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Oz

Baklagiller hem insan ve hayvan beslenmesi, hem de toprak verimliliginin arttirilmasi yoniinden 6nemli bir dogal kaynaktir.
Baklagillerin ayirt edici bir 6zelligi de gesitli gram negatif kok nodiil bakterileri ile azot-fiksasyonu simbiyotik ortakligi kurma
yetenekleridir. Bakteri ve bitki arasinda gergeklesen bu simbiyotik iliski, bitkinin kok dokusunda 6zellesmis bir yap1 olan nodiil
dokusu igerisinde ger¢eklesmektedir. Nodiil olusumu, bitki kokleri tarafindan salgilanan flavonoid sentezi ile baglayarak, bitki
ve bakteri arasinda gerceklesen olduk¢a karmagik bir dizi sinyal iligkisini icermektedir. Bu derleme g¢alismasinda, bitki
koklerinde olusan nodiil dokusunun olusum mekanizmasi ayrintili bir sekilde anlatilmistir.

Anahtar kelimeler: Azot fiksasyonu, kok, nod faktor, simbiyosom.

Abstract

Legumes are an important natural resource both for human and animal nutrition and for increasing soil fertility. A distinctive
characteristic of legumes is their ability to engage in a nitrogen-fixing symbiosis with diverse groups of gram negative root
nodule bacteria. This symbiotic relationship between the bacteria and the plant can form within the nodule tissue that specialized
structure in the root tissue of the plant. Nodule formation involves a very complex cascade signal between plant and bacteria,
starting with the flavonoid synthesis secreted by the plant roots. This review has widely explained the mechanism of the
formation of nodule tissue in plant roots.
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I. GIRIS

Bitki kokleri su ve mineral madde tagimasi ile hormon sentezi gibi fonksiyonlar: yerine getirmektedir. Ayrica
kok-toprak yiizeyi ile ¢evresindeki ortam ile iletisim halinde olmasini saglamaktadir. Toprak igerisinde azot
kaynag1 sinirlandiginda, Baklagillere ait bitkiler Rhizobium, Sinorhizobium, Mesorhizobium, Bradyrhizobium ve
Azorhizobium gibi toprak bakterileri ile simbiyotik iliski i¢ine girmektedirler ve bunun sonucunda azot fikse
edebilen nodiil dokusunu olusturmaktadirlar [1]. Bu iliski bitki ve bakteri arasinda sinyal degisimi ile
baslamaktadir. Bitki tarafindan bakteriyi ¢ekimleyen flavonoidler salgilanmakta ve bitkiye cevap olarak bakteri
lipopolisakkarit yapida bir nod faktér sinyali olusturmaktadir. Boylece kok tiiylinde olusan deformasyon ile
bakterinin bitki hiicre zar1 tarafindan olusturulan enfeksiyon ipligi icerisinde ilerlemesi saglanmaktadir. Bitki
korteks dokusuna ilerleyen bakteri, hiicre igerisinde peribakterioid membran ile sarilarak olusan bakterioid
yapisinda azot fiksasyonuna baslamaktadir. Bunun bir sonucu olarak degisen korteks dokusu ile kok disinda gozle
goriilebilen nodiil dokusu olusmakta ve Rhizobium bakterileri nitrogenaz enzimi ile serbest halde bulunan azotu
amonyaga donistiirerek azot fiksasyonu olayimi gergeklestirmektedir [2].

Son yillarda yapilan ¢aligmalarda, Baklagil grubundaki bitkilerde Rhizobium bakterisi ile ortak yagsam sonucu
olusan nodiil dokusunun olusum siireci, azot fiksasyonu ve nodiil senesensi gibi fizyolojik olaylar 6nem
kazanmaktadir. Nodiil dokusu, azot fiksasyonu siirecinde bakteri ve bitki dokularinin bir arada olusturduklart ve
fizyolojik olarak karsilikli sinyal iletisimi kurduklari 6zellesmis yapilardir. Bu nedenle bu dokuda meydana gelen
olaylarin anatomik, fizyolojik ve molekiiler diizeyde anlagilmasi olduk¢a deger kazanmaktadir. Medicago
truncatula ve Lojus japonicus model bitkilerinin genom dizilenmesi tamamlandik¢a, Baklagiller-Rhizobiium
bakterileri arasindaki simbiyotik iligkinin mekanizmasi hizla aydinlatilmaya ¢alisilmaktadir [2].

II. BAKLAGILLER VE AZOT FIKSASYONU

Diinya florasinda yaklasik 650 cins ve 16000 tiir ile temsil edilen Baklagiller (Leguminosae), tarim alaninda
ekonomik degere sahip Bugdaygillerden sonra gelen oldukca 6nemli olan bir familyadir. Leguminosae familyasina
ait bitkiler Angiospermler i¢inde tiglincii biiyiik, yem ve gida bitkileri iginde ikinci biiyiik grubu olusturmaktadir
[3]. Ayrica Baklagiller gerek insan ve hayvan beslenmesi, gerekse topraklarin verimliliklerinin artirtlmasi
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acisindan dogal bir kaynak olarak
degerlendirilmektedir. Tohum ve siirgiinleri protein,
yag, karbonhidrat, mineral, vitamin ve diger yararl
sekonder metabolitler agisindan da olduk¢a zengindir.
Protein kaynag: olarak, tahillar ile karsilastirildiginda
%24 daha fazla protein icermektedir [4] Ornegin
Asya’da ve Amerika’da soya fasulyesinin, iilkemizde
de bir¢ok baklagil tiirevlerinin besin olarak tiiketilerek
tarimi yapilmaktadir. Diinya ¢apinda tarim alanlariin
% 12-15 inde baklagil ekimi yapilip, elde edilen {iriin
247 milyon tonu bulmaktadir. Bunlara ek olarak, soya
fasulyesi ve Pongamia pinnata (Millettia pinnata) gibi
bitkiler yiiksek yag iceriginden dolay1 gelecekte
stirdiiriilebilir biyoyakit olarak da
degerlendirilmektedir [5] Baklagiller arasinda besin
degeri yiiksek 6nemli bitkiler arasinda soya fasulyesi,
fasulye, bakla, bezelye ve nohut sayilabilir. Son
yillarda o&zellikle yem bitkisi olarak kullanilan
Medicago tiirleri de 6nem tagimaktadir [6].

Baklagillerin 6nemli ozelliklerinden bir digeri de,
toprakta bulunan Rhizobium bakterileri ile kurduklar
ortak yasam sonucu atmosferdeki %78 oranindaki
molekiiler azotu topraga baglamalaridir [7]. Tarumi
yapilan Baklagiller yilda tahmini olarak yaklasik 40-60
milyon ton atmosferik azotu fikse edebilmekte ve bu da
yaklasik olarak 10 milyar dolar degerinde giibre
kullanimina denk gelmektedir [2]. Bunun bir sonucu
olarak gelismekte olan iilkelerin 6nemli bir sorunu
haline gelen yiiksek giibre fiyatlari ve ¢iftgilerin kisith
giibre kullanimi  konusuna olumlu bir yaklagim
getirerek ekonomik avantaj saglanmaktadir Bu durum
azotlu gilibre kullanimini azaltmakta ve kendinden
sonra ekilecek bitkinin verimini olumlu yonde
etkilemektedir. Bu yetenegi de bilindigi gibi Rhizobium
ad1 verilen bakteri ile simbiyotik olarak diger bir
deyimle karsilikli birbirinden fayda saglayarak
gerceklestirirler [8]. Bu noktada diinya tarimi agisindan
bu o6nemli biyolojik fonksiyonun anlagilmaya
galisilmas1  arastirmacilar1  Medicago truncatula
bitkisini model bitki olarak se¢meye yonlendirmistir

[2].
III. NODUL GELISiMi

Simbiyosis olayinin baglayabilmesi i¢in bakteri ve bitki
kok hiicrelerinin birbirlerini tanimast gerekmektedir.
Kok sizintist simbiyotik iliskide kismen ozgiinligii
belirlemektedir. Her bir Rhizobium tiirii spesifik bir
flavonoide ve isoflavonoide cevap vermektedir (Sekil
1; 1. basamak). Cogu Rhizobium tirii sadece
ozellestikleri baklagil tiirleri ile iligki i¢indedir, ancak
baz1 tiirlerde genis bir konakg¢r araligi bulunmaktadir
[9]. Simbiyotik iliskinin ilk asamasinda, bakteriler
konak¢i  bitkinin  kokleri  tarafindan  {iretilen
flavonoidler sayesinde rizosfere dogru hareket ederler
[1]. Flavonoidler, bakterideki hiicrelerarasi lipo-kito-
oligosakkarit nodulasyon faktoriiniin (NF) sentezinden
sorumlu bakteriyel genlerinin transkripsiyonunu tesvik
eder [10,11]. Nod faktor lipo-kito-oligosakkarit sinyal
molekiilit olup bir kitin pB-1-4-bagli N-asetil-D

glukozamin iskeletine ve indirgenmemis sekerin C-2
pozisyondaki bir yag aside zincirine sahiptir. Konakg1-
simbiyont 6zgiinliigli i¢in esas beliryeci etmen NF
yapisindaki oligosakkarit iskelete baglanan yapilardir
[12, 13]. Uygun Rhizobium tiirleri ve onlara ait NF
bulunmasi nodiil gelisimini tegvik i¢in yeterlidir. Kok
tilyliniin u¢ kism1 enfeksiyon siirecinde bakterinin ilk
hedefidir, muhtemelen kok tiiyiiniin zayif ve daha az
capraz bagli hiicre duvari mikrotiibiillerin yeniden
organizasyonuna izin vererek, biyiliyen kok tiiyii
ucunda hiicre i¢i vezikiiler trafik degisecek ve
bakterinin hiicre igine girisi daha miimkiin hale
gelecektir. Rhizobium’un kok tiiyiine yapismasi ile 6-8
saat icinde kok tiiyli deformasyonu uyarilmakta ve
kortikal hiicre boliinmesi tesvik edilmektedir [14].

Rhizobium’un bitki kokiine girisi kok tiiyii aracilidi ile
ya da epidermis dokusundaki yariklardan olmaktadir
[14]. Kok tiiyii enfeksiyonu simbiyosiste en temel
yontemdir  ve enfeksiyon  ipligi  yapisim
olusturmaktadir. Enfeksiyon ipligi bitki hiicre duvar
bilesenlerinden olusan tubular yapida olup, bitkinin
korteks hiicreleri i¢ine bakterinin girisinde rol
oynamaktadir [15]. Rhizobium zedelenmis kok tiiyii
ucundan bitki hiicresine giris yapar (Sekil 1, 4. ve 5.
basamak), kiiciik oranlarda boliinen bakteri kapsiil
icinde yer almaktadir [1]. Eklenen bu mikrokoloniler
tahminen NF konsantrasyonunu zenginlestirdigi gibi
hiicre duvart yikim enzimlerini de arttirmaktadir.
Bakterinin konak¢i plazma membranina degil hiicre
duvarina niifuz etmesini yeniden sentez ve yikim
olaylar takip etmektedir. Yenilenen bu dongii viskoz
hiicrelerarast matriks i¢ine gomiilii mikrokoloniler ve
devam eden bakteri biiylimesinin olusturdugu “ileri”
basing ile beraber bir ¢ift olugturmaktadir. Bu ileri
basimng kok tiiyii turgor basmcina karst bir “itme”
giiciine ihtiya¢ duyuldugundan meydana gelmektedir.
Bu dinamik siireclerin sonucu olarak, (Sekil 1, basamak
6 ve 7) bitki hiicre duvarindan tiirevlenen, hiicrelerarasi
matriks i¢ine gdomiilii ¢ogalan bakterinin doldurdugu
enfeksiyon ipligi formu olugmaktadir [15]. Soya
fasulyesinde, kok tiiyli enfeksiyonu Rhizobium ile
temastan 12 saat sonra ger¢eklesmektedir [16].

Bitki kdkiine akin eden bakterinin NF iiretme yetenegi
devam etmektedir. Artan NF seviyesi kok korteks
hiicrelerinde mitotik aktiviteyi tesvik etmektedir. Bu
olay sonucu ile nodiil primordiyumu gelisir (Sekil 1,
basamak 8). Primordiyumu olusturan radyal
pozisyondaki hiicre boliinmesini etilen hormonu
degisik seviyelerde kontrol etmektedir [17]. Bundan
dolay1 ¢ogu zaman nodiil yapis1 ksilem radyal hiicreleri
yakininda, floem dokusundan wuzak bdlgelerde
gelismektedir. Enfeksiyon ipligi, kok tiiyiinden korteks
tabakasina ve yeni olusan boliinmekte olan hiicrelere
dogru biiyiimektedir. Bakteriler, enfeksiyon ipliginin
biliyliyen ucundan konake¢1 hiicre sitoplazmasinda
enfeksiyon  damlacigma  dogru  salinmaktadir.
Endositoz  olayma benzer sekilde bakteriler
peribakterioid membran olarak isimlendirilen ayni
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zamanda simbiozom olarak da bilinen bitki hiicre
membranindan kokenlenen bir membranla
¢evrilmektedir [18].

Konak¢r hiicre icinde membran ile kapli bakteri
bolinmeye devam ederken yani bakterioide
farklilagmadan once azot fiksasyonuna baslamaktadir
[19]. Bakterioid tarafindan atmosferik azot amonyaga
¢evrilir ve daha sonra bitki tarafindan assimile edilerek
gulutamin sentaz enzimi tarafindan glutamine
doniistiiriilmektedir. Amonyagin hizli doniistimii farkl
bir gradient olusturur, bu gradienti saglayan 6ncelikli
durum bakterioidden disariya verilen amonyak
miktaridir [18]. Vaskular dokunun yanisira korteks
tabakasini igeren merkezi dokuda enfekte olmus (Sekil
1, basamak 9, 10) ve olmamuis hiicreler bulunmaktadir
[20, 21]. Nodiil igerisinde, komsu bitki hiicrelerinde ve
bakterioid arasinda gerekli besin maddelerinin degisimi
olmaktadir. Peribakterioid membrana karsi olusan
membran potansiyeli pasif taginma ile
stirdiiriilmektedir. Bu durum da simbiyosom i¢ine besin
tasinmasini kolaylagtirmaktadir [18]. Bu mekanizma,
nodiil i¢inde bakterioidlere malat gibi fotosentez tiriinii
bilesiklerin 6ziimsenmesine ve glutamin gibi fikse
edilmis azotu da igeren c¢esitli bilesenlerin koklere
gegisine izin vermektedir [1].

3.1. Belirgin ve Belirgin Olmayan Nodiil Yapis1

Baklagillerde morfolojik olarak belirgin ve belirgin
olmayan iki esas nodiil tipi bulunmaktadir. Nodiil tipi
konake1 bitki tarafindan belirlenmektedir. Bu iki nodiil
tipi arasindaki fark igteki ilk hiicre boélinmesinin
gerceklestigi alandir [22]. Belirgin olmayan nodiilde ilk
hiicre boliinmesi olay1 i¢ korteks tabakasinda antiklinal
sekilde gercekleserek, endodermis ve perisikldaki
periklinal boliinmeler takip etmektedir (Sekil 1,
basamak 4-5). Toplu olarak bu bélinmeler nodiil
primordiyumunun  olusumuna neden olmaktadir.
Belirgin olmayan nodiiller silindirik  yapidaki
nodiillerin olusumuna sebep olan daha dayanikli bir
meristeme sahiptir. Bu nodiill tipine Medicago
truncatula, Pisum sativum, Trifolium repens, Medicago
sativa gibi bitki tiirleri 6rnek verebilir [23]. Apikal
meristem devamli olarak yeni hiicre iiretmektedir ve bu
hiicrelerde bakteri ile enfekte olmaktadir. Belirgin
olmayan nodiiller olgunlagmis formunda, hiicre
bolinme aktivitesinden dolayr azot fikse eden
bakterioidlerin heterojen bir populasyonuna sahiptir ve
nodiil uzamaya devam ederken gelisimsel evrede bir
gradient olusur. Bu nodiiller belirgin nodiillerden farkl
daha az dallanmig vaskular sisteme sahiptir [1]. Diger
bir deyisle belirgin nodiller (Sekil 1), genellikle
kiiresel, dayanikli meristem dokusundan yoksun ve
gelisimsel bir gradient gdzlenmeyen yapidadir [24].

Belirgin nodiilde ilk hiicre bdliinmesi genellikle
subepidermal olarak dis korteks tabakasinda meydana
gelmektedir. Bazi istisnalarda, Lotus japonicus nodiil
dokusunda oldugu gibi ilk bolinme subepidermal
dokuda ger¢eklesmez [25]. Belirgin nodiiller olgun

formunda, azot fikse eden bakterioid populasyonunu
homojen bir sekilde igermektedir. Enfekte olan
hiicrelerin farklilagmast es zamanli olarak meydana
gelir ve bu olay1 nodiil senesensi takip etmektedir. Yaslh
nodiiller senesense ugradiginda yeni nodiiller kokiin en
son gelisen kisimlarinda olugmaktadir [22]. Belirgin
nodiiller aynt zamanda gaz alis verisinde rol oynayan
lentisel formunu da olusturmaktadir. Belirgin nodiil
yapist olusturan Baklagiller arasinda soya fasulyesi
(Glycine max), pongamia (Pongamia pinnata) ve
fasulye (Phaseolus vulgaris) gibi baskin tropikal ve
subtropikal tiirlerde bulunmaktadir [23].

@ Rhizohia haglanmasi ve
NF hiyosentezi
Flavonoid salmmu Rhizohia
) i Kok tiiyii deformasyonu ve

Flavonoid L Nel

BELIRGIN
OLMAYAN NODIL

Devam eden
"4 nodiil
1% gelisimi

Sekil 1. Belirgin ve belirgin olmayan nodiil yapisinin
gelisim evreleri [1].

3.2. Bakteri ve Konakg¢1 Hiicre Arasindaki Sinyal
Degisimi

3.2.1. Kok Tiiyiine Bakterinin Tutunmasi
Bakteri ve konakg1 bitki arasindaki iligskide, ilk
basamak rhizobial bakterinin kok epidermisine
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tutunmasidir. Rhizobium’un bu 6zel yetenegi diger
bakterilere gore iki 6nemli avantaj kazandirmaktadir:
Bu durum rizosferdeki Rhizobium sayisim ve etkisiz
olan 6zel tiirlerin arttirilmasimi saglayabilmektedir
[14,26,27]. Rhizobium leguminosarum bakterisinin
bitki kok tityiine baglanmasi iki asamali bir siirectir. Tlk
asama, bakteri yilizeyi lizerinde rhicadesin denilen bir
protein araciligi ile bitki reseptoriine zayif bir sekilde
baglanir. Rhicadesin, Rhizobiaceae familyasinda
yaygin olarak goriilen Ca*2-bagiml bir proteindir [28].
Bu protein Rhizobium leguminosarum bakterisinden
izole edilmistir [29]. Ikinci asama seliiloz fibriller
araciligiyla olur ve daha kuvvetli bir adhezyon ile
gergeklesir  [28,29].  Ayrica lipo-oligosakkaritleri
baglayan bir diger reseptor molekiillerinin biiyiiyen kok
tiylerinin {izerinde Dbiiylime ucu yakinlarinda
yerellestikleri tahmin edilmektedir. Kimyasal yapisi
tam olarak bilinmemekle birlikte bir lektin olabilecegi
ileri stiriilmektedir. Bitki lektinleri ozel
polisakkaritlerine baglanarak rhizobial tutunmayi
arttirmaktadir [30, 31].

3.2.2. Kok Tiiyiiniin Bozulmast ve Kivrilmasi

M. truncatula’da kok tiiyii gelisim siireci, epidermal
hiicre nukleusu i¢ ¢eper merkezinden karsisindaki kdk
tiyll primordiyumunun gelismeye basladigi yer olan
dis c¢eper pozisyonuna dogru go¢ etmesi ile
baslamaktadir [32]. Bu cikint1 (sigkinlik) baslangigta
sitoplazma ile dolu olup kok yiizeyinden disart dogru
biiylimektedir [15]. Biiyiiyen kok tiiyiiniin u¢ kisminda
sitoplazma kitlesi, alt kisminda genis bir vakuol ve kdk
tiyliniin plazma membrani ile vakuol membrani
arasinda da ince bir sitoplazmik kisim bulunmaktadir
[15]. Biiylime devam ederken, epidermis hiicre
nukleusu i¢ periklinal c¢eper iizerindeki pozisyonunu
degistirip kok tiiyline giris yapar ve u¢ kisimdan
yaklagitk 30 pm uzakliktaki sitoplazmanin yogun
oldugu bir bolgede yeni pozisyonunu alir. Bu pozisyon
kok tiiyiinde alan I olarak bilinmektedir (Sekil 2). Alan
I, kok yiizeyinden uzaklastik¢a ya da biiyiimeye devam
ettikce nukleus u¢ kisimda bu mesafede kalmaya
devam eder. Kok tiiyli olgun uzunluguna yaklastikca,
vakuol u¢ kismin arkasindaki sitoplazmanin yogun

oldugu alana girmektedir (Sekil 2) ve nukleus ug kismi
takip etmeye son verir. Bu yap1 da kok tiiyiinde alan II
olarak tarif edilmektedir [32]. Bliylimesini tamamlamis
hiicrelerde vakuol kok tiylinin u¢ kisminin
yakinlarindadir (Sekil 2) ve nukleus hiicrenin herhangi
bir yerinde bulunabilmektedir. Bu belirtilen alanda kok
tilylinde alan III olarak ifade edilmektedir [32]. Konak
bitkinin kok tiiylerinde uyumlu rhizobial tiirlerden
saflagtirllmis nod faktorlerin etkisi ile deformasyon
oldugu bilinmektedir. Bu olay Alfalfa, M. truncatula ve
bezelyeyi de kapsayan pek ¢ok bitki tiiriinde detayli bir
sekilde calisilmigtir [15]. Nod faktore en duyarli kdk
tilyleri, bliyiimenin sonlanmaya yakin yerleri olan alan
II de bulunur, kok tiiyt alan IIT bolgesinde ise biiylime
tamamen durmustur. Kuvvetli sekilde polimerize
olmus i¢sel organizasyona sahip kok tiiylerinin aktif bir
sekilde biiylimeye devam ettigi bolge kok tiiyli alan I
bolgesidir ve bu bolge nod faktdriin deforme edici
etkisine duyarsizdir. Alan II kok tiiylerinde nod faktor
ile tetiklenmis deformasyonu kok tiiyll uglarmin
izodiametrik sekilde sigkinlesmesi ile baslar ve bu olay1
olduk¢a polar yapida, alan I kok tliylinlerinin aktif
olarak biiyliyen uglarina benzer yapida yeni bir
biiyliyen ucun tesisi takip etmektedir [15]. Boylece NF
alan II hiicrelerinde yeni ug¢ biiyiimesini tesvik
etmektedir. NF uygulamasimi  ardisik  vezikiil
depozisyonunun gegici olarak izodiyametrik sekle
doniismesi halen tam olarak agikliga kavusmamuistir.
Izodiyametrik  depozisyon hiicre iskeletinin
bozulmasindan kaynaklanabilir. Dig ortama NF ilave
edildiginde, NF kok tiylinde deformasyona ve
dallanmaya neden olmaktadir ancak sikica kivrilmis
kok tiiyi (shepherd’s crooks) yapisinin olusmasi igin
yeterli olmamaktadir ve bu yap1 genellikle bakterinin
bitkiye girdigi alani olusturmaktadir [15]. Kok tiiyii
kivrilmast  ve enfeksiyon siirecinde mikrotubiil
organizasyonunda degisiklik meydana gelmektedir.
Kivrilma sirasinda, mikrotiibiiller kivrilma alaninin
merkezine yerlesmektedir ve bunun sonucunda kok
tiyliniin u¢ kismu ile baglantisi kesilerek, nukleus ve
enfeksiyon ipliginin ug kismi1 arasinda

konumlanmaktadir [33].

Sekil 2. Enfekte olmus ve olmamis kok dokusunun morfolojik yapisi (A-C). Enfekte olmamis yonca bitkisinin
tipik I, IT, III kok alanlar1 (D). S. meliloti ile enfekte olan yonca bitkisinin kok tiiyli goriintiisii (E-G) [15].
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3.2.3. Nod Faktor Yaklagimi

Konake1 bitki kokleri tarafindan salinan flavonoidler
rhizobial hiicrelerde nod genlerinin tegvik edilmesinde
rol oynamaktadir [34]. Flavonoidler bakteriyal NodD
transkripsiyon diizenleyicilerini aktive ederek nod
faktor sentezini iceren genlerin transkripsiyonunu
tesvik etmektedir [35]. Nod faktoriin temel yapis1 farkl
rhizobial tiirlerde benzer yapida olmaktadir. Genellikle,
NF  B-1,4-baghi  N-asetil-D-glukozaminin ~ 4-5
biriminden olusan iskelet yapisna sahiptir ve
rediiklenmemis terminal u¢ C2 pozisyonunda agil
zincir i¢cermektedir [31]. Rhizobial tiirlerde NF deki
Ozgilinlik agil zincirin yapisindaki cesitlilige bagl
olmaktadir. Sekil 3’de Medicago tiirleri ile nodiil
olusturabilen Sinorhizobium meliloti bakterisine ait nod
faktoriin yapisi verilmistir. Rhizobial tiirler arasinda
nod faktoriin yapisindaki farklilik tiire 6zgii nodiilasyon
genlerinde ya da allellik varyasyonlarindan dolay1
farkli aktivitede enzimlerin kodlanmasimnin sonucu
olabilmektedir [31].

NF mekanizmasinin ¢dziimiiniin altinda ¢ogunlukla
genetik yaklagim yatmaktadir. Ancak NF ile ilgili
giincel model olarak, nod faktér baglanmasinda gorev
alan epidermis hiicresinde yerellesmis iki reseptor
benzeri kinaz (RLK) 6nerilmektedir [1]. Bu kinazlarda,
L. japonicus’da LjNFR1 ve LjNFRS5, P. sativum’da
PsSSYM2A ve PsSYM10, M. truncatula’da
MILYK3/MtLYK4 ve MtNFP, Glycine max L.’de
GmNFR1a/p ve GmNFR5a/B dir [36, 37,38, 39, 40].
NF  reseptorlerleri; intraselliilar  kinaz  bolge,
transmembran bolge ve LYsM domainine sahip
ekstraselliilar bolge igermektedir. LysM domaini N-
asetilglukozamin bakiyelerini igeren NF’e benzer
sekilde peptidogilikanlara baglandigr  diisiliniilen
bakteriye 6zgii hiicre ¢eperi-yikict enzimde yaygin
olarak mevcut kisimdir [41]. Bu yap1 okaryotlarda
mevcut olmasina karsin bir genelleme
yapilamamaktadir. Kinaz ve transmembran alan ile
birlikte LysM bolgesinin varligi bitkilere 6zgiindiir
[42]. 1lging bir sekilde, tiim &karyotik protein

kinazlarda  genellikle fosforilasyon  bdlgesinin
yerellestigi LjNFRS/PsSYM10/MtNFP/GmNFRS5a/p
aktivasyon ilmegi eksik iken

LjNFR1/PsSYM2A/MtLYK3/MtLYK4/GmNFR10/f

tipik bir serin\treonin kinaz alan igerir [36, 37, 38, 40,
43]. Bir kinaz domaininde aktif ilmegin yoklugunda iki
LysM RLKs 1n ileri yonde sinyal iletiminde
fonksiyonel aktif kinaz domainine sahip bir

heterodimerik reseptdrde toplandigi ileri siirtilmektedir
[36, 37, 38, 40].

NF sinyalinde gorev alan diger bir RLK ise 19since
zengin (LRR) tekrarlanan bdlgelere, serin\treonin
bolgelerine sahiptir ve M. sativa NORK, Pisum sativum
PsSYM19, Lotus japonicus LjSYMRK Medicago
truncatula MtDMI2 tarafindan kodlanmaktadir [44, 45,
46]. Bu yap: plazma membrani ve enfeksiyon ipligi
membrant lizerinde yerellesmistir ve en erken
saptanabilir kok tiiyii cevabi i¢in gerekli olan hem NF

algilanmast hem de ileri yonde sinyal iletiminde
fonksiyonel oldugu tahmin edilmektedir [36,44]. LysM
RLKs 1n aktive olmasi igin ilk 6nce LRR RLK nin
aktive olmasi1 gerekmektedir [1]. Gergekten de, bu iki
reseptor mikrobiyal sinyal molekiiliin algisinda rol
oynamaktadir, ancak LRR RLK reseptoriiniin fungal ve
bakteriyal sinyal yolu ile nasil biitiinlestigi tam olarak
aciklanamamigtir [1]. Bunun dogrudan heterokompleks
olusumlar aracilig1 ile m1 yoksa dolayl: ikinci sinyaller
aracilig1 ile m1 olup olmadigi aydinlatilamamistir. ileri
yonde sinyal iletimine dayanarak, LRR RLK lar bakteri
kokenli enfeksiyon olaylarinin baslamasinda daha
fonksiyonel iken LysM RLKs lar NF sinyalindeki
olaylar dizisinde spesifik bir role sahip olabilir [1].
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Sekil 3. S. meliloti bakterisine ait nod faktoriin
kimyasal yapisi [31].

3.2.4. Nod Faktor Sinyali Basamaklart

Ileri yonde sinyal iletim basamaklari nod faktdriin
algilanmasi ile baslar. Bu yap1 nuklear membranda
konumlanmig M. truncatula’ya ait MtDMII ve L.
japonicus’a ait LjCASTOR and LjPOLLUX tarafindan
kodlanan potasyum iyon-kanal proteinleri [47,48, 49].
LjNup133 ve LjNup85 [50,51] tarafindan kodlanan iki
nukleporin ve MtDMI3/PsSYM?9 tarafindan kodlanan
kalsiyum ve kalmadulin baglantili protein kinaz
(CCaMK) icermektedir [46, 52].

NF uygulamasindan sonra 1 dk gibi kisa bir siirede,
Ca*? iyonlarinin hizli bir sekilde hiicre i¢ine almmasi
Ca*2 akisim meydana getirir ve bunu kok tiiylerinde CI-
ve K* iyonlarinin disar1 akis1 takip etmektedir [53].
Kalsiyumun depolanmasi olarak bilinen sitosolik
kalsiyum konsantrasyonundaki salmim, Ca*? akisinin
artisindan sonra (NF uygulamasindan yaklasik 10 dk
sonra) ayni hiicrede ayni anda ardisik olarak tesvik
edilmektedir  [54]. Iyon-kanal proteinleri  ve
nukleoporinler kalsiyumun depolanmasi olaylari i¢in
gereklidir ve yapilan calismalarda CCaMK Ca*?
depolanma sinyalinde rol oynadig: belirlenmistir [55].
Benzer sekilde yiikselip alcalma ve depolama olaylari
NF baglandiktan sonraki sinyal iletiminde daha &nce
gozlenmistir ve isaret edilen benzer etkiler NF
algisindan sonra meydana gelmektedir [56,57]. NF
algisi, kok tiiyli deformasyonuna, kok tiiyii kivrilmasi
ve bakteri istilas1 icin gerekli olan kok tiiyli aktin
iskeletinde degisiklige neden olmaktadir [14].

LRR RLK kodlayan genlerdeki mutasyon, varsayilan
(putativ) iyon kanallari ya da nukleoporinler Ca*?



Int. J. Adv. Eng. Pure Sci. 2021, 33(1):1-10

Bitki Nodl Yapisi

depolanmasi ve devam eden nodiil gelisim olaylarini
engellemektedirler, buna karsin kalsiyum akis1 ve kdk
tilyli deformasyonu olaylar: devam etmektedir [47, 48].
CCaMK da mutasyonu Ca*? akisim ve birikimini
etkilememistir fakat yinede devam eden nodiil gelisimi
engellenmigtir [52]. NF LRR RLK, iyon kanallar1 ve
nukleoporinlerin ~ NF  algismin  akis  ydniinde
ilerlemesini, Ca*? depolanmasim ise aksi yonde
etkilemektedir. Oysa ki CCaMK Ca*? birikimini akis
yoniinde etkilemektedir [1].

Birg¢ok transkripsiyon faktorii nodiilasyon sinyal yolu 1
(NSY1) ve NSY2, nodiilasyon i¢in gerekli olan Ets2
repressor faktdor (ERF) (ERN) ve nodiil baglangicini
(NIN) iceren CCaMK sinyalinin ileri yonde akisini
aktive etmektedir [58]. nsyl ve nsy2 mutantlari
epidermisde erken nodulasyon genlerinin (ENOD)
transkripsiyonunu baslatma yeteneginde degilken, NF
ile muamele edildigi zaman normal Ca*? cevabi
sergilemektedir [59]. Epidermis hiicrelerinde NSY1 ve
NSY2 nin nukleusda CCaMK ile beraber yerellestigi
diisiiniilmektedir  [14]. NSY1 ve NSY2 Ca*
birikiminden sonra benzer sekilde aktive olmaktadir,
muhtemelen CCaMK  sinyali ile  dogrudan
etkilenmektedir. Bunlara ek olarak ERN1 ve NSY1 nin
ENODI1 in promotériine baglandigi gdsterilmistir.
NSP1 in ENOD promotdriine baglanmasi NSP2 ye
gereksinim duyarken epidermis hiicrelerinde ENOD
ekspresyonu oldukea iyi karakterize edilmistir [60, 61].
Hirsch ve dig. (2009) yaptiklar1 ¢alisjmada ENODI11
promotdriine baglanabilmesi igin, NSP1 in ERNI1
promotdriine baglanmast ve NIN in de bunlarin
ekspresyonu igin gerekli oldugunu gostermislerdir.
Epidermis hiicrelerinde NSY1, NSY2, ERNI1 ve NIN
biitin  kombinasyonlar1 ENODs ekspresyonlarini
diizenlenmektedir [61]. Genetik ve protein diizeyinde
yapilan ¢aligmalarda protein bilesenlerinin CCaMK ile
etkilesim halinde oldugunu gdstermistir. Bu iligki NF
sinyali ve nodiil gelisiminde gereklidir ve bu proteinler
M. truncatula’da DMI3 (MtIPD3) ve L.japonicus da
LjCYCLOPS olarak isimlendirilir [62,63]. Bu
proteinlerin C terminal bélgesi ile etkilesim halinde
olduklari, kalsiyum birikimi sinyalinde etkili olduklar1
ve NSY1 ekspresyonunu diizenledikleri
distiniilmektedir [58].

3.2.5. Nod Faktor Tarafindan Korteks Hiicrelerinin
Tesvik Edilmesi

Rhizobium-baklagil arasindaki simbiyotik iliskide,
rhizobial hiicreler konak¢1 dokuda kolonize olarak kok
korteksinde hiicre dongiislinii yeniden aktif hale
getirmektedir. NF’nin kok tiiyli ve epidermis hiicre
¢eperine dogrudan etkisine ek olarak, korteks ve
perisikl dokularinda da hiicre dongiisiinii aktive ettigi
gozlenmektedir. Korteks ve perisikl hiicrelerinin
aktivasyonu farkli baklagil tiirlerinde varyasyon
gostermektedir [31]. Bu olay da kok korteksindeki
morfogenetik yapiya baglidir [64]. Medicago sativa’da
Rhizobium ile inokiilasyonundan 18-24 saat sonra, i¢
korteks hiicrelerinde erken morfolojik aktivasyon

gozlenmektedir [65,66]. Bu vakuollii hiicreler ilk dnce
antiklinal bolinme gecirmektedirler. Daha sonra,
periklinal boliinmeler meydana gelerek, primordiyum
olusmaktadir. Tiim baklagillerde karakteristik olarak
belirgin olmayan apikal meristem ile beraber silindirik
nodiiller geligmektedir [31]. Bunlara zit olarak,
Phaseolus vulgaris ve Glycine max ‘te ilk boliinen
hiicre hipodermisde bulunmaktadir [21, 67].

3.3. Enfeksiyon Ipligi (EI) Gelisimi

Tiim  rhizobial-konak¢t  arasindaki ~ simbiyosis
olaylarinda, azot fiksasyonunun baglamasindan 6nce
bakteri bitki hiicresinin kok korteks tabakasina
yerlesmelidir. Bakteri bitki dokularinin derinliklerine
enfeksiyon ipligi ireterek niifuz etmektedir. Bu yapiy1
olusturmak i¢in, bakterinin kivrilmis ko6k ucunda
lokalize olmasi gerekmektedir [68]. Kok ucunda
lokalize olan bakteri simbiyotik olarak aktif
eksopolisakkarit ve nod faktorii iireterek, kok tiiyli
hiicre membranindan igeriye dogru ilerleyen biiylimeyi
tesvik etmektedir [35]. Bunun sonucunda da igteki bitki
dokularma bakteri akini gergeklesmektedir [15]. Ug
bolgesinden gelisen enfeksiyon ipligi yeni bir membran
sentez alan1 olusturmaktadir ve bu yapmin ug
bliylimesinin degisikligi sonucu meydana geldigi
diistiniilmekle beraber hiicresel polaritenin yeniden
organizasyonu sonucu ve kok tiiyii tarafindan normal
olarak ortaya konulan bir durum olmaktadir [15].
Enfeksiyon ipliginin kok tilyliniin i¢ine dogru
biiylimesi siirecinde, nukleus ve uzayan enfeksiyon
ipliginin u¢ kismu yogun ve aktif olarak akan
sitoplazma araciligi ile baglanti halindedir [15]. Aym
zamanda, konake¢i hiicrenin hiicre iskeleti EI nin
biiylime diizenini belirleyen Onemli bir faktor
olmaktadir [65]. Floresans ile isaretlenmis bakteri
enfeksiyon ipligi icinde mikroskopik olarak analiz
edildiginde, i¢ce dogru bdliinen enfeksiyon ipliginin ug
bolgesinde  bakterinin  aktif olarak  bolindiigi
gozlenmistir [69]. Ug bolgesinde bakteriyal ¢cogalma
sonucunda enfeksiyon ipliginin membran sentezi tesvik
edilmektedir [68].

Enfeksiyon ipligi olusumunun baglamast i¢in nod
faktor sinyalinin salinimi gereklidir [1]. Ayrica, kdk
tilyline yapisan ve mikrokoloni olugturan Rhizobium
hiicreleri yiiksek konsantrasyonda NF iiretmektedir.
Muhtemelen {iretilen NF belli bir konsantrasyona
ulastiginda enfeksiyon ipligi olusumu baslamaktadir
[31]. Yapisal olarak yetersiz NF iireten Rhizobium
tirlerinde  kok  tiyli  deformasyonu  tesvik
edilebilmektedir, ancak enfeksiyon ipligi
olusturamayan ¢ok sayida genis enfeksiyon cepleri
meydana gelmektedir [69]. Bakteriyal ekstrasellular

polisakkaritlerde ~(suksinoglikan) EI olusumunun
baslamasinda ve ilerlemesinde Onemli bir rol
iistlenmektedir [70,71]. exoY  mutantlarinda
(suksinoglikan iiretemeyen) Ei olusumu

baslayamamaktadir ve bunun sonucunda enfekte
olmamis bos nodiil dokusu gelismektedir [31].
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Belirgin olmayan nodiil dokusunun olusmasi sirasinda,
kok dokusunun i¢ korteks hiicreleri yeniden hiicre
dongiisiine girip antiklinal boliinerek NF e yanit
vermektedir [15]. Boylece nodiil primordiyumu
olusmaktadir. Hiicre dongiisii aktivasyon siirecinin bir
parcast olarak, nukleus ceper bdlgesinden merkezi
pozisyona gd¢ etmektedir. Bu olay dis korteks
hiicrelerinde de ayni sekilde meydana gelmektedir
ancak hiicre dongiisiiniin G2 fazinda kalmaktadir [72].
Bu Dbolgedeki hiicreler radyal olarak dizilmis
hiicrelerarasi sitoplazmik kdpriiler ile beraber bir kolon
olusturmaktadir ve bu yapiya enfeksiyon dncesi ipligi
ad1 verilmektedir.

3.4. Simbiyosom

Bakterinin hedef dokusu olan bitkinin i¢ korteks
hiicrelerine ulasmasiyla, hiicre igerisinde yeni bir
yapilanma olusmaktadir. Herbir bakteri hedef hiicre
tarafindan tek tek endositoz yolu ile enfeksiyon
ipliginden kokenlenen membrana sarilarak hiicre igine
alinmaktadir [31]. Bitki kokenli bu membrana
peribakterioid membran adi verilmektedir. Herbir
bakteriyi igeren endositik membran ile ¢evrili bu yap1
simbiyosom olarak bilinmektedir [68]. Belirgin
olmayan nodiilde, bakteri hiicreleri ve onu ¢evreleyen
peribakterioid membran es zamanli olarak azot fikse
eden bakterioide doniismeden Once boliinmektedir
[73]. Simbiyosom azot fiksasyonunda bir birlik
olusturmaktadir ¢iinkii membran yapis1 besin taginimi
ve amonyumun salgilanmasi gibi olaylarda konakgi
hiicre ile iliski halinde bulunmaktadir. Rhizobium
simbiyosom igerisinde degismekte ve yeni enzim
sistemleri i¢in tegvik olmaktadir [74]. Belirgin olmayan
nodiil yapisinda, 6n enfeksiyon alani, enfeksiyon alani,
fiksasyon alanit ve senesens alani olmak tizere dort
bolim bulunmaktadir. Diger nodiil tipi olan belirgin
yapida ise sadece merkezi enfeksiyon alani
bulunmaktadir [74]. Her iki nodiil tipinde de diisiik
oksijen seviyesi mevcuttur. Dis korteks hiicreleri
oksijen sizmasina karst fiziksel bir bariyer
olusturmaktadir. Ayrica nodiil dokusunda 6zel olarak
olusturulan  leghemoglobin var olan oksijene
baglanmaktadir. Nodiil yapisinda diisiik oksijen miktari
gereklidir ¢linkil oksijen varliginda nitrogenaz enzimi
hizla denature olmaktadir [74].

Medicago bitkisinde S. meliloti ile erken enfeksiyon
siirecinde El aginda yiiksek oranda polarize bir durum
bulunmaktadir. Kok tiiylinde baslayan iplik yapist
gelisen nodiill primordiyumuna dogru dallanarak
biiylimektedir. Enfeksiyon ipliginin gegtigi hiicrelerde
sitoplazma polar yapt kazanmaktadir. Nodiil
primordiyumunda enfekte olmamis ve aktif hiicreler
nodiiliin i¢ korteks hiicrelerinde organize olmaktadir.
Nodiil biiyiimesinde, meristem arkasinda Ei ag
gelisime devam etmektedir ve nodill dokusunda
oldukca  dallanmig yapida enfeksiyon alani
olugmaktadir [31]. Medicago gibi belirgin olmayan
nodiil yapisinda, meristem dokusu devaml olarak kdk
disina dogru bilylimektedir. Meristem disa dogru

hareket ederken, EI meristem dokusunun arkasina
dogru biiyiimek zorundadir. Boylece yeni bdliinen ve
genisleyen hiicreler enfekte olmaktadir [31]. EI nin
nodiil icerisinde nasil yayilldigi tam olarak
bilinmemektedir. Enfeksiyon alanindaki EI ag1 polar
yapida olup disa dogru ilerleyen meristem boyunca
genislemektedir.

IV. SONUC

Baklagil familyasina ait tiirlerin, bitkisel protein
kaynagi olma 6zelligi tarimsal diriinler i¢in de 6nemini
ilk siralara tasimaktadir. Baklagiller, rizobiyal
bakteriler ile simbiyotik iligki kurmasi sonucu olusan
nodiil dokusu, atmosferik azotu kullanilabilir organik
forma baglama yetenekleri nedeniyle tarimsal
stirdiiriilebilirlik ve kiiresel azot dongiistinde 6nemli bir
rol oynamaktadir. Bu nedenle, birgok baklagil tiirii
nodiiler azot fiksayon mekanizmasinin molekiiler
diizeyde aydinlatilmasi icin model bitki olarak
calisilmaktadir. Aym1 zamanda, nodiil mekanizmasi
hakkinda  bilginin  ¢ogalmasi,  biyoteknolojik
yaklasimlar kullanilarak daha verimli bitkisel {iretimin
saglanmasinda kaynak olusturacaktir.
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Abstract

Geothermal energy is one of the most important renewable energy sources which provides a massive contribution to the existing
region. Low-enthalpy resources are convenient, especially for direct usage applications such as household and greenhouse
heating and thermal tourism with today's technology. Direct usage applications have social and economic positive effects via
supplying the primary demand of the local communities, such as heating and nourishment. Although geothermal energy is
clean and renewable, that causes adverse environmental impacts during drilling or usage stages. Therefore, some criteria should
be taken into consideration for the sustainable evaluation of the source. These criteria can be identified within the determined
framework of sustainable development goals for each resource. In this study, a newly discovered geothermal energy resource
at Kirklareli- Asilbeyli Region is investigated for potential applications according to the UN (United Nations) Sustainable
Development Goals. It is pointed out the precautions should be taken into consideration from the discovery phase until the end
of life for sustainable use of the source.

Keywords: sustainable development, geothermal energy, sustainability goals, Kirklareli.

Oz

Jeotermal enerji, yenilenebilir enerji kaynaklarmin en Onemlilerinden biri olup, bulundugu bolgeye Onemli katkilar
saglamaktadir. Bu kaynagi, konutlarda ve seralarda 1sitma amagli olarak veya termal turizm amaciyla dogrudan kullanabilmek
icin giinlimiiz teknolojisiyle diisiik entalpili sahalar yeterli olabilmektedir. Dogrudan kullanim uygulamalar1 bolge halkinin
1sinma ve beslenme gibi temel ihtiyaglarini karsilayarak ekonomik ve sosyal olarak olumlu etkiler yaratmaktadir. Jeotermal
enerji temiz ve yenilenebilir olmasina ragmen sondaj esnasinda veya kullanim agsamasinda g¢evresel agidan olumsuz etkilere
neden olmaktadir. Bu sebeple enerji kaynaginin siirdiiriilebilir olarak degerlendirilmesi igin bazi kriterler dikkate alinmalidir.
Bu kriterler her bir kaynak i¢in belirlenen ¢erceve kapsaminda siirdiiriilebilir gelisme hedeflerine uygun olarak belirlenebilir.
Bu caligmada Kirklareli-Asilbeyli Bolgesi’nde yeni bulunan jeotermal enetji kaynaginin potansiyel kullanimi BM (Birlesmis
Milletler) Siirdiiriilebilir Kalkinma Hedeflerine gore incelenmistir. Kaynagin siirdiiriilebilir olarak kullanilmas: i¢in kesfinden
kullanim 6mrii sonuna kadar gerekli 6nlemlerin alinmasi gerektigine dikkat gekilmistir.

Anahtar Kelimeler: siirdiiriilebilir gelisme, jeotermal enerji, stirdiiriilebilirlik hedefleri, Kirklareli.

I. INTRODUCTION

Energy is the most significant power that shapes the necessities of the world. Increasing population,
industrialization, technological improvements lead the world to crisis globally due to finite fossil sources of energy.
In order to get a solution to this crisis, fossil energy sources should be replaced by renewable sources gradually.
The widespread use of renewable energy sources will be effective in preventing ongoing environmental problems
caused by conventional energy sources. According to the Renewables 2018 Global Status Report (REN21) [1], the
non-renewable electricity accounts for 73.5% in the global electricity production by the end of 2017. Countries
that export petroleum began to search for ways to increase the usage of renewable energy sources for most of their
energy needs. Erdil and Erbiyik, and Olabi [2,3] indicated that researches and developments should be achieved
the hope of 100% renewable energy by 2050, not only for the developed countries also with the most of the
developing countries as well. Moreover, Connolly et al. [4] have claimed 100% renewable energy system in Europe
is technically possible by the year 2050 by using the smart energy system approach.
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Since renewable energy sources also have adverse
environmental effects, they should be examined under
a sustainable development point of view. Sustainable
development is defined as providing today's needs
without sacrificing the ability of future generations to
meet their needs in the Brundtland's report [5]. In this
context, sustainable energy can be defined as the energy
sources that are expected to be consumed in a time
period related to the human generation [6]. The
definition indicates the widespread use and utilisation
of renewable energy sources in a sustainable manner.
Those are the main strategies for energy, environment,
and climate change-related issues. On the other hand,
energy should be provided by an affordable, accessible,
and reliable manner while considering equitable
distribution in meeting the economic, social, and
environmental needs of the society. Particularly, energy
production and consumption should be within the scope
of sustainable development terms that lead to efficient
use of the resources. The United Nations (UN) set 17
goals for a globally better future, and those are intended
to be achieved by the year 2030 [7].

Renewable energy includes solar power, wind, wave,
tidal, hydropower, geothermal, biomass, organic waste.
Especially, geothermal energy is a type of renewable
energy that has been produced commercially for nearly
a century, both using directly for heating and
transformed into electricity [8]. Geothermal resources
are classified as low, medium, and high enthalpy
resources by their reservoir temperatures [9]. High
enthalpy resources are defined when reservoir
temperature is higher than 150°C, for the temperature
70°C-150°C that is called medium enthalpy and low
enthalpy resources are called for the temperature 20°C-
70°C. Medium to high enthalpy resources are used for
electricity generation, whereas medium or even low
enthalpy sources can be used directly for heating
purposes.

Geothermal energy may be utilised in a sustainable
manner by means of not damaging the source, which is
possible by replacing the energy of the source [10].
Execution of any geothermal project should follow the
perspective of sustainable development in order to save
the environment for the future, and obtain its ground
and underground richness. Direct thermal extraction of
the geothermal resource is increased to 25 GWth of
total capacity globally, whereas space heating is one of
the fastest growing sectors. Particularly, Indonesia and
Turkey contributed to the three-fourths of 0.71 GW
additional capacity in 2017 by bringing the total global
capacity to approximately 12.8 GW. Moreover, Turkey
has a grand geothermal energy potential and utilisation
ratio, which is listed in the top 5 countries of both
power and heat capacity among the US, Indonesia,
China, Iceland, Japan, Hungary, with 1.1 GW installed
geothermal power by the end of 2017 [1].

Due to execute any sustainable project, an individual
framework, which consists of themes and subthemes

for the actions to reach sustainability goals is needed.
In order to apply the correct framework, The
Commission for Sustainable Development (CSD) has
called core indicators under these themes and
subthemes of the actions to measure and calibrate
progress towards sustainable development goals for the
development. Accordingly, a sustainable development
indicator (SDI) is explained as a "quantitative tool that
analyses  alterations, while  evaluating and
communicating progress towards the sustainable use
and management of economic, social, institutional and
environmental resources” [11]. The indicators also
provide an overview of the progress towards a more
sustainable economy, society and environment.
Furthermore, the indicator framework may be a starting
point for decision makers for sustainable energy
projects.

Evans et al. [12] stated that environmental footprint has
to be taken into account for all planned energy projects,
especially for future investments. The environmental
footprint expresses the entire lifecycle from reserve
mining to processing with emissions, including waste
management, particularly reinjection for geothermal
projects. In the evaluation of each stage of renewable
energy utilisation, the qualification of the impact must
be identified with key indicators. The indicators should
be based upon environmental, economic and social
impacts, resource consumption, waste management,
gas emissions, availability of renewable energy
sources, and the economic added value, especially to
the local economy. Furthermore, Santoyo-Castelazo
and Azapagic [13] stated, sustainable energy systems
require the consideration of three sustainability
dimensions, including environmental, economic, and
social impacts. Accordingly, certain indicators under
the specified themes should be chosen fitting to the
region's characteristic properties for creating a
framework to reach the settled sustainability goals.
Besides, Shortall et al. [14] defined the sustainability
assessment framework, which includes established
goals, themes, and indicators that suit geothermal
energy projects in Iceland, New Zealand, and Kenya.
They determined the goals towards the sustainable
geothermal energy, where environmental management
was the common goal, and water usage was the most
crucial environment-related issue. The study pointed
out the fact that sustainable geothermal projects must
be analysed locally, and goals must be picked due to
region's needs.

Turkey has goals in accordance with sustainable
development, like most of the developing countries.
According to the 2010-2014 development plan [15],
ensuring efficient, effective, safe, and environment-
sensitive use of energy from natural resources is a
mission for the path of reducing the external energy
dependency of Turkey. In this way, the country's
welfare  will be improved. Correspondingly,
sustainability is designed as a framework that covers all
energy related themes in the latest strategic plan of



Geothermal Energy

Int. ). Adv. Eng. Pure Sci. 2021, 33(1): 11-17

Turkey. All the objectives, targets, and strategies of the
plan are based on the principles of environmental,
economic, and social sustainability that all make the
development of renewable and sustainable energy of
Turkey [16]. Furthermore, Turkey has also set a
desirous target of supplying 30% of all electricity
demand from renewable energy sources in 2023 [17].
Turkey has abundant renewable energy sources of
hydropower, biomass, wind, geothermal, and solar
energy. Even though all are crucially important to
supply energy, they have a dependency on the weather
conditions except geothermal energy, which can
provide energy all the time of the year [18]. Turkey is
located on the Mediterranean portion of the Alpine—
Himalayan Tectonic Belt and one of the wealthiest
countries in the matter of geothermal resources around
the world [19]. Due to this potential, new geothermal
reservoirs are being discovered all over Turkey.
Likewise, low-enthalpy geothermal resource in
Asilbeyli-Kirklareli City at Thrace Region is newly
discovered by Mineral Research and Exploration
(MTA) [20]. Thrace Region is located on the north-
west side of Turkey, including three cities named
Tekirdag, Kirklareli, and Edirne, partially of Istanbul
and Canakkale cities. Corlu, Cerkezkdy, Liileburgaz,
and Kesan are the big towns of the Region, those have
a high capacity of industrial zones and takes the
significant burden of Istanbul's production, have
various exporting factories and provide a variety of
goods to all over Turkey. The industrial establishments
promote not only the economic growth of the Region
but also the population increase, those result raising of
energy demand excessively. Accordingly, there are
many power plant investments, both existing and
planned, including fossil fuels (coal and natural gas)
and renewable energy sources (wind, solar, and
biomass) in the Thrace Region. One of the newest
geothermal energy resources in the Region may be an
alternative sustainable renewable energy source option.
Geothermal energy is one of the vital renewable and
clean energy sources that can provide a massive
contribution to the Region via direct or indirect usage
for energy supply. That may be a very critical energy
resource by providing the return on investment in a
relatively short time and relatively less environmental
damage.

The operation of geothermal plants should be reliable,
and the security of supply should be prioritized. This
paper aims to present the sustainable use option of the
geothermal energy source in Asilbeyli-Kirklareli
location that is one of the significant alternative
renewable energy sources in the Thrace Region. In this
study, the most related sustainable development goals
are examined due to the available data for the
geothermal energy source; those are mentioned in the
materials and method section.

I1. MATERIALS AND METHOD
An individual framework is needed for potential

projects to be able to reach the goals, and the
framework consists of indicators to point out the levels.
Asilbeyli-Kirklareli geothermal energy source was
evaluated basing on the related four main goals
mentioned by the UN [7]. The data obtained from MTA
[21] for the drilled geothermal well were used for the
evaluation of the resource potential for sustainability
basing on the identified goals. The geothermal reservoir
has a depth of 1500 m. According to well test data, the
maximum well static temperature is 74.38°C at 1476
meters, and the reservoir level is around 1100-1200
meters according to the water loss test that indicates the
temperature is between approximately 55°C and 64°C.
The other specifications of the well are given in Tablel.

The energy potential of the well is convenient for direct
usage applications such as household heating, green
housing, and thermal tourism. Direct usage applications
can be critical for basic demand, such as the heating and
nourishment of the local communities in Kirklareli. The
well has 2.38 MWt (MW thermal) energy potential that
can be utilised for heating of 340 houses, green housing
area of 12,500 m?, and potential of thermal tourism for
approximately 2,600 people [21]. The most related four
goals have been identified to specify the sustainability
of the geothermal resource through the 17 goals from
"The global indicator framework for the Sustainable
Development Goals and targets of the 2030 Agenda for
Sustainable Development™” defined by UN [7]. Since
Kirklareli has a significant agricultural production, this
geothermal energy source should not cause any water
and soil pollution. And this potential's execution should
be economically feasible. Therefore, all these criteria
had been taken into consideration with compatibility of
Kirklareli. The goals selected according to the location-
based and geographic conditions are mentioned below:

Goal#l: Clean Energy, that is related to "ensure
access to affordable, reliable, sustainable and modern
energy for all" (Goal#7) and "make cities and human
settlements inclusive, safe, resilient and sustainable
(Goal #11), [7] which accounts for the fluid that
generated from geothermal reservoirs is replaceable by
naturally with groundwater or reinjected from the
surface which makes the source sustainable. That is
mentioned as the main goal in all the geothermal
projects as the source generate clean energy and
replenished naturally.

Goal#2: Zero hunger, that is related to "end hunger,
achieve food security and improved nutrition, and
promote sustainable agriculture” (Goal#2) and UN's
Goal #7 [7]. Maximizing the utilisation of geothermal
energy is essential and also contributes to
sustainability. The production rate should be balanced
according to the purpose of the use.

Goal#3: Economic growth and well-being,
geothermal power plants, heating and cooling systems
should be cost-effective and financially suitable in
order to supply benefits to the Region. The project
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should carry net positive national and community
economic benefits. This goal is related to "promote
sustained, inclusive and sustainable economic growth,
full and productive employment, and decent work for
all" (Goal#8) and "ensure healthy lives and promote
well-being for all at all ages" (Goal #3)[7].

Goal#4: Clean water, a geothermal resource, should
be utilised causing no adverse environmental effects,
and water usage must not interfere with determined
beneficial usage of the water resource. This goal is
related to “ensure availability and sustainable
management of water and sanitation for all" (Goal#6),
[7]. Geothermal operations, even from the drilling
process, produce gas emissions and wastewater, which
may include heavy metals as Arsenic, Mercury,
Ammonia, and Boron at various levels. Higher
concentrations of heavy metals may cause serious
health problems. They also contaminate soil and water
sources (both surface and groundwater) used for
drinking and agricultural purposes; therefore,
reinjection should be applied with comprehensive
geothermal  resource  management, particularly
sustainable utilisation of the resource.

Table 1. Chemical analysis lab results of water from
geothermal source [21]

Sample Location Kirklareli - Asilbeyli
Temperature and Flow | 57°C, 30 I/sec (compressor)
Rate 3.5 I/sec (artesian)
Smell-Taste -
Coordinates E-18 d2 X: 4614580 Y:
0520080
mg/|

Na* 645

Ca*™ 4,04
Cations Mg** 1,74

NH4* 53

Total 656,08

HCOs" 993

COs - <10

SO«4 - 2,89

Cl- 480
Anions  |F~ 12

Br- 1,5

NOs- 0,64

(Ptgtgl) <0,1

Total 1.490,03
Others SiO2 25,1
;I’rg;a}ll)Mineralization 217121
pH (26,8 °C) 79
Total Hardness 1A°
Temporary Hardness 1A°
Permanent Hardness 0 A°

Water's Class, according to the International Hydrogeologists
Union's (IHU) Standards: hot mineral water with sodium,

bicarbonate, and chloride.

I11. RESULTS AND DISCUSSIONS

The results of the sustainability evaluation of the
Asilbeyli-Kirklareli geothermal energy source based on
the identified four goals in this study are mentioned
below.

The well can be capable of heating 340 houses that is
convenient to the Goal#1, clean energy. The use of the
geothermal source for house heating would affect the
community via supplying affordable, reliable,
sustainable, and modern energy use, and increase
substantially the share of renewable energy in the total
energy mix of Turkey, contributing to the UN's targets
for 2030 as convenient to the Goal#7 and Goal #11 [7].
Moreover, house heating benefits with geothermal
energy sources are pointed as the use of national and
clean energy, modularity, high efficiency, easy to use,
lower transportation and maintenance costs, and
diversity of usage. Besides its benefits, there might be
some limitations during house heating by geothermal
source usage, which can be listed as geothermal fluid
composition, wellhead flow, usage density, source
temperature, the distance between the wells, and the
usage area [22]. Distance between the well and usage
areas set the limit between source temperature and fluid
temperature, which reaches to houses to be heated. This
limitation has to be balanced while choosing the houses
to be heated by their locations. Furthermore, 340
houses in Kirklareli may cover some number of villages
that are already using coal for heating. Using
geothermal energy will improve the air quality of the
city by avoiding significant emissions such as
particulate matter, CO», CO, SOx, and NOx, causing
severe air pollution occurring by coal combustion.
Moreover, 2,38 MW! capacity can utilise 0,124% of the
annual electricity demand of Kirklareli city [23], which
is convenient to the Goal#1, clean energy.

The potential of the well is convenient for 12,500 m?
area of green housing, which benefits directly to the
agriculture, whereas indirect environmental and
economic benefits are convenient to the Goal#2, zero
hunger, and Goal #3, Economic growth and well-being.
Geothermal energy has several advantages such as:
relatively cheaper than fossil and other alternative
energy sources, it is reliable and has no risks of fire or
explosion, needs minimum space compared to hydro or
photovoltaic, the installation is easier and faster, shorter
operation and maintenance time (6 months to 1 year)
and has long facility life. Moreover, the use of
geothermal resources for green housing is crucial and
has various advantages comparing to the other energy
sources. Proper heating system could increase the
insemination efficiency that causes the efficiency
increase of the whole greenhouse system up to 50-60%.
[24]. Pumping carbon dioxide from the geothermal
resource into greenhouses also increases the efficiency
up to 40% via positive effect to photosynthesis.
Additionally, the ideal temperature gives the
opportunity of production without synthetic growth
hormones to the plants [25]. Since Kirklareli has a
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significant agriculture potential, green housing heating
by geothermal source can contribute Region's
sustainable agriculture production. This potential also
matches up with UN's Goal#2 which has been
established as, "ensure sustainable food production
systems and implement resilient agricultural practices
that increase productivity and production, that helps
maintain  ecosystems, strengthens capacity for
adaptation to climate change, extreme weather,
drought, flooding and other disasters and that
progressively improve land and soil quality” and Goal
#7 as "ensure access to affordable, reliable, sustainable
and modern energy for all" [7].

Goal#3, Economic growth and well-being is correlated
with the thermal tourism potential of the source for the
2,600 individuals. Tourism activities may have a
positive impact on the Region's economy and
recognition of Kirklareli that is one of the requirements
for the socio-economic development of the city.
Furthermore, the direct use of geothermal energy can
also provide local employment opportunities. There is
also an ongoing thermal hotel project at Saray-Tekirdag
in the same region for 3,000 individuals and has similar
potential with Asilbeyli well as 2.5 MWt equivalent
energy potential, 13,158 m? of green housing and 358
household heating [26]. Asilbeyli may be another
thermal tourism centre in the Thrace Region with a
capacity of 2,600 individuals.

Avoiding the pollution of the environment is one of the
main purposes of the Goal#4, clean water. The
environmental impacts cover the disruption of the
atmosphere, water, and soil owing to waste issues.
Conservation of water resources for the determined
beneficial use purposes, e.g., potable, irrigational,
reinjection process of the geothermal reservoir is
obligatory. For the prevention of both surface and
underground water sources from contamination with
heavy metals and other pollutants, reinjection and
filtration should be applied to the geothermal fluid.
These are also parallel with the UN's target for 2030,
which includes "improving water quality by reducing
pollution, eliminating dumping and minimizing release
of hazardous chemicals and materials, halving the
proportion of untreated wastewater, and substantially
increasing recycling and safe reuse of water globally"
[7]. Therefore, water analysis of the geothermal
resources has to be evaluated carefully for
environmental sustainability. According to the water
analysis of the well in Asilbeyli Na, CI, Pb, Zn, Cu, Ni,
B are within the limits of the World Health
Organization (WHO) standards for direct usage of
agricultural purposes. However, fluoride is detected
higher than the standard level of 1.5 mg/I of the WHO
standard, [27] for potable water, which should be taken
into consideration for public health.

Moreover, Yilmaz and Kaptan [28] pointed out the
adverse environmental effects of geothermal plants,
especially Boron toxicity, heavy metals, and

microclimatic changes due to the downhole fluid
generated during the drilling, stimulation, and
production phases. The main environmental problems
were mentioned as the poisoning of both surface and
groundwater, and harming the local vegetation in the
study.

Another study from Koémiircii and Akpinar [29] states
that certain treatment techniques of the waste fluid has
to be applied in order to minimise environmental
problems caused by geothermal energy usage, and the
reinjection of the waste water is essential for both
environmental and reservoir protection. Dumanoglu,
[30] has recently investigated H,S concentrations in the
air near Aydin and Manisa, where the majority of the
geothermal power plants based, and found the
concentrations were below the limit, but it has to be
monitored continuously due to increase in production.

Furthermore, Tut Haklhdir [31] stated that the
sustainability of geothermal reservoir relies on
optimum geothermal fluid production which is possible
with reservoir protection, well optimization, reservoir
pressure control and effective reinjection scenarios in
the geothermal field. Also, geothermal reservoirs have
various thermodynamic conditions that require
continuous hydrogeochemical monitoring [31].

The selected goals in this study basing on the UN's
sustainable goals are summarised with Table 2.

Table 2. Goals selection for Kirklareli City

Selected Goals From UN's
Goals For 2.38 MWt Source At
Kirklareli City [21]

UN'S Sustainable
Development Goals [7]

Goal #7: Affordable and
GOAL 1: Clean energy for | Clean Energy
sustainable city for heating of 340

Houses

Goal #11: Sustainable Cities
and Communities

Goal #2: Zero Hunger

GOAL 2: Zero hunger for 12,500
m? capacity of green housing

Goal #7: Affordable and
Clean Energy

Goal #3: Good Health and
GOAL 3: Economic growth and Well-being
well-being for 2,600 people

capacity of geothermal tourism

Goal #8: Decent Work and
Economic Growth

GOAL 4: Clean water preserving
water for sustainability of the
source via reinjection for all
utilisations

Goal #6: Clean Water and
Sanitation
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IV. CONCLUSION

Increasing the use of renewable energy and sustainable
use of all the energy sources would be permanent
solutions for energy-related global current and future
problems. As a renewable energy source, geothermal
energy is offered as an alternative to fossil fuels.
However, the use of geothermal energy sources has
environmental impacts as all other energy sources.
Sustainability should also be applied to renewable
energy use as well as conventional fossil energy use via
systematic applications of sustainable development.
Sustainable geothermal energy is possible if the
precautions can be applied to avoid negative impacts
even before utilising it. The precautions have to be
taken by following the indicators and corresponding
sustainable development goals from the discovery
phase to the end of life.

In this study, Asilbeyli-Kirklareli geothermal energy
source was evaluated based on the location-based
sustainable development goals identified by the UN [7].
Sustainable utilisation of the geothermal energy source
will contribute the environmentally friendly renewable
energy use in Kirklareli. This approach would also be
widespread to the other types of renewable energy
sources, especially wind, hydro, and biomass power
plants. Hence, precautions and decisions have to be
made within a sustainable development framework
considering the identified goals.

This study is important and contributes to science by
taking attention to the environmental effects of
renewable energy sources and in terms of identifying
the criteria for evaluating the source for a sustainable
development approach, particularly via defining the
related location-based goals. In the decision-making
process, attention should be drawn to the assessment
criteria for a sustainable renewable energy supply
approach. Some of the other remaining goals, such as
"ensure sustainable consumption and production
patterns and take urgent action to combat climate
change and its impacts,” may also be evaluated for all
geothermal energy resources to be used in a sustainable
manner; those may be the subject of a future work.
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Abstract

Predicting the stock market instrument price is a valuable but challenging machine learning task. Researchers use advanced
techniques to improve the generalization ability of stock prediction models. However, considering that the stock market highly
depends on the political and macroeconomic developments as well as the mood of the related investors, the models that use
only stock prices fail to cover all factors affecting the stock market. Therefore, to improve the prediction accuracy of stock
market prediction, in this study, we first apply sentiment analysis to the news related with the market and related stock, and
then combine the sentiment labels of the news with stock prices and commonly used technical indicators. The obtained
cumulative dataset is used to train a long short-term memory recurrent neural network, and the output of this regression model
is used in the prediction of the closing price movement to decide whether the closing price next day will be higher. The
experiments performed on 8-year data showed that while the F1 score of the model built without sentiment analysis was around
0.56, it has increased to 0.65 when stock prices are combined with sentiment labels. The results show that the model with
sentiment labels fits better to the actual prices especially when there is a high volatility in the stock price.

Keywords: Recurrent Neural Network, Long Short-Term Memory, Text Classification, Sentiment Analysis, Technical
Analysis.

