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OZET: Giiniimiizde bir konunun arastirilmasi, toplumun gériisiiniin almmas ya da tutumunun tespit edilebilmesi
icin aragtirma anketleri, yiiz yiize damigma, telefon goriigmeleri, web anketleri gibi ¢esitli yontemler
kullanilmaktadir. Bu yontemlerden en hizli ve diisiik maliyetli olan yontem web anketleridir. Giiniimiizde kiiresel
bazda yasanan Covid-19 bulas hastaliginin kalabalik alanlarda yarattig: riskler goz oniinde bulunduruldugunda
web iizerinde calisan sistemler hayati oneme sahiptir. Web anketi tercih edildiginde sunucu tabanli ¢aligan web
uygulamalari kullanilmaktadir. Fakat sunucu tabanli uygulamalar veri giivenligi ile ilgili baz1 endiseler olusmasina
sebep olabilmektedirler. Istemci diigiimlerinden sunucuya gonderilen oylama bilgileri, merkezi bir sunucu
tizerindeki veri tabanina kaydedilmektedir. Verinin merkezi bir sunucu iizerinde depolanmasi yonteminin en
biiyiik dezavantaji, oylama sonuglarin siber saldirilar ya da kurcalanma risklerine savunmasiz olmasidir. Bu
durum yapilan oylama sonuglarinin giivenligini ciddi oranda olumsuz etkilemektedir. Blok zincir teknolojisi son
yillarda veri giivenligi alaninda sik¢a kullanilmaktadir. Blok zincir teknolojisinde sistemi merkezi bir sunucu
yonetmemektedir. Esler arasi ag olusturulup hesap defterinin tamaminin biitiin diigiimlerde yer almasi prensibi
esastir. Bu yapist ile veri giivenligi acisindan avantajli bir teknolojidir. Ayrica blok zincir teknolojisi, verilerin tek
bir blok olarak sifrelenmesinden dolay1 siber saldirilara ve dis miidahalelere karsi da giivenli durumdadir. Bu
calismada farkli fikir ya da goriislerin oylanmasi, oylama sonuglarin gosterilmesi i¢in blok zincir temelli giivenli
bir elektronik oylama modeli 6nerilmistir. Calismada C# dilinde blok zincir yapisi olusturularak digiimlerden
kullanilan oy verilerinin bir blok olarak sifrelenmesi ve blogun zincire eklenmesi saglanmustir. Blok zincir tabanl
gelistirilen sistemin giivenli ve giivenilir olmasini, se¢imde bulunan insanlarin giivenini artirmaya yardimeci
olmasin bekliyoruz.

Anahtar Kelimeler: Blok Zincir, Veri Giivenligi, Elektronik Oylama Sistemi.

BLOCK CHAIN BASED SAFE ELECTRONIC VOTING MODEL

ABSTRACT: Today, various methods such as research questionnaires, face to face consultation, telephone
interviews, web surveys are used to investigate a subject, to get the opinion of the society or to determine its
attitude. The fastest and most cost effective method among these methods is web surveys. Given the risks posed
by Covid-19 infectious disease on a global basis today in crowded areas, systems operating on the web are vital.
When web survey is preferred, server based web applications are used. However, server-based applications may
raise some concerns about data security. Voting information sent from the client nodes to the server is recorded in
the database on a central server. The biggest disadvantage of the method of storing data on a central server is that
the voting results are vulnerable to cyber attacks or tampering risks. This situation adversely affects the security
of the voting results. Blockchain technology has been used frequently in the field of data security in recent years.
In blockchain technology, the system does not manage a central server. The principle of establishing a peer-to-
peer network and placing the entire ledger in all nodes is essential. With this structure, it is an advantageous
technology in terms of data security. In addition, blockchain technology is also safe from cyber attacks and tampers
due to the encryption of data as a single block. In this study, a secure electronic voting model based on block
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chains has been proposed for voting different opinions or opinions and showing voting results. In the study, by
creating a block chain structure in C # language, the data used from the nodes are encrypted as a block and the
block is added to the chain. We expect the system developed based on block chains to be safe and reliable, helping
to increase the trust of the people in the election.

Keywords: Blockchain, Data Security, Electronic Voting System.

1. GIRIS

Calisma hayatinda is gorenler ylrittikleri gorev ile ilgili farkli problemler ile
karsilagmaktadirlar. Karsilasilan problemler is gorenin yetki ve tecriibesine bagli olarak
asilabilmekte ya da en optimize ¢6ziime ulasma amaciyla fikir danigma yontemi ile asilmaya
calistimaktadir. Is gdrenler ¢dziim bekleyen problem senaryolarina farkli ¢oziim oOnerileri
getirebilmektedirler. Bu tiir durumlarda ¢6ziim i¢in uygulanacak yontemin se¢imi oygoklugu
ya da oybirligi ile belirlenebilir. Bu agsamada yasanabilecek 6nemli problemlerden biri, oylama
esnasinda liyenin kendini baski altinda hissetmeden 6zgiir irade ile gercek diisiincesini ortaya
koyabilmesidir. Bireyler diistindiikleri fikrin diger kisiler tarafindan bilinmesini istemeyebilir.

Bu problem senaryosundan yola ¢ikarak bu problemin yasanabilecegi farkli durumlara da
senaryolar genisletilebilir. Ornekleri ¢ogaltacak olursak, bir holdingin yatirim kararlarmin
belirlenmesi, bir sirketin ¢alisanlarina uyguladigi memnuniyet anketleri, bakanliklarin ¢alisan
personeline uyguladig1 kurum iklim anketleri, iilke ¢apinda uygulanan yerel secimler, genel
secimler, referandumlar drnek gosterilebilir. Ozellikle referandum, genel ve veya yerel segimler
s0z konusu oldugunda mali anlamda yasanan giderlerin tasarrufu konusunda problemin yaygin
etkisi ortaya ¢ikmaktadir. Problem senaryosunun yaygin etkisine arttik¢ca, senaryo
paydaslarinin goriislerin 6grenilmesi i¢in harcanan mali tutar artmaktadir.

Kamuoyunun bir konu hakkinda diisiince, kanaat ve egilimlerini 6grenmenin en iyi yolu
kamuoyu arastirmalaridir. Kamuoyu arastirmalar1 diinyada 19. Yiizyilda iilkemizde ise 1960’11
yillarda uygulanmaya baslanmistir. Kamuoyu arastirmalar1 Tiirkiye’de 1980’11 yillardan sonra
onemini arttirmustir. Ik arastirmalar 1960’11 yillarda yapilsa da kapsamli arastirmalar 1975
yilinda baslamis ama yayginlasmast 1980 sonrasinda olmustur. Kamuoyu arastirmalari
sayesinde segmenlerin siyasi kanaat ve tutumlari, giindem konularina yaklasimi, siyasi lider ve
adaylara duyduklari ilgi, hangi medya ve medyalar1 kullandiklar1 belirlenebilmektedir. Se¢men
tercihlerini 6grenmek igin siyasiler kamuoyu arastirmalarini siklikla kullanmaktadirlar [1].

A H. Eroglu ve S. Bayraktar kamuoyu arastirmalarinin se¢gmen davranisini yonlendirmek i¢in
de kullanilabildigi sonucuna ulagmislardir. Yapilan siyasi kamuoyu arastirmalarinin segmene
iki farkli yoldan etki ettigini belirtilmistir. Ik etkinin; dogrudan etkilemesidir. Segmen bazen
kitlesel cogunlugun agirlikta oldugu partiye daha meyillidir. Bu durum hem gii¢lii olan kesim
tarafinda yer alma hem de nispeten somut beklentilerden kaynaklanabilir. Bazen de segmen,
yakin hissettigi gruba ait oylari pargalamama adina, grubunun favori gosterilen partisini
ogrenmek amaciyla da kamuoyu arastirmalarini takip edip etkilenebilir [2]. Fakat toplum zaman
zaman anketlerin gerek yanl davranmasi gerekse anket sonuglarmin kurcalanarak manipiile
edildigi izlenimine kapilarak anketlere karsi gliven olusturamamaktadir. 28 Mart’ta yapilan
secim, 1999 ve dzellikle de 2002 genel segimlerinde biiyiik sigrama yapan anketlere olan giiveni
sarsmig ve onlarin dogruluklarini siipheli hale getirmistir [3].

Kamuoyu aragtirmalarinda bir veri toplama araci olarak kullanilan web tabanli anket metodu,
geleneksel anket metodu ile kiyaslandiginda, maliyet, zaman ve mesai harcanmasi agisindan
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istiindiir. Bugiin web uygulamalarmin hemen hemen hepsi bilgi depolama i¢in veri tabanlarini
kullanmaktadir. Web uygulamalar1 agirlikla veri tabani ile yapisal bir sorgulama dili olan SQL
araciligiyla islemlerini gergeklestirir. Saldirgan, veri tabani hakkinda elde ettigi kritik bilgilerle
veri tabaninda bulunan diger bilgilere ulasabilir, bilgileri maniple edebilir. Sonug¢ olarak
saldirganin hedefledigi operasyon basarili olur [4].

1.1.Blok zincir Teknolojisi

Bloklardan olusan zincir yapisindaki blok zinciri, sifrelenmis islem takibini saglayan bir veri
tabani sistemi olarak tanimlanabilir. Sistem tizerinde gerceklestirilen her adim bir blok haline
getirilip kendinden onceki blok ile iligskilendirilir. Gergeklestirilecek olan islemler sirasinda
bloklar sifrelenir, degistirilemez ve kirilamaz hale getirilir [5,6]. Basit anlamda temel blok
zincir yapisi Sekil 17 de gosterilmistir.

=3

- 2\

BLOK1 BLOK 2

i)

< i ‘ BLOKn |
ONCEKI BLOCK HASH ONCEKI BLOCK HASH ONCEKI BLOCK HASH
DEGERIT DEGERI ’_‘ DEGERI
‘ VERI | | VERI | ‘ VERI |
BLOK 1 BLOK 2 BLOK n
\ TRANSACTION / \ TRANSACTION / \ TRANSACTION /

Sekil 1. Blok zincir temel yapisi.

Bilgisayar korsanlar1 birgok farkli yontemle web sitelerinin tutuldugu sunucu bilgisayarlarina
sizabilmekte, veri tabanini ele gecirip kisisel bilgileri elde edebilmekte ya da veri tabaninda
veriler tizerinde oynamalar yapabilmektedirler []. Blok zinciri, en basit tanimiyla, bir bagli liste
yapisinin 0zellesmis halidir. Standart tek bagh liste yapisinda, listenin her elemani, kendinden
sonra gelen elemani bir isaret¢i yordamiyla isaret eder. Bu sekilde listenin baslangic
elemanindan kuyruk elemanina kadar biitiin elemanlar birbirlerine baglanmis sekildedirler.
Blok zinciri yapisinda ise her eleman (blok), sadece sonraki blogu isaret etmez, ayn1 zamanda
o blogun 6z (hash) degerini de saklar. Diger bir ifadeyle blok zinciri, Ozet-isaretgilerle
olusturulmus 6zel bir bagl liste yapisidir [7].

Blok zincirin, bagli listeler ile kiyaslandiginda 6z-isaretgi yapisi agisindan elde ettigi en 6nemli
listiinliigii, liste igerisindeki herhangi bir blogun degistirilme durumunda ortaya ¢ikar. Oz
isaret¢i yapisi, bu tiir bir degisiklige ugradiginda degisiklik yapildigi rahatlikla fark edilir.
Bunun sebebi yeni eklenen blogun 6z degeri, bu yeni blogu isaret eden 6z isaretgisinin isaret
ettigi degerden farkli olacaktir. Bu 6zellik blok zincirinin giivenli bir yap1 olmasini saglayan en
onemli etmendir [8]. Agda meydana gelen her olay, digiimlerde dogrulanmakta ve
kaydedilmektedir. Blok zincirinde ilk baglangi¢ bloguna “genesis blok” ismi verilir. Her blok,
kendinden onceki blogun 6ziit (hash) algoritmasindan gegirilmis icerigine sahiptir. Boylece
sistemdeki bir islemi degistirmek isteyen kisi, geriye dogru tiim islemlerin 6ziit sonucunu
hesaplamak zorundadir. Bu islem pratik olarak miimkiin degildir, ¢linkii hesaplanan sonuglarin
tiim madencilerde de ayni olmas1 gerekmektedir [9].

Blok zinciri teknolojisi dagitik bir defter mimarisi olarak tanimlanabilir. Teorik olarak sistemin
defter sayfalarinin kullanilmasi gibi diistiniilebilir. Defterin sayfalar1 defteri kullananlar
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tarafindan doldurulur. Doldurulan tiim bilgiler defterin onceki sayfalarinda silinmeden ve
bozulmadan bulunmaya devam eder. Geleneksel defterlerden farkli olarak blok zincirinde her
bir sayfa bir sonraki sayfaya sifrelenmis bir 6zleme algoritmasiyla baglanir ve deftere veri akis
yoni hep ileri dogrudur [10]. Calismanin geri kalan bélimiinde sirasi ile elektronik oylama
sistemleri ile ilgili akademik c¢alismalar incelenecek, c¢aligmada Onerilen modelin
gerceklestirilme asamalar1 ve algoritmalari agiklanacak ve son olarak Onerilen modelin
beklenen yaygin etkisinden bahsedilecektir.

2. LITERATUR CALISMASI

Kohno ve arkadaslart Amerikanin birgok bdolgesinde benimsenmis olan elektronik oylama
sisteminin giivenlik agiklar1 lizerine bir calisma gerceklestirmislerdir. Pazarin 6nemli bir
boliimiinde kullanilan bu tiir bir makineye kaynak kodunun giivenlik analizini
gerceklestirmislerdir. Analiz sonucunda, bu oylama sisteminin diger baglamlarda gegerli olan
en diisiik giivenlik standartlarinin bile ¢ok altinda oldugunu gostermektedir. Yetkisiz ayricalik
yukseltme, sifrelemenin yanlis kullanimi, ag tehditlerine karsi zayifliklar ve kot yazilim
gelistirme siirecleri gibi c¢esitli sorunlar tespit edilmistir. Ayrica, sisteme diizenlenen ciddi
saldirilarda kaynak koduna erisim olmadan bilgilere erisilebildigi gosterilmistir. Bu tiir
saldirilar karsisinda, iceriden 6grenilen tehditlerle ilgili olagan endiseler tek endise degildir;
yabancilar hasar1 yapabilir. Sadece bir anket calisani gibi bir igeriden birinin oylari
degistirebilecegini degil, ayn1 zamanda igerilerin de segmen mahremiyetini ihlal edebilecegini
ve oy kullanan se¢gmenlerle oylari eslestirebilecegi gosterilmektedir [11]. Bu agiklarin tespit
edilmesiyle birlikte Kohno ve arkadaglarinin 6nerdigi model gelistirilerek degistirilmis ve
giivenlik aciklart kismen kapatilarak farkli ¢alismalar ortaya konmustur. Clarkson ve
arkadaslar1 Civitas ismini verdikleri, zorlamaya karsi direngli, evrensel olarak ve se¢men
tarafindan dogrulanabilen ve uzaktan oylamaya uygun ilk elektronik oylama sistemini
olusturmuglardir. Sistemlerinin glivenli oldugunu iddia etmelerindeki temel neden kullanici
dogrulamasini gergeklestirmeleridir [12]. Calismalar giivenlik anlaminda basarili sonuglar
ortaya koydukg¢a maliyet agisindan olduk¢a kazancgli olan bu oylama sistemlerinin kullanimi
yayginlasmaya baslamistir. Ornegin Estonya, internet oylamasini ulusal olarak kullanan ilk
tilke olmustur ve bugiin oylarinin %30'undan fazlasi ¢evrimigi olarak yayimnlanmaktadir [13].
Konuyla ilgili aragtirmalar devam ederken, yeni giivenlik konseptlerinden olan blok zincir
teknolojisinden yararlanilmaya baslanmistir. Ayed yeni bir elektronik oylama sistemi i¢in agik
kaynakl blok zincir tabanli tasarim énermistir. Onerdigi modelde SHA-256 hash algoritmasini
kullanmustir [14]. Onerdigi model temel blok zincir prensiplerine sahiptir. Onerdigi modelde
dezavantaj olarak kullanicidan kaynakli hatalarin geri dondiiriilemeyecek sekilde sistemde yer
almas1 gosterilmistir. Isirova ve arkadaslari blok zincir teknolojisini kullanarak merkezi
olmayan bir elektronik oylama sistemi gelistirmek i¢in iki seviyeli yeni konsept dnermistir.
Sunulan blok zincir tabanli oylama protokoliinde, oylama seffafligi ve anonimlik de dahil
olmak iizere bu tiir protokollere yoOnelik tiim gereksinimleri saglayan altt adimdan
bahsedilmektedir. Calismada diger calismalardan farkli olarak merkezi giliven noktasi
yoksunlugundan kaynakli saldir1 hedefinden uzaklig1 iizerinde durulmustur [15].

Akademik alanda elektronik oylama sistemleri iizerine yapilan ¢alismalar incelendiginde tespit
edilen ve yeni ¢aligmalara ilham olan ilk zafiyet glivenlik konusudur. Veri giivenligi konusunda
yeni bir konsept olan blok zincir yapisi kullanilarak gergeklestirilen elektronik oylama
sistemleri ile bu c¢alismada Onerilen model arasinda benzerlikler bulunmaktadir. Bunlardan
bahsedersek kullanilan temel blok zincir esaslarinin ve algoritmalariin uygulanmasi, SHA-256
hash algoritmasi tercih edilmesi sdylenebilir. Mevcut ¢alismanin diger ¢alismalarda onerilen
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modellerden farklar1 blok zincire kaydedilen verilerin gdsterilme yontemleri ve ayni cihazdan
yalnizca 1 oy kullanabilmeyi saglayan teknikler olarak sdylenebilir.

3. METOD

Bu calismada onerilen modelde kullanilan blok zinciri yonetmek i¢in Etheryum, Hyperledger
gibi hazir catilar kullanilmamustir. C# dili ile uygulamaya 6zgii blok zincir siniflar olusturulup
bu yapiy1 temel alan gilivenli oylama sistemi gelistirilmistir. Blok zincir sistemini olusturmak
icin Block, Islem ve Blockchain isimli ii¢ ayr1 smif tanimlanmistir. Block sinifi zincirdeki
bloklara iligkin 6zellik ve metotlar1 igermektedir. Islem smifi zincirde yapilan islemleri temsil
eden nesne yapisimi tanimlar. BlockChain simifinda ise, blok zincirinin yonetimine iligkin
ozellik ve metotlar mevcuttur. Bu ii¢ siif yapisi asagida detayli bigimde anlatilmaktadir.
Gelistirilen yazilimda kullanilan her bir oy bir blok ile temsil edilmektedir. Onerilen modelin
mimarisi Sekil 2°de gosterilmektedir.

Blockchain Yazilimi

(R}
'K
[}
| .
i I Islern Sinifi Block Sinifi
! ! o zamandamgasi
t /V \q hashzorluk
" ) segmen Iglemler <>
i e}-Ve;dIgKararNo 2 o GegerliBlokYap()
h slem 0 b\ 4/ Block ()
: ! o HashOlustur ()
" BlockChain Sinifi
'K
" hashzorlukderece
" Zincir <=
i BlockChain ()
n IslemOlustur ()
n mukerrerOyKontrol ()
i GegerliBlokYap ()
! ! GenesisBlockOlustur ()
(R}
it

Sekil 2. Onerilen model mimarisi.

