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SU KIiRLILiGI ACISINDAN HASSAS ALANLARIN iZLENMESI:
KIZILIRMAK DELTASI-BALIK GOLU

Sema ARIMANY*, Serdar KOYUNCU?
1Samsun Universitesi, Havacilik ve Uzay Bilimleri Fakiiltesi, Meteoroloji Miihendisligi Béliimii, Samsun,

Turkiye
2Konya Biiyiiksehir Belediyesi, KOSKI Genel Miidiirliigii, Konya, Tiirkiye

Anahtar Kelimeler 0z

Kizilirmak Deltasi Bu calismada, Kizilirmak Deltasi’'ndaki hassas alan olan Balik géliiniin su
Balik Gélii, kalitesindeki degisiklik zamansal olarak izlenmis ve goliin trofik durumu (yasam
Hassas Alan, evresi) belirlenmeye calisilmistir. Balik Goli'nlin su kalitesini belirlemek i¢in
Su Kalitesi, arazide/anlik olarak, seki disk derinligi (SDD), sicaklik, pH, elektriksel iletkenlik,
Trofik Seviye Indeksi. ¢ozlinmis oksijen, laboratuvar ortaminda ise klorofil a, Renkli Coziinmiis Organik

Madde (CDOM), toplam fosfor (TP), toplam azot (TN), toplam ¢6ziinmiis kat1 (TDS),
tuzluluk ve bulaniklik gibi analizler gergeklestirilmistir. Ayrica, Trofik Seviye
kriter/indekslerine gore seki disk derinligi, klorofil a (Chl-a) , toplam fosfor ve
toplam azot parametre degerleri de kullanilarak géliin trofik durumu belirlenmistir.
Trofik Seviye Indeks (Calson 1977) siniflandirmasina goére, mevsimsel degisimlere
bagli olarak, TP,TN, SDD ve Chl-a'nin, 6trofik durumun sinir degerini astig1 (TSI 60-
70), hipertrofik durumun yaygin olmasi nedeniyle gélin kritik durumda oldugu
belirlenmistir.

MONITORING OF SENSITIVE AREAS FOR WATER POLLUTION: KIZILIRMAK DELTA-

BALIK LAKE
Keywords Abstract
Kizilirmak Deltas In this study, the seasonal changes in the water quality of the Balik Lake, which is
Balik Lake, the sensitive area in the Kizilirmak Delta, were monitored temporally and the
Sensitive Area, trophic status (life phase) of the lake was investigated. In order to determine the
Water Quality, water quality of the Balik Lake, the Secchi disk depth (SDD), temperature, pH,
Trophic Level Index. Electrical Conductivity (EC), Dissolved Oxygen (DO) were analyzed in the field; and

the chlorophyll a (Chl-a), Color Dissolved Organic Matter (CDOM), Total Phosphorus
(TP), Total Nitrogen (TN), Total Dissolved Solids (TDS), salinity and turbidity were
studied in the laboratory. In addition, the trophic status of the lake was determined
by using the Secchi disk depth, chlorophyll a, total phosphorus and total nitrogen
parameter values according to the trophic level criteria / indices. According to the
Trofik Level Index classification (Carlson 1977), the TP, TN, SDD and Chl-a exceed
the limit value of eutrophic condition (TSI 60-70) depending on the seasonal
changes and the lake is in critical condition due to the prevalent
hypertrophic status.
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1.Giris

Gegtigimiz ylizyilda, artan sehirlesme ve evsel atik su
artisi, sulak alanlarin ve nehirlerin regiilasyonu, artan
tarim ve hayvancilik faaliyetleri ¢ogu s1g golde besin
tuzu yiiklemesini (6zellikle azot ve fosfor) arttirmis ve
otrofikasyon problemine yol agmistir (Jeppese 1998).
Gollerde asir1 azot ve fosfor yiikleri alg patlamasinin
siddetini artirmaktadir. Zaman igerisinde, alg ve
bitkilerin 6lmesi sonucu olusan organik maddenin
bakteriler ile parcalanmasi sonucu hizla harcanan
oksijen nedeni ile su icerisindeki oksijen azalmakta
olup, bu da suda oksijene ihtiya¢ duyan baliklar basta
olmak tuzere diger tiirlerin zarar gormesine neden
olmaktadir (Le vd., 2010).

Avrupa Toplulugu tarafindan kabul edilen ‘Su Cerceve
Direktifi’ (SCD) dogrultusunda Avrupa’daki sucul
ekosistemler ve bunlara bagh diger ekosistemlerin
ekolojik olarak iyi duruma gelmesini saglamak
amaciyla c¢alismalar yuritilmektedir (WFD 2000).
Tiirkiye'de ise Yeriistii Su Kalitesi Yonetmeligi (YSKY)
su kalitesi yonetimine iliskin kapsamli diizenlemeler
getirmistir. Bu yonetmelikte, yeriistii sular ile kiy1 ve
gecis sularinin biyolojik, kimyasal, fiziko-kimyasal ve
hidromorfolojik kalitelerinin belirlenmesi,
siniflandirilmasi;, su kalitesinin ve miktarinin
izlenmesi, bu sularin kullanim maksatlarinin
siirdiiriilebilir kalkinma hedefleriyle uyumlu bir
sekilde koruma kullanma dengesi de gozetilerek
ortaya konulmasi, korunmasi ve iyi su durumuna
ulasilmasi i¢in alinacak tedbirler belirlenmistir (YSKY
2016).Tirkiye'de tath su havzalarinin ¢ogu koruma
altinda olmayip evsel, endiistriyel ve tarimsal kirlilik
kaynaklarinin alic1 ortamlar: seklindedir. SCD (2000)
ve YSKY (2016)'nin hedefleri dogrultusunda, tath su
kaynaklarimizin ~ 6zelliklerinin belirlenmesi, alic
ortamlarda 6ngoriilen su kalitesi ve ekolojik statiiye
ulasmasina imkan verecek tarzda uygun ‘Su kalitesi
izlenme Calismalary’ yapilmasi gerekliligi acikca ortaya
cikmaktadir.  Tiirkiye’de  Yeruisti  Su  Kalitesi
Yonetmeligi hazirlanmasiyla, su kalitesi yonetimine
iliskin kapsamli diizenlemeler getirilerek, ekosistem
prensibi cer¢evesinde su kalitesinin korunmasi ve tilke

gereksinimleri ~ dogrultusunda  su  kalitesinin
gelistirilmesi  ve  siirdiiriilebilir su  ydnetimi
hedeflenmistir. Ote yandan, gilinimiizde artan

sehirlesme ve sanayilesme sonucunda evsel ve
endiistriyel atik su miktarinda artis, sulak alanlarin ve
nehirlerin  regiilasyonlari, bilingsiz tarim ve
hayvancilik faaliyetlerinin yiiriitiilmesi, taban suyu ve
drenaj kanallar1 vasitasiyla ekosistem ciddi anlamda
azot, fosfor ve potasyum yiiklemesine maruz kalmakla
birlikte bu durum birgok sulak alan gibi Kizilirmak
Deltas icin de tehlike arz etmeye baslamistir. Hatta
arazi kullanimindaki degisiklikler, sulama ile drenaj
kanallarindaki yenilikler ve balikgilik benzeri
faaliyetler ~deltadaki sulak alanlar1 dogrudan
etkileyerek ekosistem icerisindeki biyocesitlilik yok
olma tehlikesi ile karsi karsiya bulunmaktadir

(Yeniyurt vd., 2011. Bu nedenle Tiirkiye’de dzellikle
sulak alanlardaki kirlenme kaynakl tehlikelerin
sistematik bir sekilde izlenmesi, tespit edilmesi
durumunda vakit gecirmeden gerekli miidahalenin
ve/veya Onlemlerin alinmasi, gelecege dair
planlamalarin yapilmasi benzer doga giizelliklerinin
korunmasi agisindan 6nem arz etmektedir.

Kizilirmak Deltasi, 1998 yilinda 'Ramsar Alani' i¢ine
giren, 'Uluslararasi 6neme sahip alan' 6zelligi tasiyan
ve Karadeniz Bolgesi'ndeki tek sulak alandir. Deltanin
toplam alani 56000 ha olup, barindirdig1 sulak
alanlarin biiytkliigi ise 16110 ha’dir. Delta alaninda,
birinci, ikinci ve ti¢lincii derece dogal sit alanlary, irili
ufakli sulak bdlgeler ve yaban hayati gelistirme
sahalar1 bulunmaktadir. Deltanin, Karadeniz'e 6zgi
nadir habitat tiirlerini icermesi, ¢ok sayida nesli
tehlike altinda olan bitki, hayvan ve balik (mersin
balig1 gibi) tiiriine ev sahipligi yapmasi, ¢ok sayida
canli tiirlinlin Karadeniz’deki en onemli yasam
alanlarindan biri olmasi, bir¢ok kus ve i¢ su balig
tiriiniin hayatlarinin belirli donemlerini gegirdikleri
alan olmasi, yil boyunca 20 binden fazla su kusu
barindirmasi 6nemini daha da arttirmaktadir (Orman
Su isleri Bakanlig1 2013).

Kizilirmak Deltasi’nin her iki yakasinda deniz kiyisina
paralel olarak uzanan sulak alanlar bulunmaktadir.
Bati ve dogu sahilinde delta ve kiy1 olusumunu
meydana getiren dogal sartlar farkli buytkliklerde
gollerin meydana gelmesini saglamistir. Lagiin (kiy
g0l1) ozelligi gosteren bu gollerin arasinda ¢ok sayida
kiicik ve gecici su havzalar1 yaz aylarinda
kurumaktadir. Ayrica bu sulak alanlarin birgogu
gliniimiizde, farkl arazi kullanimlari (tarimsal vb.),
hidrolojik degisimler (sulama ve drenaj kanallar1 gibi)
ve balikeilik benzeri insan faaliyetlerinin etkisi altinda
bi¢im degistirmistir. Bu ¢alisma kapsaminda ¢alisma
alani olarak segilen ve 1389 hektarlik alana sahip olan
Balik Goli, bu goller icerisinde en biiyiik ylizey alanina
sahip olan goldiir (Sekil 1). Kiyisal gollerden biri olan
ve Deltanin dogu yakasinda yer alan Balik Goli, 19
Mayis beldesi (Bafra-Samsun) sinirlar1 igerisinde
yaklasik 1380 ha'lik alam1 kaplamaktadir. Balik
GOli’'nlin denizle baglantisi oldugundan, diger gollere
gore daha tuzlu olup, gol derinligi 3 m'ye kadar
¢ikmaktadir (SKDYP, 2019).

Su kaynaklariin havza 6l¢ceginde biitlinlesik yonetim
yaklasimi ile SCD c¢ercevesinde su kalitesinin
arttirllmasi hedeflenmekte ve halen devam etmekte
olan AB Mevzuati’'na uyum siireci ve bu siirecte s6z
konusu olan SCD’ye uyum ¢alismalari ¢ercevesinde su
kaynaklarinin havza olgeginde yonetimi prensibi
benimsenmektedir. Bu kapsamda havza koruma
planlar1 hazirlanmakta ve noktasal ve yayili kaynaklh
kirleticiler (konvansiyonel, tehlikeli maddeler veya
mikro-Kkirleticiler)  birlikte degerlendirilerek su
kiitleleri korunmaya ya da kalitesinin arttirilmasi
hedefine ulasilmaya c¢alisilmaktadir. Bu amag
dogrultusunda ekolojik ve kimyasal durumun tespiti
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icin fizikokimyasal, kimyasal, biyolojik ve hidro-
morfolojik parametrelerin izlenmesi,

degerlendirilmesi ve su kalitesinin iyilestirilmesi icin
gerekli tedbirlerin alinmasi gerekmektedir. Bu
calismada, Kizilirmak Deltas gibi uluslararasi koruma
statiisii icerisinde bulunan en biiylik gollerden biri
olan Balik Goliiniin hassas alan olmasi nedeniyle su
kalitesini izleme c¢alismalar1 yiiriitilerek goéliin su
kalitesi durumu ve trofik seviyesi belirlenmeye
calisilmistir.

2. Materyal ve Metot
2.1. Calisma Alan1 ve Ornekleme Calismasi

Bu calisma kapsaminda, gol yiizeyindeki 6érnekleme
calismalari, Nisan-2017- Nisan 2018 tarihleri arasinda
10 farkli noktadan aylik olarak ilkbahar, yaz, sonbahar
kis mevsimlerinde yapilmistir (Sekil 1). Golde 6rnek
alma noktalar;,“Su Kirliligi Kontrol Yonetmeligi

KARADENIZ

Numune Alma ve Analiz Metodlar1 Tebligi
(R.G:10.10.2009/ 27372)"ne uygun olarak
belirlenmistir. Ayrica, 6l¢iim noktalar: segilirken her
bir 6rnekleme noktasinin goliin su kalitesini temsil
edecek sekilde kuzey-giiney yo6niinde birbirinden
yaklasik 1 km uzakliktaki 5 ayr1 nokta secilmesi uygun
gorilmiis ve toplamda 5 x 2'lik bir grid yapisinda 10
istasyon belirlenmistir. G6l suyundan o6rneklerin
alinma ve korunma ydntemleri “I¢ alanlarda Gél suyu
ornekleme Kilavuzu'nda belirtilen yontemlere gore
yapilmistir (EPA, 2010). G6l suyundan alinan 6rnekler,
su yiizeyinin 0,2-0,3 m altindan alinmistir. 10 farkl
noktadan alinan 6rnekleme noktalarina ait, koordinat
bilgileri (enlem-boylam) ile birlikte alinan 6rnekler
etiketlenerek, analizler yapilmak iizere her bir
parametre icin uygun olan korunma yontemlerine
gore saklanmistir. Suyun fizikokimyasal analizleri
Meteoroloji Miihendisligi Bolimii Genel Kimya
laboratuvarinda gergeklestirilmistir.
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Sekil 1. Kizilirmak Deltasi-Balik Golii ¢alisma alani ve su 6rnekleme noktalari

2.2. Fiziksel ve Kimyasal Parametreler

Balik golii yiizeyinden alinan su Orneklerinde
arazide/anlik olarak, seki disk derinligi (SDD),
sicaklik, pH, elektriksel iletkenlik, ¢6zlinmiis oksijen,
laboratuvar ortaminda ise klorofil a, Renkli Coziinmiis
Organik Madde (CDOM), toplam fosfor (TP), toplam
azot (TN), TDS, tuzluluk ve bulaniklik analizleri
gerceklestirilmistir. Laboratuvarda su orneklerinde,
toplam azot “Su ve Atiksu Azotunun Belirlenmesinde
Standart Yontemler (Organik) Toplam azot yontemi”

SM 4500 N ve toplam fosfor olciimleri kit ile
spektrofotometrik  yontemle DR 6000 marka
spektrofotometre ile yapilmistir. Sicaklik, pH, CO,

iletkenlik, TDS ve tuzluluk degerleri dijital yontem
esasina dayanan Hach Lange Marka HQ40D Model
¢oklu parametre o6lgiim cihazi ile arazide anlik
Olcilmiustiir. Isik gecirgenligi, Seki disk derinligi
arazide anlik olarak tespit edilmistir. Bulaniklik, Hach
Lange Marka 2100 Q (EPA) turbidimetre cihazi ile
optik  yontem (NTU) kullanilarak laboratuvar
ortaminda 6l¢ilmiistiir.

Klorofil a, EPA 445.0 “In Vitro Determination of
Chlorophyll a and Pheophytin a in Marine and
Freshwater Algae by Fluorescence metoduna ve
renkli  ¢ozlinmiis organik madde (CDOM)
parametreleri Trilogy Laboratory Fluorometer model
cihaz ile florometrik yontemle belirlenmistir. CDOM
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tayini icin 6rnekler 0,22 um pore size’daki filtreden
gecirilmis ve filitrat florometre ile 6l¢iilmiistiir. Biitiin
su 6rneklerine ait analizler 24 saat icerisinde ve APHA,
AWWA ve WEF standartlarina gore yapilmistir (APHA
ve WEF 2005).

3. Sonuclar

Kizilirmak Deltas1 Balik golii su kalitesi tizerine yapilan
bu calismada 10 6rnekleme noktasindan ve yiizeyden
0,2-0,3 m derinlikten alinan su orneklerinde fiziko-
kimyasal analizler yapilmistir. Balik goliine ait su kalite
parametre degerleri Tablo 1‘de verilmistir.
Parametrelerin mevsimsel degisimleri ise Sekil 2-6‘da
sunulmustur. Bu calisma kapsaminda, Seki disk
derinligi, klorofil a, bulaniklik, toplam fosfor, toplam
azot, renkli ¢dzlinmiis organik madde parametrelerine
ait degerleri, Yeriistii Su Kalitesi Yonetmeliginde
degisiklik yapilmasina dair yonetmelikte (2016)
belirlenen esik degerleri ile karsilastirilarak su kalitesi
belirlenmeye c¢alisilmistir. Ayrica, hassas alan olan
Balik goliiniin trofik durumu (yasam evresi) ve su
kalitesindeki donemsel degisiklik de belirlenmistir.

3.1. Su Kalitesinin Degerlendirilmesi

Su sicakhigi, g6l ekosistemi igerisindeki su
organizmalarinin biyolojik aktivitesini ve biiylimesini
biiytik 6l¢iide etkiler. Yiiksek sicaklik degerleri normal
sartlarda biyolojik aktiviteyi arttirmaktadir. Goliin
sicaklig1 yaz boyunca daha yiiksek ve kis doneminde
en diisiik degerlerde olmaktadir (Cunha vd. 2013).
flkbaharda, ortalama 19,27°C; yaz mevsimi boyunca
28,84°C, sonbaharda 18,74°C iken kis doneminde ise
10,71°C'dir. pH araligi 8,46-8,69 arasinda olup,
donemsel cok fazla degisim olmadigi belirlenmistir.
Golin elektriksel iletkenlik degeri ortalama 1688,22
pus/cm’dir.  Elektriksel iletkenligin artugr ki
doneminde, yagislarin artmasina bagh olarak goliin
suyu seviyesindeki yiikselmeye bagli olarak deniz
suyu girisimini oldugu gozlenmektedir. Bulaniklik
parametresi ise 19,89-62,56 NTU arasinda
degismektedir. Ozellikle yaz déneminde diger
donemlere gore yaklasik 2-3 kat artis oldugu
goriilmektedir. Seki disk derinligi (SDD), temel olarak,
diskin ytlizeyinden gelen 1s1gin yansimasinin bir
fonksiyonudur ve bu nedenle, sudaki partikiil
maddenin ¢6zlinme ve absorbsiyon o6zelliklerinden
etkilenmektedir. Askidaki maddelere bagh olarak,
151kl1 tabakay1 belirlemek i¢in komplike olmayan bir
indekstir. Genel olarak SDD, goldeki hem konumsal
hem de zamansal degisimi gostermektedir (Saluja ve
Garg 2017).SDD yaz aylarinda yapilan 6rneklemelerde
minimum, ilkbahar orneklemesinde maksimum
degerine ulasmistir (Sekil 1). Bu ¢alismada ortalama
Balik g6liintin Seki Disk Derinligi, ortalama 0,36 m olup
(Tablo 1), YSKY (2016)’ya gore hipertrofik su kalitesi
(<1 m) sinifina girmektedir.

Su igerisinde ¢dziinen oksijen miktari, suda yasayan
pek ¢ok organizmanin solunum metabolizmasi igin

gereklidir ve bircok besin maddesinin ¢éziintirliigini
ve kullanilabilirligini etkilediginden sudaki
ekosistemlerin  verimliligini  belirlemektedir. ¢
sulardaki oksijen dinamikleri; atmosferdeki girdiler,
fotosentetik aktivite ve organik maddenin mikrobiyal
ayrismasi arasindaki dengeyle yonetilir (Saluja ve Garg
2017). Cozliinmis oksijen konsantrasyonu, sonbahar
aylarinda 11,07 mg/L ile en yiiksek degeri; ilkbahar
aylarinda ise 9,65 mg/L ile en diisiik deger olarak
belirlenmistir. Go6ldeki ¢6ziinmiis oksijen degeri
ortalama 10,31 mg/L olup, mevsimsel dongiiyii takip
ettigi gozlenmistir (Tablo 1). G6liin ¢6ziinmiis oksijen
seviyesi, YSKY (2016)’ya gore oligotrofik su kalitesi
(>7 m) smifin1 gostermektedir. ilkbahar aylarinda
¢6zlinmis oksijen degerinin daha diisiik olmasinin
nedeni, organik maddenin bozunmasi, ayristirilmasi
ve bakteriler tarafindan solunmasi yoluyla serbest
oksijenin kullanilmasina bagli olabilir. Yaz aylarindaki
sicaklik artisina paralel olarak ¢oziinmiis oksijen
miktar1 azalma gostermektedir (Rashidet vd., 2016).
Ayrica meteorolojik parametrelerden olan riizgar
hizinin diisiik olmas1 da buna bagh bir neden de
olabilir Su ortamlarina azot, hem dogal hem de insan
kokenli faaliyetler sonucu girmektedir. Su ortamina
karisan azot bilesikleri birincil tretimi tesvik ederek
otrofikasyona neden olabilir. Ancak o6trofikasyonun
asil kaynagi fosforlu bilesiklerdir (Henry vd., 1984).
Azotlu maddelerin kaynagi yagmur suyu ile tasinan
atmosferik azot, toprak yapisinda bulunan nitrat
tuzlar1 olabildigi gibi, tarimsal faaliyetler sirasinda
topraktan yikanan, evsel ve endiistriyel atiklardan
suya karisan bilesikler de olabilmektedir. Yagish
iklimlerde, yagmur bitki ortiisi ve topraktan
stizlilirken akisin azot konsantrasyonu artmakta ve
ozellikle de nitrat azotu olarak akarsulara ve gollere
ulasmaktadir (Deemer vd., 2011). Ayrica azot baglayan
mavi-yesil alg ve bitkiler tarafindan atmosferik azotun
baglanmasi da s6z konusudur. Gélde Toplam Azot (TN)
konsantrasyonu 4490-6070 pg/L arasinda
degismektedir. YSKY (2016)’'ya gore
degerlendirildiginde ise gol ekosisteminde yillik
ortalama 4775 pg/L TN olup hipertrofik su kalitesi
(>1500 pg/1) durumunu gostermektedir.

Fosfor, dogal sularin verimliligini etkileyen besleyici
minerallerin de en 6nemlisidir. Dogal sularda toplam
fosfor yogunlugu; havzanin morfometresine, bolgenin
jeolojik yapisinin kimyasal icerigine, suya karisan
organik madde ve evsel atiklara 6zellikle deterjan olup
olmamasina ve sudaki organik metabolizmaya bagh
olarak degismektedir. Gollerde ve akarsularda
¢6zlinmis inorganik fosfat, ¢6ziinmiis organik fosfat ve
organik partikiiler fosfat seklinde bulunmaktadir.
Coziinmiis inorganik fosfat fotoototrof iireticiler
tarafindan alinarak, organik olarak baglandiktan sonra
besin zincirine katilmaktadir (Schworbel 1987).
Fosfor su ortaminda meydana gelen 6trofikasyonun da
en temel elementidir (Harper 1992). TP degeri, tathi su
sistemlerinde verimliligin belirlenmesinde baz alinan
en oOnemli unsurlardan biridir. Yaz aylarinda TP
oraninin yiiksek olmasi goliin su seviyesinin diismesi
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sonucunda meydana gelmektedir. Mikrobiyal
aktivitelerin  seviyesi  sicakliga bagli  olarak
ylkselmektedir. Bu nedenle yiiksek sicakliklarda
sedimandan daha fazla miktarda fosfor salinimi
gerceklesmektedir. Fosfor konsantrasyoundaki artis,
fitoplankton iiretimindeki artisa ve alg patlamasina
neden olmaktadir. Biiyiik miktarda ¢oziinmiis oganik
madde ve fitoplankton ayrismasi nedeniyle gol
ortaminda yiksek degerlerde organik madde
konsantrasyona sebebiyet vermektedir (Saluja ve Garg
2017). Buna bagh olarak toplam fosfor (TP) degeri, kis
doneminde en diisiik (ortalama 57,95 pg/L), yaz
biiyiime doneminde ise TP (115,27 pg/L) degeri en
yuksek olarak belirlenmistir.  YSKY (2016)
yonetmeligine gore, toplam fosfor seviyesine bagh
olarak, goliin 6trofik durumdan (100 pg/1) hipertrofik

duruma (>100 pg/l) dogru gectigi gdzlenmektedir.
Toplam fosfor miktarinin yaz aylarinda artmaktadir.
Bunun sebebi ise, 6zellikle su sicakliginin artmasi,
tarimsal amagch giibre kullam miktarinin artmasi ve

goliin su seviyesindeki azalma olabilir. Klorofil-a
konsantrasyonu, fitoplankton biyokiitle
konsantrasyonlarinin degerlendirilmesine 151k

tutmaktadir.Golde, Klorofil-a konsantrasyonu 22,76-
68,61pg/L araliginda ve ortalama degeri 28,07 pg/L
olarak belirlenmistir. Gol ortamindaki fitoplankton
aktiviteleri ve diisiik su seviyeleri nedeniyle klorofil-a
konsantrasyonu yaz aylarinda en yiiksek seviyededir
(Parparov ve Gal 2017). YSKY (2016) yonetmeligine
gore gol ekosisteminde klorofil a miktarina bagh
olarak hipertrofik kosullarin (>25 pg/1) yaygin oldugu
goriilmektedir.

Tablo 1. Kizilirmak Deltasi-Balik Golii Su Kalite Parametre Degerleri (2017-2018)

ilkbahar

Yaz Biiyiime

Sonbahar

Parametre Karisimi Donemi Karisimi Kis Dénemi Ortalama
pH 8,55 8,67 8,69 8,46 8,59
Sicaklik (°C) 19,27 28,84 18,74 10,71 19,39
Tuzluluk (%o) 0,80 0,81 0,93 0,98 0,88
TDS (mg/1) 798,30 805,27 917,60 967,60 872,19
Céziinmiis Oksijen (mg/1) 9,65 9,78 11,07 10,74 10,31
Elektriksel lletkenlik 1548,27 1561,00 1771,20 1872,40 1688,22
(ns/cm)
Bulaniklik (NTU) 24,84 62,56 37,95 19,89 36,31
CDOM (pg/L) 80,44 79,33 57,50 62,49 69,94
Seki Disk Derinligi (m) 0,43 0,24 0,30 0,48 0,36
Klorofil-a (ng/L) 45,13 68,61 48,86 22,76 46,34
Toplam Azot (pg/L) 6070 4560 4490 3980 4775
Toplam Fosfor (ng/L) 70,00 115,27 82,4 57,95 81,41

Not: Su kalite parametrelerine ait aylik olarak, 10 6rnekleme istasyonuna ait degerlerin ortalamasi

14

12

0 I I

ilkbahar Kangimi

Ciézlinmils Oksijen (mg/1)
= =] =]

[

Dine mi

W Caziinmiis Oksijen (mgfl)

Yaz Biyiime Sonbahar Kangimi

18

I I 0

= = 3 &
Skakhk“C

oa

Kis Dane mi

W Sicaklik [°C)

Sekil 2. Balik Goli'niin mevsimsel degisime bagli olarak Co6ztiinmis Oksijen ve Sicaklik Degerleri
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Sekil 6. Balik Golii'niin mevsimsel degisime bagli olarak Elektiriksel Iletkenlik ve TDS Degerleri

3.2. Trofik Durum indeksi

Goller, bolgesel hidrolojiye ve bozulmamis biyolojik
cesitlilige katkida bulunan hassas bir ekosistemdir ve
bagimli niifusun sosyo-ekonomisini siirdiirmede
o6nemli rol oynamaktadir (Rashid vd., 2017). Géllerin
su kalitesi ozellikleri, gollerin rekreasyonel kullanimi
dahil olmak iizere; habitat ve tiir ¢esitliliginin
belirlenmesinde kritik faktorleri temsil etmektedir
(Fuller ve Jodoin 2016). Gollerin simiflandirilmasi ve
bunlarin trofik durumlarini belirlemek icin cesitli
yontemler benimsenmistir. En yaygin kullanilan ve
yaygin olarak kullanilan yontem {iretkenlige
dayanmaktadir. En sik kullanilan biyokiitle ile iliskili
trofik durum Carlson (1977) indeksidir. Trofik durum
indeksi, su kalitesi ¢alismalarinin 6nemli bir pargasidir
ve su kalitesi degiskenlerine bagl olarak birden fazla
parametreyi barindirdigi icin; bir goliin su kalitesinin
analiz edilmesi, hesaplanmasi ve yorumlanmasina
kolaylik saglamaktadir (Cunha vd., 2013). Trofik besin
ilaveleri, zorlayic1 faktorlere biyolojik cevap olarak
anlasilmaktadir, ancak besin maddesi etkisi mevsimsel
degisim, karistirma derinligi gibi parametrelerle de
degisebilmektedir. Gol suyunun kalitesinin
derecelendirmesi i¢in Trofik Durum indeksi (Trophic
State Index: TSI); Klorofil a (Chl a), toplam fosfor (TP),
toplam azot (TN) ve seki disk derinligi (SDD)
parametreleri kullanilarak hesaplanmaktadir (Tablo
2) (Carlson 1977; Kratzer ve Brezonik 1981). Yapilan
bu parametrelere ait 6l¢iimlerin birimleri ve degerleri
farkli boyutta oldugu icin bu parametreleri birbirleri
ile kiyaslamak ve sinirlayici parametreyi tespit etmek
zor olmaktadir. Tablo 3’de Gollerin trofik durumunun
siniflandirilmasi ve TSI sinir degerleri verilmektedir
(Carlson 1977). Bu indeks bize bir goli farkl
parametreler acgisindan tiim parametreleri ortak bir
Olcekte degerlendirebilme sansi vermektedir (Akyiiz
2016).

Bu calismada, aylik olarak Nisan 2017-Nisan 2018
tarihleri arasinda alinan g6l ylizey suyunda, toplam
azot (TN), toplam fosfor (TP), klorofil-a (Chl-a) ve Seki
Disk Derinliginin (SDD) mevsimsel degisimine bagh
olarak, bu parametreler arasindaki iliskiye gore
Carlson 1977) ; Kratzer and Brezonik (1981) Trofik

Durum indeksi (TSI) degerleri hesaplanarak
degerlendirilmistir. Buna gore, Balik Goli‘niin trofik
durum indeksi mevsimsel olarak degisimi

hesaplanmis ve Tablo 4’de verilmektedir. Balik golii
yillik ortalama trofik seviye indeks degerleri; TSI (Chl-
a) 67,5; TSI (SDD) 76,2; TSI (TN) 176,5; TSI (TP)
67,1'dir. Goliin dzellikle yaz biiyiime déneminde, TSI
(Chl-a) 72,08; TSI (SDD) 80,56; TSI (TP) 72,6;, TSI (TN)
176,02 degerleri oldukca yiiksek olup, diger
mevsimlerde de yaygin olarak hipertrofik durum
gorilmektedir. Bu nedenle golde, alg ve makrofit
yogunlu fazla ve 151k gecirgenligi sinirhidir. Ayrica,
mevsimsel degisimlere baglh olarak TP ve SDD trofik
seviye indeksi degerlerine gore gol ekosistemi
hipertrofik (TSI, 70-80), TN ve Chl-a degerlerine gére
ise otrofik-hipertrofik durumun (TSI, 60-70) belirgin
oldugu goriilmektedir. Ciice ve Bakan (2017)‘nin Balik
Goli'nde yaptig1 calismada genel olarak goliin otrofik
yapida oldugu ve gol statiisiiniin kritik duruma
oldugunu belirlemisleridir. Sonug olarak, bu calismada
ise mevsimsel degisimlere bagl olarak, elde edilen
sonuglar, TP, TN, SDD ve Chl-a‘nin trofik seviye indeks
degerlerine gore, TSI smiflandirmasina gore o6trofik
durumun sinir degerini asmakta oldugu (TSI 60-70),
yaygin olarak hipertrofik durumun olusmasi nedeniyle
goliin kritik durumda oldugunu ortaya koymaktadir.
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Tablo 2. Trofik durum indeks degerinin hesaplanmasi (Carlson 1977; Kratzer ve Brezonik 1981)

Trofik Durum indeksi Trofik Durum indeks Degerinin Hesaplanmasi
TSI (Chl-a) 9,81*In (Chl-a)+30,6
TSI (SDD) 60-14,41*In (SDD)
TSI (TP) 14,42*In (TP)+4,15
TSI (TN) 54,45+14,43*In (TN)

*TSI Carlson tarafindan ilk kez tanimlandiginda TP, Chl-a ve SDD degerlerine gore hesaplanirken,Kratzer ve Brezonik'in yaptigi calisma
(1981) ile TN degeri de ilave edilmistir.

Tablo 3. Géllerin trofik durumunun siniflandirilmasi ve TSI sinir degerleri (Carlson 1977)

TSI Chl-a SDD TP Ozelligi
(ug/L) (m)  (pg/L)

<30 <0,95 >8 <6 Oligotrofik: Temiz su, Oz, y1l boyunca hipolimnion durumu mevcut

30-40 0,95-2,6 8-4 6-12 Sig gollerin hipolimnion tabakasi oksijensiz olabilir

40-50 2,6-7,3 4-2 12-24 Mezotrofik: Su kismen temiz, yaz sliresince hipolimniondaki
oksijensizlik artis gosterebilir

50-60 7,3-20 2-1 24-48  Otrofik: Hipolimnion oksijensiz, makrofit problemleri de gozlenebilir

60-70 20-56 0,5-1 48-96  Mavi-yesil algler dominanttir, alg koptkleri ve makrofitler sorun
teskil edebilir.

70-80 56-155 0,25- 96-192 Hipertrofik: Isik verimliligi sinirlar. Algler ve makrofitler yogundur

0,5
>80 >155 <0,25 192- Alg kopiikleri ve az sayida makrofit mevcuttur
384

Tablo 4: Balik Géliin Trofik Durum indeksi Degerleri

ilkbahar Yaz Biiyiime Sonbahar Kis Ortalama
Trofik Durum indeksi Karisimi Doénemi Karisimi Dénemi Degerleri
(TSi)
TSI (Chl-a) 67,97 72,08 68,75 61,25 67,5
TSI (SDD) 72,16 80,56 77,34 74,72 76,2
TSI (TP) 65,41 72,61 67,76 62,68 67,1
TSI (TN) 180,15 176,02 175,80 174,06 176,5

3.3. Kalite ve Kontrol

Laboratuvar  analizleri ~ sonucunda gol su
orneklerinden elde edilen parametre degerleri ve
ornekleme istasyonlarina ait koordinat bilgileri kayit
altina alinmistir. Analizler/6l¢iimler % 90-95 giliven
araliginda yapilmistir. Rolatif hata oram1 %10’dan
biiylik olmasi durumunda analizler tekrarlanmistir.
Ayrica, ilk set analizlerde kalitenin saglanmasi ve
kontrolii amaciyla her 5 numunede bir kér numune
analizi, her 10 numunede bir igerigi bilinen bir
laboratuvar kontrol numunesi ile kontroller yapilmis
ve sonuclarin tatminkar olmasi durumunda kontrol
numunesi siklig1 azaltilmistir.

4. Tartisma
Bu g¢alismada, Kizilirmak Deltas1 gibi uluslararasi

koruma statiisii icerisinde bulunan en biiyik
gollerden biri olan Balik G6liiniin su kalitesini izleme

calismalar1 yiiriitilmiis ve golin trofik durumu
belirlenmeye calisilmistir. Bir su kaynaginin amacina
uygun olarak kullanilabilmesi i¢in periyodik olarak
izlenmesi gerekmektedir. RAMSAR alani olarak
belirlenip koruma altina alinmis olan Kizilirmak
Deltasi-Balik Golii 2017--2018 donemlerini kapsayan
siirecte, aylik olarak su kalitesinin fizikokimyasal
parametreleri ve trofik durum indeksi belirlenmeye
calisilmistir.

Bu calismadan elde edilen sonuclara gore; goliin su
kalitesine bagli olarak zamansal degisimlerinin 6nemli
oldugu ve ozellikle yaz aylarinda goldeki su
seviyesinin diismesine bagl olarak ekosistemi 6nemli
olarak olumsuz etkiledigi goriilmektedir.
Antropojenik  faaliyetler  gol ekosisteminde
degisikliklere neden olmustur. Biyolojik icerikli
kirletici desarjlari, ticari amaglh balik av1 ve yabanci
tirlerin girisimi ile insan etkisine maruz kalmistir.
Yeriistii Su Kalitesi Yonetmelik (2016)’ine gore ve
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Trofik Seviye Indeksine (Carlson 1977) gore, Balk
golii ekosisteminde hipertrofik kosullarin yaygin
oldugu gozlemlenmektedir. Bunun en 6nemli sebebi
ise, evsel atik sular ile tarimsal faaliyetlerdeki azotlu
ve fosforlu giibre kullanimi sebebiyle ortaya c¢ikan
organik ve inorganik madde yiiklemeleridir. Arazi
kullanimindaki degisiklikler, sulama ile drenaj
kanallarindaki yenilikler ve balik¢ilik benzeri
faaliyetler de deltadaki sulak alanlar1 dogrudan
etkileyerek ekosistem icerisindeki biyocesitlilik yok
olma tehlikesi ile karsi karsiya getirmektedir. Bu
nedenle 6zellikle sulak alanlardaki kirlenme kaynakl
tehlikelerin sistematik bir sekilde izlenmesi, tespit
edilmesi durumunda vakit gecirmeden gerekli
miidahalenin ve/veya onlemlerin alinmasi, gelecege
dair planlamalarin  yapilmasi  benzer doga
glzelliklerinin korunmasi agisindan o6nem arz
etmektedir. Ote yandan, hassas su kiitlesi olan ve dzel
korunan alan statiisiindeki Balik goéli'niin farkh
koruma  onlemlerinin  alinmast ve izleme
yukiimliiliiklerinin de yerine getirilmesi
gerekmektedir. Bu amag¢ dogrultusunda ekolojik ve
kimyasal durumun tespiti i¢in fizikokimyasal,
kimyasal, biyolojik ve hidro-morfolojik
parametrelerin birlikte degerlendirilerek,
baskilarin/etkilerin  belirlenmesi ve iyilestirilme
calismalarinin gergeklestirilmesi gerekmektedir.
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Anahtar Kelimeler 0z

Demet-Dalga Etkilesimi, Bu calismada tipik bir yiiriiyen dalgali tiip kuvvetlendiricisindeki (TWT) elektron
Pierce Teorisi, demeti ile elektromanyetik dalganin etkilesimi sonucu elde edilen TWT iletim
Yiiriiyen Dalgali Tiipler ~ sabitlerinin davranmisi incelenmistir. Oncelikle, TWT demet dalga etkilesiminden
(YDT’ler), dispersiyon denklemi ¢ikarilmistir. Elde edilen denklem, Pierce normalizasyon
YDT lletim Sabitleri, parametreleri kullanilarak basitlestirilmistir. Farkli Pierce normalizasyon parametre
Uzay Yiikii. takimlari icin TWT ye ait tiim dalga tipi ¢dziimlerin davranislart TWT nin artirilmis

iletim sabitlerine bakilarak tespit edilmistir. Bu baglamda ii¢ ana durum ele alinmistir.
Bu li¢ ana durumun her birinde sirasiyla sadece senkronizasyon, uzay yiikii ve devre
kayb1 parametreleri belirli bir deger araliklarinda stplriilmiistiir ve ilgili diger
normalizasyon parametreleri sabit alinmistir. Béylece TWT deki dalga tipi ¢dziimlerin
artirllmis iletim sabitlerinin kok-yer egrileri derinlemesine incelenmistir.

INVESTIGATION OF PROPAGATION CONSTANTS IN TRAVELING WAVE TUBE

AMPLIFIERS

Keywords Abstract

Beam-Wave Interaction, In this study, behavior of TWT propagation constants obtained from interaction of
Pierce Theory, electron beam and electromagnetic wave in a typical traveling wave tube amplifiers is
Traveling Wave Tubes analyzed. First of all, dispersion equation is derived from TWT beam- wave interaction.
(TWT’s), Acquired equation is simplified by using Pierce normalization parameters. Behaviors of
TWT Propagation all wave-type solutions related to TWT are determined for different Pierce
Constants, normalization parameter sets by looking incremental propagation constants of TWT. In
Space Charge. this context, three main cases are considered. In each of three main cases, only

synchronization, space charge and circuit loss parameters are swept in a certain value
range and other related normalization parameters are taken constant, respectively.
Hence, root-locus curves of incremental propagation constants of wave type solutions
in TWT are deeply analyzed.
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1. Giris haberlesme sisteminde temelde verici, alic1 ve iletim
ortamindan olusan ii¢ ana sistem yer almaktadir. Bu ti¢
Bir bilgi isaretinin arzu edilen bir noktadan istenen bir ana sistem igerisinde verici isaretinin alic1 noktasina
noktaya gonderilme ihtiyaci haberlesme sistemlerinin kayipsiz ve verimli bir sekilde iletilmesine katki
ortaya cikmasina zemin hazirlamistir. Bu noktada bir saglayan isaret kuvvetlendirici sistemleri
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bulunmaktadir. Giiniimiizde o6zellikle haberlesme
uydulari icin isaret kuvvetlendirmesini gerceklestiren
Kat1 Hal Gii¢ Kuvvetlendiricileri (Solid State Power
Amplifiers-SSPA)  ve  Yiriiyen Dalgali  Tiip
Kuvvetlendiricileri (Traveling Wave Tube Amplifiers-
TWTA) bulunmaktadir (Pierce, 1950; Gilmour 1994;
Gilmour 2011; Basu, 1996; Kesari ve Basu 2018).
Teknolojik olarak birbiri ile siirekli rekabet icinde
bulunan bu sistemlerin igerisinde TWTA'lar,
haberlesme wuydularinda SSPA’lara gore ozellikle
yuksek frekanslarda daha yiiksek ¢ikis gilici ve
verimlilik saglayabildiklerinden dolay1 (Qiu vd. 2009)
oldukea yaygin bir sekilde kullanilmaktadir.

1940’h yillardan beri vakum tabanl bir gic¢
kuvvetlendiricisi olarak kullanilan TWTA’larda Sekil
1’de goruldiigii gibi ¢ ana g¢alisma diizeni
bulunmaktadir. Her biri olduk¢a karmasik g¢alisma
diizenine sahip bu ii¢ ana diizenden biri olan elektron
tabancast RF isaretin etkilesime girecegi elektron
demetinin uygun bicimde olusturulmasini ve sisteme
uygulanmasini  saglamaktadir. Sisteme verilen
elektron demeti ile RF giris isaretinin istenilen eksenel
mesafede uygun kosullarda etkileserek RF isaret
cikisindan alinmasini saglayan yavas dalga diizeni
sistemin ikinci ana ¢alisma diizenini olusturmaktadir.
Sistemde enerjisi azalmis elektronlarin RF c¢ikis
isaretine pozitif katki yapacak odlciide (yliksek
verimde) toplanmasini saglayan mekanizma toplayici
diizenidir.

RF Giig Girigi RF Giig Cikigt

Zayiflatict

Elektron Demeti

Elektron Tabancasi
Diizeni

Yavas Dalga Dizeni Toplayiel

Helis Yavas Dalga Devresi Diizeni

— — — Magnetik Alan— — —»

Sekil 1. Bir Yiirtiyen Dalgali Tiip (TWT) sisteminin
genel goriinimi.

Bir TWTA sisteminde yavas dalga diizenindeki isaret
kuvvetlendirme mekanizmasinin anlasilmasi ve
gerekli calisma isterlerine ulasmak i¢in uygun
parametrelerin se¢cimi haberlesme sisteminin verimli
kullanilmas1 agisindan olduk¢a gereklidir. Bu
dogrultuda elektron demeti ile helis yavas dalga
devresindeki elektromanyetik dalganin yavas dalga
diizeni icerisindeki etkilesiminin matematiksel olarak
irdelenmesi biiylik dnem arz etmektedir. TWT ¢alisma
mekanizmasinda kiiciik isaret seviyesinde Demet-
Dalga etkilesiminde dispersiyon denkleminin
¢O6ziimlini iceren bu durum bir¢cok calismada
incelenmistir (Pierce, 1947; Birdsall ve Brewer 1954;
Brewer ve Birdsall 1957; Booske ve Converse 2004;
Wong vd. 2018; Qiu vd.2018). Bu ¢alismalarda basit
formdaki bir TWT'deki dispersiyon denklemi
¢oziilmis ve elde edilen dalga ¢oziimlerinin TWT

kazang performansina etkileri ele alinmistir. Bununla
beraber, artirllmis iletim sabitlerinin  genel
davranmiglarinin (Pierce, 1947; Birdsall ve Brewer
1954; Brewer ve Birdsall 1957; Ertay ve Simsek, 2017)
incelendigi calismalarda, ¢oziilen kompleks koklerin
yer aldigi kok-yer egrilerinin ¢ikarimi ve genel
davranmislarinin  detayli incelenmesine yeterince
girilmemistir. Bu arastirma makalesinde yeni bir bakis
acist ile bu eksiklikleri giderecek detayl bir inceleme
yapilarak literatiire bu noktada katki saglanmistir. Bu
kapsamda, oncelikle, tek helisli TWT’lerde meydana
gelen Demet-Dalga etkilesimi mekanizmasinin ve
literatiirde yer alan Pierce normalizasyon
parametrelerinin (QC, b, d) Demet-Dalga etkilesimine
etkisinin arastirilmasi1 yapilmistir. Temel kabuller
altinda problem basit bir bicime indirgenerek
¢ozlimler yapilmistir. Demet-Dalga etkilesimini iceren
dispersiyon denklemi verilmistir. Céziimlerden elde
edilen dalgalarin kokleri incelenerek davranis tipleri
belirlenmistir. Her bir Pierce parametre takimi belirli
aralikta serbest birakilip, serbest birakilan parametre
disindaki normalizasyon parametreleri sabit alinarak
dispersiyon denkleminden elde edilen koklerin
davranisi incelenmistir. Elde edilen kompleks kdklerin
kok-yer egrileri c¢ikarilmistir ve farkli Pierce
parametreleri icin kok-yer egrilerinden koklerin
davranislari incelenmistir.

ilerleyen boliimlerde lineer bolgede ele alinan temel
diizeyde bir TWTnin Demet-Dalga etkilesimi
sonucunda ortaya ¢ikan iletim sabitlerinin davranisi
ve kok-yer egrilerinin degisimi detayli olarak
incelenmis, sonuclar ve degerlendirmeler verilmistir.

2. TWT Demet-Dalga Etkilesim Denklemi

Tipik bir TWT’de meydana gelen Demet-Dalga
etkilesiminin incelenebilmesi icin Oncelikle ele
alinacak kosullarin basitlestirilmesi gereklidir. Bu
dogrultuda asagida belirtilen temel varsayimlar
dikkate alinmalidir (Pierce, 1947; Ertay ve Simsek,
2017):

e Elektron demeti hareketinin sadece eksenel
yonde ve diizgiin bir forma sahip oldugu
kabul edilmistir.

e Elektron demet hizinin 151k hizindan goérece
kii¢lik oldugu kabul edilmistir.

o Elektron demet hizinin alternatif akim
bilesenlerinin dogru akim bilesenlerine gore
oldukga kii¢iik oldugu kabul edilmistir.

Analizi basitlestirici bu kabuller ile birlikte, e/“t=17 (
w: agisal frekans ve I': TWT iletim sabiti) zaman
bagimlilig1 dikkate alinmistir. TWT’nin yavas dalga
diizeninde bulunan yavas dalga devresi ile elektron
demetinin etkilesimi birbirine yakin olan iletim hatt1
devresi ile elektron demetinin etkilesimi olarak ele
alinmistir (Pierce, 1947). Bu durumda Demet-Dalga
etkilesiminin uygun analizi agisindan ortaya iki durum
cikmaktadir. Uzay yiikii etkilerinin olmadig1 varsayimi
altinda, yavas dalga devresinin elektronlarin
hareketini etkiledigi eksenel elektrik alan (E,;s) bir
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durumu (devre denklemi), eksenel elektrik alandan
kaynaklanan elektron demetindeki eksenel akim (i)
diger durumu (elektronik denklemi) meydana
getirmektedir. Matematiksel c¢ikarimlarina detayh
olarak (Pierce, 1950; Gilmour 1994; Gilmour 2011;
Basu, 1996; Pierce, 1947; Ertay ve Simsek, 2017)
literatiirde yer verildigi devre ve elektronik
denklemleri sirasiyla esitlik (1) ve (2)'de ifade
edilmektedir.

By = S ToZo )
eks Foz —_T2 eks

, jﬁelo

leks = ZVO (jﬁe _ F)z Eeks (2)
Esitlik (1) ve (2)'de yer alan T, Ty, Zg, Iy, Vo ve B.
ifadeleri sirasiyla TWT iletim sabiti, esdeger iletim
hatt1 devresi ile modellenen yavas dalga devresinin
iletim sabiti ve karakteristik empedansi, dc demet
akimi, elektronlarin hizlandirilmasini saglayan dc
demet gerilimi ve elektronlarin faz sabitini
gostermektedir. Elektron demetinin faz sabiti w/u, ile
ifade edilmekte olup (u, =5.93 x 10%,/V, m/s)
ortalama elektron hizidir ve demet gerilimine baghdir.

Uzay yiikii etkilerinin olmadig1 durumda esitlik (1) ve
(2) ifadeleri i, ile E.js arasindaki iliskiyi ortaya
¢ikarmaktadir. Bu iki denklemin bu kosullar altinda
bir araya getirilmesi sonucu (3) no’lu doérdiinci
dereceden genel denklem elde edilmektedir.

JBeloZoI*Ty
2Vo(I§ = I2)(jBe — 1)?

=1 (3)

Elektron demetinin elektron tabancasindan ¢ikip
yavas dalga diizenini gegmesinden sonra yavas dalga
devresi ile etkilesime baslamasi sonucunda olusan
kiimelenmis elektron demetinin yiikii yavas dalga
devresinde ilerleyen dalganin olusturdugu elektrik
alana ek bir elektrik alan getirmektedir. Bu durumda
esitlik (2)’de uzay yiikii etkilerinden kaynaklanan
elektrik alanin dikkate alinmasi ile ve detayl
matematiksel islemler sonucunda (Pierce, 1947;
Gilmour, 1994; Gilmour, 2001, Ertay, 2017) esitlik
(4)’teki gibi bir Demet-Dalga etkilesim denklemi elde
edilmektedir.

jﬁelor [ (4)

Z,IT, ity
ZVO(iﬁe - 1")2 B

202 -T2 G,

(4) no’lu dispersiyon denkleminde esitligin sol
tarafindaki ikinci terim wuzay yiiki etkilerinin
olusturdugu katkiy1 géstermektedir. (4) no’lu esitlikte
yer alan C; ifadesi esdeger iletim hatti ile modellenen
yavas dalga devresi ile elektron demeti arasinda
olusan birim uzunluktaki kapasiteyi gostermektedir
(Pierce, 1950; Gilmour, 1994; Ertay ve Simsek, 2017).
Uzay ytkii etkileri de dikkate alinarak, ifadelerin daha
basit ve anlasilabilecek bir formda agiklanmasi
acisindan  bazi  normalizasyon  parametreleri

kullanilmistir. Buna gore, esitlikler (5)’de, (6)’da ve (7)
ile (8)’'de TWT terminolojisinde sik¢a kullanilan Pierce
normalizasyon parametreleri (QC, b, d) (Pierce, 1950;
Gilmour 1994; Gilmour 2011; Basu, 1996; Pierce,
1947; Ertay ve Simsek, 2017) yer almaktadir.

v 1 )
C= ((ZO 41—1‘;0))3 (6)
b= :C (7)
d = B.C (8)

Esitlik (5)’te, (6)'da, (7)'de ve (8)'de yer alan v¢, a, Q,
C, b, ve d ifadeleri sirasiyla yavas dalga devresine ait
faz hiz1 ve zayiflama sabiti, uzay yiikii parametresi,
kazang parametresi, demet ve dalga hiz1 arasindaki
senkronizasyon parametresi ve devre Kkayip
parametresidir. vy, yavas dalga diizeninde kullanilan
yavas dalga devresinin elektron demeti mevcut
degilken (soguk analiz), alan analizlerinden (Jain vd.,
1987; Jain vd., 1992; Ghosh vd., 1997; D’Agostino vd.,
1998; Ertay ve Simsek 2018) veya ii¢ boyutlu
elektromanyetik benzetim ortamlarinda yavas dalgali
yapt modellemesi yapilarak elde edilebilecek,
dispersiyon iligkisinden ortaya konabilen bir
biiytkliktir. Pierce kazang parametresi C elektron
demeti ile yavas dalga devresi arasindaki etkilesim
yogunlugunun olgiisiini gostermektedir. Tipik bir
TWT icin kazang¢ parametresi C < 1 mertebelerinde
olabilmektedir. Birbiri ile etkilesim halindeki elektron
demetinin ve elektromanyetik dalganin hizlarinin ayni
oldugu durum senkron durumu ifade etmektedir ve bu
durum esitlik (7)'de uo/vy orammnin 1 olmasina
karsiik  diiser bodylece hiz  senkronizasyon
parametresi 0’a esit olmaktadir. Bu durumda yavas
dalga devresi ile elektron demeti faz sabitleri arasinda
Bo = B. esitligi yazilabilmektedir. Elektron demetinin
ve elektromanyetik dalganin hizlarinin farkli oldugu
durum senkron olmayan durumu ifade etmektedir ve
bu durumda ilgili faz sabitleri arasinda g8, = B.(1 +
Cb) iliskisi yazilabilmektedir. Yavas dalga devresinin
zayiflama sabitinin S,C c¢arpimina orani kayip
parametresini ~ vermektedir. TWT'nin iletim
sabitlerinin genel olarak bulunabilmesi icin Pierce
artirllmis iletim sabiti yaklasimini 6ne sirmistir
(Pierce, 1947). Buna gore, birbirileri ile etkilesimde
olan Demet-Dalga mekanizmasinda olusan TWT iletim
sabiti I' esitlik (9)'da verilmistir. Esitlik (9) senkron,
senkron olmayan durum ve devre zayiflamasi gibi tiim
durumlari igeren iletim sabitlerini ifade etmektedir.

['=jBe— BcCS 9)
Esitlik (9)’'dayer alan §, esitlik (10)’da belirtilmis olup,
TWT'nin her bir dalga ¢6ziimiine ait artirilmis iletim

sabiti bilesenlerini gostermektedir.
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§=xy+jyn, n=1,2,3 (10) s . Q025,071
3.2 t
Yavas dalga devresi iletim sabiti [, esitlik (11)'deki ;: i -
gibi yazilabilmektedir. 2 ey, R 12
g e o e Eanin
T, = jBe + jB.Ch + B.Cd (11) 7 S . B o i st
= 04 N
Esitlik (5)’te, (6)’da, (7)’de, (8)'de, (9)’'da ve (11)'de B e o
yer alan ifadeler (4) no’lu esitlikte yerine yazildiginda " ::
ve C « 1 kabulii dikkate alindiginda esitlik (12)’de yer 2
alan ti¢ilincli dereceden denklem elde edilmektedir. -1.6 L
-2 \_\
- 4
(H8% + (b —jd)S6% + (j4QC)S + ((—1 - M4 3 2 1 0 1 203 4 5 6

4QCh) + j4QCd) = 0 (12)

Esitlik (12)'nin ¢6ziimleri esitlik (10)’daki kompleks
kokleri vermektedir. Esitlik (12)'de verilen QC
garpimi elektronlar tizerindeki genlesme
kuvvetlerinin =~ kiimelenme  kuvvetlerine  bagil
mukavemetinin oOl¢iisii olarak kabul edilmektedir ve
uzay yukd etkilerini icermektedir (Gilmour, 1994). Ek
olarak, ad1 gecen ayni esitlik demet-dalga hiz iliskisini
ve yavas dalga devresinin zayiflama etkilerini de
icermektedir. Esitlik (9)’da belirtilen TWT iletim
sabiti, e/“t=T? dalga taniminda yerine yazildiginda
esitlik (13) elde edilmektedir.

c=k 13

1-Cyn

=Jj

w
I i —Cxnl|z
ejwt rz _ e}wte[uo ‘ﬂ] e

Esitlik (13)’te de goriilecegi iizere, elde edilen
kompleks ¢oziimlerin reel kisimlar1 TWT'de ortaya
cikan dalgalarin genliginin davranisi hakkinda bilgi
vermekte olup, sanal kisimlar1 ise ayni dalga
¢ozlimlerine ait hizlarin elektron demet hizindan ne
kadar farkli oldugunun 6l¢iisiinii belirtmektedir.
Esitlik (12)’den elde edilen kompleks koklerin esitlik
(13)’te verilen genlik ve faz ifadelerine etkisi b, d ve
QC  parametrelerinin  farkli  degerleri  icin
belirlenebilmektedir.

3. Sayisal Sonuglar ve Degerlendirme

Bu boliimde esitlik (12)’'nin Pierce parametrelerinin
mimkiin olabilecek farkli durumlari icin ¢6ziimleri
yer almaktadir. Oncelikle, lclincii dereceden TWT
dispersiyon denklemi esitlik (12)'nin QC = 0.25 ve
d=1 ve —oo <b <oo degerleri i¢cin elde edilen
sonuglar ile literatiirde mevcut ayni durum igin
dordiincii dereceden TWT dispersiyon denkleminin
¢ozlimiinden elde edilen sonuglar [Brewer ve Birdsall,
1957] Sekiller 2 ve 3'teki gibi karsilastirilmistir. Esitlik
(12)’'nin ¢oziimi ile elde edilen artirilmis iletim
sabitlerine ait reel ve sanal kisimlara ait ¢oziimlerin
literatlirde verilen sonuglar ile miikemmel bir uyuma
sahip oldugu Sekiller 2 ve 3’ten agik¢a goriilmektedir.

b
Sekil 2. QC = 0.25,d = 1ve —0 < b < oo degerleri
icin esitlik (12) ve literatiire ait reel ve sanal
kisimlara iliskin ¢éziimlerinin karsilastirilmasi.

—- -6, (Esitlik 12)
1
12 T — 8, (Esitlik 12) i
10 3 e 8, (EsitliK 12)
81 : x 0'1 [Brewer ve Birdsall 1957]| |
61 4, + 0'2 [Brewer ve Birdsall 1957] i
—_ 4r " 53 [Brewer ve Birdsall 1957] |
- 2 e, S 1
) P —— = Zi{Eev € h=ong
T L e X EE
E 27 Te ?\
4+ ¢ b=oo
o
8F !
10 - b=oc 1
12 . . . . . . . . . .
-16 -14 -12 -1 -08 0.6 04 -0.2 0 02 04 0.6

Re( 4 )
Sekil 3. QC = 0.25,d = 1ve —0 < b < oo degerleri
icin esitlik (12) ve literatiire ait § diizleminde
¢oziimlerin karsilastirilmasi.

