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On Soz

Miihendislik bir tilkenin kalkinmasinda ve gelismesinde ¢ok 6nemli rol
oynayan disiplinler aras1 ortakligin meydana getirdigi bir iist bilim dalidir.
Miihendislik, matematiksel ve dogal bilim dallarindan, ders galiyma, deney
yapma ve uygulama yollart ile kazanilmig bilgileri akillica kullanarak, doganin
kuvvetleri ve maddelerini insanoglu yararma sunmak iizere ekonomik olan
yontemler gelistiren bir meslektir.

Ciinkii miithendislik yaklagimz; igi sorun ¢6zmek olan insan yaklagimudur.
Miihendislik  yaklagimi iginde bulunan ¢alisanlar, goriilmeyeni gorerek,
diigiiniilmeyeni bularak, optimum ¢6ziimleri hedefleyip durumdan maksimum
faydayi ¢ikarmayt bilirler. Diger taraftan miihendislik nedir, sorusu ile aklimiza
¢ok genis ve detaylh bir tamimlama gelse de genel olarak miihendislik,
problemleri ¢ozebilmek icin gerekli olan bilim ve matematigin
uygulanmasidir diyebiliriz. Miihendisler, bir seylerin nasil ¢aligtigini anlar ve
bilimsel kegiflerin pratik hayatta kullanimi i¢in yontemler bulur.

Yayinlanan bu kitap; gesitli miihendislik dallarinda  hocalik  yapan
akademisyenlerin sunmug oldugu gerek kendi 6zgiin ¢aligmalar1 ve gerekse
literatiirden aktarilan derleme galiymalarin bir araya getirilmig sunumlarindan
meydana getirilmigti. Burada amag konuyla ilgilenen miihendis ve
akademisyenlerin  6nemli sayillacak miihendislik ¢alismalarini  bir arada
bulmalaridir. Dolayisiyla kitabmn 6nemli bir boglugu dolduracagr ve geng
aragtirmacilara faydali olacagi kanaatindeyim. Bu baglamda; kitaba bilimsel katki
sunan, kitab baskiya hazirlayan kisacas: emegi gecen herkese tesekkiir ederiz.

Yayimlanan bukitabin gerek miithendislere ve gerekse geng akademisyenlere
faydali olmasmni diler, tiim miihendis ve gen¢ akademisyenlere basarilar
dilerim.

Prof. Dr. Kamil KAYGUSUZ
Karadeniz Teknik Universitesi
Tiirkiye Bilimler Akademisi Asli Uyesi

1ii






Icindekiler

On Soz iii
Boliim 1
Siit Uriinii Olmayan Probiyotik Igeceklere Giincel Bir Bakus 1
Zeynep Kilci
Bolim 2
The Design of Mechanisms Via Artificial Intelligence 17
Onur Denizhan
Boliim 3

Investigation of the Effects of Different Cooling/Lubrication Conditions
and Cutting Parameters on Energy Consumption During Milling of
Hybrid Aluminum Composites 27

Unal Degjirmenci

Bolim 4

Carbon nitride-based photocatalysts for hydrogen evolution: A review 47

Ceren Orak 47
Bolim 5
Biyokiitle Bilesenlerinin Isil Ozelliklerinin Onemi 61
Meltem Kizalea Corub



Bolim 6

Tarim Alaninda Dijital Tkiz Yonteminin Kullanilmasi 71
Mahmut Durgun
Bolim 7
Tiirkiye’de Arazi Toplulastirmas: Konusunda Yapilan Akademik
Calismalara Genel Bir Bakis 81
Nuyi Evdem
Bolim 8
Generative Artificial Intelligence for Air Transportation Sector 109
Musab Talha Akpmar
Boliim 9
Algorithm Design In Programming Language Education 127

Tiyjba Savay Cetinkayn
Al Cetinkaya

vi



Bolum 1

Siit Uriinii Olmayan Probiyotik Igeceklere
Gtincel Bir Bakig

Zeynep Kilci'

Ozet

Son zamanlarda, hastaliklarin 6nlenmesine yardimci olan saglikli diyetlerin
benimsenmesine olan ilgi artmig ve bunun sonucunda yeni fonksiyonel
gidalarin arastirilmasi ve gelistirilmesi bilyiik nem kazanmugtir. Probiyotikler
ve prebiyotikler gibi gida katki maddeleri, bagirsak mikrobiyotasinin
bilegimi tizerinde olumlu etkiler gosterebilir ve bu sebeple uzun zamandir
yogun aragtirmalarin baglica konusudur. Yararli mikroorganizmalarin canli
halde gidaya eklenmesi ve bu gidalarin tiiketilmesinin saghk tizerine olumlu
etkilerine iliskin saghk profosyonellerinin olumlu goriigleri ile pek ¢ok
aragtirma bulunmaktadir. Gerek ekonomik sebepler gerek saglik sebepleri
probiyotik mikroorganizmalar igin siitten bagka alternatif matris arama
caligmalarin tetiklemistir. Ozellikle laktoz intoleransi ve siit proteinleri alerjisi
gibi saglik problemleri yagayan bireyler fermente siit ve triinleri tiikettikleri
zaman gesitli sitkintilar yagamaktadir. Bunun yani sira gelismis iilkelerde gevre
ve hayvan haklarina dair etik kaygilara sahip tiiketiciler vejeteryan beslenme
egilimine yonelmektedir. Tiim bu sebepler ve etkenler bir araya geldiginde siit
bilegenlerinin probiyotik ajanlar igin araglar olarak kullaniminin azaltilmas:
tikrini tegvik etmektedir. Yakin gelecekte meyve ve sebze sular1 gibi igeceklerin
veya tahil bazl igeceklerin sagliklt probiyotik bakterilerin damgasini vuracags
bir sonraki gida arastirma kategorisi olacagi ongoriilmektedir. Bu bilgiler
kapsaminda bu ¢aligmada bazi siit {irlinii olmayan probiyotik igeceklere
yonelik genel bir degerlendirme yapilmas: hedeflenmistir.

GIRIS
Yasam standard: ile yeme aligkanlhklarindaki ve artan saghk bilincindeki
devrim, tiiketici kabuliinii daha genig saghk yararlar1 olan besleyici, saglikli

1 C)grctim Gorevlisi, Bandirma Onyedi Eyliil Universitesi Susurluk Tarim ve Orman Meslek
Yiiksekokulu, Gida Isleme Boliimii, Balikesir, Tiirkiye, znale@bandirma.edu.tr, ORCID:
0000-0003-1700-8597
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ve hastalik onleyici gidalara dogru evirmistir. Tiiketiciler, bulagict olmayan
kronik hastaliklarin 6nlenmesinin yani sira, yagaminin uzamasi ve refah
diizeyinde gidanin rolii konusunda giiniimiizde artik daha bilinglidir (Granato
vd., 2010). Tiiketici beklentilerini karsilama konusunda probiyotikler deyim
yerindeyse egsiz niteliktedir. Dogal beslenmenin Otesinde saglik yararlarina
ulagabilmek igin yeterli miktarda uygulanan segici canl, mikrobiyal diyet
takviyeleri olarak da ifade edilebilen probiyotiklerin insan saghg: tizerindeki
etkileri, saglik ve tip uzmanlari tarafindan giderek daha fazla tanitilmaktadir
(Perricone vd., 2015)

Insan bagirsak sisteminde gerek dogal olarak bulunan gerek sayist
alinan gidalarla desteklenen Lactobacillus, Leuconostoc ve Bifidobacterium
cinsi bakteriler metabolizmada istenmeyen bagirsak patojenlerinin
gelisimini engellerken, bagisikligin artirlmasina, serum kolesterol igeriginin
diigiiriilmesine, protein sindirilebilirliginin artirilmasina, kronik olmayan
hastaliklarin - goriilme sikhigmin  distirtilmesine  6nemli  katkilar saglar
(Suvarna & Boby, 2005). Uzun siireli antibiyotik kullanimindan sonra
bagirsak florasinin eski dengesine kavusmasinda probiyotikler 6nemli rol
tstlenir. Bu ylizden uzmanlar antibiyotiklerin probiyotik gidalarla birlikte
alinmasini 6nermektedir (Balamurugan vd., 2010). Japonya’da Yakult ve
Suntory Bikkle, Fransa’da Actimeal, Hollanda’da Vifit, Isvigre’de Nestle ve
Nesvita probiyotik endiistrisinde diinya ¢apinda 6ne ¢ikan firmalardir.

Son yirmi yilda probiyotiklerin gelisimi, gida endiistrisinde 6nemli
bir ilerlemenin sinyalini vermigstir. Probiyotiklerle ilgili bilimsel yayinlarin
sayisl, 1yi belgelenmig probiyotik organizmalarin kullanildig: heyecan verici
bilimsel ve klinik bulgular gibi faktorlerin tegvikiyle olduk¢a artmigtir
(Reid, 2006).

Probiyotik, “yagam igin” anlamina gelen nispeten yeni bir kelime olup
genellikle insanlar ve hayvanlar igin yararli etkileri olan bakterileri adlandirmak
igin kullanilir. Probiyotik terimi, bir Uzmanlar Komitesi tarafindan teknik
olarak “belirli sayida tiiketildikten sonra genel beslenmenin 6tesinde saglik
vararlart saglayan canli mikroorganizmalar” olarak tanimlanmistir (FAO/
WHO, 2001; Guarner & Schaafsma, 1998). Bu, mikroorganizmalarin
canli olmasi ve yiiksek sayilarda, genellikle giinliik alinan gidanin grami
veya mililitresi bagina 10 hiicreden fazla olmasi gerektigi anlamina gelir.
Probiyotik mikroorganizmalar ¢ogunlukla Lactobacillus ve Bifidobacterium
cinslerinin suglarindan olugur, ancak bunlarla sinirli degildir (Tablo-1). Bir
mikroorganizmanin probiyotik nitelikte degerlendirilebilmesi igin temel
kriter pek tabii patojen Ozellik gostermemesidir. Bunun yani sira tiiketici
saghgr tizerine muhtemel olumlu etkiler de barindirmasi 6nemlidir.
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FAO/WHO Uzman Damigmanligi, herhangi bir potansiyel probiyotik
mikroorganizmanin nasil test edilebilecegine ve diigiik bir riske sahip
oldugunun nasil kanitlanabilecegine iligkin yonergeler saglamak igin ilkelerin
ve pratik kriterlerin olugturulmast gerektigine inanmaktadir (FAO/WHO,
2001).

Tablo 1: Bazi probiyotik mikroorganizmalar (Gorbach, 2002)

Laktobasil Tiirleri Bifidobakter Tiirleri  Digerleri

Lactobacillus cases Bifidobacterium breve  Lactococcus cremoriss

Lb. amylovorus Bf: animalis Clostridium botyricum

Lb. brevis Bf: adolescentis Lactococcus lactis sp. cremoriss
Lb. acidophilus Bf: bifidum Saccharomyces boulardii

Lb. crispatus Bf. infontis fht: %Z;Z;Zj salivarius .

Lb. delbrueckii sp. bulgaricus — Bf lactis Pediococcus acidilactici

Lb. paracasei Bf. longum Propionibacterium freudenreichii

Probiyotik suglar insan gastrointestinal sistemindeki asit ve safraya kars:
direng gosterebilme, insan epitel hiicrelerine baglanabilme, insan bagirsak
sisteminde kolonize olabilme, bakteriyosin gibi antimikrobiyal maddeler
tiretebilmeleri sayesinde gida endiistrisinde tercih edilme potansiyellerini
artirmaktadir.  Probiyotik suglarin  tiim bu  Ozellikleri sayesinde bu
mikroorganizmalar1 igeren probiyotik gidalar tiiketildiginde insan saglhigi
tizerine olumlu etkiler gosterebilmektedir (Panghal vd., 2018). Probiyotik
mikroorganizmalarin ayni zamanda diigiik maliyet, isleme ve depolama
sirasinda  canliigini siirdiirme, {iriinlerde uygulama kolayhgi, gidalara
uygulanan fizikokimyasal igleme siireglerine kargi direngli olmasi gibi
niteliklere sahip olmasi da beklenmektedir. (Collins vd., 1998; Gorbach,
2002). Insanlar iizerinde yasalara uygun sekilde ¢alisilmis ve sonuglari
hakemli bilimsel dergilerde yaymnlanmig pek ¢ok aragtirma probiyotiklerin
insan saghg {izerine olumlu etkilerini desteklemektedir. Bu ¢aligmalardan
bazilar1 Tablo-2’de 6zetlenmistir.
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Tablo 2: Bazs hastaliklarmn onlenmesinde ve tedavisinde kullanidan baz: probiyotik

suslar
Rahatsizlik Probiyotik Sug Klinik Ciktilar Kaynakga
Patojen bakteri  Lb. vhammnosus GG, Ozellikle ¢ocuklarda Guarino vd.,

ve/veya Lb. casei, Bf lactis rotaviriisiin sebep oldugu 1997; Guandalini
virtislerin sebep  BB-12, Bf. bifidum,  aktif ishalin 6nlenmesi vd., 2000; Isolauri
oldugu diare Sc. thermophilus vd., 2000;
(ishal) Majamaa vd.,
1995
Helicobacter Lb. johmsonii Lal, Tlgili patojen Aiba vd., 1998;
pylori Lb. salivarius, Lb. susun geligiminin Midolo vd., 1995
enfeksiyonu acidophilus LB engellenmesi, patojen
ve sonrasinda mikroorganizmanin
yaganan midenin asidik
komplikasyonlar ortaminda kalmas igin
gerekli olan {ireaz enzim
aktivitesinin azalmasi
Enflamatuar Lb. vhammnosus GG Gastrointestinal Isolauri vd., 2000;
(iltihaplr) mikrofloranin
hastaliklar modiilasyonu yoluyla
ve bagirsak iltihaph rahatsizliklarda
sendromlari tyilestirme
Gastrointestinal ~ Lb. vhammnosus GG,  Bazi kanser tiirlerinin Aso vd., 1995;
sistemde Lb. vhamnosus baglamasinin 6énlenmesi ~ Hosada vd.,
goriilen kanser ~ LC-705, Lb. veya geciktirilmesi 1996; Oatley vd.,
rahatsizliklart acidophilus LA-2, 2000; Midolo vd.,
Bifidobacterium sp., 1995
Propionibacterium sp.
Alerjik Lb. vhammnosus GG,  Alerjik rahatsizliklarinin ~ Isolauri vd., 2000;
semptomlar Bf lnctis BB-12 baglamasinin 6nlenmesi  Majamaa vd.,
1995
Kardiyovaskiiler  Lactobacillus sp Iskemik kalp Reid vd., 2001
rahatsizliklar sendromlarinin

Onlenmesi ve tedavisi

FONKSIYONEL GIDA OLARAK PROBIYOTIKLER

Geligmekte olan iilkelerde son zamanlarda patojenik mikroorganizmalar
veya bunlarin toksinlerinden arinmug zararsiz gidalari tiiketme endisesi
ortaya ¢itkmistir. Ayn1 zamanda gidanin istenmeyen herhangi bir madde ile
kontaminasyonu bulunmamali ya da en iyi ihtimalle mevzubahis olabilecek
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riskleri yagamamak adina s6z sahibi kurumlar tarafindan belirlenmig
maksimum kalinti limitlerini agmayacak diizeyde i¢ermelidir. Yine diyabet,
hipertansiyon, kanser gibi hastaliklar1 6nleme kapasitesine yiyecekler giinden
giine artan talep gormektedir. Tiiketicilerin saghg: tizerine olumlu etkileri
bulunabilecek yiyecek ve igeceklere artan ilgiyle birlikte bu iirtinlerin pazar
pay1 ve sOz konusu iriinleri gelistirmeye yonelik ¢aba ayni oranda artig
gostermektedir (Hilliam, 2000).

Tibbi gidalar, nutrasotikler, regeteli gidalar, terapotik gidalar, siiper gidalar,
tasarimci gidalar, gida ilaglart ve medikal gidalar olarak da adlandirilan
fonksiyonel gidalar, 1980’li yilarda Japonya’da gelistirilmis olup 1991°de
FOSHU (Foods for Specified Health Use) - Belirtilmig Saglik Kullanimina
Yonelik Gidalar seklinde tanimlanarak yasal bir statii kazanmigtir. 100°den fazla
FOSHU lisansh iirtin bulunan Japonya, fonksiyonel gida onayi igin 6zel bir
stire¢ formiile etmistir. Japonya’da bilindigi sekliyle fonksiyonel gida ne Avrupa
Birligi iilkeleri ne de Amerika Birlesik Devletleri’nde yoktur. Fonksiyonel
gidalara iligskin yasal diizenlemeler ANVISA (National Agency of Sanitary
Vigilance) — Ulusal Sihhi Ihtiyat Ajansi tarafindan gergeklestirilmektedir.
Fonksiyonel gidalar1 diizenleyen normlar, probiyotiklerle ilgili olarak biiyiik
Olgekli tiretime uygun olma, kullanima hazir bir formda olma, depolama ve
kullanim esnasinda stabil ve canli kalabilme, bagirsak ekosistemine dayanikli
olma gibi hususlar1 dikkate almalidir (Martins vd., 2013)

Fonksiyonel gidalar, besinlere ek olarak, metabolizmaya hastaliklar
tyilegtirme veya hastalik gelisme riskini azaltma konularinda katkida
bulunabilecek bilegenleri saglayan gidalar olarak tanimlanir (Vasudha &
Mishra, 2013). Fonksiyonel gidalarin genel niteliklerini 6zetlemek gerekirse;

* Kanitlanmug fizyolojik etkiler,
* Kronik hastalarin gelisim riskini diigiirme,

* Fiziksel gortiniim olarak geleneksel gidalara benzerlik (tercih edilirligi
artirmasi agisindan Onerilmektedir),

* Giinliik diyetin bir pargasi olarak tiiketilme,
e Temel beslenme islevlerine katkida bulunma,

* Fiziksel sagligin yani sira zihin sagliginin korunmasina katki saglama
(Weststrate vd., 2002).

Bu irilinlerin temel amact kronik hastaliklart 6nlemek ve viicudun
dogal vitamin ve elektrolit dengesini saglamaktir. Uluslararasi Yagam
Bilimleri Enstitiisi’ne gore, bir gida, organizmadaki bir veya birkag spesifik

tonksiyon tizerinde faydal bir etkiye sahip oldugunu tatmin edici bir sekilde
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gosteriyorsa, normal beslenme etkilerinin 6tesinde, iyilestirici olarak kabul
edilebilir. Gida endiistrileri tarafindan fonksiyonel gidalarin gelistirilmesi ve
etkilerini degerlendirmek igin yapilan klinik testler, ulusal ve uluslararasi saglik
otoritelerinin bu tiir gidalar1 siniflandirmak igin net kriterler olusturmasina
yardimer olacaktir (Daliri & Lee, 2015).

Ilk nesil fonksiyonel gidalar, bilinen saglik 6zellikleri igin kalsiyum veya
vitaminler gibi bilesenlerin takviyesini igeriyordu (Ziemer & Gibson, 1998).
Fermente siit tirtinleri, igerdikleri baglica kalsiyum (osteoporoz, hipertansiyon
ve kolon kanseri risklerini azaltmaya yardimci etki) olmak tizere saglig:
tyilestirici diger bilesenler nedeniyle fonksiyonel gidalar kategorisine dahil
edilebilir. Son yillarda, fermente siitiin saglik tizerindeki potansiyel yararl
etkilerine olan ilginin artmasi, diinya ¢apinda mevcut ¢esidin ve tiiketilen
miktarin artmasina neden olmugtur (Hilliam, 2000). Siit tirtinleri, insanlarda
probiyotik bakteriler igin geleneksel bir arag olarak kullanilmistir. Laktik asit
bakterileri, fermente siit tiriinlerinin hazirlanmasinda kullanilan 6nemli bir
mikroorganizma grubudur ve bunlarin ¢ogu probiyotik olarak kabul edilir.
Fermente siit tirtinlerinin mitkemmel besin kalitesi, esas olarak énemli bir
kalsiyum, protein, fosfor ve riboflavin kaynagi sunan siite atfedilebilir.
Saglig: geligtiren bakterileri igeren probiyotik siit iiriinleri, fonksiyonel gida
pazarinin 6nemli bir boliimiinii olugturmaktadir (Batish & Grover, 2004).

SUT URUNU OLMAYAN PROBIYOTIK ICECEKLER

Uzun yillardir fermente siit ve {iirtinleri geklinde pazarlanan probiyotik
driinler geligmis iilkelerde son zamanlarda gittikge artan vejeteryan beslenme
tarzlarin1 benimseyen birey sayist ile birlikte hayvansal kokenli olmayan
matrislerle iretilmis vejeteryan probiyotik iiriinler olarak piyasada yer almaya
baglamistir. Laktoz intoleranst, siit proteinleri alerjisi gibi saglik problemleri
de vejeteryan gida iriinlerine olan talebi artirmaktadir. Diinya genelinde
iretilen ok gesitli, geleneksel, ayn1 zamanda siit iiriinii olmayan ve ana
madde olarak tahillarla gelistirilen fermente igecek bulunmaktadir (Heenan
vd., 2004; Yoon vd, 2006).

Boza: Yaygin olarak Bulgaristan, Arnavutluk, Tiirkiye ve Romanya’da
titketilen bir igecektir. Bugday, ¢avdar, dar1, musir gibi tahillara geker ve/veya
sakarin eklenerek yapilan, rengi ¢ok agik saridan koyu beje degisen, tercihe
bagli olarak tatli veya eksi olarak tiretilebilen kolloid bir stispansiyondur. Boza,
hog tad1, aromast ve yiiksek besin degerleri nedeniyle 6zellikle son yillarda her
yastan insanin glinliik olarak tiikettigi cok popiiler bir igecek haline gelmistir.
Bozadan izole edilen baglica laktik asit bakterileri; Lactobacillus plantarum,
Lactobacillus acidophilus, Lactobacillus fermentum, Lactobacillus coprophilus,
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Lactobacillus brevis, Leuconostoc reffinolactis, Leuconostoc mesenteroides olarak
belirtilebilirken izole edilen baslica mayalar Saccharomyces cevevisine, Candidn
tropicalis, Candida glabrata, Geotvichum penicillatum ve Geotvichum candidum
olarak ifade edilebilir (Blandino vd, 2003).

Bushera: Uganda’nin Bati daglik bolgelerinde hazirlanan en yaygin
geleneksel iecektir. Uriin hem kiigiik gocuklar hem de yetiskinler tarafindan
yogun sekilde tiiketilmektedir. Cimlenmig sorgum ve dari tanelerinden elde
edilen sorgum veya dar1 unu, kaynayan su ile karigtirilir ve ortam sicakligina
sogumaya birakilir. Daha sonra ¢imlendirilmig dar1 veya sorgum unu eklenir
ve karigim ortam sicakliginda 1-6 giin mayalanmaya birakilir. Busheradan
izole edilen baslica laktik asit bakterileri, Lactobacillus, Lactococcus, Lenconostoc,
Enterococcus ve Streptococcus olmak tizere bes cinsten olugsmaktadir (Muianja
vd., 2003).

Mahewu (Amahewu): Afrika’da ve bazi Basra Korfezi iilkelerinde
titketilen musir unundan yapilan eksi bir igecektir. Su ile karigtirilmig misir
lapasindan hazirlanir. Daha sonra sorgum, dar1 malti veya bugday unu
eklenir ve mayalanmaya birakilir. Kendiliginden fermantasyon iglemi,
ortam sicakliginda maltin dogal florasi tarafindan gergeklestirilir. Afrika

mahewusunda bulunan baskin mikroorganizma Lactococcus lactis subsp. lactis
olarak belirlenmistir (Gadaga vd., 1999).

Pozol: Giineydogu Meksika’da tiiketilen, musirin yaklagik %1’lik lime
soliisyonunda pisirilmesi, su ile yikanmasi, “nixtamal” olarak bilinen bir
hamur elde etmek igin ogiitiilmesi, top haline getirildikten sonra muz
yapraklarina sarilarak 1-4 giin boyunca oda sicakliginda mayalanmaya
birakilmasiyla tiretilen serinletici bir igecektir (Wacher vd., 2000).

Tiiketimi uzun yillardir devam eden geleneksel fermente {iirtinlerin yani
sira farkl tahil iirtinlerinin kontrollii fermantasyonu neticesinde yenilikgi
probiyotik tiriinlerin gelitirilmesine yonelik aragtirmalar da yine son yillarda
hizla devam etmektedir. 2006 yilinda probiyotik nitelige sahip bir laktik asit
bakterisi olan Lactobacillus plantarum B28 susu kullanilarak yulaf ve arpa
bazl bir probiyotik igecek geligtirmeye yonelik aragtirma gergeklestirilmistir.
Yulaf ve arpa, tahil lifleri igerisinde ana fonksiyonel bilesen olarak kabul edilen
beta-glukan agisindan en yiiksek igerige sahiptir. Buzdolab1 kogullarinda 21
giinliik raf dmriine sahip fermente-probiyotik igecegi tiiketen bireylerde LDL
kolesterol seviyesinin %20-30 oraninda diistiigii belirtilmigtir (Angelov vd.,
2006).

Bitkisel hammaddeler igerisinde sahip oldugu yiiksek protein orani ile 6ne
¢tkan soya fasulyesi son yillarin dikkat ¢eken tiretim matrisleri arasindadir.
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Fonksiyonel ozelliklerinden dolay1 gida endiistrisinde biiyiik bir uygulama
potansiyeline sahip olan soya siitii, laktik asit bakterilerinin, ozellikle
Bifidobakterilerin biiyiimesi i¢in uygun bir matristir (Chou & Hou, 2000).
Oligofruktoz, iniilin gibi prebiyotik nitelige sahip bilesenlerle desteklenerek
soyanin fermente ve probiyotik liriin formiilasyonlarinin gelistirilmesine
yonelik galigmalarda kullanilabilecegi belirtilmektedir (Michail vd., 2006).

Duyusal agidan sahip oldugu potansiyel zorluklarina ragmen probiyotik
ve prebiyotik bilesenlerle giiglendirilmis meyve suyu bazli fonksiyonel
igeceklerin geligtirilmesine yonelik giinden giine artan ve dikkat ¢eken bir ilgi
bulunmaktadir. Meyve sular1 dogal olarak faydali besinleri ierdiklert, tiim yag
gruplarina hog gelen tat profillerine sahip olduklari, saglikli ve canlandirict
olarak algilandiklar: i¢in fonksiyonel saglik bilesenleri agisindan ideal bir
ortam olarak 6nerilmektedir (Tuorila & Cardello, 2002). Meyve ve sebzeler
mineraller, vitaminler, diyet lifleri, antioksidanlar gibi fonksiyonel gida
bilesenleri agisindan zengindir ve herhangi bir siit alerjeni igermemektedir
(Luckow & Delahunty, 2004).

Probiyotik ve meyve bazli igecekler s6z konusu oldugunda hardaliyeden
baglamak olduk¢a mantiklidir. Hardaliye, kirmizi iztim veya {iziim suyunun,
ezilmig hardal tohumlar1 ve benzoik asit ilavesiyle dogal fermantasyonundan
retilen laktik fermente bir igecektir. Tirkiye’de Trakya bolgesinde iyi
bilinen ve yaygin olarak tiiketilen bir iiriin olup ge¢misi eski ¢aglara dek
uzanmaktadir. Fermantasyon siirecinde hardal tohumunun eterik yaglarinin
mayalar1 etkiledigi ve nihai iiriine lezzet verdigi belirtilmektedir. Igecekte
bulunan baslica laktik asit bakterileri Lactobacillus pavacasei subsp. paracasei,
Lactobacillus casei subsp. pseudoplantarum, Lactobacillus brevis, Lactobacillus
pontis, Lactobacillus acetotolerans, Lactobacillus sanfransisco ve Lactobacillus
vaccinostercus olarak ifade edilebilir. Bu karakterizasyon ve tanimlama iglemi,
pastorize veya steril siiziilmiig tiztim sular1 kullanilarak hardaliye tiretimi igin
uygun suglarin segilmesine olanak saglamistir (Arict & Cogkun, 2001).