Islem gergeklesen her bir oy verme islemini modelleyen sinif yapisidir. iki 6zellik ve bir kurucu
metoda sahiptir. Segmen, oy kullanilan bilgisayarin ID numarasi bu 6zellikte tutulacaktir. Her
bir bilgisayardan sadece 1 oy kullanilabilmesi i¢in mikroislemci seri numarasindan olusan bir
ID numarasi kullanilmistir. oyVerdigiKararNo, se¢gmenlerin oy verdigi kararin numara bilgisi
bu ozellikte tutulacaktir. islem siifinin parametreli kurucu metodu kendisine génderilen
bilgileri segmen ve oyVerdigiKararNo 6zelliklerine atamaktadir.

Block smif yapisindaki 6zellik ve metodlarini detaylandiracak olursak; zamandamgasi, blogun
zincire dahil oldugu tarih/saat bilgisini temsil eder. Hashzorluk 6zelligi, bir bloga ait hesaplanan
hash degerinin zorluk derecesinin yiiksek olmasi, giivenlik agisindan istenen bir durumdur.
Block simifinda bulunan GegerliBlokYap metodu, hash degerinin ilk iki rakaminin 0 olmasi
kuralina uyan hash degerini buluncaya kadar siirekli olarak farkli hash degerleri iireten bir

152



Gurfidan and Akgay, International Journal of Engineering and Innovative Research 2:3 (2020) 148-155

dongii algoritmasi igermektedir. Eger {iretilen hash degeri belirtilen zorluk kuralina uymuyorsa
baska bir hash degeri iiretebilmek i¢in sifrelenecek veri yapist iginde her adimda degisecek bir
veri lazimdir. Bu degisimin saglanmasi i¢in bir sayisal degiskenin degeri her denemede 1
artirllmigtir. Ornegin bir bloga ait iiretilen hash degerinin ilk iki rakami 0 ile baslamiyor kabul
edilir ise hashzorluk degiskeni 1 artirilarak tekrar hash degeri hesaplanir ve kurala uyup
uymadigina bakilir. Bu sekilde istenen kurala uyan hash degeri hesaplanincaya kadar
hashzorluk degeri 1 artacaktir.

Islem, blok igerisinde Islem siif yapisindaki elemanlardan olusan liste yapisidir. Blok iginde
islem bilgileri bu listede tutulur. Oylama uygulamasinda ise kimin hangi karara oy verdigi
bilgisi islems listesinde tutulacaktir. Hangi segmenlerin oy kullanip kullanmadig, kararlarin oy
miktarlar1 gibi degerlendirmelerin yani sira miikerrer oy kullanilmasinin 6niine gegmek i¢in de
Islems bilgileri kullanilacaktir. OncekiBlokOzii, bir énceki bloga ait sifrelenmis dzet degerini
barindirir. Hash, mevcut bloga iliskin sifrelenmis 6zet bilgisini barindirir. Bu deger, bir 6nceki
blogun hash degeri lizerine mevcut blok verisini eklenip tekrar sifrelenmesi sonucu ortaya ¢ikar.

GegerliBlokYap metodu, yeni gegerli bloklar olusturmak i¢in kullanilacak metottur. Metoda
gonderilen hashzorlukderece degeri hesaplanacak hash degerinin zorluk derecesini temsil eder.
GegerliBlokYap metodu, hash degerinin ilk birka¢ rakaminin 0 olmasi kuralina uyan hash
degerini buluncaya kadar siirekli olarak farkli hash degerleri iireten bir dongii algoritmasi
icermektedir. Ik rakamlarin kag tanesinin 0 olacag hashzorlukderece degiskenine gdnderilen
degerle belirlenir. Eger iiretilen hash degeri belirtilen zorluk kuralina uymuyorsa baska bir hash
degeri Ttretebilmek icin tekrar hesaplama yapilir. HashOlustur metodu ile bloktaki
zamandamgas1, OncekiBlokOzii, Islemler ve hashzorluk verileri birlestirilerek bir string deger
elde edilir. Olusan string SHA256 (Kriptografik Hash Algoritmasi) ile sifrelenerek yeni bir hash
verisi olugur. Bu duruma gore bir blogun hash verisi zaman damgasi, bir dnceki blogun hash
degeri, islemler listesi ve hashzorluk degerinin sifrelenmesinden olusan bir veridir. Ayrica
Block smifi kendine gonderilen degerleri sinif 6zelliklerine atayan bir kurucu metoda da
sahiptir. Hash olusturma islemi i¢in uygulanan yontemin matematiksel modeli Formiil 1°de
gosterilmistir.

i: Kayit indisi,

ZD: Zaman damgast,

YK: Yeni kayit girisi,

GH: 6z ¢ikarma islemi,

GAH: Tiim kayitlarin 6zii olmak {izere:

YK; = GH(YK; + ZD + GAH;_,) (@Y

BlockChain sinift blok zincirinin yonetimine iliskin 6zellik ve metotlar1 barindiran siniftir.
Hashzorlukderece zincirdeki bloklarin sahip oldugu hash degerinin zorluk derecesini temsil
eder. Matematiksel modelde yeni kaydin sirasimi belirten indis numarasi “i” ile
gosterilmektedir. “ZD” islemin gergeklestirildigi ana ait zaman damgasi bilgisini tutan
degiskendir. “YK” yeni kayit olusturulmasinda kullanilan degiskendir. “GH” yeni olusacak
kayit ile yeni kaydin 6ncesindeki tii kayitlarin (“GAH”) birlestirilerek yanlarina zaman damgasi

ilave edildikten sonra 6z islemini gergeklestiren fonksiyondur.
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Block sinift yapisinda tanimlanmis “Zincir” ismindeki yapi, zincirdeki bloklart igeren ve Block
smifindan elemanlar barindiran listedir. IslemOlustur metodu yeni bir oy verme islemi
olusturur. islem bilgisini Islem tiiriinde bir parametre yardimiyla disardan alir ve islem bilgisini
zincir listesine ekler. GegerliBlokYap metodu yeni bir blok olusturur. Su anki zaman bilgisini
ve zincirdeki islemleri igeren zincir listesini kurucu metod yardimiyla bloga gonderir.
Hashzorlukderece 6zelliginde tutulan zincirin zorluk derecesine gore bloga ait hash bilgisini
olusturur. Zincirdeki en son blogun hash degerini de blok igerisine dahil eder. Tiim bunlarin
ardindan blogu zincire ekler. Son olarak da zincirdeki islem listesini bosaltir. IsValidChain
metodu blok zincirindeki bloklarin kendi hash degerlerinin dogruluguna bakar. Eger bir sorun
yoksa blogun kendi i¢inde barindirdigi 6nceki blogun hash verisi ile bir 6nceki blogun kendi
hash verisini karsilagtiran bir algoritma yardimiyla zincirin dogrulugunu test eder. Kurcalanma
tehlikesine karsi zincirin dogrulugunu arastirir. GenesisBlockOlustur metodu genesis blogu ya
da baslangi¢c blogu olarak adlandirilan bir blok zincirinin ilk blogunu olusturmayi saglar.
MukerrerOyKontrol metodu blok zincirdeki biitiin oylar1 kontrol edilerek bir segmenin daha
once oy kullanip kullanmamasina gore true ya da false dondiiriir. Tekrarli oy kullanilmasinin
oniine ge¢mek i¢in bu metot kullanilmistir.

3.1. Oy Verme ve Gosterme Islemi

Se¢men bilgisayarin 6nerilen model igerisinde yalnizca 1 oy kullanabilme hakk: vardir. Se¢gmen
bilgisayar ID numaras1 sifreleme islemine tabi tutularak her bilgisayardan sadece 1 oy
kullanilmas1 saglanmis olunur. Oy verme islemi esnasinda yiiriitiilen algoritma adimlar1 adimlar
Tablo 1°de gosterilmistir.

Tablo 1 Oy verme algoritmasi

Giris verileri: Onceki blogun hash degeri, zaman damgas1, islem verisi, zorluk degiskeni
Cikias verileri: Yeni hash degeri

1) Basla

2)  Uygulama c¢aligtirildiginda ag ortamindan blok zincir hesap defterini ¢ek.

3) Mikroislemci seri numarasini temel alarak benzersiz bir ID numarasi tiret.

4)  Uretilen ID numarasini sifrelenmis veriye doniistiir.

5)  Blok zincirdeki islem kayitlari kontrol et.

6) Sec¢men bilgisayarlarin ID numaralari ile o anki segmen bilgisayarin ID numarasi karsilagtirilir.

7) Bu bilgisayardan daha 6nce oy kullanilmigsa oy verme islemi yapma.

8)  Eger bu bilgisayardan ilk defa oy kullaniliyorsa blok zincirde yeni bir islem kayd olustur.

9) Oy kullanilan bilgisayar ID numarasi ve hangi se¢ime oy verildigi bilgisini kaydet.

10) Onceki blogun hash degeri, zaman damgasi, islem verisi, zorluk degiskeni verileri kullamilarak yeni bir
Hash degeri olustur.

11) Olusan Hash degerini yeni blogun Hash degeri olarak ayarla.

12) Olusturulan blogu zincire ekle.

13) Son

Sifreleme islemi ise hangi segmenin hangi se¢enege oy verdiginin bilinmemesi igindir. Daha
sonra bu se¢menin daha 6nce oy kullanip kullanmadig: tespit edilmektedir. Eger ilk defa oy
kullantyorsa blok olusturulup zincire dahil edilir. Onerilen modele uygulama ara yiizii Sekil
3’de gosterilmektedir.

154



Gurfidan and Akgay, International Journal of Engineering and Innovative Research 2:3 (2020) 148-155

BILGISAYAR ID; |BFEBFBFFO00506E31

1NOLU 2NOLY 3NOLU
KARAR KARAR KARAR
34 - 56 - 21- 17 -

SECILEN KARAR : 3 NOLU KARAR OY VER

SONUGLARI GOSTER  OY KULLANIM LISTESI

Sekil 3. Onerilen modelin uygulama ara yiizii.

Blok zincirdeki tiim kayitlardaki segmen bilgisi ve oy verdigi karar numarasi listelenmektedir.
Burada 6nemli olan segmen kimlik numaralarinin sifrelenmesinden dolayr kimin hangi karara
oy verdiginin anlasilamamasidir.

4. SONUC

Bu calismada, planlanan bir se¢im aksiyonunun hizl, giivenli, seffaf ve diisiik maliyetler ile
nasil gerceklestirilebilecegine yonelik alternatif bir giivenli elektronik oylama modeli
onerilmistir. Onerilen modelin kullanim: okul, sirket, holding gibi kiigiik caph
organizasyonlardan yerel secimler, genel secimler, referandumlar gibi biiyiikk c¢aph
organizasyonalara kadar genis bir yelpazeye hitap edebilir. Giinlimiizde kiiresel bazda yasanan
Covid-19 bulas hastaliginin kalabalik alanlarda yarattigi riskler g6z éniinde bulunduruldugunda
onerilen modelin 6nemi daha net ortaya ¢ikmaktadir. Calismanin bir sonraki basamaginda
onerilen modelin web ortamina tasinmasi ve kimlik dogrulama sistemlerinin mevcut modele
entegre edilmesi planlanmaktadir.
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ABSTRACT: In this study, performance analysis of flat plate solar collector has been carried out analytically. A
comprehensive mathematical modelling of thermal performance is modelled using Response Surface Methodology
and optimal geometrical and thermodynamic parameters are predicted pertaining to optimum performance of the
system. In this study a model was developed for evaluating and predicting the efficiency, outlet temperature and
performance of a flat plate solar collector considering the hour angle, day and input temperature as input
parameters. In the cause of the work it was found that the days and months close to the beginning of the year
(January, February, March and April) yielded higher outlet temperature and solar radiation due to dry season,
while the months at the middle of the year showed lower outlet temperature and solar radiation due to the rainy
season. The months towards the ending of the year also showed higher outlet temperature and solar radiation
respectively.

Keywords: Hour Angle, Day Temperature, Efficiency, Design of Experiment, Solar Collector.

1. INTRODUCTION

The role of energy becomes increasingly important to fulfil the needs of modern societies and
to sustain fast economic and industrial growth worldwide. In view of the world’s depleting
fossil fuel reserves and environmental threats, development of renewable energy sources
receives importance as an alternative to serve as a form of power source. Solar energy stands
out as one of the renewable energy resources that has continuously meet the energy demand in
the world, as a result of the availability of sunshine on a daily basis. Though it is location and
time dependent, it requires efficient collection and storage systems for economic use.

Solar energy can assist in some areas like water treatment, hot/process water for domestic and
industrial use. One of the easiest ways to utilize solar energy for heating applications is to
convert it into thermal energy by using solar collectors.

Solar energy collectors are special kinds of heat exchangers that transform solar energy to
internal energy of water. The thermal analysis of the collectors is very complicated because all
the possible modes of heat transfer and radiation are taken into consideration. The determination
of the heat losses coefficient is the main goal of an energetic analysis because this leads to the
determination of the useful energy rate from the solar collector.
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Several studies which compare experimentally results with results base on Computational Fluid
Dynamics (CFDs) have been published in recent times [1]. Many researchers have used exergy
analysis in order to improve the efficiency of collectors by decreasing the losses. Hamed and
Ban, [2] used MATLAB to optimize a flat plate collector with this method. Parametrical
analysis is also useful in the analysis of flat plate solar collector, as it helps in determining
optimum parameters which in turn influences the output efficiency. Hottel and Woertz, [3]
calculated the overall heat loss coefficient and the collector efficiency under different
conditions such as the absence of cover, with single and double glazing under different ambient
conditions, tilt angles, wind speeds, emissivity of both glass cover and absorber plate. Paulescu
et al, [4] discussed the influence of various parameters on the efficiency of solar collectors and
concluded that at low solar insolation in the range of 200-600 W/m? double glazed collectors
are superior to single glazed. Stanciu and Stanciu, [5] examined the performance by changing
the colors of solar collector. Based on the transmittance-absorptance result of various colored
collectors the hypothetical performances of these collectors were calculated using the Hottel-
Whillier-Bliss 1-D steady-state model given by [6]. By these experiments they concluded that
the color of the collector plays a major role in thermal efficiencies of the collectors.

In this study Response Surface Methodology (RSM) was used as a modelling tool, considering
both input and output parameters/responses.

2. MATERIALS AND METHOD

The purpose of the model was to predict the performance of the flat plate solar collector using
hour angle, day and inlet temperature as input parameters. The output parameters or responses
that were obtained are outlet temperature and efficiency respectively. This modelling enabled
the development of a new mathematical model to also validate the experimental work that was
later carried out.

The modelling of the system was done using Response Surface Methodology (RSM), boundary
conditions and the considerations of the design during the thermodynamic analysis. The design
was carried out using factorial design on design expert to check for every limit on each block
of the values to ascertain the correlation between the input variables and the output variables.
The Box Behnkens design was used for the full factorial design.

Box-Behnken designs are response surface designs, specially made to require only 3 levels,
coded as -1, 0, and +1. Box-Behnken designs are available for 3 to 10 factors. They are formed
by combining two-level factorial designs with incomplete block designs. This procedure creates
designs with desirable statistical properties but, most importantly, with only a fraction of the
experiments required for a three-level factorial. Because there are only three levels, the
quadratic model is appropriate. Blocking options are also offered for most of these designs.

You may also add categorical factors to this design. This will cause the number of runs
generated to be multiplied by the number of combinations of the categorical factor levels.

Table 1 provides the design of experiment that was used for the analysis and modelling. The
input factors and the output factors or response are considered during the design of experiment,
the input factors are hour angle, day and inlet temperature. The output/response are input
temperature and efficiency.
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I. Hour Angle (Degrees)

The hour angles affect the design because the position of the sun on a particular day is dependent
on the local time of the place. The solar noon was considered to be 0° and every hour was
counted as 15°. Hours before noon took a negative sign while hours after noon was positive for
example, 9:00A.M in the morning is 3hrs from solar noon thus was read as 15 x 3 = 45, since
it is before noon, it is therefore recorded as -45°. The design considered times from 9:00A.M to
3:00P.M.

I1. Day (number from 1% January)
The days were counted from 1% of January, so it is counted from 1 to 365 days. The day greatly
affects the amount of solar radiation on the surface as the distance from the sun varies and the
position of the specific location changes as the earth revolves around the sun.

1. Inlet Temperature (Kelvin)
The Inlet temperature of the fluid is a factor that will greatly affect the efficiency of the

collector. The inlet temperature of the fluid determines the outlet temperature when all other
factors remain constant. The Inlet temperature was varied from 295K to 353K.

Table 1. Design of experiment.

St | Ru | Block Factor 1 Factor Factor 3 Response Response 2

d |n A:Hour Angle 2 C: Inlet 1 Outlet Temp.
(deg) B:Day Temp.(K) Efficiency (K)

3 |1 Block 1 -45.00 365.00 324.00 0.72 361.97

8 |2 Block 1 45.00 183.00 353.00 -0.27 351.88

15 |3 Block 1 0.00 183.00 324.00 0.59 336.56

6 |4 Block 1 45.00 183.00 295.00 0.93 314.22

5 |5 Block 1 -45.00 183.00 295.00 0.93 314.22

14 |6 Block 1 0.00 183.00 324.00 0.59 336.56

17 | 7 Block 1 0.00 183.00 324.00 0.59 336.56

10 | 8 Block 1 0.00 365.00 295.00 0.88 342.25

1 19 Block 1 -45.00 1.00 324.00 0.73 362.36

16 | 10 | Block 1 0.00 183.00 324.00 0.59 336.56

7 |11 |Blockl -45.00 183.00 353.00 -0.27 351.88

4 |12 | Block1l 45.00 365.00 324.00 0.72 361.97

13 | 13 | Block 1 0.00 183.00 324.00 0.59 336.56

12 | 14 | Block 1 0.00 365.00 353.00 0.52 375.12

2 |15 |Block1l 45.00 1.00 324.00 0.73 362.36

11 | 16 | Block1 0.00 1.00 353.00 0.52 375.08

9 |17 |Blockl 0.00 1.00 295.00 0.88 342

3. RESULTS AND DISCUSSION

The model was developed using Response Surface Methodology. The study type uses was
Response Surface Methodology a technique that can be used to study the effect of two or more
constraints in a process, the design considered was the Box-Behnkn which is an independent
quadratic design, it does not contain an embedded factorial design and the design model chosen
was the quadratic from. The input factors were hour angle, day and inlet temperature as shown
in Table 2 and table 3 respectively. The responses where efficiency and outlet temperature
respectively.
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Study type: Response surface
Design: Box-Behnken
Design model: Quadratic

Table 2. Design model summary 1.

Factor | Name | Units | Type | aoi | sotial | coded | coded | M | ey
A :n%lfg Degree | Numerical | -45.0 | 45.0 1.0 1.0 1.0 | 30.87
B Day Numerical | 10 | 365.0 | -1.0 1.0 | 183.0 | 124.85
C tler::ﬁ)t. K Numerical 295.0 353.0 -1.0 1.0 324.0 | 19.894

Table 3. Design model summary 2.