Esitlik (12)'nin ¢éziimi literatiir ile dogrulandiktan
sonra dort farkli durum icin Sekil 4-9’da ele alinmistir.
Bu dort farkli durumdan ilki uzak ytiki etkilerinin ve
devre kaybinin olmadigi durumu (QC = 0,d = 0),
ikincisi sadece devre kaybi etkilerinin dikkate alindig1
durumu (QC = 0,d = 0.5), lglinclisii sadece uzay
yukii etkilerinin dikkate alindigi durumu (QC =
0.5,d =0), son durum ise her iki etki
mekanizmalarinin da dikkate alindig1 durumu (QC =
0.5,d = 0.5) ifade etmektedir. Her bir durumun
artirilmis iletim sabitlerinin davranisini iceren
sonuglar Sekil 4-9’da verilmektedir.

718



ERTAY ve SIMSEK

10.21923/jesd.503619

..... x> QC=0, d=0

- - -x,, QC=0,d=05

s Xy QC=0.5, d=0

X QC=0.5, d=0.5

—y,» QC=0, d=0

= y,QC=0,d=05
o ¥, QC=0.5, d=0

==y, QC=0.5,d=05

¥

Sekil 4. Artirillmis iletim sabiti bilesenlerinden artan
ileri dalga bilesenlerinin farkli QC, d degerleri i¢in
senkronizasyon parametresine gore degisimi.

Sekil 4’de, acgiklanan dort farkli durumu igeren
kompleks kok ¢ozlimlerinden biri verilmektedir.-Buna
gore, dort farkli durum icin elde edilen kompleks
¢ozlimin reel kismi, segilen b degerlerinde daima
sifirdan biiylik olmaktadir. Sekil 4'de bulunan x;
degerleri esitlik (13)’te yerine konursa elde edilen
dalga tipi ¢o6zimiiniin artan dalga oldugu
goriilmektedir. Ayni1 zamanda, elde edilen kompleks
¢Ozlimiin sanal kismi secilen b degerlerinde daima
sifirdan kiigtiktiir. Bulunan y,; degerleri esitlik (13)’te
yerine konursa elde edilen dalga tipi ¢6ziimiiniin
elektron demeti ile ayn1 yonde ve ortalama elektron
hizindan yavas oldugu goriilmektedir. Sonu¢ olarak
artan ileri dalga bileseni bulunmus olmaktadir. Ayrica
farkli dort durum icin Sekil 4 incelendiginde uzay ytikii
parametresi QC’nin x;’i belirli bir b deger araliginda
sinirladigl ve artan ileri dalganin hizini da esitlik (13)
incelenirse diisiirdiigii gériilmektedir. Devre kaybinin
mevcut olmasi ¢ozimin reel kisim degerini
diisirmektedir (Pierce, 1950; Gilmour, 1994; Gilmour
2011; Basu, 1996; Pierce, 1947; Ertay ve Simsek,
2017) ve bu durum artan ileri dalga karakteristigine
negatif katki sunmaktadir.

Sekil 5’te esitlik (12)'nin ¢6zlimiinden elde edilen bir
diger kompleks kok ¢oziimi goriilmektedir. Sekil 5'te
gorilmektedir ki, dort farkli durum icin elde edilen
kompleks kokiin reel kismi secilen b degerlerinde
daima sifirdan kigiik olmaktadir. Bu durumda elde
edilen x, esitlik (13)’te yerine yazildiginda ele alinan
dalga tipi ¢Ozlimin azalan dalga oldugu
gorilmektedir. Bunun yaninda, b’nin ¢ok kiiciik
degerleri icin y, degerlerinin pozitif bir sabite
yakinsadigl ve b’nin ¢ok biiyik degerleri icin y,
degerlerinin olduk¢a diismekte oldugu goriilmektedir.
Esitlik (13) ’te ilgili bu kompleks kokiin sanal kismi
yerine kondugunda elde edilen dalga tipi ¢éziimiin
elektron demeti ile ayn1 yonde ve elektron demet
hizindan daha yavas oldugu goriilmektedir (Pierce,
1947; Gilmour, 1994; Gilmour 2011; Basu, 1996;
Pierce, 1947; Ertay ve Simsek, 2017).

Sekil 6'da esitlik (12)'nin ¢oéziimiinden gelen son
kompleks kokiin reel ve sanal kisimlariin degisimi

verilmektedir. Sekil 6’da agik¢a goriilmektedir ki, dort
farkli durum icin elde edilen kompleks kokiin reel
kisminin segilen b degerleri icin ciddi oranda
degismedigi goriilmektedir. Elde edilen bu durum
esitlik (13)’'te yerine konursa kompleks kokii elde
edilen dalga tipi ¢6ziimiin genliginin zayiflamadigi
gorilmektedir. Dort farkli durum icin elde edilen
kompleks ¢6ziimiin sanal kismi ise secilen b deger
araliginda daima pozitiftir. Esitlik (13)’'te bu durum
yerine konursa elde edilen dalga tipi ¢6ziimiin hizinin
elektron demeti hizindan daha biiyiik oldugu
gorilmektedir (Pierce, 1947; Gilmour, 1994; Gilmour
2011; Basu, 1996; Pierce, 1947; Ertay ve Simsek,
2017).

2
1.6
1.2
0.8 -
0.4 —--x,, QC=0, d=0
Og = =%, QC=0,d=0.5
.{:‘ :0:8 ...... X, QC=0.5,d=0
?QN 1.2 —_— QC=0.5, d=0.5
-1.2 ——¥,, QC=0, d=0
B 2: 1 ——-yp QC=0, d=0.5
-2.8 o ¥, QC=0.5,d=0
S22 e e ¥, QC=0.5, d=0.5
3.6 :
-4
-4.4
-4.8

5 432101 2 3 45
b
Sekil 5. Artirilmis iletim sabiti bilesenlerinden azalan

ileri dalga bilesenlerinin farkli QC, d degerleri icin
senkronizasyon parametresine gore degisimi.

6r

547
:g [ %, QC=0, d=0
3.6 [ + %, QC=0,d=0.5
-‘ 7 © X, QC=0.5,d=0
o s 4 | -mm X, QC=0.5, d=0.5
., 2 — QC=0, d=0
“ 18] N2 DK B 34 b e b (o | Y o QC0, d=0.5
1.2} reen ¥y QC-0.5,d=0

0.6

0 eReert e
0.6 ,mn—o—nwﬁ’-"'"

-2}
S5 4 -3 -2 -1 01 2 3 4 5

X ¥ QC=0.5,d=0.5

Sekil 6. Artirllmis iletim sabiti bilesenlerinden
zayiflamayan ileri dalga bilesenlerinin farkli QC, d
degerleri icin senkronizasyon parametresine gore

degisimi.

Esitlik (12) 'nin dort farkli durum i¢in ¢6ziimii sonucu
¢ikan li¢ kompleks kokiin kok-yer egrileri Sekil 7-9’da
verilmektedir. Dalga tipi ¢oziimlerin yorumlanmasi
acisindan kok-yer egrilerinin konumlar: asagidaki gibi
degerlendirilebilmektedir:

e Re(6,) > 0,Im(8,) > 0=1.Bolge

e Re(6,)<0,Im(5,) >0 = Il.Bdlge

e Re(6,)<0,Im(5,) <0 = IIl.Bdlge

e Re(4,)>0,Im(5,) <0 = IV.Bolge
I. bolgede olabilecek kokler esitlik (13) icin yerine
konursa, ilgili ¢ozlimler artan ya da zayiflamayan
dalga olabilir ve bu dalganin hizi elektronlarin
hizindan biiytiktiir. II. bolgede olabilecek kokler esitlik
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(13) igin yerine konursa, ilgili ¢ézlimler azalan ya da
zaylflamayan dalga olabilir ve bu dalganin hizi
elektronlarin  hizindan biyiktir. III. Bolgede
olabilecek kokler esitlik (13) icin yerine konursa, ilgili
¢ozlimler azalan ya da zayiflamayan olabilir ve bu
dalganin hizi elektronlarin hizindan kiigtiktir. 1V.
bolgede olabilecek kokler esitlik (13) icin yerine
konursa, ilgili ¢ozlimler artan ya da zayiflamayan
dalga olabilir ve bu dalganin hiz1 elektronlarin
hizindan kiigiiktir. Sekil 7’de dort farkli durum igin
elde edilen artan ileri dalgaya ait artirilmis iletim
sabiti bilesenlerinin kok-yer egrileri verilmektedir.
Sekil 7’de gorilmektedir ki, olabildigince genis
Olcekteki b deger araligl icin (—oo < b < o) kdk-yer
egrilerinin dort farkli durum icin de kendi iizerine
kapandigi goriilmektedir. Devre kaybi parametresinin
artmasi genis Olcekteki b deger aralig: icin kok yer
egrilerinin bir noktadan baslayip ayni noktada daha
dar bir deger araligi bolgesinde sinirlandigini
gostermektedir. Sadece uzay yiikii etkilerinin artmasi
artan ileri dalga kok-yer egri karakteristiginin &
diizleminde sanal eksen boyunca negatif yonde
kaymasina yol agmaktadir. Ek olarak, Sekil 7’de dort
farklt durum igin elde edilen kok ¢éziiminiin siirekli
IV. bolgede bulundugu gorilmektedir ve bu durum
elde edilen ¢dziimiin artan ileri dalga (§;) oldugunu
dogrulamaktadir.

0.4
b=-oo2
oo{._.:.»_-.q,.::._
—_~ 0.2 b*oo”*“; ‘_“_
R A /
g i, v
P
_E. -0.8__ _5[5 QC=0.5, d=0 ;.- e
—4,, QC=0.5,d=0.5 b "“‘.
-1.4 1 . '
b=ocfl: .
2t ~.-

2 15 a1 05 0 05 1 15 2
Re( 4, )
Sekil 7. Artirillmis iletim sabiti bilesenlerinden artan
ileri dalga bilesenlerinin farkl QC, d degerleri i¢cin
koék-yer egrilerinin senkronizasyon parametresine
gore degisimi.

Sekil 8'de esitlik (12)'nin ¢6ziimiinden gelen diger
kompleks kokiin kok-yer egrileri yer almaktadir. Sekil
8'deki kok-yer egrileri gostermektedir ki, kayip
parametresinin artmasi, kokleri sol yar1 § diizlemine
kaydirmaktadir. Sadece uzay yiiki etkilerinin artmasi
koklerin degisimini § diizleminin sanal eksenine
kaydirmaktadir. Ek olarak, QC#0 ve d=#0
durumlarinda ve negatif b degerlerinde kokler II.
bolgede yer almistir, bunun haricindeki durumlarda
ise kokler III. bolge ve sanal eksen dogrultusunda
kalmistir. Bu dogrultuda, ele alinan ¢6zliimiin azalan
dalga oldugu ve negatif b degerlerinde dalganin hizi
elektron demet hizindan kiigiik, pozitif b degerlerinde
ise biiylik oldugu gorilmektedir. Genel itibari ile

azalan ileri dalganin (§,) III. Boélgede yogunlastigi
gorilmektedir.

Sekil 9’da esitlik (12)’den elde edilen son ¢6ziim i¢in
kok-yer egri karakteristiginin dort farkli durum ve
farkli b degerleri icin degisimi verilmistir. Farkli b
degerleri icin sadece devre kaybinin artmasi sonucu
kokler § diizleminde II. bolgenin soluna dogru
kaymistir ve kompleks kokiin reel kisminin sabit bir
degere yakinsadig1 goriilmektedir. Sadece uzay ytki
parametresinin artmasi sonucu saf sanal eksende yer
alan kokler pozitif sanal eksen yoniine kaymaktadir.
Genel itibari ile II. Bolgede ve saf sanal eksende yer
alan ilgili kompleks kokler neredeyse sabit reel
degerlere sahiptir ve bu durum elde edilen dalga
¢o6zlimlnln zayiflamayan ve elektron demetinden
hizli bir dalga oldugunu (83) dogrulamaktadir. Sekil 7-
9’da verilen kok-yer egrilerinin I. bdlgede yer
almamas1 artan ya da zayiflamayan ve elektron
demetinden hizli bir ileri dalganin bu problemde
olusmadigini géstermektedir. Sekil 10-12’de yer alan
kok-yer egrilerinde sabit bir senkronizasyon
parametresi secilmistir ve farkli devre kaybi
parametre degerleri icin uzay yiikii parametresi belirli
araliklarda stpirilerek ilgili koklerin davranisi
incelenmistir. Senkronizasyon parametresi elektron
demetinin hizina, yavas dalga devresinin faz hizina ve
Pierce kazang¢ parametresine baghdir. Demet-Dalga
etkilesimi esnasinda yavas dalga devresinin faz hiz,
ilgili yavas dalga  devresinin  dispersiyon
karakteristigine bagl olarak elektron demet hizindan
biiytik olabilmektedir. Bu sebeple Sekil 10’da b'nin
negatif durumu i¢in analiz yapilmistir.

2

1 L

ok ~b=-c0
~ql o B 4,QC=0,d=0 |
T N e 8,, QC=0, d=0.5
S
g 5l ---3,,QC=0.5,d=0 |
=

—3,,QC=0.5,d=0.5

3

-4t

-5

-2 -1.5 0.5 1 1.5 2

Sekil 8. Artirllmis iletim sabiti bilesenlerinden azalan
ileri dalga bilesenlerinin farkl QC, d degerleri icin
kok-yer egrilerinin senkronizasyon parametresine
gore degisimi.
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S yogunlasmis ve yiiksek QC degerlerinde saf sanal
degerlere ulasmistir. Yiiksek QC degerleri ve secilen b
ar degeri icin §;’in saf sanal hale gelmesi esitlik (13) ile
""" 33 QC=0,d=0 birlikte degerlendirilirse, ilgili dalganin sabit genlige
~3 % 4 | 85 QC=0,d=0.5 ¢ sahip ve hiz1 elektron demet hizina yaklasan bir dalga
<" = 9;,QC=05,d=0 formuna déniistiigi  soylenebilmektedir. Devre
E 2 — 93 QC=05, d=0.5 kaybinin yer aldigi durumda artan ileri dalga benzer
sekilde IV. bolgede yogunlagmakla birlikte yiiksek QC
I degerlerinde ilgili dalga sabit genlikli bir forma
yakinsayan ve elektron hizindan daha yavas hale gelen
0r bir forma doéniismektedir. Devre kaybinin artmasi
B 1 |‘} 1 5 sonucunda Sekil 12’de yer alan §, koklerinin §

Re(4,)

Sekil 9. Artirilmis iletim sabiti bilesenlerinden
zayiflamayan ileri dalga bilesenlerinin farklh QC, d
degerleri i¢cin kok-yer egrilerinin senkronizasyon

parametresine gore degisimi.

Sekil 10’da agik¢a goriilmektedir ki, §;ve &, kayipsiz
durumda, QC degerinin artmasi ile saf reel
degerlerden saf sanal degerlere dogru ilerlemis ve 65
ise daima sanal eksen iizerinde yer almistir. Kayip
parametresinin artmasi §,’in karakteristiginde 6nemli
bir degisiklik meydana getirmemekle beraber, §, nin
karakteristigi QC degerinin artmasi sonucu saf
reelden kompleks degere dogru ilerlemistir ve kokler
II. bolgede yer almaya baslamistir. Ortaya ¢ikan bu
sonug, yiiksek QC degerlerinde azalan ileri dalganin
hizinin elektron demetinin hizindan ele alinan durum
icin daha yliksek degerlere ulastigini1 gostermektedir.
Ek olarak, kayip parametresinin artmasi §3’tin IL
bolgeden baslayarak QC’nin artmasi ile saf sanal
duruma yakinsadig1 goriilmektedir.

Senkron durumda (b = 0) ilgili yavas dalga devresinin
kayipsiz ve kayipli oldugu durumlar dikkate alinarak
QC parametresinin siipiirilmesi ile esitlik (12)
¢coziilmistir ve Sekil 11'de verilen kdk-yer egrileri
elde edilmistir. Sekil 11’'de gorildigi tizere, &,
degerleri, kayipsiz durumda QC’nin artmasi ile §
diizleminde o6nce sanal eksene sonra orijine
yakinsamistir. Kayipli durumda ise QC’nin artmasi ile
artan ileri dalgaya ait kokler & diizleminde sanal
eksenin negatif degerlerine yakinsamaktadir. Bu
durum, artan ileri dalganin hizini esitlik (13) dikkate
alindiginda Pierce kazang¢ parametresine bagh olarak
etkilemektedir. Kayipsiz durumda, QC’nin artmasi ile
6, once 6 diizleminin sanal eksenine ilerlemis ve
sonrasinda saf sanal olarak negatif sanal eksende
ilerlemistir. Kayipli durumda ise, QC’nin artmasi
sonucunda &, III. bolgede yer almistir. Sekil 11’de &5
kokleri, kayipli ve kayipsiz durumlariigin Sekil 10’daki
benzer davranisi sergilemistir.

Elektron demet hizinin yavas dalga devresinin faz
hizindan bilyik oldugu herhangi bir durumda
senkronizasyon  parametresi  sifirdan  biiylk
olmaktadir. Kayipsiz ve kayipli durumlarin ele alindig1
ve QC’'nin belirli aralikta secildigi Sekil 12'de b
parametresi 1.87 alinmistir. Sekil 12’de goriilmektedir
ki, §; kokleri QC’nin artmasi ile gogunlukla IV. Bolgede

diizleminde III. bolgede sola dogru kaydigi
gorilmektedir. Ek olarak, QC’nin artmasi ve kayipsiz
durum icin &, kokleri § diizleminde sanal eksene
dogru ilerlemis ve negatif sanal eksende devam
etmistir. Kayipli durumda icin ise QC’nin artmasi
sonucu J, kokleri Sekil 12’de goriildiigii gibi daima I11.
bolgede yer almistir. Sekil 12’deki &5 kdkleri ise Sekil
10’daki ve Sekil 11’deki benzer davranislara sahiptir.

8 - --6,,b=-2,d=0
o ety [T 8,5 b=-2, d=0
8, b=2, d=0
4: — 3,b=-2,d=0.5
_a —=3,,b=-2,d=0.5
s s s e 63, b=-2, d=0.5
E 0 [ = ———
£ A
= 5l !
QC=0
-4+ i
|
-6 i< ---QC=10
-8 ‘ ‘ :
-1 -0.5 0 0.5 1

Re( 5 )
Sekil 10. Artirilmis iletim sabiti bilesenlerinin b =
—2 ve farkli d degerleri icin QC parametresine gore
koék-yer egrilerinin degisimi.

- - =8,,b=0, d=0 i,
5 =8 b0, d=0 i ‘ec=
S i
1 H= 51, b=0, d=0.5 4.” < QC=0
~ |- 8,,b=0, d=0.5 i o
S0 mdyubdm0s OO cQe o
£ e | -
= AR —— Q2 TR
i i 1
-1 QC=0 | 17 Qé=0
QC=0 ! ’
2 il
QC=2- 1, 792
-1.5 -1 -0.5 0 0.5 1
Re( 0_)

Sekil 11. Artirilmis iletim sabiti bilesenlerinin b = 0
ve farkli d degerleri icin QC parametresine gore kok-
yer egrilerinin degisimi.
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Devre kaybi parametresinin sabit b ve QC degerleri
icin stplriilmesi ile esitlik (12)nin ¢ozimii
yapilabilmektedir. Bu durum TWT’de devre kaybi her
noktada farkli olabilecek yavas dalga devresinin
kullanilmasina karsilik gelebilmektedir. Bu ¢6ziim
sonucu elde edilen koklerin kék-yer egri
karakteristikleri Sekil 13-15’te verilmektedir. Genel
itibari ile Sekil 13-15’te cikan tiim kokler oldukca
sinirl deger araliklarinda yer almistir. Sekil 13’te b =
—1 ve farkli QC degerleri i¢in d parametresine gore
koklerin  degisimi  gorilmektedir. Sekil 13’te
goriildiigii tizere, §; kokleri ele alinan her durum igin
IV. bolgede yer almis ve QC’nin artmasi ilgili kokleri §
diizleminde IV. bélgenin soluna kaydirmistir. 6,
kokleri ise, Sekil 13’te goriildiigi gibi QC’nin artmasi
ile § diizleminin orijinine yaklagsmaktadir. Ayni durum
icin devre kaybinin artmasi §, koklerinin saf reel
degerlere dogru ilerledigini Sekil 13’te
gostermektedir. Sekil 13’teki 65’in  davranisi
incelendiginde, QC’nin artmasi ile ilgili kdklerin pozitif
sanal eksene dogru gittigi ve devre kaybinin artmasi
sonucunda ise ilgili kokiin reel degerlerinin negatife
gittigi goriilmektedir. Senkron durumda farkhi QC
parametreleri icin devre kayb1 parametresinin
siipiirtlerek esitlik (12)’nin ¢oziimi ile Sekil 14’te
verilen kok-yer egrileri elde edilmistir. Buna gore,
ilgili tim kok yer egrileri kendi i¢lerinde Sekil 13’te
sonuglart verilen koklerin davranisina benzer
ozellikler gostermesine ek olarak, QC’nin artmasi Sekil
13’e gore §; ve &, degerlerinin kendi i¢lerinde kiigiik
degisiklikler olusturdugu ve §5’te ise daha genis bir
degisim aralig1 olusturdugu Sekil 14’te gozlenmistir.

4 - --8,,b=1.87,d=0 :
..... 8,, b=1.87, d=0 3 QC=3
']
eeren 8, b=1.87, d=0 F
]
2r -8, b=1.87, d=0.5 E
—-6_,b=1.87,d=05 & .QC0
- 2 S
s wemid,, b=1.87,d=0.5 ¥,
ot 3 *
1 QC=0_ QC=0_ QC=0
= Qc=0 Moy v —Qc=
N e T vl
2t "--—-;“‘M-.PC_} T 4
A l=--=""
QC=3 L i
QC=3--»1 "< —QC=3
-4 .
-1 0.5 0 0.5 1

Re( 6n )
Sekil 12. Artirilmis iletim sabiti bilesenlerinin b = 1.87 ve

farkli d degerleri i¢cin QC parametresine gore kok-yer
egrilerinin degisimi.

Farkli QC degerleri ve b = 1.88 ile secilen d araliginda
esitlik (12)'nin ¢6ziimi sonucu Sekil 15°te verilen kok
yer egrileri elde edilmektedir. Sekil 13 ve Sekil 14’den
farkh olarak ele alinan bu durumda QC’nin artmasi
sonucu §3'Un giderek daralan bir kok-yer egrisine
sahip oldugu goriilmektedir. Ek olarak, QC’nin artmasi
ve belirli d araligl icin §; ve &, degerlerinin sanal
kisminin sabit degerlerde kaldigi Sekil 15'te
gorillmektedir. Bu durum belirli bir bolgede yer alan d

parametre aralig1 ve yiiksek QC degerlerinde artan ve
azalan  dalgalarin  hizlarimin  Pierce  kazang
parametresine bagli olarak elektron demetine daha
yakin olabildigini gostermektedir.

gy TR g 5, be1,000
1 {28, b=-1,QC=0
e By =21, QC=0
PEEN d=0 — 6,.b=-1,QC=0.125
~ {|==6,-b=-1,QC=0.125
4 \ 7.7 veen 8y b=-1,QC=0.125
Vs 5. b=-1,QC=0.2
05 | 8,0 b=-1, QC=0.2

(L] -6‘, b=-1, QC=0.2

-1 0.5 0 0.5 1
Re( 4, )
Sekil 13. Atirilmis iletim sabiti bilesenlerinin b = —1
ve farkli QC degerleri icin d parametresine gore kok-
yer egrilerinin egisimi.

1.5
d=0.5" : ZZ‘ L d=0
17 L e
---6,,b=0,QC=0
o5t | 62, b=0, QC=0
r'\= (53, b=0, QC=0
0 = -4d,,b=0,QC=0.125
= B |=--0,,b=0,QC=0.125 d=05
0.5 PRrs o 3, b=0,QC=0.125 i e
i rh oy
"':f ---d ’ b=0, QC=0.2 sat
1 d=0.5 1 '
————— 8,, b=0, QC=0.2
3., b=0, QC=0.2
-1.5 I 3 |
1.5 -1 05 0 0.5 1
Re( 6n )

Sekil 14. Artirilmis iletim sabiti bilesenlerinin b = 0
ve farkli QC degerleri icin d parametresine gore kok-
yer egrilerinin degisimi.

---5,,b=1.88,QC=0
3 5,,b=1.88,QC=0
w5, b=1.88, QC=0
2t 3 7'v
- 8, b=1.88,QC=0.125
—==4,, b=1.88, QC=0.125|4—p 5.
1+ 2 BE SLE i
~ | e 4., b=1.88, QC=0.125 Ay €
7 (|| w5, b=1.88,QC=1 a=0.5
— 11
£ w3, b=1.88, QC=1 I
= 2 ?1 d=0
-1 [ |=s=d,, b=1.88,QC=1 - BPE T 4 T
_ T / e ; nl ~4 \
2 r\'\h\ —— \,\ S d=0  d=0.5- - >emm -
\\‘.\ \ d=0
3 d=0'5 L L L L L
0.8 0.6 04 0.2 0 0.2 0.4 0.6
Re( 6n )

Sekil 15. Artirillmis iletim sabiti bilesenlerinin b =
1.88 ve farkl QC degerleri icin d parametresine gore
koék-yer egrilerinin degisimi.

4. Sonug¢

Yiriiyen dalgali tiip kuvvetlendiricilerinde meydana
gelen Demet-Dalga etkilesiminin incelendigi bu
arastirma ve irdeleme makalesinde basitlestirilmis
formda ele alinan bir yiiriiyen dalgali tiip i¢in tiipte
mevcut olabilecek dalga tipi ¢oziimlerin elde
edilmesini  saglayacak  dispersiyon esitlikleri
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cikarilmistir.  Elde  edilen  esitlikler  Pierce
normalizasyon parametrelerinin miimkiin olabilecek
bircok farkli durumu ele alinarak detayli olarak
incelenmistir. ilgili dispersiyon esitlikleri ve zaman
kabulleri kullanilarak artirilmis iletim sabitlerinin
davranmislart ¢ikarilmistir. Mimkiin olabilecek her
Pierce normalizasyon parametre takimi icin ilgili
iletim sabitlerini gosteren kok-yer egrileri elde
edilmistir ve her egrinin davranisi Demet-Dalga
etkilesimi ¢ercevesinde TWT'de ortaya ¢ikan
dalgalarin genlik ve faz karakteristiklerine etkileri
incelenmistir.  Bu  makalede  farkli  Pierce
normalizasyon parametre takimlar1 ele alinarak
Demet-Dalga etkilesimi detayli olarak incelenmistir.
Yapilan bu inceleme ile TWT alt ¢alisma diizenlerinin
tasarimina onemli katkilar saglanmasi
ongoriilmektedir.

Bu calismada, artirilmis iletim sabitinin Pierce
normalizasyon parametrelerine gore degisimlerinin
kompleks § diizleminde bulunmasi gergeklestirilmis
olmakla birlikte elde edilen kompleks & degerleri
TWT’nin isterlerini olusturan kazang, giriltii faktord,
glc verimliligi gibi parametrelerin analizleri i¢in etkin
bir sekilde kullanilabilir. Ayn1 zamanda bu ¢alismada
gerceklestirilen tUglincii derece TWT dispersiyon
denklem ¢6zilimii yerine benzer adimlari takip ederek
dordiincii derece denklem ¢6ziimii gerceklestirilmesi
durumunda TWT’lerde karsilasilan geri dalga
etkilesimi de modellenebilir.

TWT'de eksenel yonde Demet-Dalga etkilesiminde
elektron demetinin hizi  siirekli  degiskenlik
gosterebilmektedir. Bu degisimin calisma isterlerine
uygun yavas dalga diizeninin sec¢imi ile istenilen
frekans araliklarinda Kkontrol edilebilmesi cikis
kazancinin istenilen seviyede alinmasi acisindan
oldukga 6nemlidir. Bu sebeple, Demet Dalga etkilesimi
sadece TWT’de elde edilen dalgalarin davraniglari
noktasinda  degil uygun  kazan¢  bolgesini
saglayabilecek Pierce normalizasyon parametrelerine
karsilik gelebilecek tasarim parametrelerinin segimi
olacak sekilde de analiz edilebilecegi
ongorulmektedir.
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Keywords Abstract

Noise Filters, Image segmentation is a process of grouping pixels to make parts of objects into
Segmentation, distinct image areas using their texture, edge, color properties. The segmentation
Seeded Region Growing. process plays an important role in the analysis of images and in image processing.

One of the techniques developed for segmentation is SRG (Seeded Region Growing).
The noise generated during the acquisition of images affects the segmentation
success negatively. Filters used to eliminate noise reduce it, but the effect of filtering
on the segmentation success is not fully known. In this study, the effects of noise and
filters on the SRG algorithm are investigated. For this purpose, various noises were
added to Weizmann database images at different levels. Later, filters were applied
to noisy images. Finally, F-Score values were obtained from the images segmented
by the SRG algorithm and compared with the values of the original images.

GURULTU FILTRELERININ TOHUMLU ALAN GENISLETME TABANLI BOLUTLEMEYE

ETKILERI
Anahtar Kelimeler 0z
Gruirtlti Filtreleri, Gorunti bolitleme, doku, kenar ve renk ozelliklerini kullanarak nesnelerin
Boliitleme, parcalarin1 farkli goriintii alanlarina doniistiirmek igin pikselleri gruplama
Tohumlu Alan Genisletme. islemidir. Boliitleme stireci, goriintiilerin analizinde ve goriintii islemede 6nemli bir

rol oynar. Boliitleme igin gelistirilen tekniklerden biri de SRG'dir (Tohumlu Alan
Genisletme). Goriintiilerin elde edilmesi sirasinda olusan giriltii, béliitleme
basarisin1 olumsuz ydnde etkiler. Giriiltiiyli ortadan kaldirmak i¢in kullanilan
filtreler giiriiltiiyii azaltmaktadir, ancak filtreleme isleminin béliitleme basarisi
tizerindeki etkisi tam olarak bilinmemektedir. Bu ¢alismada, giiriiltii ve filtrelerin
SRG algoritmas1 lizerindeki etkileri arastirllmistir. Bu amagla Weizmann veri
tabanina farkli seviyelerde cesitli giirtltiiler eklenmistir. Daha sonra guriltili
gorintiilere filtreler uygulanmistir. Son olarak, SRG algoritmas1 tarafindan
segmentlere ayrilmis goriintilerden F-Skor degerleri elde edilmis ve orijinal
goriintiilerin degerleri ile karsilagtirilmistir.
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1. Introduction

Image segmentation is one of the most important and
challenging aspects of image analysis and processing.
In general, segmentation, which is the process of

composing multiple meaningful fields by splitting a
visual, is applied in many areas. Image segmentation is
frequently used in areas such as medical images,
satellite images, face recognition systems, fingerprint
recognition, and Seeded Region Growing (SRG)

" ilgili yazar / Corresponding author: ozan.incetas@alanya.edu.tr, +90- 242-510-6180


mailto:ozan.incetas@alanya.edu.tr

INCETAS and TANYERI

10.21923/jesd. 420101

algorithm is one of the most well-known region based
image segmentation techniques (Adams & Bischof,
1994). In this algorithm, after the selection of seeds,
they are grown by including the adjacent pixels which
are close to the average gray level value of the
neighboring seeds. The growing process continues
until all the pixels are included in a region. Seed
selection can be done with the help of the user, as well
as methods for automatic seed selection (Gémez et al.,
2007; Fan et al,, 2001). It has been observed that the
use of SRG has been successful in solving many
problems (Pohle & Toennies, 2001; Dreizin et al,,
2016; Yeom et al,, 2017; Pan & Wang, 2016; Wu et al,,
2008; Al-Faris et al., 2014).

Noise is an undesirable result in the acquisition of
images. Different noises can be seen in the images
obtained with various methods and tools. For
example, the sensor and the circuit of a digital camera
can cause noise. When it occurs, there is random
brightness or color change in the images. The most
known types of noise in the literature are gauss, salt-
pepper and speckle noise (Gonzalez et al, 2009).
Gaussian noise is caused by poor lighting, high heat, or
the transfer of data to the electronic circuit. Salt-
pepper noise is seen during data transfer due to bit
errors or conversion from analog to digital. Salt-
pepper is also common in satellite images. Speckle
noise is naturally present in active radar, synthetic
aperture radar (SAR), medical ultrasound, and optical
coherence tomography, and is a granular noise.

Filters are used to eliminate the noise problem and are
defined as devices or processes that remove some
unwanted components or features. It is known that
certain filters have a high success against various
noises. The most commonly used filters in the
literature are mean, median and Gaussian filters.

Noise negatively affects the result of image
segmentation process. In addition, it has been
observed that the effect of different noise types and
intensities on the success of SRG is also different
(incetas et al, 2017). Especially, it was determined
that the performance of SRG against noises in Salt-
Pepper type was higher. It is also seen that image
filtering is applied before segmentation in noisy
images (Savkare et al., 2016; Kostopoulos et al., 2017;
Samantaray et al., 2016). However, the effect of the
filters on the SRG technique has not been measured
quantitatively. For this reason, it is important to
determine which filter is more effective against
different noise types to increase the success of the SRG
method.

In this paper, the effect of seed selection, noises and
noise filters on the success of the SRG algorithm was
investigated and tried to be determined
quantitatively. This investigation is a continuation of
the study (incetas et al., 2017) presented in 2017 and
the first parts of the results were taken from the

previous study. Weizmann's one-object image
segmentation database (Alpert et al., 2012), consisting
of 100 images, was used throughout the study. First,
noisy images were obtained by adding salt-pepper,
speckle, and Gaussian noises to the images at different
levels. Then, these noisy images were filtered through
average, median and Gaussian filters. Finally, the
original, noisy and filtered images were segmented by
SRG according to the manual seed selections and the
F-Score results were calculated with the Weizmann
evaluation tool. By comparing the results obtained, the
effect of filtering techniques on SRG success was
evaluated.

2. Seeded Region Growing (SRG)

The SRG algorithm, first developed by Adam and
Bischof in 1994, performs the decomposition of an
image according to a set of points known as the kernel
(Adams & Bischof, 1994). The algorithm starts with
seed points grouped in n sets (Az, Az,..., An). Some seed
sets may consist of a single pixel. Each step of the
algorithm involves adding a pixel to one of these seed
sets. After step m, the states of the 4; sets can be shown
as follows. Let T be a set of pixels that are bound to at
least one set and have not yet been assigned to a set.

T={xeUiL;4; INX) N UL 4; # 0} (1)

where N(x) is the set of neighbors of the x pixel. These
neighbors refer to 8 adjacent pixels in the original
study. For x €T, if there is an N(x) that corresponds to
one of the 4; sets, that is, if some of the neighbors of
the x pixel are included in one of the sets A1, A2,..., An
i(x) €{1, 2, .., n} index is defined, which is N(x) » Ai(x)
0.

) = |90 = meanyeq, [9W]| @

g(x) represents the gray level of the x pixel, and d(x)
indicates the difference of x pixels to the neighboring
seed pixel. If N(x) meets two or more of 4; sets, i.e. the
neighbor pixels of the x pixel assigned to different seed
sets, the i value of index i(x) with the smallest §(x) is
selected. That is, i is the index of the set A; (A, Az, ..., An)
includes the neighbor pixel which is the closest x pixel
as the gray level value. Then a z €T is taken, such that

Az) = minyer{o(x)} (3)
This selected z value is added to Ai(z). Thus step m+1
is completed. This process continues until all pixels
are added to one of seed sets. Equation (2) and (3)
ensure that the segmentation is as homogenous as
possible.

2. Material and Method

In the study, 100 images were used in the single object
Weizmann segmentation evaluation database. In this
database, there are segmentation results for which
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each image is divided into two parts manually by 3
different users as object and background. These
manual segmentation results were used as a reference
to measure the success of the SRG algorithm for the
noisy and filtered images. The F-Score values
calculated for determining the performance were also
made with the evaluation functions provided by the
Weizmann database.

()
Figure 1. Seed selection examples for three groups
(a) (b) (c) First group, (d) (e) (f) Second group, (g)
(h) (i) Third group

Seed selections were made with the help of the user
and marking an area of up to 20x20 pixels which
would be in different numbers for the object and the
background on the image. Selected seeds for each
image were recorded in a file so that it could be reused
in the SRG algorithm. In addition, three different
groups of seeds were selected for each images to
determine the spreading effect of SRG. In the first two
selection groups, one seed field was marked for the
object and the background, and the selections were
made randomly. There are seed marking examples of
the first selection group in Figure 1 (a) (b) (c) and
examples of the second selection group in Figure 1 (d)
(e) (f). In the third seed selection group, more than one
seed fields were selected for the object or the
background. By examining the SRG results of the first
and second seed selection groups, we marked the
third group seeds that cover all the gray levels of the
pixels in each object and the background areas. In this
way, the transition between pixels in same area was
facilitated. In Figure 1 (g) (h) (i), there are examples of
seeds from the third selection group. In the images
shown in Figure 1, the seed areas of the object are
shown inred, and the seed areas in the background are
shown in blue.

In the second phase of the study, noise was added to
all images in 10 different levels (0.01, 0.02, 0.03, 0.04,
0.05, 0.10, 0.20, 0.25, 0.30, and 0.40) for each of the
salt-pepper, speckle and Gaussian noises respectively.
In Figure 2 (a), there are examples of salt-pepper noise
added images from top to bottom at a level of 0.04,

0.10 and 0.20. Similarly, in Figure 2 (b) there are
speckle noise samples in the level range from 0.04,
0.10 and 0.20 from top to bottom. In Figure 2 (c), there
are examples of Gaussian noisy images with the same
order.

S

@ ) ©
Figure 2. Noisy image examples (a) Salt-pepper
noise, (b) Speckle noise, (c) Gaussian noise

In the third stage of the study, mean, median and o =
0.5,0 =1.0 and o = 1.5 Gaussian filters were applied to
noisy images. Figure 3 shows filtered images that are
ordered from top to bottom in mean, median, and
Gaussian (o = 1.0) filters. There are filter results for
salt-pepper noise in Figure 3 (a), speckle noise in
Figure 3 (b), and Gaussian noise in Figure 3 (c). All
images shown in Figure 3 have 0.04 noise level.

(@ (b) @)

Figure 3. Filtering results for noisy images (a) Salt-
pepper noise, (b) Speckle noise, (c) Gaussian noise
Finally, the SRG segmentation technique was applied
to all the original, noisy and filtered images, using the
three different seed selection groups mentioned
earlier. F-score values of the SRG results were
obtained using the evaluation tool of the Weizmann

segmentation database.

The F-score value is used to measure the success of
segmentation algorithm on images in Weizmann
dataset. The evaluation tool provided by the database
finds F-score values based on reference pictures. The
intersection of the segmentation results determined
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manually by three different users is taken and the final
reference result of the object is obtained. Figure 4
shows the segmentations made by the users. The red
marked areas in the images in Figure 4 (a, b and c)
show the object, while the other pixels which have
original gray level values are the background.

Figure 4. Reference images in the Weizmann
segmentation database

The F-score calculation in Equation (6) is based on the
harmonic mean of the precision in Equation (4) and
recall in Equation (5) values. The precision value gives
the ratio of the true object pixels in all selected object
pixels by algorithm and recall gives the ratio of the
pixels selected by algorithm in reference object. The

terms used for F-score calculation are shown in Table
1.

Table 1. Evaluation of segmentation results

Algorithm Results
Calculation
Object Background
Definite Object A B
Reference Background C D
A: True Positive, B: False Negative, C: False Positive, D: True Negative
Precision= (4)
A+C
A
Recall =——— (5)
A+B
Precision x Recall
FScore =2 x — (6)
Precision + Recall

3. Experimental Results and Discussion

The experiments were completed in three steps. In the
first step, seed areas were selected manually and these
selections were applied to the original images using
SRG. Noisy images were segmented by SRG technique
by selecting seed areas in the second step. Finally, SRG
results were obtained for filtered noisy images. F-
Score values for all these segmentation results were
also calculated using Weizmann evaluation tool.

At the first stage of the experiments, the seed area
selection was made manually as three different groups
for each image as mentioned before. Thus, with the
help of selected seed groups for 100 images in the
database, 300 segmentation results were obtained for
original images and one of them is shown in Figure 5.
Figure 5 (a) shows the original image and Figure 5 (b)
shows the first seed selection for this image. The seed
selected for the object is shown in red color, and the
seed selected for background is shown in blue color.
SRG result of these seeds are shown in Figure 5 (c) and

the object pixels is seen as black while the background
pixels is seen as white.

(a) (b)

Figure 5. (a) An image in the Weizmann database, (b)

First group seed sample, (c) SRG segmentation result
of the first group seed sample

()

When the first and second groups of seed selection
results were examined, the second group gave better
results on some images, but generally the F-score
average values were close to each other. The second
group seed selection example and segmentation result
with a better F-Score than the first one are shown in
Figure 6. The reason for such improvements is the
selection of a background seed that is close to the gray
level intensity of the object in the second example.
With this way, background pixels that have gray level
value that close to the object seed intensity are added
background seed.

@ (b)
Figure 6. (a) Second group seed sample (b) SRG
segmentation result of the second group seed sample

During the growing of the background seed (blue
color) in Figure 5 (b), the clouds are added to
background due to the density of the white color. Non-
cloud background pixels are included in the object
since the gray level values of them are low. In Figure 6
(a), the background seed was selected from the pixels
of non-cloud background area, which is closer to the
object as the gray level. Thus, the background first
grew to the cloudless background, and then clouds
that were far away from the object in terms of gray
level intensity were added to this seed.

In the third group seed selection, unlike the first two
groups, more seeds were selected for background and
object. In addition, effects and results of the first two
selections were taken into consideration when seed
selection was made. Thus, seeds were selected to
increase the segmentation success.

(@ (b)
Figure 7. (a) Third group seed sample (b) SRG
segmentation result of the third group seed sample
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As shown in Figure 7, the use of more than one
background seed produces a more successful
segmentation result than the other two seed
selections. The average F-score results obtained from
the seed selection groups are shown in Table 2. As can
be seen in Table 2, the third group seed selection
produces the higher F-score values than other two.
Therefore, it is considered that the results to be
investigated should be interpreted through the third
group seed selections.

Table 2. Comparison of SRG seed selection results

Seed Selection Segmentation Results (Average)
Group F-Score Precision Recall
1st Selection 0.6663 0.8066 0.6848
2nd Selection 0.6738 0.7944 0.7034
3rd Selection 0.7910 0.7717 0.8758

In the second stage of the experiments, different levels
of salt-pepper, speckle and Gaussian noises were
added separately to 100 images in the database. Each
image with noise added with 10 different levels (0.01,
0.02, 0.03, 0.04, 0.05, 0.10, 0.20, 0.25, 0.30 and 0.40)
was recorded in different folders. With this process,
3000 noisy images were generated for 100 images in
Weizmann dataset. Segmentation results obtained for
the noisy images by applying SRG for each seed group
selected in the first stage were recorded in different
folders. Due to 3 different seed selection group, a total
of 9000 noisy image segmentation results were
obtained for all noisy images. The F-Score values were
calculated for the segmentation results using the
evaluation tool provided by the Weizmann database.
F-Score results of noisy images are presented in Table
3.

Table 3. Noisy image F-Score values

Salt & Pepper Gaussian Speckle
Noise
Level Seed Group Seed Group Seed Group
1 2 3 1 2 3 1 2 3

0.01 0.668 | 0.677 | 0.791 | 0.672 | 0.671| 0.784 | 0.678| 0.669 | 0.783

0.02 0.667 | 0.674 | 0.787 | 0.665 | 0.644 | 0.747 | 0.671 | 0.669 | 0.771

0.03 0.664 | 0.681 0.79 | 0.654 | 0.654 | 0.747 | 0.666 | 0.669 | 0.762

0.04 0.667 0.69 0.791 | 0.655 | 0.636 | 0.748 | 0.668 | 0.674 | 0.772

0.05 0.662 | 0.677 | 0.792 | 0.643 | 0.64 | 0.743 | 0.671 | 0.654 | 0.738

0.10 | 0.669 | 0.69 | 0.796 | 0.617 | 0.619 | 0.701 | 0.646 | 0.631 | 0.715

0.20 | 0.669 | 0.697 | 0.789 | 0.588 | 0.584 | 0.624 | 0.605 | 0.603 | 0.668

0.25 0.665 | 0.686 | 0.787 | 0.575 | 0.562 | 0.603 | 0.575 | 0.595 | 0.661

0.30 0.664 | 0.687 | 0.753 | 0.551 | 0.55 0.59 |0.568 | 0.573 | 0.638

0.40 0.65 | 0.684 | 0.752 | 0.532 | 0.533 | 0.541 | 0.551 | 0.533 | 0.623

According to the F-Score results in Table 3, the
segmentation success is seriously decreased at high
level of noise. On the other hand, at low level of noise,
the F-Score values are similar to that of the original

images. Also it is observed that segmentation success
and F-score values are increased for some images
where salt-pepper and Gaussian noises are low-level.
This is because some pixels that have not been
included in homogenous areas previously are added to
their region due to the salt-pepper noise. Another
reason is that the average gray level values of similar
areas become closer to each other when the Gaussian
noise is added. Thus, it makes easier to add similar
pixels to the same region. Figure 8 shows the
corresponding situation.

The SRG algorithm produces successful results even at
the 0.40 level of the salt-pepper noise. The reason is
that the regions are grown according to gray level
average of their own pixels. Therefore, salt-pepper
noisy pixels are included in the growing process lastly,
because they are far from the average values of
regions.

@ (b) © (@
Figure 8. (a) Example of second seed selection group
and SRG result, F-score: 0.52 (b) Third seed selection

group example and SRG result, F-score: 0.38 (c) Salt

pepper image at 0.40 level and SRG result, F-score:

0.88 (d) Gaussian image at 0.40 level and SRG result,
F-score: 0.60

The results of SRG segmentation at different noise
types and levels are shown in Figure 9 for three seed
selection groups separately. Decreasing of the
segmentation results for all noise types appears to
have similar characteristics in all seed selection
groups. The success rate appears to start to decrease
after the 0.04 and 0.05 levels for the speckle and
Gaussian noises, while the segmentation success
continues even at 0.40 for the salt pepper noise. The
reason why the salt-pepper noise is more successful
than other noises is that black-and-white noise pixels
are included the growing process lastly.
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Figure 9. SRG segmentation F-score values of images
with different noise levels for three seed selection
groups a) First group, b) Second group, c) Third

group

Table 4. SRG algorithm F-score results of filtered
noisy images according to first seed selection group

Filter Noise Level

0.01|0.02|0.03|0.04|0.05|0.10( 0.20 | 0.25 | 0.30 | 0.40
(G(f:gss‘;"“ 0.6590.661|0.657 | 0.653 | 0.654| 0.641 | 0.619|0.615 | 0.604 | 0.576
(G::f)sia" 0.657 | 0.660[0.671| 0.657 | 0.663| 0.664 | 0.655 | 0.630 | 0.650 | 0.632
(G;:ISS;‘" 0.660 | 0.657 | 0.662 | 0.663 | 0.660 | 0.669| 0.649 | 0.652 | 0.644 | 0.641
Mean 0.665 | 0.657| 0.660 | 0.660 | 0.663|0.666 | 0.649|0.643 | 0.645 | 0.633
Median 0.668| 0.662 | 0.662 | 0.658 | 0.667 | 0.649| 0.647 | 0.629| 0.627 | 0.629
(G;:gss‘?“ 0.662 0.661|0.671|0.668 | 0.664| 0.653 |0.677|0.669 | 0.653 | 0.650
(G;‘:ls)sia“ 0.662|0.673]0.666 | 0.669 | 0.669| 0.661 | 0.656 | 0.652 | 0.625 | 0.640
(G::‘lssgi‘" 0.659| 0.654 | 0.663 | 0.666 | 0.664 | 0.664 | 0.657 | 0.651 | 0.649 | 0.650
Mean 0.664| 0.659 | 0.663 | 0.661 | 0.659 | 0.659| 0.663 | 0.660 | 0.651 | 0.645
Median 0.673|0.671]0.671|0.673 | 0.673| 0.673|0.675| 0.666 | 0.668 | 0.672
(G;SSSS‘?“ 0.676 0.662 | 0.665 | 0.663 | 0.673 | 0.671 | 0.648 | 0.642 | 0.640 | 0.638
(G;:f)“a“ 0.659| 0.661|0.675| 0.664 | 0.654 | 0.661| 0.660 | 0.659 | 0.663 | 0.648
(Gj:lsss‘?“ 0.659| 0.661 | 0.666 | 0.667 | 0.657| 0.661 | 0.671|0.658 | 0.665 | 0.652
Mean 0.668| 0.664 | 0.662 | 0.667 | 0.665| 0.662 | 0.670| 0.661 | 0.661 | 0.652
Median 0.678|0.672 | 0.669 | 0.672 | 0.676 | 0.673| 0.644 | 0.654 | 0.649 | 0.652

In the last stage of the experiments, Gaussian (o = 0.5),
Gaussian (o = 1.0), Gaussian (o = 1.5), mean, and
median filters were applied to each of 3000 noisy
images, respectively and 15000 filtered images were
obtained. SRG was applied to all filtered images using
three different seed selection groups, and the
segmentation results of 45,000 filtered images in total
were obtained as F-score. As a result, 72100 image
segmentation results were generated from 100 images
in the database. Each of the five lines of Tables 4, 5 and
6 shows the F-score results for the "Gaussian", "Salt &
Pepper"”, and "Speckle" noise, respectively.

Table 5. SRG algorithm F-score results of filtered
noisy images according to second seed selection

group
B Noise Level
Filter
0.01|0.02|0.03 | 0.04 | 0.05|0.10 | 0.20 | 0.25 | 0.30 | 0.40
(G;:SSS‘;‘“ 0.664 | 0.678 | 0.653 | 0.668 | 0.664 | 0.656 | 0.629 | 0.632 | 0.615 | 0.623
?;:15)5‘3“ 0663 [ 0.667 | 0.659 | 0.664 | 0.661 | 0.655 | 0.632 | 0.633 | 0.620 | 0.620
?;:155;?" 0.663 |0.677 | 0.656 | 0.659 | 0.663 | 0.653 | 0.640 | 0.636 | 0.628 | 0.618
Mean 0.660 |0.673 | 0.659 | 0.667 | 0.667 | 0.653 | 0.641 | 0.618 | 0.623 | 0.607

Median 0.671| 0.644 | 0.654 | 0.636 | 0.640 | 0.619 | 0.584 | 0.562 | 0.550 | 0.533

(G;:“gss‘;‘“ 0.664 | 0.655 | 0.664 | 0.663 | 0.666 | 0.665 | 0.667 | 0.654 | 0.645 | 0.645
(G;:f)“a“ 0.664 | 0.671 | 0.669 | 0.672|0.659 | 0.652 | 0.652 | 0.659 | 0.642 | 0.642
?;:1555‘?“ 0.664 | 0.665 | 0.670 | 0.671| 0.666 | 0.665 | 0.645 | 0.650 | 0.641 | 0.643
Mean 0.669 | 0.671 | 0.669 | 0.669 | 0.669 | 0.672 |0.673 | 0.663 | 0.672 | 0.672

Median 0.677 | 0.674 | 0.681 | 0.690 | 0.677 | 0.690 | 0.697 | 0.686 | 0.687 | 0.684

(G;:gsslin 0.6720.672 | 0.674 | 0.669 | 0.662 | 0.682 | 0.664 | 0.663 | 0.645 | 0.657
(G;:“ls]“a“ 0.667 | 0.672 | 0.665 | 0.659 | 0.659 |0.674 | 0.655 | 0.670 | 0.655 | 0.647
?;:1555‘;‘“ 0.658 | 0.666 | 0.664 | 0.662 | 0.654 | 0.665 | 0.661 | 0.664 | 0.662 | 0.655
Mean 0.678| 0.667 | 0.666 | 0.671 | 0.652 | 0.655 | 0.652 | 0.661 | 0.659 | 0.664

Median 0.700 [ 0.703 | 0.685 | 0.694 | 0.670 | 0.632 | 0.599 | 0.580 | 0.534 | 0.499

The graphs of the F-Score results obtained from
filtered salt-pepper noisy images are shown in Figure
10. As can be seen in the figures, there is no significant
difference between the filtered and unfiltered results.
The reason why the SRG algorithm is less affected by
the salt-pepper noise is that the added noisy pixels
have the extreme gray level values like black or white
and they are included in the growing process lastly, as
mentioned earlier. The median filter produced the
most successful results for the first seed selection
group in Figure 10 (a). For the second and third seed
selection group in Figure 10 (b) and (c), it is seen that
the results of the unfiltered image have the highest
values. For the third seed selection group with higher
F-score, the success of the median filter appears to
exceed the success of the unfiltered images in images
with a noise level higher than 0.25.

In Figure 11, segmentation results of an image added
salt & pepper noise with 0.10 level and applied filters
are shown for all seed selection groups. On the sample
image, it is seen that the mean and Gaussian (o = 1)
filters increase success in first group seed selection
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and decrease in second and third group seed
selections. It is also clear that the median filter
increases success in the first group seed selection and
does not change the result in the second and third
group seed selections.
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Figure 10. SRG segmentation F-Score results of
filtered images added salt-pepper noise for three
seed selection group (a) First group, (b) Second
group, (c) Third group

The graphs of the F-Score results obtained from
filtered Gaussian noisy images are shown in Figure 12.
The results of the unfiltered images appear to have the
lowest F-score value in each seed selection group. It is
evident that the all filters used trough the experiments
improve SRG performance against Gaussian noise. For
all seed selection groups, the SRG results of unfiltered
images produce lower results from the noise level
0.05.

For the first seed selection group in Figure 12 (a),
values are similar up to 0.05 noise level. F-score value
for unfiltered images at 0.10 level decreases from 0.66
to 0.61. The median, Gaussian (o = 1) and Gaussian (o
= 1,5) filters improve the F-score to initial value of
0.66, while the median and Gaussian (o = 0.5) filters

improve to 0.64. The same situation is repeated as the
noise levels increase. In addition, mean, Gaussian (o =
1) and Gaussian (o = 1,5) filters produced results close
to their initial value, while median and Gaussian (o =
0.5) filters could not make an effective improvement.

2nd Selection 3rd Selection

1st Selection

Unfiltered

4
.

F-Score: 0.5445

F-Score: 0.6493

F-Score: 0.6460

F-Score: 0.7759 F-Score: 0.9426

Mean

4
4

F-Score: 0.7291 F-Score: 0.8791

Median

4
4

F-Score: 0.7686 F-Score: 0.9337

-

F-Score: 0.7317

F-Score: 0.6489 F-Score: 0.9025

Figure 11. Examples of SRG results for salt-pepper
noise with 0.10 level

Table 6. SRG algorithm F-score results of filtered
noisy images according to the results of the third
seed selection

Noise Level
0.01|0.02 | 0.03 | 0.04 | 0.05 | 0.10 | 0.20 | 0.25 | 0.30 | 0.40

0.781]0.778 | 0.774 | 0.751 | 0.762 | 0.747 | 0.734 | 0.732 [ 0.727 | 0.710

Filter

Gaussian
(0=0.5)
Gaussian
(0=1)
Gaussian
(0=1.5)

Mean 0.788|0.768 | 0.767 | 0.750 | 0.771 | 0.738 | 0.710 | 0.703 | 0.697 | 0.672

0.779]0.762 | 0.761 | 0.755 | 0.759 | 0.749 | 0.734 | 0.741 | 0.717 | 0.721

0.779]0.774 | 0.760 | 0.752 | 0.760 | 0.748 | 0.745 | 0.732 | 0.723 | 0.715

Median 0.784)0.747 | 0.747 | 0.748 | 0.743 | 0.701 | 0.624 | 0.603 | 0.590 | 0.541

f;:gssl?“ 0.780 | 0.781 | 0.786 | 0.775 | 0.775 | 0.771 | 0.780 | 0.757 | 0.723 | 0.724
f;:ls;ia“ 0.782]0.774 | 0.779 | 0.769 | 0.776 | 0.764 | 0.758 | 0.757 | 0.729 | 0.726
?::1555‘;’“ 0.781(0.778 | 0.784 | 0.774 | 0.779 | 0.758 | 0.757 | 0.754 | 0.733 | 0.715
Mean 0.786|0.785 | 0.781 | 0.784 | 0.785 | 0.786 | 0.779 | 0.784 | 0.777 | 0.764

Median 0.79110.787 | 0.790 | 0.791 | 0.792 | 0.796 | 0.789 | 0.787 | 0.753 | 0.752

(C';:gssl?“ 0.784]0.777 | 0.777 | 0.776 | 0.776 | 0.772 | 0.772 | 0.749 | 0.759 | 0.758
f;:ls]Sia“ 0.785]0.776 | 0.772 [ 0.772 | 0.773 | 0.769 | 0.781 | 0.754 | 0.759 | 0.744
(G;:lsss‘?" 0.787|0.782 | 0.776 | 0.778 | 0.774 | 0.776 | 0.784 | 0.760 | 0.749 | 0.743
Mean 0.791|0.774 | 0.785 | 0.765 | 0.775 | 0.758 | 0.753 | 0.766 | 0.733 | 0.759

Median 0.783|0.771 | 0.762 | 0.772 | 0.738 | 0.715 | 0.668 | 0.661 | 0.638 | 0.623

F-score values shows very little ups and downs in the
unfiltered results up to 0.05 noise level for the second
group of seed selections in Figure 12 (b). However,
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this is not seen in F-score values of filtered images. F-
score results for unfiltered images at 0.10 noise level
decrease from an initial value of 0.67 to 0.62. All of the
filters applied increase the F-score value from 0.62 to
0.65. The F-score values of the filters are separated
from each other at noise level of 0.20. The lowest
improvement at 0.40 noise level is achieved by
Gaussian (o = 0.5) filter with 0.57 F-score value and
this is done by median filter with 0.61 F-score and
mean, Gaussian (o = 1) and Gaussian (o = 1.5) filters
with 0.62 F-score value.
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Figure 12. SRG segmentation F-Score results of
filtered images added Gaussian noise for three seed
selection group (a) First group, (b) Second group, (c)
Third group

As can be seen in Figure 12 (c), the results of the third
seed selection group which generally produces better
results show the difference between the filters more
clearly. The noise effect starts from the noise level
0.02. All filters produce results close to the initial value
at low noise levels. The difference of the filters is
clearly seen after the noise level 0.20. The F-Score
value of SRG results for unfiltered images decreased
from 0.78 to 0.54 at 0.40 noise level. The Gaussian (o

= 0.5) filter with 0.54 F-score and the median filter
with 0.67 F-score are less effective than others. The
average and Gaussian (o = 1) filters with 0.71 F-score
and the Gaussian (o = 1.5) filter with 0.72 F-score
produced results closer to the initial value.