Probiyotik gida alaninda nispeten yeni-siit iiriinii olmayan probiyotik
igeceklerin sayist giinden giine artmaktadir. Malt, organik yulaf, mistr, piring,
yonca tohumu, inci arpa, keten tohumu, mas fasulyesi, cavdar tanesi, bugday,
dar1 gibi tahillar ile fasulye gibi baklagillerin laktik asit bakterileri ve mayalar
kullanilarak simbiyotik fermantasyonu neticesinde geligtirilmig bir iiriin olan
“Grainfields Wholegrain Liquid” bu anlamda yeni 6rnekler arasinda yer
almaktadir. Ana matriste siit igermeyen hammaddenin fermantasyonunda
kullanilan baghca mikroorganizmalar Lactobacillus acidophilus, Lactobacillus
delbrenkii, Saccharomyces boulardiic ve Saccharomyces cerevisine seklinde
belirtilebilir (Superfoods, 2006).
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Aromatik bitkiler basta olmak iizere genel olarak bitkilerin tiimiiniin
fermantasyon siirecinde hammadde olarak kullanilabildigi “Vita Biosa” yine
laktik asit bakterileri ve mayalarin simbiyotik fermantasyonu neticesinde
gelistirilen ve seker icermeyen fermente bir igecektir. Laktik asit bakterileri ve
dolayisiyla laktik asit fermantasyonu neticesinde son iirliniin nihai pH degeri
3.5 gibi diigiik degerlere kadar inebilmektedir. S6z konusu diigiik pH fermente
iriinii bozulmaya sebep olabilecek veya tiiketicinin hastalanmasina sebep
olabilecek zararl bakterilerin gelisimine karg1 korumaktadir. Karbondioksit
igerdigide belirlenen tiriiniin antioksidan madde igerigi agisindan da zengin bir
profile sahip oldugu rahatlikla sGylenebilir. Bu igecege mevcut popiilaritesini
kazandiran en 6nemli 6zelligi ise sindirim sisteminde mevcut olan ancak
gesitli sebeplerle bozulmus olan dogal dengenin geri kazanilmasinda hizl
ve aktif bir rol {istlenmesi olmustur. Uretilen nihai fermente igecek sahip
oldugu diisiik pH degeri ile zararli mikroorganizmalarin geligimine kargi
dogal bir bariyere sahipken ayni zamanda metabolizmada yararl bakterilerin
gogalmasina da destek olup saglikli sindirim sistemi florasimin olusumu ve/
veya geri kazanimi igin iyi bir zemin hazirlamaktadir (Superfoods, 2006).

Siit veya siit bilesenleri igermeyen ilk probiyotik gida “Proviva”dir. 1994
yilinda Isve¢’te Skane Dairy (Isveg) tarafindan piyasaya siiriilen bu gida, yulaf
ezmesinin laktik asit bakterileri ile fermente edilmesi neticesinde iiretilmig
tahil bazli laktik fermente bir iriindiir. Fermantasyonda Lactobacillus
plantarum kullanildig1 ve son tiriiniin sivilagmasini artirmak igin az miktarda
malt kullamldig belirtilmektedir (Molin, 2001).

Meyveli fermente bir igecek olan ve Lactobacillus vhammnosus (GG)un
fermente ettigi “Gefilus”, 1997 yilinda gelistirilmig olup buzdolabi sartlarinda
5 haftalik bir raf omriine sahiptir (Leporanta, 2005). Yakin tarihlerde
gelistirilmis olan “Bioprofit”in fermantasyon siirecinde ise Lactobacillus
rhamnosus GG ile birlikte Propionibacterium firendenveichii ssp. shermanii
JS kullanildig1 belirtilmistir (Daniells, 2006). Isve¢’te Bioagaia tarafindan
gelistirilen ve Lactobacillus veuteri MM53 ile fermente edilmis probiyotik
meyve suyu igecegi oldugu bilinmektedir. Meyve suyu bazli probiyotik
igeceklerin gelecek yillarda giderek daha 6nemli bir kategori haline gelecegi
ongoriilmektedir (Dairy Industries International, 2004).

PROBIYOTIK ICECEKLERIN GELECEGINE ILISKIN
VIZYON ONGORULERI

Yararli bakterilerin damgasini vuracag: bir sonraki gida kategorisinin
icecekler oldugu tahmin edilmektedir. Ozellikle sogutulmus meyve sulari,
siselenmis su veya fermente sebze sularinin fermente icecek konusunda
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yildiz1 parlayacak muhtemel adaylar oldugunu diistinmek igin pek gok
gegerli sebep bulunmaktadir. Probiyotik mikroorganizmalar giintimiizde
gelisen iiretim teknolojilerinin de yardimiyla artitk dogrudan igeceklere
dahil edilebilmektedir. Bu ikinci nesil probiyotik igecekler igin 6zel anahtar
“Dogrudan Sivi Agilama (Direct Liquid Inoculation)” sistemi olup bu sistem
probiyotik mikroorganizmalarin dogrudan bitmig iiriine eklenmesine olanak
tanimaktadir. Tetra Pak’in aseptik dolum makinesi (Flex Dos), nihai iiriin
ambalaja doldurulmadan 6nce probiyotik bakterilerin ambalaj materyali olan
kutuya eklenmesine miisaade etmektedir. Nihai {iriin igeriginin hassas olmasi
ve gesitli kontaminasyon riskleri bir arada degerlendirildiginde Flex Dos,
probiyotik i¢ecek pazarini gerek hacim olarak gerek iiriin ¢esitliligi olarak
onemli olgiide gelistirecek bir teknoloji seklinde degerlendirilmektedir (Chr
Hansen, 2000).

Meyve sularmin asidik yapiya sahip olmasi sebebiyle meyve sularina
probiyotik mikroorganizma eklemek ve dogrudan fermente bir iiriin
gelistirmek gorece zor bir siiregtir. Clinkii meyve suyunun asidik yapisi
zararli mikroorganizmalarin geligimini engelledigi gibi yararli bakteri olan
termente iiriin gelistirilmesi agamasinda baglatict kiiltiir olan probiyotik
suglarin da gelisimini engelleyecektir. Bu agamada mikroenkapsiilasyon
teknolojisinin ulagtig1 seviye ile probiyotik mikroorganizmalar fonksiyonel
gidalarin  6nemli bir bilegeni haline gelebilir. Mikroenkapsiilasyon
teknolojileri bakteri hiicrelerini dig ortamin sebep olacagi muhtemel
tehdit ve risk unsurlarina karst korumak admna gesitli yaridmer matrisler
araciligiyla gelistirilmis ve giinlimiizde bagariyla uygulanmaya baglamig bir
teknolojidir (Del Piano vd., 2006). Mikrokapsiilleme probiyotik bakterileri
uygun koruyucu bir kaplama materayali ile dis ¢evreden ayirmaktadir.
Bifidobakter ve Laktobasillere karsi jelatin, bitkisel gam maddeleri
kullanilarak mikrokapsiilleme uygulamalarinin bagarili sonuglar verdigi
belirtilmektedir (Chandramouli vd., 2004).

Yeni bir iiriin geligtirme stireci hem galigilan tirtinle ilgili hem de hedef kitle
miisteriler hakkinda ayrintili bilgi gerektirmektedir. Uriin gelistirme siirecine
dahil olan fonksiyonel disiplinler arasinda bilgi yonetiminin eksik kalmasi ve
miisteri taleplerinin dogru yonetilememesi neticesinde uluslararasi pazarda
gelistirilmis ancak bagariya ulagamamig pek ¢ok fonksiyonel gida ve igecek
bulunmaktadir (Bogue & Sorenson, 2006). Probiyotik iiriinlerin basarisi
titketicilerin saglig: iizerine igerdigi olumlu etkileriyle birlikte duyusal olarak
tiiketiciye ne kadar hitap ettigiyle de dogrudan ilgilidir (Yoon vd., 2006).
Bu noktada fermente probiyotik igecegin vaad ettigi saglik faydalarim
ger¢ekten sagladiginin kontrol merciileri tarafindan denetlenmesi 6nemlidir.
Giderek daha rekabetgi bir hal alan gida pazarinda fonksiyonel yiyecek ve
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igecek iireticilerinin 6nemli bir pazarlama araci olarak nihai iiriinde gidalarin
ne kadar iglevsel hale geldigini kullanacagi ongoriilmektedir (Sorenson &
Bogue, 2005).

SONUC

Gida matrislerinin bazi yapisal 6zelliklerini degistirebilecek teknolojik
gelismeler onlar1 probiyotik kiiltiirler igin ideal substratlar haline getirmeyi
miimkiin kilmugtir. Gerek tahillar gerekse meyve sebzeler ¢esitli mineraller,
vitaminler, antioksidan bilesenler, diyet lifleri gibi saghk tizerine olumlu
etkilerde bulunabilecek bilesenler agisindan halihazirda zengin durumdadir.
Ek olarak baz tiiketiciler igin alerjik reaksiyonlara sebebiyet verebilecek siit
proteinleri ve laktoz gibi siit bilegenlerini de icermemektedir. Glintimiiz
probiyotik gida pazarinda bulunan probiyotik iiriinler agirhkli olarak siit
bazlidir; bununla birlikte, tiiketici vejetaryenligindeki artis ve kolesterol
icermeyen probiyotiklere olan talep, bilim insanlarini ve arastirmacilari,
ozellikle sebze ve meyve sular1 olmak {izere probiyotikler i¢in araci olabilecek
yeni matris arayigina ve kegfine tesvik etmistir. Bu noktada alternatif olarak
yonelim tahil taneleri ile meyve ve sebze sularina olmugtur. Tahil taneleri,
diinyanin her yerindeki insanlar icin 6nemli bir protein, karbonhidrat,
vitamin, mineral ve lif kaynagi olmakla birlikte sindirilemeyen karbonhidrat
kaynagi olarak da kullanilabilirler. Sindirilemeyen karbonhidrat bilegeni
ozellikle kolonda bulunan Bifidobakteriler gibi suglar tizerine geligimi
destekleyici etkiye sahiptir ve tam da bu nedenle prebiyotik gorevi
gormektedir. Sebze ve meyvelerin, fitokimyasallar da dahil olmak {izere gok
cesitli antioksidan bilegenleri igerdigi bildirilmektedir. Fenolik bilesikler gibi
fitokimyasallarin, oksidatif stresi azaltarak ve makromolekiiler oksidasyonu
inhibe edip bu sayede dejeneratif hastalik riskini azaltarak tiiketici saglhgi
tizerine yararli oldugu degerlendirilmektedir. Siit probiyotikleri i¢in saghkli
bir alternatif olarak hizmet ettikleri, kolesterol igermedikleri ve ayrica laktoza
karg1 toleranssiz tiiketiciler tarafindan da tercih edilip tiiketilebildikleri
i¢in, probiyotiklerle birlikte siit bazli olmayan fonksiyonel igeceklerin
gelistirilmesine gergek bir ilgi vardr.
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Chapter 2

The Design of Mechanisms Via Artificial
Intelligence

Onur Denizhan!

Abstract

The engineering design is a very comprehensive term and required a number
of different disciplines work together. There are many examples of engineering
design studies and design of mechanisms is one of them. The design of
mechanisms is one of the focused areas by mechanical engineering field and
it includes kinematic synthesis, kinematic analysis, kinetics, dynamics, force
and optimization of the mechanisms. The mechanisms can be complex;
hence, additional help is needed in solution process. At that point, artificial
intelligence (AI) of computer science is a really helpful for the mechanical
engineers. Artificial intelligence field was found in 1956 and it is applicable
to significant parts of the mechanism design. However, mechanical engineers
cannot really apply artificial intelligence principles to mechanism design and as
a result, design of mechanisms via Al became an interdisciplinary engineering
studies between mechanical engineering and computer engineering. In this
chapter of the book, mechanism design with artificial intelligence is focused
and some sample applications are shown.

1. Introduction

The field of mechanical engineering includes a number of different
disciplines such as heat transfer, material science, fluid mechanics or control.
In addition to all of these disciplines, one of the main focus disciplines
of mechanical engineering is the mechanisms. The mechanism design in
mechanical engineering includes kinematics and kinetics investigation and
optimization. In early mechanism design studies, optimization was not a
part of the mechanism design; however, since mathematical computations
can be done by computers easily, the optimization has started to be a main

1 Department of Electronics and Automation, Batman University, Merkez, Batman, 72060,
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part of the mechanism design as well. Overall, the mechanism design includes
forward and inverse kinematic analysis, kinematic synthesis, dynamics, force
investigations and optimization based on optimization criteria.

The computer science (or computer engineering) is the study
tield of automation, information and computation theory, design and
implementation of hardware and software. The artificial intelligence (AI) is
the part of the computer science refers receiving, synthesizing/analyzing and
inferring information which is given by the machines. The academic field
of artificial intelligence was founded in the Dartmouth Conference in 1956
[1]. Although it was found in 1956, it is widely used in different areas such
as social intelligence, philosophy of mind, robotics, mechanical engineering,
electrical engineering or software development.

In this chapter of the book, combination of mechanism design of
mechanical engineering and artificial intelligence of computer science is
focused. Since artificial intelligence is a cross-disciplinary field, this chapter
focuses how artificial intelligence experts and mechanism designers help
each other to solve mechanism design problems. Especially in academia,
researchers in computer science and mechanical engineering work together
to design needed machines for humanity.

2. Mechanism Design in Mechanical Engineering

As mentioned earlier, the mechanism design is one of the main study
areas in mechanical engineering field and it has a long history. For instance,
Leonardo da Vinci designed some mechanisms in 15" century or Franz
Reulacux, who is one of the artist-engineer in 19" century, has significant
works on mechanism design [2]. One of the famous Leonardo da Vinci
drawing of mechanisms is lifting water mechanism and it is shown in Fig.
1. As seen in Fig. 1, the lifting machine design only includes some basic
drawings of the mechanism from different views of the machine and some
notes about it.
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Figure 1. Leonardo da Vinci, Drawing and Illustrations, 1481 [15]

Early studies in mechanism design includes only drawing mechanism links
and some basic calculations. The graphical methods were used in kinematic
analysis and synthesis of the mechanisms until 1954. The first analytical
approach of kinematic analysis of the four-bar mechanism is introduced
by E Freudenstein in 1954 [3] and; therefore, Ferdinand Freudenstein of
Columbia University is known as “Father of Modern Kinematics”. Since that
time, a number of academic researches on kinematic analysis and synthesis
has done by researchers by using this analytical approach.

In the mechanism design, first, kinematic analysis and synthesis are
carried out. Then, kinetic analysis of the mechanism is investigated if it
is a design requirement. Lastly, optimization investigation is done based
on optimization criteria. The optimization criteria depend on design goal
such as it can be minimizing force, optimizing link length or optimizing
mechanism weight. Overall, these steps are required steps for complete
the mechanism design. Multi-objective function can be an option for the
optimization if there is more than one design goal.

3. Artificial Intelligence in Computer Science

Artificial intelligence is a very comprehensive term in computer science
field because it refers machine learning, deep learning, artificial neural
networks or reinforcement learning etc. All of these terms relate each other and
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relation of these terms are shown in Fig.2. The artificial intelligence methods
are widely used in different applications such as computer vision, speech
recognition, natural language processing, face recognition, robotics and
autonomous vehicle control, consumer services, control of logistic systems
chains, economics, psychological study of human behavior, neuroscience,
medical diagnosis systems for patients, organizational behavior, the study of
educational practices, the study of evolution etc.

Artficialincelligence (&)

Figure 2. Artificial intelligence, machine learning, deep learning and artificial neural
networks

Artificial neural network is the main architecture of the artificial
intelligence and working principle of it is inspired by human brain. Working
principles of neural network architecture is developed by researches in
computer science based on neuron organization in human brain. There are
many different training algorithms and training is the most important part
of the neural network learning [4]. Indeed, artificial neural network is a
kind of the optimization because weights of the network corrected during
training. In the mechanism design, the artificial neural networks can create
a model, predict unknown parameters, make classification based on data.
Especially, complex mechanism designs can be done easily by using artificial
neural networks methods.
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4. Combination of Mechanism Design and Artificial Intelligence

Since computers are widely used and advanced software for computation
is developed, the complex mechanism design process has become popular
in 21* century. Instead of optimization or after optimization part of the
mechanism design, the artificial intelligence methods are used for prediction
of unknown design situations such as finding 3-position synthesis of
mechanism and predict other 300-position synthesis via artificial intelligence
methods. In fact, 300-position synthesis of the mechanism is almost
impossible to calculate via traditional kinematic analysis methods but it
is possible via artificial intelligence methods. Deep learning is one of the
used artificial neural network methods in mechanism design [5]. There are
a number of deep learning studies for mechanism design and some of them
are mentioned in 4.1. By using deep learning methods, different predictions
can be investigated.

At that point, the problem for mechanism designers is how to write
algorithms on software or how to apply artificial intelligence methods to
mechanism design problems. Since artificial intelligence has a number of
methods, algorithms and principles, a mechanism designer cannot be an
expert in artificial intelligence study field. Hence, experts in computer
science are needed for the mechanism design. For instance, let’s assume
that a robotic hand is needed to design. For robotic hand design, a
researcher from mechanical engineering field is needed to design and
optimize physical hand. Another researcher from electrical engineering
field is needed to design control part of the physical hand. In addition
to people from mechanical and electrical engineering, a researcher from
computer engineering field is needed to design artificial intelligence part
of the physical hand.

4.1. Examples of the Mechanism Design via Artificial Intelligence

There are a plenty number of studies which use artificial intelligence
methods for the mechanism design in mechanical engineering such as
artificial neural networks, deep learning principles or reinforcement learning
principles. In this part of the chapter, some of the sample examples is
introduced:

Reinforcement learning is one of the methods in artificial intelligence
area and it is presented as one of the kinematic synthesis solution method by
Vermeer etc. [6]. In this article “trial-and-error interactions with a dynamic
environment” method of reinforcement learning is reported for kinematic
synthesis problem and several mechanisms are investigated to show
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reinforcement learning method’s efficiency. In this solution approach of
reinforcement learning, the prior data is not required and system learns from
reward signals received after each experienced data point. As an example,
in this article, 300 prescribed positions of the input link are solved for the
mechanism kinematic synthesis.

The forward and inverse kinematic analysis of the planar and spatial
mechanism can be done by using artificial neural network (ANN)
methods. Demang-Jig type crane mechanism kinematic analysis by using
artificial neural network method is presented by Yildirim and Uzmay [7].
In this study, a Radial Basis Neural Network (RBNN) is applied to crane
mechanism for its kinematic analysis. This crane is a type of double-rocker
four-bar mechanism and kinematic parameters are predicted by artificial
neural network. According to the results in this study, RBNN can be used
tor different types of the crane system. Another study presents that solution
of forward and inverse kinematics of the 3-DOF planar robotic manipulator
by using the Denavit-Hartenberg (D-H) model. [8]. Additionally, the
same 3-DOF planar robotic manipulator is solved by using artificial neural
network and results show that artificial neural network has faster and
acceptable solution with without any error. In this study, Feed Forward
neural network is used for inverse and forward kinematic analysis by using

MATLAB toolbox.

The following research articles also combine artificial neural networks
and the inverse and forward kinematic analysis of the different mechanisms:
An inverse kinematic problem of the three degree of freedom manipulator
is introduced by Jack etc. [9] and it is solved by using neural networks
method. Another kinematic analysis of the series-parallel manipulator (2 (6-
UDS)) is introduced by Ghanbari and Rahmani [10] and is solved by using
two different neural network methods: Multi-layer perceptron network
and radial basis function network. A forward kinematic analysis solution
of the 6-3 Stewart Platform Mechanism (SPM) by using backpropagation
method of the neural network is presented by Yurt etc [11]. A forward
kinematic analysis of the hexapod with screw pairs is solved by Zhukov
etc [12] by using neural networks. Another hexa parallel robot forward
kinematic problem is introduced by Dehghani etc [13] and solved by using
neural network. A neural network-based solution of an inverse kinematic
problem of the large degree of freedom manipulator is presented by Dash
[14].

The design of mechanism is one of the main study fields in mechanical
engineering and the artificial intelligence methods are widely used in the
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mechanism design process. However, for the combination of artificial
intelligence and mechanism design, researchers in mechanical engineering
and computer sciences work together. As a result, engineering design is
an interdisciplinary engineering field and the design of mechanism and
artificial intelligence combination is one of the examples of interdisciplinary
engineering fields.
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Chapter 3

Investigation of the Effects of Different Cooling/
Lubrication Conditions and Cutting Parameters
on Energy Consumption During Milling of
Hybrid Aluminum Composites

Unal Degirmenci’

Abstract

In the developing technological world, energy consumption is increasing day
by day. Reducing energy consumption on a sectoral basis is very important
for sustainable resource use and the improvement of environmental health.
The manufacturing sector is one of the sectors where energy consumption is
intense. Therefore, even a small improvement in the energy consumption in
the machining sector will significantly affect the overall energy consumption,
costs, and environmental performance of production systems. Since hybrid
aluminum metal matrix composites (AMMC) are difficult to process due to
their complex microstructure, energy consumption values during processing
are high. For this reason, it is important to determine the most appropriate
values by examining the cutting parameters and cooling lubrication conditions
during processing to reduce energy consumption. In this article, Al-Gr
reinforced hybrid composites containing different proportions of WC and
Al O, reinforcements were produced. The focus is on the energy consumption
when milling these composites under different cooling/lubrication conditions
and different machinability parameters such as the dry, minimum amount of
lubrication (MQL), and cryogenic-LN,. Taguchi statistical analysis was also
used in the experiments. As a result, it was determined that the most effective
parameter on the energy consumption values among the control parameters
was the feed rate, with a contribution rate of 75.37%. In addition, for
minimum energy consumption values, it was observed that the best cutting
speed was 150 m/min, the best feed rate was 0.300 mm/rev, and the best
cooling/lubrication medium was cryo-LN, cooling medium.
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1. Introduction

Aluminum (Al) is widely used in many industrial areas due to its lightness,
high corrosion resistance, remarkable mechanical strength, and thermal
conductivity, as well as being the most common element in the earth’s crust.
However, pure Al alone cannot meet the required material properties due
to today’s challenging living conditions and technological developments
[1, 2]. Therefore, studies on materials have shifted from pure Al to single
or hybrid-reinforced Al-based composites |3, 4]. Obtaining AMMCs with
superior properties on the addition of ceramics such as SiC (silicon carbide),
B,C (Boron carbide), TiC (titanium carbide), Al,O, (aluminum oxide), and
carbon base reinforcements such as carbon nanotube, graphene and graphite
to the Al matrix possible [5-7]. Recently, studies on composite materials
have shifted to hybrid MMCs [8, 9].

Although hybrid AMMCs have attractive and superior thermal,
mechanical, electronic, and corrosion resistance properties, soft and hard
regions are formed in the material. In addition, their microstructures
become complex due to the different reinforcements they contain. Therefore,
their machinability becomes more complicated [10-14]. Although hybrid
AMMC:s have attractive and superior thermal, mechanical, electronic,
and corrosion resistance properties, soft and hard regions are formed in
the material. In addition, their microstructures become complex due to
the different reinforcements they contain. Therefore, their machinability
becomes more complicated [15]. The most prominent parameters when
examining the machinability of AMMC:s are cutting speed, feed rate, depth
of cut, and cooling/lubrication conditions. To obtain excellent machined
surface quality; it is important to use a suitable cutting fluid and determine
the optimum cutting parameters. In addition to being used to cool the
tool and workpiece, cutting fluids reduce friction as a lubricant and help
improve surface quality, reduce energy consumption, and extend tool life by
removing chips from the cutting zone [16]. Conventional dry machining
limits its application as high cutting forces and high temperatures occur [17,
18]. Therefore, it is important to use cooling/lubrication and choose the
correct cooling/lubrication. On the other hand, using conventional coolant
has disadvantages such as adversely affecting the operator’s health, high cost,
difficult waste liquid treatment, and severe environmental pollution [19].
Research has shifted towards new cooling and lubricating fluids to eliminate
both the disadvantages of cutting fluids and the problems in dry machining,.
In this context, the minimum quantity of lubrication (MQL), pressure-
assisted wet cutting, and cryogenic cooling are among the most interesting
cooling/lubrication methods [20]. The MQL approach ensures very low
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consumption of lubricants and effectively reduces cutting temperatures
through the advanced nozzle and pressure oils [21]. In addition, it was
stated that the tool-chip and tool-workpiece interfaces are better lubricated,
and the chip is removed better with the pressure spray approach [22].
Cryogenic fluids such as MQL are also among the important cutting fluids.
Liquefied gases such as liquid carbon dioxide (LCO,) [23], liquid nitrogen
(LN,) [24], helium (He), and hydrogen (H,) are used as cryogenic cooling
mediums. Cryogenic cooling systems effectively reduce cutting temperatures
and provide a safe and inexpensive cooling environment [25]. It can also be
easily prepared and stored at room temperature [26]. Liquefied gases such
as CO, (carbon dioxide), N, (nitrogen), H, (hydrogen), and He (helium)
are used as refrigerant gas in cryogenic cooling systems [27]. Among
these gases, N, is frequently used. This is because nitrogen is abundant
in nature and is an environmentally safe and clean gas. Thanks to all the
aforementioned unique features, MQL and cryogenic cooling/lubrication
systems are sustainable, effective, and environmentally friendly. They tend to
reduce energy consumption because they provide green-cutting technology,

which is why they are very popular today [27].

Machining performances such as surface roughness, tool wear, chip
morphology, and cutting temperature are important when machining
composite materials. In addition, reducing the amount of energy consumed
during processing is very important [28]. Since electrical energy sources are
predominantly produced from fossil fuels, electrical energy consumption in
manufacturing increases carbon emissions to the atmosphere, albeit indirectly
[29, 30]. When the share of the industrial sector in total energy consumption
is examined, it is seen that it has a share of 30-40%. Manufacturing
processes, on the other hand, constitute approximately 60% of the energy
consumption in the industrial sector [31]. Therefore, the investigation of
energy consumption for various manufacturing processes such as additive
manufacturing [32, 33], injection molding [34], and metal forming with
machining [35, 36] has become an important issue. Mechanical processing
constitutes a large part of the manufacturing industry [37]. Energy efticiency
in machining is generally very low. Ceramic-reinforced AMMC:s are difficult
to machine due to their complex microstructure. It, therefore, results in
lower material removal rates in turning, milling, and grinding machining
processes. This causes longer processing times and, thus, more energy
consumption [38]. Reducing energy consumption in enterprises is of great
importance to improve its effects on the environment and human health and
achieve sustainable production.
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The effects of cutting parameters on tool life and energy consumption
should be investigated to minimize energy consumption during machinability
and maximize cutting tool life [ 39]. However, although there are many studies
on machining, there are not many studies on the environmental effects and
energy consumption of machining processes [40]. This study investigated
the energy consumption of a new hybrid AMMC reinforced with tungsten
carbide (WC) and Aluminum oxide (AL O,) in the machinability processes.
Variation of energy consumption values under different cutting conditions
such as cutting speed (150-225-300 m/min), feed rate (0.150-0.225-0.300
mm/rev), and different cooling lubricants (Dry, MQL, and cryo-LN,)
analyzed using the statistical method.