é §_ ¢ Name U;"t Obs | Analysis | Min | max | Mean | Std dev | Ratio Trsan Model
Y1 E‘:C';'e % | 17 P°'>;T°m' 0.270 | 0.930 | 0.586 | 0.340 | -3.44 | none Rq”i"(":drat
yo | Outlet || g7 | Polynomi | ai0o | 3751 | 3469 | 176 | 1.19 | none | Quadrati

temp al c

Table 2 and 3 present the design summary that involves the input and the response using a
quadratic model and activity using a linear model.

3.1. Graph Columns

The graph columns display the correlation between a response and an input factor. It displays
the response on the vertical axis while the input on the horizontal axis. The different factors can
be selected to check the following situations:

It is used to view the Block effects. Plot the response versus the input to visually determine
whether the input were influential or not. It is used to gather information about the practical
importance of factors that are not statistically significant. For instance, you may not want to
include a factor in the model because their effect on the response is very low.
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Figure 1. A graph of efficiency against inlet temperature.
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Figure 1 shows the correlation between the input parameter and the response parameter. The
efficiency is the response parameter and the inlet temperature is the input parameter. An
increase in inlet temperature leads to a decrease in efficiency. This shows that the inlet
temperature does not have a positive effect on the system. A correlation of -0.788 was achieved
after using Response Surface Methodology, this shows there is no correlation between the input
parameter and the response parameter.
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Figure 2. A graph of efficiency against hour angle.

Figure 2 shows the correlation between the input parameter and the response parameter. The
efficiency is the response parameter and the hour angle is the input parameter. An increase in
the hour angle does not give a significant increase in the efficiency. A correlation of 0.000 was
achieved after Response Surface Methodology was employed, this shows that there is no
correlation between the input parameter (hour angle) and the response (efficiency). As such
there is no significant effect on the response.

0 50 100 150 200 250 300 350 400

Day

Figure 3. A graph of efficiency against day.

Figure 3 shows the correlation between the input parameter and the response parameter. The
efficiency is the response parameter and the day is the input parameter. An increase in the day
does not give a significant increase in the efficiency. A correlation of -0.005 was achieved after
Response Surface Methodology was used, this indicates that there is no correlation between the
input factor and the response parameter.
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Figure 4. A graph of outlet temperature against day.

Figure 4 shows the correlation between the input parameter and the response parameter. The
outlet temperature is the response parameter and the day is the input parameter. An increase in
the number of days produced an unsteady performance as related to the outlet temperature. A
correlation of -0.002 was achieved, this shows that there is no correlation between the input
factor and the response parameter.
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Figure 5. A graph of outlet temperature against hour angle.

Figure 5 shows the correlation between the input parameter and the response parameter. The
outlet temperature is the response parameter and the hour angle is the input parameter. As hour
angle increased there was a decrease in output temperature, this shows that the hour angle does
not have a positive effect on the system. A correlation of 0.000 was achieved using Response
Surface methodology, this shows that there is no correlation between the input parameter (hour
angle) and the response (outlet temperature). As such there is no significant effect on the
response.

161



Oghogho and Aliu, International Journal of Engineering and Innovative Research 2:3 (2020) 156-168

370
360
350
340
330
320
310
300
290

Outlet temperature

295 324 . 324 353
inlet temperature

Figure 6. A graph of outlet temperature against inlet temperature.

Figure 6 shows the correlation between the input parameter and the response parameter. The
outlet temperature is the response parameter and the inlet temperature is the input parameter.
An increase in the inlet temperature lead to an increase in the outlet temperature. A correlation
of 0.687 was achieved when Response Surface Methodology was used, this shows that there is
a correlation between the input factor and the response parameter.

Response 1 Efficiency

Transform: Power

Lambda: 2.37 Constant: 0.297

Backward Elimination Regression with Alpha to Exit = 0.100
Forced Terms: Intercept

Table 4. ANOVA for Response Surface Reduced Quadratic Model.

Source Sum of Df Mean F p-value
Squares Square Value Prob > F
Model 3.29 3 1.10 49.10 < 0.0001
B-Day 2.981E-004 1 2.981E-004 | 0.013 0.9098
C-Inlet 3.00 1 3.00 134.07 | <0.0001
Temperature
B2 0.30 1 0.30 13.20 0.0030
Residual 0.29 13 0.022
Lack of Fit 0.29 9 0.032
Pure Error 0.000 4 0.000
Cor Total 3.58 16
Table 5. Analysis of variance.
Coefficient Standard | 95% Cl | 95% ClI
Factor Estimate df Error Low High VIF
Intercept 0.79 1 0.050 0.68 0.89
B-Day -6.194E-003 | 1 0.053 -0.12 0.11 1.00
C-Inlet 0.61 1| 0053 | 073 | -050 |1.00
Temperature
B2 0.26 1 0.073 0.11 0.42 | 1.00

Considering Table 4 and 5 of the flat plate solar collector, the model F-value implies that the
model is significant. Values of “Prob > F” less than 0.0500 indicate that the model terms are
significant. In this case C- inlet temperature and B? are more significant model terms. Values
greater 0.1000 indicates that the model terms are less significant. Equations 1 and 2 are relations
to predict the efficiency of the flat plate solar collector.
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Final Equation in Terms of Coded Factors:

(Efficiency + 0.30)%37 = 7.895 — 0.0006194B — 0.61C + 0.26B2 (1)
Final Equation in Terms of Actual Factors:
(Efficiency + 0.30)%37 = 7.895 — (2.950 x 10~3)Day — 0.021Inlet temp + (7.968 x 10°)Day? (2

The ANOVA Table confirms the adequacy of the quadractic model ( the model Prob > F is less
than 0.05), the probability values for each individual term in the model is shown as displayed.
When the probability values is greater than 0.10, it is best to consider removing the terms for

proper modelling.

Response 2: Outlet Temperature
Transform: Power, Lambda: 2.8, Constant: 0
Backward Elimination Regression with Alpha to Exit = 0.100

Forced Terms: Intercept

Table 6. ANOVA for Response Surface Reduced

uadratic Model.

Sum of Mean F p-value
Source Squares df Square Value Prob>F
Model 5.725E+013 6 9.541E+012 51247.08 < 0.0001
A-Hour Angle 0.000 1 0.000 0.000 1.0000
B-Day 4.182E+008 | 1 | 4.182E+008 2.25 0.1648
C-Inlet Temperature | 2.684E+013 1 2.684E+013 | 1.442E+005 | <0.0001
A2 5.301E+009 | 1 | 5.301E+009 28.47 0.0003
B2 3.020E+013 | 1 | 3.020E+013 | 1.622E+005 | < 0.0001
c2 3.463E+011 | 1 | 3.463E+011 1859.87 < 0.0001
Residual 1.862E+009 | 10 | 1.862E+008
Lack of Fit 1.862E+009 6 3.103E+008
Pure Error 0.000 4 0.000
Cor Total 5.725E+013 | 16
Table 7: Analysis of variance table.
Coefficient Standard 95% CI 95% CI
Factor Estimate Df | Error Low High VIF
Intercept 1.191E+007 1 6102.16 1.189E+007 1.192E+007
A-Hour Angle 0.000 1 |4824.18 -10748.94 10748.94 1.00
B-Day -7230.16 1 |4824.18 -17979.10 3518.77 1.00
C-Inlet 1.832E+006 1 | 4824.18 1.821E+006 | 1.842E+006 | 1.00
Temperature
A2 35480.83 1 | 6649.67 20664.44 50297.22 1.01
B2 2.678E+006 1 | 6649.67 2.663E+006 2.693E+006 1.01
c2 -2.868E+005 1 | 6649.67 -3.016E+005 -2.720E+005 1.01

Considering Table 6 and 7 of the flat plate solar collector, the model F-value implies that the
model is significant. Values of “Prob > F” less than 0.0500 indicate that the model terms are
significant. In this case C- inlet temperature, A2, B2 and C? are more significant model terms.
Values greater 0.1000 indicates that the model terms are less significant. Equations 3 and 4 are
relations to predict the outlet temperature of the flat plate solar collector.
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Final Equation in Terms of Coded Factors:

(outlet temp)?® = +1.19 x 107 — 7230.16B + 1.83 x 10°C + 35480.83A2 + 2.68 x
10°B2 — 2.87 x 105C2 (3)

Final Equation in Terms of Actual Factors:

(outlet temp)?8 = —4.16 X 107 — 29629.65 Day + 2.84 x 10°Inlet Temp +
17.52Hour Angle2 + 80.84(Day)? — 340.99 (Inlet temp)? (4)

The ANOVA Table confirms the adequacy of the quadractic model ( the model Prob > F is less
than 0.05), the probability values for each individual term in the model is shown as displayed.
When the probability values is greater than 0.10, it is best to consider removing the terms for
proper modelling.
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Figure 7. A 3D graph of efficiency against day and hour angle.

The 3D graph of efficiency against day and hour angle shows that at an inlet temperature of
352.229C, it can be observed that the maximum efficiency is at a value of 52 percent in January
with a temperature of 353K. This is because at this temperature the system may lose temperature
to the plate. Little consideration will show temperature difference between the plate and fluid
temperature is proportional to efficiency and thus at higher temperatures the efficiency
undergoes a steady drop. Low inlet temperature may increase efficiency by 36 percent for days
at the beginning and tail end of the year and a drop in maximum efficiency.

It gets to its bottom point at 183 day of the year. These results are obtainable at an hour angle
of 0 degrees. However as the hour angles passes noon, the efficiency increases for all days from
1-365 at all inlet temperatures. The range of efficiency tends to increase as hour angle moves
towards noon for a single day and difference in inlet temperature. The efficiency rises to almost
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93 percent at 3pm in January when the inlet temperature is at room temperature but drop to zero
at 353K. The hour angle seems to have little effect on the efficiency of the system.
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Figure 8. A 3D graph of efficiency against day and hour angle.

The 3D graph of efficiency against day and hour angle shows that at an inlet temperature
of 324.78°C, a reduction in the number of days lead to a decrease in efficiency towards the
mid-point of 183 days. As observed from the mid-point to the end, there was an increase in the
efficiency and the hour angle. This implies that January, February and March which has a mid-
month with lower days has more efficiency and it drops while approaching the middle of the
year which is the raining season and it rises towards the end of the year (September, October,
November and December). The colour indication at the edge of the 3D graph shows that using

inlet temperature of 324.78°C allows only the months close to the edge, which is January and
December get an efficiency that is close to 0.93.
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Figure 9. A 3D graph of efficiency against day and hour angle.

The 3D graph of efficiency against day and hour angle shows that at an inlet temperature of
295.789C, a decrease in the number of days causes a decrease in efficiency towards the mid-
point considering it at 183 days as shown in figure 9. As observed from the mid-point to the tail
end there is an increase in efficiency, as the hour angle increases there is also an increase in the
efficiency. This implies that January, February and March which has a mid-month with lower
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days has more efficiency and it drops while approaching the middle of the year which is the
raining season and it rises towards the end of the year (September, October, November and
December). Looking at the colour of the 3D graph which appears red in almost all its part as
indicated on the efficiency factor key (turning red is attaining close to 0.93 efficiency and blue
is moving away from the efficiency). An outlet temperature of 295.789C shows that almost all
part of the year can attain 0.93 efficiency but it is darker at the edge, indicating January,
February, March, fairly April, September, October, November and December can achieved
maximum efficiency of 0.93.
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Figure 10. A 3D graph of outlet temperature against day and hour angle.

The 3D graph of efficiency against day and hour angle shows that at an inlet temperature of
324.00°C, a reduction in the number of days causes a decrease in outlet temperature towards
the mid-point of about 183 days. From the mid-point to the tail end, there is an increase in outlet
temperature. As the hour angle increase there is also an increase in the outlet temperature. This
implies that January, February and March which has a mid-month with lower days has more
outlet temperature and it drops while approaching the middle of the year which is the raining
season and it rises towards the end of the year (September, October, November and December).
Using an inlet temperature of 324.00°C it shows on the 3D graph as indicated by the colour
paterns that the outlet temperature of 375.12°C cannot be achieved.
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Figure 11. A 3D graph of outlet temperature against day and hour angle.
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The 3D graph of efficiency against day and hour angle shows that at an inlet temperature of
295.00°C, a reduction in the number of days causes a decrease in the outlet temperature as it
tends towards the mid-point of the graph but after the mid-point and moving towards the tail
end, the outlet temperature increases. An increase in the hour angle leads to an increase in the
outlet temperature. This implies that January, February and March which has a mid-month with
lower days has more outlet temperature and it drops while approaching the middle of the year
which is the raining season and it rises towards the end of the year (September, October,
November and December). Using an inlet temperature of 295.00°C it shows on the 3D graph
using the colour pattern that the outlet temperature of 375.12°C cannot be achieved.
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Figure 12. A 3D graph of outlet temperature against day and hour angle.

The 3D graph of efficiency against day and hour angle shows that at an inlet temperature of
353.00°C, a reduction in the number of days causes a decrease in outlet temperature till it gets
to the mid-point of 183 days and from the mid-point the curve tends to move upwards, causing
an increase in outlet temperature. An increase in hour angle also leads to an increase in outlet
temperature. This implies that January, February and March which has a mid-month with lower
days has more outlet temperature and it drops while approaching the middle of the year which
is the raining season and it rises towards the end of the year (September, October, November
and December). Using an inlet temperature of 353.00°C it shows on the 3D graph from the
colour pattern that the outlet temperature of 375.12°C can be achieved by the months closer to
the edges of the curve.

4. CONCLUSION

In this study a model was developed to effectively predict the output temperature and efficiency
of the solar thermal system. The response parameters and the considered input parameters were
output temperature, efficiency and hour angle, day, input temperature respectively. It was found
that the temperatures and solar radiation were higher at the beginning and ending of the year,
the months at the middle of the year experience a reduction in temperature and solar radiation
due to the rainy season.

January, February, March, fairly April and September, October, November, and December
experience a higher temperature and solar radiation respectively.
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ABSTRACT: This study focuses on the optimisation of the injection moulded Polypropylene —Sawdust
composite. The Polypropylene material and sawdust were mixed together to form a homogenous mixture with
various percentage composition by volume as recommended by the design of experiments using the central
composite design (CCD). The two screw plunger injection moulding machine was used to produce Polypropylene-
Sawdust composite at various temperature. The produced composite was evaluated for its mechanical properties
which included tensile strength, proof stress, percentage elongation and flexural strength. The response surface
methodology (RSM) and artificial neural networks (ANN) were used to determine the effect of the interaction of
temperature, material type and percentage by volume of material on the mechanical properties of the produced
Polypropylene -sawdust composite. The models were validated using coefficient of determination (R?), the
coefficient of determination (R?) obtained ranged from 0.9435 (94.357%) to 0.9988 (99.88%) which indicates that
a substantial good fit was achieved by the developed models. A desirability of 0.952 was obtained which shows
the adequacy of the model terms the optimization results for Polypropylene -Sawdust composite shows that the
tensile strength, proof stress, flexural strength and flexural modulus were maximized with a values of 31.90 MPa,
41.94 MPa, 88.22 MPa and 2.72 GPa respectively which was obtained at barrel temperature of 224.65 °C.
Percentage elongation and average deflection were minimized with a values of 74.12% and 6.46 cm respectively.
The artificial neural networks gave the optimal of the two examined models.

Keywords: Central composite design, Composite, Modeling, Polypropylene, Sawdust.

1. INTRODUCTION

Injection moulding is a very complex process and its process variable like barrel temperature,
injection pressure, the material flow rate, mould temperature and flow pattern usually influence
the properties of polymeric materials [1]. Injection moulding is a cost-effective way to produce
complex, three dimensional shapes at high volumes. In the plastic industry, injection moulding
makes up about 32% weight of all plastic processing methods, this is second only to extrusion
which is 36% weight. Composite are man-made materials which are currently being used in
wide application in the manufacture of industrial as well as consumer products [2].The
deformable state achieved by plastic-sawdust composites at elevated temperature before
chemically setting, allow them to be shaped to any intricate form. According to this principle
of combined action; new properties, better property combinations, or a higher level of properties
are fashioned by the judicious combination of two or more distinct materials. A typical
composite material is a system of materials comprising two or more materials (mixed and
bonded) on a macroscopic scale.
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Investigation was carried out to model the fundamental bonding characteristics and
performance of wood composite [3]. In this investigation, a mathematical model and a
computer simulation model were developed to predict the variation of inter-element (strand)
contact during mat consolidation. The mathematical predictions and the computer simulations
agree well with each other. Their results showed that the relationship between the inter-element
contact and the mat density was highly nonlinear and was significantly affected by the wood
density and the element thickness.

Moreover, empirical models were developed making use of previously obtained experimental
data to estimate the properties of produced composite material from agro waste. The developed
empirical models were used to predict the properties of composite material (hardness, yield
strength, ultimate tensile strength, modulus of elasticity, modulus of rupture, internal bond
strength, density, thickness of swelling and water absorption) taking the inputs as percentage
of sawdust composition and percentage of palm shell composition respectively [4].

The effect of reinforcement combination on the mechanical strength of glass reinforced plastic
was examined using compression moulding. A Proof stress of 29.52N/mm? at a barrel
temperature of 232°C was obtained [5]. The effects of temperature relative humidity and
feedstock temperature on injection moulded part dimension and short term mechanical
properties observed from tensile testing was investigated and results indicated that
environmental conditions influenced the moulded part quality to varying degrees and that the
environmental conditions should be controlled for applications with tight tolerances [6].
Injection modelled polypropylene sawdust composite produced and some mechanical
properties like, tensile strength, proof stress, percentage elongation, average deflection, flexural
modulus and flexural strength were determined [7].

This study therefore seek to optimize the produced polypropylene-sawdust composite in order
to determine the optimal composition of the input parameters.

2. MATERIALS AND METHODS

The following materials were used for this work: Polypropylene (PP) in powdered form,
Sawdust (from Mahogany tree obtained from saw mill in Benin City, Edo State Nigeria, two
stage-screw plunger Injection machine (Fox and offord), 120 tons two stage-screw plunger, a
toggle clamp attached to the injection end of injection moulding, MONSANTO
TENSOMETER, Type ‘W’ Serial No. 8991 and a mould made from Silicon.

2.1. Method of Data Collection

In this study, primary data were collected from the mechanical properties test results obtained
from the developed Polypropylene-Sawdust composite.

2.2. Experimental Designs
In this study, a two-variable central composite design (CCD) was used to plan the experiments,
develop statistical models for predicting the chosen responses and to optimise the responses

and factors. The design points are made up of 2n factorial points as well as star points. The star
points are particularly necessary for estimating the curvature of the response surface especially
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for nonlinear models. The CCD is the only response surface design that can be used for planning
experiments with two factors [8].
2.3. Models Development

Design Expert® software version 7.0.0, (Stat-ease, Inc. Minneapolis, USA) was used to design
the experiment and to analyze the experimental data obtained. The factors considered were
temperature and the level of polymer (PP) in the matrix. The range and levels of these factors
are shown in Table 2 and was calculated using Equation (1). In generating the experimental
design matrix, the Design Expert® software utilizes the concept of randomisation and the
essence of this is to minimise the effect of unexplained variability in the chosen responses [9].
In this case, the responses chosen for consideration were tensile strength, proof stress,
percentage elongation, average deflection, flexural strength and flexural modulus.

X = i 0 (l)

In Equation 1, x; and X; are the coded and actual values of the factors respectively while X, is
the actual value of the factors at the centre point, and AX; is the step change in the value of the
actual values of the factors.