Oz

Pay piyasasindaki bir enstriimanin fiyatini1 tahmin etmek, oldukc¢a degerli ve ayn1 zamanda olduk¢a zor yapay &grenme
gorevlerinden biridir. Arastirmacilar hisse fiyat tahmin modellerinin genellenebilirlik kabiliyetlerinin arttirilmast igin ileri
teknikler kullanmaktadir. Ancak, hisse senedi piyasasinin politik ve makroekonomik haberler ve yatirimcilarin duygu durumu
ile yakindan iligkili oldugu diisiiniildiigiinde, yalnizca hisse fiyat bilgisini kullanan modeller hisse senedi piyasasini etkileyen
tiim faktorleri kapsama konusunda yetersiz kalmaktadir. Bu nedenle, bu ¢aligmada, hisse senedi tahmin basarisinin arttirilmasi
icin piyasa ve ilgili hisse haberlerine duygu analizi uygulanmakta ve daha sonra duygu etiketleri ile hisse fiyatlar1 ve en sik
kullanilan teknik indikatorleri birlestirilmektedir. Elde edilen kiimiilatif veri kiimesi bir kisa uzun-hafizali 6zyinelemeli sinir
agmin egitilmesinde kullanilmig ve bu regresyon modelinin ¢iktist bir sonraki giiniin kapanig fiyatinin daha yukarida olup
olmayacagini tahmin etmek i¢in kullanilmstir. Sekiz yillik hisse senedi verisi {izerinde yapilan deneyler, duygu analizi olmadan
kurulan modelin F1 skoru 0,56 civarinda iken, hisse fiyat1 duygu etiketleri ile birlikte kullanildiginda bu degerin 0,65 civarina
yiikseldigini gostermistir. Elde edilen sonuglar, 6zellikle piyasada yiiksek volatilite oldugunda, duygu etiketini kullanan
modelin gergek hisse fiyatlarina daha yakin oldugunu gostermektedir.

Anahtar Kelimeler: Ozyinelemeli Sinir Aglar;, Uzun Kisa-Dénem Hafiza, Metin Siiflandirma, Duygu Analizi, Teknik
Analiz.

I. INTRODUCTION

Recently, there is an increasing interest in building stock price prediction models using various methods [1]. Most
of the stock prediction works are based on the use of quantitative data consisting of historical stock prices and
various technical indicators which can be taken from various financial data providers. These studies generally
build statistical or machine learning-based prediction models to estimate the future stock prices [1, 2].

Improved prediction techniques that can cope with complex and non-linear dynamics of the stock market data such
as deep learning methods have been applied the stock prediction problem [3-5]. However, the studies that use only
numerical data for prediction mostly suffer from the lack of the use of some hidden factors in the input space such
as the expectations about the related stock, mood of the society, micro/macro-economic and political
developments. The relation between the past and current stock price and the future price refers to such factors
which cannot be easily integrated to the prediction system. The investors and experts utilize fundamental analysis
techniques to incorporate such factors into their investment decisions. In recent years, with the availability of
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different platforms that may possess information about
these hidden factors, some researchers have also
attempted to include these factors in their prediction
models. These studies generally combine historical
prices with sentiment analysis of text data collected
from various sources [6-9].

In this study, we aim to evaluate the effect of
integrating investor sentiment into stock prediction task
for Istanbul Stock Exchange. For this purpose, we build
a model that predicts next day’s stock price movement
using historical stock prices, news about the related
stock, and financial and political news. We perform
sentiment analysis to the news using a recently
developed library, FastText, which is used to obtain
vector representations for words [10]. We classify each
news as positive, negative or neutral, extract features
from the sentiment outputs and feed these features to
long short-term memory recurrent neural network
(LSTM-RNN) algorithm as input together with the
stock prices. We present the comparative results, with
and without sentiment analysis, on a stock price dataset
collected from Istanbul Stock Market.

One of the main contributions of this study is to use a
longer period data, 8 years, to build the model. Most of
the existing studies that combine sentiment analysis
and historical data for stock prediction use a shorter test
period [6]. We use a fast and efficient word embedding
library for sentiment analysis, FastText, which has
shown great success on various datasets [11-14].
Instead of feeding the outputs of sentiment analysis
directly to the system, we extract features by combining
the probability estimates of classes and the favorite
count of each news. Thus, the importance of the news
is also taken into account to generate the input. Another
contribution is, to the best of knowledge for the first
time, to combine sentiment analysis of news in Turkish
language with price information and technical
indicators for the prediction of a stock in Istanbul Stock
Exchange. Although there are some previous works
that analyze the impact of investor sentiment on
conditional volatility and stock returns in Istanbul
Stock Exchange [15, 16], different from these studies
we integrate investor sentiment with price information
using machine learning techniques for stock prediction.
Considering that the financial market in emergent
countries is highly sensitive to macro-economic and
political news, we aim to test to what extent sentiment
analysis can improve the prediction of the stock
variability in Istanbul Stock Exchange.

The rest of this paper is organized as follows: Section 2
gives the related works that combine sentiment analysis
and stock prices. Section 3 includes the description of
the news and stock price datasets. The overview of the
methods used in this study are explained in Section 4.
Then, in Section 5, the sentiment classification and
stock prediction results are presented. Finally, we
conclude in Section 6.

Il. RELATED WORK

There are some literature studies that analyze the effect
of sentiment analysis in stock prediction. These studies
generally follow one of the following two approaches.
The first approach is to apply sentiment analysis to the
text data related with the stock and then perform a
correlation analysis between the sentiment of the text
data and price or movement direction of the stock [8].
The second approach is to combine the sentiment
information of the related text data with the stock price
information and predict the price or movement
direction with statistical or machine learning
approaches using the combined data as input. In this
section, we focus on the studies that follow the second
approach since, similar to those studies, we evaluate the
effect of sentiment analysis by combining it with the
stock price data.

The sentiment analysis in the related studies is
performed on the news collected from financial news
providers or from comments of the related community
in various social media platforms. In one of these
studies, Nguyen et al. [6] extracted topics and related
sentiments from the text in a message board and
combined the obtained data with the historical price
information to predict the stock movement. They
designed the prediction problem as a binary
classification problem, whether the stock price will be
up or down, and used support vector machines with
linear kernel for prediction. They used only the last two
day’s prices and sentiment analysis data as input to
predict the next day’s adjusted closing price. The
results of their experiments performed on 1-year data
on 18 stocks showed that the stock-price based model
can be improved by around 2% accuracy in average by
integrating the sentiment analysis into the model. They
also noted that for the stocks that are difficult to predict,
the improvement was around 10%. This finding might
be a motivation to use sentiment analysis in the
prediction of emergent countries’ stocks since there is
a higher volatility in these markets.

Liu et al. [9] aimed to predict the stock volatility in the
Chinese market using stock price data with sentiment
analysis. They, similar to our study, fed the fused input
to recurrent neural networks for prediction. For
sentiment analysis part, they extracted emotional words
and assigned a weight to each of these words. They
used the sum of weighted sentiment scores of all terms
to represent the sentiment polarity of the related
content. The dataset used in this study belongs to 250
trading days. They have tried many different time-step
values, i.e. the length of historical data that will be used
for prediction and found 10-days period as the optimal
value. The results showed that the accuracy can be
improved up to 12%, from 57% to 69%, by using
sentimental information as input.

In another related work, Li et al. [17] proposed a
sentiment-aware stock market prediction system. They
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used Naive-Bayes to classify forum posts as positive,
negative, or neutral, combined this information with
stock prices and gave it to LSTM-RNN to predict
opening and closing prices of the next day. They also
compared the LSTM-RNN results to SVM and
concluded that LSTM-RNN outperforms SVM due to
its ability of handling temporal sequences. They
achieved an average F1 score of 0.63 for the sentiment
classification task with Naive Bayes. When the output
of sentiment analysis is fed to the prediction model with
stock price data, they achieved 88% accuracy for
opening prices and 50% accuracy for closing prices.

Zhuge et al. [18] combined sentiment analysis and
stock price data to predict the exact stock price in
Shanghai Stock Exchange instead of predicting the
movement of the stock. They also used Naive Bayes to
classify the posts in the forums as positive or negative.
The combined data is fed to LSTM-RNN. We should
note that, different from our study, they built the model
to predict the opening price of the stock, which is an
easier task than predicting the closing price since the
input belonging to the previous days contains more
recent information about the opening price.

Day and Lee [19] performed experiments to evaluate
the effect of using different finance news providers in
stock price movement using a deep-neural network
architecture. They collected the news data from 4 news
providers and the obtained results on the collected data
showed that different financial news providers have
significantly different effects to investors and their
investments.

Weng et al. [20] fused information taken from multiple
data sources to better predict the stock movements.
They do not perform a sentiment analysis but instead
use data from knowledge bases such as Google and
Wikipedia to represent the public’s collective interest
in the related stock. They specifically give the number
of visits made to the Wikipedia pages of the related
stock and the amount of online content produced for the
related stock into the model along with some technical
indicators and stock prices. They performed
experiments on Apple NASDAQ stock movement data
spanning 37 month-period from May 1, 2012 to June 1,
2015. Their findings showed that combining stock price
data with the information extracted from such
knowledge bases may help to build more generalizable
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prediction models.

I1l. DATASET DESCRIPTION

In this section, we provide details about the news and
stock price dataset used in our experiments. We also
give the pre-processing operations applied to the text
data in this section.

3.1. Stock Data

Financial data can be collected from various data
providers. In our study, we used Bloomberg platform to
collect price information of a stock from Istanbul Stock
Exchange. For this purpose, first, we collected daily
price of GARAN stock for the years between 2010 and
2018. This dataset has 1892 data points each of which
belongs to a trading day in Istanbul Stock Market in the
specified time interval. We aim to predict the next day’s
closing price using the data belonging to the previous k
days, where k represents the length of the historical data
that will be used for the prediction. The output variable
is a binary-coded variable whose value has been
determined according to the sign of the difference
between the closing price at time t and closing price at
time t-1. The increase in price is represented with 1 and
decrease in price with 0. The stock price historical data
fed as input to the prediction model consists of the
opening, highest, lowest and closing prices of the
previous days.

3.2. Financial News Data

For the sentiment analysis part of our study, we
received related political and financial news from
Twitter. We collected 8 years of news about economy,
politics and stock itself. We aim to obtain more reliable
results by working with 8 years of data. Another
advantage of using a long period of training data is that
there are many seasonal movements and trends in the
specified interval.

Figure 1 shows the distribution of number of news per
day in the specified time interval. The total number of
news is 55,341 and on average there are 62 news per
day. It is seen that the number of comparably recent
news is more than those of the previous years. Also, we
have the ‘favorite count’ information for each news
which indicates to what extent the related news is
regarded by the related community. We used this
information as a measure of the importance of the
related news.
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Figure 1. Distribution of number of daily news in the test period

3.3. Technical Indicators

In addition to the historical stock prices and sentiments
of daily news, we calculated some technical indicators
and incorporated them into the prediction model. The
technical indicators are used in technical analysis by
investors to make some predictions and inference about
the future movements of the stocks in the market.

Technical indicators are defined on the basis of
previous stock prices and transaction volume
information.

In our study, we used the variations of moving average,
volume, and relative strength index. The moving
average (MA) indicator is one of the most widely used
indicators in technical analysis. To calculate MA, the
average price of the last period is taken, and this value
is used to evaluate how far the current price is from the
average of the last period. We use the MA of 10, 30,
and 50 days to represent this technical indicator in our
input space. We also use the volume of the previous day
and moving average of the volume of the last 5 days as
input in our dataset.

The Relative Strength Index (RSI) is an indicator used
to determine whether excessive prices of the financial
instrument are oversold. The most common period used
for RSI is 14 days [21]. We used 3, 9, 14, and 30 days
in our study. The RSI value is measured in a range from
0 to 100, with a “high” value located at 70 and a “low”
value located at 30.

IV. METHODS
In this section, the methods used throughout the
experiments are described.

4.1. Text Processing and Classification

We first applied data cleaning techniques to clear the
text data from irrelevant content such as spaces, web
addresses, hashtags, and emojis. We have also detected
and deleted the duplicated news. Stop words are the
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most commonly occurring words in a text which are not
relevant with the context of the data and do not
contribute to the semantic meaning of the phrase. We
removed these words from our news dataset. Then, we
converted all words to small-case letters. The date
information has been kept to be used for matching the
news with the corresponding stock price information.

After the pre-processing steps, the obtained dataset is
given to a text classifier for sentiment analysis. For this
purpose, we first manually labeled 500 news as
positive, negative and neutral. The average number of
words in each news is 1401. Then, we used 10-fold
cross validation to build a classification model using
FastText tool. FastText is a library that efficiently
performs vector representations and sentence
classification of words, especially in languages such as
Turkish where the same word differs structurally in
grammar [10, 22]. FastText supports both supervised
and unsupervised representations of words and
sentences. The model built with FastText assigns each
news into positive, negative, or neutral categories.

As we have stated in Section 3.2, in addition to the
content of the news, we have the ‘favorite count’
information which indicates to what extent the related
news is regarded by the related community. To extract
more descriptive features from the news, we used the
‘favorite count’ information as a measure of the
importance of the related news. For this purpose, we
calculated weighted average values using sentiment
labels and created PosAVG, NegAVG, and NotrAVG
features from the news labeled as positive, negative or
neutral, respectively, to represent the distribution of the
sentiment of the news in the corresponding trading day.
The value of PosAVG feature is calculated as:

1 . .
PosAVG = N_ZieXpos prlms * ft 1)
pos



Int. J. Adv. Eng. Pure Sci. 2021, 33(1): 18-27

Stock Prediction

where X,,s represents the set of news labeled as
positive, p;',os the probability of i news belonging to
positive class, f! the favorite count of i news, and
Np,s the number of positive news in the corresponding

Table 1.

trading day. Also, standard deviations for each
sentiment label are calculated and the obtained features
are combined with historical prices and technical
indicators. All features used in our study are shown in
Table 1.

Summary of the features used in this study for stock movement prediction

Feature Dataset Explanation

Output Stock Price Target variable: Stock price at time t + 1

Open Stock Price Opening price at time t

High Stock Price Highest price at time t

Low Stock Price Lowest price at time t

Close Stock Price Closing price at time t

Volume Stock Price Volume at time t

MAV5Day Technical Indicator Moving Average of the volume of last 5-days
RSI3Day Technical Indicator RSI of last 3-days

RSI19Day Technical Indicator RSI of last 9-days

RSI14Day Technical Indicator Relative Strength Index of last 14-days
RSI30Day Technical Indicator Relative Strength Index of last 30-days
MA10Day Technical Indicator Moving Average of last 10-days

MA30Day Technical Indicator Moving Average of last 30-days

MA50Day Technical Indicator Moving Average of last 50-days

PosAVG Sentiment Analysis Weighted average of the positive tweets at time t
NegAVG Sentiment Analysis Weighted average of the negative tweets at time t
NotrAVG Sentiment Analysis Weighted average of the neutral tweets at time t
PosSTDEV Sentiment Analysis Standard deviation of the positive tweets at time t
NegSTDEV Sentiment Analysis Standard deviation of the negative tweets at time t
NotrSTDEV Sentiment Analysis Standard deviation of the neutral tweets at time t

4.2. Recurrent Neural Networks

We used LSTM-Recurrent Neural Networks (RNN) to
predict the closing price of next trading day. In classical
feedforward neural network structures, incoming
information is processed only in forward direction
without a loop structure. The input data is passed
through the network and an output is produced in the
final layer. In a feedforward network, it is assumed that
the training and test samples are independent from each
other. RNN, on the other hand, evaluates inputs based
on previous inputs in a sequential manner assuming that
there is a sequential or temporal relation between inputs
and/or outputs of the network [23]. Figure 2 shows the
unfolded structure of a RNNs. The decision for the
input at moment “t-1” which is shown with X1, also
impacts the decision to be made at time “t”. So, in these
networks, inputs produce output, which is shown with
0 in Figure 2, by combining current and previous
information. In Figure 2, h; stands for hidden state at
time-step t which is an RNN block that combines the
current input with the hidden state of the previous time-
step. A non-linear activation function is applied to the
hidden state to model non-linear dependencies. The
parameters of the network are the weights between
input and hidden states, W, the weights between
previous and current hidden states, U, and the weights
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between the hidden state and output, V, as seen in
Figure 2. In the stock prediction problem, the current
stock price, price at time t, highly depends on the
previous information represented by the stock prices at
time t-1, t-2, ..., t-k where k represents the length of the
previous data that is used for prediction. For such
problems, feedforward networks may not produce
satisfactory results since they do not take the sequential
information into account while building the model.
Therefore, we use RNNs to build our stock prediction

model.
S

@
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Figure 2. Structure of a traditional Recurrent Neural
Networks

In theory, RNNs can handle long-term relations in the
data. However, it is known that they fail to model
dependencies when backpropagating errors across
many time steps [23-25]. The related problems are
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known as vanishing and exploiting gradient problems.
To deal with this problem, the units in RNNs have been
replaced with some different structures, called memory
cell, and an architecture called Long Short-Term
Memory-RNNs  (LSTM-RNN) [23] has been
developed to handle long-term dependencies in
sequential learning problems. Each memory cell in an
LSTM-RNN has three gates each one dedicated to a
particular task. These gates are used to decide how
much of the latest content should be stored, how much
of the existing memory should be forgotten, and what
the next hidden state should be [23].

4.3. Proposed Prediction System

The steps of the stock prediction system built in this
study are shown in Figure 3. As seen, the inputs of the
model consist of sentiment labels, stock prices and
values of technical indicators. For the sentiment
analysis part, we use manually labeled 500 samples to
build a sentiment classification model as described in
Section 4.1. We use 10-fold cross-validation to
optimize the hyper-parameters of the FastText tool. We
also present the sentiment classification accuracies in
Section 5.2. The obtained final model is applied to the
remaining unlabeled news and sentiment labels for all
news are obtained.

As seen in Figure 3, the obtained sentiment labels are
combined with stock prices and technical indicators
and the combined data is used to predict a numerical
output which is the next day’s closing price. Then, the
difference between the predicted value at time t and
observed value at time t-1 is used to decide whether the
stock price will be up or down next day.

V. EXPERIMENTS

5.1. Experimental Setup

We have 1892 rows of dataset covering the Istanbul
stock exchange data between 06.10.2010 and
01.06.2018. Each row represents one day’s stock
market attributes. We used the first 1659 days for
training and validation and the last 233 days
corresponding to the last year for testing. The left-out
test set has not been used during training or model
selection but only used to evaluate the generalization
ability of the model on future examples.

There are various evaluation metrics used to assess the
success of machine learning models. Since the first step
of our model is to build a regression model that predicts
the next day’s closing price, we present the actual and
predicted values for the test period to evaluate to what
extent the actual price can be predicted from the related
input. Then, we convert the predicted value to a binary
variable indicating whether the movement of the stock
price was up or down using the rule given in Section
4.3 and evaluate the results using precision, recall, F1
score, and Matthew’s correlation coefficient metrics.
We build the prediction model both with and without
sentiment labels to evaluate the contribution of the
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sentiment analysis in the stock movement prediction
task.

Stock market
data collection

Sentiment
analysis

Technical
indicators

Stock prices
analysis

Fitting of a regression model to use for stock movements prediction

Prediction using RNN

Figure 3. Stock price movement prediction
architecture

5.2. Experimental Results

5.2.1. Text classification results

FastText has many hyper-parameters which can be
optimized on the training set. We used a grid-search
procedure to optimize the related parameters and
obtained the best results for the following values: 2 for
minn, 4 for maxn 4, 2 for wordNgrams, for epoch, 25,
and 1000 for bucket. Overall, the best model gives an
accuracy of 98% on the training set and 90.0% on the
validation set. Both precision and recall of the best
model have been obtained as 0.90 on the validation set.
We then applied the best model to the remaining 54,841
news and obtained the probability estimates of each
sentiment label. Figure 4 shows the distribution of the
negative and positive news labeled by the text
classification model in the related period. As it is seen
in Figure 4, the number of news increases in time with
the wider use of online platforms and social media. As
a result of sentiment analysis, 7118 news in the related
period were marked as negative, 9548 news positive
and 38675 news labeled as neutral summing up to
55,341 news including also manually labeled 500 news.

5.2.2. Stock price prediction using price data

Table 2 shows the behavior of root mean squared errors
under different epochs of the LSTM-RNN trained with
only the historical stock price data. The results show
that RMSE decreases up to a point and gets its
minimum value at around 200 epochs. After this point,
the learning process has become stable and increasing
of number of epochs no longer helps to generalize
better on the validation set. It takes around 15 minutes
to train the network for 200 epochs. The optimal
timestep of the LSTM-RNN model has been found as
7. Thus, the next day’s stock price prediction has been
generated using the previous 7 trading day’s historical
stock prices. The LSTM-RNN architecture contains
two LSTM layers with 60 LSTM cells in each. We used
root mean squared prop (RMSprop) as the optimization
algorithm [26].
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Table 2. RMSE on the validation set with respect to
increasing number of epochs

# of epochs VaFI{i'(\j/la?i%r?nSet Duration
16 0.002474 00:01:22
32 0.001028 00:02:17
64 0.0007549 00:04:44
72 0.0007589 00:05:04
100 0.0005417 00:07:18
124 0.0006015 00:08:54
170 0.0005116 00:12:42
200 0.0005211 00:15:40
234 0.0005775 00:16:41

400 0.0005213 00:28:52

5.2.3. Combining multiple datasets

We constituted two different combined datasets to
evaluate the contribution of integrating sentiment
analysis into the prediction model. The first dataset
consists of 13 features representing the historical stock
prices and values of technical indicators. In the second
dataset, as given in Section 4.1, there are 6 additional
features extracted from the sentiment analysis of the
related news belonging to the same time period. We
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gave both datasets to LSTM-RNN as input to predict
the next day’s stock price movement.

Figure 5 shows the predicted and actual prices obtained
with the combined datasets for the test data which
consists of the last year’s trading days. As it is seen in
Figure 5, the second model that is constructed using
sentiment analysis along with the stock prices and
technical indicators fits better to the actual data points
than the first model constructed without sentiment
analysis. It is also seen from the circled parts of the
input space, especially when there is a high volatility in
the stock prices, sentiment analysis helps the model to
adapt to the sudden changes in the prices.

Table 3 shows the results obtained by feeding
combined dataset as input to LSTM-RNN. We should
note that the number of class 1 (up) and class 0 (down)
is 120 and 113, respectively, on the test set. In addition
to the two models obtained with and without sentiment
information, we built another model that uses only
stock prices and two of the technical indicators, RS114
and MA10, to test whether using all technical indicators
as input helps LSTM-RNN to model dependencies
better. The obtained results seen in Table 3 showed that
Model 2, which was built using all technical indicators,
gave better performance than Model 1 that uses only
two of the technical indicators.
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As seen in Table 3, while F1 score of Model 2 was 0.55,
it has increased to 0.65 in Model 3, in which sentiment
analysis label information is integrated into the input.
Model 2 gives 71 true positive movements and 59 true
negative movements on the test data whereas Model 3
achieved 83 true positive movements and 70 true
negative movements. It is also seen that Matthews
correlation Coefficient (MCC) of the model using stock
price, technical indicators, and sentiment information
together is higher than that of the model using only
stock price and technical indicators. The results
indicate that the financial news includes important
information about the direction of the stock and
integrating this information with the help of sentiment
analysis into the model with data level fusion increases
the success of the model in predicting both up and down

260 280 300 320

Days
Figure 5. Actual stock prices and predictions with and without sentiment analysis for (top) first half (bottom)
second half of the test year period

25

price movements. We have also trained the best model,
Model 3 shown in Table 3, with changing number of
training samples to see the effect of training set size in
the model performance. For this purpose, we used the
same cross-validation methodology and showed F1
score of the model with respect to the number of yearly
data in Figure 6. We should note that, to generate this
figure, to keep the sequential information during the
learning process we have always used 8™ year data as
test set and used last n years for training where n is
increased from 1 to 7. As it is seen in Figure 6, in
general there is an increasing trend in F1 score with
increasing number of trading days used for training.
The highest average F1 score with 0.65 was obtained
using last 6 or 7 years for training.
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Table 3. Results obtained using technical indicators and sentiment analysis as input for LSTM-RNN model

Model Recall | Precision | Flscore | MCC
kModel 1 1 (Up) 0.55 0.56 0.55 0.06
tock Price + RSI14
Stoc Y AlOS 0 (Down) 0.51 0.51 0.51 -0.04
Average/Total 0.53 0.53 0.53 -
Model 2 1 (Up) 0.57 0.59 0.57 0.13
Stock Price + All
Technical Indicators 0 (Down) 0.55 0.52 053 -0.01
Average/Total 0.56 0.56 0.55 -
Ill/lodel 3 i 1 (Up) 0.66 0.69 0.67 0.34
Stock Price + A
Technical Indicators + 0 (Down) 0.65 0.62 0.63 0.20
Sentiment Analysis Average/Total 0.65 0.66 0.65 0.27

Training set size vs F1 score
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Figure 6. Average F1 score of the model built using
stock prices and sentiment labels
with respect to increasing training set size

V1. CONCLUSIONS

The number of investors wishing to utilize their savings
in the stock market is rapidly growing day by day.
Therefore, recently there is an increasing interest in
building stock prediction models using machine
learning techniques. The researchers also integrate
different data sources into the stock price estimation
model to improve the accuracy of the models.

The main goal of this study was to assess the effect of
using financial news as an additional data source on the
success of the stock price-based estimation models. For
this purpose, we used Long Short-Term Memory
Recurrent Neural Network (LSTM-RNN) to estimate
the next day’s closing stock price. We collected a news
dataset in Turkish language and assigned a sentiment
label to each of the news using sentiment analysis tools.
Then, the output of the sentiment analysis model was
given to the regression model together with the stock
price-based features to predict the future price of a
stock from Istanbul Stock Exchange. The results of this
regression model showed that, even with sentiment
analysis inputs, estimating the exact future price of a
stock is a difficult task due to the inherent chaotic
nature of market or lack of some other important hidden
factors that are not included in our dataset. Therefore,

we modelled the estimation problem as a binary
classification problem and aimed to predict the
movement direction of the stock price, i.e. whether the
closing price of the stock next day will be higher than
today’s price. The results showed that classifying
economic and political news as positive, negative, or
neutral and integrating these values to the model as new
inputs increases the success of the stock price
movement prediction. The F1 score of the LSTM-RNN
model built by using stock prices and technical
indicators was measured as 0.56 on test set. When we
use sentiment analysis labels of the news as additional
inputs, the F1 score of the model increased to 0.65. The
obtained results also showed that the performance of
the prediction model increases with increasing number
of trading days used for training.

Our results showed that with the sentiment analysis
information the actual price is predicted better
especially when there is a high volatility in the stock
price. Based on this finding, as a future work, the
proposed model can be used to predict the prices of the
stocks with higher volatility. As another future
direction, in addition to financial and political news, the
reviews and comments of the users in social media
platforms can be analyzed and integrated to the model.
In this study, we aimed to perform a daily prediction
model. In order to build a model that can make shorter-
term predictions, the characteristics of an order book
may be combined with the inputs used in this study. The
analysis of the ITCH market data feed and the
information such as the quantity, size, count, side and
frequency of orders in every order book level on a
specific stock may give us more accurate results for
short-term estimation of stock price movement.
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Siiper Piksel Tabanh Otomatik Kanh Bolge Tespit Sistemi

Super Pixel Based Automatic Bloody Region Detection System

Omer Faruk DURSUN! ¥, H. irem TURKMEN""

Yildiz Teknik Universitesi, Elektrik-Elektronik Fakiiltesi, Bilgisayar Miihendisligi Boliimii, 34220,
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Oz

Internet kullaniminin gittikce yayginlasmasi daha fazla insanin siddet ve korku barindiran icerige erisme riskini arttirmistir. Bu
durum internet iizerindeki i¢erigin diger medya araglarina gore daha az denetlenmesi ile birlestiginde, bu tip igerige karsi hassas
olan kisiler ve 06zellikle ¢ocuklar i¢in Onlemler alinmasi geregi ortaya ¢cikmistir. Bu caligmada, her bir siiper pikselden
¢ikartilmis renk ve doku 6zellikleri kullanilarak goriintiilerde kan igeren bdlgelerin tespitini yapabilecek siiper piksel tabanlt
bir yontem 6nerilmistir. Oncelikle kan gériintiisii igeren ve igermeyen fotograflardan olusan bir veri seti hazirlanmis ve bu veri
setindeki resimlere siiper piksel boliitleme metodu uygulanarak, renk ve doku ozellikleri bakimindan benzer olan anlaml
pargalarin elde edilmesi amaglanmigtir. Sistemin basarisina siiper piksel sayisinin etkisinin 6lgiilmesi amaci ile, boliitleme
algoritmasinin olugturacagi siiper piksel sayisi li¢ farkli iist simir ile denenmistir. Boliitleme algoritmasindan elde edilen
pargalardan renk ve doku 6zellikleri ¢ikartilmis ve destek vektor makinesi (DVM) yardimu ile kanli bdlge tespiti yapabilecek
modeller olusturulmustur. Olusturulan modellerin bagarilar1 kargilagtirmak amaci ile gesitli gekirdek fonksiyonlar: denenmistir.
Onerilen sistemde ortalama %97 dogruluk elde edilmistir.

Anahtar Kelimeler: Otomatik Kanli Bblge Tespiti, Siiper Piksel Boliitlemesi, Renk Ozellikleri, Gri Seviye Es Olusum Matrisi,
Destek Vektor Makinesi.

Abstract

The widespread use of the Internet has increased the risk of more people accessing content that may contain violence. When
this situation is combined with the fact that the web is less inspected compared to other media tools, it has become necessary
to take precautions for people who are sensitive to this type of content and especially for children. In this study, we propose a
super pixel-based method for detecting bloody regions on images, using color and texture features extracted from individual
super pixels. We first collected a data set consisting of images with and without bloody regions and applied super pixel
segmentation to the images in the data set to obtain meaningful segments that are similar in terms of color and texture fetures.
The number of super pixels created by the segmentation algorithm has been tested with three different upper limits in order to
measure the effect of the numbers of super pixels on the success of the system. We extracted color and texture information
from the segments obtained by segmentation algorithm, and constructed bloody region detection models exploiting Support
Vector Machine (SVM) classifier. We used various kernel methods to test the effectiveness of the constructed models. The
proposed system achieved an accuracy rate of 97%.

Keywords: Automatic Bloody Region Detection, Super Pixels Segmentation, Color Features, Gray Level Cooccurnace Matrix,
Support Vector Machine.

I. GIRIS

Tim diinyada ve iilkemizde internet kullanimi siirekli artmaktadir. Son yillarda internet kullanim yas1 diismekte
ve ¢evrimigi ¢ocuk sayist artmaktadir. Bununla birlikte internetin diger medya tiirlerine gore daha az denetim
altinda olmas1 baz1 sorunlar1 beraberinde getirmektedir. Internet iizerindeki uygunsuz gériintiiler kullanicilar1 ve
ozellikle ¢ocuklar1 olumsuz etkilemektedir.

Dijital goriintii isleme yontemleri kullanilarak sakincali goriintiilerin tespiti ilizerine yapilmis bircok ¢alisma
bulunmaktadir. W.Hu ve arkadaglar1 pornografik goriintiilerin tespiti i¢in 6ne siiriilen yama bazli (patchbased) ten
rengi tanima algoritmasi kullanmiglardir [1]. Lopes ve arkadaslar1 Bag-of-Features yontemini kullanarak ¢iplaklik
iceren goriintiilerin tespiti iizerine c¢aligmiglardir [2]. BOF yonteminde goriintiiler gorsel tanimlayicilarin
histogramlar1 seklinde ifade edilmistir. Calismada daha oOncesinde sadece gri seviye bilgiye sahip gorsel
tamimlayicilara renk 6zelliklerinin de eklenmesi saglamak igin Olgekten Bagimsiz Oznitelik Déniisiimii (OBOD,
Scale Invariant Feature Transform-SIFT) tanimlayicisinin bir uzantist olan renk OBOD (hue SIFT)
tanimlayicilarini kullanmiglardir.
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R.Guermazi ve arkadaslari, siddet igeren goriintiilerin

tespitinde renk aciklayicilart  ve  simiflandirict
kombinasyonlarma  odaklanmislardir.  Calismalar1
sonuicunda MPEG7 renk agiklayicilarini  One

siirmiiglerdir [3].

Duragan goriintiilerde siddet igeriginin  bulunup
bulunmadiginin tespiti igin yapilmis baska bir
caligmada Kelime Cantas1 (Bag-of-Words) yontemini
kullanmiglardir [4]. Kelime Cantasi yontemi bir
goriintiiyti 6zellikler ve bunlarin ortaya ¢ikma sikiligi
seklinde ifade eder. Li ve arkadaslar1 tarafindan web
iizerindeki korku ve siddet igerikli goriintiilerin tespiti
amaci ile gelistirilen ¢alismada baglam-bilingli ¢oklu
ornek Ogrenme algoritmasi (context-aware multi
instance learning) kullanilmistir [5]. Calismalarinda
geleneksel coklu Ogrenme algoritmasini, Ornekler
arasindaki baglamsal iligkileri temsil eden yonsiiz bir
graf kullanarak gelistirmis ve boylece baglam-bilingli
¢oklu 6grenme algoritmasi sunmuslardir.

Nievas ve arkadaslar1 ulusal hokey ligi mag
videolarinda olusan verisetleri iizerinde siddet igerikli
cergeveleri tespit edebilmek i¢in Uzamsal-zamansal
ilgi noktalar1 (Space-Time Interest Points - STIP) ve
Hareketli Olgekten bagimsiz znitelik déniisiimiinden
yararlanarak (Motion - Scale invariant feature
transform - MoSIFT) oOzellik ¢ikarmiglar ve
siniflandirma i¢cin DVM kullanmuglardir [6].

2018 yilinda yapilan bir c¢aligmada giivenlik
kameralarindan gelen goriintilerin  diisik seviyeli
ozelliklerini ¢ikarmak igin Yerel Yonlii Gradyan
Histogrami (Local Histogram of Oriented Gradient -
LHOG) ve Optik Akt Yon Histogrami (Local
Histogram of Optical Flow - LHOF) tabanh
betimleyiciler kullanilmig ve siddet iceren goriintiiler
DVM tabanli bir model ile siniflandirilmistir [7].

Siddet igerikli video goriintiilerinin analizi hakkinda
yapilan c¢alismalardan biri Ullah ve arkadaslari
tarafindan yaymlanmustir [8]. Onerilen sistemde diger
¢aligmalardan farkli olarak videonun tamamini islemek
yerine, ilk 6nce insan igeren cergeveler tespit edilmis,
ardindan bu c¢ergeveler Evrisimsel Sinir Aglar
(Convolutional Neural Networks) kullanilarak siddet
iceren ve icermeyen olarak iki smifa ayrilmistir.
Arastirmacilar Onerdikleri sistemi hokey ligi mag
videolar1 [6], 246 youtube videosundan olusan Violent
Crowd veri seti [9] ve kavga sahneleri igeren film
goriintiileri [6] iizerinde denemisler ve ortalama %97
dogruluk orami ile siddet igerikli sahneleri tespit
ettiklerini kaydetmiglerdir.

Video goriintiilerde siddet icerigi tespitine yonelik en
son ¢alismalardan biri Peixoto ve arkadaslari tarafindan
yapilmistir [10]. Bu g¢alismada videolar iginde kan,
silah, patlama ve yanginin da oldugu yedi kategoride
degerlendirilerek siddet iceren ve icermeyen olarak
siniflandirilmaktadir.
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Son yillarda yapilan calismalara bakildiginda 6zellikle
derin 6grenme mimarilerinin kullanilmasi ile siddet
icerikli ~goriintiilerin  tespitinde olduk¢a basarili
sonuglar elde edildigi gozlenmektedir. Bu calismalar
temel olarak videolardaki hareket 6zelliklerinden
yararlanmaktadirlar. Ancak hareketlilik gdstermedigi
halde 6zellikle kan iceren goriintiiler yiiksek oranda
siddet icerebilmektedirler. Bu sebeple kanli
goriintiilerin tesbiti ve kanli bdlgenin bdliitlenerek
otomatik olarak filtrelenmesi iizerinde durulmasi
gercken bagka bir problem olarak karsimiza
¢ikmaktadir ve kendine has bazi zorluklar icermektedir.
Kanin yayilma sekli ve goriintii igerisinde kapladigi
alan  goOriintiiden  gorlintiiye  Onemli  farklar
arzetmektedir. Kan olmayan kirmizi renkli bolgelerin
kanli bolgeler ile karigtirtlmasi olduk¢a olasidir.
Literatiirde kanli bolgelerin tespiti ve boliitlenmesi
tizerine yapilmis ¢ok az ¢aligma bulunmaktadir. Kan
iceren  bolgelerin  bulunmasi  i¢in  bagvurulan
yaklagimlardan biri piksel bazli modeller kullanmaktir.
Fakat kan goriintiisiiniin baz1 6zellikleri, doku gibi,
bolgeye dayali bir yaklasim ile kullanilabilir duruma
gelmektedir.

T1bbi amaglarla c¢esitli tibbi goriintiileme cihazlari ile
alinmis goriintiilerde kanama ve kan damari bulma
caligmalar1 [11] ve adli bilimlere yonelik kan lekesi
analiz etme ¢alismalar1 bulunmakla birlikte [12], siddet
tespitine yonelik olarak multimedia kaynaklardan
alinmig  gorlintiller  {izerinde kanli  bdlgelerin
bolitlenmesine  ait ¢ok az sayida calisma
bulunmaktadir. Bunlardan en giincel ve yiiksek basarili
olani Yan Gao ve arkadaslari tarafindan gelistirilmistir
[13]. Bu arastirmada goriintiller {izerinde bolgeye
dayali (region based) kan rengi tespiti iizerine
calistlmistir.  Goriintiiden  6zelliklerin ~ ¢ikarilmasi
sirasinda sabit boyutlu, 16x16 boyutundaki bir pencere
resim iizerinde gezdirilerek her bir alandan renk ve

doku oOzellikleri ¢ikartilmistir.  Bu  6zelliklerin
siniflandirilmasinda DVM algoritmasindan
yararlanilmstir.

Bu ¢aligmada girdi olarak verilen resim dosyalarindaki
kanli kisimlari otomatik olarak tespit ederek filtreleyen,
bolge tabanli bir sistem tasarlanmis ve gergeklenmistir.
Ancak kanli bolgeler diizgiin bir geometrik sekle sahip
alanlar degildir. Bu sebep ile sistemde resmin
boliitlenmesi sirasinda, kanin yayilma sekli ile uyumlu
ve dogal bolgeler elde etmek amaci ile diger
caligmalardan farkli olarak siiper piksel yontemi
kullanilmustir.Siiper piksel boliitleme algoritmasinin
kullanilmasi ile kan bolgesi gibi diizgilin bir geometrik
sekle  sahip  olmayan  alanlarin  smirlarinin
bulunmasinda ve incelenmesinde daha yiiksek basariya
ulagilmasi hedeflenmistir.

Olusturulan stiper piksellerden ¢ikarilan 6zelliklerin
siniflandirilmasinda DVM algoritmasi kullaniimistir.

“Siiper piksel ile Kanli Bolgelerin Tespiti” ve “Sistem
Arayiizii” boliimlerinde sirasiyla Onerilen sistemin
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detaylar1 verilmis ve gerceklenen kullanici arayiizii
anlatilmistir.  “Deneysel Sonuglar” kisminda siiper
piksel sayisi, ¢ekirdek fonksiyonu gibi parametrelerin
sonuglara  etkisi  incelenmis, sistemin  genel
performansinin karsilagtirmali analizine yer verilmistir.

II. SUPER PiKSEL ILE KANLI

BOLGELERIN TESPITi
Onerilen siiper piksel tabanli kanli bolge tespit
sisteminin egitimi asamasi, egitim kiimesindeki
resimlerin siiper piksel algoritmasi ile boliitlenmesi ile
baslamaktadir. Elde edilen siiper pikseller, el ile

olusturulmus gercek referans resimleri ile birlikte
degerlendirilerek kan iceren ve igermeyen siiper
pikseller olarak isaretlenmistir. Ardindan her bir siiper
pikselin kendi icerisinde renk ve doku olmak iizere iki
ana grup Ozelligi cikartilmistir. Elde edilen o6zellik
vektorleri, etiket bilgileri ile birlikte kullanilarak DVM
ile egitim modeli olusturulmustur. Egitim asamasina ait
blok diyagram Sekil 1°de goriilmektedir.

Test edilecek resim sirastyla siiper piksel boliitlemesi
ve Ozellik ¢ikarma asamalarindan gegereck DVM’ye
aktarilmakta ve kanli bolge iceren siiper pikseller
filtrelenmektedir.

Doku ve Renk Ozelliklerinin Cikarilmas:

Siiperpiksel
Bolitlemesi Destek Vektor
Egitim Seti Makinesi ile
Goriintiileri > Q > Egitim
T e .

o 1

v

v

v

ﬁ

Gergcek Referans
Resimleri

Siiperpiksellerin
Etiketlenmesi

Sekil 1. Siiper piksel tabanli kanl1 bolge tespit sisteminin egitimi agamasi

2.1. Veri Setinin Olusturulmasi

Literatiirde kanli bolgelerin isaretlenmis oldugu agik
bir veri seti bulunmamaktadir. Bu sebeple kanli bolge
boliitlemesi yapan az sayida g¢alismada da yazarlar
kendi olusturduklar: verisetlerini kullanmiglardir. Bu
¢aligmada kullanilan veri seti, icerisinde siddet igerikli
film sahnelerinin bulundugu Violent Scenes Dataset
[6]’ten almman disiik, orta ve yiiksek miktarda kan
iceren sahnelerden ve hi¢ kan barindirmayan
goriintiilerden olusan 160 adet fotograf icermektedir.

Veri setindeki fotograflarda kan igeren bolgeler el ile
isaretlenmistir. Fotograflarin ¢6ziiniirliikleri 500%334
ile 1200*1080 arasinda degismektedir.

Veritabaninda bulunan ve kan goriintiisii igeren
ornekler Sekil 2’de ilk satirda verilmistir. Orijinal
goriintii iizerinde el ile isaretleme yapilarak elde edilen
gercek referans resimleri ise ikinci satirda yer
almaktadir. Kan iceren bolgeler beyaz renk ile
isaretlemistir.

Sekil 2. Veri setinden kan goriintiisii igeren drnekler ve kan igeren bolgelerin el ile isaretlenmesi ile elde edilen
gercek refernas resimleri
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Sekil 3. Veri setinden kan goriintiisii icermeyen drnekler

2.2. Siiper Piksel Boliitlemesi

Dijital goriintii islemede bir gorlintii yansiyan 1s18in
ayrik  olarak  Orneklenmesinin  sonucudur. h
yiiksekligine ve w genigligine sahip bir I goriintiisii
ayrik vei € H={1,.,h}ilej € w={1,..,w} araligindaki
Pij pikselleri lizerinde, ¢ adet kanala ve her kanalin D
deger kiimesine sahip oldugu [ =WxH—D¢® seklindeki
bir vektor fonksiyonudur. Verilen bir P piksel kiimesine
sahip 1 goriintiisiiniin S={S1,..,Sm} olacak sekilde
ayrik alt kiimelere ayrilmasi resim bdliitleme olarak
isimlendirilir [14].

Var olan pek ¢ok bilgisayarla gdrme algoritmasi, resim
izerindeki objelerin aranmasi igin obje tespit
pencereleri (detection windows) kullanmaktadir [15].
Fakat tespit pencereleri dogal bir gosterim sekli
degildir. Diisiik seviye gruplama kullanilarak elde
edilen anlamli pargalar ile ¢alismak daha dogal ve daha
etkili olacaktir.

Alan boliitlemesindeki genel yaklasimlar yogunluk
esigine dayalidir ve homojen nesnelerin bulundugu
goriintiilerde 1iyi sonuglar iretirler. Fakat birgok
goriintii giiriiltli, doku, parazit, yanki icerir ve bunlarin
herbiri alan boliitlemesi uygulamalarinin etkinligini
azaltir. Homojen olmayan nesnelerin bulundugu
goriintillere  yogunluk esigine dayali tekniklerin
uygulanmast béliitlemenin ¢ok ylizeysel veya g¢ok
detayli olmasi ile sonuglanabilir. Bu iki sonug sirast ile
az boliitleme (under segmentation) ve fazla boliitleme
(over segmentation) olarak adlandirilir. Fazla
boliitleme oOnemli sinirlarin elde edilmesi sansini
arttirrcken  bunun yaninda birgok Onemsiz  sinir
olusturma riskini de arttirir.

Stiper piksel boliitlenmesi bir goriintiiniin  fazla
boliitlenmesi olarak tanimlanabilir. Diger bir deyis ile
piksellerin anlamli bir bi¢gimde gruplanmasidir.
Nesnelere karsilik gelen birkag adet 6n plan bolgesinin
bulunmasi yerine siiper piksel algoritmalari goriintiiyii
genellikle 25 ile 2500 adet bolgeye ayirirlar. Bu fazla
boliitlemenin amaci goriintiiyii higbir siiper pikselin bir
nesne sinirt tarafindan kesilmeyecek sekilde bolmektir.
Fakat bir nesne birden ¢ok siiper piksele boliinmiis
olabilir. Bu sekilde nesnelerin sinirlari, olusturulan
stiper piksel sinirlari kullanilarak elde edilebilecektir.

Bu calismada elde edilen siiper pikseller SEEDS
algoritmasi ile olusturulmustur [16]. Siiper piksel
bolitlemesi SEEDS  yonteminde  bir  enerji
maksimizasyonu problemi olarak ele almmuistir. N
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resimdeki piksel sayisi, K istenilen siiper piksel sayist
olarak kabul edilirse resme uygulanacak siiper piksel
boliitlemesi Esitlik (1)’deki gibi ifade edilebilir.

s:{1,..,N} = {1,...,K} ¢Y)
s(i), i pikselinin bulundugu siiper pikseli gosterir. k
stiper pikselinde bulunan tiim pikseller A, Esitlik (2)
ile gosterilir.

A = {i:s() =k} (2)
Gegerli bir siiper piksel, uzamsal olarak baglantili
pikseller iceren bir dbek seklinde olmalidir. S gecerli
siiper piksellerin olusturdugu béliitlemeler kiimesi, S
gegersiz siiper piksellerin olusturdugu boliitlemeler
kiimesi ve C olasi tiim boliitlemelerin toplam kiimesi
olarak tamimlanirsa, siliper piksel probleminin hedefi
s € S olan ve belirli bir fonksiyonu maksimize eden s
bolitlemesini bulmaktir. Bu belirli fonksiyon bu
durumda enerji fonksiyonudur. Enerji fonksiyonu

E(s,I) seklinde ifade edilebilir. Bu ifadede I girdi
resim dosyasint gostermektedir.

Enerji fonksiyonunun [ parametresine bagimlilig:
notasyon kolaylig1 saglamasi i¢in goz ardi edilirse,
enerji fonksiyonunu maksimize eden s* bolitlemesi
Esitlik (3) ile gosterilir.
s* = argmaxkE (s) 3
Optimize edilmesi gereken enerji fonksiyonu E(s),
Esitlik (4)’deki gibi ifade edilir.
E(s) = H(s) +yG(s) (4)
Bu denklemde y terimlerin etki agirliklarim gostermek
tizere  H(s)stiper pikselin  renk  dagilimim
degerlendirirken, G(s) ise siliper pikselin seklini
belirler.

Optimum siiper piksel boliitlemesine ulagmak i¢in tepe
tirmanma algoritmasi kullanilmistir. Tepe tirmanma
algoritmasi her bir iterasyonda kii¢iik yerel degisimler
uygulayarak ¢0zliimii giincelleyen bir optimizasyon
algoritmasidir. Bu 6rnekte 6nerilen bdliitlemenin enerji
fonksiyonu artar ise ¢oziim giincellenir.

Tepe tirmanisi algoritmasinda global optimum ¢6ziim
olan s* ulagsmak i¢in iyi bir baglangi¢ boliitlenmesi



Int. J. Adv. Eng. Pure Sci. 2021, 33(1): 28-38

Kanli Bolge Tespiti

belirlenmesi onemlidir. SEEDS algoritmasinda ilk
boliitleme olarak esit biyiiklikte diizglin parcalar
kullanilmaktadir. Sekil 5a’da verilen goriintii i¢in 600

ve 900 siiper piksel boliitlemesi sonuglar1 sirasiyla
Sekil 5b ve c¢’de goriilmektedir.

e e €. %

(@)

(©

Sekil 5. a) Kan goriintiisii b) 600 ¢) 900 siiper plksel iist sinir1 i¢in olusturulan boliitleme sonuglart

2.3. Ozelliklerin Cikarilmasi

Kanli bolgelerin tespit edilmesinde bu bolgelere ait
renk ve doku 6zelliklerinden yararlanilmigtir.

2.3.1. Renk ozelliklerinin ¢ikariimasi

Renk ozelliklerin ¢ikarilmasi sirasinda siiper pikseli
olusturan tiim piksellerin renk degerleri RGB renk
uzaymdan YCbCr renk uzayma doniistiirilmistiir.
YCbCr renk uzayinda Y degeri siyah-beyaz, Cb mavi
ve Cr kirmizi renk bilgilerini temsil etmektedir. Daha
sonra bu piksellerin her bir bileseni igin ortalama,
standard sapma ve varyans degerleri hesaplanmustir.

2.3.2. Doku ézelliklerinin ¢tkarilmast

Doku 6zelliklerinin ¢ikarilmasi sirasinda Gri Seviye Es
Olusum Matrisi (GSEOM) yontemi kullanilmistir [17].
GSEOM yontemi iki piksel arasindaki komguluk
iligkisini inceler. Piksellerden bir tanesi referans digeri
ise komsu olarak isimlendirilir. Belirli bir yonde (sag,
sol, yukar1 veya asag1) belirli bir ikilinin kag kez ortaya
¢iktig1 bir tabloda kayit altina alinir.

GSEOM’nin belirli
gerekmektedir. Bunlar;

ozellikleri saglamasi

1. Matris kare seklinde olmalidir. Refrerans pikseli
ve komsu piksel ayni deger araliginda oldugu i¢in
matrisin satir ve siitun sayilart ayni olmalidir.

2. Matrisin satir ve silitun sayist goriintiiniin
kuantalama (quantization) seviyesi ile ayni sayida
olmalidir.

3. Matris kosegenine gore simetrik olmalidir.

GSEOM’den doku o6lgiilerinin ¢ikarilmast i¢in son
olarak matrisin  normalizasyonu gereklidir. g,
goriintiiniin  kuantalama seviyesi ve N=g*q olmak
lizere elde edilen N boyutundaki GSEOM V ile
gosterilmigken, normalize edilmis GSEOM P, Esitlik
(5) ile elde edilir.

Vi
P = =t — 5
l,] Zl] OVl] ( )
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Normalize edilmis simetrik GSEOM’yi ise yarar
sekilde 6zetlemek amaci ile doku 6lgiileri hesaplanir.
Bir¢ok doku 6l¢iisii matrisin gesitli sekillerde agirlikl
ortalamasinin alinmasi seklinde elde edilir.

l ] 0 l J |l ] | (6)
Kontrast ol¢iisii Esitlik (6) ile hesaplanir. Formiilde
verilen 1 ve j degerleri matrisin satir ve siitunlarinin
indeks degerleri, N belirlenen matris boyutu olmak
tizere, i ve j degerleri birbirlerine esitken segilen hiicre,
matrisin  kosegeni  iizerindedir. Higbir kontrast
olusturmadiklari i¢in kontrast agirliklart sifirdir.
Kontrast, i ve j degerlerinin farki arttik¢a (matrisin

kosegeninden uzaklasildikga), iistel olarak artmaktadir
[18].

N oPjli—jl 7
Benzesmezlik oOlgiisii  Esitlik (7) ile hesaplanir.
Benzesmezlik olgiisiinde kosegenden uzaklasildikca
agirhik istel olarak artmak yerine dogrusal olarak

artmaktadir.

Pi,j
1-(i-j)?

N—
ij

1

(8)

Homojenlik olciisii Esitlik (8) ile hesaplanir ve
GSEOM  iizerinde sifirdan  farkli  hiicrelerin
homojenligini gostermektedir. Yiiksek homojenlik
goriintii lizerinde tekrarli yapilarin azligina isaret
etmektedir.

Siiper piksel boliitlemesi sonrasinda olusan siiper
pikseller diizgiin bir sekle sahip olmadiklarindan doku
ozellikleri ¢ikarilacak her bir siiper piksel ayr1 ayr1 ele
aliir. ik adimda her siiper pikselin agirhik merkezi
hesaplanmistir. Ardindan bu agirlik merkezinin
cevresinden 8*8 boyutunda Ornek bir kare pencere
almarak bu karenin doku ozellikleri hesaplanmig ve
ilgili siiper piksel ile iliskilendirilmistir.
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2.4. Siiper Piksellerin Etiketlenmesi

Her bir siiper piksel i¢in renk ve doku ozellikleri
¢ikarilmasinin ardindan, egitim asamasinda
kullanilmak iizere her siiper pikselin kan goriintiisii
icerip icermedigini etiketlemek gerekmektedir. Bunun
icin orjinal resimlerde kanli bdlgeleri el ile
isaretleyerek elde edilen referans resim kullanilir.
Boliitleme sirasinda her bir siiper piksel i¢in siiper
pikselin sinirlarin1  belirleyen bir kontur maskesi
olusturulmaktadir. Bu maske ve orjinal resimde kan
iceren  bolgeyi gosteren  referans resmin

)

. <

(b) (©

karsilastirilmasi ile siiper piksel pozitif veya negatif
olarak etiketlenir.

Bu asamada her iki goriinti ikili tabana
doniistiiriildiikten sonra aralarinda mantiksal VE iglemi
uygulanir. Sonucta olugan bdlgenin alaninin siiper
pikselin alanina orani alinarak belirlenen sinirin
iistiindeki degerlerde siiper piksel pozitif, diger

durumda ise negatif olarak etiketlenir. Veri setinden bir
ornek, bu ornek i¢in gercek referans resmi ve siiper
resim

piksellerin  etiketlenmesi ile olusturulmus
sirastyla Sekil 6-a, b ve c‘de verilmistir.

Sekil 6. a) Veri setinden bir resim b) Gergek referans resmi ¢) Egitim i¢in kullanilacak etiketlenmis resim

2.5. Smiflandirma
Ozellik ¢ikartma sonucunda elde edilen egitim veri
kiimesinin siniflandirilmasinda DVM kullanilmistir.

DVM datay1 en optimum sekilde iki sinifa ayiracak
karar yiizeyini (decision surface) bulmayi hedefler
[19]. Bir DVM'iin karar fonksiyonu, egitim verisi
icinden karar ylizeyinin pozisyonunu belirleyen kiiciik
bir alt kiimenin se¢ilmesi ile belirlenir. Bu alt kiimedeki
ornekler destek vektorleri olarak adlandirilmaktadir.
Karar yiizeyi ile bu yiizeye en yakin egitim 6rneklerinin
uzakligi siniflandiricinin marji  olarak adlandirilir.
Destek vektorler, egitim kiimesi iginden maximum
marja sahip karar yiizeyini belirleyecek sekilde segilir.
Bir DVM'nin karar fonksiyonu Esitlik (9) ile
verilmigtir. Karar fonksiyonunun isareti
simiflandirilacak test Ornegi X’in ait oldugu sinifi
gostermektedir.

fG) = Eil1yiai(xi.x) + b ©)

Burada M, egitim setindeki 6rnek sayist ve i=1..M
olmak x; i. egitim O6rnegi, i ilgili 6rnegin sinif bilgisi, b
(bias - diizeltme katsayisi) ve aj ise egitim esnasinda
tahmin edilen scalar bir degerdir. Yalnizca destek
vektorleri olarak kullanilacak egitim orneklerinin a;
katsayilar1 0'dan farklidir.

DVM c¢ekirdek (kernel) olarak tanimlanan bir grup
matematiksel fonksiyon kullanir. Cekirdek
fonksiyonlarinin amaci, dogrusal olarak ayrilamayan
veriyli yeni bir uzaya gecirerek ayrilabilir forma
¢evirmektir. Farkli DVM algoritmalar: farkli ¢ekirdek
fonksiyonlar1 kullanabilir. Dogrusal ve radyal tabanl
¢ekirdek fonksiyonlar: bunlara 6rnek olarak verilebilir
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[20]. Gelistirilen sistemde dogrusal ve radyal tabanli
cekirdek fonksiyonlart kullanilmustir.

IIL. SISTEM ARAYUZU

Veri setinden elde edilen modeller kullanilarak Python
programlama dilinde bir masailisti uygulama
gelistirilmistir. Gelistirilen uygulamanin arayiiziinden
bir ekran goriintisii Sekil 7’de verilmistir. Bu
uygulama, veri setinden elde edilen modelleri
kullanarak girdi olarak verilen resim dosyalarindaki
kanl1 bolgeleri tespit etmektedir.

Program baglatildiginda kullanicidan girdi olarak bir
goriintii dosyasini segmesi istenmektedir. Bu goriintii
dosyast ile birlikte kullanicinin kullanilacak modele ait
hiperparametreleri de (siiper piksel {ist smuri,
kullanilacak ¢ekirdek fonksiyonu ve DVM’nin C ceza
parametresi degeridir) se¢mesi gerekmektedir. Daha
sonrasinda sistem goriintiiniin islenmesini baslatir ve
¢ikt1 olarak kanli bolgelerin igaretlenmis oldugu resim
dosyasini ve boliitlenmis goriintiyii iiretir.

Sekil 7. Kullanic arayiizii
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IV. DENEYSEL SONUCLAR

DVM algoritmasinin performasini belirleyen faktorler
arasinda kullanilan g¢ekirdek fonksiyonu ve C ceza
parametresi onemli bir yer tutar.

En uygun destek vektorleri ve diizeltme katsayisini
bulmak i¢in yapilan DVM optimizasyonunda bir egitim
verisinin daha dogru ayrilmasi ve karar fonksiyonunu
marjinin maximize edilmesi arasinda se¢cim yapmak
icin C ceza parametresi kullanilir. Daha biiyiik C
degerleri daha dar bir marjine sahip karar fonksiyonlari
iiretir, bu da egitim verisinin daha yiiksek basari ile
smiflandirilmasini saglar. Daha kiicik C degerleri
kullanildiginda ise daha basit dolayisi ile asir1 6grenme
(overfitting) ihtimali daha diigiik karar fonksiyonlari
dretilir [21].

DVM uygulanirken lineer ve radyal ¢ekirdek
fonksiyonlar1 ve farkli C degerleri kullanilmis, elde
edilen farkli modellerin  basart sonuglari
karsilagtirtlmistir.

Bununla birlikte resimlerin ayrilabilecegi maksimum
siiper

piksel sayist da modelin  basarisini

etkilemektedir. Bu parametrelerin sistemin basarisina
etkisinin Olgiilmesi amaci ile olusturulacak siiper
piksellerin {ist sinir1 600, 900, 1200 olmak iizere ii¢
farkl sekilde denenmistir. Icerisinde kan goriintiisii
iceren ve icermeyen gorintiilerin karigik bir sekilde
bulundugu veri seti, iki farkli ¢ekirdek fonksiyonu, ii¢
farkli st siiper piksel sayist ve li¢ ayr1 C degerinin
kombinasyonlart ile elde edilmis toplamda 18 farkli
model ile test edilmistir.

Modellerin test edilmesi sirasinda el ile olusturulan
maske  ve  programin  olusturdugu  maske
karsilastirilarak elde edilen sonug¢ degerlendirilmistir.
Sekil 8’in ilk kolonunda veri setinde bulunan
goriintiilerden 6rnekler verilmistir. 1200 siiper piksel
icin elde edilen boliitleme sonuglart ortadaki kolonda
goriinmektedir. Stiper piksel tabanli kanli bolge tespiti
algoritmasi ile alinan sonuglar ise en sagdaki kolonda
verilmigtir. Yesil alanlar kan igeren ve onerilen sistem
ile dogru tahmin yapilan kisimlari, kirmizi bolgeler kan
iceren ancak sistem tarafinda tespit edilememis
bolgeleri ve mavi kisimlar ise kan igermedigi halde
programin kan olarak tespit ettigi bdlgeleri
gostermektedir.

()

(b)

]

©

Sekil 8. (a) Veri setinden orijinal resim 6rnekleri (b) 1200 stiper piksel i¢in boliitleme sonucu (c) Stiper piksel
tabanli kanl1 bolge tespit etme sisteminin sonuglari. Yesil bolgeler dogru kabulleri, kirmizi bolgeler yanlis redleri
ve mavi bolgeler ise yanlig kabulleri gostermektedir.

Stiper piksel iist sinirt 600, 900 ve 1200 iken farkli
¢ekirdek fonksiyonlar1 ve C parametreleri kullanilarak
elde edilen basar1 oranlar1 sirasiyla Tablo 1, Tablo 2 ve
Tablo 3°de verilmigtir. Kisitli bir veri seti ile yapilan

testlerin giivenilirligini temin etmek adina K katlamali
capraz dogrulama kullanilmigtir. K verinin boliinecegi
parca sayisi olmak iizere, test sonuglari K=20 i¢in
hesaplanmistir.

Tablo 1. Siiper piksel iist sinir1 600 iken elde edilen basari oranlari

Dogrusal Cekirdek Fonksiyonu
C Degeri Dogruluk Kesinlik Geri Cagirma F Skoru
0.1 0.95 0.80 0.63 0.69
1 0.95 0.79 0.63 0.69
3 0.95 0.78 0.63 0.69
Radyal Tabanh Cekirdek Fonksiyonu
C Degeri Dogruluk Kesinlik Geri Cagirma F Skoru
0.1 0.96 0.88 0.71 0.78
1 0.97 0.88 0.73 0.80
3 0.97 0.87 0.75 0.81
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Tablo 2. Siiper piksel iist sinir1 900 iken elde edilen basari oranlari

Dogrusal Cekirdek Fonksiyonu
C Degeri Dogruluk Kesinlik Geri Cagirma F Skoru
0.1 0.95 0.79 0.63 0.69
1 0.95 0.78 0.64 0.69
3 0.95 0.77 0.64 0.69
Radyal Tabanh Cekirdek Fonksiyonu
C Degeri Dogruluk Kesinlik Geri Cagirma F Skoru
0.1 0.96 0.88 0.71 0.78
1 0.97 0.86 0.78 0.82
3 0.97 0.85 0.80 0.82
Tablo 3. Siiper piksel iist sinir1 1200 iken elde edilen basari oranlari
Dogrusal Cekirdek Fonksiyonu
C Degeri Dogruluk Kesinlik Geri Cagirma F Skoru
0.1 0.94 0.80 0.48 0.57
1 0.94 0.79 0.55 0.64
3 0.94 0.79 0.56 0.64
Radyal Tabanh Cekirdek Fonksiyonu
C Degeri Dogruluk Kesinlik Geri Cagirma F Skoru
0.1 0.97 0.89 0.72 0.79
1 0.97 0.87 0.78 0.82
3 0.97 0.86 0.79 0.82

Olusturulan modellerden elde edilen sonuglar siiper
piksel {ist sinir1 parametresine gore incelendiginde, tim
stiper piksel st sinirlart i¢in radyal bazli c¢ekirdek
fonksiyonu dogrusal ¢ekirdek fonksiyonuna gore daha
iyi sonuglar lirettigi gozlenmistir. C parametresinin
degisimi ile dogruluk ve hassasiyette ciddi degisimler
goriilmemistir. Tiim bu sonuglar géz 6niine alindiginda
stiper piksel {ist siniri1 arttikga modelin daha basarili
sonuglar iirettigi soylenebilir. Ayrica C parametresinin
diisiik degerleri daha basarilt sonuglar vermektedir. En
yiiksek basar1 orani; 1200 siiper piksel iist sinir1, radyal
bazli ¢ekirdek fonksiyonu ve C=3 kombinasyonu ile
elde edilmistir (Tablo 3’de kirmizi ile isaretlenmistir).

Literatiirde boliitlenmis kanli bolgeleri iceren agik bir
veri seti bulunmamaktadir. Bu caligmada onerilen
siiper piksel tabanli kanli bolge tespit sisteminin
basarisinin mevcut metotlar ile karsilastirilabilmesi
icin, Yan Gao ve arkadaglarinin gelistirdigi sabit
pencere boyutu ve DVM tabanli sistem [13], bu ¢alisma
kapsaminda olusturulan veri setine uygulanmis ve elde
edilen sonuglar degerlendirilmistir. Yan Gao ve
arkadaglarinin Onerdigi ¢6ziim ayni test kiimesine
uygulandiginda elde edilen dogruluk, kesinlik, geri
cagirma, F Skoru ve birlesimlerin kesisimi (IoU-
Intersection Over Union) degerleri [22] ve Onerilen
stiper piksel tabanli yontem ile elde edilen en iyi
sonuglar karsilastiritlmali olarak Tablo 4°de verilmistir.

Tablo 4. Yan Gao ve arkadaglarinin 6nerdigi ¢6ztiim ile 6nerilen siiper piksel tabanli yontemin karsilagtirmali

sonuglari
Birlesimlerin - - Geri
Cahisma Kesisimi Dogruluk Kesinlik Cagirma F Skoru
O{lerllen Siiper piksel Tabanl 071 097 086 0.79 082
Yontem
Yan Gao ve arkadaglar1 [13] 0,64 0.96 0.87 0.70 0.77

Bu sonuclar g6z oOniine alindiginda birlesimlerin
kesisimi, dogruluk, geri cagirma ve F Skoru
degerlerinde siiper piksel boliitlemesi kullanilan
modelin daha basarili sonuglar aldig1 goriilmektedir.
Siiper piksel tabanli sistem ile sabit pencere tabanl
sistemin basar1 oranlarindaki en biiyiik fark geri
¢agirma oraninda kaydedilmistir. Bu fark sabit pencere
tabanli sistemin yiiksek yanlis negatif oranindan

kaynaklanmaktadir. Diisiik yanlis negatif oranina sahip
olmasi, kanli bolgeleri kagirilmadan filtrelebildigi i¢in
siiper piksel tabanli sistemi pratik olarak daha kullanigh
hale getirmektedir. Onerilen ydntemin birlesimlerin
kesisimi orani da sabit pencere tabanli sisteme gore
olduk¢a yiiksektir. Birlesimlerin kesigimi orani
ozellikle arka plana ait piksel sayisinin ilgi bolgesine
ait alana gore olduk¢a fazla oldugu problemlerde
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basarili bir 6l¢ctim metrigi olarak karsimiza ¢ikmaktadir
[23]. Onerilen sistem ile elde edilen yiiksek
birlesimlerin kesisimi orani sistemin daha giivenilir bir
yapida oldugunu ortaya koymaktadir.

(a)
Sekil 9. (a) Veri setinden 6rnek resimler (b) Siiper piksel tabanli sistemin tirettigi sonuglar (¢) Yan Gao ve
arkadaglarinin 6nerdigi sistemin {irettigi sonuglar

Verilen 6rneklerde goriildiigii tizere bir fazla boliitleme
yontemi olan siiper piksel boliitlemesi sabit pencere
yontemine gore nesnelerin sinirlarini bulmada daha
basarilidir. Bu 6zellik 6zellikle daha organik ve diizenli
olmayan smurlart tespit etmede bagart oranini
arttirmaktadir.

V.SONUC ve GELECEK CALISMALAR
Gergeklestirilen projenin amaci verilen bir goriintii
dosyas1 igerisinde kan iceren bolgelerin tespit
edilmesidir. Bu amaca yonelik olarak, toplanan cesitli
goriintii  dosyalarindan renk ve doku &zellikleri
cikartilmistir. Bu 6zellikler ¢ikartilirken alandaki diger
calismalardan farkli olarak goriinti dosyasi siiper
piksellere ayrilmig ve daha dogal bir bdliitleme elde
edilmigtir. Bdylece Ozellik ¢ikarma isleminin daha

(b)

36

Sekil 9°da veri setinden 6rnek resimler i¢in siiper piksel
tabanl sistemin iirettigi ve Yan Gao ve arkadaslarimin
Onerdigi sistemin irettigi sonuglar verilmistir.

(©

etkili yapilmasi saglanmistir. Siiper piksel boliitlemesi
sonucunda olusan her bir par¢adan renk ozellikleri,
doku oOzellikleri ve kan igerip icermedigi bilgisi
almarak her bir siiper pikselden bir 6zellik vektorii elde
edilmistir. Elde edilen vektdrlerden DVM algoritmasi
yardimiyla ve farkli ¢gekirdek fonksiyonlar1 kullanilarak
modeller olusturulmustur. Bu modeller kullanilarak test
kiimesi tizerinde deneyler yapilmistir.

Deneyler sonucunda kullanilan siiper piksel iist sinir1
sayist  arttiginda basart  oraninin  da  arttif
gozlemlenmistir. Radyal tabanli ¢ekirdek fonksiyonu
dogrusal c¢ekirdek fonksiyonundan daha basarili
sonuglar iiretmistir.