2. Material production and Processing parameters

2.1. Composite material production

Machinability tests were carried out on single and hybrid reinforced Al-
4Gr composites obtained by adding ceramic reinforcements such as WC
and ALQ, in different proportions to the Al-4Gr matrix formed by adding
Gr particles at a fixed rate (4%). To produce composite materials, powders
with micron dimensions (Al<= 40-70 um, Gr <=44 um, WC<=20 pum
and ALO,<= 40-70 wm) and high purity (>= 98), It was dried in the
oven and weighed in the desired weight ratios (2, 4 and 8%) on a scale
with 1/1000 precision. Then it was mixed with the help of a mixer for 120
minutes, poured into molds, and sintered in a vacuum hot press machine
(Zhengzhou Golden Highway, SMVB80, China). Finally, the sintering
process was carried out in an Argon gas environment at 560 °C and 35 MPa
pressure for 10 minutes to prevent oxidation. As a result of the sintering
process, experimental samples of 40 mm length, 40 mm width, and 6 mm
thickness were produced.

2.2. Machinability process

Machinability tests were carried out on the DAHLIH MCV-860 model
CNC milling machine using AITiN-coated ISO 13399 numbered cutting
tools. Three different media, dry, MQL, and cryo-LN,, were used during
machinability. Experiments were carried out by choosing fixed cutting
depth (0.5 mm) and three different cutting speeds (150-225-300m/min)
and feed rate (0.150-0.225-0.300 mm/rev) as variable parameters cutting
parameters. The experiments were carried out using the Zig tool path and
down milling.
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Figure 1. Experimental process diagram.

In the machinability experiments, liquid nitrogen (-196°C) stored in a
35-liter self-pressurized tank (Taylor Wharton LD-35) was used as cryogenic
cooling. A two-meter-long steel vacuum hose conveys nitrogen from the
tank to the cutting zone and prevents heat losses. A nozzle with a diameter
of 5 mm is attached to the end of the hose. The nozzle was fixed at a 40°
angle and 40 mm distance from the cutting zone, and cryo-LN, was sprayed
at 8 bar pressure and 20 L/h flow rate. To make a correct comparison with
the cryo-LN,, the MQL was applied to the cutting zone at a distance of 50
mm from the cutting zone with 8 bar compressor pressure, 50 mL/h liquid
flow rate, and 40° spray angle. An example diagram of the experimental
process is shown in Figure 1.

It is necessary to use a power analyzer to measure the energy/power
consumption values of the input parameters in workability experiments. The
HIOKI-PW3198 brand power analyzer is connected to the CNC milling
machine as a power analyzer. A special power analyzer software calculates
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the consumed energy and total cutting power. Power consumption values
were obtained by calculating each of the 18 experiments.

2.3. Statistical Taguchi design

To minimize the amount of energy consumed during the processing
of hybrid AMMCs, optimum cutting parameters must be determined.
Since the number of variables is large, this can be accomplished with many
experiments. For this reason, Taguchi L, orthogonal array was used to reduce
the number of experiments and to minimize the cost and time. The analysis
of the sequence designed using Minitab 19 software was carried out. The
milling parameters and levels used are shown in Table 1. The total number of
experiments was reduced by statistical analysis. Using the results obtained in
the designed experiments, the contribution ratios of the response parameters
(shearing speed and feed rate, reinforcement ratio, and cooling/lubrication
type) were calculated with the help of analysis of variance (ANOVA).

Toble 1. CNC milling parameters and levels [41].

Levels
Milling parameters | Unit
1 2 3 4 5 6
W% Al-4Gr | Al-4Gr | Al-4Gr | Al-4Gr | Al-4Gr | Al-4Gr
A-MMC type R | 2 3 4 5 6
B-Cooling
conditions i Dry MQL | Cryo i i i

C-Cutting speed,
Vo)

D-Feed rate, (f) mm/rev| 0.150 | 0.225 | 0.300 - - -

m/min | 150 225 300 - - -

The “smaller is better” option, where the smallest value is the best, was
used to analyze the consumed energy consumption. The signal/Noise (S/N)
value giving the smallest values was calculated with Eq (1).

S/N==10log [~ 2, (V) ] (1)

Here V; is the response parameter (energy consumption), n; is the
repeating number for test conditions, and i; n represents the repetition time.
The experimental design showing the experimental numbers and factors
according to the Taguchi L, orthogonal array is given in Table 2.



Unal Degirmenci | 33

Table 2. Experimental design of Taguchi L18 orthogonal array [41].

Experiment MMC Type Cooling/ Cutting Speed | Feed Rate
number (wt.%) Lubricating (m/min) (mm/rev)
1 1 Dry 150 0.150
2 1 MQL 225 0.225
3 1 Cryo 300 0.300
4 2 MQL 150 0.150
5 2 Cryo 225 0.225
6 2 Dry 300 0.300
7 3 Dry 150 0.225
8 3 MQL 225 0.300
9 3 Cryo 300 0.150
10 4 Cryo 150 0.300
11 4 Dry 225 0.150
12 4 MQL 300 0.225
13 5 Cryo 150 0.225
14 5 Dry 225 0.300
15 5 MQL 300 0.150
16 6 MQL 150 0.300
17 6 Cryo 225 0.150
18 6 Dry 300 0.225

3. Results and discussion

3.1. Examination of energy consumption values

With the increasing population and industrialization, energy needs are
increasing daily [42]. Increasing energy consumption significantly reduces
the sustainability of natural resources. This situation causes the depletion
of fossil fuels such as oil and coal used in energy production. In addition, it
accelerates the global warming process due to harmful gases released from
these fuels [43]. For this reason, complex energy consumption systems must
be used effectively and intelligently, both for the sustainability of natural
resources and for the protection of the natural environment. Therefore, using
the energy produced more efficiently and reducing the energy consumed
is important [44]. For this reason, it is very important to measure energy
consumption values and provide energy savings in the machining industry,
where energy is used intensively [45]. Machining conditions and cutting
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parameters used during machining should be investigated to reduce energy
consumption values. Therefore, this study investigated the eftects of three
different cooling/lubrication conditions, such as dry, MQL, cryogenic, and
cutting parameters, such as cutting speed and feed rate, on the amount of
energy consumed. A three-dimensional surface graph showing the effects

of reinforcement ratios and cooling/lubrication techniques on power
consumption is shown in Figure 2.
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Figure 2. 3D surfoce drawings showing the effects of diffevent cooling/lubrication
conditions and composite types on energy consumption.

When the 3D surface graphics given in Figure 2 are examined in terms
of cooling/lubricating fluids, it is seen that the energy consumption values
in machining with the MQL system are generally lower compared to dry
machining. The lowest energy consumption during processing was realized
in the Cryo LN, cooling system. The Cryo LN, offers the best cooling
medium for CNC milling AMMC materials. This is because the cryo LN,
hardens the tool material with its excellent cooling effect, facilitating the
removal of chips from the workpiece. However, very high temperatures are
reached during the cutting process due to the friction between the composite
material and the cutting tool. These high temperatures are undesirable for
both the workpiece and the cutting tool. High temperatures cause thermal
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stress and cracks in the cutting tool [46]. As this makes the cutting process
difficult, it increases both the wear of the tool and the energy consumption.
However, it is seen that energy consumption can be reduced by using cryo
LN2, by performing better cooling than dry and MQL processing.
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Figure 3. 3D surface drawings showinyg the effects of feed vate and composite type on
enerygy consumption.

When the feed rate given in Figure 3 and the energy consumption values
depending on the composite type are examined, it is seen that the power
consumption generally increases with the increase in the reinforcement
ratio in the hybrid composite. Although the hardness and strength of the
composite increase as the reinforcement ratio and reinforcement number
increase, the irregularities in the microstructure due to the increase in the
soft and hard structure transition make the machining process difticult [47].
This situation increases the amount of energy consumed during processing.
When analyzed in terms of feed rate, energy consumption decreases as the
amount of feed during cutting increases, and the lowest consumption was
realized at 0.300 mm/revolution feed rate. The same is true for all composite
types. At the same time, the increase in feed rate will also reduce the total
processing time, thus indirectly reducing energy consumption. However,
increasing the feed rate also increases the surface roughness, so it is important
to determine the optimum feed rate by considering the surface quality and
energy consumption values together.
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Figure 4. 3D surface dvawings showing the effects of cutting speed and composite type on
enerygy consumption.

Figure 4 shows the varying power consumption values depending on
the cutting speed and the composite type. When the graph is examined
in general, in the pure Al-4Gr structure, the increase in the cutting speed
does not significantly affect the energy consumption, while the increase in
the cutting speed in the processing of hybrid composite materials increases
the energy consumption. However, although increasing the cutting speed
increases the energy consumption in unit processing, it is possible to balance
the total consumption by reducing the total time and improving the surface
quality with increasing cutting speed. Therefore, instead of choosing a low

or high cutting and feed rate, it is necessary to determine the optimum
cutting and feed rate.

3.2. Taguchi analysis

Taguchi statistical analysis method was used to determine the optimum
conditions required to minimize energy consumption during processing.
The Taguchi method is a powerful tool that can provide simultaneous
improvements in quality and cost by determining the most appropriate
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response parameters. It aims to achieve this by conducting a minimum
number of experiments while delivering the most suitable parameter.
Therefore this method uses a series of orthogonal series [48]. In this study,
the L, orthogonal array of Taguchin was chosen. Signal-to-noise ratios
(S/N) and control factors are the basis of the orthogonal array. Table 3 shows
the experimental results of the energy consumption values, the predicted
values of the statistical analyses, and the S/N ratios.

Tinble 3. Test vesults of energy consumption values, estimated values, and S/N ratios

. Energy Predict values S/N ratio
Experiment no consumption (kJ) ) for En.ergy
consumption (dB)
1 72.27 76.73 -37.1792
2 71.74 67.23 -37.1152
3 61.35 61.41 -35.7563
4 76.01 73.1 -37.6174
5 56.66 61.2 -35.0655
6 61.23 59.6 -35.7393
7 61.6 60.21 -35.7916
8 51.88 54.29 -34.3000
9 76.22 75.2 -37.6414
10 49.68 47.76 -33.9236
11 70.5 70.39 -36.9638
12 61.38 63.4 -35.7605
13 59.12 58.93 -35.4347
14 55.7 54.84 -34.9171
15 77.1 78.15 -37.7411
16 49.72 51.66 -33.9306
17 71.53 70.06 -37.0898
18 65.37 64.9 -36.3076

S/N main effect graphs of input parameters such as composite type,
cutting speed, feed rate, and different cooling/lubrication techniques used
in the study are given in Figure 5. If the S/N graphs are examined to
determine the optimum energy consumption values depending on the input
parameters, the best composite according to the reinforcement ratio is the
hybrid composite number 4 containing 1% WC and AL O, reinforcement.
In general, it is seen that hybrid reinforced composites are better than single-
reinforced composites, and power consumption values increase depending
on the increase in reinforcement ratio. When cutting speed was examined,
the lowest energy consumption was observed in processing with a cutting
speed of 150 m/min. However, as the cutting speed increases, the energy
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consumption values also increase. On the other hand, the opposite was
accurate at the rate of progress. The power consumption values decreased in
direct proportion to the increase in the forward speed. It was observed that
the ideal value for the feed rate is 0.300 mm/rev. It is seen that the lowest
power consumption among the cooling/lubrication options occurs in the
cryogenic cooling environment.

Main Effects Plot for SN ratios
MMC Type Cutting Speed (Vc) Feed Rate (fn) Cooling/Lubricating |

-35.0
-35.54

| N -

-36.5

-37.0 /
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1 2 3 4 5 150 225 300 0150 0225 0300 Dry MQL Crye

Figure 5. S/N ratios for diffevent cutting envivonments and diffevent cutting parameters
of energy consumption.

3.3. Analysis of variance

The contribution rates of all control factors in energy consumption and
the statistically significant “F” and “P” values are given in Table 4. In this
study, the ANOVA method, which provides linear modeling for evaluating
the relationship between domains, was used to determine statistical
significance and the contribution rates of control factors on the response
parameter. For the analyses to be statistically significant, the “P” value of
each factor must be less than 0.05, and the confidence level must be 95%
or higher for the statistical estimates to be accurate [49]. When the results
obtained in this study are examined, it is seen that the “P” values are less
than 0.05, as they should be. The fact that “P” values are less than 0.05
shows that the analysis is statistically significant. “F” values are used to
calculate control factors’ contribution to energy consumption. According
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to the analysis results, the most effective factor in energy consumption
is the rate of progression, with 75.37%. The next most effective control
factor was MMC type and cutting speed, with 8.23%. Cooling/lubricating
fluids have less effect.

Table 4. ANOVA vesults of energy consumption values.

Conf;‘f;gfion DF | Seq$S | AdjSS |[AdGjMS| F | P C";t;it(’:;:)m
MMC Type 5 | 2.2435 | 2.2435 | 0.4487 | 1.45 | 0.33 8.23
Cutting Speed (Vc) 2 | 2.2437 | 2.2437 | 1.1218 | 3.61 [0.093 8.23
Feed Rate (fn) 2 | 20.546 | 20.546 | 10.273 [33.09(0.001 75.37
Cooling/Lubricating | 2 | 0.3639 | 0.3639 | 0.182 | 0.59 |0.585 1.33
Residual Error 6 | 1.8626 | 1.8626 | 0.3104 6.83
Total 17 | 27.2598 100.00

The Taguchi method is an analysis method that changes a selected
factor at different levels to determine the relationship between the
response parameters of the control factors, keeps other factors constant,
and estimates by repeating this process for each parameter. It is widely
used in the manufacturing sector. It provides convenience in measuring
the effect of input parameters and finding optimum values by reducing the
number of experiments in cases where the experiments are difficult and
expensive. Figure 6 shows the quadratic regression model graph with the
experimental results for energy consumption to identify the relationships
between the variables and to test whether there is a linear relationship
between them.



40 | Investigation of the Effects of Different Cooling/Lubrication Conditions and Cutting...

Fitted Line Plot
Energy = - 14.74 + 1.470 PMEAN energy - 0.003680 PMEAN energy~2

90
—— Regression .
--------- 95% Cl
B0 s 959% PI ,,
o R
:
i 60
W] & et S 2.51772
2 R-Sq 93.3%
R-Sq(adj)  92.4%
" .

50 55 60 65 70 75 80
PMEAN energy

Figure 6. Quadratic regression model graph with experimental vesults for energy
consumption

In the regression analysis, four independent variables were used, namely,
the number of reinforcements and reinforcement ratio, cutting speed, feed
rate, cooling/lubrication environment, and energy consumption was chosen
as the dependent variable. The energy consumption values required for
milling hybrid aluminum composites were obtained with the analysis of
variance and the regression equation (Eq 2) performed at a 95% confidence
level. The comparison of the results estimated by ANOVA with the
experimental energy consumption results for all samples is given in Figure 7.
It was observed that the predicted values were realized with a high accuracy
rate of 93.3%.

Energy consumption=-14,74 - 1,470 x (predict) - 0.003680 x (predict)* (2)
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4. Conclusions

This study investigated the energy consumed in milling hybrid Al
composites reinforced with ceramic reinforcements such as WC and AL O,
in different ratios under different cutting speeds, feed rates, and cooling/
lubrication conditions. In addition, the required energy consumption
values during milling were evaluated using Taguchi and ANOVA statistical
methods. As a result of the study, it was determined that the most effective
parameter among the control factors on energy consumption values was the
speed of progress, with 75.37%. In addition, the optimum values at which
minimum energy consumption values are obtained are 1% WC and 1%
Al O, reinforced composite, 150 m/min cutting speed, 0.300 mm/rev feed
rate, and cryo-LN, cooling medium. Finally, it was seen that determining the
ideal cutting parameters and cooling/lubrication conditions in the processing
of composite materials is of great importance in minimizing environmental
damage and energy consumption values.
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Chapter 4

Carbon nitride-based photocatalysts for
hydrogen evolution: A review

Ceren Orak!

Abstract

One of the fundamental needs is energy for life and various studies were
carried out in search of green, sustainable, and renewable energy sources.
Photocatalytic hydrogen evolution is a promising route for the conversion of
solar energy to hydrogen energy and in this process, energy production and
wastewater treatment could be achieved as concomitant. To achieve higher
hydrogen evolution rates, various photocatalysts have been developed and
graphitic carbon nitride-based (CN) photocatalysts are promising ones. In
this chapter, the photocatalytic properties of pristine CN and element-doped
CN and the effect of these properties on the evolution rates were briefly
discussed and some related studies from the literature were summarized.

1. INTRODUCTION

Energy is one of the leading worldwide concerns; fossil fuels might not
compensate for the world’s energy needs since they are an exhaustible and
limited resource. In addition, fossil fuels could cause some hazardous impacts
on human and environmental health. Due to these reasons, the search for
alternative energy resources that are renewable, sustainable, and clean has
recently gained great attention. Additionally, the production method of
energy from renewable sources should be a green route. In this context,
hydrogen production via photocatalytic oxidation stands out because
hydrogen could be produced by the direct conversion of solar energy into
chemical energy at ambient conditions (Zhurenok et al., 2023; Prasad et al.,
2020). In this process, there is a requirement for a photocatalyst and light
source. In this context, the usage of solar-driven or visible-light-activated
photocatalysts attracts particular interest instead of photocatalysts sensitive
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to UV light because UV light comprises only 4% of the sunlight spectrum
while visible light composes ~43% (Zhang et al., 2010). Besides, solar-
driven photocatalysts have low band gap energy and thus, they can absorb
light at high levels.

Recently, graphitic carbon nitride (g-C,N,) -abbreviated as CN in
this chapter- which is a polymeric semiconductor has attracted extensive
attention. Figure 1 shows the number of published articles found using
“g-C,N, photocatalytic hydrogen production” as a keyword in Elsevier
for the last nine years and it is clearly seen that interest in photocatalytic
hydrogen production using CN has rose year by year.
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Figuve 1. (n) Number published articles based on years in Elsevier using ‘g-C,N,
photocatalytic hydrogen production” as a keyword since 2014

CN has a low band gap energy (2.7 ¢V) and E_; and E, of CN were
-1.13 eV and 1.57, respectively. Overall water splitting could be achieved
when the conduction band-edge potential of the used photocatalyst is more
negative than the reduction potential of water to evolve hydrogen and the
top of its valence band must be more positive than the oxidation potential of
water to produce oxygen. Therefore, CN enables to produce the hydrogen
from water (Shaomang Wang et al., 2014; Zhurenok et al., 2023; Zhang et
al., 2010). However, hydrogen may evolve in lower amounts when solely
water is used so the production efficiency could enhance with the addition
of a sacrificial agent (i.e., methanol, TeOA, etc.) (Zarkadoulas et al., 2015;
Naga Mahesh et al., 2016). Furthermore, the usage of wastewater streams
instead of water or electron donor-containing water provides some benefits.
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The remediation of wastewater streams and hydrogen evolution could be
achieved as concomitant. In addition, the presence of organic compounds in
wastewater streams could reduce the electron donor cost.

This chapter focuses on the modification of CN to improve hydrogen
evolution efficiency. In this context, the studies related to pristine CN and
element-doped CN for hydrogen evolution from water and/or wastewater
streams via photocatalytic oxidation were summarized and the effect of
element doping over the evolved hydrogen amounts was discussed.

2. STUDIES ON PRISTINE AND MODIFIED CN FOR
HYDROGEN EVOLUTION

CN has thermal stability as well as photochemical stability and it is
generally synthesized using nitrogen-rich precursors (i.e., cyanamide, urea,
dicyandiamide, melamine, etc.) by thermal condensation. Pristine CN
has generally low specific surface area and small active sites on the surface
of CN for (photo)reactions. Although it is sensible to visible light, it
could insufficiently absorb the visible light and the fast recombination of
photoinduced electron—hole pairs causes low efficiency, and hence, some
methods -copolymerization, elemental doping, and texture modification-
were employed to enhance its photocatalytic activity (Cao et al., 2014;
Xing et al., 2021; Wen et al., 2017). In this section, some related studies
on photocatalytic hydrogen evolution in the presence of pristine CN and
element-doped CNs were summarized.

2.1. Pristine CN for hydrogen evolution

Pristine CN has slow surface reaction kinetics and low charge mobility
as well as a high electron-hole recombination rate and low surface area.
In addition, it has small active sites and the active sites of CN have great
importance on the hydrogen evolution efficiency. The active sites of CN
could be affected by improvement technologies, CN synthesis methods, and
the location of active sites on the surface of CN. Some studies related to
hydrogen evolution using pristine CN in different forms -nanorods (nr),
nanosheets (ns), and microspheres (ms)- were summarized in Table 1.
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Toble 1. A brief summary of improved active

CN type Improvement | Synthesis Active Evolved H, | References

route method sites of
CN

Microsphere | Increase Hard template | Edges 5785 wmol | (Liu et al.,
specific surface h'g?! 2018)
area

Nanorods | Increase Supramolecular | Edges, 118.5 umol | (Jiang et al.,
specific surface | assembly nitrogen |h’ 2019)
area defects

Nanosheets | Increase Thermal Edges, 1233.5 (Suetal.,
specific surface | treatment defective |umol h' g' |2018)
area sites

The most important factor that affects the photocatalytic activity of
CN is morphology because of the stacked bulk structure of conventional
CN that had only a few active sites. The active sites of a photocatalyst
are generally located at the edge, kinks, unsaturated steps, terraces, and/
or corner atoms and thus, the morphology of CN has a great influence on
the photocatalytic efficiency of CN. The conventional CN has hydrogen
bonds in its frameworks and interlayer force becomes highly stable to be
destroyed. To overcome these drawbacks, the surface morphology of CN
could be changed by increasing the specific surface area of CN, and hence,
the contact area between the reactive substrate and CN augments and
additional edges might appear. Therefore, active sites on the surface of CN
increase.

2.2. Element-doped CN for hydrogen evolution

In order to enhance the charge separation efticiency of CN and to obtain
higher recombination of charges, CN could be doped with non-metals and
metals. In addition, light absorption could be efficiently achieved and thus,
the hydrogen evolution rates could enhance. In this section, the studies
related to heteroatoms such as boron (B) and carbon (C) doped CN for
hydrogen evolution via photocatalytic oxidation were summarized.

2.2.1. Boron doping

The most commonly used B source to incorporate in CN structure is boric
acid since its decomposition temperature and volatilization of water occur
in the same temperature interval and it helps to obtain a porous structure. B
could easily introduce into the CN structure because of the electron-deficient
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nature of B; however, agglomeration, and a decrease in pore volume and size
could be observed due to higher amounts of B (Patnaik et al., 2021).

Wang et al. synthesized B-doped CN quantum dots (BCNQDs) using
the molten salts strategy and in this study, melamine and boron oxide
were used as precursors. BCNQDs were incorporated on the surface of
CN, forming a heterojunction. Almost 7 umolh™ of H, evolved from
TEOA-containing water using the pristine CN whereas approximately 70
umolh™ of H, was produced in the presence of BCNQDs doped CN.
Therefore, obtained hydrogen amount increased ten times and it could
be concluded that the photocatalytic (Wang et al., 2019). Additionally,
B-doped CN was synthesized using boric as a B source. The BET surface
area of B-doped CN was 143.2 m?g! and 3800 umolg'h' of hydrogen
was obtained in the presence of this photocatalyst (Kamal Hussien et al.,
2022).

Chen et al. proposed a low-cost and energy-saving synthesis route
for B-doped CN using melamine, urea, and boric acid as precursors. the
interlayer gallery distance increased because N and C atoms were replaced
with B atoms and due to the incorporation of B, the band gap energy
of B-doped CN slightly shifted compared to pristine CN. Using this
photocatalyst, 1439 umolg'h" of hydrogen was evolved and this value is
about 2.3 times higher than the evolved hydrogen amount in the presence
of pristine CN. Furthermore, B-doped CN showed high stability as well as
recyclability property (Chen et al., 2018).

Thaweesak et al. synthesized a new type of yellow spongy B doped
(precursor: ammoniotrihydroborate) CN  (precursor: dicyanamide)
nanosheet by one-pot thermal polycondensation for hydrogen production
via photocatalytic oxidation. This photocatalyst showed a 12 times higher
hydrogen evolution rate compared to pristine CN and 1880 umolg'h of
hydrogen was evolved using this B-doped CN photocatalyst. In addition, it
has good high stability as well as recyclability property (Thaweesak et al.,
2017).

Boron has electron-deficient property and thanks to this property,
the electron-hole pairs on the surface of B-doped CN can be effectively
separated. Hence, a main requirement of photo redox reaction was achieved.
By doping CN with B, an electron-rich atom was replaced with an electron-
deficient atom and it accelerated the electron channelization in CN, and also,
vacant-p-orbitals formed for electron delocalization. In addition, the usage
of boric acid as a doping agent provides to obtain a porous structure.
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2.2.2. Carbon doping

C-doped CN was synthesized using chitosan (as a C source) and melamine
by copolymerization and results showed that N atoms were replaced by C
atoms. Therefore, the delocalization of 7 bonds cause an increase in the visible
light absorption efticiency and C-doped CN showed lower recombination
rates. Due to these reasons, the photocatalytic activity of CN was enhanced
by doping C and Liu et al. reported that 1224 umolg’h” of hydrogen was
evolved using C-doped CN. In addition, Au nanoparticles were uniformly
distributed on the surface of C-doped CN and by the incorporation of Au
nanoparticles hydrogen evolution rate increased three times compared to
C-doped CN (Liu et al., 2021).

2.2.3. Sulphur doping

S-doped CN was widely used for hydrogen evolution. In this context,
various S sources such as thiourea, benzyl disulfide, and thioacetamide were
used; however, most commonly thiourea was preferred since it is a low-cost
and easily accessible chemical. During the S doping, mostly the location of N
atoms in the structure of CN replaces with S atoms and hence, the surface area
increases, and a considerable decrease in band gap energy could be achieved
because of the interaction of 3p states of S with 2p states of N. Incorporation
of S into the CN structure, VB and CB potential could change and a band gap
energy could be lowered. Therefore, the hydrogen evolution efficiency could
enhance. Hong et al. used S-doped mesoporous CN to produce hydrogen
by photocatalytic oxidation and they reported that the addition of S caused
an increase in the surface area of the photocatalyst. The pristine CN had
12.8 m’g! of surface area while the S-doped CN has 128.4 m*g". S-doped
mesoporous CN acts as a good photocatalyst to perform the evolution of H,
via water reduction with a very high quantum efficiency (5.8%) at 440 nm.
H, evolution rate in the presence of S-doped mesoporous CN was found to be
30 times higher as compared to pristine CN (Hong et al., 2012). In another
study, melamine was used as a precursor to synthesize CN and it was doped
with S. Using this photocatalyst, 24.6 umolh™ of hydrogen was evolved by
water splitting (Lin et al., 2020). Consequently, using S-doped CN, solar
energy could be converted into hydrogen energy. In addition, the introduction
of S into the CN structure causes mesoporosity and due to this property, the
photocatalytic activity of S-doped CN was higher than pristine CN.

2.2.4. Phosphorus doping

The optical and electronic properties of CN could be altered by the
incorporation of P-atom into the graphitized network of CN. When P is
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introduced into the CN network, it can form a chemical bond with the
neighboring N and C-atoms and result in planar coordination, and thus,
the photocatalytic efficiency of CN enhances. Conductivity and capability
of transfer could enhance by strengthening the active sites with lone
pairs of electrons. P-doped CN was generally prepared via in-situ thermal
copolymerization and in this process, an N-rich precursor for the formation
of CN network and a P-containing compound (i.e., melamine phosphate,
phosphorous acid, ammonium hexafluorophosphate, phosphoric acid, etc.)
as the precursor for interstitial or substitutional P doing depending on the P
source were used to synthesize P doped CN (Zhu et al., 2015; Fang et al.,
2018; Yang et al., 2018).