According to the SRG result sample images shown in
Figure 13, the average filter applied to the Gaussian
noise decreases the F-score value of the second seed
selection group, and the Gaussian (o = 1) filter
decreases the F-score value of the third seed selection
group. However, in the general of examples, it seems
that there is not a significant change in the F-Score
values. When the third group seed selection examples
were examined, there was no change in the F-score
result, although there were some visible changes in
the segmentation results. This is because of the change
in the precision and recall values of the F-Score
calculation. Due to Equation (3), the F-score value
does not change when one of the precision and recall
values increases while the other decreases in a similar
way.

2nd Selection 3rd Selection

1st Selection

A d

F-Score: 0.6484

4

F-Score: 0.7735

BPe

F-Score: 0.6464 F-Score: 0.7359

F-Score: 0.9326

Unfiltered

4

F-Score: 0.9395

Mean

e d

F-Score: 0.7649

F-Score: 0.6461 F-Score: 0.9349

Median

h d

F-Score: 0.7665

F-Score: 0.6469

F-Score: 0.9171

Figure 13. Examples of SRG results for Gaussian
noise with 0.10 level

Figure 14 shows the graphs of the F-Score results
obtained from filtered speckle noisy images. The results
of unfiltered images of speckle noise show the lowest F-
score values. All the filters used for the first and second
seed selection group in Figure 14 (a) and (b) produce
similar results. It is seen that the filters applied to the
unfiltered images with low F-score value from 0.05 noise
level produce the results close to the initial value. The
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initial F-score value of 0.66 for the first seed selection
group was increased from 0.55 to 0.65 using the filters at
the 0.40 noise level. For the second seed selection group,
the initial F-score value of 0.67 was increased from 0.53
to 0.66 at 0.40 noise level in the same way.
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Figure 14. SRG segmentation F-Score results of
filtered images added Speckle noise for three seed
selection group (a) First group, (b) Second group, (c)
Third group

The difference in success between filters is seen more
clearly for the results of the third seed selection group
in Figure 14 (c). As the noise level increases, the
improvement rates also increase for all filters.
Gaussian (o = 0.5) filter has the lowest improvement
performance among the all filters. The initial F-score
value of unfiltered noisy images decreased from 0.79
to 0.62 at 0.40 noise level. The Gaussian (o = 0.5) filter
improved to 0.70 F-score while the other filters
improved to 0.75 F-score. Although the median filter
gives the best result at some noise levels, it is generally
observed that its success is lower than other filters. It
is seen that Gaussian (o = 1), Gaussian (o = 1.5) and
mean filters produce the best results similar to each
other for all seed selection groups.

Figure 15 shows example segmentation and F-score
results for the speckle noise. It is seen that the average
and Gaussian (o = 1) filters reduces the F-score value
in all seed selection groups. The median filter results
showed a decrease for the first seed selection group
and an increase for the third selection group but no
change for the second seed selection group.
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Figure 15. Examples of SRG results for speckle noise
with 0.10 level

4. Conclusion

Image segmentation is an important part of the image
analysis and image processing. Segmentation is also
affected by noise like most steps in image processing.
Many filter are used to reduce the noise effect. It is also
expected that these filters reduce the negative effects
of noise in processing such as segmentation. In this
study, the effects of noise filters on SRG which is one
of the most known of the region-based segmentation
algorithms have been investigated.

The results obtained showed that the position and the
number of seeds has a great influence on the success
of SRG segmentation and correctly selected seeds
increased the success. If the background around the
object has more than one part with different gray level
values, the object has more than one part with
different gray level values, or the gray level values of
the background and object are very close to each
other, then the success of SRG method reduce.
Selecting the background with the gray level values
closest to the object as the seed field and selecting
more than one seed for both the object and the
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background seemed to increase the success of the SRG
method. Selecting the background seed which has the
closest gray level values to object and selecting more
than one seed for both the object and the background
increase the SRG success.

Experiments on noisy images have shown that noise
with 0.05 level or less change the segmentation
success, while the success rate is greatly reduced at
higher noise level. It is also seen that SRG is less
resistant against Gaussian and speckle noise and its
success rate decreases significantly from 0.04 noise
level. On the other hand, it has been determined that
the SRG method is most resistant to salt-pepper noise
and produces successful results even at the 0.40 noise
level. Therefore, it appears that the negative effect of
salt-pepper noise on SRG method isless than expected.
It has been observed that the effects of the filters for
the seed selections with low segmentation success are
close to each other, while the differences between the
filters become more apparent for seed selections with
high success. In addition, there is not noise or filter
effect on the success of SRG method when the noise
level is low (level<0.05). As the noise level increases,
all filters applied to the speckle and Gaussian noises
provide some improvement.

Since there was no significant reduction in the SRG
success for salt-pepper noisy images, there was no
significant decrease or increase in the F-score value
for the filtered images accordingly. Nevertheless, it
has been observed that the median filter gives slightly
better results than other filters, as is known in
literature. Since SRG is already resistant to salt-pepper
noise and filters are not affected, it eliminates the
necessity of using filters in salt-pepper noisy images.
Gaussian (o = 1), Gaussian (o = 1.5), and average filters
achieved the highest success rates for speckle and
Gaussian noisy images. It is clearly visible that the
using of these filters against the speckle and the
Gaussian noises increases success of SRG, since they
don’t reduce the SRG segmentation results.

This study quantitatively demonstrated the effect of
the noise filters against different noise types on SRG
method. Thus, areference source for filters that can be
used before the SRG process to be performed on
images with known noises has been established. The
obtained data can be used to examine the effects of
different filters on the segmentation in the future.
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In this paper, longitudinal vibration responses of a nanorod subjected to harmonic
external load are investigated with porosity based on Nonlocal Elasticity theory. The
governing equation of the problem is solved by analytically. Frequency equations and
the forced vibration displacements are obtained exactly. In the numerical examples,
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1. Introduction

The main nonlocal elasticity theories are the couple
stress theory, strain gradient theory, Eringen's

With the advancement of technology, the use of nano
structures is increasing in the engineering projects.
Nano structures have been used many application,
such as electro-mechanical devices, actuators, atomic
misroscopes. In the mechanical modelling and
solution of the nano structures are still difficult
problems at the present time. In the mechanical
solution of the nanostructures, molecular dynamic
simulation is used. However, this solution takes much
time and its computational cost is considerably high.
So, the nonlocal continuum theories are preferred in
the nanostructures. The nonlocal continuum theories
consist of size effect in contrast with classical
continuum theory.

nonlocal elasticity theory.

In the production phase or lifetime of the nano
structures, voids and porosities can be occurred
naturally or technical problems. The porosity yields to
losing strength and the mechanical responses of the
nano structure change considerably.

In the last decade, vibration, stability and static
behavior of the nano structure have been investigated
within nonlocal continuum theories in the literature at
large (Eringen (1972,1983), Toupin (1962), Lam et al.
(2003), Mindlin (1963a,b)), Yang et al. (2002) Park
and Gao (2006), Hasanyan et al. (2008), Loya et al.
(2009), Civalek et al. (2009), Civalek and Kiracioglu
(2010), Reddy (2010,2011), Hasheminejad et al.

" lIgili yazar / Corresponding author: seref.akbas@btu.edu.tr, +90-224-300-3498
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(2011), Avcar (2010,2017,2018), Liu et al. (2013),
Ansari et al. (2011), Civalek and Demir (2011), Wang
et al. (2012), Asghari et al. (2010), Liu and Reddy
(2011), Salamat-Talab et al. (2012), Akg6z and Civalek
(2013,2014a,2014b), Roostai et al. (2014), Peng et al.
(2015), Akbas (2014a,2014b,2014¢,2015, Karlic¢i¢ et
al. (2015), Kocatiirk and Akbas (2013),Sedighi et al.
(2014), Al-Basyouni et al. (2015), Simsek (2016),
Chaht et al. (2015), Zerin (2012), Yayl (2014,2018),
Mercan and Civalek (2017), Akgoz and Civalek (2017),
Demir and Civalek (2017), Yayh et al. (2015),
Belkorissatetal. (2015), Akbas (2016a, 2016b, 201743,
2017b, 2018c, 20174, 2017e, 2018a,
2018b,2018¢,2018d,2018¢),Ke et al. (2012), Demir
and Civalek (2016), Arda and Aydogdu (2017), Arda
(2018), Eren and Aydogdu (2018)).

In the literature, the studies about porous
nanostructures are as follows; Shafiei and Kazemi
(2017) analyzed buckling of functionally graded
porous tapered nanobeams based on Eringen's
nonlocal elasticity theory. Ebrahimi et al. (2017)
investigated vibration analysis of porous piezoelectric
nanobeams under thermal effects based on strain
gradient theory. Sahmani et al. (2018) analyzed
nonlinear behavior of functionally graded nano/micro
beam with reinforced by graphane with porosity
effect. Li et al. (2018) presented nonlinear vibration
analysis of porous nanobeams by using the von
Karman type nonlinearity and the strain gradient
theory. Ebrahimi and Barati (2018a,2018b) examined
dynamic and stability of porous nano beams with
couple stress theory. Radi¢ (2018) investigated
buckling results of functionally graded nanoplates
embedded on foundation with porosity. Karami et al.
(2018) examined wave propagation analysis of
functionally graded porous nanoplates. Sahmani and
Aghdam (2018) studied nonlinear resonance of
nanoporous nanobeams based on strain gradient
theory. Barati and Zenkour (2018) investigated post-
buckling analysis porous nano-composite beam
reinforced by Graphane. Ahmed et al. (2019) studied
post-buckling of functionally graded porous
nanobeams.

In this study, longitudinal forced vibration of a
cantilever nanorod is investigated with porosity effect.
The nanorod is subjected to aharmonicload at the free
end. In the governing equation of the problem, the
nonlocal Elasticity theory is used. The solution of
problem is obtained by analytically. The explicit
frequency and displacements are obtained in domain
time by analytically. In this paper, the effects of the
nonlocal parameter, dynamic, geometric and porosity
ratio values on the forced vibration responses of the
nanorod are presented and discussed.

2. Theory and Equations

A clamped-free porous circular nanorod subjected to
dynamically point load (P(t)) at the free end is shown

in figure 1. In figure 1, L and D indicate the length and
diameter of the nanarod, respectively.

Porosity

@ PO . “IT)
*

L Cross-Section

Figure 1. A clamped-free porous circular nanorod
subjected to dynamically point load.

According to the nonlocal elasticity theory,
constitutive equation of the problem is given as
follows (Eringen (1972,1983));

d%oxx

Oxx —H— 5 = E(P)€xx (1)

where, oy, is nonlocal normal stress, €., is normal
strain, E is the Young's modulus, p is volume fraction
of porosities and p = (eya)?. where p indicates the
nonlocal parameter, e, indicates the material length
scale parameter. By using the equilibrium of forces in
the axially direction, the equation of motion can be
expressed as follows;

d*u(xt *u(xt 9% (9*u(xt
E@) 280 - p(p) 28D 1 ppyu s (B2) =0 (2)

where, p is the mass density and u is the axial
displacement function. The effective material
property of the nanorod is considered as the even
porosity distribution as follows:

E(p) =E(1-p), p(p)=p(1-p) 3
When p=0, the nanorod becomes perfect. In solution of

free vibration problem, the separation of variable is
implemented in equation (2):

up (%, ) = Up (e’ (4)

where Uy (x) is spatially function. w is the natural
frequency, t indicates the time and i indicates
imaginary number.

The boundary conditions of the clamped-free of the
nanorod for the free vibration problem are given as
follows;

du(Lt)
dx

u(0,t) = 0, 0 (5)

Substituting equation (4) into equation (2) gives
following equations of motion:

d?Up (%) ;
(#f+ ﬂZUh(x))elwt =0 (6)

where
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2 _ p(p)w?
B = E(p)—p(p) 4 w? (7)

By implementing the boundary conditions in the
equation (6) for clamped-free nanorod, the following
frequency equation is obtained:

cosfL =0 (8a)
Bl = (k—05)m, k=1,2,3.. (8b)

Substituting equation (7) into equation (8b) gives
following equations of frequency:

_ [E( (k—0.5)m _
Wy = ’p(p) TEr G0 a? k=1,2,3... 9)
The external dynamically load (P(t)) is considered a
harmonic function;

P(t) = P,sin(Qt) (10)

where P, and Q are the amplitude and frequency of
load, respectively. The boundary conditions of the
forced vibration problem are given as follows;

du(Lt) _ P(t)
dx _E(p)A (11)

u(0,t) =0,

where A is the area of the cross section. To solve the
forced vibration problem, The solution (u,) of

equation (2) for the forced vibration problem is solved
by using the separation of variable ;

up(x,t) = Uy (x)sin(Qt) (12)

Substituting Eq. (12) into equation (2) gives following
equations of motion:

("‘2;;2(") (E®) - up() 9) + p(p) nzup(x)> sin(2) =0 (13)

After the simplifying expression (13), the following
equation is obtained as follows:

(M + yZUp(x)> =0 (14)

dx?

where

2 _ p(p)Q?
T E(@-p(p) nQ2 (15)

By implementing the boundary conditions in the
equation (14) for clamped-free nanorod, the U, (x) is

obtained as follows:

_ Pg sin(yx)
Up () = (E(p) Ay cos(yL)) (16)

The dynamic displacement function is given as
follows:

_ Py sin(yx)
Upx,t) = (E(p) Ay cos(vL)

)sin@t)  (17)
The dimensionless quantities are expressed as
follows:

— 2 —_
n="2% o= /%Q 1=% U=2 (18)

where 7 and Q indicate the dimensionless nonlocal
parameter and the dimensionless the frequency of the
dynamic load, respectively. 1 is the aspect ratio and U
is dimensionless the longitudinal displacement.

3. Numerical Results

In this section, the effects of the dimensionless
nonlocal parameter, dimensionless the frequency of
the dynamic load and the volume fraction of porosity
on the dynamic displacements of the porous nanorod
are examined. In the numerical study, the material of
the nanorod is considered as epoxy (E=1,44 GPa, p =
1600 kg/m?). The diameter of the nanorod is taken as
D=1nm. The length of the nanorod is selected
according to the aspect ratio (4).

In figures 2,3 and 4, relationship between the
dimensionless displacements and dimensionless
nonlocal parameter (n) for different the volume
fractions of porosity (p) is presented for different
aspectratiosA = 10,A = 30 and A = 100, respectively.
The displacements (U,,) are calculated at the free end
of the nanorod. In these figures, the the amplitude of
the dynamic load is taken as Py = 1nN and the
dimensionless the frequency of the dynamic load is
taken as Q=10.

It is seen from figures 2,3 and 4 that increasing the
dimensionless nonlocal parameter yields to increase
the difference among of the volume fractions of
porosity on the dynamic displacements increase
significantly. In the higher values of the dimensionless
nonlocal parameter, there is quite large difference
among the results of the porosity parameters. Another
result of the figures 2,3 and 4 is that the aspect ratio
has very influence on the porous nanorods. With
increasing aspect ratio, the effects of nonlocal
parameter on dynamic displacements change
dramatically.
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Figure 2. The relationship between dimensionless
displacements and dimensionless nonlocal parameter
for different the volume fractions of porosity for 1 =
10.

1.2 T T T

0.8

U, 06F

041

Figure 3. The relationship between dimensionless
displacements and dimensionless nonlocal parameter
for different the volume fractions of porosity for
A =30.

0.4 T T T

031

0.11

Figure 4. The relationship between dimensionless
displacements and dimensionless nonlocal parameter for
different the volume fractions of porosity for 1 = 100.

Figures 5, 6 and 7 show the relationship between the
dimensionless  displacements (Up,) and the
dimensionless the frequency of the dynamic load (Q)
is plotted for different the dimensionless nonlocal
parameter (1) for the volume fractions of porosity
p=0, p=0.3 and p=0.5, respectively. In figures 5, 6 and
7, the the amplitude of the dynamic load is taken as
Py = 1 nN and the aspect ratio is taken as A = 10.

As seen from figures 5, 6 and 7 that the dynamic
responses the porous nanorod change with increasing
the nonlocal parameter. Also, the resonance frequency
change considerably with increasing the nonlocal
parameter. The resonance case can be seen in the
vertical asymptote lines in figures 5-7. Increasing of
the dimensionless nonlocal parameter yields to
decrease the resonance frequency.

5

Figure 5. The relationship between dimensionless
displacements and dimensionless frequency of the
load for different the dimensionless nonlocal values

for p=0.
5 :
-——-‘-“:‘:’-‘
Um 0 [
5 .
0 0.5

Figure 6. The relationship between dimensionless

displacements and dimensionless frequency of the

load for different the dimensionless nonlocal values
for p=0.3.
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Figure 7. The relationship between dimensionless

displacements and dimensionless frequency of the

load for different the dimensionless nonlocal values
for p=0.5.

4., Conclusions

Longitudinal forced vibration results of the porous a
nanorod are investigated by using the nonlocal
elasticity theory. In the forced vibration analysis, a
harmonic external load is considered at the free end of
the cantilever rod. In the considered vibration
problem dynamic responses are obtained by
analytically with using the separation of variable. In
the numerical examples, the effects of the nonlocal,
dynamic, geometry and porosity parameters on the
forced vibration responses of the nanorod are
presented and discussed. With using the analytical
method in this problem, the exact solution and the
dynamic responses of the all domain are obtained.

It is concluded from the results that the nonlocal
parameters play important role on the porosity
effects. The dynamic responses of the nanorods
change with increasing the volume fractions of
porosity significantly.
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Periyodik Yapilar, Kablolu ve kablosuz ag teknolojilerinde veri kullanim oraninin artmasi tasiyici
Fotonik Kristaller, ortamdaki bant genisliklerinin daha etkin kullanimasi gerekliligini ortaya ¢ikarmistir.
Tiimyénlii Yansiticilar, Gelisen malzeme teknolojisi sayesinde nanometre boyutlarinda diisiik giicle calisan
AFGSM Yontemi. ve optik spektrumun verimli kullanilmasini saglayan bilesenlerin tasarlanmasi

miimkiin hale gelmistir. Bu ¢alismada optik frekans bélgesindeki uygulamalarda
kullanilan gelis acis1 ve kutuplanmadan bagimsiz timyonli yansitict bileseninin
analiz ve tasarimi yapilmistir. Tiimyo6nli yansiticinin bant kenar frekanslarinin
belirlenmesinde, bilinen sayisal yontemlere alternatif olarak daha hizli ve yiiksek
dogrulukta sonug¢ veren genellestirilmis sagilma matrisi yardimci fonksiyonlar
(AFGSM) yontemi kullanilmustir. Onerilen alternatif yéntem ile periyodiklik kosulu
altinda istenen tiimyonlii yansitici parametrelerini saglayan fotonik kristalli
dielektrik malzemeler uygun sekilde secilmis (Te, Taz0s, TiO2) ve elde edilen sonuglar
bilgisayar benzetimleri ile dogrulanmistir. Tasarimi yapilan yansitici, optik dalgaboyu
bolgesinde %56.63'liik tiimyonlii bagil bant genisligi (ORB) degerine sahip, 924 nm -
1654 nm araliginda tiimydnlii fotonik durdurma bandi (OBG) saglamaktadir.

INVESTIGATION OF OMNIDIRECTIONAL BANDGAPS IN PHOTONIC CRYSTALS

Keywords Abstract

Periodic Structures, Rapidly increasing data usage rates in fixed and wireless technologies encouraged the
Photonic Crystals, researches to find alternative ways of using limited bandwidth in carrier medium
Omnidirectional Reflectors, more efficiently. Recent developments in material science, particularly in nanometer
AFGSM Method. scale, allowed engineers to design low power components that can ensure efficient

use of optical spectrum. In this study, we designed an omnidirectional reflector that
can be used as an optical component without any dependency on polarization or angle
of incidence. Band edge frequencies of omnidirectional reflector are determined by
employing auxiliary functions of generalized scattering matrix (AFGSM) method
which provides faster and accurate estimates in comparison to conventional methods
existing in the literature. Using the proposed method proper photonic crystal
structures (Te, Taz20s, TiO2) are selected according to given design objective while
satisfying the periodicity condition. Computer simulation results are given for
verification. The designed reflector provides an omnidirectional relative bandwidth
(ORB) value of 56.63% with an omnidirectional photonic bandgap (OBG) in the range
0f 924 nm to 1654 nm in optical wavelength region.
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1. Giris

Elektromanyetik  dalgalarin  dielektrik  sabiti
periyodik olarak degisen yapilarda propagasyonu,
belirli frekans araliginda ve belirli dogrultuda
kontrol edilebilmektedir. Bu teori ilk olarak 19.
ylzyil sonlarinda Rayleigh ve Brillouin tarafindan
yapilan c¢alismalarda incelenmistir. Bu ¢alismalarda
periyodik yapilarin 15181n gelis agisina bagh olarak
degisen bir band araligina sahip oldugu ortaya
konulmustur. 1987 yilinda Eli Yablonovitch fotonik
kristaller kullanarak durdurma bantlarini inceledigi
deneysel arastirmalarini yaymlamistir. Fotonik
kristallerin giiclu yansima gosterdigi,
elektromanyetik dalgalarin iletiminin engellendigi
frekans aralig1 “fotonik bant aralig1” (PBG: photonic
bandgap) olarak adlandirilmaktadir (Joannopoulos
vd., 2008). Bu fenomen kullanilarak fotonik kristaller
ve uygulamalari son yillarda bir¢ok bilimsel ¢alisma
ve mithendislik uygulama alanina konu olmustur. Bu
uygulamalar arasinda yer alan bilesenlerden bazilari
dalga kilavuzlar, ayiricilar (splitters), dagilmis geri-
beslemeli lazerler, dielektrik fabry-perot filtreler,
ayarlanabilir polarizorler, optik fiber yapilar,
dielektrik yansiticilar, demet béliiciiler ve optik
filtrelerdir.

Fotonik kristallerin propagasyon Kkarakteristigi,
yapinin  iletim-durdurma bant diyagraminin
cikarilmasi ile elde edilebilmektedir. Fiziksel ve
elektriksel 6zellikleri secilmis (veya belirlenmis) bir
fotonik kristalin fotonik durdurma bandi sadece belli
bir frekans, gelis acis1 ve kutuplanma i¢in gegerlidir.
Calisma frekansi, gelis agist ve kutuplanma
degistirildiginde fotonik durdurma bandi farkl
spektral bolgelerde olusabilir veya durdurma bandi
olusmayabilir. Fotonik kristallerde = malzeme
dielektrik 6zellikleri ve katman kalinliklarinin uygun
olarak secilmesi sonucu istenen frekans bolgesinde,
kutuplanma ve gelis agisindan bagimsiz tiimyonli
durdurma bant araligt (OBG: omnidirectional
bandgap) elde edilebilmektedir. Fink vd. (1998)
yilinda yapmis oldugu ¢alismada c¢eyrek dalga
uzunlugunda katmanlar (quarter-wave stack) ile
elde edilen timyonli yansiticinin durdurma
bantlarini incelemistir.

Tiimyonli yansiticilar veya diger optik bilesenler
tasarlanirken fabrikasyon siirecine gecilmeden 6nce
periyodik yapinin ideale yakin dizayn edilebilmesi
icin birden fazla sayisal modelleme yapilmasi
gerekmektedir. Bu sebeple hizli ve dogru sayisal
benzetim ile fotonik kristal tasarimi ¢ok biiytik 6nem
teskil etmektedir. Fotonik bant araliklarinin
hesaplanmasinda diizlem dalga a¢ilim ydntemi
(PWE) basta olmak lizere, zamanda sonlu farklar
yontemi (FDTD), transfer matrisi metodu (TMM),
sonlu elemanlar metodu (FEM) siklikla kullanilan
yontemlerden baslicalaridir. Birgok elektromanyetik
problemin ¢6ziimiinde kullanilan bu yontemler ile
analiz yapmak miimkiin olmasina ragmen problemin

6zdeger denklemine indirgenmesi ve istenen frekans
araliginda 6zdeger denkleminin ¢dzimiiniin
aranmast hesap wuzayini genisletmektedir. Bu
noktada periyodik yapinin 6zdeger denkleminin
¢oziimiine  gerek  kalmadan  bant  kenar
frekanslarinin  hesaplanabilmesinin  problemin
¢oziimiine biiytlk kolaylik getirecegi asikardir.

Literatiirde kayipsiz periyodik yapilardaki birim
hiicrenin genellestirilmis sagilma matrisi i¢in ortaya
konan sakinim iligkisi vasitasiyla, 6zdeger
denkleminin ¢6zilmesine gerek kalmadan iletim-
durdurma bant gecis frekanslarinin tespit
edilebildigi ispatlanmistir (Simsek ve Topuz, 2007).
Devam eden calismalarda, genellestirilmis sa¢ilma
matrisi yardimci fonksiyonlar1 yéntemi (AFGSM)
kullanilarak  periyodik yapilarin bant gegis
frekanslari analitik yardimci fonksiyonlar ile sayisal
olarak dogru ve verimli bir sekilde tespit edilmistir
(Erkan vd., 2018; Ertay ve Simsek, 2018).

Ayni zamanda bu c¢alismada, yontemin tiimyo6nli
bant araliklarinin belirlenmesinde ve yansitic
tasariminda etkin bir sekilde kullanilabildigi

belirtilmistir. Bu yontyle, mikrodalga
uygulamalarinda  siklikla  kullanilan  sag¢ilma
parametrelerinin hesaplamasina dayanan

yaklasimin optik bdlgede uygulanmasinin miimkiin
oldugu gosterilmistir.

2. Bilimsel Yazin Taramasi

Glniimizde  mobil ve  sabit haberlesme
sebekelerinin altyapisin1 olusturan fiber optik
haberlesme sistemleriyle uzak mesafelere yiiksek
kapasiteli veri aktarimi optik spektrumda bant
genigliklerinin etkin kullanilmasi ile miimkiin
olmaktadir. Gelisen malzeme teknolojisi ile diislik
giicle c¢alisan, nanometre boyutlarinda entegre
elemanlar ile optik seviyede anahtarlama
saglanabilmektedir. Optik anahtarlama modiillerinin
yanisira hareketli mikro aynalarin kullanildigit MEM
(mikro-elektro mekanik) teknolojisinin uygulandigi
optiksel capraz baglayicilar (OCX) (Notomi 2005),
yogun dalgaboyu bolmeli sayisal c¢oklayicilar
(DWDM) (Wosinski vd., 2009) gibi temelde optik
filtre  yapisinda  ¢alisan  telekomiinikasyon
elemanlari fotonik kristaller ile
gerceklenebilmektedir. Kablosuz ag teknolojilerinde
kullanilan anten uygulama o6rneklerinde fotonik
kristallerin kullanilmas1 sonucu ylizey dalgalar
soniimlendirildigi i¢cin anten kazancini ve anten
yonliligini artirdigr gosterilmistir (Sharma vd,
2008; Liang vd., 2009). Kablolu haberlesme
sistemlerinde ise dar bandgenisligine sahip kanallar
kullanilarak frekans spektrumunu etkin bir sekilde
kullanabilmek hedeflenmektedir. Bunu
saglayabilmek icin keskin gecislere sahip filtre yapisi
tasarlanarak yan kanallara girisimin en aza
indirgenmesi gerekmektedir. Fotonik kristaller optik
entegre teknolojilerinde istenen bu 06zelliklerde
tasarlanarak ideale yakin optik filtreler elde
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edilebilmektedir (Banaei vd. 2014; Prather vd.,
2009).

Optik bilesenlerin modellenmesinde belli bir frekans
bandinda biitiin gelis acilar1 ve kutuplanmalar icin
gecerli olan bir durdurma bandinin tasarlanmasi
hedeflenmektedir. Bu durumda olusan fotonik
durdurma bandi tiimyonli fotonik durdurma bandi
olarak adlandirilmaktadir. Kim vd. (2002)’de ¢eyrek-
dalga uzunlugunda (QWS) dielektrik tabakalardan
olusan genis bir tiimyo6nli yansitici tasarimi icgin
yliksek kirilma indisinin 2.26’dan biyiik, diisiik
kirilma indisinin ise yaklasik olarak 1.5 segilmesi
gerektigini  ortaya  koymustur.  Southwell’'in
(1999)’da yaptig1 calismada ise diisiik kirilma indisli
malzemenin kirilma indisinin 1.45 civarinda
secilmesinin, yliksek kirilma indisinin se¢iminden
bagimsiz olarak genis tlimyonlii yansitici elde etmek
icin yeterli oldugu ifade edilmistir. Srivastava vd.,
(2007)'de fuleren film tabakalar kullanarak bir
boyutlu fotonik kristallerde tiimydnlii yansitma
bandi tasarimi yapmustir. Chigrin (1998)’de
tlimyonli yansitici 6zellikleri elde edebilmek i¢in bir
boyutlu fotonik kristallerin kullaniminin yeterli
oldugunu gosteren c¢alismayl yayinlamistir. Haas
(2006) ve Hwang'in (2007)’'de yaptig1 calismalarda
ise iki boyutlu timyonlii durdurma bolgelerinin elde
edilmesi incelenmistir. Chen (2011)'de yaptig
calismalarinda iki boyutlu fotonik kristal tiimyonlii
yansiticilar ile dalga klavuzlarinin tasarimina iliskin
ornekler sunmustur.

Bu calismalarin biiyiik bir ¢ogunlugunda analizler
icin dizlem dalga agilim yoéntemi (Soziier 1991,
Sakoda 2001) veya transfer matrisi yontemi (Pendry
ve MacKinnon 1992) kullanilmistir. Diizlem dalga
acilim yontemi o6zdeger denkleminin ¢6zliimiine
dayali oldugundan problem geometrisi
karmasiklastikca hesaplama yiikii artmaktadir.
FDTD yo6ntemi ile yapilan analizlerde ise, benzetim
alan1 (simulation domain) ag oOrglsiiniin (mesh)
yogunluguna baglhh olarak daha dogru sonucg
vermekte fakat hesap uzaymi dogrusal olarak
biiyiitmektedir (Kuang ve Kim, 2007). Bu
yontemlerin yanisira transfer matrisi metodu
(TMM), sonlu elemanlar metodu (FEM) (Qiu 2001)
fotonik kristalin bant yapilarim1 hesaplamak igin
kullanilan metodlardan bazilaridir. TMM siklikla
tercih edilen bir yontem olmasina ragmen tanimi
geregi barindirdigi tstel fonksiyonlarin pozitif ve
negatif arglimanlari sebebiyle kararsiz sonuglar
tiretebilmektedir. Ote yandan genellestirilmis
sacllma matrisi (GSM) yontemi sadece negatif
argiimanli istel fonksiyonlar igerdiginden TMM
yontemine gore sayisal olarak kararhidir. Geleneksel
olarak 6zdeger denkleminin ¢ok sayida parametre
takimi i¢in ¢oziimiinde genetik algoritma ve yapay
sinir aglarn gibi salt sayisal yontemler de
kullanilabilmektedir.

Alternatif olarak (Simsek ve Topuz, 2007) yayininda
ispatlandig1 iizere Kkayipsiz birim hiicrenin tek
Floquet modlu bolge igerisinde yer alan
iletim/durdurma bant gecis frekanslar1 sag¢ilma
parametreleri cinsinden elde edilen alternatif
fonksiyonlar yardimiyla tespit edilebilmektedir. Bu
yontem AFGSM metodu olarak tasarim ¢alismalari
ile literatiirde yer almaktadir (Erkan vd., 2018).

3. Materyal ve Yontem

Problem taniminda periyodiklik iliskisi kullanilarak
bir boyutlu periyodik fotonik kristal yapilarin
dispersiyon (dagilma) denklemi dik gelis ve egik
gelis durumlar igin tiiretilerek matematiksel model
ifade edilebilmektedir (Yariv, 2006). Geleneksel
olarak durdurma bant araliklarinin tespiti 6zdeger
denkleminin ¢6ziilmesi ile saglanmaktadir.

Literatiirde belirtildigi lizere 6zdeger (dispersiyon)
denklemi

Cos(Kp) = Cos(k; p, ) Cos(k; p,)
—MsSin(k:p,)sin(k; p,) M

seklinde ifade edilmektedir (Simsek 2013) . Burada

lk—2+k—1 TE
2\ ki k,

= 2
1( nik; N nZk; ™ (2)
2\ n?k}  nik:

Esitlik (1) ve (2)'de k! ve Kk, sirasiyla birinci ve ikinci
ortamda dalga vektoriinii, p, ve p, sirasiyla birinci
ve ikinci dielektrik katmanin tabaka uzunluklarini,
p bir periyotluk tabaka uzunlugunu, n, ve n,
periyodik yap1 kirilma indislerini temsil etmektedir.
Dielektrik tabaka dalga vektorleri agisal frekans o,
gelis acis1 6, ve kirllma indisi n, cinsinden asagidaki
gibi ifade edilmektedir.

k2 =M coso K, =w—n‘sin0, i=12 (3)
Cc Cc

Dik  gelis durumunda gelis acis16=0°ve
cosf =1, sind=0seklindedir. Burada dalga vektori
bilesenleri x-yoniinde sifirdir. Egik gelis durumunda
ise gelis agis1 =0°ve cosd=1,sind=0 seklindedir.
Burada dalga vektoriiniin x-yoniindeki bileseni
sifirdan farklidir ve sisteme katkisi bulunmaktadir.
(1) no’lu dispersiyon dekleminde de bulunan K

terimi Bloch dalga vektoriinii temsil etmektedir.
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p/2 P, p/2

N adet ardigik
birim hiicre

Fotonik Kristal z
Birim Hiicre

Sekil 1. Bir boyutlu fotonik kristal birim hiicre
geometrisi

Sekil 1’de verilen bir boyutlu simetrik periyodik
yapinin iki kapili devre modeline gore s-
parametreleri  esitlik  (4)'de  verildigi gibi
hesaplanmaktadir.

bl Sy Sp|&
|:b2:|_|:521 Szz:|[aj (4)

Denklem (4)’'de b, ve a; birim hiicreye gelen ve
yansiyan dalgalar1 géstermektedir.

Floquet periyodikli kosulu ve simir kosullari
uygulanarak birim hiicre 6zdeger denklemi (5) elde
edilmektedir.

I =S, 6" [-s, o]b"
11 ‘ +ﬂ, 12 ‘ =0 (5)
0 _821 a(') _Szz I a(')
Ozdeger denklemini kokleri esitlik (4)'de verildigi
gibi alternatif olarak yazilabilmektedir.

e 2 2
Cos(g)=my 0= Kp (6)
25,

Simetrik birim hiicre i¢in bir Floquet modunun
reaktif giicii birim hiicrenin sa¢ilma parametreleri
cinsinden

X, =Im{S; +S,,} (7)

olarak ifade edilebilir. Boylece AFGSM yonteminde
band kenar frekanslar1 tanimlanan X, ve X-
fonksiyonlarinin sifir gecisleri ile elde edilirler.

Fotonik Kristalin fotonik durdurma bandi ¢alisma
frekansina, gelis agisina ve kutuplanmaya bagh
olarak degismektedir. Bu sebeple problemin
¢oziimiinde TE (enine elektrik) ve TM (enine
manyetik) modlar olusmaktadir. Belli bir frekans
bandinda tiim gelis acilar1 ve her iki kutuplanma (TE
veya TM) i¢in olusan fotonik durdurma bandi
timyonli  fotonik durdurma bandim1 (OBG)
olusturmaktadir. Ornek olarak kirilma indisi n1 = 4.6,
n; = 1.6 ve tabaka kalinliklar1 p1=48 nm, p2=155 nm
secilerek elde edilen yapinin (bkz. Sekil 1) farkl gelis
acilar1 ve TE (enine elektrik), TM (enine manyetik)
kutuplanmalar i¢in verdigi durdurma bant araliklari
Sekil 2’de sematik olarak gosterilmistir.

T™O T™O0
w1=217.5 THz w2=421.35 THz

frekans
1 >

™ 90 4 7
Ww1=272.4 THz TUMYONLO

I BANT ARALIGI

|
| ™ 90
| W2=460.05 THz
>
I
| |
TEO | !
w1=217.5 THz | TE 0
' w2=421,35 THz
frekans

TE 90
w1=226.95 THz

Sekil 2. Tlimyonlii yansitici bant araliginin frekans
spektrumunda TE ve TM kutuplanma i¢in gosterimi

Sekil 2’de TM kutuplanmasinda elde edilen
durdurma bant araliginin TE kutuplanmasinda elde
edilen sonuglara gore daha dar bant vermesi
sebebiyle timyonli durdurma bant bdlgesi icin TM
09 ve TM 909 kosullarinin kontrol edilmesinin yeterli
oldugu gosterilmektedir. Sekil 3’te ayn1 yapinin TM
kutuplanmasinda tim gelis acilar icin elde edilen
bant araliklar1 verilmistir. Boyali dikdortgen alan
270 THz - 420 THz bolgesinde tiimyonlii durdurma
bandin1 gdstermektedir.

600
550

500

———

~
o
o

Frekans (THz)
w &
o L=
[=] (=]

w
=}
=]

&}
h
=}

S}
=}
=]

150
0 10 20 30 40 50 60 70 80 20

Gelis Agisi (der.)
Sekil 3. Gelis agisinin bir fonksiyonu olarak
durdurma bant araliklar1 (TM kutuplanma)

Literatiirde tiimyonlii yansitici elde etmek igin
genellikle ceyrek-dalga tabaka (QWS) kalinhigi
referans alinmaktadir. 4.béliimde tabaka kalinliklar:
QWS uzunlugunda secilmeden elde edilebilen genis
tiimyonlii yansiticl tasarimi verilmistir.

4. Arastirma Bulgulari

Bir boyutlu fotonik kristal malzemeler periyodik
veya yari-periyodik olarak kaskad baglanarak genis
durdurma bandi tasarimlar1 yapilabilmektedir. Bu
tasarim tek tip birim hiicreden en genis
omnidireksiyonel bandin elde edilmesi veya farkl
tipte malzeme kullanilarak elde edilen farkli birim
hiicrelerin kaskad baglanarak tiimyonlii band elde
edilmesi seklinde 6zetlenebilir.
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a5 Tasarlanan tiimyonlii yansiticilarin durdurma bant
' araliklar1 PWE yo6ntemi ile hesaplanarak frekans
ekseninde cizdirilmistir (Sekil 6). Sekilde bulunan
37 kirmiz1 cizgiler 151k ¢izgisini, sar1 boyali alan ise
tlimyonli yansiticilik bolgesini gdstermektedir.
25¢
& Ortadaki eksen grafigi ikiye ayirarak sol taraf icin TM
s 77 kutuplanma sag taraf i¢in ise TE kutuplanma bant
20 egrilerini temsil etmektedir.
151 a) 0, 1 TUmyonl Yanslltlvu—Oo sa0p - Tiimyonid YansmcII-89°
4 7
1 1 1 2000 [ 1821 nm II 1 2000 'I
1 15 2 2.5 3 35 / /
n,/n, 1800 - / 1 1800F  \1654 nm /'
Sekil 4. Timyonli yansitma bagil bant genisliginin E o0 7 T o0}
merkez frekansa orani kontiir diyagrami 2 4
_§) 1400 '/ 1 1400 -
Tlimyonlii  yanisticinin  bantgenisliginin  segilen 8 1200f ,' A 11200}
dielektrik malzemelerin kirilma indisleri ile olan \1238nm !
iliskisi Sekil 4’de verilmistir (Winn 1998). Tiimyonlii 10007 Mo 1%
yansitict durdurma band genisliginin merkez 800} “Yea 1 soof
frekansina orani tiimyonlii bagil bant genisligi (ORB: ><.
omnidirectional  relative  bandwidth) olarak s 0s o o0z os “os 02

adlandirilmaktadir. Isigin gelis ortaminin kirilma
indisi no, birinci ve ikinci tabakalarin kirilma indisleri
ise sirasiyla n; ve n; ile gosterilmektedir. Sekil 4’de
egrilerin lizerinde ORB oranlar1 yilizdesel olarak
verilmektedir. Ornek olarak iki farkli fotonik kristal
icin kirllma indisi ciftleri grafikten secilmistir.

Sekil 4’de kesikli cizgiler (n1=4.6 Tellurium, nz=2.1
Taz0s) birinci fotonik kristal (FK1) icin segilen
kirilma indislerini, kesik-nokta ¢izgi ise (n:=4.6
Tellurium, nz=2.45 TiO2) ikinci fotonik kristal (FK2)
icin sec¢ilen kirilma indislerini géstermektedir. Her
iki malzeme i¢in de gelis ortami hava (n¢=1) kabul
edilmistir AFGSM yo6ntemi kullanilarak timyonli
yansiticilarin TM 00 ve TM 89° icin bant kenarlari
dalgaboyu cinsinden verilmektedir (Sekil 5). Kesikli
cizgiler X. fonksiyonunun, diiz ¢izgiler ise X
fonksiyonunun sifir gecislerini temsil etmektedir.
AFGSM fonksiyonlar1 ile elde edilen bant kenar
degerleri ve tiimyonli bagil bant genisligi (ORB)
degerleri Tablo 1'de 6zet olarak verilmistir. Birinci
malzeme cifti (Tellurium ve Taz0s) kullanilarak 416
nm’lik timyo6nli durdurma bandi; ikinci malzeme
cifti (Tellurium ve TiO2) kullanarak ise 321 nm'lik
durdurma bandi elde edilmistir. Bu degerler
sirastyla % 28.76 ve % 29.58’lik tiimyonlii bagil bant
genisligi degerlerine karsilik gelmektedir.

Tablo 1. Secilen fotonik kristal malzeme ciftleri
kirilma indisi ve durdurma bant araliklari

X, X fonksiyonlari
+ -

b) 2. Tiimyénli Yansitici - 0°

2. Tumyonlii Yansitici - 89°
2200 . ‘

2200

I
1 1
2000 'l 1 2000} I
1
/ I
1800 I' 1800 | I,
P~ ’ ’
E 1600 / 1 1600t /
\:s; 1357 nm /' ,'
g 14001 B 1 14000 | ossom | 4
5 K /
T 1200 T 1200[
o ,/ ,'/
1000 /' 1 1000} 7 1
’ 7 ~N
/ A / /
800 ' 924 nm 1 800 [ ( J
879 nm
\~ .
600 - T « L

600 .
04 02 0 0.2 0.4 04 -0.2 0 0.2 0.4
X, X_ fonksiyonlari

Sekil 5. AFGSM yontemi kullanilarak birinci ve
ikinci timyonli yansitici i¢in band kenar
frekanslarinin Kestirilmesi a) FK1 b) FK2

p1 p2 ™ 00 TM 89° OBG | ORB

(nm) (nm) (nm) (nm) (nm) (%)
FK1 | 1128 | 96.8 | 1238.2-1821 | 1205.2-1654.9 | 416 | 28.76
FK2 | 488 | 132 | 924.6-1357 | 879.6-1245.6 | 321 | 29.58
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Timyonli Yansitici - 1
a) N —— !

Frekans (THz)

1 08 06 04 02 0 02 04 06 08 1
Dalga Vektori (Kp/27)

Timyonli Yansitici - 2

kutuplanma

1 08 06 04 02 0 02 04 06 08 1
Dalga Vektori (Kp/27)

Sekil 6. PWE yontem ile elde edilen tiim yonlii
yansitici bant egrileri a) FK1 b) FK2
Birinci tlimydnlii yansitici icin boyali alanin iist sinir1
242.4 THz (1238 nm), alt sinir1 ise 181.2 THz (1655
nm) band kenar degerlerini;
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|}
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1
70 hll 1
o ||I 1
= 60 hy !
28 h 1
2 5 [ ! ™O0° |
= . . o 1
@ : Tamyonli ; - = =TM89°
€ 4
5 40 il Durdurma 1
=z g 1
30 o Bandi .
! !
20 ]! 1
]! !
10 ]! I
1 '\ !

600 800 1000 1200 1400 1600 1800 20‘00 2200
Dalgaboyu (nm)
Sekil 7. FK1 ve FK2 yapilarinin kuple edilmesi ile
elde edilen genis banth timyo6nlii yansiticinin
durdurma bant bolgesi

ikinci timyonlii yansitici i¢cin boyali alanin st sinir1
324.6 THz (924 nm), alt siir1 ise 238.7 THz (1256
nm) band kenar degerlerini vererek AFGSM yontemi
ile PWE arasindaki dogrulugu oraya koymaktadir.
Calismanin devaminda FK1 ve FK2 yapilar1 birbirine
kuple edilerek genis bantli tiimyonli yansitici
tasarlanmistir. Elde edilen tiimyonlii yansiticinin
durdurma bant genisligi boylece 737 nm’ye ORB
degeri ise % 56.63’e ylikselmistir (Sekil 7).

5. Sonug¢ ve Tartisma

Yapilan calismada, iki farkl fotonik kristal yap1 kuple
edilerek genis banth tiimyonlii yansiticl tasarimi
gerceklestirilmistir. Nanometre  boyutlarinda
tasarlanan  bu  bilesenlerin  optik  frekans
spektrumunda filtre, mikrokavite, hareketli mikro
aynalarin kullanildig1 optiksel ¢capraz baglayicilar ve
optik fiberler gibi c¢esitli uygulama alani
bulunmaktadir. Ozellikle telekomiinikasyon
haberlesme sistemlerinde elektronik - optik
donilisiimii yapmaya gerek kalmadan sinyalin optik
olarak tasinmasi ve anahtarlama isleminin entegre
optik anahtarlama modiilleri ile yapilabilmesi
ylksek band genisliklerinde veri iletimini miimkin
kilmaktadir. Bu calismada uygulanan yontem ile
fotonik kristallerin tiimyonli yanisiticl
uygulamalarinda istenen frekans bandinda amaca
uygun olarak tasarlanabilecegi gosterilmistir.

Elde edilen tiimyonlii yansiticinin durdurma bant
araligl 924 nm - 1654 nm olup literatiirde Kim’in
(2002) galismasinda yer alan sonuglara (342.4 nm,
1286.8 nm ile 1629.1 nm arasinda) gore %115 daha
genis band aralig1 elde edilmistir. Bilinen diger
yontemlere kiyasla AFGSM bant Kkenarlarim
hesaplamak i¢in hizli bir alternatif yaklasim
oldugundan tabaka kalinliklarini yiiksek hassasiyet
ile tarayarak tasarim yapmak miimkiindiir. AFGSM
yonteminin siire avantajini vurgulamak adina
yapilan on calismalarda 20 hiicreli bir boyutlu
fotonik kristalin PWE ile TE kutuplanmasinda analizi
53.6 sn, TM kutuplanmasinda analizi 111.7 sn de
tamamlanirken AFGSM ile analizi 0.04 sn stirm{istr.
Ayn1 problem i¢in sonlu elemanlar metodu (FEM)
yontemi ile ¢calisan ticari yazilim CST’ye gore 103 kat
daha hizli sonug vermistir.

Tasarim asamasinda kullanilacak olan ters problem
¢ozimil icin yapilan 6n incelemede yine FEM
yontemi kullanan ticari yazilim HFSS ile ayni fotonik
kristalli problemin analizi sadece bir polarizasyon
icin yaklasik 13 dk. siirerken AFGSM yo6ntemi ile bu
analiz 0,05 sn. siirmiistiir (ters problem i¢in amag
fonksiyonunda istenen frekans araliginda, dielektrik
tabakalarin kirilma indisinin bilindigi, tabakalardan
birinin kalinlig1 bilinirken digerinin bilinmedigi ve 5
adimda belirli bir aralikta siipiiriilerek hesaplama
yapildig1 goéz oniine alinmistir). Fotonik Kkristalin
lretim asamasinda yliksek hassasiyette olasi tiim
parametrelerdeki degisim araliklar1 géz oniiniine
alinmas1  gerekmektedir. Bu durumda 0,01
hassasiyet ile her iki katman i¢in uzunluklarin
stipiirtilmesi (x104), her iki kutupluluk tipinin
incelenmesi (x2) ve gelis agisinin 50 parcada
taranmasi (x50) kat islem ytikii olup toplamda 106
islem yiikii olusturacaktir. Bu durumda tasarim
asamasinda 106 islem yiikii barindiran bir problem
icin tasarim siiresi HFSS ile 1800 giin, 6nerilen 6zgiin
yontem ile 0,6 giin siirecektir. Bu agidan ¢alismada
kullanilan AFGSM yo6nteminin fotonik kristalli optik
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Dogada, basing, sicaklik ve derisim farkliligi nedeniyle uglasma akimlar1 meydana gelir.
Dogal potansiyel (DP) yontemi, yorumlama c¢alismalarinda geleneksel olarak
kullanilagelen popiiler jeofizik ara¢ olup, bu yontem u¢lasma akimlarinin yarattig1 dogal
potansiyel farklarinin o6l¢iilmesine dayanir. Bu c¢alismada, 1sil uclasma problemi
kiimelenmis elemanlar ag1 modeli ile ¢oziilerek bir jeotermal alana uygulanmistir. Bu
yontemin diger geleneksel jeofizik ydntemlere kiyasla temel istiinliigii, incelenen
sistemin karmasik dogasi hakkinda daha detayl bilgi verebilmesidir. Bursa ili Cekirge
Mahallesi'nin kuzeybatisinda yer alan Acemler Mevkiinden toplanan diisey elektrik
sondaj (DES) ve DP wverileri oncelikle geleneksel yontemlerle(ters ¢6ziim)
degerlendirilmis, elde edilen parametreler kullanilarak alanin 1sil ug¢lasma modeli
kurulmustur. Boylece jeotermal alan i¢in en uygun termal ve jeofizik parametre degerleri,
kaynak yerleri ve sayilari ile jeolojik birimlerin geometrik yapilar1 saptanmistir. Bu
calismaile elde edilen sonuglar, 1s1l uclasma yonteminin DP verilerinin yorumlanmasinda
glicli bir ara¢ olusturdugunu ve jeotermal sistemlerin c¢esitli 6zelliklerinin
belirlenmesinde etkin sekilde kullanilabilecegini gdstermistir.

THERMAL COUPLING MODELLING WITH THE VES AND SP DATA OF BURSA-ACEMLER

REGION

Keywords

Abstract

Self Potential,
Temperature,
Coupling.

In nature, due to differences in pressure, temperature and concentration, coupling flows occur.
The self potential (SP) method is the popular geophysical instrument traditionally used
in interpretation studies, which is based on the measurement of the natural potential
differences created by the coupling flows. In this study, the thermal coupling problem was
solved by a lumped elements network model and applied to a geothermal field. The basic
advantage of this method over the other traditional geophysical methods that it can
provide more detailed information about the complex nature of the system under
consideration. The vertical electric sounding (VES) and SP data collected from the
Acemler Location in west of the Cekirge District of Bursa province were firstly evaluated
by traditional methods (inverse solution), and the thermal coupling model was
established by using the obtained parameters. Thus, the most appropriate thermal and
geophysical parameter values for geothermal fields, the location of the sources and their
numbers and the geometrical structures of the geological formations were determined.
The results obtained from this study showed that the thermal coupling method is a
powerful tool in the interpretation of SP data and it can be used effectively to determine
the various properties of geothermal systems.
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1. Giris

Elektrokimyasal, elektrokinetik ve termoelektrik
kaynaklarin irettigi  potansiyel farkliliinin
Olciimiine dayanan dogal potansiyel yonteminde
dogal  gerilim belirtileri genel olarak,
yerkabugundaki basing, sicaklik, iyon ve akiskan
hareketlerinden tiirer. Yer altindaki akigskan akimi,
konveksiyon akimlarinda artisa neden olurken, bu
akimlarin elektriksel yapi ile etkilesimi de elektrik
potansiyelini arttirir. Ayrica, ortamlarin o6zdireng
farkliligy, sicaklik, goézeneklilik gibi ozellikleri de
dogal gerilim belirtilerinin olusumundaki ana
etkilerdir (Corwin ve Hoover, 1979).

Geleneksel dogal potansiyel modelleme yontemleri,
uclasmis kiire (de Witte, 1948; Yungul, 1950) veya
cubuk dipol (Meiser, 1962; Paul, 1965) gibi akim
kaynaklar1 esasina dayanir. Ancak bu yontemler
ana kaynagin dogasina yonelik ¢ok az bilgi
verebilmektedirler. Bu nedenle, 6zellikle sivi akimi
olan ve 1s1l 6zellik gosteren bolgeler icin, kaynagin bu
tir ozelliklerini de iceren ¢dziimler yapilmaya
calisilmistir  (Marshall ve Madden, 1959;
Nourbehecht, 1963; Sill ve Johng, 1979). Bu
calismalarda kaynak mekanizmasi ayrintii bir
bicimde tartisilmis, sicaklik ve basing gibi birincil
potansiyeller ile dogal potansiyel ¢o6ziimlerini
birlestiren teknikler gelistirmistir. Bu yodntemde,
genel uglasmis akim esitliginden (Onsager, 1931;
Marshall ve Madden, 1959; Nourbehect, 1963)
yararlanarak, once birincil potansiyel problemi
¢ozlilmiis, daha sonra bu potansiyeller uglasma
katsayilar1 dagilimi ile birlestirilerek elektrik kaynak
terimleri  hesaplanmistir. ~ Sayisal  yontemler
yardimiyla da  elektrik  potansiyel dagilimi
hesaplanmistir. Yontem, baraj sizdirmasi (Wilt ve
Butler, 1990) ve jeotermal alan modellemelerinde
(Corwin,1990; Schima vd., 1996; Drahor ve
Berge, 2006 ) uygulanmistir. Yasukawa (1993) ise bu
yontemi, Bodvarsson (1982)'un akiskan ve 1s1 akimi
modellemesi yapan PT adli programu ile birlestirerek
yeni bir bilgisayar programi haline getirmis ve cesitli
alanlara uygulamistir (Yasukawa vd., 2003; Yasukawa
vd, 2005). Konu ile ilgili deneysel calismalar da
bulunmaktadir (Ishido vd., 1983; Sheffer, 2007;
Giampaolo vd., 2016).

Yontem, yukarida aciklanan literatiirde uglasmis akim
kaynaklarina dayali bir yontem olarak tanimlanarak
tam bir isim verilmemistir. Tiirkce literatiirde ise konu
ile ilgili tek bir ¢alisma vardir ve bu ¢alismada Sindirgi
(2005); jeotermal alanlar igin birincil akim 1s1 olarak
kabul edildigi icin yontemi is1l uclasma ydntemi olarak
nitelemistir.

Bu calismada, diisey elektrik sondaj (DES) verileri ve
DP yonteminin yi1ginsal veri kiimeleri geleneksel ters
¢ozlim teknikleri ile degerlendirilerek elde edilen
tabaka dzdirenc¢ ve kalinliklari ile uglasma agis1 gibi

parametrelerle, jeotermal ortami karakterize edecek
bazi 1s1l parametreler birlikte dikkate alinarak jeolojik
ortamin 1s1l uglasma modeli ortaya konmaya
calhisilmistir.

Calismaiceriginde, 1s1l uglasma yénteminin kuramsal
gelisimi ve iki 6rnek teorik model verildikten sonra,
Bursa ilindeki bir jeotermal alandan toplanan DES ve
DP verileri ile gercek bir alan problemine uygulamasi
sunulacaktir.

Uygulanan Tam Schlumberger diisey elektrik sondaj
(DES) yonteminde, goriintr 6zdireng degerleri (pa)
bir log-log grafigindeki yar1 akim elektrot araligina
(AB / 2) gore cizdirilir. iki ve ii¢ tabakali durumlar
icin, tabakalarin 6zdiren¢ degisimlerine bagli olarak
egriler, K, H, Q ve A tipi olarak smiflandirilir
(Basokur, 2004). Daha sonra, sondaj egrileri, yeralti
katmanlarinin gercek direnclerini ve kalinliklarim
belirlemek iizere gesitli tekniklerle (abak ¢akistirma,
ters ¢6ziim gibi) yorumlanir.

Calismanin uygulama alani olarak secilen Bursa
ilinde, jeoloji (Erisen ve Ongiir, 1976), hidrojeoloji ve
termal sulara ait jeokimyasal analiz ¢alismalari
yapilmistir (Ozgiiler ve Unay, 1978; Hakhidir, 2013).
Bu calismalarda bélgeye, altivyon, mermer, kirectasi,
kumtasi ve traverten birimlerinin hakim oldugu ve
diisiik basing ve sicakliga sahip akiferlerin neojen
kumtasi, kirectasi, marn ve aliivyon birimler iginde
yer alabilecegi saptanmistir. Ozgiller ve Unay
(1978), 1sitic1 kaynagin derin kaynakli oldugunu,
ayrica kirik ve catlaklarin akifer rolii oynadigini
belirtmistir. Son yillarda ise, bolgenin sismik
aktivitesinin(Gok ve Polat, 2012) ve yeraltisuyu
kimyasinin incelendigi (Haklidir, 2013) ¢alismalar
mevcuttur.