Olusturulan model Yan Gao ve arkadaslari tarafindan
gelistirilmis olan algoritma ile karsilastirildiginda
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ozellikle kesisimlerin birlesimi, geri ¢agirma ve F
Skoru parametrelerinde daha basarili sonuglar elde
edildigi gozlenmistir. Ancak gelistirilen sistemin test
kiimesinde bulunan bazi goriintiilerdeki kan ile benzer
renk ve doku ozellikleri gosteren nesneleri ayirmada
istenilen bagartyr gosteremedigi gorilmiistiir. Bu
sorunun asilmasi i¢in gelecek galigmalarda isaretlenen
bolgenin renk ve doku ozellikleri yami sira sekil
ozellikleri de degerlendirmeye alinabilir. Stniflandirma
i¢in derin 6grenme mimarilerinin kullanilmasi da daha
yiiksek basar1 oranlarimin elde edilmesini saglayacaktir.
Olusturduklar1 dogal sinirlarin bélitleme basarisina
katkisindan dolayr son yillarda siiper piksel tabanli
boliitlemeyi derin 6grenme metodlar1 ile birlestiren
caligmalar yaymlanmaya baslamistir [24, 25]. Bu
yaklasim kanli bolge tespiti i¢in kullanildiginda
basariy1 dnemli 6l¢iide arttiracaktir. Gelistirilen yontem
uygun veri seti ile egitilmesi halinde sadece kanli
goriintiilerin degil, pornografik goriintiilerin tespiti i¢in
de kullanilabilecek niteliktedir.
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Indirgenmis Grafen Oksit ile Kaplanan Pamuk Kumasin Elektriksel
Iletkenlik ve Hashk Ozelliklerinin Incelenmesi

The Investigation of Electrical Conductivity and Color Fastness Properties of Reduced
Graphene Oxide Coated Cotton Fabric
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Oz

Bu calismada, %100 grafen oksit igeren pat hazirlanarak rakle kaplama makinasinda pamuk kumas iizerine kaplama islemi
gerceklestirildi. Bu amagla, grafit partikiillerden kimyasal oksidasyon yontemiyle grafen oksit sentezlendi. Herhangi bir
yardimer kimyasal kullanilmadan hazirlanan %100 grafen oksitten olusan hidrosol ile kaplama isleminin ardindan grafen
oksitin elektriksel olarak iletken yapiya doniismesi amactyla C vitamini ile indirgeme islemi uygulandi. Grafen oksit ve
indirgenmis grafen oksit kaplanmis kumasin karakterizasyonu Fourier doniigimlii kizilotesi spektroskopisi (FTIR) ile
gergeklestirildi ve ylizey 6zellikleri taramali elektron mikroskobu (SEM) ile incelendi. Elektriksel direng, dort nokta prob
teknigi ile 6l¢iildii. Yikama ve siirtme haslik testleri gergeklestirilerek indirgenmis grafen oksit kapl kumasin elektriksel direng
dayanimu belirlendi. Buna gore, grafen oksit kaplanan pamuk kumasta elektriksel direng 4.46E+06 Q/o olarak elde edildi ve C
vitamini ile indirgeme islemi sonrasi elektriksel direng 2.56E+02 Q/o olarak 6lgiildi. Yikama sonrasinda elektriksel direng
degerinde kaydadeger bir degisim olmadigi ancak haslik testleri sonrasinda bir miktar artis oldugu goézlendi. Ayrica,
indirgenmis grafen oksit kapli pamuk kumasin elektromanyetik kalkanlama etkinligi de incelendi ve kumasin katlanmasiyla
kalkanlama etkinliginin arttig1 gortldii.

Anahtar kelimeler: grafen oksit, kaplama, indirgeme, elektriksel iletkenlik, pamuk kumas.

Abstract

In this study, 100% graphene oxide containing paste were prepared and coated on cotton fabric in a knife coating machine. For
this purpose, graphene oxide is synthesized from graphite by the chemical oxidation method. After the coating process of
graphene oxide hydrosol which is prepared without any auxiliary chemicals, the reduction process with Vitamin C was applied
to obtain the electrically conductive structure. The characterization of graphene oxide and reduced graphene oxide coated cotton
fabric was carried out by Fourier transform infrared spectroscopy (FTIR) and the surface properties were examined with
scanning electron microscopy (SEM). The electrical resistivity was measured by four point probe technique. The durability of
electrical resistivity after washing and rubbing fastness tests was also determined. The electrical resistivity of graphene oxide
coated cotton fabric was obtained as 4.46E+06 Q/o and after the Vitamin C reduction process, the electrical resistivity was
measured as 2.56E+02 Q/o. It was observed that there was no significant change in electrical resistivity after washing test
while the electrical resistivity increased after the rubbing fastness tests. Additionally, the electromagnetic shielding
effectiveness of reduced graphene oxide coated cotton fabric was tested and it was seen that the electromagnetic shielding
effectiveness was increased with the plying of fabric.

Key words: graphene oxide, coating, reduction, electrical conductivity, cotton fabric.

I. GIRIS

Grafen, tek tabaka karbon atomlarinin 2 boyutlu balpetegi yapisinda diizenlenmesiyle olugmaktadir ve diger tiim
boyutlardaki grafitik malzemelerinin temel yapitagidir. Grafen, essiz yapisi ve miitkemmel elektronik, optik, termal
ve mekanik ozellikleri sebebiyle bir¢ok konvansiyonel 3 boyutlu malzemeden farklilik gostermekte ve ¢ok ¢esitli
alanlarda gelismis malzemelerin iretilmesinde olduk¢a dikkat ¢ekmektedir [1-5]. Grafenin konvansiyonel
tekstillerle birlestirilmesiyle fonksiyonel tekstillerin gelistirilmesi 6nemli arastirma konular1 haline gelmistir.
Grafen igerikli tekstillerin gerilim sensorleri [6], siiperkapasitorler [7], enerji depolama [8] gibi elektriksel
uygulamalarda olduk¢a umut verici oldugu goriilmiistiir. Ayrica, tekstillerin sahip oldugu esneklik, hafiflik, diigiik
maliyet gibi 6zelliklerinden dolay1 grafen esasli giyilebilir elektriksel iletken tekstillerin gelistirilmesi son yillarda
6nem kazanmigtir [9-12]. Elektriksel iletken tekstiller saglik, askeri, giyilebilir elektronikler ve akilli tekstiller gibi
cesitli alanlara kullanilmaktadir. Ayrica, hali, otomobil koltuklar1 gibi endiistriyel ve konvansiyonel alanlarda
1sitma elemani olarak da kullanilmaktadir [13, 14]. Grafen, yiiksek tasiyict hareket yetenegi, mekanik dayanikliligi,
¢evresel kararlilig1 ve diigiik maliyetli {iretilebilirligi sayesinde iletken katki maddesi, miirekkep ve kaplamalarda
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kullanim  i¢in  birgok  gereksinimi  karsilama
potansiyeline sahiptir. Ancak grafende fonksiyonel
gruplarin bulunmamasi kullanimini kisitlamaktadir.
Grafenin fonksiyonellestirilmis tiirevi olan grafen
oksitin yilizeyinde oldukca fazla miktarlarda hidrofilik
fonksiyonel grup bulunmaktadir [15-17]. Grafen
oksitin sulu dispersiyonunun halihazirda herhangi bir
polimerik ya da yiizey aktif stabilizor kullanimina
gerek olmadan karboksil ve hidroksil gruplarin
varligiyla oldukca kolay bir sekilde hazirlanabildigi
goriilmiistiir. Bu avantaj, elektriksel olarak iletken
tekstillerin gelistirilmesinde, tipki bitim iglemlerinde
oldugu gibi daldirma, kaplama veya boyama prosesi
seklinde grafenin direk olarak uygulanabilirligini
miimkiin kilmigtir [1, 15]. Grafen oksit tabakalari,
kumasta bulunan fonksiyonel gruplar ve grafen
oksitteki  fonksiyonel gruplar arasindaki ¢ekim
kuvvetlerinin etkisiyle kumag ylizeyine adsorbe olurlar
[18]. Ancak grafen oksit elektriksel olarak yalitkan
oldugundan uygulama sonrasinda indirgenerek
elektriksel olarak iletken olan indirgenmis grafen oksite
dontistiriilmesi  gerekmektedir ~ [19].  Tekstil
yiizeylerinde grafen oksitin indirgeme prosesi
genellikle farkli kimyasal indirgeme maddelerinin
kullanildig1 kimyasal indirgeme ile ve inert atmosfer
veya kimyasal indirgeyici gaz ortaminda yiiksek
sicaklikta ~ termal  indirgeme  islemleri  ile
gerceklestirilmektedir  [16]. Kimyasal indirgeme
isleminde cesitli Ozelliklerde indirgeme maddeleri
kullanilmaktadir. Bunlara 6rnek olarak toksik ve insan
sagligmma ve g¢evreye olduk¢a zararli hidrazin,
hidrokinon, sodyum borohidrit verilebilir. Son yillarda
grafen oksitin ¢evre dostu indirgenmesinde yaygin
olarak kullanilan malzeme ise askorbik asittir (C
Vitamini) [20-24]. Birgok tekstil malzemesi arasinda
pamuk kumas en yaygin olarak kullanilan malzemedir.
Pamugun kimyasal yapisinda bulunan hidroksil
gruplardan dolayr pamuk kumas kolaylikla modifiye
edilebilir ve diger aktif malzemelerle etkilesimi
artirilabilir [15]. Elektriksel iletken pamuk kumas
tiretiminde indirgenmis grafen oksit kullanimiyla ilgili
birtakim ¢aligmalar bulunmaktadir. Bu ¢alismalarin
cogunda daldirma yontemiyle kaplama prosesi yaygin
olarak uygulanmistir. Ancak, bu yontemde kumas
tizerindeki grafen oksit miktarini artirmak i¢in ¢oklu
tekrarlarin yapilmasi gerektiginden, bu proses bilyiik
Oleekli tiretimler i¢in uygun degildir [1, 3, 15, 25-29].

Bu caligmada, %100 grafen oksit igeren pat
hazirlanarak rakle kaplama makinasinda pamuk kumas
iizerine kaplama iglemi gergeklestirilmistir. Bu pat
icerisinde herhangi bir yardime1 kimyasal ve baglayici
madde kullanilmamustir. %100 grafen oksit kaplanan
pamuk kumasin elektriksel olarak iletken yapiya
donilismesi amaciyla C vitamini ile indirgeme iglemi
uygulanmistir. Grafen oksit ve indirgenmis grafen oksit
kaplanmig  kumasin  karakterizasyonu  Fourier
dontisiimlii kizilotesi spektroskopisi (FTIR) ve taramal
elektron mikroskobu (SEM) ile gerceklestirilmistir.
Elektriksel direng, dort nokta prob teknigi ile
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Olgilmistiir. Yikama ve siirtme hashik testleri
gerceklestirilerek indirgenmis grafen oksit kapl
kumasin elektriksel diren¢ dayanimi belirlenmistir.

Il. MATERYAL VE METOT

1.1. Malzemeler

Grafit partikiiller Sigma Aldrich firmasinda temin
edilmistir. Hidrojen peroksit (H202, %35), siilfiirik asit
(H2S04, %95-98), fosforik asit (HsPOs), potasyum
permanganat (KMnQy) and hidroklorik asit (HCI, %37)
Merck firmasindan temin edilmistir. Tim caligma
boyunca destile su kullanilmistir. Calismada %100
pamuk, atki sikligi 18 tel/cm ve ¢ozgii siklig1 36 tel/cm
olan bezayagi dokuma kumas kullanilmastir.

1.2. Grafen oksit sentezi

Grafen oksit, grafit partikiillerden gelistirilmis
Hummer yontemi ile sentezlenmistir. Kisaca, 9:1
oraninda H>SO4/H3PO4 (360:40 mL) karisimina grafit
partikdilleri (3 g) ilave edilerek manyetik karigtiricida
buz banyosunda karigtirilmistir. Ardindan, KMnO4 (18
g) eklenmis ve tamamen ¢dziindiikten sonra karigimin
sicakligl 50°C’ye ¢ikarilmis ve 12 saat karistirilmistir.
Reaksiyon sicakligi oda sicakligina (25°C) geldikten
sonra buz (400 ml) {izerine dokiilmiistir ve tamamen
erime gergeklesip karisim homojen bir hale geldiginde
%30’luk H20; (6 mL) ile reaksiyon sonlandirilmistir
(Sekil 1). Elde edilen siispansiyon 8000 rpm’de 30’ar
dk siire ile 6nce 1 M HCI ¢6zeltisi, sonra 200 ml etanol
(x2) ve son olarak destile su ile pH 4-5 olana dek
yikanmigtir. Son olarak elde edilen kati iiriin etiivde
60°C’de kurutulmustur.

Grafit
H2304 b arxaturma kanigtirma
H3PO4 KMnO4 Mmﬁl 0°C)
Buz 12 saat
banyosu
‘ Buz uzerine ilave
/H:oz
karigtirma 2 ilavesi
Grafen 1 saat kanstlrma
oksit

Sekil 1. Grafen oksit sentezinin sematik gésterimi

2.3. Kaplama uygulamasi ve indirgeme islemi

Kaplama islemi i¢in sentezlenen grafen oksitten 20
mg/ml  konsantrasyonda hidrosol hazirlanmustir.
Hazirlanan hidrosol igerisine yardimci kimyasal ve
baglayici katilmamistir. Elde edilen hidrosol viskositesi
oda sicakliginda (25 °C) s04 mil ile 50 rpm hizda 964
cP (Brookfield DV-E Viscometer) olarak bulunmustur.
Pamuk dokuma kumas kaplama makinesine numune
tutucu ignelere yerlestirilmis ve ardindan grafen oksit
pat kumasin iizerine dokiilmiis ve otomatik raklenin
hareketi ile kaplama islemi gerceklestirilmistir (Sekil
2). Ardindan kumag 120°C’de 10 dk fikse edilmistir.
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Elde edilen grafen oksit kapli kumasin indirgeme
islemi 50:1 (L:G) banyo oraninda 0.1 M C vitamini sulu
¢ozeltisinde 95°C’de 90 dk siire ile gerceklestirilmistir.
Ardindan kumas destile su ile yikanmis ve reaksiyon
kalintilar1 uzaklastirilmistir. Son olarak, indirgenmis
grafen oksit kapli pamuk kumas etiivde 90°C’de 30 dk
kurutulmustur.

rakle

*rakle hareket yoni

— GO hidrosol

pamuk kumas

\ silindir

Sekil 2. Silindir tizeri rakle kaplama uygulamasinin
sematik goriiniimii

2.4. Karakterizasyon

Taramali elektron mikroskobu (FE-SEM, FEI Sirion)
GO ile kaplanan pamuk kumasin yilizey morfolojisinin
belirlenmesinde  kullanilmistir. GO ile kaplama
sonrasinda ve indirgeme islemi sonrast ve indirgenmis
numunenin  yikama sonrast SEM analizi
gergeklestirilmigtir.  Fourier doniisimlii  kizil6tesi
spektroskopisi (ATR-FTIR, Perkin Elmer Spectrum
Two) 650-4000 cm? frekans araliginda numunelerin
kimyasal yapilarimin  analizinde  kullanilmistir.
Numunelerin elektriksel direnci 4-nokta ug (Keithley
2450 Sourcemeter, Everbeing Int’l Corp) ile
Olciilmiistiir. Kaplama kalinlik 6l¢iimii  Mitutoyo
kalinlik 6l¢me cihazi ile gerceklestirilmistir. Her bir
numune en az 5 kez Ol¢lilmiis ve ortalama sonug
dikkate alinmigtir. Kaplanan kumaglarin mikroskop
gorintiileri 151k mikroskopu (Olympus, SZ-PT, SZ60)
ile elde edilmistir. Yikamaya karst renk hasligi testi
ISO 105-C06 standardina goére uygulanmistir.
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Sonuglarin degerlendirilmesinde gri skala (1 en kotii- 5
en iyi) kullanilmistir. Strtlinmeye karst renk haslig
testi 1SO 105-X12 standardina goére uygulanmustir.
Elektromanyetik kalkanlama etkinligi, ASTM D4935-
10 diizlemsel materyaller i¢cin koaksiyel transmisyon
hatt1 yontemi standardina gore test edilmigtir. Burada,
numuneyi tutmak i¢in kalkanlama etkinligi test aparati
(Electro-Metrics, Inc., model EM-2107A) ve
elektromanyetik sinyal iireten ve geri donisii Ol¢en
network analizér (Rohde&Schwarz ZVL-Network
Analyzer) kullanilmustir.

I11. BULGULAR VE TARTISMA

3.1. SEM analizi

GO kaplama, indirgeme ve yikama islemi sonrasinda
pamuk kumasin ylizey Ozellikleri taramali elektron
mikroskobu ile incelenmistir. Sekil 3 (a-c)’de GO
kaplanan pamuk kumagsin farkli Dbiyilitmelerdeki
goriintillerinden anlasilacagi {izere pamuk kumas
yizeyi GO ile homojen bir sekilde kaplanmustir.
Kumastaki ipliklerinin {izerinin tamamen GO ile
ortildiigi ve kumasg yapisindaki bosluklarin GO ile
doldugu goriilmektedir. Sekil 3(b ve c)’de kumas
iizerinde GO yapisinin kivrimli ve burusuk bir formda
oldugu anlagilmaktadir. C vitamini ile indirgeme islemi
sonrasinda pamuk kumasa ait goriintiiler sekil 3(d-f)’de
verilmistir. Buradan, indirgeme isleminden sonra
kumas iizerinde indirgenmis GO tabakalarin bulundugu
ve kaplamanin homojenliginin bozulmadan kaldig1
goriilmektedir. Sekil 3f’de indirgeme islemi ile GO
tabakalardaki oksijen igerikli fonksiyonel gruplarin yok
olmasi sonucu indirgenmis grafen oksitin daha kivrimli
ve burusuk goriintiisiiniin olmadig1 ve daha kirilgan bir
formda oldugu soylenebilir. Indirgenmis GO kaph
pamuk kumasin yikama islemi sonrasi goriintiisii sekil
3(g-1)’da  verilmistir. Yikama islemi sonrasinda
indirgenmis GO kaplamanin pamuk kumas lizerinde
kaldig1 ancak kaplamanin homojenliginin yer yer
bozuldugu goriilmektedir.



Int. J. Adv. Eng. Pure Sci. 2021, 33(1): 39-46

RGO/Pamuk Kumas

Se 3. Numunlere ait SEM gériintiiler (a-c) kalanmls pamuk kumas, (d-f) indirgenmis GO kaplanmis
pamuk kumas, (g-1) ytkama sonrasi indirgenmis GO kaplanmis pamuk kumas.

3.2. FTIR analizi

Sekil 4’te pamuk kumasa, GO kaplanan ve indirgeme
islemi uygulanan kumaglara ait FTIR spektrumu 400-
4000 cm? araliginda verilmistir. Olgiimler, kumasin
kaplanmis yilizeyinde gergeklestirilmistir. Burada,
pamuk kumasa ait karakteristik pikler belirgin bir
sekilde goriilmektedir. GO kaplama isleminin ardindan
yeni piklerin olustugu net bir sekilde séylenebilir. 2923
ve 2851 cm™’de simetrik ve asimetrik CHz molekiiler
esneme titresimlerine ve 1741 cm™’de karboksil
gruplarinin ve karbonil igeren gruplarin artmasiyla
C=0 esnemesine ait pik olusumu goriilmektedir. 1621

cm™°de olusan pik ise GO’da bulunan su molekiillerine
ait —OH gruplarimin biikiilme ve esneme titresimlerini
gostermektedir. Bir diger belirgin degisim ise 3300-
3400 cm?deki  hidroksil (-OH)  bandmin
genislemesidir. Tim bu degisimler GO partikiillerinin
kumas yiizeyine tutundugunu géstermektedir [30, 31].
Indirgeme isleminden sonra ise elde edilen spektrumda
belirgin degisikliklerin oldugu gériilmektedir. GO’ya
ait  karakteristik piklerin yok oldugu acikca
goriilmektedir. Buradan, indirgeme isleminin bagaril
bir sekilde gergeklestigi ve oksijen igerikli gruplarin
uzaklastirildigi net bir sekilde ifade edilebilmektedir.

%T

40000 3600 3200 2800 2400 2000

1800

1600 1400 1200 1000 800 600 4500

om-1

Sekil 4. Numunelere ait FTIR spektrumu
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3.3. Yiizey morfolojisi ve kaplama kalinhg:

Sekil 5’te GO kaplanmisg ve indirgenmis GO kaplanmis
pamuk kumasa ait 15tk mikroskop goriintiileri
verilmistir. Sekil 5 (a) grafen oksit ve (c) indirgenmis
grafen oksit kapli pamuk kumasin ytlizey goriintiilerine
ait iken, (b) grafen oksit ve (d) indirgenmis grafen oksit
kapli pamuk kumasin kesit goriintiilerini vermektedir.
Agik¢a goriilmektedir ki, GO kaplama isglemi kumasg
ylizeyinde basari ile gergeklestirilmis ve kaplama rengi
kahverengi olarak goriilmektedir. GO’nun elektriksel
olarak iletken olan indirgenmis GO’ya doniistiigiiniin
tespit edilmesinde ilk ve en belirgin yontem gorsel
olarak degerlendirmedir. Indirgeme islemi ile oksijen
icerikli fonksiyonel gruplarin uzaklastirilarak kaplama
renginin siyah-metalik gri olarak elde edildigi ve
kaplamanin homojen bir sekilde kumas {iizerinde
oldugu goriilmektedir.

LT 2
el Lk O TR

kapli pamuk
kumasin (c,d) ylizey ve kesit mikroskop goriintiileri

Sekil 6’da GO kaplanmis ve indirgenmis GO
kaplanmig pamuk kumasa ait kaplama kalinligi
verilmistir. Kaplama kalinlik 6l¢iimii, kaplanmig
kumagin kalinligindan islem gormemis kumasin
kalinliginin ¢ikarilmasi ile elde edilmistir. Sekil 6’da,
GO ve indirgenmis GO kaplamalarin kalinliklarinin 12
um oldugu goriilmektedir. indirgeme isleminden sonra
kaplama kalinliginin degismedigi acikca
goriilmektedir. Ancak, yikama isleminden sonra
indirgenmis GO kaplama kalinliginda bir miktar
azalma meydana gelmistir. Kaplama kalinligi yikama
isleminden sonra 10 um’ye diigmiistiir. Yikama islemi
ile kumasg tiizerindeki indirgenmis GO miktarinda

Akrilik
5

Poliester
5

Yiin
5

3.6. Siirtiinmeye karsi renk hashg testi

Indirgenmis GO kapli pamuk kumasin siirtinmeye
kars1 renk hashigi testine ait sonuglar Tablo 3’te
verilmistir. Buna gore, indirgenmis GO kapli pamuk
kumasin atki ve ¢dzgii yonlerindeki yas siirtme test

Tablo 2. indirgenmis GO kaplanan pamuk kumasin yikamaya karsi renk hashiginin degerlendirmesi
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Poliamid

azalma oldugu ve kumasa tam olarak tutunamayan
indirgenmis GO partikiillerin yikama esnasindaki
mekanik etkiyle uzaklastig1 sdylenebilir.

15
10 4
€
=2
= 5
c
©
p4
0 T T
GO-PA RGO-PA RGO-PA-Y
Numune

Sekil 6. Kaplama kalinlig1

3.4. Elektriksel direng ol¢iimii

GO kaplanmig ve indirgenmis GO kaplanmig pamuk
kumasa ait elektriksel diren¢ Ol¢lim sonuglari Tablo
1’de verilmistir. Buradan goriildiigi gibi GO kaplanan
kumasin elektriksel direnci olduk¢a yiiksek bir degere
(4.46E+06 Q/o) sahiptir. C vitamini ile indirgeme
isleminden sonra yapilan dl¢ctimde elektriksel direng
degerinde belirgin bir diisiis oldugu agik¢a ifade
edilmektedir. 2.56E+02 Q/o olarak elde edilen bu
deger ile indirgenmis GO kapli pamuk kumasin
elektriksel olarak iletken oldugu soylenebilir.

Tablo 1. GO kaplanan ve indirgeme islemi uygulanan
kumasin elektriksel direng sonuglari

[GOPA | 44cEr0s

3.5. Yikamaya karsi renk hashg testi

Indirgenmis GO kapli pamuk kumasin yikamaya kars
renk haslig testine ait sonuglar Tablo 2°de verilmistir.
Indirgenmis GO kapli pamuk kumasin yikamaya kars
renk hasliginin gri skala degerlendirmesinde en yiiksek
degerde oldugu goriilmektedir. Yikama sonrasi
kaplamada herhangi bir renk degisimi olmadigi ve
kaplanmis kumasin referans kumasi lekelemesinin de
gri skala degerlendirmesinde en iyi degere sahip oldugu
acikca ifade edilmektedir.

Asetat
5

Pamuk

5 5

sonucunun gri skalada degerlendirmesinde en diisiik
degerlere sahip oldugu agik¢a goriilmektedir. Bununla
birlikte, kuru siirtme test sonucunun gri skaladaki
degerlendirmesinin orta seviyede oldugu sdylenebilir.
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Tablo 3. indirgenmis GO kaplanan pamuk kumasin siirtinmeye karsi renk hasligiin degerlendirmesi

Yas Siirtme Kuru Siirtme
Numune Atk Cozgii Atk Cozgii
RGO-PA 172 1/2 2/3 2/3
3.7. Haslik testleri sonrasi elektriksel direnc elektriksel direng degeri 2.56E+02 Q/o iken, yas ve

Indirgenmis GO kaplanan pamuk kumasin ytkama ve  kuru siirtme sonrasi bu deger, sirasiyla, en yiiksek
sirtme testleri sonrasinda elektriksel direng Ol¢iim  5.39E+04 Q/o ve 4.34E+03 Q/o olarak elde edilmistir.
sonuglar1 Tablo 4’te verilmistir. Acik¢a goriilmektedir ~ Ancak yikama testi sonrasinda elektriksel direncte
ki, siirtme ve yikama testleri sonrasinda indirgenmis meydana gelen artis dikkate alinmayacak seviyede
GO kapl pamuk kumasin elektriksel direncinde artis  diisiiktiir.

meydana gelmistir. Indirgeme sonrasinda olgiilen

Tablo 4. Siirtme ve yikama testleri sonrasinda indirgenmis GO kapli numunelerin elektriksel direng sonuglar
Elektriksel direng (£2/0)

Yas Siirtme Kuru Siirtme
Numune Atka Cozgii Atk Cozgii Yikama
RGO-PA 3.05E+04 5.39E+04 4.34E+03 4.06E+03 5.19E+02

Yikama testi oncesi ve sonrasinda indirgenmis GO  edilmistir.

kapli pamuk kumasin sari1 LED lambalar1 yaktigi 30 -

gorseller Sekil 7°de verilmistir. Buradan anlasilacagi e 1 KAt Jkat emm—rdkat
iizere, indirgenmis GO kaplama sar1 LED lambalar1 25

yakacak yeterli elektriksel iletkenlik degerine sahiptir.

Buna ilave olarak, yikama islemi sonrasinda da 20 A

kaplamanin elektriksel iletkenliginde degisiminin

olmadigi yine sart LED lambanin yanmasiyla da F 15 1
desteklenmektedir. w
(%]
S 10 A
w
.N
5 -
O T T 1
0 1000 2000 3000

Frekans (MHz)
Sekil 8. Indirgenmis GO kaplanan pamuk kumagin
elektromanyetik kalkanlama etkinligi

IV. SONUCLAR

Bu g¢alismada, herhangi bir yardimer kimyasal
kullanilmadan %100 grafen oksit igerikli hidrosol
hazirlanarak pamuk kumas {izerine rakle ile kaplama
yontemiyle uygulanmistir. Ardindan C vitamini ile
indirgeme islemi gergeklestirilerek yapilan kaplamanin
elektriksel olarak iletken hale gelmesi saglanmustir.
FTIR ve SEM analizleri ile grafen oksitin kumas
yiizeyine basarili bir sekilde kaplandigi net bir sekilde
goriilmiistiir. Ayrica C vitamini ile indirgeme islemi
sonrasinda yapidaki oksijen icerikli fonksiyonel
gruplarin uzaklastirildigi da bu analizlerde agikga
ortaya konmustur. Indirgeme isleminin basarili bir
sekilde gerceklestirildiginin bir diger 6nemli kanit1 da
elektriksel direng degerindeki belirgin degisimdir.
Indirgenmis GO kapli pamuk kumagin yikamaya ve
sirtinmeye karst renk hasligi testleri sonucunda
kaplamanin yikama sonrasinda daha kalici oldugu ve
elektriksel direncin degismedigi, 6zellikle yas siirtmeye
kars1 renk hasligmin en koti oldugu ve elektriksel
diren¢ artisinin en fazla oldugu ortaya konmustur.

Sekil 7. Yikama testi dncesi (a) ve sonrasinda (b)
indirgenmis GO kapli pamuk kumasta sart LED’in
yanmasi

3.8. indirgenmis GO kaph pamuk kumasin
elektromanyetik kalkanlama etkinligi

indirgenmis GO  kaplanan pamuk  kumasin
elektromanyetik kalkanlama etkinligi 6l¢lim sonuglari
Sekil 8’de verilmistir. Elektromanyetik kalkanlama
etkinligi, indirgenmis grafen oksit kapli pamuk
kumagin tek kat, iki kat ve dort kat seklinde
katlanmasiyla 6l¢iilmiistiir. Buradan anlagilacagi lizere,
indirgenmis GO kapli pamuk kumasin elektromanyetik
kalkanlama etkinligi kumasin katlanma sayisinin
artmastyla dogru orantili olarak artmaktadir. Kumasin
tek kat olarak elektromanyetik kalkanlama etkinligi
degeri en yiiksek 2.35 dB olarak 2205 MHz frekansta
elde edilirken, iki kat olarak en yiiksek deger 4.56 dB,
dort kat olarak 7.18 dB olarak yine ayni1 frekansta elde
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Ayrica, elektromanyetik kalkanlama etkinligi 6l¢iim
sonucunda, indirgenmis GO kapli pamuk kumasmn
katlama sayisinin artmasiyla dogru orantili olarak
kalkanlama etkinliginin arttig1 net olarak belirtilmistir.
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Abstract

In this study, a series of 3d transition metal (TM) (Co, Ni and Fe) doped ZnO particles synthesized by simple co-precipitation
method. Structural, morphological and magnetic properties were investigated to determine correlation between growth process
and ferromagnetism of metal doped ZnO samples. All samples had ZnO hexzagonal wiirtzite structure and slightly shift of ZnO
indexed peaks was observed by TM incorporation in ZnO. Although ZnO samples had granular forms, agglomerative forms
had emerged in TM:ZnO samples due to the fast growth process. The pure ZnO sample transformed paramagnetic to
ferromagnetic by TM incorporation due to carrier mediated exchange interaction between TM ions. The results demonstated
that doping with Fe3* ions in ZnO structure had enhanced ferromagnetism although fast growth and high particle agglomeration.
Keywords: ZnO, transition metal, co-precipitation, structural, ferromagnetic

Oz

Bu ¢alismada, bir dizi 3d ge¢is metali (TM) (Co, Ni ve Fe) katkili ZnO pargaciklari basit ¢oktiirme yontemi ile sentezlenmistir.
GM katkili ZnO 6rneklerinin manyetik 6zelliklerini incelemek i¢in yapisal, morfolojik ve manyetik caligmalar yapilmistir.
Kimyasal bilesimde Zn, O ve katk: elementlerin yiizdesi elementel analiz tarafindan dogrulandi. Katkili iyonlar Zn2+ iyonlar1
ile ikame edilirken, ZnO yapisindaki dramatik degisim GM Kkatkisi ile saptandi. Yiizey morfolojilerinden nanokiimelerin
olusumu gosterildi. FTIR spektrumu, saf ve GM katkili ZnO olustugunun bir kanitidir. GM iyonlar1 arasindaki degisim
etkilesimi nedeniyle Fe, Ni ve Co katkisi ile paramanyetik durumdan ferromanyetiklige saf ZnO 6rnegi ge¢mistir. Fe: ZnO
ornekleri ZnO kristal kalitesini diisiirmiis ve y1§ilma yiizey goriintiileri tespit edilmis olsa da, ferromanyetizmanin ZnO'ya Fe
katkisii ile artmasi ilgingtir.

Anahtar Kelimeler: ZnO, gegis metali, ¢coktiirme, yapisal, ferromanyetik

I. INTRODUCTION

As a metal oxide, ZnO is an attractive material that used in the opto-electronic devices [1], gas- and bio-sensors
[2,3], photocatalysis devices [4] and magnetic devices [5] with unique properties such as high chemical and
physical stabilization, wide optical band gap (~3.7 eV) and abundant in nature. Microstructures and nanostructures
have been preferred more than their bulk counterparts because of their finite size effect and high surface to volume
ratio. Doping of ZnO structure is effective way with metals, non-metals and vacancy-defect atoms to arrangement
electron transport and tailor Fermi energy levels [6]. Among them as a diluted magnetic semiconductor, ZnO is so
important due to its electronic controlled spin properties in order to develop spintronic devices [7], magnetically
targeted drug delivery systems [8] and nonvolatile magnetic memory devices [9].

In the practical applications, the long-term magnetization of ZnO structures can be enhanced appropriately by
using single cationic/anionic atoms so new electron trap levels can arise [10]. Theoretical studies have been proven
that doping with partially filled 3d transition metal (TM) ions with unpaired electrons to obtain residual room
temperature ferromagnetism of ZnO [11]. Permanent ferromagnetism can be obtained by method and method
parameter arrangement however un-control growth process and depending on this unpredictable impurities and
surface defects are crucial problems. Particle growth is difficult to control, including optimization of particle sizes
and their shapes and agglomerative formations reduce in the co-precipitation. This procedure is similar with
graphene oxide nanoparticle synthesis [12].

Recently, TM doped ZnO structures and their ferromagnetism have been investigated extensively. Wang et.al.
reported that Zn1-xNixO nanorod arrays exhibited room temperature ferromagnetism with a strong coercive field
[13]. Zong et. al. synthesized that different concentrated Co doped ZnO nanoparticles showed that magnetization
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saturation curves, indicating formation of oxygen
defect induced bound magnetic polarons [14]. Beltran
et.al. investigated that Fe was not effective directly in
room temperature ZnO ferromagnetism although
additional single charged oxygen vacancies, zinc
vacancies, and more oxygen-ended polar termination
influenced magnetization with Fe doping [15].

While there are a lot of TM doped ZnO studies in the
literature the phenomenon between ferromagnetism
and the growth process has been still controversial.
Therefore, structural and magnetic properties of
TM:ZnO were investigated in detail.

1. EXPERIMENTAL

Zinc chloride, sodium hydroxide (99%) and cobalt (I1)
chloride hexahydrate (99%) were purchased from
Merck Company and ethylene glycol (99%), iron (1)
sulfate heptahydrate (99%) and Ni (1) chloride
hexahydrate (99%) were supplied by Sigma Aldrich
Company. Zinc chloride, ethylene glycol and sodium
hydroxide were used as zinc source, polymerization
agent and complex agent, respectively. To prepare the
particles, 0.5 M zinc chloride was added in 100 ml
distilled water and mixed on the magnetic stirrer. Then
0.1 M metal source added into solution to obtain
TM:ZnO solution. After 0.4 M sodium hydroxide and
10 ml ethylene glycol added and homogeneous solution
was obtained. Aqueous solution was mixed at 80 °C
along 1 hour. After one day waiting, they were washed
with distilled water, ethanol and acetone. Dried
powders were annealed at 500 °C along 2 hours in the
furnace to remove surface impurities.

I11. ANALYTICAL INVESTIGATION
The crystal structures and structural parameters of the
microparticles were determined by Rigaku SmartLab
X-ray diffractometer, employing ACuKa =1.5406 A
radiation with 0.0130 step size which was operated
under 40 mA and 45 kV, using powder method. The
surface morphology and elemental analysis (wt %) of
the microparticles were detected by JEOL JSM-7100F-
SEM (scanning electron microscope) and OXFORD
Instruments X- Max EDX (energy-dispersive x-ray
spectrometer), which had been attached to each other.
To detect chemical bonding of samples, FTIR (Fourier
Transform Infrared Spectrum) were monitored by
VERTEX 70 model spectrophotometer with an
attenuated total reflectance (ATR) Bruker, Germany.
Magnetization properties of samples were investigated
Lake Shore 7407 model vibrating sample
magnetometer (VSM) device was used. The magnetic
field was applied as 1 T in parallel to the sample
surface. All measurements were performed at room
temperature.

IV. EXPERIMENTAL RESULTS AND
DISCUSSION

4.1. Elemental Analysis Results
Homogeneous regions from SEM images were selected
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and these regions were used to determine elemental
analysis of the samples as showed in Fig.1. All samples
different percentages (w%) of zinc, oxygen species
while doped samples also had their own metal
elemental percentage (w%). While doping ratio was
kept the same, elemental Zn and metal dopant
percentage (w%) changed, indicating solubility limit of
TM in ZnO were different from each other.

4.2. Structural Properties

In the range of 20=20°-80", XRD patterns of the
samples were shown in Fig.2. All of the samples were
polycrystalline hexagonal wiirtzite ZnO structure
which corresponding to JCPDS Card No: 36-1451 and
they had (101) preferential orientation [16]. As seen in
Fig. 2, no secondary phase or cluster of Co, Ni or Fe
was observed, indicating that high quality material
formed [17]. It could be concluded that required
structural stability for magnetic applications had been
achieved. Structural parameters of the samples were
showed in Table 1. As seen in Table 1, XRD patterns
of TM doped samples slightly shifted which indicated
that imperfections were formed [18]. Ni- and Co-
doping had an improving effect on the crystal quality
compared to pure ZnO due to larger radius of Fe?* ion
(77 pm) than Zn?* (72 pm) [19]. Due to the zinc and
TM (Ni- and Co-) solutions were of the same chlorine
origin, growth process thereby crystallization had also
been improved [20].

4.3. Surface Morphologies

Surface morphology of the samples were showed in
Fig.3 (a-e) at high magnification ratio (x30000). While
pure ZnO surface had granular forms, relatively
different non-uniform granular shaped forms were
observed with TM ion type. It was known that surface
morphology was affected by the reactant initial
concentration sogrowth process could be different [21].
According to this, growth of Fe:ZnO faster than
Co0:Zn0 and Ni:ZnO due to high agglomerative forms
on the ZnO surface. Granular ZnO forms had between
0.68 um and 0.92 pum and their dimension decreased
with Co- and Ni- doping which was indicated that it
was consistent with increasing crystallinity of ZnO
from obtained XRD patterns.

4.4. FTIR Spectrum of the Samples

The FTIR spectra is useful method to determine
chemical composition of the samples. FTIR spectra of
pure and TM doped ZnO particles were depicted
between in 500 cm? and 4000 cm?® at room
temperature in Fig.4. The broad peak at ~3450-3500
range was assigned to O-H stretching mode of
hydroxyl group which showed that emerging water
absorbed on the surface of ZnO, causing agglomerative
formations [22]. The weak peak at ~2365 cm™ was
related atmospheric carbon dioxide which formed in
the synthesis process [23]. A weak peak was observed
at ~1635 was due to asymmetric stretching of the zinc
carboxylate. All samples had different impurity-based
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peaks in the range between 600-1200cm™, indicating
TM clusters on the ZnO surface [24]. The bond
between 500-550 cm™ was associated with stretching
vibration mode of ZnO samples [25].

4.5. Magnetic Properties

Vibrating sample magnetometer (VSM) was used to
determine the magnetization properties of the samples.
Fig.5(a) illustrated the dependence of magnetic field
(H, between the field -2 T and +2 T) on the
magnetization (M) at room temperature for ZnO and
Fe, Ni, Co doped ZnO samples. The M values changed
depending on the doped transition metals. It was
understood from Fig. 5a. that ZnO was diamagnetic in
nature at room temperature that can be associated with
the uncompensated Zn?* surface spin [26]. For the Fe,
Ni and Co doped samples, the hysteresis loops display
a straight line, indicating the ferromagnetic
contribution without saturation, which is commonly
observed in magnetic systems [27-29]. The
ferromagnetic contribution for these samples can be
observed with more detail in the Fig.5b. The coercivity
values for the Fe-ZnO, Co-ZnO and Ni-ZnO samples
are 8.4017 Oe, 49.33 Oe and 40.42 Oe respectively.
Coercivity is a complicated parameter for magnetic
materials and is related to the reversal mechanism,
anisotropy energy, and the magnetic microstructure,
i.e., shape and dimensions of the crystallites, nature of
the boundaries, and also the surface and initial layer
properties, etc.. The observed increase in coercivity of
Co-doped zinc oxide could be due to the presence of
large anisotropy energy for Co [30].

V. CONCLUSION

In summary, Co, Ni and Fe doped ZnO particles were
produced by the co-precipitation and annealed at 500
°C along 2 hours. According to the x-ray diffraction
patterns Co?*, Ni%* and Fe®" ions were occupied Zn?*
tetrahedral sites substantially. SEM images exhibited
that agglomerative formations were observed by TM
doping due to fast growth in calcination although
sedimentation was not observed in graphene based
nano-fluids [32]. M-H measurements revealed that
ZnO was transformed from paramagnetic to
ferromagnetic state by Fe, Ni and Co doping. The stable
ferromagnetizm was observed in Fe:ZnO sample which
indicated that fast growth process caused increase of Fe
clusters on the ZnO surface so surface impurities
increased. Ferromagnetism weakened with Ni and Co
doping although improved ZnO crystallinity. It could
be concluded that Fe:ZnO particles were relative proper
for spintronic applications.
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Table 1. Structural parameters of ZnO and TM
doped ZnO samples

FWH Lattice Strain
20 M d (¥ | parameters (@)
(rad) () (aand c)

ZnO | 36.92| 0.0021| 2.4362 3.24,5.13 -0.013
Ni:ZnO| 36.63| 0.0022| 2.4511 3.21,5.14 -.0.011
Fe:znO| 36.71| 0.0026| 2.4477 3.20,5.13 -0.013
Co:ZnO| 36.80| 0.0033| 2.4419 3.20,5.12 -0.015
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Abstract

Energy needs and consumption in the world is increasing steadily. For this reason, the importance of reducing energy
consumption and using energy more efficiently increases day by day. Hence, energy efficiency has great importance both
economically and for the protection of nature.

Heat recovery device is a system that needs ventilation and can be used to save energy (reduce energy consumption) in all areas
of different temperatures (home, office, cinema, shopping mall, conference room, etc.) with the outdoor environment. This
device can save a significant amount of energy from heating and cooling processes by transferring heat between the exhaust
air and the fresh air.

The most widely used type of this device is a plate heat exchanger. In this system, heat transfer is carried out without allowing
to blend the egzost air and the fresh air. In this study, the aim is to increase the thermal efficiency of the device. The geometry
of the heat exchanger was changed to increase the amount of heat transfer.

For this purpose, the current model was created in computer environment and computer simulations were made through the
ANSYS-Fluent program. Then the new models with different geometries were created in the computer environment and
simulations were made on these models using the same method. The current model and the new models have been compared
in terms of thermal efficiency.

Key Words: Heat recovery, energy efficiency, heat transfer, heat exchanger, ventilation system, CFD

Oz

Diinyada enerji ihtiyact ve tiiketimi giderek artmaktadir. Bu sebep ile enerji tiiketimini azaltmak ve enerjiyi daha verimli
kullanilmak her gegen giin daha 6nem kazanmaktadir. Bu sebeple enerji verimliligi gerek ekonomik gerekse doganin korunmasi
acisindan biiyiik 6nem tagimaktadir.

Ist geri kazanim cihazi, havalandirilma ihtiyaci olan, dis ortamla farkli sicakliktaki tiim mahallerde (ev, ofis, sinema, AVM,
Konferans salonu vb.) enerji tasarrufu saglamak (enerji tiikketimini azaltmak) i¢in kullanilabilen bir sistemdir. Bu cihaz disar1
atilacak hava ile i¢ ortama alinacak hava arasinda 1s1 transferi yaparak, 1sitma ve sogutma islemlerinden ciddi oranda tasarruf
ve enerji kazanci saglayabilmektedir.

Bu cihazin en yaygin kullanilan tiirii plakali 1s1 degistiricili olanidir. Bu sistemde 1s1 transferi disar1 atilan kirli hava ile igeri
alman temiz hava arasinda 2 havanin karigmasina izin verilmeden yapilmaktadir. Bu ¢alismada cihazin, 1s1l verimliliginin
artirtlmast amaglanmistir. Bunun i¢in kullanilan 1s1 degistiricisinin geometrisi degistirilerek 1s1 transferi artirilmak istenmistir.

Bunun i¢in mevcut olan model sanal ortamda (bilgisayar ortaminda) olusturularak, ANSYS-Fluent programi vasitasiyla
bilgisayar benzetimleri (simiilasyonlar1) yapilmistir. Sonrasinda bilgisayar ortaminda farkli geometrilere sahip yeni modeller
olusturulmus ve aynt metot kullanilarak bu modeller {izerinde benzetimler (simiilasyonlar) yapilmustir. Yeni modellerin mevcut
model ile 1s1l verimleri karsilastirilmistir.

Anahtar Kelimeler: Is1 geri kazanimi, enerji verimliligi, 1s1 transferi, 1s1 degistiricisi, havalandirma sistemi, HAD

I. INTRODUCTION

Energy efficiency has a great importance today because of its economic importance and it can slow down or even
prevent global warming. In order to prevent the effects of global warming, a study found that; one of the effective
methods that can be used is to increase energy efficiency [1]. Energy efficiency is possible with minimizing energy
losses without reducing quantity and quality.
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Heat recovery device is a system that can be used to
save energy by utilizing waste heat in all locations
(home, office, cinema, shopping mall, conference
room, etc.) that need ventilation at different
temperatures with external environment. This device
can save a significant amount of heat and energy from
heating and cooling processes by transferring heat
between the air to be ejected and the air to be taken into
the interior. Pamir [2] talked about the importance of
saving energy and reducing energy consumption.
Another study mentioned the importance of energy
efficiency and what can be done about it [3]. In his
study, Satman [4] touched on the effects of energy
efficiency on the economy and suggest the importance
of the steps to be taken and the vision in this regard.

Sahan examine, the usage of different shapes air to air
heat recovery exchanger using, in his study. He said
these systems are aimed at providing a business
economy and that the right system will provide
economic profitability in the long term [5].

Sentiirk and his colleagues [6] have done experimental
and numerical work of a heat recovery ventilation
device. They have confirmed the numerical results with
the experimental results. Simulations; they were carried
out with ANSY'S Fluent software.

Heat recovery in air conditioning systems has three
important advantages besides increasing energy
efficiency:

1. Thanks to the restored heat, the external air load
required to bring the interior environment to comfort
conditions is significantly reduced. This reduces the
amount of energy expended for air conditioning, saves
money.

2. The initial investment cost can be reduced if both the
capacities of the components used in the air
conditioning system are reduced and there is no need
for humidification and dehumidification components.
3.Decreasing external air load makes the use of fresh
air devices are more reasonable. Thus, the superiority
is achieved in ensuring the quality of internal air [7].

This operation was done for heat recovery device with
plate heat exchanger. The fig.1. includes installation
view and internal structure view of the device in its
operating position.
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Fig.1. Installation and internal structure of the device
in operation position [8]
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In this study, the heat exchanger of the device' thermal
efficiency; numerically was examined. New heat
exchanger models were created, numerically examined
with the same method and compared with the current
model.

1. MATERIAL AND METHOD
The heat exchanger used in the device was created in a
computer through Solidworks program.

This heat exchanger includes of 108 lamellas
overlapping. One of these lamellas is seen in fig.2.

Fig.2. Lamella

The lamellas were rotated and lined up to overlap and
the lower-upper covers and slats were added to the
model. Computer generated of the model, is seen in
Fig.3.

Fig.3. Current Model

The heat exchanger, which will be simulated by the
computer, has a geometry that repeats itself
periodically. For this reason, the simulation of only one
of the repeated shapes and the whole will give the same
result.

Because geometry is made up of complex and small
units, the mesh network to be created on the whole
model will be extremely complex and the processing
power required for computer simulation will be at a
very high level. For this reason, apart from not being
able with existing devices, it will cause an unnecessary
waste of process.

One of the pieces which geometry is divided
periodically is examined. Periodic region is seen in
fig.4.
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Fig.4. One of The Periodic Piece

The relevant flow area, where hot and cold air pass
through the periodic zone, has been added and mesh
networking has been started in order to make computer
simulation. Images can be seen from the established
mesh network in Fig.5. The established mesh network
was prepared through the mesh module owned by the
Ansys program.

Fig. 5. View of Mesh Network

The details and features of the established mesh
network are seen in fig.6.
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Fig.6. Mesh Details

The mesh network has been transferred to the Fluent
Module of the ANSYS program and the energy option
has been switched from off to on for the Fluent module
is requested to include thermal data in the simulation.
The mathematic model was selected as k-epsilon model
realizable, Near Wall treatment: Standard Wall
Function [9] [10]. For material information, fluid as air
and solid as aluminum were defined. Inlet, outlet
(pressure outlet), wall and symmetry are defined, and
air speed is calculated by dividing the total flow rate
into the inlet surface area of the heat exchanger; 6.9m/s.
Turbulent intensity: 5%, turbulent viscosity ratio: 10%
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[11]. By entering the input temperatures of the air, the
computer was simulated through the module. The
temperature distribution obtained as a result of this
process is located at Fig.7. The results are consistent
with the values provided by the manufacturer.

0,080 (m)
[ SS—
004

Fig.7. Temperature Distribution

While creating new models, the exterior dimensions,
exterior geometric forms and lamella ranges of the
models remained the same. These changes are to
change the protrusions on the conical lamellae in the
current model to be cylinder, rectangular prism and
hexagonal prism. View of periodic regions of the
generated models is seen in Fig.8.

Fig.8. Periodic Region Views of Models

Computer simulation operations of all models were
performed using the same method as the current model.
Obtained temperature distribution is seen in Fig.9.

B it sy~

I11. RESULTS
The temperature values obtained as a result of computer
simulation are in the table 1.

Table 1. Temperature Values Obtained as a Result of

Simulation

Current  Cylinder Rectangle Hexagon

Model Model Model Model
Air Flow 800 800 800 800

(m3/h)

Tei (°C) 32 32 32 32
Tfi (°C) 21,6 21,6 21,6 21,6
Tfo (°C) 26,9 27,3 27,3 27,2

Thermal Efficiency = (Tgo — Tpi)/ (Tei — Tri)[12]
1)

Tfo, Tfi and Tei are the inlet and output temperatures
for the relevant locations of the air. Temperature values
in"°C".

Tfo: Fresh air outlet temperature

Tfi: Fresh air inlet temperature

Tei: Exhaust air inlet temperature [12]

Thermal efficiency values calculated by equation 1 are
shown in table 2.

Table 2. Comparison of Thermal Efficiency Values

Current Cylinder Rectangle Hexagon
Model Model Model Model
Air Flow 800 800 800 800
(m3/h)
Tei (°C) 32 32 32 32
Tfi (°C) 21,6 21,6 21,6 21,6
Tfo (°C) 26,9 27,3 27,3 27,2
Thermal 51 55 55 54
Efficiency
(%)

8

Fig.9. Temperature Distribution of Models
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IV. CONCLUSION

As energy consumption is increasing in line with
increasing population and technological developments,
the importance of energy efficiency, which has great
importance, will increase day by day. Depending on
population growth, technological developments and
global warming, the increasing use of air conditioning
processes will increase energy consumption in this
regard day by day.

This study has provided us to obtain important
information about energy efficiency and computer
simulations in the field of air conditioning systems.

Looking at the numerical working results, the new
models that have been created have increased the
thermal efficiency compared to the current model. The
cylinder and rectangular model increased by 4%, while
the hexagonal model increased by 3%. Increasing
thermal efficiency means that increasing heat being
gained so this is desired situation. However, the new
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models have structures that make air passage difficult,
they need to be checked before they can be
implemented.

The computed results of the numerical work for the
current model match the data provided by the
manufacturer. This situation confirms the numerical
working method. For this reason, the numerical
working method can be use in determining the new
models to be created in the future.

REFERENCES

[1] Bayrag, H. N. (2010). Enerji Kullaniminin Kiiresel
Isinmaya Etkisi ve Onleyici Politikalar. Eskisehir
Osmangazi Universitesi Sosyal Bilimler Dergisi, 11(2),
229-259.

[2] Pamir, N. (2005). Enerji Politikalar ve Kiiresel
Gelismeler. Stratejik Analiz, 6(68).

[3] Narin, M., & Akdemir, S. (2006). Enerji verimliligi
ve Tiirkiye. Tiirkiye Ekonomik Kurumu UEK-TEK.

[4] Satman, A. (2007). Tiirkiye’nin enerji
vizyonu. VIII. Ulusal Tesisat Miihendisligi Kongresi, (S
3), 18.

[5] Sahan, A. M. Ist Geri Kazanim Esanjorlerinin
Kullanim Opsiyonlart.

[6] Sentirk, U., Altin, M., Agar, G., Aktakka, S., &
Toksoy, M. (2015). Bir Is1 Geri Kazanim Cihazinin

57

Performans Karakteristiklerinin Deneysel ve Sayisal
Olarak Belirlenmesi. Engineer & the Machinery
Magazine, 56(667).

[7] Altin, M., Aktakka, S., Giinerhan, H. & Karakog,
T.H. (2013). Farkli iklim Bélgelerine Ait Isitma-
Sogutma Tasarim Sicakliklarinin Dikkate Alinarak Bir
Is1 Geri Kazanim Sisteminin Tasarimi. 11. Ulusal
Tesisat Miihendisligi Kongresi, 1055-70.

[8] Sentiirk, U., Aktakka, S., & Toksoy, M. (2015).
Havalandirmada Enerji Geri Kazanimi: Arastirma ve
Gelistirme. 12. Ulusal Tesisat Miihendisligi Kongresi,
301-327.

[9] Atmaca, M., & Ezgi, C. (2019). Three-dimensional
CFD modeling of a steam ejector. Energy Sources, Part
A: Recovery, Utilization, and Environmental Effects, 1-
12.

[10] Atmaca, M., Girgin, I., & Ezgi, C. (2016). CFD
modeling of a diesel evaporator used in fuel cell
systems. International ~ Journal ~ of  Hydrogen
Energy, 41(14), 6004-6012.

[11] Atmaca, M., Cetin, B., & Yilmaz, E. (2019). CFD
analysis of unmanned aerial vehicles (UAV) moving in
flocks. Acta Physica Polonica A, 135(4), 694-696.
[12] Kaya, O. (2013). Havadan havaya is1 geri kazanim
cithazlart igin ts en 308 standardina gore test diizenegi
tasarimi (Doctoral dissertation, DEU Fen Bilimleri
Enstitiist).



Int. J. Adv. Eng. Pure Sci. 2021, 33(1): 58-63
DOI: 10.7240/jeps.706262

RESEARCH ARTICLE / ARASTIRMA MAKALESI

Is Doyumu ile Is Giivenligi Algis1 Arasindaki iliski: insaat iscileri Ornegi

The Relationship Between Job Satisfaction and Occupational Safety Perception: Case Study
of Construction Workers
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Oz

Insaat sektorii, is kazalarmin yogun olarak goriildiigii cok tehlikeli iskollarindan biridir. Insaat sahalarinda calisan isciler icin
caligma alanlarinda birgok tehlike ve risk vardir. Ingaat iscilerinin is giivenligi konusundaki algilarimin arttirilmasi, sektordeki
is kazalarmin ve is kazalar1 sebebiyle olusan hasarin azaltilmas: bakimindan 6nem arz etmektedir. Insaat iscileri arasinda
yiiriitiilen bu arastirmayla is doyumu ile i giivenligi algis1 arasindaki iligki ve bu iligski diizeyinin ortaya g¢ikarilmasi
hedeflenmistir. Calisanlarin is doyumu ve is giivenligi alg1 diizeylerinin belirlenmesi i¢in anket yontemi kullanilmis ve 161
ingaat ig¢isiyle yiiz yiize goriisiilmiistiir. Aragtirma igin kullanilan anket 3 boliimden olusmaktadir. Birinci boliimde demografik
ozellikleri belirlemek igin olusturulan 6 soruya, ikinci béliimde is doyumu diizeyi icin kullanilan Minnesota Is Doyumu
Olgegine yer verilmektedir. Ugiincii boliimde ise is giivenligi alg1 diizeyini belirlemek icin kullanilan Is Giivenligi Olgegi
bulunmaktadir. Yapilan aragtirma neticesinde toplanan verilerin analizi SPSS 22 istatistik programiyla yapilmistir. Analizler
sonucunda galisanlarin is doyumu seviyesi ile is giivenligi algisi arasinda pozitif yonlii ve ¢ok zayif bir iliski bulundugu ortaya
cikmustir. Ayrica is giivenligi algisi ile yas gruplari arasinda anlaml farkliligin oldugu tespit edilmistir. Bununla birlikte 26-35
yas araligindaki is¢ilerin algi diizeylerinin diger yas gruplarinda bulunan isgilere oranla daha yiiksek oldugu tespit edilmistir.
Anahtar kelimeler: Insaat; Is doyumu, Is giivenligi, Alg:.

Abstract

The construction sector is one of the most dangerous sectors where occupational accidents occur frequently. There exist many
hazards and risks in the construction sites for employees. Increasing the perception of construction workers about occupational
safety is important in order to decrease the number of occupational accidents in the sector and reduce the damage caused by
occupational accidents. This research, which conducted among construction workers aims to reveal the relationship between
job satisfaction and job security perception and the level of this relationship. Questionnaire method is used to determine job
satisfaction and occupational safety perception of the employees and 161 construction workers were interviewed face to face.
The questionnaire consists of 3 sections. In the first part, there are 6 questions created to determine demographic conditions. In
the second part, Minnesota Job Satisfaction Scale, which is used to determine the level of job satisfaction is given. In the third
part, Occupational Safety Scale is used to determine the level of perception of occupational safety. The data is analyzed by
SPSS 22 statistical program. As a result, it is revealed that there exists a very weak and positive relationship between the level
of job satisfaction of the workers and their perceptions of occupational safety. In addition, a significant difference is found
between the perception of occupational safety and age groups. However, it is found that the perception levels of the workers
between the ages of 26-35 are higher than the workers in the other age groups.

Keywords: Construction, Job satisfaction, Occupational safety, Perception.

I. GIRIS

Diinya’da ve Tiirkiye’de degisen ve gelisen ekonomik kosullarda sanayiye yonelik imalat nedeniyle son giinlerde
en ¢ok giindemde yer alan konulardan biri de is kazalar1 ve meslek hastaliklaridir. Ulkemizde 2012 yilindan bu
yana yiiriirliikte olan 6331 sayili Is Saglig1 ve Giivenligi Kanunu ile devlete, ¢alisanlara ve tiim kurumlara ¢ok
sayida yiikiimliilik getirilmistir. 6331 sayili kanunla, is sagligr ve giivenligi konusunda bir kiiltiir meydana
getirilmesi ve is saglig1 ve giivenligi i¢in drgiitsel bir kiiltiirlin biitlin igyerlerinde hayata gecirilmesi amaglanmistir

[1].

Biitiin diinyada oldugu gibi lilkemizde de is kazalarinin yogun goriildiigii sektorler vardir. Bunlardan biri de ingaat
sektoriidiir. Uluslararas: Calisma Orgiitii verilerine bakildiginda insaat iscileri, diger iskollarinda ¢alisanlara gore
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3-6 kat daha fazla kazaya ugrama riskine sahiptirler [2].
Insaat sahalarinda yiiriitiilen faaliyetler, Is Saglig1 ve
Giivenligi Kanununun 9’uncu maddesine gore
olusturulan Tehlike Siniflar1 Listesi’nde belirtilen “Cok
Tehlikeli” iskollar1 arasinda yer almaktadir. Ulkemizin
ingaat sektoriindeki is kazalart bakimindan diinya
siralamasinda st siralarda bulunmasi, sektorde ¢aligan
ig¢ilerin egitim seviyesinin diisiik olmasi ile yakindan
ilgilidir. Genellikle c¢aliganlarda bulunan gereginden
fazla cesaret, daha once hig is kazasina ugramama ve
bu durumun verdigi rahatlikla hic¢ is kazasina maruz
kalmayacag diisiincesi, tecriibelerine gereginden fazla
giivenme, isinin uzmanmi oldugu duygusu gibi
diisiinceler calisanlarin yeterli is giivenligi bilincine
sahip olmadiginin gostergeleridir. Ayrica igyerlerinde
i glivenligi tedbirlerinin alinmamasi ve igverenlerin bu
tedbirleri maliyet olarak gormesi de sebepler
arasindadir. Bunlarin yani sira, meydana gelen is
kazalarindan sonra, kaza sebeplerinin kader, sanssizlik,
dikkatsizlik ve kaginilmazlik gibi kavramlara
baglanmasi, kazalarin asil sebeplerinin arastirilmasina
mani olmaktadir [3].

Insaat sektoriindeki calisma kosullarmin agir olmasi
sebebiyle siklikla meslek hastaliklar1 goriilmektedir
[4]. Insaat sektoriindeki saglik riskleri isten ise,
isyerinden igyerine, giinden giine ve saatten saate
farklilik gostermektedir. Calisanlar sadece yaptigi isten
degil, ortamda yapilan diger iglerden kaynakli zararl
etkenlere de maruz kalmaktadir. Bu etkenlerin
zararlari, maruziyet sliresine ve maruziyet yogunluguna
baglidir [5].

Calisanlarin is doyumunu belirlemek ve arttirmak 6rgiit
icinde bircok fayda saglayabilir. Is doyumu
aragtirmalari, egitim ihtiyaglarinin tespit edilmesi,
yapilan is konusundaki genel diisiincenin gelistirilmesi,
caliganlarin  sorunlarmin  belirlenmesi, degisimin
planlanmast  ve yOnetimi, Orgit i¢i iletisimin
diizenlenmesi gibi konular1 aydinlatmasi sebebiyle
biiyiikk orgiitsel faydalar saglamaktadir [6]. Giivenlik
iklimi ve giivenlik kiiltiiri kavramlan ile ilgili farkl
goriisler var olmakla birlikte bu kavramlar birbirlerinin
yerine de kullanilmistir [7]. Giivenlik kiiltiird,
isletmenin uzun siireli tecribe ve uygulamalari,
giivenlik iklimi ise giinliik degisimler veya uzun siireli
kiiltiirtin ince detaylar1 olarak degerlendirilebilir [8].
Giivenlik kiiltiirli, daha ¢ekirdek bir yap1 iken giivenlik
iklimi, bu ¢ekirdegin bir katmam  olarak
tanimlanmaktadir. Aragtirmalarda kullanilan
yontemlere bakildiginda, anket uygulamalari igin
giivenlik iklimi daha uygun bir kavram iken, giivenlik
kiiltiirtintin  belirlenmesi i¢in daha detayli ve derin
aragtirmalara ihtiya¢ duyulmaktadir [9].

Insaat iscileri arasinda vyiiriitiilen bu arastirmayla is
doyumu ile is gilivenligi algis1 arasindaki iliski ve bu
iliskinin diizeyinin ortaya ¢ikarilmas: hedeflenmistir.
Ayrica bu amaca ek olarak insaat iscilerinin gesitli
demografik 6zellikleri ile is giivenligi algis1 arasindaki
iligki de incelenmistir. S6z konusu demografik
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degiskenler yas, cinsiyet, medeni durum, aylik gelir,
egitim durumu ve sektdrdeki ¢aligma siiresidir.

Il. MATERYAL VE METOT

Arastirma kapsaminda, is doyum diizeyi farklilik
gosteren bireylerin is giivenligi algilar1 incelenmistir.
Ayrica  demografik  ozellikler  acisindan  da
degerlendirme yapilmistir. Tesadiifi ornekleme ile
secilen 5 ingaat sahasinda yiiriitiilen ¢alismada, isgiler
arasinda herhangi bir ayrnim yapilmamis, tiim
calisanlara ulagilmaya calisilmis ve 162 ingaat iscisi
aragtirmaya katilmay1 kabul etmistir.

2.1. Verilerin Toplanmasi

Arastirmada, veri toplama araci olarak arastirmacinin
olusturdugu ve 3 boliimden olusan anket kullanilmistir.
Anketin birinci bolimiinii sosyo-demografik sorular
olusturmaktadir. Anketin ikinci boliimiinde Minnesota
Is Doyumu Olgegi, iiiincii béliimiinde ise Is Giivenligi
Olgegi yer almaktadir.

2.1.1. Minnesota is doyumu dlgegi

Minnesota Is Doyumu Olgegi, calisanlarin is doyumu
diizeylerini 6lgmek amaciyla Weiss ve arkadaslari
(1967) tarafindan gelistirilmis ve Baycan (1985)
tarafindan Tiirkgeye cevrilmistir. I¢sel, digsal ve genel
is doyumu faktdrlerini belirlemeye yonelik 20 sorudan
olusan 5°li likert tipinde bir o6lcektir. Olgcek icsel
doyum, digsal doyum ve genel doyum puanlarini

vermektedir. ~ Aragtirmada genel doyum puani
degerlendirilecektir. Olgegin genel doyum puani,
sorulara  verilen puanlarin  toplaminin  20’ye

béliinmesiyle elde edilir. Olgek i¢in ndtr doyum puani
3°tiir. Olgekten elde edilen puan 3’ten biiyiik ise is
doyumu yiiksek, elde edilen puan 3’ten kiigiik ise is
doyumu diisiik olarak degerlendirilmistir.

2.1.2. Is giivenligi 6lcegi

Arastirmaya katilan ingaat isgilerinin is giivenligi
algilarini 6lgmek i¢in Williamson ve arkadaslari (1997)
tarafindan gelistirilen ve Atay (2006) tarafindan
Tiirkgeye uyarlanarak gegerliligi ve giivenirligi test
edilen Is Giivenligi Olcegi kullamlmugtir. Besli likert
tipi, kesinlikle katilmiyorum (1), katilmiyorum (2),
kararsizim (3), katiiyorum (4) ve kesinlikle
katiliyorum (5) seklinde derecelendirmeye sahip olan
6l¢ekte toplamda 32 soru bulunmakta ve ¢aliganlarin ig
giivenligi algilarini tek faktorde degerlendirmektedir.
Ayrica 21, 22, 23, 25, 28 ve 29 nolu ifadeler olumsuz
olduklar1 igin ters kodlanmistir. Olgegin genel puani,
sorulara  verilen puanlarin  toplammin  32’ye
boliinmesiyle elde edilir.

2.2. Verilerin Analizi

Arastirma neticesinde toplanan veriler SPSS 22
istatistik programi yardimiyla elektronik ortama
aktarilmistir. Analizler yine bu program yardimiyla
yapilmigtir. Ayrica elde edilen veriler %5 anlam
diizeyinde (p<0,05) analiz edilmistir.

Elde edilen verilere normallik testi uygulanmustir.
Verilerin normal dagilim gostermedigi ortaya ¢ikmustir
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(p<0,05). Normal dagilim elde edebilmek icin anket
iptali veya verilerde diizenleme yapilmamistir. Kruskal
Wallis testi, Mann Whitney U testi ve Post Hoc
testlerinde Tukey testi kullanilarak demografik
ozellikler ile is giivenligi algis1 arasindaki iliski analiz
edilmistir. Is doyumu ile is giivenligi algis1 arasindaki
iligkinin varligi Spearman Kkorelasyon analizi ile
aragtirllmustir.

III. BULGULAR VE TARTISMA

Yapilan analiz sonuglarina gére Is Giivenligi Olcegi ile
Is Doyumu Olgegi’nin Cronbach’s Alpha (a)
katsayilari sirastyla 0.910 ve 0.950 olarak bulunmustur.
Kolmogorov-Smirnov testi ile elde edilen verilerin
normal dagilim gostermedigi sonucuna varilmistir
(p<0.05).

Calismaya katilan insaat iscilerinin demografik
ozelliklerine iligkin veriler Tablo 1°de gdsterilmistir.
Katilimcilarin - tamami  erkeklerden olusmaktadir.
Katilimeilarin %62,7°si 26-35 yas arasi bireylerden
olugsmaktadir.  Katilimecilarin ~ egitim  durumu
incelendiginde, biyiik ¢ogunlugu (%59,6’s1) ilkokul
mezunudur. Aylik gelirlerinin dagiliminda dikkati
ceken, katilimcilarin %54,7’sinin gelirlerinin 2000 TL
ile 3000 TL arasinda olmasidir. Katilimcilarin %44,7’si
ingaat sektoriinde 2 yil ile 4 yil arasinda siireyle
caligmaktadir.

Tablo 1. Demografik 6zelliklere iligkin veriler

Cinsiyet Frekans % Gecgerli % Birikimli %
Kadm 0 0 0 0
Erkek 161 100 100 100
Toplam 161 100 100

Yas Gruplari

16-25 25 15.5 155 15.5
26-35 101 62.7 62.7 78.3
36 ve lizeri 35 21.8 21.8 100
Toplam 161 100 100

Egitim Diizeyi

Tlkokul 96 59.6 59.6 59.6
Ortaokul 41 255 255 85.1
Lise ve tizeri 24 14.9 14.9 100
Toplam 161 100 100

Medeni Durum

Evli 95 59.0 59.0 59.0
Bekar 66 41.0 41.0 100
Toplam 161 100 100

Aylik Gelir

Asgari iicret!

-2000tl 20 12.4 12.4 12.4
2001-3000tl 88 54.7 54.7 67.1
3001 tl ve tizeri 23 329 329 100
Toplam 161 100 100

Sektorde

Caligma Siiresi

0-1y1l 12 7.5 7.5 7.5
2-4y1l 72 44.7 44.7 522
5-10y1l 51 31.7 31.7 83.9
11y1l ve iisti 26 16.1 16.1 100
Toplam 161 100 100

12018 yili asgari iicret: 1603,12 TL

Tablo 2. Is giivenligi algisnin medeni durum
bakimindan Mann Whitney U testi sonuglari

Medeni Durum N Ort. Derece  Derecelerin
Top.
is Evli 95 83.83 7963.50
Giivenligi Bekar 66 76.93 5077.50
Toplam 161
Test Istatistikleri
Mann-Whitney U 2866.500
ilcoxon W 5077.500
z -939
P .348
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Tablo 2 incelendiginde, is giivenligi algisinin medeni
durum agisindan anlamli bir farklilik géstermedigi
goriilmektedir (p>0.05). Bunun yami sira, evlilerin
verdigi cevaplarin ortalamalart bekarlardan daha
yiksek ¢ikmigtir. Bunun sebebi evli c¢alisanlarin
sorumluluk duygusunun daha yiiksek olmasi olabilir.