For instance; phosphonic acid as a P source could be used to obtain
homogeneous and substantial P-doping CN. If organo-phosphonic acid and
melamine were used as precursors, cross-linking could be achieved due to
the existence of acid-base interaction between phosphonic groups and amino
groups of the triazine unit. In addition, throughout the polycondensation, P
could directly alter the electronic and textural features resulting in obtaining
a promising photocatalyst for hydrogen production. Throughout the
thermal treatment, the precursors (organo-phosphonic acid and melamine)
undergo polymerization and decomposition as contaminants and obtain
homogeneous and substantial P-doping CN forms due to the higher thermal
stability of the P source. Obtained P-doped CN had a porous structure and
it provides an increase in charge separation and the number of active sites.
On the other hand, it causes a considerable decrease in particle size as well
as interlayer separation. P atom is relatively bigger compared to C and N
atoms and due to its atom size, graphitic CN could be converted into CN
nanosheets. Consequently, P-doped CN nanoflowers could form due to the
self-assembly effect. Mesoporosity could form due to the solubility difference
of organo-phosphonic acid in water and ethylene glycol.

Zhu et al. synthesized flower-like P-doped mesoporous CN and they
reported that band gap energy reduced by the introduction of P into CN. It
could be deduced that P atoms and CN set up a good electronic integration
to absorb visible light efticiently and to favor charge transport. Additionally,
the electron-hole recombination rate decreased while electron channelization
in P-doped CN increased. These altered features create a route to produce
hydrogen in higher amounts. Whereas evolved hydrogen amount was 11.2
umolh™ using pristine CN, it was obtained as 104.1 umolh™ in the presence
of P-doped CN due to the reduction in the diffusion distance. Additionally,
P-doped CN showed high stability and durability for a long time (more than
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16 h) so it became a good candidate for practical applications (Zhu et al.,
2015).

Yang et al. prepared a flower-like (FL) porous P (precursor: phosphoric
acid)-doped CN (precursor: cyanuric acid-melamine) via thermal
condensation which is a low-cost, template-free route. Owing to the
enhanced light absorption efficiency, the hydrogen evolution rate was 256.4
pmolh™ using FL porous P doped CN and it is approximately 24 times
higher than the hydrogen evolution rate in the presence of pristine CN
(Yang et al., 2018).

Phosphoric acid provides two benefits that are being a dopant and
stabilization of P-doped CN. Fragmented P-doped CN nanoflakes
(PCNNFs) were synthesized via thermal copolymerization followed by a
post-treatment process comprises of ultrasonication and phacofragmented
in water, freeze-dried thoroughly and again heating at high temperatures
(600 °C) using urea and phytic acid biomass that are precursors for CN
and D, respectively. Based on the characterization study (XRD, SEM, TEM),
it could be concluded that doping with phytic acid biomass improved the
photocatalytic features of CN, and the BET area of PCNNFs was found as
223.2 m*’g!. Hydrogen evolution rate increased 62 times by using P doping
CN instead of bare CN under light had longer wavelength (A>470 nm)
irradiation and in addition, notable hydrogen evolution rate (15921 umolg
'h'!) and quantum efficiency (6.74%) were obtained at 420 nm (Fang et al.,
2018).

Guo et al. synthesized P-doped hexagonal CN (PCN) tubes by
hydrothermal treatment of CN and phosphoric acid and the partial hydrolysis
of precursors (melamine—cyanuric acid supramolecular) was subsequently
achieved. The layered stacked structure of CN was responsible for the band
gap decrease while doping P was responsible for the increase in surface area
and conductivity. Owing to the increase in surface area, the number of active
sites on the surface of P-doped CN has risen. In addition, the electron-hole
recombination rate decreased thanks to P-doping. The structure of CN
causes an increase in the chemical functionality and it became a good carrier
material. The apparent quantum efficiency for PCN tubes was 5.68% at
A>420 nm using 1 wt. % Pt, which was approximately 7 times more than
that of pristine CN. In addition, the evolved hydrogen rate was 67 umolg
'h in the presence of PCN tubes (Guo et al., 2016).

P (source: sodium pyrophosphate) doped tubular CN (precursor:
melamine) with surface C-defects was synthesized by Guo et al. In this
study, supramolecular P-doped CN rods were synthesized via hydrothermal
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treatment. Additionally, P-doped CN rods which had similar structures were
synthesized using different P sources which are sodium phosphate, sodium
hypophosphite, and ammonium phosphate to investigate the eftect of the P
source over hydrogen evolution. The peculiar structure of CN (C-defects and
regulated C/N ratio) might enhance the photocatalytic hydrogen evolution
rates. The highest hydrogen evolution (57 umolg'h™) was observed in the
presence of P-doped CN which was prepared using sodium pyrophosphate as
a P source under visible light irradiation. It was referred to surface C-defects,
hierarchical pore structure, high ratio of P-doping, reduced charge transfer
distance, and increased surface area (Guo et al., 2017).

As a conclusion, the P source affects the P-doped CN network, and as P
content increases, as photocatalytic activity increases owing to the surface
area increase which is responsible for the adsorption/desorption of reactants.
Substitutional and interstitial P doping could commonly provide using
[Bmim]|PF, and (NH,),HPO, as the P sources. If phosphoric acid was
used as a P source, it not only stabilizes P-doped CN but also is a dopant.
Additionally, if C atoms in CN are replaced with P atoms, there are extra
electrons in the pi-conjugated triazine ring to incorporate some positively
charged P dopants to form the defective band. It provides a fast charge
separation and narrow band gap.

2.2.5. Oxygen doping

Doping with oxygen (O) does not affect the structure; however, it affects
the morphological and textural properties. For instance; the addition of O
into the CN structure causes a decrease in the band gap while it leads to an
increase in surface area and light absorption ability. Thus, the photocatalytic
hydrogen evolution could enhance (Qu et al., 2018). Doping with O might
occur in two ways and one of them is the replacement of C or N atoms with
O atoms and the other one is the insertion at the interstitial position. Doping
with O cause an increase in hydrophilicity of the CN-based photocatalyst and
thanks to this property, hydrophilic contaminants could be easily adsorbed
on the surface of O-doped CN.

She et al. synthesized O-doped CN ultrathin nanosheets using bulk CN
and oxidizing agents (sulfuric acid and nitric acid) by calcination (at room
temperature) and subsequently chemical oxidation was performed and 2D
porous O-doped CN was obtained. Owing to the addition of oxidizing agents
into the CN network, various O-containing functional groups such as C-O,
COOH, and C=0 are incorporated, and hence, defect sites formed on CN.
The interplanar distance was lowered and interaction between layers was
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tortified by the addition of O in the CN structure since the electronegativity
of O-atoms is higher than N-atom. O-doped CN had 109.3 m?g™! of surface
area and an increase in the surface area ensures the formation of the adequate
number of active sites on the surface of CN. In addition, band gap energy
reduced with O doping, and almost 189.3 umolh™ of hydrogen was evolved
by the degradation of methyl orange via photocatalytic oxidation (She et al.,
2016).

Oxygen (source: 1,3,5-trichlorotriazine) self-doped CN (precursor:
dicyanamide) nanospheres were synthesized via the solvothermal process.
The O source was used not only to adjust the crystal structure but also to
dope the O atom into the CN network. In addition, the doping amount was
controlled by adjustment of the dopant precursor amount. The hydrogen
was evolved from the Rhodamine B-containing solution and 3174 umolg
'h'' of H, evolved using the synthesized O self-doped CN photocatalyst.
The band gap energy varied between 2.09 and 2.73 eV depending on the
amount of O source (Wei et al., 2018).

3. CONCLUSION

The efficient photocatalysts for hydrogen evolution via photocatalytic
oxidation have still developed and in this chapter, CN-based photocatalysts
tor hydrogen evolution were briefly introduced. In the light of literature,
it could be concluded that elemental (B, C, S, B, O) doping CN has lower
band gap energy and low electron-hole recombination rate compared to
pristine CN. In addition, the surface area of CN increased by doping with
elements and the number of active sites on the surface of elemental-doped
CN was more than the pristine one. These altered properties provide to
obtain higher hydrogen evolution rates since the photocatalytic properties
of CN enhanced with elemental doping. Consequently, the CN-based
photocatalysts are promising for hydrogen evolution via photocatalytic
oxidation.
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Bolum 5

Biyokiitle Bilesenlerinin Isil Ozelliklerinin
Onemi

Meltem Kizilca Coruh'

Ozet

Enerji, diinyada gerekse llkemizde endiistrinin, Gretimin, gelismenin ve
kalkinmanin en temel vazgegilmez unsurlarindan biridir. Enerji gereksinimi
sanayilegmeye, teknolojik geligmelere ve niifus artigina bagh olarak artmaktadr.
Boylece, geleneksel enerji kaynaklarindan fosil yakitlarin rezervleri sinurlt ve
yakin gelecekte tiikenecek olmasi, gevre kirliligi ve tabiatin tahribi yeni ve
yenilenebilir enerji kaynaklarinin 6énem kazanmasina yol agmugtir. Boylece
cevreyi kirletmeyen, diigiik maliyette yeni ve yenilenebilir enerji kaynaklarindan
olan gelisen ve gelismekte olan {ilkeler i¢in genig uygulama alani sunan
biokiitledir. Biokiitle kaynaklarini meydana getiren bilegsenler karmagik ve
heterojen bir yapiya sahiptir. Bu bilegenlerin yapilarinda ki fiziksel ve kimyasal
farklilik, biokiitle kaynaklarinin yakitlara doniisiimiiyle bu bilesenlerin farkls
davranmasina sebep olmaktadir. Bu nedenle bu boliimde uygun teknolojiler
ve yontemler kullanarak ¢evreye daha az zararli, yenilenebilir, giivenli ve
stirekli bir enerji kaynag: olan biyokiitlenin bilesenlerinin termal 6zelliklerinin
Onemine yer verilecektir.

1. GIRIS

Diinya niifusun artmasi ve gelisen teknolojiyle birlikte, enerji ihtiyaci
stirekli artmaya devam etmektedir. Enerji ihtiyacinin biiytik bir kismu;
petrol, dogal gaz ve komiir gibi yenilenemeyen veya geleneksel fosil
enerji kaynaklarindan; diger kismui ise yenilenebilir enerji kaynaklarindan
(biyokiitle, riizgar, giines, jeotermal, dalga enerjisi, vb.) kargilanmaktadir
(Sekil 1). Yakin bir gelecekte tiikenecek olan fosil enerji kaynaklari rezervleri

siirhidir (Hayat et al., 2009; Kavaz ve Karagol, 2017). Ayrica yapilan
aragtirmalar komiir rezervlerinin 240, petroliin 40 ve dogal gazin ise 60

1 Dr. Ogr. Uyesi, Atatiirk Universitesi, Miihendislik Fakiiltesi, Kimya Béliimii, 25240 Erzurum,
Tiirkiye, mkizilca@atauni.edu.tr, ORCID ID: 0000-0001-8734-2502

© O& d | Jps://doi.ony/10.58830/0zgurpub95.c440 61



62 | Biyokiitle Bilesenlerinin Isil Ozelliklevinin Onemi

yil sonra tiikenecegini gostermektedir. Fosil enerji kaynaklarinin biiyiik
miktarlarda tiiketilmesi ve yiiksek kalitede enerji ihtiyacindan kaynaklanan
en biiyilik zarar kullanimlar1 sonucu atmosfere yayilan CO,, SO_ve NO_
emisyonlarinin biiyiik miktarlarina ulagmasina sebep olmakta, boylece sera
etkisi, asit yagmurlar1 ve kiiresel 1sinma gibi 6nemli ¢evresel ve iklimsel
problemlere sebep olmaktadir (Lee et.al., 2022). Onemli fosil enerji
kaynaklarindan petrol ve dogal gaz kaynak rezervleri belirli cografyalarda
zengindir. Fakat diinya genelinde bu enerji kaynaklarinin ithalatinin stirekli
artmasiyla enerji ihrag eden tilkelerin sayis1 giderek azalmaktadir. Boylece
enerjide fazlaca diga bagimlilik, hem sanayilesmis hem de sanayilesmekte
olan iilkelere ekonomik ve siyasi yonden etki etmektedir (Berdysheva et
al., 2021). Bu olumsuz etkileri azaltmak igin son yillarda bilim adamlar
tarafindan alternatif yenilenebilir enerji kaynaklarinin bulunabilirligi ve
kullanimina yonelik aragtirmalar giderek artmaktadir. Yenilenebilir enerji
kaynaklarindan biri biyokiitle olup, yeri ve 6nemi gittikge artmaktadir.
Biyokiitle enerjisinin en biiyiik avantaji titkenmeyen ve her yerde yetistirilen
bir kaynak olmasidir (Saleem, 2022; Simsek and Simsek 2013) Ayrica
biyokiitle karbonun dogal dongiisiinii bozmayan ve fosil yakitlara gore
gevreye verdigi zararin diigiik olmasi ile ¢evre sorunlarina temiz ¢oztimler
getirmektedir. Ozellikle biyokiitlenin yanmasi sonucu agiga ¢tkan CO, ve
SO, miktarlar1 diisiik oldugundan gevreyi etkileri ¢ok azdir. Biyokiitlenin
yakin gelecekte fosil enerji kaynaklarina tercih edilmesinin nedeni; diinyay:
biiylik bir kaosa siirtiklemesi beklenen kiiresel 1sinmanin olumsuz yonde
etkilerine biyokiitlenin katkist ¢ok diigiik olacaktir (Calkins, 2009; Zhang
et al., 2010). Biyokiitle doniistiirme islemleri fiziksel, termokimyasal
ve biyokimyasal olarak {i¢ temel kategoriye ayrilabilir. Fiziksel islemler
ogilitme, filtrasyon, kurutma ve ekstraksiyondur. Termokimyasal islemler
ise dogrudan yakma, gazlagtirma, piroliz, karbonizasyon ve sivilagtirmadir
(Xuetal., 2021).
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Sekil 1: Diinya enerji kaynaklarmm dagidun:

Piroliz termokimyasal yontemlerden en ¢ok kullanilanidir. Piroliz,
organik maddenin inert atmosfer, vakum, indirgen veya yiikseltgen
ortamlarda katalizorlii ya da katalizOrsiiz olarak, termal etki ile ayristirma
islemidir. Biyokiitle piroliz proseslerinin tasarimi, optimizasyonu ve
kontrolii i¢in parametrelerin incelenmesine ek olarak, kinetik mekanizmanin
agikhiga kavugturulmas: biiyiik Oonem tagimaktadir. Piroliz islemi bir kati
hal bozunmasidir ve bu amagla kinetik parametreleri Termogravimetri
(TG) ve diferansiyel termogravimetri (DTG) gibi termal analiz teknikleri
ile belirlenir (Orfao and Martins, 2002; Tonbul and Yurdakoc, 2002).
Izotermal veya izotermal olmayan kosullarda yapilabilecek termogravimetrik
analiz sayesinde, katilarin ayrigmasi sirasinda olugan agirlik kaybr verileri
kullanilarak, toplam reaksiyon kinetigini temsil eden bozunma agamalar1
igin kinetik ve kinetik parametreler veya temel bilegenlerin bozulmast ayri
ayr1 belirlenebilir (Kizilca and Copur. 2016). Ayni zamanda termal analiz
teknikleri spektroskopik metodlar ile ile birlikte kullanilmasiyla termal
bozunma sonucu agiga ¢ikan gazlarin da e§ zamanl olarak belirlenmesi
miimkiindiir. Bu boliimde uygun teknolojiler ve yontemler kullanarak
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gevreye daha az zararly, yenilenebilir, giivenli ve siirekli bir enerji kaynagi olan
biyokiitlenin bilesenlerinin termal 6zelliklerinin 6nemine yer verilecektir.

2. BIOKUTLE

Biyokiitle yapisinda karbon (C), hidrojen (H), oksijen (O), azot (N)
ve az miktarda da (S) bulunduran hidrokarbon malzeme olarak ifade
edilebilir. Ayn1 zamanda bazi biokiitle gesitleri de kayda deger oranlarda
yapisinda inorganik tiirler bulundurmaktadirlar. Alternatif yenilenebilir
enerji kaynaklarindan en biiyiik potansiyele sahip biokiitledir. Biokiitle
doniisiim teknolojileriyle enerji iiretmek igin biokiitle hammadde iiriinleri
olarak; orman {rtinleri (agag atiklari, enerji ormanlar1 vb), yagh bitki ve
tohumlar (aygigegi, soya, kolza vb), karbonhidrath bitkiler (patates, ¢avdar,
bugday, arpa, misir, seker pancari, seker kamigt vb), elyaf bitkileri (keten,
pamuk, kenevir, kenaf, vb), bitkisel atiklar (kabuk, sap, kok, saman, dal
vb), hayvansal atiklar (mezbaha atiklar, diski, vb) ile kentsel ve endiistriyel
atiklar degerlendirilerek enerji iiretilebilmektedir. Biokiitle yenilenebilir,
gevre dostu, sosyo-ckonomik gelisme saglayan, her yerde yetistirilebilen,
tagitlar igin yakit saglayabilen, elektrik iiretilebilen, yerli ve milli bir enerji
kaynagidir. 2015 yilindan itibartyla Tiirkiye’de yenilebilir enerji kaynaklar
Sekil 2°de gosterildigi gibi mevcut enerji kaynaklarimin yaklagik %32’sini
olusturmaktadir.
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Sekil 2. Tiivkiye'deki yenilebiliv enerji kaynaklar:

Biokiitlenin temel bilegenleri Sekil 3’te verilmigtir. Biokiitlenin en temel
¢ 6gesi seliiloz, hemiseliiloz ve lignindir (Budak, 2017; Boztepe, 2011).
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Sekil 3. Biokiitle temel bilesenleri

Seliilloz (C,H,,O,) bitkilerin hiicre yapisinda bulunan bitkilerin sert ve
kuvvetli olmasini saglayan bir polisakkarittir. Seliilozun yapist tiim odunsu
ve otsu bitkisel kaynaklarda ayni ve beta 1-4 bag: ile bagh beta-D glikoz
sekerlerden olugan diiz zincir seklinde oldugu kabul edilmektedir (Sekil 4).
Kagit, kozmetik, plastik, medikal, film, besin yardimc1 malzemeleri ve tekstil
elyaflar1 gibi genig bir uygulama alanina sahiptirler. Molekiil agirliklarinin daha
diigiik olmasi ve seliiloza gore daha yiiksek ¢oziiniirliige sahip olmasindan
dolay1 kolay hidrolize olabilirler. Seliilozun termal sicakhig 315-400°Cdir.
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H

Sekil 4. Selitlozun kimyasal yapise
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Selillozdan sonra bitkinin yapisinda olan daha kisa zincir yapisinda
olup farkll tiirde seker baglarindan olugan dallanmig bir polimer olan
hemiseliilozdur (§ekil 5). Hemiseliloz (C.H,O,) , selilloza gore daha
kompleks bir yapiya sahiptir. Hemiseeliilozun termal bozunma sicaklig
220-315°Cdir.

HO HO
0 0 0
OH OHO
0 0 o
OH  HoO 4 OH
OfA—0
OH

OH

Sekil 5. Hemiseliilozun kimyasal yapis

Lignin CH,(OCH,),.,
dallanmug, aromatik bir polimerdir (Sekil 7). Ligninin, seliiloz ve hemiseliiloza
gore termal bozunma sicakligt oldukgea yiiksektir ve 160-900°C’dir.

selilloz ve hemiseliiloza gore yiiksek oranda

Sekil 6. Lignin kimyasal yapise



Meltem Kizilea Corub | 67

2.1. Piroliz

Biokiitle direk yakilarak veya ¢esitli siireglerde yakit kalitesi artirilarak,
mevcut yakitlara egdeger 6zelliklerde alternatif karbon ve hidrojen bakimindan
zengin, kolay tagmnabilir ve depolanabilir, yiiksek 1s1l degerli 6zelliklere
sahip bioyakitlar elde edilerek enerji teknolojisinde degerlendirilmektedir.
Giiniimiizde, artan niifusa bagl olarak fosil yakit kullanimindan kaynaklanan
biiyiik CO,, SO_ve NO_ emisyonlarindan kaynakli ¢evre sorunlariyla ilgili
biiyiik bir endige vardir. Bu nedenle yeni ve yenilenebilir enerjiye, 6zellikle
biokiitle enerjisine daha fazla deger verilmektedir. Diger taraftan 6zellikle
atmosfere salinan bu gazlarin olusturdugu gevresel ve iklimsel etkilerden
dolay1 belirmen emisyon sinir oranlar ve gevre teknolojilerinin gereklerinin
uluslararast sinirlamalar bakimindan yerine getirilmesi gerekliligi de ortaya
¢tkmaktadir (Riahi ez al., 2007). Yeni teknolojiler, enerji kaynaklarini
cesitlendirerek ve enerji tasarrufu saglayarak enerji tiretim siireglerini daha
verimli hale getirerek CO,, SO_ve NO_ gazlarinin emisyonunun azaltilmas:
hedefini gergeklestirmeye izin vermelidir. Bu sebeple, yenilenebilir enerji
kaynag olarak biokiitlenin tercih edilmesi, ulusal ve kiiresel enerji giivenligi
i¢in gereken yerel ve yenilenebilir dogal bir kaynaktir. Ayrica gelismekte
olan iilkelerin bir¢gogunun ekonomisi tarima dayanmaktadir. Bu agidan ele
alindiginda bir enerji kaynagi olarak biokiitle kaynaklarimin kullanilmas:
oldukga 6nem kazanmaktadir.

Biokiitle hammaddelerin bir boliimii ya yanma mekanizmalarinda
dogrudan yakma ya da kullanim alan1 genig daha degerli yakit veya diger
gaz tiriinlerine doniistiirmek igin kimya endiistrisinde kullanilmaktadir. Bir
boliimii de giibreleme gibi ¢esitli amaglarla tiiketilmektedir. Mevcut yapilan
aragtirmalar, Biokiitle atiklarinin yakilarak kazandirilmasinin ekonomik
olmadigini yapilan aragtirmalar gostermektedir. Bu atiklarin  tekrar
kazandirilmasinda en etkili yontem higbir oksitleyicinin mevcut olmadig bir
1s1l bozunma iglemi olan pirolizdir. Ayrica, degerlendirilmesi zor biokiitle
hammaddelerinin daha degerli iiriinler elde edilmesinde dogrudan yakmaya
gore, viiksek enerji yogunlugu, kati, sivi ve gaz iirlinlerin elde edilmesi,
depolanmasi, taginmasi ve kolay yakilabilir olmalar1 pirolizin tistiinliigiinii
saglamaktadir (Caglar and Demirbas, 2000; Sharma et al., 2004). Piroliz
sonucunda kati, s1v1 ve gaz olarak elde edilen iiriinlerin 6zellikleri ve dagilima;
proses parametrelerine ve kullanilan biyokiitle ¢esidine baghdir. Pirolizi
etkileyen parametreler: sicaklik, basing, 1sitma hizi, ortamdaki siiriiklenen
gaz, reaktOr geometrisi, tutma siiresi ve katalizor kullanimidir (Demirbas,
2004; Ravindranath, and Hall, 1995). Piroliz iiriin verimini, hammaddelerin
organik ve inorganik yapisi, parcacik biiytikliigii, nem orani, gdzenek yapist,
sabit karbon miktar1 ve elementel bilesimi etkiler. Biyokiitle hammadde
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kaynaklarinin termal bozunma davranigi, kimyasal bilegimine ve yapisina
bagl olarak degisiklik gostermektedir. Baglangi¢ malzemelerinin kristal
yapilar1 ve polimerizasyon derecesiyle birlikte termal bozunma davranigini
tanimlamada ayrilmaz unsurlardir. Yukaridaki parametrelere paralel olarak,
deneysel olarak tiiretilen kinetik parametreler ayni zamanda sicaklik, basing,
partikiil boyutu, 1sitma hizive ortam gaz ortamini igeren spesifik piroliz
sartlarina da baghdir (Samoladaezal., 1990). Bu yontemlerde en 6nemli amag
1s1l degeri ylikseltmek i¢in nemin uzaklagtiriimasidir. Isil degeri yilikseltmek
biokiitledeki oksijen su olarak uzaklagtirilmalidir. Bu ise bilesenlerin termal
bozunmasi sonucu meydana gelmektedir. Termal bozunma sonucu elde
edilen yakitlarin depolanmasi, dagitimu, kiilstiz, kiilsiiz ve ¢evreye daha az
zarar vererek yanmalari, taginmasi ve yakilmasi diger 6nemli iistiinliikleridir.
Piroliz iglemiyle ger¢eklesen sicaklik yiikselmesinin sonucu meydana gelen
kiitle kayiplarinin en yiiksek oldugu ve kiitle kayiplarinin bittigi son sicaklik
degerleri ve sicakliklardaki doniigiim miktarlar1, biyokiitle kaynaklarinin
tiirlerine gore farklilik gostermektedir.

3. SONUG

Enerji, diinyada gerekse tlilkemizde endiistrinin, iiretimin, gelismenin
ve kalkinmanin en temel vazgegilmez unsurlarindan biridir. Enerji
gereksinimi sanayilegsmeye, teknolojik gelismelere ve niifus artigina bagh
olarak artmaktadir. Boylece, geleneksel enerji kaynaklarindan fosil yakitlarin
rezervleri sinirl ve yakin gelecekte tiikenecek olmasi, ¢evre kirliligi ve tabiatin
tahribi yeni ve yenilenebilir enerji kaynaklarinin 6nem kazanmasima yol
agmistir. Boylece gevreyi kirletmeyen, diigiik maliyette yeni ve yenilenebilir
enerji kaynaklarindan olan gelisen ve gelismekte olan iilkeler igin genis
uygulama alan1 sunan biokiitledir. Biokiitle kaynaklarini meydana getiren
bilesenler karmagik ve heterojen bir yapiya sahiptir. Seliiloz, hemiseliiloz
ve lignin gibi major bilesenlerin farkli termal 6zelliklere sahip oldugu; bu
bilesenler diginda biokiitle hammaddelerinde bulunan organik ve inorganik
bilesenlerin farkli oranlarda bulundugu belirlenmigtir. Bu bilegenlerin
yapilarinda ki fiziksel ve kimyasal farklhilik, biokiitle kaynaklarinin yakitlara
doniigiimiiyle bu bilesenlerin farkli davranmasina sebep olmaktadir. Bu
nedenle biyokiitle bilegenlerinin termal Ozelliklerinin incelenmesi konusu
onem tegkil etmektedir.
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Bolim 6

Tarim Alaninda Dijital Tkiz Yonteminin
Kullanilmasi

Mahmut Durgun'

Ozet

Tarim sektort, insanlarin beslenme ihtiyaglarini kargilamak igin temel bir
sektordiir ve diinya genelinde birgok insanin gegim kaynagidir. Ancak, tarim
sektorii de diger sektorler gibi gelismeye ihtiyag duymaktadir. Teknolojinin
hizl1 bir sekilde gelismesiyle birlikte, tarim sektoriinde de dijital teknolojilerin
kullanimiartmaktadir. Bu teknolojiler, tarim sektoriiniin verimliligini artirmak,
stirdiiriilebilirligi saglamak ve maliyetleri azaltmak ig¢in kullanilmaktadir.
Dijital ikiz teknolojisi de bu teknolojiler arasinda yer almaktadir. Dijital ikiz
teknolojisi, gercek bir nesnenin sanal bir kopyasimin olusturulmasidir. Bu
teknoloji, tarim sektoriinde bitki, hayvan, arazi ve iiretim gibi birgok alanda
kullanilabilmektedir. Bu teknolojinin tarim sektoriine getirdigi yenilikler,
birgok akademik ¢aligmanin konusu olmustur. Bu makalede, tarimda dijital
ikiz teknolojisinin bitki, hayvan, arazi ve iiretim agisindan getirdigi yenilikler
cle alacak ve akademik ¢aligmalarin sonuglarina yer verilecektir.