In selecting the appropriate model for predicting the responses, different model types in the
Design Expert software library were considered. The first type of model usually investigated is
a linear model shown in Equation (2). It is usually proposed to predict the response of the
dependent variables and to predict their optimum values when the relationship between the
factors and the responses is thought to be linear.

Y:b0+ibiXi+iei (2
i1 i-1

Where Y; is the dependent variable or predicted response, Xiis the independent variables, b, is
offset term, b; is the regression coefficient and e; is the error term.

Equation (3) is a two-factor interaction regression model which was also proposed to predict
the response of the dependent variables and to predict their optimum values.

Y:b0+ZN:b,.Xi+§:bUXin+ﬁ:ei 3)
i=1

i=1 i,j=1
Xjis the independent variables or factors while bjj is the coefficient of the interaction terms. For

situations where the relationship between the factors and the responses is thought to be
nonlinear, a second order model as shown in Equation 4 can be used to predict the response.

Y=b, +ZN:bI.XI. +ZN:bU.XI.X]. +ZN:bﬁXi2 +ZN:ei (4)
i=1 i=1 i=1

ij=1

The second order model is the most widely used model for response surface methodology [9].
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Table 1. R? and RMSE Values of MNFF and MFFF using Different Training Algorithms for Flexural Strength
(PP- sawdust composite).

Network Trainin Network Trainin
architecture algorithgw R squared RMSE architecture algorithr% R squared RMSE
*1BP 0.9987 0.2359 IBP 0.9971 0.3567
BBP 0.9976 0.3245 BBP 0.9975 0.3263
*MNFF QP 0.9749 1.0416 MFFF QP 0.9705 1.1288
GA 0.9968 0.3708 GA 0.9969 0.3636
LM 0.3603 5.2583 LM 0.9221 1.8351

*best learning algorithm and network

3. RESULTS AND DISCUSSION

The range and levels of these factors are shown in Table 2 and they were calculated using
Equation.1 [10]. In this case, the responses chosen for consideration were tensile strength, proof

stress, percentage elongation, average deflection, flexural strength and flexural modulus.

Table 2. Coded and Actual Levels of the Factors for PP-Sawdust Composite.

] Coded and Actual Levels
Factors Unit Symbols
-1.414 -1 0 1 1.414
Temperature c X1 210.00 | 224.64 | 260.00 | 295.36 | 310.00
PVC level % X 60.00 | 6146 | 6500 | 6854 | 70.00
3.1. Determination of Appropriate Model
Table 3 shows the summary of model fit results for PP-Sawdust composite
Table 3. Summary of Model Fit Results (PP-Sawdust Composite).
Tensile strength
Standard ) Adjusted Predicted
Source deviation R R R2 PRESS Remark
Linear 4.06 0.0289 0.0165 0.0161 323.34
2FI 4.28 0.0289 0.0249 0.0152 429.50
Quadratic 1.86 0.8579 0.7564 0.0470 170.83 Suggested
Cubic 0.66 0.9872 0.9692 0.2456 128.28 Aliased
Proof stress
Standard ) Adjusted Predicted
Source deviation R R R PRESS Remark
Linear 4.04 0.0339 0.01593 0.008 318.57
2F| 4.25 0.0339 0.0288 0.0152 426.14
Quadratic 1.83 0.8614 0.7625 0.0268 164.08 Suggested
Cubic 0.78 0.9821 0.9571 0.7404 169.85 Aliased
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Table 4. Lack of Fit Test Results (PP-Sawdust composite).

Tensile strength
Source ‘:’:{;S fofgggrﬁf Sl\(;lﬁ:rl F-value p-value Remark
Linear 164.95 6 27.49 610.93 < 0.0001
2FI 164.95 5 32.99 733.10 < 0.0001
Quadratic 23.98 3 7.99 177.65 0.081 Suggested
Cubic 2.00 1 2.00 44.44 0.0026 Aliased
Pure Error 0.18 4 0.045
Proof stress
Source i:lr];fef ifgggg:qf shéllf:?e F-value p-value Remark
Linear 162.52 6 27.09 294.43 < 0.0001
2F| 162.52 5 32.50 353.31 < 0.0001
Quadratic 22.99 3 7.66 83.31 0.0510 Suggested
Cubic 2.64 1 2.64 28.75 0.0058 Aliased
Pure Error 0.37 4 0.092

Source: Aliyegbenoma etal 2020

Tables 3 and 4 shows the Summary of model fit results and Lack of fit test results for PP-
Sawdust composite respectively. As seen from the results, the quadratic model was suggested
as the most appropriate model to predict the responses. This decision was reached based on the
statistical parameters backing up the quadratic model. Among a number of alternatives, the
model chosen should be the one with the desirable statistical parameters such as high R? value,
low standard deviation, and low PRESS. The quadratic model was found to have the highest R?
values for all the responses for tensile strength and proof stress as shown in Table 3 for PP-
Sawdust composite. The quadratic model was also found to have the lowest standard deviation
and PRESS as shown in Table 4 for PP-Sawdust composite. Thus, the quadratic model was
adopted for predicting the responses under investigation in this study.

Table 5 shows the RSM predicted result and the experimental for tensile strength and proof
stress for PP-Sawdust composite, while table 6 shows the ANN predicted and experimental
results for tensile strength and proof stress for PP-Sawdust composite.

Table 5. Experimental and RSM Predicted Results for Tensile Strength and Proof Stress
(PP-Sawdust Composite).

Factors Response
Run Coded values Actual values Tensile strength (MPa) Proof stress
X1 Xz X1 X Experiment | Predicted | Experiment | Predicted
1 0 260.00 | 50.00 33.70 33.50 43.60 43.48
2 1 -1 295.36 | 42.93 28.60 29.23 39.60 40.17
3 1 295.36 | 57.07 29.40 28.87 39.10 38.64
4 | 1.414 0 310.00 | 50.00 33.80 33.77 43.80 43.80
5 0 -1.414 | 260.00 | 40.00 25.50 24.60 36.60 35.68
6 0 1.414 | 260.00 | 60.00 23.30 24.03 33.70 34.23
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7 -1 -1 224.64 | 42.93 28.50 29.20 38.60 39.46
8 | -1.414 0 210.00 | 50.00 33.80 33.66 43.90 43.50
9 -1 1 224.64 | 57.07 29.20 28.75 39.10 38.93
10 0 0 260.00 | 50.00 33.70 33.50 43.30 43.48
11 0 0 260.00 | 50.00 33.50 33.50 43.10 43.48
12 0 0 260.00 | 50.00 33.20 33.50 43.50 43.48
13 0 0 260.00 | 50.00 33.40 33.50 43.90 43.48

Table 6. Experimental and ANN Predicted Results for Tensile Strength and Proof Stress
(PP-Sawdust Composite).

Factors Response
Run Coded values Actual values Tensile strength (MPa) Proof stress
X1 X X1 X Experiment | Predicted | Experiment | Predicted
1 0 260.00 | 50.00 33.70 33.50 43.60 43.48
2 1 295.36 | 42.93 28.60 28.60 39.60 39.60
3 1 1 295.36 57.07 29.40 29.40 39.10 39.10
4 | 1414 0 310.00 | 50.00 33.80 33.80 43.80 43.80
5 0 -1.414 | 260.00 | 40.00 25.50 25.50 36.60 36.60
6 0 1414 | 260.00 | 60.00 23.30 23.30 33.70 33.70
7 1 1 224.64 | 42.93 28.50 28.50 38.60 38.60
8 | -1.414 0 210.00 | 50.00 33.80 33.80 43.90 43.90
9 1 1 224.64 | 57.07 29.20 29.20 39.10 39.10
10 0 0 260.00 50.00 33.70 33.50 43.30 43.48
11 0 0 260.00 | 50.00 33.50 33.50 43.10 43.48
12 0 0 260.00 50.00 33.20 33.50 43.50 43.48
13 0 0 260.00 50.00 33.40 33.50 43.90 43.48

3.2. Comparison of RSM and ANN Predictive Performance

In order to determine the optimal parameters and the accuracy of RSM and ANN in predicting
tensile strength, proof stress, percentage elongation, average deflection, flexural strength and
flexural modulus, the comparison is directly related to their predictive capability. The model
with the better predictive capability will be able to predict the responses with a higher accuracy.
The predictive capability of RSM and ANN was assessed using R? value, adjusted R? value,
root mean square error (RMSE) and absolute average deviation (AAD) as shown in Table 7 for
PP-Sawdust composite. A good and accurate model prediction is usually characterized by high
values of the R? value and adjusted R? value as well as very low RMSE and AAD. A comparison
of the predictive capability of RSM and ANN as observed from the R? value, adjusted R? value,
root mean square error and absolute average deviation shows that ANN performed better than
RSM. This is because ANN had a very high R? and adjusted R? values with a very low RMSE
and AAD values compared with RSM as shown in Table 7.

Table 7. Comparison of RSM and ANN Predictive Performance (PP-Sawdust Composite).

RSM ANN
Parameter | Tensile % Aver. Flexura | Flexural | Tensile % Aver. Flexura | Flexural
Pro. - - Pro. . .
S strengt elongatio | deflectio | modulu J strengt elongatio | deflectio | modulu
Stress stress
h n n strength S h n n strength S

R? 0.9810 O.Si78 0.9791 0.8834 | 0.9887 | 0.8965 | 0.9988 0'%97 0.9957 0.9709 0.9987 | 0.9435
Adj.R? | 0.9675 0'262 0.9641 0.8000 | 0.9807 | 0.8226 0.9979 0'395 0.9926 0.9501 | 0.9978 | 0.9031
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RMSE 0.3817 0'3;84 0.6077 0.2655 0.5404 | 0.0699 1 0.0949 0'%335 0.2775 0.1328 | 0.1828 | 0.0519
AAD 0.0088 0'306 0.0055 0.0265 0.0044 | 0.0189 | 0.0012 0'%01 0.0016 0.0081 | 0.0010 | 0.0083

3.3. Polarity Plot for RSM and ANN

Figuresl (a) and (b) show the ANN parity plot of the responses for PP sawdust composites. It
is a plot of the predicted response values versus the experimental response values. The purpose
is to detect a value, or group of values, that are not easily predicted by the model. Comparison
of the experimental values of the response and those predicted by the ANN model showed that
there was an acceptable level of fit between the experimental and model predicted results. This
is evident from the fact that the data points all clustered around the 45° diagonal line showing
that there was minimal deviation between experimental and predicted values thus indicating
optimal fit of the model. Comparing these results with those presented in Figures 1(c) and (d)
for the RSM prediction, it can be seen that the data points in Figures 1 (a) and (b) clustered
around the 45° diagonal line closer than that for the RSM results. This is an indication that the
ANN model has better predictive capability compared to the RSM model. Therefore the optimal
composition model is shown in Equation 5.

PP sawdust composite = 45.56X, + 54.44X; at temp of 224.64 °C (5)
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Figure 1. (a) Tensile strength (b) proof stress for ANN parity plot and (c) tensile strength (d) proof stress for
RSM parity plot for PP-Sawdust composite.
3.4. Optimal Composition for PP-Sawdust Composite
Table 8 shows the variables and their optimal values for PP-sawdust composite.

Table 8. Optimization result for PP-sawdust composite
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Variable Value
Temperature 224.64 °C
Polymer level 45.56%
Maximum tensile strength | 31.90 Mpa
Maximum proof stress 41.94 Mpa
Minimum percentage 74.12%
Minimum average 6.46 cm
Maximum flexural strength | 88.22 Mpa
Maximum flexural 2.72 Gpa
Desirability 0.952

3.5. Response Surface and Contour Plot

Figure 2 shows the response surface and contour plot showing the effect of temperature and
polymer level on (a) tensile strength (b) proof stress for the PP-sawdust composite. Intermediate
levels of PP-sawdust were necessary to achieve optimum values of tensile strength as shown in
Figure 2 (a). On the other hand, the effect of temperature on tensile strength was not very

significant. For proof stress, Figure 2 (b) shows a similar trend to that shown in Figure 2(a). In

the same way, intermediate levels of PP-sawdust were necessary to achieve optimum values of

proof stress while temperature did not significantly influence the value of proof stress.
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Figure 2. Response surface and contour plot showing effect of temperature and polymer level on (a) tensile
strength (b) proof stress for PP-Sawdust composite.
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4. CONCLUSION

Models were developed for predicting the optimal mechanical properties (tensile strength, proof
stress, percentage elongation and flexural strength) for the produced Polypropylene-sawdust
composites with a desirability of 0.952. in validating the model coefficient of determination
(R2) was used which gave a range of values between 0.9135 and 0.9988 which is an indication
of achieving sustantial good fit by the developed model. Also from the result of the R2, adjusted
R?, RMSE and ADD.

The optimization results for Polypropylene-sawdust composite shows that the tensile strength,
proof stress, flexural strength and flexural modulus were maximized with values of 31.90 MPa,
41.94 MPa, 88.22 MPa and 2.72 GPa respectively obtained at barrel temperature of 224.65 °C
and polymer level of 45.56% while percentage elongation and average deflection were
minimized with values of 74.12% and 6.46 cm respectively.
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ABSTRACT: Risk analysis is a crucial part for classifying applicants in life insurance business. Since the
traditional underwriting strategies are time-consuming, recent works have focused on machine learning based
methods to make the steps of underwriting more effective and strengthening the supervisory. The aim of this study
is to evaluate the linear and non-linear regression-based models to determine the degree of risk. Therefore, four
linear and non-linear regression algorithms are trained and evaluated on a life insurance dataset. The parameters
of algorithms are optimized using Grid Search approach. The experimental results show that the non-linear
regression models achieve more accurate predictions than linear regression models and the LGBM algorithm has
the best performance among the all regression models with the highest R2, lowest MAE and RMSE values.

Keywords: Life insurance, Predictive analytics, Insurance analytics, Regression-based risk analysis.

1. INTRODUCTION

Insurance is one of the important business domains affected by digital transformation and
technology [1]. Many data are produced in the insurance sector, such as requests from different
channels, and sales from different platforms. When we consider the data types collected, it is
possible to categorize types of insurances as follows i) Elementary insurances: They include
standard data (model, color, engine etc.), past damage and repair information of cars for specific
types such as motor insurance and traffic ii) Life insurances and private pension insurances:
These types of insurances include detailed information from the demographic information of
the person to the financial situation [2].

For a life insurance company, the traditional underwriting strategies are time-consuming and
expensive. Therefore, finding ways to make the underwriting process faster and more cost
efficient is crucial. Machine learning methods have proven effective in streamlining the method
of underwriting and strengthening decision-making [3].

As stated in [4] underwriting process requires gathering detailed insurance claim records, which
may be lengthy. The candidates are typically submitted to different medical examinations and
the insurance provider must be supplied with all appropriate documentation. A research by [5]
indicates that low capacity underwriting is a prominent operating concern among insurance
firms surveyed in Bangladesh. Another risk to life insurance providers is not being prepared to
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confront unfavorable competition. In this study it is aimed to apply predictive models to identify
the degree of risks based on a dataset [6] containing 1,338 applications and to propose the most
appropriate regression model for the risk management to optimize the underwriting process.
The rest of the paper is organized as follows: Section 2 gives information about the materials
and methods used. Section 3 presents evaluation results of the proposed study. Section 4
discusses and concludes the paper.

2. MATERIALS AND METHODS
2.1. Linear and Non-Linear Regression Methods

Regression which is one of the main areas of interest in statistical science, estimates the value
of the dependent variable (y) based on the value of at least one independent variable (x) and
explains the effects of changes in the independent variable on the dependent variable. In general
regression models are examined in two groups as linear and non-linear.

Linear regression models use linear equations. A line is defined by a simple equation, measuring
y from X, slope and intercept. The aim of linear regression is to find slope and intercept values
which define the line that is closest to the samples data [7].

y(X)=00+01X1+62X2++€ (1)

Non-linear regression is more general than linear regression and can match the data with any
model. It finds parameter values that generate the curve closest to the samples data [8]. Equation
1 and 2 show linear and non-linear regression formulas respectively. X;, X, and X specifies
independent variables, 8, is intercept, 8;, 6, and 85 are slope coefficients. ¢ is the random error
term.

y=hg(x) =0y+6,.X,+6,.X2+65.X3..+¢ (2)

2.2. Evaluated Regression Algorithms

PLS (Partial least squares) Regression is a statistical approach like the principal components’
regression. The linear regression model is calculated by projecting the target variables and the
observed variables into a new space [9].

RidgeRegression is also known as Tikhonov regularization, usually increases the performance
of parameter identification problems giving precise approximate solutions in exchange for an
acceptable level of bias [10].

LassoRegression is a method of linear regression that conducts both feature selection and
regularization to improve the accuracy of estimation and generalizability of the mathematical
model it generates [11].

LGBM (Light Gradient Boosting Method) is a gradient boosting approach based on tree
learning algorithms. It supports parallelism and is designed to be capable of handling large-
scale data [12].

RandomForest is an ensemble (collaborative) method that can execute both regression and
classification tasks using multiple decision trees, and a method called Bootstrap Aggregation,
widely known as bagging [13].
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CART (Classification and Regression Trees) tree is a binary decision tree which is formed
constantly by dividing a node into two child nodes, starting from the root node containing the
entire training data set [14].

SVR (Support Vector Regression) is similar to the SVM (Support Vector Machine) classifier
and characterized using kernels, sparse solution, and VC (Vapnik-Chervonenkis) control of the
margin and the number of support vectors [15].

2.3. Dataset

In the study, “Insurance Premium Prediction” dataset containing 1,338 applications
(observations) and 7 attributes (variables) is used [6]. This dataset contains 4 numerical
attributes including age (in years), number of children, body mass index and medical costs. It
also holds 3 nominal attributes: gender (male, female), smoking status (yes, no) and the region
(southeast, southwest, northeast, northwest). The attribute named “expenses” is the dependent
target variable and includes medical cost. The independent variables are the remaining 6
attributes. Table 1 shows the top 5 samples from the dataset.

Table 1. Top 5 samples of the dataset.

age sex bmi children smoker region expenses
0 19 female 27.9 0 yes southwest 16884.92
1 18 male 33.8 1 no southeast 1725.55
2 28 male 33.0 3 no southeast 4449.46
3 33 male 22.7 0 no northwest 21984.47
4 32 male 28.9 0 no northwest  3866.86

2.4. Pre-processing and Exploratory Data Analysis (EDA)

Pre-processing of data, also known as the data cleansing stage, includes eliminating noisy data,
transforming variables, handling missing values, scaling the range of data, and label-encoding
for categoric variables. Since the main purpose of the dataset is to predict medical expenses,
the “expenses” variable is transformed to a “risk score” (1-100) using data transformation
method named min-max scaler as the first step. Then, the exploratory data analysis (EDA) is
applied to analyze the data based on various features such as age, body mass index, number of
children, cigarette addiction and location against the current risk score.

EDA consists of univariate and multivariate analyzes. Thanks to EDA, the researchers are
provided to understand the different distributions displayed by the features. Moreover, in the
bivariate analysis, independent variables which are capable of impacting the target (dependent)
variable can be analyzed. It can be seen intuitively which variables affect the target variable
more strongly.

Although dozens of EDA analysis have been done in the study, the results of three EDA
analyzes are presented and explained. Figure 1 that is a univariate analysis shows the
distribution of the risk scores using a distribution plot having twenty bins. A significant part of
the samples are in the range in which the risk score variable (target variable) takes a value
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between 0-30. Besides there is also a remarkable distribution of samples in the 50-80 value
range.
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Figure 1. The distribution of risk scores.