Is giivenligi algisinin yas, egitim durumu, aylik gelir ve
sektorde calisma siiresi agisindan farkliligr ile ilgili
analizler Tablo 3 ‘te verilmistir. Is giivenligi algist
faktoriiniin yas gruplart agisindan anlamli farklilik
gosterdigi sonucuna varilmigtir (p<0.05). 26-35 yas
araliginda olan iscilerin is giivenligi alg: diizeyi diger
yas gruplarindaki calisanlara gore daha yiiksektir. Bu
durum, 26-35 yas grubundaki ¢alisanlarin is giivenligi
algilarinin ile diger yas grubundaki ¢alisanlardan daha
yiiksek olusunu, evli ve aile kavramina 6nem veren ve
caligma hayatina X kusagi olarak girmis, nispeten
O0grenme, algilama, tepki verme, sorunlara ¢6ziim
bulma gibi yetenekleri agisindan gelismis bir grup
olmasi ile aciklanabilir. Is giivenligi algisi ile egitim
durumu arasinda yapilan Kruskal Wallis testi
neticesinde  anlamli  bir  farklililk  olmadig1
goriilmektedir (p>0.05). Bu bulgu Giindiiz’iin [13]
Gebze Organize Sanayi Bolgesi caligsanlari arasinda
yaptig1 arastirma ile Giirbliz ve Ibrakovic’in [14]
isletmelerde is glivenligi kiltiiri algisint 6l¢gmek adina
yaptiklart aragtirmada elde edilen bulgulara paralellik
gostermektedir.
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Tablo 3. s giivenligi algis1 Kruskal Wallis testi sonuglari

Yas N Ort. Derece Test Ist.
i 16-25 25 60.34 Chi-Square 6.175
$
Giivenligi 26-35 101 85.72 Df 2
Algist
36 ve lizeri 35 82.13 P 0.046
Egitim Durumu N Ort. Derece Test Ist.
i ilkokul 96 76.51 Chi-Square 2.412
$
Giivenligi Ortaokul 41 86.06 Df 2
Algsst Lise ve iizeri 24 90.31 P 0.299
Aylik Gelir N Ort. Derece Test Ist.
i Asgari ticret- 2000 TL 20 73.35 Chi-Square 0.639
$
Givenligi | 50013000 TL 88 82.24 Df 2
Algist
3001 TL ve tizeri 53 81.82 P 0.726
Sektorde calisma siiresi N Ort. Derece Test Ist.
0-1 yil 12 65.42 Chi-Square 1.605
Is T o4y 7 82.3 Df 3
Giivenligi
Algist 5-10 y1l 51 81 P 0.658
11 yil ve tizeri 26 84.6

Is giivenligi algis1 ile aylik gelir arasinda yapilan
Kruskal Wallis testi sonucunda anlaml bir farklilik
bulunamamistir  (p>0.05). Bu bulgular, meslek
yiiksekokulu 6grencileri arasinda yapilan aragtirma ile
kamu caliganlar1 arasinda yapilan arastirmada elde
edilen bulgulara paralellik gostermektedir [16,1].
Verilerin cevaplarin ortalamalarina bakildiginda 2001-
3000 TL arast maas alanlar ile 3000 TL ve iizeri maas
alanlarin ortalama puanlart birbirine yakinken asgari
ticret-2000 TL maas aras1 alan ¢alisanlarin ortalama
puani daha diisiiktiir. Bu durum tecriibeli ¢alisanlarin
daha yiiksek maas almasi ile agiklanabilir.

Is giivenligi algisi ile sektorde calisma siiresi arasinda
yapilan Kruskal Wallis testi neticesinde anlamli bir
farklilik olmadigi gériilmektedir (p>0.05). Bu bulgu
hem Gebze Organize Sanayi Bolgesi’nde calisan
isgilerle yapilan ¢alisma hem de Eskisehir ili metal
sektoriinde calisan iscilerle yapilan ¢aligma bulgularina
paralellik gostermektedir [15,17]. Ozellikle 2 yildan
daha uzun g¢aligma siiresi olan ¢alisanlarin ortalama
puanlarinin birbirine yakin olusu, bilgi birikimi ve
tecriibe ile agiklanabilir.

Tablo 4. Yag gruplar arasindaki farkliligi belirlemek amaciyla yapilan Tukey testi

95% Giiven Araligi

Ort Fark Std. Hata P Alt Stnir - Ust Sinir

16-25 26-35 -.21854 .09027 .044 -4321 -.0050
36 ve tizeri -.19482 .10582 .160 -.4452 .0555

26-35 16-25 .21854" .09027 .044 .0050 4321
36 ve tizeri .02372 .07926 .952 -.1638 2113

36 ve lizeri 16-25 .19482 .10582 .160 -.0555 4452

26-35 -.02372 .07926 .952 -.2113 .1638

Gruplar arasindaki farklilig1 belirlemek amaciyla Post
Hoc testlerinden Tukey testi uygulanmis ve sonuglar
Tablo 4‘te gosterilmistir. 16-25 yas ile 26-35 yas

6l

arasinda istatistiksel olarak anlamli farklilagma oldugu
gorliilmils ve 26-35 yas araligindaki iscilerin is
giivenligi algis1 diizeyi daha yiiksek ¢ikmustir.
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Is doyumu ile is giivenligi algisi arasinda pozitif yonlii
ve cok zayif bir iligki oldugu sonucuna varilmistir
(Spearman Korelasyon analizi, r=.236; p<0.05). Tablo
5’teki bulgularin aksine Stoilkovska ve arkadaslarinin
[17] Makedonya’da ve Idrees ve arkadaslarinin [18]
Pakistan’da insaat is¢ileri arasinda yaptig1 calismalarda
pozitif yonlii ve giiclii bir iligki bulunmustur.

Tablo 5. Is doyumu ile is giivenligi faktorlerinin
korelasyon analizi sonuglari

is Doyumu Is Giivenligi
Spearman’s
i rho 1 236"
Doyumu P 003
N 161 161
Spearman’s
is rho 236" 1
Giivenligi | P .003
N 161 161
IV. SONUC VE ONERILER
Tirkiye’de i3  kazalarinin  yogun  goriildiigii

sektorlerden biri de insaat sektoriidiir. Her yil yiizlerce
calisan, insaat sahalarinda meydana gelen is kazalari
sebebiyle hayatim kaybetmektedir. Ingaat sektoriinde
calisanlar i¢in is saghg ve giivenliginin kalic1 bir
kiiltiire doniismesi ve c¢alisanlarin gilivenlik algi
diizeylerinin arttirilmasi biiyiik 6nem tagimaktadir.

Bu caligma, Tiirkiye’de ingaat sektoriinde caligan
is¢ilerin i doyumu seviyesi ile is gilivenligi algilar
arasindaki iligkinin incelendigi ilk arastirmalardan
biridir. Benzer ¢aligsmalar Tiirkiye’de, endiistri alaninda
calisan bireylerde, enerji sektoriinde galigsan bireylerde,
mobilya sektoriinde galisan bireylerde yiiriitiilmiistiir
[13,20,21]. Insaat sektdriinde is doyumu ile is giivenligi
algis1 arasindaki iligkiyi inceleyen c¢aligmalara,
Stoilkovska ve arkadaglarinin [17] Makedonya’da 8
ingaat firmasinda ¢alisan 155 iscinin katilimiyla
gergeklestirdigi ¢aligma ve Idrees ve arkadaslarimin
[18] Pakistan’da 7 farkli ingaat projesinde ¢alisan 265
is¢inin  katilimiyla gergeklestirdigi ¢alisma ornek
verilebilir. Ayrica saglik sektoriinde ¢alisan hemsire ve
hasta bakicilar, Norveg’te offshore sirketlerde ¢alisan
is¢iler, tir soforleri, Norvegli bir denizcilik sirketinde
calisan bireyler arasinda benzer konuda yapilmis
arastirmalar da mevcuttur [22,23,24,25].

Bu c¢aligmada elde edilen bulgulara gore ingaat
sektoriinde calisan isgilerin is doyumu seviyesi ile is
giivenligi algilar1 arasinda pozitif yonlii ve cok zayif bir
iligki bulundugu sonucuna varilmistir. Ayrica arastirma
kapsaminda yas gruplart ile is glivenligi algis1 arasinda
anlaml farklilik oldugu sonucuna varilmistir. Bununla
birlikte 26-35 yas araliginda olan isgilerin ig giivenligi
alg1 diizeyi diger yas gruplarindaki c¢alisanlara gore
daha yiiksek oldugu sonucuna varilmistir.

Is doyumu diizeyi ile is giivenligi algis1 arasinda gok
zaylf olsa da pozitif yonli bir iliski bulundugundan
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calisanlarin is doyumu diizeyini arttiracak faaliyetlerin
is giivenligi algisini olumlu yonde etkileyecegi
diisiiniilmektedir. Insaat iscileri igin is giivenligi
algilama diizeyinin egitim durumu, aylik gelir ve
sektorde calisma siiresi gibi faktorlere bagli olmadig:
ve sadece yas faktdrliniin is giivenligi algilama
diizeyini  etkiledigi  goriilmektedir. 26-35 yas
arahigindaki caliganlarin algilama, tepki verme ve
sorunlara ¢oziim bulma gibi yeteneklerinin gelismis
olmasi sebebiyle risk seviyesi yiiksek olan iglerin bu

kisilere  yaptirilmasmmin i  kazasi  ihtimalini
diistirecegini diisiiniilmektedir.

Aragtirma sonucunda yonetimin calisanlari
odiillendirmesinin ~ ¢alisanlarin ~ daha  giivenli

calismasina yardimci olacagi ifadesinin en yiiksek
puani aldigi sonucuna varilmustir. Isyerinde &diil
sisteminin olusturulmasi ¢aliganlarin daha giivenli
caligmasini saglayacaktir.

Calisanlarin is giivenligi algi diizeylerini belirlemek
adina  igyerlerinde  diizenli  olarak  anketler
uygulanmalidir. Bu anketler sonucunda elde edilen
bulgulara gore yiiksekte calisma, elektrikle calisma gibi
tehlikeli islerde is gilivenligi algis1 ytliksek olan isciler
calistirilabilir.

Isyerlerinde is saghgi ve giivenligi egitimleri diizenli
araliklarla tekrarlanmali ve verilen egitimlerin
uygulamasi  yapilarak davranis bigimi  olmasi
saglanmalidir. Ayrica i saglig1 ve giivenligi bilincinin
olusmasi i¢in igverenlere de is sagligi ve giivenligi
egitimi verilmesi ve belirli siirelerle tekrarlanmasi
kanuni zorunluluk haline getirilebilir.
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Investigation of Electronic Properties of SbSel Under High Pressure by
First Principles Calculations

Yiiksek Basing Altinda SbSel'nin Elektronik Ozelliklerin Ilk Hesaplamalar Ile Incelenmesi

Tahsin OZER!
YOsmaniye Korkut Ata University Bahge Vocational High School, Osmaniye, Turkey.

Abstract

The structural parameters, electronic structure, and charge density distribution of SbSel compound under hydrostatic pressure
of 0-200 kBar were investigated for the first time. Quantum Espresso software (QE) was used for all calculations. Electronic
band calculations have shown that SbhSel has direct / indirect forbidden band gap in the 0-200 kBar pressure range.
Keywords: ShSel, Pressure, Electronic properties, Quantum Espresso.

Oz
SbSel’nin yapisal parametreleri, elektronik yapisi ve yiik yogunlugu dagilimi 0-200 kBar hidro statik basing altinda ilk kez
aragtirllmustir. Tiim hesaplamalarda Quantum Espresso (QE) yazilimi kullanilmustir. Elektronik bant hesaplamalari 0-200 kBar

basing araliginda SbSel’nin direkt/dolayli yasak enerji bant araliginin oldugunu gostermistir.
Anahtar Kelimeler: SbSel, Basing, Elektronik 6zellikler, Quantum Espresso.

I. INTRODUCTION

If the properties of materials are known, the most suitable material can be selected in terms of cost and
performance. Therefore, knowing the properties of materials is important in material science and technology. Peng
etal. (2018) reported that bulk V-VI-VII semiconductors (V-family: As, Bi, Sh, VI-family: O, S, Se, Te, VII family:
Br, CI, F, 1) are earth abundant materials [1 - 3] One of the most studied compounds of this family is SbSI [4 — 8].
ShSel is a member of this group. It has been studied extensively recently [9 - 11]. The synthesis of these materials
by exfoliation, hydrothermal method, and sonochemical method are can be experimentally feasible. Antimony
selenoiodide (ShSel) has an orthorhombic structure (space group number: Pna2;) [1].

SbhSel was produced from mixture of antimony (Sb), selenium (Se) and iodine (I) elements [11]. Dubey et al.
(2014), reported that Nitsche and Merz [12] have synthesized materials like SbSI, SbSBr, SbSeBr, ShSel, SbTel,
BiSCI, BiSBr, BiSl, BiSeCl, and BiSeBr. They studied their photoconducting properties [8]. Many studies have
been carried out on the electrical conductivity [13], electronic, thermoelectric [11], microelectronic, and
optoelectronic [1] properties, reflectivity and vibrational spectrum [18] of ShSel. ShSel's single crystals were
grown using the vapor phase technique and the reverse current - voltage (I —V) characteristics of the system were
analyzed in the 273 to 363 K temperature range [10]. The structural, elastic, electronic [14] lattice dynamical and
thermodynamic [15] properties of SbSel investigated in the ambient pressure. Nowak et al. (2018), the optical
parameters of mats of polymeric, polyacrylonitrite nanofibers containing ferroelectric and semiconducting SbhSel
were investigated [16]. Mistewicz et al. (2019) presented a simple, scalable and inexpensive pyroelectric
nanogenerator production method based on ShSel [ 17].

Wibowo et al. [20] investigated the detection potential of X-rays and y-rays of the SbSel compound. The result of
the research is showed that among the promising semiconductor materials for high performance X-rays and y-rays
detection of SbSel [14]. This semiconductor has an indirect band gap value of 2 eV [14, 11, 20]. With a non-linear
dielectric properties and strong piezoelectric effect under different phase transitions, this family can be used as a
memory element, as well as technologically low pressure sensors can be easily adapted for use in microwaves and
piezoelectric devices. [14, 21]. These compounds are technologically important in terms of their physical
properties as well as linear and electro optic, piezoelectric, dielectric properties, etc. [22].

Using ab initio methods, it is possible to calculate many properties of the material (structural, optical, dynamic
and thermodynamic, etc.) with great precision [23]. For electronic and technological applications, it is very
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important to investigate the electronic band structure of
the material. The aim of this study is to investigate the
structural and electronic properties of the ShSel crystal
at different pressure values up to 200 kBar hydrostatic
pressure using QE [24] software. We could not find a
study that examined the structural and electronic
components of the ShSel compound under high
pressure in the literature examine. For this reason,
ShSel compound was examined for the first time under
high pressure with this study.

1. MATERIALS AND METHODS

SbSel compound has an orthorhombic structure with
the Pna2:- C5, (n0:33) space group. As shown in Figure
1, it has 12 atoms (4 atoms for Sh, 4 atoms for Se, and
4 atoms for 1) per primitive unit cell. All atoms are in
the 4c Wyckoff position [25]. The shape of the ShSel
crystal produced by the XCrySDen software [26] using
the structural parameters obtained at ambient pressure
is shown in Figure 1. The structure of ShSel
compounds consists of chains of atoms along the polar
c-axis. It was started to calculations with the structural
parameters given in Table 1.

|

O
I

Sb Se
(b)
Figure 1. lllustration (a), schematic projection [28] (b)
of the SbhSel crystal.

The structure and electronic properties of ShSel
compound has been studied using DFT as implemented
in QE code [24]. The PAW type pseudopotential
obtained from the QE website (https://www.quantum-
espresso.org/) was used. For this crystal the
Monkhorst-Pack k-point mesh [29]4 x 4 x 10 and plane
wave cutoff energy 130 Ry were applied. These k-point
mesh and plane wave cutoff are optimized values. The
exchange-correction functional is treated within local
density approximation (LDA). SbSel compound is
calculated using the convergence threshold on forces
(10 in a.u.) and total energy (10 in a.u.) for ionic
minimization and convergence threshold for
selfconsistency (10°6). The 5s? p® of Sb, 4s? p® of Se,
and 5s? p° of | orbitals were treated as the valence states.
The first Brillouin regions in orthorhombic structure
are given in Figure 2. The path used to calculate the
band structureisI"'-X-S-Y-I-Z-U-R-T-Z-Y-
T-U-X-S-R[30].

Figure 2. The first Brillouin zone of orthorhombic

lattice.
I1l. RESULTS
In the first stage of our electronic structure calculation,
geometric  optimization was performed using

experimental structural parameters. The optimized
values of the structural parameters obtained at ambient
pressure (0 kBar) are compared with the literature data
in Table 1. It is seen from the table that the calculated
lattice parameters agree with the experimental and
theoretical results.

Table 1. The structural parameters unit cell of the

ShSel.
Lattice parameters (A) Atomic positions
Ref. a b ¢ Atom X y z
Sb 0.126 0.130 0.250
Thiswork 8.476 10.211 4.061 Se 0.830 0.050 0.250
| 0.517 0.829 0.250
Exp. [19] 8.698 10.412 4.127
Exp. [31] 8.686 10.393 4.145
Sb  0.126 0.130 0.250
Theo.[22] 8.474 10.249 4.064 Se 0.830 0.050 0.250
| 0.518 0.829 0.243
Sb  0.118 0.130 0.250
Ref [27,28] 8.650 10.380 4.120 Se 0.835 0.060 0.250
| 0.515 0.825 0.250
Ref [25] 8.600 10.300 4.100
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The change of ShSel crystalline lattice constant,
volume and density with pressure is given in Figure 3
by visualizing with MATLAB [32] software. As can be
seen from the figure, the lattice constants (a, b and c)
and volume decreased with pressure, whereas the
density increased. This situation was expected. It is
seen from the Figure 3 that b is more sensitive to
pressure than a and ¢ which of the lattice constants of
SbSel crystal.

5
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density in g;"cm3
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— Volume/100
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1 1 L L
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Figure 3. Lattice parameters (a, b, ¢ in A), volume
(V/ 100 in A%), and density (g/cm?) for SbSel
compound as a function of the pressure.
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It is a known fact that the structures undergo a phase
transition under the influence of temperature or
pressure and that the properties of the materials may
also change with this phase change. The SbSel crystal
has two phases: (T <410 K) antiferroelectric and (T>
410 K) paraelectric phase [33].

The derivative of Gibbs free energy with respect to the
pressure at constant temperature is equal to volume. In
the pressure-based 1st order phase transition, the
volume of the unit cell changes suddenly as it passes

200

from one phase to the next. In order to see whether there
is a phase transition with the effect of pressure, the
pressure-volume graph given in Figure 4 has been
drawn. Since the pressure-volume curve given in
Figure 4 does not show a discontinuity, it can be said
that there is no first order phase transition for ShSel at
the investigated pressure values.

100 150 200

P (kBar)

50

Figure 4. Pressure-volume change curve of ShSel
compound.

Electronic structure analysis plays an important role in
analyzing the physical properties of SbSel crystal from
a microscopic perspective [14]. Structural parameters
obtained by geometric optimization were used in
electronic structure analysis. The high symmetry points
of the first Brillouin zone were showed in Figure 5.
Zero energy level (Ef) was chosen as the Fermi energy.
This energy level was shown on the graph as a
horizontal line. It is seen that electronic structures are
similar in different pressures (Figure 5). Therefore, in
Figure 5, electronic band structure is given only for 0,
80 and 200 kBar pressure values.

(@)
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(©

Figure 5. The electronic band structure of SbSel, (a) 0 kBar, (b) 80 kBar, (c) 200 kBar.

The forbidden band gap of the material occurs between  to different point. The change of the upper level of the
the maximum of the valence band and the minimum of  valence band and the lower level of the transmission
the conductivity band. The material has an indirect band with pressure is given in Figure 6. Maximum
band gap occur when the maximum of the valence band  points of valence band and minimum points of
and the minimum of the conductivity band correspond  transmission band are marked with "*".

2.5

2
15

1

——- 80 kBar
| —— 120 kBar

—— 160 kBar

200 kBar

G X 8 Y G Z u R T Z Y T u X 8 R

Figure 6. The change of the upper level of the valence band and the lower level of the transmission band with
pressure.
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As seen in Figure 6, SbSel has indirect band gap (Eg)
and direct band gap (Eg) in the 0-200 kBar. It is seen
that the value of Eg decreases with increasing pressure
value. The calculated band gap values were compared
with the existing experimental and theoretical results
available from the literature in Table 2. Ambient
pressure was shown in the table as 0 kBar.

Table 2. Band gaps (Eg) for ShSel.
Band gaps (Eg, in eV)

Pressure  This Experimental Other calculated
(kBar)  work values

0 197 L6l [;'4]701[366? 1391, 1.2565-2,31[.1?5 (28],
4 1.28

8 1.26

12 1.26

16 1.26

40 1.22

80 1.07

120 0.77

160 0.54

200 0.43

In literature review, only ambient pressure studies were
found, and no other pressure values were found.
Therefore, the data found in other pressure values could
not be compared. It is seen that the value found in the
ambient pressure is consistent with the value calculated
in other theoretical studies (Table 2). The calculated Egq
value is smaller than the experimental data. This was

expected by the nature of the calculation. Since the
band gap values calculated for 0 - 80 kBar pressure
values correspond to the visible region (1-3 eV), the
ShSel crystal can be used in applications as a visible
light sensor.

The calculated total density of states (TDOS) and
partial density of states (PDOS) for SbSel is shown in
Figure 7, to see the contribution of the orbitals to the
energy bands. This compound has three valence bands.
The lower valence bands were found to be in the range
of approximately —17 and —13 eV. It is seen that the
greatest contribution to this band comes from the
valence s orbitals of Se and | atoms. There is also little
contribution from the valence s and p orbitals of the Sh
atom. The middle valence bands were found to be in the
range of approximately —11 and —6 eV. This band
contains predominantly valence s orbitals of the Sb
atom. The upper valence bands (in the range of
approximately —6 and 0 eV) result from the
hybridization of the valence p orbitals of the atoms Sh,
Se and I. This hybridization indicates the presence of
covalent bond in the compound. Since there is a value
in the ambient pressure (Fig. 7 (K)) in the literature,
only this pressure value can be compared. It was found
that the shape obtained with this study is consistent with
the literature data but there is little difference in energy
value. This difference is due to the difference used
software. It has been observed that density of state
valence s orbital (about -8 and -6 eV range), and the p
orbital (about -5 and -3 eV range) of Sb atom and p
orbital (about -6 and -4 eV range) of the | atom varies
in the between 80-200 kBar pressure values.
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Figure 7. The PDOS and TDOS of SbSel, (a) 0 KBar, (b) 4 KBar, (c) 8 KBar, (d) 12 KBar, (¢) 16 KBar, (f) 40
KBar, (g) 80 KBar, (h) 120 KBar, (i) 160 KBar, (j) 200 KBar, (k) 0 KBart*4

To describe the structure of the bond between atoms,  software. The structure of the chemical bond manages
the two-dimensional charge density distributions inthe  the electron charge density distribution of internal
plane (1 1 1) were generated using the VESTA [37]  atomic bonds. The figures are given in Figure 8.
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(@)

'

(d)

Figure 8. Calculated valence charge density distribution of SbSel, in the (1 1 1) plane, (a) 0 kBar, (b) 40 kBar,
(c) 80 kBar, (d) 120 kBar, (e) 200 kBar, (f) 0 kBar in the (-1 =1 —1) plane. 4

The electro negativity values of elements in the ShSel
compound are 1.9 (Sb), 2.4 (Se) and 2.5 (1) [38, 39]. As
can be seen from Figure 6, the maximum charge density
around the atom | is greater than Sb and Se. This is
because the atom | is more electronegative than Sb and
Se. Sharing the charge between atoms is important.
Because it shows that the bond between atoms is of
ionic or covalent character. The spherical charge
distribution around the atom | shows that the bond
between Sb and | has predominantly ionic character.
The presence of hump in the charge density distribution
of the Sb and Se atoms indicates that the bond between
these atoms is covalent and partly ionic. Physically,
after electrons were transferred to the | ion, the Sh and
I move away, and a covalent bond was formed. This
composite bonding property is called "ionic covalent
bond" [14]. The qualitative properties of the load
intensities for the SbSel compound for 0-200 kBar
pressure values are very similar. Therefore, visuals are
given for 0, 40, 80, 120 and 200 kBar pressure values.
This similarity shows that the nature of the bonding
between atoms does not change with increasing
pressure value.

The percentage of an ionic bond between elements A
and B can be determined by the following equation
[38].

% ionic bond percentage = {1 —exp [— M]} x100 (1)

4
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Here X, and Xg are the electronegative values of the
related elements. In the periodic table, the
electronegativity values of Sh, Se and I are 1.9, 2.4 and
2.5 [38], respectively. The ionic bond percentage
values of Sh-I and Sh-Se bonds calculated for the SbSel
structure are 8.61% and 6.06%, respectively. This
result confirms the judgment reached above.
Accordingly, Sb-Se and Sb-I bonds are weak ionic
bonds and strong covalent.

IV. CONCLUSIONS

The aim of this study is to investigate the effect of
pressure on the electronic structure of the SbSel
compound. For this purpose, structural optimization of
SbSel compound was performed for 0-200 kBar
pressure values. Electronic band structure, TDOS,
PDOS and valence charge distributions of ShSel
compound were analyzed using optimized structural
parameters. As a result of the analysis, it was seen that
the valence charge distribution did not change with
pressure, and there was some change in the electronic
band and DOS structure after 80 kBar pressure value.
In SbSel crystals, the Sb-Se bond is more covalent than
the Sb-l bond. Since the band gap values of ShSel
crystals are in the visible region, they are an important
parameter for wide application areas of semiconductor
systems.
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Oz

Giiniimiizde yasanan teknolojik gelismeler, Internete baglanan toplam cihaz tiir ve sayisinda biiyiik bir artisa yol agmustir.
Sunucu makineler daha fazla istek almaya baglamis hem ag trafigi hem de sunucu yanit siiresi olumsuz etkilenmistir. Bu
sorunlari ¢ozmek i¢in Facebook tarafindan 2015 yilinda duyurulan GraphQL teknolojisi tek bir istekle birden fazla tablo,
koleksiyon veya veri tabanina erigim saglayarak toplu veri sorgulama ve degistirmeye imkén vermektedir. Bu sayede cihaz
basina diigen istek sayisi ve cihazlarin belleklerinde tutulacak veri boyutu azalir. Ancak GraphQL yeni bir teknoloji oldugundan
heniiz kod gelistirme siirecini yoneten ve kolaylastiran araglar tam olarak gelismemistir. Sunucu kisminda sorgulart olugturmak
ve ¢alistirmak igin 6nemli miktardaki kodun elle yazilmasi gerekmektedir. Bu da yazilim gelistiricilere onemli bir is yiikii
olusturmaktadir. Bu calismada GraphQL sorgu gelistirme siireci, bu siireci kolaylastirmak veya otomatiklestirmek i¢in
kullanilan araglar, bu araglarin kullandig1 yontemler ve sorgu gelistirme maliyetleri analiz edilmistir. Bu maliyeti azaltmak i¢in
kodlar1 otomatik olugturan bir ydontem onerilmis ve bu yontemi kullanan bir arag gelistirilmistir. Gelistirilen yontemin etkinligi
diger yontemlerle karsilastirilmig, sayisal olarak incelenmis ve yazilimcilart dnemli miktardaki kodu tekrar yazmaktan
kurtararak zamandan tasarruf sagladigi goriilmiistiir.

Anahtar Kelimeler: GraphQL, otomatik sorgu olusturma, nesne iligkisel eslesme, anlik sorgulama, NoSQL

Abstract

Nowadays, as a result of developing technology, increasing device diversity, and the total number of devices connected to the
Internet, servers have started to receive more requests adversely affecting both network traffic and server response time. For
eliminating these problems, in 2015, Facebook announced GraphQL technology allowing multiple tables, collections, or
databases can be accessed instantly via a single request and a single answer. Therefore, the number of requests per device and
the size of the data to be kept in the memory of the devices is reduced significantly. However, it is necessary to write code
manually to create and run the GraphQL queries on the server part due to the lack of adequate code management and automation
tools. Thus, it creates an additional workload for the developer. In this study, we have analyzed the tools used to automate or
facilitate the query development process of GraphQL and compared the cost of query development. A new method and tool for
generating GraphQL queries have been developed and its effectiveness has been compared to other methods and evaluated
quantitively. The results show that the developers save time by avoiding the burden of writing many lines of code.
Keywords: GraphQL, automatic query generation, object-relational mapping, ad-hoc query, NoSQL

I. GIRIS

Internet iizerinde veri haberlesmesi en 6nemli yazilim islevlerinden birisidir. Béylesi dagitik ortamlarda
haberlesme icin en yaygin kullanilan teknoloji Rest (Representational state transfer) API’dir [1]. Bu API internet
adreslerine HTTP protokoliiyle ¢agri yapmak ve istenilen sonuglart JSON (Java Script Object Notation) bi¢iminde
dondiirmek i¢in kullanilir. Ancak giiniimiizde istemci tarafindaki ¢agr1 sayisinin, ¢agrida kullanilan veri tiirlerinin,
veri ara yiizlerindeki degigimlerin ve ag trafiginin artmasi Rest API’den farkli teknoloji arayislarini tetiklemigtir

(2], [3].

Rest API kullanilarak bir sitedeki igerigin 6zel bir kismina ulasmak i¢in yiiksek islem maliyetine sahip iki yontem
kullanilir. Birinci yontemde tiim igerik tek bir istekle veri tabanindan istemci bilgisayara indirilip istenen kisim
tiim veriden ayiklanir. Bu yontem, akilli telefon ve tablet gibi disiik bellek alanlarna sahip cihazlar i¢in dnemli
bir veri saklama sorunu olusturmaktadir. Ikinci yontemde sunucuya birden fazla istek génderilir. Cok sayida
istegin es zamanl olarak sunucuya gonderilmesi de ag trafigi ve cevap siiresinin artmasina hatta sunucunun asiri
yiikten kilitlenmesine yol agabilmektedir.

Sorumlu yazar: Ali NiZAM, Tel: +90 212 521 81 00, e-posta: ali.nizam@fsm.edu.tr
Gonderilme: 16.05.2020, Diizenleme: 07.12.2020, Kabul: 09.12.2020
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Birden fazla alandan veri almak yapisi itibariyla graf
bi¢iminde modellenebilir [4]. Yukarida siralanan
sorunlar1 ¢dzmek ve graf yapisinin esnekli§inden
faydalanmak = amaciyla ~ Facebook  GraphQL
teknolojisini gelistirmistir [5]. GraphQL, ¢ok sayida
¢evrimi¢i API ve hizmet tarafindan kullanilmaktadir
[6], [7]. Drupal kullanim istatistik sitesine gore
GraphQL kullanimi 2017 yilindan itibaren hizla artmig
ve 800 bin civarinda projeye ulagsmistir [8]. REST
kullammi ise 8 milyondan 5 milyon civarina
diismiistiir. Ancak akademik agidan GraphQL hakkinda
oldukga az aragtirma yaymlanmigtir [9].

GraphQL teknolojisi REST gibi bir servis katmani
olugturmaktan ziyade dogrudan verileri hedefler [10].
Sunucuya goénderilen tek bir istekle ve alinan tek bir
yanitla farkli tlirlerdeki verilere ulasmak miimkiindiir.
Bu sayede ag trafigi ve istemci-sunucu tarafinda
kullanilan bellek miktar1 azalir. Cesitli arastirmalar
ozellikle birden fazla kaynaktan veri alinan sorgularda
GraphQL’in REST API’ye gore performans avantaji
sagladigim gostermistir [11] [12], [13].

GraphQL kullanarak veri sorgu ve degisiklik
islemlerinin yiirtitilmesi icin sema ve ¢oziimleyici
metot tanimlamak gereklidir. Sorgu islenmesi
stirecinde hedef u¢ noktalardaki (end point) islemler
icin gerekli sorgu belgeleri semaya gore dogrulanir.
Semadaki her nesne bir ¢6ziimleyici metotla temsil
edilir. Coziimleyici metotlar verinin sorgulanmasi
(query) ve degistirilmesi (mutation) islemini
gergeklestirir [9]. GraphQL semasinin olugturulmasi ve
uygulanmasinin test edilmesi ¢ok onemli ve ¢oziim
bekleyen bir sorundur [14]. GraphQL’i veritaban
tizerinde kullanmak isteyen yazilimcilar her koleksiyon
icin yeniden benzer kodlart yazmak zorunda
kalmaktadir. Bu yiizden hata orani artmakta, zaman ve
emek israfi olusmaktadir.

Bu c¢aligmanin amact  GraphQL sorgularimin
olusturulmasini otomatiklestiren, kolaylastiran, elle
kod yazma hatalarin1 azaltan, emek ve zaman tasarrufu
saglayan araglarin kullandiklar1 yontemleri mukayeseli
bir sekilde incelemektedir. Ayrica mevcut araglarin
ozellikleri dikkate almarak GraphQL’in
olusturulmasini kolaylastiran yeni yontem onerilmistir.
Bu kapsamda NoSQL (MongoDB) veri tabanlar
iizerinde GraphQL sorgularinin ¢aligmasi i¢in gerekli
sunucu kodlarin1 otomatik bir sekilde olusturan bir
altyapt ve bu altyapiyr kullanan bir anlik sorgulama
aract gelistirilmistir. Bu konudaki literatiir 6zeti Boliim
2’de sunulmustur. Bolim 3’te yeni yontem ve aracin
teknik ayrintilar1 agiklanmistir.  Gelistirilen aracin
etkinligi MongoDB veri tabani iizerinde test edilmis ve
bulgular B6liim 4°te sunulmustur. Sonuglar Boliim 5°te
degerlendirilmistir.

II. MEVCUT YONTEM VE TEKNIKLER
Veri taban sistemleri ile kodlama dilleri arasinda veri
yap1 ve veri isleme mekanizmalar1 farklilik gosterir. Bu
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farkin getirdigi kodlama yikiinii azaltmak ve veri
akigini yonetmek icin ara katman yazilimlar1 kullanilir.
Giinlimiizde yaygin kullanilan iligkisel veri tabanlari
icin bu ¢6ziimler nesne iliskisel eslesme (ORM, Object
Relational Mapping) ismiyle standart hale gelmistir
[15]. Bu araglar kullanilarak iliskisel veri tabami ile
nesne tabanli diller arasinda veri transfer ve doniisimii
icin gerekli siniflar otomatik olusturulur. Yine iligkisel
veri tabanlar1 iizerinde anlikk SQL sorgularini
calistirmak ve denemek i¢in anlik sorgulama (adhoc
query) araglart kullanilir. Ancak GraphQL yeni bir
teknoloji oldugu i¢in bu tiir araclar heniiz gelistirilme
asamasindadir.

2.1. GraphQL Sorgu Siireci

Bir GraphQL istegi, yazilan sorgunun agamali sekilde
doniistiirtilerek sunucuya gonderilmesi ve cevabin
almmasi seklinde yiiriitiliir; bkz. Sekil 1. GraphQL
sorgulari 6n yiizde query{} yazim bigiminde yazilir (1).
Query yazim bigimi i¢ i¢e sorgu cagrilmasi ve
ortalama-toplam adet gibi grup temelli islemleri
destekleyerek ¢ok dnemli bir esneklik saglar. Istemci
API, sorgular arka planda GraphQL sorgu ve degisim
islemleri metotlariyla eslestirir ve veritabani katmanina
aktarir (2). Bunu yaparken sorgulanacak verinin
yapisim tanimlayan semalar1 da kullanabilir. Istemci
API sorgu katmant olmaksizin da dogrudan
kullanilabilmektedir. Veri taban1 erisim katmani gelen
istekleri veri tabami tiirline gére SQL veya NoSQL
yazim bigimlerinden birisiyle veri tabanina gonderir (3)
ve cevabl dondirir (4). Cevap JSON bigimine
doniistiirtiliir (5) ve kullanict ara yiiziine aktarilir (6).
Bu siireg¢ farkli {irlin ve aragtirmalarda farkli sekillerde
gergeklestirilebilmektedir.

N
@J]API cansi
Sorgu Metot Veritabani Erigim
A el
1) S Sema a I@]
P’E i
GraphQl Editor £ 2
query{}yazm | Cevap (JSON} | 5 2| Cevap | veritapan
bigimi @) |2 = (3
O 2 @&
& [
0 Cevap = N—’
= B
(5)5

Sekil 1. GraphQL sorgu stireci

2.2. GraphQL Kod Olusturma Araglari

Temel kodlar1 Facebook tarafindan agik kaynak kodlu
sunulmakla birlikte GraphQL hazir bir riin degil
mimari tanimlar igeren ve gerceklestirme seklini
yazilim  firmalarma birakan bir tarifnamedir
(specification). Bu yiizden istemci tarafinda ag
isteklerini yonetmek, tampon bellek kullanimi ve
kullanict ara yiiziine veri aktarimi icin birgok arag
geligtirilmigtir  [16]. Bunlarin temel yaklagimlari
asagida siralanmigtir:
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2.2.1. Kodlamay: basitlestiren arag¢ ve yontemler
Kodlamay1 basitlestirme eksenli araglarda sorgu
caligtirilmast  igin  JSON sema ve ¢oziimleyicCi
metotlarin yazilmasi yine gereklidir. Ancak bu islem
aracin sagladigi ara depo (repository) ve mesaj siniflari
sayesinde kolaylastirilir [17]. Bu kapsamda bir iriin
olan Apollo, Facebook firmasinin React triiniiyle
birlikte calisacak sekilde gelistirilmistir [18]. Relay
irlinii ise React bilesenlerinin ortak bir sorgudan
beslenmesini saglar [19].

2.2.2. Kodlari otomatik olusturmay saglayan arag ve
yontemler

Sorgulanmak istenilen veri kaynaginin veri yapisini

algilayarak otomatik olarak GraphQL sorgu kodlar

olusturmay1 hedefleyen araglardir.

e Kendi API’sini kullanan ara¢lar: Bu araglar
standart GraphQL tizerinde kendi 6zel API yapilart
vasitastyla sorgu gelistirilmesini saglar [20]. Once
UML sinif diyagramlart gelistirip, bunlart GraphQL
semalarinin ~ statik  veri organizasyonuyla
eslestirerek kullanmak da onerilmistir [21]. Bu da
once UML sema olusturma asamasl
gerektirdiginden  maliyetli  bir  ¢oziimdiir.
PostgreSQL gibi sadece belirli veri tabanlarina 6zel
sema tanmmm ve kodlar1 yazan ¢6ziimler de
bulunmaktadir [22], [23].

e Var olan  REST  APIl’lerin  GraphQL’e
doniistiiriilmesini  saglayan araglar: REST API
tamimlarini, GraphQL u¢ nokta tanimlar1 ve
coziimleyici fonksiyonlara doniigtiiren araclardir.
Swagger sema seklinde Ozel bir girise ihtiyag
duyabilirler [24].

o Genel bir haritaya dayali araglar: GraphQL sema
ve ¢Oziimleyici metot olusturma islemini,
sorgulanacak kaynaktaki sema yapisit ve GraphQL
API arasinda olugturulacak Global Ontoloji
Haritalar1 (GOH) ile saglamay1 6neren araglar da
bulunmaktadir [25]. Bu eslestirme yOntemiyle
GraphQL benzeri teknolojiler i¢in de otomatik kod
iiretilebilecek ortak bir altyap:t olusturulabilecegi
ileri stiriilmiistiir. Ancak heniiz bu araglarin ¢alisan
bir Ornegi iretilmedigi icin gelistirilen yontemle
dogrudan mukayesesi miimkiin olmamustir.

Kodlamay1 basitlestiren yontem ve araglar GraphQL
APD’sinin  farkli kodlar igerisinden ¢agrilmasini
kolaylagtirir.  Ancak sorgu olusturma asamasini
biitiinliyle igermezler. Bu ylizden sadece dogrudan
sorgu olusturmaya yonelik yontemlerle karsilagtirma
yapilmustir; bkz. Tablol.

Tablo 1. GraphQL Otomatik Sorgu Olusturma Yontemleri Ozeti

Yontem Déniisitm Teknolojisi Platform |Sorgu Bi¢imi ilave API Geregi |Veri tabam Erisimi
Gelistirme
- Veritaban1 > Prisma Sema Asamasinda Otomatik olusturan
Prisma [20] > GraphQL Genel (GraphQL Sema tanimi Kiitiiphane
Playground)
Ayrt bir uygulama Otomatik olusturan
Hasura.io [23] Veritaban1 - GraphQL PostgreSQL |Var olarak o 3
kiitiphane
caligmaktadir
Var olan erisim
StG [24] Veritabani—> Swagger->GraphQL |Genel Yok SwaggerAPI kodlarimi kullanan bir
API olusturuyor.
. . Komut satir ve web |Otomatik olusturan
PostGraphile [22] |Veritabam—> GraphQL PostgreSQL |Var icin ilave Plug In  |kiitiiphane
Costal ve dig.[25] |Veritabani=>GOH-> GraphQL  |Genel Yok GOH API GOH

III. ONERILEN YONTEM

Bu c¢alisgmada GraphQL sorgu olusturma siirecini
otomatik hale getiren bir yontem Onerilmis ve bu
yontemi gergeklestiren bir ara¢ gelistirilmistir. Yontem
tanimi,  sorgulanacak  kaynaktaki veri  yapisi
semalarinin okunmasindan sorgu ¢alistirilmasina kadar
tim asamalari icermektedir. Yontemin
gelistirilmesinde  kodlamanin  otomatiklestirilmesi,
platform  bagimsizlik, esneklik ve GraphQL
API’sindeki  degisikliklere kolay uyarlanabilme
kriterleri ~ dikkate  alimmigtir.  Mevcut  araglar
incelendiginde GraphQL API ile sorgu gelistirmede
ara bir doniisiim teknolojisi ve ilave kiitiiphaneler
kullamimi yontemi One c¢ikmaktadir; bkz. Tablo 1.
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Ancak bu teknoloji ve kiitiiphanelerin 6zel bir yazilim
icinde kullanilmasi, bakim ve yonetimi i¢in ilave emek
ve zaman gereklidir. Onerilen yontemde ise GraphQL
icin gema ve ¢oziimleyici metot kodlar1 sadece temel
GraphQL API’ye baghdir. [lave bir sunucu veya
kiitiiphane gerekmeksizin kodlar otomatik olusturulup
sorgu calistirilabilir. Boylece GraphQL API’deki olasi
yenilik ve giincellemelere uyarlamanin kolaylagmasi
hedeflenmistir.

Onerilen yontemde satir siitun temelinde istenilen
kisitlama ve gruplama islemlerinin dinamik olarak
yapilmasini saglayan GraphQL Query yazim bigimi
desteklenmektedir. Bu sorgu big¢imi iizerinden
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GraphiQL [26] edit6riine dayali bir anlik sorgu araci da
gelistirilmistir. Bu sayede ayni istemci metotlari
kullanilarak ¢ok farkli ve esnek sorgular gelistirilebilir.
Anlik sorgu bicimini desteklemeyen araglarda her
islem igin farkli metot yazilmasi gerekmektedir [20],
[24], [25] .

Veri tabanina erigim i¢in gerekli tim kodun arka planda
yazilmasina dayali nesne iligkisel eslesme yontemleri
veri erisimini yoneterek kodlamay1 kolaylastirma gibi
onemli faydalar saglamaktadir. Ancak gelistiriciler
arka planda tretilen kodu dogrudan yonetemedigi igin
performans sorunlarina yol agabilmektedir [27]. Bunun
yaninda platform bagimliligir gibi teknoloji kisitlar1 da
olusabilmektedir. Ornegin PostGraphile ve Hasura.io
gibi {irlinlerde sadece iireticinin destek verdigi veri
tabanlarma yonelik sorgular hazirlanabilmektedir.
Onerilen yontemde nesne iliskisel eslesme yaklagimi

yerine iretilen kodlara agik olarak erigilebilmesi ve
gerekirse miidahale edilebilmesi tercih edilmistir.

3.1. Gelistirilen Aracin Temel Altyapisi

Gelistirilen yontem, veri tabanindaki semalarin
okunmasindan kod c¢aligtirilmasina kadar tiim sorgu
olusturma siirecini otomatik hale getirmektedir; bkz.
Sekil 2. Bu yonteme dayali gelistirilen yazilim aracinda
ilk agamada veri tabanlariyla baglanti kurulmasi igin
gerekli baglanti ayarlari ve veri yapisi segimleri yapilir.
fkinci asamada kullanici sectigi koleksiyon iizerinde ne
tir islemler yapacagini belirler ve sorgu kodlari
olusturulur. Ugiincii asamada uygulama icerisine
eklenen sunucu ¢alisir ve olusturulan kodlar bu sunucu
iizerinde calismaya baslar. Kullanici bu kodlar
kullanarak sorgu, ekleme, silme, giincelleme gibi
islemleri anlik olarak gerceklestirebilir ve sorgu
sonuglarmi gorebilir.

_" Veri Taban Veri tabani sema Gergeklestirilecek islem
| Baglant Ayadarl [ SE':l;:IrTII secimi
Hata Var Islem icin gerekli sema

Evet
Hata Bilgi Ekrani

mi?

ve siniflan olustur

‘ islemler Gaster

Islem calisma

* e sonug gosterimi

_.Q

Sekil 2. Onerilen yonteme dayali gelistirilen aracin temel akis diyagrami

3.2. Kullanilan Teknolojiler

GraphQL tizerinde sorgu olusturmay1
otomatiklestirmek ve anlik sorgu aracimi gelistirmek
igin ara yiiz, veri tabani, GraphQL ve otomatik kod
olusturmay1 saglayan teknolojiler entegre edilmistir;
bkz. Sekil 3. Arayiiz i¢in JavaFX ve JFoenix, veri
tabani icin MongoDB, GraphQL sema ve ¢oziimleyici

metotlar i¢cin GraphQL API ve otomatik kod
olusturmak i¢in JavaPoet ve GraphQL SPQR
teknolojilerinden  yararlanmilmigtir. ~ Teknolojilerin

ozellikleri ve kullanim ayrintilart ayni numarali alt
boliimlerde agiklanmugtir.

.mr)n&,ol” —_"JFOEYHX‘ ®\ ﬁA\
%"'

Q@gh(.}l, SPQR
@aghQL AN
@

Sekil 3. Onerilen yontemde kullanilan teknolojilerin
biitiinlesik gosterimi

f=tsusl -— Maven
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3.2.1. MongoDB

Geligtirilen sistem farkli NoSQL veri tabanlariyla
calisabilecek altyapilar igermekle birlikte ¢aligma
kapsaminda MongoDB kullanilmistir. MongoDB,
verileri JSON  dokiimanlar1 halinde saklayan
Olgeklenebilir bir NoSQL veri tabani sistemidir [28].
Iliskisel veri tabanmindaki tablolar burada koleksiyona
karsilik gelir. iliskisel tablonun her bir kaydi da bir
JSON belgeye karsilik gelir. Tablo siitunu i¢in de
belgedeki alanlar kullanilir. Veriler bir belge agaci
seklinde saklanir. MongoDB’de sema yapisi yoktur ve
yazma performansi yiiksektir. Semanin olmamasi, her
dokiimanda farkli alanlarin tutulabildigi esnek bir yap1
saglar.

3.2.2. GlassFish

GlassFish MongoDB baglantilarinin  yonetilmesini
saglar. GlassFish J2EE standardinin agik kaynak kodlu
temel referans sunucusudur. Diisiik kaynak tiiketimi ve
kolay kurulumu sebebiyle tercih edilmistir.

3.2.3. JFoenix

Sorgu iiretme ve calistirma kodlar1 Java dilinde
gelistirilmistir. Gelistirilen aracin ara yiizii igin JavaFX
altyapisini kullanan ve daha modern bir tasarim sunan
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JFoenix tercih edilmistir. JavaFX igerik, ses, grafik ve

video igeren etkilesimli modern uygulamalar
olusturulmasina  olanak  saglayan  bir Java
kiitiiphanesidir [29].

3.2.4. JavaPoet

JavaPoet, Java kaynak dosyasi iiretmeyi saglayan bir
kiitiiphanedir [30]. Bu kiitiiphane kullanilarak siireg
yonetim araglarinin Java ile yazilmasi gibi gesitli
¢oziimler gelistirilmistir [31]. Gelistirilen aragta da
GraphQL sunucu kodlarmin  smif, metot ve
degiskenlerinin otomatik olusturulmasinda
kullanilmistir; bkz. Sekil 4.

ClassName namedBoards = ClassName.get("com.mattel”, "Hoverboard", "Boards");

MethodSpec beyond = MethodSpec.methodBuilder("beyond")

.returns(listOfHoverboards)

.addStatement("$T result = new $T<>()", listOfHoverboards, arrayList)
.addStatement("result.add($T.createNimbus(206@))", hoverboard)
.addStatement("result.add($T.createNimbus(\"2001\"))", hoverboard)
.addStatement("result.add($T.createNimbus($T.THUNDERBOLT))", hoverboard, namedBoards)
.addStatement("$T.sort(result)", Collections.class)
.addStatement("return result.isEmpty() 2 $T.emptyList()
.build();

: result”, Collections.class)

TypeSpec hello = TypeSpec.classBuilder("Hellokorld")
.addMethod (beyond)
.build();

JavaFile.builder("com.example.helloworld”, hello)
.addStaticImport(hoverboard, "createNimbus")
.addStaticImport(namedBoards, "*")
.addStaticImport(Collections.class, "*")
.build();
Sekil 4. JavaPoet ile 6rnek simif olugturma goriintiisii

[30]

Sekil 4’teki Ornekte bir sinif nesnesi ve bu smif
nesnesini olusturan bir builder nesnesi bulunmaktadir.
Olusturulan smuf i¢in istenen alanlar belirlendikten
sonra bir “builder” nesnesi olusturulur. Sinifin
kullanacagi kiitiiphaneler de builder nesnesine
“addStaticimport” metoduyla verilir. Boylece simf
verilecek ek ozelliklerle beraber yazima hazir hale
gelir. Ornek kodun ciktis1 asagidaki gibidir; bkz. Sekil
5.

package com.example.helloworld;

ort ic com.mattel.Hoverboard.Boards.*;
atic com.mattel.Hoverboard.createNimbus;
rt static java.util.Collections.*;

com.mattel.Hoverboard;
java.util.Arraylist;
port java.util.List;

i F

class HellokWorld {
List<Hoverboard> beyond() {
List<Hoverboard> result = new ArraylList<>();
result.add(createNimbus(28€0));
result.add(createNimbus("2e61"));
result.add(createNimbus(THUNDERBOLT));
sort(result);
return result.isEmpty() ?
}
}

Sekil 5. Olusan HelloWorld.java dosyas1 [30]

emptylList() : result;

3.2.5. GraphQL SPQR

GraphQL SPQR dinamik sema tanimi yapmak i¢in
kullanmilmustir.  GraphQLSPQR, Java  kodundan
dinamik olarak GraphQL semast olusturmak icin
kullanilan bir Java kiitliphanesidir. Sunucu kodlarina
yerlestirilen notlarla (@Annotation) bir sema olusturur.
Kullanicinin semay1 elle yazmasina gerek kalmaz.
Asagidaki ornekte istemciye biitiin baglantilar1 ¢ekme
izni “@GraphQLQuery” notu ile verilmistir; bkz. Sekil
6. Bu not herhangi bir metoda verildiginde GraphQL
artik onu bir sorgu metodu olarak goriir. Insert, Update,
Delete gibi islemlerin metotlar1 ise
“@GraphQLMutation” notuyla tanmitilir.  Metot
parametreleri de “@GraphQLArgument” ile verilir.
Argliman adi, verilecek parametre adiyla ayni
olmalidir.

public class Query {
private final LinkRepository linkRepository;
public Query(LinkRepository linkRepository) {

this. LinkRepository = linkRepository;

@GraphQLQuery
public List<Link> alllinks(LinkFilter filter,

@GraphQLArgument (name = "skip", defaultValue = "0") Number skip,
@GraphQLArgument (name = "first", defaultValue = "0") Number first) {

return UinkRepository.getAULinks(filter, skip.intValue(), first.intValue());

Sekil 6. Ornek GraphQL SPQR goriintiisii [32]

3.2.6. GraphiQL

Facebook tarafindan GraphQL igin istemci tarafinda
veri sorgulama, eckleme, silme vb. gibi islemleri
yapabilmek i¢in tasarlanmis resmi editordiir [26].
Herhangi bir kuruluma ihtiya¢ duymaz. GraphiQL basit
bir HTML dosyasindan olusur. Bu dosya eklenecek
projeye gore diizenlenerek her tiirlii projeye kolay bir
sekilde eklenebilir. Herhangi bir web tarayicisi
tizerinde ¢aligabilir. JSON tabanli sorgu bi¢iminin
kullanilmast ayn1 metodu kullanarak verinin farkli
goriiniimlerini temel API’yi degistirmeden sorgulama
esnekligi saglar; bkz. Sekil 7.
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GraphiQL >

query TodoAppQuery($n:
globalTodoList {
items{first:3$n) {
edges {
node {
text
complete

) {

QUERY VARIABLES

{
“data": {
"globalTodoList™: {
"items": {
"edges™: [
{
"node™: {
"text": "Release GraphigQL"
“complete”:
}
}s
{

"node™: {
"text": "Attend @Scale 2815",
“complete”:

Sekil 7. GraphiQL’den 6rnek goriintii [26]

3.2.7. Jetty server

Gelistirilen yontemde GraphQL sorgu kodlarini
calistirmak igin kullanilmistir. Jetty, Java Servlet
smiflarint  ¢alistirmak igin  gelistirilmis  bir web
sunucusudur. En 6nemli rakibi Apache Tomcat’e gore
daha basit bir yapisi vardir ve karmasik islemleri
yiritmekte daha etkindir [33]. Ayrica sunucu
kiitiiphanesinin kiigiik boyutlu olmasi projelerin i¢ine
rahatca eklenebilmesini saglar. Kiigiik ve orta 6lgekli
GraphQL uygulamalari igin Jetty kullanimi tavsiye
edilmektedir.

3.2.8. Maven

Maven eklentilerinin (plugin) uygulama icerisinden
calistirilmasini saglar. Bu kiitiiphane dinamik olarak
olusturulan GraphQL kodlarinin ¢aligtirilacagt Jetty
sunucusunu ayaga kaldirmak i¢in kullanilmistir.

3.2.9. GraphQL API

GraphQL’in ~ sunucu  iizerinde  calistirilmasini
gerceklestiren yazilim kiitiiphanesidir. Bir sema ve o
semayr tamimlayan dosyalardan olusur. Istemci
tarafindan gonderilen istekleri yoneterek, istemciye en
kisa siirede ve en az ag trafigiyle sonuglari iletmeyi
amaglar. Bir¢ok programlama dili i¢in kiitiiphane ve
sunucu destegi saglar. Gelen istekleri sunucu tizerinde
karsiladigindan tiim veri tabanlariyla sorunsuz galisir.
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3.3. Sorgu Hazirlama Araci

Gelistirilen aracin temel islevleri dort ana kisimda
gosterilmektedir; bkz. Sekil 8. Soldan itibaren ikinci
gergevede baglanti kurulacak veri tabani igin baglanti
ayarlart yapilir. “Hostname”, “Port” ve “DB Name”
degerlerini aldiktan sonra veri tabanimna baglanilir.
Baglantt ge¢misi “Connection History” kisminda
gosterilir. Buradaki baglanti ayarlari kullanilarak kolay
ve hizli bir sekilde veri tabanina tekrar baglanmak
miimkiindiir.  Uciincii cerceve baglamlan  veri
tabanindaki koleksiyonlar1 ve igerdikleri alanlari bir
agac yapisinda sunar. Kullanici islem yapmak istedigi
koleksiyonu segtikten sonra bunlar iizerinde yapilacak
islemleri  belirlemek igin dordiincii  gergeveye
geger/ilerler. Dordiincii ¢ergevede, secilen koleksiyon
ve koleksiyonda var olan alanlar listelenerek yapilacak
islemler (sorgu, ekleme, silme gibi) belirlenir. islemler
belirlendikten sonra “Create GraphQL Files” butonuna
tiklandiginda gerekli olan siniflar ve metotlar otomatik
olarak olusturulur, ilk ¢er¢eve acgilir ve olusturulan kod
dosyalar1 burada listelenir. Dosyalar listelendikten
sonra ara¢ icerisinde bulunan sunucu otomatik olarak
calistirtlir ve olusturulan kod dosyalart okunarak
GraphQL’in sunucu kismu c¢aligtirilir.  Olusturulan
kodlar  herhangi  bir  GraphQL  sunucusunda
calisabilecek sekilde bigimlendirilmistir.
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File Server Client Help
Hostname v (@ buyukveri
127.0.0.1 restaurant
Port deneme

27017

« v v v

links
DB Name i

buyukver

:

url

description

Connection History > | covers
Hostname: 127.0.0.1

Port: 27017

DB Name: config

Hostname: 127.0.0.1
Part: 27017
DB Name: admin

Hostname: 127.0.0.1
Port: 27017
DB Mame: |ocal

RN

Hostname: 127.0.0.1
Part: 27017
DB Name: buyukveri

» [ graphgleoliection

buyukveriCallection

graphacallections

graphql_collection

Class Name
Links

Field Name  Query Insert Delete Update
m m) m)
arl ] 0 (]
description [ O a O

Create GraphQL Files

GraphQL ORM v1.0

Sekil 8. Sorgu hazirlama araci ara yiizii

3.4. Sorgu Calistirma Araci

Kullanici, GraphiQL'e dayali sorgu ¢alistirma
sayfasinda sectigi ozelliklere gore istedigi sorgulari
GraphQL sorgu bi¢iminde ¢aligtirtp donen verileri
gorebilir; bkz. Sekil 9. Sorgu, arka planda calisan

GraphiQL > Prettify | | History

query{
2+ alllinks{
_id
url
description
}
¥

GraphQL sunucusu tarafindan ilgili veri tabanina
gonderilir ve sonuglar ekrana aktarilir. Agilan editdrde

sorgu kodlar1 izerinde istenen giincellemeler
yapilabilir. Bu yazilima O6nemli bir esneklik
kazandirmaktadir.

< Does

Sekil 9. Sorgu calistirma araci goriintiisii

IV. BULGULAR

Bu bolimde GraphQL sorgu olusturma siirecinde
kullanilan farkli sistemler ile Onerilen ydntemin
etkinligi ve fonksiyonlari; tirettikleri kod satir sayilar
(KSS), esneklik ve destekledikleri platformlar
acisindan degerlendirilmistir. Incelenen yonteme ait
niteliklerin  birbirini  etkileyebilecegi gbz Oniine
almmustir. Ornegin kodlar1 olusturmadan dogrudan
hazir kiitiiphane kullanimi esnekligi azaltabilmektedir.
KSS somut bir 6l¢ii birimi olmas: sebebiyle hala
yazilim gelistirme siirecinde harcanacak emek ve
zamani 6l¢gmek i¢in en gegerli olgiidiir [34]. Literatiirde
incelenen  GraphQL kod olusturma  siirecini
otomatiklestiren  bazi  araglarin  kod  {iretme
mekanizmalar1 erisilebilir degildir. Java tabanli bir
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otomatik kod iiretme iriinii de tespit edilememistir. Bu
kapsamda kod iiretkenlik diizeyini karsilagtirmak igin
JavaScript  kodu  ireten Prisma  driiniinden
faydalanilmistir. Hasura.io ve PostGraphile iiriinleri de
arka planda benzer kodlar {iretmektedir. Ancak bunlar
sadece PostgreSQL veri tabanmi destekledigi igin
tercih edilmemistir. Swagger-to-GraphQL de 6zel
donlisim semalar1  gerektirdigi icin  gelistirilen
yontemle  dogrudan  karsilastirilmast  miimkiin
olmamaktadir. incelemede MongoDB iizerinde basit
veri tliriine sahip {i¢ alan igceren bir koleksiyon
kullanilmistir. Bu koleksiyon iizerinde sorgu ve
degisim islemleri yapmak i¢in gereken ¢oziimleyici
metotlarin KSS’leri Tablo 2’de verilmistir. Kodlar
ayrintili inceleme yapmak isteyenler icin Ek 1’°de
sunulmustur.
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Tablo 2. Bir koleksiyon tizerinde yiiriitiilen islemler
icin gerekli ¢oziimleyici metot kod satir sayisi

veot | GRS Topim

Toplam KSS KSS
Sorgu 4 16 10
Ekleme 1 8 6
Giincelleme 3 18 12
Silme 3 12 9
Ortelama 49 3.4

Her bir iglem i¢in ortalama KSS, islemin toplam
KSS’nin metot sayisina bdliinmesiyle hesaplanir.
Sorgu islemini gerceklestirmek i¢in gerekli ortalama
KSS acisindan Prisma (3,4) iriiniiniin Onerilen
yonteme gore (4,9) avantajli oldugu soylenebilir; bkz.
Sekil 10. Onerilen yontemde ayr1 ayr1 her islem igin de
KSS’nin fazla oldugu agikg¢a goriilebilir. Ancak Prisma
tirlinii ¢dzlimleyici metotlar1 otomatik yazmamaktadir.
Ayrica veri tabani iglemleri igin merkezi bir kiitiiphane
kullanmakta ve ayr1 ayr1 kod olusturmamaktadir. KSS
acisindan avantajli gibi gorilen bu durum kod
esnekligini azaltmakta ve kodun farkli platformlara
tasinmasini giiglestirmektedir. Benzer bir ¢6ziim olan
Hasura’da [23] ayr1 bir iriin olarak kurulmakta ve
gelistirilen 6zel yazimlara entegrasyon igin ilave
islemler gerektirmektedir.

9 m Onerilen
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7 Prisma
a
g 6
©
€ 5
(1]
s 4
© 3
2
1
0
Sorgu Ekleme Glncelleme Silme

Sekil 10. Onerilen yontem ve Prisma iiriinii
i¢in ortalama KSS

GraphQL sorgularini gergeklestirmek igin yazilmasi
gereken toplam KSS da yazilimeilarin is yiikiini
belirlediginden &nemli bir inceleme konusudur. Bu
kapsamda Onerilen yontemde olusturulan tanim kodlar1
dahil tiim kodlar toplanmalidir. Sorgu sinifi i¢in 34 (Ek
2), degisim simifi i¢in 58 (Ek 3), veri gemasi tanimi i¢in
29 (Ek 4), GraphQL sunucu ayarlar1 i¢in 29 (Ek 5) ve
veri taban1 sunucu tarafindaki islemler i¢in 93 (Ek 6)
satir kod gerekmektedir. incelenen basit koleksiyon
icin gerekli sorgu toplam KSS (genel sunucu ayarlari
hari¢) 214°tiir. Birgok arastirmanin ortalamasina goére
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bir programcinin aylik iiretebilecegi kod miktari
ortalama 162-480 (ortalama 366) satir araligindadir
[35]. Sorgu olusturma kodlari birbirine benzediginden
iiretkenlik artacaktir. Ancak hata diizeltme ve test gibi
islemler de dikkate alinirsa aylik GraphQL sorgu
tretkenligi i¢in {ist sinira yakin bir ortalama olan 500
KSS kabul edilebilir. Bunun neticesinde basit bir
koleksiyon i¢in gerekli GraphQL kodlarin1 otomatik
yazmanin yaklagik 8.5 (20 giin x (214/500) giinliik bir
emek-zaman tasarrufu saglayacagi  sOylenebilir.
Karmasik koleksiyonlarda tasarruf miktar1 artacaktir.

V. SONUCLAR VE ONERILER

Calismada GraphQL dili i¢in sorgu olusturma yontem
ve araclart kargilastirilarak  yeni  bir  yOntem
Onerilmistir. Bu yontemi gergeklestirmek igin bir
otomatik kod iiretme ve anlik sorgu araci
gelistirilmistir. Sorgu olusturma siirecine ait sayisal
sonuglar bulgular boliimiinde sunulmustur. Buna gore
GraphQL sorgu iiretme siirecinin yazilimcilar igin
onemli bir ig ylikii olusturdugu goriilebilir. Gelistirilen
yontemi kullanan ara¢ bu islemi saniyeler icerisinde
otomatik yapmaktadir. Boylece maliyet ve zamandan
onemli tasarruf elde edilebilir.

Gelistirme siirecinde araglarin irettikleri KSS genel
olarak birbirine yakindir. Ancak ORM temelli araglarin
platform bagimli olduklar1 gériilmektir. Ornegin
PostGraphile ve Hasura iiriinleri sadece PostgreSQL
veri tabanin1 destekler. Ayrica GraphQL temel
standardindan uzaklastik¢a temel fonksiyonlar: tekrar
saglamak i¢in ilave ara¢ gelistirilme ihtiyact da
dogmaktadir. Ornegin Prisma iiriinii kendine has bir
sema tanimi kullanmaktadir. Bu yilizden standart
GraphiQL ara yiizi {izerinden esnek sorgu
yapilamamaktadir. Firmanin kendi ara yiizii heniiz
gelistirme asamasindadir.

Bu c¢alismada ilk hedef olarak GraphQL sorgu
calistrma siirecine ve bu silirecin otomatik hale
getirilmesine  odaklanilmigtir.  Temel sorgularin
denenmesi i¢in basit bir koleksiyon yapisi
kullamlmustir. ileride yapilacak caligmalarda bilesik
sorgular iceren daha karmasik koleksiyon yapilarinin
kod {iretme siirecine etkisi incelenebilir. Ayrica
sorgularin daha hizli ve verimli ¢alismasi igin gerekli
optimizasyon araglart da oOnemli bir arastirma
konusudur. Bu kapsamda farkli  yOntemlerin
performanslart mukayese edilebilir ve performans
artisina  yonelik yeni  yontemler  Onerilebilir.
GraphQL’in dogrudan graf tabanli veri tabanlari
iizerinde calistirilmast  icin  gerekli  sorgularin
hazirlanma siireci de arastirilacak diger bir konudur.
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Abstract

This study aims to investigate the level of the safety culture of firefighters and the factors that affect the safety culture, and to
find out the answers to the questions on which areas the safety of firefighters can be developed, and what can be done in these
areas. In this study, the safety culture questionnaire developed by S. Williams in 2007 as a measurement tool is applied to 209
fire brigades, and the safety culture level of the participants is determined by statistical analysis. In order to determine the
significance level of the relationship between the participants' responses to the safety culture questionnaire and the determined
11 hypotheses, the chi-square test is used, and the results are analyzed under three categories. As a result, a significant difference
is found between the safety culture of firefighters, their education levels and occupational accidents. There is also a significant
difference between the firefighters' accident situations and their ranks.

Keywords: Safety culture; Fire department; Occupational safety

Oz

Bu calisgmani amaci, itfaiyecilerin giivenlik kiiltliriinii ve giivenlik kiiltiirii diizeyini etkileyen faktorleri arastirmak ve
itfaiyecilerin giivenliginin hangi alanlarda gelistirilebilecegi ve bu alanlarda neler yapilabilecegi sorularmin cevaplarini
bulmaktir. Bu ¢alismada, 2007 yilinda S. Williams tarafindan bir 6lgme araci olarak gelistirilen giivenlik kiiltiirii anketi, 209
itfaiyeciye uygulanmis ve katilimeilarin giivenlik kiiltiirii diizeyi istatistiksel olarak belirlenmistir. Katilimcilarin giivenlik
kiiltiirii anketine verdigi yanitlar ile belirlenen 11 hipotez arasindaki iliskinin 6nem diizeyini belirlemek i¢in ki-kare testi
kullanilmis ve sonuglar ii¢ kategori altinda analiz edilmistir. Sonug olarak, itfaiyecilerin giivenlik kiiltiirii ile egitim diizeyleri
ve is kazalar1 arasinda anlaml1 bir fark oldugu bulunmustur. itfaiyecilerin kaza durumlari ile riitbeleri arasinda da 6nemli bir
fark oldugu tespit edilmistir.

Anahtar Kelimeler: Giivenlik Kiiltiirii, Itfaiye Departman, Is Giivenligi

I. INTRODUCTION

There is a safety risk in every occupation, but firefighting is considered one of the most risky occupations [1]. The
main purpose of fire brigades around worldwide is to create a safe and healthy environment for firefighters by
eliminating fire and similar social risks while minimizing the occupational risks that arise during the intervention
[2]. When the historical process of the fire brigade is examined, it is revealed that although the equipment and
tools it possesses are technically advanced, the main dangers and vital risks faced by have not changed [1,3,4,5].
Although the help obtained from the technical developments in the fight against these dangers is important, it is
seen that the approach of corporate culture, organizational commitment, sense of belonging, and safety culture
gains importance [6,7,8,9,10].

Firefighters are exposed to uncontrolled environmental exposures, heavy physical workloads, chemical and toxic
substances, and high levels of stress in the work environment [7]. Researchers [4,11,12,13,14] reported that
firefighters were one of the most dangerous occupations according to job-related injury rates and the safety
behaviors of firefighters, attitudes, norms and perceptions of security.

