the inversely correlation when hit the
layer in the atmosphere.

As reported in the beam terminal parts which is consist
of the:

a- Analyzer:
It works like a microcontroller in the electronic
devices through makes an order such as
increase or decrease the power after analysis
the operations.

b- Sensor:
To sense the gases and other air pollution
accumulation in the air layers and provides the
feedback to take the decision which it could be
contents of Light Detection and Ranging
(LiDAR) to capable the vision from the air
environment.

c- Movable Beam Exit:
Through controllable movement, the beam
carries the evaporation gases and hit the air
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layer via appropriate carrier. It might be
directional and concentrated on the specific
point to achieve the target based on the
wavelength and the aperture diameter.

d- Controllable Power:
Supplies the power depends on the layer
formation in the air; as well as through it could
be mitigating the noise via provide an
appropriate narrow beam power.

e- |1/0O:;
To transfer the data when make connection
with the other peripheral devices.

Concerning the atmospheric parameter, the figure 2
shows the significant beam wavelength characteristic
from the absorption prospective [10], which is assist the
photonics engineers to select the proper wavelength and
get the flawless system, while table 1 below
demonstrated the calculation correlation of the
absorption phenomenon for given wavelengths.

Table 1: Relation between wavelength and Absorption

Wavelength in nm Absorption dB/Km
500 0.15
550 0.13
600 0.03
650 0
700 0.01
750 0.1
800 0.21
850 0.41
900 0.60
950 0.70
1000 0.92
1050 1.02
1100 1.1
1150 1.1
1200 1.01
1250 0.9
1300 0.78
1350 0.58
1400 0.38
1450 0.2
1500 0.1
1550 0.01
1600 0

Accordingly, Matlab software has been used to simulate
the absorption phenomenon in the light wave range
applied, whereas the next section will discuss the result
obtained.
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Figure 2: Absorption phenomenon in most common waves

IV. RESULTS AND DISCUSSION

In line with a scientific method, the optical beam station
proposed and discussed the capability to control, sense,
and analyze in keeping with the atmospheric weather
circumstance. While the prediction of the electrical
field effects to estimate the force which could apply on
the respective air layer.

The specific photon beam has been chosen because of
the availability as well as accommodating the most
significant wavelengths which are used in remarkably
light techniques such as 850, 1310, and 1550 nm. From
the beam wavelength analytical point of view, The first
slop appeared which indicates the lower absorption
from the start of the wavelength range which is 500 nm
up to reach 700 nm, while getting undeniable raise from
750 nm which is 0.1 dB continuously until reaching the
peak at 1100 to 1150 nm which is 1.1 dB, then starts to
slow down with remarkable decreasing into arriving in
1600 nm which is 0 dB and represents the same
absorption value at 650 nm, while mathematically the
value doesn't mean that is no absorption at all.

The partial stability between 610 nm to 700 nm
indicated that easy to see less disturbance in a visible
wave. The stability comes again from 1550 nm up to
1600 nm, which could propose a new wavelength to
attention. The properties of the blockage layer
determine the beam specifications such as power and
wavelengths while the electric field surrounding the
charge would generate the force that could pass through
the layers and hence the accumulation of pollutants
gases to reach the condensation layer and complete the
process.

20

V. CONCLUSION

This work presented to accommodate the outage of the
water resource in Gulf region and Qatar particularly.
The proposal gives a sound to the laser beam station to
provide a solution that could contribute to complete the
water cycle through laser carrier carry the evaporation
gases via pollution layer to reach the condensation layer
and complete the process. Due to that, study the light
wavelengths consider extremely important to avoid the
attenuation phenomenon such as absorption. The result
showed the lowest wavelength prone to absorption
between 610 nm up to 700 nm and from 1550 nm until
1600 nm. While the highest severely to the phenomenon
around 1100 nm up to 1150 nm. Whereas, due to
various climates and environmental, the model factor
considered crucial to the effectiveness as it considers
the refractive index and atmospheric coefficient. The
future work will cover the Ozone layer influences when
depletion due to manufactured chemicals
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concerns of a digital industrial plant scenario with machine to machine (M2M)
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Aim of Article : Article illustrates a Mean Time Between Failures (MTBF) based method can be used
to identify more reliable choice of design element.

Theory and Methodology: The techniques employed include development of an industrial
communication client using a Prosys Open Platform Communications Unified Access (OPC UA).
MTBF based method used to eliminate failures. To choose among the suitable techniques of accessing
data, experiments were conducted on a physical connection between the server and a desktop
computer.

Findings and Results: Polling past history of a data parameter is less reliable than monitoring it.
Conclusion : The algorithms used during development of the data monitoring activity need to keep

the past of parameters at the server side not allowing the depletion of precious CPU resources and
taking advantage of more reliable less burdensome simple data transfers.
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Among the previous studies about performance

I. INTRODUCTION bottleneck identifications, Burger et. al. [1] indicates

In Industrial Automation, Internet of Things (loT),  the CPU resources deplete before memory or other
and Machine to Machine (M2M) applications, special ~ €sources. Tr_us work is extended by con3|der_|ng inner
purpose machines need to collaborate and ~ Server load increases rather than load coming from
communicate with each other. The success of these ~ N€twork with employment of Confidence intervals.

applications relies on Embedded or Industrial PCs. Investigation of the reliability comparison with respect
to processor load can be seen as an extension to this

work. For this purpose, Mean Time between Failure
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(MTBF) is employed. This is inversely proportional to
the failure rate which is a fundamental parameter in
reliability calculations. Cavalieri (et.al) [2] studies the
end-to-end delay performance of OPC UA client-
server applications, where Transport Control Protocol
(TCP) and Simple Object Access Protocol
(SOAP/HTTP) are interchangeably used with and
without the employment of encryption and security
certificates. One of their main conclusions is that
security comes at a cost of higher delay. Eckhardt et
al. [3] studies the round-trip time of OPC UA
Server and client architecture running on Xilinx
Embedded PC boards with IEEE Time Sensitive
Network (TSN) capabilities. Their results show that
milliseconds RTTs can be achieved, so that delay
contributions of the sender, network and receiver are
comparable with the same order of magnitude.
Cenedese et. al. [4], Morato et.al.[24], [22] compares
the RTT performances of open source OPC UA servers
and clients, where open62541 is identified as more
efficient compared to C++ and Phyton based
implementations of the same free OpcUa software.
Later work includes more varieties, including a result
with Prosys Java OPC UA implementation. Kim et al.
[5] indicates that demanding more data by decreasing
query interval below a certain value does not further
improve the amount of queried and read data per
second. Unix, Linux and Windows seem to be equally
open to the Denial-of-Service attacks (DoS) which
have been studied by Neu et. al. [6] for OPC UA.
Garcia et. al. [7] work on incorporating OPC UA to
IEC 61499 which is a standard promoting inter-
operability for distributed industrial automation
systems. Their work is concentrated on Qil and Gas
industries  indicating the need for reliable
communication in a harsh environment of this type.
[23] Yucesan et. al. includes some generic testing
methodologies incorporating MTBF.

Elfeham et. al. [8], Zhang et. al. [9], Hoffmann et. al.
[10], Griiner et. al. [11] are among those who make
fundamental extensions to OPC UA, Horrmann et. al.
[12], Tuet. al. [13], Oksanen et. al. [14], Jo et. al. [15],
Kim et. al. [16], Latif et. al. [17], Garcia et. al. [18],
Wen et. al. [19] studied field integration of OPC UA,
Cho et. al. [20] are among studies where the
performance and power consumption are investigated,
Kim et. al. [16] investigates backward compatibility of
OPC UA.

These works open the way forward for OPC UA. They
all make the OPC UA more understandable and usable.
This study involves a continuous block of data

transfers rather than a single value, which is called
Historic Data Access (HDA). Apart from the above
studies, we develop a reliability model of HDA on
COTS Windows OPC UA platform. Comparisons to a
single read and a better hardware platform for the
software type HDA experiments are conducted based
on reliability as well. The results obtained allows for
design of more reliable systems. TUBITAK KAMAG
project is a project about construction and development
of control mechanisms for a Native Oil Rig. Obtained
results will be useful in development of monitoring and
Human Machine Interface (HMI) software.

The document follows with Section 1, description of
methodologies followed. In Section Il Results are
presented. Section IV includes the reliability model
estimation. Section V Conclusion includes discussion
and final remarks.

Il. METHODOLOGY

The control application in the form of PLC codes is
implemented offline using an automation software
development kit (SDK) and loaded into SDK
Embedded PC run-time environment. The PLC
implementation is performed using limited license
MATLAB Simulink PLC Target and Structured Text
script for additional load generation. A real-time test-
bed consisting of a COTS Windows OPC UA Server
connected through Ethernet to a desktop computer
hosting an OPC UA client is utilized for the
experiments. For safe and successful operation of the
rig, the hardware and software employed for the
control application should not have a failure during the
operation.

The number of variables which are monitored by the
control application is an important parameter
determining the amount of the CPU power
consumption. By varying the number of variables
active on the OPC UA Server, its effects on CPU
utilization, Memory utilization and Reliability are
studied. The number of successful read/write
experiments to the first failure from the beginning of
an experiment is recorded for analysis. The mean of
these recorded observations represents MTBF, which
is a fundamental parameter for reliability predictions.
In addition to reading/writing a single value of a
parameter, there is a capability that allows one to read
the historical values of any parameter. Single
reads/writes are observed to be more resilient than
historical reads indicating that the reliability bottleneck
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is the historical read activity. OPC UA client SDK is
modified to provide a Human Machine Interface for
reading variables from the OPC UA Server. The
number of variables observed from the client side is
kept constant as two (2) while the number of variables
on the OPC UA Server is varied from 12 to 152 for a
controlled experimentation.

A. Test Bed

The Test-bed includes one client and one server

connected through 100 Mbps Local Area Network of
the university. Here, the server is relatively low-
capacity Intel 1.3 GHz Single Celeron Processor, 2GB
Ram, Windows 7 Embedded Real Time Operating
system, passive cooled "Embedded PC". A COTS
Windows based OPC UA server runs on this platform
and communicates through the Ethernet ports. In test-
bed, there is also a "Desktop computer” hosting the
modified Prosys OPC UA client software. The desktop
computer has Intel quad core i7, 3.4 GHz clock rated
processor with 16GB RAM. This computer also keeps
the Programmable Logic Controller (PLC) code which
is loaded to Embedded PC run-time on the server. The
PLC code defines the variables to be observed. To
increase the testing coverage, a limited licensed
version of a MATLAB Simulink target is employed to
convert Simulink blocks to PLC code.
The Software infrastructure as depicted in Fig. 1
consists of COTS lightweight components for
Embedded PC while all processing intensive user
interface for coding and/or Simulink is performed on
Win 10 Desktop. When you need to run the developed
code you can transfer it to the embedded platform
saving from the processing power.

Embedded PC DESKTOP PC

Win based OPC UA
Publish

Interval

' SUB/PUB

PROSYS
OPC UA
CLIENT

Historic
Data

Figure. 1. The Experimental Software Setup.

Once a variable is subscribed, it is read at a regular
interval called publish interval which is determined by
the client every time subscription is made. It is also
possible to monitor the working flow of the PLC code
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variables from Desktop while they are running on
Embedded PC. This brings an extra load on the
Network, Memory, and CPU, from which we observe
their effects in our experiments. This capability can be
turned on and off with respective referring names as
"logged in" and "logged out" activity. After the
operation is started, the PLC run-time exchanges
information with the COTS OPC UA server on
Embedded PC which can be connected from the OPC
UA client. By increasing the number of “integer
variables" from the set {12, 52, 102, 152}, defined in
the PLC code, the CPU and Memory are overloaded
for experimentation. To test the effect of Embedded PC
Server hardware on reliability, we utilize Intel i9
platform @2.9 GHz with 32 GB RAM with 64 bit
Windows 10 Home OS while Prosys Client code runs
on the same Desktop.

B. Sample Size

During the initial phases of the study, the limitations
and resources, represented in the sense of a metric that
can be employed both for guiding the programming
effort and purchase of the equipment were not that
much present. A windows tool with research results is
also rare in the literature. Our aim was to identify worst
reasonable performing number of variables as a metric
representing the load on Embedded PC. This
knowledge would be a hypothetical threshold for
number of variables, which should not be surpassed or
if had to be surpassed hardware upgrades or
algorithmic improvements should be made. A coarse
increment of counters is handy for such knowledge's
understanding. For this aim, Double Integers (DINT)
counters of Structured Text coding is employed. These
are 32-bit registers. The lowest value they can
represent is -2147483648and the highest is
2147483647. As per computer CPU hardware, an
update in value of a counter means first data is taken to
the register then value updated on CPU, later re-sent
back to memory location. Therefore, counters
continuously are upgraded, which we hope will fully
represent worst case, in the sense of heaviest data
update scenarios. Our counters are mostly changing
between -15000 to 25000. They are incremented with
different values from 1 to 11 and sometimes 100 as
well. This way, simultaneous logic operations are
prevented presenting a more average case scenario.

At first, we started from small steps trying to see the
limitations. Activities were conducted in "logged-off"
manner. Considering the Antivirus burden of the CPU
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no scan activity is allowed during experimentation,
which is started after upgrades and scan activities were
completed.

In the case of expeditions, gradually starting from 12
variables, which we increased observing the effects till
152 variables. CPU utilization wasn't too different
however at 152 variables Embedded PC started to
demonstrate certain lags and delays where we stopped
further increasing our number of counters or variables.

C. Sample Characteristics

During Read Count observations, we observed that
the experiments conducted by repeating the read
experiments repetitions were a little low at first.
However, during this phase we notice that the CPU on
a passively cooled Embedded PC is affected by the
room temperature in read counts sense. Qil rigs do have
air conditioned, a high volume of cooled air flowing
cabinets. We try to represent this by employing two
fans. One is sucking hot air coming from the
Embedded PC and the other is pouring fresh air of
room temperature of roughly 22 to 24 degrees Celsius
into the PC to the best of our abilities.

The CPU utilizations are irrelevant to the heat of
CPU, however all Read counts and reliability
observations are made under cooled environment. The
simple read count is obtained during a non-cooled
experiment yet still representative of its worst case,
since if cooled would perform to a longer duration. It’s
publish interval is 10 ms, slightly above the single
cycle completion time of a loop with two (2) variables
on our Embedded PC, which we observed to be
roughly around 5 to 7 ms. Therefore, it is representing
its worst-case scenario with at best a marginal
difference. By observations of worst-case scenarios, it
is possible to find a more reliable method based on
calculation. Scaling the results to certain usage
profiles, it can highlight some expected reliabilities.

In an Oil rig Control software monitoring scenario,
under conditions with depleted CPU resources, the
control software run can be interrupted causing
interruption to crane controls. This can cause
dangerous accelerations for crew working under heavy
equipment. Whenever HMI for monitoring conditions
have failed, it may cause certain parameters to go high
without alerts. These may cause fires, explosions,
catastrophic failures. Also, precious ore can be missed.

I1l. RESULTS

To model an oil rig environment one server on an
Embedded PC and a client modified to needs on a
Desktop PC was considered. One can read data from
the server using two different methods: subscription
based and historic data access readings. The latter is,
as its name indicates, the history of the subscribed
values.

A. Central Processing Unit (CPU) Utilization for
Historic Data Access Reads

History reads/queries are used for monitoring the
progress of an activity in an Oil Rig environment. For
the conduct of the experiments, the history data is kept
in Embedded PC Hard-disk with 4 samples/second and
10000 queue size. 7.5 minutes window of data is
queried by Prosys Client. The number of variables
observed in OPC UA Server is changed from 12 to 152.
As the number of variables approaches 150, our tiny
1.4 GHz Celeron presents effects, like mouse pointer
not moving smoothly and fluently. Averages and
maximum utilization are taken over a 120 second
interval while historic access queries are conducted
with a 10 second period. This experiment is repeated
five (5) times for statistical accuracy. All data is
presented with 90\% confidence intervals marking the
uncertainty on them. The x-axis on figures presents the
number of variables included in experimentation
representing the load, while y-axis is the representative
of the CPU utilization that is occurring with that load.
In Figure 2, we observe average CPU utilization, where
"logged in activity" resides slightly higher over
"logged out activity". However, as the number of
variables increases, the CPU utilization figures for
logged out and logged in cases approach each other.

Average CPU Utilizations
I [ R e e

s 90% Logged In Cl+
90% Logged In Cl -
== Lagged Out

e 90% Logged Qut Cl +
v 0% Logged Out CI -

CPU Utilization in %

o 20 40 60 80 100 120 140 160
Amount of Variables
Figure 2. Average Utilization, both logged in and out.
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The load created by historic data access is low
considering the Ram capacity of the Embedded PC.
The utilization figures reflect the load increases, and
all of the average utilization measurements are within
the 3% margin. The associated 90% confidence
intervals are tight as depicted in the figure. The
oscillations are similar for both logged in and out
activities. These also are indicative of the lack of wide
register resources of the Celeron CPU. There is a
chance the tasks were not served on time but had to
wait or were dropped in Random Access Memory
(RAM) in a random manner.

The results were of the average utilization. As an
outline of other observations regarding the hardware
resources: The maximum CPU utilization is always
within 4% margin and reaches to 100% levels when the
number of the variables is around 50. This situation is
visible in Figure 3. However, "Logged in" maximum
utilization does not reach 100% level. These can be due
to overwhelming job demands on a single core CPU
with no waiting queue. The Confidence intervals in the
figure can give clue for how much extra CPU demand
exists. Even though, it is not possible to have more than
100% utilization, the overshoots indicate variabilities.
In load levels, where CPU is more utilized, success rate
of the tasks at hand should be high. It is because of the
lesser variance in these regions. The levels, where CPU
is not well utilized, are accompanied with high
variances. It is reasonable to assume there are more off
times with respect to rejected tasks in these loads.
Therefore,  overshooting  confidence interval
boundaries indicate higher chance for interruption to
services.

The levels for memory, both logged in and out activity,
are consistent with findings in literature in the sense
that they are relatively flat. Logged in case requires
slightly less memory, this may be due to the job
demands returning to the RAM, to be accessed back in
a random time. In cases where CPU utilization
approaches 100%, there can be interruptions to other
functions on the server.

B. Effect of Number of Variables on Read Counts

In this section, we report the history read counts,
which are defined as the number of successful read
attempts from the beginning of an experiment.

Maximum CPU Utilizations
T T T T T

102
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97

"“,_ =#—Logged In
e 80% Logged In Cl+
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ERF s 90%, Logged OutCl+| .
94 - O (e 90% Logged Out Gl - [

CPU Utilization in %

93

a2 I . . . I . .
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Amount of Variables

Figure 3. Average Utilization, both logged in and out.

Figure 4, shows the history read counts by varying
the number of variables when the query period is set to
15 seconds. This selection of query period gives a
chance for the client to present data on time, yet it is
still among the lowest observed duration of reads from
the previous section, namely worst-case. The mean of
history read counts increases as the number of
variables changes from 12 to 152. The COTS OPC UA
server employed includes two program pieces to
achieve its functions. One is called Direct Access (DA)
Server and other is called Unified Access (UA) Server.
Both are needed to achieve operation. DA server for
OPC framework uses TCP for data transmission. UA
server is the new server architecture that allows for
various transmission control protocols. Even if there is
no increase in network demand, internal
communication between these two program pieces
should be using TCP for communicating. TCP is
known to have better latency performance under
heavier load because of protocol overheads. Increasing
trend can be because of such a situation. The standard
deviation ¢ and confidence interval boundaries keep
widening indicating the highest uncertainty at 152
variables. This result is intuitive due to the modest
embedded computing resources.
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query period is due to its closeness to the worst case
read count achieved in time perspective. It also allows
avoiding unnecessary processing delays in the client
side. By using all the values obtained from Figure 4,
the sample mean of history read counts is calculated as
p = 304 Reads. This is translated into time as follows
e = pux A =304 x 15 seconds = 4560 seconds = 76
Minutes. In this study, we employ the exponential
reliability function. Using the expectation of
E[Xgxponential _1=1/A= p, as defined in the book by
Trivedi [21], the exponential reliability function can be
expressed as in equation (1).
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Figure 4 Effect of Increasing variables count on reliability

We carry out another experiment by moving the
OPC UA server to a stronger hardware while keeping
the Prosys client on the same desktop. The new server
hardware is a 64bit Winl10 OS working on i9 Intel
platform. We observe that the stronger hardware
provides 2732 successful history reads until its
termination while Embedded PC provides lower than
500 read counts for all experiments.

C. Reading and Writing Data with Client/Server
Subscription/Publishing

Up to this point, we have reported the results of
Historic Data Access read. In the subscription-based
method, a variable in the server side needs to be
"subscribed" by the client for monitoring its updated
values. For experiment in this section Publish Interval
is set to 10 ms. The number of data read and write
counts is reported as 1.163 Million and 764K,
respectively while the PLC Runtime/OPC UA server is
running on the Embedded PC. With respect to the
observations made for the historic read counts, 1.163
Million is significantly higher. In another set of
observations, we have observed 210675, 326690,
381121 where the experiment was terminated at the
end of a duration. 6.03 updates are made every second
during this set of experiments. The publish interval was
again selected as 0.01 corresponding to 10ms. The
average obtained from the second set is 306162 single
value updates.

1V. RELIABILITY MODEL ESTIMATION

The observed read counts from the experiments are
translated into time by multiplying with the query
period A, where A is 15 seconds. This choice of the

R(tExponential) =e™ M 1)

The same calculation for historic read count on OPC
UA Server on Win 10 i9 PC yields the result of
We—winio = M X A=2732 x 15 seconds = 40980 seconds
= 683 Minutes in order to serve as a basis for a
comparison.

We translate the second set of simple read counts
into time by calculations based on updates per interval,
this value is according to the observations made
during, second set of values collection p;_gup = x A
=306162/6.03 upd./sec. =50773.13 seconds = 846.22
Minutes.

The estimated exponential reliability functions
obtained from the above calculated values are shown
in Figure 5. Highest reliability of history read count
values come from strong i9 platform as depicted with
a yellow line. Observation from subscription reads
with orange lines are residing in the highest range.
Reliability of the historic read counts is the lowest

curve drawn with blue lines.
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Figure 5. Reliability Estimate of the Embedded PC with 15
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We can see that our model using historic read counts
is a lower bound for the system reliability compared to
subscription reliability model. From the figure, we can
also observe that our software platform is capable of
achieving higher reliability levels on stronger
hardware compared to those observed in a limited
resourced Embedded PC indicating correct functioning
given broad resources.

V. CONCLUSION

In this paper, an Embedded PC, as an OPC UA
communication server is considered. There are three
scenarios. These consist of the historic access; the
subscription reads and History Access over a stronger
Intel i9 platform. The MTBF figures are employed in
the classical exponential reliability models. The results
indicate that the HDA activity has a lower chance of
success. The same software on powerful i9 hardware
yields better reliability.

Over the TUBITAK KAMAG project, the results
been reported to implementation team. The purchase of
a stronger hardware was addressed as the writing date
of the article. Reports to the development team
indicating chances for overload with HDA access been
provided to be considered during still ongoing effort.
The outcomes are indicative of benefits of making
physical experiments rather than using available
predictions. The oscillations of CPU utilizations are
characteristic with Celeron Processors, whereas
increasing trend in MTBF vs load figure may be due to
TCP achieving better with increasing load. Widening
confidence intervals are useful in representing
increasing uncertainties.

As a future work, further investigation of statistical
distributions underlying the failure behavior can be
considered.
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HIGHLIGHTS GRAPHICAL ABSTRACT

= Effect and important of this In robotics studies, motion and trajectory planning for industrial robot systems is one of the most
article in literature actively studied topics. "Automated Robot Inspection Cell for Quality Control of Automotive

* Exchange between sources Body-in-White (ROKOS)" has been defined as the Use-case Scenario within the scope of the

in related subjects of this
article
= Contribution and strongest

VALUS3S project, where studies are carried out for the verification and validation (V&V) of
autonomous systems. In this study, ROKOS system, developed in the real environment, was

impact on the related transferred to the GAZEBO simulation environment for the V&V of the defined use case

sobject of this article scenario, and SRVT (Simulation Based Robot Verification Testing Tool) was revealed and
= Examined study and simulation-based tests of the evaluation scenarios created within the scope of the project were

pbtamtedt results why is carried out on this system. Figure A shows the results of the Full Test with Reset.

importan

Keywords:

= Robotics ol TR
= Verification&Validation ‘
= Trajectory Planning L

= Industrial Quality Control

Figdre A. Full test with reset results
Avrticle Info:

Received : 07.08.2021 Aim of Article: In this study, within the scope of "Safety Trajectory Optimization”, which is one of

Acceoted - 17.09.2021 the evaluation scenarios, it is aimed to verify and validate the software developed by creating

PuinFs)he d ; 21'12'2021 trajectories in which the robot arms of the ROKOS system will move safely according to the

e determined evaluation criteria for the quality control of the bus chassis transferred to the simulation
DOI:10.53525/jster.979689 C"//ronment

Theory and Methodology : The OMPL and EST trajectory planning algorithms of the ROS Movelt

tool were studied, and the pros and cons of these algorithms were determined. In order to verify these

*Correspondence: algorithms in the simulation environment, detailed tests were carried out on the usage scenario and
Ugur Yayan the results were analyzed. Tests were conducted for 3 different scenarios (Speed Test, Full Test with
ugur.yayan@ogqu.edu.tr Reset (FTR) and Full Test without Reset (FToR)) and validation activities were improved in terms
Tel: +90 222 239 37 50 of time and cost for the existing ROKOS system transferred to SRVT.

Findings and Results: Within the scope of these studies, more than 400 tests were carried out on
many motion planning algorithms of the OMPL planner, and the most optimal planning algorithm
was tried to be found. At the end of the study, it was determined that this planning algorithm should
be BIEST or PRM and the tests were completed.

Conclusion : The SRVT system was created ROS tools, Gazebo and ROKOS. The study was carried
out on the examination and comparison of the planning performances of the motion planning
algorithms used through the software. In order to reduce the task completion times of the ROKOS
integrated into the SRVT ecosystem, it has been focused on determining the most suitable trajectory
planning algorithm for this system. Before moving on to these applications, many basic motion
planning algorithms in the OMPL library were examined, and the operability and effectiveness of the
motion planning mentality of these algorithms in the SRVT integration of the ROKOS system were
studied. In the light of research and tests, it has been seen that the task completion times of the
ROKOS system can be considerably reduced when appropriate algorithms are detected.
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ONE CIKANLAR

= Emniyetli Yoriinge Optimizasyon kapsaminda, simiilasyon ortamina aktarilmis olan otobiis sasesinin kalite kontrolii
= ROKOS sistemine ait robot kollarmin belirlenen degerlendirme kriterine gore emniyetli bir sekilde hareket edecekleri

yortingelerin olusturulmasi

* ROS Movelt aracina ait OMPL ve EST yoriinge planlama algoritmalarin arti ve eksi yonlerinin belirlenmesi
= Incelenen algoritmalarin simiilasyon ortaminda dogrulanmalari i¢in kullanim senaryosu iizerinde detayli testler
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Robotik ¢alismalarinda, endiistriyel robot sistemleri icin hareket ve yériinge planlama, aktif
olarak ¢alisilan konularin basinda gelmektedir. Otonom sistemlerin dogrulanmasi ve
onaylanmasi (V&V) i¢in ¢alismalar yiiriitiilen VALU3S projesi kapsaminda Kullanim Senaryosu
olarak "Ara¢ Sase Kalite Kontrolii i¢in Otonom Robot Denetleme Hiicresi (ROKOS)"
tamimlanmistir. Bu ¢calismada, tanimlanmus kullanim senaryosunun dogrulanmasi ve onaylanmasi
amacyla gercek ortamda gelistirilmis ROKOS sistemi, GAZEBO simiilasyon ortamina
aktartlarak SRVT (Simulasyon Tabanli Robot Dogrulama Test Sistemi) ortaya ¢ikarilmig ve bu
sistem tizerinde ise proje kapsaminda olusturulan degerlendirme senaryolarmmin simiilasyon
tabanly testleri yapumistiv. Bu ¢alismada, degerlendirme senaryolarindan “Emniyetli Yoriinge
Optimizasyon” kapsaminda, simiilasyon ortamina aktarilmis olan otobiis sasesinin kalite kontrolii
icin ROKOS sistemine ait robot kollarimin belirlenen degerlendirme kriterine gore emniyetli bir
sekilde hareket edecekleri yoriingelerin olusturularak gelistivilen yazilimlarin dogrulama ve
onaylama islemlerinin yapilmasi hedeflenmistir. Bu kapsamda, ROS Movelt aracina ait OMPL ve
EST yoriinge planlama algoritmalari iizerinde ¢alisiimis, bu algoritmalarin arti ve eksi yonleri
belirlenmistir. Bu algoritmalarin simiilasyon ortaminda dogrulanmalart igin kullanim senaryosu
tizerinde detayli testler yapilmis ve sonuglart analiz edilmistir. Testler 3 farkli senaryo (Hizli test,
Resetli Tam Test ve Resetsiz Tam Test) i¢in yapimis ve SRVT 'ye aktarilmig mevcut ROKOS sistemi
icin dogrulama faaliyetleri zaman ve maliyet acisindan iyilestirilmistir.

Anahtar Kelimeler: Robotik, Dogrulama&Onaylama, Yoériinge Planlama Algoritmalar,
Endiistriyel Kalite Kontrol

I. GIRIS
Son yillarda insan giicii ve akli ile ilerlemekte ve
gelismekte olan endiistriyel ¢aligmalar i¢in kullanilmaya
baslanmuis basit robotlar yerini karmagik otonom robotlara
birakmakta, endiistrinin yani sira saglik, uzay ve askeriye
gibi kritik alanda da bu tarz robotlar ve robotik

uygulamalarin desteklendigi ve yayginlastigt
goriilmektedir [19-22]. Bu ¢ok hizli gelisen yayilmanin
bir nedeni, robotlarin miikemmel ¢ok yonliligi ve
esnekligidir. Bu esneklik onlar1 farkli gorevleri yerine
getirmek i¢in ¢ok uygun hale getirmektedir [16].
Endiistriyel robotlarla ilgili olarak, bunlari bir manipiilator
ve eklemlerle [17] birbirine baglanan bir dizi sert koldan
olusan mekanik bir yap1 olarak tamimlamak miimkiindiir.
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Hareket kabiliyeti saglayan bir yapi, el becerisi veren bir
bilek ve robotun kullanildig1 gérevi yerine getiren bir ug
efektor belirlenmesi ile endiistriyel alanda ¢alisan
kompleks yapida bir robotun temel altyapisi tanimlanmis
olur.

Konu endiistriyel robotik sistemlere geldiginde, sahadaki
gorevlerin tamamlanmasinda zaman ¢ok Onemli bir
faktordiir. Sistemlere zaman kazandiracak ve gorevleri
sorunsuz gerceklestirmelerini saglayacak unsurlar da
robotik kol sistemleri i¢in kritik dnem tasiyan ydriinge
planlama algoritmalaridir. Yoriinge planlama, hesaplama
agisindan veri yogunlugu olusturabilen ve robotikte zaman
alic1 olabilen bir konudur [18]. Bir robotun, bir ortam
hakkinda bilgi edinmek i¢in sensorlerden gelen bilgilere
erigsmesi ve bunlari iglemesi gerekir. Yoriinge planlamanin
zorlugu, en wuygun yolu bulmayr ve hassas
manipiilasyonlar1 yonetmeyi igerir. Bir yoriinge planlama
algoritmasi i¢in tiim olast yoriingelerde bir arama
islenirken, bir kullanicinin robottan yanit almadan 6nce
prosediiriin tamamlanmasini beklemesi gerekir. Bu tarz
prosediirler, robotikte hareket planlamanin
performansinin, yapilan isin kalitesi ve zamanlamasi
konusundaki hassasiyetini arttirmaktadir. Bu durum da
planlama algoritmalarmin sisteme uygun bir sekilde
secilmesinin 6nemini vurgulamaktadir.

Robotik sistemlerde yoriinge planlamalart igin farkl
yoriinge planlama algoritmalarindan faydalaniimakta ve
bu sistemler i¢in yeni bir¢ok algoritma gelistirilmektedir.
Gasparetto ve ekibinin [23] yaptig1 ¢alismalar, dogrudan
robotikteki  yol bulma ve yoriinge belirleme
algoritmalarindan bazilar1 iizerinde yogunlagmistir. Bu
calismadaki planlama ¢esitleri, robot kollariin
bulunduklar1 konumlar ile ortam engelleri arasindaki
mesafelerin referans alindigi yol haritas1 (roadmap)
teknikleri, hiicre ayrigmasi (cell decomposition)
algoritmalar1 ve yapay potansiyel (artificial potential)
metotlar1 olarak tii¢ farkli ¢esitte incelenmistir. Bu
metotlarn  hepsi,  ortamin  geometrik  agidan
smiflandirilmasi ile gelistirilen farkli yaklagimlan ele alir.
Robotik kollar i¢in ydriinge planlamasi i¢in gelistirilen
yaklagimlardan biri Streinu’ya aittir [24]. Yaptigi
calismada robot kollarinin hareket kinematiklerini ve
terminolojilerini belirlemis, bu baglamda robot kolu i¢in
gelistirilecek algoritmalara yol gosteren bir ¢alisma
gerceklestirmistir. Moll ve ekibinin ¢aligmalarinda [36],
Streinu’nun ¢aligmasindakinden farkli mantalitede bir
degerlendirme (benchmark) yapis1 gelistirmiglerdir. Bu
yapi, kullanici tanmimli hareket planlama algoritma
sorunlarim1  ¢ézme odaklidir. Cohen ve ekibinin

calismalarinda [37], hareket planlar ile ilgili farkli bir
sorun olan hareketli robotik kollarin, robot hareketi ile kol
hareketi hizlarmin  uyumsuzlugundan kaynaklanan
planlama sikintisina deginilmistir. Bu sorunu ¢6zmek igin
yine farkli planlama algoritmalarini incelemisler ve bir
degerlendirme sunucusu olusturarak bir yaklagim
gelistirmislerdir. Liu ve ekibinin ¢aligmalar1 [38], robotik
yoriinge planlama optimizasyonu testlerine bir alternatif
olacak sekildedir. Tiinel, kiitiiphane ve endiistriyel alanlar
gibi farkli ortamlarda, farkli planlama algoritmalari ile
yapilan testler, algoritmalarin planlama yapma siireleri baz
almarak gerceklestirilmistir. Testlerde algoritmalarin
basar1 ylizdeleri, yolu piriizsiiz gegis siireleri gibi
parametreler de baz alinmstir.