2. Materyal ve Yontem

Bir ortamda zorlayict bir kuvvet veya potansiyel
farkliligina yol acan siwvi, 1s1, elektrik ve Kkiitle
akimlarina genel olarak uglasma nedeniyle olusan
akimlar denir. Uclasma nedeniyle olusan akimlar
matris formunda,

Jp| Ly Lip Lis Lig| | VP
Jh _ Lyy Ly Ly Ly . VT 1)
Jo| |Is1 Lag Laz Lay | |VV

\74

i

L41 L42 L43 L4-4

3

yazilabilir. Burada, ]f; VP basing gradyentine baglh
akigskan akimi, jh ; VT sicaklik gradyentine bagl 1s1
akimy, 78; VV elektrik potansiyeli gradyentine bagh

elektrik akimive ]m ise VC derisim gradyentine bagh
olusan iyonik akimi gostermektedir. Genel olarak,
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kararl hal i¢in akim esitligi (Onsager,1931; Marshall
ve Madden, 1959; Nourbeheceht, 1963; Sill, 1983);

]i =zLij)?j (2)
Jj

olarak verilir. Baz1 diger birincil akimlardan olusan
ikincil akimlarin birincil akimlarin tzerine etkisi
kiigtiktiir. Bu durumda birincil ve ikincil akimlar genel
olarak asagidaki gibi verilir:

jl :Ln _64 (3)
Jrop =Jo ==LV - VV (4)

Burada, jl ; birincil akimi (1s1, ¢ozelti, elektrik vb.), L1
iletkenligi (termal iletkenlik, gecirgenlik vb.), &;
birincil potansiyeli (sicaklik, basing vb.), ]Top ; toplam

elektrik akimini, ]2; ikincil akimi, L21; uglasma

iletkenligi, o; elektriksel iletkenligi ve V ise elektrik
potansiyelini gostermektedir. Esitlik 4’iin sag tarafinin
ilk kismi, birincil akim nedeniyle olusan dolasim
(konveksiyon) akimi, ikinci kismi ise elektrik

potansiyeli gradyenti nedeniyle olusan iletim
(kondiiksiyon) akimidir. Bu durumda Esitlik 4;
jTop = Jkonv+ Jkond Q)

seklinde yazilabilir. Dogal potansiyel 6l¢iimlerinde dis
akim kaynagi bulunmadigl i¢in dogru akim kosullari
gecerlidir ve toplam akim diverjansi sifirdir

( vaop =0). Bu durumda;

6jkond = _vjkonv = 6(1’2165) (6)
ve

VL V)=Vl N+ L Vi =V (6 VV)  (7)

olur. Burada Esitlik 7’nin sol tarafi sicaklik ya da
basing nedeniyle olan degisimi ifade eder. Sag tarafi
ise bilinen dogru akim iletim denklemidir. Bu
esitliklerden yararlanarak, 1s1 akisi, gecirgenlik veya
1s1l iletkenlik katsayilari, 1sil elektrik potansiyeli
katsayilar1 ve elektriksel 6zdiren¢ dagilimi bilinen
ortamlarin iki boyutlu sicaklik veya basing dagilimlari;
ayrica dogal potansiyelleri elde edilebilir.

“S” kaynag1 sembolize etmek iizere, birincil akim ile
kaynagin iligkisi;

V.J, =S (8)

seklinde verilir (Madden,1971). Verilen esitlikler
sayisal olarak ¢oziilirken, Esitlik 3’teki Li1
iletkenliginin y-yoniinden bagimsiz oldugu, ortamin
y-yoniinde, [-oo, o] aralifinda, tekdilize ve izotrop

oldugu varsayilir. ]1 birincil akim1ive bunu doguran ¢

birincil potansiyelleri ise ii¢ boyutludur ve y-yoniinde
tekdiize, izotrop bir ortamda ¢ift fonksiyon 6zelligi
gosterirler. y-yoniindeki etkileri sabit hale getirmek
amaciyla, Esitlik 3 ve Esitlik 8’in y-y6niindeki Fourier
kosiniis dontsiimleri alinarak dalgasayis1 (L)
ortaminda ¢6ziim yapilir. Buna gore, Esitlik 3’iin y-
yoniinde Fourier kosiniis doniistimii alinarak;

]X(X’/I’Z):_Lu% 9)

J (x4 2)=—Ly, % (10)

ve

S(X'/I'Z)za]_x"'a]_z-l—ﬂzlqlg (11)
ox Oz

elde edilir. Bu esitlikler yer alti modelinin her bir
noktasi i¢in kiimelenmis elemanlar ag1 (Lumped-
element rectangular network) olusturularak
¢ozilebilir(Sill, 1983; Yasukawa, 2003; Oliveti ve
Cardarelli, 2017.) Bunun igin;

Y, = LAz /Ax (12)
Y, = L,Ax /Az (13)
Y= 2*Ax Az (14)

tanimlamalar1 kullanilarak (n, m) boyutlu bir
agda herhangi bir (i, j ) noktasi icin fark esitligi; i=1,
2, 3,..., n iken,

SCi, )AxAz =Y, (i,j -V, j-1)-<3, )]

+x (i, )¢ (0, j+1) = S0 NI+Yz(i-1,)) (15)
[€G-1,)-¢ (i, )1+ Yz(i, )£ (i+1,))
=¢(NN+Y (1,)¢ (i, )

seklinde yazilabilir (Sekil 1)(Sill, 1983). Esitlik 15
genel olarak tiim ag i¢cin matris formunda;

Ce=S (16)

olarak gosterilir. Matris ¢oziimiinden elde edilen
€ (L) dalgasayis1 degerleri, ii¢ boyutlu uzay
ortamina, y-yoniinde Ters Fourier Doniisiimii alinarak
gecirilir. Artik potansiyel degerleri (sicaklik veya
basing) hesaplandigindan, Esitlik 7’de yerine
yazilabilir. Bu denklemden elektriksel kaynak
terimleri her nokta i¢in hesaplanir. Ayni esitligin sag
tarafindaki (o=1/p) terimi bilindiginden, elektrik
potansiyeller de bulunabilir.

753



SINDIRGI

10.21923/jesd. 494435

G-1,)

&G, j-1) &G, ) &, j+1)

(i, j-1)
Yz(i, j)
@it

Sekil 1. Kaynak fonksiyonunun sayisal ¢6ziimii icin
olusturulan kiimelenmis elemanlar ag (Sill, 1983)

Jeotermal alanlardaki dogal gerilim belirtilerinin
sicaklik ya da basinca bagh olarak olustugu
bilinmektedir. Dogal gerilime neden olan birincil
potansiyelin sicaklik (T), bundan dogan birincil

akimin 1s1 akimi (jh ), ikincil akimin ise elektrik akimi

(]e) oldugu diisiiniildiigiinde, u¢lasma bagintilari,

Jy= -KNT (17)
J,=—CVT —c VV (18)

seklini alir (Sill ve Johng, 1979). Burada; K; ortamin 1s1l
iletkenligi, C; 1s1l elektrik potansiyel katsayisi olup,
uclasma iletkenliginin elektrik iletkenlige oranidir (C
=L21/0o). Cesitli kayag birimleri icin 1s1l iletkenlik ve 1s1l
elektrik potansiyel katsayilar1 degisim araliklar1 Tablo
1 ‘de verilmistir.

Esitlik 17, Fourier 1s1 iletim bagintisidir ve sicaklik
dagilimi bu esitlikten elde edilebilir. Sicaklik degerleri
ile birlikte 1s1l elektrik potansiyel katsayilari bir arada
kullanilarak elektrik kaynak terimleri de bulunur.
Elektrik kaynak terimleri bilindiginde ise, sayisal
yontemlerle (sonlu farklar vb.) elektrik potansiyel
hesaplanir. Ozdireng, 1s1l iletkenlik ve 1sil elektrik
potansiyel Kkatsayilar1 gibi ortam parametreleri,
olusan elektrik potansiyeli etkilemektedir. Ozellikle
kaynagin giictj, 1s1l iletkenlik ve 1s1l elektrik potansiyel
katsayilar1 dogal potansiyel belirtilerinin genlik ve
bicimlerini  6nemli  derecede  etkilemektedir.
Literatiirde, degisik ortam parametreleri i¢in pek¢ok
kuramsal model iiretilmistir (Sill,1983; Sindirgi,
2005). Bu ¢alismada ise, tekdiize homojen ortam ve
dayk modelleri igin c¢esitli o6rnek modeller
olusturulmustur. Arazi uygulamasinda ise, Bursa ili
Cekirge  mahallesi  kuzeybatisindaki = Acemler
mevkiinde toplanmis DES ve DP verileri kullanilarak
sicaklik u¢clasmasi modeli olusturulmustur.

Tablo 1. Cesitli Jeolojik Yapilar i¢in Fiziksel
Parametrelerin Deger Araliklar1 (Wilt,&Butler, 1990)

Isil
Ozdiren Isil Elektrik
KAYAG TiPi (@ m(’i fletkenlik | Potansiyel
’ (W/m°C) Kats.
(mV/°C)
Kumtasi 5-100 01-15 0.04-0.1
=
5
% Seyl 2-50 0.2-2 0.0.5-0.5
[
Kirectasi 20-500 0.15 -1.5 0.0.5-0.5
5 Granitik | 50-1000 0.5-10 0.1-2
<
3
% | Volkanik | 20-500 1-15 0.1-2
/m
=
>
X | Baskalas. | 50-1000 0.5-10 0.1-2
4
2
g Kirikh 10-100 | 0.05-0.5 01-2

2.1. Kuramsal Modeller

Tekdiize homojen ortam ve dayk modelleri igin
olusturulan kuramsal modellerde bazi parametreler
sabit tutulurken diger parametreler degistirilmis ve
bu degisiminin DP anomalilerine etkileri incelenmistir
( Tablo 2).

2.1.1. Tekdiize homojen ortam modeli

Tekdiize homojen ortam modelinde ii¢ degisik durum
incelenmistir. Her {ic durumda da noktasal sicaklik
kaynagi modelin tam ortasinda yer almaktadir.
Durumlardan ilkinde, sabit 6zdiren¢(p=200 Qm), 1s1l
elektrik potansiyel katsayis1 (C=0.1 mV/°C) ve 1s1l
iletkenlige (K=15 W/m°C) sahip tekdiize, homojen
ortam icin degisken kaynak giicleri incelenmistir.
0.01MW ve 0.04 MW giiclerindeki kaynaklar icin
hesaplanan dogal gerilim degisimleri, ilgili model ve
parametreleri Sekil 2.a’da verilmistir.

ikinci durumda, giicii 0.1 MW, 6zdirenci 200 Om ve 1s1l
elektrik potansiyel katsayis1 C=0.1 mV/°C olan
ortamin, 1sil iletkenligi 1, 5 ve 6 W/m°C olarak
degistirilmistir. Bu duruma ait model, parametreleri
ve 1s1l iletkenliklerin degisimine baghh olarak
hesaplanan dogal gerilim grafikleri Sekil 2.b’de
verilmistir.
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Tablo 2. Kuramsal modellerde kullanilan parametre

degerleri
Model Sabit Degisken Parametreler
Parametreler
L.LDURUM:
p=200 Om Kaynak giicti
€=0.1 mV/°C (S= 0.01MW ve 0.04 MW)
K=15W/m°C
N I.LDURUM:
Texduze 1 5= 0.1 Mw Isil iletkenlik
Ortarél p=200 Om (1,5ve 6 W/m°C)
C=0.1mV/°C
II.DURUM:
S=0.1 MW Isil el. pot. kats.
p=200 Qm (0.1,2 ve 5mV/°C)
K=15 W/m°C
L.LDURUM:
Her li¢ bolgede,
K=8W//m°C | PrPs7P2
ve p1=p3<p2
C=1mV/°C
ayni
II.DURUM: Ki=K3=8 W/m°C, K»= 0.5
Her ti¢ bolgede, | W/m°C
Dayk p=1Qmve Ki=K3= 0.5 W/m°C, K,=8
C=1mV/C W/m°C
ayni
C1=C3=0.1mV/°C,C=1
ILDURUM: = 6=01mV/C G
Her iic balzed mV/°C
er ug boigede, | ¢ = 3= 1mV/°C, C=0.1
p=1Qmve mv/°C
::n? W/meC €1=0. 1 mV/°C, Co= 1 mV/°C,
¥ Cs=2mV/°C

Tekdlize homojen ortam modeli icin olusturulan son
durumda, kaynak giicii ve 6zdirenci ikinci durumla
ayni olan modelin 1s1l iletkenligi 15 W/m°C olarak
secilmistir. Isil elektrik potansiyel katsayisi ise 0.1, 2
ve 5 mV/°C olarak degistirilmistir. Olusturulan model,

parametreleri ve 1s1l elektrik potansiyel katsayisinin
degisimine baghi olarak hesaplanan dogal gerilim
grafikleri Sekil 2.c’de verilmistir.

2.1.2. Dayk modeli

Dayk modeli ti¢ kisimdan olusmustur. Modelin solu 1,
ortasi 2 ve sagl 3 numarali ortam olarak
adlandirilmistir. Giicii 0.4 MW olan noktasal sicaklik
kaynagi, modelin tam ortasina yerlestirilmistir. Bu
modelde de ¢ farkli durum incelenmistir. Ilk
durumda, her ii¢ bolgenin 1s1l iletkenligi (K =
8W//m°C) ve 1s1l elektrik potansiyel katsayis1 (C = 1
mV/°C) aymdir. Ozdirencleri ise, 1 ve 3. Bélgelerin
ayni olacak sekilde 2. Bolgeden daha biiytik ve kiiglik
olmasi durumlari incelenmistir. Bu duruma ait model,
parametreleri ve bunlara bagl olarak hesaplanan
dogal gerilim anomalisi Sekil 3.a’da verilmistir.

kinci durumda, dayki temsil eden 2 numarah
bolgenin 1s1l iletkenligi degistirilip diger parametreler
sabit tutulmustur. Tim ortamlarin 6zdirenci 1 Qm, 1s1l
elektrik potansiyel katsayisi 1 mV/°C’dir. Ikinci
duruma ait model, parametreleri ve bunlara bagh
olarak hesaplanan dogal gerilim anomalisi Sekil 3.b’de
verilmistir.

Dayk modeli icin son durumda ise, bu kez dayki temsil
eden 2 numarali bélgenin 1s1l elektrik potansiyel
katsayis1  degistirilip diger parametreler sabit
tutulmustur. Tim ortamlarin 6zdirenci 1 Qm, 1s1l
iletkenligi 8 W/m°C'dir. Isil elektrik potansiyel
katsayisinin her t¢ ortam icin farkli olmasi hali de
olusturulmustur. Uglincii  duruma ait model,
parametreleri ve bunlara bagli olarak hesaplanan
dogal gerilim grafigi Sekil 3.c’de verilmistir.

(a) (b) ©
Birim Uzaklik Birim Uzaklik Birim Uzaklik
-8 -4 0 4 8 _ -8 -4 0 4 L -8 4 0 4 8
0 ) ; . Z 0 - - - z 0 —_—
g s ] — — = | T —
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g 9] g -80 1 ——— 0 #2017 5 e T—
g //—\ sﬁ 100 4 /J,— S .g' 30 4 7 ~
o -12 4 a-1201 “ A
S5 -140 =l

— S =0.01 MW
— S = 0.04 MW

— K= 1 Wm'C
— K =5 W/m’C
K =6 Wm’C

= C—0.] mV/’C
— C=2mV/C

C=5mV/'C

o
2 .
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C=0.1mVFC
K- 15 WmC

Birim Derinlik
o
1
|
I
I
1
1
°
Birim Derinlik

p - 200Qm
K= 15 Wim'C

® p=2000m
C=0.1 mv/C

Sekil 2. Tekdiize homojen ortam modeli. (a) 1s1l elektrik potansiyel katsayis1 degisiminin DP’ye etkisi, (b)isil
iletkenligin degisiminin DP’ye etkisi,(c)kaynak giiclerinin degisiminin DP’ye etkisi
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Sekil 3. Dayk modeli. (a)Ozdireng degisiminin DP’ye etkisi, (b)isil iletkenligin degisiminin DP’ye etkisi,(c) 1s1l
elektrik potansiyel katsayis1 degisiminin DP’ye etkisi

3.Arazi Uygulamalari
3.1. Bursa ilinin jeolojisi ve hidrojeolojisi

Bursa ovasini Uludag masifinin ¢ekirdegini
olusturan granitler ve bunu kusatan Uludag
metamorfik sistleri ve mermerleri, Karakaya
formasyonu, Kalabakkaya formasyonu, neojen
birimler, kuvaterner travertenlerler ve aliivyonlar
olusturur (Sekil 5). Bolgede genelde egim atimh
normal faylar bulunmaktadir. Gilineydogudaki
Demirkapt mahallesinden Kaynarca sicak su
kaynaklarina kadar uzanan bu faylar, birbirlerine
parallel ve diyagonal kesecek sekilde uzanirlar.
Giineyde Cekirge bolgesinde ve inkaya Koy
civarinda da bu tip faylar yer almaktadir. Bolgede
ayrica, Uludag metamorfikleri Karakaya
formasyonuna bindirme yapmaktadir (Erisen ve
Ongiir, 1976). Bolgedeki sicak su kaynaklari iki
gruba ayrilabilir. Bunlardan Cekirge grubu sicak su
kaynaklari, ortalama sicakliklart 28-50 °C arasinda
olan on adet kaynaktan olusur. Kaynarca grubu sicak
su kaynaklarn ise sicakliklar1 ortalama 35-82 °C
arasinda olan sekiz adet sicak su kaynagindan olusur
(Erisen vd., 1996).

3.2. Bolgede Yapilan Ozdiren¢ (DES) ve Dogal
Potansiyel (DP) Uygulamalari

Dogal potansiyel (DP) ve diisey elektrik sondaj (DES)
yontemleri Bursa ili, Cekirge Mahallesinin yaklasik
1km kuzeybatisinda yer alan bir bélgede yapilmistir.
(Sekil 4 ve 5).

28°00 28.25° 28.50° 2845 29.00° 29.25° 29.50° 29.75° 30.00
| — — = G 4

Bl — o
TURKEY > |
AN

41.00 1.00°

4075

40.50"

40.25°

>4 40.00"

39.75°

39.50 39.50°

—
29.50° 29.75° 30.00

28°00 28.25° 28.50° BOYLAM (derece)

Sekil 4. Calisma alaninin yer bulduru haritasi

Bolgede, agilim uzakligi 240 m. arastirma derinligi
yaklasik 60 m. olan, 40 m. aralikl1 A1, A2, A3, A4 ve B1,
B2, B3, B4 noktalarinda Tam Schlumberger diisey
elektrik sondaj (DES) ol¢limleri yapilmistir. Bu
noktalardan olusan A ve B profillerinin arasindaki
uzaklik 80 metredir. Toplanan verilerinin, IPIZWIN
v.2.1 (Bobachevvd., 2002) programu ile ters ¢oziimleri
yapilarak, DES noktalar altindaki elektrik
tabakalanma modelini agiklayan ve her tabakaya ait
olan derinlik ve gercek o6zdiren¢ parametreleri
hesaplanmistir. Ters ¢ozliimleri yapimis DES
noktalarina ait egriler Sekil 6-7(a)’da, bu noktalarin
hesaplanmis o6zdiren¢ ve derinlikleri Tablo 3’te,
olusturulan goriniir 6zdirenc kesitleri Sekil 6-7(b)’de,
gercek 6zdireng kesitleri Sekil 6-7(c)’de, jeolojik yap1
kesitleri ise Sekil 6-7(d)’de verilmistir.
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Sekil 5. Bursa bolgesine ait genel jeoloji haritasi
(Erisen vd., 1996’dan degistirilmistir) ve yapilan
jeofizik ¢calismalara ait gozlem noktalari

Kesitlerden ince bir yiizey ortiisii (0-5 m) altinda,
nispeten yliksek 6zdirengli (~150-300 Qm), yaklasik
25 m. derinlige kadar inen kil, kum ve ¢akil iceren
aliivyon birimlerin bulundugu, bu birimin altinda ise
neojen yash konglomera, kumtasi, kil, silt, marn ve
kirectas1 ardalanmasinin yer aldigi sdylenebilir. Bu
birimlerin oldukea diisiik 6zdirence (~5-20 Qm) sahip
olmasi nedeniyle sicak su icerebilecegi
disiiniilmistiir. Isil uglasma modeli tasarlanirken, bu
o6zellik goz dniinde tutulmustur

5 metre araliklarla, 500 metre uzunlugundaki C profili
boyunca toplanan dogal potansiyel Ol¢iimlerinin
yiginsal degerleri, uzakligin fonksiyonu olarak
grafiklenerek SPINV (Ram Babu ve Atchuta Rao, 1988)
ters ¢ozlim programi ile degerlendirilmistir(Sekil
8(a)). Kiire modeline gore degerlendirilen C profilinin
uclasma agis1 20° olarak hesaplanmistir.

-3

BIRIMLER

I:I Aliivyon - Neojen birimler

‘:] Yiizey ortiisii

Sekil 6. DES yonteminin uygulandig1 A profilinin Ters
¢6ziimi yapilmis (a)goriniir 6zdireng egrileri, (b)
goriniir 6zdireng yapma kesiti, (c) gercek 6zdirenc
kesiti ve (d) jeolojik yap1 kesiti
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BiRIMLER

[ Yiizey drtiisii ] Aliivyon

- Neojen birimler
Sekil 7. DES yonteminin uygulandigi B profilinin Ters
¢6zimi yapilmis (a)gorintr 6zdirenc egrileri, (b)
goriiniir 6zdiren¢ yapma Kkesiti, (c) gergek 6zdireng
kesiti ve (d) jeolojik yap1 kesiti
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Tablo 3. A ve B profillerindeki DES noktalarinin ters
¢6zlm sonucu ulasilan parametreleri
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21 5
A2 397 o
1 :
29
A3 146 61'2
13
20
A4 184 147
12
22
B1 407 Z
21
20 5
B2 402 55
22 :
16
B3 157 2;)5
12
22 3
B4 167 17
16

3.3 Is1l Uclagsma Yontemi Uygulamalari

Elde edilen o6zdireng ve dogal gerilim bilgileri
birlestirilerek, Esitlik 17 ve 18 ile verilen uclasmadan
dolay1 olusan akimlar denklemlerinin  diiz
¢ozlimiinden olasi model ve parametrelerine ulasmak
amaclanmistir.

45 - +  Model

Arazi verisi

& Ters Coziim

()

Dogal Gerilim (mV )

0 100 200 300 400 500

(b)

%)

Kn =04 W/m°C
Cn=0.01 mV/C

Derinlik (m)

Sekil 8. (a) Bursa- Acemler bolgesinde C profilinde
Olctilen, ters ¢oziim ve 1s1l modele gore
hesaplanan DP anomalileri, (b) 1s1l uglasma
yontemiyle olusturulan model

Yontem yeraltina uygulanirken, jeolojik yapi ile dogal
potansiyel dagiliminin hesaplanmasi i¢in kullanilan
ortam parametreleri (ortamin 06zdirenci, 1sil
iletkenligi, 1s1l elektrik potansiyeli katsayilar1) uyumlu
olmalidir. Bu nedenle olusturulacak model i¢in DES
yonteminden elde edilen derinlik ve 6zdirenc bilgileri
kullanilmistir. Ozdireng degerleri, aliivyon icin 200 Q
m, neojen birimler i¢in ise 20 Q m. olarak secilmistir.
Bolgede 1s1l iletkenlik 6lcimi verileri
bulunmadigindan Tablo 1'deki uygun kayag tipine
gore 1s1l iletkenlik degeri atamasi yapilmistir. Ayrica,
modeldeki aliivyon ve neojen birimler arasindaki
sinirin geometrisi, 6zdireng ydonteminden elde edilen
kesitler ve DP ydnteminin ters ¢oziimiinden elde
edilen polarlanma acis1(20°) goéz oOntinde tutularak
belirlenmigtir. Ozdiren¢ degerleri disindaki model
parametreleri, ortamdaki birimlere gore degistirilerek
en uygun model egrisi elde edilene kadar
stirdiirilmistiir. Buna gore, neojen birimlerin 1sil
iletkenligi (Kn) 0.4 W/ m °C, 1s1l elektrik potansiyel
katsayisi (Cn) 0.01 mV/°C ve aliivyonun 1s1l iletkenligi
(Ka) 0.8 W/ m °C, 1s1l elektrik potansiyel katsayisi (Ca)
ise 0.5 mV/°C olarak secilmistir. Aliivyon ve onun
altindaki neojen birimler arasindaki sinirlara yakin
olarak dort adet termal kaynak modele
yerlestirilmistir (Sekil 8(b)). Modeldeki kaynaklarin
giicleri 0.5 MW olarak ahinmigtir. Olgiilen, ters ¢oziimii
yapilan ve bu modele gore hesaplanan dogal
potansiyel degerleri Sekil 8(a)’da gosterilmistir.
Egriler arasindaki uyumun olduk¢a iyi oldugu
soylenebilir (Isil u¢glasma modeli ve ters ¢dziim igin
Kok Ortalama Kare Hata(RMSE) sirasiyla; 3.77mV ve
2.42 mV'dur).

4. Sonug ve Tartisma

Bu ¢alismada, jeotermal bir alana ait 1s1l ve jeofizik
parametrelerinin birlikte kullanilmasiyla sistemin
modellenmesi hedeflenmistir. Bu amagla, kuramsal
modeller tretilmis ve gercek bir alana yontem
uygulanmistir.

Tekdlize, homojen ortam ve dayk kuramsal
modelleri olusturulurken, noktasal sicaklik
kaynaklarinin yarattign dogal gerilim belirtileri
lizerinde ortamlarin 6zdireng, 1sil iletkenlik, 1s1l
elektrik potansiyel katsayillar1 ve kaynak
glcliniin degisiminin etkileri incelenmistir. Tekdiize,

homojen ortamda 1sil iletkenligin, 1s1l elektrik
potansiyel  katsayilarinin ve kaynak
glicinin degisiminin dogal gerilim

belirtilerinin seklini az, genligini ise 6nemli oranda
etkiledigi gorialmistiir.

Dayk modelinde ise, daykin ¢evresiyle olan 6zdireng
ve 1s1l iletkenlik farkliliginin, belirtinin genligini
degistirdigi gorilmiistiir. Hatta 6zdiren¢ degisiminin
anomalide bir miktar sekil degisikligine de yol actig1
soylenebilir. Dayk ve cevresinin 1s1l elektrik
potansiyel katsayilar1 birbirinden farkli oldugu
durumda, belirtilerin sekilleri birbirinden oldukca
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farkhidir. Dogal potansiyel belirtilerini en g¢ok 1sil
elektrik potansiyel  katsayilarinin  etkiledigi
gorilmiustiir.

Alan ¢alismasinin yapildig1 Bursa Acemler bolgesinde
dogal gerilim ve diisey elektrik sondaj yontemleri
uygulanmistir. Isil uclasma yoéntemini uygulamak
amaciyla, 6lciilen 6zdirenglere ve bolgenin jeolojisine
uygun  bir model olusturulmustur. = Model
olusturulurken, DP ve DES ydntemleri ile saptanan
parametreler kullanilmistir. Model parametreleri ve
kaynak yerleri degistirilerek olciilen dogal potansiyel
belirtilerine en uygun model egrisi lretilmistir. Buna
gore, ylizeydeki aliivyon birimin; 6zdirencinin 200
Qm., 151l elektrik potansiyel katsayisinin 0.5 mV/ °C,
1s1l iletkenliginin 0.8 W/ m °C ve altindaki neojen
birimin, 6zdirencinin 20 Qm., 1s1l elektrik potansiyel
katsayisinin 0.01 mV/°C, 1s1l iletkenliginin 0.4 W/ m °C
olabilecegi  belirlenmistir. Elde edilen DES
modellerinde kuzeybatiya dogru aliivyon kalinliginin
arttigl gozlenmistir. Ayrica bu yonde Cekirge termal
alanindan dauzaklasilmaktadir. Isil uglasma modelinin
geometrisine bu durum yansitilmistir. Modeldeki her
iki birimin 1s1l iletkenliklerinin ¢ok biiyiik olmamasi ve
sicaklik kaynagi sayisinin az olmasi bu durumu
aciklamaktadir.

Isil uclasma yonteminde, 1s1l iletkenligin olciilerek
modellemede kullanilmasi uygundur. Ancak, ¢alisma
alanina ait ol¢ilmiis 1s1 iletkenlik verilerinin
bulunmayis1 nedeniyle, bu parametreler deneme
yanilma yontemi ile modeldeki birimlere atanmistir.
Bu islem yapilirken rasgele degil, Wilt ve
Butler(1990)'in belirledigi birimlere ait parametre
araliklarina uygun degerler verilmistir.

Bu calisma ile elde edilen sonuclar, 1sil uglasma
yonteminin, yukarida bahsedilen bazi1 kabullerin
yapilmasi sartiyla, DES ve DP verilerinin birlikte
yorumlanmasinda gii¢lii bir ara¢ olusturdugunu ve
jeotermal sistemlerin cesitli ozelliklerinin
belirlenmesinde etkin sekilde kullanilabilecegini
gostermistir.
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Keywords Abstract

Excavation Slope, In this study, effects of berm heights, excavation slope gradients and groundwater
Slope Stability, depths on the stability of designed excavations as well as variations on the safety
Berm Height, factors of the excavation slopes are investigated. In the study, 3 different berm
Rock, heights (5m, 10m and 15m) and 2 berms usually preferred and faced at the slope
Ground Water. excavation applications were taken into consideration. So, for instance, for a 10 m

berm height, total slope height to be analyzed will be a 30m high due to for 2 berms.
In addition, depending on these 3 different berm heights (5m, 10m and 15m), 3
different slope excavation gradients (459 559 and 659) were also defined in the
modeling. Then, for these 9 different slope excavation designs, 3 different
groundwater depths were also additionally attained in the analyses. Numerical
seepage analyses were performed on totally 27 different modal types. Location of
phreatic water seepage lines and pore water pressure values as well as safety factors
of the excavation slope failure surfaces were analyzed depending on berm heights,
excavation gradients and groundwater locations for 27 different excavation and
slope scenarios. This study showed that when berm heights are increased, then
safety of the slope excavations is decreased.

KAZI PALYE YUKSEKLIiGI, KAZI SEV EGiMi VE YERALTI SUYU DERINLiGINiN DUSUK
MUKAVEMETLI KAYA KAZILARININ STABILITESI UZERINE ETKILERININ

ARASTIRILMASI
Anahtar Kelimeler 0z
Kazi Sevi, Bu calismada, Palye tasarim yiiksekliklerinin, kaz1 sevi egimlerinin ve yeralti suyu
Sev Glivenligi, konumunun projelendirilmis kaz1 sevlerinin stabilitesine olan etkisi ve kaz1 sevi
Palye Yiiksekligi, kayma giivenliklerindeki degisim dereceleri arastirilmistir. Uygulamada ¢ogunlukla
Kaya, alinan 5m, 10m ve 15m gibi ti¢ farkl palye ytliksekligi dikkate alinmis ve toplam
Yeralt1 Suyu. yama¢ kazisinin yine uygulamada ¢oklukla Kkarsimiza ¢ikan iki palye

olusturuldugunda bitecegi kabul edilmistir. Ornegin 10m palye yiiksekliginde iki
palye yapildiginda modellenecek ve analiz edilecek toplam yamag kazisi yiiksekligi
30m olmaktadir. Bunun yani sira 3 farkl palye yiiksekligine (5m, 10m ve 15m) bagh
iic ayr1 kazi sevi egimi (459 559 ve 659) modellenmis ve 9 farkli kazi tasarimi icin
ayrica 3 farkl yeralti suyu derinligi etkisi dikkate alinmis tir. Toplamda 27 farkh
model iizerinde yeralti suyu niimerik sizma analizi yapilarak freatik hatlarin
konumu ve kayac¢ bosluk suyu basinglar1 ayr1 ayr1 hesaplanmistir. Hesaplanmis
bosluk suyu basinglar1 stabilite analizlerinde kullanilarak kazi sevlerinin
giivenlikleri palye ytiksekliklerine, kazi sev egimlerine ve yeralti suyu derinliklerine
bagli olarak hesaplanmistir. Analiz sonuglari, palye yiiksekligi arttikca kazi
sevlerinin giivenligi azaldigini gostermistir. Ayrica yeralti suyu derinligi ne kadar
yliksek ise kayma yiizeylerine etki eden bosluk suyu basinglar1 o derece yiliksek
olusmakta, kazi sevlerinin giivenligi azalmaktadir.
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1. Introduction

Excavations for the construction of structures such as
dam structures, highways and buildings located on
located on steep valleys and rocky rims are usually
required. In such cases, slope stability has to be
provided for an excavation. There are many studies on
rock slope stability and excavations excavations
[(Anbalagan, 1992), (Anbalagan et al, 1992), Alejano et
al, 2011), (Bye and Bell, 2001),(Chen, 1995),(Coggan,
1998), (He et al, 2008), (Hoek and Bray, 1981),
(Hustrulid et al, 2000), (Kanda, 2015), (Nunes et
al,2004), (Stacey, 2006), (Wylie and Mah, 2004)].
Stability of the excavations and slopes are affected by
various parameters and conditions such as material
strength of the soil or rock, geological setting,
topographical slope gradient, excavation gradient,
groundwater location and excavation slope height
depending on the berm levels. When the required total
excavation height is sufficiently high, then the berms
with some intervals and heights on the slope
excavations (depending on the project type and
characteristics of the slope and its material) are also
usually constructed for providing safety and easiness
of construction.

In many civil engineering construction projects, berm
heights and widths for slope excavations are usually
determined by experience depending on the project
and slope characteristics such as material strength
and site conditions such as existence of groundwater,
gradient of the topographical slope and required total
excavation height etc. However, when berm heights
are chosen sufficiently high, then the safety of the
excavation slopes against slides is decreased although
excavation costs are minimized in this case. In
addition, local site conditions such as existence of
groundwater and its levels as well as soil or rock
properties and gradient of the designed excavation
slopes affected safety of the excavations against slide
failures.

In this study, 3 different berm heights with 5m, 10m
and 15m and 2 berms for each required total
excavation height were taken into consideration for
the analyses in the modeling to determine variations
on the sliding safety of the weak rock slope
excavations with homogeneous rock strength and
permeability properties (Figure 1). Then, for each
berm height, 3 different ground water levels and 3
different slope excavation gradients (§) such as 459,
55%and 659 as well were considered in the analyses to
determine their effects on the stability of the slope
excavations. Pore water pressures depending on the
groundwater levels as well as the location of the free

surface flow of the ground water are calculated
numerically using finite element method by the
software SLIDE. Then, those pore water pressures
were applied on the calculation of factor of safety of
sliding surfaces for each slope excavation scenarios in
the software SLIDE.

Groundwater -2|

B
s Groundwater -1

Figure. 1. Schematic view of the modelled excavation
2. Material and Method

Depending on geological condition (groundwater
levels), excavation slopes and berm heights, different
calculation combinations were determined. Totally,
27 scenarios and modeling, finite element seepage
solutions were first performed to obtaining phreatic
groundwater levels and pore water pressure values
acting on the sliding surfaces of the excavation slopes
(Table 1) using software SLIDE (Rocscience, 2011).
Table 2 explains the meanings of the abbreviations
given in Table 1.

Finally, slope stability analyses of the excavations for
the 27 different scenarios were also performed to find
the safety factors of the failure surfaces for each
excavation type and condition by SLIDE. In stability
analyses, widely used Bishop limit equilibrium
method was used considering failure surfaces would
be almost circular as seen in most homogeneous soil
and weak rock conditions such as schist. Weak rock
engineering properties used in the seepage and
stability calculations are given in Table 3.

In Bishop method, horizontal internal forces (E)
between slices were taken into account in the stability
calculations (Bishop, 1955, Bishop Morgenstern,
1960). Whereas, vertical inter slice forces (X) were
omitted. Safety factors of the sliding surfaces were
calculated using Equation 1. In Equation 1, Factor of
safety values (FS) are seen both side of the equation
(Figure2). Therefore, in the solutions, for each FS
values, iteration have to be performed to reach the
solution. Software SLIDE performs this iteration for
both specified In seepage analyses, permeability
values of the weak rock was determined according to
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Van Genuchten parameters and 2-D Darcy seepage
flow equation is used and Laplace solutions of the
seepage domain was obtained by finite element
solution method (Equation 2).

Table 1. Analyses scenarious of excavation slopes
depending on berm heights, geological and
excavation conditions.

Analyses of excavation slopes depending on berm
heights, ground water depth and slope
Factor of Safety Sliding Surfaces ( FS)

Analyses Berm Heights (H)
Combinations 5 10 15
p45wWd1 1,56 1,291 1,22
B45Wd2 1,54 1,21 1,12
p45wd3 1,01 0,78 0,63
p55wWd1 1,33 1,13 0,95
B55Wd2 1,26 1,01 0,86
B55wWd3 1,01 0,69 0,51
p65Wd1 1,26 0,93 0,75
p65Wd2 1,21 0,83 0,75
p65Wd3 1,06 0,8 0,75

Table 2. Meanings of abbrevations given in Table 1.

Abbreviations Meaning
H Berm Height (5m, 10m ve 15m)
8 Slope of Excavation (459, 55% ve
659)
Groundwater Depth
wd (3 different depths:Shallow,
moderate and deep)

Table 3. Weak rock engineering properties

Properties Values
Unit weight, Y 19 kN/m’
Cohesion, ¢ 0

Internal friction angle, @ 370

Permeability, k (cm/s) 1x10-5
Z[(C.B+W.tan @){cos “+W}]
o= i (1)
S W.sina

where, FS; factor of safety, c; cohesion, @; internal
friction angel, X and E; side forces of slices, W; slide
weight, a; angel of slices with horizontal line.

10.21923/jesd. 449554
b
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Figure 2. Bishop forces on the failure surfaces.

where, b; horizontal width of slices, Su; shear strength
at the base of slice, n; normal force at the base of slice.

0%hy,

9%hy,
WX 9x2

k wy dy?

+k =0 (2)

Where, kw is the coefficient of water permeaility of
soil, which is a function of pore water pressure (Dogan
and Motz, 2005). Flow was modeled for steady state
condition. For the analyses, finite element method was
applied using SLIDE/Grounwater module. Number of
elements were approximately 1500, and 8 noded
guadrilateral elements were used in the modeling.
Covegare parameter was chosen as 0.05. In order to
build up the phreatic line, full of water at the level of
the total berm height was assumed at the right side of
the rim in the modeling, and boundary condition was
chosen according to this condition.

2.1. Seepage and Slope Stability Solutions

For 27 different scenarios due to excavation slope
angle, groundwater depth and berm heights, totally,
27 finite element numerical seepage modeling and
solutions were first performed to locate the
groundwater flow line and also obtain the pore water
pressures which would be acted on the failure surfaces
of the excavation to calculate safety factors of the
sliding surfaces and stability of the excavated slopes as
well. Shallow failure surfaces with minimum factor of
safety values and also the sliding surfaces which cover
only the one of two berms or one of 3 excavation
slopes with same height (H) were not taken into
account for the evaluations.

Instead, as more meaningful, deep failure surfaces
with a minimum safety factors and also the surfaces
passing through at least one berm with 2 excavated
slopes were considered in the safety evaluation of the
excavated slopes. Only 5 modelings out of 27 different
solutions showing together with results of numerical
seepage and limit equilibrium slope stability analyses
are presented in Figures 3, 4, 5, 6, 7 and 8 in order not
to make mass in this paper. Those figures are actually
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sufficient to explain the modelings and solutions
performed. Factor of safety grid with all color interval
values as well as deep critical failure surfaces with
minimum safety factors are seen in Figures 3, 4,5, 6, 7
and 8.

In addition, phreatic groundwater flow line and
calculated pore water pressure values are also
presented in these figures with color interval bandts
of the pressures obtained as a result of finite element
seepage analyses. Evaluation of the results will be
explained in the next section.

Figure 5. Numerical seepage and slope stability
calculations for 5m berm heights, 45° excavation
slopes and shallow groundwater level from the
surface of the rim.

Figure 3. Numerical seepage and slope stability
calculations for 5m berm heights, 459 excavation
slopes and deepest groundwater level from the
surface of the rim.

Figure 6. Numerical seepage and slope stability
calculations for 10m berm heights, 459 excavation
slopes and deepest groundwater level from the
surface of the rim.

Figure 4. Numerical seepage and slope stability

calculations for 5m berm heights, 459 excavation

slopes and medium groundwater level from the
surface of the rim.

Figure 7. Numerical seepage and slope stability
calculations for 15m berm heights, 459 slopes and
deepest groundwater level from the surface of the

rim.
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Figure 8. Numerical seepage and slope stability

calculations for 5m berm heights, 559 excavation

slopes and medium groundwater level from the
surface of the rim.

3. Evaluation of Analyses Results

For excavated weak rock slope angle () of 459,
depending on different groundwater levels such as d1
(deep), d2 (medium) and d3 (shallow), variation of
slope minimum safety factors for deep failure surfaces
with respect to berm heights is given in Figure 9. This
plot gives us that excavated slope safety factors are
decreased around 36% for each ground water depth
when berm heights increased from 5m to 15m. In
addition, when groundwater levels become shallower
to the ground surface for same berm heights, then,
excavated slope safety factors are also decreased
approximately 57% in average. Plots given in Figures
10 and 11 are for excavation slope angle of 55° and 659
respectively, and indicate that slope safety factors are
also decreased for each ground water depth when
berm heights increased from 5m to 15m. In addition,
when groundwater levels become shallower to the
ground surface for same berm heights, slope safety
factors of the excavtions are also decreased.

1,9

e BASWd]1 === B45Wd2 B45Wd3
7
=9
; 14 .\.:
< —O
Z 09
(=)
St
2
I,f: 0,4 T 1
5 10 15

Berm Height (m)

Figure 9. Variation of slope minimum safety factors
for deep failure surfaces with respect to berm
heights For excavated weak rock slope angle (f3) of
459, depending on different groundwater levels such
as d1 (deep), d2 (medium) and d3 (shallow).
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Figure 10. Variation of slope minimum safety factors
for deep failure surfaces with respect to berm
heights for excavated weak rock slope angle (f3) of
559, depending on different groundwater levels.
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Figure 11. Variation of slope minimum safety factors
for deep failure surfaces with respect to berm
heights for excavated weak rock slope angle () of
659, depending on different groundwater levels.

When we evaluated Figures, 9, 10 and 11 together, it
is also observed that for each groundwater depth and
berm height, when excavation slope angle is more
gentle, then, stability safety factors of the excavation is
increased more and slopes gets much more safe. When
we compare all results best safety factor is obtained
for a berm height of 5m when ground water is deep
and excavation slope is gentle as 45 degree.

4. Conclusion

In this study, effects of berm heights, excavation slope
gradients and groundwater depths on the stability of
designed slope excavations as well as variations on the
safety factors of the excavation slopes are
investigated. This study proved that when berm
heights are increased, then stability safety factor of the
slope excavations is decreased. In addition, when
groundwater depth is approached close to the ground
surface, then slope excavation safety also decreases.
Moreover, steeper slope gradients of the excavations
results in decrease of factor of safety of the failure
surfaces. In other words, lower berm heights with
deep groundwater levels and flatter excavation slope
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gradients result in increase for the factor of safety of
the failure surfaces.
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Keywords Abstract

Assembly Line Balancing, Assembly line balancing is a problem where tasks assign to stations in compliance
Ergonomic Risk Evaulation, — with precedence constraints and as far as possible to balance delays. Assembly lines
REBA. which is not designed properly in an ergonomic way cause not only productivity loss

but also work-related muscoloskeletal disorders on workers. To prevent such
problems, it should be aimed to catch acceptable level for each workstation’s risk
score and assign ergonomic risks equivalently among workers. In this study, for
assembly line balancing problem, a new model approach is tackled, which constitute
stations by consider ergonomic risk scores in addition to cycle time and precedence
constraints. In order to compare proposed model with a classical assembly line
balancing technique, a performance criterion which is combination of cycle time and
ergonomic risk score were defined. The developed model was applied in a factory’s
oven assembly line. In the assembly line, task times were measured, precedence
diagram was constructed and ergonomic risk levels were evaulated by using REBA
method. When balancing lines with using Longest Operation Times technique,
performance score was %25.61 but when it comes to balance with developed model
performance score was obtained %18.25. I[thas been detected that developed model
provides 7.41% improvement in line’s total performance.

ERGONOMIK MONTAJ HATTI DENGELEME iCiN YENi BIR MODEL ONERISI

Anahtar Kelimeler 0z

Montaj Hatti Dengeleme, Montaj hatt1 dengeleme probleminde yapilacak islemler, hattin belirlenen hizda
Ergonomik Risk devam etmesi amaciyla ve oncelik iliskilerini dikkate alarak dengeli bir sekilde
Degerlendirme, istasyonlara atanir. Montaj hatti ve istasyonlarin tasariminda ergonomik
REBA. diizenlemeler g6z ardi edildiginde, ¢alisanlarda kas iskelet sistemi hastaliklarina ve

devaminda verimlilik kayiplarina da yol agabilir. Calisan sagligini ve {liretimin
verimliligini korumak icin montaj hatt1 dengelemede her bir istasyonun ergonomik
risk diizeyinin kabul edilebilir seviyeye cekilmesi ve zorlanma diizeyinin isciler
arasinda dengeli dagitilmasi da amaglanmalidir. Bu c¢alismada, montaj hatti
dengelemede, dncelik iliskileri ile ¢evrim siiresi kisitina ilaveten, ergonomik risk
diizeyini de dikkate alan yeni bir model gelistirilmesi amaclanmistir. Ayrica,
onerilen modelin klasik montaj hatti dengeleme modeli ile karsilastirilmasi
amaciyla, siire ve ergonomik risk diizeyinin bileskesinden olusan performans oél¢titi
tanimlanmistir. Gelistirilen model, bir isletmenin firin montaj hatti igin
uygulanmistir. Her iki montaj hattinda islem siireleri 6l¢iilmiis, 6ncelik iligkileri
¢ikarilmis ve REBA yontemi ile ergonomik risk diizeyleri hesaplanmistir. En Biiyiik
Aday yontemi kullanilarak yapilan klasik montaj dengelemede, performans skoru
%25.61 olurken, gelistirilen model i¢in %18.25 elde edilmistir. Gelistirilen modelin,
toplam performansda %7.41 iyilestirme sagladig tespit edilmistir.

Alint1 / Cite
Kahya, E., Yetkin, B.N, (2019). A New Model Proposal for Ergonomic Assembly Line Balancing, Journal of
Engineering Sciences and Design, 7(4), 767-778.

*Corresponding author : ekahya@ogu.edu.tr, +90-222-239-37-50

767


mailto:ekahya@ogu.edu.tr

KAHYA and YETKIN

10.21923/jesd. 468028

Yazar Kimligi / Author ID (ORCID Number)

Makale Siireci / Article Process

E. Kahya, 0000-0001-9763-2714
B. Nur Yetkin, 0000-0002-4963-5483

Basvuru Tarihi / Submission Date |07.10.2018
Revizyon Tarihi / Revision Date 03.04.2019
Kabul Tarihi / Accepted Date 24.05.2019
Yayim Tarihi / Published Date 19.12.2019

1. Introduction

Musculoskeletal disorders caused by working
conditions are an increasing health problems and a
leading maker of disabilities. A number of physical,
individual, and psychosocial risk factors are
correlated with the reinforcing of Work Related
Musculoskeletal — Disordes = (WMSDs).  During
performing a task, exposure to physically demanding
times such as repetition of a movement, vibration,
forcible exertion and unsuitable postures generate
physical risk factors (Bernard, 1997).

Inadvisable working conditions and poor workplace
design in terms of ergonomic aspects, are an
important topic today. Because of ergonomic risks in
the working place, workers health and life quality are
damaged seriously and employers economic output
and economy decline on the whole (Otto and Scholl,
2011). Impact of WMSDs in production efficiency
through sickness, disability and absence have revealed
with latest studies. Musculoskeletal Disorders (MSD)
were ranked as the second most pricey health
situation responsible for cardiovascular disease by a
Health Canada (2002) research while cancer ranking
third (Chiasson et al, 2012). As reported by World
Health Organization /WHO), in developed countries
MSDs have highest responsibility of workplace injury
(WHO, 2003). In 2008, as reported in the US, at
315,000 events of workplace MSDs which caused by
lack of ergonomic requirements, have need a break
from work average of 10 days (Bureau of Labor
Statistics, 2009) (Otto and Scholl, 2011).

MSDs also responsible for the highest morbidity prices
of all diseases combined. Employers in the US pay 15
to 20 million US dollars for MSDs compensation cost
annually. Conforming to some predictions, in Europe
nearly 44 million workers are abused from

occupational musculoskeletal disorders (Nunes,
2009).
Workplace ergonomics is gaining importance

especially in assembly lines since assembly workers
are subject to a lot of repetitive, short cycle tasks with
a monotonous body posture and heavy work load.
Thus the daily operations of the assembly line workers
is affiliated with higher ergonomic risks and some
occupational diseases, such as carpal tunnel, muscular
pains in the various body regions like the back,
schoulder, neck, arms and wrists. 35% of plant and
machine operators and assemblers report having
regular backaches and muscular pains. As reported by
the Fourth Europan Survey on Working Conditions,

muscular pains and constant backaches occure to 35%
of assemblers, machine and plant operators.
(Schneider and Irastorza, 2010)

Different researches about operator working on
assembly line in various countries approve high
pervasiveness rates of musculoskeletal disorders
indeed (e.g. Bao et al, 2000; Pullopdissakul et al,
2013). Such occupational diseases take along time to
cure so high medical expenditures for the company
and also decrease the life quality of the worker. For
this reason, increasing attention is being paid to
assembly line production and widely studied. Among
ergonomics and productivity a connection in assembly
systems has displayed by a study of the authors
(Battini et al., 2014).Thus the ergonomic risks must be
assessed in assembly lines and incoporated into
techniques of assembly line balancing and line design,
so strains of worker’s and work conditions can be
improved.

During the last decade, a high number of studies agree
to the requirement of integrate ergonomic risk factors
into assembly line balancing for both the
mathematical models and heuristic methods. The
studies have focused on ergonomic risk assessment
approaches into different aspects such as work related
injuries (Baykasoglu and Akyol, 2014), physical
workload (Mutlu and Ozgérmiis, 2012), energy
expenditure (Battini et al., 2016a) using Occupational
Repetitive Actions (OCRA), Rapid Entire Body
Assessment (REBA), Rapid Upper Limb Assessment
(RULA) methods for assembly line balancing problem
Type 1 and Type 2. In this study, a new heuristic
approach considering REBA as ergonomicrisk score in
addition to cycle time and precedence constraints was
proposed to balance an assembly line. A performance
approach was suggested to compare both the classical
assembly line balancing model and proposed models.
This method is the first attemp to solve an ergonomic
assembly line balancing problem by using Longest
Operation Times technique. The model was applied in
an oven assembly line. By means of this model, we can
accomplish a serious decline in ergonomic risk score
without increasing at the number of workstations in
the line is achieved.

The rest of paper is organized as follows: in Section 2,
the literature review on the ergonomic assembly line
balancing is presented. In Section 3, an overview of
assembly lines and ergonomic risk assessment
methods are introduced. In Section 4, model
development and performance criteria definitions are
given. In Section 5, the developed model is applied in
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a real problem. Finally, results and recommendations
are presented in the last section.

2. Literature Review

Assembly line balancing problems considering
ergonomical issues have newly appealed to many
researchers due to they are gaining more and more
importance in practice. Ergonomical factors has great
influence in the quality of the product and the
motivation of workers. Yeow and Nath Sen (2006)
have improved the ergonomical conditions of
assembly lines and observed that the production cost
has decreased, the efficiency and the level of quality
has increased.

It is shown by various research in ergonomics and
occupational health that overwhelming workload is
one of the dominant reasons for work-related
afflictions . Carnahan et al. (2001) examined three line
balancing heuristics, namely, a ranking heuristics, a
combinatorial genetic algorithm and a problem space
genetic algorithm, which embody physical demand
criteria so as to resolve the problem. The target was to
diminish the cycle time and the maximum manual
grasp requests of the workers. Battini et al. (2001)
investigated the close relationship between
ergonomics and design methods of assembly system.
From this investigation, he came up with a new
theoretical architecture that considers technological
variables (affiliated with work times and techniques),
environmental variables (i.e absenteeism, employee
turnover, work force spirit boost) and lastly,
ergonomics assessment (i.e. human diverseness). By
studying the accumulative effects of repetitious
assignments, Baykasoglu and Akyol (2014) made an
evaluation about ergonomic risks on assembly lines .
The outcome of weak-designed (from a point of view
of ergonomics) assembly lines, is responsible for lack
of productivity and even, work-related injuries. For
the sake of averting these problems, an analysis for
each station should be conducted and ergonomic risks
must stay below the maximum acceptance level.

Because a few factors about the measurement job are
present, like (1) demands of job activities (2) the state
of the workplace, and (3) environmental conditions
(4) factors of human psychology such as stress, the
physical work load concept has various aspects.
(Fallentin et al, 2001; Mutlu and Ozgérmiis, 2012;
Polatetal, 2018). The phsyical workload is considered
by certain studies as an additional restraint for the
pursuit of assembly lines that are well-designed. Choi
(2009) presented a model of integer program that
incorporates excessive work load of processing
duration and physical work load including several risk
factors. In order to solve it, the target programming
approach and a suitable algorithm process techniques
were used. Different computational tests like, model
with only processing duration work load, model with
only physical work load and the integrated model.

Mutlu and Ozgérmiis (2012), regarding the physical
work load as an fuzzy concept, came up with an fuzzy
linear programming model for type 1 ALBP. The model
that was proposed was put into work for an assembly
line balancing issue of a textile company. Kara et al.
(2014) suggested a model which is basically an
economically feasible formulation for ALB under the
influence of psychological constrain, physical
constrain, skills of workers, hardware, postures while
working and lighting level limitations. The total costs
related with the operating costs of staff and the
resources consumed under the influence of
ergonomics and resource limitations are reduced to
minimum by the model. The ergonomic constraints
make sure that the overall of task harshness of each
station does not go beyond the suggested limits.
Furthermore, each and every limit on the sum of
energy consumption should be under the limits.

Battini et al (2015) and Battini et al. (2016), presented
a multi-objective model that is rooted from the energy
expense. Taking into account the performance factors
of the workers, the quantity of energy consumed and
maladjustment of tasks, Gliner and Hasgiil (2012)
proposed a brand new mathematical model of U-type
assembly line balancing issue.

Scholl and Klein (1997,1999) came up with a two-
stage method that utilizes the exact solution method
SALOME to solve with the least number of stations on
the first stage, than a simulated annealing method is
used to improve equalization of ergonomic risks
between certain number of stations that are decided
on the first stage. Rajabalipour Cheshmehgaz et al.
(2012) generated a model that helps to vary the
operators body postures periodically. Fuzzy goal
programming is employed and a suitable genetic
algorithm was created to solve the model. Assembly
line is balanced by not taking into account the
ergonomical risks in the first stage, afterwards, in the
second stage it is re-balanced on the criteria of
ergonomic risk factors. It is proved that although a
vast amount of ergonomic risk evaluations include
nonlinear functions, it is possible to assimilate them in
the assembly line balancing methods with minor extra
computational costs. Computational resarch of theirs
showed that re-balancing, often supplies a major relief
of ergonomic risks. Xu et al. (2012) brought about
upper levels of extremity ergonomic measures. While
not worsening hugely the efficiency of the line, it is
shown by the case studies presented in this paper that
the new model is able to balance efficiently and keep
the exposure levels in the upper levels of extremity
ergonomic measures under control. Al Zuheri et al.
(2013) delved into ergonomically assembly line
balancing issues of the workers whose tasks include
walking and increased the line efficiency. Bautista et
al. (2016a) and Bautista et al. (2016b) came up with a
set of line balancing models that take into account
temporal and spatial features in addition to combining
the ergonomic risk features. Otto and Battaia (2017)
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presented a summary of the present optimization
approaches for balancing assembly lines and
scheduling of work rotations that take into account
physical ergonomic risks. By this study, major
indications to ensure beneficial ideas for practitioners
and to show research directions.

More basic observation methods like REBA, OCRA as
ergonomic risk factors in balance of assembly line are
rarely taken into account in the literature. A software
called ErgoAnalysis that is presented by Di Benedetto
and Fanti (2012) which ease the control of all the
production flow and creates a Risk Index for the real
tasks of an assembly line. Pulkurte et al. (2014) mostly
took a close look at increasing the total efficiency of
multi-model assembly line by finding and removing
the non value added activities. To decrease the amount
of moves, REBA is employed which analyze the
posture of workers. A new problem about Assembly
Line Worker Assignment and Balancing (ALWABP) is
proposed by Akyol and Baykasoglu (2016) by taking
into account ergonomic risk factors named as
ErgoALWABP. Simultaneous operator-to-station tasks
and assembly line balancing including a few
lexicographically aligned objective functions.
Minimizing cycle time for a number of stations is the
primary aim. Further aims are ergonomy oriented
aims and measure ergonomic risks with OCRA and
present an algorithm of multistart greedy heuristic for
tackling with the formulated problem. Baykasoglu et
al. (2017) took into account the ergonomic criteria on
design stage of assembly line and employed OCRA
technique to decide upon ergonomic risks and rule-
based constructive search algorithm for resolving the
issue. Lately, Tiacci and Mimmi (2018) combined the
evaluation of ergonomic risks through OCRA index so
as to balance mixed model stochastic assembly lines.
A genetic algorithm technique which is able to
incorporate the ergonomic risks assessment and
balancing/sequencing is presented. Looking at the
outcome of this presented approach, the expenses that
are obligated by the ergonomic legislation can be
minimized. Polat et al. (2018) referred to Assembly
Line Balancing Problem (ALBP) Type 2. Balancing the
cycle time and physical workload of the stations
concurrently was the main purpose. To tackle with the
problem a goal programming model was made and to
clarify the methodology , a familiar small sized
benchmark example is used. To decide upon the
workload workload of operations REBA technique
was used.

Kahya et al. (2018) presented a study balancing the
cyle time and ergonomic risk of a station by using
COMSOAL technique. The results showed that the
developed model provides 3.34% improvement in
line’s performance. Sahin and Kahya (2018) solved the
ergonomic assembly line balancing problem Type I
with the goal programming approach. The model was
developed to predict workload and the number of
workstation. For each workstation, maximum REBA

score was determined as 10 and added to model as
constraint. The model was solved with GAMS package
program. In the result of study, more fair balanced line
is obtained, in terms of working environment and risk
levels.

To conclude, a number of studies acknowledge the
necessity to integrate ergonomics into different
planning aspects of assembly lines. There are many of
mathematical models and some heuristic methods in
the literature but, to the best of our knowledge, a few
attempt has been made yet to incorporate ergonomic
risk factors into a known heuristic assembly line
balancing model, simultaneosuly.

3. Ergonomic Risk Assessment Methods

Frequency, intensity and duration of physical
workload factors determines the degree of physical
ergonomic risk. These factors constitute of repetitive
movements, continous sitting or standing, vibrations,
awkward postures, lifting of heavy loads in addition
environmental factors such as noise, lighting,
temperature and humidity. By estimating these
factors, physical health risks at workplace can be
identified and evaluate.

In work related MSD, frequently used exposure
computation ergonomic methods are determined in
three categories:
a) self-assessment evaluation techniques
b) systemathic observation methods using video
recordings or software tools to measure
ergonomics indexes
c) direct measurement techniques

Self-reports of workers by using methods such as
interviews and questionnaires can be help to detect
physical and psychosocial factors in workplace by
collecting data. Uncomplicated to use, costly efficient,
applicability to huge range of circumstances, and able
to survey with all workers provide advantage
apparently (David, 2005). Some methods are Nordic
Musculoskeletal Questionnaire, Dutch
Musculoskeletal Discomfort Questionnaire, Cornell
Musculoskeletal Discomfort Questionnaire and
Swedish Occupational Fatigue Inventory.