Figure 2 presents the distribution of risk scores of smokers using a category plotter. It is
observed that smokers have higher risk scores than non-smokers.
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Figure 2. The distribution of smokers with their risk scores.
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Figure 3 illustrates the relation between age and risk score considering smoking status. The
risk scores of smokers are higher than the risk scores of non-smokers. Regardless of the
smoking status, the risk scores of the people increased in accordance with their age, but it is
still seen that the smokers' risk scores are higher than the non-smokers.
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Figure 3. The relation between age and risk score considering smoking status.

3. EVALUATION METRICS

All trained regression models are evaluated utilizing on two common metrics named Root Mean
Square Error (RMSE), and coefficient of determination (R?) [16]. RMSE is a widely used
measure of the difference between predicted and the real values of the model from the system
that is trained. The RMSE values of a regression model is formulated as the square root of the
mean squared error. R2 indicates percentage variation of prediction values. The value of the R?
is between 0 and 1. The formulas of metrics are defined as follows.

n L N2
RMSE — \/21=1(Ymodel,1 YObS,l) (3)

n

RZ _ 1 _ 2?:1(Yobs,i_ymodel,i)2
- Y™, (Yobsi—Yops)? @
i=1( obs,i obs)

where Yopsare real values, and Ymoder are the predicted values of model at position i.
4. EXPERIMENTAL RESULTS

In this work, four linear (LinearRegression, PLSRegression, RidgeRegression,
LassoRegression) and four non-linear (LGBM, RandomForest, CART, SVR) regression
algorithms are trained and obtained models are evaluated using Grid Search parameter
optimizations (hyperparameter optimization) [17] which lets the selection of the best
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parameters for an optimization problem from a list of parameters which is provided. The
experimental results shown in Table 2 and Table 3 indicate that non-linear regression models
perform more accurate predictions than linear regression models. CV_R? indicates the R? value
obtained after performing cross validation.

Table 2. The evaluation performances of linear regression models.

Model R? CV_R?* | RMSE | MAE
1 | LinearRegression | 0.787472 | 0.732067 8.0 5.0
2 PLSRegression | 0.766873 | 0.732054 9.0 6.0
3 | RidgeRegression | 0.767271 | 0.732054 9.0 7.0
4 | LassoRegression | 0.767237 | 0.732107 9.0 7.0

Findings yield as follows; Linear Regression algorithm has the highest performance with the
lowest mean absolute error (MAE) value of 5.0 and lowest root-mean-squared error (RMSE)
value of 8.0 between the linear regression models. On the other hand, LGBM shows the best
performance between non-linear models with the highest R?, lowest MAE and RMSE values of
0.942658, 3.0 and 6.0, respectively, as compared to the other non-linear models.

Table 3. The evaluation performances of non-linear regression models.

Model R’ CV_R?* | RMSE | MAE
1 LGBM 0.942658 | 0.912114 6.0 3.0
2 | RandomForest | 0.951977 | 0.907872 6.0 3.0
3 CART 0.903022 | 0.885989 7.0 4.0
4 SVR 0.893027 | 0.827012 7.0 4.0

After hyperparameter optimization, obtained optimum parameters’ values of the best
performing algorithm LGBM is shown in Table 4.

Table 4. The optimum parameters’ values of LGBM regression model.

Parameter Name | Value
colsample_bytree 0.9
learning_rate 0.5

max_depth 2
n_estimators 20

5. CONCLUSIONS

With the recent advances of technology, data analytics has become an important trend. In the
area of life insurance, predictive analytics using learning algorithms have made a significant
difference in how business is conducted comparing to traditional approaches. In this research,
four linear algorithms named LinearRegression, PLSRegression, RidgeRegression,
LassoRegression and four non-linear regression algorithms named LGBM, RandomForest,
CART, SVR are implemented, trained and tested on a publicly available insurance dataset.
Hyperparameter optimization is performed to find the best parameters of the algorithms. The
experimental results show that non-linear models have better accuracy than linear ones. Finally,
it can be concluded that tree-based non-linear regression models (LGBM, RandomForest) are
promising to forecast the risk score of applicants and can be used in real-life scenarios.
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ABSTRACT: The person who has challenges not meeting needs due to the loss of his / her physical, mental and
sensorial abilities to a certain extent on account of birth or any reason is defined as 'disabled’ if any care or
rehabilitation is required. These people have difficulty adapting to social life. Prostheses have been developed to
ensure this compatibility. Today, by measuring directly from the patient, the production in place of the organ lost
by the patient is carried out suitably. In this study, It was carried out to control muscle signals with EMG sensor
prosthetic hand manufactured by a 3D printer. The movement of the fingers was performed by processing the
signals received from the EMG sensor with a microcontroller and transmitting them to the servo motors in the
form of meaningful values. Findings obtained were evaluated by comparison.

Keywords: Prosthetic, 3D printer, Microcontroller, EMG sensor.

1. INTRODUCTION

Today, with prostheses produced using light materials (plastic, composite, aluminum), a
patient-oriented approach enables people who have lost organs to reach their old standards of
life. The microchips and robotic systems used in the prosthesis minimize the adaptation and
learning process provided by the mechanical movements of the prosthesis[1].The changes in
living things occur as a result of the contraction of the muscles. Muscle fibres are transmitted
through motor nerves. They can also respond to a warning such as electric current. The
contraction of the muscle can take two forms: fixed neck swelling of the neck or both
swelling and shortening of the neck. It is an EMG signal that we use for human-machine
communication, with the contracted muscles being an electrical physiological signal
representing the movements of the relevant motor unit. EMG signal amplitude varies between
0-10 mV or 0-1.5mV. The signal is in the 50-500Hz frequency range [2].

The devices used for rapid prototyping producing layer by layer according to the design to the
finest detail are called 3D printers. Since the desired product is encountered in a short time, it
is a great invention in technology. It can manufacture from hundreds of kinds of materials
(plastic, metal, polymer, ceramic, etc.) [3-5]. 3D printing methods are FDM (Fused
Deposition Modeling), SLS (Selective Laser Sintering), SLA (Stereolithography), PJ
(Polyjet), LOM (Layered Object Manufacturing), Binder Jet (Binder Jet Technique). The
most preferred type of 3D printing is FDM type 3D printing. FDM type printers are the
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technology that makes production by placing PLA and ABS thermoplastics as the raw
material, on top of each other, in preferred layers.

In the literature, Cinal et al. [6], a virtual prosthesis was designed using single and dual-
channel YEMG data. The virtual prosthesis is controlled in real-time by YEMG. With this
processed data, the opening of the Virtual Prosthesis maintains its closing position. Kaya et al.
[7] kinematic and dynamic analyzes of a hand prosthesis mechanism were performed. With
the designed model, it used simulation outputs and motion analysis program to determine its
dynamic behaviours accurately and successfully. Besides, it has been examined to provide
supervision according to EMG signs. As a result of the experiments, it was revealed that three
different hand movements were successful. Isler et al. [8] studied the EMG sensor, which
senses the signals in the forearm muscles, with four classifiers for hand control, which can
perform four separate movements, tightening, loosening, contraction and release. Here, in the
machine learning algorithms, the k-nearest neighbour algorithm has been classified with
MLP, RBF, and SWM. As a result of the tests and measurements, the classifier that showed
the best performance was SWM.

Isler et al. [9] was drawn a hand prosthesis with Solidworks and printed on a 3D printer. In
the design of the Electric-Electronic system, analog signals received from the SEMG were
converted into digital signals, and precise movements were performed on the hand prosthesis
together with the servo motor. Voltage values are compared and recorded personally. With the
study, an inexpensive, lightweight, and easy-to-use application has been carried out for people
with disabilities to reach. Tasar [10] was manufactured the prototype of the five-finger and
fifteen-jointed prosthetic hand with a 3D printer, and this prosthetic hand was simulated with
SimMechanics. The data and signals we received in real-time were compared with those
obtained from the simulation, and a 70% success rate was achieved. Kate et al. [11] examined
the ease of use, the benefits of living prostheses produced with 3D printing, and the
advantages and disadvantages compared to traditional prosthetics. Cabibihan et al. [12] were
scanned computed tomography images of the cut and non-cut arm of the sample person. The
support structure and mold of the prosthetic arm are prepared with 3D printing with silicone
material. This produced prosthetic arm was compared with the non-incision arm that was
previously scanned in computed tomography. As a result of the comparison, a high accuracy
rate was achieved. In this study, It was carried out to control muscle signals with EMG sensor
prosthetic hand manufactured by a 3D printer. The movement of the fingers was performed by
processing the signals received from the EMG sensor with a microcontroller and transmitting
them to the servo motors in the form of meaningful values. Findings obtained were evaluated
by comparison. Aksoy et al. [13] were created by pressing a five-finger robotic arm with a 3D
printer. Six servo motors are mounted on the robot arm to move the fingers and wrists on the
created robot arm. With the developed Python software, the microcontroller was
communicated in series, and the sign language movements were detected by the robot arm.

2. MATERIAL AND METHODS

In the study, 3D printer, servo motors, rope line, EMG sensor, the microcontroller used as
materials. In the method, design, manufacturing, assembly, and software of the prosthetic
hand consists of stages.

2.1. Material
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In the material section, the elements for the prosthetic hand designed .stl formats were
manufactured by a 3D printer of TwoTreesBluer, such as shown in Figure 1. Processing
parameters are printing speed 50mm/sec, nozzle diameter 0.4mm, layer thickness 0.2mm.
PLA filament was preferred as the printing material.

Model TwoT reesBluer

Nozzle diameter 0.4mm

Building table 235 * 235 * 280mm

Accuracy of printing +0.1-0.2mm

Layer thickness 0.1-0.4mm

Machine speed 10 ~300mm /s

Printing speed 20-200mm / sn

Materials PLA ABS_PETG, wood filament
Dimensional of Machine L410* W400 * H520mm
Operating environment | Temperature: 5-40 ° C, humidity:%20-

Figure 1. Overview of the 3D printer

The electrical-electronic circuit system schema is given for the control of the prosthetic hand,
as shown in Figure 2. Here, MG995 Servo motors are used to move the fingers of the
prosthetic hand according to the signals from the microcontrollers. In the study, the rope line
used replaces muscle fibers in the prosthetic hand. The thread line used is made of synthetic
thermoplastic known as polyethylene. EMG sensors are a detect that helps in human-machine
connection. It converts small electrical signals in muscle nerves to analog signals and allows
them to be used in control processes to be performed in driver circuits. In the study, the EMG
sensor was used to detect the user's movements in prosthetic hand-making and to control the
hand in the prosthetic hand study. EMG sensors output are in the form of analog voltage
output. Thus, it can be used with 5V and 3.3V systems. Arduino microcontroller with
AtmelAtmega 328P was used as the microcontroller.

Servo Motor

EMG Sensor

Microcontroller
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Figure 2. Electric-electronic system diagram

2.2. Method
2.2.1. Design of the prosthetic hand

The drawings of the fingers of the prosthetic hand .stl files with the SolidWorks program are
given in Figure 3. The most important aspect of the design of the fingers was the connections
of the fingers. Relationships form an essential part of freedom of movement.

-

cm
an

@

@}

\.
\\
Thumb Index finger Middle finger
sfsle Ge
A\
AR ICE-K-
Ring finger Pinky

Figure 3. Overview of the fingers of the prosthetic hand [14]
Palm parts and connecting pins, wrist part arm part, and motor connection parts are given in

Figure 4. The design of the prosthesis hand part is carefully drawn as it is the place where the
rope lines that will replace the servo motor and muscle fibers are collected.
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(a) (b)

Figure 4. Overview of the other parts of the prosthetic hand [14]

2.2.2. Assembly and manufacturing of the prosthetic hand

The manufacturing mechanical parts of the prosthetic hand were printed with a 3D printer.
Due to processing parameters, parts were manufactured with a 3D printer. The roughness and
the points to be cleaned on the assembled components are sandpaper, etc. made ready for
installation with operations. Its image is as shown in Figure 5 during manufacturing.

Figure 5. Overview of the manufacturing of the prosthetic hand

The palm section connections were carried out shafts printed by the 3D printer. Pre-assembled
fingers were mounted on the prepared the palm with nails used as shafts. The links of harpoon
threads have two ropes for opening and closing movements on each finger. The image of
ropes palms and fingers, arm, and motor bearing mounted were shown as in Figure 6.
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Figure 6. bverwew of the a:sembiy of't'he'prosthetic hand and the other components

3. RESULTS AND DISCUSSION

To detect movements and regulate the operation of the prosthetic hand, signals from the arm
muscles were obtained with the EMG sensor, and the control of the prosthetic arm was
performed. The signals from the muscle signals were obtained with the Emg sensor. The
movement of the fingers was achieved by processing the received signals with the
microcontroller and transmitting them to the servo motors in the form of meaningful values.
The muscle groups for which the signals will be taken for the received signal are accepted at
the points where great test results and best results are determined. Different studies have
shown that the electrodes of circuit boards and EMG sensors will have different values on
different people. As shown in Figure 7, the signal time values determined for each finger are
shown. These values indicate that the signals of EMG sensors in the most on and off position
of each finger are recorded as a graph of time. In the thumb off-position signal time graph, the
signal values vary between 330-350 Hz depending on the time. This value was obtained
between 310-330 Hz on the index finger, 280-300 Hz on the middle finger, 380-400 Hz on the
ring finger, and 250-280 Hz on the little finger. According to the values obtained, the off-
position of the prosthetic hand with the movement of the ring finger muscle signals is felt
more effectively. However, the signal was received in the case of fewer off-position in the
little finger than the other fingers.

The signal-time off-position of the thumb

(T NIy |
: ||| “J|' H ,uJ;l 'w ‘{\ |||,|\ ﬂllx."'k "‘ I \M\ 'A l"\ ‘ L \ '”‘l“' I'f'|¢"|||
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The signal-time off-position of the index finger
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Figure 7. The signal -time off-position of the prosthetic hand

It is shown in Figure 8 that the signals of EMG sensors in the on-position state of the
prosthetic hand are recorded as a graph depending on time. In the thumbs-up signal time
graph, the signal values range from 450 to 470 Hz, depending on the time. Signal values
between 480-510 Hz on the index finger, 520-550 Hz on the middle finger, 590-620 Hz on the
ring finger, 565-580 Hz on the little finger were obtained. Depending on the values obtained,
the opening of the ring finger muscle signals in the prosthetic hand is felt more effectively.
However, the signal was received in case of less opportunity on the thumb than other fingers.
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The signal-time on-position of the thumb finger

M

The signal-time on-position of the index finger

The signal-time on-position of the middle finger

The signal-time on-position of the ring finger
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The signal-time on-position of the pinky

" 1< i % "o ¥ " =] “e ‘ea

Figure 8. The signal-time on-position of the prosthetic hand

4. CONCLUSIONS

In this study, It was carried out to control muscle signals with EMG sensor prosthetic hand
manufactured by a 3D printer. The motion of the servo motors is carried out by converting the
analog signals received from the forearm muscle with electrodes to digital signals with a
microcontroller. Finger movements were realized with the change of the servo motor. The
conclusions are obtained below.

It has been shown that the physiological signals obtained as a result of muscle and
nerve activities in the human arm can be converted into electrical signals, and these
signals can be processed and used in electronic circuits. Thus, with the developing
technology, people with disabilities will be able to have a more comfortable life.

In the study, an EMG sensor value was determined completely independent of the
value of any EMG sensor.

The on and off-position of the prosthetic hand with the movement of the ring finger
muscle signals is felt more effectively as 380-400 Hz (off-position) and 565-580 Hz
(on-position).

The signal was received in case of less opportunity on the pinky than other fingers in
off-position.

The signal was received in case of less opportunity on the thumb than other fingers in
on-position.

The signal-time graphics obtained from the fingers of the prosthesis vary from
custimized. It is recommended to experiment with more than one person to obtain an
average value.
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OZET: Yapay zekanmn hayatimiza girmesiyle tarim alaninda yapilan yapay zeka uygulamalari oldukga popiiler
hale gelmistir. Tarim alaninda karsilagilan bitki hastaliklar tizerinde durulmasi gereken 6nemli bir konu olup bu
problemin ¢dziimii i¢in yapay zekddan yardim alinmaktadir. Calismada, elma bitkisindeki uyuz, siyah c¢iiriik ve
pas hastaligma sahip yapraklarin yapay zekad ile tespiti i¢in evrisimsel sinir aglart (CNN) mimarileri
kullanilmistir. Calismada kullamilan CNN igerisinde yer alan AlexNet, DenseNet-121, ResNet-34, VGG16-BN
ve Squeezenetl 0 mimarilerinin karisiklik matrisine gore performanslari degerlendirilerek en iyi dogruluk,
duyarlilik, 6zgiillik ve F-skor degerleri bulunmustur. Sonug olarak test veri seti ig¢in yapay zeka ile elma
bitkisindeki hastalik tespitinde en iyi modelin duyarlilik, 6zgiillikk, dogruluk ve F-skor i¢in sirasiyla %97,64,
%99,54, %99,52, %98,62 degerleri ile ResNet-34 oldugu belirlenmistir.

Anahtar Kelimeler: Yapay zeka, Tarim, Evrigimsel sinir aglar

IDENTIFICATION OF DIiSEASES IN APPLE PLANTS WIiTH
ARTIFICIAL INTELLIGENCE METHODS AND COMPARISON OF
THE PERFORMANCE OF ARTIFICIAL INTELLIGENCE METHODS

ABSTRACT: With the introduction of artificial intelligence into our lives, artificial intelligence applications in
agriculture have become very popular. Plant diseases encountered in the field of agriculture are an important
issue that should be emphasized and artificial intelligence is used for the solution of this problem. Convolutional
Neural Network (CNN) architectures were used for the detection of leaves with scabies, black rot and rust
diseases in apple plants with artificial intelligence. The best accuracy, sensitivity, specificity and F-score values
were found by evaluating the performances of AlexNet, DenseNet-121, ResNet-34, VGG16-BN and
Squeezenetl_0 models in the CNN architecture by using confusion matrix. As a result, in the detection of
diseases in apple plants with artificial intelligence, the best sensitivity, specificity, accuracy and F-score on the
test dataset were obtained with the ResNet-34 model, 97.64%, 99.54%, 99.52%, 98.62%, respectively.

Keywords: Artificial intelligence, Agriculture, Convolutional Neural Network (CNN)
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1. GIRIS

Ziraat veya diger bir anlamu ile tarim, bitkisel ve hayvansal {iriinlerin tretilmesi, iiretilen
iriinlerin kalitesinin yiikseltilmesi ve uygun sartlarda korunup iglenmesiyle ilgilenen bir bilim
dalidir [1]. Tarim sektoriiniin en temel amaci, insanligin yasamini siirdiirebilmesi igin gerekli
olan ihtiyaglar1 karsilamaktir [2]. Tarim biliminin ana iiretim dallar1 bitkisel ve hayvansal
iiretimlerdir [3]. Uretim asamasinda, artan niifus akabinde artan taleplerin karsilanmasi ve
iklim degisikligi sebebiyle gida giivenliginin saglanmasi olduk¢a dnemlidir [4, 5].