Yoriinge planlama i¢in kullanilan algoritmalardan birisi
olan STOMP (Stoastic Trajectory Optimization) [7], genel
kisitlamalarla basa c¢ikabilen bir hareket planlama
yaklasimidir. Bu yaklasim, bir dizi giiriiltiilii yoriingeden
istifade ederek stokastik yoriinge optimizasyonunu
kullanmaktadir. Her tekrar uygulamada, bir dizi yoriinge
iretilir.  Olusturulan yoriingeler, daha sonra aday
¢Oziimiinii  giincellemek i¢in kullanilan maliyetleri
belirlemek amaci ile simiile edilmektedir. Bu siiregte
gradyan bilgisi gerekmediginden, genel kisitlamalar ve ek
sorunsuz maliyetler optimize edilebilir. Diger bir planlama
algoritmas1 olarak CHOMP (Covariant Hamiltonian
Optimization) [6], hareket planlamasi i¢in iyi ydriingeler
elde etmek amaciyla olusturulmus basit bir varyasyon
stratejisidir. CHOMP, disbilkey olmayan maliyet
fonksiyonlarinda yiiksek boyutlu uzaylarda optimizasyon
problemlerini ele almaktadir. Son olarak planlama
algoritmalarinin en yaygin tarafinda ise OMPL (Open
Motion Planning Library) kiitiiphanesi ve bu kiitiiphane
biinyesindeki algoritmalar bulunmaktadir. Bu algoritmalar
ROS temelli robotik uygulamalarda kullanilabilirligi
yiiksek, yazilim gelistirmelerine acik algoritmalar oldugu
icin, glinlimiizde ¢ok daha yaygin kullanilmaya
baglamigtir [1]. Xinyu ve ekibi [25] OMPL’in
algoritmalarindan RRT* algoritmasinin  ¢ift yonli
hareketteki etkisi lizerine ¢aligmistir. Caligmasinda RRT*
algoritmasinin oldukg¢a optimize oldugunu ancak islem
siiresinin uzun ve yavas olduguna dikkat cekmistir.
LaValle ve ekibinin ¢alismasinda [8], RRT (Rapidly-
Exploring Random Trees) algoritmasinin 12 eksene kadar
yoriinge planlamasi yapabilecek kabiliyette oldugu, engel
tespitleri ve dizayn parametrelerinin, ideal bir hareket
planlayict algoritmasinda olmasi gerektigi kalitede
oldugunu c¢esitli 6rneklerle agiklamislardir. Kuffner ve
ekibi [9], daha sonra RRT-Connect algoritmas: ile
RRT’deki yoriinge planlama menzilini arttiracak yeni
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diizenlemeler gelistirmislerdir. Karaman ve ekibi [10] de
RRT ve PRM (Probabilistic Roadmaps) algoritmalarinin
RRT* ve PRM* yiikseltmeleri f{izerinde c¢aligmalar
yapmiglardir. Bu gelistirmeler de yine RRT-Connect
oreginde oldugu gibi  algoritmalarin  planlama
zamanlarin kisaltmak ve ortam menzillerini genisletmek
iizerine tasarlanmistir. EST (Expansive Space Trees)
algoritmasi, Hsu ve ekibi [34] tarafindan ortaya ¢ikarilmis
bir hareket planlama algoritmasidir. Bu algoritma
temelinde, rastgele orneklenmis kilometre taslarindan
olusan bir yol haritasiyla baglantis1 etkin bir sekilde
yakalanabilen bir robot konfigiirasyon alam iizerine
odaklanmistir. Bu alan ailesini karakterize etmek icin
genisleme kavrami olusturmak iizerine kurulmus bir
algoritma ortaya ¢ikarmiglardir.

Bu calismada, tanimlanmis kullanim senaryosunun
dogrulanmasi ve onaylanmasi amaciyla gercek ortamda
gelistirilmis ROKOS sistemi GAZEBO simiilasyon
ortamina aktarilarak SRVT ortaya ¢ikarilmig ve bu sistem
tizerinde ise proje kapsaminda olusturulan degerlendirme
senaryolarinin simiilasyon tabanli testleri yapilmustir.

Bu ¢alismada, degerlendirme senaryolarindan “Emniyetli
Yoriinge Optimizasyon” kapsaminda, simiilasyon
ortamina aktarilmig olan otobiis sasesinin kalite kontrolii
icin ROKOS sistemine ait robot kollarinin belirlenen
degerlendirme kriterine gore emniyetli bir sekilde hareket
edecekleri  yoriingelerin  olusturularak  gelistirilen
yazilimlarin  dogrulama ve onaylama islemlerinin
yapilmast hedeflenmistir. Bu kapsamda, ROS MovelT
aracima ait OMPL ve EST yoriinge planlama algoritmalar1
tizerinde calisilmis, bu algoritmalarin art1 ve eksi yonleri
belirlenmistir. Bu algoritmalarin simiilasyon ortaminda
dogrulanmalari i¢in kullanim senaryosu {izerinde detayl
testler yapilmis ve sonuglari analiz edilmigtir. Testler 3
farkli senaryo (Hizli test, Resetli Tam Test ve Resetsiz
Tam Test) icin yapilmig ve SRVT’ye aktarilmis mevcut
ROKOS sistemi i¢in dogrulama faaliyetleri zaman ve
maliyet agisindan iyilestirilmigtir.

Makale akis1 olarak, Boliim 2°de ROKOS sistemi ve bu
sistemin islevi, Boliim 3’te bu sistemin entegre edildigi

SRVT’yi olusturan yazilimlar ile ilgili detaylar
aciklanmigtir. Boliim 4’te yoriinge planlamasi igin test
edilecek OMPL planlama algoritmalari incelenmis,
Bolim 5’te  ise bu algortimalarin  performans

kiyaslamalari, ROKOS sisteminin test siiresi tablolart
tizerinden incelenmistir. Calismanin sonuglari ise Boliim
6’da verilmistir.

Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(2): 31-45

I1. ROKOS (ROBOT KONTROL SiSTEMI)

ROKOS sisteminin kullanim senaryosu, yenilik¢i gorsel
kontrol teknikleriyle {irliniin kalite kontrol siiresinin
kisaltarak otobiis karoserisindeki pargalarin varlik-yokluk
kontroliinii daha hassas yapmaya odaklanmaktadir. Bu
kullanim senaryosunun temeli, daha iyi kalite kontrolii
elde etmek icin hataya dayaniklilik agisindan daha iyi
performansli bir iiretim sistemi saglamaktir. (Sekil 1).
2500-3000 govde parcasinin varligimin kontroliiniin
kartezyen robot ve kamera sensor sistemi ile tam otomatik
olarak yapilmasi planlanmaktadir. OTOKAR tarafindan
gelistirilen ve uzaktaki sunucuda galistirilan dijital ikiz
yazilimi, tiim pargalarin varligini kontrol etmek igin
giivenli robot yoriinge noktalarini belirler. Sunucudaki
veri tabaninda depolanan her robot yoriingesi noktast i¢in
yazilim, sanal bir kamerayt CAD (Computer-aided
Design) ortaminda konumlandirir ve sanal iki boyutlu
goriintiiler  olusturur.  Sunucudan gelen  yoriinge
noktalarin1 girdi olarak isleyen ve sistem bilgisayarinda
calistirilan yazilim, robot eksen motorlarmi PLC ve
stiriiciiler araciligiyla kontrol ederek Otokar'in gelistirdigi
kartezyen  robotlar1  gergek  {iretim  ortaminda
konumlandirir. Yoriingedeki her konum i¢in kamera
sensorleri, gercek {iretim ortamindan 2B goriintiiler
yakalar. Bu konumlar i¢in CAD verilerinden elde edilen
sentetik 2B veriler ile kamera sisteminden elde edilen
gercek 2B goriintii verileri karsilagtirilarak parca varlik-
yokluk kontrolil yapilir. Sistem durumu ve kalite kontrol
raporlari, kalite personeline arayiizlerle gosterilir ve
depolanr.

Sekil. 1. Kalite kontrol i¢in robot denetleme sistemi

Sekil 2’de gosterildigi gibi, hedeflenen sistem topolojisi
asagidaki gibidir: Sistem uzaktaki bir sunucuya gercek
zamanli veri ileten ve girig verileri alan iki giivenli
bolgeden olugmaktadir. Birinci giivenli bdlgede sistem
bilgisayari, 2 adet Time of Flight (ToF) kamera ve 2 adet
2B kamera bulunmaktadir. Kameralar sistem bilgisayarina
goriintii verilerini direk gondermektedir.

VALUS3S projesi kapsaminda belirlenmis Degerlendirme
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Senaryolar1 ve Kriterleri (Evaluation Scenarios and
Criteria) kapsaminda Otokar tarafindan saglanan bu
sistemin, “Giivenli Yoriinge Optimizasyonu (Safety
Trajectory Optimization)” alaninda calismalar yapilmstir.
Bu degerlendirme senaryosu, robotun ve robot
aparatlarinin ~ glivenligini, c¢alisma alanindaki statik
nesneleri de otomatik olarak kapsayan robot ydriinge
noktalar1 olusturmak, robotun giivenli bir hareket rotasi
¢izimini planlamay1r amaglar. Yapilan bu c¢aligmalarda
kullanilan iki ROKOS Kartezyen robot kolunun hareketli
tiim eklemleri ayr1 ayr1 sisteme tanimlanmakta ve kontrol
edilmektedir. Bu kontrol, ROS iizerinde gelistirilen
yazilimlar vasitasi ile gerceklestirilmekte, cesitli kontrol
parametreleri dogrultusunda gercekei robot hareketleri
elde edilmektedir.

I11. YAZILIMLAR VE SIMULASYON ORTAMI

Bu boliimde, ROKOS sisteminin entegre edildigi SRVT
ekosistemi ve bu ekosistemi olusturan yazilimlar hakkinda
temel bilgilere yer verilmistir.

Robotik Isletim Sistemi (ROS) [1],[2] olarak tabir edilen
sistem, acik kaynak kodlu olarak paylasilan, robotlar igin
donanim/yazilim  kontrolii, servisler ve iletisim
protokolleri gibi birgok robotik araci saglayan bir
arakatmandir. Robotik sistemleri simulasyon ortamlarinda
modellemeyi, kontrol etmeyi ve yeni yazilim araglari
entegre ederek gelistirmeyi miimkiin kilmaktadir.

Gazebo [3], robot modellerini simulasyon ortaminda,
kinematik ozelliklerini gercegiyle birebir modellemenin
miimkiin oldugu, ger¢ek¢i bir ortam simulasyon
yazilimidir. ROS destekli ¢alisabilmekte, ROS {izerinde
Gazebo i¢in gelistirilmis paketler ile kullanilabilmektedir.
Gazebo’nun sagladigi simulasyon ortaminda, gergege ¢ok
yakin ortamlar olusturmak ve robotlar1 bu ortamlarda
gercekei fizik kurallari altinda kullanmak miimkiindiir. Bu
calismada ROKOS sistemi ve bu sistemin kullanildigi
otobiis saseleri, gerceklerine birebir uygun dl¢ii ve atalet
momenti degerleri ile Gazebo ortamina uyarlanmistir
(Sekil 2).

Sekil. 2. Gazebo simulasyon ortamina modellenmis ROKOS
sistemi ve otobiis sasesi

SMACH, hizli bir sekilde karmasik robot davranislari
olusturmak i¢in gorev diizeyinde bir mimaridir. SMACH
Oziinde, hiyerarsik durum makineleri olusturmak igin
ROS'tan bagimsiz bir Python kitapligidir. SMACH,
bakimi yapilabilen ve modiiler kod ile hizli bir sekilde
saglam robot davranisi olusturmak i¢in c¢ok eski
konseptlerden yararlanan yeni bir kiitiiphanedir. Bu
kiitiiphane kullanilarak, robot kollarin c¢esitli gorev
durumlarinin kolaylikla kontrolii miimkiin olmaktadir.

Moveit! [4],[15] ROS’un hareket planlama yazilimidir
(Sekil 3). Robot, robot kolu ve dronlar gibi robotik
araclarin hareket kontrollerini ve planlamalarin1 saglayan
bir ortam saglar. Bu planlama sirasinda robotlarin
sensorlerini, ortam haritalarim ve hareket planlama
algoritmalarin1  kullanir. Robotun URDF modellerini
yeniden diizenleyerek, bu sistem iginde caligabilir SRDF
tamimlama dosyasina gevirir ve planlayici algoritmalarini
igletir. Bu dosya, ilgili robotun hareketli ya da hareketsiz
parcalarmnin tanimlanmasint ve bu pargalarin gerekli
parametrelerinin tanimlanmasinda kullanilir.

Moveit!, ROS'ta hareket planlama ve mobil manipiilasyon
icin birincil yazilim aracidir ve PR2, Robonaut ve
DARPA’nin Atlas robotu dahil olmak tizere birgok robotla
basarili bir sekilde entegre edilmistir. Moveit! tamamen
C++ ile yazilmigtir, ancak Python baglantilarini da igerir.
Moveit! varsayilan olarak ¢ekirdek ROS derleme ve
mesajlasma sistemlerini kullanir. Bilesenleri kolayca
degistirebilmek amaciyla eklentileri kullanir: hareket
planlama eklentileri (6rn. OMPL), carpisma algilama (6rn.
Hizli Carpisma Kitapligi (FCL)), kinematik eklentileri
(6rn. OROCOS Kinematik ve Dynamics Library (KDL)).
Movelt!’in hedef uygulamasi endiistriyel, ticari ve
aragtirma  ortamlarinda  manipiilasyonaa  yonelik
geligtirilmistir [35].
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Sékil. 3. Movelt! arayiizii

Moveit! yazilimi, i¢erisinde OMPL, CHOMP ve STOMP
planlayicilar1 ve bu planlayicilarin hareket planlama

algoritmalar1  bulundurmaktadir. CHOMP (Covariant
Hamiltonian ~ Optimization for Motion Planning)
kiitiiphanesi, robotik sistemlerdeki rotasyon
optimizasyonunu saglayabilmek icin yeniden

parametrelendirme yapilabilmesini saglayan yontemler
olusturan algoritmalar1 barindiracak bir kiitiiphane olarak
tasarlanmistir  [6]. Bu kiitliphane, bir baslangi¢
yoriingesinin kalitesini tekrarli olarak iyilestirmek igin
islevsel gradyan adi verilen teknikleri kullanir. STOMP
ise, daha diisik maliyetle olusturulmus bir yoriinge
olusturmak i¢in birlestirilen ilk (muhtemelen miimkiin
olmayan) bir yoriinge etrafindaki alani kesfetmek icin,
giiriiltii eklenmis yoriingeler olusturmaya dayanan bir
teknik kullanir. Her tekrarda engel ve piirlizsiizlik
maliyetinin bir kombinasyonunu temel alan bir maliyet
islevi optimize edilerek caligir [7]. Bu ¢alismada OMPL
algoritmalar lizerinde galisilmustir.

IV.OMPL HAREKET PLANLAMA
ALGORITMALARI

OMPL (Open Motion Planning Library), bir¢cok son
teknoloji planlama algoritmasinin uygulamalarini igeren,
orneklemeye dayali hareket planlamasi icin gelistirilmis
bir yazilim kiitiiphanesidir [5]. Bu kiitiiphane, kullanicinin
cesitli karmagik hareket planlama problemlerini minimum
girdi ile kolayca ¢dzmesine olanak taniyacak sekilde
tasarlanmigtir. ~ OMPL, yeni  hareket planlama
algoritmalarinin eklenmesini kolaylastirmakta ve diger
yazilim bilesenleriyle uygun bir sekilde
arayiizlenebilmektedir.

OMPL, biinyesinde RRT (Rapidly-exploring Random
Trees) [8], RRT-Connect (Rapidly-exploring Random
Trees - Connect) [9], RRT* (Rapidly-exploring Random
Trees - Star) [10], PRM (Probabilistic Road Map) [11],
PRM* (Probabilistic Road Map - Star) [12], EST
(Expansive Space Trees) [13], KPIECE (Kinodynamic

Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(2): 31-45

Motion Planning by Interior-Exterior Cell Exploration)
[14] ve BKPIECE (Bidirectional implementation of
KPIECE) [14] gibi bir¢ok algoritma bulundurmaktadir. Bu
calismada verilen oOrneklerdeki algoritmalardan RRT,
RRT*, RRTConnect, PRM, PRM*, EST (Expansive
Space Trees) ve BIEST (Bidirectional Expansive Space
Trees) algoritmalar1 kullanilmistir. Sekil 4’te bu
algoritmalardan bazilarinin kompleksitesi ile alakali bir
tablo verilmistir.

Algorithm Probabilistic | Asymptotic | Monotone Time Complexity Space
Completeness | Optimality | Convergence | Processing Query Complexity
lw % | PRM Yes No Yes | O(nlogn) | O(nlogn) | O(n)
.é_' 7: sPRM Yes Yes Yes [ o@m?) 0(112| 0(n?)
< i k-sPRM || Conditional No No O(nlogn) | O(nlogn) | O(n)
M < RRT Yes No Yes O(nlogn) | O(n) O(n)
\ PRM* ; : 2
w es g N | o o o
3 & [EPRVF Y Ye 0 O(nlogn) | O(nlogn) | O(nlogn)
8% [ RRG . . : ’
E_Ec RRG Yes Yes Yes O(nlogn) | O(nlogn)| O(nlogn)
< | RRT* . . ,
RRT Yes Yes Yes O(nlogn) O(n) O(n)

Sekil. 4. OMPL algoritmalar1

Asagida, bu galigmada teste tabi tutulan algoritmalarin
temel oOzellikleri ve diger algoritmalardan benzerlik ve
farkliliklart incelenmistir.

A. RRT Algoritmalar: (RRT, RRT-Connect, RRT*)

RRT algoritmas1 LaValle ve Kuffner’in c¢alismalarinda
[29,30] ortaya ¢ikarilmis bir yoriinge planlama
algoritmasidir. Bogluk dolduran bir agag¢ yapisini (space-
filling tree) [31] rastgele olusturarak, konveks olmayan ve
yiiksek boyutlu olan alanlar icerisinden, verimli bir
yoOriinge aramak i¢in tasarlanmis bir algoritmadir (Sekil 6).
Bu agac yapisi, arama alanindan rastgele alman
orneklerden asamali olarak olusturulur ve dogasi1 geregi,
uygun yoOriingeyi bulabilmek igin  algoritmanin
incelemedigi genis alanlara dogru biiyiiyerek tarama
yapmaya meyillidir.  Engeller ve diferansiyel
kisitlamalarla (holonomik olmayan ve kinodinamik)
sorunlart kolayca ¢dzmekte ve otonom robotik hareket
planlamasinda yaygin olarak kullanilmaktadir.
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Sekil. 5. Kiip seklinde 6rnek bir "space-filling tree" yapist

Probabilistik yol haritasi (probabilistic roadmap)
methodundan esinlenilerek olusturulmus bir sistem olan
RRT’nin, en belirgin avantaji, holonomik olmayan ve
kinodinamik planlamaya dogrudan uygulanabilmeleridir.
Bu avantaj, RRT'lerin konfiglirasyon ¢iftleri (veya
durumlar) arasinda herhangi bir baglanti yapilmasini
gerektirmemesinden, olasilikli yol haritalarinin ise tipik
olarak on  binlerce baglant1  gerektirmesinden
kaynaklanmaktadir. Ozetle RRT'ler, holonomik ydriinge
planlamasi i¢in temel bir olasiliklt yol haritasindan daha
verimli bir algoritma 6zelligi tasimaktadir [29,30].

Daha sonraki yillarda RRT algoritmasinin bazi
eksikliklerini (planlama hiz1 ya da uygulama hiz1 sorunlari
gibi) gidermek i¢in, RRT algoritmasindan tiiretilmis yeni
algoritmalar1 ortaya ¢ikarilmigtir. Bunlardan kisaca
bahsetmek gerekirse:

RRT-Connect: Yine Kuffner ve LaValle tarafindan
olusturulmus, RRT’nin hareket planlama menzilini
arttirmak icin gelistirilmis RRT algoritmasidir [9].

RRT*: RRT*, c¢alisilan diiglim sayisinin sonsuza
yaklastig1r durumlarda, hedefe ulagsmak i¢in miimkiin olan
en kisa yolu verecek sekilde revize edilmis bir RRT
algoritmasidir. Karaman ve ekibi tarafindan olusturulmus
olan bu algoritma [10, 32], gercekgi olarak sonsuza yakin
diiglim ihtimali miimkiin olmasa da algoritmanin en kisa
yolu gelistirmek i¢in ¢aligtigini 6ne siirmektedir. RRT*'1n
temel prensibi RRT ile aynmidir, ancak algoritmaya yapilan
iki 6nemli ekleme onemli Olgiide farkli sonuglar elde
edilmesini saglar. Bu farkliliklar, RRT*’1n her bir tepe
noktasinin ana tepe noktasina gore kat ettigi mesafeyi
kaydetme ve bunun {izerinde caligsma yapacak sekilde
tanimlanmas1 ve bosluk dolduran agacin yeniden
baglanmas1 ve yapilandirilmasinin gergeklestirilmesidir
[10, 29, 30, 32] (Sekil 6).

L
+

Sekil. 6. RRT* yoriinge planlamasi

B. PRM Algoritmalar: (PRM, PRM*)

Kavraki ve ekibi tarafindan ortaya ¢ikarilan PRM yoriinge
planlama algoritmas1 [11] carpismalardan kaginirken
robotun bir baslangi¢ konfigiirasyonu ile bir hedef
konfigiirasyonu arasinda bir yol belirleme sorununu ¢ézen
robotikte bir hareket planlama algoritmasidir. PRM
algoritmasinin arkasindaki temel fikir, robotun hareket
edecegi sahadan rastgele ©rnek noktalar alarak bu
noktalarin bos alanda kalip kalmadiklarini sinamak ve bu
noktalar1 yakindaki diger noktalara baglamak i¢in yerel bir
planlayicidan istifade etmeye dayanir (Sekil 7).

-4

-6

25 =5 ] 5 10
Sekil. 7. Bir dizi poligonal engel etrafinda uygun yollari

arastiran bir PRM algoritmasi1 6rnegi.

PRM algoritmasi ¢alisirken, baslangi¢ ve hedef noktalar
eklenir ve bu noktalar arasinda bir yol belirlemek icin
ortaya ¢ikan grafigin lizerinde bir de grafik arama
algoritmas1 uygulanir. Bu ¢ift planlama ile optimal bir
planlama algoritmasi olusturulmaya caligilmisgtir.

PRM algoritmasinin planlama iglemi iki asamadan olusur:
Olusturma asamasi ve Sorgulama asamasi. Olusturma
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asamasinda, ¢cevrede yapilmasi miimkiin olan hareketlere
ya da yonelimlere yakin bir yol haritas1 (grafik)
olusturulur. Bu grafik 6nce rastgele bir konfigiirasyon
temelinde meydana gelir. Daha sonra genelde ya en yakin
komsulara ya da onceden belirlenmis bir mesafeden daha
az olan tiim komsulara baglanilir. Yol haritasi yeterince
yogun olana kadar grafige konfigiirasyonlar ve baglantilar
eklenir. Sorgulama asamasinda ise, baglangi¢c ve hedef
konfigiirasyonlar1 grafige baglanir ve yol Dijkstra'nin en
kisa yol sorgusu [33] ile elde edilir.

PRM’nin avantaji genel ve neredeyse her tiir holonomik
robota uygulanabilir bir algoritma yapisina sahip
olmasidir. Ayrica, kolaylikla 0Ozellestirilebilir. Bu
Ozellestirme, yerel planlayict gibi yoOntemin genel
yapilariin, dikkate alinan ortam ozelliklerine daha iyi
uyan daha spesifik yapilarla degistirilmesi ile miimkiindiir
[11]. Ogzellestirilmis uygulama, cok sayida serbestlik
derecesi igeren robot i¢in ¢ok zor yoriinge planlama
sorgularini, birkag¢ dakikalik bir 6grenme siiresinden sonra
bir saniyeden kisa bir siirede ¢6zebilmektedir.

C. EST Algoritmalar

EST kiitiiphanesi ile genis hareket alanlarmin analizi
yapan, yeni bir dinamik planlama algoritmalar
tasarlanmistir (Sekil 8). Bu algoritmalar, konfigilirasyon
alaninin  sadece mevcut sorgu ile ilgili kismini
orneklemeye calisir ve tiim konfigiirasyon alani igin bir
yol haritasin1 6nceden hesaplamanin maliyetini ortadan
kaldirir. Bu nedenle, belirli bir ortam i¢in tek bir sorgunun
gonderildigi problemler igin ¢gok uygundur [34].

Sekil. 8. Dar bir gegidin varligi nedeniyle rastgele 6rnekleme
yoluyla baglanabilirligi yakalanmasi zor olan bir konfigiirasyon
alani

V. HAREKET PLANLAYICILARDA PERFORMANS
KARSILASTIRMASI

Bu kisimda, SRVT sisteminin biinyesinde bulunan hareket
planlayicilarinin igerisinde yer alan OMPL ve EST
planlayici algoritmalarinin performanslarinin
karsilastirilmasi ve teknik bazi 6zellikler agiklanmistir.

Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(2): 31-45

A. Test Donanimlarimin Ozellikleri
ROKOS sisteminin simule edildigi SRVT sistemi, yiiksek
performansh islemci giicli gerektiren bir gérev planlama,
uygulama ve simule etme sistemi oldugundan, calismalar
sirasinda bu sistem iki ayr1 PC’den kullanildi. Tablo 1°de
bu iki PC’nin donanim 6zellikleri verilmigtir.

Tablo I. Test Donanimlarimin Ozellikleri

Ozellikler PC1 PC2
Platform Linux x86_64 Linux x86_64
Platform Dist. ~ Ubuntu 20.04.02 LTS Ubuntu 20.04.02 LTS
Kernel 5.8.0-50-generix 5.8.0-50-generix
Release
ROS Dist. ROS Noetic ROS Noetic
CPU Model Intel® Core(TM) i7- Intel® Core(TM) i7-8750H
7700HQ CPU CPU
CPU Core 8 12
CPU Speed 2.80 GHz 2.20 GHz
RAM 16 GB 8 GB
Graphic Card NVIDIA GeForce GTX NVIDIA GeForce GTX
1050 1050
Yukarida donanim ozellikleri verilen PC1, SRVT
sisteminin simulasyon ortaminin calistirildigt

donanimken, PC2 bu simulasyon ortamindaki gorev
atamalarini ve planlamalarini gergeklestiren donanimdir.
Bu iki donanimda ¢aligan ROS diiglimlerinin olusturdugu
sistem mimari diyagrami Sekil 9’da gosterilmistir.

Sistemin genel c¢alisma diyagrami da Sekil 10’da
gosterildigi gibidir.
pc1 PC2

Rokos Moveit
Rokos Smach
Task Server

Sekil. 9. SRVT ROKOS entegrasyonun ROS sistem mimarisi

Rokos Gazebo

e |

Image Server

SRVT sistemi, Boliim 2’de anlatildig: gibi iki
kartezyen robotun ayni anda ¢alistig1, belirli gérevleri icra
ettigi bir islemdir. Bu islem siireci, iki ayr1 robota,
belirlenen algoritmalarin ya da komutlarin uygulandigr iki
ayrt kod sisteminin uyumlu ¢alismasi ile miimkiin
olmaktadir. Sekil 10’da verilen SRVT c¢alisma
diyagraminda, bu iki ayr1 robot kolu i¢in igletilen SMACH
yapist goriilebilir.
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{ Ao it PR | SRR l
> Movelt

SMACH

Sekil. 10. SRVT calisma diyagrami

B. Gorev Listesinin Olusturulmasi

ROKOS sistemi, kendisine gonderilen gorev listelerinde
belirtilen koordinatlara, verilen eksen hareket siralarina
uyacak sekilde hareketler ile intikal etme {izerine
tasarlanmigtir. Bu gorev listeleri, SRVT sisteminin ROS
paketlerinde ROKOS kollarina ait konfigiirasyon
dosyalar1 igerisinde yer alan parametre klasorlerinde
saklanmaktadir. Tablo 2’de bu parametre dosyalarindan
birinin igerigi goriilebilir.

Tablo I1. Rokos sol kol gorev parametresi igerik kesiti

Left Rokos:

- Task:
Task_ID: 35694 %Gdrev Numarast

Vehicle_CODE: '13M38_1' %Sase Kodu
Mode: 1 %Kamera Kayit Modu
Tag: 'ON' %Saseye Gore Gorev Konumu

Position: %Robot Kol Koordinatlar
X:6.079
Y:2.840
Z:1.603
C_AX: 10.000
C_AZ:170.000

Queue: %Hareketin Uygulanma Sirast
X1

<

OON
> >N w
N X
SN

Tablo 2°de bir kesiti yer alan .yaml uzantili gorev listesi
dosyasi, ROKOS kollarinin ROS paketleri ¢alistiginda
sistem tarafindan istenir, bu verilere uygun olarak robot
kollar1 sirasiyla gorevleri gergeklestirir. Kesitte yorum
satir1 olarak vurgulanmis detaylara gore siiflandirilmig
gorevler, SRVT sistemi tarafindan uygulanmakta, sistem

¢iktilarinin kayitlar1 bu detaylara gére tutulmakta, robot
kol hareketleri ilgili koordinatlar ve bu koordinatlara
intikal i¢in gerekli yoriinge hareket siralamalarina uygun
hareketler yaparak gorevleri tamamlamaktadir.

Tablo I11. Gergek ortamdaki gorev koordinatlar listesi

Y 35269 35270
Ara¢_Kodu 13M38_1 13M38_1
Robot_NO 1 1
Kamera_X 1750 1150
Sira_X 3 3
Kamera_Y 1082 1682
Sira_Y 2 2
Kamera_Z 50 50
Sira_Z 1 1
Kamera_AX 10 10
Sira_AX 4 4
Kamera_AZ 0 0
Sira_AZ 5 5
Durum 1 1
Created_at 2020-10-18 2020-10-18 02:09:57.000

2:09:57.000
Etiket ARKA ARKA

Tablo 3’te SRVT ortamina gore uyarlanmis ROKOS
gorev bilgilerinin bulundugu dosya igeriginden bir kesit
goriilmektedir. Yeni bir gorev olusturulurken ya da
gorevlerde degisiklik yapildiginda bu degisikliklerin
“.yaml” uzantili gérev dosyalarina ¢evrilmesi i¢in bir ROS
diigimii gelistirilmistir. Bu diiglim, hazirlanan .csv
uzantili gorev tablolarin1 otomatik olarak .yaml uzantili
konfigiirasyon dosyalarina g¢evirmektedir. Bu sekilde
ROKOS sistemi i¢in gorev dosyalari olugturulmus olur.

ROKOS sistemi icin tasarlanmis gorev listelerinde,
robotun yoriinge plan1 olmaksizin engellere garpmadan
hareketi seklinde bir caligma mantalitesi
benimsendiginden, belirli konumlar arasina yerlestirilmis
reset noktalar1 bulunmaktadir. Bu noktalar sayesinde
robot, intikal etmesi gereken iki nokta arasinda ilerlerken
once belirlenen reset konumlarina ulastigindan engellere
carpmadan hareketler gergeklestirebilmektedir. Toplamda
iki ROKOS kolu igin 330 gdrev noktas1 bulunmaktadir ve
bu noktalarin 58’1 reset noktalaridir. ROKOS sisteminde
ise ¢arpismasiz dinamik yoriinge planlama oldugu igin bu
reset noktalarinin kullanilmasia gerek kalmamaktadir.
Testler gerceklestirilirken hem eski gorev listesi hem de
reset noktalari ¢ikarilmis yeni gorev listesi kullanilarak
stireler elde edilmistir.

C. Test Yontemlerinin Belirlenmesi

Hizli test, gorev listesinden rastgele segilen 15°er gorev
ile olusturulan kisa gorev listesini tamamlama siirelerinin
hesaplanmasini igerir. Belirlenen noktalar, tam gorev
listesinin igerisinden, ilerleme sirasina gore rastgele
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secilmistir. Bu da robotun tiim gorevleri yapmasa da
hareket giizergah1 boyunca hareket etmesini saglamasi,
testin robot kollarmin menzillerini de hesaba katabilmesi
icin belirlenmistir. Resetli Tam Test, gercek ortamdaki
ROKOS sistemi igin olusturulmus, gorev sirasinda
carpigsmalari  engellemek igin bazi reset noktalar
belirlenmis 330 gorev koordinatindan olusan listeye
uygulanan testtir. Resetsiz Tam Test ise bu reset noktalari
cikarilarak, gorev listesinin sayisinin 272 noktaya
indirilmesiyle olusturulmus yeni listeye uygulanan testtir.
Bu testler sonucunda elde edilecek stireler her iki kol ayn1
anda calisirken, ayr1 ayri hesaplanir ve verilen gorev
listesini {icer defa tamamlanmasi ile elde edilen veriler
tizerinden gergeklestirilmistir. Testlerin basart kriterleri
Sekil 10°daki diyagramda verilmistir. Ayrica Tablo 4’te bu
gorev listelerinin dosya yapis1 gosterilmistir.

Tablo IV. ROKOS gorev listeleri dosya yapisi

Rokos_Task:
# None = Full Task

Right_Rokos: None
#- 35272
#- 35277
#- 35279
#- 35291
#- 35310
#- 35320
#- 35330
#- 35340
#- 35349
#- 35360
#- 35374
#- 35380
#- 35390
#- 35414
#- 35432

Left_Rokos: None
#- 35702
#- 35705
#- 35700
#- 35710
#- 35730
#- 35749
#- 35760
#- 35770
#- 35780
#- 35790
#- 35818
#- 35825
#- 35830
#- 35840
#- 35875

Test Metotlari

Hizh Test ) Resetli/Resetsiz Tam Testler

Anahtar Performans Géstergeleri Anahtar Performans Gostergeleri

* Algoritmanin planlama ve uygulama
stresi 6 dk'dan kisa olmali,

* Gorev g kez tekrarlanmali,

* Highir gorev tekrarinda, robot
kollarda engellerle carpisma
olmamali.