Simpler observational techniques have been
developed for systematically recording workplace
exposure to be assessed by an observer and recorded
on pro-forma sheets. These methods have the
advantages of being inexpensive and practical for use
in a wide range of workplaces where using other
methods of observing workers would be difficult
because of the disruption caused. Some method are
given below:

+«+ Rapid Entire Body Assessment (REBA)

+ Rapid Upper Limb Assesment (RULA)

+ Occupational Repetitive Actions

(OCRA)

Index
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7
°

Ovako Working Posture Analyzing System
(OWAS)

Quick Exposure Check (QEC)

NIOSH Lifting Equation

The Strain Index (SI)

X3

%

5

%

7
°

Advanced observational techniques have been
developed for the evaluation of postural difference for
rather dynamic activities. The analysis might include
the usage of biomechanical models that represent the
human body as a set of articulated links in a kinetic
chain and use anthropometric, postural and hand-load
data to calculate intersegmental moments and forces
(David, 2005). Widely used methods include Ergo-
Man, Sammie Cad, Safework, Creo Manikin, 3DSSPP,
Jack, RAMSIS, AnyBody, OpenSIM, HumanCAD,
LifeMod.

Direct methods, e.g. Lumbar Motion Monitor (LMM),
elektromiyografi (EMG), have been developed that
rely on sensors that are attached directly to the subject
for the measurement of exposure variables at work.

In this study, REBA method was used to measure
ergonomic risk of the tasks. Hignett and McAtamney
(2000) proposed REBA in the UK, for a necessity
observed within the scope of postural analysis too,
espacially with sensitivity to the varying working
positions appearing in health care (e.g., animate load
handling) and other service industries. REBA supports
a quick and easy measurement to evaluate a variety of
working postures for risk of WMSDs (Madani and
Dababneh, 2016). It ensures that the postures are
analyzed and scored during all body movements, thus
determining the numerical value and attitudes that
can create an occupational risk. When choosing jobs
for REBA, it is important to consider postures that can
be identified and cared for improperly, frequently
repeated, time consuming, requiring high force or
muscle activity, disturbing the worker.

REBA method is used to measure the workload of
stations since this method enables to analyze various
postures adopted by workers. It is an observational
method that was developed to quantify the risk level
of various body postures. In the practice of the REBA
method, the stance of the trunk, neck and legs is
angularly observed and scored. A score is obtained by
posture scores of body, neck and legs from table A of
the method during this scorer stance, the applied force
or the score of the carrying load is added. Thus, a score
of A is obtained. On the other hand, the posture of the
upper arm, lower arm and ankles is analyzed and
scored. Similar to the A score, a score is obtained with
the posture points of the upper arm, lower arm and
wrists from the B table, and the score related to this
score is added so that the B score is calculated. The A
and B scores are combined in Table C to give a total of
144 possible combinations. Depending on the case, an
activity score is also added to score C in order to
calculate final REBA score which is scaled between 1

and 15 (see Figure 1). Based on the calculated final
score, the risk level and actions required for the
improvement of working conditions on the assessed
position can be classified by using Table 1.

REBA - Scoring Sheet

Group A Group B
™ R
L
Tounk e
LIse Table A Use Table B
R
Meck — | e g
+ + L R
Leg Wi
Load/Farce Caoupling
Score A Score B
kse Table y
Score C
+
Activity
Score
REBA Score

Figure 1. REBA score sheet (Madani and Dababneh,

2016)
Table 1. REBA action levels (Madani and Dababneh,
2016)
Action | REBA | Risklevel Action
level score (including
further
assessment)
0 1 Negligible None necessary
1 2-3 Low May be necessary
2 4-7 Medium Necessary
3 8-10 High Necessary soon
4 11-15 | Very high Necessary NOW

4. Assembly Line
Ergonomic Risks

Balancing Considering

Assignments of tasks to stations can considerably
impact the amount of ergonomic risks at the
workstations, even save profitability parameters same
such as cycle time and station number. Beside, due to
ergonomics can also reduce the injury rate (Eklund,
1995) and number of days away from work, assembly
line balancing considering ergonomics could develop
production’s profitability (Otto and Scholl, 2011).
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4.1. Assembly line balancing problem

The Assembly Line Balancing Problem (ALBP) aims
assignment the elementary tasks required to assemble
or disassemble a product to the workstation’s set or
modules that constitute the line. These workstations
are generally designed in series one after another and
attached by a conveyor system with constatn speed
which provides the movement of the working
progress. Thus, each workstation has acces for a
constant time (cycle time) to complete the assigned
tasks. Required time to perform all the tasks in a
station must not exceed the cycle time.

Precedence relations emerge as a result of
technological and organizational constraints. A
precedence relation (i,j) € A states that task i must be
processed before task j, task i is called predecessor of
task j and set A is the set of precedence relations.

The Assembly Line Balancing Problem (ALBP)
purposes assign task to stations considering of
meeting restrictions such as cycle time, efectiveness in
conjuction with precedence constraints and some
time optimizes cost, capacity, and profit-oriented
goals. A feasible assignment of tasks is called (line)
balance. The most basic and classical version of ALBP
is called Simple ALBP of type 1 (SALBP-1); it
minimizes the number of stations subject to a fixed
cycle time (Otto and Scholl, 2011). SALBP describes
straight assembly lines, where work pieces are
transferred along a set of stations. The assignment of
tasks has to respect cycle time and precedence
constraints.

4.2. Development of The Model

In assembly line balancing problems, tasks are
assigned equavalently among workstations, to satisfy
acquired production rate and precedence constraints.
To assign workload equivalently among workstations,
it is not only sufficient to keep close total task times,
also risk levels which are exposed by workers should
be assign as far as possible equivalently among
workstations. Otherwise, in a result of overloaded
workers, WMSD and productivity losses will be occur
and will not be justice in terms of work strain among
workers.

In this study, it was aimed to construct workstations
which have acceptable risk levels in terms of
ergonomic working environment and developed a
model to provide balancing risks equivalently. For this
purpose, a method was developed, which consider
ergonomic risk scores with Longest Operation Times
Technique (LOTT) as a line balancing technique. LOTT
is the most easy technique to understand and to apply
among line balancing techniques. The objective is to
minimize the number of stations for a given cycle time.
According this technique, if the longest task time is
assigned firstly, other tasks can be assigned more

easily to remaining spaces. Average risk score is
calculated with consideration of ergonomic risk scores
of tasks. Acceptable maximum risk score is
determined by adding a tolerance to the average. In
this way, when balancing line, precedence constraints,
cycle time and ergonomic risk scores of workstations
are taken into account together. New alghorithm steps
were defined by revising the LOTT as follows.

Longest Operation Times Method’s Alghorithm Under
Ergonomic Risk;
Step 1: Obtain the number of workstations. This can be
calculated with LOTT or theoric minimum number of
stations.
Step 2: Sum all tasks’ ergonomic risk scores and then
compute the average. Decise the maximum ergonomic
risk score in consideration with the average score.
Step 3: Sequence the tasks descending order to assign
workstations.
Step 4: Assign an appropriate task to available
workstation, such that :

a) All precedence constraints are satisfied.

b) No workstation with station time greater than

the cycle time.
c¢) None workstation has a risk score greater
than the maximum ergonomic risk score

Step 5: Apply Step 4 to all the tasks not to assign to a
station. If there is no task to assign, skip to Step 6.
Step 6: If all tasks are assigned, go to Step 7; otherwise
increase station number. If requred, create a new
station. Go to step 4.
Step 7: The current station number specifies the (new)
number of stations.

4.3. Performance Criteria

A performance assessment method including two

performance criteria, as idle time and ergonomic risk,

were proposed so that the developed model can be
compared with the solution results produced by the

LOTT. In order to collect the results of two criteria,

each criterion value was turned to a percentage.

i. The first criterion is based on the balancing delay.
It was defined as a percent of the sum of the idle
(deviations from the cycle) time.

ii. The second criterion is a measure of the imbalance
between the ergonomic risk levels of the post-
assignment stations. It is calculated by dividing the
sum of the deviations of the ergonomic risk scores
from the maximum.

In terms of duration and ergonomic risk level, total
performance is calculated by taking the average of two
criteria. It is desirable that this value is as small as
possible.

CT: Cycle time

S;: The total time of tasks in station i

n: The number of stations

ERS;: The total of ergonomic risk scores of tasks in
station i

ERS: Average ergonomic risk score

772



KAHYA and YETKIN

10.21923/jesd. 468028

ERS, 4y Acceptable maximum ergonomic risk score
TP : Time Performance
ERP : Ergonomic Risk Performance

ERS = ln=1 ERSi [1)
n
TP = Zi=alCT=Sil (2)
nn*CT
ERP =Zt=1/ERSmax ~ERSi| (3)
n*ERSmax
Total Performance = 0.50*TP + 0.50*ERP 4)

5. Application of the Proposed Model

In order to make the developed model more
understandable, it has to be tested for an sample
assembly line. The model was applied to a line in an
oven factory in Eskisehir city, where the final
assembly of the ovens are done. In order to determine
ergonomic risk levels, REBA method was chosen for
posture analysis because of using various body (trunk,
neeck, leg etc.) postures throughout assembly process.
Figure 2 shows the precedence diagram for the line.
The task times and REBA scores of tasks are given in
Table 2.

— — — — — p—
(<16;l)4—( 15 )* (16 )13 )e{ 12 Je( 11 )
\ﬂ" \y" e TR TR \'/
{ .f_“_.\‘ﬂ ( 39 )
(2 \)
Figure 2. Precedence Diagram of Oven Assembly Line
Table 2. Data of Oven Assembly Line
No | Task Time REBA Score
(seconds)

1 | Top and bottom resistance and hinge counter 221.4 3
2 | Isolating 78 10
3 | Assemly of back sheet 48 6
4 | U-galvanized fixing sheet 65.4 8
5 | Assembly of turbo fan protection sheet 48 6
6 | Fitting turbo fan 54 6
7 | Pressing panel and wire grid 98.4 11
8 | Putting cooler fan 42 4
9 | Assembly of kable group and control 216 9
10 | Grounding 54 9
11 | Assembly of cable group to klemens 72.6 7
12 | Pressing of cooler fan and rear protection 125.4 5
13 | Assembly of oven door 90.6 6
14 | Cleaning 42 7
15 | Glass protection carton and stickers 30 7
16 | Packing 196.2 8
17 | Panel preparation 51 3
18 | Kable grouping and preparation of control panel 199.8 4
19 | Ftting mains cable to oven backing sheet 68.4 4
20 | Oven outer glass preparation 31.8 3
21 | Oven door preparation 231.6 10

The cycle time of the oven assembly line consisting of
21 tasks is 432 seconds and The REBA scores of the
tasks range from 3 to 11. Assembly line balancing was
carried out using the LOTT without considering the

REBA scores of the tasks, and the results are given in
Table 3.
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The results obtained from LOTT, the number of
stations we found as 6 stations for given a cycle time,
432 seconds. Except for the last station, the idle time
values of the stations vary from 13.2 to 202.2 seconds
and the REBA scores range between 15 and 33. While

the worker at the fourth station is working on a low
risk score, the worker at the third station is exposed to
the physical strain, approximately two times. More
clearly, worker at the third station is under much more
risk than thethe worker at the fourth station.

Table 3. Solution of LOTT

Station Task Task Time REBA Station Difference
No Score Time REBA | Time | REBA
1 2214 3
2 78.0 10

1 T 684 4 418.8 20 13.2 7
17 51.0 3
18 199.8 4
3 48.0 6

2 4 65.4 8 415.2 30 16.8 3
5 48.0 6
6 54.0 6
7 98.4 11
8 42.0 4

3 5 5160 5 410.4 33 21.6 6
10 54.0 9
11 72.6 7

4 12 125.4 5 229.8 15 202.2 12
20 31.8 3
21 231.6 10
13 90.6 6

5 11 120 7 394.2 30 37.8 3
15 30.0 7

6 16 196.2 8 196.2 8 235.8 19

TOTAL 2,064.6 136 527.4 50

For this solution, risk parameters are determined as
follows:
Total REBA score of tasks = 136
Average REBA score, ERS = 136/6 = 22.67 ~23
The stations will be targeted with a maximum REBA
score of
ERSpax = 1.20 ERS = ~ 27
The performance of the solution using the LOTT;

Time performance from Equation [2];
TP = |432-418.8|+]432—415 2| +|432—-410.4|+]432—229.8| +|432 —394.2| +|432-196.2|
6%432

_ 527.4
~ 2592

TP=20.35%

Ergonomic risk performance from Equation [3];
ERP = |27-20]+|27-30|+|27-33|+|27-15|+|27-30|+|27-8] _ 50

6+27 162
ERP = 30.86%

From Equation [4];

Total performance = 25.61%

The oven assembly line was solved with the developed
model under the restriction of REBA (27) and the
results are given in Table 4.

The results obtained from the proposed model Show
that, except for the last station, the idle times of the
stations are between 13.2 and 120 seconds and the
REBA scoresrange from 20 to 27. The worker at fourth
station increased to 22, and the risk score of the
worker at third station decreased from 33 to 27. On
the assembly line, the risk difference has dropped
from 12 to 7, and the difference between the physical
strains of the workers at the stations has dropped to
an acceptable level.

Performance Criteria of LOTT Under Ergonomic Risk:

Time performance;
TP= |432-418.8|+]432-393|+|432—-384|+|432-312|+|432—-330.6|+|432-226.2|
6%432

_ 5274

T 2592

TP =20.35%

Ergonomic risk performance;
ERP = [27-20|+|27-27|+|27-27|+|27—-22|+|27-25|+|27-15] _ 26

6%27 162
ERP = 16.05%
Total performance = 18.20%
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Table 4. LOTT Under Ergonomic Risk

. Task . Station Difference
Station Task Time | REBA Score
No Time | REBA | Time REBA
1 221.4 3
2 78 10 20 13.2
1 19 8.4 7 418.8 7
17 51 3
18 199.8 4 39
3 48 6 27
2 4 65.4 8 393 0
5 48 6
20 31.8 3
21 231.6 10 48
3 6 54 6 384 27 0
7 98.4 11
8 42 4 120
4 9 216 9 312 22 5
10 54 9
11 72.6 7 101.4
12 125.4 5 25
5 13 906 6 330.6 2
14 42 7
15 30 7 205.8
6 16 1962 8 226.2 15 12
TOTAL 527.4 26

In the LOTT solution, time performance was 20.35%,
REBA performance was 30.86% and total
performance was 25.61%. In the REBA restricted
model, the time performance was not changed, but the
REBA performance decreased by 16.05% and
therefore the total performance decreased to 18.20%.
Obviously, although the developed model did not
change the idle time, the ergonomic risk decreased
significantly and a more balanced assembly line in
terms of ergonomic risk between the stations was
achieved.

6. Discussion

In this study, in the assembly line balancing, in
addition to priority constraints and cycle time
constraints, the development of a new model that
takes into account the level of ergonomic risk is
considered. Furthermore, in order to compare the
proposed model with the conventional assembly line
balancing, a performance criterion consisting of the
combination of the duration and the ergonomic risk
score is defined. The developed model is applied to the
oven assembly line of a companay. In the assembly
line, the task times were measured, priorities were
constructed, and ergonomic risk levels were
calculated by using the REBA method.

The developed method was applied on an assembly
line and compared according to the determined
performance criteria. According to this; in the
assembly line, when the REBA constraints are

considered, the balancing delay (20.35%) doesn’t
change, however, the deviations from the determined
risk (REBA) score have been greatly reduced from
30.86% to 16.05% and there is no station above the
acceptable (maximum) risk score (27).

When ergonomic risk levels are considered, it is seen
that the risk levels of the stations are more balanced
and the risk level is not exceeded. To respond demand
quickly, companies want to receive as many output as
possible, and only make adjustments based on their
processing time. However, this idea is a short-term
idea, ergonomic risks should be given importance and
considered in every problem. With the developed
method, a line balancing method is applied by adding
ergonomic conditions and desired results are obtained
in terms of ergonomic improvement.

Each extra station come together with new and
noteworthy investment in technology, equipment and
increasing variable costs on behalf of a manufacturer.
To handle such a process, a company must make a
mindful assessment of advantages of decline in
ergonomic risks that one or more extra stations can
make. However, there are some essential problems in
accordance with the assembly line workers who
expose to above-average ergonomic risks and some
occupational diseases, such as carpal tunnel, muscular
pains in the various regions of the body like the back,
neck, schoulder, arms and wrists.
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For future research, the developed model using a
classical method should be improved for better
performance measures. Once the model has been
applied, relatively empty stations can be filled in by
applying displacement operations /between tasks.
Maybe with less station number the line can be
balanced also still do not exceed risk limits. In this
study, REBA method was used to assess the ergonomic
risk level. As a further work, we plan to apply other
risk assessment methods such as OWAS, OCRA and
QEC.
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Keywords Abstract

Temporary Housing, Turkey is among the countries that are especially vulnerable to natural disasters.
Earthquake, Throughout history, many disasters have occurred in the geography where Turkey
Cooperative Game Theory, is located. Turkey is known that a country that is connects the continents and
Uncertainty, cultures. It is provide also interactions between several tectonic plates that
Interval Solutions. including the Eurasian, African, and Arabian plates through the Anatolian plate.

Interactions among the plates compose active seismic region that encompasses
most of Turkey. As a result of this high seismicity region, earthquake has been
significant natural disaster for Turkey. Numerous buildings collapse and have
damage after the severe earthquakes and the victims need to shelter to provide their
needs. In this process, temporary housing is using to solve this shelter needs hence
temporary housing needing urgent attention. But there is a problem about number
of temporary housing demand because it is not possible to say a certain number
about temporary housing needed. In this study, game theory is used to solve this
problem. Our study shows that cooperative interval game theory help us to define a
fair cost allocation between private organizations for supporting the housing
problem by using facility location games under uncertainty.

AFET SONRASI GECiCI KONUTLAR iCIN BIR KOOPERATIF OYUN TEORISi

MODELI
Anahtar Kelimeler Oz
Gecici Konut, Tiirkiye, 6zellikle dogal afetlere karsi savunmasiz olan ilkeler arasindadir. Tarih
Deprem, boyunca, Tiirkiye'nin bulundugu cografyada birgok felaket meydana gelmistir.
Kooperatif Oyun Teorisi, Tiirkiye, kitalar1 ve kiiltiirleri birbirine baglayan bir iilke oldugu biliniyor. Anadolu
Belirsizlik, levhasi lizerinden Avrasya, Afrika ve Arap levhalarini da iceren birgok tektonik
Aralikli Céziimler. levha arasinda etkilesimler saglar. Plakalar arasindaki etkilesimler, Tiirkiyenin

cogunu kapsayan aktif sismik bolgeyi olusturmaktadir. Bu yiiksek deprem
boélgelerinin bir sonucu olarak, Tiirkiye i¢in deprem énemli bir dogal afet olmustur.
Cok sayida bina, siddetli depremlerin ardindan ¢okmekte ve zarar gormektedir ve
magdurlarin ihtiya¢larim1 karsilamak icin barinmalari gerekmektedir. Bu siirecte
gecici barinak, bu barinak ihtiyacini ¢6zmek icin kullaniyor, bu nedenle gecici dikkat
gerektiren gecici konutlar. Ancak gecici konut talebinin sayis1 konusunda bir sorun
var ¢linkii ihtiya¢ duyulan gecici konutlar hakkinda belirli bir rakam sdylemek
miimkiin degil. Bu ¢alismada, bu problemi ¢6zmek i¢cin oyun teorisi kullanilmistir.
Calismamiz, kooperatif aralikli oyun teorisinin belirsizlik altinda tesis yeri
oyunlarini kullanarak konut sorununu desteklemek icin 6zel kuruluslar arasinda
adil bir maliyet tahsisi tanimlamamiza yardimci oldugunu gdstermektedir.
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1. Introduction

Turkey faces frequent disasters due to its geological
and topographical characteristics. Turkey is not a
country facing with tornados or hurricanes. But, the
most effective disasters in Turkey according to their
severity rates are; earthquakes, landslides, floods,
rocks fall, fires, avalanche, storm and rising of ground
water, etc. According to these, the most devastating
disaster is earthquakes for Turkey. The other disaster
types are usually small-scaled, with relatively little or
no death toll. Earthquakes are the most feared type of
disaster in Turkey, as many lives are often lost
(Limoncu and Celebioglu, 2006; Giines, 2015). Turkey
is located on one of the most active several tectonic
plates called Alpine-Himalayan earthquake belt. This
plate is still active, and many earthquakes occur each
month (Erdogan et al, 2009).

Based on available resources and records, all natural
disasters occurred in Turkey since the beginning of the
20th century resulted in 87.000 casualties, 210.000
injuries, and 651.000 heavily damaged or destroyed
homes. Earthquakes were responsible for 76% of the
damaged or destroyed homes, followed far behind by
landslides (10%) and floods (9%) (Giines, 2015). For
example, the city of Izmir, lying in the first seismic
zone of Turkey, is located in a seismically very active
region in Western part of the Anatolian plate.
Unexpected major earthquakes can occur frequently
in this region and lead to severe damages on buildings
( Tuna and Altun, 2014; Moberg, 2015). There have
been many earthquakes with magnitude Ms C 4.9 that
occurred between 1900 and 2005 near Izmir.

Seismic zones map of Turkey and Izmir city is shown
in Figure 1.

Seismic Hazard Map of Turkey

Figure 1. Seismic zones map of Turkey and Izmir city
(Unal, 2015).

There are five different earthquake zones in Turkey.
Figure 1 shows them ordered according to degrees,
with the first being the most dangerous and the fifth
the least dangerous. According to the literature; 44

percent of Turkey’s population lives in the first-degree
zones (Kilc, etal., 2015).

Post-disaster housing recovery is quite important in
the long-term reconstruction of communities affected
by catastrophes. But, there is lack of a systematic
framework for measuring post-disaster housing
recovery (Chang, 2010; Ganapati, 2013).

There are four stages of sheltering and housing
respectively; “emergency sheltering” (housing
disaster victims temporarily, such as in stadiums and
schools); “temporary sheltering” (e.g, tents);
“temporary housing” (e.g., trailers); and “permanent
housing” (new housing units built for disaster
victims). We focus exclusively on permanent housing
in the disaster recovery phase. Several of these stages
may exist simultaneously in a disaster-stricken society
(Ganapati, 2008).

According to the Quarantelli housing and sheltering
should be considered separately. Sheltering involves
normal daily activities, whereas housing involves the
resumption of household responsibilities and
activities like food preparation, laundry, socializing,
work, school and recreation (Johnson, 2002).

Questions about temporary housing after disasters are
still an extensive issue and debate in the scientific
field. The number of natural disasters has increased
dramatically in recent years, having a significant
impact on the built environment. Many buildings
collapse or have suffer damages after disasters and
these situations causing high numbers of homeless
people. After a disaster the needs for housing should
have a quick response since temporary housing in
helping affected communities to re-establish their
normal life activities in a post-disaster situation.
Hence, temporary housing would be immediately
available after a disaster, offering a level of comfort
consistent with the prevailing standard of living, at a
cost proportional to intended length of use and easily
eradicated or transformed once it is no longer needed
(Johnson, 2007; Félix et al., 2013).

Temporary accommodation refers to disaster-affected
families’ interim lodging between the onset of the
disaster and the period when they regain permanent
housing. It fills the gap between the immediate relief
stage and the later reconstruction stage. As a result,
this is a significant stage in the disaster recovery
process that is mostly overlooked by governments, for
NGOs and aid organizations (Johnson, 2002;
Chalinder, 1998).
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Especially, five types of temporary accommodation
(prefabricated temporary houses, wooden temporary
houses, paper temporary houses, winterized tents,
and self-built shelters) are utilized after the disaster.

In this paper, cooperative interval games are used to
solve the temporary accommodation problem quickly
and economically after the earthquake. The paper is
having great importance in terms of disaster
preparedness to avoid post disaster housing problem
for Turkey and for other countries having a possibility
to face with disaster like earthquake and etc. This
research has a great importance to provide a solution
to the post-earthquake housing problem.

Cooperative interval games and interval solution
concepts are useful tools for modeling various
management, engineering and Operational Research
situations, where payoffs are affected with
uncertainty. In different situations, decisions
regarding whether (or not) to cooperate within the
grand coalition rely on estimations of individual
benefits/costs, between two bounds.

Cooperation between different responding entities is
a critical element of effective intervention operations.
Making a reasonable price decision is a significant
problem for real estate companies and governments
(Johnson, 2002).

Interval solutions for cooperative games reflect
uncertainty about the payoff allocations in situations,
where there is no uncertainty in the worth of
coalitions. If there are some uncertainties about the
payoff allocation then we cannot just assign a specific
payoff to every player. Therefore, in this paper we
propose some interval solutions for cooperative
games. This uncertainty can have several reasons like
number of temporary housing demand. Because it is
not possible to say a certain number about temporary
housing needed.

This paper is organized as follows is organized as
follows: We give some basic notions and solution
concepts from Cooperative Game Theory in Section 2.
Our cooperative facility location game based on
cooperative interval game model constructed after an
earthquake as a natural disaster is presented in
Section 3. In Section 4, we give some interpretations
related with our solutions. Finally, Section 5 ends this
paper with a conclusion and an outlook to future
studies.

2. Preliminaries

In this section, in order to provide the readers with all
the necessary background to follow this paper, we
formally give some basics from cooperative interval
games and related interval solution concepts. Facility
location situations which is necessary to construct our
model is also given .

2.1. Cooperative Interval Games

A cooperative game in characteristic function form is
an ordered pair (N, ¢) where N is a finite set of players
and c is a characteristic function ¢:2" —» R, that
associates to each set S € N areal value c(S) satisfying
c(@) = 0. This value c(S) shows the joint gain which
the players in S can guarantee by themselves if they
cooperate independently of what the agents in N\S
could do. Hence, c(S) measures the worth of a
coalition S. The family of all cooperative games are
denoted by GV (Tijs, 2003).

The payoffs to coalitions of players are known with
uncertainty in cooperative interval game theory. A
cooperative interval game (Alparslan Gok, 2009) is an
ordered pair (N, c), where N = {1,2, ..., n} is the set of
players, and c: 2V - I(R) is the characteristic function
such that c(@) = [0,0], where I(R) is the set of all
nonempty, compact intervals in R. For each S € 2V,
the worth set ¢(S) of the coalition S in the interval
game (N, c¢) is of the form [¢(S), ¢(S)]. The family of all
interval games with player set N is denoted by IG".
Similarly, we identify an interval game (N, ¢) with its
characteristic function c.

Let A,B € I(R) with A = [4,A], B = [B,B], |A| = A —
A and a € R,. Therefore, we can say that A+ B =
[4,A] +[B,B] =[A+B,A+B] andad =c[4A4]=
[aA, aAl.

We also need to show the using of partial subtraction
operator. A — B can be defined, only if |A| = |B|, by
A—-B:=[AA]-[B B]=[A—B,A— Bl

A game (N,c) is called size monotonic if(N,|c|) is
monotonic, i.e., |c|(S) < |c|(Z) for all S,Z € 2N with
S c T. For further use, the class of size monotonic
interval games with player set N is denoted by SMIGV.

2.2. Interval Solutions

Now, let us introduce the definition of the interval
solution which are necessary in this study.

2.2.1. Interval Shapley value

Let m(N) be the set of all permutations o : N - N. The
setP°(i)={r € N | 671(r) < 071(i)} consists of all
predecessors of i with respect to the permutation
o.Let ¢ € G and o € n(N). The marginal vector
m°(c) € R™ with respect to ¢ and v has as i-th
coordinate m{(c) = c(P°(i) U {i}) —c(P?(i)) for
eachi € N.

Given a game (N,c) the marginal contribution
m?(c) of player i to coalition S (i ¢ S) is given by
c(Sui)—c(S).

For o4 = (1,2,3) we calculate the marginal vectors of
781



USTA et al.

10.21923/jesd. 456590

Example 2.1 are as follows:

m{'(c) = c({1}) = [5,7],
m3*(c) = c({1,2}) — c({1}) =[2,3],
m3*(c) = c({1,2,3}) — c({1,2}) = [3,3].

The other marginal vectors can be calculated similarly.
Based on this concept, for ¢ € SMIGY the interval
Shapley value ®(c) of a game ¢ € I(R)" is defined
(Alparslan Gok, 2014). For each player the interval
Shapley value is the average of each player’s possible
marginal contributions. The mathematical expression
of the Shapley value is the following:

D(0) = ~ T gen(nym? () (2)-

The interval Shapley value assignes a payoff vector to
each cooperative interval game. It should not forgetten
that the Shapley value is defined and axiomatically
characterized for arbitrary cooperative games but the
interval Shapley velues is defined only for a subclass
of cooperative interval games called size monotonic
games, and it is axiomatically characterized only on a
strict subset of size monotonic games (Alparslan Gok,
2014; Shapley, 1953).

2.2.2. The interval Banzhaf value

The Banzhaf value arises from the subjective belief
that each player is equally likely to join any coalition.
On the other hand, the Shapley value arises from the
belief that for every player, the coalition he joins is
equally likely to be of any size and that all coalitions of
a given size are equally likely (Palanci et al, 2015).

The interval Banzhaf value f: SMIGN —» I(R)V, vc €
SMIG" is defined as

B ) = z Lies(c(S) — c(S\{iD) (3).
2.2.3. The interval ICIS-value

The CIS-value (Driessen and Funaki, 1991) assigns to
every player its individual worth, and distributes the
remainder of the worth of the grand coalition N
equally among all players (Palanci et al, 2015).

The interval ICIS-value assings every player to its
individual interval worth, and distributes the
remainder of the interval worth of the grand coalition
N equally among all players (Palanci et al, 2015). The
ICIS-values is defined by

IC1S(c) = c({iP) + — (c(N) = Zjen c (D) (@)

IN|
2.2.4. The interval ENSC-value

The interval ENSC-value (IENSC-value) assigns to
every game c the ICIS-value of its dual game, i.e.

IENSC;(c) = ICISi(c") = 1 (c(N) + Zjew c(NG) ~
c(N{i}) (5).

The IENSC-value assigns to every player in a game its
interval marginal contribution to the "grand coalition”
and distributes the remainder equally among the
players (Palanci et al, 2015; van den Brink and Funaki,
2009).

2.2.5. The interval IED-solution

The interval ED-solution (IED-solution) is given by

IED;(c) = C|(TN|) foralli € N (6).
(Palanci et al, 2015; van den Brink and Funaki, 2009).

2.3. Facility Location Situations

A given cost for constructing a facility is existed in
facility location situations. A player is expected to
connect to this facility with a minimim the total cost.
There are two cases in these kind of situations. The
first one is the case of public facilities (such as
hospitals, fire stations, etc.) and the second one is the
case of private facilities (such as distribution centers,
some stations, etc.) (Palanci and Alparslan Gok, 2017).

Each facility is constructed to please the players in a
facility location situation, Here, the problem is to
minimize the total cost. This cost is composed of both
the player distance and the construction of each
facility. A facility location game is constructed from a
facility location situation.

In a facility location game, a set A of agents (knowns as
cities), a set F of facilities, a facility opening cost f; for
every facility i € F, and a distance d;; between every
pair (i,j) of points in AU F indicating the cost of
connecting j toi are given. It is assumed that the
distances come from a metric space (they are
symmetric and obey the triangle inequality). For a set
S € A of agents, the cost of this set is defined as the
minimum cost of opening a set of facilities and
connecting every agent in S to an open facility. The
cost of each coalition for the game c is defined by

c(8) = minpcp{Dicp f; + Ljesminiep-d;j} (7).

Now, we give an example of a facility location game.
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City I
(Player I)

[24]

f=[34]

City IT
(Player IT)

B=[3.4]

City IIT
(Player ITN)

Figure 2. An example of a facility location game.

Example 2.3., Figure 2 shows a facility location game
with 3 cities {City 1 (Player 1), City 2 (Player 2), City 3
(Player 3)} in Turkey and 2 hospitals {f1, f2}. The costs
of each coalitions are calculated by using (1) as
follows:

c (1) =1[57]; c ({2} =[4,6]; c ({3} = [4,6];
c ({1,2}) =[7,10]; ¢ ({2,3) = [5,8]; ¢ ({1,3})
=[9,15];
¢ ({1,2,3)) = [10,17].

The gathered cost can be shared out to the different
purchasers in a equitable way for cost allocation
problems. For example, provinces would pay for the
building of libraries or sports, but they do not desire
to pay more than their fair share of the gathered cost,
whatever that means. Justice means that no group of
customers, or coalitions, has any encouraging to
disunify and acquire the service on their own, in
applications of cooperative game theory (Mallozzi,
2011; Goemans and Skutella 2004).

A facility location game has two aims: the first one is
to define a applicable position for the facility according
to some given facility location rule; the second one
deals instead with the problem of how to deal out the
total cost among the members of the coalition, where
the dispersion of total cost is worked with cooperative
game theoretic solution concepts, such as interval
solutions.

3. Case Study: Tent City Development After The
Earthquake In izmir

After the severe Earthquake, a huge emergency
sheltering and temporary sheltering demand
occurred, since the effects are very huge. So, the need
for housing after the disaster was very large, which
could be said that thousands of dwellings were needed
urgently. In this period Turkish government began to
evaluate the rehabilitation of the districts and to build
post disaster housing (permanent housing). However,

it was clear that all the needs could not be met in a
single region, so the government firstly started to
study on finding suitable districts for building post-
disaster housing settlements. It took some time to
solve all these problems (Ozden, 2005).

Our case study is based on a possible facility location
after an earthquake in Izmir, Turkey. Consider that
there is an earthquake in Izmir and after the
earthquake, nearly 14000 tents are distributed. Three
tent cities are established in Aydin, Usak and Balikesir
which are near Izmir. There are nearly 8000 tents in
the hands of the Kizilay that is the beneficiary of
Turkey. The distribution of the approximately
remaining 6000 tents is undertaken by one local and
one foreign company. The cost of bringing services to
the people living in the tent cities belongs to these
companies.

Almost 50 percent of the 6000 tents are built in Aydin,
almost 35 percent of the 6000 tents are built in Usak,
and the approximately rest of the tents are built in
Balikesir. Three kinds of tent types are distributed
(Table 1). In Aydin, one tent is between 500 and 700
Turkish Liras (TL) and is for 8 or 10 persons. In Usak,
one tent is between 850 and 1050 TL and is for 15 or
17 persons. In Balikesir, one tent is between 650 and
850 TL and is for 10 or 12 persons.

Table 1. The costs of building tent cities and some

properties.
Tent Tent Property of tent Number of tents Total
city city established by
no  name companies
1 Aydin 1 tent=[500,700] TL | [3000,3200] (by local [1500000,2240000]
and for [8,10] persons | company) TL for [24000,32000]
persons
2 Usak 1 tent=[850,1050] TL [500.700] (by local [6375000,12495000]
and for [15,17] persons | company) TL for [7500,11900]
[1600,1800] (by foreign persons (by local
company) company)
[20400000,32130000]
TL for [24000,30600]
persons (by foreign
company)
3 Balikesir 1 tent=[650,850] TL [900,1100] (by foreign [585000,935000] TL
and for [10,12] persons | company) for [9000,13200]
persons

Additionally, the bringing services for facility location
problems must be given, too. In our case study, the
service cost per person is between 50 and 70 TL. In
Table 2, the costs of bringing services of companies are
given.

Table 2. The costs of bringing services of companies

Tent city no Tent city name The costs of The costs of
bringing services of bringing services of

local company foreign company

1 Aydin [1200000, 2240000] -
TL for [3000,3200]
tents
2 Usak [375000,833000] TL [1200000,2142000]
for [500,700] tents IL for [1600,1800]
tents
3 Balikesir [450000,924000] TL

for [900,1100] tents
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[1200000, 2240000

Tent City I
(Player I)

Local Company | 1= 12000000, 2200000)

[375000, 833000]

Tent City IT

( Player IT)

[1200000, 2142000]

2= (2200000, 2400000]
Foreign Company

[450000, 924000]

Tent City III
( Player III )

Figure 3. The illustration of our case study

Figure 3 shows a facility location game with 3 cities
(Aydin (Player 1), Usak (Player 2), Balikesir (Player 3)
in Turkey and 2 companies. The costs for each
coalition are calculated by using (1) as follows:

c({1}) = [3200000,4440000],

c({2}) = [2375000,3033000],

c({3}) = [2650000,3324000],
c({1,2}) = [3575000,5273000],
c({1,3}) = [5850000,7764000],
c({2,3}) = [3850000,5466000],
¢({1,2,3}) = [6225000,8597000].

Table 3 shows the marginal vectors of our model,
wherea: N = N consists of three components with the
order (6(1),0(2),0(3)).

Table 3. The marginal vectors of our model.

o m{(c) mi(c) m3(c)
o = (1,23) | [3200000,4440000] | [375000,833000] | [2650000,3324000]
o = (1,32) | [3200000.4440000] | [375000,833000] | [2650000,7320000]
o, = (2,1,3) | [1200000,2240000] | [2375000,3033000] | [2650000,3324000]
gy = (2,3,1) [2375000,3131000] | [2375000,3033000] | [1475000,2433000]
o, = (3.1,2) | [3200000,4440000] | [375000,833000] | [2650000,3324000]
o = (321) | [2375000,2298000]

[1200,2142000] [2650000,3324000]

The average of the six marginal vectors is the interval
Shapley value of this game which can be calculated as:

®(c) = ([2591666.67,3498166.67],
[1179166.67,1784500],
[2454166.67,3841500]).

Now, Let us look at how the interval Banzhaf value for
this game. For player 1 we have:

B1©) = 55 D (e($) — c(S\(1))
1€S$
= (1) + c({1,2) + c({1,2,3)) + c({1,3) -
c({2) - c({3)) — c({2,3))
= [2493750,3562750].

The interval Banzhaf values of other players can be
examined similarly as follows:

B.(c) = [1081250,1710250], B5(c)
= [2356250,3101250].

At that rate, the interval Banzhaf value is

B(c) = ([2493750,3562750],
[1081250,1710250],
[2356250,3101250]).

Now, we want to calculate ICIS-value, IENSC-value
and IED-solution. We calculate the ICIS-value of our
game as follows:

IC1S,(c) = c({1}) + % (c({1,2,3}) — (c({1}) + c({2])

+c({3))
=[2533330,3720000],

ICIS;(c) = c({2D) + % (c({1,2,3]) — (c({1D +c({2D)

+c({3D)
= [1708330,2313000],

ICIS5(c) = c({3D) + % (c({1,2,3}) = (c({1}) + c({2})
+c({3))
=[1983330,2604000].

Then, the ICIS-value is obtained by
ICIS(c)
_ ([2533330,3720000], [1708330,2313000],)
N [1983330,2604000] '

We calculate the IENSC-value of our game as follows:

IENSC,(c) = —c({2,3})
+3((01.23) + (23D + (13D
+({1,2])
=[966666.6,985333.3],
IENSC,(c) = —c({1,3})
+3 (01,23 + (23D + (113D

+{1,2))
=[-1033333.4,-1312666.67],
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IENSC;(c) = —c({1,2})
1
+3(c(123) + (23D + (1,3)
+({1,2)
=[1241666.6,1178333.3].
Then, the [ENSC-value is obtained by

[966666.6,985333.3],
[-1033333.4,-1312666.67], |.
[1241666.6,1178333.3]

IENSC(c) =

Finally, we calculate the IED-solution of our game as
follows:

IED;(c) = IED,(c) = IED;(c) = @ _
[2075000,2865666.66].

Table 4 illustrates the results of this application.

Table 4. The interval solutions of our model

Interval  Player 1 Player 2 Player 3
Solutions
Interval  [2591666.67,3498166.67]  [1179166.67,1784500]
Shapley

value
Interva
Banzhal

[2454166.67,3841500]

[2493750,3562750] [1081250,1710250] [2356250,3101250]
value
ICIS-  [2533330,3720000]
value
IENSC-  [966666.6,985333.3]
value
IED-  [2075000,2865666.66]
solution

[1708330,2313000] [1983330,2604000]
[—1033333.4, —1312666.67] [1241666.6,1178333.3]

[2075000,2865666.66] [2075000,2865666.66]

These values can be used in different application areas
such as Operational Research, economic and
management situations.

4., Conclusion And Outlook

Research for efficiently planning and responding to
natural disasters is of vital interest due to devastating
effects and loses caused by their occurrence, including
facility deficiency, lack of services related to disasters,
building damage.

Some uncertainties are occurred in facility location
situations because of several limitations. Moreover,
data may not be available or may not be easy to
communicate in large-scale if emergencies in casualty.
The basic aim of Cooperative Interval Game Theory is
to study ways to enforce and sustain cooperation
between players to cooperate under uncertainty. The
most important question in this area is how the total
cost can be allocated among players in a fair way.

This paper has presented for a novel facility location
planning after natural or societal disasters,
responding to the urgent housing problem of the
affected areas. In this study, we handle a housing
problem after the earthquake in izmir. Based on the
case study, we construct the cooperative facility
location game between three cities that the tent cities

are built in and we give some interval solution
concepts such as interval Shapley value, interval
Banzhaf value, ICSI- value, IENSCI- value, IED- value.

We believe that the response phase of post-
earthquake relief has been researched most
extensively, and future research could be directed
toward to other phases of disaster management such
as mitigation, preparedness, recovery, housing and
health problems.
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Anahtar Kelimeler 0z

Yedek Kapasite, Kentlerdeki trafik sikisiklig1 ekonomik, sosyal ve cevresel problemleri beraberinde

Kentici Karayolu Aglari, getirmektedir. Bu problemlerin 6niine gecmek isteyen yerel yonetimler, yol
Istkli Kavsaklar, genisletmesi, serit ilavesi ve kavsak yenileme ¢alismalar1 gibi pahali yatirimlar
[ki-Seviyeli Programlama, yaparak ulasim talebini karsilamaya c¢alismaktadir. Ancak bilindigi gibi kentici
Armoni Arastirmast. ulasim aglarinda uygun 151k strelerinin belirlenmesi ile yedek kapasite

yaratilabilmektedir. Bu kapasitenin kullanilmasi neticesinde trafik sikisikligi ve
beraberinde getirdigi olumsuz etkiler azaltilabilmektedir. Bu ¢alismada kentigi
ulasim aglarindaki yedek kapasitenin enbiiyiiklenmesi probleminin ¢6ziimii i¢in iki
seviyeli bir model gelistirilmistir. Ust seviyede Baslangi¢-Varis (B-V) seyahat matrisi
carpani enbiiylklenirken, alt seviyede trafik atamasi problemi c¢oziilmektedir.
Gelistirilen modelin Allsop & Charlesworth test agina uygulanmasi neticesinde yol
agindaki baglarin kapasiteleri asilmadan B-V seyahat matrisinin yaklasik %16
artirilabilecegi belirlenmistir.

OPTIMIZATION OF RESERVE CAPACITY IN URBAN ROAD NETWORKS BASED
ON TRAFFIC SIGNAL TIMINGS

Keywords Abstract

Reserve Capacity,

Urban Road Networks,
Signalized Intersections,
Bi-level Programming,
Harmony Search.

Traffic congestion in cities brings economic, social and environmental problems.
Local governments seeking to overcome these problems are trying to meet
transportation demand by making expensive investments such as road extension,
lane addition and intersection renewal. However, as is known, reserve capacity can
be created by determining the appropriate signal timings in urban transportation
networks. By using this capacity, traffic congestion and its negative effects can be
reduced. In this study, a bi-level model is developed for solving the problem of the
reserve capacity maximization in urban road networks. At the upper level, the
Origin-Destination (0-D) demand multiplier is maximized and the traffic
assignment problem is solved at the lower level. Applying the model to the Allsop &
Charlesworth'’s test network, it has been found that the O-D matrix can be increased
by about 16% without exceeding the capacities of the links in the road network.
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1. Giris

Giiniimiizde teknolojik ve ekonomik gelismelere bagh
olarak gittik¢e artan ulasim talebi neticesinde 6zellikle
kenti¢i ulasim aglarinda trafik sikisikligi ve buna bagh

olarak ortaya cikan bir¢ok problem ile karsi karsiya
kalinmaktadir. Bu tiir problemlerin {stesinden
gelebilmek icin yerel yoneticiler genellikle yeni
yatirimlar ile wulasim arzini artirarak kapasite
artirimina gitme yolunu tercih etmektedirler. Ancak
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kentici ulasim aglarinin fiziki yapisina bagl olarak
hizmete sunulan mevcut kapasitesinin yaninda bir de
uygun olmayan 151k siirelerinden dolay1 atil durumda
olan yedek kapasitesi bulunmaktadir. Bu nedenle
ylksek maliyetli ulasim yatirimlar1 yapilmadan 6nce
karayolu ulasim aginin yedek kapasitesi belirlenmeli
ve bu kapasitenin en verimli sekilde kullanilabilmesi
icin gerekli onlemler yerel yoneticiler tarafindan
alinmalidir. Literatiirde yedek kapasite eniyilenmesi
problemi, ulasim agindaki tim baglarm akim /
kapasite oranlarinin 1’e esit veya daha kiui¢iik oldugu
durumu saglayan Baslangi¢-Varis (B-V) talep matrisi
carpaninin maksimum degerinin belirlenmesi olarak
ifade edilmektedir. S6z konusu problem konveks
olmayan yapisindan dolayi giiniimiizde hala ulagtirma
alanindaki arastirmacilarin dikkatini ¢ekmektedir.
Yedek kapasite eniyilenmesi konusundaki ¢alismalar
oldukca eskiye dayanmakta olup bu konudaki ilk
calisma Webster ve Cobbe (1966) tarafindan
yapilmistir. Bu calismadaki yaklasimi uygulanabilir
hale getirmek icin Allsop (1972) dogrusal program
yaklasimi tabanli yeni bir metot Onermistir.
Sonrasinda Yagar (1985) calismasinda Allsop (1972)
tarafindan gelistirilen yaklasimi kavsaklardaki ardisik
fazlarda farkli doygun akim degerlerini dikkate
alabilecek sekilde iyilestirmistir. Wong ve Yang (1997)
siirtici davranislarini deterministik kullanici dengesi
(DKD) atamasi kullanarak temsil etmisler ve 151kl bir
ulasim aginda yedek kapasiteyi maksimum yapan 1s1k
siirelerini bulmuslardir. Yang vd. (2000) trafik atama
ve seyahat dagilimi modellerini birlestirerek iki
seviyeli programlama yaklasimi ile yedek kapasiteyi
eniyilemeye calismislardir. Ziyou ve Yifan (2002)
problemi gercege daha yakin ifade edebilmek i¢in her
bir B-V cifti icin farkli bir talep matrisi ¢arpani
ongormisler ve bu yaklasim altinda yedek kapasiteyi
enbiiyliklemeyi hedeflemislerdir. Ceylan ve Bell
(2004) koordine 1sikli olarak isletilen bir ulasim
aginda yedek kapasite hesabi i¢in stokastik kullanici
dengesi (SKD) trafik atamasini dikkate alan iki adimli
bir algoritma gelistirmislerdir. Chiou (2007)
hedeflenen egim yontemini kullanarak test ulasim
aginda yedek kapasite eniyilemesi yapmistir.
Gelistirilen yontemin klasik metotlardan daha iyi
performans gosterdigi sayisal uygulamalar sonucunda
belirlenmistir. Yedek  kapasite eniyilenmesi
konusunda farkli bir ¢alisma olarak Chiou (2009) bir
ulasim agindaki gecikme ve yedek Kkapasite
degerlerinin optimum degerlerini belirlemek i¢in bag
akimlarini zamana bagh olarak degisken olarak
dikkate almis ve gelistirdigi algoritmay1 drnek bir
ulasim agina uygulamistir. Miandoabchi ve Farahani
(2011) yedek kapasite eniyileme problemini iki
seviyeli ¢6ziim yaklasimi kullanarak kesikli ulasim ag1
problemi baglaminda ele almis ve basarili sonuglar
elde etmistir. Chiou (2014) yedek kapasite ve gecikme
eniyileme problemlerini min-max problemi olarak
ifade etmisler ve ¢6zlim icin tek seviyeli bir algoritma
onermislerdir. Elde edilen sonuglar gelistirilen
algoritmanin denge kisitlarini ve gecikme eniyilemesi
problemini dikkate alarak yedek kapasite eniyilemesi

yapabildigini gdstermistir. Diger bir ¢calismada Wang
vd. (2015) maksimum bag kapasite genisletmelerini
ve SKD bag akimlarini dikkate alarak yedek kapasite
eniyileme problemini ¢6zebilen bir algoritma
gelistirmislerdir.  Sayisal  sonuglar  gelistirilen
algoritmanin séz konusu problemi ¢ézmede basarili
oldugunu  gostermektedir. Xiao vd. (2017)
calismalarinda farkh bir bakis acisiyla arazi kullanim
planlarinda  maksimum  kapasite  kullaniminin
etkilerini ortaya koyan zon tabanli bir model
onermislerdir. Han ve Cheng (2017) sikisiklik
fiyatlandirmasi uygulamasinin etkinligini belirlemek
icin yedek kapasite problemini dikkate alan iki seviyeli
bir algoritma gelistirmislerdir. SKD bag akimlarinin
kullanildigi  algoritmanin test yol aglarina
uygulanmasi sonucunda sikisiklik fiyatlandirmasi
uygulamasinin ulasim ag1 performansi iizerindeki
pozitif etkisi ortaya konmustur. Son olarak Baskan ve
Ozan (2017) yedek kapasite probleminin ¢6ziimiinde,
ulasim agindan elde edilen faydanin kullanicilar
arasinda esit paylastirilmasini saglayabilmek icin
esitlik kavramini probleme ceza fonksiyonu olarak
dahil eden bir model oOnermislerdir. Problemin
¢6zlmu icin Armoni Arastirmasi Optimizasyon (AAO)
metodu tabanl iki seviyeli bir algoritma gelistirilmis
ve bag akimlar1 DKD trafik atamasi kullanilarak
bulunmustur. Sayisal sonug¢lar B-V  matrisinin
maksimum  ¢arpaninin  esitlik  parametresinin
degerine olduk¢a duyarl oldugunu géstermistir.

Literatiirden goriilebilecegi gibi yedek kapasite
eniyileme problemi bircok calismada farkli agilardan
dikkate alinarak ¢6zlilmeye ¢alisilmistir. Bu ¢alismada
SKD bag akimlarini dikkate alarak ulasim agindaki
yedek kapasiteyi belirleyebilen bir model dnerilmistir.
Bu amacgla AAO metodu tabanlhi iki seviyeli bir
algoritma gelistirilmistir. Ust seviyede B-V matrisi
carpani enbiiyiiklenmeye calisilirken alt seviyede ise
SKD bag akimlari Rota Akim Tahmin (RAT)
algoritmas1 kullanilarak belirlenmistir. Baglarin
akimlarinin kapasitelerini asmamalarin1 saglamak
amaciyla problem formiilasyonuna bu kosulu temsil
eden ceza fonksiyonu eklenmistir.

Calismanin ikinci béliimde yedek kapasite eniyileme
probleminin  formiilasyonu verilmistir. Sonraki
boélimde gelistirilen iki seviyeli ¢6ziim algoritmasinin
detaylar1 verilmistir. Dordiincii bélimde oOnerilen
algoritmanin Allsop & Charlesworth test ulasim agina
uygulanmast  sonucu elde edilen sonuclar
sunulmustur. Son béliimde ¢alismanin sonuclar1 ve
gelecekte yapilmasi planlanan g¢alismalara yer
verilmistir.

2. Problem Formiilasyonu

Yerel yoneticiler ulasim aglarindaki trafik sikisikligini
ve gecikmeleri azaltmak i¢in bir¢ok farkli ¢oziim
yontemi uygulayabilmekte, bu sayede zamanla artan
ulasim talebi veya farkl sekillerde ortaya ¢ikabilen ani
talep artislarina karsi ulasim aglarinin giivenilirligini
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saglayabilmeye calismaktadirlar. Diger taraftan yol
kullanicilari ise B-V ciftleri arasindaki seyahatlerinde
yerel yoneticilerin ulasim aginda yapmis olduklari
uygulamalar1  dikkate alarak kendi seyahat
maliyetlerini enkii¢iikleme yoluna gitmektedirler.
Ancak bilindigi gibi yedek kapasitenin en iyilenmesi
ulasim aginin daha fazla kullaniciya hizmet
verebilmesini saglamakla birlikte uygun sekilde
belirlenmeyen 1sik siirelerinden dolay1 kullanicilar
cok daha fazla gecikmeye maruz kalabilmekte ya da
ulasim aginin kapasitesi olmasi gerekenden daha
diisiik olabilmektedir. Bu nedenle g¢alismada yedek
kapasiteyi eniyileyen 1sik stirelerinin belirlenmesi
amactyla AAO metodu tabanli iki seviyeli bir algoritma
gelistirilmistir. Ust seviyede yedek kapasiteyi
eniyileyen B-V matrisi carpaninin enbiyiiklenmesi
problemi ele alinmistir. Alt seviyede ise ulasim
agindaki B-V ciftleri arasindaki farkl seyahat talebi
degerlerine karsilik kullanicilarin tepkileri SKD trafik
atama probleminin ¢oziilmesi ile temsil edilmistir. Bu
amagla herhangi bir ulasim aginda diigtimler, ne N,
baglar, a € A, B-Vifleri, k € K, olarak temsil edilirse
onerilen iki seviyeli programlama modeli asagida
verildigi gibi gosterilebilir.

max (1)
v

Kisitlar:

Cmin <c< Cmax
C,9)eQ); (g S0<c

v(c,0)eQ, ! ¢ @
2(p+1) =c
i=1

X, (1, w) <C,(w.8,) (3)

Burada {151k stireleri vektorii, Qo1s1k siirelerinin olasi
¢Ozlim Kklmesi, ¢ devre siiresi, cmin and cmax devre
siresinin alt ve st sinirlari, ¢ faz yesil stiresi, ¢,
minimum faz yesil siiresi, I yesilleraras: siire ve z
kavsaktaki faz sayisi olarak verilmistir. Ayrica u B-V
matrisi carpani, X, a bagindaki denge akimi, C, a

baginin kapasitesi ve S, ise doygun akim degeri olarak

ifade edilmistir. Denklem (3) herhangi bir a baginin
denge akimi degerinin ilgili bagin kapasitesine esit
yada ondan daha kii¢iik olmasi durumunu saglamak
icin kullanilmistir. Alt seviyede SKD trafik atamasi
Denklem (4) ve (5)de verilen optimizasyon
probleminin ¢6ziilmesi ile gerceklestirilebilir.

min F(x(v).w) = —a'y(x(w),¥)

(w) (4)
% (W)
XTt(w)w) - [t www
aeA
Kisitlar:
uo=Ah, x(y)=8h, h=>0 (5)

Burada A B-V/rotabelirleme matrisi [Ap;Vp € P] h

rota akim vektorii, 0 bag/rota belirleme matrisi ve
eger a bagl rota p lzerinde ise 5,, =1 aksi takdirde
5, =0 [5ap;Va eAVpe P], x(y) sinyal vektoriine
baglh bag akimlari vektort, q talep vektord, t ve Vise

bag ve rota seyahat siire vektorleri olarak temsil
edilmistir. SKD atamasi problemi RAT algoritmasi
(Bell ve Shield, 1995) kullanilarak etkin bir bigimde
cozulebilmektedir. Bilindigi gibi RAT algoritmasi logit
rota se¢im modeli tabanli bir algoritma olup en 6nemli
avantajl rota numaralandirmaya ihtiya¢ duymamasi
olarak ifade edilmektedir. Bu durum SKD problemi
diistiniildiigiinde olasi ¢6ziim kiimesini sinirlandiran
ve bu sayede ¢ozlim siiresini azaltan bir yaklasim
olarak karsimiza ¢ikmaktadir. Bu nedenle literatiirde
SKD atama probleminin ¢6ziimiinde bir¢ok
arastirmact RAT  algoritmasini  kullanmaktadir
(Ceylan, 2002; Ceylan ve Bell, 2004; Ceylan and
Ceylan, 2012; Dell’Orco vd., 2013).

Calismada yedek kapasite eniyileme probleminin
¢o6zlimu icin Onerilen Denklem (1)'de verilen ifade,
AAO metodunun enkiiciikleme metodu olmasindan
dolay1 Denklem (2-3)’de verilen kisitlara bagh olarak
asagida verildigi gibi ifade edilmistir.

min = (x.x", y) = 1, c[%max (x:(4.w)=C,(w.5,).0)  (6)

H

Denklem (1)'de verilen B-V matrisi ¢arpaninin
enbiiyiiklenmesi problemi 1/ u ifadesi kullanilarak

enkii¢iikleme problemine doniistiirtilmiistiir. Burada
Denklem (6)’'da verilen ifadenin sag tarafi ceza
fonksiyonunu, oise agirlik katsayisini temsil
etmektedir. Gelistirilen ceza fonksiyonuna gore eger
herhangi bir a baginin denge akim degeri ilgili bagin
kapasitesinden fazla ise bu durum z fonksiyonuna ceza
olarak uygulanacak aksi durumda ise fonksiyon
degerinde herhangi bir degisiklik olmayacaktir.

3. Yedek Kapasite Eniyileme Modeli

Calisma kapsaminda yedek kapasitenin eniyilenmesi
problemi icin gelistirilen iki seviyeli modelin
¢ozliminde, Geem vd. (2001) tarafindan gelistirilmis
olan AAO yonteminden yararlanilmistir. AAO yontemi,
bir optimizasyon probleminin en iyi sonucunu
bulabilmek i¢in izlenen adimlarin, bir orkestradaki
miizisyenlerin en ahenkli melodiyi calabilmek icin
verdikleri c¢abaya benzetiminden yola cikilarak
gelistirilmistir. Bu benzetimde, eniyileme
problemindeki karar degiskenleri orkestradaki
miizisyenleri, karar degiskenlerinin aldig1 degerler ise
miizisyenlerin ¢aldig1 notalar1 temsil etmektedir. AAO
yonteminin temel varsayimina gore bir miizisyen
dogaglama yaparken ¢alacagi bir sonraki notayi;
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i) Sahnede o ana kadar calarak bellegine almis
oldugu herhangi bir notay: tekrar secerek,

ii) Sahnede o ana kadar ¢aldig1 bir notanin komsusu
olan notalardan birini segerek, ya da

iii) Enstrimanindan tamamen rastgele bir nota
secerek calabilmektedir.

Bir amag fonksiyonunun AAO teknigi ile eniyilenmesi

sirasinda bir karar degiskeni;

i) Cozim slrecinin basinda olusturulan armoni
bellegi icinden herhangi bir degeri,

ii) Armoni belleginden secilen bir degere belirli bir
komsuluktaki baska bir degeri, ya da

iii) Onceden bilinen alt ve iist sinir aralig icinden
tamamen rastgele secilen bir degeri
alabilmektedir.