Safety culture is a sub-dimension of organizational culture, and reflects the behaviors and attitudes of the members
of the organization about the maintenance of health and safety performance [15, 16, 17, 18]. The safety culture
structure of an organization is examined as a pyramid consisting of four steps as basic security values,
organizational factors, attitudes and ideas as well as safe behaviors [19].

The aim of this research is to examine the level of safety culture of firefighters and the factors that affect the safety
culture, and to answer the questions about in which areas the firefighters' occupational safety can be improved,
and what can be done in these fields. The purpose of this study is to reduce the risks of injuries and death among
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firefighters by analyzing the safety culture. Thus three
main research questions are developed: i) Why the
safety culture within the fire brigade is investigated? ii)
Why the safety culture within the fire brigade is
investigated? iii) Why the safety culture within the fire
brigade is investigated? In order to answer the
questions in detail, 11 hypotheses were developed and
analyzed.

I1. MATERIAL AND METHODS

In the research, Anne Arundel Safety Culture
questionnaire [1] was applied to firefighters working in
Istanbul in June 2017. The survey questions were
prepared by Williams after examining many safety
culture questionnaires in the literature to assess the
safety culture within the firefighters [1]. In this study,
the Anne Arundel Safety Culture questionnaire was
used by being translated into Turkish. The
questionnaire consists of 40 questions prepared on a 5-
point Likert scale. On a Likert scale, participants are
asked to choose one of the following responses for each
notification: (a) strongly disagree; (b) disagree; (c)
impartial; (d) agree; (e) strongly agree. Six additional
questions are added to the questionnaire to determine
the participants' demographic data, and whether they
have had an occupational accident. It is assumed that
the participants answer the questionnaire questions
correctly, and are not affected by each other.

The population of the research consists of
approximately 4000 firefighters working in Istanbul
Metropolitan Municipality Fire Department. The
survey is carried out within the scope of six fire brigade
groups randomly selected among 32 fire brigade groups
within  the structure of Istanbul Metropolitan
Municipality Fire Brigade Organization and the fire
stations connected to these groups. The questionnaire is
distributed to 236 (48.76%) firefighters who
volunteered to participate in the survey among 484
firefighters working in these fire brigades and their fire
stations. The selected fire stations are visited on three
different days, and the firefighters working on different
shifts are reached. Out of the 236 questionnaires, 209
(88.55%) questionnaires that filled completely are
evaluated.

The data are analyzed using the SPSS (version 22)
program. The chi-square test was used to test the
relationship between the participants' ages, education,
working positions, marital status, professional
experience, answers to the safety culture questionnaire,
and whether they had an occupational accident. In this
study, the chi-square test for independence is used to
compare two variables in a contingency table to see if
they are related. The independent variables of the study
were age, marital status, education level, professional
experience, position, and occupational accident. The
dependent variable is the occupational safety culture.
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I11. RESULTS AND DISCUSSION
According to the results of demographic questions, the
findings related to rank, education and marital status,
age, occupational experience and occupational
accidents are given in Table 1. Cronbach's Alpha was
found to be 0.949 when the reliability analysis of the
safety culture questionnaire, which consisted of 40
questions prepared on a 5-point Likert scale, was
conducted.

Table 1. Percentage distribution results of
demographic questions

Rank distribution N Percentage (%)
Firefighter 169 %80.9
Fire Sergeant 40 %19.1
Education level

High school and below 113 %54.1
University and above 96 %45.9
Marital status

Married 174 %83.3
Single 35 %16.7
Age range

18-25 64 %30.6
35-45 100 %47.8
45-55 45 %21.5
Professional experience

0-10 years 63 %30.1
10-20 years 84 %40.2
20+ years 62 %29.7
Work accident

Yes 85 %40.7
No 124 %59.3

When firefighter's view of safety culture is analyzed
under three categories, 57 (27.27%) of them have
negative, 52 (24.88%) firefighters have neutral, 100
(47.85%) firefighters have positive attitudes.
Furthermore, 11 hypotheses are analysed, and three of
them are found to be statistically significant.

H1: A significant difference was found between the
education levels of the firefighters in terms of safety
culture (p = 0.027 <0.05). In terms of education level,
the answers given by 113 firefighters having high
school education level show 33.6% (38) negative,
26.5% (30) neutral and 39.8% (45) positive
distribution. When the answers of 96 firefighters who
graduated from the university are examined, 19.8%
(19) show negative 22.9% (22) neutral and 57.3% (55)
positive distribution. It is seen that the result of this
research between the safety culture and education is in
the same direction as the studies in the literature. In the
literature, it was found that the level of education is
closely related to the culture of safety, and that the level
of safety culture increases as the level of education
increases [20]. Another study is that employees have a
more positive perception of safety culture as the
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education level increases [21]. As explained in the
literature, culture is a learned concept; culture is not the
innate abilities but culture is psychosocial habits and
various behavioral patterns that people later acquire
[20, 21]. Culture is the result of behaviors that have
been learned through education and shared by members
of a particular community [21].

H2: There is no significant difference (p = 0.889>
0.05) between age groups in terms of safety culture
of firefighters. When the percentage distribution of the
answers given to the safety questionnaire was
examined in terms of ages, the responses of 64
firefighters aged 18-35 showed 25% (16) negative,
21.9% (14) neutral and 53.1% (34) positive
distribution. The responses of 100 firefighters between
the ages of 35-45 showed 29% (29) negative, 26% (26)
neutral and 45% (45) positive distribution. 45
firefighters in the 45-55 age range showed 26.7% (12)
negative, 26.7% (12) neutral and 46.7% (21) positive
distributions. The result between safety culture and age
is in the same direction as the literature. Lee and
Harrison [22] and Freaney [23] found no relationship
between safety culture and age.

H3: There is no significant difference between the
marital situations in terms of safety culture of
firefighters (p = 0.832> 0.05). When the percentage
distribution of the answers given to the safety
questionnaire is examined in terms of marital status, the
answers given by 174 married firefighters are 26.4%
(46) negative, 24.7% (43) neutral and 48.9% (85)
positive. When the responses of 35 single firefighters
are examined, 31.4% (11) are negative, 22.9% (8) were
neutral and 45.7% (16) is positive. In the literature,
Freaney [23] found no relationship between safety
culture and marital status. In another study conducted
by Dursun [21], no meaningful relationship was
detected between married and single people in the
perception of safety culture [21]. As a result, this study
supports the literature.

H4: A significant difference is found between fire
accidents in terms of safety culture (p = 0.005 <0.05).
In case of occupational accident status, the responses of
85 firefighters who had an occupational accident show
37.6% (32) negative, 27.1% (23) neutral and 35.3%
(30) positive distribution. When the responses of 124
firefighters who did not experience occupational
accidents are examined, it is observed that 20.2% (25)
are negative 23.4% (29) are neutral and 56.5% (70) are
positive. It is seen that there is a significant difference
between the workers who have not had an occupational
accident, and those who have had an occupational
accident. In addition, it is seen that employees who
have not had an accident before have a higher safety
culture average than those who have had an accident.
In this study, it has been investigated whether
occupational accident status is an indicator of
individual safety performance. With the assumption
that our perception and attitude towards dangers will
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also be an indicator of the safety culture, this hypothesis
was created in order to evaluate the relationship
between the accidents and safety culture. The literature
supports the conclusion that there is a relationship
between safety culture and occupational accidents
obtained from this study.

In a study conducted on 456 people using the
NOSACQ-50 safety culture scale to determine the
safety culture in Norwegian construction and
construction works, it was found that the perceptions of
the safety culture of workers injured as a result of work
accidents have lower average values compared to the
perceptions of the safety culture of those not injured in
a work accident [24]. In another study conducted by
Smith and Wardsworth [25], 1752 people working in
different sectors in the UK also found that non-accident
workers had a more positive perception of security than
those who were involved in the accident. According to
the results obtained from the studies conducted in the
Indian steel processing sector, a significant relationship
was found between the change in employee behavior,
and the decrease in work accidents and injury rates as a
result of positive safety culture [26,27].

H5: There is no significant difference between the
levels of occupational experience of firefighting
personnel in terms of safety culture (p = 0.986>
0.05). In terms of professional experience, the
responses of 63 firefighters between 0-10 years show
25.4% (16) negative, 23.8% (15) neutral, 50.8% (32)
positive distribution. 84 firefighters who are between
10-20 years have 28.6% (24) negative, 25% (21)
neutral, 46.4% (39) positive distribution. The responses
of 62 firefighters who are 20 years and over show
27.4% (17) negative, 25.8% (16) neutral and 46.8%
(29) positive distribution. Similar to the results
obtained from this study and the safety culture and
professional experience, Freaney [23] found no
relationship between safety culture and professional
experience.

H6: There is no significant difference between the
ranks in terms of safety culture of firefighters (p =
0.626> 0.05). According to the rank, the answers given
by 169 firefighters show 28.4% (48) negative, 23.7%
(40) neutral and 47.9% (81) positive distributions.
When the responses of 40 firefighters in the rank of
sergeant are examined, 22.5% (9) were negative, 30%
(12) are neutral and 47.5% (19) are positive. Similar to
the results obtained in this study, the relationship
between safety culture and rank was not found in the
study conducted by Freaney [23].

H7: There is no significant difference between the
education levels of firefighters in terms of
occupational accidents (p = 0.787> 0.05). When the
percentage distribution of the firefighters' accidents
was examined in terms of education level, it was
observed that 113 firefighters in high school education
have 39.8% (45) occupational accidents and 60.2%
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(68) not occupational accidents. It is observed that 96
firefighters at the university education level have
41.7% (40) occupational accidents and 58.3% (56)
have no occupational accidents. In a study conducted
by Budakoglu [28] on workers working in the State
Railways Factory, no significant relationship was
found between the occupational accident status and
education status of the workers. Although a significant
difference was found between education and culture in
H: hypothesis, and between work accident and safety
culture in Has hypothesis, there was no significant
difference between occupational accident and
education in H7 hypothesis, and a significant difference
between occupational accident and rank in Hipg
hypothesis. These results show that many factors are
effective on individual safety performance.

H8: There is no significant difference between age
groups in terms of occupational accidents among
firefighters (p = 0.602> 0.05). When the percentage
distribution of the firefighters' accidents is examined in
terms of their ages, it is observed that 64 firefighters

between the ages of 18-35 have 39.1% (25)
occupational accidents and 60.9% (39) not
occupational accidents. It is observed that 100

firefighters between the ages of 35-45 have 44% (44)
occupational accidents, and 56% (56) have no
occupational accidents. It is observed that 45
firefighters between the ages of 45-55 have 35.6% (16)
occupational accidents, and 64.4% (29) have no
occupational accidents. In a survey of 1200 workers in
a copper factory in India, it was found that the average
age of 29 workers was higher than the other workers
with an average age of 41 (29).

H9: There is no significant difference between the
marital status of firefighters in terms of
occupational accidents (p = 0.773> 0.05). In terms of
marital status was examined, it is observed that married
firefighters have 40.2% (70) occupational accidents,
and 59.8% (104) have no occupational accidents. It is
observed that 35 firefighters who are single had 42.9%
(15) occupational accidents, and 57.1% (20) have no
occupational accidents. The results obtained from the
literature and the results obtained from this study are in
the same direction. In a study conducted by Budakoglu
[28] on workers working in State Railways Factories,
no significant relationship was found between the
employee's occupational accident status and marital
status.

H10: There is a significant difference between the
ranks of firefighters in terms of occupational
accidents (p = 0.016 <0.05). When the firefighters
were examined in terms of their percentage distribution
of occupational accidents, it is observed that 169
firefighters have 36.7% (62) occupational accidents,
and 63.3% (107) have no occupational accidents. It is
observed that 40 firefighters in the rank of sergeant
have 57.5% (23) occupational accidents, and 42.5%
(17) have no occupational accidents. There is a conflict
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between the literature and the results obtained from this
study. Although the result of the relationship between
firefighters' accident situations and their ranks is the
same as the literature, the direction of the relationship
is different. Studies have shown that firefighters in the
rank of private suffer more injuries than other ranks [9].
In this study, unlike Moore-Merrell [9] the party who
had more accidents was a fire sergeant rank. The
difference may be due to differences in social culture
and differences in business practice.

H11: There is no significant difference between the
levels of occupational experience of firefighters in
terms of occupational accidents (p = 0.704> 0.05).
When the percentage distribution of the firefighters'
accidents is examined in terms of their professional
experience, it is observed that 63 firefighters between
0-10 years have 44.4% (28) occupational accidents, and
55.6% (35) do not have occupational accidents. It is
observed that 84 firefighters between 10-20 years have
40.5% (34) occupational accidents, and 59.5% (50)
have no occupational accidents. It is observed that 62
firefighters with 20 years, and over have 37.1% (23)
occupational accidents, and 62.9% (39) have not. In a
study on workers working in a construction site in
Sakarya province, a significant relationship was found
between the occupational experience of the workers
and their accident situations [30]. Although there is an
expectation of a positive relationship between
occupational experience and occupational accidents in
many sectors, the reason for the failure of such a
relationship for the fire brigade workers is that each
incident that the fire brigade intervenes may have
different risks and hazards in itself.

IV. CONCLUSION

Within the scope of this study, the concept of safety
culture is evaluated generally without considering the
sub-dimensions of the safety culture (situational
awareness, management participation etc.).
Investigating the relationship between sub-dimensions
of safety culture and variables will be useful to identify
in which aspects of an existing security culture need to
be improved. It is recommended to use these
parameters when designing a safety culture
measurement tool in future researches.

The study's universe and sample area are selected as the
city of Istanbul, which has the highest population
among cities in Turkey. Future studies to be conducted
on higher populations will be compared with the results
of this study, which will contribute a better
understanding of the relationship between demographic
characteristics and occupational accidents and safety
culture.

The research problem of this study was that although
there exists high rate of injuries and death among
firefighters, as far as our knowledge, the fire
departments had never been an assessment of the safety
culture in Istanbul. When the results are evaluated, the
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relationship between the safety culture and the fire
brigade is answered with three basic questions:

(i) Why the safety culture within the fire brigade is
investigated? In most workplaces, the hazard is
typically handled and eliminated to create a safe
working environment. However, there is no way to
eliminate all hazards in firefighting. Since hazards
cannot be removed, the firefighter must be a safe person
[10]. Consequently, developing a safety culture is an
important way to make the firefighting profession as
safe as possible for firefighters.

(i) What variables should be analyzed to
understand the safety culture within the fire
brigade? In this study, the variables that are compared
with the safety culture are education, age, rank, marital
status, occupational status and accident status. In many
studies in the literature [31, 21, 32, 33, 34, 35, 36],
while examining the safety culture structure of
organizations, it was found that socio-demographic
factors and occupational accidents are the most
frequently compared variables with the safety culture.
In addition, the occupational accident was used as an
indicator of safety performance in a study by Smith and
Wardsworth [25].

(iii) What are the effects of the dependent and
independent components of the study on the safety
culture within the fire department? According to the
results, it is found that there is a significant relationship
between the variables of education level safety culture.
In addition, there is a significant relationship between
the status of occupational accidents and rank variable.
There is no significant relationship between marital
status, age, professional experience and rank variables
and safety culture. There is also no significant
relationship between occupational accident status and
education, marital status, age, professional experience
and rank variables.

The main contribution of this study to literature is that
the study supports the need to improve the safety
culture within Istanbul fire departments. Furthermore,
firefighters are working more safely and experiencing
fewer occupational accidents as the level of positive
safety culture increases. In the firefighting
organizations, a strategic plan should be designed by
the administrations to develop the current safety culture
and implement in a way that encourages the positive
safety culture. It is recommended to identify the current
safety culture situation, and which areas need to be
improved.

Based on the findings of this study, it has been observed
that the level of safety culture increases as the education
level of the employees increases. In this context, an
encouraging plan should be developed and
implemented to increase the level of education of
firefighters within the fire brigades.
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APPENDIX A

Anne Arundel Safety Culture Questionnaire:

1.The department is genuinely concerned about safety.
2.Leadership provides a positive climate that promotes
reasonably safe Fire/EMS operations.

3.The number of local and national firefighter deaths
and injuries is unacceptable.

4.Firefighting has been made about as safe as it can be.
5.The department is doing more now to promote safety
than in the past.

6.Leadership conducts adequate reviews and updates of
safety standards and operating procedures.

7.The department has a defined process to set training
goals and to review performance.

8.Leadership closely monitors proficiency and
currency standards to ensure firefighters are qualified
to function.

9.Leadership is actively involved in the safety program
and management of safety matte

10.0ur Health/Safety Policies and Procedures are
adequate in communicating standards needed for
conducting safe operations.
11.Supervisors encourage
discrepancies  without the
repercussions.

12.Co-Workers are willing to report safety violations,
unsafe behaviors or hazardous conditions

13. Peer influence is effective at discouraging
violations of standard operating procedures, or safety
rules.

14. Violations of safety operating procedures are rare.
15. My department has a reputation for high-quality
performance.

16. My supervisors closely monitor quality and correct
any deviations from established quality standards.

17. Supervisors permit cutting corners to get a job done.
18. | have sometimes felt too fatigued to do my job
safely.

reporting
fear of

safety
negative



Safety Culture

Int. ). Adv. Eng. Pure Sci. 2021, 33(1): 83-89

19. Lack of experienced personnel has adversely
affected my station/assignment’s ability to operate
safely.

20. Safety decisions are made at the proper levels, by
the most qualified people in my command.

21. Leadership takes the time to identify and assess
risks associated with its Fire/EMS operations.

22. Supervisors do a good job managing risks
associated with its operations.

23. I am provided adequate resources to accomplish my
job.

24. Equipment and facilities are designed with safety in
mind.

25. Operational Risk Management processes are
incorporated into decision-making at all levels.

26. My department would rather lose a building than
unnecessarily risk my personal safety.

27. My supervisor can be relied on to keep his/her
word.

28. Leadership is successful in communicating its
safety goals to unit personnel.

29. Leadership communicates the lessons learned from
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collision/injury investigations.

30. Mistakes have actually led to positive changes.

31. Leadership sets the example for compliance with
standards.

32. Leadership reacts well to unexpected changes to its
plans.

33. My supervisor does not hesitate to temporarily
restrict individuals from functioning who are under
high personal stress.

34. 1 am adequately trained to safely conduct all of my
duties.

35. Morale and motivation at my station/assignment is
high.

36. Leadership provides adequate safety backups to
catch possible human errors during high-risk
operations.

37. Good communications flow exists up and down the
chain of command.

38. Safety education and training are adequate in my
command.

39. The Health/Safety Division is well-respected.

40. 1 am kept informed of important safety information.
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Oz

Atmosferik pargaciklarin yerel, bolgesel ve kiiresel kaynaklarini belirlenmesini amaglayan Pozitif Matriks Faktor Analizi,
Potansiyel Kaynak Katki Fonksiyonu, Kimyasal Kiitle Dengesi gibi ¢esitli niimerik modellerde kullanilan veriler, toplanan
aerosol Orneklerinden elde edilmektedir. Bu modellerin girdi kaynaklari, bir bdlgede toplanan pargaciklarin analiz
sonuglarindan elde edilen verilerdir. Atmosferik parcaciklarin toplanmasi, genel olarak yer seviyesinde kurulan pargacik
ornekleme sistemleri yoluyla ger¢eklestirilmektedir. Yer seviyesinde 6rneklenen parcaciklar iizerinde yerel kaynaklarin katkisi,
siir otesi uzun erimli yoriingeye sahip pargaciklarin kaynaklarini belirleyen model g¢iktilarinin saglikli degerlendirilmesini
simirlamaktadir. Bu ¢alismada, model ¢alismalarina katki saglayacak olan zemin seviyesinden farkli yiiksekliklerde parcacik
ornekleme yapabilecek insansiz hava aracina yiiksek tasinim verimliligine sahip bir drnekleme sisteminin tasarlanmasi
amaglanmistir. Uretime gegilmeden once, drnekleme modiilii ile ilgili akisa dayali basing 6lgiim benzetim (simiilasyon)
caligmalart gerceklestirilmistir. Pargacik 6rnekleme, insanli hava araglarinda kullanilan tasarimlar incelenerek benzer tasarim
insansiz hava aracina uygulanmistir. Model ¢iktilarinda ve uygulamada, yiiksek hizlarda insanli hava araglari igin tasarlanan
ornekleme sistemlerinin, diisiik hizli insansiz hava araglar1 i¢in verimli olmadigi gériilmiistiir.

Anahtar Kelimeler: insansiz hava aract, par¢acik 6rnekleme sistemi, girig verimi, taginim verimi

Abstract

The data, which are used on various numerical models such as Positive Matrix Factor Analysis, Potential Source Contribution
Function and Chemical Mass Balance and aim to determine the local, regional and global sources of atmospheric particles, are
obtained from the collected aerosol samples. The input sources of these models are the results obtained from the analysis of
particles collected in a region. Collecting of atmospheric particles is generally carried out through particle sampling systems
installed at ground level. Upon particles sampled at ground level, contribution of local sources limits the correct evaluation of
the model outputs which determine the sources of the particles with cross-border long range trajectory. In this study, it has been
aimed to design a sampling system which has a high efficiency of transportation for an unmanned air vehicle which can carry
out particle sampling at various altitudes from ground level which contributes to modelling studies. Before passing to the
production phase, simulation works of influx based pressure measurement with regard to the sampling module have been
carried out. By observing the designs used in manned air vehicles, a similar design for particle sampling has been applied to
unmanned air vehicles. In model outputs and applications, it has been seen that sampling systems designed for high-speed
manned air vehicles are not efficient for low-speed unmanned air vehicles.

Keywords: unmanned aerial vehicle, particle sampling system, inlet efficiency, transport efficiency

I. GIRiS

Riizgarlar ve atmosferik tiirbiilanslarla Yeryiiziinden atmosfere katilan aerosoller ¢ok ¢esitli dogal ve antropojenik
kaynaklara sahiptir. Atmosferik parcaciklarin taginimui kiiresel 6lgekte gerceklesebilir. Bu taginim sayesinde, Gobi
Coli’'ndeki tozlar Kuzey Amerika’nin bati kiyilarima ve Sahra Coli’ndeki tozlar Amerika Kitasi’na kadar
ulasabilir. Aerosoller gaz-partikiil doniisiimiiyle iiretilirlerse uzun menzilli tasinimin olmasi beklenebilir. Bu
doniisiim i¢in gerekli zaman ve bu siirecle iretilen partikiillerin digerlerine gore kiigiik boyutta olmasi bu tiir
partikiillerin atmosferde kalma siirelerini uzatir [1].
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Degisik kimyasal bilesen iceren atmosferik partikiiller,
pek cok c¢alismanin konusu olmustur. Dogru verilerin
elde edilmesi bakimindan, partikiiler madde 6rnekleme
caligmalarinda kullanilan teknik 6nem arz etmektedir.
Cogu aerosol 6l¢iim teknikleri baglica iki kategoride
degerlendirilebilir. T1ki aerosollerin filtre gibi bir tabaka
tizerinde toplanip daha sonra genellikle ornekleme
bolgesinden uzakta bir laboratuvarda  6lgiim
yapilmasidir. Ikincisi ise drnekleme gergeklestirilirken
yerinde 6l¢lim yapilmasidir. Aerosol taginimi, havanin
Ol¢tim cihazina veya filtre yiizeyine bir tagima hatti
yoluyla ¢ekilmesi ile gergeklestirilir [2].

“NASA's Airborne Science Program” kapsaminda
bulut fizigi, kasirga ve atmosferik pargaciklari
aragtirma amagli yerinde analize uyumlu kargo ucaklari
ve sadece Ornekleme igin insansiz hafif hava araclar
kullanilmaktadir [3]. Caligsmalar genis cografik
Olceklerde gergeklestirilebilir. Bulutlarda, kirletici
kaynaklart bilinen gaz siitunlarinda, sehirlerde, arktik
sislerde ve stratosferik volkanik bulutlardaki aerosol
Olcim ve analizleri hava araglar1 kullanilarak
yapilmaktadir. Hava araglariyla yapilan 6l¢iimler; hava
kalitesi [4], stratosferik parcaciklar [5] ve iklim
degisimi [6] gibi ¢esitli alanlarin konusudur [7]. Pek
¢ok Olglim ve Ornekleme teknigi; aerosollerin hava
arac1 disindaki serbest hava akimindan hava aracinin
kabininde bulunan o6l¢iim cihazlarina veya hava

aracinin  kanat veya govdesine monte edilmis
ornekleme {initesine aktarmayi gerektirir. Hava
tirbiilanslarinin =~ atmosferik  aerosol  dlgiimleri

iizerindeki etkisini inceleyen deneysel ve teorik
caligmalar gerceklestirilmistir [8-13]. Hava aracinin

govde ve Kkanatlarindaki tiirbiilanslar, aerosol
konsantrasyonun lokal olarak artmasi veya azalmasi
sonucunu  dogurur. Bu  konsantrasyon farki,

eylemsizlikleri nedeniyle pargaciklarin stokes sayisinin
artmast ile hava akis yoriingelerinden sapmasinin bir
sonucudur. Bu etkiler; hava aracinin sekli, pervane
biiyilikliigii, 6rnekleme noktasinin yeri, kanat kalinligt
ve capt gibi cesitli etmenlere baglidir. Yiizde yiize
yakin giris verimi ve tasinim verimi elde etmeye
yonelik bir 6érnekleme sisteminin tasarimi, bu alanda
bir¢ok arastirmanin konusudur [14-24].

Atmosferik parcaciklarin toplanmasi, genel olarak yer
seviyesinde kurulan parcacik Ornekleme sistemleri
yoluyla gerceklestirilmektedir. Yer seviyesinde
orneklenen pargaciklar iizerinde yerel kaynaklarin
katkist, sinir Otesi uzun erimli yoriingeye sahip
pargaciklarin kaynaklarini belirleyen model ¢iktilarinin
saglikli  degerlendirilmesini ~ sinirlamaktadir.  Bu
caligmada; pargaciklarin yiikseklige bagli 6rnekleme
imkan1 saglayan insansiz hava aract ve ayrica yer
seviyesinde ve atmosferin degisik yiiksekliklerinde
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yiizde yiize yakin giris verimi ve tasinim verimi elde
etmeye yonelik bir 6rnekleme sistemini tasarlanmis ve
sistem test edilmistir.

II. MATERYAL VE YONTEM

Numune toplamak i¢in insansiz hava aract olarak
ozellikle havadan goriintii ¢ekim isleri igin gelistirilmis
bir model ugak (FPV (First Person View))
kullanilmistir. Uzaktan kumanda ile kontrol edilen
ucaga ayrica otomatik ucus saglayan GPS (Global
Positioning System) destekli ugus kontrol kiti monte
edilmigtir. Ugus kontrol kitinin iizerinde barometre
tabanli dahili yiikseklik 6l¢er bulunmakta olup, ayrica
hava akis hizinin 6lgiimi (ugagin havadaki hizinin
hesabi) igin ek algilayici baglanmistir. Ayrica kitin
sahip oldugu dahili hafizaya ugus bilgileri (GPS
koordinatlar1, yiikseklik bilgileri, hava akis hizi
bilgileri, vb.) kaydedilmistir. Bu 6zellik sayesinde
havadan elde edilecek numunelerin hangi sartlarda,
hangi yiikseklikte ve hangi bdlgeden Olciildiigii
ogrenilmigtir. Ucgus kontrol kitine baglanabilen
telemetri (uzaktan 6l¢iim ve iletisim) modiilii sayesinde
ucak ile yer istasyonu canli olarak iletisim
kurabilmektedir. Yer istasyonunda bulunan
bilgisayarda yiiklii 6zel bir yazilim aracilifiyla
(Mission Planner), harita tizerinden ugaga belirli bir
rota tanimlanabilmektedir. Boylelikle ugak tanimlanan
rotayr takip edebilmektedir. Aym zamanda ugus
bilgileri, aninda yerdeki bilgisayardan takip edilmistir.
Ugagin 6n kisminda bulunan seffaf kapakli bolme
igerisine ucus kamerasi monte edilmistir. Kameranin
AV (Audio Video) cikist OSD (on screen display)
modiiliine baglanmistir. OSD modiilii ugus kontrol
kitinden aldig1 ugus bilgilerini video goriintiisii {izerine
eklemektedir. OSD cikis1 yine ugaga takilacak video
vericiye baglanmistir. Yer istasyonunda bulunan alicilt
ekran tizerinden ugagin ugus goriintiisii ve ugus bilgileri
canli olarak izlenmistir.

Model wugak tizerine havadan numune almaya
yarayacak Ozel tasarim kapakli bir 6rnekleme sistemi
eklenmistir. Ornekleme sistemi fiziksel olarak bir
boruya benzemektedir. Sistemin 0n tarafinda, uzaktan
verilecek komutla agilip/kapanabilir motorlu bir kapak
bulunmaktadir. McFarland vd. (1989) tarafindan
gelistirilen tasarimda kullanilan teknik yaygin olarak
kullanilan aerosol 6rnekleme teknigidir [25] ve bu
calismada tercih edilmistir. Prob etrafinda yerlestirilen
koni (Shroud) serbest hava akisii yavaslatmak
amaciyla kullanilmisgtir. Bu tasarimda prob ile koni
arasinda araligin biiyiikliigiine bagli olarak serbest hava
akis ile bosluktaki havanin hiz orani ayarlanabilir. Bu
teknigi agiklamak amacryla Sekil 1°de gosterilen ¢izim
McFarland vd.’nin (1989) calismalarindan alinmistir
[25].
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Sekil 1. Aerosol 6rnekleme sistemi

Ornekleme akimi bir pompa ile hava aracinin igine
tasinir. Prob nedeniyle simirlandirilan akig alani
nedeniyle koninin igine giren havanin hiz,
atmosferdeki serbest hava akis hizindan daha yavastir.
Bu tasarim yar1 izokinetik Ornekleme kabiliyetine
sahiptir. Bu kapsamda aerosol 6rnekleme sistemleri
icin benimsenmis standart bir tasarim veya yaklagim
mevcut degildir ve az sayida hava aracinda kullanilan
ornekleme sistemi iyi hesap edilmis verimlilige sahiptir
[25].

ITII. BULGULAR VE TARTISMA

3.1. Sabit Kanath insansiz Hava Araa (IHA)
Uretimi

Bu c¢aligma kapsaminda ozellikle havadan goriintii
¢ekim isleri igin gelistirilmis bir model ugak Kkiti
almarak  birlestirilmis, mekanik ve aviyonik
bilesenlerinin montaji yapilmistir. Ugak arkadan itisli
tek motora ve yaklagik 1,7 metre kanat genisligine
sahiptir. FPV olarak da isimlendirilen bu model tipinin
se¢ilmesinin en Onemli nedeni, havadan numune
alinmasi sirasinda hava akimini olumsuz yonde
etkileyecek pervane gibi bilesenlerin ugagin en
arkasinda olmasidir. Ugagin iist tarafinda, parcacik
ornekleme modiiliiniin yerlestirilebilmesi i¢in diiz ve
genis bir alan1 vardir. Ayrica ugagin uzun siire havada
stiziilebilmesi i¢in genis kanatlara sahip olmasi ve
oldukga hafif olmasi da diger tercih sebeplerindendir.
Hafiflik 6zelligi, ugak gévdesinin yapimi igin biiyiik
oranda EPO (Expanded Poly Olefin) ve yer yer karbon-
fiber ile ahsap malzemelerin kullanilmasindan ileri
gelir. Ugak tastyacag: yiikiin agirligi ve kullanilacak
batarya kapasitesine gore 1-2 saat havada
kalabilmektedir.

Model ugak montaj i¢in kutusundan c¢ikarildiginda,
govdesi iki par¢a kabuk halinde, kanatlar ise ayr1 olarak
bulunmaktaydi. ilk énce motorun ucaga baglantisini
saglayacak ahgsap parga tasarlanmis ve kesilmistir.
Motor, bu parca iizerine vidalanarak gévdeye monte
edilmistir. Motorun elektrik kablolari, 1zgara desenli
makron i¢inden gegirilmis ve motor siiriiciisii (ESC) ile
baglantis1 saglanmistir. Ugagin kanatcik ydnlendirme
servolart  kanatlara  yerlestirilerek,  elektriksel
baglantilar1 yapilmistir. Sonrasinda ugagin havadayken
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fark edilmesini saglayan cakar lambalarin montaji
yapilmistir. Ucak yerden kumanda edilirken fark
edilebilmesi i¢in lambalardan biri ucgagin O6n-alt
tarafina, ucak havayken diger araclar tarafindan fark
edilebilmesi icin diger lamba uc¢agin arka-iist tarafina
yerlestirilmistir. Sekil 2°de ugagin gdvde arkasina
baglanmis motor, 1zgara makron i¢indeki gii¢ kablolari,
arka-iist c¢akar lamba ve servo baglanti kablolari
goriilmektedir. Cakar lambalarin elektronik siiriiciisii
govdenin orta-alt tarafina monte edilmistir.

Sekil 2. Ucak govdesinin birlestirilmemis haldeki arka
tarafi goriintiisii

Ucagin hareketini saglayan itki sistemine ait gii¢
elektronigi baglantilar1 tamamlandiktan sonra, ugus
kontrol kart1i (aviyonik) ve g¢evre birimlerinin
baglantilar1 yapilmistir. Ugus kontrol kart1 tizerinde 9
serbestlik dereceli ag1 dlgme fiinitesi (SDAOU) ile
barometre bulunmaktadir. 9 SDAOU; 3’er eksen ivme,
manyetometre (pusula) ve gyro algilayicilardan
olusmakta ve aracin yer ¢ekimine gore yonii, egimi gibi
verilerin  Ol¢lilmesinde  kullanilmaktadir.  Hava
basmcindaki degisim barometre ile Olgiilerek ucan
aracin yiiksekligi hesaplanmaktadir. Ucus kontrol karti,
ucagin otonom ugus ve otomatik dengeleme
(stabilizasyon) gibi ileri seviye islevleri yiiriitmektedir.
Ugus kontrol karti, ugagin gévdesinin i¢ orta boliimiine,
ahsap platform {izerine Sekil 3’te goriildiigii gibi monte
edilmistir.

Sekil 3. Ugus kontrol kartinin ahsap platform {izerine
montajinin yapilmis halinin {istten goriintiisii

Ugus kontrol kart1 baglantilar1 yapildiktan sonra kabuk
seklinde iki par¢a halinde iiretilmis olan ugak govdesi
6zel bir yapistirict ile birlestirilerek son halini almustir.
Ugus kontrol kartinin ileri seviye islevleri
yiiriitebilmesi i¢in ¢evre birimlere ihtiyaci vardir. Ugak
ile yer istasyonu arasi veri iletisimini kuran telemetri
modiilii, ugagin havadaki hizini 6lgen pitot tlipii, ugagin
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diinya tizerindeki konumunu belirleyen GPS ve pusula
modiilii, giic ve dl¢iim modiilii bu ¢evre birimlerine
ornek olarak verilebilir. Ugagin havadaki ilerleme
hizinin 6l¢limii, ugagin havada kalabilmesi i¢in oldukca
onemli bir iglemdir. Bu 6l¢iimiin yapilabilmesi i¢in
pitot tiipli olarak adlandirilan aparat ile basing farkin
Olgen algilayict kullanilmugstir. Pitot tiipii ile basing
algilayici arasi baglanti hortumlar ile saglanmaktadir.
Hava hizinin dogru 6lgiilebilmesi i¢in pitot tiipii, ugagin
iizerindeki en diizgiin hava akisinin oldugu burun
tarafina yerlestirilmistir. Sekil 4’te ucagin sag-6n
tarafinda yer alan ve normalde iizeri koruma amaclh
mavi Ortii ile kapli olan ¢cubuk pitot tiipii ve pitot tiipii
ile basing algilayicisi arasinda désenmis olan borular
goriilmektedir.

Sekil 4. Solda, ucagin sag-on tarafinda yer alan pitot
tiiptli; sagda, pitot tiipii ile basing algilayici arasindaki
hava hortumlar1 goriintiisii

Ucgak itki sistemi, ugus kontrol karti, uzaktan kumanda
modiilii ve ¢evre bilesenlerinin montajlart ile
baglantilar1 tamamlandiktan sonra 6zel bir yapistirict
kullanilarak, govdeye ait kabuklar birlestirilmistir.
Daha sonra model ugak iizerine havadan numune
almaya yarayacak 0zel tasarim kapakli bir 6rnekleme
sistemi eklenmistir. Bunun sonucunda ugak ugusa hazir
hale gelmistir. Sekil 5’te pargacik 6rnekleme modiilii
ile birlikte ucusa hazir haldeki ucagin goriintiisii
verilmigtir.

Sekil 5. Ugusa hazir ugagin goriintiisii

3.2. Yer istasyonu Kurulumu

Hava araglarmin irtifa, havadaki hiz, tiiketilen enerji,
kalan enerji, cografi konum, kuzey yoniiyle yapilan ac1
vb. ugus bilgilerini canli olarak goriintiilemek ve rota
planlayabilmek icin yer istasyonu kullanilir. Yer
istasyonu temel olarak bir haberlesme (telemetri)
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modiilii, anten, bilgisayar (veya tablet, cep telefonu,
vb.) ve ugus kontrol karti ile uyumlu o6zel bir
yazilimdan olusur. Calisma kapsaminda iiretilen sabit
kanatli THA icin bir yer istasyonu kurulmustur. Sekil
6’da goriilmekte olan yer istasyonunda bir adet
telemetri modilii, 3 dbi anten ve Mission Planner
yazilimi yiiklii laptop kullanilmistir.

Sekil 6. THA icin kurulan yer istasyonu goriintiisii

Mission Planner yazilimi, IHA iizerindeki ugus kontrol
kartmin kendi telemetri modiilii ile yer istasyonuna
gonderdigi bilgileri goriintiilemektedir. Boylece hava
aracmin konumu bilgisayar ekrani iizerindeki harita
tizerinde canli olarak goriilebilir. Ayrica Mission
Planner yazilimi; ugus kontrol kartina gomiili sistem
yazilim yiiklemek, IHA igin rota planlamasi yapmak,
[HA nin ucus kontrol parametrelerini
goriintiilemek/degistirmek i¢in de kullanilir. Yazilimin
Android isletim sistemini ¢aligtiran cep telefonu ve
tablet gibi mobil cihazlarda ¢alisan DroidPlanner ve
Tower isimli versiyonlar1 da vardir. Ugus yapilacak
bolgenin riizgar hizi, hava sicakligi ve nem orant gibi
atmosferik bilgileri Olgmek i¢in ise anemometre
kullanilmastir.

3.3. Parcacik Ornekleme Modiilii Tasarimi, Akis
Benzetimleri ve Uretimi

IHA ucarken havadaki pargacik &rneklerini toplamak
tizere Ozel bir modil tasarlanmistir. Tasarimda
havadaki pargaciklari toplayan bir dis silindir i¢erisinde
4 adet kii¢lik kanatgiklar ile sonlara dogru tutturulmus
bir i¢ silindir kullanilmigtir. Dis silindir igine giren
havanin, silindirin i¢ ¢eperlerine dogru tiirbiilanslidir.
Bu nedenle ig silindir, i¢eri alinan havanin tiirbiilanssiz
olan orta boliimii ayrrmak icin kullanilmaktadir. i¢
silindirin dar olan girisinin giderek geniglemesi, i¢
silindir i¢ine alinan havanin akis hizini diigiirmektedir.
Boylelikle hem i¢ silindir iginde olusabilecek
tiirbiilanslarin dnlenmesi hem de igeri alinan havanin i¢
silindirin sonlarina dogru konumlanmus filtre kagidina
daha diisiik bir hizda carparak parcaciklarini birakmasi
hedeflenmistir. Dis silindirin Oniine bir servo motora
bagli kapak yerlestirilmis, bdylece sadece istenilen
irtifa veya bolgeye ulasildiginda kapak agilarak
parcacik Orneklemenin baslamasi saglanmstir. I¢
silindirin filtre kagidindan hemen o6nceki ve sonraki
bolimiinde akis hizini Slgebilmek igin diferansiyel
basing sensorii baglant1 noktalar1 olusturulmustur. I¢
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silindirden akan havanin hiz1 arttikga filtre 6nii ile filtre
sonrasindaki basing farki da orantili olarak artacaktir.
I¢c silindirin sonuna bal petegi desenli borular
yerlestirilerek filtreyi terk eden havanin akis formu da
diizeltilmeye calisilmistir.

3.4. CFD Model Calismasi

Tasarimdan {iretime gecilmeden oOnce Ornekleme
modiili ile ilgili akisa dayali basing 6l¢iim benzetim
(simillasyon) c¢aligmalar1 yapilmistir. Sekil 7°de
ornekleme modiiliiniin tam ortasindan gegen bir yiizey
iizerinde elde edilen basing ve hiz tahminleri
goriilmektedir. Benzetim ¢alismasinda yaklasik bir
milyon elemana sahip yapisiz bir ag olusturulmustur.
Riizgar hiz1 10 m/s kabul edilmis ve ¢dziimlerde “RNG
k-epsilon tlirbiilans modeli” kullanilmustir.

Sekil 7. Riizgar hiz1 10m/s iken pargacik drnekleme
modiiliindeki basing katsayisi dagilimi goriintiisii

Sekil 7°de yesil bolgeler basing katsayisinin sifir
oldugunu ve atmosfer basincini, kirmizi renge giden
bolgeler basing katsayisinin pozitif oldugunu ve
basincin atmosfer basincindan daha yiiksek oldugunu,
mavi renge giden bolgeler ise basing katsayisinin
negatif oldugunu ve basmcin atmosfer basincindan
daha diisiik oldugunu gostermektedir. Buna gore igteki
silindirin sonuna konmus filtrenin 6niinde neredeyse
tim yap1 igerisine yayilan ve oOzellikle i¢ silindir
icerisinde etkisini gosteren bir yiiksek basing alani
olustugu goriilebilmektedir. Bu yiiksek basing alaninin
olusmasi drnekleme sistemi igine giren havanin riizgar

yoniiniin tersine dogru geri itilecegi sonucunu
¢ikarmaktadir.
Sekil 8’de ise parcactk Ornekleme modiilil

ylizeylerindeki hiz dagilimlart ve hiz vektorleri
goriilmektedir. Sekil 7°deki basing dagilimlari ardindan
beklendigi gibi 6rnekleme sistemi icerisindeki akig hizi
disariya gore daha diigiiktiir. Ancak burada en dikkat
¢eken unsur, filtrenin bulundugu ig¢ silindir igerisindeki
akis hizinin olduk¢a diigiik olmasidir. Bu durum da
havanin filtreye dogru gitmek yerine kenarlardan dis
silindirin (toplayicinin) disina dogru kagtigi anlamina
gelmektedir.
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Sekil 8. Riizgar hiz1 10m/s iken pargacik drnekleme
modiiliindeki hava akis hiz1 dagilimi goriintiisii

Sekil 8’deki vektdr oklarinin biiyiikliigl, o noktadaki
hizin biiyiikliigi ile orantilidir. Bu sekilden havanin i¢
silindirin i¢ine dogru gitmek yerine kenarlarindan
toplayicinin disina dogru kagtigint goriilebilmektedir.
Bu nedenle pargacik 6rnekleme modiiliiniin en arka
tarafina bir fan yerlestirilerek filtre kagidi arkasinda bir
negatif basing bolgesi olusturulmustur. Boylesi bir fan
ekleme ihtiyaci olup olmadigina deneme Ornekleri
alindiktan sonra karar verilecektir. Proje kapsaminda
tasarim ve benzetim caligmalarindan sonra iretimi
yapilmis olan parcgacik drnekleme modiiliiniin yandan
ve onden goriiniimii Sekil 9°da goriildiigi gibidir.

Sekil 9. Parcacik drnekleme modiiliiniin yandan
(kapak kapali) ve 6nden (kapak agik) goriintiisii

IV. SONUCLAR

Calisma kapsaminda parcaciklarin yiikseklige bagl
ornekleme imkanmi saglayan insansiz hava araci
tasarlanmis, ylikseklige bagli atmosferik pargacik
ornekleme  sistemi  gelistirilmis  ve  dretimi
gerceklestirilmistir.  Ornekleme sisteminin igindeki
silindirin son kismina konulmus filtrenin Oniinde
yiiksek basing alani olustugu goriilmistiir. Bu yiiksek
basing alaninin, hemen hemen tiim yap1 igerisine
yayillmig ve Ozellikle i¢ silindir igerisinde etkisini
gosteren bir basing alam1  oldugu gdzlenmistir.
Ornekleme sistemi igine giren havamin bu yiiksek
basing alaninin varligi ile riizgar yoniiniin tersine dogru
geri itildigi belirlenmistir. Filtrenin yer aldig1 i silindir
icerisindeki akis hizinin olduk¢a diisik oldugu
gdzlenmis, bu durumdan dolay1 havanin filtreye dogru
gitmek yerine kenarlardan dis silindirin (toplayicinin)
digina  dogru kactigr belirlenmigtir. Kisacas1 ilk
benzetim c¢alismasi sonuclari, tasarlanan ornekleme
sisteminin geometrisinin, havay: filtreye dogru ¢ekme
konusunda ¢ok basarili olamadigini gostermektedir.
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Ornekleme aparatmin ugagin aerodinamiginde ucusu
zorlastirict  derecede etki yaptigi belirlenmistir.
Parcactk oOrnekleme modiiliiniin diistik hizlarda
ornekleme yapacak sekilde tasariminda degisiklige
ihtiyag vardir. Hava giris yerinin dar giris yerine daha
genis tutulmasi ve drnekleme modiiliiniin arka tarafina
bir fan  yerlestirilmesinin  sorunu  ¢dzecegi
ongoriilmektedir. Ornekleme modiiliiniin gdvdenin
icine yerlestirilmesi ve hava girisi icin hava akis
kanalmin ~ gdvde altindan  agilmast  ugagin
aerodinamiginde ugusu zorlayan etkileri azaltacaktir.
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Furniture Wastes and Their Environmental Impacts as Being a Different
Problem of Our Time

Giintimiiziin Farkli Bir Problemi Olarak Mobilya Atiklar: ve Cevresel Etkileri
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Abstract

Since people could easily and quickly access the items they used, the use-dispose approach was adopted instead of the repair-
use process. An outcome of this consumption madness and curiosity related to vanity has been associated with furniture usage.
Furniture is in good condition but is replaced by the belief that they are not in trend disposed of without considering any
ecological and economic issues. This discarded furniture is typically deposited in solid waste landfills with other household
waste and decreases those sites' capacity. Furniture waste, described as giant waste volume, is ecologically harmful because of
its chemicals they contain and also causes significant economic losses. Although there are many examples in the world where
furniture waste is collected, repaired, and reused, very few municipalities in Turkey can collect such waste and include recycling
and reusing it. Besides, there is no inventory in Turkey relating to this waste. Furniture waste examples in the world are
presented in this study, and damages to the environment are examined. Furniture waste status is determined by the qualitative
research observation method for Istanbul, Turkey's largest furniture and urban low-income market, and Kocaeli, which has
been identified as having the highest income inequality in the Eastern Marmara region. In these cities, the methods of using
furniture waste were investigated. The aim was to draw attention to the possible damage to the environment by calculating the
volume of furniture waste. With this work shaped by the descriptive analysis process, it is intended to lead to other academic
studies on accompaniment, complete literature research that is insufficient on the issue and increase awareness of the
environmental problems of the increasing consumption of furniture in Turkey. The lack of literature on the amount of furniture
and waste disposal in Turkey increases the study's importance.

Keywords: Bulky waste, Environmental Problems, Furniture, Furniture Waste, Waste Management

Oz

Insanlarin kullandiklar1 esyalara kolay ulasimi nedeniyle tamir et- kullan diisiincesi yerine kullan-at mantig1 yerlesmistir. Bu
tilketim ¢ilgmlig1 ve gosteris merakinin bir sonucu da mobilya kullanimidir. Kullanilabilecek durumda olan ancak modasi
gectigi bahanesiyle degistirilen mobilyalar higbir ekolojik ve ekonomik kaygilara bakilmaksizin atilmaktadir. Atilan bu
mobilyalar genellikle kat1 atik depolama sahalarinda diger evsel atiklarla beraber depolanmakta ve o sahalarin kapasitelerini
diisiirmektedir. Iri hacimli atik olarak da belirtilen mobilya atiklar1 hem igerisinde baridirdiklar1 kimyasallar nedeniyle ekolojik
yonden zararli olmakta hem de 6nemli ekonomik kayiplara sebep olmaktadir. Diinyada mobilya atiklarinin toplanip tamir
edilerek yeniden kullanimi1 konusunda bir¢ok 6rnek bulunmasina ragmen Tiirkiye’de ¢ok az belediye bu atiklar1 toplayarak geri
doniisiim-yeniden kullanim siirecine sokabilmektedir. Ayrica Tiirkiye’de bu atiklar konusunda herhangi bir envanter de
bulunmamaktadir. Yapilan bu ¢alismada mobilya atiklar1 konusunda diinyadaki 6rnekler verilmis, s6z konusu bu atiklarin
diizensiz olarak bertarafi sonucunda gevreye olan zararlar1 irdelenmistir. Mobilya sektorii istihdami ve Tiirkiye’de gelirin en
yiiksek oldugu Istanbul ve gelir esitsizliginin en diisiik oldugu Dogu Marmara Bolgesinin gelirin yiiksek oldugu illerinden biri
olan Kocaeli’de mobilya atiklarinin durumu nitel arastirmalardan gozlem yontemi ile tespit edilmis ve sonuglari ortaya
konmugtur. Bu illerde mobilya atiklarinin degerlendirme sekilleri arastirilmis, mobilya atiklarinin hacminin hesaplanmas ile
cevreye verebilecekleri zarara dikkat ¢cekilmesi amaglanmustir. Betimsel analiz yontemiyle sekillenen bu ¢alisma ile Tiirkiye’de
son yillarda giderek artan mobilya tiikketiminin yol agacagi ¢evre sorunlarmma farkindalik olugturmak, konuyla ilgili diger
akademik caligmalara yol agmak ve konu hakkinda eksik olan literatiir ¢aligmasinin tamamlanmasi amaglanmigtir. Tiirkiye’de
mobilya atiklarinin miktar ve bertarafi konusunda literatiir bilgisine rastlanilmamis olmasi ¢alismanin 6nemini artirmaktadir.
Anahtar Kelimeler: Hacimli Atik, Cevre Sorunlari, Mobilya, Mobilya Atiklari, Atik Yonetimi

I. INTRODUCTION

With the increasing population, an increase is seen in the consumption quantities and habits. These consumptions
come in front of us both in the form of raw materials and as energy. Besides the positive advantages of these
consumptions on the communities, they also negatively impact the environment. Human beings have used nature,
which they considered an infinite source, loutishly, and have destroyed it, and they have neglected environmental
assets most of the time [1]. While on one side of the world, the resources are rapidly consumed, on another side,
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in some regions, even the most fundamental
requirements cannot be met, and this particular
constitutes the basis for the concept of sustainable
consumption [2]. The rapid consumption of resources
brings with it some environmental issues. With the
changing of consumption habits, problems such as air,
water, soil pollutions, and solid waste issues also come
out. When literature and legislation are examined, it is
seen that there are various definitions for the concept of
solid waste. Solid wastes are defined as solid materials
that are no more useful for the consumer but have not
lost their economic value and need to be collected and
disposed of as per the principles of engineering for the
community [3, 4]. Solid waste that is not required and
desired to be removed is classified as domestic solid
wastes, medical wastes, hazardous solid wastes,
agricultural wastes, a waste relating to garden and
construction wastes (excavation, etc.) [5].

Since ancient times when humans have chosen a
settlement lifestyle, it is mentioned about the concept
of furniture [6]. The word furniture originates from
Italian concerning its meaning. It was used to define
“General name given to movable objects that are used
for furnishing places where people sit, eat their meals,
work, and sleep; furniture” in the current Turkish
dictionary of Turkish Language Society [7]. Furniture
is the common name given to fixed and movable
objects, which can be used at various places relating to
all areas of our daily lives, such as sitting, sleeping,
dining, traveling, resting areas and areas where all
kinds of objects can be placed and preserved [8]. A
furniture is a movable object that enables the living
areas to be decorated and furnished for various reasons

[9].

Furniture at places such as homes, offices, and schools,
that completed their economic lifetimes or became out
of fashion, are being randomly disposed in Turkey, or
they are placed next to the waste containers to be taken
by relevant municipalities. These wastes are
categorized as Bulky Wastes (Coarse Wastes) with
code no 20 03 07, under the heading of “Other
Municipality Wastes” on the list of wastes being
provided in Waste Management Regulation date
02.04.2015 with no 29314 (Waste Management
Regulation, 2015). Bulky waste is defined as giant
wastes being composed of domestic objects such as
refrigerators, washing machines, and seats that are not
usable and volumetrically large [10]. It is essential to
determine the negative environmental effects of this
waste, analyse the disposal methods and impacts,
assess the working interest in the matter under
investigation in the world, and Turkey, to bring a
different viewpoint to the solid waste issue that has
become important today.

I.MATERIAL AND METHOD

To the determination of furniture waste quantity,
diversity, and influence in the world and Turkey and
environmental aspects, and socio-economic effects,
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taking into account the social aspect of this issue,
mainly used qualitative research methods in this study.
With the Documentary Method's help, which is one of
the qualitative research methods, the literature on the
subject has been researched and revealed. The standard
dimensions of the furniture used in the houses were
found, and the volume of the solid waste landfills was
determined. Determining the area to be covered by
furniture waste in terms of volume in storage areas
means that it will affect the waste storage areas' number
and life. Therefore, such a study is essential regarding
raising awareness of the role of furniture waste
concerning environmental pollution. One of the main
factors influencing the furniture consumption,
household income levels taking into account in Turkey,
observation method of qualitative research was applied
in Istanbul and Kocaeli, the highest household income
level o in the East Marmara Region. According to the
2019 TUIK data, the region with the lowest income
inequality is the Eastern Marmara region. The most
high-income province is Istanbul in Turkey (average
annual equivalent household used capita income of 40
thousand 749 pounds). Also, Kocaeli is the city with the
closest Gini coefficient to zero. These two cities are the
two significant metropolises of the Eastern Marmara
Region [11]. According to the furniture sector
employment data in Turkey, Istanbul in ranking (4353
establishments) first, Kocaeli is the sixth (315
premises) [12]. Furniture change and consumption are
significant in these two provinces with high-income
levels. Because employment in the furniture sector also
includes production and sales, considering the
statistical values. The share of spending on furniture
after the rent, food, and transportation expenditures of
Istanbul rank are first with 5.6 percent. East Marmara
Region and Kocaeli have a vital place with 7 percent
when the household spending ratios in 2018 are
examined [13]. For this reason, furniture wastes have
been observed within the boundaries of Kadikdy
district of Istanbul province and Izmit district of
Kocaeli province, where housing settlement is
predominant, at different time intervals from
November 2018 until the end of February 2019, using
a general screening model and random observation
method, documented and interpreted. Thus, the
observation (empirical) method, which is one of the
qualitative research methods, and the descriptive
analysis method, as well as the documentary method,
were used to obtain literature data. The data obtained
by getting the literature information were analysed.
Thus, it was aimed to reveal the environmental effects
of furniture waste. It was sought to answer the
following questions with the help of solid data obtained
from the literature review with direct quotations and
revealing the causes and consequences of the
investigated situation by using the descriptive analysis
method, which is defined as presenting the data
obtained during the research of a problem in real life,
current context or environment. “What kind of damage
does furniture cause to the environment when it has
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completed its life and is disposed of as garbage? What
kinds of practices should be done to reduce harmful
effects on the environment?" As a result, the cause and
effect relationships of a current situation are mentioned.

Existing data on household income and furniture
production and other information on furniture form the
concrete theory, and the analysis of these data and the
interpretation of the relationship between furniture
waste and the environment constitute the descriptive
analysis phase. Because no studies were done on this
subject in Turkey, the literature has not been found
knowledge about the amount of furniture and disposal
of waste. It aims to lead to other academic studies on
the subject and is intended to complete the missing
literature on the topic and raise awareness of
environmental issues about furniture consumption
sourced ecological pollution with this study's help.

I1.FURNITURE, FURNITURE TYPES
AND FEATURES, THEIR USAGE
AREAS

Furniture originates from the Italian word “mobili” and
French word “meubles,” and generally, it has been
defined as movable objects and house objects which are
used to furnish the sitting areas and for various other
useful purposes. As being different from European
languages, its usage in English is in the active form of
“furnish” and in the name form of “furniture” being
derived from the French word “fourniture” [14, 15].
Furniture can be described as durable consumer goods
manufactured with various materials and was gained
function and form to meet individual requirements in
our daily lives [16, 17].

If it is desired to classify furniture, many different types
come out. Furniture can be separated as indoor and
outdoor furniture according to the places where they are
used, as movable and fixed furniture according to their
positioning style, as wood, metal, plastic, stone, glass,
composite furniture according to the material used, as
furniture for individual and collective use according to
their usage, as kitchen, living room, office, school
furniture according to venues, as living, storage,
service, hospital, furniture for the disabled, lighting
furniture according to their functions, as movable,
semi-mobile and fixed furniture according to their own
features in the space, as disassembled (removable) or
mounted furniture depending on the installation
situation, as children furniture, youth furniture, adult
furniture, elderly furniture according to user age
groups, as ergonomic furniture, non-ergonomic
furniture according to their ergonomic evaluation, as
commercially available commercial furniture, normal-
standard furniture, high quality expensive furniture
according to their economic values [15, 18, 19].

When the materials that are most frequently used in
furniture production are evaluated, it is seen that they
are wood, paper-cardboard, steel, aluminium, iron,

copper, brass, bronze, glass, plastic, marble, MDF
(Medium Density Fibre Board-Medium Density
Fibreboard), and chipboard [20, 21]. In particular,
massive materials are used in residential fittings such
as tables, cabinets, bedsteads, bedside tables, and
bookcases; in various office accessories, school desks,
and tables. Other materials, such as steel, aluminium,
glass, and plastic, are also used in furniture production
[22]. Apart from all these, there is also furniture which
is manufacture by using reused or recycled materials.
Furniture sizes show variations depending on their
usage types and places. Average dimensions in the
furniture area and the volumes they cover are given in
Table 1.

Table 1. Various types of furniture and their average
measures [23]

Furniture Width Length Height  Volume
(cm) (cm) (cm) (m3)

Single bed 100 200 35 .

Double bed 160 200 35 1.12

Double bed 200 50 1.60

(box spring)

Commode 35 50 60 0.105

Dressing

Table 46 114 78 0.409

Puff 48 48 50 0.1152

Laundry

Cabinet 50 110 100 0.55

(dresser)

Dress 60 165 190 1.881

cabinet

Dining

Chair 47 44 46 0.0951

Study desk 85 200 78 1.326

Office desk 85 200 85 1.445

Book

Cabinet 35 120 180 0.756

Work Chair 54 50 118 0.31

The resting ¢, 65 83 0.334

couch

Sofa (for 3 g, 215 84 157

people)

Sofa bed 90 215 83 1.606

TV unit 46 128 175 1.0304
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IV. FURNITURE WASTES IN THE

WORLD AND IN TURKEY
Furniture used in areas such as houses, offices, schools
that have reached the end of their lives or are broken in
a state that cannot be used is discarded and treated or
disposed of differently depending on the country. These
wastes are being used or disposed of in various ways by
the relevant countries. According to research being
conducted, it was determined that 80-90% of the
furniture that is purchased is disposed of after the first
six months period of owning them [24]. When furniture
wastes in literature are examined, it is seen that wastes
come out during the production phase and the usage
phase. For example, it is being stated that nearly one-
fourth of total furniture wastes being produced in the
world are produced in European Community countries.
More than 10 million furniture is being disposed of by
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producers each year and consumers in EU countries,
and these wastes are disposed of at regular storage
fields or burned [25]. In the year 2010, 4.1 megaton
wood waste has occurred in England; these are reported
to be 0.4 megatons of furniture waste [26]. 88% of the
wastes generated during the production phase in
furniture factories in Brazil have been reported as wood
and the rest as metal, plastic, fabric, paper/cardboard
[27]. In France, 2 million tons of furniture wastes occur
each year, and most of these wastes are being burned or
disposed of in common storage areas [28]. According
to a study being conducted in Ireland, it has been stated
that most of the furniture wastes being part of urban
wastes have features enabling them to be reused [28].
In Belgium, nearly 50 thousand tons of wastes occur
each year, including house goods and furniture [29]. In
a study conducted in metropolitan regions of Australia
as covering more than 2500 pieces of households, it
was reached to the data that 24 kgs of furniture wastes
occur each year per household. It was determined in a
study that when these data were transformed into
figures, they were equivalent to 800 thousand sofas,
1.65 million dining tables, 3.4 million coffee tables, and
6.85 million chairs [30]. When it was looked at the
United States of America, it is seen that in the report
being prepared by EPA (the United States
Environmental Protection Agency), it is predicted that
9.8 million tons of furniture wastes come out each year.
When the sources in literature are examined, it is seen
that it is specified that nearly 100 thousand tons of
furniture wastes occur each year in Finland and that 70-
80% of these wastes have features enabling them to be
improved and reused [31, 32].

When Turkey's situation is reviewed, a similar study
about furniture wastes could not be found in the
literature. Within the survey's scope, furniture waste
found at random times and random points in Istanbul
and Kocaeli was photographed and given in Figure 1.

and random points in Istanbul and Kocaeli [33].
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When Figure 1 is examined, it is seen that furniture is
composed of types such as sofa, sofa bed, chair, and
cabinet and that some of them could be used with a
small repair being done. Others are so damaged that
they cannot be used. These wastes are taken by
municipalities and delivered to common storage areas,
and they occupy spaces as per their volumes. In some
observed samples, it was determined that furniture that
was thrown away by people was broken down and
collected for fuel purposes. As a result, these wastes
shorten the disposal sites' planned life, or they mix into
the atmosphere as harmful gases as a result of their
burning. Besides, it causes environmental pollution and
visual pollution at the place where the wastes are
collected. Wood, metal, plastic, and textile contents are
noteworthy in furniture that cannot be used, and these
can be used as raw materials after recycling. Pieces of
furniture, mostly metal and glass accessories, are
dangerous in being hurtful to the living creatures
around.

V. FURNITURE WASTES AND THEIR

ENVIRONMENTAL IMPACTS

In the woodworks and furniture sector, usage of raw
materials, production process, and distribution of
products, their being burned after completion of their
usage lifetimes, or their being reused for various
purposes causes very different environmental impacts.
The life cycle of furniture takes place in successive
stages, from the forest to the end product furniture
production, and the aging of furniture during its use.
Afterward, these materials can be burned or used by
recycling. Furniture that is considered among durable
consumption goods is produced in various numbers and
types, and their usage lifetimes show variations. This
period is 10-15 years on average, but it can be as much
as 50 years. After cutting trees, which are the raw
materials of furniture products, chemicals such as wax
emulsion, polyvinyl emulsion, and aluminium are used
on the timber ends.

Furthermore, to avoid trees being impacted by bacteria
and fungi during storage and transporting, certain
chemical materials are being used. On the other hand,
environmental damages occur in furniture production,
especially in glue and surface treatments. Since urea,
phenol, and melamine (CsHgsNs), formaldehyde (CH20)
adhesives harden due to chemical reaction, a large
amount of formaldehyde is released drying. In various
colouring solutions being used for surface treatments,
multiple substances can cause cancer or have
carcinogenic features. Auramine (C17H21N3), benzidine
(C12H12N2), aminoazobenzol, and amino naphthalene
are in this group. Benzol (CsHs), dichloroethane
(C2H4Clp),  dichloromethane  (CHJCl,),  dioxin,
tetrachloromethane (CCis), and trichloroethylene
(CoHCI3) are also substances having carcinogenic
effects among melters and thinners which are used for
both colouring and protection during surface
treatments. Binders used for particle boards, which can
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also be used in furniture production, are based on urea-
formaldehyde or melamine-formaldehyde resin. Glues
that are used in furniture works also contain the same
substance. Formaldehyde is a colourless, toxic
chemical substance with a strong odour used in the
production of glues in wood-based panels such as
medium density fibreboard (MDF), particleboard, and
plywood. The formaldehyde emission caused by
wooden-based materials bears importance due to its
environmental and health impacts [34, 35]. Besides all
of these, in furniture, there are fire retardants, which are
collected in five main groups: bromine, chlorine,
phosphorus, nitrogenous and inorganic compounds
according to their chemical structure and
polybrominated diphenyl esters (PBDE), which are
mainly used in flooring and are fire retardant [36]. It is
required for specific standards to be complied as
mandatory to avoid fires, named ‘Small Open Flames’,
which can originate from matches, candles, and oil
lamps related to furnishing materials used in furniture.
For this purpose, there are 16 different types of
chemicals available in the USA. These chemicals are

hexabromocyclodecane (C12H18Brs),
Decabromodiphenyl oxide (Ci12Brig0), alumina
trihydrate  (Al,03+3H,0), magnesium hydroxide
(Mg(OH)2), zinc borate (B20sZnz), ammonium

polyphosphate ((NH4POs3)n (OH).), phosphonic acid
(HsPOs), tetrakis (hydroxymethyl) phosphonium
chloride ([P(CH20H)4]CI), antimony trioxide (Sbh20s),
ammonium pentoxide, sodium antimonate
(NaSbh03.3H,0), calcium and zinc molybdate, Organic
phosphonates, cyclic phosphonate esters, trichloro
phosphate and chlorinated paraffin [37]. For example,
on an average couch there are 63% chipboard, 9%
foam, 8% wool-cotton, 8% timber, 8% low-alloy steel,
3% polyester, 1% flame retardant and 1% melamine
[38].

When furniture containing chemicals, as mentioned
above in their structures, are randomly disposed of, it
will be inevitable for these chemicals they have to mix
with water and soil in time. Besides, it is known that
various chemical substances would be released into the
atmosphere due to the combustion of these wastes at
waste storage areas or their being disintegrated by
people to be used for heating purposes. Products that
could be released due to the combustion of some of the
chemicals mentioned above have been defined in the
below equations.

For example, as a result of burning an item of furniture
made with glue containing chemicals such as melamine
and formaldehyde;

21
C3H6N6 + 7 02—>3 C02+3H20+6N02 (1 )
(depending on temperature)
CH20+ 02—>C02+H20 (2)
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Emissions would mix with the atmosphere.

As another example, while burning of furniture in the
production of which colouring and/or thinning
substances containing chemicals such as auraming,
benzidine, benzol have been used;

C17H21N3+507’502—>I7C02+22—1H20+3N02 3)
(depending on temperature)
C,H{,N,+160,—12C0O,+6H,0+2NO, 4)
(depending on temperature)
c6H6+§oz—>6coz+3Hzo (5)

would come out.

Furthermore, components such as dioxin would form
with the burning of furniture containing substances
having carcinogenic impacts such as dichloroethane
(C2H4ClL),  dichloromethane  (CH.Cly),  dioxin,
tetrachloromethane (CCls), and trichlorethylene
(CoHCls). Dioxins are by-products containing C, H, O,
and CIl in their structures, which are colourless,
odourless, and non-water soluble and released during
burning process in an environment low with oxygen as
not being desired [39]. Due to the application of
chemicals to make the wooden materials used in
furniture to become durable, recycling and reuse of
furniture wastes were prevented [40]. Besides, with the
burning of these wastes, emissions such as NOXx, heavy
metal, PCDD/F (Polychlorinated dibenzo—p-dioxins,
polychlorinated dibenzofurans) would increase.

If these wastes are delivered to common storage areas,
they could occupy volumes specified in Table 1, and
they would shorten the lifetimes of storage fields. For
example, if a sofa bed is thrown, it will occupy an
average space of 1.6 m3, a single-seat would occupy an
area of 0.334 m?, a dining chair would occupy a space
of 0.0951 m?, and a library would occupy an area of
0.756 m®. As a result, in place of storage areas, whose
lifetimes would be quickly expired, it would be
required for new areas to be found, which would give
rise to environmental and economic problems.

VI. REUSAGE AND RECYCLING OF
FURNITURE WASTES

Waste policies of countries in the world have been
generally adopted as being “zero waste economy.”
Economic issues, climatic, and environmental
protection laws are essential in how the wastes will be
disposed of [26].

Disposal of furniture waste, which contains various
chemicals, causes various problems to occur.
Furthermore, waste wooden materials may constitute a
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potential resource for the production of different
materials and products. However, one of the factors
influencing the usage of these wastes is related to
energy consumption during their carriage and
processing, and the pollution created in this respect
[41]. Besides, as the furniture is produced from
different materials, the prediction of environmental
impacts beforehand is quite difficult. On the other side,
the dissemination of disposable culture constitutes an
important reason which increases non-quality aspects
of furniture. Generally, many of the new furniture
cannot be used after a few years.

Furthermore, when these products are exposed to
moisture, many of them are quickly swelling and
getting decayed [30]. One of the factors that make it
harder to recycle furniture and wooden wastes is the
difficulty of separation. Besides, only a small amount
of recyclable materials can be obtained from these
wastes [42].

Furthermore, non-quality materials used in the
manufacturing of furniture both shorten their lifetimes
and make it impossible for them to be reused. The
unconsciousness of consumers and lack of spare parts
of furniture are among the factors which increase waste
amounts in general. Besides, the chemical substances
used in furniture cause additional difficulties and costs
for people dealing with recycling works. Collection,
carriage, and repair of furniture are quite costly
processes. Even if all of these would be realized, low
demand for second-hand furniture constitutes another
reason why waste amounts get increased [25].