Tarimsal iiretimde karsilagilan bitki hastaliklar1 {izerinde durulmasi gereken onemli bir
konudur. Bitki hastaliklarina fungal, bakteriyel ve viral hastaliklar neden olmaktadir [6]. Bitki
hastaliklari, tarim sektoriinde kayiplar yasanmasina sebebiyet vermektedir. Bu dogrultuda ise
bitki hastaliklarinin tespiti, problemin ¢6ziimii i¢in ilk ve en 6nemli asamadir [7]. Hastaligin
dogru ve zamaninda tespit edilebilmesi, verim ve kalitenin diigmemesi i¢in bitki korumaya
yonelik uygulamalar artmistir [7, 8]. Bitki hastaliklarinda karsilagilan problemlerin ¢oziimii
icin kullanilan tekniklerin gelismesiyle yapay zekd yontemi kullanilmaya baslanmistir [9].

Yapay zeka, insan zekasini taklit ederek insan gibi davranig gosteren, mantik yiiriitebilen,
kazandig tecriibeler dogrultusunda kendini gelistirebilen ve eyleme doniistiiren yazilimsal ve
donanimsal sistemler biitliniidiir [10, 11]. Sosyal ve ekonomik faaliyetlerini 6nemli derecede
etkileyen yapay zeka, farkli alanlarda karmasik olan verileri ¢esitli yontemler ile analiz ederek
daha anlasilabilir olmas1 i¢in yorumlamaktadir [12, 13].

Yapay zeka kavrami ilk kez 1956 yilinda Dartmouth konferansinda geg¢mesine karsin bu
alandaki calismalar oldukc¢a eskiye dayanmaktadir [14]. 1921 yilinda Karel Capek tarafindan
yapay zekaya sahip robotlar ve insanligin ortak toplumsal sorunlarini ele alinan RUR adli
bilim kurgu tiyatro oyununda robot kelimesi literatiire tanitilmistir [15]. 1941 yilinda
elektronik bilgisayarin dogusunun ardindan makinelerin zeka ile donatilma konusu ele
alinmistir [16].

1950 yilinda Alan Turing, “Makineler diislinebilir mi?” sorusunu cevapladigi ve makinelerin
diisiinebilme olasilig1 hakkinda doniim noktasi olarak kabul edilen makalesinde literatiire
Turing testi olarak gegen bir oneride bulunmustur [17]. Turing testinde birkag¢ insandan olusan
deney grubu bilgisayar ile etkilesime girmekte ve belli bir siire yazigsma sonrasinda
sorgulayictya hangisinin insan hangisinin makine zekasi oldugu sorulmaktadir. Bu test
sonucunda bilgisayar kendini sorgulayiciya insan olduguna ikna ettigi takdirde diisiinme
yetenegine sahip oldugu kabul edilmektedir [18, 19].

Yapay zekanin belli bir donem popiilerligini kaybetmesinin ardindan 1997 yilinda IBM Deep
Blue yazilimu ilk kez satrang alaninda biiyiik sampiyon olan Gary Kasparov’u yenmis ve bu
sayede tekrar popiiler bir konu haline gelmistir [20]. Yapay zeka, 1950’lerden giinlimiize
kadar onemli basarilar elde ederek gelmis ve giiniimiizde insan beyninden ilham alan
algoritmalar ile makinelerin kendi kendine 6grenme uygulamalari olduk¢a Onemli hale
gelmistir [21].

Yapay zeka, egitim [22], tip [23], otomotiv [24], siber gilivenlik [25], bankacilik ve finansal
hizmetler [26] gibi farkli bir¢ok alanda kullanilmaktadir. Yapay zekanin kullanildigr 6nemli
alanlardan birisi de bitki hastaliklarinin tespitidir. Gilinlimiize kadar yapay zekanin farkl
teknikleri kullanilarak bitki hastaliklar1 alaninda ¢alismalar yapilmistir [27]. Bitkide olusan
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herhangi bir hastalik genellikle bitkinin yapragindan tespit edilmektedir. Bu dogrultuda
yapilan c¢aligmalarda, saglikli ve hastalikli yaprak gorselleri makinenin egitimi igin
kullanilmaktadir [28]. Yapay zeka ile yaprak hastaliklar1 tanima iizerine yapilan akademik
caligmalar incelendiginde;

Wicaksono ve ark. [29] elma yapragi hastaliginin tespiti lizerine evrisimsel sinir aglart (ing.
Convolutional Neural Network-CNN) yontemini  kullanmiglardir.  Calismalarinda,
PlantVillage veri seti kullanilarak uyuz, siyah ciiriik, sedir pas hastalig1 ve saglikli yaprak
goriintiilerinden olusan toplam 3151 gorlintii verisi kullanmislardir. Caligmada evrisimsel
sinir aglarinin LeNet-5 mimarisi kullanilarak 50,75 ve 100 epoch sayilart i¢in egitim
verilerinde %99,2 ortalama dogruluk, test sonucunda %94,9 oraninda ortalama dogruluk elde
etmislerdir.

Cruz ve ark. [30] calismalarinda, latince ismi “vitis vinifera” bitkisi olan {iziimde goriilen
asma sariligl (ing. grapevine yellows) hastaliginin yapay zeka ile tespiti iizerinde
caligmiglardir. Bu hastalik sonucu bitki diizensiz olarak olgunlasarak yapraginda renk
degisikligi gostermeye baslamaktadir. Calismalarinda, asma goriintiileri etiketlenmis olan acik
kaynak PlantVillage veri setini kullanmiglardir. Calismalarinda sonug olarak, hastalig1 tespit
etmek i¢in CNN yo6ntemi kullanarak en iyi performansin ResNet-101 ile ResNet-50 oldugunu
belirtmislerdir.

Shruthi ve ark. [31] bitki hastaliklarini tespit etmek ve siniflandirmak amaciyla ¢alismalarinda
destek vektér makineleri (ing. Support Vector Machine-SVM), yapay sinir aglar1 (YSA), k-en
yakin komsu algoritmasi (k-NN), fuzzy smiflandirict ve CNN’i kullanan c¢alismalari
incelemiglerdir. Calismada kullanilan bes farkli model birbirleriyle karsilagtirilmis ve sonug
olarak CNN yo6nteminin en yiiksek dogruluk oranini verdigini ifade etmislerdir. Bu derleme
makalesinde %96.3 ortalama dogruluk ile en yiiksek dogruluk elde edilen ¢alisma (Sladoyevig
ve ark. 2016) tarafindan CNN smiflandirici ile gergeklestirilen ¢alisma oldugu goriilmiistiir.

Fang ve ark. [32] ¢alismalarinda elma yapragi hastaliginin belirlenmesi igin CNN modelinin
icerisinde yer alan VGGI16 mimarisi kullanmiglardir. Calismada kullanilan modelde
smiflandirma dogrulugunu arttirmak i¢in merkez kaybi fonksiyonu ile softmax kayip
fonksiyonu birlikte kullanilmistir. Veri kiimesi olarak antraknoz yaprak yanikligi, sedir pas,
yaprak pas, gri nokta, siyah nokta ve siyah ¢iiriik hastaligina sahip olan 5373 hastalikl1 yaprak
goriintlisii ve 1683 saglikli yaprak goriintlisti kullanilmistir. Calismada sonug olarak onerilen
VGG16 modeli ile %95 - %99,70 arasinda dogruluk elde edilmistir.

Baranwal ve ark. [33] tarafindan gergeklestirilen ¢alismada, elma yapragi hastaligi tespiti i¢in
CNN igerisinde yer alan GoogLeNet mimarisinden yararlanilmistir. 22 katmandan olusan bu
mimari, PlantVillage veri kiimesinin alt kiimesi {izerinde dogrulanmigtir. Veri seti olarak
siyah cliriik, uyuz ve pas hastalifina sahip 1526 hastalikli yaprak goriintiileri ve saglikli
yaprak gortintileri kullanilmigtir. Calismada sonug¢ olarak onerilen GooglLeNet modelinin
ortalama %98,42 dogruluk oranina sahip oldugu goriilmiistiir.

Alruwaili ve ark. [34] ¢alismalarinda bitki hastaliginin tespiti icin CNN igerisinde yer alan
AlexNet mimarisini kullanmislardir. Caligmada, 14 farkl: bitki tiirii ve 26 farkli hastaligin
toplam 54.306 goriintlisii bulunan PlantVillage veri setini kullanmislardir. Sonug¢ olarak
onerilen AlexNet modeli ile %99,11 dogruluk, %99,49 hassasiyet, %99,29 oraninda F1 skoru
elde ederek AlexNet mimarisinin farkli bitki hastaliklarini etkin bir sekilde saptadigini ortaya
koymuslardir.
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Ferentinos [35] calismasinda, bitki hastaliklarmin teshisi i¢in derin 6grenme modelleri
gelistirmistir. Calismada CNN kullanilarak modelin egitim ve testi i¢in agik kaynak ve 87.848
goriintliden olusan veri seti kullanmistir. Bu goriintiiler 25 farkli bitki tiiriiniin 58 farkli
hastaligini igermektedir. Calismada, AlexNet, AlexNetOWTBn, GoogleNet, Overfeat, VGG
modelleri kullanarak en yiiksek basari oran1 VGG ile %99,53 olarak elde edilmistir.

Khitthuk ve ark. [36] renkli goriintiilerde bitki hastalik tanisi1 koymak iizerine yapay zeka
sistemi lizerinde calismiglardir. Calismalarinda, hastalik 6zellik ¢ikarma islemi igin istatistik
tabanli gri diizey es olusum matrisi (ing. Gray-Level Co-Occurrence Matrix-GLCM) metodu
kullanilarak her bir imgeden parametreler elde edilmistir. Hastalik siiflandirmas: i¢in ise
denetimsiz sinir ag1 olan ARTMAP kullanilmistir. Veri seti olarak pas, uyuz, tiyli kif
hastalig1 olan ve hastaliksiz toplam 346 {liziim yapragi goriintiisii kullanilmistir. Calismada
sonug olarak, %90’nin iizerinde dogruluk elde etmislerdir.

Singh ve Misra [37] ¢alismalarinda, bakteriyel hastaligi olan giil ve fasulye yapragi, giines
yanmig1 hastaligi olan limon yapragi ve erken yanik hastaligi olan muz yapragini goriintii
segmentasyonu olan genetik algoritma ile tespitini gergeklestirmislerdir. Calismada, onerilen
algoritma ile SVM kullanildiginda genel dogruluk %95,71 oraninda elde edilmistir.

Sladoyevi¢ ve ark. [38] tarafindan CNN kullanilarak gelistirilen model saglikli yaprag: ve 13
farkli bitki hastaligini1 tantyabilmektedir. Calismada kullanilan veri setinde 13 farkli hastalik
ve saglikli goriintiilerin oldugu siif haricinde daha dogru siniflandirma yapabilmek amaciyla
arka plan goriintiilerin oldugu sinifta bulunmaktadir. Veri setinde bulunan 30880 goriintii
egitim, 2589 goriinti test i¢in kullanilmistir. CNN” in gelistirilmesi i¢in 8 6grenme katmani, 5
evrisimsel ve 3 tam bagh katman iceren Caffe cercevesi kullanilmistir. Sonug olarak model,
%91 ile %98 arasinda hassasiyet ve %96,3 dogruluk elde etmistir.

Nachtigall ve ark. [39] calismalarinda CNN kullanarak elma agacindaki bozukluklari
otomatik olarak tespit etmislerdir. Calismada, maxigala, fuji suprema ve pink lady ii¢ elma
agaci tlriindeki potasyum eksikligi, magnezyum eksikligi, uyuz hasari, glomeralla lekesi ve
herbisit hasar1 olan bes bozukluk iizerine ¢alisma ger¢eklestirmislerdir. Veri kiimesi olarak
Brezilya'nin giiney kesimindeki meyve bahgelerinden 1970 hastalikli yaprak goriintiisii, 569
saglikli yaprak goriintiisii kullanmiglardir. CNN ile gerceklestirilen ¢alismada %97,3 dogruluk
oraninda sonug elde edilmistir.

Acar [40] ¢alismasinda, bitkinin kokleri ve yapraklarina gida alimini durduran bir mantar
hastalig1 olan pas hastaliginin yapay zeka yontemiyle tespiti lizerine ¢calismistir. Calismasinda
zambak c¢icegi yaprak goriintiilerinde pas hastaligi olup olmadigina dair GLCM ve gabor
dalgacik dontigiimii (ing. Gabor Wavelet Transform—GWT) tabanli siniflandiricilar 6znitelik
¢ikarma metodu olarak kullanilarak bir sistem tasarlanmistir. Calismada veri seti olarak 32
saglikli goriintii, 21 hastalikli goriintii lizerinde k-NN, ¢ok katmanli algilayici ve en kiiglik
kareler SVM kullanmistir. Sonug olarak ¢alismasinda, GLCM tabanli k-NN ve ¢ok katmanli
YSA ile %88,9 oraninda basar1 elde ederek bitkideki pas hastaligin1 dogru tespit etmistir.

Calismanin ilk boliimiinde kisaca tarim, bitki hastaliklari, yapay zekd ve yapay zekanin
tarih¢esinden, ikinci boliimiinde yapay zeka kullanilarak bitki hastalig: tespiti ile ilgili yapilan
caligmalardan bahsedilmistir. Calismanin {i¢iincii boliimiinde c¢alismada kullanilan derin
ogrenme modelleri, veri seti ve performans degerlendirme Oolgiitleri detayli olarak
aciklanmistir. Calismanin dordiincii boliimiinde ise elde edilen dogruluk, duyarlilik, 6zgiilliik
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ve F-skor degerleri tablolar halinde verilmistir. Calismanin sonu¢ bdliimiinde ise elma
yapraklarinda meydana gelen uyuz, siyah c¢iiriik ve pas hastaligi i¢in AlexNet, DenseNet-121,
ResNet-34, VGG16-BN ve Squeezenetl 0 yapay zekd modellerinin performans
karsilastirmasi yapilmistir.

2. MATERYAL VE METOT
2.1. Materyal

Gergeklestirilen ¢aligmada veri bilimciler ve makine 6grenimi uygulayici toplulugu olan agik
erisim internet sitesi [41] (https://www.kaggle.com/) ‘dan alinan veri seti kullanilmistir. Veri
seti, elma yapragina ait toplam 3171 adet goriintii ile olusturulmustur. Alinan veri setinde
uyuz, siyah ciiriik, pas hastaligt ve saglikli olmak iizere dort farkli elma yaprak sinifi
mevcuttur. Veri seti CNN modeli igerisinde yer alan, AlexNet, DenseNet-121, ResNet-34,
VGG16-BN ve Squeezenet 1 0 olmak iizere bes farkli mimari kullanilarak egitilmistir. Elde
edilen sonuclar duyarhlik, 6zgiilliikk, dogruluk ve F-skor olmak {iizere dort farkli performans
degerlendirme Olgiitiine gore degerlendirilmistir. Calismada kullanilan derin 6grenme
modelleri, veri seti ve performans degerlendirme Olciitleri hakkinda detayl bilgiler asagida
verilmistir.

2.1.1. Derin 68renme

Derin 6grenme, son yillarda makine 6grenimi konusunda heyecan verici bir egilim olarak
karsimiza ¢ikmaktadir [42]. Derin 6grenme klasik makine 6grenmesinin genisletilmis bir
halidir. Bu genisletilme modele daha fazla derinlik eklenerek verileri birka¢ hiyerarsik yolla
temsiline izin veren fonksiyonlarin kullanilmasi olarak tanimlanmaktadir [43]. Derin 6grenme
modellerinin yiiksek hiyerarsik yapisi ve genis O6grenme kapasitesi smiflandirma ve
tahminlerin tutarlilikla yapilmasina olanak saglamaktadir [44]. YSA’nin ¢ok katmanl ve ¢ok
noronlu hali olan derin sinir aglarinin en 6nemli 6zelligi probleme uygun olarak otomatik
Oznitelik ¢ikarimi yapilmasi ve bu 6zniteliklerin agin 6grenmesiyle olusmasidir [45].

CNN mimarisi; derin 6grenmenin ¢esitli algoritmalar1 arasinda popiilerligi ile 6ne ¢ikmaktadir
[46]. CNN beynin gorsel korteksinden ilham alarak temel olarak goriintiiyli siniflandirmak,
benzerlikleri kiimelemek ve nesne tanima yapmak i¢in kullanilmaktadir [47, 48]. Bu mimari,
gorilintliyli cesitli katmanlarla isleyerek evrisim katmanlari, dogrusal olmayan katmanlar,
havuz katmanlar1 ve tamamen bagli katmanlardan olusmaktadir [49]. Sekil 1°de 6rnek bir
CNN mimarisinin temel yapis1 gosterilmektedir [47]. Evrisim katmani en yogun matematiksel
islemin gergeklestigi katman olup goriintiideki diisiik ve yliksek seviyeli 6zellikleri saptamak
icin gorlintiiye bazi filtreler uygulamakta, aktivasyon katmani olarakta adlandirilan dogrusal
olmayan katmanda sisteme dogrusal olmayanligin tanitilmast gergeklestirilmekte ve
genellikle en 1yi sonucu verdigi i¢in ReLu fonksiyonu kullanilmaktadir. Havuzlama katmani
ag icindeki parametrelerin azaltilmasi i¢in 6zellik haritalarinin boyutlarini kiigtilterek sistem
iizerindeki agirlik sayisim1 azaltmaktadir. Tamamen bagli katmanlar ise giris ve ¢ikis
katmanlar1 arasinda bag kurarak modelde siniflandirict gorevi tistlenmektedir [50,51].
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EVRISIM KATMANI DOGRUSAL OLMAYAN KATMAN HAVUZ KATMANI

Sekil 1. Evrigimsel sinir ag1 katmanlari [47].

2.1.1.1. AlexNet

AlexNet mimarisi Krizhevsky ve ark. tarafindan tasarlanmigtir [52]. 2012 yilinda ImageNet
yarismast AlexNet ile kazanilmistir [53]. AlexNet derin 68renmeyi hizlandirmak i¢in GPU
kullanarak yarigmadaki diger rakiplerine gore daha iyi performans gostermis ve bu sayede
popiiler olmustur [54]. AlexNet mimarisi genellikle fotograf siniflandirilmasi igin tercih
edilmektedir [55]. AlexNet birbirini takip eden sekiz kat derinliginde evrisim katmanlari,
havuzlama katmanlar1 ve tamamen bagli katmanlardan olusmaktadir [56]. AlexNet
mimarisindeki diger yeni bir yaklasim ise standart olan tanh yerine ReLu aktivasyonunun ilk
kez bu mimaride kullanilmasidir [57].

2.1.1.2. DenseNet-121

DenseNet-121 (Yogun baglantili evrisim ag1), her katmani diger katmanlara ileriye dogru bir
sekilde baglamaktadir. DenseNet mimarisinde her katman o©nceki tim katmanlarin
ozelliklerini girdi olarak kullanmakta ve katmandaki kendi 6zellikleri de sonraki katmanlara
girdi olarak vermektedir [58]. DenseNet mimarilerinin avantaji 6zellik yayilimini saglamak ve
0zelligin yeniden kullanilmasina olanak saglayarak parametre sayisin1 azaltmasidir [59]. Sekil
2’de ornek bir DenseNet-121 mimarisi gosterilmektedir [60]. Bu mimari dort yogun blok, {i¢
gecis katmani ve toplam 121 katmandan (117 dongii, 3 gecis ve 1 simiflandirma) olusmaktadir

[60].
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Sekil 2. DenseNet-121 mimarisi [60].