Ayrik ve stirekli karar degiskenlerine sahip eniyileme
problemlerinin ¢éziimiinde etkin olarak kullanilabilen

yontem, son yillarda kavsaklardaki 1sik siirelerinin
eniyilenmesi, ulasim ag tasarimi ve toplu tasima
aglarindaki sefer sikliklarinin eniyilenmesi gibi
ulastirma problemlerinin ¢éziimiinde de yaygin olarak
kullanilmaktadir  (Ceylan ve Ceylan, 2012;
Miandoabchi vd., 2012; Dell’Orco vd., 2013; Salcedo-
Sanz vd., 2013; Baskan, 2014; Gao vd., 2016; Ceylan ve
Ozcan, 2018).

Calisma kapsaminda gelistirilen AAO teknigi tabanl
iki seviyeli modelin genel yapisi Sekil 1’de verilmistir.
Sekilden goriildiigi izere, iist seviyede AAO teknigi ile
olusturulan isik siireleri ve B-V matrisi ¢carpanina bagh
olarak Denklem 6’da verilen amag¢ fonksiyonunun
degeri enkiiciiklenirken, alt seviyede trafik atamasi
problemi RAT algoritmasi ile ¢oziilerek SKD bag trafik
hacimleri hesaplanmaktadir.

KD probleminin RAT algoritmasi ile ¢éziimii

| I

[Ama(; fonksiyonu degerinin hesaplanm351]

{IST SEVIYE

[~ = = = = e mm em e mm em o mm o em e e Em e o e Em e e e = e e e =
| |
1 — Yol ag1 B-V matrisi ¢arpani |
" [ AAO teknigi ] [ modeli ] [ ] |
| I I 1 1
Evet
1 X Havr |
| [ Is1k siiresi ve B-V matrisi carpam degisk i ] < T [ Durma kosulu saglaniyor mu? ] I
| |
A
_______________________________ |
I :
I 1 I
I Isik siireleri ve B-V ¢arpanma bagh olarak i [ Sonucun degerlendirilmesi ] I
I
| s ! |
| 1 |
1 |
| |
| |
1 |
1 |

Sekil 1. Gelistirilen iki seviyeli modelin yapisi

AAO tekniginin c¢alisma kapsaminda gelistirilen
modele uyarlanmasi, asagida verilen bes adimh
algoritma ile gerceklestirilmistir.

ADIM 1: Bu adimda, Denklem 6’da verilen amag
fonksiyonu, orijinal B-V talep matrisi (q), karar
degiskenlerinin sinir degerleri (¢, £max » Cin» C

min 7 ~¥max )!

yol agina iliskin parametreler (serbest akim seyahat
siireleri, t° ve doygun akim degerleri, s ), AAO teknigi

parametreleri ve durma kosulu tanimlanmaktadir.
AAO tekniginin ¢6zlim siireci ii¢ temel algoritma
parametresi tarafindan kontrol edilmektedir. Bu
parametrelerden birincisi, armoni bellegi kapasitesi
(Harmony Memory Size, HMS) olup eniyileme
siirecinde kullanilacak olan ¢6ziim vektori sayisini
temsil etmektedir. Ikinci parametre, armoni bellegini
dikkate alma orani (Harmony Memory Consideration
Rate, HMCR) olup degeri [0,1] araligindadir. HMCR,
yeni bir ¢6ziim vektorii olusturulurken herhangi bir
karar degiskeninin alacagi degerin hangi olasilikla
armoni belleginden secilecegini temsil etmektedir.
Ton ayarlama orani (Pitch Adjustment Rate, PAR) AAO
tekniginde kullanilan iglincii parametre olup [0,1]

araliginda deger almaktadir. PAR, degeri armoni
belleginden secilecek olan bir karar degiskeni icin ton
ayarlama islemi yapilip yapilmayacaginin
belirlenmesinde  kullanilmaktadir. Yeni ¢6zliim
vektori liretiminin detaylar1 Adim 3’te verilmektedir.

ADIM 2: Bu adimda 6ncelikle faz yesil siireleri ve B-V
matrisi ¢arpani degerlerini iceren baslangi¢c ¢6ziim
vektorleri tiretilmekte ve bu vektorler Denklem (7)’de
verildigi sekliyle armoni belleginde saklanmaktadir.

I o wil (/’11,2 (/’rlv,z" | Z(y,x*,q’)l
wooeh ok Pus, 2(px )
= (7)
lLlHMS—l ¢1|:11M5'1 (DlljizMS—l go;r\;‘fl z (lu’ X*Y ‘II)HMSfl
| 1™ o™ en" o || 2(X )"

Burada ¢; i i. 151kl kavsagin j. fazindaki yesil siireyi,
Zn, n. kavsagin faz sayisini temsil etmektedir (i=1,2,...,
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Nvej=1,2,..,, zn). Denklem 7’de temsil edilen baslangig
bellegindeki B-V talep carpam ve faz yesil siiresi
degiskenlerinin baslangi¢ degerleri asagidaki gibi elde
edilmistir:

(i) B-V_matris carpani, 0 ile Adim 1'de tanimlanan

maksimum  deger arasinda asagidaki gibi
tretilmektedir:
0< 4 < gy (8)

(ii) Kavsaklardaki faz yesil stireleri, Adim 1'de
tanimlanan minimum yesil siire ve maksimum devre

suresi degerleri arasinda asagidaki gibi
tiretilmektedir:
Priin < wlj < Cmax (9)

Kavsaklar icin iiretilen yesil siire degerleri ile yesiller
arasi slrelerin, I, toplaminin minimum ve maksimum
devre siiresi degerleri arasinda kalmasi i¢in modelde
asagidaki kosullar tanimlanmigtir:

Coax — Zi1 L
L e — eger Z((ﬂi,j + |)> Crax
j=1
D
=
P =1 9, i eger Y (g +1)<Cpp (10)
.. i=
=
P aksi halde

Denklem (10) incelendiginde, i kavsagindaki yesil ve
yesillerarasi siirelerin toplamimin maksimum devre
sliresini  asmasi durumunda, toplam degerin
maksimum devre siiresine esit olmasini saglamak icin
iretilen yesil stirelerin oransal olarak azaltildigi
gorilmektedir. Benzer sekilde, s6z konusu toplam
degerin minimum devre siiresinin altinda kalmasi
durumunda {tretilen yesil silirelerin oransal olarak
azaltilarak, toplamin minimum devre siiresine esit
olmasi saglanmaktadir.

Denklem (6)’da verilen amag¢ fonksiyonu degerinin
hesaplanabilmesi icin baglardaki kullanici denge
akimlarina gereksinim duyulmaktadir. Gelistirilen
modelde, Denklem (4) ile verilen SKD atamasi
problemi Sekil 2'de verilen RAT algoritmasi
kullanilarak ¢éziilmektedir.

Tanimlamalar

q <— B-Vtalepleri, Ype P
x, <= 0, Vaec 4

1 € ta(xa), Vae A

v €— 1, iterasyon sayacl

Bag seyahat
stireleri L4

A

1, =

| |
St (x)+ (1= =),
. ’

Rota seyahat
stireleri \ 2

y,= Zc?nptu (v,).VpeP,

acd

Rota trafik
hacimleri 1'%

v=v+1

-ay,

e
—ay,
2 e

rely

h, < g,

Bag trafik
hacimleri A4
X, O, Vacd

cp, @ P

Yakinsayan rota/bag
hacmi var m1?

SKD bag

09 1 xl ,Vae A
hacimleri

Sekil 2. RAT algoritmasinin akis diyagrami

Sekil 2’'de verilen sagcilim parametresi «, yol
kullanicilarinin rota se¢im davranislari esnasinda rota
seyahat siirelerini hangi ol¢iide dikkate aldiklarini
belirlemektedir.

ADIM 3: Bu adimda, armoni belleginden ya da her bir
karar degiskeninin kendi ¢6ziim uzayindan rastgele
secilecek tonlar ile yeni bir ¢6zim vektori
tretilmektedir. Bu islem, HMCR olasiligina bagh
olarak gerceklestirilmekte olup, B-V matrisi ¢arpani
icin asagidaki gibi 6rneklenebilir:
! TR VS eser rnd(0,1) < HMCR
#,:{#6{## £t | ger .1 (1)
Heinn S H' S o aksi halde
Burada rnd(0,1), [0,1] araliginda tekdiize dagilima

uygun olarak {tretilmis olan bir sayiy1 temsil
etmektedir. Se¢cimin armoni belleginden yapilmasina
karar verilmesi durumunda, ton ayarlama isleminin

yapilip yapilmayacagina asagidaki gibi karar
verilmektedir:
. |4#'£rnd(0,1)bw eger rnd(0,1) < PAR
u=9", (0.2) ) (12)
y7i aksi halde

Burada bw, ton ayarlama islemine tabi tutulan karar
degiskeninin degerinin, armoni bellegindeki hedef
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degere ne kadar uzaktan secilecegini temsil eden bant
genisligidir. Denklem (11) ve (12)'de B-V matris
carpani icin orneklenen iiretim stlireci, ¢6zim
vektoriindeki yesil silireler i¢cin de ayni sekilde
gerceklestirilmektedir. Ancak, iretilen yesil stre
degerleri tamsayiya c¢evrilerek modele dahil
edilmektedir.

ADIM 4: Bu adimda, yeni liretilen ¢6zliim vektoriiniin
amag fonksiyonu degeri ile armoni bellegindeki en
koti vektoriin amag fonksiyonu degeri karsilastirilir.
Yeni vektor bellekteki en kotii ¢6ziimden daha diisiik
bir ama¢ fonksiyonu degeri verirse, yeni vektor
armoni bellegindeki en kotii vektoriin yerine bellege
dahil edilir.

ADIM 5: Bu adimda, Adim 1’'de tanimlanan iterasyon
sayisina ulasilip ulasilmadigi  kontrol edilir.
Hedeflenen iterasyon sayisina ulasildiysa algoritma
durdurulur ve armoni bellegindeki en iyi ¢déziim
saklanir. Aksi halde, Adim 3’e dontilerek yeni bir
¢Ozlim vektori lretilir.

4. Sayisal Uygulamalar

iki seviyeli modeli kullanilarak gelistirilen ¢oziim
algoritmasinin test edilebilmesi amaciyla Allsop ve
Charlesworth (1977) tarafindan gelistirilen test yol
ag1 kullanilmistir. Literatiirde bir¢cok calismada
kullanilan test aginda 6 151kl1 kavsak, 23 bag ve 14 adet
yesil siire degiskeni bulunmaktadir. Test aginin yapisi
ve faz plam sirasiyla Sekil 3 ve 4’te verilmistir.
Analizlerde kullanillan B-V talep matrisi ve bag
parametre degerleri Tablo 1-2’de verilmistir.

Tablo 1’den goriilebilecegi gibi 22 adet B-V cifti
arasinda toplam saatlik seyahat talebi 4920 tasit
olarak alinmistir. En diisiik talebin E-F ve G-F olarak
belirtilen B-V c¢iftleri arasinda oldugu, en yiiksek
talebin ise C ve F zonlar1 arasinda oldugu ayrica E-D ve
D-E zonlar1 arasinda seyahat talebinin sifira esit
oldugu Tablo 1’den goriilebilmektedir. Sekil 4’de
verilen faz planina gore 1,2,3 ve 6 numarali kavsaklar
iki fazli, 4 ve 5 numarali kavsaklar ise 3 fazli olarak
isletilmektedir.

Analizlerde kullanilan minimum faz yesil siire degeri 7
sn, minimum ve maksimum devre siiresi degerleri ise
sirasiyla 36 ve 120 sn olarak alinmis olup bu degerler
ulasim ag tasarimina iliskin calismalarda yaygin
olarak kullanilmaktadir. Ayrica, yesillerarasi stire 5 sn
ve B-V matrisi ¢arpaninin minimum ve maksimum
degerleri sirasiyla 0 ve 3 olarak se¢ilmistir.

Kavsak Numarass Faz 1 Faz2 Faz3

Sekil 4. Faz plani

Tablo 1. B-V talep matrisi (tasit/saat)

B/V A B D E F
A - 250 700 30 200
C 40 20 200 130 900
D 400 250 - 0 100
E 300 130 0 - 20
G 550 450 170 60 20
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Tablo 2. Bag parametreleri

Tablo 4. Bag akimlar1 ve doygunluk dereceleri

Kavsak Bag Serbest Akim Doygun Akim
Numarasi1 Numarasi Seyahat Siiresi (sn) (tasit/saat)
1 1 2000
1 2 1 1600
16 10 2900
19 10 1500
3 10 3200
2 15 15 2600
23 15 3200
3 4 15 3200
14 20 3200
20 1 2800
5 20 1800
6 20 1850
4 10 10 2200
11 1 2000
12 1 1800
13 1 2200
8 15 1850
5 9 15 1700
17 10 1700
21 15 3200
7 10 1800
6 18 15 1700
22 1 3600

Allsop ve Charlesworth yol ag1 uygulamasinda AAO
metodu parametreleri HMCR ve PAR literatiirle
uyumlu olarak 0.90 ve 0.10 olarak se¢ilmistir (Geem,
2005, 2006, 2007). HMS=30 ve maksimum iterasyon
sayisl ise 100,000 olarak kullanilmistir. Gelistirilen
algoritmanin AAO metodu ile ¢6ziilmesi neticesinde
Denklem (6)'da verilen amag¢ fonksiyonu degeri
yaklasik 0.86 ve B-V matrisi ¢arpaninin maksimum
degeri 1.164 olarak elde edilmistir. Belirlenen amag
fonksiyonu degeri icin elde edilen B-V matrisi
maksimum c¢arpani ve en iyi 151k siireleri Tablo 3’te
verilmistir. Tablodan goriilebilecegi gibi elde edilen en
iyi faz yesil ve kavsak devre siireleri analiz
baslangicinda g6z Oniine alinan smir sartlarini
saglamaktadir. Analiz sonucunda elde edilen SKD bag
trafik hacimleri ve ilgili doygunluk dereceleri Tablo
4’'te goriilmektedir. Toplam talep yaklasik %16
artirllarak 5707 ta/sa degerine ulagsmasina ragmen
Tablo 4’'ten goruldiigii gibi baglara ait doygunluk
dereceleri 1’in altindadir. Test ulasim aginda, 20 ve 21
numarali baglar sirasiyla 0.97 ve 0.98 degerleriyle en
yliksek doygunluk derecesine sahip baglar olup, 6 ve
12 numarali baglar ise en az doygunluk derecesine
sahip baglar olarak karsimiza ¢ikmaktadir. Sonug
olarak analiz sonuclar1 bag kapasiteleri asilmadan test
ulasim aginin yaklasik %16’lik bir yedek kapasiteye
sahip oldugunu gostermektedir.

Tablo 3. B-V matrisi carpani ve en iyi 151k stireleri

Yesil siireler (sn)

B-V matrisi Devre Kavsak Faz1l Faz2 Faz3
¢arpani Siiresi no
7 (sn) b P2 Pia
65 1 18 37
75 2 31 34
109 3 60 39
L1164 120 4 38 34 33
115 5 20 35 45
74 6 31 33

SKD SKD
Bag Bag Doygunluk Bag Bag Doygunluk
Numarast1 Akimlart Derecesi Numarast Akimlar1 Derecesi
(ta/sa) (%) (ta/sa) (%)

1 833 49 13 524 87

2 540 59 14 916 80

3 833 63 15 917 85

4 675 59 16 768 96

5 741 70 17 481 93

6 203 40 18 410 58

7 540 72 19 733 86

8 557 63 20 1502 97

9 141 48 21 1232 98
10 557 89 22 1455 91

11 579 91 23 974 67

12 294 27

5. Sonug ve Tartisma

Bu calismada kenti¢ci karayolu aglarinda yedek
kapasite eniyileme probleminin ¢ozimi icin iki
seviyeli bir model gelistirilmistir. Ust seviyede
literatiirden farkli olarak yedek kapasitenin
eniyilenmesi amaciyla AAO metodu kullanilmistir. Alt
seviyede ise literatiirde deterministik yaklasima gore
daha gercekci oldugu belirtilen SKD trafik atama
problemi dikkate alinmistir. SKD bag trafik
hacimlerinin elde edilmesi amaciyla 151k siirelerinin
goz online alindigi RAT algoritmas: kullanilmistir.
Onerilen modelin etkinliginin test edilmesi amaciyla
literatlirde siklikla kullanilan Allsop ve Charlesworth
ulasim ag1 se¢ilmistir. Sayisal uygulamalar sonucunda
test ulasim agina ait B-V matrisi maksimum c¢arpani
1.164 olarak elde edilmistir. Elde edilen bu deger bag
kapasitelerinin asilmadan analizi yapilan ulasim
aginin yaklasik olarak %16’lik bir yedek kapasiteye
sahip oldugunu gostermektedir. Gelecek calismalarda
yedek kapasite eniyileme probleminin ¢6zliimiinde
ulasim agindaki toplam gecikme degerini de goz
Oniline alabilen bir model gelistirilmesi
planlanmaktadir.
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Silver (Ag) inks are often used as precursors to form current collector layers on the
intermediate-temperature solid oxide fuel cell (SOFC) cathodes. It has been common
practice to add glassy phase (frit) particles into the Ag inks to achieve good adhesion
between the current collector and the cathode layers upon firing. However,
insufficient attention has been given to the effects of frit content on the
microstructure and the current collecting properties of Ag layers. This study
presents the effect of frit addition on the measured electrochemical performance of
Lao.sSro.4FeOs (LSF) thin film cathodes. Microstructural analyses reveal that frit
addition significantly densifies the Ag current collector layer. The glassy phase
replacing Ag reduces the contact area between the Ag particles and the LSF thin film
cathode, resulting in increased ohmic resistances. The glassy phase also seals the
electrocatalytic surface of the LSF thin film, thus enhancing the cathode polarization
resistances. Electrochemical impedance spectroscopy measurements on
symmetrical half-cells reveal that ohmic resistances matching the resistivity of the
yttria stabilized zirconia electrolyte (YSZ) and acceptable cathode polarization
resistances (e.g., 0.5 Qcm? at 700°Cin air) can be obtained when frit-free Ag current
collector inks are used.

GUMUS AKIM TOPLAYICI MUREKKEPLERINDE FRIiT BULUNMASININ KATI
OKSIT YAKIT HUCRESIi KATOTLARININ ELEKTROKIMYASAL

PERFORMANSINA ETKIiSi

Anahtar Kelimeler

0z

Kati Oksit Yakit Hiicreleri,
Akim Toplayici,

Guimdlis,

Empedans Spektroskopisi,
Katot.

Giimis (Ag) iceren asiltilar (miirekkepler) orta sicakliklarda ¢alisan kat1 oksit yakit
hiicresi (KOYH) katotlar: iizerine siklikla akim toplayici olarak uygulanirlar. Bu
miirekkeplere camsi faz (frit) parcaciklarinin 1sil islem sonrasinda altliga iyi
yapisma saglanmasi amaciyla eklenmesi geleneksel olarak uygulanagelmistir. Fakat
bu parcaciklarin Ag miirekkeplerine eklenmelerinin akim toplayict mikroyapisi ve
performansi lizerindeki etkileri net olarak tespit edilmemistir. Bu ¢alismada glimiis
miirekkeplerine frit eklenmesinin LaoeSro4FeOs (LSF) ince film katotlarinin
elektrokimyasal performansina etkisi sunulmaktadir. Mikroyapisal analizler frit
etkisinin Ag akim toplayici katmanini yogunlastirdigini géstermektedir. Ag yerine
eklenen camsi faz Ag /LSF ince film katot arayiizey alanini azaltmakta ve yiiksek
ohmik dirence sebep olmaktadir. Camsi faz ayrica LSF yiizeyini mihirlemekte,
boylece yiiksek polarizasyon direnclerine yol agmaktadir. Simetrik yari-hiicreler
iizerinde gerceklestirilen elektrokimyasal empedans spektroskopisi dlctimleri frit
icermeyen Ag mirekkepleri kullanildiginda itriya katkili zirkonya elektrolitin
ozdirenci ile ortiisen ohmik direngler ve kabul edilebilir katot polarizasyon
direnclerinin (6rn., 700 °Cve duragan hava ortaminda 0.5 2cm? ) elde edilebildigini
gostermektedir.
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1. Introduction

In pursuit of solid oxide fuel cells (SOFCs) with higher
power densities, there has especially been an
intensive effort to develop cathode materials with new
chemistries and microstructures (Lyskov et al., 2018;
Tatko et al., 2015; Li et al., 2014). To evaluate the
performance of the developed cathode materials in the
laboratory scale, electrochemical testing using single
button cell or symmetrical half-cell configurations has
been the widely adopted approach (Chen et al,, 2015).

When performing electrochemical testing of cathodes,
utilization of a suitable current collector is very
important to obtain accurate results. The current
collectors used at the cathode side must exhibit high
electronic conductivity under oxidizing atmospheres
and at high temperatures (i.e. 500-750 °C). In addition,
they must be chemically stable and compatible with
adjacent components while possessing sufficient
porosity to allow for effective gas delivery to the
electrochemically active sites. These stringent
requirements are met by only a handful of noble
metals such as; gold (Au), platinum (Pt) and silver
(Ag). All of these metals exhibit high electronic
conductivity at high temperatures (Au 10.6x104Scm1,
Pt 2.6x10* Scm1and Ag 14.6x10* Scm1 at 800 °C, Zhu
and Ghezel-Ayagh, 2017). However, among these
metals, Ag is by far the most cost-effective one, i.e,, its
per ounce price is ca. 50 times lower than that of Au
and Pt (West and Manthiram, 2015).

Ag current collectors are usually applied onto the
SOFC cathode by screen-printing or brush painting an
ink containing the Ag particles followed by a heat
treatment to ensure bonding among the Ag particles
and provide good attachment of the current collector
to the cathode surface (Gong et al.,, 2012; Guo et al,,
2011; Sarikaya et al., 2012a). Upon the preparation of
Ag inks, addition of glassy phase particles (frit) has
been a frequently encountered approach to ensure a
stronger bonding to the substrate (Rane et al., 2004).
However, the effect of the presence of frit on the
accuracy of the electrochemical impedance
spectroscopy measurements of SOFC cathodes
remains unknown. Hence, in this study, the effect of
the presence of frit on the microstructure of the fired
Ag current collector layer and the measured
electrochemical performance of the cathode is
investigated.

2. Materials and Methods

To understand the effect of frit content, which is
usually present in the Ag current collector inks for
good adhesion, on the measured cathode
performance, symmetrical half-cells, based on thick
yttria stabilized zirconia (YSZ) electrolyte substrates
were prepared. To prepare the YSZ electrolyte
substrates YSZ powders (Tosoh, Japan) were
consolidated into a disk shape by die pressing and
then a tighter packing was achieved by cold isostatic
pressing under 200 MPa. The obtained discs were
sintered at 1400 °Cfor 2 hours in air to achieve dense
ceramics.

The Lao.eSro4FeO3 (LSF) cathodes were formed on each
side of the YSZ substrates to achieve symmetrical with
the LSF/YSZ/LSF configuration. This was realized by
spin coating a polymeric LSF precursor onto the YSZ
ceramics. To prepare the polymeric LSF precursor
solutions, strontium nitrate (Sr(NO3)2, = 99%, Sigma-
Aldrich), lanthanum (III) nitrate hexahydrate
(La(NO3)3.6H20, 2 99%, Fluka) and iron(III) nitrate
nonahydrate (Fe(NO3)3.9H20, 2 99%, Sigma-Aldrich)
salts were dissolved in distilled water. Ethylene glycol
was added to the resultant solution, which was then
stirred at 80 °C until whole water had evaporated.
Finally, 2-butoxyethanol was added to the solution for
improved wetting of the YSZ substrate during the
coating process. The spin-coating process was
performed at a rotation speed of 3000 rpm. The
achieved LSF/YSZ/LSF symmetrical half-cells were
sintered at 700 °C for 3 hours to achieve crystallized
thin film cathodes.

Both sides of the LSF/YSZ/LSF symmetrical half-cells
were coated either with frit-free or frit containing Ag
inks, denoted as Ag-ff and Ag-f respectively. The frit-
free Ag ink was prepared in our laboratories by mixing
Ag powder (Nanokar, Turkey, 99.9%) with a-terpineol
(Alfa-Aesar, 96%) and 2-butoxyethanol (Acros
Organics, 99%) in a 22:4:1 weight ratio using mortar
and pestle. The frit containing Ag ink was purchased
commercially (Ariteks, Turkey). The Ag current
collector inks were deposited by brush painting,
followed by heat treatment at 600 °Cfor 3 hours in air.

The microstructural and elemental analyses of the Ag-
ff and Ag-f current collector layers were performed by
scanning electron microscopy/energy dispersive x-
ray spectroscopy (Philips XL30 SEFG SEM). The
electrochemical  performance of the  Ag-
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f/LSF/YSZ/LSF/Ag-f and Ag-ff/LSF/YSZ/LSF/Ag-ff
symmetrical half-cells were investigated by
electrochemical impedance spectroscopy
measurements performed using a Biologic-SP150
potentiostat/galvanostat/impedance analyzer, at
450-700 °C in stagnant air.

3. Results and Discussion

Scanning electron microscopy (SEM) analyses
performed on the current collectors fabricated from
frit containing (Ag-f) and frit-free (Ag-ff) Ag reveal the
effect of the frit content on the microstructure of the
current collectors (Figure 1). Figures 1a and b show
the top surface and cross-sectional views of the Ag-ff
layer respectively after sintering at 600 °Cfor 3 hours,
in air. The average particle size of Ag-ff layer is ca. 3
um and has a porous structure that should allow facile
transport of the oxygen gas to the electrocatalytically
active LaoeSrosFeOs (LSF) surface. Using image
analysis by Image], the porosity of the Ag-ff layer is
determined as 21%.

Figures 1c and 1d depict the surface and cross-
sectional SEM views of the Ag-f layer. The top surface
image reveals a pore-free microstructure consisting of
two interconnected phases with distinct morphologies
(Figure 1c). One of these phases has a facetted
morphology suggesting a crystalline nature, while the
other exhibits a continuous and featureless
morphology, suggesting a glassy phase (Figure 1c).
The cross-sectional SEM image of the Ag-flayer shows
only a few large pores that are not interconnected, and
hence would not contribute to the gas transport
(Figure 1d).

Table I provides the atomic and weight ratios of the
elements determined by energy dispersive x-ray
spectroscopy  analyses performed in areas
representative of the Ag-ff and Ag-f current collectors
(Areas 1 and 2 in Figures 1la and c respectively), in
addition to those performed in areas consisting solely
of the faceted and featureless phases (Areas 3 and 4
respectively). Here, for facile comparison of the
elemental ratios, the signals corresponding to oxygen
are omitted. Area 1 is determined to consist solely of
Ag, with small intensities of Y and Zr signals also
reaching the detector from the YSZ substrate, through
the porous current collector (Table I). Area 2
represents the general surface of the Ag-f current
collector and along with Ag, signals belonging to Zn, Al,
Si and Ba elements, the oxides of which constitute the
glassy frit phase, are obtained (Table I). The faceted
phase in the Ag-f current collector (Area 3) evidently
is Ag, while the featureless phase (Area 4) consists
mainly of the frit content in the commercial Ag-f ink
(Table I).

Figure 1. Scanning electron microscopy images of a)

the top-down b) the fracture surfaces of Ag-ff current

collectors, c) top down and d) fracture surfaces of Ag-

f current collectors after heat treatment at 600 °C for
3 hours, in air.

Table 1. Relative amounts of elements obtained
from the energy dispersive x-ray spectroscopy
analysis performed on the four areas at the surfaces
of Ag-f and Ag-ff current collector layers shown in

Figure 1.

Elements [-\tomic % 1_&tomic % Atomic % .l_ltomic %
in Area 1 in Area 2 in Area 3 in Area 4

Ag 97.28 18.29 90.91 5.54

ZIn | ... 43.82 9.09 77.65

Al | .. 6.22 | e 1.73

Si | 29.77 | 6.23

Ba | ... 190 | ... 8.49

Y 1.09 | e | e | e

Zr 092 | e | e |

The current collector performance of Ag-f and Ag-ff
layers are investigated via electrochemical impedance
spectroscopy (EIS) measurements of symmetrical
half-cells with yttria stabilized zirconia (YSZ)
electrolytes and LaosSrosFeOs (LSF) thin film
electrodes (cell configuration: current
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collector/LSF/YSZ/LSF/current collector), in
stagnant air. EIS measurements of symmetrical half-
cells carried out under open circuit conditions (0 V)
and an amplitude of 10 mV from 0.5 MHz to 0.2 Hz.
Figures 2a-c shows the Nyquist plots obtained from
the symmetrical half-cells with Ag-f or Ag-ff current
collectors at 700, 641 and 588 °Crespectively, in air.
For a facile comparison of the electrochemical
response in the two types of samples, the impedance
data are normalized to unit area by multiplying both
the imaginary and real coordinates by the geometric
electrode area (Figure 2a-c). Here, in general, the
impedance spectra are interpreted as consisting of
two parts; i) the high frequency intercept
corresponding to the area specific ohmic resistance
(denoted as ASR1) and ii) the distance between the
low frequency and the high frequency intercepts
(ASR2), referred to as the “polarization resistance”
(Figure 2a inset). ASR1 comprises of area specific
resistance contributions originating from the
resistance to the ionic transport through the YSZ
electrolyte + the resistivity of the LSF thin film
electrons + any current collector resistances. Since
LSF exhibits a very high electronic conductivity under
the present experimental conditions, (ca. 100 Scm-! at
700 °C in air, Patrakeev et al., 2015) and is fabricated
in the form of thin films in the present case (i.e.,
thickness< 1 um) its contribution to the ohmic
resistance is negligible here. ASR2 (the polarization
resistance) refers to the inverse of the oxygen
reduction/oxygen evolution reaction (ORR/OER)
activity at the two LSF electrodes, i.e., polarization
resistance per electrode is the half of ASR2. At all
temperatures, the impedance arc obtained from the
symmetrical half-cells using Ag-f current collectors
starts at higher ASR1 values than those using ASR-ff
current collectors (Figures 2a-c). In addition, very
large ASR2 values (in the range of hundreds of (.cm?)
are obtained at all temperatures when Ag-f is used
(Figures 2a-c). On the other hand, quite acceptable
electrode polarization resistances, e.g., 0.5 Qcm? at
700 °C (Figure 2a), are obtained when Ag-ff current
collectors are employed.

For a clear interpretation of the impedance responses
obtained from symmetrical half-cells with Ag-fand Ag-
ff current collectors, the ohmic and polarization
responses are analyzed separately. Figure 3a shows
the temperature dependence of the ohmic resistance
obtained from the symmetrical half-cells employing
Ag current collectors with and without frit content. As
expected, area specific resistance (ASR1) follows an
Arrhenius-type behavior in both cases with similar
slopes. However, the ohmic resistances obtained from
the symmetrical half-cells employing Ag-f current
collectors are approximately 3-4 times those
employing Ag-ff current collectors. The higher ohmic
resistances observed in the case of Ag-f current
collectors is considered to be directly related to the
composition of the ink this current collector was
prepared from. The significant amount of glassy phase

in the Ag-f current collectors (18.29 at.% Ag in Area 2,
Table I) results in a smaller interfacial contact area
between the Ag particles and LSF thin film cathode
than that exists in the case of Ag-ff current collectors
causes higher ASR1 values.
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Figure 2. Nyquist plots constructed from the
electrochemical impedance spectroscopy
measurements performed on Ag-f/LSF/YSZ/LSF/Ag-f
and Ag-ff/LSF/YSZ/LSF /Ag-ff symmetrical half-cells,
ata) 700, b) 641 and c) 588 °C.

To determine whether ASR1 obtained from the Ag-ff
current collector is at an acceptable value, the
electrical conductivity of the YSZ electrolyte is
calculated using Eq. (1) and its temperature
dependence is compared to the data from the
literature (Figure 3b). In Eq. (1), o and L refer to the
electrical conductivity and the electrolyte thickness
respectively.

L
o=
(ASR1)

(1)
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Figure 3. Temperature dependence of a) the ohmic
resistance obtained from the electrochemical
impedance spectroscopy measurements of Ag-
f/LSF/YSZ/LSF/Ag-f and Ag-ff/LSF/YSZ/LSF/Ag-ff
symmetrical half-cells and b) the electrical
conductivity of the YSZ electrolytes calculated from
the ohmic resistance of the Ag-ff/LSF/YSZ/LSF/Ag-ff
symmetrical half-cell. The electrical conductivity
values from the literature are also included in the
latter for comparison (Wachsman et al., 2014; Kwon
and Choi, 2006; Kosacki et al., 2005).

The electrical conductivity of YSZ measured in the
present study using symmetrical half-cells with LSF
cathodes and Ag-ff current collectors is at an
acceptable value, e.g, 0.066 Scm-! at 700 °C. Over a
wide temperature range, the electrical conductivity
values obtained here for YSZ using the frit-free Ag
current collector lie even slightly higher in
comparison to the data obtained by E. Wachsman et al.
(2014) and Kwon and Choi (2006). The activation
energy for the electrical conductivity is determined as
0.95 eV, agreeing well with the values reported in the
literature for the oxygen ion transport through the YSZ
lattice (Kosacki et al., 2005) and those reported by
Wachsman et al. (2014) and Kwon and Choi (2006).
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Figure 4. Bode plots constructed from the
electrochemical impedance spectroscopy
measurements performed on a) Ag-
ff/LSF/YSZ/LSF/Ag-ff and b) Ag-f/LSF/YSZ/LSF/Ag-f
symmetrical half-cells, at 700, 641 and 588 °C.

Another important criterion that determines the
suitability of the cathode current collector is the
cathode polarization resistance that is obtained upon
its use. The Nyquist plots given in Figure 2 suggest that
the Ag-ff current collector allows the achievement of
acceptable cathode polarization resistances, while Ag-
f does not. However, a more detailed analysis is
required to understand what makes the Ag-f
unsuitable for obtaining low cathode polarization
resistances. For this purpose, Bode diagrams are
constructed from the impedance responses of the
symmetrical half-cells employing Ag-f and Ag-ff
current collectors (Figure 4). The EIS response of the
symmetrical half-cells using Ag-ff current collectors
obtained at 588 °C exhibit a single peak at the 102 Hz,
which decreases in magnitude and increases in
frequency with increasing temperature (Figure 4a).
This behavior points to a temperature dependent
electrochemical process and suggests that there is
sufficient access of oxygen gas to the LSF thin film
cathode. On the other hand, Figure 4b shows that the
single peak in this case appears at frequencies below
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10-2Hz, which is out of the measurement range of our
device. It is also seen that with increasing
temperature, the summit frequency remains out of
range, but the magnitude of the imaginary part of the
impedance decreases (Figure 4b). It may be argued
that the dense microstructure (shown in Figure 1c)
and the low frequency nature of the peak observed in
the Bode plot (Figure 4b) corresponds to limited
oxygen gas diffusion to the LSF surface, i.e,
concentration polarization dominates the EIS
response. However, concentration polarization is
characterized by a weak dependence on temperature
(Primdahl and Mogensen, 1999), whereas a clear
decrease in the imaginary part of the impedance is
observed here (Figure 4b).

An alternative explanation to the extremely poor
electrochemical performance observed in the case of
Ag-f current collectors is again connected to the dense
microstructure originating from the glassy phase
content, shown in Figure 1c. It is well-known that
glassy pastes have been employed as gas sealants in
SOFC stacks to prevent the intermixing of the fuel and
oxygen gases (Fergus, 2005). Therefore, it is
reasonable to assume that the glassy phase present in
the Ag-f current collector completely blocks the
surface of the LSF (instead of partially limiting gas
transport there) and renders this layer inactive for the
ORR/OER, as schematically depicted in Figure 5a. In
this case, since no electrocatalytic activity is expected
from the glassy phase, only the surfaces of Ag particles
at the outer surface of the Ag-f current collector
remain as the available sites for oxygen adsorption
and reduction (Figure 5a). The extremely small
amount of Ag surface that the Ag-f current collector
exposes for oxygen adsorption and reduction is one
factor that causes high polarization resistances at low
frequencies. The other factor in the proposed scenario
is that the percolated Ag network acts as the sole
oxygen ion conducting path (Sarikaya et al, 2012b;
Kontoulis and Steele, 1991), which is a long one (Ag-f
layer is ca. 50 pm thick). Further experiments
involving EIS measurements on symmetrical half-cells
employing Ag-f current collectors with different
thicknesses are required to determine which process
(oxygen adsorption/reduction at the surface or
diffusion through the Ag lattice) dominates the EIS
response.

On the other hand, when no glassy phase is present in
the Ag current collector and when this layer is porous,
the oxygen gas is facilely transported to the active
surfaces of the LSF particles of the thin film cathode
where fast ORR/OER takes place.

5. Summary

A common practice to ensure adhesion of Ag current
collector inks onto the surfaces of the solid oxide fuel
cell cathodes is the addition of a glassy phase, which
may undergo a glass transition at the operating

temperatures of 500-700 °C. In this study, the effects
of frit addition on the measured electrochemical
performance of Lao.sSro.4FeOs (LSF) cathodes has been
investigated. The microstructure and electrochemical
performance of two types of symmetrical half-cells;
one utilizing frit-free, the other frit containing Ag
current collectors were compared. The symmetrical
half-cell employing current collector without frit
exhibits a very acceptable cathode polarization and
ohmic resistances. On the other hand, the half-cell with
the frit containing Ag current collector showed slightly
higher ohmic resistances and extremely large cathode
polarization resistances. This was explained by the
extremely dense microstructure of the frit containing
Ag current collector layer i) reducing the Ag-LSF
interfacial contact area and ii) blocking the
electrocatalytic LSF surface, thus causing poor current
collection and low electrochemical performance
respectively.

Glassy phase

Frit containing Ag current
collector

Thin film LSF cathode

YSZ electrolyte

Frit-free Ag current
collector

Thin film LSF cathode

YSZ electrolyte

D

Figure 5. Schematic representation of the oxygen
reduction pathway when a) frit containing Ag (Ag-f)
and b) frit-free Ag (Ag-ff) current collector inks are
used on LSF thin film cathodes.
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Inhibitér.

5-(4-Dimetilaminobenzyliden)-rodanin (D-Rh) molekiiliiniin, yumusak ¢eligin
korozyonuna inhibisyon etkisi 0,5 M H2S04 ¢ozeltisinde, elektrokimyasal impedans
spektroskopisi, lineer polarizasyon direnci, kronoamperimetri ve potansiyodinamik
polarizasyon egrilerinden yararlanilarak arastirilmistir. Deneysel sonuclar
inhbisyon etkinliginin D-Rh’in derisimi ile artigin1 gostermistir. Adsorpsiyon
izotermi Langmuir adsorpsiyon izotermine uymaktadir. D-Rh molekili icin
aktivasyon enerjisi hesaplanmistir.

THE EFFECT OF CORROSION OF 5-(4-Dimethylaminobenzyliden)-rhodanin on MILD

STEEL

Keywords

Abstract
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Corrosion,
Inhbitor.

The inhibition effect of 5-(4-Dimethylaminobenzyliden)-rhodanin (D-Rh) molecule
on mild steel corrosion has been investigated in 0.5 M H2504 solution using help with
electrochemical impedance spectroscopy, linear polarization resistance,
chronoamperometry and potentiodynamic polarization techniques. The
experimental result show that the inhibitor efficiency increases with increasing
inhibitor concentration. The adsorption isotherm is suitable with Langmuir. The Ea
are calculated.
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1. Giris

Basta yumusak celik olmak tizere, ¢elik malzemelerin
endiistriyel anlamda ¢ok fazla kullamim alani
bulunmaktadir. Yumusak

Glnlmiiz kosullarinda korozyonun teknik anlamda
oniline gecilemese de, korozyon kaynakli hasarlarin
zamaninda saptanmasi ve korozyonun hizinin
belirlenerek kontrol altinda tutulmasi, ayrica

celik, boru hatlar, korozyon kaynakli hasarlarin yol agabilecegi maddi

rafineriler, madencilik ve insaat sektorleri gibi bircok
sektorde kullanilmaktadir. Bu tiir malzemelerin
yaygin olarak kullanimlarini kisitlayan en etkin
parametre Kkorozyon dur ve bircok sanayi
kurulusunun korozyon olayindan etkilenerek, cok
biiytik kayiplar vermeleri kacinilmazdir. Dogal bir
siire¢ olan korozyon, ¢evre ve insan gibi faktorler ele
alindiginda istenmeyen ve 6nlemesi zorunlu olan bir
olaydir (Erbil,vd.1984; Erbil,M.2012).

zarar ve kayiplarin azaltilabilmesi mtimkiinddr.

Asit ¢ozeltileri, endiistride c¢ogunlukla, metal ve
alagimlarin  temizlenmesi, bunlara uygulanan
asindirma ve kire¢ ¢6zme islemlerinde yaygin olarak
kullanilirlar. Asit ile temizleme islemleri ile metalin
temizlenmesi sirasinda metalin ¢Ozlinmesi
(Korozyon) gerceklesebilmektedir.

Korozyon olayini tamamen engellemek s6z konusu

* ilgili yazar / Corresponding author: ealtunbassahin@gmail.com, +90-426-216 0050
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olmamakla birlikte, metalik kaplama (Solmaz 2. Bilimsel Yazin Taramasi
vd,2009), polimer kaplama (Altunbas,vd.2008;

Altunbas vd,2010) anodik koruma, katodik koruma
inhibitor kullanimi gibi farkli yontemler ile metallerin
Omiirleri uzatilabilir. Bu yo6ntemler igerisinde
yumusak celikler icin en yaygin olarak kullanilan
yontem  inhibitérlerin  kullanilmasidir.  (Musa,
vd., 2009, Abbouda .vd.2009).

inhibitérler organik ve inorganik inhibitér olarak
siniflandirilirlar. Organik inhibitérler adsorpsiyon
inhibitorleri olarak tanimlanir ve ¢ogunlukla asidik
cozeltilerde tercih edilirler. Inhibitér olarak kullanilan
organik molekiillerin metal yiizeyine adsorpsiyonu
sterik faktorler, elektron sunan gruplarin elektron
yogunlugu, molekiil yapisinda bulunan adsorpsiyon
merkezi olarak kabul edilen N, O, S, P gibi atomlar, ikili
yada ti¢lii baglara baghidir (Déner vd.2010).

Bir organik bilesigin inhibitor olarak etkinligi, temel
olarak 1 numarali esitlikte verildigi gibi korozif ara
ylizeyde su molekiiliiniin yerine gecerek metal

ylzeyinde tutulma egilimine baghdir (Solmaz
vd.2009, Solmaz,vd.2014).
Orgsol) + NH20(ads) Org(ads) + nH20(sol) (1)

Literalire bakildiginda Rodanin ve tiirevlerinin
kimyasal yapilarinda N-C=S molekiillerinin bir arada
bulundugu gorillmektedir. Bu molekiiller rodanin ve
tlirevlerinin, antibakterial (Foye,W. 2011),
antidiyabetik (Momose vd.1991), antiviral (Mishra
vd.1997), antimikrobial (Sudo vd.1999) gibi biyolojik
aktivitelerde kullanilmasin1  saglamistir. Bunun
yaninda bazi soy metal iyonlarinin analizi i¢in segici ve
duyarli olan rodanin tiirevleri korozyon onleyici
olarak kullanildigi c¢alismalarda bulunmaktadir,
(Doner vd.2011, Altunbas, vd.2008, Solmaz vd.2014)
kullanilirlar. Rodanin molekiilii aktif merkez olarak 3
cesit heteroatom icermektedir, bu 6zelligi kolayca
tretilip saflastirllmasinda avantaj saglamaktadir
(Solmaz vd.2005)

Bu ¢alismada, Sekil 1 de molekiil yapis1 verilen 5-(4-
Dimethylaminobenzyliden)-rodaninin (D-Rh) 0,5 M
H2S04 cozeltisindeki korozyon davranisi
arastirilmistir. Farkli derisimlerde yapilan analizler de

molekiiliin  etkinliginin artan derisimle artig
belirlenmistir. Termodinamik c¢alismalarda ise
molekiiliin  adsorpsiyon izoterminin Langmuir

izotermine uydugu tespit edilmistir.
CHy

H3C\N H

X NS
)

Sekil 1. D-Rh molekiiliin kimyasal yapisi

G.Kardas R.Solmaz, (2005), yaptiklari ¢calismada 0,5 M
HCI ¢ozeltisi igerisinde yumusak celigin korozyonuna
sectikleri bazi barbiitiirat tiirevlerinin (barbutik asit,
etilbarbutrik asit ve 2-tiyobarbutrik asit) etkisini
arastirmislardir. Yaptiklari calismalarda
elektrokimyasal impedans spektrometresi (EIS) ve
lineer polarizasyon direncinden (LPD) tekniklerinden
yararlanmislardir. Inhibisyon etkisinin
belirlenmesinde kimyasallarin molekiiler yapilar1 ve
secilen inhibitorlerin konsantrasyonunun o6nemli
oldugunu belirlemislerdir. Calismalarinda
kullandiklari inhiibtorler igerisinde en etkin olaninin
2-tiyobarbutrik  oldugunu belirtmisler ve 2-
tiyobarbutrik asitin adsorpsiyon denge
konsantrasyonu ve standart serbest enerji degerleri
belirlenmistir.

G.Kards, R.Solmaz (2007), Rodainin molekiiliiniin
bakir yiizeyinde elektrokimyasal sentezini doniistimli
voltametri tekniginden yararlanarak
gerceklestirmislerdir.  Yapilan c¢alismada bakir
ylizeyine sentezlenen Rodanin molekiiliiniin yapisi F-
tir, UV, TGA gibi tekniklerle aydinlatilmistir.

RYildiz (2017),yaptif1 ¢alismada yumusak celigin
asidik ortamdaki korozyon davranisina Hekzametilen
tetra amin molekiiniin etkisini arastirmistir. Yapilan
calismada elektrokimyasal teknikler ve kuantum
kimyasal hesaplamalar kullanilmistir. inhibitériin
adsorpsiyonunun Langmuir adsorpsiyon izotermine
uydugu ve inhibitoriin metal yiizeyinde koruyucu bir
tabaka olusturdugu belirlenmistir.

S.0ztiirk, (2018), yaptig1 calismada, 4-okso-kinazolin
tirevi katyonik yiizey aktif maddelerin sentezini
gerceklestirmis ve bu maddelerin diisiik karbon celigi
icin asidik ortamdaki korozyon etkisini arastirmistir.
Yapilan deneylerde, yilizey aktif maddelerin
yapilarinda bulunan N ve O molekiillerinin ytizeye
yaklagarak siki bir adsorpsiyon sagladigi tesbit
edilmistir.

3. Materyal ve Yontem

Elektrolit: 0,5 M H2S04 ¢ozeltisi, farkli derisimlerde (5
- 0,1 mM) D-Rhiceren 0,5 M H2S04 ¢ozeltileri

Kullanilan Elektrotlar:
Calismada kullanilan elektrotlar Tablo 1.de verilmistir

CHI 604 Electrochemical Analyzer, (Seri No. 64721A)
impedans olciimleri, LPD ve akim-potansiyel
egrilerinin elde edilmesinde kullanilmistir.

Bitiin elektrokimyasal ol¢ciimler geleneksel ¢
elektrot teknigi yardimi ile atmosfere agik kosullarda,
karistirllma islemi yapilmadan ve oda sicakliginda (25
°C de sabitlenmis su banyosunda) gergeklestirilmistir
Alternatif Akim Impedans Yéntemi (EIS): EIS
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tekniginde, yumusak c¢elik elektrotlar inhibitor
iceren ve icermeyen asidik ortamlarda 1 saat
bekletildikten sonra yapilmistir. EIS deneyler, 3
elektrot  sisteminden  okunan acik  devre
potansiyelinde, 105 -10-! Hz frekans araliginda ve 10
mV genlik uygulanarak yapilmistir.

Tablo 1. Deneylerde kullanilan elektrotlar

Elektrotun Adi  Elektrotun Yapisi
Calisma Yumusak Celik (0.17%, Mn
Elektrotu (1.60%), Si (0.59%), P (0.04%)

ve kalan kisim Fe)'dir

2 cm? yiizey alanina sahip platin
levha

Glimiis- giimiis Kloriir elektrot
(Ag/ AgClCl-)

Kars1 Elektrot

Referans
Elektrot

Lineer Polarizasyon Direnci Yontem (LPD)i: EIS
deneyenleri biter bitmez sistemden okunan agik
devre potansiyelinden #10 mV potansiyel araliginda
1 mV tarama hiziyla elde edilmistir. Polarizasyon
direng degerleri, elde edilen egrilerin egiminden
hesaplanmistir.

Akim Potansiyel Egrilerinin Elde Edilmesi: LPD
deneyleri biter bitmez 3 elektrot sisteminden okunan
acik devre potansiyelleri belirlenerek 1 mV/s
tarama hizi ile acik devre potansiyelinden -0,24 V'a
kadar olan boélgeden anodik egriler elde edilmistir.
Katodik egrilerin elde edilmesi icin, ¢alisma
elektrotu farkli giritlerdeki zimpara kagitlar ile
parlatilmis, ve yeni ¢6zeltiye daldirilmistir. 1 saat
bekleme siiresinden sonra ayni tarama hiziyla a¢ik
devre potansiyelinden -0,80 V potansiyel araliginda
akim potansiyel egrileri elde edilmistir. Her bir
deney icin korozyon akimlari, elde edilen katodik
akim potansiyel egrilerinin c¢izgisel bolgelerinin
(akimin on kat arttigl) acik devre potansiyeline
ekstrapole edilmesi ile hesaplanmisgtir.

inhibitoriin asidik ortamdaki en etkin derisimi
belirlendikten sonra (5,0 x10-2 M) farkli sicakliklarda
(25-55°C) (TH:5 mV/s) agik devre potansiyelinden -
0,80 V'a kadar katodik egriler elde edilmistir. Bu
Katodik akim potansiyel egrilerinden, inhibitdrlerin
metal yiizeyine adsorpsiyon mekanizmalarina
sicakligin etkisi belirlenmistir. Bu amag¢ icin,
belirlenen korozyon akimlarina (-Inixr) karsi sicaklik
(1/T) grafigi cizilmistir.

Kronoamperimetri: D-Rh iceren ve igermeyen
ortamda yumusak celik i¢in, -0,100 - 0,100 V asir1
gerilimlerinde agik devre potansiyelinde 1 saat
bekletilerek elde edilmistir.

SEM Goriintiileri: inhibitérsiiz ve inhibitorli
ortamlarda yumusak celigin ytlizey gortntiileri SEM
tekniginden yararlanilarak belirlenmistir.

4. Arastirma Bulgular:

4.1. Potansiyodinamik Polarizasyon Egrileri

Yumusak celigin  elektrokimyasal davranislari
inhibitorstiz ve farkli derisimler de D-Rh igeren
inhibitorli 0,5 M H2S04 ¢ozeltilerinde yar1 logaritmik
akim potansiyel egrileri yardimiyla incelenmistir
(Sekil 2 a ve 2 b). Yumusak celigin inhibitér icermeyen
ortamda ki akim yogunlugu inhibitér iceren
ortamlarla  kiyaslandiginda daha  yiiksektir.
Inhibitrérsiiz ortamda ikor degeri 3,49 iken, inhibitor
derisimi artik¢a akim yogunlugu degerleri azalmistir.
inhibitér icermeyen ortamda yumusak celigin
korozyon potansiyeli (Ekor) 492 mV olarak
belirlenmistir. Farkli derisimlerde D-Rh iceren
ortamlarda ise bu deger -480 - 465 mV araliginda
degismektedir.  Inhibisyon etkinligi degerlerinin
dagilim aralig1 % 97,4 - 95,0 olmustur. Katodik Tafel
sabiti (-Bc) inhibitorsiiz ortamda 281 mV/dec iken
inhibitorlii ortamlarda 223 - 120 mV/dec araliginda
degismistir. Korozyon hizi (KH) en yavas en etkin
derisim olan 5,0 x 10-2 de tesbit edilmistir. (yumusak
celigin anodik ve katodik polarizasyon egrilerinden
elde edilen cesitli parametreler Tablo 2 de ayrintili
olarak verilmistir).

10 P Yumusak Celik 2

457
-201
-2.51
-30
351
401
451
-3.01 !

'5.5""\"'\""\"'\“"\“"" T
080 075 070 065 -060 -055 050 -045 -040

E/V (Ag/ AgCl)

Log I/ Acm?

ro
=

5

/ ,)";r{{h
y /ﬁﬂ 5,0 x10 2 M—0,5x102 M
7 |

| i
¢ ¥
454

054 -051 048 045 -042 039 036 033 030 0271 0
E/V (Ag/ AgCl)

S 1o
= wn
~

Log |/ Acm?

<o
wn

N
-,

401

Sekil 2. Yumusak ¢eligin 0,5 M H2S04 ¢ozeltisinde
farkli derisimlerde D-Rh igeren ve icermeyen
ortamlarda katodik (a) ve anodik (b)Tafel egrileri.
Yumusak celik (x) 0.1x10-2 (m),0.5x10-2 (0),1.0x10-2
(e) and 5.0x10-2(0) mM D-Rh.
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Tablo 2. Farkli derisimlerde D-Rh iceren ve
iceremeyen 0,5 M H2S04 ¢ozeltilerinde yumusak
celigin polarizasyon egrilerinden hesaplanan
korozyon parametreleri

C Ero iror -bc KH  n%

(mM) (Mv (mA (Vdec (mm

102 Ag/AgCl) cm?) Dl y1

Y.Celik -492 3.490 281 1(())
é? 0.1 -480 0.148 223 1.730 95.0
/A 0.5 -477 0.100 205 1.159 94.8
1.0 -470 0.091 217 1.055 97.3
5.0 -465 0.089 120 1.031 974

4.2. Elektrokimyasal Impedans Septroskopisi ve
Lineer Polarizasyon Direnci

Yumusak celigin farkli derisimlerde (0.1 x 10-2 - 5.0 x
102 mM) D-Rh iceren ve icermeyen 0,5 M H2SO4
ortaminda 1 saat bekleme siiresi sonunda elde edilen
Nyquist egrileri Sekil 3 de verilmistir. Verilerden
ZView yazilimi yardimiyla sistem i¢in 6nerilen esdeger
devreler Sekil 4’de verilmistir.

-400
-15
L a .
. El b
. ElO =
300 - <
L E‘ oL
NE |
G o ‘ ‘
e -200 - ) 5 10 15
S - Z'/ ohm cm?
N
-100

400

Sekil 3. Yumusak celik elektrotlarin D-Rh icermeyen
(a) ve farkli derisimlerde D-Rh iceren (b) 0,5 M H2S04
¢ozeltisinde 1 saat bekleme siiresi sonunda elde
edilen Nyquist egrileri

Sekil 3.’de goriildiigii gibi, inhibitdér iceren ve
icermeyen asidik ortamlarda yumusak celigin Nyquist
egrisi benzer davranis gostermektedir. Bu egriler,
yliksek frekans bolgesinde baslayan ve diisiik frekans
bolgesinde kapanan yarim daire seklindedir Bu
egrilerden polarizasyon direngleri hesaplanmistir.
Egrilerin c¢ap1 polarizasyon direnclerine karsilik
gelmektedir. D-Rh iceren asidk ¢ozeltiden elde edilen
Nyquist egrilerinden hesaplanan polarizasyon direng
degerleri azalan derisim ile sirasiyla 322 (1,220 (, 150
Q, 122 Q dir. Degerlere bakildiginda, inhibitor
derisiminin artmasi ile polarizasyon direnci
degerlerinin arttig1 goriilmektedir.

Rs  CPE
R-

Sekil 4. Yumusak celik icin inhibitor iceren ve
icermeyen ortamlarda 6nerilen devre modelleri

inhibitér icermeyen ortamda bu deger 12,5 ohm
olarak belirlenmistir. Bu deger demirin ¢éziinmesinin
inhibitor iceren ortamda fazla oldugunu

Yumusak celik elektrotun, 0,5 M H2SO4 icerisinde D-Rh
iceren ve icermeyen ortamlarda LPD ydnteminden
belirlenen polarizasyon direngleri, Nyquist
egrilerinden belirlenen polarizasyon direncleri, Tablo
3 de kiyaslamak tlizere verilmistir. Ayin tabloda ayrica;
yuzde etkinlik ve CPE degerleri de verilmektedir.
Tabloda goriildiigii gibi artan derisimle Rp ve Rp
*degerleri artmaktadir. Bu artan derisimle ortamda
bulunan inhibitér molekiillerinin artmasi ve yumusak
celik yiizeyine daha fazla adsorplanarak metal ile
korozif ortam arasindaki etkilesimin kesilmesi ile
aciklanabilir. Tablo 3 incelendiginde CPE degerlerinin
artan derisim ile azaldig1 goriilmektedir. Bu durum,
metal yiizeyi ve inhibitor molekiilleri arasindaki
etkilesimin artmasiyla agiklanabilir. Ylzeydeki
etkilesimlerinin artmasi1 ile de lokal dielektrik
sabitinin azalmasi ve elektriksel c¢ift tabakanin
kalinliginin artmasi gergeklesecektir (Solmaz,2005)

Tablo 3. Farkli derisimlerde D-Rh igeren ve
iceremeyen 0,5 M H2S04 ¢6zeltilerinde yumusak
¢eligin impedans ve LPR egrilerinden hesaplanan

korozyon parametreleri

C102 EIS LPR
Ry CPEa n n % Rp* n%
@ (uF cm- (@ cm?2)
cm?) B
Y.C. 12,5 381 0,92 - 15,4

0,1 122 195 092 89,7 120 87

Rh 0,5 150 146 094 916 145 89
1,0 220 142 093 943 218 92
5,0 322 139 089 96,1 313 95

D-Rh igeren ve icermeyen 0,5 M H2S04 ¢ozeltisinde
yumusak celik icin impedans ve LPD egrilerinden
farkli zamanlarda hesaplanan korozyon parametreleri
Tablo 4 de verilmektedir. Tabloda agik bir sekilde
goruldiigii gibi, inhibitdr iceren ve icermeyen ortamda
yumusak celik icin impedans ve LPD egrilerinden elde
edilen Rp degerleri zamanla azalmistir. Buna ragmen
0,5 X10 -2 M D-Rh iceren ortamda EIS den hesaplanan
etkinlik 87,9, LPD den belirlenen etkinlik ise %92,5
olarak belirlenmistir. Bu D-Rh’in uzun siire metal
ylzeyinde korozif ortama karsi koruma sagladigini
gostermektedir.
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4.3. Adsorpsiyon izotermleri

Metal yiizeyi ve inhibitér arasindaki iliskiyi
belirlemede adsorpsiyon izotermlerinin kullanilmasi
yaygin bir yontemdir. Frumkin, Temkin ve Lagmuir
cogunlukla kullanilan adsorpsiyon izotermleridir.
inhibitérlerin metal yiizeylerine hangi izoterme gore
adsorbe olduklarin1 agiklayabilmek ic¢in, inhibitér
derisimi (C) ile ylizeyin kaplanma kesri (0) arasindaki
bagintidan yararlanilabilir (Singh, vd 2009). Yiizey

kaplama kesri 2 nolu esitlikten belirlenebilir

(Solmaz,2010),

Hzi (2)
100

Langmuir adsorpsiyon izotermi denklemi ise 3 nolu
esitlikteki gibi ifade edilebilir,

E=[ 1 ]+c 3)
o K

ads

3 nolu denklemde 4 nolu esitlikte belirtilen
Kads adsorpsiyon prosesinin denge sabiti olup ve AG bu
sabitten belirlenebilir.