Recycling and reusage of furniture wastes cause
various positive outcomes, both concerning economic
and environmental aspects. For example, reusage of 1
ton of sofa avoids releasing 1.45 tons of CO; equivalent
greenhouse gas into the atmosphere. These equals 55
kgs CO2 equivalent greenhouse gas per couch. When it
is looked at in England, it is seen that nearly 100
thousand pieces of dining tables are reused each year.
17% of waste tables are being disposed of, and the
remaining portion of 83% is being used through
recycling. In this way, with 1 ton of dining table, it is
avoided for 0.38-ton CO; equivalent greenhouse gas to
be released into the atmosphere—this equivalent to 10
tons of CO; equivalent greenhouse gas per table [43].
Besides, 200000 pieces of office tables (nearly 5000
tons) are being reused in England each year. As a result,
releasing 3600 tons of CO; equivalent greenhouse gas
is being avoided each year. When it is looked at office
chairs, it is seen that 295.000 pieces of office chairs are
being reused each year. With the reusage of one ton of
office chairs, releasing 3 tons of CO; equivalent
greenhouse gas is being avoided, and releasing 35 kgs
of CO; equivalent greenhouse gas per chair the same
way [43]. CO, equivalent emission release savings
achieved through furniture recycling can be foreseen as
given in Table 2.
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Table 2. CO; equivalent emission release
savings achieved through furniture recycling

[44]
Furniture Dining Office
Waste Table Zgl;a; Chair -I(-; l;l)e

Management  (ton) (ton)
Reusage 0.38 145 296 0.4
g ton  tons tons  ton
Repair- 0.76 1.05 2.65 0.2
reusage ton tons  tons ton

As shown in Table 2, the usage of different furniture
without processing or repairing them has prevented
releasing a significant amount of CO, equivalent
greenhouse gas.

Reusage of furniture products bears significant
importance  concerning  providing  employment
opportunities  besides  providing  environmental
benefits. For example, the employment rate is created
due to the reusage of one ton of material, exceeding the
recycling rate [28]. Furthermore, this enables the
purchasing of second-hand materials for people being
forced to buy new furniture, with the reused furniture
sector. It is stated that with the reusage of wastes,
savings worth 720 million Sterling were generated in
England, and those savings worth 40 million Euro were
generated in Australia [28]. With the regulation being
issued in France, it is aimed to achieve reusage and
recycling with a ratio of 45% for house furniture and
75% for workplace furniture [28].

Reusage of waste furniture is not only related to wastes,
and it has also become a project considered to be
necessary to reduce poverty in EU countries. It is
considered to be a fundamental requirement to make
waste furniture reach those in need. According to the
EU scenario, it aims to reuse 30% of waste furniture
until the year 2025 and reuse 35% of them until the year
2030 [44].

Furniture banks are being established in various
countries. These are a vast storage place where all
waste furniture is accepted, repaired, and delivered to
those in need. These places collect the used furniture
and give them to those in need, such as families with
low incomes or disaster victims. But the problem here
is related to a lack of hygiene concerning the furniture.
For this reason, furniture is being cleaned by using
methods such as heat treatment, pressure CO;
application, vacuuming, steam application [45].

It is seen that these wastes are classified as bulky wastes
and that they are administered accordingly when the
situation relating to furniture wastes in Turkey is
reviewed. There are also studies on furniture waste in
Istanbul and Kocaeli provinces where the observation
study was conducted. The Istanbul Metropolitan
Municipality has initiated delivering furniture wastes
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after the Furniture and Recycling Workshop's
necessary procedures to needy families through the
centre’s teams [46]. A facility has also been established
by the Istanbul Metropolitan Municipality, where
different usage objects are produced from furniture that
has completed its life cycle [47].

Kocaeli Metropolitan Municipality and district
municipalities started collecting and recycling furniture
wastes in public institutions and schools within the
scope of the Zero Waste Campaign. For example, 352
thousand 130 kgs of voluminous waste (Armchair Sofa,
Furniture, etc.) disposed of by the Koérfez Municipality
were recycled [48]. It is stated that Kocaeli Kartepe
Municipality picks these wastes and that they are
delivered to IZAYDAS, being located in the same city
for them to be disposed of [49]. However, it is not
specified whether furniture wastes are separated or not.
Again, it is stated that the sofa bed, armchair, table, and
chairs are taken from the relevant addresses by the
teams that are part of the Gebze Municipality in Kocaeli
[50]. However, there is no information about how it is
disposed of this collected furniture waste. It has similar
trials in other big cities in Turkey.

With the URBANREC Project carried out by the
Bornova Municipality of Izmir and Izmir Institute of
Technology together, it is enabled for significant
domestic waste to be transformed into recycling
products with economic values. It is stated that large
volume products such as house furniture, plastic garden
furniture, and home textile products can be used this
way. Among the wastes collected within this project's
scope, those that can be used are being delivered to the
citizens in need through the conventional bank of
goods. Those whose usage lifetimes have expired are
transformed into new raw materials [51, 52]. Waste
electrical and electronic equipment and bulky wastes
such as armchairs and sofas are being collected from
houses, commercial, and corporate workplaces by
Gaziantep Sehitkamil Municipality, and they are
gained for recycling [53]. Local governments have
initiated furniture waste in Turkey to impart the
recycling effort to create awareness of environmental
protection is a significant development.

VII. DISCUSSION AND CONCLUSION
Due to the increasing technological know-how, the
designs, functions, and places of use of furniture are
highly developed and nowadays furniture is a
consumption object rather than a need. As a result,
although they are functional, furniture is dumped in the
environment or garbage dumps, thinking that they are
out of fashion. However, as can be seen, furniture is a
significant hazardous waste. Also, the furniture consists
of many chemicals. When the furniture is
manufactured, various chemicals are being used. When
this furniture is thrown, they mix with water, soil, and
air in time. In the studies investigated within the scope
of the study, the damage of furniture to the environment
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is clearly seen. Furthermore, if these wastes are burned
for heating purposes, some emissions can mix with the
atmosphere.

When furniture wastes are collected by local
administrations and disposed of at solid waste storage
areas, they occupy spaces equalling their volumes and
they shorten the planned lifetimes of these fields. As a
result of all these particulars, scheduled lifetimes of
storage areas expire much earlier, and it is required to
search for new sites. In many countries in the world,
furniture wastes are being used. In various countries,
furniture banks are being established, and they take a
waste of furniture from the houses and repair them, if
required, deliver them to those in need. With the
recycling and reusage of furniture wastes, positive
outcomes are achieved concerning economic and
environmental aspects. When it is examined by
economic respect, a significant employment rate can be
performed with the reusage of furniture products.

According to this research, there are very few attempts
to manage waste furniture in Turkey. However, the
introduction of-return studies about furniture made by
local waste management can be considered a positive
result in creating awareness of Turkey's environmental
protection. Municipalities should establish furniture
banks in each city as per the examples existing in the
world. Accordingly, each municipality should pick up
the waste furniture from their places, and they should
repair them if required, and by meeting hygiene
conditions, they should deliver them to those in need.
New and different furniture can be produced from the
type of furniture that cannot be used, and recyclable
wastes such as metal, plastic, and fabric materials can
be used as raw materials for different purposes. In this
regard, it is required for furniture designers and
furniture producers to give more weight to
environmentally friendly furniture designs and
production. Besides the furniture that is not consumed
quickly, that does not become out of fashion fast and
that are functional and modular, the designing and
production of furniture that will be reused after their
function is completed or the wastes of which will be
reused bears significant importance concerning the
particular of sustainability. As it is also revealed with
this  study, designing, manufacturing, after
manufacturing situations of furniture necessitate an
interdisciplinary work to be done.
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Oz

COVID-19 hastahgmin bulasma hizini yitirdigi normale doniis siirecinin baslangi¢ giinlerinde, Diinya Saglik Orgiitii ve
Uluslararas1 Calisma Orgiitii isyerleri icin yapilmas1 gerekenlerle ilgili genis yelpazeli 6neri ve cagrilar yapmaktadir. Buna
ragmen, giincellenmesi gereken ilk adim olan igyeri risk degerlendirmesine 6zgii bilimsel ¢aligmalar oldukga kisithdir. Bu
¢aligmada, COVID-19 hastaligimin goélgesinde normallesme siirecinin ise doniis kapsaminda ofis calismalari igin risk
degerlendirmesi ve etkisi incelenmistir. Yapilan ¢alisma kapsaminda viriisiin bulagma riskinin olasi nedenleri sebep-sonug
analizi olarak da adlandirilan balik kilgig1 diyagrami kullanilarak belirlenmis ve COVID-19 hastaligina yakalanmamak igin,
risklere bagli olarak alinmasi gereken dnlemlerin neler olmasi gerektigi vurgulanmistir. Sonug olarak, COVID-19 hastaliginin
¢ogunlukla 6 temel siirecin risklerinden kaynaklandig1 goriilmiistiir. Bu temel siireglerin bilesenleri, ulasim, giris-cikislar,
¢aligma ortamu, toplant1 ve egitimler, ortak kullanilan alanlar ve calisanlar olarak belirlenmigtir. Alinmasi1 gereken en 6nemli
iic 6nlem ortaya konulmustur. Bunlardan birincisi, salgin hastalik eylem planinin hazirlanarak gérev tanimlar1 ve faaliyetler
acisindan siirekli olarak uygulanabilir sekilde giincel tutulmasi ve denetlenmesidir. ikincisi, ofis yonetimlerinin alinan
onlemlere uyma konusunda ¢alisanlara 6rnek olmasidir. Son olarak, {igiinciisii 6nlem ise, igyerine giris-¢ikiglarda ates 6l¢limil
gibi COVID-19’a yonelik semptomlarin sorgulanmasi ve takip edilmesi olarak belirlenmistir. Calismada ayrica, 6rnek bir
KOBI segilerek, Uluslararas1 ¢alisma orgiitii (ILO)’nun yayinladigi, KOBI'ler icin “Alt1 Adimda Covid-19 Is
Siirekliligi Plan1” dokiimani rehberliginde, elde edilen risk degerlendirmesi sonuglart da gbz Oniinde
bulundurularak, Is Siirekliligi Plan1 hazirlanmistir.

Anahtar Kelimeler: Salgin, COVID-19, ofis ¢alismalari, risk degerlendirme, is saglig1 ve giivenligi, balik kil¢ig1 yontemi

Abstract

At the beginning of the normalization process, where COVID-19 has lost the rate of infection, the World Health Organization
and the International Labor Organization make a wide range of suggestions and calls about the needs to be done for workplaces.
Nevertheless, the scientific studies specific to workplace risk assessment, that needs to be updated at the first step, are very
limited. In this study, risk assessment and effect for office studies were examined as part of the normalization process to return
to work during COVID-19 pandemic. Within the scope of the study, the possible causes of the risk of infection of the virus
were determined using the fish bone diagram, also called cause-and-effect analysis, and in order not to suffer COVID-19
disease, it was emphasized what measures should be taken depending on the risks. As a result, it was examined that COVID-
19 was mostly caused by the risks of 6 basic process. The components of these fundamental processes are identified as
transportation, entrance and exits, working environment, meetings and educations, common areas and employees’ individual
behaviors. The three most important measures are investigated. The first one is the preparation of the epidemic action plan and
keeping it up to date and supervised in terms of mission definitions and activities. The second one is being example of office
administrators for employees in terms of complying with the measures taken. At last, the third one is questioning and following
the symptoms for COVID-19 such as measuring fire at entrances and exits to the offices. In addition, the business continuity
plan was prepared for a selected SME by taking into account the risk assessment results under the guidance of the "Six-Steps
Covid-19 Business Continuity Plan" published by the International Labor Organization (I1LO).

Keywords: Outhreak, COVID-19, office works, risk assessment, occupational health and safety, fish bone method

I. GIRIS

Hayatta kalan, tiirlerin en entelektiielleri veya en giicliileri degil, i¢erisinde bulundugu degisken ortama en iyi
uyum saglayabilendir [1]. Diinya son ti¢ aydir yogun bir sekilde, her yerde var olan, gériinmez, hizli ve gelisigiizel
hareket eden bir diigmanla savastyor. Insanlarin diinyada barig ve ilerleme arayisinda, onlarca yil boyunca engelleri
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ve sinirlar1 ortadan kaldirmasi, ticari, sosyal ve kiiltiirel
baglantilar kurarak tiim rekabetleri daha dar bir
cemberde yagatmasi, insanlik tarihinin gelisimine
biiyiik katkilar saglamasina ragmen, COVID-19 gibi
bir diigman i¢in de mitkemmel ortamu yaratmustir.

Diinya bir daha asla ayn1 olmayacak ve ¢ogumuz i¢in,
simdiki zamanin ve hayatta kalmanin 6tesini aklimiza
getiremeyiz diisiincesi ne kadar dogrudur? Cevap ne
olursa olsun, yalnizca geg¢misi anlamaya ¢alisarak ve
mevcut kosullarin aliskanliklarimizi ve
davranislarimizi  nasil  etkileyecegini  diisiinerek
oniimiize bakmaya baglayabiliriz. Gelinen noktada
dikkatimizi sadece hayatta kalmaya degil, ayni
zamanda uyum saglamaya da  ¢evirmemiz
gerekmektedir. Toplumlardaki ve oOzellikle is
diinyasindaki calisanlar ve igverenlerin, bu krizin
niifusun ruhunu ve davraniglarini nasil degistirecegini
anlamalar1 i¢in pandemi siirecinde yasanilanlar
Oziimsemeleri ve sonrasindaki manzarayi is sagligl ve
giivenligi acisindan dikkate alarak hassas bir ongoriiye
sahip olmalar1 gerekecektir.

Diinya saghk orgiitii (DSO) tarafindan SARS-CoV-2
olarak adlandirilan viriisiin neden oldugu COVID-19
hastaliginin hiikiim siirdiigii pandemi, insanoglu igin
bambaska bir yasam ortami1 dogurmustur. Bu siiregte
bireylerin bir kisminin veya zaman zaman tamaminin
evlerinde kalmalarindan dolay1 6zellikle gida, enerji,
iletisim vb. sektorlere ihtiyag artmustir. Kamusal
anlamda bahsi gecen sektorler basta olmak tizere
igyerlerinde korona virlis salginina &zgii riskler
belirlenerek ve risklere bagli Onlemler alinarak
calisilmaya devam edilmesi gerekmektedir. Caligma
ofisleri de ¢ok fazla calisanin ayni anda ¢aligmaya
doniis yapacagi ve dolayisiyla bulagma riskinin yiiksek
olacagi kapali ortamlarin basinda gelmektedir.

COVID-19 pandemisi Aralik 2019'da Cin'in Wuhan
sehrinde baslamis ve sadece 3 ay icinde diinyaya
yayilmustir [2,3]. Bu ¢aligma sirasinda, kiiresel olarak,
Mayis 2020 sonu itibariyle, Diinya Saghk Orgiitiine
(DSO) bildirilen yaklagik 377.000 6liim de dahil
6.200.000’¢ yakin onaylanmis COVID-19 vakasi
yasanmistir [2]. Bu kiiresel sayilarin yaklagik 165.000
vakast ve 4.600 oliimii Tirkiye'ye aittir [2].

Hem sanal hem de gercek yasam alanlarinda ayrilmaz
bir sekilde biitiinlesmis {ilkeler diinyasinda, bu
hastaligin etkileri, toplam vakalarin ve O&liimlerin
otesinde, ekonomik ve finansal krizler dikkate alinarak
incelenmelidir. Bu baglamda diinyadaki tiim {ilke
yoneticileri, ekonomilerini salgimmin zirve donemi,
normallesme siireci ve kontrollii yeni normal yasam
seklinde ii¢ agamada siirdiirmek i¢in ¢aligmaktadir. Her
iilke kendilerine 6zel acil durum planlarini, dinamik
onlemlerini ve yardim paketlerini uygulamaktadir
[4,5,6,7,8,9]. 190 iilke ve bolge COVID-19'a yanit
olarak, nakit transferler, kamusal g¢alismalar, ayni
transferler, hizmet muafiyetleri, saglik sigortasi
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destegi, issizlik 6denegi ve iicretli izin, emekli ve
maluliyet yardimlari, sosyal gilivenlik primleri,
aktivasyon Onlemleri, calisma diizeni ayarlamasi,
azaltilmig caligma siiresi, licret siibvansiyonlar1 gibi
cok c¢esitli sosyal koruma tedbirlerini planlanmus,
uygulamaya baglamis veya uyarlamistir [10].
Ulkemizde alinan &nlemlerin  detaylarina ilgili
kaynaklardan ulasilabilir [3,10].

Bu pandemi siirecinde, diinyanin her yerinde en kiigiik
igyerlerinden biiyiik isletmelere kadar ¢alismalar,
hiikiimetlerin zorunlu kararlar1 veya goniilliiliik esasina
gore gecici olarak durdu. Her iilkenin ekonomik
yapisina bagli olarak, daha hizmet odakli ekonomileri
olan iilkeler daha fazla etkilenecek ve daha fazla
issizlik ve is saglig: riski altinda olacaktir [8]. Diinya
genelinde, her bes kisiden dordiiniin isi salgindan
etkilendi ve 3,3 milyarlik toplam kiiresel isgiiciiniin
%381'1 igyerlerini tamamen veya kismen kapatmistir [6].
Ulkelerin igyeri kapatma politikalarimin  kapsami
farkliliklar gosterse de diinya ¢alisanlarinin yiizde 94't
bir tiir isyeri kapatma Onlemi alan {lkelerde
yasamaktadir. Tim c¢alisanlarin %20,4'i COVID-19
kapatmalarindan en c¢ok etkilenen sektorlerde
calismaktadir. Her ne kadar giderek daha fazla iilke,
calisanlarin igyerlerine geri dénmelerine izin vermek
icin bu tedbirleri gevsetse de diinya calisanlarinin
yiizde 20'si istisnasiz zorunlu igyeri kapatmalar1 olan
iilkelerde yagamaktadir. Geriye kalan %74’iin, %69'luk
bir kesimi, baz1 sektorler veya galisan pozisyonlar1 i¢in
zorunlu igyeri kapatmalart gereken iilkelerde yasarken,
yiizde 5'lik bir kesimi de igyeri kapatmalar1 onerilen
iilkelerde yasamaktadir. Bunlara bagli olarak, Salginin
2020'nin ikinci ¢eyreginde diinya genelinde ¢aligma
saatlerinin %6,7'sini yok etmesi bekleniyor. Bu da 195

milyon tam zamanli c¢alisanin isini kaybetmesi
anlamina gelmektedir [6].
Sosyal mesafe kisitlamalarinin  uygulanmaya

baslamasiyla diinya genelinde hizmet sektorii ve saglik
sektorii disinda kalan tiim sektorlerde evden galisma
oranlar1 yiikselmistir [6]. Ornegin Amerika’da toplam
isglicliniin evden ¢alisma orami %3,4 olurken, AB
genelinde ortalama %35,4 olarak belirlenmistir [11].
Avrupa’da iilkeler 6zelinde ise Hollanda ve Finlandiya
%14,1 oranla ilk sirada, Bulgaristan ise %0,5 ile son
sirada yer alirken, bu oran Tirkiye’de %2,1 olarak
belirlenmistir [12]. Mayis 2020 tarihinde agiklanan
TUIK isgiicii istatistiklerine gore istihdam edilenlerin
sayist 26 milyon 753 bin kisidir. Calisma genel
miidiirligiiniin 2019 y1ili ¢calisma hayat istatistiklerine
gore istihdamin yaklasik 2.550.000°1 kamu gorevlisi,
yaklagik 14.160.000°i ise kadrolu ¢alisandir. Bu
sayllara gore cogunlugu kamu gorevlisi olmakla
beraber Tiirkiye’de evden calisan sayis1 yaklagik 562
bin olarak belirlenmigtir [13,14].

COVID-19 salgininin  Tirkiye’de ¢aligma hayati
tizerine etkileri 138’1 global ve 61’1 yerel olmak iizere
199  firmanin  kattlmiyla  degerlendirildiginde,
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firmalarm %77’si ofis veya iiretim tesislerini gegici
siireyle kapatirken, yiizde 23’{iniin heniiz bir kapatma
planinin olmadigi belirlenmistir [15]. Ayn1 aragtirma,
firmalarm %45,4’tiniin salgin hastalik durumu igin
daha oOnceden hazirlannmis is siirekliligi  planin
olmadigini, firmalarin %354,6’sinin ise Onceden bir
plana sahip oldugu ve planlarini uygulamaya
basladiklarini ortaya koymustur. Calisanlarmi {ilke
genelinde evden c¢alisma konusunda destekleyen
firmalarin oran1 %76,4, liretimleri devam ettigi igin,
tesislerinde ¢alismaya devam eden firmalarin orani ise
ylizde 6 olarak tespit edilmistir.

Salgin doneminde bireylerin ve sirketlerin calisma
diizenini ortaya koymak igin 26 Mart-9 Nisan tarihleri
arasinda Wizsight Arastirma’nin Tirkiye’de is giicline
katilan niifusu temsilen %67’si erkek ve %33’ii kadin,
15-55 yas arasi toplam 800 goriismeci ile online olarak
gergeklestirilen ¢alisma  sonucunda, katilimeilarin
%357’sinin 6zel sektor galisani, %18’inin kamu ¢alisani
ve %13 linilin ise sirket/ajans sahibi oldugu ve %40’ min
COVID-19 salgini sebebiyle evden calisma diizenine
gegerken, %29’unun evden g¢alisma diizenine kismen
gectikleri  belirlenmistir. Hala ofislerinden evden
calisma diizenine ge¢cmeyenlerin %26’sinin zorunlu
dcretli izin kullandigi, %23’lnlin ise icretsiz izin
kullandig1 ortaya c¢ikmustir. Ayni arastirmada, global
sirketlerde c¢aligan katilimcilarin %63’ tamamen
evden ¢alisma diizenine gectiklerini belirtirken, yerel
sirketlerde ¢alisanlarda bu oran %36 olarak
belirlenmistir [16].

flk COVID-19 vakasmnin agiklanmasimin ardindan
gecen 15 giinliik siire igerisinde Tiirkiye genelinde 17
farkli ilden 334 kisi katildigi baska bir calismada
sehirler bazinda sonuglara gére, Istanbul’da bulunan
sirketlerin  %52’sinde c¢alisanlarinin tamami evden
calisma uygulamasina gegilirken, %45’inde ise kismi
olarak veya belirlenen ¢alisan grubu bazinda evden
calisma sistemine gecilmistir. Istanbul disinda kalan
illerde ise %36’lik bir oranla ¢alisanlarin tamaminin
evden ¢alismaya gectigi, %23’linde ise halen sirkette,
fabrikada veya sahada c¢alismaya devam edildigi
belirlenmistir [17].

Tirkiye isgiicii piyasasi i¢in Covid-19’un etkilerinin
TUIK tarafindan Haziran ve Temmuz ayinda
aciklanacak verilerde goriineceginin  belirtilmesi
nedeniyle verilerin sinirli olmasi ve yontemsel sorunlar
nedeniyle Covid-19 doneminin issizlik ve istihdam
tizerindeki etkilerini 6lgmek 6nemli zorluklar tagisa da
yapilan tahmini hesaplamalara gore, 17 Nisan
2020’den itibaren ii¢ ay siireyle isten ¢ikarma yasagi
uygulanacak olmasina ragmen, Covid-19 doneminde
toplam dar tanimli igsiz sayis1 12 milyon civarina, genis
tammli  igsiz  sayist ise 15 milyonu asacagi
ongoriilmektedir. Bu rakamlar igerisinde ise yaklasik 8
Milyon igsizligin dogrudan COVID-19 etkisiyle
gerceklesecegi beklenmektedir [18]. Istanbul Isci
Sendikalar1 Subeler Platformu da sadece Istanbul'da
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Nisan sonu itibariyle 3 bin 544 c¢alisanin COVID-19’a
yakalandigini ve 2 bin 902 ¢alisanin hastalik siiphesi ile
karantinada oldugunu, 34 c¢aliganin ise yasamini
yitirdigini agikladi [19].

Bunlar 1s18inda IMF, kiiresel ekonominin 2020'de
yiizde —3 oraninda keskin bir sekilde daralmasini ve
OECD, kiiresel ekonomik biiyiimenin 2019'daki %2,9'a
kiyasla 2020 yilinda %2,4'e diisecegini 6ngordiigiinii
aciklamistir. ABD'nin % -5,9 GSYIH biiyiimesi ile
ekonomik durgunluga girmesi tahmin edilmektedir
[20]. Cin, bu senaryoda hala GSYIH'da +1,2 ile pozitif
bir biiyiime gosterecektir. Ote yandan, ¢ogu Avrupa
iilkesinde ciddi durgunluklar yasanacagi da agikca
goriilmektedir [4]. Kriz sonrast Avrupa iilkelerinin

GSYIiH'larinda %-2 ila %-10 arasinda azalmalar
beklenmektedir [4]. Bu rakam Tirkiye, Rusya,
Almanya, Ispanya ve Italya i¢in sirasiyla -5,0; -5,5; -

7,0; -8,0 ve -9,1 olarak tahmin edilmektedir [4].

Modern g¢alisma hayati agisindan, hastaligin bulagsma
yollar1 ve hizina ek olarak belirti gdstermeksizin
(asemptomatik) hastaligi tasiyan kisi sayist da
diistintildiigiinde dogrudan karsilastirmali
kullanabilecegimiz yol haritast yoktur. Ciinkii, yakin
tarihli salginlar hem tiim diinya geneline yayilmamis
hem de ¢aligma hayatin1 etkilememistir [3]. Bu sebeple,
ekonomik ve finansal agidan yaralar1 sarmanin yani sira
yeni normal i3 yasami siirecinde, isyerlerinde
hastaliktan korunma ve ikinci dalga salgin1 6nlemek
amaciyla yeni diizenlemeler yapilmasi gerekmektedir.
Isletmeler ve firmalar, calisanlarimin ve faaliyetlerinden
etkilenenlerin sagligini ve giivenligini korumakla
yiikiimliidiirler. ~ Uluslararas1 ~ Calisma  Orgiitii,
normallesme siirecine igyerlerine donen calisanlar icin
yeterli giivenlik onlemleri olmadan viriisiin ikinci bir
dalgasi olabilecegi konusunda uyarmaktadir. Ulkelerde
kisitlamalarint ~ hafifletmeleri  yoniinde  baskilar
artarken, yine Uluslararast Calisma Orgiitii (ILO)
hiikiimetleri, isverenler ve g¢alisan orgiitleri ile aktif
katilim ve diyalogla birlikte, isyerlerinde COVID-19'u
onlemek ve kontrol etmek i¢in i sagligi ve giivenligi
normlarina uygun olarak harekete gegmeleri ¢cagrisinda
bulunmaktadir [21]. Bunun ilk adimi da gercekei ve
giivenilir bir risk degerlendirmesi yapmak olmalidir.
COVID-19’un yansimasi olarak, ekonomik ve finansal
etkiler ile calisma ofislerinde risk degerlendirme, is
sagligl ve giivenligi gibi konularla ilgili bireysel ve
kurumsal akademik makale ve raporlar yakin tarihli
olarak yayinlanmustir [4,22,23,24-54].

Bu c¢alismada isyerleri biinyesinde gelisebilecek
COVID-19 hastaligina karsi calisanlarin hastalanip
zarar gOrmesini, islerin kismen veya tamamen
durmasini, g¢evrenin olumsuz ydnde etkilenmesini
onlemek, sonrasinda normallesme siirecine en verimli
sekilde gegmek amaciyla ve yonetimin hizli ve dogru
karar alabilmesini saglamaya yonelik olasi riskler
belirlenmeye calisiimistir.
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COVID-19 hastaligina yakalanmamak ve isyeri
faaliyetlerinin devam etmesi amaciyla mevcut salginin
olas1 sebepleri balik kilgig1 yontemi ile belirlenmeye
calistlmistir. Balik kil¢igr ile olusturulan sebep sonug
diyagrami, hastalik bulasmasi riskinin kontrol altina
alinmasina iliskin yontem ve esaslarin sistematik bir
sekilde tanimlanmast ve soruna iligkin
bilinen/bilinmeyen tiim faktorleri ortaya koymak i¢in
kullanilmigtir. Bu ¢aligma hastaligin isyeri ortaminda
calisanlara bulagsmamasi, is saghgr ve giivenligi
acisindan ortaya c¢ikabilecek risklerin analiz edilerek
kabul edilebilir seviyelerde tutulabilmesi ve alinmasi
gereken Onlemlerin hastaligin igyerinde bulagma
riskinin olas1 sebeplerini ortaya ¢ikartarak belirlenmesi
amaciyla gerceklestirilmistir.

1. YONTEM

Bu ¢aligmada risk degerlendirmesi olarak balik kilgig1
yontemi uygulanmistir. Bu nedenle ¢alisma nitel ve
betimleyici tiirdedir. Sebep-sonug diyagramu, belirli bir
problemin veya durumun olasi nedenlerini belirlemek
icin kullamlmaktadir [55-61]. Istatistiksel yontemler
kullanilarak sonuglardan hareketle olayin sebeplerine
ulagilabilmekte ve ¢ikan sonuglarla bunlart doguran
sebepler arasindaki capraz iligki ortaya
¢ikarilabilmekte ve gorsel olarak sunulabilmektedir
[62]. Cizilen grafigin goriintiisi balik kilgigint
andirdigindan, bu grafik balik kil¢ig1 grafigi olarak da
adlandirilmaktadir. Ishikawa diyagrami, belirli bir
soruna neden olan tiim faktorleri ortaya gikarmaya ve
sonuca en fazla etki eden faktdrii bulup iyilestirmeye
yon veren bir tekniktir. Teknik, Japon toplam kalite
uzman1 Kaoru Ishikawa tarafindan gelistirilmis ve
karar verme bilimine sunulmustur [63]. Ishikawa
diyagrami bireysel sorunlardan kurumsal boyutlara
kadar herhangi bir konuda uygulanabilen, uygulamasi
basit, olduk¢a yararli ve kapsamli bir sorun ¢b6zme
teknigidir. Beyin firtinast teknigi ile birlestirildiginde
daha etkin sonuglar vermektedir.

Bu grafik ¢esidi sayesinde [64];

Problem ¢6zme siirecinin daha diizenli hale
getirilmesi,

Problem hakkinda bilinenlerden bilinmeyene
dogru sistematik bir yaklagim olmast,
Problemle dogrudan deneyimi olan kisilerin
uzmanligindan  yararlanilmasi,  miimkiin
olabilmektedir.

Balik kilgigr diyagramlarimi olustururken asagida
detayli olarak agiklanan agamalar gerceklestirilmistir.
Diyagram dagilim analizinde, oOnce gelistirilmesi
amaclanan problem  belirlenmistir. Problem
belirlendikten sonra sebep-sonu¢ diyagramiin ana
¢izgisi olusturulmustur. Diyagram olusturulurken,
cevresel ve isyerine Ozgili faktorler ayrintili olarak
incelenmistir. Problemin kaynaklanabilecegi muhtemel
sebepler belirlenerek ana basliklar altinda toplanmustir.
Bu sebeplerin aktarilabilmesi i¢in problemle ilgili olan
herkesin goriisti alinmistir.
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Sebep-sonu¢ diyagramlarinin olusturulmasimin  son
asamasinda, ortaya koyulan ana sebeplere uygun olarak
belirlenmis olan alt sebepler, A sifi is giivenligi
uzmanlar1 ve akademisyenlerden olusan bir calisma
grubu tarafindan  beyin firtinast1  yOntemiyle
degerlendirildi. Aragtirmacilar, kendi 6nem siralarina
uygun puanlama yaptilar ve puanlama sonucunda, her
alt sebebe kisilerin verdikleri toplam puanlar belirlendi.
En ¢ok puani alan alt sebep, kok neden analizine gore
problemin kaynak noktasi olarak belirlendi. En ¢ok
puani alan bu alt sebepten sonra iyilestirme ve sebebi
ortadan kaldirmaya yonelik ¢caligmalar yapildi.

1. UYGULAMA

3.1. Balik Kil¢ig1 Yontemiyle COVID-19 Bulasma
Riski Analizi

Bireysel ve etkilesimde oldugu toplumun sagliginin
normallesme  siireci ve  sonrasindaki  Onemi
diistintilerek, COVID-19 hastaliginin bulagsma riskinin
kontrol altina alinmas1 amaciyla, ¢alisma ofislerindeki
bulagsma riskleri, neden-sonu¢ analizi olarak da
adlandirilan, balik kilgig1 ydntemi kullanilarak
belirlenmeye calisilmigtir. Boylece, bulagma riskinin
belirsizliklerine ¢oziim getirilmesi, hastaliin bulagsma
riskinin bilinen veya bilinmeyen tim faktorlerinin
ortaya konulmasi, Ileride hastaliga iliskin olusabilecek
potansiyel tehlikelerin ve bunlara iligkin risklerin
belirlenmesi, beklenen veya olusabilecek risklerin
kontrol altina alinmasina iligkin yontem ve esaslarin
sistematik bir sekilde tanimlanmasi ve COVID-19
hastalig1 bulagma riskinin asgari seviyelere indirilmesi
hedeflenmistir. Yapilan risk degerlendirmesi ile
igyerlerinde korona viriis bulagma riskinin derecesi
kabul edilebilir seviyeye diislirilmiistiir.

COVID-19 hastaliginin iserlerinde bulagsma riskinde,
balik kilgigr ydntemi tehlike
degerlendirilmesi Sekil 1’de belirtilen semaya gore
gerceklestirilmistir.

ORTAK
ALANLAR

ile ve risklerin

GRS ve CIKISLAR

GALISAN

IDITTVLSVH 61-UIAOD

ULASIM

GALISMA
ORTAMI

TOPLANTI ve.
EGITIMLER

Sekil 1. Tehlike tanimlama ve risk degerlendirme
programi akis semasi
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Bu ¢aligma kapsaminda bir ana ve alt1 alt problem tespit
edilmistir. Ana problem 6nlem alinmamasi veya alinan
onlemlere  uyulmamast  sonucunda COVID-19
hastaliginin ~ bulagmasidir. Buna sebep olacagi
diisiintilen alt problemler ise sdyle siralanabilir.

e (Calisanlara COVID-19 hastaligina iliskin
yeterli bilgilendirmenin yapilmamasi sonucu
¢aliganlarin kisisel 6nlem almamalari,

e Ortak alanlarda 6nlem alinmamasi nedeniyle
yetersiz hijyen kosullari,

e lsyerine giris ve cikislarda ates oOlgiimii
yaptlmamast ve COVID-19’a  yonelik
semptomlarin sorgulanmamast,

e  Servis araglarimin periyodik olarak dezenfekte
edilmemesi ve araglarda koruyucu 6nlemlerin
alinmamasi,

e (Calisan sayisimin fazla olmast ve sosyal
mesafeye uygun hareket edilmemesi,

e Toplanti ve egitimlerin i¢ iletisim kanallari ile
yapilmamasi ve bunun sonucu olarak yakin
temas hareketlerinin olugmasi,

e Isyeri yonetiminin alinan onlemlere uyma
konusunda calisanlara 6rnek olmamasi gibi
sebepler belirlenmistir.

COVID-19 hastalig1 bulagsma sebepleri belirlendikten
sonra yapilacak calismalarla mevcut durum ile ilgili
risk degerlendirmesi yapilarak, yasal yiikiimliiliiklere
ve igyerinin politikasina uygun, kayip ve yaralanma
olusturmayacak sekilde kontrol onlemleri ile kabul
edilebilir risk seviyesine disirilir. COVID-19
hastalig1 bulasma riskinin sebep-sonug diyagrami Sekil

ORTAK

ALISAN
GALIS ALANLAR

Hasta veya temash Atesg dlciimii ve semptom

calianin ise gelmesi

Yetersiz temizlik
kontrolii yapilmamasi

malzemesi

Kisisel hijyene dikkat
edilmemesi

Yiyeceklerin yikanmamas:

Calssanin atiklara Toplu yemek yenilmesi

temasi

Asansor kullammy
Covid-19 hakkinda bilgi
eksikligi

Cahganlar arasinda etkilesim

KKD kullamlmamasi Yetersiz temizlik islemleri

GiRiS ve CIKISLAR

Temash sistemlerin
kullanilmas

2’de verilmistir. Balik kil¢ig1 yontemi uygulanarak
hastaligin bulagsmasina sebep olabilecek ana nedenler
ve hataya sebep olabilecek alt nedenler 6nem sirasina
gore ayrilmustir. Buna gore; hasta veya temash
calisganin  ise gelmesi, kisisel hijyene dikkat
edilmemesi, ¢alisanlarin atiklara temasi, COVID-19
hakkinda calisanlarin bilgi eksikligi, kisisel koruyucu
donanim kullanilmamasi, ortak alanlar i¢in yetersiz
hijyen malzemeleri, banyo ve wc gibi ortak alanlarin
yetersiz temizligi, yemekhanede kullanilan sebze ve
meyvelerin  uygun yikanmamasi, toplu yemek
yenilmesi, asansér kullanimi, ara dinlenme ve
molalarda calisanlar arasinda etkilesim yasanmasi,
isyerine giris ve ¢ikiglarda ates Olglimii ve hastalik
semptom kontroliiniin yapilmamasi, temasli sistemlerin
kullanilmasi, giris ve ¢ikislarda sosyal mesafenin
korunmamasi, zorunlu olmayan ziyaretgilerin alinmasi,
servis ve toplu tasima araglarinin yetersiz temizligi,
calisanlarin ara¢ igerisindeki yiizey temasi, aragta
sosyal mesafeye uygunsuz oturma, zorunlu olmayan is
seyahatlerinin devam etmesi, salgin bolgesinden ise
gelinmesi, aragta maske ve eldiven gibi koruyucularin
takilmamasi, ¢alisma ortaminda ¢alisan sayisinin fazla
olmasi, i ekipmanlarmin ortak kullanimi, yetersiz
calisma ortami temizligi, dogal havalandirmanin
yetersiz yapilmasi, is elbiseleri ile harici elbiselerin
ayni  bolimde bulundurulmasi, tibbi atiklarin
uzaklastirilamamasi, ¢alisanlarin yakin temasi, toplanti
ve egitimlerin uzaktan yapilmamasi nedeniyle
tokalasmak gibi yakin temas hareketleri, kalabalik
olarak yapilmasi veya ertelenmemesi sebepleri
sayilabilmektedir.

Sosyal mesafenin
korunmamast

Zorunlu olmayan
ziyaretgilerin alinmasi

Yetersiz arag temizligi
Calisanlann arag igerisindeki

yiizey temas

Sosyal mesafeye uygunsuz

kullanim

Yetersiz ortam temizligi

oturma
Zorunlu olmayan seyehatlerin

Dogal havalandirmanin
yetersiz yapilmas:

devam etmesi
Salgin bilgesinden
gelinmesi

Elbiselerin aym bilmede
bulundurulmas:
Tibbi atiklann
Maske ve eldiven uzaklastinlamamasi
i ——

lann yakin temas:

TOPLANTI ve

ALISMA Ll
GALlS EGITIMLER

ORTAMI

ULASIM

Calsan sayisimn fazla olmas
15 ekipmanlarmin ortak

Kalabalik yapilmas:
veya ertelenmemesi

Tokalasmak gibi yakin
temas harcketleri

IDITVLSVH 61-dIAOD

Sekil 2. COVID-19 bulagmasinin sebep-sonug diyagrami
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3.2. ILO s Siirekliligi Plam Hazirlama Uygulamasi
5510 say1l1 Sosyal Sigortalar ve Genel Saglik Sigortasi
Kanunu'nun 13. Maddesindeki is kazasi tanimi ve
Yargitay 21. Hukuk Dairesi’nin E. 2018/5018 K.
2019/2931 sayili kararinda, is nedeniyle bulastig1
anlagilan HIN1 viriisiine baghi olarak calisanin
O0limiini ig kazasi olarak hiikkme bagladig:
bilindiginden, ¢alisanin COVID-19  hastaligina
yakalanmasinin is kazasi niteligi tasidig belirlenmistir.

Buna bagli olarak, Iscinin isyerinde gorevini yaparken
isle ilgili saglik ve gilivenligini saglamak amaciyla
igsveren tarafindan alinmasi gereken oOnlemler 6331
sayth Is Saghg ve Giivenligi Kanununun 4.
maddesinde yer almaktadir. Isverenin, COVID-19 ve
benzeri bir salginin ortaya g¢ikmasindan sonra bu
tehlikeyi analiz ederek, risk kontrol tedbirlerini
kararlagtirmasi, bununla alakali olarak dokiimantasyon
¢aligmasi yapmasi ve genel anlamda yapilacak tiim
galigmalart  giincel duruma gére yenilemesi
gerekmektedir.

Bu uygulamada, Uluslararasi ¢alisma 6rgiitii (ILO)’nun
yayinladigi [52], normal is yagamina doniis siirecinde
KOBI'ler igin “Alt1 Adimda Covid-19 Is Siirekliligi
Plan1” dokiimani rehberliginde, yukarida elde edilen
risk degerlendirmesi sonuglart da gbdz Oniinde
bulundurularak, deniz {irlinleri yetistirme, isleme ve
depolama alaninda faaliyet gdsteren bir firma igin Is
Siirekliligi Plant hazirlanmustir.

Uygulama i¢in se¢ilen firmanin Trabzon fabrikasi 10
yili askin bir siiredir su triinleri sektoriinde faaliyet
gostermektedir ve deniz tiriinleri ticareti hakkinda genis
bilgi birikimine sahiptir. Uzakdogu ve Avrupa’ya
ihracat yapmaktadir. Bu uygulamada, deniz iirtinleri
isleme, depolama ve ihracat birimlerinde toplam 250
calisan1 olan firmanin, COVID-19 hastaliginin
Tirkiye’de  yayilmasi  neticesinde islerini  ve
calisanlarini korumak amaciyla, ILO’nun 6nerdigi “Is
Siirekliligi Planini” hazirlamasi ele alinmistir. Bu plan,
isletmelerin risk profilini ve COVID-19'a karsi
giivenlik agig1 diizeyini, firmanin “calisanlart ve
aileleri, ig/liretim siiregleri, gelir saglama faaliyetleri ve
ortaklik faaliyetleri” tizerindeki etkisi agisindan
olusturmay1 amaglamaktadir.

Plan genellikle sinirli kaynaklara sahip kiigiik ve orta
biiyiikliikteki igletmeleri kapsamakta ve iki boliimden
olugmaktadir.
1.ilk bolim hizli bir sekilde yapabilecek risk
degerlendirme testinden olusmaktadir. Isletmeler
icin risk/giivenlik acig1 diizeyini belirler. Yukarida
belirtilen 4 ana baslikta toplam 60 soruluk bir analiz
sonucunda risk puani belirlenir.
2. Planin ikinci boliimii altt adimli bir siirectir. Bu
siirecin adimlar1 Sekil 3’de sunulmustur.

+ Onemli iiriin veya hizmetlerin tanimlanmasi

» Is Siirekliligi Planinin amacinin belirlenmesi

J

s Isletme ve calsanlarla ilgili aksakliklarin olas
etkilerinin analiz edilmesi

~
1

J

belirlenmesi

s Isletmeyi korumak icin yapilacak eylemlerin

J

* Baglanti kisilerinin listesininin hazirlanmasi

N

J

gecirilmesi ve siirekli olarak giincellenmesi

N

s Is siireklilik planmiza sadik kalinmasi, gézden

J

Sekil 3. Alt1 adimda Is Siireklilik Plan1 hazirlama

Calisma kapsaminda, 6nceki uygulamada balik kil¢igi
metodu ile elde edilen genel sonuglar 15181nda, firmaya
COVID-19 risk degerlendirme testi uygulanmis ve
yiiksek risk profili elde edilmistir. Firmanin hesaplanan
risk puan1 Tablo 1°de sunulmustur.

Tablo 1. Firma risk puanlama sonug tablosu

Risk Puam (0-20: Diisiik risk, 20-40: Orta risk,
40-60: Yiiksek risk)

Calisanlar  1s/ Uretim Gf)llr Ortaklik Toplam
ve Aileleri Siirecleri Saglama . Faaliyetleri Puan
Faaliyetleri
15/19 5/8 10/16 15/17 45/60
Adim 1 Onemli iiriin ve hizmetlerin belirlenmesi
Firma i¢in oOncelikli {irin  ve hizmet deniz

salyangozunun avlanmasi, islenmesi, paketlenmesi ve
depolanmasidir. Bunun yaninda derin hamsi, kirmizi
kefal ve uskumru da onde gelen av ve isleme
iriinleridir. Uzakdogu iilkeleri ve bazi Avrupa
ilkelerinden  olugan  yurt dist miisteri ag1
bulunmaktadir. COVID-9 siirecinde bu ihracat aginin
kopmast sonucunda Ozellikle ana kalem firiinlerin
miisterilere teslim edilmemesinin maliyeti firmanin isi
tizerinde ¢ok olumsuz sonuglar doguracaktir.

Adim 2 Is siirekliligi plaminin amacinin belirlenmesi
Amag, firmanin {iretim, igleme ve depolama faaliyetleri
icin onemli korumalar saglayacak firma ici basit
sirecler geligtirmektir. Bu siireglerin  kapsamini
olusturan alt bagliklar sdyle siralanabilir.
e Kendilerinin ve ¢alisanlarinin fiziksel ve ruhsal
giivenligini en st diizeye ¢ikarmak,
o Aksakliklar sonrasinda miimkiin olan en kisa
siirede ¢alismalara devam etmek,
o Oncelikli iriinlerinin  COVID-19 ile iliskili
aksakliklara karsi dayaniklt oldugundan emin
olmak,
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e Tedarik zincirini korumak,
o Firmanin miisterilerle olan s6zlesme taahhiitlerini
yerine getirmesini saglamak.

Adim 3 Firma ve ¢alisanlarla ilgili aksakliklarin olast
etkilerinin analiz edilmesi

En oOnemli ve  belirleyici adimdir. Kilit
operasyonlarindaki aksakliklarin etkisini gercekei
senaryolarla ortaya koymay1 saglar. Firma, iriinlerini
tiretmek ve teslim etmek icin gerekli olan iglemlerde
risklerin hangi asamalarda ne kadar yogunlastigini ve
firmanin gelecegini tehlikeye atmadan telafi edilebilir
¢aligmama (is durdurma) siiresinin ne kadar oldugunu
belirleyebilir.

Bu adim sonucunda detayli bir is ortakligi/paydas
haritast ortaya ¢ikmistir. Firmanin, faaliyet gosterdigi
deniz {riinleri agisindan kritik oneme sahip 5 ana
paydasi belirlendi. Bunlar, c¢aliganlar, miisteriler,
tedarikgiler, lojistik destekgiler ve kural diizenleyici
otoritelerdir.

Bu c¢aligma firmaya, islerinin saglikli kalan dis
aktorlere ve tedarikgileri, lojistik destekgiler ve
misterileri i¢in ne kadar bagimli oldugunu gosterdi.
Eger isler geri donillemez sekilde bozulur ve is
durdurma yasanirsa, 8 ila 12 hafta iginde iflas
edebilecegi Ongoriildii. Potansiyel temel is durdurma
sebepleri olarak;

e Firmanin kendi c¢aligsanlar1 basta olmak iizere
tedarikgileri ve lojistik destekeilerinin
calisanlarinin hastaliga yakalanmasi,

e Hilkkiimetin ~ hareket  Ozgiirliigiine  yoOnelik
kisitlamalar1 neticesinde firmanin ve
tedarikgilerinin ¢aliganlarinin ise gidememeleri,

e Hiikiimetin limanlara ve sinir kapilarina yonelik

erisim konusundaki kisitlamalarinin,
miisterilerinin  lriinleri  pazara  sunmasini
engellemesi,

e Devletin sagladig altyapr hizmetlerinden (basta
su ve elektrik) yararlanilamamasi,
e Uriinlerine olan talebin aniden azalmasi

Adim 4 Isletmeyi korumak icin yapilacak eylemlerin
belirlenmesi

Firma, calisanlar1 ve aileleri, ig/liretim siiregleri, gelir
saglama faaliyetleri ve ortaklik faaliyetleri agisindan
ayri1 ayri, isletmeyi korumak amaciyla yapilacak
eylemler belirlemistir. Bunlara sirasiyla birer 6rnek
verecek olursak;

o Giivenlik ve saglik 6nlemlerinin yani sira standart
caligma yontemlerini tekrar gozden gegirmek ve
sosyal mesafe kriterlerini bu yOntemlere
uyarlamak. Bunun icin de gerekli olabilecek yeni
vardiya dilizenlemesi ve benzeri hususlari
calisanlarla goriigmek,

e Tim  c¢alisanlar/  tedarikciler/  miisteriler/
ziyaretciler icin giriste bir ates Ol¢lim diizenegi
kurmak; durumlarmi  ve meydana gelen
degisiklikleri degerlendirmek i¢in tedarikgiler ve
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miisterilerle gilinliik istisareler yapmak ve
herkesin evde gilivende kalmanin yollarni
6ziimsediginden emin olmak,

e Yurt dist baglantilar1 tikandiginda yurt igindeki
tedarikgi ve miisteri yelpazesini genisletme
calismalar1 kapsaminda balik¢ilik kooperatifleri
vb. yapilarla gériismeler yapmak,

¢ Firma ayni sehirde benzer alanda faaliyet gosteren
diger rakipleriyle toplant1 yaparak, elde ettikleri
giivenlik tedbirleri uygulama tecriibelerini
birbirleri ile paylagmak i¢in anlagma saglamak.
Ayrica ¢alisma siiresi degisiklikleri, olas1 isten
cikarmalar gibi hukuki sonuglar doguracak
isyeri sorunlarinin nasil ele alinilacag: hakkinda
bilgi edinme maliyetlerini paylasma konusunda
da goriismek.

Adim 5 Baglanti kisilerinin listesinin hazirlanmasi
Firma, acil durumlarda yardim saglayabilecek yetkililer
ve ticlincii sahislarin iletisim numaralarint listeleyerek,
her calisma departmaninda gorsel olarak duyurdu.
Bunun yaninda, ¢alisanlarinin pozisyonlartyla birlikte
kendilerinin ve acil durumlarda ulagilacak yakinlarinin
iletisim bilgilerinin listesini yapti. Ayrica birlikte is
yaptigi miisterilerinin, tedarik¢ilerinin  ve devlet
kurumlart yetkililerinin iletigim bilgilerinin de listesini
hazirladi.

Tletisim kisi ve ayrintilari (cep telefonu, e-posta adresi
ve sokak adresi) dahil olmak iizere birlikte ¢alistigi,
tim iletisim kisilerinin bir listesini yapti. Bunlara ek
olarak, COVID-19 krizi sirasinda c¢alisanlar1 ile
baglant1 kurmak i¢in iletisim yontemlerini belirledi ve
sectigi bir personel liderliginde acil iletisim ag1 kurdu.

Adim 6 Is siireklilik planina sadik kalinmasi, gézden
gecirilmesi ve siirekli olarak giincellenmesi

Firma is siireklilik planinin amacini giincelledi ve her
calisma departmaninda periyodik toplantilar yaparak

calisanlar arasinda planin  etkinligini  artirma
calismalari yapti. Bununla beraber, risk
degerlendirmesini, ig  siirekliligi  stratejilerini

giincellemek ve is siirekliligi planinda yer alan tiim
stireglerin siirekli olarak iyilestirilmesini saglamak igin
aragtirma ve gelistirme ¢aligmalar1 baglatt.

IV. SONUCLAR VE ONERILER
Isyerlerinin faaliyetleri sonucunda elde edilen gelir,
iilke ekonomilerine katma deger olarak donmektedir.
Bu faydanmn siirdiiriilebilirligini saglamak iginde
calisma hayatinin en Onemli unsuru olan insan
faktoriiniin 6nemi biiyliktiir. Bu kapsamda igyerlerinde
salgin hastaliklara kars1 tehlike ve riskler belirlenerek
onlem alinmasi, is sektdrlerinin olasi salgin siirecinden
en az zararla ¢ikmasini saglayacaktir.

Balik kilgig1t  yontemi COVID-19 hastaliginin
igyerlerinde bulagma riskinin sebep sonug iliskilerinin
daha net bir sekilde goriilmesi ve tehlikelerin
belirlenmesi amaciyla kullanilmigtir.  Igyerlerinde
hastaligin bulagmasina sebep olabilecek tiim faaliyetler
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bir arada verilerek aralarindaki iligkileri gdrme firsati
sunulmustur. Hastaligin  bulagma riskinin ana
sebeplerinin basinda yonetsel gostergelerin oldugu

goriilmektedir. Olas1 tehlike ve risklere karsi
isyerlerinde  6zel ekipler kurularak  Onlemler
alinmalidir.

Uygulamasi yapilan ILO is siirekliligi plan1 sayesinde
firmalarm bu tiir kriz siireglerinde hem kendilerine hem
de is ortaklarina ve paydaslarina giiven ve giivenirlik
astladigi anlasilmistir. Ticarette her faaliyetin temelini
giivenin olusturdugu bilindiginden, bu sekilde disiplinli
bir firma igi is saghigi ve giivenligi diizenlemesinin
onemi agikca vurgulanabilir.

Yapilan incelemeler sonucunda ¢alisanlarin egitimi,
denetimi ve talimatlarin arttiritlmasi, 6nce is giivenligi

bilinci ile yetkin ve deneyimli uzman personel
caligtirilmas1  ile bu tiir hastaliklarin  Oniine
gegilebilmesinin - miimkiin ~ olabilecegi  kanisina
varilmistir.

COVID-19 ve olasi salgin hastaliklara karst ilgili
mevcut arastirmalar ile bu c¢alismanin 1s18inda elde
edilen bilgilere gore;

o Olasi salgin hastaliklara karsi igveren veya vekili
onlem almali ve alinan Onlemlere de isyeri
personelinin uymasi saglanmalidir.

Isyerinde  salgin  hastaliklara  karsi  risk
degerlendirme analizi ve acil durum planlar
giincellenmeli veya olasi salgina 6zgii olarak yeni
risk degerlendirme analizleri ve acil durum
planlar1 hazirlanmalidir. Isyerleri icin olas1 salgin
hastaliklara kars: tehlike ve riskler belirlendikten
sonra personel bu tehlike ve riskler goz oniinde
bulundurularak gorevlendirilmelidir.

Birden ¢ok igverenin oldugu ve alt igveren

iligkisinin ~ bulundugu isyerlerinde alinacak
kararlar ve Onlemler koordinasyon igerisinde
yapilmalidir.

Calisanlarin mesleki egitimlerinin yani sira, is
saglig1 ve giivenligi egitimlerinin yasal mevzuata
uygun, ihtiyaci karsilayacak nitelikte olmasi ve
verilen egitimlerde olast salgin  hastalik
stireclerine 6zgii korunma yontemleri deneyimli
personel tarafindan verilmelidir.

Isyerlerinin bir kisminda yapilan ise 6zgii olarak
olas1 salgin hastalia yakalanma riski yiiksek

olacagindan personellerin iy motivasyonlari
diismekte ve kisisel hatalara  neden
olabilmektedir. Buna bagli psikososyal risk

etmenleri degerlendirilerek dnlemler alinmalidir.
Isyerlerine 6zgii olasi salgm hastaliklara karst
sistematik ve bilimsel ¢alismalar siirdiiriilmelidir.
Is saghgi ve giivenligi yonetim siireclerinin
sadece belgeler iizerinde degil uygulamada da
hayata gecirilmesi igin destekleyici faaliyetlerde
bulunulmalidir.
e s saglig1 hizmetlerinin istenilen diizeye ulagmasi
icin igyeri hekiminin aktif olarak is sagligr ve
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guvenligi ¢aligmalarina katiliminin saglanmasi
gerekmektedir. Isyeri hekimi iyi bir kontrol ve

denetim mekanizmast kurarak olasi salgin
hastalik ve mesleki risklerin &nlenmesini
saglamalidir.
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MgF?2 ile Giiglendirilmis Sigir Kaynakli Hidroksiapatit (BHA) Kompozitlerinin Mikroyapist
ve Mekanik Ozellikleri

Mustafa SENGOR !
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Abstract

Composites of calcinated bovine bone derived hydroxyapatite (BHA) doped 1 and 2 wt% MgF2 were prepared by a sintering
process. Microstructure and crystallographic analyses along with measurements of density, compression strength, and
microhardness were carried out in the produced samples. The experimental results indicated a beneficial effect of MgFz in the
matrix of BHA reflected in the significant increase of compression strength and microhardness up to 143 MPa and 313 HV,
respectively, achieved after sintering at 1300 °C for 2% MgF2 addition. The presence of MgF2 reduced the onset of sintering
towards lower temperatures (i.e. 1100 °C) and increased the stability of hydroxyapatite towards transformation to TCP at 1300
OC. The influence of Mg?* and F- ions in the lattice of hydroxyapatite is discussed.

Keywords: Bovine derived hydroxyapatite; MgF2; sintering; mechanical properties; microstructure.

Oz

Kalsine edilmis sigir kemiginden elde edilen hidroksiapatit (BHA) ile agirlikga% 1 ve agirlikga% 2 MgF2 katkili kompozitleri
bir sinterleme islemi ile hazirlandi. Uretilen numunelerde mikroyap: ve kristalografik analizler ile birlikte yogunluk, basma
mukavemeti ve mikrosertlik 6l¢timleri yapildi. Deneysel sonuglar, % 2 MgF: ilavesi ve 1300°C'de sinterlemeden sonra elde
edilen BHA matrisin, sikigtirma mukavemeti ve mikro sertlikteki 6nemli artisa (sirasiyla 143 MPa ve 313 HV'ye kadar) neden
oldugunu gosterdi. MgF2'nin varligi, sinterleme baslangicini daha diisiik sicakliklara (~ 1100°C) diistirdii ve hidroksiapatitin
1300°C'de TCP'ye doniisiime karst stabilitesini arttirdi. Mgz * ve F~ iyonlarinin hidroksiapatit orgiisiindeki etkisi tartigildi.
Anahtar Kelimeler: Sigir hidroksiapatiti; MgFz; sinterleme; mekanik 6zellikler; mikroyapi.

I. INTRODUCTION

The facts of life prolongation due to health care and the increase of sport and traffic accidents, in conjunction with
the well-known intrinsic problems of autografts and allografts (e.g., availability, cost, viability, reproducibility),
emerge the technology of biomaterials as to be of high social impact for the individuals, both elderly and young
people, and the governments, especially the gross income of developed countries. In the case of hard-tissue
prostheses and tissue engineering, hydroxyapatite (HA, Caio(PO4)s(OH)2), that is the mineral of bones and teeth,
is perhaps the most popular ceramic compound nowadays used in clinical applications, since it exhibits excellent
biocompatibility and ability to establish direct bonding to natural bones. Comparing to synthetic HAs, biological
apatites feature several substitutions at the Ca?*, PO,*> and OH- sites of HA-lattice [1].

Composite materials with key bio-ceramic inclusions are preferred in many clinical applications. Bone is a
composite structure of our body based on crucial element of HA and calcium phosphates. Synthetic, artificial bone
composite materials usually used a host polymer with calcium phosphates. Some of the problems that will arise
are due to the compatibility issues, osseointegration problems and mechanical performances [2].

As far as the application of HA in biomedicine is concerned, the brittle nature of HA limits its use only in coatings
or low-load bearing applications. Accordingly, the reinforcement of HA matrix will expand the applications of
this highly osseointegrating and conductive material. Reinforcing bioinert ceramics like Al,Os, TiO», ZrO, and
MgF; to increase mechanical performances of HA [3]. In the present study, the influence of MgF,-doping (1-2
wt%) on reinforcing sintered HA materials were investigated, where HA was derived from calcined bovine bone
(BHA). The reinforcing effect of the dopant is assumed to be a result of the developed microstructure and the
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crystalline phases formed after sintering. Magnesium is
a body-friendly material with an essential role in the
human body [4], for instance at reducing risks of
cardiovascular diseases, promoting catalytic reactions,
controlling  biological functions, and in the
mineralization of calcined tissues. Approximately 60 to
70% of total body’s Mg-content is in the skeleton, as
substitution ion in HA lattice. Approximately 0.38 wt%
of cattle bone is Mg [4]. Mg?* ions seemingly affect the
conductivity of osteoclasts and osteoblasts [5]. Traces
of Mg in natural bone affect cell adhesion and bone
formation [6]. Hence, several compounds of Mg have
been considered in biomedicine, such as bredigite
(CasMgSisO16, considered as similarly bioactive to
Ca0-Si0Oy), forsterite (Mg2SiO4), and enstatite
(MgSiOs, considered as machinable biomaterial) [7].

With respect to HA composites, the presence of Mg in
HA is related to apatite crystallization and stability,
such as the thermal conversion to p-tricalcium
phosphate (B-TCP, Cas(POs)2). Lim and Kim et al.
doped HA with 1% MgO [8], MgF; and CaF; [9] and
found that substitution of F for OH  caused an
enhancing effect on cell culture tests. The same
occurred in the case of MgF, comparing to CaF.. From
the same study, using HA-20% Al,O3; doped with 5%
MgF,, HA-dissociation was entirely inhibited below
1400°C. The effect of fluorine was also verified by Evis
et al., in terms of increasing chemical stability, thermal
stability and hardness, who produced HA-composites
by doping with partially stabilized zirconia and MgF»
or MgO [10]. The presence of MgF, in HA matrix
favors the reduction of porosity of sintered bodies and
the formation of secondary phases (i.e., a-TCP) after
sintering at 1400°C [11].

1. MATERIALS AND EXPERIMENTAL

PROCEDURE

The powder of bovine derived hydroxyapatite, BHA,
was produced according to the method described in
earlier studies [12-17]. In brief, freshly cut femurs were
deproteinized with 4 N NaOH solution (48 h). After re-
irrigation, the samples were subjected to heat treatment
at 850 °C for 4 h in open air to securely eliminate any
risk of fatal disease transmission [18]. The calcinated
BHA bulk pieces were properly ball-milled until fine
(<10 um) BHA powder was obtained.

The BHA fine powder was mixed with 1 and 2 wt%
MgF, powder (Sigma Aldrich, 99.9% purity, 3-6 mm
particle size). The powder mixture was well
homogenized by planetary ball-milling in acetone
media using a zirconium oxide (yttrium stabilized) jar
and balls (Retsch PM 100 SM 100, Haan, Germany).
The resultant powders were well dried. Cylindrical
pellets were prepared by uni-axially pressing at 350
MPa according to British Standard BS 7253. The green
pellets were sintered at 1000, 1100, 1200, and 1300 °C
for 4 h in an open air furnace (Nabertherm HTC 3 /14,
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Lilienthal, Germany) with heating and cooling rates of
5 K/min.

The compressive strength of the sintered samples was
measured in a universal testing machine (Instron-8511,
Norwood, MA 02062-2643, USA, displacement 2
mm/min). Their Vickers microhardness was measured
in a Shimadzu testing unit (Shimadzu Inc., HMV-2,
Japan, load 200 g). Density was measured by
Archimedes method by employing a pycnometer
(ULTRAPYC 1200e, Quantachrome, Boynton Beach,
Florida 33426, USA). The presenting results were
obtained from 10 different samples. The microstructure
of the samples was observed in a field emission
scanning electron microscope (FE-SEM, Hitachi S-
4100, Japan) under secondary electron mode (Figurel).
The crystalline phases were identified by X-ray
diffraction analysis (XRD, Rigaku Geigerflex D/Mac,
C Series, Japan, Cu K, radiation 1.5406 nm produced
at 30 kV and 25 mA, 20 step 0.02 %s).

Figure 1. Microstructure of BHA-MgF, composites

sintered at different temperatures: (a) BHA-1 wt%

MgF 1000 °C, (b) BHA-1 wt% MgF, 1300 °C, (c)

BHA-2 wt% MgF, 1000 °C, (d) BHA- 2 wt% MgF,
1300 °C.

I11. RESULTS AND DISCUSSION

Table 1 presents the experimental results (and their
standard deviation) of density (d), compressive strength
(o), and Vickers microhardness (HV) of the produced
BHA-MgF, composites sintered at different
temperatures. Tables 2 and 3 were prepared with results
reported in earlier studies for similarly produced
samples of BHA doped with CaF, (0.5 and 1.0 wt%)
[19], and pure BHA [20]. Table 3 in conjunction with
the results of earlier studies [21] indicates 1200 and
1300 °C as the optimum sintering temperatures with
respect to the maximum strength of pure BHA-
materials obtained. The results of compressive strength
of Table 1 indicate that doping of BHA with MgF,
shifts sintering onset towards lower temperatures. This
effect is more pronounced in the case of lower (1 wt%)
amount of MgF,. This result has higher significance
since the samples have still low densification degree at
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1100 °C, which means that there are porosity and little
formation of glassy phase (due to eutectic melting) that
closes the pores and increases microhardness.
Therefore, if moderate compressive strength is required
in a specific application, then MgF;-doping can result
in a suitably strong scaffold of small porosity (i.e., low
densification) that maintains all the features of
calcinated BHA before the occurrence of the strong
effect of extensive sintering.

Table 1. Influence of MgF,-content (1 and 2 wt%) on
density (d), compression strength (o) and Vickers
micro-hardness (HV) of BHA-MgF, composites
sintered at different temperatures (the standard
deviation of density was <0.001 g/cmq).

Table 2. Influence of CaF,-content (0.5% and 1.0%) on
density (d) and compression strength (o) of BHA-CaF;
composites sintered at different temperatures reported
in an earlier study [19].

. d (g/cm3) c (MPa)

O 5% 1.0% 05%  1.0%
100 oo oot is1  s4s
100 Jgo lo  ira i3
1200 335023 j 'é_%t ;fc'fz 1253?3
130 J00 soo s1as  s4s

d (g/cmd) c (MPa) HV
T
{) 1 2 1 1 2
wt% wt% wt% 2wt% wt% wt%
355 29.4 115 139
1000 2.181 2.156
+21 +66 +94 7
83.5 459 168 155
1100 2.281 2.165
+86 +70 +15 +13
63.5 289 231
1200 2.611 2.446 109.0
31 +156 +14 +14
1250 1430 291 313
1300 2976 2.884 L45 2748 414 20

However, Table 1 shows that sintering successfully
takes place at 1200 and 1300 °C. The highest values of
the measured magnitudes were obtained at 1300 °C.
This means that the glassy phase formed, due to the
presence of MgF, and the phenomenon of sintering
itself, did not jeopardize the properties of the resultant
composites, whereas the properties of pure BHA
samples (Table 3) slightly decay at 1300 °C (than 1200
OC). The presence of MgF should favor the formation
of strong glassy phase at 1300 °C since the highest
values of compression strength and hardness were
achieved in the case of 2 wt% MgF, than 1%. The
slightly lower values of density in the samples with 2
wt% than 1 wt% may not represent poorer
densification, but they are due to the lower density of
MgF, than BHA (s0, the higher amount of MgF, added,
the lower density of the resultant composite -
densification results of BHA doped with the heavy
CaF», shown in Table 2, support this consideration).

In general, doping with MgF. caused a considerable
increase in compression strength and hardness of BHA.
The low density of MgF- and the small amount of MgF,
needed to achieve high mechanical properties are two
extra advantages since the final implant material will be
both strong and with low weight. The superior effect of
MgF; is clear by comparing the results of Table 1 with
the poor mechanical properties of the BHA samples
doped with CaF;, assuming the similar chemical nature
of the two alkaline earth ions of Mg and Ca.

Table 3. Mechanical properties (compression strength,
o and Vickers micro-hardness, HV) of BHA samples
sintered at different temperatures reported in earlier
studies [20].

BHA BHA
-
¢c) o -
MPa) VY (mpa) "

48.2 85.4

1000 12+2 42+2 +200 +9.4
22.2 74.2

1100 23+3 e2x4 o oo
75.2 148.5

1200 67+7 138+3 +183 +105
65.0 130.7

1300 6211 145%3 .. oo
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From the literature, BHA-MgO composites sintered at
1300 °C have reached compression strength of 121.85
and 98.23 MPa [6] and microhardness of 305 and 218
HV [8] for 5 and 10 % MgO, respectively. Evis et al.
found that HA composites doped with 5 % MgF have
higher hardness than those with 5 % MgO [11]. They
postulated that the fluorine ions of MgF, diffuse into
the lattice of HA and result in increased thermal
stability and mechanical properties of the sintered
materials. Similar high values have been reported for
BHA-TiO, composites (at 1300 °C 105 MPa and 204
HV for 5% TiO, and 247 HV for 10% TiO,, and at 1200
°C 104 MPa for 10% TiOz) [22]. However, the
mechanism of reinforcement should be rather governed
by the high chemical affinity of Ti to oxygen than the
diffusion of the cation of titanium into HA lattice.
Strong materials were fabricated when BHA was doped
with inert glass (105 MPa for 5% glass at 1300 °C and
133 MPa for 10% glass at 1200 °C) [23]. Erkmen et al.
have achieved 100 MPa of compression strength in
tooth-enamel  derived-HA doped with partially
stabilized zirconia [24].