1. Giris

Dijital Tkiz teknolojisi, tarim, imalat, otomotiv ve enerji gibi esitli sektorler
tarafindan ciddi bir gekilde kabul goren ve ¢ok disiplinli sorunlar1 ¢6zmek
igin kullanilabilecek yontemlerden birisidir. Bu teknolojinin amaci, bu
sektorlerdeki igletmelerin verimliligini artirmak, is siireglerini iyilegtirmek ve
inovasyonu tegvik etmektir. Dijital Tkiz, ashinda gergek fiziksel sistemlerin
dijital birer benzeridir (Leng vd., 2021). Bu teknoloji, karmagik sistem
analizleri, karar destegi ve teknolojik entegrasyonu igermektedir. Dijital
Ikizin, Nesnelerin Interneti teknolojisinin kabul edilmesiyle 6nemi de git
gide artmaya baslamistir (Zhang vd., 2022). Bu teknoloji, minyatiir cihazlar
ve uzaktan algilama yollar1 gibi fiziksel ikizlerin neredeyse gergek zamanl

1 Tokar Gaziosmanpaga Universitesi, Turhal Uygulamali Bilimler Fakiiltesi, Elektronik Ticaret
ve Yonetimi Boliimii. E-mail: mahmut.durgun@gop.edu.tr

@ 08 d hittps://doi.ory/10.58830/ozgurpub95.c441 71
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olarak izlenmesine olanak tanimakta ve stirekli artan veri akislar tiretmektedir.
Dijital ikiz kavrami, Grieves ve Vickers tarafindan sanal ve fiziksel varliklarin
birlestirilmesindeki bir teknik incelemesi sonucu ilk olarak ortaya atilmigtir
(Grieves and Vickers, 2017). O tarihten bu yana, farkli disiplinler Dijital
Ikizi benimsemis ve genel bir tanimin bulunmamast nedeniyle her bir disiplin
kendi tanimini belirlemistir. Aslinda fiziksel bir nesnenin ya da sistemin yagam
dongiisii boyunca toplanan gergek diinya verilerinin, simiilasyonlarin veya
makine 6grenme modellerinin veri analizi kullanilarak 6grenilmesi ve akall
bir gekilde yiirtitiilmesini ifade etmektedir. Yine bu teknoloji, farkli sorular:
yanitlamaya yardimci olmak i¢in kullanilabilmekte ve insana benzer sekilde
sezgisel ongoriiler sunabilecektir. Tarimda djjital ikiz teknolojisi konusunda
yapilmug bir¢ok akademik aragtirma ve literatiir mevcuttur.

Nasirahmadi ve Hensel (2022)’in yaptiklar1 galigmada, bitki ve
tiretim agisindan dyjital ikiz teknolojisinin kullanimini incelemislerdir. Bu
makalede, tarim sektoriinde dijital ikiz teknolojisinin kullanimmnin artan
Onemine ve avantajlara dikkat ¢ekilmistir. Hayvancilik sektoriinde dijital
ikiz teknolojisinin kullanimini Neethirajan and Kemp (2021) yaptiklar
caliymada, dyjital ikiz teknolojisinin hayvan saghgi, iireme verimliligi ve
yem tiiketimi gibi faktorleri nasil optimize edebilecegi tartigilmigtir. Purcell
ve arkadaglar1 (2022) yaptiklar1 ¢aligma ile tarimsal ¢ayir arazilerinin
verimliligini artirmak igin dijital ikiz teknolojisinin kullanimini ele alir. Bu
makalede, dijital ikiz teknolojisinin tarim arazilerinin toprak kalitesi, sulama
ve giibreleme gibi faktorlerini nasil optimize edebilecegi tartigtlmigtir. Gupta
ve arkadaglar1 (2021) yaptiklari aragtirmada, bitki hastaliklarinin tespit
edilmesi ve onlenmesinde djjital ikiz teknolojisinin kullanimint inceler. Bu
calismada, dijital ikiz teknolojisinin bitki hastaliklarini erken teshis etmek
ve uygun onlemleri almak i¢in nasil kullanilabilecegi tartigilmistir. Jo et al.
(2018) yaptiklar1 “Dyjital ikizi kullanan akilli hayvancilik giftlikleri: Fizibilite
caligmasr” adli makale, hayvancilik giftlikleri tiretim siirecinin verimliligini
artirmak igin dijital ikiz teknolojisinin kullanimini ele alir. Bu makalede,
dijital ikiz teknolojisinin hayvancilik ciftlikleri tretiminde verimliligi ve
kaliteyi artirmak igin nasil kullanilabilecegi tartigtlmigtir. Nie et al. (2022)
yaptiklart bu makale, tarim sektoriinde dijital ikiz teknolojisinin kullanimryla
ilgili son geligmeleri ele almaktadir. Bu ¢alismada, bitki ve arazi 6zelliklerinin
tespiti, hasat sonrasi takip ve hayvan saglig1 yonetimi gibi bir¢ok uygulama
ornekleri verilmektedir. “Introducing digital twins to agriculture” (2021)
adli bu galiymada, dijital ikiz teknolojisinin tarimda kullanimu ile ilgili genel
bir bakig sunulmaktadir. Bitki ve hayvanlarin dijital ikizleri olugturma, tarim
makinelerinin optimizasyonu ve tiretim planlama gibi konular ele alinmaktadir

Pylianidis et al. (2021). Xin and Wang (2022) yaptiklar1 bu galigmada, dijital
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ikiz teknolojisinin tarimda kullanimiyla ilgili uygulama alanlari, zorluklar ve
gelecekteki yonelimler ele alinmaktadir. Bu makalede, bitki ve hayvan saghgi
yonetimi, arazi yonetimi, tarim makineleri optimizasyonu ve veri analizi gibi
konular ele alinmaktadir.

2. Alt1 Farkli Dijjital ikiz Kavrami

Hayali Dijital Tkiz, bir iiriin, sistem veya hizmet hakkinda hayal edilen
ve uygulanmasi miimkiin olan tiim verilerin ve bilgilerin toplandig1 ve
kaydedildigi bir dijital modelidir. Bu model, fiziksel tiriiniin ya da sistemin
hayal edilen ideal performansini, Ozelliklerini ve kullanimini yansitir.
Hayali Dijital Tkiz, bir iiriiniin ya da sistemin tasarimi, gelistirilmesi ve
optimizasyonu agamalarinda, {iriin ya da sistem hakkinda en dogru ve kesin
bilgiye ulagmak i¢in kullanilir.

“Izleme Dijital Tkiz” (Monitoring Digital Twin), 6zellikle tarim sektoriinde,
fiziksel sistemle ilgili verilerin takibinin ve analizinin gergeklestirildigi sanal
bir sistemdir. Bu sanal sistem, fiziksel sistemle ilgili tim verileri (Ornegin,
su, giibre, toprak analizi, iklim verileri, giibreleme verileri vb.) toplar ve
bu verileri analiz eder. Bu analiz sonucu, tarimin verimliligini ve verimini
artirmak i¢in Oneriler yapar ve tarim igletmelerinin siireglerini optimize
etmelerine yardimcr olur. Izleme Dijital Tkiz, tarmmn dijitallesmesi ve
verimliliginin artmasina yardimc olur ve tarim igletmelerinin maksimum
verimi elde etmelerine yardimci olur.

Ongoriileyici Dijital Tkiz, fiziksel bir sistem veya iiriin hakkindaki
bilgilerin ve verilerin analizi sonucu ortaya ¢ikan 6ngorii ve tahminleri
igeren sanal bir sistemdir. Bu 6ngortiler, sistem veya iiriiniin performansini,
verimliligini veya olasi arizalarini tahmin etmeyi ve 6nceden miidahil etmeyi
miimkiin kilar. Ongériileyici Dijital Ikiz, tarim sektoriinde tarla verimliligini
ve Uiriin kalitesini arttirmak i¢in kullanilabilir.

Receteli Dijital Tkiz, tarim sektoriinde verimlilik ve verimlilik igin
kullanilan bir dijital teknoloji ¢oziimiidiir. Bu dijital ikiz, bir tirtiniin ya da
ekipmanin performansini ve durumunu siirekli olarak izler ve bu verileri
analiz ederek, liriin veya ekipmanin verimliligini ve performansini artirmaya
yonelik oneriler sunar. Regeteli Dijital Tkiz ayrica iiriin veya ekipmanin
gelecekteki performansini tahmin etme yetenegine de sahiptir, boylece tarim
igletmeleri gelecekteki ihtiyaglarini veya olasi sorunlar1 6ngorebilir.

Otonom Dijital Tkiz, fiziksel sistemle ayn1 anda ¢aligan ve o fiziksel sistem
hakkinda toplanan verileri kullanarak o sistemi yoneten ve kendini kontrol
eden bir dijital modeldir. Otonom Dijital Tkiz, tarimda verimliligi ve verimlilik
¢iktilarint artirmak igin kullanilabilir. Ornegin, bu dijital ikiz bir tarladaki
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bitkilerin gelisimini izleyebilir ve verilerini analiz ederek gerekli giibre ve su
miktarini otomatik olarak belirleyebilir. Boylece tarim igletmelerinin iiretim
maliyetlerini azaltmasina ve verimliligini artmasina yardimer olabilir.

Hatira Dijital Ikiz, bir fiziksel sistemin ya da makine elemaninin ge¢mis
performans verilerinin ve hikayelerinin depolandig: bir sanal temsildir. Hatira
Dijital Tkiz, bu fiziksel sistem ya da makine elemaninin 6nceki durumlarint
ve performansimi analiz etmeyi ve incelemelerin sonuglarini kullanarak
gelecekteki performansini tahmin etmeyi kolaylastirir. Ayn1 zamanda bu
tiziksel sistem ya da makine elemaninin tasarim ve bakim siireglerinin verimli
bir sekilde ytiriitiilmesini de destekler.

2.1. Tarimda Dijital Tkiz

Tarimda Dijital Ikiz, tarim sektoriinde tarimsal faaliyetlerin, bitkilerin
ve ¢evre faktorlerinin verilerinin toplanmasi, analiz edilmesi ve bu verilerin
kullanilarak hayvanlarin, bitkilerin, tarim arazilerinin ve tarimsal bilesenlerin
daha verimli yonetilmesi olarak tammlanir. Nesnelerin Interneti (IoT)
teknolojisi, makine Ogrenimi ve bulut bilisim gibi teknolojik araglarin
birlegmesi sonucu ortaya ¢ikmustir.

Tarimdaki dijital ikiz topolojisi ise su sekildedir:

Bitki Ikizi: Tarim arazilerindeki bitkilerin verilerinin toplanmasi ve analiz
edilmesi sonucu olugan bir dijital modeldir. Dijital ikiz teknolojisi, bitkilerin
biiyiime siirecini izlemek ve optimize etmek i¢in kullanilan bir teknolojidir.
Bu teknoloji, bitkilerin ger¢ek zamanl olarak takip edilmesine, verilerin
toplanmasina ve analiz edilmesine olanak saglar. Dijital ikiz teknolojisi, bitki
yetistiriciliginde birgok fayda saglar. Tlk olarak, bitki biiyiimesi hakkinda
ger¢ek zamanlh veriler toplayarak, treticilere bitkileri daha etkili bir gekilde
yonetme ve bakim yapma imkani verir. Bu veriler, bitkilerin su, giibre, 151k
gibi ihtiyaglarina gore optimize edilerek, verimliligin artirtlmasina yardimei
olabilir. Ayrica, hastalik veya zararhilar gibi sorunlarin erken teshis edilmesine
ve ¢oziimlenmesine yardimci olur.

Dijital ikiz teknolojisi, bitki yetistiriciligi i¢in kullanilan bir dizi diger
teknolojiyle birlikte kullamldiginda daha da etkili hale gelebilir. Ornegin,
yapay zeka ve makine Ogrenimi algoritmalari, toplanan verileri analiz
ederek, bitki yetistiricilerine daha dogru ve anlamli bilgiler sunabilir.
Bu bilgiler, bitki yetistiricilerinin iiretim siireglerini daha da optimize
etmelerine yardimci olabilir. Dijital ikiz teknolojisi ayrica, bitki yetistiriciligi
igin verimli ve siirdiiriilebilir ¢oziimler saglamaya da yardimci olabilir. Bitki
yetistiriciligi igin kullanilan su ve giibre miktarini azaltarak, stirdiiriilebilirligi
artirabilir ve gevresel etkiyi azaltabilir. Ayrica, tiiketici taleplerini kargilamak
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i¢in {iriinlerin kalitesini artirabilir. Sonug olarak, dijital ikiz teknolojisi,
bitki yetigtiriciligi alaninda biiyiik bir potansiyele sahiptir. Bu teknolojinin
kullanimu, iireticilere gergek zamanl veriler saglayarak bitki biiyiimesini
optimize etmelerine yardimct olurken, siirdiirtilebilir ve verimli iiretim igin
de ¢oziimler sunabilir.

Topak Nem: %40
Sicaklk : 30

BitkiDunamu: Olgunbsh
Hastabic - Alplenmad

Sekil 1 Bithi Tkizi Ornegi

Tarim arazisi ve tarim ekipmanlari igin dijital ikiz: Tarim arazilerinin
verilerinin toplanmasi ve analiz edilmesi sonucu olugan bir dijital modeldir.
Tarim arazisi igin dijital ikiz teknolojisi, ger¢ek zamanli veri toplama ve analiz
etme iglemleri sayesinde tarim arazilerinin tam bir sanal kopyasini olugturur.
Tarim arazisi igin dijital ikiz teknolojisi, tarim arazisinin ger¢ek zamanl olarak
izlenmesine, analiz edilmesine, tarim makinalarinin performansini izlemek
ve bakimini yapmak i¢in kullaniimaktadir. Tarim makinalari igin dijital ikiz
teknolojisi, tarim ekipmanlarinin performansini izlemek, bakimini yapmak
ve optimize etmek i¢in kullanilir. Bu teknoloji, tarim ekipmanlarindaki
sensorler ve akilli sistemler sayesinde ger¢ek zamanh veri toplar ve analiz
eder. Bu sayede, tarim ekipmanlarinin galigma stiresi, verimliligi ve maliyeti
optimize edilir. Ayrica, dijital ikiz teknolojisi tarim ekipmanlarinin bakimini
da kolaylagtirir. Bu teknoloji, ekipmanlarin bakim ihtiyaglarini izler ve
bakim planlarini olugturur. Boylece, iireticiler, tarim ekipmanlarinin 6mriinii
uzatirken, bakim maliyetlerini azaltabilirler.
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Tarim arazisi ve tarim ekipmanlar igin dijital ikiz teknolojisi ayrica,
iireticilerin iglerini daha etkili bir sekilde yonetmelerine de yardimei olur. Bu
teknoloji sayesinde, treticiler, tarim arazileri ve ekipmanlarinin durumunu
takip ederek, gerektiginde miidahale edebilirler. Boylece, tiretim kayiplarini
Onlerler ve tarim iglerini daha verimli hale getirirler.

Sekil 2 Tarun arvazisi ve tarun ckipmanlary icin dijital ikiz ornegi

Uretim Tkizi: Uretim siireci ve maliyetlerinin verilerinin toplanmast
ve analiz edilmesi sonucu olugan bir dijital modeldir. Bu teknoloji, tarim
isletmelerinin verimliligini ve karlihigint artirmaya yardimc olur. Dijital ikiz
teknolojisi, tarim igletmelerinin iiretim siireglerini izleyerek, igletmelerin
verimliligini ve strdiiriilebilirligini artirmak igin kullanilir. Bu teknoloji
sayesinde, iireticiler, tarim tiriinleri i¢in en uygun kosullar1 olusturabilirler. Bu
da, tarim igletmelerinin iiretim miktarini artirirken, maliyetlerini azaltmasina
yardimci olur. Dijital ikiz teknolojisi ayni zamanda, tarim igletmelerinin
kaynaklar1 ve maliyetleri optimize etmelerine de yardimci olur. Bu teknoloji,
isletmelerin iiretim siireglerini analiz eder ve igletmelerin kaynaklarin1 daha
verimli bir sekilde kullanmasini saglar. Bu sayede, isletmeler, maliyetleri
azaltirken, tiretim miktarini artirabilirler.Dijital ikiz teknolojisi, ayrica, tarim
isletmelerinin gevresel etkilerini de azaltmalarina yardimer olur. Bu teknoloji
sayesinde, isletmeler, tiretim siireglerini daha siirdiiriilebilir hale getirirler. Bu
da, igletmenin ¢evresel etkilerini azaltarak, dogal kaynaklarin korunmasina
yardimci olur.
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Sekil 3. Siit inekleri igin dijital ikiz ornegi.

Tarimda dijital ikiz teknolojisi, bitki, hayvan, arazi ve {iretim agisindan
birgok yeniligi beraberinde getirir. Bu yenilikler, tarim sektortinde verimliligi
ve siirdiiriilebilirligi artirirken, tireticilerin karliligini ve rekabet giiciinii artirir.
Iste, dijital ikiz teknolojisi ile tarim sektoriinde elde edilen yeniliklerden
bazilari:

Bitki Verimliligi: Dijjital ikiz teknolojisi, bitki verimliligini artirmak igin
kullanilabilir. Bu teknoloji, bitkilerin biiyiimesini ve geligimini izleyerek,
bitkiler i¢in en uygun kogullar1 olusturabilir. Bu da, tireticilerin bitki tiretimini
artirmasina ve iiriin kalitesini artirmasina yardimei olur.

Hayvan Saglig:: Dijital ikiz teknolojisi, hayvansaghigi i¢in de kullanilabilir.
Bu teknoloji, hayvanlarin saghk durumunu izleyerek, hastaliklarin erken
teshis edilmesine ve tedavi edilmesine yardimcr olur. Bu da, hayvanlarin
saghkli kalmasina ve tiretim verimliliginin artmasina yardimci olur.

Arazi Yonetimi: Dijital ikiz teknolojisi, arazi yonetimi igin de kullanilabilir.
Bu teknoloji, tarim arazilerinin verimliligini artirmak igin kullanilabilir. Bu
teknoloji, arazinin tiim detaylarini, verimlilik oranlarini, toprak analizlerini,
su kaynaklarini, egimini, giineslenme agilarini vb. o6zellikleri inceleyerek, en
uygun tarim uygulamalarinin belirlenmesine yardimer olur.

Uretim Siiregleri: Dijital ikiz teknolojisi, tarim iiretim siireglerinde de
kullanilabilir. Bu teknoloji, tarim isletmelerinin iiretim siireglerini analiz
ederek, verimlilik artirma ve maliyetleri azaltma konusunda Oneriler sunar.
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Bu da, isletmelerin karliligini artirirken, tiretim verimliligini artirmasina
pl el
yardimci olur.

Veri Yonetimi: Dijital ikiz teknolojisi, tarim igletmelerinin veri yonetimi
igin de kullanilabilir. Bu teknoloji, tarim igletmelerinin verilerini toplar
ve analiz ederek, isletmelerin daha iyi kararlar almasmna yardimci olur. Bu
sayede, igletmeler, kaynaklar1 daha verimli bir gekilde kullanirken, {iretim
stireglerini ve igletme yonetimini daha iyi bir gekilde kontrol edebilirler.

Otomasyon: Dijital ikiz teknolojisi, tarim isletmelerinde otomasyonun
artirlmasina yardimer olur. Bu teknoloji sayesinde, tarim igletmeleri tiretim
stireglerindeki bazi islemleri otomatiklestirebilirler. Bu da, isletmelerin
dretim verimliligini artirmasina ve maliyetlerini azaltmasina yardimei olur.

Yonetim ve Planlama: Dijital ikiz teknolojisi, tarim igletmelerinin
yonetim ve planlama stireglerinde de kullanilabilir. Bu teknoloji, igletmelerin
gelecekteki faaliyetlerini planlamalarina yardimer olur ve igletmelerin tedarik
zincirini daha 1y1 yonetmelerine yardimcr olur. Bu da, igletmelerin karliligini
artirirken, Giretim verimliligini artirmasina yardimei olur.

Siirdiirtilebilirlik: ~ Dijital  ikiz  teknolojisi, tarim  sektoriinde
stirdiiriilebilirligi  artirmaya yardimci  olabilir.  Bu  teknoloji, tarim
isletmelerinin gevresel etkilerini azaltmalarina ve kaynaklar1 daha verimli bir
sekilde kullanmalarina yardimer olur. Bu da, isletmelerin gevre dostu tarim
uygulamalarina ge¢melerine yardimei olur.

Maliyetler: Dijital ikiz teknolojisi, tarim isletmelerinin maliyetlerini
azaltmaya yardimct olur. Bu teknoloji, isletmelerin iiretim siireglerindeki
verimliligi artirarak, isletmelerin maliyetlerini azaltmalarina yardimcr olur.
Ayrica, dijital ikiz teknolojisi, igletmelerin kaynaklar: daha verimli bir gekilde
kullanmalarina yardime olur ve boylece maliyetleri azaltmalarina yardimei
olur.

Sonug olarak, tarimda dijital ikiz teknolojisi, bitki, hayvan, arazi ve iiretim
agisindan birgok yenilik getirir. Bu yenilikler, tarim sektoriiniin verimliligini
artirirken, siirdiirtilebilirligi ve karlihig: artirir. Dijital ikiz teknolojisi, tarim
isletmelerinin tiretim siireglerini daha iyi yonetmelerine ve kaynaklar1 daha
verimli bir gekilde kullanmalarina yardimer olur.
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TARIMDA DUJITAL IKIZ

Ciftlikten Sofraya lzleme

- )

ULl

Sekil 4. Tarimda dijital ikiz.

3. Sonug

Tarimda dijital ikiz teknolojisi, bitki, hayvan, arazi ve iiretim agisindan
birgok yenilik getirmektedir. Bu teknoloji, tarim sektoriinde verimliligi
artirirken, siirdiirtilebilirligi ve karlihg artirmaktadir. Dijital ikiz teknolojisi
sayesinde, tarim igletmeleri iiretim siireglerinde daha verimli bir sekilde
caligabilir, igletmelerin tiretim kapasitesi artirilabilir, {irtin kalitesi artirilabilir
ve maliyetler azaltilabilir.

Bu teknolojinin  tarim  sektoriine  getirdigi  yenilikler, akademik
caligmalarda da genig bir sekilde ele alinmaktadir. Bu galigmalarin sonuglari,
dijital ikiz teknolojisinin tarim sektoriindeki etkilerini daha detayl bir sekilde
ortaya koymaktadir. Ornegin, bir¢ok arastirma, dijital ikiz teknolojisinin
bitki hastaliklarinin teghisinde ve miicadele edilmesinde 6nemli bir rol
oynayabilecegini gostermektedir. Ayrica, dijital ikiz teknolojisinin hayvan
saghg ve refahini artirmada da etkili oldugu belirtilmektedir.

Bunun yani sira, dijital ikiz teknolojisi, tarim arazilerinin daha iyi
yonetimini ve verimliligini saglamak igin kullamlabilmektedir. Tarim
arazilerinin dijital ikizleri sayesinde, arazi verimliligi analizleri yapilarak,
toprak kalitesi ve nem seviyesi gibi faktorlerin daha iyi kontrol edilmesi
miimkiindiir. Bu da, iiretim verimliliginin artirilmasina ve maliyetlerin
azaltilmasina yardimci olmaktadir.

Sonug olarak, tarimda dijital ikiz teknolojisi, bir¢ok alanda yenilikler
getirmekte ve tarim sektoriinde verimliligi artirarak siirdiiriilebilirligi ve
karlihigr artirmaktadir. Bu teknolojinin tarim sektoriinde yayginlagmast,
tarimin gelecegi igin umut verici bir gelisme olarak degerlendirilmektedir.
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Bolum 7

Tiirkiye’de Arazi Toplulagtirmas: Konusunda
Yapilan Akademik Caligmalara Genel Bir Bakig

Nuri Erdem!

Ozet

Bu caliymada; 2015-2020 yillar1 arasinda yayimlanan 50 lisanststii tezi
ile 1998-2020 yillar1 arasinda yaymlanan 114 adet makale ¢alismas: igerik
analizi yontemiyle incelenmigtir. Toplamda 164 adet akademik ¢aligma igerik
analiz yontemiyle; yayinlarin yapildigt 6zel sektor kurulusuna, tiniversiteye,
enstitiiye ve ilgili anabilim dalina gore dagilimi incelenerek siniflandirilmugstir.
Yillara gore en fazla yayinlanan makale sayis1 19 adetle (%17) 2018 yilinda
yapilmistir. Tllere gore en fazla yayinlanan makale sayist 23 adetle Konya
(%17) ilidir. Universitelere gore en fazla yayinlanan makale sayist 19
adetle (%16) ile Konya Selguk Universitesi'nde yapilmustir. Sonugta; arazi
toplulagtirmasi konusunun son yillarda daha fazla akademik g¢aligmada
incelenmeye baglandigi gortilmiistiir. Ayrica, ziraat miihendisi kokenli
aragtirmacilarinin diger alanlardaki aragtirmacilara gére bu konuda daha fazla
yayin yaptigi belirlenmistir.
GIRIS
Arazi; yeryiizii pargasi, yer, toprak, ekip bigilen topraklar, insanlarin
oturdugu ya da bosg toprak pargasidir (URL_1). Arazi toplulagtirmasi;
degisik nedenlerle pargalanmug ve yol, kanal gibi hizmetlerden yararlanamaz
hale gelmis arazilerin belirli kurallarla birlestirilmesi iglemidir. Arazi
toplulagtirmasinin amaci, arazilerin ¢ok par¢ali durumunu ve daginikligini
ortadan kaldirarak isletmelerin daha verimli hale getirilmesi, ¢ok pargali
olusun neden oldugu tarla smnuri, yol ve su arklarindan dolayr olabilecek
iriin kayiplarinin azaltilmasidir. Toplulagtirmadan sonra olusacak parseller

daha biiyiik ve sekilleri daha diizgiin olacagindan, makineli tarim daha
kolay yapilmakta ve giderler de 6nemli 6lglide azalmaktadir. Kiigiik parseller

1 Osmaniye Korkut Ata Universitesi Mithendislik Fakiiltesi Harita Miih. Bolimii, ORCID:
0000-0002-1850-4616, nurierdem@osmaniye.edu.tr
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bir araya getirildigi icin, isletme merkezi (giftci ailesinin oturdugu yer) ve
parseller arasindaki uzakhik azalmakta, zaman, iscilik ve yakittan tasarruf
saglanmaktadir. Her parselin yola ve su kanala sinir1 olacagindan dolay1
sulama ve ulagim kolaylig1 artmaktadir. Parsellerde miigterek miilkiyetten
dogan huzursuzluklar giderilmektedir.