2.1.1.3. ResNet-34

ResNet (Artik sinir agl) He ve ark. tarafindan 2015 yilinda sunulmus ve ImageNet
yarismasinda %3,57 hata oraniyla birinci olmustur [61]. ResNet-34 34 katmanli derin artik ag1
mimarisidir [62]. ResNet daha derin mimarilerin egitimini saglamaktadir. Bu mimaride egitim
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hatasim1  azaltmak i¢in ¢ok sayida katman igeren Dbloklar kullanilmakta ve
referanslandirilmamis  islevleri Ogrenmek yerine artik degerler sonraki katmanlara
eklenmektedir. ResNet mimarisinde katmanlar arasindaki atlama islemi sayesinde ise
kaybolan gradyan problemide ¢oziilmektedir [63, 64].

2.1.1.4. Squeezenet

CNN modelinde kullanilan bir diger popiiler mimari ise SqueezeNet mimarisidir [65].
SqueezeNet mimarisi landola ve ark. tarafindan 2016 yilinda sunulmustur [66]. Bu mimarinin
amaci daha az parametreye sahip bir sinir ag1 olusturmak ve mimari 50 kat daha az parametre
ile AlexNet diizeyinde dogruluk saglamaktadir [67]. SqueezeNet mimarisinin avantaji ise
daha verimli dagitilmis katmanlar sayesinde sinir agindaki is yiikii azalmakta ve bu sayede
daha hizli ¢alismaktadir [67, 68].

2.1.1.5. VGG16-BN

VGG-16 mimarisi Simonyan ve Zisserman tarafindan sunulmustur [69]. VGG16, tamamen
bagh ag1 egiten yaklasik 138 milyon parametreye sahip biiylik Olgekli goriintii tanima
modelidir [70]. VGG16 mimarisi 16 katmandan (13 evrisim, 3 tam baglh katman) olusmakta
ve nesne smiflandirma uygulamalarinda kullanilmaktadir [71]. Sekil 3’de VGGI16
mimarisinin goriiniimii verilmistir [72].
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Sekil 3. VGG16 mimarisi [72].

2.1.2. Veri seti

Onerilen mimariler bitki hastalig1 tespit sisteminde kullanilan PlantVillage veri seti iizerinde
egitilmistir. Kullanilan veri seti 14 farkli {iriin icin 54.306 etiketli goriintii igermektedir.
Calismada, PlantVillage veri setinde bulunan 3171 elma yaprag: goriintiisii kullanilmaktadir.
Sekil 4’de elma yapraklarinda meydana gelen uyuz, siyah ciiriik, pas hastaligina sahip 6rnek
goriintiiler ve saglikli yaprak goriintiisii gosterilmektedir.
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Sekil 4. PlantVillage veri setinden 6rnek elma yapragi goriintiileri a)uyuz b)pas c)siyah ¢iiriik d)saglikli.

Calismada kullanilan yaprak goriintiileri %65 egitim, %15 dogrulama ve %20 test veri kiimesi
icin ayrilmaktadir. Tablo 1’de elma yapragi veri kiimesinde bulunan hastaliklt ve saglikli
yaprak goriintiileri detayl olarak gosterilmektedir.

Tablo 1. Elma Yaprag: Veri Seti.

Uyuz hastahig Siyah ciiriik Pas hastahig Saghkh
Veri olan yaprak hastaligi olan olan yaprak yaprak Toplam
goriintiisii yaprak goriintiisii goriintiisii goriintiisii
Egitim veri seti 410 404 179 1.070 2.063
Dogrulama 94 93 41 246 474
Test veri seti 126 124 55 329 634

2.1.3. Performans degerlendirme olgiitleri

Modellerin performansini degerlendirmek i¢in siklikla karmasiklik matris (confusion matrix)
yontemi kullanilmaktadir. Tablo 2’de gosterilen karmagsiklik matrisi gergek smif ve
siniflandiricinin tahmin ettigi sinif olmak tizere iki boyuta sahiptir [73]. Karmagiklik matrisi
sayesinde bir¢ok siniflandirma performansi tanimlanabilmektedir [74].

Tablo 2. Karmagiklik Matrisi.

TAHMIN EDILEN DEGER
POZITIF NEGATIF
GERCEK POZITIF DOGRU POZITIF YANLIS POZITIF
DEGER (True positive-TP) (False positive-FP)
- YANLIS NEGATIF GERCEK NEGATIF
NEGATIF (False negative-FN) (True negative-TN)

Duyarlilik (Sensivity) modelin girdilerden pozitif sinif etiketini tahmin etmedeki olasiligim
gostermektedir. Duyarlilik, Esitlik 1°de verilen matematiksel ifade kullanilarak
hesaplanmaktadir.
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DP
DP+YP

Duyarlilik = 1)
Ozgiilliik (Spesifite) modelin girdilerden negatif simf etiketini tahmin etmedeki olasiligimni
gostermektedir.  Ozgiillilk, Esitlik 2'de verilen matematiksel ifade kullanilarak
hesaplanmaktadir.

DN
DN+YN

Ozgiilliik =

(2)

Dogruluk (Accuracy) modelin genel olarak dogru olup olmadigint belirlemede
kullanilmaktadir. Dogruluk, Esitlik 3'de verilen matematiksel ifade kullanilarak
hesaplanmaktadir.

DP+DN
DP+DN+YP+YN

Dogruluk = 3
F-Skor (F-Score) kesinlik ve duyarlilik performans degerlendirme Olgiitlerini birlikte
degerlendirme imkani saglayan bir degerlendirme Olgiitiidir. F skor Esitlik 4'de verilen

matematiksel ifade kullanilarak hesaplanmaktadir [75].

2DP
2DP+YP+YN

F — Skor = 4)
Denklemleri verilen &lgiitler ikili smiflandirma yapilirken kullanilmaktadir. Ug veya daha
fazla siniftan olusan uygulamalarda performans degerlendirirken her smif i¢in hesaplanan
Olgtimlerin ortalamasi alinmaktadir [76]. Dogru ve yanlis siniflandirmanin oranlarini gosteren
matrisler lizerinde ortalama dogruluk, 6zgiilliik, duyarlilik ve F-Skor degeri Esitlik 5, 6, 7,
8’de verilen matematiksel ifadeler kullanilarak hesaplanmaktadir [76,77].

I DPi#DN;

Ortalama Dogruluk = l'lDPi"Y’l"i*Y”i’fDNi )
l' DNi

Ort. Ozgiillitk = _l-lmlvimvi ©

l' DPi

Ort. Duyarlilik = —22tM 0
L 2DP

Ort.F — degeri = {Z12DP+YPHYN; ®)

l

2.2. Metot

Gergeklestirilen calismanin is akis diyagrami Sekil 5°de verilmistir. 11k asamada acik kaynakli
internet sitesi Kaggle’da yer alan PlantVillage veri setinden 3171 adet elma yaprag: goriintiisii
alinarak veri seti olusturulmustur. Veri seti igerisinde uyuz, siyah ciiriik, pas hastalig1 olan ve
saglikli yaprak goriintiileri etiketlenmistir. Dort farkli sinif bulunan veri setinde egitim igin
toplam 2.063 goriintii, dogrulama i¢in 474 goriintii ve test icin 634 goriintii kullanilmistir.
Ikinci asama olan veri 6n isleme asamasinda ise normalizasyon islemi gerceklestirilmistir.
Uciincii  asamada  goriintiiler AlexNet, DenseNet-121, ResNet-34, VGG16-BN ve
Squeezenet] 0 derin 6grenme modelleri egitilerek en dogru yontem tespit edilmigtir. Tim
modeller i¢in elde edilen egitim oranlar1 optimize edilerek 0.005 olarak belirlenmistir.
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Egitilen modeller lizerinde hem dogrulama hem test islemleri uygulanarak modelin dogrulugu

test edilmistir.

Veri Setinin Olusturulmasi

|

Veri On isleme
|
1 .
Egitim ~ Test
AlexNet ResNet-34 DenseNet-121 VGG16BN Squeezenetl 0
Dogrulama
l l | |
Model-1 Model-2 Model-3 Model-4 Model-5 ;
Sonug
| J 1 1 |
Sekil 5. Is akis diyagramn.
3. ARASTIRMA BULGULARI

Calismada AlexNet, DenseNet-121, ResNet-34, VGG16-BN ve Squeezenetl 0 olmak {izere
bes farkli derin 6grenme yontemi kullanilarak elma bitkisine ait uyuz, siyah ciiriik, pas
hastalig1 olan ve saglikli yaprak olmak tizere dort sinif egitilmistir. Egitilen modeller {izerinde
hem dogrulama hem de test islemleri uygulanarak asagidaki sonuclar elde edilmistir. ilk
olarak AlexNet modelinin dogrulama ve test veri seti i¢in karmasiklik matrisi Sekil 6’da

verilmistir.
041 91 1 0
14 0 92 0
21 0 0 41
31 0 0 0
0 1 2
a)

203

b)

Sekil 6. AlexNet modeli(a) dogrulama veri seti i¢in (b) test veri seti icin karmagiklik matrisi.
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Karmasiklik matrisinde sifirinct indeks elma yapragindaki uyuz hastaligini, birinci indeks
siyah cliriik hastaligini, ikinci indeks pas hastaligim1 ve {iglincli indeks saglikli yaprak
goriintiilerini gostermektedir. AlexNet modelinin performans degerlendirme oSlgiitleri Tablo
3’de gosterilmektedir.

Tablo 3. AlexNet Performans Degerlendirme Olgiitleri.

Veri Duyarlilik | Ozgiilliik Dogruluk | F-Skor
Dogrulama veri seti 0,96316 0,99075 0,99156 0,97566
Test veri seti 0,91855 0,97995 0,98099 | 0,94677

DenseNet-121 modelinin dogrulama ve test veri seti i¢in karmasiklik matrisi Sekil 7°de
verilmistir.

O O 0 1
11 0O e 0 2
24 0 0 41 0

O 1 2

a)

b)

Sekil 7. DenseNet-121 modeli (a) dogrulama veri seti i¢in (b) test veri seti igin karmasiklik matrisi.

DenseNet-121 modelinin performans degerlendirme 6lgiitleri Tablo 4’de gosterilmektedir.

Tablo 4. DenseNet-121 Performans Degerlendirme Olciitleri.

Veri Duyarhlik | Ozgiilliik Dogruluk | F-Skor
Dogrulama veri seti 0,97196 0,99300 0,99367 0,98163
Test veri seti 0,93584 0,98562 0,98580 | 0,95990

ResNet-34 modelinin dogrulama ve test veri seti i¢in karmasiklik matrisi Sekil 8’de

verilmistir.
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- 300

04 91 0 0 3 @

- 200

- 104

a) b)

Sekil 8. ResNet-34 modeli (a) dogrulama veri seti i¢in (b) test veri seti i¢in karmagiklik matrisi.

ResNet-34 modelinin performans degerlendirme Olgiitleri Tablo 5’de gosterilmektedir.

Tablo 5. ResNet-34 Performans Degerlendirme Olgiitleri.

VGG16-BN modelinin dogrulama ve test veri seti i¢in karmasiklik matrisi Sekil 9°da

Veri Duyarhlik | Ozgiillik | Dogruluk | F-Skor
Dogrulama veri seti | 0,97212 0,99300 | 0,99367 | 0,98163
Test veri seti 0,97646 0,99542 | 0,99526 | 0,98624

verilmistir.
04 90 0 0 -
11 0 88 0 2
21 0 0 41 0

VGG16-BN modelinin performans degerlendirme 6l¢iitleri Tablo 6°’da gosterilmektedir.

a)

b)
Sekil 9. VGG16-BN modeli (a) dogrulama veri seti igin (b) test veri seti igin karmagsiklik matrisi.

Tablo 6. VGG16-BN Performans Degerlendirme Olgiitleri.

Veri Duyarlilik Ozgiillik | Dogruluk F-Skor
Dogrulama veri seti 0,92991 0,98135 0,98312 0,95238
Test veri seti 0,88302 0,96712 0,97003 0,91809
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Squeezenetl 0 modelinin dogrulama ve test veri seti i¢in karmagsiklik matrisi Sekil 10°da
verilmigtir.

]

0 dl 2
a) b)

Sekil 10. Squeezenetl_0 modeli (a) dogrulama veri seti i¢in (b) test veri seti i¢in karmagiklik matrisi.

=
—

Squeezenet]l 0 modelinin performans degerlendirme Olgiitleri Tablo 7°de gosterilmektedir.

Tablo 7. Squeezenet] 0 Performans Degerlendirme Olgiitleri.
Veri Duyarlilik | Ozgiilliik | Dogruluk | F-Skor

Dogrulama veri seti | 0,97193 0,99300 | 0,99367 | 0,98163

Test veri seti 0,93508 0,98249 | 0,98422 | 0,95508

Tablo 8’de, AlexNet, DenseNet-121, ResNet-34, VGG16-BN ve Squeezenetl 0 modelleri
icin duyarlhlik, 6zgulliik, dogruluk ve F-skor degerleri verilmistir.

Tablo 8. AlexNet, DenseNet-121, ResNet-34, VGG16-BN ve Squeezenetl 0 Performans Degerlendirme

Olgiitleri.
Duyarhlik Ozgiilliik Dogruluk F-Score
Model
Dogrulama | Test | Dogrulama | Test | Dogrulama | Test | Dogrulama [ Test
AlexNet 0,96316 0,91855 | 0,99075 0,97995 | 0,99156 0,98099 | 0,97566 0,94677

DenseNet-121 | 0,97193 0,93562 | 0,99300 0,98562 | 0,99367 0,98580 | 0,98163 0,95990

ResNet-34 0,97212 0,97646 | 0,99300 0,99542 | 0,99367 0,99526 | 0,98163 0,98624

VGG16-BN 0,92991 0,88302 | 0,98135 0,96712 | 0,98312 0,97003 | 0,95238 0,91809

Squeezenetl_0 | 0,97193 0,93508 | 0,99300 0,98249 | 0,99367 0,98422 | 0,98163 0,95508
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4. SONUC

Calismada CNN igerisinde yer alan AlexNet, DenseNet-121, ResNet-34, VGG16-BN ve
Squeezenet] 0 mimarileri elma bitkisi hastaliklarinin tespiti i¢in kullanilmistir. Elde edilen
sonuglar dort farkli performans degerlendirme Olgiitiine gore degerlendirilerek asagidaki
sonuglar elde edilmistir.

e Modeller performans degerlendirme oOl¢iitii olan karigiklik matrisine gore
degerlendirilmistir. Degerlendirme sonucunda modelin uyuz, siyah c¢iiriik, pas hastalig1
olan ve saglikli yapraklari tespit edebildigi goriilmiistiir.

e Modeller duyarlilik, 06zgiillik, dogruluk ve F-skor performans degerlendirme
Olciitlerine gore degerlendirilmistir. Degerlendirme sonucunda dogrulama veri setinde
duyarhilik i¢in en iyi sonucun %97.21 ile ResNet-34, ozgillik i¢in %99.3 ile
DenseNet-121, ResNet-34 ve Squeezenetl 0, dogruluk i¢in %99.3 ile DenseNet-121,
ResNet-121 ve Squeezenetl 0 ve son degerlendirme Olgiitii olan F-skor i¢in ise
%98.16 ile DenseNet-121, ResNet-121 ve Squeezenetl 0 oldugu ortaya konulmustur.

e Degerlendirme sonucunda test veri setinde duyarlilik, 6zgiilliik, dogruluk ve F-skor
icin en iyl sonucun sirastyla %97.64, %99.54, %99.52, 9%98.62 degerleri ile ResNet-
34 mimarisi oldugu ortaya konulmustur.

Sonug olarak yapay zeka ile elma bitkisindeki hastalik tespitinde en iyi modelin ResNet-34
mimarisi oldugu belirlenmistir.

Tesekkiir

Calismada kullanilan PlantVillage veri setininin agik kaynak verilerini internet sitelerinde
(Kaggle) kullanima agan herkese tesekkiirii bir borg biliriz.
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ABSTRACT: The interaction of process parameters in the production of polyvinyl chloride-grass composite
poses great challenges in the polymeric industries. Most manufacturing processes of injection moulded polyvinyl
chloride-grass composite products have been by trial and error due to inadequate knowledge in process
parameters and their interactions. This study investigates the effects of process parameters such as percentage by
volume of material, material type, barrel temperature and their interactions on the mechanical properties of the
produced polyvinyl chloride-grass composite using split-split plot design. The results of the calculated Fisher’s
ratio (F_cal) at significant value of 0.05 for the process parameters and their interactions ranges from -855.35 to
1.00, and were presented on ANOVA table. The results obtained shows that these process parameters contribute
significantly to the production of Polyvinyl chloride-grass composite in polymeric industries.

Keywords: Mechanical properties, Polyvinyl Chloride-Grass composite, Process parameters, Split-Split Plot
Design.

1. INTRODUCTION

A qualitative analysis of the influence of process parameters such as barrel temperature,
percentage by volume of material and material type on the mechanical properties of injection
moulded part will be helpful in gaining better insight into PVC-Grass composite processing
methods. Moreover, inadequate investigation of the effects of the interaction of process
parameters in the production of PVC-grass composites had resulted to most failure in the
manufacture of these composite. The utilization of process control and process monitoring are
rarely fully implemented for the production of injection moulded products. This may be due
to a poor scientific understanding of the moulding process based on the complexities of the
process containing multiple variables affecting the final part.

Split plot designs initially developed by Fisher in 1925 were use in agricultural experiments,
and are basically the modified form of randomized block designs. These designs are used in
situations where complete randomization of runs within block is not possible. These designs
are used widely in industrial experiments, experiments where one set of factors may require a
large amount of experimental materials (Whole Plot factors), while another set of factors
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might be applied to smaller experimental materials (Sub Plot factors) [1]. Olodu and
Osarenmwinda [2] examined the effect of process parameters such as temperature in the
production of polypropylene-grass composite using split-split plot experimental design, their
results shows that temperature contributes significantly to the production of composites in
polymeric industries. Aviles and Pinheiro [3] examined the experiments that have complete
randomization order of runs which was not feasible or might be too expensive to use when
performed. They concluded from their study that the use of split-plot designs and models are
feasible, efficient and cheap. Goldsmith and Gaylor [1] carried out extensive investigation on
optimal designs for estimating variance components in a completely random nested
classification. Loeza-Serrano and Donev [4] constructed D-Optimal design for variance
components estimation in a three stage crossed and nested classification. For experiments that
include both crossed and nested factor in the same model, no assumption of a complete
random model has been made. Ankenman et al; Aviles and Pinheiro [5,3] investigations
indicates that experiments involving complete randomization of order of runs which is not
feasible or too expensive to use is performed using split plot models. Chunping et al [6]
carried out a study aimed to model fundamental bonding characteristics and performance of
wood composite. In their work, mathematical model and a computer simulation model were
developed to predict the variation of inter-element (strand) contact during mat consolidation.
The mathematical predictions and the computer simulations agree well with each other. Their
results showed that the relationship between the inter-element contact and the mat density was
highly nonlinear and was significantly affected by the wood density and the element
thickness.

This study therefore focused on the split-split plot analysis of the effects of process
parameters in the production of polyvinyl chloride-grass composite.