The results of microstructure observations, shown in
Fig. 1, and crystallographic analysis, shown in Fig. 2,

Intensity [cps)

agree with the above conclusions for the BHA-MgF;
composites. The SEM images of Figs. 1la and 1c
suggest a poor sintering regime at 1000 °C, where the
initial submicron powder particles of BHA are loosely
connected one to the other. Sintering is complete at
1300°C (Figs. 1b and 1d). The corresponding X-ray
diffractograms predominantly registered the patterns of
apatite. Although the X-ray peaks of HA and
fluorapatite (FA) are almost superimposed, the
presence of fluorine (due to MgF;) in FA may be
suggested due to the high mechanical properties of
Table 1 (comparing to pure BHA of Table 2), since it is
well known that fluorine reinforces HA. Peaks of
isokite (CaMgPO.F) can also be suggested. It is worthy
noted that the produced materials exhibited remarkable
thermal stability at 1300 °C since the peaks of apatite
maintain their intensity. No peaks of TCP were
registered at all, although the SEM images suggest
intensive sintering. This stability was already indicated
in the results of Table 1. The low amount of MgF, does
not cause any perceptible difference between the
samples having a different amount of MgF; in either
SEM-micrographs or X-ray diffractograms.

20004
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In this study, naturally derived apatite (and not
synthetic chemically produced HA) was intentionally
selected, considering it as an economic, endlessly
available, and designed by the nature herself material.
Indeed, HA materials produced via powder processing
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Figure 2. X-ray diffractograms of BHA-MgF, composites sintered at different temperatures: (A) BHA-1 wt%

MgF; 1000 °C, (B) BHA-1 wt% MgF, 1300 °C, (C) BHA-2 wt% MgF, 1000 °C, (D) BHA-2 wt% MgF, 1300

OC. (The peaks have been identified with the ICDD cards: HA 84-1998; FA 15- 0876; Isokite (CaMgPO4F) 7-
0406).
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route, where HA was obtained from bovine bone, has
been proven that have great potential for bone
substitute owing to their excellent biocompatible and
osteoconductive properties [25]. Animal bones [26],
teeth [27] as well as hydrothermally transformed
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aragonite skeletons of sea creatures [28] are abundant
sources of naturally derived apatite. However, all the
necessary safety precautions for eliminating all
possible risks of transmitting incurable and fatal
diseases from the animal-donors, such as human
immunodeficiency virus (HIV), or bovine spongiform
encephalopathy (BSE), should be taken [29].
Calcination method, as applied in this present study,
makes the transmission of such prions impossible since
no protein can survive at a high temperature of 850 °C
for several hours [22].

The good results of the present study, in terms of the
considerable increase of mechanical properties of BHA
matrix by doping with only 1 and 2% MgF,, indicate
the produced composites for further consideration and
experimentation in biomedicine, either in bulk or in
coating (e.g., plasma-spray) form. These good results
should be attributed to the influence of both the cation
Mg?* and the anion F" in apatite lattice. However, to
shed light on the precise influence of these elements in
apatite lattice (such as by Rietvelt analysis [30], that is
beyond the scope of the present article), HA of high
purity must be used, since biological apatites feature
several substitutions in their lattice.

IV. CONCLUSION

The results of this study showed that MgF, could
successfully dope the matrix of bovine derived
hydroxypatite (BHA) since doping with only 1 and 2
wt% MgF, significantly increased the mechanical
properties of BHA. The highest values of compression
strength were achieved after sintering at 1300 °C: 143
MPa for 2 wt% MgF; and 125 MPa for 1 wt% MgF;
addition. At the same sintering temperature, the highest
HV values were obtained as 291 HV for 1% MgF and
313 HV for 2% MgF,. The effect of reinforcement
should be attributed to the influence of both the cation
Mg?* and the anion F in apatite lattice. Moreover, the
experimental results suggest that the presence of MgF,
seemingly favors the shift of the onset of sintering
towards lower temperatures (i.e. towards 1100 °C) and
increases the thermal stability of HA towards
transformation to TCP at 1300 °C.
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Abstract

When the subject is change, there are a few options: The first is to lead the change and make the rules, the second is to be a
quick follower of the change and not to fall behind, and the third is to wait for the change to change you. Industry 4.0, as one
of the largest drivers of change, makes its presence felt in all work fields and enables new applications to participate in different
sectors. The main question here is how a multi-disciplinary and proactive domain like Occupational Health and Safety (OHS)
will be affected by the winds of change in Industry 4.0. Technological developments have changed the substance of the
problems and the variety of solutions in the OHS domain. In this paper, the components forming the substance of the Industry
4.0 philosophy are introduced, and good operational examples of these components in OHS have been investigated. The
purpose of this study is to consider the effect of Industry 4.0 on the OHS domain and make it more capable of being defined in
a theoretical context. Hence, the advantages and disadvantages of the subject are discussed by introducing Industry 4.0-based
OHS applications for different sectors in Turkey. Expectations from employees in the transition to Industry 4.0 will change.
Employees who can process digital data, who have knowledge about different disciplines and who are eager to work with the
multidisciplinary fields will be the people are preferred in the new industrial age. However, this status will affect the social
lives of the employees. New risks are expected to reveal different occupational diseases and accidents. Occupational health and
safety measures to be taken by experts should be adapted to new standards and legislation should be updated to cover these
issues.

Keywords: Industry 4.0, occupational health, safety

Oz

S6z konusu degisim oldugunda, birkag segenek vardir: ilki, degisime dnderlik etmek ve kurallar1 koymak; ikincisi, degisimin
hizl1 bir takipgisi olmak ve geride kalmamak; ti¢linciisii ise degisimin sizi degistirmesini beklemektir. Degisimin en biiyiik
oznelerinden biri olan Endiistri 4.0, tiim ¢aligma alanlarinda varligini hissettirmekte ve yeni uygulamalarin farkl sektorlerde
hayat bulmasina sebep olmaktadir. Buradaki temel soru Is Saglig1 ve Giivenligi gibi multidisipliner ve proaktif bir alanmn
Endiistri 4.0 degisim riizgarindan nasil etkilenecegidir. Teknolojik gelismeler, Is Saglig1 ve Giivenligi alanindaki problemlerin
igerigini ve ¢6ziim yollarmin ¢esitliligini degistirmistir. Bu ¢alismada Endiistri 4.0 felsefesinin 6ziinli olusturan bilesenler
tamtilmis ve bu bilesenlerin s Saglig: ve Giivenligi alanindaki iyi uygulama ornekleri incelenmistir. Calismanm amaci,
Endiistri 4.0’ Is Sagh1 ve Giivenligi alanna etkisini kavramsal ¢ercevede daha tanimlanabilir hale getirmektir. Bu nedenle
iilkemizde farkli sektorlerden endiistri 4.0 tabanh Is Saghg1 ve Giivenligi uygulamalar1 tamtilarak konunun avantajlari ve
dezavantajlar1 tartigilmustir.

Anahtar Kelimeler: Endiistri 4.0, mesleki saglik, giivenlik

I. INTRODUCTION

In recent years, Industry 4.0 is regarded as having created new value with developing technology and social
expectations. Industry 4.0, which seems to be the preferred method for companies that aim to produce independent
products internationally, also brings new approaches in manufacturing as well. Apart from the traditional meaning,
data processing and transfer is carried out in a different dimension within Industry 4.0 [1]. Industry 4.0 defines the
Fourth Industrial Revolution, a new level in the organization and management of the entire value chain of the life
cycle of products and production systems. This cycle focuses on ever-increasing individual customer needs and
includes all-in-one services that encompass product development and production orders, beginning with an
intellectual phase and involve product end-user distribution and recycling. As resources decrease day by day
worldwide and production volume increases, production systems are also changing. While there are many factors
that cause this change, the main reasons are increasing costs, constant innovation expectations and increasingly
global competition. With this new process called Industry 4.0, digitalization can be realized at every stage of
production, making it possible to meet market requirements faster, more flexibly and more efficiently. It is known
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that production technologies are changing over time.
Day-to-day  manufacturing and  manufacturing
technologies from earlier times are being dynamically
renewed. Producing goods and services efficiently is
also important in terms of the competitive environment.
A market economy makes competition compulsory,
and businesses that produce goods and services are
forced to deliver cheaper, faster and more efficient
production. Otherwise — due to the competitive
conditions — the business will not survive and will have
to withdraw from the market. Management knowledge
ensures that these businesses comply with such
competitive conditions and suggests ways to take
necessary measures to keep them alive [2]. At the new
level to be reached with Industry 4.0, the connection of
people, objects and systems will be common and
efficient. Thanks to this, a dynamic, real-time
optimized, self-organizing infrastructure will spread
across the entire organization and form inter-
organizational value-added networks. These networks
will have the ability to optimize themselves according
to various criteria, such as cost, availability and
resource utilization. The emergence of mechanical
industry in the industrial revolution of the 18th century
formed the first industrial revolution, the discovery of
electric motors in the 19th century spawned the second
industrial revolution, and the introduction of electronic
and information technologies in industrial systems
underpinned the third industrial revolution and created
the basis for Industry 4.0. The history of industry is
shown in figure 1.

History of Industry

Steam
Machine
Invented

Programmable
Machine Tools

Ford
Manufacturing
Method

Figure 1. History of industry

Internet of
Things

All these industrial revolutions did not just influence
production itself, but also the labour market and the
educational system as well. Industry 4.0 is a term first
used in the Hannover Fair in Germany in 2011 and in
an academic article by Kagermann. After putting
forward the main idea of Industry 4.0 by Kagermann
(2011), a theoretical framework from the German
Academy of Sciences and Engineering was published
in 2013 as the “manifesto”. In the final report of the
German Academy of Sciences and Engineering
Industry 4.0 forum, the distinguishing innovations that
this new era is bringing about are:

The global interaction of storage systems and
resources with machines.

The development of unique
products with location knowledge.

. intelligent
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Intelligent factories that adapt to product
specifications and  provide  resource
optimization.

The realization of new business models (new
services resulting from the use of big data).
New social infrastructure in the workplace for
employees.

Business structures sensitive to individual
differences.

A better work/life balance.

Responding to individual consumer demands.
Intelligent software developed for immediate
engineering and instantaneous response to
problems.

The European Commission’s Industrial 4.0 paradigm,
which internalizes the basic development in Germany,
is shaped largely in three dimensions:

Horizontal integration between value creation
networks.

End-to-end engineering in the product life
cycle.

Connectivity and vertical
manufacturing systems [3].

integration in

Industry 4.0 is considered to be the optimal digitization
of the manufacturing sector and helps the emergence of
analytical and business intelligence capabilities, new
forms of human-machine interaction, such as touch
interfaces and enhanced reality systems, and a new
stream of improvements in the transfer of digital
instructions such as 3D printing in the physical world.
In other words, the production of intelligent products
and services with intelligent robots in smart factories is
known as the fourth industrial revolution. The latest
technological change and transformation in the industry
has begun with Industry 4.0 and continues at a rapid
pace. Electronic information network systems
(Internet) are at the core of this industrial revolution,
and of Industry 4.0. Industry 4.0 emerges as a
digitalization and automation of all processes of a
company, and aims to bring this new technology to
business models, product production chains and
industry in general by combining intelligent product
manufacturing processes with revolutionary embedded
system technology.

Industry 4.0 delivers:

Low-cost production

Increased productivity

Higher quality products and services
Production with fewer errors

Minimum production time

Flexible production systems that can respond
to customer requests more quickly are
achievable.

The Industry 4.0 revolution is not only about smart and
connected machines and systems, the scope is much
broader. From nanotechnologies to renewable energy,
simultaneous development in each field is being
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experienced. It basically differs in that these
technologies are intertwined and merged, and they
interact in the physical, digital and biological fields.
Beyond speed and breadth, Industry 4.0 is largely
increasing alignment of different disciplines and
research, and is also unique because of its integration.
The effects of the Industry 4.0 revolution we live in will
determine the level of competencies in every area up to
strategic goals. Therefore, in recent years, academic
studies have been carried out in many fields from
science to law and from industry to economics. In
addition to the many advantages that Industry 4.0
brings and will bring in, some of the disadvantages
should be mentioned. As known, occupational health
and safety (OHS) is a set of processes aimed at reducing
all employee-related risks to the minimum possible
level. OHS is a proactive and multidisciplinary field.
This field is very suitable for innovations and
technology use. Thus, Industry 4.0 applications in the
field of occupational health and safety are widely
available. In this study, the components of Industry 4.0
will each be explained, and Industry 4.0 applications
used in the field of OHS will be discussed to highlight
the advantages and disadvantages with respect to OHS.
The rest of this paper is organized as follows. Section 2
includes the definitions and the preliminaries on
Industry 4.0. Cyber Physical Systems, Internet of
Things, Big Data, Cloud Systems, Cyber Security and
Virtual Reality which are the components forming the
substance of the Industry 4.0 philosophy are
introduced. Section 3 summarizes the findings the good
operational examples of these components in OHS.
Section 4 discusses the new risks are expected to reveal
different occupational diseases and accidents. Finally,
the study is concluded in the last section.

1. METHODOLOGY

When considering the innovations and working
principles of Industry 4.0, it is clear that cyber physical
systems, big data, the Internet of Things (1oT), virtual
reality and cyber security are very closely related. This
relationship also considers what each stakeholder needs
to do in order for the system to progress seamlessly.
The components of Industry 4.0 are shown in figure 2.

Figure 2. The components of industry 4.0
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2.1. Cyber Physical Systems and Industry 4.0

The new process, referred to as Industry 4.0, has a
structure that will completely change production and
consumption relationships. Industry 4.0 includes
systems in which sensors, machines and robots
communicate with each other over the internet,
simultaneously collecting massive amounts of real-
time information and storing them using cloud-based
technology. These systems, which are connected via
the internet and stored using cloud technology, are
called Cyber Physical Systems. These systems,
supported by sensors, involve the interaction of objects
in the physical world with their internet services and
global interaction [4]. The concept is derived from the
scientific discipline known as “cyber”, which is the
subject of research on the communication and control
of living beings and machines. In the 1970s the concept
of “cyberspace” was often used to describe control
processes based on information technologies,
computers and the Internet [5]. The concept of cyber
physical systems was first used by Lee in the US in
2006 to emphasize the growing importance of
computer systems linked to the physical world. Cyber
physical systems include mechatronic components
equipped with sensors that collected data about
business movements affecting physical processes.
Cyber physical systems are intelligent systems in which
ever-changing data are simultaneously linked together
in a virtual cloud system. As part of the socio-technical
system, cyber systems use a humanistic machine
interface for the production process [6]. Industrial
automation  systems  describe  computerized
manufacturing processes that enable physical
production processes to be managed through a monitor.
The cyber part of the system consists of computer
software that takes data from physical processes and
adapts this data to the production process [7]. Cyber
physical systems are one of the key components of
Industry 4.0. Collectively, the technologies enable
continuous communication and allow a ceaseless trade
of information and interaction between people and
machines, and between machines themselves. The main
component of the cyber physical system is the
‘Embedded Device’. An embedded device consists of
hardware and software integrated into a mechanical or
electrical system (or object) that is designed for some
purpose [8]. A cyber physical system is a collection of
these embedded devices that communicate with one
another and interact with the physical world via sensors
and actuators in a feedback loop. The cyber physical
system leads to a more ubiquitous use of computing
capability, and embedded devices can be included in
almost every engineered product. The efficient use of
cyber physical systems with high functionality enables
rapid growth of Industry 4.0. Industry 4.0 aims to work
independently of time and space and also at optimum
efficiency. Cyber physical systems that serve this
discipline are seen as an effective aid to it. As a result
of the integration of cyber physical systems with
production, logistics and services, it will be possible for
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today’s factories to be transformed by Industry 4.0 into
factories with significant added economic potential.

2.2. Internet of Things and Industry 4.0

The communication and interaction that the
components of production establish with each other is
provided through the internet. The Internet of Things
(10T) is where objects can communicate with each
other. The concept of the Internet of Things (10T) used
by Kopetz (2011) explains how data can be collected,
duplicated and organized from different sources in a
workplace or factory. The Internet of Things offers an
interconnected data management that speeds up process
controls. This platform effectively uses big data to
transform the knowledge of the cyber physical system
actions. The changing data has the potential to create
value in different layers of the business channel chain
[9]. The 10T is a special case of the cyber physical
system where the medium of network communication
is the internet. The term ‘Thing’ refers to scenarios
where network connectivity and computing capability
extends to objects (things), sensors and everyday items
not normally considered computers. The ‘Things’
generate, exchange and consume data with minimal
human intervention. Such objects are equipped with
ubiquitous intelligence and form a highly distributed
and  heterogeneous  network.  Because  the
communication medium is the internet, the objects are
not confined to a restricted geographical area but could
exist, in principle, anywhere. Through the 10T, the
network  could include globally  distributed
manufacturing sites and the supplier base.
Developments in Industry 4.0 are now having an impact
on the manufacturing industry. The Internet of Things
(10T), also called the industrial internet, forms the basis
of smart factories, intelligent products and intelligent
services [10]. The concept of the Internet of Things
includes systems that perform the functions of decision
making, communication, management and movement
with the aid of sensors located on various systems. Such
systems not only work on their own networks but also
communicate with other electronic networks. A device
shares business and services on its network with other
networks and follows requests and news from other
networks. It is expected that the ability to make
decisions, manage and act on such transactions should
be according to certain rules. On the one hand, the
production systems that adapt to the changing needs of
the consumer on the fly and on the other side depicts
the characteristic structure of the new era where
automation systems are in constant communication and
coordination with each other.

2.3. Big Data, Cloud Systems and Industry 4.0

The main vision for Industry 4.0 is the emergence of
“smart factories” that will be connected to the
production facilities of cyber physical systems, using
machine—machine, human—machine or human—human
communications, and at the same time use an enormous
amount of data obtained via Industry 4.0. For this
reason, it will be necessary to analyze big data to be
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able to predict possible failures and adapt in real time
to changing conditions. The philosophy of Industry 4.0
requires communication between industrial vehicles.
This communication, which takes place via the internet,
requires very large and traditional servers. This
problem increases the importance of research on big
data technology, which involves controlling and
directing systems [11]. New developments in cloud
technology have changed the way manufacturers and
their consumers think. Cloud systems and big data have
led to radical changes in the basic structure of business
and application models, and now it is one of the most
popular concepts of this age. Improvements in
computer and memory systems have made it possible
to collect and store data in very large amounts. The
cyber physical systems and the Internet of Things make
it possible to transfer data to physical systems that reach
enormous dimensions. Big data systems decrease the
need for servers to be kept by companies and provide
access to the information needed for production.
Together with that, big data systems enable the public
nature of information to be more visible, thereby
providing a number of cost advantages for companies,
while also affording a lower price advantage for
consumers. With the help of cloud systems, Industry
4.0 has the potential for placing the factory right at the
heart of a highly distributed network of customers,
retailers, suppliers and any other interested
stakeholders.

2.4. Cyber Security and Industry 4.0

The products produced with the Industry 4.0 system are
smart products. Based on connectivity, information
exchange and computing power, the main idea behind
smart products is that they control the production
process themselves. The fact that big data systems are
open to internet access makes the point of cyber
security for these platforms a very important topic.
Cyber security is protecting virtual systems against all
kinds of attacks and threats. Cyber security also
determines the security risks and weaknesses in
cyberspace, institutions, organizations and users from
undesired threats and takes precautions by making
necessary security analyses. The main purpose of cyber
security is to protect the confidentiality of the
information processed, stored and transferred in the
information systems, the integrity of the data, the
information access, the protection of the speed and
quality, and the continuity of the system. The
interconnected nature of Industry 4.0-driven operations
and the pace of digital transformation mean that cyber-
attacks can have far more extensive effects than ever
before, and the reality is that manufacturers and their
supply networks may not be prepared for these risks.
For efficient operation of Industry 4.0 in all areas, the
cyber security rationale must be regularly refreshed,
flexible and practical.

2.5. Virtual Reality and Industry 4.0
Monitoring of actual processes and machines takes
place in the physical world. In Industry 4.0, these
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processes may be linked to virtual models or models
created through simulation. Industrial engineers and
designers can then customize, change and test changes
or upgrades in a completely isolated way without
affecting the physical processes they virtualize.
Manufacturers involved in Industry 4.0 installations
can create a “virtual twin” of the smart factory to
greatly improve existing processes and products, and
reduce the time needed for product development and
modelling, create a manufacturing process, and thus
reduce the cost of new products. Before the advent of
Industry 4.0, if it was desired to test whether a
production process was working efficiently and
effectively, trial and error was required. In Industry 4.0
systems, a digital twin of the production process can be
created by simulation modelling and testing using
virtual reality, and so, product quality as well as
production can be controlled by the digital twin version.

I1l. FINDINGS

The effects of the Industry 4.0 revolution we are living
through will determine the level of competencies in
every area up to strategic goals. Therefore, academic
studies have been carried out in many fields from
science to law, from industry to economics in recent
years. In addition to the many advantages that Industry
4.0 brings, and will bring in, some of the disadvantages
should be mentioned. As known, occupational health
and safety (OHS) is a set of processes aimed at reducing
all the problems related to employees to the minimum
possible level. Being healthy is defined as being
physically, spiritually and socially complete, so it can
be said that when all these states of well-being exist
together, one is fully healthy. Physical health means no
illness, disability, or having a disease risk factor in the
body; mental health means knowing how to act
according to the age and situation of the person, and
social health means that the person creates a language
that is understandable within the environment they live
in and performs a role in society according to the needs
of the society in which they live. A deterioration in any
of these areas will lead to disruptions and imbalances
in the other aspects. This indicates that the factors that
make up health are not completely independent from
each other, but tend to act as a whole. OHS is a
multidisciplinary field that takes proactive measures
against work accidents and occupational diseases,
informs employees, organizes training, conducts risk
assessments and carries out activities to regulate the
working life to the extent required by labour laws.
OHS, like all other fields of study, is affected by
developments in technology, and the innovations
brought by Industry 4.0 have the opportunity to be
applied to OHS. Therefore, it will probably be
necessary to interpret OHS from a new perspective.
Leso V et al studied in their paper to provide a
comprehensive overview of the opportunities and
problematical aspects of Industry 4.0 in relation to the
health and safety of workers [12]. Thanks to the
integration of the basic building blocks of the OHS 4.0
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digital transformation process into the field of
occupational health and safety, it is interpreted as a new
trend aimed at proactively protecting the health and
safety of employees by maximizing human and
machine compliance with safety procedures.

Figure 3. The components of OHS 4.0

This trend finds a response in business life, and the way
of doing business also changes in the field of OHS. For
example, the Internet of Things (1oT) technology has
started to be used, for personnel tracking especially, in
the field of OHS. It is thanks to this technological
development that personnel follow-up in mining for
coal is possible and access to facilities such as location
detection at the time of an accident can be achieved.
Another example of OHS 4.0 study is in virtual and
augmented reality applications. It is possible to transfer
many activities such as working at height, fire training
and case analysis to employees with virtual and
augmented reality applications, and to achieve better
performance than the classical method. The
components of Industry 4.0 that are used for OHS are
shown in figure 3. With these technologies being
integrated into our lives more and more every day, an
innovative period has started in OHS training, and
simulation technologies, including time, space,
equipment etc., help eliminate many constraints. It has
also been stated by employees that the permanence and
quality of the training has increased.

New technological developments are needed in order to
overcome the difficulties encountered with OHS in
order to decrease the cost and to increase the security.
Therefore, it is very important to use the innovative
technologies that Industry 4.0 can bring to deliver
effective OHS applications to business life. When it
comes to OHS, the rhetoric such as “wear your hard
hat” and “wear your gloves” are now replaced by
completely different concepts, and the perspective of
OHS practices change. To achieve this, a
multidisciplinary approach needs to be adopted
including on the expertise of a team comprising
engineers, IT experts, psychologists, ergonomists,
social and  occupational  scientists, medical
practitioners, and designers [13]. It is relatively easy to
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ensure the safety of workers in traditional production
environments where a uniform product is
manufactured. Safe working environments can be
created thanks to the planned improvement works
related to the risks identified through a risk assessment
and trained employees with the necessary competence.
If the correct procedures are prepared and
implemented, hazards will be minimized and existing
risks for the safety of employees will be eliminated.
However, there are potentially many different and
complex challenges in a production environment
operating in a hybrid system. While reconstructing
production areas in a short time, rapid changes in the
tools and even the physical movement of the equipment
can pose a humber of security issues that may require a
separate risk assessment for each of the configurations
to meet potential requirements. In addition, systems
that will ensure the security of processes, employees
and data will need to be installed. Thanks to the systems
developed with Industry 4.0, data can be collected in
real time and then used in a timely manner without
potential danger arising. When a number of devices are
installed in the equipment that can detect and report the
behavior of the operator, this device can be used to
determine the quality of the air in the environment, the
weight of the load being lifted, the working angle of the
equipment, the noise in the environment, etc. It can
specify the parameters that may work and pose a risk
for the process. In this way, data related to the physical
and biological properties of the operator and the
environment are obtained during the study and these
data are analyzed and evaluated. When acceptable
limits are exceeded, the activity is stopped by giving a
warning [14]. Innovations such as moving most of the
training to virtual environments, simulating the events
with  different  scenarios, producing in-house
applications and making them available on mobile
phones are considered as contributions of Industry 4.0
to OHS. Using big data technologies for OHS and
trying to identify the risks with the data sets becomes
more popular day by day. Industry 4.0 means a real-
time interaction between humans, machines and
products for developing smart production models
where the products are specialized via digitalization for
maximum flexibility. Industry 4.0, with human—
computer interaction, also aims to provide production
with exact punctuality, minimum costs and maximum
efficiency. It is considered that repetitive tasks
performed by robots will allow human resources to be
allocated to more appropriate tasks and reduce
occupational accidents to a minimum, especially in
domains where the accident risk is high when machines
and humans work together. The Industry 4.0
components, cyber physical systems and robots provide
opportunities for reducing occupational accidents and
accident risks. There are several examples on this
subject. The “Risk Seizure in Virtual Environment”
application of Tofas Turkish Automobile Inc. requires
the employees to enter a virtual auto-paint section with
augmented-reality glasses and detect the risks in the
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environment. The risks the employee detects in the
environment gain points for the employee, and after this
process they get a certificate. Anatolian ISUZU Inc.
operates the application programs Ergonomics
Measurement Area and Ergonomics Central. OHS
experts and also physiotherapists carry out duties here.
With the application that Beygelik Gestamp
Automotive Inc. put into practice, an electronic sensor
is placed in every working cell, and in case that the
employee enters the wrong cell — by using a transmitter
required for every employee — the process in the cell is
forced to stop. A firm called BSH has realized a first in
the world with the “smart ramp” application. In this
ramp safety application, there is a safety mat in the area
where the car approaches that senses living beings and
tire-stabilizing barriers appear if there are any living
beings are nearby, so the car is prevented from moving
backwards or forwards. Furthermore, there is a moving
ramp latch extending from the depot to the vehicle, so
forklift trucks can carry weights right into the vehicle.
Finally, there are lights that the vehicle can see on large
screens; the red light signals the vehicle not to move,
the green light signals that the loading is complete, and
the vehicle may move. HEMA INDUSTRIES Inc.
developed software for preventing problems such as
musculoskeletal disorders, objects being dropped onto
feet, and hands being squashed, during apparatus
replacement. With this software, the worker enters the
information for the desired apparatus into the screen.
The robot brings the apparatus defined in the system to
the worker and performs the replacement. ARCELIK
Inc. brought the Ergomatik application into operation
to avert all repetitive actions and prevent ergonomic
discomforts. With this application, heavily repetitive
actions in a shift or a day are calculated, and all manual
processes are cancelled. For example, during the
production of an air conditioner, the silicon spraying
process is repeated 800 times a shift, the body labeling,
stenciling and drying processes are repeated 10000
times a day. Palm top power is used 2000 times a day
and musculoskeletal disorders occur due to repetitive
hand—wrist movements. With the application the firm
put into practice, all these processes are now beginning
to be handled by robots. A decrease in work accidents
and occupational illness notifications has been
observed. Examples such as BORUSAN LOGISTICS
Inc.’s education of employees regarding working-at-
high-altitudes via augmented reality, TURKCELL
Inc’s mobile application regarding OHS education
being available on all the employees’ cell phones and
tracking their education using this application are the
points where Industry 4.0 and OHS converge. Updated
software and virtual reality applications preferred in
management systems are other examples of
applications in the OHS domain. Management systems
and software such as lova, Akare and Qdms are used
more and more by the day in the OHS domain so that
reporting procedures are facilitated [15]. Some
application examples of Industry 4.0 that are used for
OHS are shown in table 1.
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Table 1. Some application examples of industry 4.0 used for OHS

Program/

Application Name Usage Purpose Users
All reports regarding OHS
* Monthly statistics (man hours, education hours)
* 1 -
Within Accident anq cloge encounter reports . - All Eunctional
Besafe C * Dangerous situations, acts and goods operation notifications
ompany | , - Managers
Fuel consumption
* Managers monthly OHS-Environment report
* Pandemia statistics tracking
I OHS-
SAP Within Annual environment report Environment
Company
Manager
VR (Virtual Within A virtual reality program in which 5 deadly risks in pavement
\ . - All Employees
Reality) Company | construction work are simulated
Within OHS-
Workplace c Medical report tracking of employees Environment
ompany Unit
Machine
Within Equipment tracking application (Machine control list, maintenance Equipment Unit
Envepo : - and OHS-
Company | and malfunction tracking) Envi
nvironment
Unit
Within Sharing program for communications, meeting, and all documents
Teams Company | within company All Managers
Bluejeans Within International education, seminar and meeting program All Managers
Company
Driver Risk Within A program measuring driver’s risk levels and giving education .
- - - All Drivers
Management Company | towards enhancing their risk perception
A program which educates managers in construction tasks, provides
Wranx Within education in every subject, conducts tests, awards badges to people All Managers
Company | according to level of achievement, and shows OHS education success g
stats
Risk Seizure in Within
Virtual Risk identification program in virtual auto-paint section environment | All Employees
Envi Company
nvironment
. L A unit which determines ergonomic measurements and conducts
Ergonomics Within e - - -
treatment and rehabilitation studies with regard to occupational All Employees
Central Company | .
illnesses
. Within - . . .
Electronic Sensors Transmitter preventing worker entering working cell All Employees
Company
Smart Ramp Within Safety mat, tire-stabilizing barriers, ramp latch All Employees
Company ' '
Software for preventing problems such as musculoskeletal disorders,
Workpiece Within items being dropped on feet and squashing of hands during workpiece
Replacement Compan replacement. With this software, the worker enters the information for | All Employees
Robot PaNY | the desired workpiece into the screen. The robot brings the workpiece
defined in the system to the worker and performs the replacement.
The Ergomatik application is used to avert all repetitive actions and
. Within prevent ergonomic discomfort. With this application, very repetitive
Ergomatik A - All Employees
Company | actions in a shift or a day are calculated, and all manual processes are
removed.
VR (Virtual Within . . . . .
Reality) Company Giving work-at-high-altitudes education to employees via VR All Employees
Mobile OHS Within
Education OHS education tracking of employees All Employees
o Company
Application
Within . .
IOVA, AKARE c Management systems tracking OHS Unit
ompany
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IVV. DISCUSSION

With the world transitioning to Industry 4.0, the
management systems in factories are changing.
Employees may work in factories or offices provided
by the employer, as well as from a place outside the
factory that is not provided by the employer. This
change in working life can cause many potential
problems in the field of OHS. First of all, the decrease
in the number of employees in the factories, and the
increase in the use of machinery requires changes in the
measures to be taken by the employer in order to
prevent occupational accidents. In terms of OHS, the
decrease in the number of employees will reduce the
number of workplace physicians — required by law —
and also the time the workplace physician works will
decrease. Industry 4.0 means less contact between
workers and machines, which will reduce machine
accident rates. Traditional production line workers and
knowledge workers their tasks will merge more than
ever. The processes will need various different new
solution systems. This means management and
production processes will become even more
automated. Employees know where and when they do
things, will be able to design their working lives
themselves by calculating the access schedule. These
social lives of time and value will be reflected.
However, having continuous access to jobs also has the
potential to create some psychological problems in the
future. On the other hand, the increase in the number of
people working in offices will increase the risk and rate
of work accidents or occupational diseases in offices.
The possibility of working from abroad will raise the
problem of which country law to apply to any dispute.
In remote management outside the factory, the
employer must have informed the worker about
occupational health and safety measures, provided the
necessary training, supervised health and provided the
necessary equipment, but when a worker operates
remotely and works in a comfortable environment such
as their own home, they are less likely to follow these
instructions. In such a case, it will be difficult to prove
that the accident occurred due to work. Changing the
way of working will also change the existing OHS risk
factors for employees. Among risk factors, the physical
risk factors that are expected to remain important with
Industry 4.0 include noise, vibration, lighting, thermal
conditions, pressure and radiation will remain.
However, more detailed OHS measures may be
required for the protection of the eye health of workers
regarding illumination. Industry 4.0 will decrease the
rate at which the effect of microorganisms will be
considered a biological risk factor of using machines in
the production process. Increasing the number of
machines in production sites may result in increased
dust and gas density. Therefore, regulations regulating
these chemical risk factors will need to be updated. In
the Industry 4.0 system, it is estimated that the rate of
psychosocial risk factors, such as precarious labour
contracts, an aging workforce, job concentration,
disruption of work and non-work life balance, group
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bullying and time management, will increase.
Ergonomic risk factors will become more prominent as
the time work pattern will change for employees. In
Industry 4.0, there is a principle of continuous
operation in smart factories in order to get maximum
efficiency in production. In order for the factories to
work continuously, the employees must work in shifts.
This situation will bring with it a disruption to work and
non-work life balance for employees. In other words,
the employee will not be able to keep to a fixed routine
in the shift system. Non-standard employment, shift
work, daily rhythm disturbance, and maybe the most
important one, social disconnection, are the other
problems that will occur. In addition, the use of
information systems in production means the private
life of the employee can be more intertwined with
business life, and the distinction between private and
work life will become blurred for the employee. The
effect of this situation on the employee will manifest
itself as a psychosocial risk factor. Kocaay studied
possible effects of Industry 4.0 to work life and
occupational health. In the paper author suggested that
the employer should evaluate the aspects of new
developments that will affect occupational health and
safety, also he should follow the software changes
made to machinery and equipment. Workers using
these systems should also receive the necessary training
[16]. In Industry 4.0 workers need to be open to many
different new and special skills. Conventional
production knowledge and habits need to be combined
with software skills. These can be difficult for
employees who are used to the current working order.
Employees' motivation to new production systems and
open to learning will be beneficial for them. They need
to be more flexible and accept continuing education to
collaborate more effectively. The most important issue
that employers will encounter in this regard is the
training of existing employees and the recruitment of
new employees who are equipped to learn better.

VI. CONCLUSIONS

Technological developments have changed the content
and diversity of problems in the OHS field. Technology
plays a very important role at the point where industrial
revolutions have come. Many new technologies such as
Internet-enabled production tools, decision-making
machines, robots, digital databases will support
traditional production tools and will take their place
over time. Expectations from employees will also
change in the transition to Industry 4.0. However, this
situation will also affect the social lives of the
employees and cause new risks to emerge.
Occupational health and safety measures to be taken by
experts should be adapted to new standards and
legislation should be updated to cover these issues.
The components forming the core of the Industry 4.0
philosophy have been introduced and examples of good
practices in the field of OHS have been examined in
this paper. The aim of the present paper was to make
the impact of Industry 4.0 on Occupational Health and
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Safety more definable within a conceptual framework.
The effects of Industry 4.0-based applications on OHS
can be examined in more detail by comparing the
before and after activities in future studies.
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Oz

Kurumlar her gecen giin zorlagan piyasa kosullarinda deger yaratabilmek ve hayatta kalabilmek i¢in faaliyet gosterdikleri
sektorlere gore yeni ¢oziimler iiretmelidirler. Thtiyag duyulan iyilestirme ¢alismalarinin baslayabilmesi icin problemlerin ortaya
¢ikis sebeplerinin tanimlanmasi gerekir. Deger akis haritalama (DAH), mevcut sistemin performansini ortaya koymak ve analiz
etmek i¢in veri toplanmasini igeren ve liretim siirecini planlamaya yonelik bir yalin iiretim aracidir. Bu ¢aligma, bir tekstil
fabrikasinda deger akis haritalama yontemi kullanilarak belirlenen darbogazlarin yalin {iretim uygulamalariyla iyilestirme
yapmay1 amaglamaktadir. Bunun i¢in ilk olarak her bir istasyon incelenerek bircok problem tespit edilmistir. Daha sonrasinda
Hata Tiirii ve Etkileri Analizi (HTEA) yontemi ile bulunan hatalar arasinda degerlendirilme yapilmis olup en yiiksek puana
sahip olan {i¢ hata mevcut durum iizerinde haritalandirilmistir. Deger akis1 yontemi ile takt zamanlar ve ¢evrim zamanlari
ortaya ¢ikarildiktan sonra firmanin rekabet giiciinii artirmak i¢in olasi iyilestirmeler tartisilarak gelecek durum iizerinde tekrar
HTEA yontemi uygulanarak degerlendirmede bulunulmustur.

Anahtar Kelimeler: yalin iiretim, deger akis haritalama, hata tiirleri ve etkileri analizi

Abstract

Institutions face to introduce new solutions to create value and survive in difficult market conditions. In order to make
improvements in the organization, first factors causing problems must be identified. Value stream mapping is a lean
manufacturing tool to plan a production process that involves collection of data to capture current system performance and
analysis. This work aims to identify processes that causes bottleneck in a textile company by utilizing value stream mapping
(DAH), and improve those process by lean manufacturing methods. First, the current states map of the organization is presented
to identify sources of waste and then possible improvements are discussed to increase its competitiveness. Then, the most
important three problem in the production system are identified by failure mode effect analyses (HTEA). Cycle times and takt
times are calculated for studied production process. Finally, possible improvements are discussed and future value stream map
is presented.

Keywords: lean production, value stream mapping, failure mode effect analyses

I. GIRIS

Uretim siireci boyunca isletme kaynaklarinin, verimli ve planli bir sekilde yiiriitiilerek, maliyet ve zaman tasarrufu
ile birlikte karlilik elde etmek giiniimiiz rekabetci kosullarinda son derece dnemlidir. Uretim yonetimindeki amac,
bu rekabet¢i ortamlarda iiretim siirecindeki gerekli ve gereksiz islerin birbirinden ayrilmasi, israflardan
kaginilmasi, mevcut degerleri yalin bir sekilde sunarak sirket karliligini arttirmaktir.

Yanlhs iriin ya da hizmetin dogru veya dogru {iriiniin zamanindan Once iretilmesi sadece israf olarak
degerlendirilmektedir. Yalin bakis acisinda miisteriye deger katmayan her sey israf olarak nitelendirilmektedir.
Taiichi Ohno (1988), israfi “kaynak tiiketen fakat deger yaratmayan bir faaliyet” olarak tanimlanustir. Israfin
ortadan kaldirilmasi iiriiniin tasarimindan dagitima kadar pek ¢ok siirecte tizerinde durulmasi gereken bir konudur.
(Sang, Khairuzzaman, Abdul, Boon, & Yew 2013). Bu siiregte amag israfin azaltilmasi ile miisteri taleplerini
miimkiin oldugunca en iist seviyede yerine getirmektir.

Bu baglamda bu ¢aligmada kullanilan ilk yontem olan DAH sz konusu {irlin ailesinin gegtigi rotalar boyunca
(hammaddenin geldigi tedarik¢iden miisteriye) iirline deger katan ve katmayan faaliyetlerin gosterilmesinde
kullanilan bir yontemdir. Yontemin asil amaci resmin biitiiniine bakmakla birlikte biitiinii iyilestirmeye
caligmaktir. Diger bir yontem olan HTEA ise iirliniin tasariminda, siirecinde veya hizmetinde meydana gelebilecek
potansiyel hatalar1 dnceden belirmek ve kalitesizligin 6niine gecerek sifir hatayr hedefler.
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Tekstil Sektériinde YU

Bu c¢alismanin amaci, siparige gore iiretim yapan bir
firmada yalin iiretimin uygulanabilirliginin incelenip,
yapilabilecek bir takim g¢aligmalar sonucunda ne tiir
kazanimlar elde edilebileceginin arastirilmasidir.
Calisma, miisteri talebini karsilamakta zorluk ¢eken bir
tekstil isletmesinde yapildigindan ana amag¢ toplam
¢evrim ve toplam akig siiresinin diisiirmek ve ara
stoklar1 daha dengeli bir yapiya getirmek olmustur.
Calisma icerisinde Yalmn Uretim tekniklerinden biri
olan deger akis haritalama teknigi (DAH) ve hatalarin
analizinde Onlenmesinde kullanilan hata tiirleri ve
etkileri analizi (HTEA) yontemi kullanilmustir.
Uygulamada ilk olarak bir proseste DAH yontemi ile
iretim birimlerinin her biri i¢in takt zaman ve ¢evrim
zamanlar1 belirlenmistir. Daha sonrasinda ise HTEA
yontemi ile hatalar analiz edilerek, hatalarin olusumunu
en aza indirmek hedeflenerek uygun noktalarda
dengelenmis {iretim akig1 tasarlanacak sekilde
iyilestirmeler ve Oneriler sunulmustur. Calisma
kapsaminda yapilan iyilestirme ¢alismalar1 neticesinde
dese orani %2.5 oraninda azalirken, toplam akis siiresi
%48, toplam c¢evrim siiresi ise %57’lik bir oranda
azalmustir.

Calismanin ikinci béliimiinde detayli Yalin Uretim ve
DAH ile ilgili literatiir taramasina yer verilmistir.
Ucgiincii boliimde ¢alismada kullanilan yontemler ve
uygulama yapilan sirketle ilgili bilgiler verilmistir.
Dordiinci  bolimde mevcut ve gelecek durum
haritalamast  ile yapilan uygulama c¢aligmasi
gbsterilmigtir. Son boliimde gelecek durum ROS
degerleri, iyilestirmeler ve oneriler sunulmustur.

II. LITERATUR ARASTIRMASI

Literatiir incelendiginde yalin iiretimin ve VSM
tekniginin siklikla kullanildig goriilmektedir. Gupta ve
Brennan (1995), yaptiklar1 ¢alismada ufak ¢apli bir
firmada JIT uygulanabilirligini &lgmils ve bu
uygulamanin yapilabilmesi igin siirekli akigin olmasi
gerektigi sonucuna varmislardir. Golicic ve Medland
(2007), ABD’deki kiigiik bir firmadaki Yalin Uretim
uygulamalarinin {izerinde tedarik zinciri iyelerinin
etkisini deneysel olarak agiga ¢ikarmistir. Calisma
verileri  gostermektedir ki,  kiigiik  firmalar
miisterilerinin ve tedarikgilerinin {izerinde herhangi bir
degisimde etkili degilse uygulanan Yalin Uretim’in
kazanci da smurli olacaktir. Bamber ve Dale (2000),
havacilik sektoriinde faaliyet gosteren geleneksel
tretim yapan bir firmada yalin iiretim tekniklerinden
biri olan kanban teknigi ile siparige gore tiretim yapiyor
olmanin art ve eksi yonlerinden bahsetmistir. Bonavia
ve Marin (2006), bir seramik tugla fabrikasinda Yalin
Uretim’in uygulanabilirligi konusunda ¢alismislardr.
Yapilan calisma sonucunda bir takim Yalin Uretim
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tekniklerinin  kisithgr  kaldigint  ve  bunlarin
standartlagtirilmasi gerektigi savunulmustur. Crawford
ve Blackstone (1988), yaptigi ankette yalin {iretim
uygulamasit ve buna bagli operasyonlara bagl
problemleri agiklamay1 hedeflemistir. Anket sonucuna
gore isletmeler icin, calisan ve teknik problemlerdir.
Gahagan (2007), VSM teknigini bir benzetim modeli
ile birlikte kullanmistir. Arena programinda gelistirilen

bir VSM sablonu ile haritalamadaki bulgular
dogrulayarak ve deger akisindaki degisiklikleri
deneyerek kazanimlarin belirginlestirilmesini
saglamistir. Sedefoglu ve Akman (2018), VSM

teknigini Analitik Hiyerarsi Proses (AHP) metodu ile
birlikte kullanarak verimsiz bir {iretim hatti igin
iyilestirmeler sunarak  bir aksiyon  plani
olusturmuslardir. Mohanraj ve Sakthivel (2011), Deger
Akis Haritalama ve Kalite Yayilim Fonksiyonu
yontemlerini birlikte kullanarak atiklarin bilimsel
olarak  aciklanmast ve israfin  engellenmesi
amaglamislardir. Akgaoglu (2012), Bayes Inang Aglari
(Bayesian Belief Network) modeli kullanarak VSM
teknigine bagli olarak belirlenen darbogaz siireglerin ve
siirelerinin  iyilestirilmesinde ~ ¢6ziim  Onerileri
sunmustur. Vinoth ve Raghuraman (2013), tiretim
hattindaki atik ve katma degeri olmayan isleri analiz
ederek performansi iyilestirmek icin gerekli eylem
planlarint VSM ve Hata Tiirii Etkileri Analizi (FMEA)
yontemiyle olusturmustur. Emiliani ve Stec (2004),
VSM ile liderlik iizerine c¢alisarak inang, davranis ve
rekabet konular1 iizerinde durmustur. Efe ve Engin
(2012), VSM yontemini kullanarak ultrason, tomografi,
rontgen, laboratuvar sirasinda bekleyen hasta grubu
icin bekleme siiresini azaltict Oneriler sunmustur.
Marasl, Ak¢a ve Kama (2016), Yalin Uretim ilkeleri
1s18inda  yaptiklart caligmada bir dondurma iiretim
isletmesinde kalip degisim siirelerini ve stok
seviyelerini diislirerek ortaya ¢ikan yeni kalip degisim
sireleri  gelecek durum haritasinda gdstermistir.
Ramesh ve Kodali (2012), VSM ile AHP yontemlerini
bir arada kullanarak israf tilirlerini belirlemek i¢in bir
karar sistemi kurmuglardir. Agus ve Hajinoor (2012),
iretim sektoriinde 3 performans degiskeni olan {iriin
kalitesi performansi, yalin iiretim performans olgiiti,
isletme performansi ve alt boyutlar1 arasindaki iliskiyi
gozlemlemistir. Gurumurthy ve Kodali (2011), PVC
iirtin dreten bir firmada stok seviyeleri, ¢evrim siiresi,
isgiicliniin etkin kullanimi gibi performans olciitleri ile
iyilestirmeler ortaya koymustur. Kaymaz ve Cavdur,
(2018), yeniden isetme istasyonu ile ¢evrim siiresini
minimize etmeyi amaclamistir. Omiirgdniilsen ve
Catman (2018), yaptig1 calismada kamu kurumlarinda
kisilere daha iyi hizmet verilebilmesi i¢in israfi en aza
indirmeyi hedeflemislerdir. Asagida verilen g¢izelge
1.1°de literatiirdeki ilgili ¢aligmalar ve bu galigmalar
hakkinda bilgiler 6zet olarak verilmistir.
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Tablo 1.1. Literatiir aragtirmasi ve ilgili ¢alismalar hakkinda 6zet bilgiler

Yil

Yazar

Yontem

Calismanin Faydalar:

(1988)

Crawford ve Blackstone

Yalin Uretim

Yapilan ankette yalin iiretim uygulamasi ve buna
bagh operasyonlara bagh problemleri
agiklanmigtir

(1995)

Gupta ve Brennan

JT

Ufak capli bir firmada JIT uygulanabilirligini
6lgmils ve bu uygulamanin yapilabilmesi igin
stirekli akisin  olmast  gerektig§i  sonucuna
varilmustir.

(2000)

Bamber ve Dale

Yalm Uretim
Kanban

Havacilik sektoriinde faaliyet gosteren geleneksel
dretim yapan bir firmada yalin {iretim
tekniklerinden biri olan kanban teknigi ile siparise
gore {iretim yapiyor olmanm art ve eksi
yonlerinden bahsedilmistir.

(2004)

Emiliani ve Stec

DAH

DAH ile liderlik iizerine ¢aligsarak inang, davranig
ve rekabet konulari izerinde durulmustur.

(2006)

Bonavia ve Marin

Yalm Uretim

Yapilan c¢alisma sonucunda bir takim Yalin
Uretim tekniklerinin kisithig kaldigini ve bunlarm
standartlagtirilmasi gerektigi savunulmustur.

(2007)

Gahagan

DAH

Arena programinda gelistirilen bir DAH sablonu
ile haritalamadaki bulgular1 dogrulayarak ve deger
akisindaki degisiklikleri deneyerek kazanimlarin
belirginlestirilmesi saglanmistir.

(2007)

Golicic ve Medland

Yalin Uretim

ABD’deki kiigiik bir firmadaki Yalm Uretim
uygulamalarmin  iizerinde  tedarik  zinciri
iyelerinin  etkisi deneysel olarak aciga
cikartlmigtir.

(2011)

Mohanraj ve Sakthivel

Deger Akis Haritalama ve
Kalite Yayilim Fonksiyonu

Atiklarin bilimsel olarak agiklanmasi ve israfin
engellenmesi amaglanmustir.

(2011)

Gurumurthy ve Kodali

Yalm Uretim

PVC fdirlin tireten bir firmada stok seviyeleri,
cevrim siiresi, isglicliniin etkin kullanimi gibi
performans Olgiitleri ile iyilestirmeler ortaya
koyulmustur.

(2012)

Ramesh ve Kodali

DAH ve AHP

Israf tiirlerini belirlemek igin bir karar sistemi
kurulmustur.

(2012)

Agus ve Hajinoor

Yalin Uretim

Uretim sektoriinde 3 performans degiskeni olan
iirtin kalitesi performanst, yalin tiretim performans
Ol¢iitli, isletme performansi ve alt boyutlari
arasindaki iliskiyi gézlemlenmistir.

(2012)

Efe ve Engin

Yalin Uretim

Ultrason, tomografi, rontgen, laboratuvar sirasinda
bekleyen hasta grubu i¢in bekleme siiresini azaltict
oneriler sunulmustur.

(2012)

Akgaoglu

Bayes inang Aglar1 ve AHP

Belirlenen darbogaz siireglerin ve siirelerinin
iyilestirilmesinde ¢6ziim 6nerileri sunulmustur.

(2013)

Vinoth ve Raghuraman

DAH ve HTEA

Uretim hattindaki atik ve katma degeri olmayan
isleri analiz ederek performansi iyilestirmek igin
gerekli eylem planlar1 olusturulmustur.

(2016)

Marasli, Ak¢a ve Kama

Yalin Uretim

Bir dondurma iiretim isletmesinde kalip degisim
stirelerini ve stok seviyelerini diigiiriilerek ortaya
cikan yeni kalip degisim siireleri gelecek durum
haritasinda gosterilmistir.

(2018)

Sedefoglu ve Akman

DAH ve AHP

Verimsiz bir iiretim hatti icin iyilestirmeler
sunularak bir aksiyon plani olusturulmustur.

(2018)

Kaymaz ve Cavdur

Yeniden Isleme Istasyonu

Bir isletmede ¢evrim siiresini minimum seviyeye
diisirmeyi amaglanmustir.

(2018)

Omiirgéniilsen ve
Catman

DAH

Kamu sektoriinde kisilere daha iyi hizmet
verebilmek i¢in israf unsurlarini en aza indirilmesi
hedeflenmistir.
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Bu calismada ise iplik iireten bir tekstil fabrikasinda
deger akist haritalandirma ydnteminin ve hata tiirleri ve
etkileri analiz ydnteminin entegre kullanildigi bir yalin
iretime gecis uygulamasi yapilmustir. Yalin iretim
tekniklerinden biri olan DAH ve toplam Kkalite
yonetiminin bir parcasi olan HTEA birlikte kullanilarak
oneriler sunulurken igletmenin ¢evrim siiresinin
azaltilmasi, stok miktarinin diigiiriilmesi, karsilagilan
problemlerin  etkilerinin en aza  diisiiriilmesi
hedeflenmistir.

III. METODOLOJI

3.1. Deger Akis Haritalama

Girdileri (hammadde, enerji ,isgiicii) ¢iktilara (iiriine
ve/veya hizmete) doniistiiren siiregte ¢ok sayida
faaliyet vardir. Bu faaliyetler arasinda nihai iriine
deger katanlarin yaninda deger katmayanlar da vardir.
Yalin tretim tekniklerinden biri olan deger akisi
haritalama metodu (Value Stream Mapping) nihai
iriine deger katmayan adimlari gosteren bir harita
sunmaktadir. Deger akis haritalama yontemi, prosesleri
tek tek iyilestirmek yerine sistemin Dbiitiini
iyilestirmeyi amacglamaktadir. Bu yontem ile fazla
elleclemenin ortadan kaldirilmasi, kaynaklarin en etkin
bigimde kullanilmasi, hammaddenin zamaninda tiriine
doniistiirilmesi, teslim  siirelerinin  kisaltilmasi,
maliyetlerin azaltilmast ve isletmeye bu sayede
karlhiligin artirilmasi amaglanmaktadir.

Deger akisi haritalandirma ile ortaya konulmak istenen;
tasarimdan sevkiyata {irliniin prosesinin izlenerek
malzeme ve bilgi akisinda yer alan her asamanin
sembolize edilmesidir. Daha sonraki asamada gerekli
anahtar sorular sorularak akigin nasil olmasi gerektigini
gosteren ‘gelecek durum haritasi ¢izilecektir. Calisma
igin {iriin ailesinin se¢ilmesi, mevcut durumun analiz
edilmesi ve gerekli iyilestirmeler diisiiniilerek gelecek
durumun tasarlanmasi ve buna baglh faaliyet planinin
hazirlanmasi, deger akigi haritalandirmanin temel
adimlarmi olusturmaktadir (Birgiin, Giilen, & Ozkan,
2006).

UOriin Allesinin Secimi

Deger Akis Haritalama
Planinin Uygulanmasi

Sekil 3.1. Deger akis haritalama siireci.

Deger akisi bakis agisinda amag, yalnizca siirecler
iizerinde degil biiyliik resim flizerinde g¢aligmak ve
sadece parcalar1 degil biitlinii iyilestirmektir. Burada
onemli olan nokta, deger olusturan akis1 yakalamaktir
(Rother & Shook, 1999).
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3.2. Hata Tiirleri ve Etkileri Analizi

Hata tiirti ve etkileri analizi yontemi, olasi hata ve
basarisizlik tiirlerini kaynaginda yok etmeyi amaclayan
ve ilk defa ABD ordusunda kullanilan etkili bir toplam
kalite yonetimi teknigidir. Uygulama kolaylig1 ve her
sektorde kullanilabilmesi sebebiyle HTEA yontemi,
diger kalite tekniklerine gore olduk¢a yararli bir
yontemdir.

HTEA asagida
icermektedir:

e Bir iirlin veya hizmetin olusum siirecindeki

hata/basarisizlik tiirlerinin degerlendirilmesi,
S6z konusu hata/bagarisizigin  potansiyel
sebeplerinin belirlenmesi,
Olasilik, siddet ve fark edilebilirlige bagh
olarak hatalarin dnceligini ortaya ¢ikarilmasi,
Sorunlarin izlenmesi ve diizeltici faaliyetlerin
yapilmasi.

listelenen bir grup faaliyetler

Olast durumda olan her hatanin risk esasina bagh
kritiklik ~ durumuna bakilir. Hatalarin  kritiklik
durumunu &lgen dlgiit ROS (Risk Oncelik Sayisi)
olarak adlandirilir.

ROS=P(Olusma Olasiligr) x S(Siddet) x D(Fark
Edilebilirlik)

ROS’iin en biiyiik degeri en etkin hatay1 gosterir. Bu
durumda ROS Katsayisinin en biiyiik oldugu degerden
baglanir. Dolastyla ROS katsayist HTEA kullaniminda
belirleyici bir 6zellik tagimaktadir (Akin, 1998).

3.3. Balik Kil¢ig1 Diyagram

Tim hatalarin potansiyel nedenleri kisminda, her bir
hata tiiri i¢in tespit edilen tiim muhtemel nedenler
belirlenmelidir.  Hatalarin ~ nedenlerinin  tespit
yontemlerinden biri de balik kilgigi diyagramdir.
Yontem, hatalarin kaynaklarini tespit edebilmek
amactyla ana kategorilere ayrilarak olusturulur.
Yontemin amaci iiriin tasarimi ve kalite hatalarinin en
aza indirilmesidir.

Balik kil¢i1g1 diyagrami olusturulurken metot, insan,
makine, dl¢lim ve ¢evrenin neden oldugu kisitlar géz
Oniline alinmaktadir. Bu kategoriler g6z oniine alinarak
problemlerin ana nedenleri hakkinda beyin firtinasi
yapilir.

3.4. Materyal

Bu ¢aligmada, 1200’{n iizerinde ¢alisan1 ve 2 iiretim
tesisi bulunan , yaklasik 60 tilkeye el 6rgii ipligi lireten
bir tekstil isletmesinin miisteri memnuniyetini
arttirmak ve liretim siireclerini iyilestirmek i¢in {iretim
alaninda yasanan sorunlara ¢dzlimler sunulmasi
amaclanmustir. Isletmede hazirlama, ring, fantezi,
kukalama, boyahane ve swa baski gibi birgok dnemli
proses bulunmaktadir. Firma biinyesinde {iretilen
iirtinlere ait iirlin tasarim1 ve dizayni hem firmaya hem
de miisteriye ait olabilmektedir.

Bu ¢alismada, deger akist haritalandirma yonteminin
ve hata tiirleri ve etkileri analiz ydnteminin entegre
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kullanildigr  bir yalin tdretime gecis uygulamasi
yapilmustir. Yalin iiretim tekniklerinden biri olan DAH
ve toplam kalite yonetiminin bir pargasi olan HTEA ile

oneriler sunulurken isletmenin ¢evrim siiresinin
azaltilmasi, stok miktarinin diisiiriilmesi, karsilagilan
problemlerin  etkilerinin en aza disiirlilmesi
hedeflenmistir.

3.5. Metot

Uretim hattindaki siklikla karsilasilan belli bash bazi
hatalarin ~ sebeplerini ve etkilerini  belirleyerek

problemlerin detaylandirilmasi ve ¢dziim Onerilerinin
sunulmast hedeflenmistir. Bunun igin &ncelikle
hatalarin meydana geldigi surecin iyilestirilmesi i¢in
deger akis haritalama (DAH) teknigi kullanilmistir.
Daha sonrasinda problemleri dnceliklendirmek adina,
iiretilen iiriin icin hammaddenin tedariginden final
iriintin miisteriye sevkiyatina kadarki tiim prosesleri
kapsayacak sekilde hata tiirleri ve etkileri analizi
(HTEA) teknigi kullanilmstir.

| Meveut Durum Haritas: Cikantmas: |

b J

[ Hata Tarlerinin Belirlenmesi |

)

[ Hata Thrlerinin Olas: Nedenlerinin Belirlenmesi |

|

[ Hata Tiirlerinin Siddet Degerinin Belilenmesi |

| J

[ Hata Turlerinin Olasillc Degerinin Belirlenmesi |

| Hata Turlerinin Farkedilebilirlikc Degerinin Belirlenmesi |

)

| Hata Tiirlerinin ROS Degerlerinin Belidenmesi |

[ Risk Azaltacak Onlemlerin Sumilmas: |

L

[ Gelecek Durum Haritas: Cikarlmass |

)

[ Gelecek Durum icin Yeniden ROS Degeri Belirlenmesi |

Sekil 3.2. Calismanin metodolojisi.

IV. UYGULAMA

4.1. Mevcut Durum Analizi

Mevcut durumda 15 tonluk bir siparis i¢in takt time,
cevrim siireleri ve ara stoklar Sekil 4.1°deki gibi
haritalandirilmistir.

Siireg, miisteriden gelen siparis i¢in  pazarlama
departmanindan bildirilen siparis miktarlarina gore
iiretim planlama departmaninin gerekli hammmaddeyi
tedarik¢iye bildirmesi ile baglar. Secilen proses icin
gerekli hammadde akriliktir ve bu hammadde talebi her
ay yalnizca iki kez yapilabilmektedir. 6 hafta ile 10
hafta arasinda degisen hammadde gelisi ile proses,
hazirlama departmani ile baglar. Devaminda segilen
irlin ailesinin tipine gore, iplik iiretimiminin diger
adimlar1 olan ring, katlama biikiim, swa baski ve
kukalama departmanlarinda devam ederek ambarda
paketlenir ve miisteriye sevk edilir. S6z kalite icin
miisteri talebi dogrultusunda firetilen her bir rengin bir
paket icinde olmasi gerekmektedir. Bu isleme
asortileme ad1 verilmektedir. Bu kisit da kukalama ve
paketleme arasinda bazen kontrolsiiz bir ara stok
durumuna bazen de atil kapasite durumu
olusturabilmektedir. Her bir departmanin ¢evrim
stiresi, c¢alisgan ve makine kapasitesinden dolayi
farklilik gostermektedir. Buna bagl olarak siirecin her
boliimiinde, ara stoklar veya iiretilecek siparigin {iriin
kalitesine  gore degiskenlik gosteren  kapasite
dengesizligi olusabilmektedir. Secilen iiriin ailesine ait
siparis 15 ton olup 40 gr diiz kuka seklindedir. Icerigi
%100 akriliktir ve tiim iiretim agamalar1 fabrika
bilinyesinde gerceklestirilmektedir. Ayrica her bir kuka
iizerinde ve her bir koli lizerinde miisteri istegine gore
iiriinle ilgili etiketler yapistirtlmaktadir.

URETIM PAZARLAMA MUSTERI
2 haftalik spari DEPARTMANI sipars
TEDARIKGH g Koo | LLFLANIANA —
sipa fig
KISIM SEFLERI E
.
HAZIRLAMS RING KATLAMA B KM SW BASK KUKALAMA PAKETLEME
¥apasite: 10000 kg ¥apasite: 000 kg Kapasite: 15700 kg ¥apaste 5000 kg ¥apasite: 14500kg Kapaste 570k
Tip Db rigimi: 30 dk Tip Diniisimii 240 ok Tip Donisimi: 150 ok Tip Doniisimi: 250 gk Tip Danisimi 200dk Tip Contigmi: 20d¢
Fire0,00 Fre001 Fire 0,04 Fire 008 Fre06 Fire: 0,004
5000z | Cevrim Zamani0,13 k | 1000kg | CewrimZaman:015dk | Okg | Cevrim Zaman:0g8 ok | 10000 kg | Cevim Zaman027 gk | Okg | CowimZaman:QQr | 11230kg | S8VIM Zman s dk
Takt ZamarcO08 dk Takt Zamani 0,09 dk Takt Zamant:0,08 dk Takt Zamant:0,08 dk Takt Zaman 0,09 dk Takt Zamani:Q/(8 dk

0,06 giin

D giin

=

4830

| 16,2 5n | | 4250 | | Msn

- - - Uretim akg
0,66 giin Qgiin 074 giin Siresi: L7 gin

Todam Cavim
Simsi: 86sn

Sekil 4.1. Mevcut durum haritas.
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Hammaddenin iiretime hazir oldugu diistiniildiigiinde
toplam akis siiresi 1,76 giin olup, toplam ¢evrim siiresi
ise 66 sn’dir. Toplam ¢evrim siiresi her bir is istasyonun
cevrim siireleri toplamindan olusurken toplam akis
stiresi ara stoklarin proses dncesi ne kadar beklediginin
toplamini da alir. Yalin iiretimin en temel amaci,
gerekli pargalarin gereken miktarlarda ve gerektikleri
zamanda tiretilmesidir. Bu prensibi yerine getirebilmek
icin takt zamanin bilinmesi gerekmektedir. Bu
dogrultuda amag¢ c¢evrim siiresi ve takt zamanin
olabildigince yakin olmasini saglamaktir.

Sekil 4.1°de goriildiigii iizere bu igletmede takt siiresi
0,09 dk’dir. Diger bir deyisle miisteri 0,09 dakikada 1
kg {iirlin talep etmektedir.

Mevcut durum haritasi, her boliimiin ¢evrim stiresi ile
takt siliresi arasindaki farkin ¢ok fazla oldugu
gostermektedir. Bu durumda Sekil 4.2 *de gorildiigii
gibi, baz1 boliimlerde ara stok varken bazi bolimlerde
atil kapasite mevcuttur.

0,45
0,40
0,35
0,30
0,25
0,20
0,15
0,10
0,05
0,00

B covrim siiresi takt siiresi

Sekil 4.2. Mevcut durum ¢evrim siiresi grafigi.

Mevcut duruma ve yapilan HTEA g¢alismasina
bakildiginda, kukalama isleminin ¢evrim siiresi takt
siiresine daha yakinken paketleme isleminin gevrim
siiresi takt siliresine olduk¢a uzaktir. Bu durum iki
boliim arasinda kontrolsiiz bir ara stok durumu
olusturmaktadir. ~ Miisteriden  gelen  siparisler
dogrultusunda agilan hammadde talepleri tedarik¢inin
iretim durumuna gore 6-10 hafta gibi uzun bir siirede
gelmektedir. Bu dogrultuda siparisin teslim siiresinde
problem yasanmaktadir. Ayrica makinelerden istenilen
verim  almamamasmnin  sebebi  zayif = bakim
planlamasindan kaynaklandigi goriilmistiir. Elverisli
olmayan parcalar, gesitli ara¢ gerecler veya zarar
gormiis makine pargalari, tip doniisiim, takim degisimi
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ve hazirhik siiresilerinin - uzamasina  sebebiyet
verebilmektedir.
4.2. Problemin Tamm ve ROS Degerlerinin

Hesaplanmasi
Calismanin yapildig1 firmada gergeklestirilen HTEA
uygulamasi temel olarak 3 asamadan olusmaktadir.

e Proseste meydana gelen hatalarin ve
nedenlerinin belirlenmesi,

e  Olasilik, siddet ve farkedilebilirlik
degerlerinin  atanmasi ve risk Oncelik

katsayismnin (ROS) hesaplanmast,
Hatalarin ROS degerine gore siralanmasi ve
onlemlerin saptanmasi.

HTEA yonteminde cogunlukla bir kisi siliregten
sorumlu olsa da, bu yontem farkli uzmanlik
alanlarindan gelen ve farkli fikirlere sahip kisilere
ihtiya¢ duyar. Sistemde olusabilecek potansiyel hatalar
belirlenirken kullanilan en yaygin ydntem beyin
firtinast teknigidir. Yapilan diizenli toplantilarda her
ekip iyesi fikrini beyan ettikten sonra grup iiyelerinin
fikirleri gruplanarak belirli baglik atinda toparlanir.

Bu c¢aligmada mevcut durumda goriilecegi iizere
iyilestirilecek proses igin 3 tane endiistri mithendisi, 1
tane mekatronik miithendisi ve 1 tane tekstil mithendisi
olmak tizere 5 kisilik ekip kurulmustur. Kurulan ekip
ihtiyaci olan bilgileri kalite, iiretim, pazarlama, lojistik
departmanlarindaki uzmanlar ve miisterilerden
toplayarak karsilasilan en biiyik 6 probleme
rastlamiglardir. S6z konusu 6 problem tespit edilirken
yapilan toplantilarin, ekip iiyelerinin sorumluluklarinin
ve rollerinin bilincinde olmus olmasi biiyilk dnem
tagimaktadir.

HTEA ekibi, belirledigi her bir hata tiiriine istinaden,
olasilik, siddet ve farkedilebilirlik degerleri igin
belirledigi 1-10 aras1 bir deger vermistir.

Ekip iyeleri tarafindan olasilik, siddet ve
farkedilebilirlik degerleri belirlenen hatalar kritiklik
derecesine gore Cizelge 5.1 ’de. siralanmistir. S6z
konusu HTEA c¢alismasi iiretilen tiim {iriinler igin
hammaddenin tedarik edilmesinden final (iriiniin
miisteriye sevkine kadarki tiim prosesleri ele alacak
sekilde yapilmistir.

Potansiyel bir hatanin birden fazla nedeni olabilir ve bu
sekilde birden fazla hataya da sebebiyet verebilir. Bu
nedenle hatalarin kdk neden analizini yapmak g¢ok
onemlidir. Grup {yeleri tarafindan HTEA formu
doldurularak hangi hatanin risk degerinin en fazla
oldugunu bulabilmek i¢in ise her hatanin siddet,
olasilik ve farkedilebilirlik derecesini gdsteren tablolar
olusturulmustur.
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Makine Insan Malzeme

ambar paketieme
makinesinin yetersizigl

Alanda kullanilan
malzemelerin dozensizigl

V{‘tﬂ!’llﬂ]\l\m

. Kallfiyesiz eleman
DOzensiz bakim =

Paketleme ve
kukalama arasi
ara stok
kontrolsizlugu

Zaman ve metod
etldlerinin yapiimamis
olmasi

Galisma ortaminin gikan
Qretime uygun olmaysi

Cevre

Sekil 4.3. Paketleme ve kukalama aras1 stogun balik
kil¢1g1 analizi.