Arazi toplulagtirmasi ve tarla igi gelistirme hizmetlerinin yapilmasinda
Devlet Su Igleri (DSI) uygulayicr kamu kurumu olarak yetkilidir. DSI,
sadece kendi yliriittiigli bu alanda yapilan i ve iglemlerden hukuki olarak
sorumlu olan bir kurulustur. DST digindaki diger kurum ve kuruluslar ilgili
kurumun iznine tabi olarak proje idaresi sifatiyla arazi toplulastirma ve tarla
igi geligtirme hizmetlerini yiiriitmeye yetkilendirilmisgtir (URL_2, Madde
5/2). Uygulayic1 kurulug olan DSI tarafindan, Cumhurbagkan Karart ile ilgili
kurulug veya proje idaresi tarafindan istege bagl ya da zorunlu (maliklerin
muvafakati aranmaksizin) arazi toplulagtirma ve tarla igi geligtirme hizmetleri
yapilabilir veya yaptirilabilir (URL_2, Madde 5/3). Cumhurbagkani Karari,
arazi toplulagtirmasi ve diger islemler yoniinden kamu yarar1 karari sayilir
(URL_2, Madde 5/7).

Arazi toplulagtirmas: sirasinda arazi derecelendirmesi iglemi de yapilir.
Arazi derecelendirmesinde; topragin kalic1 ve degisken 6zelliklerini belirleyen
toprak etiitleri, arazinin yerlesim yerlerine veya igletme merkezlerine uzaklhig
ile arazinin diger ozellikleri goz Oniine alinarak konum ile biyiikliigiiniin
degisimine esas olacak derecelendirme katsayilar1 belirlenir. Belirlenen
katsayilar, kadastro parsellerinin diizenlemeye giren alanlar1 ile garpilarak
ilgili parsellere ait parsel deger sayilar elde edilir (URL_2, Madde 11/3).

Bu galigmada, 2015-2020 yillart arasinda yayimlanan 50 lisansiistii tezi
ile 1998-2020 yillar1 arasinda yaymlanan 114 adet makale galigmasi igerik
analizi yontemiyle incelenmistir. Tezlerde erigim kisitlamasi olmasindan
dolay1 2020 yil1 segilmistir. Caligma kapsaminda 2015-2020 yillar1 arasinda
arazi toplulagtirmasi konusunda yayinlanmig ve erisime izin olan 50
lisansiistii tez ¢aliymasi incelenebilmigtir. 2020 yili sonrasindan gliniimiize
kadar olan yayinlarda erigim yasagi olmasindan kaynakl: olarak ancak 2020
yili sonu baz alinmugtir. Ayrica, 2000-2015 yillar1 arasindaki akademik
caligmalar bagka bir makale galigmasinda ele alindigindan dolay1 bu tarih
araliginin segilmesi uygun goriilmiistiir (Boztoprak vd., 2015). Toplamda
164 adet akademik ¢aligma igerik analiz yontemiyle; yaymnlarin yapildigi
ozel sektor kurulusuna, tiniversiteye, enstitiiye ve ilgili anabilim dalina
gore dagilimi incelenerek siniflandirilmigtir. Yapilan galigmayla bu alanda
son yillarda yapilan akademik yayinlarin genel bir profili olusturulmaya
caligilmistur.
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METARYAL VE YONTEM

Bu c¢aliymada kullanilan verilerin bir kismu  hbttps://tez.yok gov.tr/
UlusallezMerkezi/ internet sitesinden, diger bir kismu da Google Akademilk
gibi arama motorlarindan elde edilmistir. S6z konusu web sitelerindeki arama
modiiliine oncelikle Arazi Toplulastirma”, Arazi Diizenlemesi” ve “Arazi
Toplulastwrilmast” gibi kelime gruplari yazilarak lisansiistii tezleri ve akademik
makale galigmalar1 indirilmigtir. S6z konusu web sitelerinden elde edilen
1660’ agkin galigmadan biiyiik ogunlugu ¢ikarilarak, arazi toplulagtirilmasi
konusuyla dogrudan ilgili olan galigmalar incelemeye alinmigtir. 2015-2020
yillar1 arasinda yayimlanan 50 lisanstistii tezi ile 1998-2020 yillar1 arasinda
yaymlanan 114 adet makale galigmasi igerik analizi yontemiyle incelenmistir.
Toplamda 164 adet akademik galiyma igerik analiz yontemiyle; yayinlarin
yapildig1 6zel sektor kurulusuna, tiniversiteye, enstitiiye ve ilgili anabilim
dalina gore dagilimi incelenerek siniflandirilmistir.

Bu ¢aligmada, veriler analiz edilirken tez ve makalelerden kisitlamas:
olmayanlar detayli bir gekilde incelenebilmistir. Ancak, erigim kisitlamasi
olan caliymalar ise Ozetlerinde verilen bilgiler dogrultusunda analiz
edilmistir. Incelenen galigmalar 6zel sektor ve kamu kurumlarina baglh
olarak gruplandirilmigtir. Makalelerin yayinlanma yili, iiniversite ismi,
yazarlarin kamu veya 6zel sektorde ¢alisma durumu ve ili belirtilmigtir.
Ayrica, fakiilteye, boliime, illere, yillara, anabilim dalina, yazarin kamu
kurumu veya 6zel sektorde ¢aligiyor olmasi durumuna gore makale ve
tezler tasnif edilmistir. Sonuglar ilgili sekil ve tablolarda 6zet olarak
sunulmugtur.

BULGULAR
Lisansiistii Tezleve Iliskin Elde Edilen Bulgular:

Ulkemizde 2015-2020 yillari arasindaki YOK’iin Ulusal Tez Merkezi
resmi web sitesinde yer alan arazi toplulagtirmasi konusunda erigim izni de
olan tezlerin yillara gore dagilimi; 2015 yilinda 1 tane doktora ve 3 tane
yliksek lisans tezi, 2016 yilinda yalnizca 4 tane yiiksek lisans tezi, 2017 yilinda
1 tane doktora ve 3 tane yiiksek lisans tezi, 2018 yilinda 3 tane doktora ve 7
tane yliksek lisans tezi, 2019 yilinda 2 tane doktora ve 20 tane yiiksek lisans
tezi, 2020 yilinda 1 tane doktora ve 4 tane yiiksek lisans tezi yayinlandig:
goriilmiigtiir. Toplamda 8 tane doktora tezi ve 42 tanede yiiksek lisans tezi
yayimlanmugtir. Tablo 1’de iiniversitelerin lisansiistii iiretilen tez sayis1 ve

yayin yilina gore dagilimi detayl olarak verilmistir.
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Tablo 1. Universitelerin Lisansiistii Tez Sayist ve Yaym Yilmna Giore Daginluma

2005 20f6 2007 2018 2019 2020  Toplam Oran (%)
DR/YL DRYL DRYL DRYL DRYL DR/YL DR/YL DR/YL

Akdeniz 1 1 125
Aksaray 1 3 4 9.5
Ankara 1 1 24
Avdmn Adnan 1 1 1 2 1 4 125 95
Menderes

Bingal 1 1 24
Bursa Uludag 1 2 3 7.1
Canakkale On 1 1 24
Sefkiz Mari

Dokuz Eyliil 1 1 24
Ege 1 1 24
Erciyes 1 1 24
Isparta 2 2 4.8
Uygulamair

Bilimler

o 1 1 24
Kahramanmaras 1 2 1 1 3 125 171
Sitegti fmam

Konya Teknik 1 1 2 4.8
Namuk Kemal 1 1 2 25

On Dokuz Mayis 1 2 2 5 11.9
Selguk 1 0 1 1 2 3 3 6 375 143
Stileyman 1 1 1 3 7.1
Demirel

Tokat Gazi 1 2 3 7.1
Osman Pasa

Taplam 13 0 4 1 3 3 7 2 201 4 8 4 100 100

Arazi toplulagtirmast konusu ile ilgili yaymlanan ve erigim izni olan
doktora ve lisansiistii tezlerin iiniversitelere ve ilgili olan anabilim dallarina
gore dagilimi Tablo 2°de sunmaktadir. Tablo incelendiginde 50 adet
lisansiistii tezin 19 adet farkli devlet {iniversitesi biinyesinde yiiriitiildiigii
goriilmektedir. Yiiksek lisans tezlerinin ¢ogunlukla Selguk {iiniversitesi
(%18), Aydin Adnan Menderes Universitesi (%10) ve Ondokuz Mayis
Universitesi (%10) gergeklestirildigi goriilmektedir. Doktora tezlerinde
ise Akdeniz Universitesi %12,5 ve Aydin Adnan Menderes Universitesi
%]12,5dir. Diger tniversiteler ise bu tarihler araliginda hi¢ doktora tezi



Nuri Evdem | 85

yayimlamamugtir. Ayrica 6zel Universitelerde arazi toplulagtirmasiyla ilgili
herhangi bir lisansiistii tez galigmasi yapilmamugtir.

Toblo 2. Tezlerin Uretildigsi Universite ve Ilgili Anabilim Dallarma Gove Dognlumiars

Universite Anabilim Doktora Yiiksek Lisans Toplam

‘!

Akdeniz Tarnimsal 1 125 0 0 1 2
Yapilar ve
Sulama

Ankara Gayrimenku 0 0 1 24 1 2
1 Gelistirme
ve Yonetimi

Bingiil Toprak 0 0 1 24 1 2
Bilimi  ve
Bitki
Besleme

Onsekiz Mart  Ekonomisi

Besleme

Isparta
Uygulamah Yapilar ve
Bilimler Sulama

Kahramanmar Biyosistem 1
a Siitgii Imam  Mithendisli
g
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Ekonomisi-
Biyosistem
Miihendisli

Gaziosmanpasa Miihendisli
gi- Toprak
Bitki
Besleme

Tablo 3 ve 4te arazi toplulastirmasiyla ilgili olarak yaymlanmug
olan lisansiistii tezlerde arastirilan konularin dagilimi ve tez sayilar
gosterilmektedir. Tablolara bakilirsa arazi toplulagtirmasr ile ilgili toplamda 8
farkli konu ve disiplinde galigma gergeklestirildigi gortilmektedir. Buna gore;
en fazla gahiymanin yapildigi disiplinler ziraat (29) ve Jeodezi ve Fotogrametri
(10)’dur. En az ise Hukuk (1), Peyzaj Mimarhg: (1) ve Sehircilik ve Bolge
Planlama (1) disiplinlerindedir.
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Tablo 3. Lisansiistii Yapian Tezlervin Calisma Konulavina Gore Dagilumlar:.

Kaynak

Aliefendioglu, 2019

Aslan, Biiyiiktas, 2019

Aslan, 2019
Aydin, 2019
Aydin, 2019

B. Karatas, 2015
Basayigit, 2016
Cay, 2015

Cay, 2018

Cay, 2018

Cay, 2019

Ciftci, 2016
Ciftci, 2020
(aften, 2020
Dagdelen, 2018
Dagdelen, 2019
Degirmenci, 2017
Degirmenci, 2019
Degirmenci, 2019
Degirmenci, 2020
Delibas, 2019
Demiryiirek, 2015
Denli, 2016

Erol, 2015
Giindogdu, 2018
Giirel, 2018
Karatas, 2019
Karatas, 2019
Karatas. 2019
Karatas, 2016
Karlh, 2018
Kaya, 2019
Kayalak, 2019
Kirmikil, 2019
Kurban, 2019
Kurucu, 2016
Oguz, 2019

Tez
Dr/Y1
YL
DT
YL
YL
YL
YL
YL
DT
DT
YL
YL
YL
YL
YL
YL
DT
YL
YL
YL
DT
DT
YL
YL
YL
YL
DT
YL
YL
YL
YL
YL
YL
YL
YL
YL
YL
YL

Tiirii Tezlerin Calisma Konulan

Sehircilik ve Bolge Planlama

Ziraat
Ziraat
Ziraat
Ziraat

Ekonomi

Ziraat

Jeodezi ve Fotogrametri
Jeodezi ve Fotogrametri
Jeodezi ve Fotogrametri
Jeodezi ve Fotogrametri

Ziraat
Ziraat
Ziraat
Ziraat
Ziraat
Ziraat
Ziraat
Ziraat
Ziraat
Ziraat
Ziraat

Jeodezi ve Fotogrametri
Peyzaj Mimarlig:

Ziraat
Ziraat

Jeodezi ve Fotogrametri
Jeodezi ve Fotogrametri

Jeodezi ve Fotogrametri
Miihendislik Bilimleri

Ziraat
Ziraat

Ekonomi

Ziraat

Miihendislik Bilimleri

Ziraat
Ziraat
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Sancakdar, 2017 YL Hukuk

Sisman, 2019 YL Jeodezi ve Fotogrametri

Sisman, 2019 YL Jeodezi ve Fotogrametri

Sisman, 2018 YL Miihendislik Bilimleri

Temizel, 2018 YL Ziraat

Topak, 2020 YL Ziraat

Ugar, 2019 YL Ziraat

Ugar, 2019 YL Ziraat

Uguz, 2017 DT Bilgisayar Miihendisligi
Bilimleri

Uguz, 2018 YL Bilgisayar Miihendisligi
Bilimleri

Uguz, 2020 YL Bilgisayar Miihendisligi
Bilimleri

Yiirekli, 2017 YL Ziraat

Yiirekli, 2019 YL Ziraat

Toblo 4. Konwyla Ilgili Tez Sayis

Konu Konuyla Ilgili Tez Sayis
Bilgisayar Miihendisligi Bilimleri 3

Ekonomi 2

Hukuk 1

Jeodezi ve Fotogrametri 0

Peyzaj Mimarh
Sehircilik ve Bilge Planlama
Ziraat 29

1
Miihendislik Bilimleri 3
1
1

Sekil 1’de 2015-2020 yillar1 arasinda arazi toplulagtirmast konusunda
yayimlanan ve erigim izni olan tezlerin yillar bazli dagilimini yansitilmaktadir.
Sekil 1 incelendiginde en ¢ok lisansiistii tezin 2019 yilinda 22 adet oldugu
ve 2018 yilinda ise 10 adet yaymlandigr goriilmektedir. En az tezin ise 4’er
adet ile 2015 ve 2017 yillarinda yayimlandig goriilmektedir.
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25

i)

| l
b . . .

2015 2016 2017 2018 2019 2020

Sekil 1. Lisansiistii Tezlerin Yaymlanma Yilarina Gove Dagiluna.

Tezlerin anabilim dalina gore dagilimi Tablo 5°de gosterilmektedir. En
fazla 12 tez ile Harita Miihendisligi (%24), 11 tez ile Tarimsal Yapilar
ve Sulama (%22) ve 10 tez ile Biyosistem Mihendisligi (%20) anabilim
dalinda yayimlanmugtir. En az ise I’er tez (%2) ile Gayrimenkul Gelistirme
ve Yonetimi, Geomatik Miihendisligi, Kamu Hukuku, Peyzaj Mimarlig
boliimlerinde tez iiretildigi goriilmektedir.

Tablo 5. Anabilim Dalma Gove Tez Sayiarinmm Dagilum

Sira No Anabilim Dah Tez Sayisi Oran(%)
1 Bilgisayar Miithendisligi 3 6

2 Biyosistem Mithendislizi 10 20
3 Gayrimenkul Geligtirme ve Yonetimi 1 2

4 Geomatik Mithendisligi 1 2

5 Harita Mithendisligi 12 24
6 Kamu Hukuku 1 2

7 Peyzaj Mimarlig 1 2

8 Tarim Ekonomisi 8

9 Tanmsal Yamlar ve Sulama 11 22
10 Toprak Bilimi ve Bitki Besleme 6 12
Toplam 50 100

Tezlerin yapildigr enstitiiye gore dagiimi Tablo 6’da gosterilmistir.
Toplamda 45 adet tez ile en fazla Fen Bilimleri Enstitiilerinde (%90) tez
yaymlanmugtir. En az ise 1 adet (%2) tez ile Sosyal Bilimleri Enstitiilerinde
olmugtur.
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Tablo 6. Tezlerin Yapildyjr Enstititye Gove Dagjilune

Enstitiisii Tez Sayis Oram (%)
Fen Bilimleri 45 90

Sosyal Bilimler 1 2
Lisansiistii Eitim 4 8
Toplam 50 100

Lisansiistii tezlerdeki konularn yillara gore dagilmi Tablo 7°de
gosterilmigtir. 2015 yilinda en ¢ok ele alinan konular Ekonomi, Jeodezi
ve Fotogrametri, Peyzaj Mimarlig1, Ziraat olmugtur. 2016 yilinda Jeodezi

ve Fotogrametri, Miihendislik Bilimleri, Ziraat olmugtur. 2017 yilinda ise
Bilgisayar Miihendisligi Bilimleri, Hukuk, Ziraat olmugtur. 2020 yilinda
ise yalnizca Ziraat olmustur. Tablo 7’de goriindiigii gibi ziraat disiplininde

hemen hemen her yil bu konuda tez yayimlanmustir.

Tablo 7. Lisansiistii Tezlerdeki Konulavm Yillava Gove Dagilun:

Yil
2015

2016

2017

2020

Konu

Ekonomi

Jeodezi ve Fotogrametri
Peyza) Mimarlii
Ziraat

Jeodezi ve Fotogrametri
Miihendislik Bilimleri
Ziraat

Bilgisayar Mithendisligi Bilimleri
Hukuk

Ziraat

Ziraat

Tablo 8de 2015-2020 yillar1 arasinda yaymlanan ve erigim izni olan

tezlerin sayfa sayilarina gore dagilimi gosterilmigtir. Buna gore; toplamda
1215 sayfa doktora ve 4366 sayfa da Yiiksek lisans tezi yayimlanmugtur.
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Tiablo 8. Tezlerin Sayfo Smydarma Gore Dagjrlum

Tez Tiirii Sayfa  Sayist  Adedi Orani (%) Toplam Sayfa Ortalama Sayfa
Aralif Sayist Sayist

Doktora 100-150 5 62.5 621 124.5
150-200 2 25 355 177.5
200-250 1 12.5 239 239
Taplam 8 100 1215 541

Yiisek Lisans 35-50 4 9.5 156 39
50-100 19 45.2 1484 8.1
100-150 12 28.6 1428 119
150-200 4 9.5 622 155.5
200-250 2 4.8 412 206
250-300 1 2.4 264 264
Toplam 42 100 4366 861.6

Tezlerin danigman unvanina gore dagilimi Sekil 2°de gosterilmistir. Sekilde
goriildiigii gibi en fazla Prof. Dr. iinvanli damgmalarin kontroliinde yapilan
tezler yayimlanmigtir (%60). En az da Yrd. Dog. Dr. (yeni diizenlemeyle Dr.
Ogr. Uyesi) tarafindan yayimlanan tezler olmugtur (%2).

¥rd.Dog.Dr
2%

. DDI;.D[I
20%. |

Dr.0gr.Oyesi |
1%

® Do¢.Dr = Dr.Ogr.Uyesi = ProfDr = Yrd.Doc.Dr

Sekil 2. Lisansiistii Calismalavmm Danssman Unvanma Gore Dagluna.
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Makale Calismalarma Iliskin Bulgular:

Arazi Toplulagtirlmas1  konusunda  Google Akademik  gibi  arama
motorlarindan elde edilmis agik erigimli (erigim kisitlamas: olmayan)
makalelerden 114 adet galima degerlendirmeye alinmugtir. Sekil 3 ve Sekil
4’ de makalelerin yillara gore dagilimi goriilmektedir. 2020°de 5 adet (%4),
2019da 7 adet (%6), 2018’ de en yiiksek oranla 19 adet (%17), 2017°de
12 adet (%11), 2016°da 9 adet (%8), 2015°de 6 adet (%5), 2014’te 8 adet
(%7), 2013’de 4 adet (%4), 2012°de 3 adet(%3), 2011°de 1 adet (%1),
2010da 6 adet (%5), 2009°da 2 adet (%2), 2008°de 4 adet (%4), 2007°de
1 adet (%1), 2006’da 6 adet (%5), 2005°de 7 adet(%6), 2004’te 7 adet
(%6), 2003’te 3 adet (%3), 2002°de 0 adet (%0), 2001°de 2 adet (%2),
2000’de 0 adet (%0), 1999°da 1 adet (%1), 1998°de 1 adet (%1) makale
yaymlanmugtir.

20

18

16

14

12

10

o O 0 M~ W W = MmN < O O 0~ WO b g Mmoo d O O 0
e o dd A d ] d d 4 0 0 0 0 0 Q0 9 9 0 O O O
o o o o o o o o o0 o o o o Cc o o o o o o o o O
[ B ot BN ot I ot Y o Y o VA o VA o A o Y o Y o A o Y o R oV o Y o Y o o N oV oV o B R |

Sekil 3. Yullara Gove Yaymlanan Makale Sayist.
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m 2020
m 2019
= 2018
w2017
m 2016
W 2015
m 2014
W 2013
w2012
m 2011
m 2010
m 2009
m 2008
= 2007
2006
= 2005
W 2004
W 2003
W 2002
m 2001
W 2000
m 1999
W 1998

Sekil 4. Yllara Gove Yaymlanan Makale Snyisim % Olavak Dagiluna.

Illere gore yayinlanan makale sayisnin dagilimi Sekil 5°de verilmistir.
Buna gore, Kahramanmarag 11 adetle (%9), Samsun 14 adetle (%10),
Isparta 4 adetle (%3), Burdur 1 adet (%1), Konya en yiiksek oranda 23
adetle (%17), Denizli 1 adetle (%1), Tokat 5 adetle (%4), Ankara 15 adetle
(%11), Erzurum 3 adetle (%2), Canakkale 2 adetle (%1), Bursa 17 adetle
(%13), Aydin 3 adetle (%2), Nigde 1 adetle (%1), Adana 8 adetle (%6),
Kayseri 2 adetle (%1), Adiyaman 1 adetle (%1), Tekirdag 2 adetle (%1),
Antalya 3 adetle (%2), Trabzon 6 adetle (%4), Karaman 1 adet (%1),
Sanlrfa 3 adetle (%2), Mugla 1 adet (%1), Istanbul 1 adet (%1), Elazig 1
adetle (%1), Mersin 1 adetle (%1), Tzmir 2 adetle (%1), Diger 3 adetle (%2)
il ad1 belirtilmeden yayinlanmig olan makalelerin olugturuldugu illerdir.
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Sekil 5. Tllere Gore Yaymlanan Makale Sayise.

Universitelere gore yaymnlanan makale sayisi $ekil 6°da verilmigtir. Buna
gore, Kahramanmarag Siit¢li Imam Universitesi 9 adetle (%7), Ondokuz
Mayis Universitesi 9 adetle (%7), Suleyman Demirel Universitesi 4 adetle
(%3), Burdur Mehmet Akif Ersoy Universitesi 1 adet (%1), Karadeniz
Teknik Universitesi 6 adet (%5), Pamukkale Universitesi 1 adetle(%1),
Tokat Gazi Osmanpaga Universitesi 3 adetle (%2), Atatiirk Universitesi
3 adetle (%2), Konya Teknik Universitesi 2 adetle (%2), Onsekiz Mart
Universitesi 7 adetle (%6), Anakara Universitesi 10 adet (%8), Selguk
Universitesi en yiiksek oranla 19 adetle (%16), Uludag Universitesi 17 adetle
(%14), Adnan Menderes Universitesi 3 adetle (%2), Necmettin Erbakan
Universitesi 1a adetle (%1), Omer Halis Demir Universitesi 1 adetle (%1),
Gukurova Universitesi 7 adetle (%6), Erciyes Universitesi 1 adetle (%1),
Adiyaman Universitesi 1 adetle (%1), Namik Kemal Universitesi 2 adetle
(%2), Akdeniz Universitesi 7 adetle (%6), Harran Universitesi 3 adetle
(%2), Mugla Universitesi 1 adetle (%1), Yildiz Teknik Universitesi 1 adetle
(%1), Firat Universitesi 1 adetle (1), Ege Universitesi 2 adetle (%2)dir.
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Selcuk iiniversitesi
Mugla Universitesi
Firat Universitess ®

Ege Universitesi mm

[ I
ON RO OO N RO

Ankara liniversitesi  EEEEE—

Uludag iiniversitesi I

Akdeniz Universites IE—

Atatiirk Universitesi
Harran Universitesi

Cukurova Universitesi —
Erciyesiiniversitess ®

Tokat Gaziosmanpaga. ..
Adiyaman Universitesi =

Yilchz Teknik Universitesi m

Pamukkale Universitesi m
Onsekiz Mart Universitesi  nmm—

Namik Kemal Universitesi mm

Konya Teknik Universitesi mm

Kahramanmaras Siitgi imam. . - —————
Burdur Mehmet Akif Ersoy...m

Ondokuz Mayis Univer sitesi e ——
Siilleyman Demirel Universites
Karadeniz Teknik Universitesi
Adnan Menderes Univer sitesi
Necmettin Erbakan Universitess m
Omer Halis Demir Universitesi m

Sekil 6. Universitelere gove yaymlanan makale swyise

Fakiilte ve yiiksek okullara gore yayinlanan makale sayis1 ve % olarak
dagilimi Sekil 7 ve Sekil 8de verilmistir. Buna gore, Ziraat Fakiiltesi en
yiksek oranla 61 adet (%67), Miihendislik Fakiiltesi 17 adetle (%19),
Mimarlik Fakiiltesi 1 adetle (%1), Meslek Yiiksek Okulu 9 adetle (%10),
Miihendislik ve Doga Bilimleri Fakiiltesi 1 adetle (%1), Tktisadi ve Idari
Bilimler Fakiiltesi 1 adetle (%1)’dir.
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Sekil 7. Fakiilte ve Yiiksek Okullava Gove Yoymlanan Makale Swyise.
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Sekil 8. Fakiilte ve Yiiksek Okullara Give Yaymlanan Makale Sayisinin % Olarak
Dayjrlama.

Anabilim dalina gore yaymnlanan gore yaymlanan makale sayist ve %
olarak dagilimi Sekil 9 ve Sekil 10°da verilmistir. Buna gore, Tarimsal Yapilar
ve Sulama Anabilim dali 1 tane adetle (%11), Tarim Ekonomisi Anabilim
dali 1 adetle (%11), Toprak Bilimi Anabilim dali 1 adetle (%11), Harita
Miihendisligi Anabilim dali 1 adetle (%11), Kamu Ol¢meleri Anabilim dal
ise en yiiksek oranla 4 adetle (%45), Jeodezi ve Fotogrametri Mithendisligi
Anabilim dali 1 adetle (%11) olarak degerlendirilmistir.
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1
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Tanmsal Yapilar Tanm Toprak Bilimi Harita Kamu Olgmeleri  Jeodezi ve
ve Sulama Ana  Ekonomisi Anabilim Dali  Mihendisligi  Anabilim Dali  Fotogrametri
Bilim Dah Anabilim Dal Anabilimdah Mihendisligi
Anabilim Dah

Sekil 9. Anabilim Dalina Gore Yaymlanan Makale Sayist.
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Sekil 10. Anabilim Dalmna Gore Yaymlanan Makale Swyismmm % Olavak Dogiluna.

Boliimlere gore yayinlanan makale sayis1 Sekil 11°de verilmigtir. Buna
gore, Biyosistem Miihendisligi en fazla oranla 27 adet (%26), Harita
Miihendisligi 21 adetle (%21), Mimarlik ve Sehir Planlama 2 adetle (%2),
Tarimsal Yapilar ve Sulama 18 adetle (%18), Tarim Ekonomisi 14 adetle
(%14), Fizik Bilimleri ve Miithendisligi 1 adetle (%1), Bilgisayar Miihendisligi
1 adetle (%1), Toprak 3 adetle (%3), Toprak Bilimi ve Bitki Besleme 1
adetle (%1), Tarla Bitkileri 2 adetle (%2), Fotogrametri Miihendisligi 1
adetle (%1), Jeodezi ve Fotogrametri Miihendisligi 4 adetle (%4), Ekonomi
1 adetle (%1), Cografya 1 adetle (%1), Ciftlik Yapilar1 ve Sulama 1 adetle
(%1),Harita Kadastro 1 adetle (%1), Harita ve Kadastro Miihendisligi 1
adetle (%1), Jeoloji 1 adetle (%1), Tapu ve Kadastro 1 adetle (%1) olarak
degerlendirilmistir.
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Sekil 11. Boliimlere Gove Yaymlanan Makale Sayise.