+ Algoritmanin planlama ve uygulama
suresi 25 dk'dan kisa olmal,

+ Gorev lg kez tekrarlanmali,

+ Higbir gorev tekrarinda, robot
kollarda engellerle carpisma
olmamali.

Sekil. 11. Test yontemleri ve anahtar performans gostergeleri
diyagrami

Sekil 11°de verilen test yontemlerindeki basari kriterleri,

“Glvenli Yoringe Optimizasyonu” degerlendirme
senaryosu kapsaminda yer alan kriterlere gore
olusturulmustur.

Testler sol ve sag ROKOS kollar i¢in ayr1 ayn siireler
alimmak suretiyle uygulanmaktadir. Bunun sebebi her iki
robot kolu i¢in planlama algoritmalarinin ayr1 ayri
calistirtliyor olmasidir. Ayrica iki kol i¢in de anlik gérev
koordinatlar1 ve yoriingeler farklilik gostermektedir. Bu
farkliliklarla birlikte aslinda tek bir robotik sistemde iki
farkli robot kolunun ayr1 ayri planlama ve plani uygulama
stirecinden gecirilmesi durumunu olusturur. Bu nedenle
testler esnasinda her kol i¢in algoritma performanslar1 ayri
ayr1 degerlendirilmekte ve bu sonuglarin ortalamalari
alinarak sonuglar analiz edilmektedir.

D. Algoritma Testleri

Yoriinge planlama algoritmalar1 ig¢in belirlenen test
yontemlerinin uygulamasindan dnce, bu algoritmalarin
planlama ve plan1 uygulama ¢6ziimlerini bulma
siirelerinin de testleri gergeklestirilmistir (Planlama
Kurulum ve Céziim Bulma degerleri). Algoritmalarin bu
zaman degerlerinin ortalama ve standart sapma degerleri,
Tablo 5’te gosterilmistir.
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Tablo V. OMPL Algoritmalar1 Uygulanan Rokos Kollarinin Tmmmmmm—— L
PlanlamaKurulum (SimpleSetup) ve CéziimBulma (] °
(SolutionFound) Zamanlart Tablosu
Simple Sslmple Solution S'glutlc:jn *z 1
Planlayicilar&Rokos Setup etup Found oun E : T . ¢
Standart Standart 5. .
Kollar: Ortalama Ortalama H
(sn) Sapma (sn) Sapma g ]
(sn) (sn) o .
RRT-Sol 0.027837 0.030814  0.829886 0.788524 fg ﬁ o B . ﬂ
RRT-Sag 0.070042 0.083717  0.676665  0.844881 . L EH 5 =N
RRT*-Sol 0.027837 0.030814 0.829886 0.788524 . nl:mgm RATLeft RWT"anL.'Rwr'lememn Sght ARTCon st EST-Aight EST-Leh . WESTRight  BIEST-Left  PRM-Right PRM-Laft  PRM*-Right [
Sekil. 13. Yoriinge planlama algoritmalarmin her robot kolu
* S .. . -
RRT*-Sag 0.095220 0.09871  3.371867 1.564152 i¢in SolutionFound zamanlari grafigi
RRTCon.-Sol 0.005815 0.007541  0.399085  0.282422
E. Test Sonuclar:
RRTCon-Sag 0008482 0008846 0504321  0.640946 %Ilzh“test §onpcpnda elde edilen veriler, Tablo 6 ve Sekil
14’te gosterilmistir.
EST-Sol 0.025089 0.024726  0.817884 0.761156
EST-Sag 0080437  0.101916  0.905613  1.332297  Tap|g VI. OMPL Algoritmalari Uygulanan Rokos Kollarmim
BiEST-Sol 0.008851 0.007632  0.527579 0.648691  Hizli Test Tamamlama Siireleri ve Ortalamasi
BiEST-Sag 0.041339 0.056627  0.531412 0.579818 Planlayicilar&Rokos Tur 1 Tur 2 Tur3 Ortail.lama
Kollar: Siire
PRM-Sol 0.031796  0.040521  1.074248  1.030772
RRT-Sol 06:52.97 04:50.54 05:31.53  05:45.01
PRM-Sag 0.100877 0.104994  0.921887 0.756369 5
PRM*-Sol 0037562 0042537  4.220041 0599214 RRT-Sag 06:2442 054252 053048 05:5247
PRM*-Sag 0.115702 0.121598  4.059866 1.233106 RRT*-Sol 10:29.36  06:03.42 06:27.28 07:40.05
RRT*-Sag 07:13.12 06:56.35 06:18.12 06:49.20
Yukarida verilen tabloda yer alan SimpleSetup zamanlari, RRTCon.-Sol 07:03.23 04:37.18 07:57.60 06:32.67
algoritmalarin  planlamay1r  gergeklestirdigi  siireleri
vermektedir. SolutionFound siireleri ise bu planlari, robot RRTCon-Sag 06:19.93 06:12.19 05:52.78  06:08.30
llzoﬁarma uygulattiklari  siiredir. Bl?l sur?ler,h rolEOt EST-Sol 11:4322 065242 10:2821 09:41.28
ollarmn bir gorev b(.)yunca yaptiklart - tum . ?re .et EST-Sag 05:37.37 06:02.84 06:08.21 05:56.14
planlarindan elde edilen zamanlarin analizi ile - | e ” - .
hesaplanmustir. Bu siirelerle elde edilen siire grafikleri de BIEST-So 05:15:27  05:4159  05:02.73  05:19.86
Sekil 12 ve Sekil 13’te Verildigi gibidir. BIiEST-Sag 05:41.93 05:46.64 05:27.91 05:38.83
PRM-Sol 06:00.56 04:48.77 05:4550 05:31.61
PRM-Sag 05:16.33 05:4556 05:39.12  05:33.67
. PRM*-Sol 05:54.98 06:27.28 06:28.12 06:16.79
PRM*-Sag 07:28.44 06:53.26 06:44.68 07:02.13

Planlama Streleri (s)

8 10

ool .l abal) -

° 1143
° : 1029
757
7.03 7128
— 652 652 ™
Be R T Wik e T e ST BTG BT ks P P e e 3, pary B s 58 w
. e as . 5.30 537 541 5.46 54530
Sekil. 12. Yoriinge planlama algoritmalarinin her robot kolu 5 - 515 B oy M
. . - ~ 437 Y
icin SimpleSetup zamanlar1 grafigi . I I | | I |
2
o Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min  Max Min Max  Min Max  Min Max
R

SolR.  SafR SolR. SafR  SolR SafR  SolR. SagR. SolR. SafR. SolR. SafR. SolR. SafR.

80T ann. iger

Sekil. 14.  Hizli Test S.anuglﬁeflrl (Robot kol.l.;rl baz-;Hda
algoritmalarin en iyi ve en kotii siireleri)
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Sekil 14°teki grafikte, hizli test sonucunda her
algoritmanin her robot kolundaki en iyi ve en kotii gorev
tamamlama siireleri verilmistir.

7.40

Ortalama Siire (dk)

.
5‘52. 6.08

SolR. SafR. SolR. SagR  SolR. SaR  SolR. SaR.  SolR. SagR. SolR.  SagR. SolR.  SagR.
RRT RRT* RATCannect EST BIEST PRM PRM*
Yériinoa Planlama Aloaritmalar
Sekil. 15. Hizli Test Sonuglart (Robot kollar1 bazinda

algoritmalarin ortalama siireleri)

Sekil 15°deki grafikte ise hizli test sonucundaki her
algoritmanin her robot kolundaki ortalama gorev
tamamlama siireleri verilmistir. Bu tablodan ve
grafiklerden de anlasilacagi lizere RRT, PRM ve BiEST
algoritmalari, hizl test sonucunda iyi siireler ¢ikarmustir.

Tablo VII. OMPL Algoritmalart Uygulanan Rokos Kollarinin
Tam Test Tamamlama Siireleri ve Ortalamasi
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45,24

nnnnnn Man Min M Max Min Ma

i
SolR.  SafR. SolR.  SafR.  SolR. SafR.  SolR.  SafR.  SolR.

RRT RRT*

Sekil. 16.
algoritmalarin en iyi ve en kotii siireleri)

RRTConnect EST BIEST

Sekil 16°daki grafikte, tam test

201
3611
36.06 3429
33,53 [l 55 41 34.02 33.20,
30 29.40 - 2:9” 2831
27.26) 17.57 - 27.¢
L P 21.06 i, 260 2616
= 24.20 B8 24.38) 245 -
=3 23.54]
£
A
10/
0
Mox Min Mox Min Max Min Max Min Max Min Max Min Max Min Max Win X Min Max Min Mox Min Max Min Max

SaffR.  SolR.  SafR.

39.07
42,
SolR. S R.

Tam Test Sonuglar1 (Robot kollar1 bazinda

sonucunda her

algoritmanin her robot kolundaki en iyi ve en kotii gérev

tamamlama siireleri verilmistir.

39.7
1

El 3331
y

Ortalama Siire (dk)
¥

2834
2707
2552 -

26.03 - 26.04
6 e 2530 »nM .

3721
"

33s7

28.12 28.28
- .

Planlayicilar&Rokos Tur1 Tur2 Tur3 Ortailama
Kollar: Siire
RRT-Sol 26:34.13 27:06.65 24:29.95 26:03.58
RRT-Sag 26:20.79  25:31.29 24:3843 25:30.17
RRT*-Sol 45:2415 38:35.71 33:53.49 39:17.78
RRT*-Sag 34:02.28 33:11.62 33:19.71 33:31.20
RRTCon.-Sol 23:54.40 36:06.81 24:30.71 28:10.64
RRTCon-Sag 24:5351 27:06.96 25:37.17 25:52.55
EST-Sol 27:26.21  29:40.67 28:37.24 28:34.71
EST-Sag 27:57.94 26:49.73 26:33.45 27:07.04
BIiEST-Sol 26:01.29 25:15.89 25:55.85 25:44.34
BIiEST-Sag 26:08.30 25:47.53 26:16.96 26:04.26
PRM-Sol 29:27.44 27:26.18 27:4353 28:12.38
PRM-Sag 28:25.82 28:31.74 27.42.99 28:28.78
PRM*-Sol 36:11.85 36:43.32 39:07.91 37:21.03
PRM*-Sag 34:00.81 34:29.87 33:20.94 33:57.21

SolR. SagR.  SolR. SafR.  SolR. SagR.  SolR. SagR. SolR. SagR  SolR  SagR.
RRTConnect EST BIEST PRM PRM®

Yoringe Planlama Algoritmalan
Sekil. 17. Tam Test Sonuglari (Robot kollar1 bazinda
algoritmalarin ortalama siireleri)

SolR.  SagR.
RRT RAT*

Sekil 17°deki grafikte ise tam test sonucundaki her
algoritmanin her robot kolundaki ortalama gorev
tamamlama siireleri verilmistir. Verilen tablo ve
grafiklerde yer alan verilere gore BiEST ve RRT
algoritmalari, anahtar performans gostergelerine gore tam
testlerde de yeterli bir performans gostermistir. Hizli
testlerde yeterli performans gdsteren PRM algoritmasi tam
testlerde ayni performansi gdsterememistir. Ortalamada
yeterli bir performans gosterse de RRT algoritmasinin sol
ROKOS kolu i¢in en kétii gorev turu tamamlama siiresine
sahip olmasi nedeniyle ¢ok da stabil bir ¢alisma
gostermedigi  goriilmektedir. Bu anlamda BiEST
algoritmas1 oldukga stabil gdrev tamamlama siireleri
ortaya koymustur.

Gergeklestirilen tam testin gorev listesi Bolim V.B’de
bahsi gegen reset noktalarma sahip olan eski gorev listesi
tizerinde gergeklestirilmistir. Testin son bdliimiinde, reset
noktalar1 ¢ikarilarak 330’dan 272 noktaya indirilmis yeni
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gorev listeleri lizerinde (sag ve sol ROKOS gorev listeleri)
tam testin tekrar edilmesi gergeklestirilmistir. Tablo 8’de
giincel gorev listesi lizerinde yapilan tam testin sonuglari
ve Onceki listeye nazaran elde edilen siire kazanci
yiizdeleri goriilebilir.

Tablo VIII. OMPL Algoritmalari Uygulanan Rokos Kollarinin
Giincel Gorev Listesinde Tam Test Tamamlama Sireleri,
Ortalamasi ve Eski Gorev Listesi Siirelerinden Kazang Oranlari

Planlayicilar Ortalama Silre
&Rokos Turl Tur 2 Tur3 Siire Kazanct
Kollar

RRT-Sol 20:36.31 22:03.76 25:07.26 22:35.78  13.29%

RRT-Sag 19:14.61 21:00.89 19:38.84 19:5811  21.7%

RRT*-Sol 31:35.66 27:17.49 32:16.33 30:23.16  22.67%

RRT*-Sag 24:4285 24:57.86 24:36.64 24:4578  26.12%

RRTCon.-Sol ~ 24:47.58 22:2149 33:28.19 26:52.42  4.63%

RRTCon-Sag  19:42.34 19:33.87 19:03.21 19:26.47  24.87%

EST-Sol 28:08.15 254231 315257 28:3434  0.02%

EST-Sag 20:58.26 22:52.11 22:45.94 22:12.10  18.13%

BiEST-Sol 22:07.90 19:31.22 19:57.43 20:32.18  20.21%

BiEST-Sag 20:35.92  19:12.75 19:34.17 19:47.61  24.08%

PRM-Sol 21:4894 26:56.35 25:14.94 24:40.08  12.54%

PRM-Sag 19:4956 21:2652 20:19.86 20:31.98  27.9%

PRM*-Sol 29:2122 27:29.25 28:10.61 28:20.36  24.13%

PRM*-Sag 25:0847 252470 24:5536 25:0951  25.9%

Sekil 18’deki grafikte, tam test sonucunda her

algoritmanin her robot kolundaki en iyi ve en kotii gérev
tamamlama siireleri verilmistir.

33.28
2 3152

26.56 229

29.21
747
4.5 502 25.24
2436 24.55,
- o 21.26)

M0 Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
SolR.  SagR. SolR. SagR.  SolR  SagR. SolR. SafR. SolR.  SagR SolR. SagR.  SolR. SafR.

Su‘re (dk)

RRT RRT* RRTConnect st BEST PRM PRM*

Yoriinge Planlama Algoritmalari
Sekil. 18. Giincel Gorev Listesine Uygulanan Tam Test
Sonuglari (Robot kollar1 bazinda algoritmalarin en iyi ve en kotii
siireleri)

Sekil 19’daki grafikte ise tam test sonucundaki her
algoritmanin her robot kolundaki ortalama gorev
tamamlama siireleri verilmistir.
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Yériinge Planlama Algoritmalan
Sekil. 19. Giincel Gorev Listesine Uygulanan Tam Test
Sonuglart (Robot kollar1 bazinda algoritmalarin ortalama
stireleri)

Verilen tablo ve grafiklerde yer alan verilere gore giincel
gorev listesinde de BiEST ve RRT algoritmalari, anahtar
performans gostergelerine bakildiginda basarili  bir
performans gostermistir. Gorev listelerinden planlayici
icin gereksiz olabilecek noktalar ¢ikarildiginda gorev
tamamlama  ylizdelerinin = %27.9’a  kadar arttig1
gbzlemlenmistir. Ayrica gorev tamamlama siirelerinin 20
dakikanin altina indirilebildigi de goriilmiistiir. Buradan
yola cikilarak ROKOS sistemine uygulanan dinamik
planlama sisteminin, az konum noktasinda daha etkili
calistig1 sonucuna ulagilmigtir.

Bu testlerle birlikte, ROKOS kollar1 ¢ok tekrarli bir
sekilde gorev listesinin ya bir kismiyla ya da tamamiyla
sinanmistir. Hizli test ile diger yandan alternatif gérev
listelerinde robotlarin verecegi tepkiler de gdzlenmistir.

Bu caligmalar kapsaminda, OMPL planlayicisina ait
bir¢ok hareket planlama algoritmasi tizerinde 400’1 agkin,
saatlerce siiren testler gerceklestirilmis, en optimal
planlama algoritmasi bulunmaya calisilmistir. Caligma
sonunda bu planlama algoritmasinin BiEST olmasi
gerektigi tespit edilerek testler tamamlanmustir.

V1. SONUC VE DEGERLENDIRME

Bu c¢alisma ROS araglarindan ve Gazebo simulasyon
ortammin entegrasyonu ile ortaya ¢ikarilan SRVT
sistemine, ROKOS robot kol sisteminin entegrasyonu ile
SRVT igerisindeki bir diger unsur olan Moveit! yazilimi
aracilifiyla kullamlan hareket planlama algoritmalarmin
planlama performanslarinin incelenmesi ve kiyaslanmasi
iizerine gerceklestirilmistir. SRVT ekosistemi igerisine
entegre edilmis ROKOS robot kol sisteminin, gorev
tamamlama siirelerinin diisiiriilmesi i¢in, bu sisteme en
uygun yoriinge planlama algoritmasinin belirlenmesine
odaklanilmistir. Bu uygulamalara gecilmeden nce OMPL
kiitiiphanesi icindeki bircok temel hareket planlama
algoritmas1 incelenmis, bu algoritmalarin hareket
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planlama mantalitesinin, ROKOS sisteminin SRVT
entegrasyonunda galistirilabilirligi ve verimliligi iizerinde
calisma yapilmigtir. Arastirmalar ve yapilan testler
1s1¢inda, ROKOS  sisteminin  gérev  tamamlama
stirelerinin, uygun algoritmalar tespit edildiginde oldukc¢a
diistirtilebildigi goriilmiistiir.

Gelecekte ROKOS’un gorev tamamlama siirelerinin 25
dakikanin altinda stabil hale getirilmesi i¢in algoritma test
cesitliliginin arttirillmasi, farkli gorev listelerinde testler
yapilmast gibi optimizasyon c¢aligmalarina odaklanilmasi
planlanmaktadir.
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One of the main goals in machine learning studies is to determine the most significant variables
on a specific research problem. Various algorithms have been developed to achieve this goal.
Random forest, Cubist, and MARS algorithms are the most common ones among these
algorithms. Although classical statistical algorithms have been useful to obtain the importance
level of the effective variables on the output in a certain amount, the machine learning
algorithms may provide clearer and more precise results. In this study, the estimation results
of Random Forest, Cubist, and MARS algorithms have been presented comparatively in terms
of some performance criteria like mean squares error, the coefficient of determination, and
mean absolute error by using a real data set. The results show that the performances of Random
Forest and Cubist are similar amongst themselves but better than MARS. Additionally, the
rank of the most important variables varies according to the type of algorithm. The
concordance between algorithms is investigated from a statistical perspective and found
satisfactory. Consequently, Random Forest, Cubist, and MARS can be considered effective
and reasonable algorithms for both estimation performance and variable importance
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Aim of Article: The main goals are (1) to compare the most effective machine learning algorithms by
using a real and original estate data set and (2) to present the variable importance abilities.

Theory and Methodology: Based on a solid experimental setting and hyper-parameter tuning,
including k-fold cross-validation, Cubist, Mars, and Random Forest algorithms have been compared
to each other on real estate data set. Also, the Kendall W coefficient as a statistical significance test
has been added to check the concordance of all algorithms.

Findings and Results: The main results show that all algorithms present reasonable results, but the
Cubist is found as the best algorithm. The concordance between algorithms is significant, according
to the Kendall W coefficient.

Conclusion: Machine learning algorithms may provide better insights in terms of variable importance
evaluation than conventional methods like correlational or exploratory methods. With careful hyper-
parameter tuning, each algorithm has both generalizability and the ability of variable importance
determination.


https://dergipark.org.tr/en/pub/jster
https://dergipark.org.tr/en/pub/jster
mailto:hasanyildirim@kmu.edu.tr
mailto:hasanyildirim@kmu.edu.tr

Gl
(L » ,h

\
“(\J]

RESEARCH ARTICLE

JOURNAL OF SCIENTIFIC, TECHNOLOGY AND ENGINEERING RESEARCH 47
Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(2): 46-53
ISSN : 2717-8404 https.//dergipark.org.tr/en/pub/jster

Comparative Analysis of Machine Learning Algorithms Based on

Variable Importance Evaluation

171 Hasan YILDIRIM

1, * Karamanoglu Mehmetbey University, Kamil Ozdag Science Faculty, Mathematics, Karaman, Turkey,

hasanyildirim@kmu.edu.tr, Orcid: 0000-0003-4582-9018.

Citation:

Yildirim, H. (2021). Comparative Analysis of Machine Learning Algorithms Based on Variable Importance Evaluation, Journal of
Scientific Technology and Engineering Research, 2(2): 46-53. DOI: 10.53525/jster.988672

HIGHLIGHTS

= Machine learning algorithms may provide reasonable insights on variable importance via effective tuning.
= The cubist algorithm can present predictive results on property value assessments.
= The cascade of machine learning and statistical methods are powerful tools for the property valuation.

Article Info

ABSTRACT

Received : 2021-08-30
Accepted : 2021-10-06
Published : 2021-12-21

DOI:
10.53525/jster.988672

*Corresponding Author:

Hasan YILDIRIM
hasanyildirim@kmu.edu.tr
0 (338) 226 2000 - 3766

I. INTRODUCTION

One of the main goals in machine learning studies is to determine the most significant variables
on a specific research problem. Various algorithms have been developed to achieve this goal.
Random forest, Cubist, and MARS algorithms are the most common ones among these algorithms.
Although classical statistical algorithms have been useful to obtain the importance level of the
effective variables on the output in a certain amount, the machine learning algorithms may
provide clearer and more precise results. In this study, the estimation results of Random Forest,
Cubist, and MARS algorithms have been presented comparatively in terms of some performance
criteria like mean squares error, the coefficient of determination, and mean absolute error by
using a real data set. The results show that the performances of Random Forest and Cubist are
similar amongst themselves but better than MARS. Additionally, the rank of the most important
variables varies according to the type of algorithm. The concordance between algorithms is
investigated from a statistical perspective and found satisfactory. Consequently, Random Forest,
Cubist, and MARS can be considered effective and reasonable algorithms for both estimation
performance and variable importance evaluation.
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dimensional reduction techniques (such as principal
component analysis, locally linear embedding, t-SNE,

The amount of data to be considered in research has
been increased exponentially with rapid advances in
technology. Besides the possibility of getting new
insights by using big data, there have been some
challenges including processing and storing data
effectively. The necessity of reducing processing time
increased the interest of researchers from different
disciplines [1],[2] in this field. Although various
analysis techniques have been proposed for especially
high dimensional data set, it may be wise to reduce the
size of the data set. There are two common ways for
reducing the dimension of a data set: (1) to use some

etc.) and (2) to determine the most important attributes
by using some techniques including intrinsic
measurements (such as Random forest, partial least
squares, etc.). In the first case, the idea is to obtain new
attributes representing the actual ones to be explained
the data set as much as possible. Thus, the dimension
is reduced in a preprocessing step. The idea in the
second case is to omit the least important attributes
from the data set. During this process, the redundant or
irrelevant attributes are determined and excluded. The
decision of exclusion is researcher-dependent. The
purpose of this process is to help the researcher to filter
or determine the most important determinants in
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measures and take a decision wisely. Herewith feature
extraction provides some advantages such as better
learning performance, lower computational cost,
smaller memory necessity, and models with better
generalization performance [3].

There have been many studies on feature selection,
feature exclusion, and feature extraction. Most studies
focus on a particular task, such as regression,
classification, or clustering. Although the main idea is
to reach the advantages mentioned in Li et al. [3],
different approaches may be adopted. Hall and Smith
[4] proposed a filter approach based on correlation and
used it as a wrapper feature selection technique. Guyon
and Elisseeff [5] carried out a review study on feature
selection and feature extraction in a broad context,
including feature construction, feature ranking,
multivariate feature selection, efficient search
algorithms, and feature validity assessment algorithms.
The filter, wrapper, and embedded algorithms for
feature selection were summarized in Saeys et al. [6]
study. Alelyani et al. [7] focused on feature selection
algorithms for clustering tasks only. In Chandrashekar
and Sahin’s [8] study, the comparative results using
well-known benchmark data sets to conduct variable
elimination processes were presented. Tang et al. [9]
summarized the feature selection algorithms for
classification tasks only. Li et al. [3] suggested a data
perspective process on feature selection and gave a
comprehensive overview of recent advances in this
field. From the perspective of big data analytics, El-
Hasnony [10] proposed some heuristic algorithms to
improve the feature selection performance of machine
learning algorithms. Karasu et al. [11] developed a
wrapper-based method based on particle swarm
optimization to achieve a more predictive regression
model. More detailed explanations related to heuristic
feature selection algorithms can be found in the study
of Sharma and Kaur [12]. Feature selection methods
can be classified into three parts as in most of the
literature: (1) Filter algorithms, (2) Wrapper
algorithms, and (3) Embedded algorithms. The
embedded methods correspond to the algorithms
having intrinsic measurements for determining the
most important features.

In this study, we focused on some embedded
algorithms, including, Random forest, multivariate
adaptive regression splines, and the cubist, and
compared them in terms of the performance on variable
selection. The following sections are organized as
follows: In Section 2, the details of algorithms have

7 i) Bilim, Teknoloji ve Mihendislik Arastirmalari Dergisi, (2021) - 2(2): 46-53

been presented. The results of the performance
comparison have been given in Section 3. The
conclusions have been summarized in Section 4.

Il. ALGORITHMS

In this section, the details of algorithms used in this
study were given in brief.

A. Random forest

Random forest is a very well-known machine
learning algorithm and proposed by Leo Breiman [13].
The idea behind the Random forest algorithm is to
create decision trees as independently as possible and
combined them to obtain a single and strong learner.
Random forest is a very powerful and computationally
efficient algorithm in consequence of considering only
a fraction of feature space for each split in a decision
tree. This property makes Random forest superior
because of the reduction in the variance of the
estimates. The main reason for the high variance in
estimation results is to have some correlated results
which commonly occur during the usage of all possible
features for building trees and the possibility of being
dominant for some important features in the whole
process. As a single tree, i.e., base learner, CART, or
conditional inference trees are used commonly. For
more detailed theoretical explanations about this
algorithm, James et al. [14] and Hastie et al. [15] are
suggested to the reader.

B. Multivariate Adaptive Regression Splines
Multivariate adaptive regression splines (MARS) is
proposed by Friedman [16]. MARS algorithm is a non-
parametric regression and highly effective algorithm
for especially high dimensional settings. Unlike
classical regression algorithms, it does not need any
assumption for the underlying distribution of data sets.
The main idea behind MARS is to model the data by
using a set of surrogate features instead of the original
measurements. These new features are the hinge
functions of the original data. A hinge function whose
cutting (or threshold) value is equal to c, is usually
expressed as h(x —c) and h(c — x). Based on the
value of the feature, different parameter estimation for
each possible hinge condition is obtained and added to
the main regression equation. In other words, it creates
a piecewise linear model by determining cutting points
for a feature and getting the parameter estimates
between the feature and a dependent variable.
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The cutting point is found in each feature and the
new model is created depending on this point. The
model error based on each new model is calculated and
the model and corresponding cutting point with the
lowest error is used for the rest of the estimation
process. The MARS algorithm has some superiority
such as interpretability, being fast, suitable for the high
dimensional task, conducting automatic feature
selection process, and robustness to outliers [17]. For
more detailed theoretical explanations about this
algorithm, James et al. [14] and Hastie et al. [15] are
suggested to the reader.

C. Cubist

Cubist is a rule-based and complement algorithm of
C5.0 that is used for classification. It is based on
different approaches proposed in Quinlan [18-20].
Cubist has some properties unlike other opponents: (1)
different types of pruning, smoothing and creating
rules process, (2) an optional boosting procedure, and
(3) adjustable estimation with the possibility of
choosing nearby units for the training data set [17]. The
process of building a tree is similar to other decision
algorithms, but Cubist carried out a different pruning
by considering a weighted linear combination of two
trees including an actual tree and the parent of it. The
weights of each tree are calculated using a criterion
based on the covariance of the tree residuals and the
variance of the difference between the residuals. The

Table 1. Descriptive Statistics (Qualitative Variables)

model with lower error has a larger weight compared
to the other one. After determining the weights of each
model, the adjusted error rate is calculated by
removing each rule from the rule-set. If the adjusted
error rate is increased when a rule is deleted, that rule
is omitted from the set. For more detailed theoretical
explanations about of this algorithm, James et al. [14]
and Hastie et al. [15] are suggested to the reader.

I11. EXPERIMENT

A. Description of Data Set

The data set belongs to a common task in machine
learning field [21] and has been retrieved from a
popular real estate website [22] by using entries in
January & February 2018. The size of the data set is
3102 and the number of variables is 11. Seyhan,
Cukurova, Yiiregir, and Saricam which are the most
developed and crowded districts have been considered
in the study. The name variables in the data set are
location, age, credit status, size, distance to the city
center, type of heating system, floor location, dues,
number of rooms, number of bathrooms, the number of
floors. The output (i.e., dependent) variable is the price
of a house. The descriptive statistics for qualitative and
guantitative variables are given in Table I and Table II,
respectively. The number of houses and their
percentages corresponding to each category of
variables are presented in Table I.

Categories N Percent
Cukurova 1371 44.2
Location Seyhan 1261 40.7
Sarigam 395 12.7
Yiiregir 75 2.4
. Yes 2951 95.1
Credit status No 151 49
0-5 2079 67.0
6-10 263 8.5
11-15 377 12.2
Age 16-20 306 9.9
21-25 57 1.8
26-30 14 0.5
31-35 3 0.1
36-40 3 0.1
Combi boilers 1801 58.1
Air conditioning 974 314
Heating system Central heating 302 9.7
Stove 19 0.6
Floor heating 6 0.2
Dues Yes 3021 97.4
No 81 2.6
Total 3102 100.0
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Table 1. Descriptive Statistics (Quantitative Variables)

Min Max Mean SD
Size 30 400 160.99 45.730
# Rooms 1 8 3.81 0.797
# Bathrooms 0 6 1.56 0.521
# Floors 1 20 10.65 3.474
Floor location 1 20 5.27 3.623
Distance (km) 17 27.2 10.855 3.6785
Rental price (TL) 215 3480 1120 370
Price (TL) 65000 135000 282412 125684.89
Price (Log) 11.0822 14.1157 12.5511 11.7416

B. Experimental Settings

The data set is randomly split into training and
testing sets with ratios of %70 and %30, respectively.
The tuning parameters are determined by using a 10-
fold cross-validation approach based on only training
data set are listed as follows:

Random forest: The number of selected predictors for
each split(m).

-(m): {2,3, ... ,23}

Cubist: The number of committees (C) and the number
of neighbors(n).

-(C): {10, 20, ... ,100} and (n): {2, 3, ... ,9}
MARS: The level of degree(d) and the number of
prune (p)

-(d): {1,2} and (p): {2, 3, ... ,20}

The results are obtained via R software packages
including caret[23], earth [24], Cubist [25],
randomForest [26]. The natural logarithm of the output
variable is modeled in this study. The basic CART
learner is used as a base learner in the Random forest
algorithm. RMSE, R? and MAE are used as the
performance criteria.

Table I11.
Comparison of training and testing performance
Algorithm Split Size RMSE R? MAE
Random Train 2171 0.1612 0.8347 0.1190
forest Test 931 0.1554 0.8639 0.1158
Cubist Train 2171 0.1611 0.8352 0.1211
Test 931 0.1552 0.8626 0.1167
MARS Train 2171 0.1708 0.8148 01295
Test 931 0.1668 0.8409 0.1278

C. Performance Comparison

In this part, the performance of Random forest,
Cubist, and MARS algorithms for training and testing
data is presented and given in Table Ill. According to
the results of Table Ill, the performance of Random
forest and Cubist algorithms are quite similar for both
training and testing data. Based on RMSE and R?
performance criteria, it is shown that Cubist is slightly
better than random forest. On the other side, the MARS
algorithm produces poorer results than these
algorithms for all criteria.

The fitting results using best tuning parameters for
Random forest, Cubist, and MARS algorithms are
given in Fig.1. The relative superiority of Random
forest and Cubist against MARS can be seen visually.
The approximation performance for the higher and
lower house prices via the MARS algorithm is more
unstable than the opponents. Also, the linearity
corresponding to the closeness between the estimated
and actual prices of houses for Random forest and
Cubist is more explicit than the MARS algorithm.
Random forest, Cubist and MARS algorithms have
intrinsic measurements for determining the most
important features (i.e., variables). After fitting each
algorithm using the best tuning parameters which are
found via cross validation approach, the importance
level and rank of each feature have been obtained. In
Table 1V, the results are given separately for each
algorithm.
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Fitting results based on random forests algorithm
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Fitting results based on Cubist algorithm
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Figure 1. Fitting results of the whole data set based on each algorithm

According to Table IV, rental price, distance to the

city center, the number of baths, the number of floors
are commonly found the most important features for
the price of a house by all algorithms. District (2) and
district (4) have better rank values. These districts
correspond to Seyhan and Yiiregir, respectively.
Seyhan is the biggest district in Adana. On the other
side, the economic level of Yiregir is the lowest
compared to the other districts. The reason for higher
ranks may be the demand for Seyhan and the

purchasing power for Yiiregir. Heating (3) has the
highest importance value among other categories. This
corresponds the central heating. The top ten most
important features for each algorithm are quite similar.
It is shown that the MARS algorithm is more
parsimonious on scoring importance compared to the
Random forest and Cubist. Most dummy variables
created for categorical features have no importance
value according to the MARS algorithm.