— [ ——
Insan Govre
Misteriden gelen siparisiere Tedarlkginin konumunun
qore talep tahmin fabiflka konumuna uzak
yaplamamasi olmasi
Hammadde
temin
sresinin
Hammadde taleplerinin .
todariklye bildirim sorelerinin uzunlugu
Tedakglye performans etz
dateriendimes Sirekl kullamilan hammaddelerde
yapimamag emniyet stok seviyesinin
bellrlenmimes!
Olgme Metod
— —
Sekil 4.4. Hammade temin siiresinin balik kilgig1
analizi
Insan Makine
akinede calisanlann egitim Calisan makinelerin iglevl
il kullanilmamasi
Bazi
makinelerden
istenilen
Jtoniom bakima verimin
geclememes alinamamasi
i bakim plaminin
yapilamamas

Malzeme Metod

Sekil 4.5. Verimsiz makinelerin balik kil¢gig1 analizi.
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Insan Makine

Yeterslz egitim Bakim yetersizligl

Yapilan Igin blincinde olmama Kazanlarda teknolcfinin

gertsinde kalmis olmak Kazan

boyamalarda

braj problemi
ile

Boyar madde tedarkcliernnin | karstlasiimasi

degerlendiriimemesi

Gerekl kimyasal olcam v

kontrolonn yapimamasi

ullarulan boyar
maddelerin tipl
Anza durumunda parca
bulunanamasi

Malzeme Olgim

Sekil 4.6. Boyamalarda karsilagilan abrajin balik
kil¢ig1 analizi.

Insan Makine

Bakim yetersiziigl
Yapilan igin bilincinde olmama Makine lerinin ve
flayerlerinin dengesizligi Kuka
gramajlarinda
varyasyon
olmasi

Tartim makinletinin kallbrasyon
ayarlannin yapimamast

Olgim

Sekil 4.7. Kuka gramajlarinda karsilagilan
varyasyonun balik kil¢ig1 analizi.

Insan Metod

Kullarulan ERP sisteminin
yetersizligl

Barkod okuma sisteminin
olmamasi

Kaliftyell ¢ alisan yetersizigl

Hammadde,
yart mamul ve
mamul ambar

giriglerinin
duzensizligi

ilan oretimide olgam
ianin her asamada
olmamasi

artim kontroldnn yapilacak
yeterll alaninin bulunmamas

Cevre Olgim

Sekil 4.8. Veri diizensizliginin balik kil¢1g1 analizi.

Mevcut proses goz Oniine alindiginda her hatanin
potansiyel nedenleri balik kilgig1 diyagramlarinda
rahatlikla goriilebilmektedir.

S6z konusu hatalarin hangisinin etkisinin daha ytiksek
oldugunu bulabilmek icin ROS degeri kismima hatanin
olusma olasig1, hatanin siddeti ve farkedilebilirlik
puanlarinin ¢arpilmasi sonucu elde edilen sonug
yazilmistir. Risk oncelik puani1 100°e esit veya 100°den
biiyiik hatalar i¢in ilk adim, gerekli diizeltici faaliyetleri
belirlemek ve daha sonra tekrarlanmamasi igin
beraberinde dnleyici faaliyetler belirlenmistir.
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Tablo 4.1. Mevcut durum ROS degerleri tablosu

ROS(Olasilik x Siddet x
Farkedilebilirlik)

Sira

No Hata

Paketleme sirasinda
yapilan asorti islemi ile
1 bir 6nceki proses olan
kukalama arasindaki ara
stok kontrolsiizliigi

ROS 6 x 8x6=288

Hammadde temin

. - ROS 4x8x6=192
stiresinin uzunlugu

Bazi makinelerden
3 istenilen miktarda verim
alinamamasi

ROS 4x7x6=168

Kazan boyamalarda abraj

ile kargilagiimasi ROS 6x4x4=96

Kuka gramajlarinda

ROS 5x 4 x3=60
varyasyon olmast

Hammadde, yar1t mamul
6 | vemamulambar ROS 3 x 4 x 5= 60
giriglerin diizensizligi ve
hatali veriler

Yontemin galisma prensibi, hatalarin hesaplanan ROS
degerlerinin en yiiksek olandan en diisiik olana gore
stralanmas1 iizerinedir. Nedeni ise bir énceki ROS
degerine sahip hatanin daha fazla risk barindirmasi ve
iyilesmeye daha fazla ihtiya¢ duymasidir. Bundan
sonraki adim ise iiretim prosesisinin tamaminin
iizerinde ¢alisilarak toplam iiretim akis siiresini, cevrim
siiresini ve mevcut durum ROS degerlerini en aza
indirmek olacaktir.

4.3. Gelecek Durum Analizi

Deger akis haritalama yontemi ile iiretim siirecinin
gevrim zamaninin, ara stok miktarinin ve atil
kapasitenin azaltilmast amaclanmigtir. Deger akis
haritalama ile mevcut durum ortaya ¢ikarilmig,sonug ve
oneriler kisminda detayli anlatilacak olan kaizenler ile
Sekil 5.3 *de verilen gelecek durum deger akist haritasi
ortaya ¢ikarilmustir.

’ URETIM LOJISTIK
2 aylik - haftalik Talep DEF,
TEDARIKGI “:II-_::m & le:!::ﬂ — PLAN == tabmin S sipariy = RTMANI siparny MUSTERI
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@
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anzal alan kafa Pkt ve
sapisanin balome bkl arma arasiadak
ara srok
imizavpons
HADRLAMA RinG EATLAMA BUKUM SWA EURALAMA PAKETLEME ]
Eapaste: 12000 by Kipasite 22000 by Baparte: 15700 by Mapasite 9300 kg Eapaste: 14800 by Kipasite 21000 by
Tio Ddnlnguma1s de Tip Dovswdgdan 080 db Tie Dénlguma 70 & Tip Dosdgdrni: 100 de Tio Dol md 20 de Tip Dosdgleni: 20 d
Fiew 0.01 Fire:0,01 Firw 0,02 Fire:0,03 Firwr 0,03 Fire: 0,004
3000kg ¢ Oky Corvrion Zamane:0,11 die Okg Cuvrimn Zamane 0,08 dic 60 kg | Covriem a0, 14 die Okx 1800 kg | Cowrim 0,12 de
Tt Zaman:0.00 de Takr Zaman 0,00 & Tkt Zaman:0,00 de Takr Zarmun 0,09 & Tt Zaman:0.00 de Takt Zaman 0,00 &
Ul
Ay
0.2 gin 0 gin 0gin 037 gin 0pin 0,25 glis :‘j':‘.‘”
| 663n | | 6.6 I | 485 | | BAwn | | 423sn | | 2 Teplam
Lo
Surest
378
Sekil 4.9. Gelecek durum haritasi
e Eklenmesi Onerilen lojistik departmani ile
Yapilan ¢alismada asagidaki  diizeltmeler ile misterilerden  gelecebilecek  siparigleri  talep

karsilasilan hatalardan ve israflardan kaginilabilecegi
sonucuna vartlmistir. HTEA ¢aligmasini uygulanirken
hatalarin sebeplerini gorebilmek adina yapilan balik
kigig1 diyagrami yardimi ile bir takim iyilestirmeler
sunulmustur.
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tahminleme yontemleri ile gelis siiresi 6-10 hafta
arast olan hammadde tedarigi daha kolay
saglanacaktir. Talep tahmin yontemleri, gelecekteki
satislarin eldeki bilgiye gore tahmin etmeyi analiz
etmeye yarar. Bu calismanin, diisitk envanter,
isletme biit¢esinin olusturulmasi, nakit akisinin
planlanmasi, tedarik gereksinimlerinin belirlenmesi
ve nihai driinler i¢in pazarlama stratejilerinin
saptanmas1 gibi bagslica yararlar1 vardir.
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En sik kullanilan hammaddeler i¢in emniyet stok
seviyeleri gelistirilerek fazla stok veya tiretimi
engeleyebilecek hammadde yoksunlugunun 6niine
gecilebilir. Ornek olarak, sekil 3.12°de goriilecegi
iizere, olusturulan stok modelinde stokta olan ve
acikta is emri olan miktara ve giinliik kullanima
bakildiginda yeni siparis verilmesi (ya da
verilmemesi) gerektigi goriilmektedir. Bu ¢aligma
ile fazla stok tutmanin ve hammaddesiz kalmanin
oniine gecilecektir.

Hammaddenin istenilen terminde gelebilmesi igin
belirli araliklarla tedarik performans
degerlendirmesi yapilabilir. Bu degerlendirmede
ozellikte problem yasanilan teslimat siiresinin
iyilestirilmesi amaglanarak tedarikci ile iliskiler
yeniden gozden gegcirilebilir.

Paketleme boliimiiniin - ¢evrim  siiresinin  takt
zamanindan fazla oldugundan metot calismasi
yapilarak bu durum dengelenebilir. Ozellikle
calismast yapilan asortileme iglemi igin her
makinede birden fazla renkte iiretim yapildiginda
iriin gruplama islemi daha kolay olacaktir. Ek
olarak posetleme ve poset kapatma islemi kukalama
makinesi sonuna entegre edilip direk paketleme
boliimiine hazir hale getirilebilir. Bu sayede
paketleme boliimii ¢evrim siiresi %70 oraninda
azalmusgtir.

Tablo 4.2. Emniyet stok miktar1 hesaplanmasi

« .. | Ongoriilen ; Agik - Af Giinliik Ongoriilen Asgari | Azami S
égélz itgl: ,f{.)élngt(;rn;li Stok Stok I? nﬁiltfl ;?i Satinalma -;?:g: Tashtl;)nlznl Ortalama Kullanim | Faktor Stok Stok I\S/Iliigri
Modeli Miktari Kullanim Giinlik Seviyesi | Seviyesi
11112- - :
001 Akrilik | Son 1 yil 15-30 7841 | 20970 8624 45 -4505 5 5 0% 300 450 4955

Tablo 4.3. Paketleme boliimii zaman etiidii

Paketleme Boliimii iy Adimlari Mevc?é‘gurum
Kukay1 Gruplama 0,07
Pogetleme 0,19
Poset Kapatma 0,08
Pakete Koyma 0,06
Toplam Ham Cevrim Siire 0,4

Paketleme Bolimii Is Adimlari Gelecek Durum

(dk)
Kukay1 Gruplama 0,07
Posetlenen Uriinii Alip Pakete
0,05
Koyma
Toplam Ham Cevrim Siire 0,12

Planli bakim plani ile zaman igerisinde donanim
azalan parcalarin onarimlart gézden gegilebilir ve
muhtemel hatalar onceden planlanarak bakima
almabilir. Ayrica planli bakimin alt dali olan
onleyici bakim ile arizalarin baglangi¢ safthasinda
ortaya ¢ikmasi dnlenecektir.

Mevcut durumda kukalama makinelerinde ig uglar
Sekil 4.10 ’daki gibidir. Bu durum is¢i iiriinii
makineden ¢ikardiginda kukanin ucunu makineden
ayrimak i¢in makasla kesmesi ve bu durumda
fazladan iriinii dese yapmasina neden olmaktadir.
Tyilestirilen durumda Sekil 4.11°de goriildiigii iizere
ig ucunda revizyon yapilmis olup kukalama islemi
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bittiginde bu u¢ yardimiyla {iriin makineden
¢ikarilmadan ©nce kukanin u¢ kismi otomatik
olarak kesilecektir. Bu revizyon sayesinde dese
orant %2.5 oraninda azalmistir. Calismasi yapilan
kalitede giinliik alinan tiretim 1680 kg iken yeni
durumda 1720 kg olmustur. Ayrica uygulanmasi
muhtemel planli bakimlar sayesinde makinelerin
durus siireleri azalabilir ve daha verimli sekilde
calisilabilir.

Sekil 4.10 Mevcut durum kukalama makinesi ig ucu.

Sekil 4.11. Gelecek durum kukalama makinesi ig ucu.
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Ayrica asagidaki oneriler ile de daha iyi bir ¢alisma
ortami saglanabilir.

e Tiim boliimlerde ¢alisanlarin bilinglendirilmesi ve
isi yapacak yeterli seviyeye ulagmasi igin
calistiklart departmana uygun egitimler verilebilir.
Ozellikle ise baglamadan &nce detayli verilecek
oryantasyon programi ile ise olan yatkinliklarini
arttiracaktir. Ayrica belirli araliklarla motivasyonu
arttirict etkinlikler diizenlenebilir.

Ozellikle ara stogunun fazla oldugu kukalama ve
paketlemenin yapildigi alan genisletilebilir ve
kullanilan malzemeler 5S’e uygun sekilde
diizenlenebilir.

Ambardaki paketleme makinesi otomasyona uygun
sekilde revize edilebilir. Otomasyon ile is¢i sayist
optimize edilebilir.

Ring bolimiinde eleman dagilimlart gdzden
gegirilerek durus siireleri azaltilabilir. Fitil kilolari
arttirtlarak tip donilisim siireleri diisiiriilebilir.Bu
sayede fazla is giicii de engelenmis olacaktir.

Swa baski boliimiinde takim degisim siireleri
azaltilabilir. Boya kazan kilolar1 artirilarak tip
doniisiim stiresi digiiriilebilir.

Paketleme boliimiinde eleman sayisi yeniden
diizenlenerek kapasite arttirabilir. Biten iiriiniin
kutulama iglemi kuka makine baslarinda yapilarak
paketleme boliimiindeki is yogunlugu
dengelenebilir.

Her istasyonda 58S ile calisanlarin galisma ortami
iyilestirilmesi saglanabilir.

Tablo 4.4. Gelecek durum ROS degerleri tablosu

Sira ROS(Olasilik x Siddet

No Hata x Farkedilebilirlik)

Paketleme sirasinda
yapilan asorti islemi
ile bir dnceki proses
olan kukalama
arasindaki ara stok
kontrolsiizliigi

ROS 2x2x3=12

Hammadde temin

. N ROS 2x3x2=12
siiresinin uzunlugu

Bazi1 makinelerden

istenilen miktarda ROS 3x3x2=18

verim alinamamasi

Onceki ROS degeri 288 olan paketleme ve kukalama
arasindaki ara stok kontrolsiizliigii ic¢in Onerilen
ambardaki paketleme makinesinin otomasyonu, o
alanda calisan isgi sayisinin optimize edildigi ve 58 ile
¢aligma ortaminin iyilestirildigi disiiniildiigiinde bu
hatanin gergeklesme olasiligimin ve siddet degerinin 2,
farkedilebilirlik degerinin ise 3 olabilecegi kanisina
varilabilir. Bu durumda siparis miisterinin istedigi
termine uygun tarihte teslim edilebilir ve daha diizenli
bir ¢aligma ortami olusturulabilir. Diger bir problem
olan hammadde temin siiresindeki  uzunluk
probleminin énceki ROS degeri 192 idi. Bu sayede
problemin en biliylik ¢0ziim Onerisi olan lojistik
departmant ve planlama departmani daha entegre
calisacak olup, miisterinin ge¢cmis taleplerine bagl
olarak talep tahminleme yoOntemi yapilacaktir. Bu
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durumda miisteri durumdan ¢ok etkilenmeyecek ve
yasanilan en biiyiikk problem olan termin problemi
coziilecektir. Onerilen iyilestirilmelerin  yapildig1
durumda bu problem i¢in yeni ROS degeri 12 olacaktir.
Onceki ROS degeri 168 olan makinelerden istenilen
verimin almamamast probleminde kuka
makinelerindeki iglerin iglerindeki iyilestirme ile dese
orant %2.5 oraninda azalmistir. Calismasi yapilan
kalitede gilinlik alinan tretim 1680 kg iken yeni
durumda 1720 kg olmustur. Ayrica uygulanmasi
muhtemel planli bakimlar sayesinde makinelerin durus
siireleri  azalabilir ve daha verimli sekilde
caligilabilir.Onerilen iyilestirmeler sonucu yapilan
HTEA ile en yiiksek ROS degerine sahip 4 hata 100’iin
altinda kalmistir. Bu durumda tekrar diizeltici ve
Onleyici faaliyetlere gerek kalmamustir.

Sekil 4.12°de goriildiigii lizere Onerilen iyilestirmeler,
diizeltici ve Onleyici faliyetler ile her bir is
istasyonunun ¢evrim zamani ile takt zaman arasindaki
fark azalmistir. Dolayisi ile mevcut durum grafigindeki
atil kapasiteler ve ara stoklar ortadan kaldirilarak
mevcut durumun toplam akis siiresi %48°1i bir oranda
iyileserek 0,85 giine, toplam g¢evrim siiresi %57’lik bir

oranda iyileserek 37,8 sn’ye disiiriilebilecegi
gorilmiistiir.
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B covrim siiresi takt siiresi

Sekil 4.12. Gelecek durum ¢evrim siiresi grafigi

V. SONUC VE ONERILER
Giinimiiz diinyasinda miisteri memnuniyetini ve
karliligr en ist seviyede tutmak kalitenin en temel
amaglarindan ikisidir. Hatasiz ve tam zamaninda iiriinii
miisteriye teslim etmek yalin iiretimin ve toplam kalite
yonetiminin gerekliliklerindendir.

Yapilan calisma sonucunda ROS degeri en yiiksek olan
problemlerin; paketleme ile kukalama bolimii
arasindaki ara stok yogunlugu, hammadde temin
stiresinin uzunlugu ve bazi makinelerde istenilen
verimin alinamamasi oldugu goriilmiistiir.

Onerilen 1iyilestirmeler sonucu son olarak HTEA
calismasi tekrarlanmis ve parametlerin yenilenmesi
sonuicu ROS degeri 100’iin iizerinde olarn her
problemin  ROS  degerinin  oldukg¢a  azaldig
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goriilmektedir. Olusturulan HTEA ekibi;
hammaddenin isletmeye girisi ile nihai {iriiniin
ambalajlanma ve sekiyatina kadar olan ve miisteriden
alman geri donislerin dokiimanlarin1 inceleyerek
degerlendirmistir.Uygulama sadece bir {iriin ailesine ait
bir siparisin zamaninda teslimi ve stok zaltimi {izerine
yapitlmigtir.  Caligmanin  gelecekte tim iriinleri
kapsayacak sekilde yapilmasi ve iyilesmenin daha da
arttirtlmas1  hedeflenmektedir. Bu c¢alisma gelecek
zamanda, iretimi yapilan diger iiriin gruplarina da
uygulanarak Yaln Uretim anlayisinin  daha da
gelismesi ve gelecek ¢aligmalar i¢in yol gdsterici bir
nitelikte olacaktir. Ayrica galigma termin siirelerinin
azaltilmasi, disiik stok seviyesi, darbogaz noktalar
gibi kisitlari ele alarak diinyada ve Tiirkiye’de yapilmis
diger caligmalari da  destekler niteligindedir.
Calismanin  gelecekte de uygulanabilir olmasi
oOnerilerin ve iyilestirilmelerin siirdiiriilmesine baglidir.
Unutulmamasi gereken nokta sudur ki, iyilestirilen
kisimlarin siirekliligi i¢in yapilan ¢aligmalarin devaml
hale getirilmesidir. Bununla birlikte siirecin sistemli bir
sekilde devamliligi da olmazsa olmazdir. HTEA ve
DAH vyalnizca bir arag olup yapilacak islerin tam
zamaninda olmasi, gerekli goriilen destegin aliniyor
olmast ve yapilacak islerin bir sorumlunun gézetiminde
olmas1 durumunda amacina ulagacaktir. Basarili bir
HTEA ve DAH, siirekli katilimin ve belirlenen siirede
tamamlanmis bir ¢alismanin sonucudur.

Yalin iiretim igletmelere karsilagilan hatalari 6nleme
yolunda birden fazla teknikler sunmaktadir. Yapilan
uygulamalar ve sonuglari ele alindiginda yalin iiretimin
ne denli 6nemini yansitan ve dikkat cekmeyi basaran
bir yontem oldugu goze ¢arpmaktadir.
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Oz

Parabenler, gida, kozmetik ve ilag gibi farkl ticari tiriinlerde koruyucu olarak yaygin sekilde kullanilmaktadir. En yaygin
kullanilan parabenlerden birisi olan propilparaben (PP) mikrobiyal biiylimeyi engelleyerek bir¢ok tiiketici iiriiniin raf dmriinii
uzatmaktadir. PP dahil olmak {izere parabenlerin genis kullanimlar1 ¢evrede birikimlerine sebep olmaktadir. Bu caligmada,
PP’nin Daphnia magna (D. magna) ve Saccharamyces cerevisiae (S. cerevisiae) lizerindeki olumsuz etkilerini belirlemek i¢in
toksisite analizleri yapilmistir. Bu amagla, D. magna yavrular (< 24 saat), cok diisiik konsantrasyondan (0.01 uM) ¢ok ytiksek
konsantrasyona (500 pM) kadar degisen ¢esitli PP konsantrasyonlarina 48 saat boyunca maruz birakilmis ve PP’nin sagkalim
iizerindeki etkisi ve LCso degerleri incelenmistir. Buna gére, 100 uM ve {izeri PP konsantrasyonlarinin D. magna’da yiiksek
seviyede toksik oldugu belirlenmistir. LCso degerleri 24 ve 48 saat maruziyetleri i¢in sirastyla 58 pM ve 49.3 uM olarak
bulunmustur. Diger taraftan, farkli PP konsantrasyonlarinin (10, 50, 100, 400, 800 ve 1000 uM PP) S. cerevisiae’ye olan etkileri
biiytime kinetigi ve hiicreler iizerindeki inhibisyon seviyeleri incelenerek belirlenmistir. Bilyiime kinetiginde 100 uM PP’ye
kadar olan konsantrasyonlarda herhangi bir etki gbzlemlenmezken, daha yiiksek konsantrasyonlarda biiyiime kinetiginde
belirgin bir diisiis tespit edilmigtir. Bununla birlikte konsantrasyon arttik¢a hiicre inhibisyonunda artig gézlemlenmigtir. PP’nin
iki model organizmadaki etkileri karsilastirildiginda D. magna’da daha yiiksek toksisite tespit edilmistir. Genel olarak, bu
calisma, PP'nin olumsuz etkileri hakkinda onemli bilgiler saglamis ve parabenlerle iliskili toksisitenin molekiiler
mekanizmasini kesfetmek igin daha fazla aragtirmanin gerekliligini ortaya koymustur.

Anahtar Kelimeler: Propilparaben, toksisite, D. magna, S. cerevisiae, LCso

Abstract

Parabens are widely used as a preservative in different commercial products such as food, cosmetics and
pharmaceuticals. Propylparaben (PP), one of the most widely used parabens, prevents microbial growth and
extends the shelf life of many consumer products. The wide use of parabens, including PP, causes their
accumulation in the environment. In this study, toxicity analyzes were conducted to determine the adverse effects
of PP on Daphnia magna (D. magna) and Saccharamyces cerevisiae (S. cerevisiae). For this purpose, D. magna
juveniles (<24 hours) were exposed to various PP concentrations ranging from very low concentration (0.01 uM)
to very high concentration (500 uM) for 48 hours, and the effects of PP on survival were investigated and LC50
values were determined. PP concentations at 100 uM and above were highly toxic to D. magna. LCso values were
58 uM and 49.3 uM at 24 and 48 h exposures, respectively. Meanwhile, the effects of various PP concentrations
(10, 50, 100, 400, 800 and 1000 uM PP) on S. cerevisiae were determined using growth kinetics and inhibition
levels as endpoints. While no effect on growth kinetics was observed at concentrations up to 100 uM PP, higher
concentrations resulted in significant decrease in growth kinetics of yeast cells. Cell inhibition increased with
increase of PP concentrations. PP showed higher toxicity in D. magna compared to S. cerevisiae. Overall, this
study provided important insight into the adverse effects of PP and demonstrated the need for further research to
explore the molecular mechanism of parabens-associated toxicity.

Keywords: Propylparaben, toxicity, D. magna, S. cerevisiae, LCso

I. GIRIS

Parabenler, antimikrobiyal aktiviteye sahip milkemmel bir koruyucu olan p-hidroksibenzoik asidin alkil
esterleridir ve ilag, gida ve kozmetik gibi ¢esitli tiikketici iirlinlerinde kiif ve mayalar1 kontrol etmek igin
kullanilmaktadir [1-4]. Her y1l diinya ¢apinda yaklasik 8000 ton paraben tiiketilmekte olup bu bilesikler, tiretimi
ve bertarafi sirasinda cevreye sizabilmektedir. Bu nedenle, diizenli depolama alanlarinda, atik su aritma
tesislerinde ve kanalizasyon ¢amurunda tespit edilebilmektedirler [5]. Ayrica, paraben ve metabolitleri hava, toz,
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atik su, yiizey sulari, ve insan idrar1 gibi yerlerde de
tespit edilmistir [1, 2]. Paraben maruziyeti, sindirim,
inhalasyon  veya deri  absorpsiyon  yoluyla
gergeklesebilmektedir [6]. Bununla birlikte, bu
bilesiklerin ¢esitli in vivo ve in vitro ¢alismalarda
endokrin bozucu aktiviteye sahip oldugu gosterilmistir
[2, 6-8]. Giinlimiizde, yiiksek ftiretim kapasiteleri,
stirekli kullanimlar1 ve ¢evreden uzaklagtirma oranina
kiyasla yiliksek salimim oranlari nedeniyle parabenler
ekosisteme yonelik potansiyel bir tehdit olusturmaya
baglamstir [2].

Propilparaben (PP), bu ailenin bir iiyesi olup
mikrobiyal biiylimeyi engelleyerek c¢esitli tiiketici
triinlerin raf Omriinii uzatmak amaciyla yaygin bir
sekilde kullanilmaktadir [9, 10]. PP, genis bir pH
araliginda stabil bir molekiil olup suda yiiksek bir
¢oOziiniirliige sahiptir. Boylece sulu bir fazda etkili bir
konsantrasyon  seviyesine  ulagma  potansiyeli
tasimaktadir [11]. Aerobik kosullar altinda biyolojik
olarak kolayca parcalanabilir ve biyolojik birikim
potansiyeli diisiikk - orta diizeydedir [12, 13]. PP'nin
yaygin kullanimi, sucul ortamlarda tespit edilmesiyle
sonuglanmistir.  Bildirilen PP konsantrasyonlari
sirastyla ham atik suda ~20 pg/L, aritilmamis sizinti
sularinda 1,82 pg/L, camurda 174 ng/g kuru agirlik
(ka), ¢okeltilerde 60 ng/g ka'dir [1, 9, 14, 15]. Ayrica
icme suyundaki PP varligt 9 ng/L seviyesinde
belirlenmistir [14].

Yapilan caligmalarda, PP'ye maruz kalmanin insan
spermlerinin canliligin1 degistirdigi ve siganlarin &n
midesinde hiicre proliferasyonunu uyardigt
gosterilmistir [16, 17]. PPmin erkek gok kusagi
alabaligt ve Japon piring baliginda vitellojenin
sentezini tetikledigi rapor edilmistir [18, 19]. Iplik
kurdu (Caenorhabditis elegans) ile yapilan diger bir
calismada PP’nin konsantrasyona bagli toksisite
gosterdigi ve organizmanin boy uzunlugunu azalttig1 ve
tiremegi tetikledigi bildirilmistir [20]. Yakin zamanda
yapilan bir bagka ¢alismada PP’nin konsantrasyona
bagli bir sekilde zebra baliginda gelisim anomalilerine
ve gen ekspresyon seviyelerinde degisimlere sebep
oldugu tespit edilmistir [21]. Calismamizda yer alan
organizmalardan biri olan D. magna’da yapilan
caligmalarda da PP’nin artan konsantrasyonlarina bagl
olarak toksisite gosterdigi bildirilmistir [22-24]. PP'nin
in vivo ve in vitro etkileri genis ¢apta incelenmesine
ragmen, elde edilen veriler halen yetersiz ve/veya
sonugsuz kalmaktadir.

Daphnia magna (D. magna; su piresi), toksikolojik
caligmalarda dnemli bir in vivo model organizma olup
diinya ¢apinda ekotoksikolojik testler ig¢in en yaygin
kullanilan sistemlerden biridir [25]. D. magna, yosun,
bakteri ve protozoalari besin olarak kullanirken baliklar
i¢in birincil yem oldugu i¢in ekolojik besin aglarinda
6nemli bir tiir olarak kabul edilir [26]. Bununla birlikte,
Saccharomyces cerevisiae (S. cerevisiae; maya),
yaglanma, hiicre dongiisii, norodejeneratif hastaliklar,
gen ekspresyonunun diizenlenmesi ve birgok farkli
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biyolojik siireci arastirmak i¢in ¢esitli ¢alismalarda
kullanilan 6karyotik bir model organizmadir [27]. S.
cerevisiae basit biiyiime kosullarina, hizli iireme
oranlarina sahiptir ve kolaylikla manipiile edilebilir.
Dahasi, insanlar dahil yiiksek Okaryotlarla birgok
yapisal ve islevsel benzerligi bulunmaktadir [28]. Bu
nedenle, bu iki organizma potansiyel olarak
kirleticilerin toksisitesinin altinda yatan molekiiler
mekanizmalar1 ortaya ¢ikarmak ve daha yiiksek
okaryotlardaki verileri tahmin etmek i¢in kullanilabilir.

Bu ¢aligmada, PP'nin toksik etkilerini degerlendirmek
icin biyolojik model olarak kullanilan D. magna ve S.
cerevisiae kontrollii kosullar altinda laboratuvarda
PP’nin farkli konsantrasyonlarina maruz birakilmigtir.
Calismamizda PP’nin konsantrasyona bagl olarak her
iki organizmada da toksik oldugu, biiylimeyi inhibe
ettigi ve yiiksek dozlarda oldiiriicii oldugu tespit
edilmistir.

II. MATERYAL VE YONTEM

2.1. Materyal

Bu caligmada kullanilan propilparaben (PP; saflik - %
98) Sigma-Aldrich'ten (St Louis, MO) satin alinmustir.
Maruziyet deneylerinde kullanilan konsantrasyonlari
elde etmek icin PP, dimetilsiilfoksit (DMSO; Sigma)
icinde  ¢oOziilmiistir., DMSO'nun  deneylerdeki
maksimum konsantrasyonu % 0.1 olacak sekilde
ayarlanmstir.

2.2. Yontem

2.2.1. D. magna kiiltiirii, bakimi ve maruziyeti

PP’nin  etkisini  incelemek icin = Daphtoxkit
(MicroBioTests Inc., Belgika) kullanilmigtir. D. magna
yumurtalart musluk suyunda durulanarak aktive
edilmis ve ardindan 6000 liks siirekli aydinlatma
altinda ve 20-22 °C sicaklikta, standart suda (67,75
mg/L NaHCQ3, 294 mg/L CaCly, 123,25 mg/L MgSO,
ve 575 mg/L KCI) 72-90 saat inkiibe edilerek
yumurtadan ¢ikmalar1 saglanmistir. Yumurtadan yeni
¢ikan yavrular (<24 saat), maruziyetten 2 saat once
Spirulina mikroalg siispansiyonu ile beslenmistir.

2.2.2. D. magna akut toksisite analizi

Hayatta kalma deneyi i¢in D. magna yavrular (< 24
saat), her bir kuyuda 10-20 hayvan olmak {izere 6
kuyucuklu plakalarda (BD Falcon) PP’ye maruz
brrakilmigtir. Her maruziyet ii¢ tekrarli olacak sekilde
gerceklestirilmistir. D. magna, % 0.1 DMSO (kontrol)
veya PP (0.01, 0.1, 1, 5, 10, 25, 50, 100, 250, ve 500
uM) iceren 10 mL standart suya maruz birakilmigtir. 24
ve 48 saatlerde hayatta kalma oranlar1 kayit altina
almmigtir. Bir yavru, mikroskop ile incelemede,
hareketsizlesmigse ve organ hareketi gézlenmemisse
olu kabul edilmistir. Daha sonra, 6liim oraninin % 50
oldugu (LCso degerleri) PP konsantrasyonlar: (uM) ve
D. magna'nin 6liim orani arasindaki iliskiyi gdsteren
regresyon egrileri kullanilarak belirlenmistir.
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2.2.3. S. cerevisiae sus, biiyiime kosullari ve PP
maruziyeti

S. cerevisiae BY4742 (Mata; his3A1; leu2A0; 1ys2A0;
ura3A0) Euroscarf Kkoleksiyonundan (Frankfurt,
Almanya) temin edilmistir. Aksi belirtilmedikge,
hiicreler 30° C ve 180 rpm orbital calkalama ile kiiltiire
edilmistir. On kiiltiirler icin, 25 mL maya ekstrakt1 —
pepton — glikoz (yeast extract — peptone — glucose;
YPD) ortamu (% 2 [w/v] d-glikoz, % 2 [w/v] pepton, %
1 [w/v] maya ekstrakt1), YPD petri kabindan elde edilen
tek bir hiicre kolonisi ile agilanmis ve gece boyunca
inkiibe edilmistir. On kiiltiirin % 1'lik bir hacim
fraksiyonu daha sonra 500 mL'lik erlenmeyer
flasklarda bulunan 100 mL YPD sivi besiyerini
asilamak icin kullanilmis ve 600 nm'de (OD600 nm)
logaritmik fazin ortast olan optik yogunluga kadar
biylitiilmiistiir. Daha sonra kiiltiirlere ¢esitli nihai
konsantrasyonlarda (10, 50, 100, 400, 800 ve 1000 uM)
PP eklenmistir. Ortamdaki son DMSO konsantrasyonu,
biliylimeyi etkilemeyen % 0.1'de (v/v) tutulmustur. %
0.1 (v/v) DMSO igeren, ancak PP icermeyen bagka bir
kiltiir ise kontrol olarak kullanilmistir. Kullanilan PP
konsantrasyonlari i¢in bilyiime egrisi, 600 nm'de optik
yogunluk izlenerek olusturulmustur.

2.24. S. cerevisiae’'da oranlarimin
belirlenmesi

PP maruziyetinden sonra inhibisyon oranlarini
belirlemek icin hiicre canliligi, daha Onceki
caligmalarda belirtilen yontemlere gére metilen mavisi
¢ozeltisi (% 0.01 metilen mavisi, % 2 sodyum sitrat) ile
boyama yoluyla dl¢iilmiistiir [29, 30]. Kisaca, 3 saat
boyunca PP'ye maruz birakilan maya kiiltiirlerinden
ornekler alinmis, uygun sekilde seyreltilmis ve esit
hacimde metilen mavisi ¢ozeltisi ile karistirilmustir.
Olii (mavi boyali) ve canli (boyanmanus) hiicrelerin
sayisi, karistirildiktan sonra 10 dakika iginde
mikroskop altinda belirlenmistir. Maya biiyiimesinin
inhibisyon yiizdesi (6liimciil olmayan PP dozlar
altinda), [(N°- N¥) / N°] x 100 olarak tanimlanmustir.
Burada N* ve N smrasiyla X uM PP igeren ve
icermeyen Kkiiltiirlerdeki maya hiicrelerinin sayisidir
[29].

inhibisyon

III. BULGULAR VE TARTISMA
Ekosistemin antropojenik bilesiklerle kirlenmesi ve bu
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cevresel kirleticilerin canlilar {izerindeki potansiyel
toksik etkileri giin gegtikce toplumsal kaygilari
arttirmaktadir. Parabenler dahil birgok bilesik ve
metabolitleri canlilari olumsuz etkileyebilir. Bu
nedenle, en ¢ok kullanilan parabenlerden bir tanesi olan
PP’nin olasi toksik etkileri iki dnemli biyolojik model
D. magna ve S. cerevisiae kullanilarak arastirilmugtir.

3.1. PP’nin D. magna iizerindeki toksik etkileri

D. magna iizerindeki etkisini belirlemek i¢in, PP nin
cok diisiik konsantrasyonundan (0.01uM), cok yiiksek
konsantrasyonuna (500 pM)  kadar = cesitli
konsantrasyonlar kullanilarak akut toksisiteye neden
olup olmadigini degerlendirmek igin hayatta kalma
testi yaptlmistir. D. magna'nin yumurtadan ¢iktiktan
sonra 24 saatlik maruziyeti, 250 ve 500 uM PP
konsantrasyonlarinda biitiin yavrularin &liimi ile
sonuglanmistir (Sekil 1A). Bununla birlikte, aym
maruziyette 50 ve 100 uM PP konsantrasyonlarinda da
onemli derecede toksik etki tespit edilmis olup, hayatta
kalma oranlar1 sirastyla % 64.51 ve % 10.52 olarak
bulunmustur (Sekil 1A). Diger taraftan daha diisiik PP
konsantrasyonlarinda 24 saatlik maruziyet sonunda
herhangi bir etki gozlemlenmemistir (Sekil 1A).
Bununla birlikte, 48 saatlik maruziyet sonunda 50 ve
100 uM PP konsantrasyonlarinda hayatta kalma
oranlari sirastyla % 47.79 ve % 5.13¢ kadar diigmiistiir
(Sekil 1B). Ik 24 saat sonunda herhangi bir etki
gostermeyen 10 ve 25 pM PP konsantrasyonlari ise 48
saat sonunda toksik etki gostermis ve hayatta kalma
oranlart sirastyla %92.97 ve % 93.65 olarak
bulunmustur (Sekil 1B). Elde edilen veriler PP’nin D.
magna iizerindeki toksik etkisinin konsantrasyona
bagli olarak degistigini gostermistir. Caligmada elde
edilen verilere benzer sekilde, daha 6nce Japon piring
baligi embriyolarinda yapilmig bir ¢alismada, 4000
pg/L (~ 22,2 puM) PP'nin embriyolarda anlamli
seviyede bir 6liime neden olmadig1 (%7 £ 2.6 lim)
gosterilmistir [9]. Zebra baligi embriyolarinda yapilan
bir bagka c¢alismada ise 25 pM ve dsti PP
konsantrasyonlarinin anlamli diizeyde 6ldiiriicii oldugu
belirlenmistir [21]. Bu ¢alisma ve onceki caligmalar
birlikte ele alindiginda, PP toksisitesine farkli tiirlerin

duyarlilik  seviyelerinin  degisken  olabilecegini
gostermektedir.
B 48 saat
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Sekil 1. PP’nin D. magna sagkalimu iizerindeki etkileri. Hayatta kalma oranlarinin belirlenmesi i¢in D. magna
yavrular1 PP’ye maruz birakilmistir. (A) 24 saat, (B) 48 saat sonunda hayatta kalma seviyeleri.
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LCso degeri, organizma popiilasyonunun % 50'sinin
6lmesine sebep olan kimyasal konsantrasyonudur [23].
Calismada daha oOnce de belirtildigi gibi farkli
konsantrasyonlardaki PP’ye maruz birakilan D. magna
icin LCso degeri belirlenmeye ¢alisilmistir. Elde edilen
sonuglara gore 24 ve 48 saatlik maruziyetler i¢in LCsg
degeri sirastyla 58 uM ve 49.3 uM olarak bulunmustur
(Sekil 2A ve 2B). Bu sonuglara gore maruziyet siiresi
arttkca D. magna igin PP’nin toksisite seviyesi
artmakta ve buna paralel olarak LCso degeri
diismektedir. Daha 6nce D. magna ile yapilan akut
toksisite caligmasinda 24 saatlik maruziyet sonunda
LCso degeri yaklasik 117.1 uM olarak bulunmustur
[23]. D. magna ile yapilan bir bagka ¢alismada ise 48
saatlik akut toksisite maruziyeti sonunda LCsy degeri
yaklasik 68.3 uM olarak tespit edilmistir [22]. Bu
farklar, D. magna kaynagi ve deney ortami, sicaklik,
kiiltiir i¢in kullanilan suyun kimyasal bilesimi ve besin
kaynagi dahil maruz kalma kosullarinin farkliligindan
kaynaklaniyor olabilir. Bununla birlikte, iplik kurdunda
yapilan bir ¢alismada 24 saatlik PP maruziyeti sonunda
LCso degeri 261.7 uM olarak bulunmustur [20].
Bulgular karsilastirildiginda D. magna’nin iplik
kurduna gore PP hassasiyeti daha yiiksek olup, PP nin
tiire bagl etki seviyesinin degistigi sOylenebilir.
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Sekil 2. D. magna icin PP LCso degerleri. D. magna
yavrulari PP’nin farkli konsantrasyonlarina maruz
birakilmis ve LCsp degerleri regresyon analizi ile
belirlenmistir. (A) 24 saat, (B) 48 saat i¢cin LCsg
degerleri.
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3.2. PP’nin S. cerevisiae iizerindeki toksik etkileri

PP'nin S. cerevisiae BY4742 susu lizerindeki etkisini
aragtirmak i¢cin maya hiicreleri PP’ye maruz birakilarak
inceleme altina alinmistir. Bu analizler icin maya
kiiltiirleri, logaritmik fazin ortasindan baglayarak 3 saat
boyunca PP’ye maruz birakilmistir. Maruz kalma
stiresi, maya hiicrelerinin kimyasallara kars1 molekiiler
cevaplarinin tipik olarak maruziyetten birkag saat sonra

ortaya c¢iktigin1  gosteren Onceki  ¢alismalarin
sonuglarma dayanmaktadir [29, 31, 32].
PP’nin toksik seviyesini belirlemek igin, maya

hiicrelerini cesitli PP konsantrasyonlarina (10, 50, 100,
400, 800 ve 1000 uM PP) maruz birakilmig ve metilen
mavisi ¢ozeltisi ile boyama yontemiyle hiicre canlilig1

Olgiilmiistir. 100 pM  PP’ye  kadar olan
konsantrasyonlarda  biiylime kinetiginde  (optik
yogunluk) etki gozlemlenmemistir.  Ancak daha

yiikksek konsantrasyonlarda konsantrasyon arttik¢a
biiytime kinetiginin diisiis gosterdigi tespit edilmistir
(Sekil 3). Bunun tersine, hiicre sayist olglimlerine
bakildiginda en disiik konsantrasyondan itibaren
konsantrasyondaki artisa paralel olarak inhibisyon
seviyesinde bir artig (hiicre sayisinda diisiis) oldugu
belirlenmistir (Sekil 4A ve 4B). Elde dilen verilere
bakildiginda en diisiik konsatrasyon olan 10 uM PP’de
%8.5 inhibisyon gozlemlenitken, en yiiksek
konsantrasyon olan 1000 pM PP’de ise %72.1
inhibisyon tespit edilmistir (Sekil 4B). Diger taraftan
kullanilan higbir konsantrasyonda anlamli seviyede bir
hiicre Olimiine rastlanmazken 100 uM PP iizeri
konsantrasyonlarda birer hiicre 6liimii tespit edilmistir
(Sekil 4C). Caligmada yer alan D. magna ve S.
cerevisiae PP toksisitesi bakimindan
karsilagtirildiginda maya hiicrelerinin ¢ok daha direngli
oldugu sdylenebilir. 100 uM PP konsantrasyonun D.
magna’da yiiksek seviyede toksik oldugu (24 ve 48 saat
sonunda hayatta kalma oranlar1 sirasiyla % 10.52 ve %
5.13) belirlenirken, aynt konsantrasyonun S.
cerevisiae’de 6ldiiriicii olmadig: tespit edilmistir (Sekil
1 ve 4). Bununla birlikte, D. magna ve birgok farkli
organizma ile yapilan ¢aligmalar dikkate alindiginda [8,
20-23] S. cerevisiae hiicrelerinin PP  toksisitesi
karsisinda yiikksek bir toleransa sahip oldugu
sOylenebilir. Bu goreli yliksek PP toleransinin altinda
yatan olast molekiiler mekanizmalar arasinda S.
cerevisiae tarafindan gelistirilen adaptif
mekanizmalarin yer alabilecegi diisiiniilmektedir. S.
cerevisiae degisken cevresel ve fizyolojik kosullar
altinda iglev goren bircok gen duplikasyonuna sahiptir.
Bu gen duplikasyonlart merkezi metabolizmada
yogunlagmis olup, merkezi metabolizmada yer alan
metabolik yollar hiicrenin canliligini devam ettirmede
diger metabolik yollardan daha aktiftir. Ayrica, maya
hiicrelerinde bulunan ve farkli stres kosullarinda
devreye giren alternatif sinyal yollar1 da bulunmaktadir
[33]. Bununla birlikte, gen ve protein ekspresyonu gibi
farkli son noktalarda analizler yaparak bu adaptif
mekanizmalarin PP toksisitesindeki etkin rollerinin
tespit edilmesi gerekmektedir.



PP’nin Toksik Etkileri

Int. ). Adv. Eng. Pure Sci. 2021, 33(1): 143-149

= -4 Kontrol
g A

o I;:::_.l -= 10

2 oy x50

ﬁ .»-;5 -@ 800

g 400
?EI'.J k ."U

= ’ - 100
~

4 & 1000

14

Zaman (h)
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IV.SONUC

Parabenler, ticari triinlerde koruyucu olarak yaygin
sekilde kullanmilmaktadir. Bununla birlikte, toksisiteleri
yeterli  bir seviyede degerlendirilmemistir. Bu
calismada, iki model organizma D. magna ve S.
cerevisiae’de en yaygin kullanilan parabenlerden biri
olan PP'nin toksisitesi arastirilmistir. Elde edilen veriler
PP'nin ekosistemdeki canlilar igin zararli olabilecegini
gostermektedir. PP, D. magna’da yiiksek toksisite
profili goéstermis, S. cerevisiae hiicrelerinde 6nemli
derecede inhibisyon etkisi yaratmistir. Sonuglar,
PP’nin S. cerevisiae ile Kkargilastirildiginda D.
magna’da daha yiiksek toksisiteye sahip oldugunu
gostermistir.  Sonug olarak, bu ¢alismadaki bulgular,
PP’nin konsantrasyona bagli bir sekilde D. magna ve S.
cerevisiae igin toksik oldugunu gostermektedir.
Ekosistemde parabenlerin seviyesi her gegen giin
artmaktadir, bu nedenle kullanimlarini diizenlemek igin
etki mekanizmalar1 ayrintili olarak incelenmelidir. Bu
kapsamda, bu ¢aligmada sunulan bilgiler, parabenlerin
etkilerine iliskin fikir vermektedir. Bununla birlikte,
parabenlerin toksisitesine dair molekiiler
mekanizmalar1 ortaya ¢ikarmak igin daha ileri
calismalar yapilmasi gerekmektedir.
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The Comparison of Artificial Neural Network Approach and Response
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Kronik Boyun Agrist Olan Hastalarda Ust Ekstremite Performansinin Degerlendirilmesi i¢in
Yapay Sinir Aglar: Yaklasimi ve Yanit Yiizeyi Modelinin Karsilastiriimasi
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Abstract

Response surface model (RSM) is used to detect the variable values that make the response variable maximum or minimum.
Besides, the effect of exploratory variables on the response variable is determined. Thus, this method can be referred as a
combination of regression analysis and optimization. RSM is mostly used in many fields such as industry and chemistry.
However, it has limited application in the field of health. The upper limb performance assessment is a two-stage assessment of
upper limb contributions to task performance. In this study, the upper limb performance of chronic neck pain patients is
examined on 63 patients. The upper extremity functional index (UEFI-20) identifying the performance of upper limb is assigned
as response variable. Input variables are taken as the variables related the pain-rating scales of patients at rest or in activity.
The central composite model is implemented to estimate the model. The artificial neural network (ANN) approach is also
applied to upper limb performance data. The mean absolute error, correlation coefficients, standard error of prediction are
obtained from evaluating the experimental and predicted values of both models. The comparative analysis for both models is
made on the prediction accuracy.

Keywords: Response surface model, optimization, artificial neural network, upper limb performance

Oz

Yanit yiizey modeli (YYM), yanit degiskenini maksimum veya minimum yapan degisken degerleri tespit etmek igin kullanilir.
Ayrica, agiklayict degiskenlerin cevap degiskeni {izerindeki etkisi belirlenir. Dolayisiyla, bu yontem, regresyon analizi ve
optimizasyonun bir kombinasyonu olarak adlandirilabilir. YYM, ¢ogunlukla sanayi ve kimya gibi bircok alanda
kullanilmaktadir. Ancak, saglik alaninda simrl bir uygulamaya sahiptir. Ust ekstremite performans degerlendirmesi, iist
ekstremite ve onun gorev performansi olarak iki agamali bir degerlendirmedir. Bu ¢alismada, kronik boyun agril1 hastalarin iist
ekstremite performansi 63 hastada incelenmistir. Ust ekstremitenin performansini tanimlayan iist ekstremite fonksiyonel
indeksi(UEFI-20) cevap degiskeni olarak belirlenmistir. Girdi degiskenleri, istirahatte veya etkin durumdaki hastalarin agri
derecelendirme Olgekleriyle ilgili degiskenler olarak alinmistir. Merkezi kompozit model, modeli tahmin etmek igin
uygulanmustir. Yapay Sinir Ag1 yaklasimi da iist ekstremite performans verilerine uygulanmigtir. Hata kareler ortalamasi,
korelasyon katsayilari, standart hatasi, her iki modelin de deneysel ve dngdriilen degerleri degerlendirilerek elde edilmistir. Her
iki model i¢in karsilagtirmali analiz, tahminlerin dogruluklar1 iizerinden yapilmustir.

Anahtar Kelimeler: Yanit yiizeyi modeli, optimizasyon, yapay sinir aglari, iist ekstremite performansi

I. INTRODUCTION

Chronic neck pain is an important public health problem and, it affects one’s daily life activities negatively.
Besides, it causes functional disability, productivity loss and disability resulting in workforce and economic loss
[1]. The upper limb performs extensive movements and movements that require motor skills. Performing life
activities such as eating and hobbies such as painting are the task of upper extremity with the connections between
the shoulder and the hand [2]. As the upper limb problems are one of the major problems in modern life and can
affect all people in the world, in the literature, many kinds of researches have been carried out on the upper limb
problems (eg. [3, 4, 5]).

Upper limb (extremity) performance assessment is a two-stage evaluation of the performance of the upper
extremity and the motor factors such as muscle strength and sensory factors impacting on task performance. Upper
limb function consists of main headings as sensation, muscle strength, coordination and arm stability. Under these
headings, there are many subheadings. These factors enable the upper extremity to function and perform better.
The variables used in this study are selected and evaluated by considering the important components of this
function.
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This scope of work is to analyze the upper limb
performance of chronic neck pain patients in the field
of physical therapy and rehabilitation using the
Response Surface Models (RSM) and Artificial Neural
Network (ANN) on a real data set which was collected
in different clinics in Ankara. The performance of
upper limb is assigned as the response variable. Input
variables are taken as the variables related the pain-
rating scales of patients at rest or in activity. The input
variables are visual analog scale (VAS) at rest, at
activity and at night, Copenhagen Neck Functional
Disability Scale (NFDS), upper extremity power, upper
extremity endurance. The RSM is implemented to
estimate the most appropriate model. The ANN
approach is also applied to upper limb performance
data to estimate which variables are statistically
significant on the upper limb performance. In recent
years, ANN has become a widely used analysis,
therefore it has been a matter of curiosity whether ANN
or RSM, which is a classical method, will give better
results in the evaluation of upper limb performance data
in patients with chronic neck pain. In this study we
compare six models and the results of ANN and RSS
on a real data set.

Il. MATERIAL AND METHOD

2.1. Response Surface Model

Response surface model (RSM) is used to reveal the
effect of the factors (explanatory variables) on the
response variable and to find the value(s) that make the
response variable maximum or minimum [6]. This
method consists of a series of mathematical and
statistical techniques used to describe the relationship
between response variable and explanatory variables.
The first step in RSM is to determine the factors that
are thought to have an effect on the response variables.
After this step, experimental design, regression
modeling and optimization techniques are used in the
response surface method [7].
y=F1(X,X,,..X)+¢ (1)
where & represents the noise or error observed in the
response y and X’s are observed values. The surface

represented by 7= "f(X,X,,.., X )is called a

response surface and it is assumed to have a function of
X{s (i = 1,2, ..., k). Function f is response function of
explanatory variables.

One of the aims of the response surface research is to
determine the functional relationship between the
explanatory variables and the actual response 7
according to the experimental results. Besides, the
objective is to find the variables that make this function
maximum or minimum. The response can be
represented graphically, either in the three-dimensional
space or as contour plots that help visualize the shape
of the response surface. The application of RSM to
design optimization is aimed at reducing the cost of
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expensive analysis methods and their associated
numerical noise [8].

In general, the first-order model in terms of the coded
variables is

y=ﬂ0+ﬂ1)(l+,82X2+...+ﬂka+6‘ &)
the second-order model is
y=p8+ Zi BXx + Zi ,B‘xj + zk‘ ZT,zﬂ‘,X‘XJ y ?3)

where, g, B, p,,.... B, are regression coefficients.

The estimation of regression coefficients for the first-
order model is obtained by Least Square Estimation
(LSE) method [9].

2.2. Artificial Neural Networks

The ANN have been developed by inspired by the
biological nervous system. Biological nerve cells
communicate with each other through synapses and a
nerve cell send the information it processes to other
cells via axons. Similarly, artificial nerve cells collect
information with a sum function and pass through the
activation function. Thus, these cells produce output
and send it to other cells over the network’s
connections. ANN’s are successfully applied in the
following subjects, similar to the functional features of
the human brain; learning, association, classification,
prediction and optimization [10].

A typical ANN model is considered as nonlinear
statistical data modeling tools where the complex
relationships between inputs and outputs are modeled
or patterns are found. They reveal the recognition of
patterns in complex data sets that cannot be detected
with conventional linear statistical analysis.

O—@\
-

—

Figure 1: The general model of ANN followed by its
processing [11]
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The basic structure of ANN is given in Figure 1 and, it
consists of an input layer, an output layer and, in
between a hidden layer. The layers are connected via
nodes and these connections from a network of

interconnected nodes. In the ANN structure, Y is
Nnx1 matrix of outputs, Wis nxmmatrix of
weights, Xis mxJ1matrix of starting inputs and
Bias is nx1 matrix of neuron biases and activation
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function is represented by ¢(.) .
y1 W11 Wu W31 W“ W51 ’ BiaS1
e owowow ow IS (4)
y2 Wl‘Z Wz‘z Wa.z W4,z Ws_z Bia.S2

In a ANN model, the data received from external
environment is connected to processing area via
weights and these weights determine the effect of the
relevant input. The sum function calculates the net
input and this input is a result of the product of the
weights associated with the inputs. The activation
function calculates the net output during the process
and this process also gives the neuron output [7].

ANN can also be displayed in matrix format, as in
Equation (4). For example; w4,2 denotes the weight in
the connection between Input 4 and Neuron 2.

The weights are selected in the neural network
framework using a “learning algorithm” that minimizes
a “cost function” such as the MSE, MAE or MAPE.
Negative weights mean increasing this input will
decrease the output. A weight decides how much
influence the input will have on the output.

I1l. REAL DATA ANALYSIS

This study is based on a real data set which consists of
upper limb performances. The upper limb performance
is examined on 63 patients with chronic neck pain
volunteer patients evaluated in different clinics in
Ankara [12]. The response variable is taken as the
Upper Extremity Functional Index (UEFI-20). This
index measures disability in people and it takes the
value between [0,80] [13]. A lower score “0” indicates
that the person is reporting increased difficulty with the
activities as a result of their upper limb condition. The
input variables are related the pain-rating scales of
patients which are visual analog scale (VAS) at rest
[0,10], visual analog scale at activity [0,10], visual
analog scale at night [0,10], Copenhagen Neck

Functional Disability Scale(NFDS) [0,30], upper
extremity endurance, upper extremity power. The first
three variables are related to the VAS and in this scale,
“0” represents that patient has no pain while 10 shows
worst pain [14]. In Copenhagen scale, a value of 0
represents a minimal disability and 30 is a maximal
disability [15]. Last two variables are upper extremity
endurance and power; they are related two question
“How long can you carry 1 kg?” and “How many kg
can you carry?”, respectively. Thus, while endurance
deal with time, power is concerned with maximum
weight.

In this study, six models are constructed for the RSM
and ANN. The First and Second models include all
input variables and they are referred as full RSM and
full ANN. Then, the significant variables obtained
according to the RSM results are tested in the Third and
Fourth models in RSM and ANN. They are called as
“RSM and ANN with important variables from full
RSM”. The last two models to be tested in the RSM and
ANN are built by using important variables obtained
from ANN. These models are expressed as “RSM and
ANN with important variables from full ANN”. The
models and variables used in the analysis are given in
Table 1. The model results of these six models are

compared in terms of R?, Rjdj and Mean Absolute
Error (MAE).

In ANN, 70% of the data set is divided into training and
30% as test set according to the relative number of
cases. While hyperbolic tangent is used as hidden layer
activation function, identity was used for output layer
activation function. In order to improve network
training, scale covariates are rescaled and the type of
this rescaling are standardized. Batch training type is
used as it is more useful in small data sets. Besides
these, optimization algorithm is scaled conjugate
gradient.

The models given in Table 1 constructed with the help
of relevant variables. The first model is RSM with all
input variables and the result of this model is given in
Table 2.

Table 1. Models for the RSM and ANN

Models Variables used in the model

Model 1 VAS at rest, VAS at activity, VAS at night, Copenhagen NFDS, Upper extremity power, Upper extremity
endurance

Model 2 VAS at rest, VAS at activity, VAS at night, Copenhagen NFDS, Upper extremity power, Upper extremity
endurance

Model 3 VAS at activity, Copenhagen NFDS, Upper extremity power

Model 4 VAS at activity, Copenhagen NFDS, Upper extremity power

Model 5 Copenhagen NFDS, Upper extremity power

Model 6 Copenhagen NFDS, Upper extremity power
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Table 2. Regression analysis of full RSM (Model 1) for UEFI-20

Source DF AdjSS Adj MS F-Value P-Value
Model 6 6611.5 1101.92 11.63 0.000"
Linear 6 6611.5 1101.92 11.63 0.000"

VAS at rest 1 350.1 350.08 3.69 0.060*
VAS at activity 1 470.1 470.07 4.96 0.030"
VAS at night 1 206.2 206.18 2.18 0.146
Copenhagen NFDS 1 2098.8 2098.85 22.15 0.000"
Upper extremity power 1 930.0 929.96 9.82 0.003"
Upper extremity endurance 1 1.2 1.22 0.01 0.910

Error 56 5305.9 94.75

Total 62 11917.4

UEFI-20=60.59+1.398*VAS at rest- 1.421* VAS at activity - 0.928*VAS at night- 1.324*Copenhagen NFDS
+ 0.0485*Upper extremity power+ 0.040* Upper extremity endurance

R*=55.48%, RZ, =50.71%, MAE=7.21

The important variables are “VAS at activity”,
“Copenhagen NFDS” and “upper extremity power”.
VAS at activity and Copenhagen NFDS have negative
effect while upper extremity power has positive effect
on UEFI-20. Since high values of VAS and NFDS
mean that the patients have severe pain and maximum
weakness, its inverse relationship with UEFI-20
indicates that these patients have difficulty moving.
The interpretation of VAS at activity and Copenhagen
NFDS coincides with the results of the study conducted
by Ozsoy, (2019). The author stated statistically
significant negative relation between these two
variables and UEFI-20. The positive relationship with
power indicates that the more weight patients can carry,
the more mobility they have.

The second model is ANN with all input variables and
the results of this model given in Table 3.

According to the normalized importance, the variables
with importance greater than fifty percent are
Copenhagen NFDS and upper extremity power. These
variables can be expressed as important variables that
best explain the UEFI-20. Thus, these two variables are
used in the following models.
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Table 3. Independent variable importance of full ANN
(Model 2)

Importance Normalized
P Importance

VAS at activity 0.111 36.3%
VAS at rest 0.113 37.2%
Copenhagen NFDS 0.270 88.6%
Upper extremity 0.305 100.0%
power ' '
VAS at night 0.095 31.2%
Upper extremity 0.106 34.8%
endurance

R*=58.18%, RZ; =53.70%, MAE=6.80

In Figure 2, the comparison of RSM and ANN
prediction is given by line graph. The line running close
to the target line has better predictions. As given in
Figure 2, the line of ANN prediction is moving closer
to the target line, which means that the ANN
predictions fit better than the RSM.

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63

Targets

Full

RSM Full ANN

Figure 2. Comparison of full RSM and full ANN predictions
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R*and RZ; of RSM (ANN) are 55.48% (58.18%) and

50.71% (53.70%), respectively. As visually indicated
in Figure 2, the prediction of RSM model has a greater
deviation than the prediction of ANN model (MAE of
RSM=7.21, MAE of ANN=6.80). The high value of

R?or R:dj and low value of MAE obtained for ANN

Table 4. Regression analysis of RSM with

model is indicative of its better fit.
Third model is constructed by the variables that are

important in the RSM results created by using all
variables.

important variables from full RSM (Model 3)

Source DF Adj SS Adj MS F-Value P-Value
Model 8 6217.3 2072.44 21.45 0.000"
Linear 3 6217.3 2072.44 21.45 0.000"

VAS at activity 1 505.7 505.67 5.23 0.026"
Copenhagen NFDS 1 2281.0 2281.04 23.61 0.000"
Upper extremity power 1 1224.6 1224.63 12.68 0.001"

Error 59 5700.1 96.61

Total 62 11917.4

UEFI-20=159.37 - 1.193* VAS at activity - 1.279*Copenhagen NFDS + 0.0531*Upper extremity power

R*=52.17%, RZ, =49.74%, MAE=7.31

All variables used in this model are statistically
significant and VAS at activity and Copenhagen NFDS
have negative effect on UEFI-20 while upper extremity
power has positive effect. As stated in the Model 1
results, patients who experience severe pain and

Copenhagen NFDS*VAS at activity

25

200

2 4 6 8 10 2

upper extremity power*VAS at activity

4

maximum weakness during activity have difficulty
during movement. The increase in the amount of weight
that the patient can carry means that the mobility is also
high.

upper extremity power*Copenhagen NFDS

6 8 10 5 20 25

BB BB (UEFI-20) “<40”, “40-50”, “50-60”, “60-70", “70-80", “>80”

(@) (b) (©

Figure 3. Contour plots of UEFI-20 vs Copenhagen NFDS*VAS at activity (a), upper extremity power*VAS at
activity (b) and upper extremity power*Copenhagen NFDS (c)

154



ANN ve RSM Models

Int. J. Adv. Eng. Pure Sci. 2021, 33(1): 150-158

0

UEr %9
a0

40

\

24

16
o 3 Copenhagen NFDS
3

VAS at activity

(@)

80
UEFI 60
40 |

8 T

Copenhagen NFDS

24

(©)

70 4
T
0 600
G ~ 400 .
0 ~— upper extremity power
5 -~ 200
VAS at activity g
(b)

* 600

u;:ﬁ?eor extremity power

—~ 200

Figure 4. Surface plots of UEFI-20 vs Copenhagen NFDS*VAS at activity (a), upper extremity power*VAS at
activity (b) and upper extremity power*Copenhagen NFDS (c)

In Figure 3 and Figure 4, the contour and surface plots
of UEFI-20 vs other variables are given. UEFI-20 score
is graded by color. A lower score 0 indicates that the
person is reporting increased difficulty with the
activities as a result of their upper limb condition. As
the color is lightened, the patient’s mobility is limited
i.e. UEFI-20 score decreases. Where the Copenhagen
score and VAS at activity are high, the UEFI-20 takes
the minimum value. This means that the patient has
difficulty in movement while having maximal
disability and suffering worst pain at activity. Where
the upper extremity power is low and VAS at activity
is high, the UEFI-20 takes the minimum value. The
patient experience maximum difficulty in movement
when the weight that the patient can carry is low and
the pain in activity is high. Where the upper extremity
power is low and Copenhagen is high, the UEFI-20
takes the minimum value. If the weight that the patient
can carry is low and the patient has maximum
disability, the patient still has difficulty in movement.

In fourth model, ANN is constructed by the significant
variables taken from full RSM and the results are given
in Table 5. All three variables are more important since
their percentage of importance greater than 50. In other
words, VAS at activity, Copenhagen NFDS and upper
extremity power make an important contribution in

explaining the UEFI-20.

Table 5. Independent variable importance of ANN
with important variables from full RSM (Model 4)

Normalized
Importance I
mportance
VAS at activity 0.218 51.5%
Copenhagen NFDS 0.359 85.0%
Upper extremity power 0.423 100.0%
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R?=57.94%, R,

=55.80%, MAE=6.79

The line graph of predicted values of full RSM and
ANN is given in Figure 5. Although the RSM and ANN
predictions seem very similar, the model closer to target
is ANN. MAE values are the biggest indicator of the
line graph of prediction and the MAE value for ANN
has a smaller value than that of RSM (MAE of
RSM=7.31, MAE of ANN=6.79). The prediction of
RSM model has a greater deviation than the prediction
of ANN model. R*and Razdj of RSM (ANN) are
52.17% (57.94%) and 49.74% (55.80%), respectively.
The high value of R or R:dj and low value of MAE

obtained for ANN model is indicative of its better fit.
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Figure 5. Comparison of RSM by RSM and ANN by RSM predictions

The fifth model is RSM obtained by the variables that
are important in the model where all variables are used
in ANN. The results from the fifth model are given in
Table 6.

We can see from Table 6, all variables used in the

Copenhagen NFDS has negative effect on UEFI-20
while upper extremity power has positive effect. In line
with previous comments, as the amount of weight the
patient can carry increases or the patient’s weakness
decreases, their mobility increases.

model are statistically significant at %1 and
Table 6. Regression analysis of RSM with important variables from full ANN (Model 5)
Source DF Adj SS Adj MS F-Value P-Value
Model 2 5712 2855.8 27.61 0.000"
Linear 2 5712 2855.8 27.61 0.000"
Copenhagen NFDS 1 3101 3100.5 29.98 0.000"
Upper extremity power 1 1515 1514.8 14.65 0.000"
Error 60 6206 103.4
Total 62 11917

UEFI-20 = 52.24 - 1.438*Copenhagen NFDS + 0.0584*Upper extremity power

R*=47.93%, RZ; =46.19%, MAE=7.76

The surface and contour plot of UEFI-20 are given in
Figure 6. The minimum value of UEFI-20 score
represents the difficulty with the activities. As the color
in contour graph changes from blue to green means that
the degree of difficulty with the activities is decreasing.

0
UEFI

Copenhagen NFDS

@

Where the upper extremity power is low and
Copenhagen NFDS is high, the UEFI-20 takes the
minimum value. In other words, as the amount of
weight carried is low or the level of disability increases
in patients, the difficulty in movement increases.
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Figure 6. Surface plot (a) and contour plot (b) of UEFI-20 vs upper extremity power and Copenhagen NFDS
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In Model 6, the variables with a percentage of
significance greater than fifty in full ANN are used.
Copenhagen NFDS and upper extremity power are
found as important variables. It can be expressed as
important variables used to describe UEFI-20.

Table 7. Independent variable importance of ANN
with important variables from full ANN (Model 6)

Normalized
Importance
Importance
Copenhagen NFDS 0.587 100.0%
Upper extremity power 0.413 70.4%

R*=52.17%, RZ; =50.57%, MAE=7.29
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The prediction graph of the RSM and ANN models
constructed by using important variables in ANN
where all variables are used are given in Figure 7. As in
Figure 5, the line graphs of RSM and ANN predictions
are very close to each other. However, as can be
understood from the MAE values, the ANN line
fluctuates more similar to the target compared to the
RSM.

The R* and RZ; of RSM (ANN) values are 47.93%
(52.17%) and 46.19% (50.57%), respectively. The high
value of R and Rjdj obtained for ANN model is

indicative of its better fit. The prediction of RSM model
has a greater deviation than the prediction of ANN
model (MAE of RSM=7.76, MAE of ANN=7.29).

1 3 5 7 9 11131517 1921232527 29 31333537 3941434547 49 5153555759 6163

Targets RSM by ANN ANN by ANN

Figure 7. Comparison of RSM by ANN and ANN by ANN predictions

Table 8. Comparison of the model results

R2 R2(adj) MAE
Model 1 Full RSM 55.48% 50.71% 7.21
Model 2 Full ANN 58.18% 53.70% 6.80
Model 3 RSM with important variables from full RSM 52.17% 49.74% 7.31

Model 4 ANN with important variables from full RSM

Model 5 RSM with important variables from full ANN
Model 6 ANN with important variables from full ANN

57.94% 55.80% 6.79
47.93% 46.19% 7.76
52.17% 50.57% 7.29

The comparison of all models is given in Table 8. ANN

models have high R?and Rjdj , and low MAE; when

all variables are used in Model 2, when the model is
established on the important variables obtained as a
result of RSM using all variables in Model 4, when the
model is set up with variables with a percentage of
significance over fifty in the ANN model where all
variables are used. Briefly, it was concluded that the
ANN models among the established models have high
explainability and less deviation.

IV. RESULTS

In this study, RSM and ANN models are applied to a
real data set to determine the important variables
affecting UEFI-20. The variables used in the models are
determined in following steps: First of all, all variables
are put into the model and then new models are
established according to the important variables
(obtained from ANN and RSM, respectively) that are
important in the results of these models. Finally, six
model are implemented, and these models and their
results are given in Table 8.
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The results of this study support the results of the
previous studies. For instance, Kiran et.al (2008)
compared the ANN and RSM in fermentation media
optimization and they showed the superiority of ANN
in capturing the nonlinear behavior of the system [16].
It can be stated that ANN have worked better than RSM
model in some studies [17, 18, 19, 20].

In this study conducted on patients with chronic neck
pain, which is one of the common problems in daily
life, the factors affecting the upper extremity functional
index are examined. For this purpose, RSM and ANN
are applied with the use of various variables in order to
predict important variables and to decide which model
gives better results. Thus, the performance of ANN and

RSM models are evaluated by R?, R2. and MAE.

adj
According to the results of all six models, ANN
predictions fit the targets line better than RSM since
MAESs of ANN are smaller than those of RSM. Besides,

R*and RZ; of ANN are greater than those of RSM.

The prediction of ANN model has a smaller deviation
than the prediction of RSM model. The predicted
values by ANN has a low percent of error for predicting
UEFI-20 values. The most significant variables on
UEFI-20 score in all models are Copenhagen NFDS
and upper extremity power.
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