Kamu ve 0Ozel sektor kaynakli yaymlanan makale sayisi Sekil 12°de
verilmistir. Buna gore, Doga Koruma ve Milli Parklar Genel Midiirliigii
1 adetle (%3), Devlet Su Isleri en fazla oranla 9 adetle (%24), Kadastro
Miidiirliigii 4 adetle (%11), Samsun Il Gida, Tarim ve Hayvancilik Miidiirliigii
1 adetle (%3), Insaat ve Teknik Isler Miidiirliigii 1 adetle (%3), Isletme ve
Bakim Dairesi Bagkanhgi 1 adetle (%3), Gida, Tarim ve Hayvancilik Bakanhgt
2 adetle (%5), Demiraslan Miihendislik 1 adetle (%3), Unal Harita Ingaat 1
adetle (%3), Insaat ve Teknik Tsler Miidiirliigii 1 adetle (%3), TC. Ekonomi
Bakanlig1 Giineydogu Anadolu Bolge Midiirliigii 1 adetle (%3), Narenciye
ve Seracilik Aragtirma Enstitiisii 2 adetle (%5),Genglik Spor Il Miidiirliigii
1 adetle (%3), 19 Mays Tlgesi Kaymakamligt 1 adetle (%3), Toprak ve
Su Kaynaklar1 Arastirma Enstitiisii 5 adetle (%14), Akdeniz Universitesi
Uzaktan Algilama Aragtirma ve Uygulama Merkezi 1 adetle (%3), Bati
Akdeniz Tarimsal Aragtirma Enstitiisii 1 adetle (%3), Tarimsal Aragtirmalar
Genel Midiirliigii 2 adetle (%5), Koy Hizmetleri Aragtirma Enstitiisii 1
adetle (%3), Adana Valiligi 1 adetle (%3) olarak degerlendirilmigtir.
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Sekil 12. Kamu ve Ozel Sektor Kaynakly Yaymianan Makale Sayist.

SONUC ve ONERILER

Arazi toplulagtirmasi konusu son yillarda daha fazla bilimsel galiymada
incelenen bir konu olmaya baglanilmigtir. Burada en 6nemli etkenlerin;
konunun hem ekonomik ve sosyal boyutunun olmasi ve hem de artan niifusla
birlikte toprak ve su gibi kit kaynaklarin en uygun bir sekilde kullanimi
zorunlulugunun artmaya baglamasidir.

Caligmalara bakildiginda ziraat miihendisligi disiplininde {iiretilen
yaymlarin  diger yaymlardan ¢ok daha fazla oldugu goriilmektedir.
Universiteler bazinda yaymlara bakildiginda, en fazla yaymnn sirasiyla
Selguk Universitesi, Ondokuz Mayis Universitesi ve Aydin Adnan Menderes
Universitesi’nde iiretildigi goriilmektedir. Universitelerin boliim bazinda en
fazla yayinin Ziraat Miihendisligi boliimlerinin yaptig1 belirlenmigtir. Bunun
sebebi olarak, uygulama oncest, sirasi ve sonrasinda yapilmig olan ¢aligmalarin
gogunlukla ziraat miithendisligi alamiyla ile ilgili oldugu diisiiniilmektedir.
Bu arada bagta harita miihendisligi olmak tizere araziyle ilgili diger meslek
disiplinlerinin de arazi toplulagtirmasi konusunda daha ¢ok yayin yapmast,
mezuniyetlerinden sonra bu konudaki projelerde galigacak geng miithendislere
yon vermesi ve yol gostermesi agisindan 6nemlidir.

Yillara gore en fazla yaymlanan makale sayis1 19 adetle (%17) 2018
yilinda yapilmistir. Tllere gore en fazla yayinlanan makale sayisi 23 adetle
Konya (%17) ilidir. Universitelere gore en fazla yayinlanan makale sayist
19 adetle (%16) Selguk Universitesi’dir. Fakiilte ve Yiiksek Okullara gore
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yaymnlanan makale sayis1 61 adetle (%67) Ziraat Fakiiltesi’dir. Anabilim
dalina gore yayinlanan makale sayisi en fazla 4 adetle (%45) Kamu Olgmeleri
Anabilim dalidir. Boliimlere gore en fazla yayinlanan makale sayis1 27 adet
(%26) Biyosistem Miihendisligi’dir. Kamu Karumlar1 ve 6zel sektor bazinda
yaymnlanan makalelere gore en fazla 9 adetle (%24) Devlet Su Isleri’dir.
Yapilan galigmalar incelendiginde Ziraat Fakiiltesi en fazla yayin yapan
fakiiltedir. Biyosistem Miihendisligi ise en fazla yayin yapan boliimdiir.
Arazi toplulagtirmasi projelerinde aktif rol oynayan Ziraat Miihendisligi
boliimii diginda bagta Harita Miihendisi ve Ingaat Miihendisleri olmak
lizere taginmazlar diinyasiyla ilgili ¢alismalar yapan meslek disiplinlerinin bu
alanda daha fazla akademik ¢aliyma yapmasi, her disiplinin kendi agisindan
konunun topluma ve karar vericilere daha iyi anlatilabilmesi gabalar
agisindan 6nemlidir.
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Chapter 8

Generative Artificial Intelligence for Air
Transportation Sector

Musab Talha Akpmar!

Abstract

Generative Artificial Intelligence (AI) has the potential to revolutionize the
air civil aviation sector by providing new and innovative solutions for various
applications such as flight optimization, predictive maintenance, traffic
management, customer service and environmental monitoring. Generative
Al models, Generative Adversarial Networks (GANs) and Variational
Autoencoders (VAEs) are some examples of Al techniques that can generate
new and original content, as opposed to simply recognizing or classifying
existing content. This can enable the aviation industry to create more
efficient, safe and sustainable air travel for people and goods. However, it also
raises some ethical concerns, such as the ability to create deepfakes, or the
difficulty of identifying the authenticity of the generated content. Therefore,
it is important that regulatory and ethical frameworks are in place to ensure
the safe and secure usage of Generative Al in the air civil aviation sector.

Introduction

Generative Artificial Intelligence (Al) is a rapidly growing field that has
the potential to transform the air civil aviation sector (Engstrom and et al.,
2020; Abduljabbar and et al., 2019). The ability of generative Al to create
new and original content, as opposed to simply recognizing or classifying
existing content, opens up a wide range of possibilities for improving the
efficiency, safety, and sustainability of air travel. Some of the key applications
of generative Al in the air civil aviation sector include flight optimization,
predictive maintenance, traffic management, customer service, and
environmental monitoring (Khan and et al., 2020; Roadmap, 2020).
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One of the key benefits of generative Al in the air civil aviation sector
is its ability to improve the efficiency of flight operations. For example,
generative Al models can be trained on large datasets of flight information to
optimize flight routes, fuel consumption, and maintenance schedules (Zhu
& Li, 2021). This can help airlines to reduce costs, minimize emissions, and
improve the punctuality of flights. Additionally, generative Al can also be
used to predict and prevent equipment failures, allowing airlines to schedule
maintenance more efficiently and reduce downtime (Khan & Yairi, 2018).

Another area where generative Al can have a significant impact is in
traffic management (Lv and et al., 2018). Al-enabled systems can analyze
data from aircraft and weather sensors to predict and prevent collisions,
optimize flight routes, and improve the overall safety and efficiency of air
travel. For example, generative Al models can be used to create realistic
simulations of air traffic scenarios, which can be used to test and improve air
traffic control systems (Pham and et al., 2021).

Generative Al can also improve the passenger experience by providing
more personalized and efficient customer service. For example, Al-powered
chatbots and virtual assistants can be used to provide passengers with real-
time flight updates, baggage tracking, and other information (BR, 2022;
Mayer, 2019). Additionally, generative Al can be used to create more realistic
virtual reality environments for training pilots, flight attendants, and other
airline staft (Safi & Chung, 2023).

Finally, generative Al has the potential to significantly improve the
environmental performance of the air civil aviation sector (Prussi and et
al., 2019). For example, Al-enabled systems can monitor and analyze data
from aircraft and weather sensors to predict and mitigate the impact of air
travel on the environment (Chen and et al., 2021). Additionally, generative
AI models can be used to optimize aircraft design, reducing the weight
and drag of aircraft to improve fuel efficiency and reduce emissions (Ma &
Elham, 2021).

However, it’s worth mentioning that Generative Al also raise some
ethical concerns (épanjol & Car, 2021; Meskys and et al., 2020; Kellmeyer,
2019). One of the most significant concerns is the ability to create deepfakes,
which can be used to create false or misleading information that is difficult
to distinguish from the real thing (Botha & Pieterse, 2020). This has the
potential to cause confusion, disrupt operations, and undermine public trust
in the air civil aviation sector. Additionally, the use of generative Al in the
air civil aviation sector also raises questions about data privacy, data security,
and job displacement (Cahill and et al., 2022). Therefore, it’s important that
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regulatory and ethical frameworks are in place to ensure the safe and secure
usage of generative Al in the air civil aviation sector.

In conclusion, generative Al has the potential to revolutionize the air civil
aviation sector by providing new and innovative solutions for improving the
efficiency, safety, and sustainability of air travel (Sabatini and et al., 2018).
However, it is important that the industry takes into account the ethical and
regulatory challenges and work to mitigate them. With the right approach,
the use of generative Al in the air civil aviation sector can help to create a
more efficient, safe and sustainable air travel for people and goods (Li and
et al., 2020).

History of AI

Artificial intelligence (AI) is the simulation of human intelligence
processes by machines, especially computer systems. These processes include
learning (the acquisition of information and rules for using the information),
reasoning (using the rules to reach approximate or definite conclusions), and
self-correction.

There are difterent types of Al and the field is constantly evolving. Some
of the main types of Al include (Acemoglu & Restrepo, 2020):

- Reactive machines: These Al systems are designed to react to their
environment, but they don’t retain memories of past events. A classic
example is IBM’s Deep Blue chess-playing computer, which could
only respond to the current state of the game and not take into account
previous moves (Sandfort and et al., 2020).

- Limited memory: These systems have a short-term memory and can
remember past events in order to improve their decision making.
An example of this is self-driving cars which use data from previous
frames to anticipate the movement of other objects on the road (Lu
& Wong, 2019).

- Theory of mind: This type of Al would be able to understand the
mental states of other agents, including beliefs, desires, and intentions.
This type of Al is still largely in the research stage (Cuzzolin and et
al., 2020).

- Self-aware: This type of Al would have a sense of consciousness and
be able to understand and experience its own mental states (Brown
and et al., 2019). This type of Al is still largely in the realm of science
fiction and there is ongoing debate among experts about whether it
will ever be possible to create.
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Ultimately, the goal of Al is to create machines that can perform tasks
that would normally require human intelligence, such as recognizing speech,
understanding natural language, and making decisions (Iliashenko and et al.,
2019).

The history of artificial intelligence (AI) dates to the 1950s, when
researchers first began exploring the possibilities of creating intelligent
machines (Ali & Abdel-Haq, 2021). Early AI research focused on creating
programs that could mimic human intelligence, such as playing chess or
solving mathematical problems. Inthe 1960s and 1970s, Al research expanded
to include areas such as natural language processing, robotics, and machine
learning (Kang and et al., 2020). In the 1980s and 1990s, Al experienced a
period of renewed interest and funding, known as the “Al winter,” because of
overhyped expectations and underwhelming results (Zhongming and et al.,
2019). However, advances in computer hardware and the development of
new Al techniques, such as deep learning, have led to renewed progress in the
tield in recent years. Today, Al is being used in a wide range of applications,
including self-driving cars, speech recognition, and image recognition. The
tield is also becoming increasingly interdisciplinary, with researchers from
fields such as neuroscience, psychology, and philosophy contributing to the
development of AI (Cross and et al., 2019).

Generative Al is a type of artificial intelligence that is focused on creating
new and original content, as opposed to simply recognizing or classifying
existing content (Anantrasirichai & Bull, 2021). There are several different
types of generative Al, including:

- Generative models: These are machine learning models that are trained
to generate new content based on a set of examples. For example, a
generative model could be trained on a dataset of images, and then
be able to generate new images that are similar to the examples it was
trained on.

- Generative adversarial networks (GANs): These are a type of
generative model that consists of two neural networks: a generator
and a discriminator. The generator is trained to generate new
content, while the discriminator is trained to distinguish between the
generated content and real examples. The two networks are trained
in a competition against each other, with the goal of improving the
generator’s ability to produce realistic content.

- Variational autoencoders (VAEs): These are a type of generative
model that learns to encode the characteristics of a dataset into a
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smaller representation, known as a latent space. This can then be
used to generate new content by sampling from the latent space and
decoding it back into the original format.

Generative Al has a wide range of potential applications, including image
and video synthesis, natural language processing, music and art creation, and
drug discovery (Cox and t al., 2000; Khurana and et al., 2022). However, it
also raises some ethical concerns, such as the ability to create deepfakes, or
the difticulty of identifying the authenticity of the generated content.

Civil Aviation

The history of air transportation dates back to the late 18th and early
19th centuries, when inventors and scientists began experimenting with hot
air balloons and gliders (Allaz, 2005). The first powered flight took place in
1903, when the Wright brothers successfully flew their aircraft, the Wright
Flyer, at Kitty Hawk, North Carolina (Jakap, 1997).

In the following decades, aircraft technology rapidly developed, and
commercial air travel began to take off (Watts and et al., 2012). In 1914, the
first scheduled air service was established between St. Petersburg and Tampa,
Florida. In the 1920s and 1930s, commercial airliners such as the Ford
Trimotor and Douglas DC-3 began to enter service and air travel became
more widely available to the public (Spearman, 2002). During World War I,
aircraft technology advanced significantly, and after the war, jet engines and
commercial jet airliners were introduced. This led to a significant increase in
the speed and efficiency of air travel, making it possible for people to travel
across the globe in a matter of hours (Gordon, 2012).

In the post-war period, the airline industry underwent significant growth
and deregulation, leading to the emergence of new low-cost carriers and
increased competition (Hanlon, 2006). The introduction of wide-body
airliners such as the Boeing 747 in the 1970s further increased the capacity
and range of commercial air travel. In recent years, the air transportation
sector has been affected by several challenges, Pandemic, including rising
fuel prices, increased competition, and environmental concerns (Abate and
et al., 2021; Codal and Akpinar, 2021; Dube and et al., 2021). However, it
continues to be a vital component of global transportation and commerce,
with airlines carrying billions of passengers and tons of cargo every year.

The future of civil aviation is likely to be shaped by a number of factors,
including advances in technology, changing consumer demands, and
environmental concerns (Kemp, 1994). In terms of technology, we can expect
to see continued advancements in areas such as electric and hybrid-electric
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propulsion, automation, and data analytics. These advancements have the
potential to increase the efficiency, safety, and environmental performance of
aircraft, and could also open up new opportunities for the industry, such as
urban air mobility (Amjad and et al., 2010). On the consumer side, we can
expect to see a continued focus on convenience, comfort, and sustainability.
Airlines and airport operators will likely need to adapt to changing consumer
preferences, including an increasing demand for non-stop flights, more
personalized experiences, and greater transparency around environmental
impacts. Environmental concerns, such as climate change, are also likely to
play a significant role in shaping the future of civil aviation. The industry will
need to find ways to reduce its carbon footprint and mitigate its impact on
the environment, while also balancing the need to support economic growth
and global connectivity. This will involve a combination of improvements in
technology, more efficient operations, and the use of sustainable alternative
tuels. Overall, it is likely that the civil aviation industry will continue to
evolve and adapt in response to these and other factors, with the ultimate
goal of providing safe, efticient, and sustainable air transportation for people

and goods around the world (Al Sarrah and et al., 2020).

AI Application on Civil Aviation

Artificial Intelligence (AlI) has the potential to play a significant role in
the air transportation sector, specifically through the use of decision support
systems (Hsu and et al., 2021; Leung and et al., 2019). Decision support
systems use Al algorithms to analyze data and provide recommendations or
predictions to support decision making (Guptaand etal., 2022). This can help
to improve the efficiency; safety, and sustainability of air travel. One example
of an AI application in air transportation with decision support systems is
flight optimization (Scala and et al., 2019). AI algorithms can be used to
analyze data on flight routes, fuel consumption, and weather conditions to
generate recommendations for the most efficient and cost-effective flight
paths. This can help airlines to reduce fuel costs and emissions, and improve
the punctuality of flights. Another example is predictive maintenance, where
decision support systems use Al algorithms to analyze data from aircraft
sensors to predict when maintenance will be needed. This can help airlines
to schedule maintenance more efficiently and reduce downtime. In the area
of traffic management, decision support systems can use Al algorithms
to analyze data from aircraft and weather sensors to predict and prevent
collisions, optimize flight routes, and improve the overall safety and
efficiency of air travel. In terms of customer service, decision support systems
can use Al algorithms to analyze data on passenger preferences and flight
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information to provide personalized recommendations and assistance, such
as flight updates and baggage tracking. Finally, in terms of environmental
monitoring, decision support systems can use Al algorithms to analyze data
from aircraft and weather sensors to predict and mitigate the impact of air
transportation on the environment (Schultz and et al., 2019). In summary,
decision support systems with Al can be used to improve the efficiency,
safety and sustainability of air transportation by providing recommendations
and predictions based on the analysis of data. This can help to make air travel
more efficient, cost-eftective, and environmentally friendly (Esmaeilzadeh &
Mokhtarimousavi, 2020).

It is also worth noting that decision support systems can also be used
in combination with other Al applications, such as machine learning and
deep learning, to further enhance the capabilities of the system. However,
it’s important to note that the implementation of Al in decision support
systems in the air transportation sector also raises some ethical and regulatory
challenges such as ensuring the safety and security of Al systems, protecting
personal data, and addressing concerns about job displacement (Reddy and
et al., 2020). Therefore, it is important that the industry works closely with
regulators and other stakeholders to address these challenges and ensure that
the use of Al in decision support systems in air transportation is safe, secure,
and beneficial to all stakeholders. In conclusion, Al-based decision support
systems have the potential to revolutionize the air transportation sector
by providing new and innovative solutions for improving the efficiency,
safety, and sustainability of air travel (Hsu and et al., 2021). However, it
is important that the industry takes into account the ethical and regulatory
challenges and work to mitigate them. With the right approach, the use of
Al in decision support systems in the air transportation sector can help to
create a more efficient, safe and sustainable air travel for people and goods
around the world.

Artificial Intelligence (AI) has the potential to play a significant role
in the air transportation sector, by improving the efficiency and safety of
operations, enhancing the passenger experience, and reducing environmental
impacts. Some examples of Al applications in air transportation include:

- Flight optimization: AI algorithms can be used to optimize flight
routes, fuel consumption, and maintenance schedules, in order to
reduce costs and emissions.

- Predictive maintenance: Al-powered systems can analyze data
from aircraft sensors to predict when maintenance will be needed,
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allowing airlines to schedule maintenance more efficiently and reduce
downtime.

Traftic management: Al-enabled systems can be used to improve air
traffic control, by analyzing data from aircraft and weather sensors to
predict and prevent collisions and optimize flight routes.

Customer service: Al-powered chatbots and virtual assistants can
be used to provide passengers with personalized information and
assistance, such as flight updates and baggage tracking.

Autonomous flight: Al-enabled automation can be used to improve
the safety and efficiency of flight operations, such as with autonomous
taxi, takeoft, and landing.

Environmental monitoring: Al-enabled systems can be used to
monitor and analyze data from aircraft and weather sensors to predict
and mitigate the impact of air transportation on the environment.

Future AT DSS Application on Civil Aviation

It’s worth noting that these applications are still in development and

some of them are not yet in use, but they represent the potential that Al can

bring to the air transportation industry. Our predictions about the future of
artificial intelligence (AI) in the air transportation sector are as follows:

AT will continue to be adopted more widely in the air transportation
sector, as technology advances and the benefits of Al become more
clear.

The use of Al in air transportation will likely become more integrated
and holistic, with different AI applications working together to
optimize various aspects of operations, such as flight planning,
maintenance, and customer service.

The use of Al will likely lead to improvements in efficiency, safety, and
environmental performance, as well as enhanced passenger experience.

The use of Al will also likely lead to new business models and
opportunities in the air transportation sector, such as autonomous air
taxis and urban air mobility.

The use of AI will also require addressing ethical and regulatory
challenges, such as ensuring the safety and security of Al systems,
protecting personal data, and addressing concerns about job
displacement.
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It’s important to note that the future of Al in the air transportation sector

will be shaped by many factors, such as the rate of technology advancements,

the level of investment, and the regulatory environment. Therefore, it’s hard

to make precise predictions but Al will play a critical role in shaping the

future of air transportation.

There are several applications of Al decision support systems in the

civil aviation sector, which can be used to improve the efticiency, safety and
sustainability of air travel (Abduljabbar and et al., 2019; Battina, 2020; van
Wynsberghe, 2021; Sun and et al., 2021).

1.

Flight optimization: Al-based decision support systems can analyze
data on flight routes, fuel consumption, and weather conditions to
generate recommendations for the most efficient and cost-effective
flight paths. This can help airlines to reduce fuel costs and emissions,
and improve the punctuality of flights.

Predictive maintenance: Al decision support systems can analyze data
from aircraft sensors to predict when maintenance will be needed.
This can help airlines to schedule maintenance more efficiently and
reduce downtime.

Traffic management: Al decision support systems can analyze data
from aircraft and weather sensors to predict and prevent collisions,
optimize flight routes, and improve the overall safety and efficiency
of air travel.

Customer service: Al decision support systems can analyze data on
passenger preferences and flight information to provide personalized
recommendations and assistance, such as flight updates and baggage
tracking.

Autonomous flight: Al decision support systems can be used to
support decision-making in autonomous flight operations, such as
taxi, takeoff, and landing.

Environmental monitoring: Al decision support systems can analyze
data from aircraft and weather sensors to predict and mitigate the
impact of air transportation on the environment.

Crew scheduling: Al decision support systems can be used to
optimize crew scheduling by analyzing data on flight schedules, crew
qualifications, and rest requirements to minimize costs and maximize
crew efficiency and safety:
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8. Inventory management: Al decision support systems can be used to
optimize the management of aircraft parts and supplies, analyzing
data on demand and inventory levels to reduce costs and improve
efficiency.

9. Air Cargo management : Al decision support systems can be used
to optimize the cargo management by analyzing the data on cargo
volume, loading and unloading times and flight schedules.

10. Security and Surveillance: Al decision support systems can be used
to enhance the security and surveillance of the airport and aircraft by
analyzing data from cameras, sensors and other security systems to
identify and prevent potential threats.

11. Predictive analytics: Al decision support systems can be used to
predict and prevent potential issues such as weather-related flight
delays, equipment failures, and passenger demand.

It’s worth mentioning that these applications of Al decision support
systems in the civil aviation sector can be used in combination with other
Al technologies, such as machine learning and deep learning, to further
enhance the capabilities of the system (Hsu and et al., 2021). However, it’s
important to note that the implementation of Al in decision support systems
in the civil aviation sector also raises some ethical and regulatory challenges
such as ensuring the safety and security of Al systems, protecting personal
data, and addressing concerns about job displacement (Shneiderman, 2020;
Falco and et al., 2021). Therefore, it is important that the industry works
closely with regulators and other stakeholders to address these challenges
and ensure that the use of Al in decision support systems in civil aviation is
safe, secure, and beneficial to all stakeholders.

Conclusion

In conclusion, Generative Artificial Intelligence (AI) has the potential
to transform the air civil aviation sector by providing new and innovative
solutions for various applications such as flight optimization (Wu and
et al., 2022), predictive maintenance (Zeng and et al., 2022), traffic
management (Schweiger and et al., 2021), customer service (Ntintakis &
Stavroulakis, 2020) and environmental monitoring (Yi and et al., 2022).
The ability of generative Al to create new and original content, as opposed
to simply recognizing or classifying existing content, opens up a wide range
of possibilities for improving the efficiency; safety, and sustainability of air
travel. Generative Al can improve the efficiency of flight operations by
optimizing flight routes, fuel consumption, and maintenance schedules.
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This can help airlines to reduce costs, minimize emissions, and improve the
punctuality of flights. Additionally, generative Al can also be used to predict
and prevent equipment failures, allowing airlines to schedule maintenance
more efticiently and reduce downtime. In the area of traffic management,
Al-enabled systems can analyze data from aircraft and weather sensors
to predict and prevent collisions, optimize flight routes, and improve the
overall safety and efficiency of air travel. For example, generative AI models
can be used to create realistic simulations of air traffic scenarios, which can
be used to test and improve air traffic control systems.

Generative Al can also improve the passenger experience by providing
more personalized and efficient customer service. For example, Al-powered
chatbots and virtual assistants can be used to provide passengers with real-
time flight updates, baggage tracking, and other information. Additionally,
generative Al can be used to create more realistic virtual reality environments
for training pilots, flight attendants, and other airline staft. Finally, generative
AT has the potential to significantly improve the environmental performance
of the air civil aviation sector. For example, Al-enabled systems can monitor
and analyze data from aircraft and weather sensors to predict and mitigate
the impact of air travel on the environment. Additionally, generative Al
models can be used to optimize aircraft design, reducing the weight and
drag of aircraft to improve fuel efficiency and reduce emissions. However,
it’s important to mention that the use of Generative Al in the air civil
aviation sector also raise some ethical concerns. One of the most significant
concerns is the ability to create deepfakes, which can be used to create false
or misleading information that is difticult to distinguish from the real thing.
This has the potential to cause confusion, disrupt operations, and undermine
public trust in the air civil aviation sector. Additionally, the use of generative
Al in the air civil aviation sector also raises questions about data privacy,
data security, and job displacement. Therefore, it’s important that regulatory
and ethical frameworks are in place to ensure the safe and secure usage of
generative Al in the air civil aviation sector.

In summary, the future of the air civil aviation sector is likely to be shaped
by advances in generative Al, as well as changing consumer demands, and
environmental concerns. The industry must adapt to these changes by
investing in research and development of generative Al, creating ethical and
regulatory frameworks and by collaborating with other industries. With the
right approach, the use of generative Al in the air civil aviation sector can
help to create a more efficient, safe, and sustainable air travel for people
and goods around the world.In summary, Generative Artificial Intelligence
(AI) has the potential to revolutionize the air civil aviation sector by
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providing new and innovative solutions for various applications such as
flight optimization, predictive maintenance, traffic management, customer
service, and environmental monitoring. The capacity of generative Al to
generate new and original content, instead of just recognizing or classifying
existing content, opens up a vast array of possibilities for enhancing the
efficiency, safety, and sustainability of air travel. However, the use of
generative Al in the air civil aviation sector raises some ethical concerns
such as the ability to create deepfakes, and the difficulty of identifying the
authenticity of the generated content. Therefore, it is crucial that regulatory
and ethical frameworks are put in place to ensure the safe and secure usage
of Generative Al in the air civil aviation sector. With the right approach, the
use of generative Al in the air civil aviation sector can help to create a more
efficient, safe, and sustainable air travel for people and goods around the
world.
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Algorithm Design In Programming Language
Education
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Abstract

The field of algorithm development on computer systems continues to grow
in importance in today’s world, highlighting the critical nature of algorithm
design and implementation. With the increasing diversity of algorithm use
cases, it is essential to emphasize the significance of proper algorithm design
methods for each problem. As such, the design of new and eftective algorithms
is of paramount importance to the continued growth and innovation of
computer systems. Algorithms play a crucial role in solving problems within
established systems. Therefore, it is important to detail the appropriate
algorithm methods for each problem. As the areas of algorithm use become
more diverse, the programming languages used in these platforms also change.