Table V. The results of variable importance evaluation based on each algorithm

Random Forest Cubist Mars

Value  Variable Rank  Value  Variable Rank  Value  Variable Rank
100 Distance 1 100 Rental price 1 100 Rental price 1
92,7 Baths 2 94,4 Distance 2 40,1 Baths 2
88,4 Number of Floors 3 83,9 Size 3 355 District(4) 3
87 Rental price 4 70,6 Baths 4 30,9 Rooms 4
76,4 District(2) 5 69,9 Number of floors 5 28,8 Floor 5
73,5 Size 6 58 Rooms 6 26,6 Distance 6
72,8 District(4) 7 57,3 District(2) 7 22,6 District(3) 7
63,8 Rooms 8 50,3 District(4) 8 18,5 Number of floors 8
52 Heating(3) 9 39,2 Age(4) 9 16,4 District(2) 9
46,9 Floor 10 37,1 Heating(3) 10 14,3 Heating(3) 10
448 District(3) 11 36,4 Floor 11 10 Size 11
32,6 Age(4) 12 329 Age(3) 12 0 Credit(2) 12
30,1 Age(3) 13 26,6 Age(2) 13 0 Age(2) 13
20,4 Credit(2) 14 25,2 District(3) 14 0 Age(3) 14
20,1 Age(2) 15 11,9 Age(5) 15 0 Age(4) 15
11,5 Heating(2) 16 7,7 Heating(2) 16 0 Age(5) 16
9,2 Heating(5 17 2,8 Credit(2 17 0 Age(6) 17
9 Dues(2) 18 2,1 Age(6) 18 0 Age(7) 18
8,8 Age(6) 19 0 Age(7) 19 0 Age(8) 19
6,8 Age(7) 20 0 Age(8) 20 0 Heating(2) 20
53 Heating(4) 21 0 Heating(4) 21 0 Heating(4) 21
2,7 Age(5) 22 0 Heating(5) 22 0 Heating(5) 22
0 Age(8) 23 0 Dues(2) 23 0 Dues(2) 23
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Although Table IV provides very insightful and clear
results on determining a house price, it may be useful
to investigate the concordance between algorithms.
The importance value and corresponding ranks are
more similar between Random forest and Cubist,
unlike MARS. The statistical examination of
concordance is carried out by using Kendall's W
coefficient of statistics. According to Kendall W
statistics, Random forest, Cubist, and MARS
algorithms statistically significantly matched in
scoring ranks of important features(W = .913,p <
0.0001).

IV. CONCLUSION

In this study, we investigated the performance of
Random forest, Cubist, and MARS algorithms in terms
of accuracy and variable importance evaluation. The
tuning parameters for each algorithm have been
obtained via 10-fold cross-validation. Furthermore, the
concordance between estimated ranks of features has
been examined using Kendall’s W coefficient. The
results show that Random forest and Cubist present
similar performance with each other but better than
MARS. Based on overall performance, Cubist is found
as the best among these algorithms. On the other hand,
the top ten most important features are more common
for all algorithms. The agreement of three algorithms
on ranking features is found satisfactory.

Consequently, Random forest, Cubist and MARS
algorithms produce not only good estimation
performance, but also clear insights for variable
importance evaluation. These kinds of algorithms can
provide some useful insights from the inferential
perspective and can be seen as functional tools from
the pre-processing steps of all information-based
applications in any area. The main advantage of this
approach is to improve computational cost with a better
understanding for particularly expert systems.

V. LIMITATIONS AND FUTURE STUDIES

One of the main limitations of this study is to be based
on only non-heuristic feature selection algorithms.
Because of that, a wide range of machine learning
algorithms has feature selection properties, a
comprehensive comparison study can be conducted. In
future studies, we consider developing some novel
algorithms that combined both wrapper-like and
heuristic approaches via variable dimensions of data
and tasks.
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the H1 neurons of the order Diptera flies. The parameter estimation is performed by maximum
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research employing a modified Fitzhugh-Nagumo model is made.

Figure A. The response of the H1 neurons of true flies of order Diptera to white noise
visual stimulus

Aim of Article : A theoretical study aiming at the modeling of an excitatory-inhibitory neural network
from neural spiking data.

Theory and Methodology: The methodology is based on maximum likelihood method where the
likelihood function is derived from the probability mass function of an Inhomogeneous Poisson
Process. The optimization algorithm is of constrained type based on interior point methods. The
measurement data sets are the neural spiking instants of the H1 neurons of the order Diptera flies.
Findings and Results: As one does not know the true parameters of the model in consideration, the
accuracy of the findings are assessed using two sample Kolmogorov-Smirnov tests.

Conclusion : The results suggests that the p-Value obtained from Kolmogorov-Smirnov tests has a
dependence of the number of segments and the individual segment lengths. The estimated parameters
appear to be closer to each other when the segment size is kept in the segment lengths stay in the range
(10,25) seconds.
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I. INTRODUCTION

A. Literature survey

We present a theoretical and computational work aiming at the estimation of an excitatory and
inhibitory recurrent neural network from realistic stimulus-response data. The neural network
incorporates firing rates of the excitatory and inhibitory units as state variables. The stimulus and
response recordings are taken from a previous study which performs a measurement on the H1
neurons of the order Diptera flies. The parameter estimation is performed by maximum likelihood
method. As the stimulus-response data is a single recording of 20 minutes, it is segmented, and
individual segments are superimposed on each other to increase the statistical content of
information. The true values of the model parameters are unknown as we are not using synthetic
data. Because of this fact, two sample Kolmogorov-Smirnov test is applied to compare the
interspike intervals of the recorded and model responses. Estimation and analysis results are
presented in tabular and graphical forms. In addition, a comparison with previous research
employing a modified Fitzhugh-Nagumo model is made.

Keywords: Firing rate based neural networks, Excitatory-inhibitory neurons, Neural spiking,
Kolmogorov-Smirnov tests, interspike intervals

used when one needs to simulate one or more biophysical
features of realistic neurons. Compartmental neural
modeling is appeared after the development of the well
known Hodgkin-Huxley model [23] in 1952. This was a

The science related to neuron modeling dates well back to
1950s. The related developments led to an emerging field
called as “theoretical and computational neuroscience”. The
research community classified these models into three types
namely the compartmental, cascade, and black box models.
The compartmental models may involve single or multiple
subsystems and thus are relatively complicated. They are

highly nonlinear fourth order differential equation aiming at
the description of quantitative features such as membrane
potentials and ion channel conductances Following that,
simpler models such as Fitzhugh-Nagumo [18], Morris-
Lecar [35] and Hindmarsh-Rose [22] models appeared. Also
models with more emphasis on specific subsystems of a
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neuron such as dendrites, soma or axon are also met (such as

[3D.

The cascade models on the other hand are less complex and
place lesser emphasis on the computational details. These
models are chosen when biophysical characteristics are not
important. They generally consist of a linear filter and a
nonlinearity that include some dynamical features [13].
Examples of studies involving such models are [30,24,38,1].
These are specifically related to visual subsystem.

The third type of modeling that can be met in computational
neuroscience is based on a black box approach. In this case,
the models focus on the ability of the neurons to process
signals and they have a reasonable set of statistical features.
An example is the representing the neuron’s response by a
probability distribution when the neuron is triggered by
stimulus. Associated examples are [4,2,17,20].

Efficiency and applicability of a suggested model depends
explicitly on the researcher’s aim and the related mechanism
of data collection. In the case of in vivo experiments, it is
difficult to measure membrane potentials directly by placing
an electrode on the membrane of the neuron under
examination. That may cause a damage of the neuron or
change in its activities. Those will obviously lead to
incorrect measurements [11]. Alternatively, it is possible to
collect data from an examined cell without touching it by
placing an electrode in an area surrounding the cell
membrane. Although this approach does not give us the
correct amplitudes of the membrane potential, it is likely to
detect the bursts of successive action. In other words, that
yields information as a time series of successive peaks rather
than a value of potential levels. This set of data is called as
a neural spike train (or trains) which is similar to bursts and
idle times that would be formed based on the neuron’s
activity. Bursts could be defined as closely spaced spikes,
whereas the idle periods can be represented by separate
longer-term transactions. Although they may seem
meaningless at a first look, they include valuable
information about the activity of the investigated neuron.
The work in [39] suggests that a sudden jump in data during
an instant discovers what actually happened inside a neural
cell. In addition, the random distribution of those spikes
within a specific time interval largely obeys an
Inhomogeneous Poisson Process (IPP). Therefore, it is
possible to apply likelihood function derived from
probability mass function of a Poisson distribution [36]. The
studies by [5, 37] proposed a system identification approach
that estimates internal parameters using maximum
likelihood for integrating and firing neuron models. Firing
probabilities are used to derive likelihood function based on
a local Bernoulli approximation. Similarly, a study in [7]
used maximum likelihood estimation to characterize
functionality between neurons rather than study neurons
individually. The study [40] presented a data analysis
problem that deals with the stimulus-response experiments
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in neurophysiology. When the stimulus is known and the
experiment is under the control, it is possible to record the
spiking activities of the neurons. The study in concern
proposed a state-space model to analyze response when the
stimulus is implicit. Conditional intensity function is
estimated based on general point processes that characterize
spiking activities of neurons. This study also applied
maximum likelihood algorithm to optimize parameters. The
research in [21] claimed that the electrical signals in a
biological neurons are random due to the chemical reactions
in the ion channels and synaptic processes. The noise
generated from the ion channels were described by
mathematical models in some recent studies [33, 26, 41].
Other studies [28, 27, 42] stated that the movement of the
ions in the channels produces electromagnetic fields that
have influences on the membrane potential. However, the
authors in [42] claimed that the operation of the heart can be
determined through a magnetic fields produced by its
electrical system.

Recently, the researchers have given more attention to the
modeling of biological neurons by using artificial neural
networks. For example, static feedforward neural networks
are used by the researchers in some studies [10, 9, 8] to
model auditory cortex. However, this type of neural
networks does not sufficiently characterize the time
dependent features of biological neurons such as action
potentials and refractory periods. Therefore, dynamical
neural networks seem to be better in the characterization of
signal processing mechanisms of the biological neurons.

The literature regarding computational neuroscience has
witnessed more attention to identify parameters of the
neuron(s). Simple techniques such as minimum mean square
estimation and spike synchronization could be utilized to
calculate potential of membrane or firing rate when they are
measurable. These methods become inapplicable when the
collected data is discontinuous and there is no information
about amplitude of amplitudes or rate of firing. Some studies
such as [29] applied synchronization technique to spiking
neurons. However, this technique requires a synchronization
of two successive set of spikes that needs a reducing in inter-
arrival time of spikes. The main problem in this method is
the additional computational overhead introduced by the
evaluation of the distance between two successive spikes.
That will add extra complexity to the system.

B. About this work

As a difference from the studies performed by [15, 11, 13,
147 we will attempt to fit a firing rate based recurrent neural
network model to a realistic stimulus-response data. One
similar research is done by [12] where the response of H1
neurons of true flies of order Diptera [19] against a white
noise visual stimulus is used. The data is available as a result
of a research by [25]. In the aforementioned work ([12]), the
model fitted to the H1 neuron stimulus-response pair is a
modified Fitzhugh-Nagumo model [18] where the output
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membrane potential is mapped to a firing rate variable by a
specially formed sigmoid function. In this work, we will use
an excitatory-inhibitory neural network model proposed by
[34]. The model is formed by two differential equations
representing the dynamics of the firing rates of excitatory
and inhibitory units. The excitatory neuron’s firing rate will
be taken into consideration. The stimulus and neural spiking
data will be the same as that of [12]. This will allow us to
perform a comparison in the estimation performance of the
two approaches. As we are not employing synthetically
generated data from models with known parameters, no true
parameter information will be available. After the estimation
process is finalized, the model can be simulated with the
estimated parameters, a firing rate profile and associated
spike timings will be generated. The spike generation will
make use of Inhomogeneous Point Process simulation with
event rate being the firing rate of the excitatory neuron. The
interspike intervals of the simulated spikes and the ones
available from the data will be compared using Two Sample
Kolmogorov-Smirnov statistical test [32, 31]. The p-values
obtained from the tests will be presented in graphical forms.
These results will be compared to the ones in [12].

Il. MATERIALS AND METHODS

A. The neuron model

In this research, we will have a second order recurrent neural
network model in the following form:

8 Fe
Te = .Be [_Te + 1+e—ae(Weng—WeiTi+I)]

i =B [—Ti 4 . @

—a;j(Wiere—-wy;ri+l)

e

In the above the subscripts (e) and (i) represent the
association of the related variables with the excitatory and
inhibitory units respectively. The model have some
differences from the one presented in [15]. Main difference
appears in the choice of the state variables. [15] models the
dynamics of the membrane potentials (v, and v;) whereas
(1) presents the dynamics of the firing rates (r, and ;)
directly. The discussion on both types of models can be
found in the reference [34]. The definitions of the parameters
in (1) is available in Table 1.

Table 1: The definitions and nominal values of the
parameters of the neural network model in (1)

Parameter Definition
B The reciprocal time constant of the
e excitatory neuron
B. The reciprocal time constant of the
L inhibitory neuron
w Weight representing the strength of
ee excitatory autaptic input

Weight representing the strength of

Wi inhibitory synaptic input to
excitatory unit

Weight representing the strength of

Wie excitatory synaptic input to
inhibitory unit

Weight representing the strength of

Wii inhibitory autaptic input

F Maximum firing rate of excitatory
€ unit

F. Maximum firing rate of inhibitory
! unit

A, Excitatory slope

a; Inhibitory slope

B. Stimulus and response data

In this research, we will apply the same stimulus
and response pair as in [12]. That is a white noise based
visual stimulus and the associated response obtained from
H1 neurons. This data set is a 20 minute recording of the
experimental measurements on the H1 neurons of true flies
[19, 25]. For convenience, a plot of the stimulus and
associated response can be seen in Figures 1 and 2
respectively.
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Figure 1: The white noise visual stimulus applied to the

H1 neurons of true flies of order Diptera by [25]. Only the
first two seconds are shown here to for the sake of proper
displaying of its variation. Here the bin size is §t = 2 ms.
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Figure 2: The response of the H1 neurons of true flies of
order Diptera to white noise visual stimulus. The data is
provided by [25]. Only the first two seconds are shown

here to for the sake of proper displaying of its variation.
Here the response is shown as spikes and each occurence of
a spike is shown in a binary fashion. i.e. A 1 for an existing
spike and a O for no spike.

C. Inhomogeneous Poisson Processes

While introducing this study, it is stated that the
neural spiking process largely obeys the Inhomogeneous
Poisson Processes. In its simplest sense, it is a discrete
random process characterized by an event rate A and has a
probability mass function defined by:

Prob [N(t +A6) = N(t) = k] = =2 @)

where k is the number of events that occur in the interval
[t,t + At). In homogeneous versions of the Poisson
processes the A is constant in that interval. In neural
operation on the other hand, the process is much more
complex and assuming a constant event rate will mostly be
not sufficient and thus a time varying rate is needed. That
actually is equivalent to the firing rate r(t) of the neuron
under examination. One can refer to 7, or r; in (1). This will
be an Inhomogeneous Poisson Point Process with the event
rate A replaced by a mean firing rate defined by:

A= ft+M r(t)dr (3)

t

where r(t) will be r,(t) if the neural spiking of the
excitatory neuron is considered. For the inhibitory neuron
r(t) should be replaced by r;(t). Now the term k represents

the number of spikes in the interval [t,t + At). That is
statistically related to the firing rate r(t) and A will represent
the mean spike count corresponding to the time dependent
firing rate r(t). In (2), N(t) stands for the cumulative total
number of spikes up to time t, thus making N(t + At) —
N(t) equal to the number of spikes for the time interval
[t,t + At).

Now, suppose that one has a spike train
(ty,ty, ..., tg) In the time interval (0,T). Here, 0 <t, <
t, <+ <ty <T,and so t and At become 0 and T. The
spike train can be considered as a time series (including the
time stamps for K spikes). So a likelihood function
associated with any spike train (t;, t,, ..., tx) can be derived
from an Inhomogeneous Poisson Process [16, 6] in the
following way:

p(tll tz, ey tK) =
T
exp (— Jy Tt x, B)dt) K 7Tt x,0) (4)

The function yields the likelihood of a given spike train
(ty, ty, ..., tx) that occurs with the rate function r(t,x, 9)
which obviously is relying mainly upon model parameters
and the stimulus.

An important point that is to be discussed here is
the generation of test spikes for the statistical analysis. As
we don’t have any firing rates available from experimental
measurements we will need to apply a statistical analysis on
the spike timings. The estimated model’s firing rate output
should be converted to spike timings. In order to obtain
those, one needs to perform an Inhomogeneous Poisson
Process simulation using the firing rate output(s) of the
model in (1) with the estimated parameters. The stimulus
should be the same as the one used in the generation of the
experimental data (provided by [25]). The simulation can be
performed using the following scheme [16]:

(1). Given the firing rate of a neuron as r(t) ,

(2). Find the probability of firing at time t; by evaluating
p; = r(t;)dt where &t is the integration interval. It should
be a small real number such as one milliseconds,

(3). Draw a random number x,..,, = U[0,1] which is
uniformly distributed in the interval [0,1]. Here, U stands
for a uniform distribution,

(4). If p; > x,4nq fire a spike at t = t;, else do nothing,

(5). Collect spikes as S = [t, ..., ty,] where Ng will be the
total number of spikes collected from one simulation.

Note that the above scheme requires sufficiently small bin
sizes like 1 or 2 milliseconds.
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D. Maximum Likelihood Approaches

The parameters in consideration is vectorized as follows:

0= [.Be' Bi' Wee) Wei, Wie, Wi, e, @, F, Fi] (5)
The maximum probability here relies on the function
proposed in (4) and includes each spike timing as well.
Estimation theory asserts that determining maximum
likelihood is asymptotically effective and goes as far as the
Cramér-Rao bound when the data size increases. Thus, in
order to expand the likelihood function in (4) to further cover
settings with numerous spike trains initiated by numerous
stimuli, a series of M stimuli should be assumed. Take the
m-th stimulus (m=1,..,M) to initiate a spike train
containing K, spikes in the time window [0,T], and the
spike timings are given by S, = (¢£I™, (™, t,((';)) By
(4). According to (4), the probability function for the spike
train S,,, can be determined as:

p(Snl0) = exp (= J§ ™ (@dt) Tz, ™ (5™) @)

in which ™ represents the firing rate against the m-th
stimulus. Here it should be noted that the rate function ™
entirely relies on the parameters related to neuron
parameters 6 and the applied stimulus. Supposing the
stimulus and its elicited responses in each m*" trial are
independent one can derive a joint likelihood function as:

L(S1, Sz, .., Su10) = [Tn=1 (S 160) (7)
To improve its convexity, we can make use of natural
logarithm and derive a log likelihood function as shown
below:

[(S1, S50, Sul8) = —XM_y [T r™(e)de

®)
+ 2oy T e (™)

Finally, the maximum likelihood estimates of the parameter
vector 6 is obtained by:

Bun, = argmax(1(Sy, S, -, Sul6)] ©

E. Analysis approaches

As the true values of the parameters in Table 1 are not
available to us, the only viable approach seems to perform a
statistical analysis on the measured and simulated spike
trains. One such approach is the Kolmogorov-Smirnov test
[32, 31] which assesses whether two samples are drawn from
the same distribution or not. MATLAB’s [h,p,ks2stat] =
kstest2(x1,x2) routine can perform this test for two arrays x,
and x, respectively. The routine tests the null hypothesis that
the data in vectors x; and x, are from the same continuous
distribution using the two-sample Kolmogorov-Smirnov
test. The alternative hypothesis is that x; and x, are from
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different distributions. MATLAB routine can return both the
h value and p value at 5% significance level. Here h value
appears to be 1 when the test rejects the null hypothesis. The
p value behaves reversely as it is the probability of observing
a test statistic as extreme as, or more extreme than, the
observed value under the null hypothesis. As a result it will
be closer to 1 when the null hypothesis is not rejected.

In this research, the test is performed on the
interspike intervals (ISI) of the measured and simulated
neural spike trains.

(1). After the parameter identification by maximum
likelihood method completed, the model in (1) is simulated
with the estimated parameters against the stimuli used in
the estimation process (i.e. the one in Figure 1).

(2). The firing rate is recorded and an Inhomogeneous
Poisson Process simulation is performed using the method
introduced in Section 2.C.

(3). The interspike intervals (I1SI) of both simulated spikes
obtained in Step 2 and the measured ones available from
the data provided by [25] are evaluated.

(4). The interspike intervals are provided to two sample
Kolmogorov-Smirnov test and the p-values are recorded.

(5). During the tests, the stimulus-response pair is
segmented and the measured and simulated responses are
superimposed. Different number of segments are examined.
This is performed as a single train of spikes may not be
statistically sufficient to reflect the statistical content of the
response.

(6). In [h,p,ks2stat] = kstest2(x1,x2), x; corresponds to
ISI of measured spikes and x, corresponds to the ISI of the
simulated spikes obtained in Step 2. The p values are taken
into consideration in this research.

I11. RESULTS

In this study, we attempt to estimate the parameters of an
firing rate based neural network model representing
excitatory and inhibitory behaviors. The mathematical
model of this network is presented in (1) and the parameters
to be estimated are available in Table 1. The stimulus-
response pair is a realistic data obtained as a result of an
experiment performed by [25]. Here the stimulus is a visual
input of white noise type recorded for 20 minutes (First two
seconds is available in Figure 1). The response is the firing
instants received from the H1 neurons of the true flies of
order Diptera (First two seconds is available in Figure 2).
As we are not using synthetically generated data, we have
no information on true parameters. The performance of the
estimation is assessed using two sample Kolmogorov-
Smirnov test on the interspike intervals of the recorded
spiking data and responses of the model with estimated
parameters.
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The parameters are estimated by maximizing the joint
likelihood function in (8). Optimization will be performed
by MATLAB’s fmincon routine. This allows the user to
define constraints and we apply a lower bound of zero to
ensure all the parameters remain in positive region. This will
both ensure the stability of the algorithm and also the
excitatory-inhibitory nature of the model in (1) is not
disturbed. We only have a single recording of a relatively

longer duration. Thus, one will need to partition the stimulus
and response into segments of predetermined length. The
segmentation will be beneficial as responses falling into
individual segments can be superimposed to increase
statistical content of information. One can observe in Table
2 the results obtained from maximum likelihood estimation
of parameters.

Table 2: The estimated parameters 8, and their dependence to the length of the segments (T, 4). The number of segments
are indicated by Ny, ,.

Tse!] Nseg ﬁe Bi Wee Wei Wie Wii a. a; Fe Fi
600.0 2 188.50 279.52 315.24 64.68 271.54 236.12 153.84 60.42 44.67 289.09
400.0 3 23.54 260.10 178.55 16.63 457.98 90.23 243.11 294.44 44.67 103.13
300.0 4 181.63 352.44 415.08 19.04 121.46 75.13 411.93 186.02 44.67 294.13
200.0 6 15.11 154.32 226.83 13.54 210.41 56.20 86.12 197.90 44.68 136.20
150.0 8 111.80 117.90 243.51 350.43 474.50 170.36 446.64 160.09 44.67 19.42
120.0 10 16.70 498.80 79.12 431.33 90.73 123.66 120.03 129.57 89.40 265.75
100.0 12 164.52 117.64 243.50 350.60 486.09 170.23 447.39 159.94 44.67 16.24
80.0 15 93.89 298.27 418.81 19.21 274.78 233.81 128.49 29.33 44.67 300.95
60.0 20 132.89 345.36 433.38 52.32 409.45 338.66 464.99 421.40 44.68 378.80
50.0 24 105.35 243.59 183.07 13.42 379.81 265.20 353.56 29.84 44.68 169.42
40.0 30 68.27 116.33 422.60 41.86 403.69 469.93 76.69 284.45 44.68 258.11
30.0 40 102.12 293.87 322.42 24.72 274.87 233.75 125.00 24.04 44.68 301.16
25.0 48 111.04 17.59 405.97 482.82 150.12 352.77 340.92 312.97 44.68 52.77
20.0 60 95.52 21.35 480.33 188.89 476.42 415.38 410.33 231.41 44.69 466.87
15.0 80 83.48 19.78 485.35 188.49 483.46 415.68 410.61 231.39 44.69 467.84
12.0 100 117.87 21.53 480.75 188.56 476.67 415.39 410.34 231.41 44.69 466.91
10.0 120 104.81 25.79 486.65 186.30 485.18 415.65 410.59 231.39 44.71 467.76
8.0 150 94.14 116.14 461.20 77.55 226.71 467.42 158.95 119.61 44.72 212.01
6.0 200 135.70 29.57 336.38 169.75 125.37 223.65 256.82 16.09 44.71 331.76
5.0 240 90.23 70.67 450.14 62.48 269.97 192.39 360.96 277.86 44.75 37.13
4.0 300 126.92 244.80 122.57 13.70 380.86 265.27 354.33 17.67 44.75 197.02
3.0 400 122.45 357.09 418.17 3.05 411.64 339.47 475.62 424.06 44.77 380.12
2.0 600 124.77 164.32 150.83 17.40 353.63 263.02 40.09 81.77 44.84 168.31
1.0 1200 110.37 7.46 340.41 165.29 349.10 388.43 499.99 155.79 45.04 278.53
0.5 2400 121.30 343.46 484.86 68.36 18.48 13.92 228.91 318.02 45.52 239.72

For the Kolmogorov-Smirnov analysis one can refer to the
Figures 3 - 17. The figure explanations comment on the
variation of p value with the super imposed number of
samples (or samples Ng.,). The test results show that
regardless of the length of the segments (7,), the p value
exceeds p = 0.95 level when number of samples are at least
equal to Ns., = 40. When the length of the segments are
restricted to a minimum of T,,, = 5 seconds, most of the
cases yield p > 0.95 when we have a sample size of N, =
30 or more.

IV. CONCLUSION

A. Summary

In this work, we presented a framework for estimation of
the parameters of a firing rate based excitatory-inhibitory
dynamical neural network from a realistic set of stimulus-
response data. The model is of second order type and has a
total of 10 parameters that are to be estimated (1). The
stimulus is a 20 minute recording of white noise visual
excitation. The response is a binary array of neural spikes

that are received from H1 neurons of true flies of order
Diptera [19, 25]. As a result, only the temporal locations of
the spikes are available to us. Thanks to the evidence that the
neural spiking phenomenon largely obeys the Poisson
processes, we can employ a point process likelihood
function such as (7) to perform an estimation of our model
parameters. Contrary to the studies like [15, 13, 11, 14] we
do not know the true value of our parameters (as we do not
employ synthetic data here) and thus needed to apply two
sample Kolmogorov-Smirnov statistical test to compare the
interspike intervals of the recorded response and the one
obtained after the simulation of the model in (1) with the
estimated parameters.

B. Discussion of the results

In the analysis by Kolmogorov-Smirnov method,
the resultant p value which shows the probability that the
interspike interval distribution comes from two similar
distributions. In the case that 5% significance level is
sufficient, p = 0.95 level should be achieved to conclude
that our spiking procedures are coming from two point
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processes with the same event (thus firing) rate. If the
significance level is pushed to 10%, then p = 0.90 should
be reached. However, higher percentages for the
significance level should be avoided.

Based on the results in Figures 3-17, one can note that the p
value obtained from the two sample Kolmogorov-Smirnov
analysis stays in ranges higher than p = 0.95 if the sample
size (number of segments) remains at least N, = 40 for all
cases. When the segment size is larger than Ts, =5
seconds, the required number of samples is even smaller i.e.
Ng.y = 30. In Table 2, parameters appear to be closer to
each other when the segment size is kept in the range 10 <
Teeqg < 25 seconds. Interesting coincidence is that, the
minimum required sample size is also lower than Ny, = 40.

When the results of [12] is examined, it appears that the
required sample size to have p values higher than p = 0.95
requires larger number of samples. In Table 3, one is able to
see some results from [12] which bears the segment sizes
Tseg4 in seconds and required number of samples N, to have
p values higher than p = 0.95. It is pretty obvious that, the
model in [12] requires more samples to yield p values higher
than p = 0.95. The minimum required sample size is Ny, =
50 and obtained when the segment size is Tg, = 0.5
seconds. For larger segment sizes, the required number of
samples is even larger. So one can say that, the model in (1)
has a better modeling capacity for H1 neurons of Diptera
flies.

Table 3: The required sample size Ny, V.s. the segment
size T Which yields p values higher than p = 0.95 for
the model in [12].

Tseg (S) Nseg
0.5 50
170
130
140
130
150
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Figure 3: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is T, =
0.5 seconds. The p value exceeds p = 0.95 level (5%
significance level) when number of samples or segments
reach Ny, = 40 or larger.
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Figure 4: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is Ty =
1 seconds. The p value exceeds p = 0.95 level (5%
significance level) when number of samples or segments
reach N,., = 40 or larger.
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Kolmogorov-Smirnov test when the segment size is Tseq =

2 seconds. The p value exceeds p = 0.95 level (5%

significance level) when number of samples or segments

reach Ng., = 40 or larger. Figure 7: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is Ty =
4 seconds. The p value exceeds p = 0.95 level (5%
significance level) when number of samples or segments
reach Ny, = 40 or larger.
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Figure 6: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is Tsq =

3 seconds. The p value exceeds p = 0.95 level (5% Figure 8: The variation of the p value for two sample
significance level) when number of samples or segments Kolmogorov-Smirnov test when the segment size is Ty, =
reach Ny, = 40 or larger. Considering 10% significance p 5 seconds. The p value exceeds p = 0.95 level (5%

value reaches p = 0.90 when number of segments reach significance level) when number of samples or segments

Ngeg = 30. reach Ny, = 30 or larger.
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Figure 9: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is Ty =
6 seconds. The p value exceeds p = 0.95 level (5%
significance level) when number of samples or segments
reach Ng., = 30 or larger.
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Figure 10: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is Ts.q =
8 seconds. The p value exceeds p = 0.95 level (5%
significance level) when number of samples or segments
reach N,., = 40 or larger. Considering 10% significance p

value reaches p = 0.90 when number of segments reach
Ny = 30.
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Figure 11: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is Tsq =
10 seconds. The p value exceeds p = 0.95 level (5%
significance level) when number of samples or segments
reach Ny, = 20 or larger.
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Figure 12: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is Ty =
12 seconds. The p value exceeds p = 0.95 level (5%
significance level) when number of samples or segments
reach N,., = 30 or larger.
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Figure 13: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is Ty =
15 seconds. The p value exceeds p = 0.95 level (5%

significance level) when number of samples or segments Figure 15: The variation of the p value for two sample
reach Ny, = 30 or larger. Kolmogorov-Smirnov test when the segment size is Ty =

25 seconds. The p value exceeds p = 0.95 level (5%
significance level) when number of samples or segments
reach N,., = 30 or larger. Considering 10% significance p
value reaches p = 0.90 when number of segments reach
Ngeg = 20.
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Figure 14: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is Tseq = 10 20 30 a0
20 seconds. The p value exceeds p = 0.95 level (5% Number of Samples
significance level) when number of samples or segments

reach Ng., = 30 or larger.

Figure 16: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is T, =
30 seconds. The p value exceeds p = 0.95 level (5%
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significance level) when number of samples or segments
reach Ny, = 30 or larger.
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Figure 17: The variation of the p value for two sample
Kolmogorov-Smirnov test when the segment size is T, =
40 seconds. The p value exceeds p = 0.95 level (5%
significance level) when number of samples or segments
reach Ny, = 30 or larger.
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GRAPHICAL ABSTRACT

= Predicting heart disease by
analyzing the factors that
affect it.

= Utilizing Machine
Learning (ML) algorithms
by  selecting  dataset
features for prediction
processes

= Demonstrating that the

prediction results obtained

after feature selection
using the Genetic
Algorithm (GA) method
and machine learning

methods have a higher
success rate.

Keywords:

The aim of this study was determined as the prediction of heart disease by analyzing the factors
that affect this disease with Machine Learning (ML) algorithms using the feature selection
with the Genetic Algorithm (GA) approach. In this context, K-Nearest Neighbor (KNN),
Logistic Regression (LR), Decision Tree (DT), Random Forest (RF), Naive Bayes (NB) and
Support Vector Machine (SVM) algorithms were used in the study. The graph of the success
rates obtained in the experiments conducted in the first group using these ML algorithms

within the scope of the study is presented below.
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Aim of Article : The purpose of this study is to predict heart disease with ML algorithms using feature
selection with GA approach.
Theory and Methodology : In this study, ML methods and GA are used.

Findings and Results: In the study, the importance of feature selection with GA was emphasized by

proving that the accuracy of heart disease prediction was higher after feature selection was made with
GA in the data set.

Conclusion : As a result of the study, it has been shown that heart disease can be predicted with higher
success rate and accuracy with ML algorithms using feature selection with the GA approach.
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* Kalp hastaligini etkileyen faktor ve ozelliklerin analiz edilerek bu hastaligin tahmin edilmesi )
= Gelecege doniik tahmin islemleri icin veri seti oOznitelik segcimi yapilarak Makine Ogrenmesi (MO) algoritmalarindan

yararlanilmast

= Genetik Algoritma (GA) metodu ve makine 6grenmesi yontemleri kullanilarak oznitelik secimi yapildiktan sonra elde edilen
tahmin sonug¢larinin daha yiiksek basar: oranina sahip oldugunun gosterilmesi
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I. GIRiS [INTRODUCTION]
Glinimiizde Yapay Zeka (YZ) uygulamalan saglik

Giiniimiizde Yapay Zeka (YZ) uygulamalarindan saghk sektoriinde pek ¢ok hastaligin teshis ve
tedavisinde giderek artan oranlarda faydaniimaktadir. Bu ¢alismanin amaci Genetik Algoritma
(GA) yaklasimi ile oznitelik secimi yaparak Makine Ogrenmesi (MO) algoritmalariyla kalp
hastaligini tahmin etmek olarak belirlenmistir. Bu kapsamda ¢alismada MO algoritmalarindan
K-En Yakin Komsu (K-EYK), Lojistik Regresyon (LR), Karar Agact (KA), Rastgele Orman (RO),
Naive Bayes (NB) ve Destek Vektor Makinesi (DVM) algoritmalary ile 3 (ii¢) farkli grupta
toplamda 28 (virmi sekiz) deney gerc¢eklestirilmistir. Calisma sonucunda en yiiksek basari orani
GA ile yapilan deneylerde %93.44 ile elde edilmistir. Calismamizda yapilan diger deneylerde ise
LR ile %90.16, K-EYK ile %81.96, DVM ile %83.60, NB ile %85.24, KA ile %81.96 ve RO ile
%683.60 oraninda basar: orani elde edilmistir. Calismada ABD Cleveland eyaletindeki bireylerin
verisini iceren veri seti kullanilmigtir. Arastrmamizda elde edilen sonuglarda kalp hastalig
tahminin GA yaklasimi ile 6znitelik secimi yapilmasi durumunda daha yiiksek dogruluk oraninin
elde edildigi goriilmiistiir. Calismamizin GA ile o6znitelik secimi yapilarak MO ile kalp
hastaliginmmim ~ tahmin  edilmesinde  saglhk alamindaki  literatiire katki  saglayacagi
degerlendirilmektedir.