Tablo 4. 0,5 x10 -2 M D-Rh igeren ve icermeyen 0,5 M
H2S04 ¢ozeltilerinde yumusak c¢eligin impedans ve
LPD egrilerinden farkli zamanlarda hesaplanan
korozyon parametreleri gostermektedir

t(s) Y D-Rh
EIS LPR EIS LPR
R, Ry R, EIS LPR
(Qcm?) (Qcm?) (@ cm?) @ cfnz) n% n%

1 12,50 15,40 322 313 96,1 95,0

24 4,25 5,70 395 384 98,9 98,5
48 2,75 2,72 208 208 98,7 98,6
96 2,61 2,58 22.0 34 881 924
120 2,50 2,45 20.8 33 879 925
Kads _ 1 exp(- AG ads j (4)
55.5 RT

D-Rh 1 ylizeye adsorpsiyonun hangi izoterme
uydugunu belirlemek i¢in bu izotermler ¢izlmis ve R?
degeri Sekil 5 de verilmistir. RZ degerinden
adsorpsiyonun Langmuir adsorpsiyon izotermine
uydugu belirlenmistir.

R?=0.999

N
1 | I T

N
I

Cin /6 (102 mM)

2
Cinn / (102 mM)

Sekil 5. Yumusak geligin D-Rh i¢in elde edilen
Langmiur adsorpsiyon izotermi

Kads degeri D-Rh i¢in 5,0 x103 M1 olarak belirlenmistir.
AGY%¢s - 40 kj mol -1 den kiiglik olmasi fiziksel
adsorpsiyon oldugunu gostermektedir. -40 kj mol -1
den daha negative degerlerde ise kimyasal
adsorpsiyondan bahsedilebilir. D-Rh i¢in AG%qs degeri
-38.75 kj mol-! olarak belirlenmistir.

4.5. Kinetik Hesaplamalar
5,0 x10-2 M D-Rh igeren ve icermeyen 0,5 M H2S04

cozeltilerinde yumusak celik icin E. degeri farkl
sicaklikta yapilan deneysel calismalarla belirlenmistir.

E. degeri Arhenuis esitliginden (Esitlik 5)

belirlenebilir (Solmaz,2010).

. E

i, = Aexp| == (5)
corr ( RT )

Bu esitlikte ikor korozyon akimi, Ea aktivasyon enerjisi
R ise gaz sabitidir.

Ea degerleri inhibitor varliginda ve yoklugunda sirasi
ile 29,3 ve 82,24 kjmol! olarak belirlenmistir.
Aktivasyon enerjisi degerlerinin biiyiikk olmasi,
inhibitériin metal yiizeyine aktif bolgelerinden
baglanigini gostermektedir.

4.4. Kronoamperimetrik Ol¢iimler

Sekil 6 da farkli asir1 gerilimlerde D-Rh iceren ve
icermeyen 0,5 M H2504 ¢ozeltilerde yumusak celik icin
elde edilen kronoamperimetrik egriler verilmistir.
Akimin  seviyesi inhibitoriin metal yiizeyine
adsorpsiyonun kuvvetini ifade etmektedir. Sekil 6 a.
da gorildigi gibi akim yogunlugu degerleri D-Rh
icermeyen ortamda daha azdir. Bu durum, D-Rh igeren
ortamda, - 0,100 V asirn gerilim uygulandiginda
inhibitériin metal yiizeyine kuvvetli bir seklide
adsorbe oldugunu gostermektedir.

Inhibitér icermeyen ortamda 0,100 V da anodik asir1
gerilimi uygulandiginda ise (Sekil 6.b.) akim
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yogunlugunun artif1 goriilmektedir. Ortama inhibitér
eklendiginde ise olgilen akim  yogunlugu
degerlerinden D-Rh molekiillerinin metal yilizeyinde
iyi bir sekilde adosplandig1 anlasilmaktadir.

4..6. SEM Analizleri

Sekil 7 a ve b’ de yumusak celigin 120 s boyunca
inhibitér icermeyen ve inhibitér iceren asidik
ortamdaki SEM goriintiileri verilmektedir. Sekilde 7. a
da goriildigi gibi, 120 s sonunda inhibitér icermeyen
ortamda bekletilen yumusak c¢elik elektrotun
ylzeyinde oldukca derin ¢ukurlar saptanmistir (Sekil
7.a kirmizi bolge). Inhibitér iceren ortamda bekletilen
yumusak celiklerin ise gortiiniimleri oldukg¢a farklidir
(Sekil 7.b.). inhibitér iceren ortamda yumusak celigin
korozyon olduk¢a yavaslamistir (Sekil 7.a kirmizi
bolge). Bu durum D-Rh molekiillerin metal yiizeyinde
etkin ve siki bir bariyer olusturmasi ile aciklanabilir.
Ayrica; SEM goriintiilerinden elde edilen bu sonuclar,
elektrokimyasal analizler sonucu elde edilen verileri
de desteklemektedir.

10.0.\..I....I....I.\.\I\...I.....\.\I\.\.
909 a 3
8.0 2
e
6.0

5.0 3

401 3
3.01 3

I/ mA cm?
ro
[==1]
‘

10

0 S0 100 100 2000 2500 3000 600 4000

t/s

I/ mA cm?
(%)
(=}

5.0 S e s

0 500 1000 1500 2000 2500 3000 3500 4000
t/s
Sekil 6. Yumusak celik elektrotlarin + 0,100 (a) ve
- 0,100 (b) asir1 gerilimlerde D-Rh icermeyen (e) ve
5,0 x10-2 M D-Rh iceren (©) 0,5 M H2504 ortamlardaki
kronoamperimetrik egrileri

Sekil 7. D-Rh iceren ve icermeyen 0,5 M H2S04
cozeltilerinde 120 s bekletilen yumusak geligin SEM
goriniimleri

5. Sonuc ve Tartisma

D-Rh'in 0,5 M H2SO4 igeren g¢ozeltilerde yumusak
celigin korozyonuna karsi etkin bir inhibitér olarak
kullanilabilecegi belirlenmistir. Sonuglar asagida
maddeler halinde siralanmaktadir;

e D-Rh 0,5 M HzS0s ¢ozeltisinde yumusak
celigin korozyonu icin etkili bir inhibitordiir.
Inhibisyon etkinligi 5x10-2 mM inhibitér
derisimi i¢in %96.1 olarak belirlenmistir.
inhibitériin asidik ortamda ki etkinligi artan
derisim ile artmaktadir.

e  D-Rh molekiliiniin adsorpsiyonu Langmuir
adsorpsiyon izotermine uymaktadir.
Potansiyodinamik polarizasyon egrileri D-
Rh'in  mix tip inhibitér  smifinda
degerlendirilebilecegini gostermektedir.

e Nyquist egrileri inhibitériin 48 saate kadar

yliksek  etkinlik  sagladigini, ilerleyen
zamanlarda etkinligin azaldigini
gostermektedir.

o Elektrotlarin ylizey morfolojileri SEM teknigi
ile belirlenmistir. Asidik ortamda D-Rh
iceren ortamda elektrot yiizeyinin, D-Rh
icermeyen ortamdaki elektrot ile
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kiyaslandiginda daha piiriizsiiz ve diiz bir
goriniim aldig1 saptanmistir.
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Anahtar Kelimeler 0z

SDU, Ogrencilerin egitim gordiikleri cevrenin onlarin tiim davranislarini etkiledigi
Derslik, hususu bugtin bilimsel bir gercek olarak kabul edilmektedir. Bu yiizden etkili ve
I¢ Cevre Kalitesi, basarili egitim icin bu ¢evrenin diizenlenmesi gereklidir. Bu kapsamda, Siileyman
Termal Konfor, Demirel Universitesi (SDU) dersliklerindeki mevcut i¢ c¢evre kalitesinin
CO: Seviyesi. belirlenebilmesi ve durumun ortaya konulmasi amaciyla, bu ¢alismada SDU’niin 3

farkl fakiiltesinde (Miihendislik, Teknoloji ve Hukuk Fakiilteleri) yer alan toplamda
86 dersligin CO2, sicaklik, nem, aydinlatma ve giiriiltii seviyeleri dl¢iilmis ve elde
edilen degerler mevcut standartlarla karsilastirllmistir. Calismada ortalama sicaklik
18,5 °C (Miihendislik Fak.) ile 29 °C (Hukuk Fak.), nem %16,6 (Miihendislik Fak.) ile
%54,4 (Teknoloji Fak.), CO2 629 ppm (Miihendislik Fak.) ile 3924 ppm (Miihendislik
Fak.), aydinlatma 202 liix (Mihendislik Fak.) ile 866 liix (Muhendislik Fak.) ve
giirtlti degerleri ise 27,4 dBa (Hukuk Fak.) ile 55,3 dBa (Miihendislik Fak.) arasinda
degismektedir. Ayrica, yiiksek doluluk oranina sahip olan dersliklerde dogal
havalandirmanin yetersiz kaldig1 ve oldukca ytliksek CO: degerlerinin elde edildigi
gorilmistiir. Genel olarak olgiimlerin gergeklestirildigi fakiilteler goéz oniine
alindiginda, mevcut dersliklerde bir aydinlatma, giiriiltii ve nem probleminin
olmadig1 ancak Miihendislik Fakiltesi binasinin eski olmasindan dolay1 binadaki
baz1 dersliklerin yeterince 1sitilamadigi, buna karsin Hukuk Fakiiltesindeki
dersliklerin ise asir1 1sitildig1 yani Fakiiltelerdeki 1sitma sistemlerinin yeterince
verimli ve istenilen randimanda ¢alistirilamadigl gorilmistiir.

INVESTIGATION OF THE INDOOR ENVIRONMENT QUALITY OF THE
SELECTED CLASSROOMS OF THE SULEYMAN DEMIREL UNIVERSITY

Keywords Abstract

SDU, Today, environment in which the students are educated affects all their behaviors
Classroom, are accepted as a scientific fact. Therefore, the environment should be organized in
Indoor Environment Quality, accordance with successful and effective education. For this purpose, COq,
Thermal Comfort, temperature, humidity, lighting and noise levels were measured and the values
CO: Level. obtained were compared with the current standards in 86 classrooms located in the

Engineering, Technology and Law Faculties of Suleyman Demirel University (SDU),
in order to determine the existing indoor quality of the classrooms in SDU and to
reveal the real situation. In the study, the average temperatures varied from 18.5 °C
(Faculty of Engineering) to 29 °C (Faculty of Law), humidity varied from 16.6%
(Faculty of Engineering) to 54.4% (Faculty of Technology), COz varied from 629 ppm
(Faculty of Engineering) to 3924 ppm (Faculty of Engineering), lighting varied from
202 lux (Faculty of Engineering) to 866 lux (Faculty of Engineering) and noise varied
from 27.4 dBa (Faculty of Law) to 55.3 dBa (Faculty of Engineering). Furthermore,
it was observed that in the classrooms with high occupancy rate, natural ventilation
was insufficient and high CO2 values were obtained. In general, the faculties in which
the measurements were carried out were considered, it was seen that there was no
lighting, noise and humidity problems in the existing classrooms. However, although
some classrooms located in the buildings of the Faculty of Engineering which has
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the oldest buildings in the campus could not be heated sufficiently, it was observed
that some of the classrooms were overheated in Faculty of the Law. Therefore, it has
been seen that heating systems in faculties cannot be operated efficiently and in

desired performance.
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1. Giris

Insanlarin biiylik bir kismi1 zamanlarinin %90’nin1
kapali ortamlarda gegirmektedir (Lee ve Chang, 2000;
Jurado vd. 2014). Ancak bu kapali ortamlar, dis
ortamdan gelen ve/veya i¢ ortamlarda
gerceklestirilen faaliyetler sonucu olusan kirleticilerle
birlikte insan sagligini ve tiretkenligini olumsuz yénde
etkileyen bir ortama doniismektedir (Jurado vd.,
2014).

Yasadigimiz ortamlardaki sicaklik ve nem degerleri,
glriiltl, aydinlatma, CO2 ve havalandirma seviyeleri i¢
cevre Kkalitesini belirleyen parametrelerdendir
(Fadeyi vd., 2014). Tipki konutlarda ve is yerlerinde
oldugu gibi iiniversitelerde de 6grenciler ve liniversite
calisanlar1 zamanlarinin  ¢ogunu i¢ ortamlarda
gecirmektedir.

i¢ cevre kalitesinin 6grencilerin calisma ve égrenme
performansini arttirdigl ve devamsizifl azalttig
literatiirde siklikla yer almaktadir (Jones ve Kirby,
2012). Ancak iilkemizde siniflarin kalabalik olmasi,
binalarin ve pencerelerin sizdirmaz olusu, ¢ogu
binalarda mekanik havalandirmanin olmayisi ve ikili
6gretimin olmasi, tavan yiiksekliklerinin yetersiz
olmasi ve siiflarin ders aralarinda yeterli seviyede
havalandirilmamasi hem i¢ mekanlarda kirleticilerin
birikimine sebep olmakta hem de mekanin hava
kalitesini 6nemli 6l¢iide diisiirmektedir (Bulgurcu vd.
2006).

Literatiirde,  okullardaki i¢  ¢evre  kalitesi
parameterlerinin (havalandirma, termal konfor, CO2
seviyesi, i¢ ortam Kkirleticileri vd.) belirlenmesi ve
ogrenciler lizerindeki etkileri tizerine bir ¢ok calisma
yapilmakla birlikte (Myhrvold vd., 1996; Lee ve Chang,
2000; Shendell vd., 2004; Wargocki ve Wyon, 2007;
Teli wvd, 2013; Haverinen-Shaughnessy ve
Shaughnessy, 2015; Dorizas vd., 2015; Abdallah,
2017), okullardaki i¢ ¢cevre parametreleri ile ilgili de
cesitli yasal diizenlemeler bulunmaktadir
(Okullardaki i¢ mekanlarin boyanmasi ve i¢ ortam
hava kalitesi, 1994, Okullardaki ¢ocuklarin
zararlilardan ve bocek ilaglarindan korunmasi, 2002;
Okullarda i¢ ortam Kkalitesi, 2003; Bina biilteni 101,
2006; Okullarin akustik tasarimi, 2015). Ulkemizde de
egitim kurumlarinin i¢ hava kalitesinin belirlenmesine

yonelik literatiirde bazi ¢alismalar olmasina ragmen
(Ekmekcioglu vd., 2007; Kus vd., 2008; Sofuoglu vd.
2011; Acikgoz, 2013; Akal vd., 2015; Ugranli vd. 2015;
Yurdakul vd., 2016 ve 2019) halen
iiniversitelerimizdeki i¢ cevre kalitesinin gelistirilmesi
calismalarinin yapilmasi ve tasarim esaslarinin
belirlenmesi biiyiik bir eksiklik olup acilen yerine
getirilmesi (Ekren vd., 2017), mevcut durumun ortaya
konarak halihazirdaki binalarda gerekli
iyilestirilmelerin yapilmasi ve gelecekte insaa edilecek
binalarin bu tasarim essaslarini dikkate alarak
projelendirilmesi; kampiislerde yer alan i¢ mekanlarin
etkin ve verimli kullanilmasi agisindan 6nem arz
etmektedir.

Bu bakimdan, ¢alisma kapsaminda, Siileyman Demirel
Universitesi merkez vyerleskede yer alan li¢
fakiiltedeki secili derslikler i¢ ortam kalitesi; i¢ hava
kalitesi (COz), termal konfor (sicaklik ve nem), gorsel
konfor (aydinlatma) ve akustik konfor (giiriiltii)
parametreleri agisindan incelenmis ve bu amagla
toplamda 86 derslikte dl¢limler gerceklestirilmistir.

2. Materyal ve Yontem

Bu c¢alismada Siileyman Demirel Universitesi’'nde
merkez yerleskede yer alan en eski fakiiltelerden olan
yapim yillar1 1984’e uzanan Miihendislik Fakiiltesi ve
Teknoloji Fakiiltesi ile yapim yili 2010 yili olarak
liniversitenin en yeni fakiiltelerinden biri olan Hukuk
Fakiiltesi dersliklerinde i¢c ortam kalitesi 6l¢limleri
gerceklestirilmistir. Olciimler; 11 bloktan olusan ve iki
kat lizerine insaa edilen Miihendislik Fakiiltesi'nde 45,
2 bloktan olusan ve yine iki katli olan Teknoloji
Fakiiltesinde 18 ve 1 bloktan olusan, ii¢ kath insaa
edilen Hukuk Fakiiltesi'nde 23 olmak lizere toplam 86
derslikte, 18.10.2016 ile 20.12.2016 tarihleri arasinda
gerceklestirilmistir. Calismada; toplam 86 dersligin
COg, sicaklik, nem, aydinlatma ve giriilti seviyeleri
belirlenmistir. Bu amagla secili parametrelerin
Ol¢timleri icin TESTO 435-2 kombine 6l¢iim cihazi ve
Testo 816-1 giriilti o6l¢iim cihaz1 kullanilmistir.
Aydinlatma olglimleri EN 12464-1:2011 Isik ve
Aydinlatma-is Yerlerinin Aydinlatmasi
Standardin’daki (2011) 6l¢lim ytikseklikleri géz 6niine
alinarak dersliklerde yerden yaklasik 0,8 m’de
gerceklestirilmistir. Dersliklerdeki aydinlatma 6l¢ciim
noktalarinin sayisi oda indeksi (Esitlik 1) kullanilarak
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hesaplanmis ve aydinlatma seviyesi 6l¢iimleri yatay
bir diizlemde gerceklestirilmistir. Noktalar secilirken
duvarlar ve golge diisliren yiizeylerden en az 0,5 m
uzaklikta olmalarina dikkat edilmistir (Erlalelitepe
vd., 2011).

Oda indeksi (K)=LxW/Hx(L+W) (D

Burada L; i¢ mekanin derinligini, W; i¢ mekanin enini
ve H; i¢c mekanin yiiksekligini ifade etmektedir.
Dersliklerin sicaklik, nem ve CO2 6l¢iimleri ise yerden
yaklasik 1,2 m yiikseklikte (oturma pozisyonunda) ve
bir ders boyunca gercek zamanl 6lgiimler seklinde
gerceklestirilmistir. Giriltd olgtimleri ise derslikler
bosken, yerden yaklasik 0,91+0,05m yiikseklikte
oturan kisiler icin okuma diizleminin ortasinda,
ylizeylerden (duvar, dolap vb.) en az 0,5-1 m, pencere
ya da hava alma bosluklarindan en az 1-1,5 m
uzakhikta gerceklestirilmistir.  Olgiim  yapilacak
derslikler belirlendikten sonra, belirlenen alanda esit
olarak dagilmis en az 3 6l¢iim noktasinda, en az 5
dakikalik dl¢timler gerceklestirilmistir. Bu ¢alismada
ayrica, dersliklerin bulundugu binalarin disinda da i¢
ortam oOlgiimleriyle es zamanli olarak dis ortam
giiriiltit ve COz oOl¢iimleri de gergeklestirilmistir.
Calismada siiflarda 6lgiilen CO2 degerlerinin 6grenci
sayisl ve birim alana diisen 6grenci sayisi ile arasinda
olan iliskisini belirlemek icin SPSS 20.0 paket
programi ile dogrusal regresyon  analizi
gerceklestirilmistir. Her iki modelde F testi anlaml
bulunmustur (p<0.01). Ayrica, her iki modelin
dogrulugunu test etmek amaciyla elde edilen
artiklarin (residuallarin) P-P Grafigi (Predicted-
Probability Plot) cizdirilmis; standardized
residuallarin normal dagilim gésterdigi gorilmiistiir.
Ayrica bunu test etmek icin Kolmogrov-Smirnov Testi
uygulanmis ve her iki modelin ¢arpiklik (Skewness)
degerlerinin birin altinda odugu ve standardized
residuallarin normal dagilim gosterdigi (p>0.05)
gorilmiistiir. Tahmin edilen degerler (predicted) ile
standardized  residuallarin  dagilim  garfikleri
¢izdirilmis ve noktalarin yaklasik olarak esit bir
sekilde sifirin etrafinda dagildig gorilmistir.

3. Arastirma Bulgulan

[c ortam Kkalitesi parametreleri icin elde edilen
ortalama degerler ve olcim araliklar1 Tablo 1’de
verilmistir. Tablodan goriildiigli iizere fakiiltelerin
bina yaslarinin, 1sitma sistemlerinin ve yapi stillerinin
farkliligindan dolay1 6lgiilen ortalama degerlerin de
farklilik gosterdigi goriilmektedir. Ayn1 zamanda, bina
icerisindeki smiflarin konumuna (cephe, Kkat,
biiyiikliik) ve dersteki 6grenci sayisina da bagli olarak
Olciilen degerlerin genis bir aralikta degistigi yine
Tablo 1’ den gortlmektedir.

3.1. Sicaklik ve Nem Seviyeleri Olgiim Sonuglar:

Bilimsel yazinda; sicaklik ve nem, egitim
mekanlarinda ¢alisma performansini etkileyen 6nemli
parametreler arasinda yer almaktadir (Puteh, vd.
2012., Haverinen-Shaughnessy ve Shaughnessy,
2015). Olgiim yapilan dersliklerde ders siiresince
Olcllen sicakliklarin ortalama degerleri Sekil 1'de
verilmistir. Calisma siiresince, 86 dersligin ortalama
sicakliglt 24,4+2,09 °C olarak bulunmustur. Avrupa
Birligi “I¢c Hava Kalitesi, Termal Cevre, Aydinlatma ve
Akustige Hitaben Binalarda Enerji Performansinin
Degerlendirilmesi ve Dizayni I¢in Gerekli i¢ Ortam
Parametreleri Yonetmeligi'nde (prEN 15251-2006)";
mekanik havalandirmanin olmadig1 ve halihazirda
kullanilmakta olan binalarda, kis mevsiminde kabul
edilebilir sicaklik degerlerinin 19-25 °C araliginda
oldugu belirtilmistir.
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Olgiim yapilan siniflar

Sekil 1. Ortalama Sicaklik Degerleri (Kirmizi ¢izgiler
en disiik ve en yiiksek sinir degerleri
gostermektedir)

Sekil 1’e gore; calisma donemi boyunca, sicaklik
derecesi alt siir olan 19 °C degeri Miihendislik
Fakiiltesinde yer alan bir derslikte kaydedilmistir.
Genel olarak Mihendislik Fakiiltesi'nin sicak su
hattinin sonunda bulunan blokta yer alan dersliklerde
diger bloklarda bulunan dersliklere kiyasla daha
diisik ortalama sicakliklar kaydedilmistir. Hukuk
Fakiltesi'nde ise neredeyse Ol¢iimii yapilan tim
dersliklerde, sicaklik iist sinirinin asildigi (23 sinifin
20 tanesinde) gozlenmistir.
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Tablo 1. i¢ Hava Kalitesi Parametrelerinin Fakiilte Bazh Istatistiksel Degisimi

Fakiilte Sicaklik Nem CO; Aydinlatma Giiriiltii Olgiim Olgiim
(°C) (%) (ppm) (liix) (dBA) sirasl tarihi
Ogrenci
Sayis1

Hukuk 26,5+1,5 36,9+8,5 22334778 468,5+88 35,51+4,7 1375 28.11-05.12
22,5-29* 19,6-53,4* 859-3810* 324-670* 27,4-42,6% 2016

Teknoloji 22,6%1,2 45,2+5,4 1801+414 419,4+86 45,3+5,3 737 18.10-31.10
20,6-25,7 35,3-54,4 918-2546 301-696 36,5-53,1 2016

Miihendislik 24,1+1,7 29,7+6,8 1824+704 418,9+155 41,61+5,9 1547 13.12-20.12
18,5-27 16,6-51,7 629-3924 202-866 32,1-55,3 2016

* Olgiilen en diisiik ve en yiiksek degeri ifade etmektedir.

Bunun sebebi muhtemelen; Miihendislik Fakiiltesi
binalarinin ortalama 30 yillik olmasi dolayisiyla;
binada bulunan peteklerin ve/veya 1sitma borularinin
i¢ yiuizeyinde kire¢, camur ve korozyon atiklarinin
birikmesinden dolay1 fakiiltenin 1sitma tesisatinin
veriminde bir diisiise neden olmasi, Hukuk Fakiiltesi
binasinin ise nispeten daha yeni olmasi sebebiyle
tesisatinin daha verimli olarak ¢alismasidir.

[c ortamdaki bagl nemin %30 ile %60 arasinda
olmasini tavsiye etmektedir (Alberta, 2003). ISO
7730-2015 Termal Cevrenin Ergonomi
Standartlar’'nda ise bagll nemin minimum ve
maksimum degerleri %30 ile %70 aralifinda
verilmektedir. Ingiltere’deki Building Bulletin 101’de
okullardaki Efektif Havalandirma icin Gerekli Tasarim
ve Isletme Standartlarr'nda nem icin bir simr deger
verilmezken, Ingiltere’deki bina standartlarina
(ODPM, 2006) gore, 12 saatlik bir periyotta bagil
nemin iki saatten fazla %70’i gegmemesi veya 1sitma
sezonunda herhangi bir 12 saatlik 61¢iim periyodunda
bagil nemin bir saatten fazla %901 geg¢memesi
gerekmektedir (Jones ve Kirby, 2012). Bu ¢alismada,
dersliklerde olglilen ortalama nem degerlerinin
%60'1n altinda kaldig1 goriilmektedir (Sekil 2). 86
dersligin 31 tanesinde oOlgiilen degerler alt simir
degerin altinda bulunmustur. Bu duruma, dersliklerin
sadece dogal olarak havalandirilmasinin ve mevsimin
kis olmasinin sebep oldugu diisiiniilmektedir.
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Sekil 2. Calisma Siiresince Dersliklerde Kaydedilen
Ortalama Bagil Nem Degerleri (Kirmizi ¢izgiler en
diisiik ve en yliksek sinir degerleri gostermektedir)

3.2. Karbondioksit (CO2) Seviyesi Olciim Sonuclari

Bilimsel yazinda i¢ ortamlarda kabul edilebilir CO2
degerlerinin ¢ogu tllkede eski ASHRE standardinda
(ASHRAE 62-1989) bahsedilen deger (1000 ppm)
veya bu degere yakin bir konsantrasyon, sinir deger
olarak kabul edilmesine ragmen; ASHRE daha sonraki
direktiflerinde degisiklige gitmis ve son direktifinde
de bu deger 2500 ppm olarak verilmistir. Yine ayni
direktifte (Standard 62.1-2013) insan sagligi icin ¢ok
yuksek degerlerin (5000 ppm gibi) risk olusturdugu
belirtilmektedir. Ancak bilimsel yazinda, egitim
kurumlarinda i¢ ortamdaki CO2 seviyesi 1000 ppm’in
lizerine ciktiginda; Ogrencilerin devamsizliklarinda
artisa, performanslarinda diisiise, bas agrisina,
yorgunluga ve yogunlasma bozukluguna yol agtigi
bildirilmektedir (Myhrvold vd. 1996; Daisey vd.,
2003; Shendell vd., 2004). Lawrence Berkeley Ulusal
Laboratuvarinda (Berkeley Lab) gerceklestirilen diger
bir calismada, ortamdaki CO2 seviyesinin insanlarin
karar verme siireci iizerinde oldukea etkili oldugu,
¢alismada baz alinan 600 ppm degerinin 1000 ppm ve
2500 ppm’e ¢ikarildiginda bu siirecin oldukea belirgin
bir sekilde diistiigi belirtilmektedir (Satish vd., 2012).

Avrupa Birligi'nin prEN 15251-2006 standardina gore
kabul edilebilir st sinir hali hazirda kullanilan
binalarda dis ortam COz degerinden 800 ppm daha
fazla olabilecegi belirtilmektedir. Calisma boyunca
ortalama CO: degeri 305 ppm olarak kaydedilmistir.
Bu durumda, Avrupa Birligi standardina gore ¢alisma
siiresince i¢ ortamdaki COz sinir1 yaklasik olarak 1100
ppm’dir. Yani prEN 15251-2006 standardina gore elde
edilen deger, cogu lilkede kabul edilen limit deger olan
1000 ppm’e olduke¢a yakin bulunmustur. Bu yiizden,
gerceklestirilen bu calismada CO: st sinir degeri
1000 ppm olarak kabul edilmistir.

Calisma siiresince, dersliklerde kaydedilen ortalama
CO2 degerleri Sekil 3’de verilmistir. Sekilden de
gorildigi gibi 6lciim gerceklestirilen 86 siniftan 78
tanesinde yani yaklasik %91’'inde limit deger
gecilmistir.  Anlik  olarak  o6lglilen  degerlere
bakildiginda siniflardaki CO2 degerinin 4806 ppm’e
kadar ¢iktig1 gorillmiistiir.
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Sekil 3. Calisma Siiresince Siniflarda Kaydedilen
Ortalama CO2 Konsantrasyonlar1 (Kirmizi ¢izgiler en
diisiik ve en ytliksek sinir degerleri gostermektedir)

CO2, metabolik faaliyetin iiriinii oldugundan dolayi,
O0grenci sayisinin ve havalandirmanin bu deger
izerinde etkili olmasi beklenen bir durumdur. Bu
calismada da 6grenci sayis1 ve dersliklerde olgiilen
ortalama CO2 degerleri arasindaki iliski, istatistiksel
olarak anlamli (p<0,01) bulunmustur (Sekil 4).
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Sekil 4. Dersliklerde Olgiilen Ortalama CO:
Seviyesinin Ogrenci Sayisiyla Olan iliskisi

Calisma sirasinda Hukuk Fakiiltesi'nde yer alan en
kalabalik dersligin mevcudu 120 kisi olmasina ragmen
Olciim esnasinda pencerelerin acgik tutulmus olmasi
genel trende bakildiginda (Sekil 4) daha diisiik
degerler kaydedilmesini saglamistir. Ayrica 6grenci
sayisi (yaklasik 18) az olmasina ragmen yine Hukuk
Fakiiltesin’de yer alan TOMER dersliklerinde ise
oldukca yiiksek degerler elde edilmistir. Ancak derslik
kapasitelerine bakildiginda bu siniflarin 18 kisilik
kiigiik smiflar oldugu goriilmektedir. Benzer durum
yine Hukuk Fakiiltesin’de bulunan diger iki derslikte
de gozlenmistir. Ogrenci sayis1 yaklasik 55 olmasina
ragmen genel egilimin disinda daha yliksek ortalama
CO2 degerleri elde edilmistir. Yiiksek doluluk oranina
sahip olan dersliklerde dogal havalandirmanin
yetersiz kaldig1 ve oldukc¢a yiiksek degerlerin elde
edilebilecegi goriilmektedir. Bu durumu daha detayl
incelemek igin ayrica 6l¢lim yapilan siniflarda metre
kare basina diisen Ogrenci sayisinin, yine ayni
dersliklerde o6l¢iilen ortalama CO: degerleri ile olan
iligkisi incelenmis (Sekil 5) ve 6grenci yogunlugunun
fazla oldugu siniflarda daha yiiksek CO2 degerlerinin
(p<0,01) olgildigt gorilmustir.
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Sekil 5. Dersliklerde Birim Alan Basina Diisen
Ogrenci Saysi ile Olciilen Ortalama CO; Seviyesi
Arasindaki {liski

3.3. Aydinlatma Seviyesi Ol¢iim Sonuglari

Aydinlatmada kullanilan 6l¢ii birimi liikstiir (liix) ve
birim alandaki 1s1k akisini ifade etmektedir. EN 12464-
1:2011 Isik ve Aydinlatma-is Yerlerinin Aydinlatmasi
Standardina (2011) gore dersliklerdeki en az aydinlik
diizeyi 300 liix olarak verilmistir. Aydinlatma
Yonetmeligi'nde de (2009) genel olarak tavsiye edilen
aydinlatma siddeti tablosunda smiflarda tavsiye
edilen en az aydinlik diizeyi 300 liix olarak verilmistir.
Ders tahtasi (beyaz/siyah/yesil yazi tahtasi) lizerinde
(diisey duzlemde) diizgiin yayilmis 500 lix'lik bir
aydinlik diizeyinin saglanmasi da yine bu
yonetmeliklerde limit deger olarak verilmektedir.
Kuzey Amerika Aydinlatma Miihendisligi
Toplulugu’'nun aydinlatma el kitabinin (IES Lighting
Handbook, 9t ed.) 9. baskisinda tebesir kullanilan
dersliklerde kabul edilebilir aydinlatma degeri 500 lix
olarak verilirken bu deger el kitabinin 10. baskisinda
(IES Lighting Handbook, 10%* ed.) enerji tasarrufu
amaciyla 200 lix’e disirdlmustiir.

Yapilan Olgiimler incelendiginde genel olarak
dersliklerdeki ortalama aydinlatma siddetinin 300
lix't sagladigl, ancak aydinlatmanin tavandan
yapilmadigr bazi derslikler ile oniinde agaglarin
bulundugu ve zemin katta bulunan bazi siniflarda limit
degerin saglanamadig1 gorilmektedir (Sekil 6).
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Sekil 6. Siniflarda Olciilen Ortalama Aydinlatma
Siddeti
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3.4. Giiriiltii Seviyesi Ol¢iim Sonuglari

Ulkemizdeki Cevresel Giiriiltiiniin Degerlendirilmesi
ve Yénetimi Yénetmeligime (2009), Ingiltere’deki
okullarin akustik tasarimi/performans standardina
(2015) ve Avrupa Birliginin prEN 15251-2006 i¢ hava
kalitesi, termal ¢evre, aydinlatma ve akustige hitaben
binalarda enerji performansinin degerlendirilmesi ve
dizayn1 icin gerekli i¢ ortam parametreleri
standardina gore dersliklerdeki i¢c mekan giiriilti sinir
degerleri birbirine olduk¢a benzerlik gdstermekle
birlikte, sinir degerler 35 ile 40/45 dBA araliginda
verilmektedir (2006). prEN 15251-2006 standardina
gore siniflardaki tipik sinir deger ise 35 dB olarak
verilmektedir. Yapilan dl¢timleri tipik deger 35 dBA ile
karsilastirdigimizda 86 smifin 66 tanesinde
(%76’sinda) limit degerin gecildigi goriilmektedir
(Sekil 7). Sonuglar incelendiginde limit degerin
cogunlukla Miihendislik ve Teknoloji Fakiiltelerinde
asildig1 goriilmektedir. ic ortam dlciimlerine paralel
yapilan dis ortam olciimlerindeki ortalama giriiltii
esdegerinin  (Leq) 52.78#6.1 dBA  oldugu
goriulmektedir.

Huk;:k Fak. Teknolxji Fak.

n | | \

1
30
25’| |

14 71013161922252831343740434649525558616467707376798285

MﬁhendiXIik Fak.

&
o

Giiriiltii (dBa)

Sekil 7. Simiflarda Olgiilen Ortalama Giiriiltii
Seviyeleri

Morova vd. (2010) tarafindan SDU merkez
yerleskelerinde gerceklestirilen giiriiltii 6l¢iimlerinde
de ortalama Leq 53,16 dBA degeri elde edilmistir.
Ayni calismada yerleskenin icerisinden gecen Ankara-
[stanbul Karayolu kaynaklh giiriiltii ile yerleske
icerisindeki trafik kaynakli giiriiltiiniin en 6nemli
gurilti kaynaklar1 oldugu  belirtilmektedir.
Yonetmelige gore egitim kurumlarimin bulundugu
bolgelerde giindiiz vakti kabul edilebilir limit degerin
60 dBA oldugu goz oniine alindiginda dis ortam
giirtiltii degerlerinin ¢ogunlukla limit degeri sagladigi
gorilmektedir. Dersliklerin 6niindeki koridorlarda
gerceklestirilen giiriiltli 6l¢limlerinde (gilin icerisinde
6grenci sayisina bagl olarak degismekle birlikte) ise
Miihendislik, Teknoloji ve Hukuk Fakiiltelerinde
sirasiyla 68,8+7,1, 65+4,9 ve 41,28+5,9 dBA degerleri
elde edilmistir. Dolayisiyla, Olglimlerin
gerceklestirildigi fakiiltelerin yerleskede daha ziyade
ic kisimlarda yer almasindan dolayi; dersliklerde
Olciilen degerlerin daha ¢ok bina icerisindeki grilti
kaynaklarindan (koridorda ders i¢in bekleyen ve ders
¢alisan 6grenciler) etkilendigi disiiniilmektedir.

4. Sonug ve Tartisma
Yapilan 6l¢iimler incelendiginde:

Genel olarak dersliklerdeki ortalama aydinlatma
siddetinin 300 liix'ii sagladigi, ancak aydinlatmanin
tavandan yapilmadigi bazi derslikler ile oniinde
agaclarin bulundugu ve zemin katta bulunan bazi
siniflarda minimum aydinlatma degerinin
saglanamadigi goriilmektedir.

Olgiimlerin  gergeklestirildigi  fakiiltelerin ~ SDU
yerleskesinde daha =ziyade i¢ kisimlarda yer
almasindan dolay;; bu fakiiltelerde yer alan

dersliklerdeki dl¢tilen degerlerin trafikten ziyade daha
¢ok bina icerisindeki aktivitelerden etkilendigi
diistiniilmektedir.

Yiiksek doluluk oranina sahip olan dersliklerde dogal
havalandirmanin yetersiz kaldig1 ve oldukca yiiksek
CO: degerlerinin elde edildigi gorilmektedir.

Genel olarak kampiliste Miihendislik Fakiiltesi
binalarinda bulunan peteklerin ve/veya 1sitma
borularinin i¢ yiizeyinde kire¢, camur ve korozyon
atiklarinin birikmesinden dolayr bazi dersliklerde
1sitma sorunu oldugu ve dersliklerin yeterince
1sitilamadigl, buna karsin Hukuk Fakiiltesi binasi
dersliklerinin ise olmasi1 gerekenden daha fazla
1sitldigl  gorilmistir; yani her iki durumda da
kampiiste bir 1sitma sorunu oldugu goériilmektedir.
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Anahtar Kelimeler 0z

Su Tasarrufu, Su kaynaklar1 insanligin hayatta kalmasi i¢in en degerli kaynaklar arasinda

Anova Test, bulunmaktadir. Su tasarrufu, mevcut su kaynaginin verimli ve 6l¢iilii kullanimi

Istatistiksel Metot, olarak tanimlanabilir. Bu sadece bir politika degildir. Tiiketici davranislar1 gibi

Kitle Iletisim Araclart. biiyiik sosyal yonleri de kapsamaktadir. Suyun mevcut durumu ve miktariyla ilgili
bilgi edinilebilecek kaynaklar; televizyon (TV), gazete, brosiir, internet, kitaplar,
bilimsel makale ve dergiler seklinde siralanabilir. Bu kaynaklarin su tiiketiminde
etkili olup olmadiginin belirlenmesi i¢in Isparta ili merkezin de konu ile ilgili bir
anket ¢alismasi yapilmistir. Denekler, egitim durumuna gore rastgele secilmistir.
Denekler tarafindan verilen cevaplar, istatistiksel metotlar kullanilarak
irdelenmistir. Elde edilen sonuclar, tablo ve grafik olarak verilmistir.

THE IMPACT OF COMMUNICATIONS TOOLS ON WATER SAVING

Keywords Abstract

Water Saving, Water resources are among the most valuable resources for human survival. Water
Anova Test, saving can be defined as the efficient and measured use of the existing water supply.
Statistical Method, This is not just a policy. It includes major social aspects such as consumer behavior.

Communications Tools. Sources of information about the current status and amount of water; TV (TV),
Newspaper, Brochure, Internet, Books, scientific articles and magazines. In order to
determine whether these resources are effective in water consumption, a survey
was conducted on the subject in the center of Isparta. Subjects were randomly
selected according to their educational status. The answers given by the subjects
were evaluated by using statistical methods. The results obtained are given as tables

and graphics.
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1. Giris

Su kaynaklar1 insanligin hayatta kalmasi i¢in en
degerli kaynaklar arasinda bulunmaktadir. Su
tasarrufu, mevcut su kaynaginin verimli ve ol¢ili
kullanimi olarak tanimlanabilir.“Bu sadece bir politika
veya yontem degildir. Sadece kural koyma veya
kisitlamalarla tasarrufta etkin sonug
alinamamaktadir. Tiketici davraniglari gibi biyiik
sosyal yonleri de kapsamaktadir. Suyun mevcut
durumu ve miktariyla ilgili bilgi edinilebilecek

kaynaklar; TV, gazete, brosiir, internet, kitaplar,
bilimsel makale ve dergiler seklinde siralanabilir. Su
tasarrufunda  kitle iletisim  araglari, insan
davramislarinda ve diisiincelerinin olusmasinda
giderek 6n plana ¢ikan etkendir.

Diinya ¢apinda birgok kirsal ve kentsel alan, su temini
icin zorluklarla karsi karsiyadir. Su kithginda kilit
yontem su tasarrufudur. Koruma tedbirlerinin
basarisi halk destegi ve davranis degisikligine baghdir.
(Gilbertson vd. 2011) incelemelerinde bireysel
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tutumlar ile su tasarrufu davranisinda bulunan iki
Avustralya boélgesi arasinda su durumunda 6nemli
6lciide farkliliklar olup olmadigini arastirmislardir.
Sonuglar da, iki alan arasinda tutum ve katilim
anlaminda 6nemli farkliliklarin goériildigi, su kithg
olan yerde anlamli derecede fazla kisinin, su tasarruf
davranislarinin en ¢ok destekleyicisi oldugu ve énemli
Olclide de su tasarrufu davramslarina katkida
bulundugu goézlenmistir. (Randolph ve Troy 2008)
Evsel su talebinin azaltilmasinda hangi yollara
bagvurulacagini ve su tiiketiminde hane tutumlarim
tartismislardir. Neticede su potansiyeline alternatif
yerel arz saglamak veya su tiiketimini azaltma kamu
politikasinda basarili olunmasi igin, kiiltiirel,
davranissal ve kurumsal acgidan, hanelerin sosyo
demografik yapisimin anlasilmasi gerektigi sonucuna
ulasilmistir. (Marinoski vd. 2014) arastirmalarinda
Florianpolis, (Giiney Brezilya) boélgesindeki diisiik
gelirli evlerin, su tiiketim seklini ve suyun son
kullanimini  belirlemeyi amaglamislardir. Sonugclar,
dusun hanede en ¢ok su tiiketimine sebep olan unsur
oldugunu ortaya ¢ikarmistir. (Matos vd. 2013) su
talebi yonetiminin, halkin isbirligine ihtiyaci
oldugunu, yonetimin; ikamet alani, yerlesimcilerin
sayisi, ¢ocuklarin ve yaslilarin varligir veya yoklugu,
gelir diizeyi, egitim dilizeyi gibi su kullanimini
etkileyen ozellikleri bilmesinin 6nemli oldugunu
saptamislardir. (Trinidad vd. 2011) Melbourne,
(Avustralya)'da bekar-aile evlerinde suyun son
kullaniminmi aragtirmistir. Sonu¢ olarak, camasir ve
bulasik yikamada su tiiketiminin hane biytkligi
arttikca artmakta oldugu, su kaybinin % 5'ini
olusturan sizintilarin tespit edilip, onarilmasinin
glnlik toplam hane su tiikketimi ve su tasarrufu
acisindan ek fayda sagladigi bulunmustur. (Harlan vd.
2009) bireysel hane su tiiketiminin; gelir ve hanelerin
yapisindan veya Dbireylerin  toplum icindeki
tutumlarindan, nasil etkilendigini ele almistir. (Russell
ve Fielding 2010) o6zellikle insan ve ¢evre psikolojisi
alaninda konut su talebini anlamaya yonelik bir
arastirma  yapmislardir.  Sonuclar, demografik,
psikolojik, davranigsal ve altyapisal degiskenlerin
timunin, hane halki su kullanimini belirlemede bir
rolii oldugunu gostermistir. (Kim vd. 2007) su
tiiketim aliskanliklarini, sosyal ve Kkiiltiirel faktorlerle,
su talebi egilimlerini yapilandirmak i¢in analize tabi
tutmuslardir. Bu verilerin analizi, evsel su talep
tahmin modelinin dizayninda, parametre
yapilandirmasinin temelini saglamistir. (Sadr vd.
2016) Hindistan’ da kent alanlarindaki hanelerde, su
tiketimi ile su kullanimi1 davranisi ve tutumlari
arasindaki iliskiyi arastirmistir. Miistakil evlerin
apartmanlara nazaran daha fazla su tiikettigi
gorilmistiir. Biiytik ailelerin ve geliri yliksek olanlarin
suyu bol miktarda harcadig1 goriilmiistiir. (Cheruseril,
2007) ¢ok degiskenli analiz tekniklerini ve cografi bilgi
sistemlerini (GIS) kullanarak, sosyo demografik
faktorler ile su tiketimi arasindaki iligkiyi
tanimlamay1 amaglamistir. (Domene ve Saur1” 2006)
arastirmalarinda; Barcelona Biiyiiksehir Bolgesinde
kentlesme ve konut su tiiketimi arasindaki iligkiyi

arastirmistir. Daha dogrusu, tanimlayic istatistikler
ve regresyon analizi kullanarak, tiiketimde belirli
demografik (yas, gelir, egitim, vb. gibi degiskenler ile
ilgili), davranigsal ve konut faktdrlerin etkisini
incelemislerdir. Sonuc olarak kentsel su tasarrufunun,
su kullanicillarinin davranislarindaki degisikliklere
bagli oldugu tespit edilmistir. Diger bir bulguda,
yuksek gelir gruplarinin, orta gelirlere nazaran daha
az su tiikettigi gorilmiistiir. (Schleich ve Hillenbrand
2009) calismalarinda Almanya’da yaklasik olarak 600
su tedarik alanini, kisi basi ortalama temiz su ve atik
su icin birka¢c ekonomik, ¢evresel ve sosyal faktoriin
etkisini ekonometrik agidan analiz etmistir. Fiyatlarin
gelir ve hane halkinin genisliginin yani sira, kuyu
payinin, niifusun yasinin yaz aylarinda yagis ve
sicakligin, su talebi iizerindeki etkisini géz oniinde
bulundurmustur. Ayrica, kisi basi su tiiketimi
konusunda bolgesel farkliliklar1 da agiklamaya
calismistir. Sonuclar, hanehalki biiytikligi, kuyu pay1
ve yaz yagislarinin, su talebi ilizerinde olumsuz bir
etkisinin oldugunu gostermistir. Tahminlerin aksine,
yuksek yas grubu daha yiiksek su kullanimi
gerceklestirmistir.

200.000 niifusa sahip Isparta ili i¢in su kullanimina
etki eden paremetreler istatistiksel olarak
irdelenmistir. Sonuglarin degerlendirilmesinde, tek
yonlii varyans analizi (One way ANOVA ) testi metodu
kullanilmistir.

2. Materyal ve Yontem

Isparta il merkezinin 2009, 2010, 2011, 2012, 2013
yillarina ait, niifusu 2000’den fazla 30 mahallesinin en
az 4 yil boyunca su abonesi ayni kisi olan en az 15
hanesine ait, abone bilgileri temin edilmistir. Segilen
her bir cadde veya sokak icin sistematik drnekleme
metodu uygulanarak drneklem secilmistir.

Orneklem kiimesi olan 455 kisiye anket dagitilmistir.
Sekil 1’de katilimcilarin egitim seviyelerinin yiizdesel
dagilimi gosterilmistir. Katilimcilarin %29’u ortaokul
mezunu, %27’silise mezunu, %25’i ilkokul mezunu ve
%17’si iiniversite mezunudur.

Katilimcilar ile dogrudan temasta bulunulmasi, bazi
noktalarin netlestirilmesinde ve katilimin tesvikinde
ideal bir yontem oldugu gorilmistir. Anketin
degerlendirilmesinde asagidaki analiz kullanilmistir.

Calismada, veri seti 30’dan biyiik oldugu icin,
oncelikle paremetrik yontemin uygulanabilirligi
sinanmigstir. Verilerin siirekli oldugu goriilmektedir.
Her bir faktériin normal dagilima sahip olup
olmadigini tespit etmek icin istatiksel analiz yapilmis
ve sonucta verilerin normal dagilima uydugu
belirlenmistir.
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35 belirli bilgi kaynaklar: bakimindan, katilimcilar Tablo
29 1’de goriilecegi lizere yedi baslica kaynaktan olusan
30 26 27 bir listeyi siraya koymuslardir.
25
18 Tablo 1. Su tasarrufu farkindaligini arttirmak
20 . o
icin kullanilan bilgi kaynaklari
15
E 10 Siraya gore Bilgi | Oldukca | Kismen Tercih
:S Kaynaklari tercih tercih etmem
> 5 ederim ederim
0 3 2 1
= = 2 3
G i) = = 1)TV programlari 74,4 21,4 4,2
) Q =
s < 5}
- j 2
= ) c
§ s 2)Radyo programi 4,6 20,0 75,3
EGITIM SEVIYESI
3) Gazete 14,6 24,9 60,5
Sekil 1. Katilimcilarin egitim seviyelerinin ytizdesel 4) Brogiir 3.6 31,2 65.2
dagilimi
5) internet 22,3 35,6 42,0
Katilimcilarin su ile ilgili bilgi kaynaklar1 ve tasarruf
davraniglar1 ile istatistiksel olarak anlamli olan 6) Kitap, bilimsel
(demografik ve ekonomik) ézellikler arasindaki iligki makale ve dergi 10,9 22,3 66,8
arastirilmistir. [kiden fazla gruplu degiskenlerde tek okuma
yonli varyans analizi (One way ANOVA) testi 7)Arkadas
: 51 50,1 44,8
kullanilmistir. sohbetleri

2.1. Tek Yonlii Anova

Tek yonlii Anova’ da iki temel varsayim vardir. Bu
varsayimlara gore her bir grup normal dagilimdan
gelir ve goreli olarak gruplarin varyanslari
homojendir. Calismalar da genellikle varyanslarin
homojenligine bakilir (Kalayci, 2009).

Tek yonli varyans analizi (ANOVA) normal dagilim
gosteren bir diizende ii¢ veya lg¢ten fazla bagimsiz
ortalama arasinda olusan fikrin anlamhliginin
hesaplanmasinda kullanilir. ANOVA testi tek basina
veya ili¢ ve lgcten daha fazla grubun aritmetik
ortalamalarinin kiimiilatif olarak Kkarsilastirmasidir.
Bu karsilastirmalarin i¢ginde en az bir tanesi anlamh
oldugu zaman ANOVA sonucu anlamli olur. ANOVA
testi sonucunda kullanilacak hipotezler;

HO; pl=p2=p3=.ccevvrren = uN Grup ortalamalarinin
arasinda anlaml bir fark yoktur. %5 6nem seviyesinde
varyanslar esit dagilmamistir.
HL;pl=p2=p3=.ccvrren. = uN Grup ortalamalarinin
arasinda anlaml bir fark vardir. %5 6nem seviyesinde
varyanslar esit dagilmistir (Otrar, 2017).

3. Arastirma Bulgulan

3.1 Veri Analizi

Su sorunlar1 hakkinda temel bilgi sahibi olmaya ve su
tasarrufuna iliskin bilingliligi arttirmaya yonelik

Genel olarak bakildiginda, kitle iletisim araclarinin en
iyi ve en etkili tasarruf bilgi kaynaklar1 oldugu
gorilmustiir. Televizyon %74,4'lik bir oranla en ¢ok
tercih edilen bilgi kaynagidir. Televizyonu, %22,3'liik
bir oranla internet, %14,6'lik bir oranla ise gazete
takip etmektedir. Diger bilgi kaynaklari ile ilgili olarak
ise katilimcilarin %10,9'u Kitap, bilimsel makale ve
dergi okuma oldukga tercih ettiklerini ~ %5,1" lik bir
kismi ise bu tir bilgilerin en ¢ok arkadas
sohbetlerinden edinmeyi tercih ettiklerini
belirtmislerdir. Katilimcilarin bir kismi ise (%4,6) en
cok tercih ettikleri opsiyon olarak radyo programini
belirtirken, %3,6'lik diger bir kismi ise brosiirii tercih
etmektedirler. Bu analiz bizlere, TV'nin agik ara farkla
o6nde olmakla birlikte, belli bagh bilgi kaynaklarinin
net bir sekilde tercih edildigini gostermektedir.
Katilimcilarin  su ile ilgili bilgi ve tasarruf
davranislarinda etkili olan Kkitle iletisim kaynaklar ile
egitim durumu arasindaki iliski tek yonlii varyans
analizi anova testi ile incelenmis, agirlikli ortalama ve
anlamlilik degerleri Tablo 2’de verilmistir. Tabloda
yer alan (Sig.)p paremetresi:

Sig." degeri 0.000<0.05 oldugu i¢in tek yonlii varyans
analizi icin olan HO hipotezi reddedilir. Yani " %95
giivenle, gruplarin ortalamalar1 arasinda istatistiksel
olarak anlamli bir farklilik vardir.” denilebilir.

Sig." degeri 0.000<0.01 oldugu icin tek yonlii varyans
analizi icin olan HO hipotezi reddedilir. Yani " %99
giivenle, gruplarin ortalamalar: arasinda istatistiksel
olarak anlamli bir farklilik vardir.” denilebilir.
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Tablo 2. Egitim diizeyi degiskeni tek yonlii varyans
analizi (anova testi) uygulama sonuglari

Egitim Gruplari
Uni
ilk - jortallise + [P

Su ile ilgili bilgi kaynaklar1
AO A0 A0 AO

(1) TV programlari 2,68 (2,74 (2,81 2,49 |000**
(2) Gazete 1,24 (1,59 1,66 1,67 |000**
(3) Brosiir 1,14 1,20 (1,64 [1,68 |,000**
(4) Internet 1,34 (1,74 2,02 [2,21 |,000**

(5) Kitap, bilimsel makale ve

- 1,131,18 1,60 2,06 ,000**
dergi okuma

(6) Arkadas sohbetleri 1,52 (1,45(1,74 (1,77 |,000**
Tasarruf ile ilgili etkili olan

kaynaklar

(1) Kisisel okumalardan 1,80 2,11 2,52 2,42 |000**
(2) Sosyal kurumlardan 1,22 1,58 1,60 [1,27 |000**
(3) Devlet makamlarindan |1 241,62 (1,63 (1,53 |,000**
(4) Arkadaslardan 1,47 [1,50 [1,83 1,64 |000**
(5) internet 1,34 11,60 [1,95 1,86 |000**

Tek yénlii varyans analizi anova test p degeri * p<0,05 **p<0,01
AO:Agirlikli ortalama

Su ile ilgili bilgi kaynaklari ve tasarruf davranislarinda
etkili olan kaynaklarin egitim durumu gruplarina goére
karsilastirmasinda tiim maddelerde egitim gruplarina
gore anlamli farklilik s6z konusudur.

Su ile ilgili bilgi kaynaklarinda; TV programlari
maddesinde lise ortalamasi (2,81) diger gruplardan
yliksek bulunmustur. Gazete maddesinde {iniversite

ortalamas1  (1,67) diger gruplardan yiiksek
bulunmustur. Brosiir maddesinde {niversite
ortalamast  (1,68) diger gruplardan yiiksek

bulunmustur. Ayrica lise gurubu ortalamas: (1,64),
ortaokul grubunun ortalamasindan (1,20) ve ilkokul
grubu ortalamasindan (1,14) yiiksek bulunmustur.
internet maddesinde {iniversite ortalamasi (2,21)
diger gruplardan yiiksek bulunmustur. Ayrica lise
gurubu ortalamast (2,02), ortaokul grubunun
ortalamasindan (1,74) ve ilkokul grubu
ortalamasindan (1,34) yiiksek bulunmustur. Kitap,
bilimsel makale ve dergi okuma maddesinde
iiniversite ortalamasi (2,06) diger gruplardan yiiksek
bulunmustur.

Arkadas sohbetleri maddesinde iiniversite ortalamasi
(1,77), diger gruplardan yiiksek bulunmustur.
Tasarruf davraniglari ile ilgili etkili olan kaynaklarda;
kisisel okumalar maddesinde lise mezunlarinin
ortalamasi (2,52) diger egitim gruplarindan yiiksek
bulunmustur. Ayrica iiniversite mezunu ortalamasi
(2,42) ortaokul ortalamasindan (2,11) ve ilkokul
ortalamasindan (1,80) yiliksek bulunmustur. Sosyal
kurumlardan = maddesinde lise = mezunlarinin
ortalamasi (1,60) ortaokul mezunlari hari¢ (1,58)

diger egitim gruplarindan yiiksek bulunmustur.
Devlet makamlarindan maddesinde lise mezunlarinin
ortalamas1 (1,63), ortaokul mezunlar1 hari¢ (1,62)
diger egitim gruplarindan yiiksek bulunmustur.
Arkadaslardan maddesinde lise  mezunlarinin
ortalamasi (1,83) diger egitim gruplarindan yiiksek
bulunmustur. internet maddesinde lise mezunlarinin
ortalamasi (1,95), liniversite mezunlar1 hari¢ (1,86)
diger egitim gruplarindan yiiksek bulunmustur.
Ayrica liniversite mezunu ortalamasi (1,86) ortaokul
ortalamasindan (1,60) ve ilkokul ortalamasindan
(1,34) yiiksek bulunmustur.

Burada {niversite mezunlarinin ve onun hemen
arkasindan lise mezunlarimin, su ile ilgili bilgi
kaynaklarina ulasip, onlar1 daha sik kullanma ve
tasarruf  davranislarinda  etkili  kaynaklardan
yararlanmada, diger mezun gruplarina nazaran 6n
plana giktig1 goriilmektedir.