This study aims to help learners understand the steps to take when designing
algorithms and learning programming languages, regardless of the language
used. Common algorithm designs are demonstrated on Python, C, C++, and
C# programming languages. These designs cover shared concepts across all
tour languages and will aid in coding on these programming languages. The
goal is to learn and apply algorithm design on multiple programming languages.

This study covers the basics of algorithms, programming, programming
concepts, and the fundamentals of computer programming. It is essential
to understand these topics in programming language education in order to
correctly and error-free install algorithms, helping newcomers to the software
industry take the correct steps.
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1. INTRODUCTION

Nowadays, when algorithms are combined with programming languages,
great technological works are emerging. Examples of these works continue
to differentiate and increase in military and police systems, agricultural
applications, image processing applications, data engineering field, language
processing works, and cyber security applications. With the differentiation
of the areas of use of algorithms, the programming languages used on these
platforms are also changing.

Python is an object-oriented and functional modern programming
language. It is ideal for beginners due to its readability and ease of use. C#
is a simple, modern, object-oriented, and type-safe programming language
that combines the high productivity of application development languages
with the raw power of C and C+ +. The Java programming language, on the
other hand, shares many features that are common to most programming
languages used today. Since it is designed with the structures of C and C+ +,
where their languages are similar, the language is familiar to C and C++
programmers (Lerdorf, 2002; Hejlsberg, 2003; Arnold, 2005; Deitel, 2004;
Kelly, 2016; Gavrilovi¢, 2018; Pala, 2019; Chollet, 2021; Chen, 2023).

Nowadays, the use of computer systems in all sectors has increased. The
analysis, design, development, application, and testing of the capabilities
required by these systems are important for algorithms and software
(Alaybeyoglu, 2006; Ozyurt, 2016; Akkaya, 2020; Shnaider, 2023). In
the problems solved in systems established with algorithms on integrated
systems, it is necessary to determine the algorithm method to be applied to
the subject. In addition, determining the method to be used on this algorithm
application is also of great importance in terms of integrity in the application.
No matter how good the scope or evaluation of the mathematical models
in the designed applications is, uncertainties may arise during the operation
of the system. In this context, when any uncertain situation is encountered,
linguistic variables and functions that best meet human thoughts should be
created on the algorithm of the system.

In this chapter of this book, we will progress by learning and applying
algorithm design with multiple programming languages and their concepts
through C, C++, C#, and Python programming languages.

What will we learn?
e We will learn the basics of algorithms and algorithm logic,

e We will recognize the concept of flowchart,
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* We will process the basics of programming with C and develop
algorithms,

* We will process the basics of programming with C++ and develop
algorithms,

* We will process the basics of programming with C# and develop
algorithms,

* We will process the basics of programming with Python and develop
algorithms,

In the following sections, we will detail our explanations and applications
on what an algorithm is, what programming is, what the basic concepts of
programming are, and what computer programming covers.

2. WHAT IS AN ALGORITHM:?

All of the sequential logical steps required to solve a problem or solve
a problem for a specific purpose are called “algorithms”. An algorithm
constitutes the entire path to be followed within the scope of the solution of
a problem. In short, an algorithm is a method of creating the desired output
information based on the information we have. The most important task of
an algorithm related to any problem is that it can create steps for solving the
problem.

Performing the coding of the algorithm to be prepared for a problem
in any programming language is the simple part of the job. When writing
the expression form of an algorithm textually; it is written step by step as
a textual pseudo code for the problem to be solved, each line that occurs
is numbered, and should start with ‘start’ and end with ‘end’. There are
five expectations that should be considered when working on algorithms in
C, C++, C#, or Python programming languages. These expectations are
effectiveness, finiteness, definiteness, input/output, and success/performance
measurement. Our answer to the question of what to expect from algorithms
should be within the scope of the following explanations:

1) Effectiveness: Each step of the designed algorithm should be expressed
in an understandable, simple, and precise way. Endless loops should not be
entered by creating unnecessary repetitions on the algorithm.

2) Finiteness: Each algorithm must have a starting point and an end point.

3) Definiteness: In order to reach the result information within the scope
of the algorithm’s task, the input information must be compatible at each
step and give the same result when it is newly executed.
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4) Input/Output: It should have the result values that will be formed as a
result of the operations to be performed on the algorithm.

5) Success/Performance: Algorithms that give different results in each
application should be avoided. Even if the system seems to be working, the
success rate may be low. At this point, the development of “high-performance
algorithms” should be our goal.

3. WHAT IS PROGRAMMING?

In the field of education and training, big data analysis, cloud
technologies, and wearable technologies have recently increased their impact
(Turk, 2018). The tools that enable software production are programming
languages, and algorithms constitute the most basic of these (Namli, 2017).
In programming teaching, algorithm design has a special place in defining
the problem to be solved. In this context, how programmer candidates
perceive the algorithm becomes important (Gokoglu, 2017). An algorithm
is a way where how to solve a problem or achieve a determined goal is
explained. As can be understood from this statement, an algorithm is not a
result, but a tool that leads to a result (Aytekin, 2018).

In the literature studies on programming, research has been conducted
on preschool, kindergarten, primary school, secondary school, high
school, university, and higher education (Yukselturk, 2016; Yalginkaya,
2018; Karaman, 2019; Deniz, 2019; Kaban, 2021; Bayraktar, 2021). The
importance of programming education in the development of cognitive
skills of students has been emphasized (Akgay, 2016). Scientific studies
conducted in Turkey on coding education in the preschool period have
been systematically examined, and in this context, it has been stated that
algorithms are an advantage in problem-solving in the coding process
(Zurnact, 2022). In a study, Ozdener (2008) focused on how vocational
high school and university students interpreted algorithms related to time
efficiency in structured computer programming. In another study, it was
aimed to determine the effect of secondary students’ attitudes towards
computers and their self-directed learning skill levels on their success in
programming language teaching (Alper, 2019). In the field of education,
the inability to teach software languages is due to the complexity of the
courses and the inability to comprehend the integrity of the subject (Ozoran,
2012). For programming students to learn a software language, adopting
C and Python programming languages in “introduction to programming”
courses is necessary (Balreira, 2023). Data structures can be used for the
classification of algorithms on Java and C+ + programming languages (Bui,
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2019). An educational study developed using the artificial neural network
from the sub-branches of artificial intelligence was carried out using the
C# NET programming language (Cevik, 2012).

Program (software): It can be defined as a series of statements written
using a computer programming language to solve a specific problem. The
statements to be used in programming languages are control and loop
expressions. “If/if; else/else” and “switch/case”, which have common usage
in programming languages, are used as control expressions, while “while”,
“do/while” and “for” are used as loop expressions.

Loop expressions used in programming languages are: while, do/while,
for, foreach, range and len/in. The loop expressions used in the C and C++
programming languages are while, do/while, and for. The loop expressions
used in the C# programming language are while, do-while, for, and foreach.
The loop expressions used in the Python programming language are while,
for, range, and len/in. The loop expressions used in the Java programming
language are while, do-while, and for. The control expressions used in the
C, C++, C# and Python programming languages are: if, if/else, “if/else if
/.... Jelse” and switch/case. However, there are no “switch/case” and “do/
while” structures directly in the Python programming language. In Table
14, the “switch/case” structure is given by creating a function for the Python
programming language. In Table 17, the “do/while” structure is given by
creating a function for the Python programming language.

4. WHAT IS COMPUTER PROGRAMMING?

The steps that we will follow respectively in writing a program (software)
that we will develop to solve the problem by using an algorithm on a
computer are as follows: understanding what the problem is, determining
the requirements for the solution, determining the input-output and
operations of the problem, writing the algorithm that solves the problem,
writing the algorithm in a programming language, and testing the accuracy
of the program. To understand what the problem is and solve the problem,
answers to 3 questions are sought. The first of these questions is “what
is necessary”, the second is “how to produce solutions”, and the third is
“what are the current situations”. Detailed analyses should be carried out
before operations are performed on the algorithms. These analyses include:
determining the data to be used or input-output definitions, determining
the equations and formulas to be used when developing the algorithm,
developing an algorithm (pseudo codes and flowcharts), writing a program
in a programming language by using the algorithm, demonstrating



132 | Algorithm Design in Programming Language Education

accuracy and verification (determining whether the program meets the
user’s requirements), removing undetected errors, and preparing program
documentation.

Relational and logical operators are used when running programs
by utilizing comparison commands depending on the characteristics of
the program. Programs (software) consist of many commands that run
respectively. The commands used to control the program blocks which are
requested to be executed or not to be executed based on certain conditions in
programs are called “control commands”. These commands are considered
as operator precedence, mathematical operation operators, logical expression
representation, logical operators, the equivalent of a mathematical expression
in a programming language, representative examples and coding of logical
operators, a sample table of logical operations, increment-decrement
operators, and the expression for the use of increment-decrement operators
in a programming language. The operators and operations used as standard
in the C, C#, Python, and C+ + programming languages are given between
Table 1 and Table 9.

Table 1. Opevator Precedence (Ovder of Operations)

1+ order (first operation priority) x/ %
21 order I -

3 order << >>

4% order < > <= =
5% order == 1=

6™ order &

7% order ~

8™ order |

9t order &&

10* order |

11 order 2

12% order (last operation priority) =

The related mathematical operation operators are shown, and their
explanations are given in Table 2.
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Table 2. Mathematical Operation Operators

* Operator for the multiplication process

Operator for the division process
+ Operator for the addition process
- Operator for the subtraction process

% Operator for the mod process

Table 3. Logical Expressions

= the operator for the “assignment” expression

the operator for the “equivalence” expression

> the operator for the “greater than” expression

< the operator for the “less than” expression
== the operator for the “Greater than or equal to” expression
<= the operator for the “less than or equal to” expression
&& the operator for the logical “AND” expression

[ the operator for the logical “OR” expression
! the operator for the logical “NOT” expression
= the operator for the “not equal” expression

the operator for the “exclusive OR” expression

Table 3 shows the relevant logical expressions and their explanations. The
use and representation of these expressions as operators are given in Table 4.
On Table 4, the AND (&&) operator works with the result True (1) if both
logical expressions are true, otherwise it works with the result False (0). The
Or (| |) operator works with the result True (1) if any of the logical expressions
are true, otherwise, it works with False (0). The NOT (!) operator takes the
“not” > (that is, inverse) of the logical expression. If the expression is True
(1), it works with the result False (0), if False (0), then it works with the result
True (1). The exclusive OR (™) operator works with the result True (1) if
any of the logical expressions is different from the other, otherwise (that is, if
they are both the same), it works with the result False (0).
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Table 4. Logical Operators

AND OR OPERATION | EXCLUSIVE OR NOT
OPERATION (OR) (XOR) OPERATION
(AND) (NOT)
= : s ) >0 [P
s > Q9|8)> 9|8 Q1A Q
THE TABLE FOR | THE TABLE FOR ;ﬂ;igggﬁ;gpi THE TABLE FOR
“AND” GATE “OR” GATE “NOT” GATE

GATE
0 0 0 0 0 0 0 0 0 0 1
0 1 0 0o 1 1 0 1 1 0
1 0 0 1 0 1 1 0 1
1| n | & i B 1 1 0

Table 5. The Equivalences of Mathematical Expressions on the Programming Language

Mathematical Expression The Equivalent of the Operation in the
C Programming Language

The operation that gives the sum of 5 and

2)

Multiplying the number 2 with the
parameter a

Obtaining the remaining number (mod)
from the division of 7 with 3

The operation that summit 5 and 4 first,
multiplies the output value by 9, and

divides the result of

f=ax—

t
+ |~
=l

the operation by 2

2x

a+b

(b+0)

variable = 5 + 2;

variable = a * 2;

mod =

7%3;

A=((5+4)%9)/2;

s = 2*x / (a+b);

f=a*x-(b+c);

f=1/ (1+(1/n));
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The equivalences of some mathematical expressions in the programming
language are presented in Table 5. Representative examples and codings of
logical operators are given in Table 6.

Table 6. Representative Examples and Codings of Logical Operators

Logical AND (A<B) AND (A<B) && (B<C)
(B<C)
Logical OR [ (A<B) OR (B<C) (A<B) || (B<C)
NOT ! NOT(A<B) I(A<B)
Exclusive OR ~ (A XOR B) (A" B)
(EXOR)

Table 7 shows the output information generated as a result of the logical
operations applied based on the input operations on the algorithms.

Table 7. Example Table of Logical Operations

0 1 0 0

0 1 1 0 0 1 1
1 0 0 1 0 1 1
1 1 0 0 1 1 0

In Tables 8 and 9, the increment and decrement operators are shown and
their use in programming languages is given. In addition, different uses and
explanations of increment and decrement operators on algorithms are given

in Table 9.

Table 8. Increment and Decvement Operators

++ -
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Table 9. The Use of Incy t and Decr t Opervators on a Programming Language

++a Increase “a” by one, and use the new value of “a” in the
statement in which “a” is located.

[CPEE I

a++ Use the value of “a” in the statement in which “a” is located,
and then increase the value of “a” by one.

--a Decrease “a” by one, and use the new value of “a” in the
statement in which “a” is located.
a-- Use the value of “a” in the statement in which “a” is located,

and then decrease the value of “a” by one.

5. THE USE OF FLOWCHARTS IN ALGORITHM DESIGN

An algorithm is a cluster of instructions arranged in a specific logical
order that produces a solution for a specific problem when it is executed.
When creating this cluster, we use two techniques: Pseudo Code and
Flowchart. These two concepts are the techniques used when creating and
defining algorithms. Pseudo Code is a language consisting of limited words
and is similar to programming language. A flowchart, on the other hand,
is a graphical demonstration of an algorithm with geometric shapes. The
representation of the algorithm is revealed by the flow lines connecting these

shapes.

Table 10 shows the flowchart elements used when creating algorithms.
The ellipse shows the starting and ending places of a flowchart. The
parallelogram is used to show the data entry points on a flowchart. The
rhombus represents the decision-making processes on the flowchart. The
rectangle shows the arithmetic operations in the flowchart. The arrows
indicate the directions in which the process steps will go on a flowchart. The
cylinder represents the database process on the flowchart. The document
represents the information output process on the flowchart.
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Tible 10. Flowchart Symbols

Symbol Symbol Name Meaning

Ellipse It shows the starting and ending
places of a flowcharts.

Parallelogram It is used to show the data entry
points on a flowchart

Rhombus It represents the decision-making
processes on a flowchart

Rectangle It shows the arithmetic operations in
a flowchart.
Arrows It indicate the directions in which
the process steps will go on a
flowchart.
Cylinder It represents the database process on
a flowchart.
Document It represents the information output

process on a flowchart.

HEENeNE
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6. ALGORITHM OPERATIONS ON PROGRAMMING

LANGUAGES

defined
variables

Figure 1. The Flowchart of the “if”” Control Block in Programming

Table 11. Code Representation of the “if” Loop on Different Programming Languages

if (condition)
{

commands();
}

if condition:

commands()

Code Representation of the “if” Control
Block in the C Programming Language

Code Representation of the “if” Control
Block in the Python Programming

Language
if (condition) if (condition)
{ {
commands(); commands();
¥ ¥

Code Representation of the “if” Control
Block in the C++ Programming
Language

Code Representation of the “if” Control
Block in the C# Programming Language
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The “it” command, which is represented as a control block in Figure 1
and Table 11, is a conditional operation command. Depending on whether
a certain condition is correct, it is ensured that a line of commands or a
code block is executed. The comparison process is performed at the time
of operation. The Boolean (true/false) value is returned depending on the
control result of the expression that comes after the “if ” command. This
Boolean value is considered as “TRUE” if the operation is correct and as
“FALSE” if the operation is false. If the result of the related condition is
logically correct, the command or command block written after “if” will
be executed. If the result of the condition is incorrect, the command or
command block after the “if” will be skipped, and operations will not occur
on commands inside the “if” structure. If the logical result of the condition
in parentheses is TRUE, the function of the command(s) is executed. If
the result of the condition in parentheses is FALSE, the next state on the
command line is passed without any action. In the chart on the right side,
the arrow goes to the end through the “no” loop. In Table 11, the use of
the “if” control block is shown with codes on four separate programming
languages (c, C++, c#, and Python).

defined
variables

FALSE TRUE

condition

commands2() commandsi()

Figure 2. Chart of the “if.. else” Control Block in Programming
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Table 12. The use of the “if...else” Loop with Codes on Different Programming Languayes

if (condition) if condition:
{
commands1(); commands]()
}
else else:
{
commands2(); commands2()
}
Code Representation of the “if...else” Code Representation of the “if...
Control Block in the C Programming else” Control Block in the Python
Language Programming Language
if (condition) if (condition)
{ {
commands1(); commands1();
} }
else else
{ {
commands2(); commads2();
} b
Code Representation of the “if...else” Code Representation of the “if...clse”
Control Block in the C++ Programming | Control Block in the C# Programming
Language Language

If the logical result of the condition given in the parenthesis of the “if...
else” control block shown in Figure 2 and Table 12 is TRUE, commands1
is executed, if the result is FALSE, commands2 is executed and the next
command is passed. This use of “if...else” is a comparison command that
allows one command block or another command block to operate depending
on whether a certain condition is true. In Table 12, code representations of
the “if...else” control block in four separate programming languages (C,
C++, C#, and Python) are presented with examples.
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conditionl

commands2 ﬁ
FALSE
commands3 |fe—

FALSE

4 commands4 —*

Figuve 3. In programming, “if /else if]..../else” Chavt of the Control Block

In Figure 3, how to use the “if /else if/.... /else” control block is shown in
general. In Table 13, the use of the “if /else if/.... /else” control block in four
separate programming languages (C, C++, C#, and Python) is shown with
examples. If the logical result of the condition given in parentheses of the “if
Jelse if/.... /else” control block is TRUE, commandsl is executed, and if the
result is FALSE, commands2 is executed, and the next command is passed.
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Table 13. The use of the “if Jelse if / .... Jelse” Control Block in Different Programming

Languages

if (statement]) if statementl:
{

casel(); casel ()
¥
else if (statement2) elif statement?2:
{

case2(); case2()
¥
clse if (statement3) elif statement3:
{

case3(); case3()
¥
else else:
{

case4(); case4()
¥

Code Representation of the “if /else
if / .... Jelse” Control Block in the C

Code Representation of the “if /else if /
.... /else” Control Block in the Python

Programming Language Programming Language
if (statementl) if (statementl)
{ {
casel(); casel();
} }
else if (statement2) else if (statement2)
{ {
case2(); case2();
} }
else if (statement3) else if (statement3)
{ {
case3(); case3();
} }
clse else
{ {
case4(); case4();
} }

Code Representation of the “if /else if
/ .... Jelse” Control Block in the C++
Programming Language

Code Representation of the “if /else if
/ .... Jelse” Control Block in the C#
Programming Language
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BEGIN

switch
block

commandsl()
break;

commands2()
break; ’

commandsN()

break; .

commands0()

break; '

Figure 4. Chart of “switch/case” Control Block in Programming

The “switch/case” control block is shown in Figure 4 and Table 14 in
general. How to use the “switch/case” control block is shown in Figure 4.
In Table 14, on the other hand, the use of the “switch/case” control block in
four separate programming languages (C, C++, C#, and Python) is shown
with examples. In the “switch/case” structure, if the “variable” value does
not equal any value, the commands in the “default” section will be executed.
When the value of the variable specified for the “switch” structure matches
one of the “case” statements, the matching loop block is executed regardless
of the equality status of the “case” statements. In the “case” statements, it is
ensured that the cycle is completed by placing the “break;” command at the
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end of the software blocks. The statements next to the “case” statement must
be constant. There are no variables in these statements. A “case” statement

can be any integer, character, or string constant but cannot be a decimal

value. A “switch” block cannot contain more than one case statement with

the same constant value.

In the structure of the “switch/case” control block shown in Figure 4 and
Table 14, if the “variable” value does not equal any value, the commands0()
in the “default” section will be executed. When the value of the variable
specified for the “switch” structure matches one of the “case” statements, the
related commands() block will be executed.

Table 14. Code Representation of the “switch/case” Loop on Different Programming
Languages

switch(variable)

{

case valuel: commands1(); break;
case value2: commands2(); break;

case valueN: commandsN(); break;
default: commands0; break;

}

def function(int variable):
new(variable)={

valuel: commands1(); break;
value2: commands2(); break;

valueN: commandsN(); break;

¥
return new.get(variable,
“switch+case”)

Code Representation of the Control Block
“switch/case” in the C Programming
Language

Code Representation of the Control Block
“switch/case” in the Python Programming
Language

switch(variable)

{

case valuel: commands1(); break;
case value2: commands2(); break;

case valueN: commandsN(); break;
default: commands0; break;

}

switch(variable)

{

case valuel: commands1(); break;
case value2: commands2(); break;

case valueN: commandsN(); break;
default: commands0; break;

}

Code Representation of the Control Block
“switch/case” in the C++ Programming
Language

Code Representation of the Control Block
“switch/case” in the C# Programming
Language
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STARTING REPETITION

VALUE

CONDITION PARAMETER

PARAMETER

COMMANDS

Figure 5. The diagram of the “for” Loop in Programming

Table 15. The Use of the “for” Loop on Different Programming Languages

for(start; condition; repetition)
{

commands();

}

array = [1,2,3,4,5,6,7]
for array_item_number (i) in array:

print(i)

Code Representation of the “for” Loop
Block in the C Programming Language

Code Representation of the “for” Loop
Block in the Python Programming
Language

for(start; condition; repetition)
{

commands();

}

for(start; condition; repetition)
{

commands();

}

Code Representation of the “for” Loop
Block in the C++ Programming
Language

Code Representation of the “for” Loop
Block in the C# Programming Language

Figure 5 shows how to use the “for” loop block. In Table 15, on the
other hand, the use of the “for” control block in four difterent programming
languages (C, C++, C#, and Python) is presented with examples.

In the “for” loop, when the loop is first entered, the first operation of
the loop is performed with the starting value; then the condition parameter
is checked, and if the condition statement is “TRUE”; the commands()(
function or commands block) in the loop are executed. Once the operation

1s completed, the condition is checked again. With the repetition parameter.
p > g p p >
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the number of times the “for” loop will repeat or the number of times the

loop will be executed is indicated.

condition

Figure 6. Diagram of the “while” loop in programming

Table 16. Code Representation of the “while” Loop in Different Programming
Languayges

while(condition)
{

commands();

}

counter = 0

while counter<determined number:
commands()
print(“operation value”, 1)

The Use of the “while” Loop Block in
the C Programming Language

The Use of the “while” Loop Block in
the Python Programming Language

while(condition)
{

commands();

}

while(condition)
{

commands();

}

The Use of the “while” Loop Block in
the C++ Programming Language

The Use of the “while” Loop Block in
the C# Programming Language
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Representations of the “while” loop block were given in Figure 6 and
Table 16. Figure 6 shows the way to use the “while” loop block. In Table 16,
the use of the “while” control block in four separate programming languages
(C, C++, C#, and Python) is shown with examples.

With the “while” loop, a command or command block can be used
in more than one repetition operation. For example, with the while(1)
statement, the state of the condition constantly returns TRUE. When the
condition state is FALSE, the repetition of the loop stops.

I‘

-

commands

condition

Figuve 7. The diagram of the “do/while” Loop in Programming
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Tible 17. Code Representation of the “do/while” Loop in Diffevent Programming

Languages
do counter = 1
{ while True:
counter_value++; print(counter)
commands(); counter = counter + 1
} if(counter > determined_number):
while (counter_value < determined break

number);

The Use of the “do/while” Loop Block in | The Use of the “do/while” Loop Block in

the C Programming Language the Python Programming Language

do do
{ {

counter_value++; counter_value++;

commands(); commands();
} ¥
while(counter_value < determined |while(counter value <  determined
number); number);

The Use of the “do/while” Loop Block in | The Use of the “do/while” Loop Block in
the C+ + Programming Language the C# Programming Language

The use of the “do/while” loop block were shown in Figure 7 and Table
17. Figure 7 shows the general usage of the “do/while” loop block. In Table
17, the use of the “do/while” control block in four different programming
languages (C, C++, C#, and Python) is shown with codes. As long as the
condition in operation is TRUE, the loop block or commands() function
is executed. In the do/while loop, commands() execute the function once,
regardless of the state of the condition (TRUE or FALSE). In short,
regardless of the state of the condition, the commands() execute the function
or loop block once.

7. CONCLUSION AND RECOMMENDATIONS

Algorithm design, which is considered together with the literature studies
examined within the scope of this study; is an important topic when learning
a programming language. Regardless of the programming language, the
diagram of the steps to be followed when learning a language with an
algorithm is given in Figure 8.
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ALGORITHM
DEVELOPMENT

PROBLEM FLOWCHART

EXPRESSIONS
AND OPERATORS

DECISION MATHEMATICAL
STRUCTURES FUNCTIONS

INDICATORS

SEQUENCES STRINGS FUNCTIONS

Figure 8. Steps to follow when leavning a programming language

Based on Figure 8, it can be said that when learning a programming
language, it is necessary to determine exactly what the problem means first
in a work within the scope of the designs handled by algorithms. In order
to address this problem, the algorithm development process begins with a
flowchart to be developed. While an algorithm is being developed, logical
expressions of the existing parameters and operators should be determined.
Before the specified operator and expressions are processed on the algorithm,
decision structures are processed by mathematical operations. Repetitions
of the results of decision structures are created with loops created on the
system. Then the creation of integrated functions related to the learning of
indicators, arrays, and strings on the programming language is carried out.
The gradual learning process in programming languages is completed by
creating and running the related functions.

Figure 9 shows an idea study in terms of its operations on algorithms. In
the flowchart given in Figure 9, research studies are started with the creation
of the idea. Initial designs are created with the research carried out, and
a feasibility study should be carried out in order to match the algorithm
with the idea in terms of the continuity of the algorithm process. After the
feasibility processes, prototype tests and trial tests should be performed
along with the development of the idea. With the establishment of the
implementation process, the relevant work is concluded.
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RESEARCH

STUDY DESIGN

FEASIBILITY
STUDY

IMPLEMENTATION PROTOTYPE
PROCESS TESTS

Figuve 9. Creation of an algorvithm process of an idea by flowcharts

When the topics discussed in this chapter and the related literature are
examined, it is seen that algorithms have an important role in the operation
of a system. The selection of the best algorithm for a particular problem
can be carried out with advanced programming knowledge and learning
of algorithm design. In terms of their use on information and data, the
importance of algorithms on integrated systems is gradually increasing
today. It is observed that due to this increasing importance, systems become
dependent on algorithms. The importance of algorithms, developed over
time for integrated systems, in ensuring the control and security of the system
both electronically and software is gradually increasing. States should use
artificial intelligence in the use and development of algorithms on systems
in terms of both technology security and software security. Considering
the sectoral distribution of artificial intelligence, regardless of the sector,
it has the opportunity to be applied in every field, from cyber security to
autonomous vehicles, from virtual servers to mobile systems, from satellite
communications to language processing applications and image processing.
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