Anahtar Kelimeler / Keywords: Makine Ogrenmesi Algoritmalari, Genetik Algoritmalar, Kalp
Hastaligi Tahmini, Oznitelik Secimi

teknik ve yontemleri ile saglik alaninda birgok hastaligin
tespiti, erken teshisi ve tedavisi miimkiindir. YZ
yontemlerinin saglik alaninda kullanimi hastaliklarin basta

sektoriinde pek ¢ok hastaligin teshis ve tedavisinde
giderek artan oranlarda kullanilmaktadir. Son yillarda
saglik sektoriinde pek cok hastaligin teshis ve tedavisinde
YZ tabanl sistemlerin kullanildigi goriilmektedir. YZ

hastalik tanilarinin insan hatalar1 olmak daha yiiksek
dogruluk ve oranda yapilabilmesi olmak iizere
hastaliklarin  tan1  ve teshisinde pek ¢ok imkan
sunmaktadir. Kalp hastaliklar1 da bunlardan bir tanesidir.
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Bu hastalik diinyanin dort bir tarafinda yasanan dliimlerin
en bilyiik sebeplerinden birisi olarak One ¢ikmaktadir.
Kalp hastaligi, Diinya’da ve Tiirkiye’de oliim sebebi
olarak birinci sirada gosterilmektedir [1,2]. Kalp
hastaliklar1 kadin ve erkeklerde diinyanin en yaygin
hastaliklar1 arasindadir. Gelecekte bu hastalik nedeniyle
Olim sayismin daha da artacagi Ongoriilmektedir. Bu
hastalik ayn1 zamanda pek ¢ok baska hastaligin ortaya
cikmasma da sebep olmaktadir. Son yillarda yapilan
arastirmalar ani olarak hayatini1 kaybeden bireylerin yiizde
46,2’sinin kalp ve damar hastaliklar1 nedeniyle hayatin
kaybettiklerini, bu nedenle bu hastaligin erken teshisinin
ve tedavisinin ¢ok dnemli oldugunu ortaya koymaktadir
[3]. Bulanik Mantik, Dogal Dil Isleme, Konusma Tanima,
Oriintii Tamima, Yapay Sinir Aglari (YSA), Makine
Ogrenmesi  (MO), Genetik Algoritmalart (GA) YZ
kapsaminda saglik sektoriinde uygulama imkam
bulmaktadir. MO 6grenmesi ile ornek veri setlerine
dayanan  simiflandirma  veya  tahmin  iglemleri
yapilabilmektedir. MO grenmesi ile tahmin islemlerinde
veri setinin bagarisim  etkileyen bircok 6znitelik
bulunmaktadir. Veri setinde yer alan 6znitelikler tahmin
basar1 oranlarim1  olumlu veya olumsuz diizeyde
etkileyebilmektedir. Bu nedenle veri setindeki tiim
Ozniteliklerin hepsini birebir alip kullanmak yerine, veri
setini daha belirgin olarak betimleyebilecek, veri setini en
dogru temsil edebilecek nitelikli 6znitelik alanlarinin
belirlenmesi 6nem kazanmaktadir. Bu sekilde belirlenecek
olan 6znitelik verileri siniflandirma yontemlerinin tahmin
basarim oranlarimi artirabilecektir. GA yontemi de bu
baglamda Ozniteliklerin ~ belirlenmesinde  kullanilan
yontemlerden bir tanesidir. GA ile gergeklestirilen
uygulamalarda analiz yapilmasinda yiiksek dogruluk
oranina sahip basarili sonuglar elde edilebilmektedir. [4].

MO gesitli gérevlerin dgrenilmesi, mantiksal ve ikili
cikarimlar yoluyla otomatik hesaplama yontemlerini
kapsayan bir siire¢ olarak kullanilmaktadir. MO ile pek
cok  hastaligin  tamis1i  yiksek  dogruluk ile
yapilabilmektedir. Literatiirde hastalik tani tahminlerinin
en yiiksek dogruluk oram ile alinabilmesi ile MO
kullanilarak c¢esitli ¢aligmalar yapildig goriilmektedir. En
yiiksek dogruluk orani ile YZ teknikleriyle hastaliklarin
tahmin edilmesinin hastaliklarmin tedavisine biiyiik
katkilar saglayacagi bir gercektir. Bu caligmanin amact
GA yaklasimiyla o6znitelik segimi kullamlarak MO
algoritmalan ile kalp hastaligim1 tahmin etmek olarak
belirlenmistir. Bu baglamda ¢alismada YZ’nin bir alt dali
olan MO 6grenmesi ile daha yiiksek dogruluk oranina
sahip tahmin sonuglan elde edilmesinde GA ile 6znitelik

Bilim, Teknoloji ve Miihendislik Arastirmalari Dergisi, (2021) - 2(2): 67-80

seciminin Oneminin belirlenmesi hedeflenmistir. Bu
baglamda c¢alismada Oznitelik se¢imi i¢in GA’dan
faydalanilmis ve bu yontemin basari oranina etkisi ortaya
konmaya calisilmistir. Calismada kullanilan veri seti
iizerinde farkli deneyler yapilmis ve bu deneyler
neticesinde elde edilen basar1 oranlar1 degerlendirilmistir.
Deneylerde veri setinde 6znitelik se¢cim yontemlerinden
YZ tabanli GA kullanilarak daha belirgin 6znitelikler
secilmis ve MO simiflandirma algoritmalar1 ile kalp
hastaliginin tahmini gergeklestirilmistir.

Bu makale su sekilde diizenlenmistir: Calismanin ikinci
boliimiinde saglik alaninda hastaliklarin tanimlamasinda
literatiirde yer alan calismalar incelenmistir. Ugiincii
boliimiinde yapilan deneyler anlatilmis ve elde edilen
sonuglar belirtilmistir. Son bdliimde ise c¢aligma
neticesinde ulasilan sonuglar degerlendirilmistir.

I1. ILGILI CALISMALAR [RELATED STUDIES]

Saglik alaninda YZ yonteminin kullanilmasi ile ilgili
calismalar, son yillarda giderek artan bir hizla
yayginlagmaya baglamistir. Saglik alanina yonelik olarak
MO olmak iizere YZ teknik ve ydntemleri kullanilarak pek
¢ok calismanin bulundugu, ayrica bu ¢aligmalarin giderek
arttig1 goriilmektedir. Biyomedikal veri kiimesi {izerinde
YSA algoritmast dahil edilerek yapilan c¢alismada elde
edilen bagar1 oranlarn karsilastirildiginda en yiiksek
dogruluk oranmin K-EYK algoritmast ile oldugu
goriilmiigtiir [5]. Karaciger hastaligi {izerine denetimli
makine 6grenimi algoritmalarini ile tahmin elde eden bir
calismada LR, RO, KA, DVM, K-EYK ve NB i¢in %75,
%74, %69, %64, %62 ve %53 dogruluk degeri
bulunmustur [6]. MO ve Veri Madenciligi (VM)
teknikleriyle dgretmenlerin psikososyal risk diizeylerinin
tahmin edilmesi amaciyla yapilan c¢alismada kullanilan
veri  seti lzerinde Elektrokardiyografi  (EKG),
Elektromiyografi (EMG) ve Elektroensefalografi (EEG)
gibi fizyolojik faktérler MATLAB ortaminda test edilmis
ve MO algoritmalarindan KA, K-EYK, DVM
karsilastirilmis ve %99,9 dogruluk oranina ulagilmistir [7].
MO algoritmalar1 kullanilarak klinik tabanli veriler
iizerinden gergeklestirilen ¢aligmada radyoloji verileri ile
biitiinlik saglanarak kanser hastalar1 igin kisisel tedavi
aract gelistirilmesi amacglanmigtir [8]. Kalp hastalig
tahminin tespiti maksadiyla yapilan diger bir caligmada ise
RO yontemi ve DVM kullanilmis ve ¢alismalar
neticesinde %87,87 tahmin dogruluk oranina ulasilmistir
[9]. Saglik hizmetleri alaninda yorumlanabilir makine
O0grenmesi modellerinin  kullamim  {izerine yapilan
calismada ihtiyag duyulan MO algoritmasmin sisteme
nasil eklenecegi arastirilmistir [10]. Diyabet teshisi
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konmasinda hastalifin tahmin edilebilmesine yonelik
olarak YZ teknikleri kullanilarak yapilan c¢aligmada
optimizasyon algoritmalar1 kullanilmis ve optimizasyon
algoritmalarinin  kullaniminin  tahmin sonucu basari
oranini artirabilecegi gosterilmistir [11]. Arag¢ algilama
sistemi gelistiren bir ¢alismada YZ temelli galisan bir
video algilayici sistem kullanilarak ortalama hiz, arag
smiflandirma vb. arag takibi bilgileri tiretilir [12].

Oznitelik segimiyle kanser smiflandirmasi yapilan bir
calismada sinyal gorinti orani, K-EYK, DVM
yararlanilmistir. K-EYK ile %99.3 dogruluk orami elde
edilmistir [13]. DVM algoritmasi1 ile tahmin islemleri
amacityla yapilan calismada Veri Madenciligi (VM) ve R
programlama dili kullanilmigtir [14]. Literatiirde iginde
bulundugumuz Pandemi donemine iligkin olarak da
calismalar yapildig1 goriilmektedir. Yiiksek risk altindaki
hastalari, Olim oranlarim1 ve diger anormallikleri
belirlemek igin yapilan ¢alismada MO 6grenmesi ile risk
faktorlerini yas, sosyal aligkanliklar, konum ve iklim
faktorlerinin hastaliga olan etkisi aragtirtlmustir [15].
Ortadgretim 6, 7 ve 8. siif 6grencilerine, belirli dl¢iitlere
gore 24 sorudan olusan anket uygulanarak yapilan bir
diger calismada anket sonuclar1 dikkate alinarak, MO
ogrenmesiyle Tiirkce, Matematik dersleri ve donem sonu
genel bagart puan ortalamalarinin regresyon / ¢ok sinifli
MO modelleri olusturulmustur [16]. Cilt kanserinin YZ
teknik ve yontemleri ile tahmin edilmesi konusunda
yapilan ¢alismada %94 ile dogruluk oranina ulagilmistir
[17]. Kalp hastaliklarinin tahmin edilmesi maksadiyla
yapilan bir diger ¢alismada VM smiflandirma teknikleri
kullanilmis ve c¢alisma neticesinde kalp hastaliklart
tahminlerinde risk faktérlerinin tahmin oranlarinin yiiksek
veya disiik olarak belirlenmesine etki ettigi ortaya
konmustur [18]. Kalp ve meme kanseri hastalari igin

tahmini i¢cin NB, KA, Simple Logistic, J48
algoritmalarinin kullanildig1 ¢alismada ¢apraz dogrulama
yontemleriyle algoritmalarin performanslart

karsilastirilmis ve Naive Bayes'in en basarili sonug verdigi
anlatilmigtir [19]. DVM, NB, J48, RO, Adaboost, LR, KA,
Tek ve Cok Katmanli Perceptron ile yapilan caligmada
kalp hastalig1 tahmini yapilmas1 amaglanmistir [20]. MO
Ogrenmesi yontemleriyle kalp hastaliklarinin tahmin
edilmesi i¢in Anfis (Adaptive Neuro-Fuzzy Inference
System) ve Bulanik K Ortalamalar yontemleri kullanilmis
ve K kat ¢aprazlama yontemi ile %98,35 basari orani elde
edilmistir [21]. VM, YSA ve GA kullanilarak Matlab
ortaminda kalp hastaligi riskinin tahmini maksadiyla
yapilan c¢aligmada %89 basar1 oranmi elde edilmistir [22].
Diger bir caligmada Koroner Arter Hastaligi riski
tespitinde bir smiflama modeli %83,498 basariyla Cok
katmanli YSA smiflandirma yontemi ile gelistirilmistir
[23]. Kalp hastalarinin  yasam Kkalitesini artirmak
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hastaneye yatisini azaltmak ve iyilestirmek i¢in kanita
dayali tedavi kapsaminda yapilan calismada bilimsel
teknikler ve Olciimler kullanilmigtir [24].
"Kardiyovaskiiler Hastalik Risk Faktorleri Bilgi Diizeyi
(KARRIF-BD)" 6lgegi ile verilerin toplandig1 ¢aligmada
ise t testi, Kruskall Wallis VVaryans Analizi, Mann Whitney
U testi ve Spearman korelasyon analizi kullanilmis,
calisma neticesinde Gogiis agris1 tipi, egzersize bagli anjin
ve egzersize bagli ST depresyonu nitelikleri yiiksek
oranda birbiriyle iliskili oldugu gosterilmistir [25]. Kalp
hiz1 ve kalp hiz1 degiskenliginin kardiyovaskiiler risk
faktorleri ile iligkisinin arastirildigi calismada basta kalp
hiz1 6lglimii olmak iizere farkli degerler kullanilmustir
[26]. Yasa bagli olarak yapisal degisimlerin gen ifade
diizeyleriyle olan iligkisinin arastirildig1 calismada da yas
arttikca gen ifade diizeylerindeki azalmanin goriildiigi
ortaya onmustur [27]. Obezite ile birgok hastaligin
meydana geldigi diisiincesinden hareketle yapilan bir diger
calismada obezitenin kalp hastaligi olusumunda etken
faktor oldugu gosterilmistir [28]. Amerikan Kalp Dernegi
(AHA) tarafindan yapilan ¢alisma kalp hastaligi, felg ve
kardiyovaskiiler risk faktorleri ile ilgili en gilincel

istatistiklere katki saglamak maksadiyla yapildigi
goriilmektedir [29]. Temel bilesen analizi ile
hipertansiyon  hastaliinin  tahmininin  amaclandig1

calismada Katmanli Algilayict Ag (CKA), Karar Tablosu
ve C4.5 smiflandirma algoritmalari kullanilmig ve ¢alisma
neticesinde en basarili sonucun %88 ile NB algoritmasi ile
almdig1 goriilmektedir [30]. Kalp hastalariin sosyo-
demografik hastaliga iliskin 6zelliklerin yasam kalitesi ve
saglikli yasam bi¢imi davraniglarina etkisinin arastirildigi
calismada; erkek, 49-60 yas arasi, evli, lisans ve tsti
mezunu, sosyo-ekonomik durumu iyi, ¢alisan, ek hastalig
olmayan bireylerin hastaliklartyla ilgili egitim alanlarinin
risk faktorii arastinlmistir  [31]. Kardiyovaskiiler
hastaliklarin  yasla iligkisinin arastirildigi ¢aligmada
Kardiyovaskiiler hastaliklardan o&liimlerin ve major
komplikasyonlarin %78’i, 75 yas lizerindeki hastalarda
goriildiigii calisma sonucu olarak belirtilmistir [32]. NB,
Destek Vektor Makineleri, Lineer Diskriminant Analiz
Algoritmasi, Yapay Sinir Aglari, C4.5, C5.0, K-Nearest
Neighbor algortimalar1 ile yapilan c¢alismada bu
algoritmalarin basar1 oranlar1 ortaya konmustur [33].
Diger bir ¢alismada MO algoritmalarinin saglik alaminda
hastalik biyolojisi, ilag kesfi, mikrobiyom arastirmalar1 ve
sentetik biyoloji gibi birgok alanda kullanilabilecegi
arastirilmistir [34]. Benzer sekilde baska bir ¢alismada
aym aragtirmanin ZeroR, OneR, NB, J48 Karar Agaci,
RO, Coklu Algilayicilar, K-EYK), LR, DVM gibi
siniflandirma algoritmalart ile WEKA programinda
yapildigi  goriilmektedir [35]. MO  yontemleriyle
telekomiinikasyon sektoriindeki miisteri kaybi tahmini
iizerine ¢alismada Yeniden Ornekleme, Sentetik Azinlik
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Asirt Ornekleme Yéntemi (SMOTE), Uyarlanabilir
Sentetik Ornekleme (ADASYN), Rastgele Asiri
Ornekleme (ROSE) yontemleri uygulanmis, siniflandirma
problemi i¢in NB, KA, RO, Yapay Sinir Aglari, LR, DVM
ve K-EYK yontemleri 10 kat Capraz Gecerlemeyle
aragtirtlmigtir [36]. Futbol takimlarin hiicuma dayali ve
savunmaya dayali yetenekleri dikkate alinarak magin
sonucunu ne kadar basarili tahmin edebildigi konusunda
yapilan ¢alismada 16 futbol liginde yapilan testler sonucu
Karar Tablosu ¢ogunlukla en basarili algoritma oldugu
anlatilmaktadir [37]. Fiber optik dagitilmis akustik
algilama yapan bir calismada siniflandirma boliimiinde iki
farkli derin 6grenme algoritmasindan yararlanilmistir
[38]. MO ve VM tahmin ve modelleme ile iliskisinin
arastirildig ¢alisma, tahmine dayali modelleme, finansal
hizmetler, saglik hizmetleri, telekomiinikasyon vb.
alanlari tizerine yapilmis olan bir ¢aligmadir [39]. Koroner
arter hastalig1 teshisi icin MO ve VM teknikleri konusunda
yapilan calismada, ¢alisma kapsaminda gelistirilen veri
tabani sunulmaktadir [40].

Biyomedikal veri kiimeleri ile MO algoritmalari iizerine
yapilan bir c¢alismada YSA, K-EYK ve Lineer
Diskriminant Analiz (LDA) algoritmalar: ile EEG veri
kiimesi iizerinde smiflandirma islemleri sonucunda
epileptik veriler basar1 ile siniflandirilmustir [41]. MO
yontemleriyle kredi karti dolandiriciligina karsi yapilan
bir ¢alisgmada elde edilen en yiiksek basar1 sonucu Naive
Bayes algoritmasinda %97.92 olarak bulunmustur
[42]. Kredi karti dolandiriciligini MO yéntemleri
kullanilarak tahmin eden bir baska calismada ise en
yiiksek basar1 orani ¢ok katmanli yapay sinir aglar ile
9%99,943’tiir. Naive Bayes algoritmasi ile %98,207 basari
sonucu elde edilmistir [43]. Degisken Onem
degerlendirmesine dayali MO algoritmalarini
karsilagtirmali analizini yapan bir ¢alismada, Random
Forest, Cubist ve MARS, hem tahmin performansi hem de
degisken onem degerlendirmesi igin etkilidir sonucu
cikarilmustir [44].

Cok katmanli algilayici (CKA) sinir agi modeli ile
DVM  yontemleri kullanilarak  yapilan ¢alismada
buzlanmadan kaynakli kazalarin Onlenmesine yonelik
%87.26 dogruluk oranina sahip bir buzlanma tahmin
algoritmasi ve mobil uygulama gelistirilmistir [45]. EEG
sinyallerinden  epileptik ndbet siniflandirilmasinin
yapildigi calismada DVM kullanildigi goriilmektedir [46].
Bolgelere gore itfaiye istasyonu ihtiyactmn MO
kullanilarak tahmin siniflandirilmasinda en basarili
algoritmanin  %93,84 ile RO algoritmas1 oldugu yer
almaktadir [47]. Saglik hizmeti iizerine veri madenciligi
ile yapilan calismada NB, KA ve DVM algoritmalari
karsilastirilmistir [48]. Kayisi ¢ekirdeklerinin tath veya aci
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olarak smiflandirilmasi iizerine yapilan g¢alismada K-
EYK, DVM, KA, Rasgele Orman, NB ve Cok Katmanl
Algilayic algoritmalart kullanilmigtir [49]. Sosyal medya
paylasimlan ile markalarin itibarim analiz etmesini ve
tiketiciler  ile iligkisini  yoneten  bilgi  sistemi
gelistirilmesinin hedeflendigi calismada MO
yontemleriyle sosyal medya marka itibar analizi alaninda
yazilim yapilmis ve g¢alisma neticesinde modeller
arasindan %90 F-0l¢iitii basar1 skoruna sahip NB
secilmistir [50]. Diger bir ¢calismada ise veri kiimelerinin
MO ile analiz edilmesi arastirilmustir [51]. Duygu analizi
konusunda yapilan calismada kiimeleme, siniflandirma,
YSA ve VM teknikleri kullanilarak arastirma yapilmistir
[52]. Dogal dil isleme ve MO kullamlarak Twitter
iizerinden iletilen mesajlarin hastalik bilgisinin igerme
durumuna gbére hastalilk yayillm hizi  analizi
gerceklestirilmistir [53].

Gelistirilen MO uygulamasinda yapilan deneylerin
iizerinde GA ile 6znitelik se¢imi yapilarak basar1 oraninin
arttigr belirtilmistir [54]. Genetik algoritma kullanarak
MRI tabanli beyin tiimorii Siiflandirmasi yapan bir
calismada %92,03 dogruluk elde edilmistir [55]. GA ile
¢ozlime ulasilacak evrim siireci bilgisayar ortaminda taklit
edilmektedir. Karmasik ¢ok boyutlu arama uzayinda
biitiinsel en iyi ¢oziimil aramaktadir [56]. GA, ¢ok sayida
sinirlama iceren ve karmagik optimizasyon sorunlarimi
yazilim yontemleriyle ¢ozerler. GA ve siiflandirict
yontemler kullanarak kanseri tahmin eden bir ¢alismada
en basarili sonug akciger kanserine ait verilerde %94.09
olarak DVM algoritmasinda elde edilmistir [57]. Amact
tek bir ¢oziim degil ¢oziimler kiimesi ortaya ¢ikarmaktir.
Hatta ¢6ziimsiiz problemlere ¢oziim iiretebilmektir. Bir
problemin ¢6zimii birden fazla olabilir. Bu ¢6ziim
kiimesine niifus ad1 verilir. Bireye ait her bir elemana gen
denir. Algoritmada yapilan islemler genetik operator
olarak adlandirilir. Genetik Operatorler segcme (selection),
caprazlama (crossover) ve mutasyon (mutation)’dur.
Mutasyon sayesinde genetik ¢esitlilik artar [58]. Bu
sayede daha c¢ok cesit ortaya ¢ikar. Elde edilen bu niifus
ileriki nesillerde kullanilir. GA’da Mutasyon ile, kayip
veya kesfedilmemis genetik materyaller bulunur ve erken
yakinsamay1 onler, yerel optimum seviyede kalir [59]. Her
nesil i¢in bu adimlar tekrarlanir.

Calismamizda elde edilen basari orani ile literatiirde yer
alan benzer ¢aligmalarin basari oranlar1 Tablo 1'de
sunulmustur. Calismamizin sonuglarinin arastirilan diger
caligsmalarla benzer sonuglar igerdigi ve caligmalarda
belirtilen referans araliginda basar1 sonucu gosterdigi
goriilmektedir.
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Tablo 1. Literatiir taramasinin degerlendirilmesi
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Basarn Hata
Literatiir Ad1 Kullanilan Algoritma Tipi Veri Seti Sonucu | Sonucu
Polatgil, 2020 Anfis ve Bulanik K Ortalamalar | Kalp %98.35 | %1.65
Ekrem, 2020 Rastgele Orman Kalp %87.87 | %12.13
Unver, 2020 Naive Bayes Hipertansiyon %88 %12
2017 yili ki aymin
Kabaoglu, 2021 CKA hava tahmin verileri %87.26 | %12.74
Kredi Kart1
Selimoglu, 2021 Cok katmanli yapay sinir aglar1 | Dolandiricilik Teshis 9%99.943 | %0.057
Mishra, 2011 K-EYK Algoritmasi Losemi %99.3 %0.7
Rahman, 2019 Logistic Regresyon Hint karaciger hastalar1 | %75 %25
Calismamiz Genetik Algoritma Kalp 9%093.44 | %6.56

I1l. TEORIVE YONTEM [THEORY AND
METHODOLOGY]

A. Veri Seti (Dataset)

Bu calismada Kaggle’dan elde edilen kalp veri seti
kullanilmistir. Bu veri seti ABD’nin Cleveland
eyaletindeki bireylerin verisidir. Kalp veri seti; Andras
JANOSI, William STEINBRUNN, Matthias PFISTER ve
Robert DETRANO tarafindan olusturulmustur [60].
Kullanilan veri setinde yaralan 6znitelik bilgileri 14 siitun
ve 303 satirdan olugmaktadir. Veri setinde hasta bireyler 1
rakami, saglikli bireyler ise 0 rakamu ile ifade edilmistir.
Situnlarda yer alan tiim veriler sayisal olarak
gosterilmistir. Veri setinde yer alan 14 farkli 6znitelik
degerleri su sekildedir: Yas, cinsiyet (O=kadin,1=erkek),
gogiis agrist tipi (O=tipik angina, 1=atipik angina,
2=anginal olmayan agri, 3=asemptomatik angina),
dinlenme kan basinci (tansiyon), kolesterol, aclik kan
sekeri (120’den biiyiikse 1,degilse 0), dinlenme EKG
Olgiimii (0=normal,1=ST-T dalga anormalligi, 2=Sol
ventrikiil hipertrofisi), maksimum kalp atis hizi, egzersiz
kaynakli agr1 (1=evet,0=hayir), Egzersizin neden oldugu
ST depresyonu, ST segmentinin egimi (l=yukari
egimli,2=diiz,3=asag1 egimli), ana damar sayisi(0-3),
Talesimi (O=talasemi hastaligt yok, 1=sabit kusur,
2=normal kan akigi, 3=geri doniistiiriilebilir kusur). Veri
setinde bog deger (null) bulunmamaktadir. Hedef siitunu
y, diger tiim siitunlar x olarak ayrilmistir. Hold-out
yontemiyle veriler %20 test ve %80 egitim (train) verisi
olarak ayrilmistir. Bu kapsamda caligmada kullanilan
toplamda 303 adet veriden 242 adedi egitim verisi ve 61
adedi ise test verisi olarak kullamilmistir. Verilerin
kalitesini artirmanin yolu verileri 6n islemden gegirmek
suretiyle ~ veri  kalitesinin  artirillmasi  yoluyla

gerceklesebilir. Bu maksatla veri setimiz {izerinde veri 6n
isleme adimlart gergeklestirilmistir. Veri setimizdeki
verilerin tamamlanmamus, tutarsiz ya da giincelligini
kaybetmis olup olmadig1 kontrol edilmis ve kaliteli veri
i¢in veri On isleme adimlari uygulanmistir. Bu baglamda
null degere sahip veriler sonuca dahil edilmeden 6nce veri
setinden ¢ikarilmistir. Veri On isleme asamasinda eksik,
giiriiltiilii ve tutarsiz olan veriler iyilestirilmistir. Veri
setimizde yer alan bireylerin yaslarmi gosteren siitun
grafik Sekil 1°de gosterilmektedir. Bu grafige gore,
Ornegin 58 yasinda olan birey sayis1 19 kisidir.

Age Analysis Systern

Age

Sekil 1. Yasa gore siitun grafigi

Sekil 2°de geng yasta bulunan bireylerin hasta ve saglikli
olma durum oranlart sunulmustur. S6z konusu sekilde
hasta bireyler 1 rakamu ile ve saglikli bireylerde 0 rakami
ile gosterilmistir.
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Target 0 Age Range 0

Targst 1 Age Ranges 0

Sekil 2. Genglerin kalp hastasi/saglikli orani

Sekil 3’te ise veri setinde bulunan bireylerin cinsiyet
dagilimina gore pasta grafigi olusturulmustur. Grafige
gore veri setindeki bireylerin %31.7” si kadin, %68.3 i
erkeklerden olusmaktadir.

Erkek

Sekil 3. Cinsiyet dagilimina gore pasta grafigi

Sekil 4’te kalp hastaligimin cinsiyete bagli goriilme
siklig1r sunulmustur. Bu grafige gore cinsiyeti kadin olan
23 saglikli ve 70 hasta birey yer alirken cinsiyeti erkek
olan toplamda 100 saghikli ve 90 hasta birey yer
almaktadir.

Heart Disease Frequency for Sex
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Sex (0 =Kadn, 1 = Erkek)

Frequency

Sekil 4. Kalp hastasi-cinsiyet dagilimi
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Sekil 5°de veri setindeki Ozniteliklerin korelasyon
matrisi sunulmustur. Bu matriste kullanilan korelasyon (r)
kavramu ile 6zelliklerin birbiriyle iligkisini gosterilmistir.
Bu baglamda -1’e¢ olan yakinlik degiskenler arasindaki
negatifiliskiyi, +1’e olan yakinlik ise pozitif iligkiyi ve 0’a
yakinlik da birbiriyle iliskisi olmadigini gostermektedir.
Bu duruma iliskin durum Denklem (1)’de formiiliize
edilmistir.

)

x @ fesibps owl s restecghalach edang cdpesk sope @

Sekil 5. Korelasyon matrisi

Sekil 5 incelendiginde bir bireyin kalp hastasi olmasina
g0gilis agrisi tipi, egzersize kaynakli agr1 ve egzersizin
neden oldugu, ayrica ST depresyonu arasinda pozitif iligki
bulundugu goriilmektedir. Bu durum kalp hastaligi
tanisinin konmasinda etkindir. Ayrica cinsiyet ve yas
Oznitelikleri de kalp hastaligi tanisinda etkilidir. Cinsiyeti
erkek olan bireylerin ve yaglilarin kalp hastasi olma
ihtimalinin daha yiiksek oldugu goriilmektedir.

B. Makine Ogrenmesi (MO) Algoritmalar

MO algoritma yontemleri denetimli grenme, yari
denetimli 6grenme ve denetimsiz 6grenme olmak iizere ii¢
baslik altinda gosterilebilir. K-EYK, NB, KA, RO, LR ve
DVM algoritmalart1 bu kapsamda en c¢ok kullanilan
algoritmalar arasinda sayilabilir.

LR, ¢esitli tahmin degiskenleri ile ikili sonug arasindaki
iliskiyi degerlendiren istatistiksel bir tekniktir [61, 62]. LR
analizinin saglik hizmetleri alaninda sik¢a kullanildigi
goriilmektedir [63]. Bu algoritma bir siniflandirma
algoritmasidir. Bu algoritmanin formiilii Denklem (2)’de
sunulmustur.

logic(p) =In (1%) p = probability 2)
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K-EYK algoritmast da sik kullanilan siniflandirma
algoritmalar1 arasindadir. Bu algoritma parametrik bir
algoritma degildir. Tahmin islemlerinde veri seti iginde
belirlenen K degeri hesaplanacak en yakin komsularin
eleman sayisim ifade eder. Ornegin; K degeri 5 ise en
yakin 5 komsunun elde edilen deger ile arasindaki uzaklik
hesaplanir. Uzaklik hesaplarken Denklem (3) Oklid,
Denklem (4) Manhattan ve Denklem (5) Minkowski
standart mesafe 6l¢limii denklemlerinden yararlanilir.

Oklid = / (e yi)? 3

Manhattan = Y5, |x;_y;]| 4)

Minkowski = (Z;‘=1(|xi_yi|)q)1/q (5)

MO yéntemlerinden DVM algoritmasi siniflandirma ve
regresyon i¢in verilerin analizinde kullanilan denetimli
O0grenme modelidir. Bu algoritmada amacg, iki sif
arasindaki uzakligin maksimum oldugu durumun
bulunmasidir. Vektdor uzayr tabanli olan bu makine
Ogrenmesi algoritmasi parametre almaz. DVM algoritmasi
Denklem (6)’da formiil olarak gosterilmistir.

{xiy;}li=1..Ly; €{-11},x €RP (6)

NB algoritmasi, siniflandirma algoritmalarindandir. Bu
algoritmanin ¢aligma mantigi her bir eleman igin tek tek her
durumun olasihigimi  hesaplayarak en yiiksek olasilik
degerini temel alarak smiflandirma yapmaktadir. NB

algoritmast Denklem (7)’de gore formill olarak
gosterilmistir.

class\ _ p(data/class)xp(class)

(data) - p(data) (7)

KA algoritmasi, veri kiimesindeki ¢ok biiyiik verileri
belirli  kurallar ile daha kigiik kiimelere ayiran
siniflandirma algoritmasidir. RO algoritmasi denetimli
simiflandirma  algoritmalarindandir.  Biiylik  verileri
kiimeleyerek kiiciik agaglar olusturur. Bu algoritmada
agac sayisi artarsa kesinlik artar. Bu algoritmanin KA
algoritmasindan farki kok diigim bulma ve diigiimlere
bolme isleminin rastgele ¢alismasidir.

C. Genetik Algoritmalar (GA)

Teknolojinin geligsmis algoritmalarindan biri olan GA
calisma mantig insan genlerinin nesiller arasi gecis
slirecine benzetilmektedir. GA, dogal genetik ve biyolojik
evrimin mekaniklerine dayanan fonksiyon optimizasyonu
icin  kullanilan stokastik bir yontemdir. Genetik
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algoritmanin calisma prensibi Sekil 6’da gosterilmistir
[64].

A4

Ll

Sekil 6. Genetik algoritma akis diyagrami

GA calisma adimlarinda ilk olarak “niifus” bilgisi
bulunmaktadir. Bu bilgi ile verilere uygun popiilasyon
rastgele olarak baslatilir. Ikinci asama “uygunluk”
degeridir. Sonuca ulagtiran her bir ¢dziimiin (kromozom)
uygunluk degeri bulunur. Ugiincii asamada gelecek nesil
ile gen gecisi arasinda yeni bir popiilasyon olmasi i¢in
ebeveyn olarak en uygun kromozomlar segilir. Dordiincii
asamada caprazlama islemi yapilmaktadir. Ebeveynler
birlestirilip yeni kromozom seti olusturulur. Daha sonra
yeni olusan popiilasyona eklenir. Besinci agsamada olusan
popiilasyon setindeki kromozomun gen degisimleri
yapilir. Bu isleme Mutasyon denilmektedir.