2. MATERIALS AND METHODS
2.1. Preparation and Processing of Grass

The harvested grass was washed and soaked with dilute Sodium Hydroxide (NaOH) of
concentration 0.10mol/dm? for 6 hours to ensure effective bonding between the grass and
Polyvinyl chloride materials. The grass was ground to granules using crushing machine. The
grasses were first air dried in the sun and later transferred to an oven and dried at 105°C. It
was continuously monitored until moisture content of about 4+ 0.2% was obtained [7]. The
ground grass was screened to a particle size of 300um diameters using vibrating sieve
machine.

2.2 Mixing, Compounding and Production of Composites

Polyvinyl Chloride (PVC) was mixed with ground grass in the proportion of 20:80, 30:70,
40:60, 50:50, 60:40, 70:30 and 80:20 percentages by volume respectively. The prepared
Polyvinyl chloride-grass composite was blended in a cylindrical container until a homogenous
mixture was obtained in the composite. The homogenous mixture of the composite was feed
into the hopper of injection moulding machine and were produced at various barrel
temperature ranging from 210°C to 310°C respectively at an interval of 10°C [8].
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2.3. Evaluation of Polyvinyl Chloride-Grass Composite for Mechanical Strength

The produced polyvinyl chloride-grass composite was evaluated for mechanical strength
(tensile strength, proof stress, percentage elongation and flexural strength) using Equation 1 to
4 respectively [9].

Tensile strength = Maximum Load D

_Original Cross - Sectional Area

The original cross-sectional area of the specimen is 18.9mm?,

Force at yield
Proof stress =—— o at¥e 2)

"~ Cross - Sectional Area

The Cross-sectional area of specimen =18.9 mm?

_ Force atyield

Hence, proof stress
18.9

N/mm?

0 . - Extension
Percentage (%) Elongation Gange Length x100% 3)

PL3
El =25, (4)

Where y is the deflection in mm, P= Load, L= Length of test specimen
2.4. The Split-Split Plot Designs

The split-split plot design which is an experimental design was used to investigate the
interaction between material type, percentage by volume of material and barrel temperature on
the mechanical properties of the produced PVC-Grass composite. In simple terms, a split-split
plot experiment is a blocked experiment, where the blocks themselves serve as experimental
units for a subset of the factors. Analytical and numerical designs using split-split plot design
was carryout to investigate the effect of process parameters in the developed PVC-Grass
composite.

2.5. The F-test

The F-test was used for comparing the factors of the total deviation (using Equation 5). The
statistical significance was tested by comparing the F test statistic.

_Variance between treatments (5)
Variance within treatments

F_MSTreatments _ SSTTeatments/(I—l)

MSEgrror SSError/(nT—1)

2.6. The Interactive Model Developed for PVC-Grass Composite

Equation 6 shows the Interactive model developed and is depicted as:
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i = W+ Vi + B+ 6 +yi +vBij + vy + BYji + vy + BSji + Yoy + vBYiji + VYB6iji
+yYbis + BYSjii + YB8Yijii + Eijia (6)

Where:

p= Mean response; y1= Block variable (mechanical properties); pj= Block variable (barrel
temperature); 6= Treatment Variable (percentage by volume of material); yx= Treatment
Variable (type of material); yBij = Block interaction (mechanical properties and barrel
temperature interaction); yyik= Block and Treatment interaction (mechanical properties and
type of material interaction);Byjk= Treatment Interaction (barrel temperature and type of
material interaction); y&i = Block and Treatment interaction (mechanical properties and
percentage by volume of material interaction); Bdj = Block and Treatment interaction (barrel
temperature and percentage by volume of material interaction); y&i = Treatment Interaction
(percentage by volume of material and type of material interaction); yByij« = Block and
Treatment interaction (mechanical properties, barrel temperature and type of material
interaction); yBdijy = Block and Treatment interaction (mechanical properties, barrel
temperature and Percentage by volume of material interaction); yydik = Block and Treatment
interaction (mechanical properties, type of material and Percentage by volume of material
interaction)Bydii = Block and Treatment interaction (barrel temperature, type of material
and Percentage by volume of material interaction); ypBdyix= Block and Treatment interaction
(mechanical properties, barrel temperature, type of material and percentage by volume of
material interaction); Xij«u = Response Variable; €ijx= Error term.

2.7. Statistical Computations for PVC-Grass Composite
Equation 7 to 22 was used to calculate for the sum of squares for the process parameters and
their interactions which was used to investigate the effects of process parameters using split-

split plot designs analysis. The obtained results were presented on Table 2

A) Total Sum of Squares (SSt)

—4 /=11 ¢K=2 W= X
S50 = DI T BT T i K

Where 1=4, J=11, K=2, L=7

B) Sum of squares for materials (SSa)

— VK=2 XZ_K .
SSa = 2k=1 L IJLK (8)

C) Sum of squares for the percentage by volume of materials (SSg)

_yi=7 X2 X2,
SSp = XiZ1 1JK IJLK ()

D) Sum of squares for mechanical strength (SSc)

4 X X2
SS, = [:4 i... A
¢ = 2ot JKL IJLK

(10)

E) Sum of squares for temperature (SSp)
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X2, X2

J= 11 i
SSp = Z IKL IJLK (11)
F) (Material type) X (percentage by volume of material) Interaction (SSag)
_ L7X k1 K= _vi=7 X%, X2
SSaB = Xhor Bioq — Yk= I]K ot K + LK (12)
G) (Material type) X (Mechanical Strength) Interaction (SSac)
Xl x? X2 X2
SSAC Z{ 411-21( 2 k ZI 4 ]KL. _ZK I]Lk. + 1]7 (13)
H) (Material type) X (Temperature) Interaction (SSap)
K=2 111X jk._ yk=2 X J=11 Xtio X2
SSap = X1 Xj= 1 k=1 ,]'L — - T LK (14)
I) (Percentage by Volume of material) X (Mechanical Strength) Interaction (SSgc)
SS =Z ZL 7X . ZI =4 XZ _ZL 2l +& (15)
BC ]KL IJK IJLK
J) (Percentage by volume of material) X (Temperature) Interaction (SSep)
J=11 yL= J=11 X. _yL=7 X2 X2
SSgp = 2j— Z — 2= )y K + LK (16)
K) (Mechanical Strength) X (Temperature) Interaction (SScp)
_ J= 11X11 I=4 =1 X2, X2
SScp = XiZ Z 21’:1 ]KL — 2= L + 1JLK (17)
L) (Material type) X (Percentage by volume of material) X (Mechanical Strength)
Interaction (SSagc)
2 2
SSasc =TIt ZIT BI okt — pistpis i el Sk 4 phz Tk

(18)

M)(Material type) X (Percentage by volume of material) X (Temperature) Interaction
(SSaeD)

X% ik k. x? X2
SSABD—Zj k12 lL17 ] 25 ZKZ ] —Z 2L7 I]kl+ZK2 k.

IjL
(19)

N) (Material type) X (Mechanical strength) X (Temperature) Interaction (SSacp)

215



Olodu and Aliyegbenoma , International Journal of Engineering and Innovative Research 2:3 (2020) 211-223

— yi= Z] 11Xl, 25 ZK: Z] 11 L

IKL

SSacp =Z Z] “ZK 42
(20)

O) (Percentage by volume of material) X (Mechanical strength) X (Temperature)
Interaction (SSgcp)

SSacp = Rzt pITyher K groayuet X yumtigng X et K0
(21)

P) Error Sums of Squares SSg = SSt - SSp — SSg — SS¢ — SSp — SSag - SSac
— SSap — SSgc — SScp - SSac — SSaBp — SSacp- (22)

2.8. Hypothesis

The null hypothesis with its alternative were formulated for the PVC-Grass composite as
follows:

Null Hypothesis(H,): The percentage by volume of material, material type, barrel
temperature and their interactions contributes significantly to the mechanical properties of the
composite produced at a-value of 0.05.

Alternate Hypothesis (H;): The percentage by volume of material, material type, barrel
temperature and their interactions does not contributes significantly to the mechanical
properties of the composite produced at a-value of 0.05.

3. RESULTS AND DISCUSSION

Table 1 shows the effects of barrel temperature on mechanical properties of PVC-Grass
composites while Table 2 shows ANOVA result for the effects of process parameters and
their interactions on produced PVC-grass composite. Figure 1-4 shows the split-split plot
analytical design of the effects of barrel temperature on tensile strength, proof stress,
percentage elongation and flexural strength respectively. Figure 5-8 shows the Split-split plot
numerical design of the effects of barrel temperature on tensile strength, proof stress,
percentage elongation and flexural strength respectively.
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Analytical Abstract of effects of Barrel Temperature on PVC - Grass using spiit-spit plot design
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Figure 1. Split-split plot Analytical Design of the Effect of Barrel Temperature on Tensile Strength.
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Figure 2. Split-split plot Analytical Design of the Effect of Barrel Temperature on Proof Stress.
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Numerical Abstract for effect of Bamrel temperature on PVC-Grass
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Figure 5: Split-split plot Numerical Design of the Effect of Barrel Temperature on Tensile Strength.
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Figure 6: Split-split plot Numerical Design of the Effect of Barrel Temperature on Proof Stress.

219



Figure 7. Split-split Plot Numerical Design of the Effect of Barrel Temperature on Percentage Elongation.
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Figure 8. Split-split Plot Numerical Design of the Effect of Barrel Temperature on Flexural Strength.
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Table 1. Effects of Barrel Temperature on Mechanical Properties of PVVC-Grass Composites.

TEMPERATURE (°C)
PERCENTAGE
PERCENTAGE BY
MECHANICAL | BY VOLUME OF VOLUME OF 210 | 220 230 240 250 260 270 280 290 300 310
PROPERTY PVC GRASS  {K)
(™M)
80 20 120 | 375 | 500 | 595 | 660 | 7.85 | 870 | 820 | 810 | 770 | 7.30
70 30 130 | 3.87 | 510 | 6.05 | 672 | 800 | 885 | 835 | 815 | 7.76 | 7.36
TENSILE 60 40 227 | 484 | 610 | 7.03 | 770 | 899 | 9.85 | 9.37 | 9.28 | 8.88 | 850
STRENGTH 50 50 150 | 407 | 535 | 628 | 7.00 | 828 | 9.14 | 865 | 856 | 815 | 7.76
(N/mm?) 40 60 190 | 447 | 570 | 660 | 7.25 | 855 | 9.41 | 890 | 880 | 842 | 8.00
30 70 160 | 420 | 546 | 640 | 7.10 | 840 | 925 | 876 | 865 | 825 | 7.87
20 80 0.80 | 335 | 460 | 553 | 6.22 | 7.55 | 840 | 790 | 7.82 | 7.45 | 7.08
80 20 090 | 1.90 | 1.85 | 2.86 | 3.03 | 3.12 ﬁ: 250 | 220 | 2.05 | 1.08
70 30 120 | 220 | 215 | 314 | 332 | 341 | O i.ig zzlii i.gg ;.3:
60 40 1.82 | 2.88 | 3.84 | 4.83 | 5.00 | 5.10 . . . .
PRC(’:I’/FmS:S;ESS 50 50 1.60 | 2.60 | 2.53 | 3.50 | 3.70 | 3.81 :iz 330 | 3.05 | 291 | 1.90
40 60 150 | 251 | 245 | 3.44 | 364 | 373 | o0 | 310 | 282 | 267 | 165
30 70 140 | 240 | 233 | 331 | 350 | 361 | O | 3.00 | 275 | 262 | 1.60
20 80 130 | 232 | 225 | 323 | 3.41 | 3.52 290 | 260 | 244 | 1.42
80 20 005 | 035 | 068 | 098 | 1.18 | 1.47 | 158 | 138 | 1.28 | 1.13 | 0.98
70 30 008 | 039 | 072 | 1.00 | 122 | 151 | 1.62 | 1.44 | 1.35 | 1.20 | 1.05
PERCENTAGE 60 40 020 | 057 | 090 | 120 | 140 | 170 | 1.80 | 1.60 | 1.50 | 1.35 | 1.20
ELONGATION 50 50 015 | 046 | 079 | 1.08 | 1.28 | 1.60 | 172 | 1.52 | 1.40 | 1.25 | 1.10
(%) 40 60 012 | 043 | 073 | 1.06 | 125 | 155 | 1.64 | 1.45 | 1.34 | 1.18 | 1.05
30 70 011 | 040 | 070 | 1.04 | 122 | 151 | 162 | 142 | 130 | 1.16 | 1.02
20 80 0.0 | 038 | 064 | 094 | 1.14 | 143 | 154 | 135 | 1.24 | 1.10 | 0.95
80 20 870 | 880 | 865 | 870 | 8.67 | 860 | 887 | 867 | 888 | 867 | 8.64
70 30 987 | 9.64 | 937 | 921 | 9.11 | 9.00 | 9.08 | 9.15 | 931 | 9.44 | 9.66
AVERAGE 60 40 811 | 795 | 7.77 | 766 | 7.59 | 752 | 757 | 762 | 7.74 | 7.83 | 7.68
DEFLECTION 50 50 831 | 834 | 795 | 7.83 | 7.77 | 768 | 774 | 7.79 | 7.90 | 7.99 | 8.14
(mm) 40 60 864 | 847 | 826 | 813 | 8.09 | 801 | 810 | 814 | 826 | 835 | 8.21
30 70 889 | 869 | 848 | 837 | 830 | 821 | 829 | 836 | 848 | 858 | 8.41
20 80 9..08 | 889 | 865 | 852 | 844 | 834 | 844 | 851 | 865 | 875 | 8.93
80 20 18.80 | 19.32 | 19.93 | 20.30 | 20.50 | 20.78 | 20.58 | 20.30 | 19.92 | 19.63 | 20.10
FLEXURAL 70 30 20.70 | 21.20 | 21.81 | 22.20 | 22.43 | 22.71 | 22.51 | 22.33 | 21.95 | 21.64 | 21.16
STRENGTH 60 40 25.20 | 25.70 | 26.30 | 26.70 | 26.92 | 27.20 | 27.00 | 26.82 | 26.40 | 26.10 | 26.60
X10(N/mm2) 50 50 24.60 | 25.10 | 25.70 | 26.10 | 26.31 | 26.60 | 26.41 | 26.23 | 25.87 | 25.58 | 25.10
40 60 23.65 | 24.13 | 24.73 | 25.15 | 25.25 | 25.53 | 25.24 | 25.10 | 24.73 | 24.47 | 24.90
30 70 23.00 | 23.51 | 24.11 | 24.41 | 24.62 | 24.91 | 24.64 | 24.46 | 24.10 | 23.82 | 24.30
20 80 22.50 | 23.00 | 23.62 | 24.00 | 24.22 | 24.51 | 24.21 | 24.02 | 23.64 | 23.36 | 22.90

Table 2. Anova Result Table for Effects of Barrel Temperature on PVC-Grass Composite.

Sources of Sum of Degree of freedom Mean of Fisher’s Ratio F, Fisher’s Ratio
Variation Squares (SS) Squares (MS) a=0.05 Frable
SSa 0.00 K-1=1 0.00 0.00 5.99
SSg 331.30 L-1=6 55.22 0.00 4.28
SSc 50,049.04 1-1=3 16683.01 0.00 9.28
SSp 522.56 J-1=10 52.28 0.00 2.98
SSas -0.00001 (K-1)(L-1)=6 -1.67X10¢ 0.00 8.94
SSac -0.000018 (K-1)(1-1)=3 -1.60X10¢ 0.00 3.16
SSap 0.00 (K-1)(J-1)=10 0.00 0.00 1.99
SSec 406.65 (L-1)(1-1)=18 22.59 1.00 2.01
SSep -7697.86 (L-1)(J-1)=60 128.30 -855.35 0.51
SSco 392.25 (1-1)()-1)=30 13.07 0.00 1.37
SSasc 406.65 (K-1)(L-1)(1-1)=18 22.59 0.43 2.98
SSasp -9.03 (K-1)(L-1)(1-1)=60 -0.15 -0.01 0.17
SSacp -0.000027 (K-1)(1-1)()-1)=30 -0.00 0.00 1.93
SSecp 8070.08 (L-1)(1-1)(J-1)=180 44.83 -135.85 6.57
SSe -60.27 (1-1)(J-1)(K-1)(L-1)=180 -0.33
SSt 51707.85 JKL-1=615

3.1. Interpretation of the Results

Figure 1-4 shows the split-split plot analytical design of the effects of barrel temperature on
tensile strength, proof stress, percentage elongation and flexural strength respectively. The
values in Table 1 was input into the analytical split-split plot design which resulted to the
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Split-split plot numerical design of the effects of barrel temperature on tensile strength, proof
stress, percentage elongation and flexural strength respectively (Figure 5-8). Equation 7 to 22
was used to evaluate for the sum of squares for the process parameters and their interactions,
the values obtained were presented on Table 2.

The investigation of treatment effect of materials (SSa), percentage by volume of materials
(SSg), mechanical strength (SSc) and barrel temperature (SSp) respectively shows that the
calculated Fisher’s ratio values were less than the Fisher ratio values obtained from the table
at a-value of 0.05 (Table 2). The results compared favourably with the results obtained by
Goos, and Vandebroek [10] using D-optimal Split-Plot Designs with given numbers and sizes
of whole plots. From the results obtained, it shows that the experimental data do not furnish
enough evidence to reject the null hypothesis H, treatment at a-value of 0.05. This shows that
the treatment effect and the block effect of process parameters contribute significantly to the
mechanical property of the produced PVC-Grass composite in industries.

Furthermore, the interaction of the process parameters obtained from treatment effect such as
Material type and percentage by volume of material Interaction (SSag); Material type and
Mechanical Strength Interaction (SSac); Material type and Temperature Interaction (SSap);
Percentage by VVolume of material and Mechanical Strength Interaction (SSec); Percentage by
volume of material and Temperature Interaction (SSep); Mechanical Strength and
Temperature Interaction (SScp); Material type, Percentage by volume of material and
Temperature Interaction (SSasp); Material type, Mechanical strength and Temperature
Interaction (SSacp); Percentage by volume of material, Mechanical strength and Temperature
Interaction (SSecp); Material type, Percentage by volume of material and Mechanical
Strength Interaction (SSagc) respectively shows that the calculated Fisher’s ratio value is less
than the Fisher ratio obtained from the table at a-value of 0.05 (Table 2). The results compare
favourably with the results obtained by Goos and Vandebroek[10]; Loeza and Donev [4];
Edelugo [12] . The experimental data do not furnish enough evidence to reject the null
hypothesis H, treatment at a-value of 0.05. This shows that the treatment effect and the block
effect interaction of these process parameters contribute significantly to the mechanical
property of the produced PVC-Grass composite in industries.

4. CONCLUSION

The results obtained from the interactive model developed using the split-split plot design
indicates that there were strong interaction between barrel temperature, type of material and
percentage by volume of material on mechanical properties (Tensile Strength, Proof Stress,
Percentage Elongation and Flexural Strength) for the produced PVC-Grass composites.
Hence, these process parameters contributes significantly to the produced injection moulded
PVC-Grass composite. Decisions made based on the hypothesis statements shows that there
were no enough evidence to reject the null hypothesis at a-value of 0.05 for PVC-Grass
composite. The developed interactive model will also be useful to researcher, industrialist and
small scale manufacturer to ease the production of plastic-grass composite in polymeric
industries.
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