D. Sistemin Akis Diyagrami

Calismada Sekil 7 {izerinde belirtilen akis diyagrami
kullanilmistir. Akis diyagramina uygun olarak oncelikle
Jupyter notebook yazilim programi baslatilmaktadir.
Tahmini ve analizi yapilacak olan veri seti ¢alismaya

eklenmigtir. Kullanilacak algoritmalar, istatistikler,
gorsellestirme-animasyonlar icin gerekli olan
kiitiiphaneler ~ yazilima  eklenmistir.  Elde edilen

istatistiklerin gorsel sekiller ¢ikarilmistir. Veri setindeki
bireylerin yas dagilimi, cinsiyet ayrimi, Oznitelik
gruplandirma vb. istatiksel sonuglar1 daire, satir, siitun
sekilleri ile gosterilmistir. Gerekli analizler yapilir. Daha
sonrasinda 6znitelik ayrimi1 yapilir. Bu ayrim sonucu hedef
disindaki tiim veriler giris(x), hedef 6zniteligi ise ¢ikis(y)
olarak ayrilmistir. Hold out yontemiyle %20 test ve %80
egitim verisi olarak veri seti ayrimi yapilir. LR, KA, NB,
K-EYK, RO, DVM algoritmalari olan 6 makine 6grenme
algoritmasi sirasiyla programa eklenir.
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Sonrasinda basar1 ve hata oranlar1 hesaplanir. Bu temel
MO algoritmalar siitun grafigi ile karsilagtirmasi yapalir.
Oznitelik  secimi  olarak adlandirilan 24  farkl
Ozniteliklerin algoritmalardaki bagar1 sonuglari hesaplanir.
Yapilan tahminlerin her algoritma igin sonucu
karsilastirilmustir. Calisma kapsaminda toplamda 28 adet
farkli deney yapilmistir. Caligmada kiimesi i¢inde hangi

PROGRAMI VERI SETINi YAZILIMA
BASLAT DAHILET

ALGORITMALARIN
KARSILASTIRILARAK

PROGRAMI BITIR

SONUGLARIN
DEGERLENDIRILMES

KUTUPHANELERI VERI

YAZILIMA AL

BIREYLERIN
TAHMINLEMESi
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ozelliklerin sonug¢ iizerinde ne kadar etkili oldugunu
belirlemek amaciyla oznitelik segimi (feature selection)
yontem, Ozellik secimi islemi sistemin daha hizli
calismasini sagladigindan dolay1 uygulanmstir.

PARAMETRE

GORSELLESTIRME AYARI

MAKINE
OGRENMESi
ISLEMLERi

GENETIK
ALGORITMA
ISLEMLER]

Sekil 7. Calismanin Akis Diyagrami

IV. BULGULAR VE TARTISMA [RESULT AND
FINDINGS]

Calisma kapsaminda 3 farkli grupta toplamda 28 adet
deney gerceklestirilmistir. Ilk grupta 13 adet deney
yapilmigtir. Bu grupta yapilan deneylerin amaci veri
setindeki ~ Oznitelik  sayisinin her bir deneyde
farklilastirilarak basari oraninimn ortaya komasidir. Ikinci
grupta 10 adet deney yapilmistir. Bu grupta yapilan
deneylerin amaci, birinci grup deneyler sonucunda ortaya
¢ikan modellerin test verisi ile test edilmesidir. Uciincii
grup deneyde ise 5 adet deney yapilmistir. Bu grupta
yapilan deneylerin amaci GA ile 6znitelik se¢imi yapilarak
basar1 oranini ortaya koymaktir. Deneylerde veri setinde
bulunan bireylerin hasta veya saglikli oldugunun tahmini,
Calismadaki en basarili sonug %93.44 ile GA olmustur.

Diger algoritmalar i¢in en basarili  sonuglar;
LR=%290.16, K-EYK=%81.96, DVM=%83.60,
NB=%85.24, KA=%81.96, RO=83.60 olarak

hesaplanmigtir. Calismanin basart sonuglar1 %68.13 ile
%93.44 arasindadir. ilk grup 13 deneyde giris verilerinin
ve MO algoritmalarinin degisikligine gore bagar1 sonuglart
degismistir. Bu deneylerde elde edilen basar1 sonuglari
Tablo 2’de, hata sonuglar1 ise Tablo 3’de gosterilmis,
ayrica algoritmalardan elde edilen basar1 sonuglari
karsilastirilmagtir.

Tablo 2. Oznitelik se¢imi ile MO algoritmalarmin basar1

sonuglari
Deney | LR K- DVM | NB KA RO
No. (%) EYK | (%) (%) (%) (%)
(%)

1. 90.16 | 70.49 | 63.93 | 83.60 | 78.68 | 81.96
2. 84.61 | 70.49 | 68.85 | 83.60 | 75.40 | 80.32
3. 81.31 | 70.49 | 67.21 | 80.32 | 77.049 | 80.32
4, 85.71 | 68.85 | 67.21 | 83.60 | 77.049 | 83.60
5. 85.71 | 68.85 | 67.21 | 83.60 | 78.68 | 81.96
6. 85.71 | 72.13 | 67.21 | 83.60 | 81.96 | 83.60
7. 85.71 | 70.49 | 67.21 | 83.60 | 81.96 | 83.60
8. 86.81 | 72.13 | 68.85 | 83.60 | 80.32 | 78.68
9. 87.91 | 75.40 | 81.96 | 83.60 | 70.49 | 75.40
10. 81.31 | 81.96 | 83.60 | 81.24 | 80.32 | 81.96
11. 81.31 | 73.77 | 83.60 | 85.24 | 81.96 | 81.96
12. 68.13 | 70.49 | 78.68 | 78.68 | 77.049 | 77.049
13. 75.82 | 73.77 | 73.77 | 73.77 | 73.77 | 73.77

Tablo 2 ve 3 iizerinde yapilan 13 deney kapsaminda yas,
cinsiyet, gogiis agrisi tipi, dinlenme kan basinci,
kolesterol, aclik kan sekeri, dinlenme ekg 6l¢iimii, en fazla
kalp atis hiz1i, egzersize bagli agri, dinlenmeye gore
egzersizin neden oldugu ST depresyonu, ST segmentinin
egimi, ana damarlarin sayisi, talasemi siitunlart x, hedef
siitunu y olarak temel MO algoritmalarinin Sznitelik
se¢imi yapilarak basari orani degerleri hesaplanmustir.
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Tablo 3. Oznitelik secimi ile MO algoritmalarmin hata
sonugclari

Deney | LR | K- |DVM |[NB |KA |RO
No. | (%) |EYK |@®) |©®) |@©@) | (@)
(%)

1. 09.84 | 29.51 | 36.07 | 16.40 | 21,32 | 18.04
2. 15.39 | 29.51 | 31.15 | 16.40 | 24.60 | 19.68
3. 18.69 | 29.51 | 32.79 | 19.68 | 22.951 | 19.68
4. 14.29 | 31.15 | 32.79 | 16.40 | 22.951 | 16.40
5. 1429 | 31.15 | 32.79 | 16.40 | 21.32 | 18.04
6. 14.29 | 27.87 | 32.79 | 16.40 | 18.04 | 16.40
7. 1429 | 2951 | 32.79 | 16.40 | 18.04 | 16.40
8. 13.19 | 27.87 | 31.15 | 16.40 | 19.68 | 21.32
9. 12.09 | 24.60 | 18.04 | 16.40 | 2951 | 24.60
10. | 18.69 | 18.04 | 16.40 | 18.76 | 19.68 | 18.04
11. | 18.69 | 26.23 | 16.40 | 14.76 | 18.04 | 18.04
12. | 31.17 | 2951 | 21.32 | 21.32 | 22.951 | 22.951
13. | 24.18 | 26.23 | 26.23 | 26.23 | 26.23 | 26.23

Bu deneylere iligkin elde edilen sonuglar agagida yer
almaktadir. Yapilan deneylerde genel olarak her algoritma
icin veriler %20 test ve %80 egitim verisi olarak
ayrilmustir.

* LR algoritmasi kullanilarak yapilan deneylerde LR
asamasinda algoritma 109 defa egitilerek %90.16 basari
sonucuna ulasilmistir. Hata oran1 %9.84 tiir.

+ K-EYK algoritmasinda 3 komsu dikkate alinmistir.
Komsu sayisinin tek sayr verilmesi optimum sonug
olmasina yardimei olacagindan hareketle komsu sayisi
belirlenmistir. Bu algoritma 41 defa egitilerek %70.49
basar1 sonucuna ulasilmistir. Hata oran1 %29.51 dir.

* DVM algoritmas1 100 defa egitilerek %63.93 basar
sonucuna ulasilmistir. Hata orani da %36.07'dir.

* NB algoritmast 41 defa egitilerek %83.60 basar
sonucuna ulasilmistir. Hata oran1 %16.40’tir.

* KA algoritmas1 109 defa egitilerek %78.68 basarn
sonucuna ulasilmistir. Hata orani da 21.32’dir.

* RO algoritmas1 41 defa egitilerek %81.96 basari
sonucuna ulagilmistir. Hata oran1 %18.04 tiir.

Tablo 2 ve 3 iizerindeki deneylerden 7 numaral
deneyde; dinlenme EKG o6l¢iimii, en fazla kalp atis hizi,
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egzersize bagli agri, dinlenmeye gore egzersizin neden
oldugu ST depresyonu, ST segmentinin egimi, ana
damarlarin sayisi, Talasemi siitunlar1 x, hedef siitunu y
olarak temel MO algoritmalarinin basar1 oran1 degerleri
hesaplanmustir. Veri setinde bulunan yas, cinsiyet, gogiis
agrisi tipi ve dinlenme kan basinci, kolesterol, aclik kan
sekeri harig tiim siitunlar dahil edilmistir.

Bu deneylere iligskin elde edilen sonuglar asagida yer
almaktadir:

* LR algoritmasinda %30 test ve %70 train olarak
ayrilmistir. Bu algoritma 41 defa egitilerek %85.71 bagari
sonucuna ulasilmigtir. Hata oran1 %14.29°dur.

* K-EYK algoritmasinda 3 komsu dikkate alinmistir.
Komsu sayisinin tek sayr verilmesi optimum sonug
olmasina yardime1 olur. Bu algoritmada %20 test ve %80
train olarak ayrilmistir. Algoritma 41 defa egitilerek
%70.49 basar1 sonucuna ulasilmistir. Hata orani
%29.51"dir.

* DVM algoritmas1 100 defa egitilerek %67.21 basar
sonucuna ulasilmistir. Hata orant da %32.79'dur.

* NB algoritmas1 41 defa egitilerek %83.60 basari
sonucuna ulasilmistir. Hata oran1 %16.40°tir.

+ KA algoritmasi109 defa egitilerek %81.96 basari
sonucuna ulasilmistir. Hata orani da 18.04 tiir.

* RO algoritmasinda %20 test ve %80 train olarak veriseti
ayrilmigtir. Bu algoritma 41 defa egitilerek %83.60 basari
sonucuna ulasilmistir. Hata oran1 %16.40’tir.

Caligmada yapilan ikinci grup deneylerde veri setinde
yer alan hasta ve saglikli olan toplam 10 bireyin verileri
MO yéntemleri ile tahminleri yapilarak basari ve hata
sonuglar1 listelenmistir. Ornegin; Deney 1°de tahmin
edilen birey hastadir ve degeri “1”°dir. LR algoritmasi ile
tahmin edilmesi istendiginde %90.16 basar1 oraniyla
bireyin hasta oldugu tahmin edilmistir.

Tablo 4'de goriindiigii gibi bu tahminin hata oram
0.1764’diir. Hasta birey: Hedef 1 ve Saglikli birey: Hedef
0 olarak tamimlanmustir. Tahminler; %20 test, %80 train
olarak ayrilarak 100 defa egitilerek sonuglandirilmistir.
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Tablo 4.Veri setinde bulunan 10 bireyin tahmini ve algoritmalarin bagar1 sonuglari

77

eney | Gersek | R(%) | KEYK(%) |DVM(%) | NB (%) KA(%) | RO (%)
1. 1 990,16 (1) | %70,49 (0) %63,93 (1) %83,60 (1) %75,40 (0) %81,96 (0)
2. 0 %90,16 (0) | %70,49 (1) %63,63 (0) %83,60 (0) %75,40 (0) %81,96 (0)
3. 1 %90,16 (1) | %70,49 (0) %63,93 (1) %83,60 (1) %75,40 (1) %81,96 (1)
4. 0 %90,16 (0) | %70,49 (1) %63,93 (1) %83,60 (1) %75,40 (0) %81,96 (0)
5. 0 %90,16 (0) | %70,49 (0) %63,93 (0) %83,60 (0) %75,74 (0) %81,96 (0)
6. 1 %90,16 (1) | %70,49 (1) %63,93 (1) %83,60 (1) %75,40 (1) %81,96 (1)
7. 1 %90,16 (1) | %70,49 (1) %63,93 (1) %83,60 (1) %75,40 (1) %81,96 (1)
8. 0 %90,16 (0) | %70,49 (0) %63,93 (0) %83,60 (1) %75,40 (0) %81,96 (0)
9. 0 %90,16 (0) | %70,49 (0) %63,93 (0) %83,60 (0) %72,13 (0) %81,96 (0)
10. 1 %90,16 (0) | %70,49 (1) %63,93 (1) %83,60 (0) %73,77 (1) %81,96 (1)
Tablo 5. Veri setinde bulunan bireylerin GA ile tahmini Tablo 7 tizerindeki veriler ise Tablo 5 f{izerindeki 1
numarali deneydeki bireyin detayli bilgileri ve GA sonucu
Deney No. | Gergek Veri GA ile Tahmin Veri tahmin verisi verilmistir.
1. 1 1
2 1 1 Tablo 7. Veri setinde bulunan bir bireyin detay bilgileri
3 0 0 Tahmini yapilacak bireyin 6zellikleri | Degerler
4 0 1 Yas 37
5 0 0 Cinsiyet Erkek
Gogiis agrisi tipi 2
Yapilan {igiincii agamadaki deneyde ise GA ile veri Dinlenme kan basinci 130
setindeki bir bireyin degerleri girilerek hasta veya saglikli Kolesterol 250
olup olmadig1 tahmin edilmistir. Tablo 5 iizerinde veri seti Aclik kan sekeri 0
icerisinde bulunan 5 adet bireyin GA ile hasta veya saglikli Dinlenme ekg 6l¢timii 1
olma tahmini yapilmistir. Bu ¢aligma kapsaminda GA Maksimum kalp atis hizi 187
kullanilarak %93.44 basar1 ve %6.56 hata sonucu elde Egzersize baglh agri 0
edilmistir. Tablo 5 iizerinde “0” bilgisi saglikl bireyi, “1” Dinlenmeye gore egzersizin neden | 3.5
bilgisi ise hasya bireyi temsil etmektedir. oldugu ST depresyonu
] ] . ST segmentinin egimi 0
Tablo 6. Genetik algoritma parametreleri Ana damar sayisi 0
Parametreler Degerler Talasemi 2
Birey Sayisi 303 Hedef 1(Hasta)
Birey Se¢im Yo6ntemi Siralama
Caprazlama Olasiligi 1 Sekil 8’de GA ile bireyin tahmin sonucunu gosteren kod
Mutasyon Olasilig1 0.1 gOsterilmistir.

Tablo 6 iizerinde GA ile analizi yapilan islemlerde
kullanilan parametreler verilmistir. Bu parametrelerden
“Birey Sayis1” ile GA’da hesaplanacak ¢aligmanin
popiilasyonuna ait birey sayisini belirlenmistir. “Birey
Secim Yontemi” parametresi ile bireylerin ¢aprazlamasi
icin  hangi  yOntemin segecegini  belirlenmistir.
“Caprazlama Olasilig1’” parametresi ile yeni nesli
olustururken secilen bireylerin ne oranda caprazlama
yapacagint belirten sayidir. “Mutasyon Olasilig1”
parametresi ise mutasyon yapilirken hangi oranda
yapilacagini belirleyen olasilik parametresidir.

data=data[data["Ca"]==0]

data=data[data["Thal"]==2]
tahmin=logmodel.predict([[37,1,2,136,256,8,1,187,8,3.5,8]])
print(tahmin,accuracy score(y test,predictions))

#target 1

[1] ©.9344252285081968
Sekil 8. GA ile hastalik tahmini kod pargast

Genetik algoritma (GA), ¢ok boyutlu uzayda maliyet
fonksiyonuna uygun olacak sekilde iterasyonlar yaparak
optimum ¢6ziimii ararlar. LR ise bagimli ve bagimsiz
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degisken arasindaki iligkiyi en az sayida degisken ile en iyi
uyuma sahip olacak sekilde tahmin etmeyi amaglar. Farkli
sayida degisken igeren regresyon modellerinden basari
sonucu yiiksek olacagindan genellikle Genetik Algoritma
kullanilmasi tavsiye edilir. Bu sebeple LR basarist yiiksek
calismalarin GA basarist da yiiksektir. Bu ¢alismada da
LR yontemi basar1 sonucu % 90.16 olarak elde edilmistir.
Calismada GA temel MO yontemleri ile karsilastirilnis ve
daha yiiksek basar1 sonucunu gostermistir.

V. SONUC VE DEGERLENDIRME [CONCLUSION]

Giiniimiizde YZ’nin bir alt dali olan MO algoritmalari
saglik alaninda g¢esitli hastaliklara iliskin teshislerde
uygun maliyet, hizli ve daha dogru sonuglar elde ederek
tahminler yapmak miimkiindiir. Diinyada kalp hastalig1
sonucu Oliimlerin ilk sirada olmasi, ayn1 zamanda her
gegen giin kalp hastalig1 nedeniyle 6liim sayisinin artmasi
bu hastaliga iliskin teshislerde dogru tahminler
yapilmasini gerektirmektedir. MO algoritmalar ile eger
bu hastalik yiiksek basari oranlari ile tahmin edilebilirse
erken teshis ve Onlemler sayesinde Oliim oranlari
azaltilabilir. Bu c¢alismada kalp hastaligimin  GA
yaklasimiyla ~ oznitelik  segimi  kullamlarak MO
algoritmalari ile tahmini gergeklestirilmistir. Bu kapsamda
MO yontemleri ve GA’dan faydalanilmistir. Calismada
siniflama  iglemi i¢in hangi Ozniteliklerin  6nemli
hangilerinin ise daha az 6nemli olduklarinin belirlenmesi
asamasinda Oznitelik secimi islemi i¢in GA metodundan
faydalanilmistir.  Calismada  ABD’nin  Cleveland
eyaletindeki bireylerin verisinden yararlanilarak Andras
Janosi, William Steinbrunn, Matthias Pfister ile Robert
Detrano tarafindan olusturulan ve Kaggle’dan [47] alinan
veri seti kullanilmistir. Caligmada dncelikle kullanilan veri
setinde GA’dan faydalamlnis ve MO ydntemlerinde
oznitelik se¢imi yapilmis, daha sonra belirlenen MO
algoritmalar kalp hastaligi tahmininin yiliksek dogruluk
orani ile yapilabilecegi ortaya konmus, boylelikle veri
setinde GA ve MO y&ntemlerinde &znitelik segiminin
tahmin dogruluk oranini artirdig1 gosterilmistir. Calisma
kapsaminda kullanilan veri seti tizerinde K-EYK, LR, KA,
RO, NB, DVM ve GA algoritmalari ile 3 grup deney
gerceklestirilmigtir. Farkli asamada toplam 28 (yirmi
sekiz) deney gerceklestirilmistir.

Calisma kapsaminda yapilan deneylerde alinan basari
sonuglar1 sirastyla LR=90.16, K-EYK=81.96,
DVM=83.60, NB=85.24, KA=81.96, RO=83.60 olarak
Olciilmiistiir. Elde edilen hata oranlarina bakildiginda en
basarili sonucun GA yaklasimiyla yapilan tahminde
%93.44 basar1 oram elde edildigi goriilmektedir.
Calismada GA ile tahmin yapildiktan sonra elde edilen
basart oraninin daha yiiksek oldugu gozlemlenmektedir.
Calismada elde edilen sonuclar GA yaklasimi ve MO
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yontemlerinde  Oznitelik secimi  kullanilarak  kalp
hastaliginin daha yiiksek basari oram1 ve dogrulukla
tahmin edilebilecegini gostermektedir. Bu c¢alisma bize
gostermistir ki ilgili algoritma yapilari {izerinde veri sayisi
ve Oznitelik sayis1 degisimi algoritmalar arasinda basari
oranini etkilemektedir.

GA ve MO yontemleri ile gelistirilen bu ¢alismanin
saglik alanindaki literatiire katki saglamas1 amaglanmaistir.
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Figure A. Fundamental architecture of one dense block in DenseNet

Aim of Article : This study aims to classify white blood cells from blood cell images.

Theory and Methodology: In this study, blood cells are classified from blood cell images using dense
convolutional neural network. This paper intends to utilize a dense convolutional neural network
model (DenseNet121) to overcome the blood cell classification problem that is one of the most
compelling problems in blood diagnosis.

Findings and Results: The data in the experimental study: 70% is reserved for training, 10% for
validation, and 20% for testing. DenseNet121 model is built with batch size 128 and with 100 epochs
at training. The total number of parameters is 7,628,484 for this model. DenseNet-121 has achieved
the best feature extractor pre-trained model with accuracy rate of 94%.

Conclusion: Considering the high accuracy value obtained with this model, automatic detection of
which class the cells belong to will speed up the diagnosis and allow more data to be examined.
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experts in the detection of diseases. In this study, blood cells are classified from blood cell images
using dense convolutional neural network. This paper intends to utilize a dense convolutional
neural network model to overcome the blood cell classification problem that is one of the most
compelling problems in blood diagnosis. In this study, a DenseNet121 model is built to classify
blood cell images. Experiments are conducted on an open-access BCCD dataset (12507 white
blood cell images that contain four types of white blood cells). Performance evaluations are
performed on the accuracy of the techniques, and the results are compared with state-of-the-art
deep learning-based approaches as Xception, VGG19, EfficientNetB1. In experimental studies,
the highest accuracy (94%) is obtained with the proposed DenseNet121 model. Considering the
high accuracy value obtained with this model, automatic detection of which class the cells belong
to will speed up the diagnosis and allow more data to be examined by doctors.
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in peripheral blood can help hematologists in

I. INTRODUCTION diagnosing diseases like allergies, anemia, leukemia,

White blood cells (WBC) are one of the most essential
cells for the human immune system. They are the cells
that protect the human body against various infectious
diseases and foreign invaders. While most white blood
cells are produced in the bone marrow, some are
produced by important glands in the body [1], [2].
Information that will be useful for diagnosing diseases
can be learned in the blood, which is examined under
the microscope. Recognition and examination of WBC

cancer, AIDS, and blood cancer [3]. Studies in this
context have become one of the most critical steps in
hematological procedures. Classification of white
blood cells plays a significant role in the detection of
diseases which are infections caused by abnormalities
in the immune system. Making this classification will
help experts in the detection of diseases. One of the
challenges in medical science is the detection and
recognition of white blood cells, since red blood cells
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are much more numerous than white blood cells in
body [4]. In a healthy adult individual, white blood
cells make up about 1% of the total blood volume [5].
Due to this low ratio of white blood cells in the blood,
the classification and recognition of white blood cells
and especially their subtypes becomes a more difficult
problem. A change in the number of any white blood
cell subtype could mean that something is wrong with
body and body is reacting to some type of pathogen. If
we can recognize the white blood cells and their
subtypes, we can get an idea about the future course of
any disease and take various precautions in advance
based on this information. Existing manual methods
are error-prone and heavily time-consuming. There is
a need for faster and more real solutions with less
chance of error and to eliminate these disadvantages

[6].

In this study, a DenseNet model is built to classify
blood cell images. The rest of the work is organized as
follows. In Section 2, the related works in literature are
presented. Material and method are explained in
Section 3. In this section, the data set used in the
experimental study and the DenseNet model applied
are explained in detail. In Section 4, experimental
results are given, and the discussion and conclusion
part of the study is given in Section 5.

Il. RELATED WORKS

Researchers have recently proposed many methods
for classifying blood cells because of the importance of
blood cell classification in diagnosis. Related studies
using similar open-access dataset [7] with this study
are summarized as follows. In 2018, Liang et al. [8]
proposed a model that assembles features of CNN
(used Xception) and RNN (used LSTM). They
classified cells using CNN & RNN with an accuracy
rate of 90.79%. D. Bani-Hani et al. [9] proposed using
CNN for the image classification of four blood cells
with optimized CNN’s hyperparameters with Genetic
Algorithm. They classified cells using CNN & Genetic
Algortm with accuracy rate of 91.00%. In 2019,
Sengiir et al. [10] used LSTM model which is based on
shape and deep feature to classify white blood cells.
They achived 92.89% accuracy with LSTM model.
Banik et al. [11] proposed fused CNN model to classify
blood cell images. They achieved 90.79 classification
accuracy on WBC dataset. In 2020, Patil et al. [12]
used to merge CNN and RNN to reinforce the
perceiving of image content. Moreover, they used

Canonical Correlation Analysis to overcome problem
of multiple cells overlap. They classified cells using
this technique with a accuracy rate of 95.48%. In 2020,
Mohamed et al. [13] studied the performance ten
different pretrained models with six types of machine
learning techniques. They reported that DenseNet-169
has achieved the best feature extractor pre-trained
model with accuracy rate of 92.00%. In 2020, Dekhil
[14], proposed a customized CNN architecture with
extracted ROI. This technique achieved rate of
accuracy with 92.50%. In 2021, Ghosh and Kundu [15]
built a multi-layer network model by combining
RNN+CNN to classify different blood cells. They
obtained 87.29% accuracy with RNN+CNN model.
Ekiz et al. [16] classified cells using the convolutional
features in the SVM classifier with an accuracy rate of
85.96%. Other hybrid deep learning methods are
summarized as follows. In 2017, X. Li et al. [17] used
feature extraction with PCA and then compared the
results obtained using an 8-layer CNN architecture
with a trained SVM. They presented that CNN was
30% more successful than SVM. Yu et al. [18] classify
WBC sub-types by using transfer learning and fine-
tuning methods. At the end of their studies, they
achieved better results than conventional methods and
astandard CNN. Jiang et al. [19] first pre-processed the
datasets (data augmentation, PCA, etc.) and then
trained the datasets with a 33-layer CNN architecture.

As can be observed in the literature, despite it is
possible to achieve high success measures with deep
learning, the need for a large amount of data during
training process a major problem for researchers
working with medical images [20]. For this reason, it
is observed that researchers benefit from data
augmentation techniques in data sets, thus trying to
increase the number of data to an adequate level.
Essentially, accuracy can be increased even more with
original data. In addition, as observed in the studies,
some researchers used transfer learning/fine-tuning
methods to overcome with the insufficient data
problem, while others used hybrid models in their
studies. Also, despite deep learning methods can make
extraction directly from the image itself, it has been
observed that researchers benefit from pre-processing
processes in order to increase the accuracy rate. On the
other hand, in cases where the examples in the classes
of the data set are insufficient, it has been observed in
some studies that some classes are not included in the
training.
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I1l. MATERIAL AND METHOD

A. Material

The blood consists of three different components, these
are white, red blood cells, and thrombocytes. White
blood cells consist of five different types of cells. The
cells are exist in the rate of Basophil 0-1%, Monocyte
2-10%, Eosinophil 1-5%, Lymphocyte 20-45%, and
Neutrophil 50-70% [21]. Neutrophils are the most
abundant type of white blood cell in the body. This cell
type protects against infections from toxic substances,
deals with viruses, bacteria, fungi, and even cancer
cells. Lymphocyte deals with infection and prevent
infections. Eosinophil deals with and prevents parasitic
and bacterial infections. Eosinophils are white blood
cells that control inflammation that causes asthma and
allergies. Monocyte removes  microorganisms,
unknown agents and dead cells. Basophil is a kind of
WBC that assists prevent and treat wound infections. It
contains suitable substances that help relieve allergies
and control blood clotting [22].

Blood cell images in this study are obtained from the
BCCD dataset of the popular Kaggle database [7]. This
data set consists of images referring to four different
classes as Eosinophil, Lymphocyte, Monocyte, and
Neutrophil. Fig. 1 shows samples of four cells types in
the dataset. Size of all images in the dataset is same and
in the dimension of 240x320x3. A total of 12.507
augmented images of blood cells in JPG format are
available as 3133 Eosinophil, 3108 Lymphocyte, 3095
Monocyte, and 3171 Neutrophil images. Fig. 2 shows
categorical distribution of the blood cells data used in
this study as 70% training, 10% validation, and 20%
testing.

' r\L
Y 4R

Figure. 1. The sample cell types in dataset (4 different cell
types are Eosinophil, Lymphocyte, Monocyte, and
Neutrophil).
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Figure. 2. Categorical distribution of the blood cells in the
dataset.

E ®

Figure. 3. Fundamental architecture of one dense block in
DenseNet [23].

B. Method

Deep learning has emerged as an exciting trend in
machine learning in recent years. Deep learning is an
extension of classical machine learning. This extension
is defined as the use of functions that add more depth
to the model and allow data to be represented in several
hierarchical ways. The high hierarchical structure and
wide learning capacity of deep learning models allow
classification and predictions to be made with
consistency. Deep neural networks are the multi-
layered and multi-neuron version of Neural Network.
The most important feature is automatic feature
extraction in accordance with the problem and these
features are obtained by the learning of the network.
CNN architecture stands out with its popularity among
various algorithms of deep learning. Inspired by the
visual cortex of the brain, CNN is mainly used to
classify images, signals, cluster similarities and
perform object recognition [24], [25]. This architecture
consists of convolution layers, pooling layers,
nonlinear layers, and fully connected layers by
processing the image with various layers. The
convolution layer is the layer that the most intensive
mathematical processing takes place, and some filters
are applied to the image to detect low and high level
features in the image. In the nonlinear layer, which is
also called the activation layer, nonlinearity is
introduced to the system and the ReLu function is used
because it usually gives the best results.
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Figure. 4. The workflow of DenseNet121 architecture used in this study to classify blood cells from blood cell images.

The pooling layer reduces the number of weights on
the system by reducing the size of the feature maps in
order to reduce the parameters in the network. Fully
connected layers act as a classifier in the model by
establishing a connection between the input and output
layers [26].

Input image goes along multiple convolutions and
acquire high-level features with standard CNN
(ConvNet). In Dense Convolutional Network
(DenseNet), each layer acquires additional inputs from
all previous layers and transfers on its own feature-
maps to all next layers as shown in Fig. 3 [23].
DenseNet is a dense-connected convolutional network
that forward connects each layer to the other layers.
DenseNet gives superior performance for various
computer vision problems. DenseNet reduces the
gradient descent problem, increases feature reuse, and
reduces parameter usage. The advantage of DenseNet
architectures is to allow feature propagation and
feature reuse. Thus it minimizes the number of
parameters. The main structure block of DenseNet121
is the Dense Block. These Dense Blocks consist of
convolution layers. DenseNet121 consists of 121
connected convolutional layers with a fully-connected
layer of 1000 units as the final output layer [27]. CNN
architectures are generally hierarchical, so feature
maps of I-1 layer is given as an input to the I.layer.
Feed-forward networks just like convolutional
networks connect the output of the l.layer as input to
the (I+1).layer, that gives source to the sequent layer
transition: X; = H; (Xi —1) which | indexes the layer. H
is a composite function and that contains some of
operations as batch normalization, ReLU, pooling, or
Convolution. On the other hand in DenseNet, the
feature maps of all previous layers are combined and
used as input for any specific layer. In other words,
DenseNet is a connectivity model that further improves

the flow of information between layers. Direct
connections from any layer to all following layers are
performed. In addition, its own feature maps are used
as input for all subsequent layers. Therefore, the
feature maps of all previous Xo, X4, ..., Xi1 layers are
combined and used as input for layer X;. As a result,
the l.layer receives the feature-maps of all preceding
layers, Xo, X, ..., Xi1, as input eq. (1) where [Xo, X, ...,
Xi1] indicates the integration of the feature-maps
produced in layers 0 ,....., I=1. For ease of fulfillment,
the multiple inputs of H, () in eq. (1) are concatenated
into a single tensor [27], [28].
Xi=H, ([Xo, X1, . X|.1]) (1)
As shown in Fig. 4, DenseNet121 has four Dense
blocks and a transition layer between each Dense
blocks. Any Dense block contains some convolution
layers, and any transition layer contains a batch
normalization, a pooling and convolution layer.
Activation function (ReLU) is used in DenseNet to
increase nonlinearity. In this model, global average
pooling layer which is the last layer of DenseNet121,
generates features from the input image. Then,
obtained features are operated by the classifier to
perform the final prediction. Thus, a fully-connected
layer is followed by a softmax classifier that uses
softmax activation function. A fully connected three-
unit layer is used for classification (four classes for
blood cells). The output of the fully connected layer is
normalized and probability distribution over the
predicted output classes is created by softmax
activation. This particular model improves the pass of
information over the network and decreases the
vanishing gradient problem. In addition, DenseNet
improves feature reuse and parameter efficiency and
provides combined information of the network to each
layer [29]. The most significant reason for choosing is
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that dense connectivity has a regularized effect and
reducing overfitting at training.

IV. EXPERIMENTAL RESULTS

The experimental studies in this study are conducted
on a desktop computer with Intel Core (i7) 8700U CPU
@ 3.20 GHz, NVIDIA 4 GB GeForce-GTX 1050 Ti
graphics and 16GB primary memory. The software
was implemented using Python 3.7 and its related
libraries. The data in the experimental study: 70% is
reserved for training, 10% for validation, and 20% for
testing. The input image resolution of the model is
(240x320x3). DenseNet121 model is built with batch
size (mini-batch) 128 and with 100 epochs at training.
The total number of parameters is 7,628,484 for this
model. At this stage, the performance evaluation of the
method is performed over four performance criteria as
Precision, Recall, F1-Score, and Accuracy. These
values are calculated over confusion matrix (as shown
in Fig. 5) for each class (Eosinophil, Lymphocyte,
Monocyte, and Neutrophil). Performance parameters
of the experiment are given in Table I. The calculated
scores about Precision, Recall, F1-Score for each class
and average results are given in this table. According
to this experimental study, the accuracy value obtained
with the proposed DenseNet121 technique is 94%.

Table I.
Performance parameters of the DenseNet121 model
Accuracy: .
94.00% Precision Recall F1-Score
Eosinophil 0.9535 0.8501 0.8988
Lymphocyte 0.9851 0.9598 0.9723
Monocyte 0.9919 0.9855 0.9887
Neutrophil 0.8382 0.9543 0.8925
Average: 0.9422 0.9374 0.9381
600
500
400
300

Tue label

200

100

Predicted label

Figure. 5. Confusion matrix of DenseNet121 model.

As shown in Table II, transfer learning and CNN-
based different popular techniques as Xception,
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VGG19, and EfficientNetB1 have been compared with
the proposed DenseNet121 technique. It was observed
that the DenseNet121 model in this study gives
superior results than other models.

Table 11.
Comparison of other deep learning techniques with
DenseNet121 model

Model Precision ~ Recall ~ F1-Score  Accuracy (%)
Xception 0.7897 0.7869 0.7844 78.59
VGG19 0.8490 0.8478 0.8466 84.70
EfficientNetB1 0.8892 0.8680 0.8668 86.72
DenseNet121 0.9422 0.9374 0.9381 94.00

In Fig. 6, training/test accuracy and training/test loss
graphs for 100 iterations of the DenseNet121 model are
presented. Both training and test accuracy curves show
a rising curve as the number of iterations increases.
Moreover, decrease in error rate is shown from loss
curve. It shows that training and learning process of the
network are at a good learning rate. As shown in Fig.
6, while the loss value decreases in each iteration, the
accuracy rate increases with the given training set and
learning occurs.

Train/Test Accuracy
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w
315
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Number of Epochs
Figure. 6. Training/test accuracy and training/test loss
graphs of the DenseNet121 model.
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Table I11.
Performance comparison of this study with other studies
using same BCCD dataset

Accuracy

Study Year Method %)

Liang et al. [8] 2018 CNN +RNN 90.79
Bani-Hani et al. [9] 2018 CNN + Genetic Algorithm 91.00
Sengiir et al. [10] 2019 LSTM 92.89
Banik et al. [11] 2019  Fused CNN 90.79
Patil et al. [12] 2020 CNN +RNN 95.48
Mohamed etal. [13] 2020 DenseNet-169 92.00
Dekhil [14] 2020  CNN with extracted ROI 92.50
Ghosh & Kundu [15] 2021 CNN +RNN 87.29
Ekiz et al. [16] 2021  Con-SVM 85.96
This study 2021  DenseNet121 94.00

Performance comparison of the current study with
other studies using same BCCD dataset is given as
shown in Table 3. In this table, the state-of art studies
using same BCCD dataset are discussed. At this stage,
we studied the experimental results which divide
randomly whole data as training and testing in
literature (like this study 70% training, 10% validation,
and 20% testing). DenseNet121 model in this study
gives the reasonable accuracy score of 94% for BCCD
dataset when compared to other techniques. For
instance, a similar study by Mohamed et al. [13] about
DenseNet-169 was conducted on the BCCD dataset
(for approximately 80% training and 20% testing).
They achieved the best feature extractor pre-trained
model by DenseNet-169 with accuracy rate of 92.00%.

V. CONCLUSION

White blood cells are one of the immune systems that
play a role in protecting the body from infectious
diseases and foreign invaders. There are different
categories of white blood cells, and each category may
indicate a disorder of the body. Currently, WBC
diagnosis is usually studied manually by a doctor. This
process is prone to a lot of time, costs and errors
compared to automatic computerization. Therefore, an
automated classification technique for WBC images is
proposed in this study. In this paper, a dense
convolutional neural network model is studied.
Parameters and layers of this architecture are specially
adjusted to get high performance from this model.

Experimental studies are conducted on an open-
access BCCD dataset. In this dataset, there are a total
of 12507 images belonging to four classes: Eosinophil,
Lymphocyte, Monocyte, and Neutrophil. For this
purpose, a DenseNet121 model is applied, which is
able to classify blood cell images. The data in the

experimental study: 70% is reserved for training, 10%
for validation, and 20% for testing. Performance
evaluations are performed on the accuracy of the
techniques, and the results are also compared with
state-of-the-art  (popular) deep learning-based
approaches like Xception, VGG19, EfficientNetB1. In
experimental studies, the highest accuracy (94%) is
obtained with the proposed DenseNet121 model.

According to experimental results, both training and
test accuracy curves show a rising curve as the number
of iterations increases. Thus, decrease in error rate is
shown from loss curve. It shows that training and
learning process of the network are at a good learning
rate. Considering the high accuracy value obtained
with this model, automatic detection of which class the
cells belong to will speed up the diagnosis and allow
more data to be examined by doctors. In further
studies, other deep learning-based techniques and new
dataset include abnormal white blood cells
(recognizing other kinds of cell types) will be studied
and comparisons will be made to complete the
diagnostic system. We can also work on making the
system more stable, reducing noise and improving
overall performance with pre-processing and post-
processing stages.
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As illumination design is crucial for visual requirements and comfort as well as enhancing
productivity, its consideration needs to be critical. Due to technological changes as well as the
availability of energy-efficient luminaries in the market, the designers and implementers need
to take advantage of these and make needful incorporation in new infrastructures or retrofits
of the existing infrastructures. The energy consumption from lighting is quite significant and
efforts have been in a switch to more energy-efficient luminaires. On top of this, the education
campus is one significant contributor to maximum energy consumptions from lighting. As a
result, the design needs to holistically look into illumination design based on a standard to
meet the illumination requirements of a given workplace keeping in mind of possible
incorporation of natural light and energy-efficient luminaires. Substantial illumination
especially can be derived from natural light which was not seriously taken into consideration
in old infrastructures thus rectifying and retrofits needs to explore best of the best options.

Figure A. a) MPH with 30 light tunnels arrangement, b) Light distribution on auditoria

Aim of Article: This research is to understand the existing lighting conditions of the
Multipurpose Hall (MPH) of Jigme Namgyel Engineering College, and come up with the
findings for the measures that can be derived for interventions.

Theory and Methodology: The study incorporated ‘Problem Based Learning (PBL)’
methodology from problem scanning, problem framing, data collections and analysis along
with possible recommendations. The use of primary as well as secondary data in this research
which is qualitative in nature is the base for overall research. Also ‘Post Occupancy Evaluation
(POE)’ approaches are incorporated in data collections so that realistic understandings and
necessary measures can be taken in the study.

Findings and Results: It is evident from the study that the current lighting conditions of MPH
under the study are having significance lacking in its illumination requirements. There are
immediate needs felt for interventions so as to derive the maximum benefits of the
infrastructures without compromising the comfort of the users. The study also explored that
there are multiple options that can be incorporated for the needful.

Conclusion: Existing infrastructures can be retrofits using multiple options so that visual
comforts, as well as the productivity of users, can be enhanced from usages of given working
spaces.
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HIGHLIGHTS

= |llumination requirements need to be considered for the given workplace for visual comfort and productivity
= A clear understanding of illumination requirements of workspace vital always for design and retrofits

= [ncorporating mixed design for enhanced visual comfort as well as productivity

= Multiple options need to be explored for design and retrofit for better implementations.

ABSTRACT

Illumination design is a very important part of any infrastructure. The level of
illumination for various workspace requirements are different and it is crucial to
calculate the required level of illumination for new as well as existing infrastructures.
Furthermore, the usage of natural light, as well as energy-efficient luminaries, are
considered to be the preferred choices in illumination design. In this study, the
illumination design of one of the most frequent infrastructures (i.e. Multipurpose Hall
(MPH)) has been studied incorporating the ‘Problem Based Learning (PBL)’
approaches where actions on problem scanning, working on the problem and coming up
with multiple solutions to counter the realistic problem were looked into. The study which
is more qualitative in nature is backed by primary as well as secondary data to study the
problems and frame multiple options of recommendation for retrofits that can be
incorporated in enhancing the illumination level through energy-efficient illumination
design as well as integration of natural light where possible.
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luminary is placed properly. However, in

I. INTRODUCTION implementing the design, often, the luminaries chosen

Illumination of working space is crucial and achieving
the desired level of illumination on the working plane
is the most sought aspect in illumination design. In
general, the amount of illuminance received on the
working plane has a significant impact on productivity.
The optimum illumination is met when the right

while designing are not locally available and/or are too
impractical because of its cost and many a time it is
ignored to be implemented as designed. Every
infrastructure and its amenities will have various levels
of illumination level as recommended. A target for the
lighting system to become efficient is also a
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consideration of daylight along with artificial lighting.
The idea behind energy-efficient architecture is to
optimize the lighting system by incorporating natural
and artificial illumination.

Furthermore, more than any other type of building,
daylighting is a critical consideration in the design of
educational institutions [1]. Researches working on the
field of indoor illumination highlighted that ensuring
lighting quality in an educational environment is a
rather tedious task particularly due to glare calculation.
Glare calculations are an important aspect in terms of
visual comfort but are usually avoided in most lighting
designs due to their complexity. The lighting
performances of different buildings under different
conditions, activities on given amenities involving
different methods were carried out to understand the
lighting distribution. Those researches were carried out
also to find how the position and the alignment of a
structure, use of different luminaires affect the amount
of light received on the working plane. However, not
much study was done to the improving the lighting
system in any structure by considering the daylight [2].
A study was done on efficient illumination design of
some of the most energy-consuming buildings in an
educational institute and concluded that the choice of
lamp can greatly affect energy consumption for the
same illumination [3].

Some critical studies on lighting performances done at
various places are;

e The natural lighting for energy is saving and visual
comfort in collective housing: A case study in the
Algerian building context. In this research, much focus
was given to the visual comfort of the occupants. Post
Occupancy Evaluation (POE) was employed [4].

e Assessment of natural lighting performance and
visual comfort of educational architecture in southern
Europe. The case of typical educational school
premises in Cyprus. This paper is like the earlier paper.
However, it acknowledges the fact that daylighting is
more important in an educational facility rather than
artificial lighting [5].

A study of Analysis of natural light distribution in
Phinisi tower was carried out mainly to study how the
position, floor height and window openings of a
building affect the distribution of natural light. This
research has not used any software instead they have

manually measured the illumination level for different
rooms in the building for the different hours of a day
for three days. It was found out that the level of
daylight depends on the sky condition and it has
affected the light distribution into the building. The
window opening and the height of the building after the
illuminance of a room. And it was found out that the
distribution of natural light increases during the day if
the sky condition does not change [6]. The influence of
natural light on the design of electrical lighting-Taking
Liaohe Art Museum as an example. It was concluded
that the integration of natural light and artificial light
brings better psychological effects. The European
Standard EN12665:2011 defines visual comfort as a
subjective state of visual well-being caused by the
visual environment [7]. Visual comfort depends on (i)
the physiology of the human eye, (ii) the physical
quantities describing the amount of light and its
distribution in space, and (iii) the spectral emission of
the light source. It has been commonly studied through
the assessment of a series of factors regulating the
relationship between the human needs and the light
environment, such as (i) the amount of light, (ii) the
uniformity of light, (iii) the quality of light, and (iv) the
occurrence of glare [8]. According to the current
regulations and specifically the internal house wiring
standards-safety specifications of Bhutan [9], the
recommended values of illumination in lux for relevant
areas are as tabled.

Table 1. Required illumination level for various
amenities

Area IIIu_mlnatlon
in lux
Assembly hall in educational
150
centers
Corridor 70
Stairs 100
Stage (Displays) 200-300
Printing press 300

Unified Glare Rating (UGR) is an indicator of direct
glare from the luminaries of a lighting system. A UGR
of 10 is considered as no glare and a UGR of 30 is
considered as unacceptable discomfort glare [10].
Therefore, a UGR of 19-22 can be considered
acceptable as achieving no glare is practically
impossible.
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One indicator of daylight performance is the Daylight
Factor (DF). This is the most widely used index which
defines the ratio of interior luminance on a horizontal
surface to the exterior illuminance on a horizontal
surface under an overcast sky. According to BREEAM
standards, the minimum DF should be at least 2% for
80% of the space. A Multipurpose Halls (MPH) in the
educational campus is the most frequent usage of
amenities and is one of the high energy consumers due
to numerous activities taking place in it. Researchers
pointed out that MPHSs in institutes contribute almost
20% to 30% of the total energy consumption where the
share of lighting is significant [11].

Il. STUDY UNDER CONSIDERATION

A. Study site and the solar context of the location

In understating the illumination design role of natural
light plays a significant role. Hence it is crucial to
understand the cloud coverage of the location. The
cloud coverage of the region as referred from ‘Weather
Spark’ [12] is shown below in figure 1 where their
average of 2013-2021 is being reported.
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Figure 1. Cloud coverage of the region (Samdrup

Jongkhar) [12]

From the figure above, it is evident that;

i.  The average percentage of the sky covered by
clouds experiences extreme seasonal variation
over the course of the year.

ii.  The clearer part of the year begins around
September 30 and lasts for 8.2 months, ending
around June 5. On February 19, the clearest
day of the year, the sky is clear, mostly clear,

or partly cloudy 90% of the time, and overcast
or mostly cloudy 10% of the time.

iii.  The cloudier part of the year begins around
June 5 and lasts for 3.8 months, ending around
September 30. On August 7, the cloudiest day
of the year, the sky is overcast or mostly
cloudy 84% of the time and clear, mostly clear,
or partly cloudy 16% of the time.

iv.  The length of the day varies over the course of
the year. In 2020, the shortest day is December
21, with 10 hours, 27 minutes of daylight; the
longest day isJune 21, with 13 hours, 50
minutes of daylight.

B. Study site (Multipurpose Hall of the College)
The MPH understudy of this study consists of three
construction moduli. As depicted in Figure 2 below,
the three construction moduli as follow:
e Auditoria: an irregular hexagon with an area of
473 m? and a height of 7 meters.
e Stage of area 71 m? raised 0.7 meters from the
auditoria area.
e Two galleries at the rear end on the upper floor
and various other rooms.
[ )
For the modeling of the study site, the use of SketchUp
was made so that the layout can be easily understood
as well as can effectively used for multiple visual
analyses. Furthermore, this software is quite simple
and user-friendly so that exploring and working on this
software for given work becomes simpler. The 3D
model was developed considering the geometry of the
hall such that the model would depict the real structure
at a high level of accuracy.
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Figure 2. Layout diagram of existing MPH of the
college

Understanding from Users Perspectives

POE starts with questionnaires and interviews.
Interviews were conducted at different levels in a
completely random manner to gather practical insights
on the problems of the present lighting system. The
survey allowed us to consider the stage as a different
area with its illumination requirements. From the
interviews with stakeholders such as the estate
manager, engineer, technicians and the college
administration, valuable data were gained, and it was
learned that a renovation is being planned for the near
future. The type of lamp that would be used in case of
a renovation was also known, much as required by
POE. At the end of the research, we would be able to
give useful insight on the illumination to the estate
manager of JNEC for the upcoming renovation of the
hall.

A survey was carried out within a random sample of
105 students. Of the total number of participants,
80.9% of the participants were from the higher class of
study who have spent more time on the campus. The
same survey was distributed to a sample of 25 students
from Cultural-Club members who were frequent users
of the MPH, 14 teaching faculties of varying teaching
experiences participated in interviews conducted in a
random unofficial manner and it was found out that the
lighting system in MPH needed some changes for
better illumination of the hall.
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At the end of the survey, we expect to identify more
problems via the established dialogue and be able to
work on the project as directed by the survey.

Physical on-site measurement

A Lux meter was used to carry out on-site
measurements on 15/12/2020. The equipment used
was a Konica Minolta T-10A illuminance meter, with
a sensitivity of 0.01 lux to 299900 lux.

The measurements were taken at various points as
shown in figure 3 and it was observed that the
Illumination level was not met on even one point. The
illumination was not uniform. These could be due to
the many dysfunctional luminaries.

All required data for design and about luminaries were
collected and tabulated.

Rough sketches were made, and measurements were
taken using manually using measuring tape to aid in the
designing in SketchUp. Measurements were done
aiming at a high level of accuracy for the later
computer design and simulation. This is one critical
aspect of PBL incorporating the beneficiaries (users)
being used from the initial stages for coming up with
the best of the best understanding of the problems and
working to its solution. Keeping the perspective of
users for problems insight plays a major role in
insightful knowledge and gathering practical situations
which are worth for needful actions.

Figure 3. Reading point location on the site plan
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The above figure 3 is a planned layout that has been
derived taking into consideration the actual reading
points for measurement of illumination for the overall
analysis of the lighting falling on the working plane.

1. METHOD

The study is based on secondary literature from
relevant sources along with primary data that are
obtained through the survey, site visit and analysis. The
study considered the Problem Based Learning (PBL)
approaches in overall problem framing, studies and
conclusion. The research is more qualitative in nature
and uses ‘Post-Occupancy Evaluation (POE)’ to align
for PBL where two crucial investigation techniques of
measurement and questionnaire are based for the
overall study. Usage of freely available design
software ‘Sketchup’ and illumination design software
‘Dialux’ were incorporated in this study for overall
design and analysis.

IV. RESULTS AND DISCUSSION
Analysis from the survey
Graphical representations of the survey are given
below. Some observations are discussed below.

most of the participants were satisfied. However, 9 %
of the participants felt the brightness in the MPH is not
all acceptable. On the other hand, 11% of the
participants were satisfied with the brightness level in
the MPH.

Regarding the uniformity of illumination, 22 % of the
participants felt that the illumination is non-uniform.
While 9 % were fairly satisfied with the uniformity of
illumination. Generally, the majority of the
participants were not happy with the uniformity level.
As shown in the visual comfort satisfaction chart, it can
be concluded that the majority of the participants
experienced the glare in the hall

The survey included 3 questions. The participants were
asked to rate the brightness, uniformity of light and
visual comfort of the MPH on a scale of 0-10. Finally,
suggestions were asked to improve the lighting system
in the future. The survey is quite critical as it reflected
the practical situational analysis and the feedback
obtained was more inclined to the need of enhancing
the lighting system in MPH under study.

BRIGHTNESS UNIFORMITY VISUAL COMFORT
SATISFACTION SATISFACTION SATISFACTION
2
15% 1% 91% > 9% 10% 3%3% g%

8% G
7 0,
15% 17%
5
6 5 15%
24% 20%

Figure 4. Survey results on the satisfaction level

Figure 4 is derived from the POE interventions three
aspects of illuminations were surveyed. These aspects
are brightness satisfaction, illumination uniformity
satisfaction and visual comfort satisfaction. It is found
as shown in figure 4 above that in terms of brightness,

22%

13%

5
13%
17% 10%

Analysis using standard calculation methods:
Manual calculations were done as tabulated in Table 2
using the empirical formula;

Illumination in lux =

Utilisation factor xMaintenance factor X Y, No.of lamps XLumen output

Floor area in meter sq.
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Table 2. Energy Consumptions and Illumination level for present conditions and when all luminaires functioning.

Lamp specification | Number of lamps | Total wattage (W) | Illumination (Lux)

Lumen output
2 o© Wattage (W)

810 33 63
Auditoria 5100 3 8
1800 18 2 2

Stage
2400 30 3 3
toilet 1000 100 1 1
toilet 1000 100 1 1
1800 18 1 2

It was concluded that the illumination level would not
be met even if all the lamps were working. However,
since only the lamps of one room can be considered
using the formula, the effect of light from other areas
does not get accounted for. This can be later confirmed
using the simulated results.

Comparisons of lighting performance under
present situations and when all lamp:
Lighting performances of the existing system and

considering all luminaries functional without the
consideration of natural light were simulated in Dialux
Evo.

Working lamps
Existing fixtures

Number of
lamps
required to
meet the
illumination
level

Wattage of
working lamps
existing fixtures

had lamps
IHlumination of
working lamps

Illumination if
all fixtures had

Wattage if all the

297 567 =
255 680 46 97 -
36 36 -
72 72 =
60 60
90 90 =
9 18 5 10 20
9 18 21.6 43.2 7
9 18 21.6 43.2 7
0 27 0 43.2 7
18 18
120 120 4
100 100
18 18
120 120 4
100 100
18 36 28.2 56.4 5
36 36 40 40 10
36 36 40 40 10

To understand the uniformity, the light distribution of
the rooms was considered. Had all luminaries been
functioning, the illumination level in the auditoria
would be met but would be subjected to high glare
levels. Light distribution of the rooms was considered.
Had all luminaries been functioning, the illumination
level in the auditoria would be met but would be
subjected to high glare levels.

From the calculation as well as analysis, it is observed
that in the auditorium as well as main hall and stage
there are requirements for increasing the illumination
level to meet the standard.
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Table 3. Comparison of lighting performances of the present situation with that of all luminaries
functioning.

Parameter Area Existing System All luminaries functioning
Auditoria 65.2 128
Stage 60 64.1
E-printing 39.3 79
- Rear lobby 8 16.1
Lltmigation Left gallery 355 76.9
Right Gallery 35.1 75.8

Auditoria

Stage

Light distribution E-printing

Rear lobby

Left gallery

Right Gallery

Auditoria
Stage
E-printing
Rear lobby
Left gallery
Right Gallery
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V. RECOMMENDATION

Multiple cases can be looked into to make holistic
action in incorporating the energy-efficient retrofits in
the MPH. A couple of cases are recommended as
follow:

Case 1. Enhancing illumination through increased
retrofits

The lighting distribution in Stage and Auditoria is
shown as shown in figure 5 below.

Figure 5. 5a. Lighting Distribution for Stage, 5b.
Lighting distribution for auditoria

In an auditorium space, the addition of around 46 lux
is required to meet the illumination level. This
additional 46 lux could be met by increasing the lumen
output by 52000 lumens. 5200 lumens can be achieved
by any combination of lamps by adding sums of the
product of lumen output and number of lamps.

For times when the hall functions as a badminton court,
the illumination required would be met by increasing
the lumen output by 34000 lumens. 34000 lumens can
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be achieved by placing 8 floodlights of 4200 lumens
right about the badminton area, connected in such a
way that it is only turned on while playing badminton.
For the stage under the present scenario, the
illumination is short by 167 lux which can be overcome
by increasing the lumen output by 25000 lumens.
25000 lumens can be achieved by using 6 floodlights
of 4200 lumens.

Case 2. Enhancing illumination through changes of
luminaries

Though the illumination level in the Auditoria, stage
and when the auditoria functions as a badminton
facility are met when the number of luminaires used is
increased. However, it is seen that the glare
requirement is not met either in an existing system or
when the number of lamps is increased. Therefore,
instead of replacing the existing luminaires with
luminaries of the same type, if luminaries of 24 W and
1680 Lumen (as suggested by the estate manager) is to
be used then Stage and Auditoria if uniformly
illuminated and the glare level is within the permissible
range.

Case 3. Enhancing illumination through the
enhanced window for natural lighting

The existing system with its window size doubled
gives the following result. The increasing window size
can be an expensive renovation but the new design
could have larger windows. Various research done on
window size suggests that the windows must at least be
6 % of the floor area and must not exceed 25 %. Having
a higher window to floor ratio increases the daylight
factor. For a 3% daylight factor, a window to floor ratio
(WFR) must be kept at 10 % [15]. The WFR for the
MPH under the case study is only 3%.
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Figure 6. Lighting distribution in auditoria

It was observed from figure 6 above that an average of
around 100 lux is met with this proposal. Thus, one-
third of lamps can be turned on during the daytime.

Case 4. Enhancing illumination through the use of
light domes OR translucent roofs OR light tunnels
The existing system with 30 light domes as shown
installed above the auditoria, gives the light
distribution as shown in Figure 7b.

Figure 7. 7a. MPH with 30 domes arrangement, 7b.
Light distribution on auditoria
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The existing system with 10 translucent roofs installed
above the auditoria, gives the following result of
lighting distribution as shown in Figure 8b.

Figure 8. 8a. MPH with 10 translucent sheets
arrangement, 8b. Light distribution on auditoria

As shown from the figure 8b above, it is possible to
turn on just one-third of the lamps and the average of
around 100 lux can be met from the natural lighting
arrangements.

The existing system with 30 light tunnels installed
above the auditoria, gives the following result of
lighting distribution as shown in Figure 9b below. As
shown from the figure 9b above, it is also possible to
turn on just one-third of the lamps and the average of
around 100 lux can be met from the natural lighting
arrangements. Some of the essential illumination
requirements can be met from the natural light in all of
these three options which will result in minimal usages
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of artificial light during daytime use of MPH auditoria
as it can meet about 100 lux of illumination.

Figure 9. 9a. MPH with 30 light tunnels arrangement,
9b. Light distribution on auditoria

The combination of these approaches can still be more
beneficial in trapping the maximum benefits of
artificial light. Though such measures in the time of
renovations are costly, those options are always
beneficial in trapping the natural lighting for efficient
illumination design. It needs to be noted that there
should always be efficient illumination luminaires
installed so that the required illuminations are not
deprived during nighttime. These three options as
stand-alone or in combinations are only for day usage
lighting efficiency options through the utilization of
natural light.

VI. CONCLUSION

Starting from the observations that were confirmed by
surveying, the focus was given to the glare level,
illumination level and the uniformity in the level of
illumination in MPH. Firstly, the illumination level
would be met if all the lighting fixtures currently
present were to be made functional. However, the glare
level would be beyond the permissible level. For this
case, installing better lamps and using greener
alternatives like using light tubes, domes, larger
windows, and translucent sheets would be more
effective in providing better illumination in the MPH.
If a part of MPH is to function as a badminton facility,
8 flood lamps of 4200-lumen output can be used,
turning it on as and when required. It was found out
that 15 domes or 15 light tubes or 5 translucent sheets
produce one-third of the required illumination, i.e.., an
equivalent of 50 lux. Domes and light tubes are more
capital intensive. Translucent sheets are more efficient
in terms of cost. A window to floor ratio of 6-25 % is
recommended.

Finally, a PBL approach can be used as an efficient tool
in terms of realizing the practical problem which can
be incorporated with rigor in coming up with multiple
options in countering the problems. In the case of
efficient illumination design and incorporations, it is
always crucial to study illumination fulfillment with
the best of the best efficient luminaires available in the
market along with tapping of the maximum potential
of natural light.
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option of integrating PBL in teaching and learning is
incorporated and the teams are able to benefit from it.
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In this study, the mining sector, where occupational accidents are most common, has been
examined. In the research, the occupational accident frequency rates for each year were
calculated by evaluating the work accident data between the years 2012-2019, which were
notified to the SGK and registered with the SSI. When we look at the results of the calculation
of the accident frequency rate by years, it is seen that the employees who did not have a work
accident in 2012, and those who were not likely to have an accident were 4%, 13% in 2013,
18% in 2014, 22% in 2015, 29% in 2016, 14% in 2017, It was found to be 19% in 2018 and
17% in 2019 (Figure A). Considering the current laws and sanctions, and based on the most
up-to-date value, an answer has been sought to the question of how OHS practices in the
mining industry can be further integrated. For this reason, in the second stage of the research,
by making use of multi-criteria decision making methods; It has been emphasized that the
necessity of evaluating the contribution to OHS as a criterion in the selection of machinery-
equipment, materials products, or services to be used at every stage of the work in the sector.
While evaluating alternatives in the use of concrete reinforcement as an exemplary application
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stage in mines, the OHS criteria were added in addition to the needs due to the conduct of the
work, and the most ideal solution was suggested as a substitute method.
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Figure A. Change of Occupational Accident Frequency Rates by Years

Aim of Article: To reveal the necessity of deciding on the application method to be determined in
cases where the situations that may cause work accidents cannot be eliminated at the source, by using
MCDM methods.

Theory and Methodology: In the mining sector, where the probability of an occupational accident is
still high, the ideal solution that can be considered both as an alternative product selection and as a
substitute method has been calculated by using the BTOPSIS method, which is one of the MCDM
methods, in order to offer remedial solutions.

Findings and Results: Considering the development rate of the sector in terms of employment and its
contribution to the country's economy, it is observed that this value is remarkable. When the selection
of concrete reinforcement, which is considered as an example, is compared; When the cost,
engineering and time management contributions between MSF and GD are evaluated, MSF can be
recommended as a substitute method in terms of OHS. MSF closeness coefficient value of 0.321 was
found to be the most ideal choice. It is recommended to use with high risk.

Conclusion: Especially in large-scale projects such as mines; It has been emphasized that it is
necessary to decide on the use of products, machines and materials by considering the OHS criteria
at the planning stage of the work. The biggest limitation of this research is that it was applied in a
single sample area. With this pioneering study, it is recommended to be applied in different business
planning in the mining sector.
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Bu ¢alisma ile ISG Kanunu 'nun uygulanmast ile birlikte sektore etkisi analiz edilmistir.

Sektore ait is kazasi siklik orant ve agirlik hizi hesaplanmigtir.

Maden sektoriinde yasanan kazalar: onlemeye yonelik uygulamalar arasinda CKKV yontemlerin tercih gerekliligi vurgulanmistir.
Bu makale ile ISG kiiltiiriiniin kullanilacak malzeme seciminde bile 6nemsenmesi gerektigi vurgulanmistir.
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Bu ¢alismada, iy kazalarmin en sik yasandigi maden sektorii incelenmistir. Arastirma da ilk
olarak, SGK ‘ya bildirisi yapilan ve SGK kayitlarina gegcen 2012-2019 yiullar: arasindaki is kazasi
verileri degerlendirilerek, her yila ait is kazasi siklik oranlart hesaplanmistir. Yillara gére kaza
stklik orani hesaplama sonuglarina bakildiginda ise 2012 yilinda is kazasi: gegirmeyen SGK girisi
yapumig ¢alisanlarin kaza gegirme olasiligi gegirmeyenler %4, 2013 yilinda %13, 2014 yilinda
%18, 2015 yilinda %22, 2016 yilinda %29, 2017 yilinda %14, 2018 yilinda %19 ve 2019 yilinda
ise %17 olarak bulunmustur. Mevcut kanun ve yaptirimlar diisiiniildiigiinde ve en giincel deger
baz alindiginda, madencilik sektoriinde ISG uygulamalarimin daha fazla nasil entegre edilebilir
sorusuna yanit aranmigtiv. Bu nedenle arastirmann ikinci asamasinda ¢ok kriterli karar verme
yontemlerinden faydalanarak; sektérde isin her asamasinda kullanilacak makine-teghizat,
malzeme, iiriin veya hizmet seciminde ISG ye katkisininda bir kriter olarak degerlendirilmesinin
gerekliligi vurgulanmistir. Madenlerde ornek bir uygulama asamasi olarak beton donatisi
kullamminda alternatifler degerlendirilivken, isin yiiriitiimii geregi ihtivaclara ek olarak ISG
kriteri de eklenmis ve en ideal ¢oziim ikame yontem olarakta onerilmistir.

Anahtar Kelimeler: Beton Donatisi, CKKV Yontemi, Is Kazasi Sikltk Orami, Maden Sektorii,

igin geregi kullanilan is makineleri, ¢alisan basina diisen is

I. GIRIS [INTRODUCTION]

Madencilik sektorii, genis isttihdam imkani ve ekonomik
gelismelerine katki  saglamasi nedeniyle iilkelerin
gelismisligini  etkileyen Onemli sektorlerden  biri
halindedir. Bu nedenle, toplumlarin refah ve gelismislik
diizeyleri ile madencilik faaliyetleri iliskilendirilmektedir
(Ozdemir, 2012). Madencilik sektdriinde yasanan is
kazas1 oranlar1 sadece iilkemize 6zel olmayip, tiim diinya
genelinde oranlarin yiiksek oldugu iskollarindan biri
olmaktadir [1]. Caligma ortaminin jeolojik yapisi, yapilan

yiikii, fiziksel risk etmenleri ve gevresel etmenlerin bir
arada olmas1 tehlikelere kaynak olusturmaktadir.
Calisilan ortamda c¢ok fazla risk ve tehlikenin bir arada
bulunmasi ve bunlarin hepsinin bir arada degerlendirilerek
giivenlik tedbirlerinin uygulanmasi, takip edilmesi ¢ok
kolay olmamaktadir. 2012 yilinda kabul edilen Is Saghig
ve Giivenligi (ISG) Kanunu ‘nun 2013 yilinda yiiriirliige
girmesi nedeniyle sektore ait veriler degerlendirilirken,
2013 yil1 ve 2019 yillan arasindaki SGK verileri referans
alinmustir (SGK Verileri, 2013-2019).
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maden sektériinde yer alan isyeri sayilari toplam sigortah calisan sayisi
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Sekil 1. 2013-2019 Yillar1 Arasinda Maden Sektoriinde Yer
Alan Isyeri ve Sigortali Calisan Sayilar1 (SGK Verileri, 2013-
2019)

Sekil 1’e bakildiginda, maden sektoriinde son yillarda
igyeri sayisi ve sigortali ¢calisan sayisinda %57 ‘ye yakin
bir diisme oldugu goriilmektedir.

Maden sektoriiniin 6zellikle iiretim ve ithalat agisindan
iilke ekonomisine genis katki saglamasinin yaninda ocagin
kuruldugu bolgede yiiksek istihdam imkani saglayarak,
bolgesel ve kirsal kalkinmayi desteklemektedir. Bu
nedenle iilkelerin ekonomik kalkinma hedeflerinin
gerceklesmesine katki saglayan maden sektoriiniin
devamliligimin saglanmasi icin yasanan is kazalarii
minimize edecek yol haritalarinin olusturulmasi son
derece 6nem tasimaktadir [2].

Maden sektorii olarak kategorize edilen grupta yer alan
calisma  alanlarinda  2013-2019  yillar1  arasinda
gerceklesen is kazalarinin, toplam is kazalarina gore ylizde
degerleri hesaplanarak Sekil 2.”de gosterilmistir.

is Kazalarinin Yizde (%) Dagilhimi

3,00

0,00

’

2013 2014 2015 2016

2017 2018 2019

Sekil 2. Maden Sektoriinde Yasanan Is Kazalarmin Tiim
Sektorlere Gore Kiyaslanarak Yiizde Dagilim (SGK Verileri,
2013-2019).

Sekil 2. ‘ye bakildiginda sektérde yasanan is kazalarinin
yiizde dagilimi azalan bir egilim gostermektedir. Fakat
bunun nedeni olarak yillara goére isyeri sayisinda ve
istthdam edilen sigortali ¢alisgan sayisindaki azalmadan
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kaynaklandigi diisiiniilmektedir (Sekil 2).

Is kazas1 ve meslek hastliklarini &nlemek igin tiim
sektorlere ait asgari kosullarin belirtildigi rehber bir yol
gosterici olan ISG Kanunu’nun etkinligi, sektdrlerde
uygulanabilirlik dereceleri ile paralellik gostermektedir.
Bu calisma ile ISG Kanunu’nu sonrasinda sektérdeki ISG
uygulamalarinin etkinligi, yasanan is kazalarinin siklik ve
agirhk oranlar1 ile mevcut durum analiz edilmeye
calistlmustir. Ek olarak, ISG uygulamalarmmn 2. éncelikli
basamagi olan ‘‘ikame et’’ kosulunda, uzmanlarin ve
isverenlerin karar verme tercihlerinde ¢ok kriterli karar
verme yontemlerinden faydalanmasinin saglayacagi katki
arastirilmstir.

1. MADEN SEKTORUNDE i$ SAGLIGI VE
GUVENLIGI

Is saghg ve giivenligi uygulamalar1 isyerlerinin dahil
olduklar tehlike grubuna gore degiskenlik gostermektedir
[3]. Maden sektorii; ¢alisma ortamui ve kosullari, kullanilan
makine-techizatlar ile etkilenebilecek ¢alisanlarin is
kazasi gegirme ihtimalinin bir arada degerlendirilmesi
neticesinde c¢ok tehlikeli siifta yer alan isyerleri arasinda
degerlendirilmektedir.

Is saglhig1 ve giivenligi acisindan degerlendirildiginde, isin
yiriitimiinde kullanilan makine-techizatlar diginda,
sektore ait baslica tehlike kaynaklari: kazi isi, tozlar,
gazlar, tahkimat, malzeme aktarimu, ortam
havalandirilmasi, isin geregi yiiksek enerji ihtiyaci ve
elektrik, ortamdaki giliriilti  ve titresim  gibi
siralanabilmektedir. ISG ‘nin temelinde is kazasi veya
meslek hastaliga kaynak olabilecek tehlikelerin ortadan
kaldirilmast yer almaktadir. Bu nedenle, ¢alisma
ortaminda baslica tehlike kaynaklarina yonelik asgari ISG
tedbirleri mevzuatta agikga belirtilmis olmasina ragmen,
ISG onlemlerinin sadece bu basliklarla
sinirlandirilmasinin yeterli olmadigi SGK verilerinden de
anlasilmaktadir.

2013-2019 yillart arasinda yaymnlanan SGK verileri
incelendiginde, maden sektoriinde istihdam edilen
calisanlar arasinda igle ilgili hastalik gegirenlerin sayilari
Sekil 3 ‘te verilmistir.
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Sekil 3. 2013- 2019 Yillar1 Arasinda Istihdam Edilen Toplam
Sigortali Calisanlar ile Maden Sektériinde Calisanlarin Meslek
Hastaligi Sayilarmin Kargilagtirmas: (SGK  Verileri, 2013-
2019).

Sekil 3. incelendiginde tiim sektorlerde istihdam edilen
sigortali ¢alisanlar arasinda igle ilgili hastalik gegirenlerin
sayisint  gOstermektedir. Tim sektorlerde istihdam
edilenler arasinda hastaliga tutulanlarm; 2013 yilinda
%1,49 ‘u, 2014 yilinda %1,62 ‘si, 2015 yilinda %1,64 ‘i,
2016 yilinda % 1,65 ‘i, 2017 yilinda % 1,75 ‘i, 2018
yilinda % 2,17 ‘si, 2019 yilinda % 2,29 ‘u maden
sektoriinde c¢alisanlardan olusmaktadir. Her ne kadar
grafik ilizerinde azalmaya baslayan bir egilim gdsteriyor
gibi olsa da, maden sektoriinde isle ilgili hastaliga
yakalananlarin sayisinda bir artig oldugu goriilmektedir.
Bu durum, sektdre ait ISG uygulamalarmin etkinligini
arttirmaya yonelik uygulamalarin  ve denetimlerin
gerekliligini ortaya koymaktadir.

Is kazalarmin ve meslek hastaliklarinin onlenmesinde
igyerlerinde alinacak saglik ve giivenlik kosullarinda
igverenler birincil sorumlu tutulmus olsa da devlet
tarafindan destekleyici programlarin olusturulmasi pozitif
katki saglayacaktir. Is saghgi ve giivenligi ashinda isci,
igveren ve devlet olmak tizere {i¢ tarafin ortak katilimi ve
katkilartyla ~ basari  saglanabilecek  biitiinsel  bir
yaklasimdir. Bu amagla, maden sektoriiniin devamlilig ve
sektorde istthdam edilenlerde is gilivenligi kiiltlirii
olusturulmasi adma T.C. Calisma ve Sosyal Giivenlik
Bakanligi tarafindan 2018 yilinda ‘Madencilik Sektoriinde
Is Saglign ve Giivenliginin Gelistirilmesi® baslikli
uluslararasi proje ile sektorde proaktif yaklasimla daha iyi
¢alisma kosullarinin olusturulmasi amaglanmistir [4]. Bu
proje ile madencilik sektoriinde yer alan tiim paydaglarin
ISG hakkinda bilinglendirilmesi, bilgi seviyelerinin
arttirllmasi, sektordeki proaktif yaklasim hedeflerinin
iyilestirilmesi igin gerekli kosullarin desteklenmesi
amaclanmustir.

I1l. YONTEM VE BULGULAR

Ulkemizde ISG Kanunu ile tiim isverenler sigortal
calisanlarinin gegirmis olduklari is kazalarin1 SGK ‘ya 3
(Gg) is giinii icerisinde bildirmekle sorumlu tutulmustur
[5]. Boylece, isverenler tarafindan SGK ‘ya bildirilen ig
kazalar1 ve meslek hastaliklar1 sektorlere gore kategorize
edilerek kayit altina alinmakta ve veriler kaynak
olusturacak sekilde SGK tarafindan yaymlanmaktadir.

Arastirmada, iilkemiz acisindan ISG uygulamalarmin sifir
noktas1 olan 2013 yili ile son yaymlanan giincel veriler
(2019) wveri kaynagi olarak kullanilmistir. Maden
sektoriline ait verilerin incelenmesiyle sektore ait is kazasi
siklik orani hesaplanmig, boylece mevcut durum sayisal
olarak irdelenmeye ¢aligilmustir.

Ikinci yontem olarak ise Cok Kriterli Karar Verme
Yontemleri (CKKV) arasinda, alternatif se¢cimlerinde en
ideal olana karar vermek i¢in en sik kullanilan
yontemlerden biri olan ‘‘Bulamk TOPSIS’’ metodundan
faydalanilmistir. Bulanik TOPSIS verileri toplanmasi i¢in
aktif devam eden 10 farkli maden projesinde yer alan
igveren veya isletme miidiirleri karar verici olarak
belirlenmigtir. Beton donatisi sgeiminde kiyaslamay1
yapacak karar vericiler alternatifler arasinda kiyaslama
yapabilecek teknik donanima sahip kisilerden segilmistir.
Karar vericiler ile yapilan goriismeler ile alternatifler
arasinda kiyaslama yapabilmeyi saglayacak avantaj
kriterleri belirlenmistir. Karar vericilere yoneltilen anket
formlar1 ile alternatiflerin avantaj kriterlerine gore
kiyaslamasi yapilmig ve veriler toplanmigtir. Arastirmada
ozellikle CKKV yontemi kullanilmasimin nedeni; ayni
amag icin kullanilan malzemeler arasinda se¢im yaparken,
tek bir nedene baglh olmaksizin se¢im yapilmasi
vurgulanmak istenmistir.

A. Is Kazasi Siklik Oram

Sigortali ¢alisanlarin gecirmis oldugu is kazasi sayilar
referans alinarak, sektdre ait mesai saatlerinin
oranlanmasiyla elde edilmektedir [6]. Kisaca, is kazasi
siklik oraniyla bir yil igerisindeki toplam mesai saatleri
igerisinde is kazas1 gegirme olasiligi hesaplanmaktadir.

Maden sektorii i¢in komiir ve linyit cikartilmasi, ham
petrol ve dogalgaz ¢ikartilmasi, diger madencilik ve tas
ocake¢iligi, madenciligi destekleyici hizmetler, kok
komiirii ve petrol irilinleri imalati, metal cevheri
madenciligi faaliyet kollarina ait is kazasi sayilar1 veri
kaynag1 olarak kullamlmustir (SGK Istatistikleri, 2013-
2019). Ek olarak, maden sektoriine ait is kazasi siklik
oranini hesaplamak i¢in haftalik ¢alisma siirelerinin 37,5
saat ile sinirl kaldigi, glinliik mesai siirelerinin 7,5 saat ve
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resmi tatillerde ¢aligmanin oldugu varsayilmistir.

SGK wverileri incelendiginde 2013 yilinda maden
sektoriinde zorunlu sigortali ¢alisan sayisinin; 1,199,962
kisi, 2014 yilinda 1,305,998 kisi, 2015 yilinda 1,498,648
kisi, 2016 yilinda 1,397,497 kisi, 2017 yilinda 1,535,655
kisi, 2018 yilinda 1,376,277 kisi ve 2019 yilinda 1,238,621
kisi oldugu saptanmistir. 2013-2019 yillar1 arasinda
gerceklesen is kazalarina gore Kaza Siklik Oranini (KSO)
hesaplamak i¢in asagidaki formiilden faydalanilmaktadir.

KSO = TiKS/ [(TCG-COG)x GCS] x 10000 (1)

TIKS : Toplam Is Kazas1 Sayist

TCG : Toplam Calisma Giinii

COG :Caligma Olmayan Giin

GCS :Giinliik Caligma Siiresini, ifade etmektedir.
Tablo 1.

2012-2019 Yillar1 Is Kazas1 Verileri ve Siklik Oranlari

YILLAR 2012 2013 2014 2015 2016 2017 2018

TIKS 5867 17113 23880 28747 37738 45412 56023

TCG-COG 307 287 297 289 288 289 283

GCS 7,5 7,5 7,5 7,5 7.5 7.5 7.5

Calisan
Sayisi
saat

1083769 1199962 1305998 1498648 1397497 1535655 1376277

10000 10000 10000 10000 10000 10000 10000

KSO 0,04 0,13 0,18 0,22 0,29 0,14 0,19

Ortalama
Deger.

4% 13% 18% 22% 29% 14% 19%

Tablo 1. ‘de yillara gore madencilik sektoriinde
gerceklesen is kazasi siklik oranini hesaplamaya yonelik
kaynak veriler ve is kazas1 siklik oranlar1 verilmistir.

2012-2019 Yillar1 Arasinda Kaza Siklik Oranlari

0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

0.29

2012 2013 2014 2015 2016 2017 2018 2019

Sekil 5. Is Kazas1 Siklik Oranlarinin Yillara Gore Degisimi

Sekil 5. incelendiginde is kazasi siklik oranlarinin 2016
yilina kadar dogrusal bir artis sergiledigi goriilmektedir.
2016 yili sonrasinda ise artis hizindaki diisiisiin nedeni
olarak, sektorde gerceklesen is kazalarinin ve sonuglarinin
biliyiik boyutlara ulagmasi nedeniyle olusan sektorel
farkindalik sayesinde; denetimlerin ve yasal yaptirimlarin
artmasi ve isyeri sayisindaki azalmalardan kaynaklandigi
diistintilmektedir.
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B. Cok Kriterli Karar Verme (CKKV) Yontemi:
BTOPSIS Methodu

CKKV yontemleri son yillarda alternatifli olan iiriin,
hizmet veya calisan istihdami gibi durumlarda ihtiyaca
yonelik, dogru ve maksimum fayda saglayacak olani
secmek i¢in kullanilan bir degerlendirme yontemdir. Karar
vermeyi etkileyen tiim etkenlerin; maliyet, performans,
kullanim siiresi, zaman tasarrufu, uygulama kolaylig1,
dayanim, ulagilabilirlik veya tagnabilirlik  gibi
alternatiflerin sahip olduklar1 6zelliklere gore belirlenen
kriter basliklari ile sayisal degerlendirmeler yaparak iyinin
iyisini veya daha ¢ok faydali olan1 segmede yardimci olan
bir yontem olarak tanimlanmaktadir [7].

Arastirmada, Bulamik TOPSIS (BTOPSIS) metodu
kullanilarak; is kazalarinin ¢ok sik ve istenmeyen sekilde
sonuclanarak  yasandigi = madencilik  sektoriinde
kullanilacak olan makine, malzeme- ekipman veya
donanim gibi ihtiyag listeleri olusturulurken, igverenlerin
sadece maliyet ve performans odakli olmalarinin yani sira
is saghg ve gilivenligi kriteri de eklenerek karar
vermelerinin pozitif katkisi, drnek bir uygulama {izerinde
aciklanmaya galigilmugtir.

TOPSIS metodu, 1981 yi1linda Hwang ve Yoon tarafindan
gelistirilmis olup, CKKV yontemleri arasinda uygulama
kolaylig1 agisindan yaygin kullanilmaktadir (Doganalp,
2016). BTOPSIS Metodu 6zellikle alternatifler arasindaki
kiyaslamalarda, hemen hemen, yaklagik olarak gibi sozel
ifadeler kullanilmasi durumunda dogru se¢im igin etkili
bir yontem olmaktadir [8]. Bu nedenle, BTOPSIS metodu
ile dilsel degiskenler bulamik say1 karsiliklart ile
kullanilmasiyla TOPSIS yodnteminden farkli olmaktadir.

BTOPSIS metodu, 1992 yilinda Chen ve Hwang
tarafindan bulanik kiime teorisinin TOPSIS metoduna
entegre edilmesiyle gelistirilmis bir CKKV yontemidir
[9]. TOPSIS yonteminde de oldugu gibi elde edilen ¢oziim
sonucunda negatif ¢6ziime en uzak ve pozitif ideal ¢6ziime
en yakin olan alternatif ‘ideal se¢im’ olarak kabul
edilmektedir [10].

BTOPSIS yontemi 8 farkli uygulama asamasindan
olusmaktadir (Chen, 2000, s:6). Birinci asama:
alternatifler arasinda kiyaslama yapabilecek diizeyde bilgi
veya tecrilbeye sahip kisilerin, karar vericilerin,
alternatiflerin ve secim krtierlerinin belirlenmesidir. Ikinci
asama: Kkarar vericilerin, alternatifleri se¢cim kriterlerine
gore sozel olarak degerlendirmesidir. Ugiincii asama:
secim Kkriterlerinin donem derecelerinin belirlenmesidir.
Genellikle 6nem agirliklarinin belirlenmesinde Analitik
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Hiyerarsi Prosesi (AHP) metodundan faydalanilmaktadir.
AHP metodu; CKKV yontemlerinden birisi  olup,
alternatif se¢iminde etkili olan secim kriterlerinin
hiyerarsik olarak siralanmasinda kullanilan bir metot
olmaktadir [11]. Bu c¢alismada kullanilan &rnek
uygulamada seg¢im kriterleri nem siras1t AHP metodu ile
daha once belirlenmis olup, belirlenen 6nem derecelerine
gore BTOPSIS metodu uygulanmistir. Dordiincii
asamada: Bulanik Karar matrisinin olusturulmasi ve
normalize edilmesi islemi yer almaktadir. Besinci
agsamada ise se¢im kriterlerinin 6nem derecelerinin isleme
dahil edildigi, agirliklandirilmis normalize edilmis karar
matrisinin olusturulmaktadir. Altinc1 asamada: bulanik
ideal ¢6ziim noktalar1 (pozitif ve negatif uzakliklarin)
olusturulmaktadir. Yedinci asamada: alternatiflerin ideal
¢oziim noktalarina olan uzakliklar1 hesaplanmaktadir.
Sekinci asamada: alternatiflerin yakinlik katsayilari
hesaplanip, alternatifler siralanarak, secim kriterlerinin
bileskesi ile degerlendirilen en ideal se¢im belirlenmis
olmaktadir.

C. Madenlerde Ikame Uriin Segiminde CKKV Yontemi
Uygulamast

Arastirmada CKKV  yonteminin  &zellikle ISG
uygulamalarinda ikame yontem, {iriin veya hizmete karar
vermede kullanilmasinin pozitif katkis1 ortaya koyulmak
istenmistir.

Tiirkiye ‘de aktif proje olarak devam eden farkli maden
ocaklar1 isleten Kkisiler (isverenler) karar verici olarak
atanmustir.  Alternatif olarak, maden ocaklarmin
olusturulmasinda beton donatisi yani maden galerilerinin
¢okme gibi etkenlere karsi dayanimini arttirmaya yonelik
kullanilan geleneksel donati uygulamasi ile yeni nesil
beton katkilar1 kullanimi arasinda kiyaslama yapilmistir.

ISG agisindan, bu uygulama asamasinda calisanlarin is
kazas1 veya meslek hastalig1 ge¢irmesine neden olabilecek
durumlarin ortadan kaldirilmasi ya da ikame (daha az
tehlikeli  olanla  degistirmek) edilmesi  kanunen
gerekmektedir. Isin geregi tehlike kaynaginin ortadan
kaldirilmas1 miimkiin olamayacag i¢in, ikame yontemin
secilmesi her zaman igveren ve is gilivenligi uzmam
tarafindan tercih edilen oncelikli uygulama olmaktadir.
Ikame yonteme karar vermede isverenlerin maliyet ve
miihendislik katkisina gore secim yapacagi genel bir
durum oldugundan, ISG katkisinin da bir kriter olarak goz
oniinde bulundurulup en ideal alternatifin
belirlenebilecegi vurgulanmaktadir.

Aragtirmada, beton donatis1 olarak kullanilacak iiriin;
geleneksel donati (GD) mu olmali? Yoksa, yeni nesil
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donatt iriinleri (Makro Sentetik Fiber (MSF)) mi
olmalidir? cevabi aranmustir. Segim kriterleri olarak karar
vericilerle ve uzmanlarla yapilan goriismeler sonucu
kiyaslama kriterleri olarak: maliyet, miihendislik, zaman
yonetimi ve ISG olarak belirlenmistir. Karar vericilerin
yaptiklar1 kiyaslamalar sonucu elden edilen veriler,

yukarida siralanan  uygulama  asamalarmma  gore
degerlendirilmistir.

1. Asama: Karar vericilerin ve alternatiflerin
belirlenmesi

Olusturulan karar verici grubu ile yapilan 6n goriismelere
gore alternatifler (Alt.) arasinda se¢imi etkileyen kriterler
belirlenmistir. Secim kriterlerine gore alternatifler
arasinda kiyaslamalar Tablo 2 ve Tablo 3 ‘de verilen sozel
ifadelere karsilik gelecek sekilde yapilmistir. Daha sonra
sozel verilerin analizi i¢in sozel degerlere karsilik gelen
sayisal degerlere doniisiimii yapilarak karar matrisi veri
kaynaklar1 olusturulmustur.

Tablo 2.
Karar Kriterlerinin Belirlenmesinde Kullanilan Sozel Ifadeler ve
Bulanik Say1 Karsiliklart (Chen, 2000, p: 5).

Kriterlerin Onem Derecesi Belirlemede
Kullamlan Sézel ifadeler

Cok Diisiik (CD) (0,0,0.1)
Diisiik (D) (0,0.1,0.3)
Orta Diisiik (OD) (0,1,0.3,0.5)
Orta (O) (0.3,0.5,0.7)
Orta Yiiksek (OY) (0.5,0.7,0.9)
Yiiksek (Y) (0.7,09,1)
Cok Yiiksek (CY) (0.9,1.1)
Tablo 3.

Alternatiflerin Karsilastirilmasinda Kullanilan Sézel Ifadeler ve
Bulanik Say1 Karsiliklari (Chen, 2000, p: 5).

Alternatiflerin Karsilastirilmasinda

Kullanilan Sozel

ifadeler

Cok Ktii (CK) (0,0,0.1)

Katii (K) (0,0.1,0.3)

Orta Kétii (OK) (0,1,0.3,0.5)

Orta (O) (0.3,0.5,0.7)

Orta lyi (O) (0.5,0.7,0.9)

iyi () (0.7,0.9,1)

Cok lyi (C) (0.9,1,1)

2. Asama: Sozel ifadeleri iiggen bulanik sayilara
doniistiirme

Karar vericilerin vermis olduklari sdzel yanitlar Tablo 2 ve
3 “de verilen sayisal deger karsiliklarina doniistiirtildiikten
sonra N tane karar vericinin oldugu varsayilarak kriterlerin
onem derecesi (Wi) ve alternatiflerin karsilagtirilmasi
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(Xij), Denklem (2) ve (3) ‘de verilen formiillerden
faydalanilarak hesaplanmistir (Tekez ve Bark, 2016).

Wi=> (Wil+ Wi+ ..+ W) @)
Xij:%(ﬁl+ﬁ2+ ...... +Xy") 3)
Denklem (3)’de  verilen esitlikten faydalanarak

degerlendirmeye katilan tiim karar vericiler i¢in alternatif
karsilagtirmas1 hesaplanmig ve alternatifler i¢in tek bir
bulanik say1 elde edilmistir. Karar vericilerin her bir kriter
icin vermis olduklart yanitlar tiggen bulanik sayilara
donustiirilmis, sonra her bir karar vericinin alternatifler
icin vermis olduklar1 yanitlarin aritmetik ortalamasi
almmustir,

3. Asama: Bulanik ¢ok kriterli karar verme matrisi
olusturma

Alternatiflerin kargilastiriimasi ve kriterlerin
derecelendirilmesi i¢in Tablo 4’deki gibi bir bulanik karar
matrisi, se¢imi etkileyen kriterlerin onem derecesine
hesaplanan Tablo 5’te ki gibi bulamik kriter agirliklart
matrisi elde edilmistir.

Tablo 4.

Bulanik Karar Matrisi

Alt. K1l K2 K3 K4
MSF [ 036 047 065|020 038 058|014 028 046|039 057 074
GD |o060 078 091|068 085 095|068 08 094066 082 092
Alt. K5 K6 K7 K8
MSF | 080 095 100|012 025 044|026 043 062|072 090 099
GD |072 088 096|078 094 100|078 043 100|064 081 093
Alt. K9 K10 K11 K12

D | MSF|o074 089 096|030 047 065|039 058 077|034 052 0,71
GD |o062 080 092|076 091 097|080 095 1,00|076 091 098
Alt. K13 K14 K15 K16
MSF [ 025 025 062|015 029 048|034 054 073|028 046 0,66
GD |o060 060 093|062 081 094|062 08 091|068 085 0,95
Alt. K17
MSF | 0,16 033 052
GD |068 086 0,96
Tablo 5.
Bulanik Kriter Agirliklar1 Matrisi
K1 K2 K3 K4 K5

042 062 079078 093 099 0,7 086 095 0,37 0,56 0,74 068 086 0,96

K6 K7 K8 K9 K10

062 081 09 | 082 096 1 0,74 0,9 0,98 0,82 0,96 1 054 0,73 088

K11 K12 K13 K14 K15

048 068 086 08 0,95 1 056 0,75 0,9 0,64 0,81 0,91 072 089 0,98

K16 K17

052 071 087 | 07 086 095

4. Asama: Bulanik karar matrisinin normalizasyon
islemi

Tablo 4’te verilen bulamik karar matrisi asagidaki
denklemlerden faydalanilarak normalize edilmistir. Tablo
6 ‘daki normalize edilmis karar matrisi olusturulmustur.

~ _(aij byj ﬂ),

fy, = G JEB, Cy=maxC(j; (4)

a; a; aj;
fij = (C—"', b—f', a—f'), jeC, a;=minay (5)
ij bij 4ij
Tablo 6.
Normalize Edilmis Karar Matrisi

Alt. K1 K2 K3 K4
MSF | 055 0,72 100|034 0,66 100|030 061 100|053 0,77 1,00
GD |[066 0,86 1,00(0,72 0,89 1,00 0,72 090 1,00|0,72 0,89 1,00
Alt. K5 K6 K7 K8
MSF | 0,80 095 1,00|0,27 057 100|042 0,69 100|073 091 1,00
GD (0,75 0,92 1,00(0,78 0,94 1,00(0,78 094 1,00|069 0,87 1,00
Alt. K9 K10 K11 K12

R|MSF | 0,77 0,93 1,00|0,46 0,72 1,000,551 0,75 1,00 |0,48 0,73 1,00
GD |[067 087 1,00(0,78 0,94 1,00(0,80 095 1,00(|0,78 0,93 1,00
Alt. K13 K14 K15 K16
MSF | 0,40 0,40 1,00|0,31 0,60 1,00|0,47 0,74 1,000,442 0,70 1,00
GD |[065 065 1,00|0,66 0,86 1,00(0,68 088 1,00(|0,72 0,89 1,00
Alt. K17
MSF | 0,31 0,63 1,00
GD [0,71 090 1,00

5. Asama: Agirlikli normalize edilmis karar matrisi
olusturma

Normalize bulanik karar matrisi elemanlar1 ile her bir
kriterin agirliklarinin farkli olmasi nedeniyle bulanik
agirlikl karar matrisinin elemanlarinin birbiri ile ¢arpim
islemi Denklem (6)’de verilen islemler sonucu
hesaplanmigtir [12]. Elde edilen yeni verilere gore Tablo
7’de ki agirlikli normalize edilmis karar matrisi
olusturulmustur.

V=[V;1mxni=12,...,m j=12,...n

Viy =7, Xxwy (6)
Tablo 7.
Agirlikli Normalize Edilmis Karar Matrisi
Alt. K1 K2 K3 K4
MSF [ 0,23 ]0,45[0,79 [ 0,27 [0,61[0,99 [0,21]0,52]1,00]0,20]043[0,74
GD [0,28][053]079[056]083]0,99][051][078]0,95]0,27]050]0,74
Alt. K5 K6 K7 K8
MSF | 0,54 [ 0,82 [ 0,96 [ 0,17 [ 0,46 [ 0,95 [ 0,34 [ 0,67 [ 1,00 [ 0,54 [ 0,82 [ 0,98
GD [051[0,79]096[048]0,76]0,95][064]090]1,00]051]0,78]0,98
Alt. K9 K10 K11 K12
% | MSF | 0,63 0,89 [ 1,00 [ 0,25 0,53 0,88 | 0,24 [ 0,51 [ 0,86 | 0,38 [ 0,70 [ 1,00
GD [055][083]1,00][042]068]088][038]065]086][0,62]0,88] 1,00
Alt. K13 K14 K15 K16
MSF [ 0,23]0,30 [ 0,90 [ 0,20 0,49 0,91 [0,334]0,66[0,98]0722]049 087
GD [036]048]090][042]070]0,91[049]078]0,98][037]064]0,87
Alt. K17
MSF [ 0,22 | 0,55 [ 0,95
GD [050]0,77]0,95
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6. Asama: Ideal ¢oziim noktalarinin belirlenmesi

Denklem (7) ve (8) ‘de verilen esitliklerden yararlanilarak
bulanik pozitif ve negatif ¢6ziim noktalar1 A*ve A~ olarak
saptanir. Sonu¢ olarak, pozitif ve negatif ¢oziim
noktalarinin elemanlari karar kriteri sayis1 kadar (1,1,1) ve
(0,0,0) deger igermektedir. VN_ijA* = (1,1,1), VN_ijA— =
(0,0,0) olarak kabul edilir (Sorin ve ark, 2016, s: 827;
Unal, 2011, s: 25; Cetin, 2019, s: 56).

A=V Vs, ] ()

A= [0 Vs, V0] (8)

7. Asama: Alternatiflerin A* ve A~ noktalarina
uzakliklarinin hesaplanmasi

GD ve MSF arasindaki dogru se¢ime karar vermek igin,
A* ve A™ noktalarina uzakliklar1 Denklem (9) ve (10) da
verilen esitlikler yardimiyla hesaplanmalidir. Hesaplanan
degerler d* ve d~ olarak Tablo 8 ‘de gosterilmistir.

d*= Z?:l d(Vl]’ ‘7]*), i=
©) o
d==Y_ d(Vy; 77), i=1,2,...m j=1,2,..,n (10)

,2,...m j=1,2,..,n

Tablo 8.
Cozliim Noktalarina Uzakliklart

Alternatifler d* d-
MSF | 8,042 3,794
GD | 6,031 4,598

Tablo 8 ‘e gore alternatiflerin bulanik sayilar arasi uzakligi
d (a,b) hesaplamak igin Vertex metodundan (11)
faydalanilmigtir [13].

Vertex hesaplama formiilii asagidaki gibidir:

d(@b)=[ 5 (I )2+ (Ma- Me)? + (ne o)1 42, d (a,b) € R*
(11)

8. Asama:
hesaplama

Alternatiflerin  yakinlik katsayisini

Alternatiflerin yakinlik katsayist CC; Denklem (12) ‘te
verilen esitlik ile hesaplanmigtir. Yakinlik katsayisi
karsiliklar1 Tablo 9 ‘dan belirlenmistir. Boylece, MSF
veya GD kullanim tericihinde en ideal se¢imin sayisal
karsilig1 saptanmustir.

& i=12,...,m (12)

CCi= ,
'@+ ap)
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Tablo 9.
CCi Katsayilarina Gore Degerlendirme Durumu (Chen,
2000:6)

Yakinlik Katsayis1i CCi  Degerlendirme Durumu

CCi €]0, 0.2) Tavsiye edilmez

CCi €[0.2, 0.4) Yiiksek risk ile tavsiye edilir
CCi €[0.4, 0.6) Diisiik risk ile tavsiye edilir
CCi €[0.6, 0.8) Kabul edilir

CCi€[0.8,1) Kabul ve tercih edilir

MSF ve GD ‘nin ideal ¢6ziim noktalarina gore yakinlik
katsayilari: Makro Sentetik Fiber Donat1 (yeni nesil beton
donat1) = 0,321, Geleneksel Donat1 (Celik Hasir vb.) =
0,433 olarak hesaplanmustir.

IV. SONUC VE DEGERLENDIRME [CONCLUSION]

Sonug olarak, tiim sektorlere gore kiyaslandiginda is
kazalarmin yasanma sikliginin ¢ok daha dikkat cekici
oldugu maden sektoriinde giincel veriler degerlendirilmis
ve is kazasi siklik oranlari hesaplanmistir. Madencilik
sektorline ait en son yila ait duruma bakildiginda ise is
kazas1 gegirmeyenlerin, her 10000 ’lik ig saatinde is kazasi
gecirme ihtimallerinin %0,17 oldugu tespit edilmistir.
Ozellikle, istihdam acisindan sektdriin gelisim hizi ve iilke
ekonomisine sagladigi katki diisiiniilecek olursa, bu
degerin dikkat ¢ekici oldugu gozlemlenmektedir.

Maden sektoriiniin kendine 6zgli agir ¢alisma kosullari
gdz Oniinde tutuldugunda; is kazasi veya meslek
hastaliklarina neden olabilecek faktorlerin sadece galisma
kosullar ile sinirli olmadigi asikardir. Bu nedenle, bu
calismada madenlerde isin herhangi bir asamasi 6rnek
olarak alinmis ve kullanilacak beton donatisi segiminde
bile ISG avantaj1 bir kriter olarak eklenmesi &nerilmistir.
Boylece, madenlerde malzeme veya {iriin se¢imlerinde
ISG kriter olarak eklenmeli ve pozitif katki diizeyininde
bir  bileske olarak  degerlendirilmesi  gerektigi
vurgulanmistir.  Ornek olarak ele alinan beton donatist
secimi kiyaslandiginda; MSF ve GD arasinda maliyet,
miihendislik, zaman yonetimi katkilariyla ISG ‘ye katkist
da degerlendirildiginde MSF, ISG acisindan ikame
yontem olarak Onerilebilecegi gibi 0,321 yakinlik katsay1
degeri ile yiiksek risk ile kullanimi tavsiye edilen en ideal
secim olarak bulunmustur.  Ozellikle is kazalarmnin
yasanma olasiligi yiiksek olan tiim sektdrlerde isin geregi
kullanilacak makine-techizat, {irin veya hizmet gibi her
asamada karar vermede CKKV yontemlerinden
faydalanilmasmin hem ISG uygulamalar1 agisindan hem
de en iyi se¢ime karar verme agisindan dogru bir tercih
olacaktir.
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Diinyada bilim sahasina kazandirdigi ilk kesif ve
buluslarla, bilim diinyasina isik tutan islam alimi el-
Biruni.

Ebu Reyhan Muhammed b. Ahmed el-Biruni h. 3
Zilhicce 362 / m. 4 Eylul 973 tarihinde Harezm
bolgesinin merkezi olan Kas'ta diinyaya gelmistir. el-
Biruni'nin vefat tarihi ise tam olarak bilinmemektedir.

Tdm hayatini bilgiye ve bilmedigi seyleri 6grenmeye
adayan ve dinyada bilim sahasina kazandirdigi ilk
kesif ve buluslarla, bilim dinyasina 1sik tutan

ﬂclan
. geographer
humanist misliman alimi el-Biruni;

fizik, tip, matematik, astronomi, trigonometri,
cografya, jeodezi, farmakoloji, jeoloji, filoloji,
din gibi  konular incelemis ve toplamda 113
eser meydana getirmistir.

Islamic scholar al-Biruni, who sheds light on the world of science with the first discoveries and discoveries
I he brought to the field of science in the World.

Ebu Rayhan Muhammed b. Ahmed al-Biruni h. 3 Dhul-Hijjah 362 / m. He was born on September 4,
I 973 in Kas, the center of the Khwarezm region. The date of death of al-Biruni is not known exactly.

. Muslim scholar al-Biruni, who dedicates his whole life to knowledge and learning what he does not know,
| and sheds light on the world of science with the first discoveries and discoveries he brought to the field of
»  science in the World.
|

|

He studied subjects such as physics, medicine, mathematics, astronomy, trigonometry, geography,
geodesy, pharmacology, geology, philology, religion and produced 113 study in total.
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