Ayni zamanda Anova testinden elde edilen sonuclar
asagidaki Sekil 2’de grafiksel olarak gosterilmis olup,
yatay eksende belirtilen 11 adet maddenin agiklamasi
asagidaki gibidir.

Bilgi Kaynaklar1 ve Tasarruf Davranislarinda etkili
olan kaynaklar;

1-TV programlari

2- Gazete

3- Brosiir

4- Internet

5- Kitap, bilimsel makale ve dergi okuma
6- Arkadas sohbetleri

7- Kisisel okumalardan

8-Sosyal kurumlardan

9- Devlet makamlarindan
10- Arkadaslardan

11- internet

Seklinde siralanmaktadir.
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Sekil 2. Egitim diizeyi degiskenine gore agirlikli ortalama degerlerinin dagilimi

4. Sonug ve Tartisma

Calismada oncelikle kentsel hanelerin su tiiketim
egilimleriile tasarruf davranislari arastirilmistir. Hane
halklarinin su tasarruf davranislarini nasil anladiklari
ve uyguladiklarini belirlemek adina tiiketicilerin su
kaynaklarina iliskin tutum, diisiince ve bilgileri
incelenmistir. Isparta kentsel hane halkinin su
kullanim aligkanliklar1 ile tasarruf davranislarini
etkileyen faktorler ve motivasyonlar1 ele almak
amaciyla, su tasarruf davranislarinin edinimini
etkiledigi bilinen faktdrler belirlenmistir. Cesitli kitle
iletisim araglari, Isparta’nin su sorunlarina iliskin bilgi
kaynaklarina katkida bulunmus olmasina ragmen,
televizyon ve internet baslica, iki bilgi kaynagini teskil
etmektedirler. Bes kitle iletisim aracindan geriye
kalan son fgii ile arasinda neredeyse iligkili bile
bulunmamistir. Tutarli bagimsiz degisken olarak
objektif arka plan kriterlerinin (bunlardan ikisi
demografik ve sosyo ekonomik kriterdir) Isparta hane
halkinin su tiiketim wuygulamalar1 ve tasarruf
davraniglarini  aciklayan egemen unsur olarak
anlamliligini ortaya koymustur.

Sonug olarak; iiniversite ve lise mezunlarinin, su ile
ilgili kitle iletisim araglarina (TV ve internet) ulasip,
onlar1 daha sik kullanma ve tasarruf davranislari i¢in
etkili kaynaklardan yararlanmada, diger mezun

gruplarina gére én plana ciktign gériilmiistir. flkokul
mezunlarinin, su ile ilgili kitle iletisim araglarina
ulasip, onlar1 daha sik kullanma ve tasarruf
davraniglar1 i¢in etkili kaynaklardan yararlanmada,
yetersiz kaldig1 goriilmistir. Ortaokul mezunlarinin

ise ilkokul mezunlarinin seviyesinin bir miktar
ustlinde davranis sergiledigi goriilmiistiir. Burada
belirtilen tasarruf davraniglarindan 6ne ¢ikanlardan
bazisi; Camasir makinesi tam dolunca ¢alistirmak, dus
alirken ve banyo yaparken suyu siirekli akitmayip,
muslugu acip kapatmak, dus alma siiresini kisa tutmak
olarak sayilabilir. Egitim diizeyinin ylikselmesinin, su
tasarrufuna yonelik her tirli eylem ve g¢abayl
arttirdigi belirlenmistir.

Ayrica su tasarrufunun artirilmasi i¢in, daha genis
kitlelere ulastirilmasinda, calismada 6n plana ¢ikan TV
ve internetin yaninda, diger kitle iletisim araglarininda
yayginlastirilmasi ve etkinlestirilmesi gerekmektedir.
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Dogrudan tahrikli sistemler disli kutusu gibi aktarma organlarina olan ihtiyaci
ortadan kaldirarak daha yiiksek verimlilik ve daha kii¢iik bir yap1 sunmaktadirlar.
Bu calismada, dogrudan tahrikli asansér uygulamalarinda kullanilan sabit
miknatishh senkron motorlarda miknatis geometrisi degistirilerek motor
performansi ve maliyeti iizerindeki etkileri incelenmistir. Motorlarda kullanilan
miknatislara ait maliyet, toplam motor maliyeti iizerinde 6nemli bir paya sahiptir.
Bu sebeple 6ncelikle 5,5 kW giiclinde yiizey yerlestirmeli bir sabit miknatish
senkron motor tasarlanip analiz edilerek parametreleri sunulmugtur. Ilk tasarim
asamasini gecen motorda miknatis geometrisini belirleyen kutup yay1/kutup adimi
orani, kutup cikint1 kagiklig1 (ofseti) ve miknatis kalinlig1 degerleri degisken olarak
tanimlanmis ve parametrik ¢oziimler gerceklestirilmistir. Analizler sonucunda
motor verimi, vuruntu momenti, toplam miknatis agirligi ve maksimum ¢ikis giicti
degerleri elde edilerek karsilastirilmistir. Ayrica farkli kriterleri amaglayan
tasarimlar icin motorlarin toplam maliyetleri karsilastirilmistir. Boylelikle motor
verimi ve maliyeti arasinda en iyi dengeyi sunan miknatis geometrisi ve motor
tasarimi elde edilerek baslangi¢ tasarimi iyilestirilmis ve %30 daha diisiik maliyet
elde edilmistir. Bununla birlikte maksimum verimlik yaklasik olarak %91 olarak
elde edilirken, dengeli tasarim yaklasik olarak %88 degerinde kabul edilebilir bir
verimlilik sunmaktadir.

INVESTIGATION OF THE EFFECTS OF MAGNET GEOMETRY ON MOTOR PERFORMANCE
AND COST IN PERMANENT MAGNET SYNCHRONOUS MOTORS USED IN DIRECT DRIVE

ELEVATOR SYSTEMS

Keywords

Abstract

Elevator,

Direct Drive,
Permanent Magnet,
Synchronous Motor,
Cost.

Direct drive systems eliminate the need for drivetrain such as gearboxes to provide
higher efficiency and a more compact structure. In this study, magnet geometry of
surface mounted permanent magnet synchronous motors used in direct drive
elevator applications was changed and its effects on motor performance and total
active material cost were investigated. As is known, the cost of magnets used in
electric motors has a significant share on total motor cost. Consequently, a 5.5 kW
surface mounted permanent magnet synchronous motor has been designed,
analyzed and its parameters are presented. For the motor that passes the first
design phase, the parameters that constitute the magnet geometry given as pole
arc/pole pitch ratio, pole offset and magnet thickness values determined as variable
and parametric solutions were implemented. As a result of the analyses, motor
efficiency, cogging torque, total magnet weight and maximum output power values
were obtained and compared. In addition, the total costs of the motors were
compared for designs that aim different design criteria. Thus, the initial design was
optimized by obtaining the magnet geometry and motor design that provides an
optimal equilibrium between motor efficiency and cost. As a result, 30% lower cost
was obtained. However, while the maximum efficiency is obtained as approximately
91%, the optimized design offers an acceptable efficiency of about 88%.
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1. Giris oluk sayisi kombinasyonunda SMSM tasarimi

Glnlimilizde kent niifusunun artmasi ile birlikte
yliiksek binalarin sayis1 da hizla artmaktadir. Bu
binalarda tasimanin kolay ve verimli yapilabilmesi
Onem arz etmektedir. Asansorler binalarda gerekli
dikey tasima islemini gerceklestiren cihazlardir.
Klasik asansor sistemlerinde disli kutusu ve ayr1 bir
makine dairesi kullanilmaktadir. Bu sistemler
mekanik diizenekleri ve kullandiklar1 motor
teknolojilerinden dolay1 diisiik verim, titresim, akustik
giirtilti, sik tamir ve bakim ihtiyaci gibi istenmeyen
birtakim 6zelliklere sahiptirler (Das vd., 2016; Cicale
vd., 2012). Aktif malzeme ve motor siiriicii
teknolojilerinde yasanan gelismeler dogrultusunda
asansoOr sistemlerinde yiiksek performans ve verim
sunan sabit miknatish senkron motorlarin (SMSM)
kullanimi artmaktadir. Yiksek kutup sayilarina sahip
SMSM’larin  dogrudan tahrik imkam saglamasi
neticesinde dislisiz ve makine dairesiz asansor
sistemleri  yayginlasmaktadir.  Bdylelikle hem
kullanilan SMSM’larin diger motorlara kiyasla
sundugu verim avantaji, hem de mekanik aktarma
organlarinda yasanan kayiplarin ortadan kaldirilmasi
ile birlikte sistem verimliligi ©6nemli olciide
artmaktadir. SMSM’lar diger motor tiirlerine kiyasla
yliksek verim, maksimum moment iiretimi, yiliksek
birim gii¢ yogunlugu ve genis sinirlar icinde hiz
kontrolii sunmaktadirlar (Hwang vd., 2012; Dalcali ve
Akbaba, 2017; Krasnow vd., 2017). Dogrudan tahrikli
SMSM kullanilan asansérler geleneksel sistemlerle
karsilastirildiginda bir¢ok avantaja sahiptirler. Gelisen
siirticii teknolojisinin yardimiyla asansérler kalkis,
seyir ve durus esnasinda kullaniciya konfor
saglamaktadirlar. Yiiksek moment kabiliyetine sahip
olan SMSM’lar tiim yiik kosullarinda etkin bir
moment-hiz denetimi sayesinde kat hizalamasinda
basarili performans sergilemektedirler (Demir6z vd.,
2010). Bu motorlarin diisiik hizda yliksek momente
sahip olmalar1 disli kutusunun ortadan kaldirilmasina
imkan saglamistir. Disli kutusunun kaldirilmasi
yuksek verime, kiiciik yapiya, disiik giirtltiiye, bakim
kolayligina ve c¢evre dostu teknolojiye oOnciiliik
etmektedir (Anand ve Mahesh, 2016).

Literatiirde SMSM’larin tasarimi ve performanslarinin
iyilestirilmesine ~ yonelik pek c¢ok  ¢alisma
bulunmaktadir. Bu c¢alismalar biiyiik ¢ogunlukla
siirlicii denetimine ve motorun fiziksel yapisi iizerine
odaklanmistir. Yetis ve digerleri dislisiz asansor
sistemlerinde kullanilmak iizere iki farkli stator-rotor

gerceklestirmislerdir. Bunlardan ilki 36/34 ve ikincisi
36/42 kombinasyonuna sahiptir. Analiz sonucunda
ilk tasarimda daha diisiik vuruntu momenti, hafif yapi
ve diisiik miknatis maliyeti elde edilmistir. Ikinci
tasarimda ise daha diisiik moment dalgalanmasi ve
manyetik  ylklemeye sahip motor tasarimi
gerceklestirilmistir (Yetis vd., 2013). Bu ¢alismaya
benzer diger bir ¢alismada 6 farkl stator-rotor oluk
kombinasyonu analiz edilerek optimum radyal
elektromanyetik kuvvetin elde edilmesi
amaglanmistir (Kim vd., 2017). Diger bir ¢alismada
asansorde kullanilan SMSM’larda tam adimli ve kesirli
tip sarim yapisinin moment dalgalanmasina etkisinin
incelenmesi amaciyla yiizey yerlestirmeli bir motor
tasarlanarak deneysel olarak dogrulamasi
gerceklestirilmistir. Kesirli tip sarimda 5., 7., ve diger
ylksek dereceden harmonik bilesenlerin azaltildig:
belirlenmistir (Bakhtiarzadeh vd., 2017). Yiiksek hizli
asansorlerde  kullanilan SMSM'un  oluk/kutup
oraninin etkisinin belirlenmesi i¢in yapilan ¢alismada
144 oluk/32 kutup yapisina sahip prototip motor ile
144 oluk/40 kutba sahip optimize edilmis motor
karsilastirilmistir. Optimize edilen SMSM'un nominal
ve maksimum yiik kosullarinda 32 kutuplu motora
nazaran daha diisiik harmoniklere sahip oldugu tespit
edilmistir. Disiik harmonige ragmen artan kutup
sayisi ve demir kaybi nedeniyle 40 kutuplu SMSM'un
veriminin daha diisiik oldugu gorilmistiir (Sim vd,,
2018). i¢c ve dis rotorlu dogrudan tahrikli SMSM’larin
asansOr uygulamalar1 icin karsilastirildigi  bir
calismada, motorun tasarimindaki temel sorunlari
dikkate alan arastirmacilar, i¢ rotor yapisina sahip
SMSM'un dis rotor yapisina sahip motordan daha
biiyiik ve daha agir oldugunu belirtmislerdir. Bu
dezavantajina ragmen i¢ rotorlu motorda 1si
dagiliminin daha iyi oldugu belirtilmistir (Wang vd.,
2005). Farkli miknatis yerlesimlerinin dikkate alindig1
diger bir ¢alismada ise yiizey yerlestirmeli miknatislar
ile gobmiili tip radyal ve tegetsel manyetize edilmis
miknatislara sahip motorlar karsilagtirilmistir.
Yaklasik olarak aymi verim ve gilic yogunlugu
degerlerini sunan her bir motor igin en yiiksek maliyet
ylizey yerlestirmeli miknatislara sahip SMSM'da elde
edilmistir (Torrent vd., 2018).

Literatiir =~ calismalarinda  6zellikle performans
iyilestirmelerine yer verildigi bununla birlikte motor
maliyetinin ise az sayida c¢alismada irdelendigi
gorilmektedir. Genel olarak yiiksek verimlilik
beraberinde yiliksek maliyeti de getirmektedir. Bazi
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spesifik uygulamalarda maliyet goz ardi edilerek
motor tasarimindaki en onemli kriter yiiksek
verimlilik olabilmektedir. Fakat asansorler, elektrikli
araglar, fan ve pompalar gibi endistriyel
uygulamalarda ideal bir seri iiretim motor igin
verimlilikle birlikte motor maliyetinin de titizlikle ele
alinmasi gerekmektedir. Boyle bir motorun tasarimi
mutlak suretle verim, maksimum moment lretimi ve
maliyet gibi kriterleri dikkate alan ¢ok amach bir
optimizasyon  probleminin  ¢6ziimiine ihtiyag
duymaktadir. Boyle bir problemde genel olarak
kullanilan malzemelerin 6zellikleri, makinanin aktif
boyutlari, stator ve rotor geometrik parametreleri,
sargl oOzellikleri ve yik davranisi degisken olarak
tanimlanir ve belirlenen smirlar dogrultusunda
¢ozlimler elde edilir. Fakat ¢ok fazla degiskenin
tanimlanmasi problemin ¢6ziimini ve giris cikis
parametrelerinin birbirleri {izerindeki etkilerinin

yorumlanmasini zorlastirmaktadir. Literatiir
calismalarinda  agirlikli  olarak  ¢ok  amach
optimizasyon problemlerine yer verilmektedir.

Bununla bilirlikte calismalarin énemli bir kismi1 farkh
rotor topolojilerine ve miknatis malzemelerine sahip
motorlarin verimlerinin ve maliyetlerinin
karsilastirmasi lizerine yogunlagmistir. Bu kapsamda,
Torrent ve arkadaslar ytizey yerlestirmeli miknatislar
ve gdmiilii tip miknatislara sahip cer motorlarinin
verim ve maliyetlerini karsilastirmis, yiizey
yerlestirmeli miknatislara sahip motorlarin daha
yiksek maliyete ragmen daha iyi verimlilik
sunamadigini ortaya koymustur. Dogrudan tahrikli
asansOr motorlari yiiksek kutup sayilarindan dolay:
ylzey yerlestirmeli yapilandirmaya sahip olmak
zorundadir. Bu sebeple verim ve maliyet odakli bir
karsilastirma i¢cin miknatis geometrisi, stator
boyutlar: sabit kalmak kaydiyla degistirilerek her bir
geometrik degiskenin etkisi gézlemlenmelidir. Cok
amacli optimizasyon problemlerinde her bir
degiskenin etkisini takip etmek olduk¢a zordur. Bu
calisma ile miknatisa ait her bir geometrik

parametrenin etkisi dogrudan
gozlemlenebilmektedir.
Yiiksek BHmaks. c¢arpimina sahip neodimiyum

miknatislar elektrik motorlarinda yaygin olarak
kullanilmaktadir (Knebl vd., 2018; Zhao vd., 2018). Bu
tir miknatislarin kullanimi ile yiiksek hava araligi aki
yogunluguna ve kii¢iik boyutlara sahip motorlarin
tasarim ve Uretimi yayginlagsmaktadir (Grunditz vd.,
2018; Hu vd., 2017). Diger taraftan nadir element
malzemelerin fiyatlar1 son yillarda hizla artmakta ve
fiyatlarda yasanan istikrarsizlik motor ireticileri i¢cin
olumsuz bir tablo meydana getirmektedir. Miknatis
maliyeti, toplam motor maliyeti izerinde 6nemli bir
paya sahiptir. Bu sebeple motor iireticileri, miknatis
kullaniminmi azaltmaya yonelik tedbirler almakta ve
daha az miknatis kullanimma imkan saglayan
tasarimlar lizerinde ¢alismaktadirlar.

Yukarida ifade edildigi iizere, miknatis geometrisi ve
dolayisi ile toplam miknatis kullanim1i motor

performans1 ve maliyeti lizerinde 6nemli bir yere
sahiptir. Bu gerekceler dogrultusunda bu calismada,
ilk olarak 5,5 kW (600-700 kg, 8 kisi tasimaya uygun)
glclinde bir SMSM’un sonlu elemanlar yontemi ile
analizleri gerceklestirilmistir. Akabinde miknatis
geometrisinin ve dolayis1 ile toplam miknatis
miktarinin  motorun performanst ve maliyeti
lizerindeki etkilerinin incelenebilmesi i¢in miknatis
geometrisini olusturan parametreler degisken olarak
tanimlanmistir. Boylelikle farkli miknatis geometrileri
sonucunda motor verimi, vuruntu momenti, ¢cikis glicii
ve toplam miknatis kullanim miktar1 degerleri elde
edilmistir. Analiz sonuglar1 incelenerek maksimum
verim, minimum maliyet ve dengeli verim-maliyet
tasarimlar1 elde edilmistir. Her bir tasarim kriterine
ait toplam motor maliyetleri karsilastirmali olarak
sunulmustur. Karsilastirma sonuclarinin dogrudan
miknatis geometrisi ile iliskilendirilebilmesi icin
motorlara ait paket boyu ve ¢api, hava araligi ve sargi
ozellikleri degistirilmemistir. Daha dnce ifade edildigi
lizere ¢cok amagh bir optimizasyon i¢in motora ait tim
degiskenleri iceren bir problem tanimlanmalidir.
Boylelikle daha yiliksek performans ve daha diisiik
maliyet hedeflerine ulasilabilir.

2. SMSM’un Tasarimi ve Analizi

Elektrik makinalarinin tasarimi bir¢cok miihendislik
disiplinin birbiri ile iligkisini igerir. Bir elektrik
makinasimin tasariminda elektromanyetik, 1sil ve
mekanik problemlerin dikkate alinmasi ve istenilen
ozellikleri karsilayan bir tasarima ulasilmasi i¢in bir
dizi analizin gergeklestirilmesi gerekir. Elektrik
makinalarinin tasariminda ve analizinde kullanilan
Sonlu Elemanlar Metodu (SEM) elektromanyetik
tasarim parametrelerinin ¢ok ytksek bir dogrulukla
belirlenmesine imkan tanir (Upadhyay, 2008; Duan,
2010; Dalcali ve Akbaba, 2016). Elektrik
makinalarinin tasarimi genellikle boyutlandirma
esitlikleriyle  baslar. Boyutlandirma hesaplari
sonucunda elde edilen paket ¢ap1 (D) ve boyu (L), cogu
zaman esitlik icerisinde dogrudan ifade edilemeyen
bir takim kabul ve varsayimlarla iligkilidir. Bu sebeple
tasarimcinin deneyimi, boyutlandirma hesaplarinin,
tasarimdan beklenilenleri karsilamasi agisindan
o6nemlidir. Ayni zamanda boyutlandirma
hesaplamalari sonucunda elde edilen boyutlarin, nihai
tasarim boyutlarina yakin olabilecek sekilde yiiksek
dogrulukla belirlenmesi gerekmektedir. Boylelikle
optimizasyon siirecinde tanimlanacak araliklar
daraltilarak daha hizli ve dogru sonug alinabilmesi
mimkiin olur. Esitlik 1’de boyutlandirma icin
kullanilabilecek genel bir esitlik verilmistir. Esitlikten
goriilecegi iizere, motordan alinabilecek gli¢, manyetik
ve elektriksel ytklemeye, stator i¢ ¢apina, paket
uzunluguna ve déonme hizina baghdir. Tiim bunlara ek
olarak sogutma tipi de boyutlar lizerinde 6nemli bir
etkiye sahiptir. Bu nedenle makinanin sogutma
sekline gore boyutlandirma hesaplamalari uygun bir
katsay1 ile giincellenmelidir. Ornegin daha iyi
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sogutulabilen bir motordan ayni paket hacminde daha
fazla siirekli gii¢ alinabilmektedir.

_ DY L
=11. .B.ac| —— | . —. 1
S=11.K,,-B-ac (1000] 1000 n (1)
Burada S VA cinsinden gii¢, B spesifik manyetik
yuklemesi, ac spesifik elektriksel ytiklemesi, D stator
ic capy, L paket uzunlugu, Kw: sargl katsayisi ve n
motorun anma hizidir (Dalcali ve Akbaba, 2017; Ocak
vd., 2017). Calismanin bu kisminda motorun tasarim
detaylarina, icerigin uzunlugu ve tek basina farkl bir
calismanin konusunu olusturmasi sebebiyle yer
verilmeyecektir. Fakat SMSM’a ait matematiksel
model ilgili kaynaklarda detaylica bulunabilir (Celik,
2012; Oztiirk vd., 2017). Boyutlandirma calismalari
sonucunda elde edilen tasarima ait parametreler
Tablo 1'de sunulmustur. Tablo 1 parametreleri
dogrultusunda elde edilen baslangi¢ tasarimina ait 3
boyutlu (3B) motor goriiniimii ve oluk geometrisine
ait detaylar Sekil 1’de verilmistir.

Tablo 1. Baslangi¢ tasarimi parametreleri.

Parametre Deger Birim
Anma Giicii 55 kW
Anma Hiz1 185 rpm
Anma Gerilimi 400 \
Miknatis Malzemesi N40-UH -
Niive Malzemesi M400-50A -
Oluk Basina iletken 68 -
iletken Capi 1,15 mm
Oluk Sayis1 39 -
Stator Dis Capi 324 mm
Rotor Dis Cap1 252 mm
Paket Uzunlugu 155 mm
Hava Araligi 1,2 mm
Kutup Sayisi 22 -
Miknatis Kalinhig 3 mm
Kutup Yay Ofseti 0 -

Sekil 1. SMSM'’un baslangi¢ tasarimina ait 3B goriiniimii ve oluk detaylari.

Baslangi¢ tasarimi gerceklestirilen SMSM’un yiikli ve
ylksliz durum analiz sonuglar1 Tablo 2’de verilmistir.

Tablo 2. Analiz sonuglari.

Parametre Deger Birim
Endiiklenen Faz Gerilimi 448 \'
A Faz Akimi 12,05 A
YEII:;Z Toplam Kayiplar 958,67 W
Cikis Momenti 283,94 Nm
Verim 85,19 %
Stator Dis Aki Yogunlugu 1,485 T
Stator Bo;v/unduvrugu Akl 0,569 T
Yogunlugu
Yiiksiiz Rotor Bo;:unduvrugu Aki 0,488 T
Yogunlugu
Hava f&rallgvl Aki 0,774 T
Yogunlugu
Miknatis Ak Yogunlugu 0,804 T
Yiksiiz durumdaki analiz sonuglar1 baslangic¢

tasariminda olusturan niive geometrisinin ve segilen
manyetik malzemenin uygunlugunu goéstermektedir.
Genel bir yaklasim olarak niivenin ¢alistirildigi aki
yogunlugu degeri, doyum bolgesinin altinda ve

gecirgenligin maksimumum oldugu noktaya gore
belirlenmelidir. Bu kapsamda elde edilen sonuclar
tasarim oncesi hedeflenen 6lgiitlere uygundur.

3. Miknatis Geometrisinin Degisimi

Miknatis geometrisi motor performansi {zerinde
onemli bir etkiye sahiptir (Zarko vd., 2018; Jo vd.,,
2019; He ve Wu, 2019). Bu calismada dogrudan
tahrikli uygulamalar hedeflendiginden 22 kutuplu bir
tasarim dikkate alinmistir. SMSM’larda miknatislar
ylizeye veya rotor igerisine gomilii olarak
yerlestirilebilir.  Yiiksek kutup sayisina sahip
tasarimlarin, daha kiiciik rotor capinda yiizey
yerlestirmeli olarak gerceklestirilmesi daha kolaydir.
Gomiili tip yapilarda miknatislarin rotor igerisindeki
etkin yerlesme capi kii¢iildiigiinden, gémiilme miktari
arttikca kutup sayisini disiirme veya rotor ¢apinin
biiyiitilmesi problemleri ortaya ¢ikmaktadir. Yiizey
yerlestirmeli ve gomili tip miknatislara sahip
tasarimlarda miknatislarin geometrik degisimleri
farkli parametrelerle ifade edilir. Bu calismada yiizey
yerlestirmeli yap1 dikkate alindigindan, rotor yiizeyine
yerlestirilen = miknatis geometrisini  degistiren
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parametreler dikkate alinacaktir. Bu parametrelerden
ilki, Sekil 2a’da verilen ve miknatislar arasindaki
boslugu belirleyen kutup yayi/kutup adimi oranidir.
Diger bir parametre ise Sekil 2b’de verilen miknatis
kalinligidir. Calismada tanimlanan son degisken ise
miknatis kenarlarinin basiklik diizeyini ifade eden
kutup yay ofset parametresidir. Miknatisin st
ylizeyini olusturan yayin merkezi referans alinirsa,
kutup yay ofset parametresi bu merkeze dik olan
uzaklik olarak ifade edilir. Kutup yay ofset degeri sifir
iken, miknatis ve stator arasindaki hava aralig1 sabit
bir deger alacaktir. Kutup yay ofset degeri arttikca,
miknatisin kenarlarindaki basiklik artacak ve buna
bagl olarak miknatis ve stator arasindaki hava aralig1
merkezde minimum, kenarlarda ise maksimum deger
alarak degisken bir hava aralig1 elde edilmesine sebep
olacaktir. Sekil 2c’de kutup yay ofset degeri
degisiminin miknatis geometrisi {lizerindeki etkisi
gosterilmistir.

Tablo 3’te miknatislarin geometrisini olusturan ve
degisken olarak tanimlanan parametreler icin
belirlenen smir araliklart ve ¢6ziim adimlari
verilmistir. Bu kapsamda toplamda 1302 farkl analiz
gerceklestirilmistir.  Kutup  yayi/kutup  adimi
degerinin alabilecegi Ust sinir degeri 1'dir. Montaj
gereksinimlerinden dolay1 bu ¢alismada maksimum
0,95 ve minimum 0,65 olarak belirlenmistir. Minimum
olarak belirlenen degerden daha kiiciik degerler
genellikle daha kiiciik birim gii¢ yogunluguna sahip
makinalar elde edilmesine sebep olur. Kutup yay ofset
degerinin alt smir1 0, diger bir ifadeyle ofset
tanimlanmadig1 durumu ifade eder. Bu degerin ist
sinir1 ise kutup yayi/kutup adimi degerini fiziksel
olarak etkilemeyecek en biiyilk deger olarak
belirlenmistir. Aksi halde daha fazla ofset verilmesi
miknatislar arasindaki boslugun artmasina sebep
olacaktir.

Tablo 3. Parametrelere ait ¢6ziim araliklari ve

adimlari.
Parametre Tammlanan Adim
Aralik
Kutup Yay1/Kutup Adimi Oranmt | 0,65 < P1 < 0,95 0,01
Kutup Yay Ofseti (mm) 0<P2<100 20
Miknatis Kalinligi (mm) 3<P3<6 0,5

P1 degeri degisiminin motor performansi lizerindeki
etkileri kestirmek zordur. Bu sebeple ilgili degisken
icin  ¢dziim  adimlar1  olabildigince  kii¢giik
tanimlanmistir.

Burada daha kiiciik adim degerleri tanimlanabilir
fakat miknatislarin  imalat toleransi  disinda
kalacagindan gercek¢i bir yaklasim olmayacaktir.
Diger taraftan P2 ve P3 degiskenlerinin etkileri ¢cogu
zaman dogrusal bir bant icerisinde kalir ve
kestirilebilir. Bu sebeple P2 ve P3 degiskenlerine ait
¢6zlim adimlar1 toplam analiz miktarini ve stiresini
azaltmak adina nispeten daha biiyiik adimlara sahip

olacak sekilde belirlenmistir. Sekil 2’de degisken
olarak Dbelirlenen parametrelerin minimum ve
maksimum degerleri ve bu degerlerdeki miknatislara
ait goriiniimler verilmistir.

0.95

..... |

r/’iﬂmi“ /

Miknatis kalinhg
b)

| ? 0 mm
100 mm
)

Kutup yay ofseti

c) |

Sekil 2. Degiskenlerin minimum ve maksimum
degerlerinde miknatislara ait goriiniimler a) Kutup
yayl/kutup adimi orani degisimi, b) Miknatis kalinligi
degisimi c) Kutup yay ofseti degisimi.

4. Performans ve
Karsilastirilmasi

Maliyet  Ciktilarinin

Tanimlanan parametrelerin degisimi, hava araligi aki
yogunlugunu ve dalga formunu o6nemli Olgliide
degistirerek indiiklenen gerilimler ve moment gibi
motor performans g¢iktilarinin degisimine yol acar.
Ayni zamanda tim bu parametreler motorda
kullanilan toplam miknatis miktarini belirler ve
motorun toplam maliyetini degistirir. Motor
verimliliginin maksimum, maliyetinin ise minimum
olmas1 tiim tasarim c¢alismalarinin ortak hedefidir.
Ancak, hem maliyetin diisliriilmesi hem de verimin
arttirilmast ¢ogu zaman mimkiin olmamaktadir.
Motor verimliliginin arttiran etkenler (daha giicli
miknatislar, diisiik kayipli niive malzemeleri, daha
yliksek sargi iletkenligi vb.) ayni zamanda motor
maliyetinin artmasina sebep olmaktadir. Bu sebeple
verim ve maliyet arasinda kabul edilebilir bir denge
yakalanmalidir. ifade edilen gerekgeler ve tanimlanan
degiskenler dogrultusunda toplam 1302 adet farkh
analiz  gerceklestirilmistir. Her bir analizde
degiskenlere gore vuruntu momenti degeri, motor
verimi, Kkullanilan miknatis miktar1 ve motorun
verebilecegi maksimum c¢ikis giicii degerleri elde
edilmistir. Sabit miknatish makinalarda vuruntu
momenti, faz akimlarn sifir iken miknatislar ile stator
oluklar1 arasindaki etkilesimden meydana gelen
momenttir. Bu istenmeyen bir etkidir ve makinede
titreseme ve akustik gilriiltilye neden olmaktadir
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(Sayginvd., 2015). Bu sebeple cikis parametrelerinden
vuruntu momenti degerini minimuma indirebilmek
gerekir. Motora ait verim degeri ise hedeflenen
maliyetler dikkate alinarak arttirilmalidir. Diger
taraftan motor maliyetinin disgiiriilebilmesi igin
miknatis kullaniminin azaltilmasi gerekir. Asansor
sistemleri gibi kisa stireli (S5 - %40) calisma rejimine
sahip degisken hiz ve gii¢ uygulamalarinda motora ait
anma ¢ikis gliclinii dikkate almak tek basina yeterli
olmayabilir. Bu sebeple motorun sogutma tipi de
dikkate alinarak maksimum gikis giiciiniin dikkate
alinmasi gerekir. Calismada, o6ncelikle her bir
degiskenin tek basina motor ¢ikis parametreleri
iizerindeki etkileri elde edilerek sirasiyla Sekil 3a, 3b
ve 3c’de verilmistir. Analizlerde bir degiskenin etkisi
incelenirken diger iki degisken icin baslangi¢
tasarimlarina ait degerler referans alinmistir.
Boylelikle her bir degiskenin motor performansi ve
toplam miknatis kullanimi {zerindeki etkilerini
incelemek miimkiin olmaktadir.

Sekil 3a’da kutup yayi/kutup adimi oraninin degisimi
verilmistir. Bu degerin artmasi ile birlikte ¢ikis giicti
artmakta, bununla birlikte benzer bir profil sergileyen
verim degeri de artmaktadir. Toplam miknatis agirligi
ise  beklenildigi lzere dogrusal bir artis
sergilemektedir. Vuruntu momenti degeri stator ve
rotor geometrisi ile dogrudan iliskilidir. Stator
geometrisinin sabit tutuldugu dikkate alinirsa, boyle
bir tasarim i¢in 0,8 kutup yayi/kutup adimi orani
iizerinde 6nemli 6l¢iide vuruntu momenti meydana
gelmektedir. Sekil 3b’de kutup yay ofseti degerinin
degisimi verilmistir. Bu deger miknatis kullanimini
80mm’ye kadar yavas, sonrasinda ise hizli bir sekilde
azaltmaktadir. Azalan miknatis miktar1 ile birlikte
¢ikis giicii de ayn1 sekilde azalmaktadir. Azalan ¢ikis

glicii ise verimin diismesine sebep olmaktadir.
Vuruntu momenti degeri ise miknatis kenarlarinin
statordan uzaklasmasi ile birlikte artmaktadir. Farkli
bir stator oluk sayisi1 degerinde vuruntu momentinde
artis yerine azalma da gozlemlenebilir. Bu sebeple
stator oluk sayilarinin degisimleri de ayrica dikkate
alinmalidir. Sekil 3c’de ise miknatis kalinliginin
degisimi verilmistir. Miknatis kalinliginin genel olarak
motor ¢ikis parametreleri lizerinde dogrusal bir etkiye
sahip oldugu soylenebilir. Bu degerin artis1 cikis
glcliini ve buna paralel olarak verimlilik degerini
arttirmaktadir. Diger taraftan miknatis kalinliginin
minimum ve maksimum degerleri arasinda toplam
miknatis agirligl iki kat degismektedir. Dolayis: ile
artan verim degerine kiyasla kullanilan miknatis
miktar1 Onemli Olglide artmaktadir. Vuruntu
momentindeki artis ise diger iki degiskenin aksine
kabul edilebilir sinirlar icerisindedir. Maksimum ¢ikis
giicii, miknatis kalinliginin en fazla oldugu noktada
elde edilebilmistir. Calismada gerceklestirilen
analizler dogrultusunda, kullanilan farkli miknatis
miktarlarinin motorun toplam maliyeti izerindeki
etkileri de incelenmistir. Motor maliyetinin 6nemli bir
bolimiinii miknatislar olusturmaktadir. Bu sebeple
miknatislara ait degiskenlerin minimum ve
maksimum degerlerinde elde edilen miknatis
maliyetleri ve toplam aktif malzeme maliyetleri Tablo
4’de verilmistir (N40UH: 95 $/kg, M400-50A: 1,9 $/kg
ve Bakir: 7 $/kg olarak degerlendirilmistir). Boylelikle
performans  ¢iktilar1  ile  birlikte = miknatis
geometrilerinin motor maliyetini nasil ve ne kadar
degistirebilecegi ifade edilebilmektedir. Tablo 4’de
verilen her bir degiskenin minimum ve maksimum
degerlerinde, ilgili diger iki degisken baslangi¢
tasarimindaki belirtilen degerlerdir.

91.14 [| Verim (%) ! ! ' ' 88 F B 9114 [[Verim (%)
90.21 B 86 - b 90.21
89.28 |- 1 84 7 89.28 |-
88,35 ] 82 HVerim (%) ) 88.35
. . . . . . . .
45 4Vuruntu Torku (mNm) p 3.3 [ Vuruntu Torku (mNm Vuruntu Torku (miNm)
r B 1.92
30+ 4 2.2
= — 1.44 1
15 L 1 i
r B 0.95 -
[ ] 0.0
2.70 L L L L L = = 0.48 £ L L L L
7 | Toplam Miknatis Agirligi (kg) 1 1.80 5 35 [LToplam Miknatis Agirligi (kg)
2.43 i r B
1.65 280 L
2.6 g [ 7
1.50 204
189 1.35 || Toplam Miknatis Agirligi (kg . 168 b
L L L L L . . L L L
13.64 | Maksimum Cikis Guci (kW) 12.32 Maksimum Cikis Gucu (kW)
15.4 1
13.20 ] 1176 1
1276 [ 1 R ] i
- — 132
12.32 i 10.64 [] Maksimum Cikis Guici (kV\f)I )
121 L
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Kutup Yay Offseti (mm)

. . . L . i
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Miknatis Kalinligi (mm)

(c)

Sekil 3. Miknatislara ait degiskenlerin motor verimi, vuruntu momenti, toplam miknatis agirligi ve maksimum
cikis giicii tizerindeki etkileri a) Kutup yay1/kutup adimi oraninin degisimi, b) Kutup yay ofseti degerinin
degisimi, c) Miknatis kalinliginin degisimi.
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Calismada her bir tasarim i¢in ayni tip miknatislar
dikkate alindigindan miknatis kullanimi kg olarak
ifade edilmistir. Sayet tasarimlar arasinda farkh
miknatis malzemeleri kullanilacaksa, 6rnegin ferit ve
neodimiyum, maliyet hesaplamalarinda miknatis
agirhigr yerine miknatis hacminin dikkate alinmasi
daha dogru olacaktir. Tablo 4’ten goriildiigi lzere
degisen miknatis geometrileri toplam malzeme
maliyetleri arasinda 6nemli farklara sebep olmaktadir.
Miknatis maliyeti, aktif malzemelere ait maliyetler
arasinda en blyik paya sahip oldugundan motor
performansini  O6nemli  oOlclide  etkilemeksizin
disirilmelidir. Yiksek verimlilik ve performans
beraberinde yiiksek maliyetleri de getirmektedir.
Benzer sekilde en diisiik maliyete sahip tasarimlar da
¢ogu zaman en koti performansi sunmaktadir.
Tasarimci verim ve maliyet arasinda uygulamaya
uygun bir kriter belirlemeli ve tasarimi bu kriter
dogrultusunda  sonug¢landirmalidir.  Bazi  dzel
uygulamalarda verimlilik tek ve en onemli kriter
olabilir. Diger taraftan endiistriyel uygulamalara
bakildiginda maliyet de en az verimlilik kadar 6nemli
bir parametredir. Gerg¢eklestirilen ¢oziimler icerisinde
maksimum verimlilik degerini sunan miknatis
geometrisi ile birlikte toplam maliyetin minimum
oldugu miknatis geometrisine ait degerler elde
edilmistir. Bu nedenle c¢alismadaki degiskenler
parametrik olarak ¢ozdiiriilerek tanimlanan araliklara
uygun  tim  ihtimaller  dikkate  alinmistir.
Gergeklestirilen analizler sonucunda elde edilen
performans ve maliyet degerleri karsilastirilmistir. Bu
kapsamda miknatis parametrelerine dayal ti¢ farkl
tasarim  kriteri  belirlenmistir. Bunlardan ilki
maksimum verimliliginin saglandig1 tasarim, digeri
minimum maliyetinin elde edildigi tasarim ve
sonuncusu da verim/maliyet oraninin maksimum
oldugu dengeli tasarimdir. Analiz sonuglarinda
verim/maliyet oraninin daha yiiksek olarak elde
edildigi tasarimlar bulunmasina ragmen, maksimum
¢ikis glicti ve vuruntu momenti diger etkenler olarak
dikkate  alinmistir. Bu  sebeple  maksimum
verim/maliyet oraniyla birlikte en iyi maksimum ¢ikis
glicli ve vuruntu momenti degerine sahip olan tasarim
dengeli tasarim olarak belirlenmistir. Maksimum
verim tasarimi, minimum maliyet tasarimi ve dengeli
tasarima ait performans ve maliyet degerleri

tasarimlara ait miknatis parametreleriyle birlikte
Tablo 5’te verilmistir.

Tablo 5’teki sonuglar incelendiginde goriilmektedir ki
maksimum verimliligi saglayan miknatis
parametrelerinin kullanildigi motor ile minimum
maliyetin elde edildigi motor verimliligi arasinda
%9,31'lik 6nemli bir fark ortaya ¢ikmaktadir. Diger
taraftan maksimum veriminin saglandigi motorun
maliyeti ise minimum maliyet Kriterine sahip
motordan yaklasik olarak %65 daha maliyetlidir. En
yliksek verimlilik degeri genel olarak en biiylik
miknatis kalinligi, en biiyiik kutup yayi/kutup adimi
oranit ve en diisik kutup yay1 ofseti degeri ile elde
edilebilmektedir. Ozellikle belirli verim degerlerinden
sonra verimliligi %1 oraninda arttirabilmek icin
yaklasik olarak %50 daha fazla miknatis kullanimi s6z
konusu  olmaktadir. Bu noktalar itibariyle
verim/maliyet orani hizla diismekte ve sadece tek
kriter olarak verimliligi dikkate alan uygulamalarda
bir secenek olarak sunulabilmektedir. Asansor gibi
endiistriyel uygulamalar dikkate alindiginda verim
degerinin yaninda maliyet ve diger performans
degerleri de o6n plana c¢ikmaktadir. Bu sebeple
maksimum verim/maliyet oraninin saglanabildigi,
bununla birlikte kabul edilebilir performans degerleri
sunan tasarimlar dikkate alinmalidir. Bu amagcla
belirlenen dengeli tasarim kriteri sonucunda elde
edilen tasarim ile en yiiksek verimliligin elde edildigi
tasarim Karsilastirildiginda, verim degerleri arasinda
yaklasik olarak %3, maliyetler arasinda ise yaklasik
olarak %44 gibi olduk¢a biiyiik bir farkin meydana
geldigi goriilmektedir. Diger taraftan dengeli tasarima
ait vuruntu momenti degeri, en yiiksek verimliligin
elde edildigi tasarimdan oldukga kiigiiktiir. Maksimum
cikis giicleri ve giic yogunluklar:1 arasindaki fark ise
her tasarim icin ayni stator yapisi kullanildigindan
dolay1 birbirlerine yakin sayilabilecek diizeydedir ve
kutup sayisinin  arttirilmasiyla  daha  biiytlik
iyilestirmeler gerceklestirilebilir (Torrent vd., 2018).
Boylelikle dengeli tasarim kriterine gore elde edilen
tasarim sonucunda verimlilik, maliyet ve performans
beklentilerinin karsilanabildigi en uygun motorun
gelistirilmesi miimkiin olmaktadir.

Tablo 4. Degiskenlerin minimum ve maksimum degerlerine gore kullanilan toplam aktif malzeme miktarlar1 ve

maliyeti.
Niive Malzemesi Bobin Teli
Parametre Miknatis (N4 (M400-50A) (Balar) ';dan;;;::
Miktar Toplam | Miktar | Toplam | Miktar | Toplam )
(kg) &) (kg) %) (kg) $)
Kutup Yay1/Kutup Min=0,65 1,766 167,81 38,89 73,89 11,38 79,70 321,40
Adimi Oran Maks=0,95 2,581 245,26 38,89 73,89 11,38 79,70 398,85
Kutup Yay Ofseti Min=0 1,766 167,81 38,89 73,89 11,38 79,70 321,40
(mm) Maks=100 1,329 126,32 38,89 73,89 11,38 79,70 279,91
Miknatis Kalinhig Min=3 1,766 167,81 38,89 73,89 11,38 79,70 321,40
(mm) Maks=6 3,489 331,54 36,32 69,00 11,38 79,70 480,24
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Tablo 5. Belirlenen tasarim kriterlerine gore elde edilen performans ve maliyet degerleri.

Verim Toplam Vuruntu | Maksimum
Tasarim Kriteri Parametreler (%) Malzeme Momenti | Cikis Giicii
Maliyeti ($) (Mnm) w)
Kutup Yay1 Ofseti = 0 mm
Maksimum Verim Kutup Yay1/Kutup Adimi Oran1 = 0,8 91,34 461,51 6,87 15332
Miknatis Kalinligi= 4,5 mm
Kutup Yay1 Ofseti = 100 mm
Minimum Maliyet Kutup Yay1/Kutup Adimi Orani = 0,65 82,03 279,91 4,06 10605
Miknatis Kalinligi = 3 mm
Kutup Yay1 Ofseti = 40 mm
Dengeli Tasarim Kutup Yayi/Kutup Adimi Orani = 0,67 88,17 320,79 0,45 12299
Miknatis Kalinlif1 = 3 mm

Baslangi¢
Tasarimi

Dengeli
Tasarim

2, 0800 +000
1.8246e+008
1. 6842e+00@
1.5439e+000

B (Tesla)

1. 4235e+000
1.2632e+000
1.1228e+000
9.8246e-001 | Y. 2185e-001

2. 8070e-001
1.4835e-001
@, BB00e+000

8.4211e-001
7.8175e-001
5.6140e-001

Sekil 4. Baslangi¢ tasarimi ve dengeli tasarimi ait aki yogunluklarinin dagilimi

Ayrica Sekil 4’te baslangi¢ tasarimi ile analizler
sonucunda oOnerilen dengeli tasarima ait aki
yogunluklarinin  dagilhimlar1  verilmistir. Dengeli
tasarim, baslangi¢ tasarimina kiyasla daha kabul
edilebilir (doyum noktasinin altinda) bir aki
yogunlugu dagilimina sahiptir.

6. Sonuclar

Bu ¢alismada, disli kutusuz asansor sistemleri gibi
dogrudan tahrik uygulamalari i¢in yiizey yerlestirmeli
miknatislara sahip 5,5 kW giiciinde bir SMSM'in
tasarim1 gercgeklestirilerek, miknatis geometrisinin

degisiminin motorun performansi ve maliyeti
uzerindeki etkileri karsilastirmali olarak
incelenmistir. ~ Miknatislar1  meydana  getiren

parametreler degisken olarak tanimlanarak farkl
miknatis geometrileri i¢cin motor performans ve
maliyet degerleri elde edilmistir. Bu kapsamda
maksimum verimlilik, minimum maliyet ve dengeli
tasarim olarak adlandirilan {i¢ farkl tasarim kriterine
gore tasarimlar gergeklestirilmistir. Dengeli tasarim
neticesinde maksimum verim/maliyet orani elde
edilerek, maksimum verimliligi sunan tasarima
kiyasla %30 daha diisiik maliyet elde edilmistir.
Bununla birlikte maksimum verimlik yaklasik olarak

%91 olarak elde edilirken, dengeli tasarim yaklasik
olarak %88 degerinde kabul edilebilir bir verimlilik
sunmaktadir. Tasarimlara ait miknatis geometrileri ve
toplam miknatis kullanimlar1 verilmistir. Maksimum
motor verimliligini hedefleyen tasarimlarin, yiiksek
miknatis kullanimina ve dolayisi ile yliksek malzeme
maliyetlerine sahip olacag1 goriilmektedir. Miknatis
maliyeti motorun toplam maliyeti igerisinde énemli
bir paya sahiptir. Bu sebeple verim ve maliyet
arasinda diger motor performans ciktilarini da
gozeten dengeli bir tasarimi gergeklestirecek miknatis
parametreleri elde edilmistir. ilerleyen ¢alismalarda,
motor maliyetinin daha fazla diisiiriilebilmesi icin
farkli miknatis malzemeleri, stator yapilar1 ve kutup
sayllarini dikkate alan optimizasyon c¢alismalar:
gerceklestirilebilir.
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Yiliz tanima sistemlerinin giivenlik agisindan 6nemi son yillarda olduk¢a artmistir.
Calismada, Isparta Uygulamal Bilimler Universitesi Teknoloji Fakiiltesindeki
goniilli 6grenci ve 6gretim tliyelerinden olusan 41 kisiye ait 6n, yan, iist ve alt ytz
gorintileri alinarak LDA, LBP ve PCA ile SVD yiiz tanima algoritmalar1 uygulanarak
her birine ait model elde edilmistir. Elde edilen modeller test yiiz gorintiileri
iizerinde siniflandirilarak, RMSE ve MAPE performans olgiit kriterlerine gore
degerlendirilerek 6n ve yan yiliz tanima sisteminde PCA ve SVD algoritmasi, iist ve
alt yliz tanima sisteminde ise LBP Algoritmasinin en iyi sonucu verdigi tespit
edilmistir.
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The importance of face recognition systems has increased in recent years. In this
study, front, side, upper and lower facial images of 41 people consisting of volunteer
students and faculty members from Isparta University of Applied Sciences were
taken and LDA, LBP-PCA and SVD facial recognition algorithms were applied and
their model was obtained. The obtained models were classified on the test face
images and evaluated according to the RMSE and MAPE performance criteria. In the
front face and side face recognition system, PCA and SVD algorithm, in the upper and
lower face recognition system LBP algorithm were found to give the best results.
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1. Giris

Yiiz tanima (Smith vd., 2015) vb. gibi farkl alanlarda
kullanilmaktadir.

Yiiz tanima, 6nemli biyometri tekniklerden birisidir.
Goriinti isleme, bilgisayarh gori, giivenlik gibi farkh
bilim dallar1 kapsamaktadir (Becerra vd., 2019). Bu
alanlardan giivenlik son yillarda uluslararasi bir
sorun haline gelmistir. Bu sorunu ¢6zebilmek icin
farkli veri isleme teknikleri kullanilmaktadir.
Biyometri kullanilan tekniklerinin icerisinde oldukca
sik kullanilmaktadir. Biyometri, kisinin fizyolojik
ozellikleri (parmak izi, yiiz tamima vb) veya
davraniglari (imza, yirayis  vb.) olarak
tanimlanmaktadir (Hamdan ve Liu, 2018; Zhi ve Liu,
2019). Yaygin biyometri teknikleri parmak izi tanima
(Goljan vd., 2016), avug izi tanima (You vd., 2002), iris
tanima (Micheva vd., 2005), DNA (Gonzalez vd., 2009),

Yiz  tanmima, yiz  gorintilerinin  birbirine
benzerliginden dolay1 simiflandirma islemlerinin
hassas bir sgsekilde yapilmasi gerekmektedir
(Aburomman vd., 2019). Bu nedenle ylz tanima
siniflandirmasinda poz, renk; 1sik gibi etmenler dogru
bir sonu¢ elde edebilmek icin olduk¢a ©nemli
etmenlerdir. Bu etmenlerden renk ile, farkli renk
uzaylarinda RGB(Red Green Blue), HSV, YUV, YCbCr,
XYZ, YIQ, L*a*b*, U*V*W*, L*u*v*, 111213 ve HSI veya
tek renk kullanarak yiiz tanima performansi élciilerek
degerlendirilmektedir (Shih ve Liu, 2005). Farkli renk
uzayinda YUV icerisinde yer alan YV, YIQ icerinde yer
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835


mailto:bekiraksoy@isparta.edu.tr
mailto:bekiraksoy@isparta.edu.tr

AKSOY

10.21923/jesd.559887

alan YI'nin daha iyi performans gosterdigi tespit
edilmistir (Lu vd., 2018; Shih ve Liu, 2005) Farkli poz
acilarinda alinan goériintiilerde yiiz tanima isleminin
gerceklestirilmesi olduk¢a zordur. Yiz  tanima
sistemindeki veri setinden, yiliksek Kkaliteli yiiz
dokusuna ait egitim verileri analiz edilerek poz
normalizasyon islemi performans iyilestirmesi
gerceklestirilmektedir (Ding ve Tao, 2017). Yiz
tanima sistemlerinde aydinlatmanin diisiik olmasi,
parlakligin yiiksek olmasi ve resmin cekildigi arka
plan rengi gibi 1518a etki eden etmenler siniflandirma
dogruluguna etki etmektedir (Yang vd., 2019). Bu
sorunlardan, diisiik aydinlatma kosullari i¢in OTSU
segmentasyon algoritmasi kullanilarak performans
artis1 gerceklestirmistir (Yang vd., 2019).

Yliz tanima sistemlerinin  smiflandirilmasinda
sistemden alinan verileri analiz etmede genellikle
derin 6grenme modelleri kullanilmaktadir. Derin
o0grenme, yiiksek ile diisiik seviye hiyerarsinin
ozelliklerinin bilesimiyle olusan 6grenme metodudur
(Bengio,2019). Bu metotla yiiksek seviyedeki
hiyerarsik yapida siniflandirma, kiimeleme gibi
islemler  kolaylikla  gerceklestirilmektedir. Bu
ustiinliiklerinden dolay1 derin 6grenme tip (Tiwari
vd, 2018; Litjens vd., 2017; Gibson vd. 2018;
Lundervold ve Lundervold, 2018), tarim (Zhang vd.,
2019; Singh vd., 2018; Barbedo, 2018), hava araglari
(Guo vd., 2018; Liu vd., 2018), sehir planlamasi (Madu
vd., 2017) vb. gibi alanlarda sik¢a kullanilmaktadir.

Sekil 1'de gosterildigi gibi derin 6grenme ¢oklu sinir
ag katmanlar1 ve bu katmanlarin en kii¢iik birimi olan
noronlardan olusur. Noronlara gelen girdiler belli
agirlik degerleriile ¢arpilip istege baglh belirlenmis bir
bias degeri ile toplanmaktadir. Diger katmanlar iginde
hesaplamalar gerceklestirilerek son néron
katmanindan sonuc¢ degerleri alinmaktadir. Elde
edilen sonuclar ile gercek sonuglar kiyaslanarak hata
degeri hesaplanmaktadir. Hesaplanan hata degeri
kismi tiirev alinip tiim néron katmanlarina geri
yayllarak agirlik  degerleri  glincellenmektedir.
Istenilen hata degeri bulununcaya kadar veya
belirtilen doéngi sayist kadar islemler devam
ettirilerek matematiksel bir model elde edilmektedir.

Gizli katmanlar

.
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Sekil 1. Derin 6grenme yapisi
(https://medium.freecodecamp.org/want-to-know-
how-deep-learning-works-heres-a-quick-guide-for-
everyone-laedecaB8076 Accessed April 24, 2019).

Son yillarda derin 6grenme, goriintl isleme ve yiiz

tanima sistemlerinde kullanilarak o6nemli o6l¢tide
bagarilar elde edilmistir (Schmidhuber, 2015; Litjens
vd., 2017; Szegedy vd., 2017; Greenspan vd., 2016;
Mairal vd., 2014). Yiiz tanima sistemlerinde,
konvolsiiyonel sinir ag1 (Convolutional Neural
Network CNN), cekismeli iiretici aglar (Generative
Adversarial Networks GANs) gibi derin 6grenme
teknikleri veya temel bilesen analizi (Principal
Component Analysis/PCA ), dogrusal diskriminant
analizi (Linear Discriminant Analysis /LDA, Yerel ikili
oriinti (LBP Local Binary Pattern) ve tekil deger
ayrisimi (SVD singular value decomposition) gibi
algoritmalar kullanilmaktadir (Parkhi vd. 2015; Shi
vd., 1014; Zhang vd., 2010; Hu, 2017). Yiz tanmima
sistemlerinde bu algoritmalar icerisinden performans
olarak GANSs algoritmasi ile gergek diinya sartlarinda
90% oraninda dogruluk elde edilmistir (Banerjee ve
Das, 2018).

Calismada Isparta Uygulamali Bilimler Universitesi
Teknoloji Fakiiltesindeki goniillii 6grenci ve dgretim
iiyelerinden olusan 41 Kkisiye ait farkli 6n, yan, iist ve
alt yiiz goriintiileri alinarak LDA, LBP ve PCA ile SVD
algoritmalar1 uygulanarak ii¢ farkl yiiz tanima modeli
olusturulmustur. Elde edilen modeller 6n, yan, iist ve
alt test yliz goriintiileri {izerinde smiflandirililip,
RMSE ve MAPE performans 0lgiit kriterlerine gore
degerlendirilerek 6n ve yan yiiz tanima sisteminde
PCA ve SVD algoritmasi, lst ve alt yiiz tanima
sisteminde ise LBP algoritmasinin en iyi sonucu
verdigi gorilmustir.

2 Materyal ve Yontem
2.1. Materyal

Calismada Isparta Uygulamal Bilimler Universitesi
Teknoloji Fakiltesi gonillii 6grenci ve 0Ogretim
iiyelerinden olusan 41 Kkisiye ait farkli pozlarda yiiz
gorintiileri alinarak etiketlenmistir.  Etiketlenen
veriler lizerinde yiiz tanima sistemleri i¢in kullanilan

LDA, LBP ve PCA ile SVD algoritmalarinin
performanslari degerlendirilecektir.

2.1.1. PCA Algoritmasi

PCA algoritmast yliz tamima  sistemlerinde

siniflandirilmasinda siklikla kullanilmaktadir (Oh vd.,
2013). PCA algoritmas, M adet I,15,...,1y
seklindeki ytliz goriintiisiinii NxN boyutunda vektore
doniistiirerek, denklem 1 ile goriintiilerin piksellerini
toplanarak ortalama degerlerden yeni bir vektor (W)
olusturmaktadir (Borade vd., 2016).

1
=% 1

Denklem 2’ de, denklem 1’'de hesaplanan vektor, tiim
goruntiilerden tek tek c¢ikartilarak yeni bir vektore
kaydedilip, denklem 1’de hesaplanan vektor ile yeni
vektorliin transpozu c¢arpilip toplanarak, kovaryans
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matris (C) elde edilmektedir (Aburomman ve Reaz,
2016).

C=— M, —W) (I, —¥) )

Denklem 3’de Eigen vektorleri (V) ve karsilikli Eigen
degerleri (A) hesaplanmaktadir (Kamencay vd., 2016).

CV =1V (3)

Denklem 2 ve denklem 3’de Eigen vektor ve degerler
biiyiikten kii¢lige dogru sirayla kaydedilerek egitim ve
test gorintilerine benzeyen goriintiler tespit
edilmektedir (Kamencay vd., 2016).

2.1.2. LDA Algoritmasi

LDA algoritmas1 PCA algoritmasina ek olarak verilen
sinif i¢i dagilim matrisi ve smif dagilim matrisi
arasinda bir siniflandirma olusturmaktadir (Zhao vd.,
1998). Denklem 4 ve denklem 5’de sinif i¢i dagihim
matrisi ve sinif dagilim matrisi verilmistir (Zainuddin
ve Laswi, 2017).

) . ; T
Sw=Sa T N -9 (6 -9) @

LN =) @ — )T (5)

Denklem 4 ve denklem 5 verilen n, sinif sayisini, N; i
sinifindaki egitim veri sayisi, ¥ i 6rnegine gore vektor
toplamlarinin  ortalamasi, { i orneklerinin
ortalamasini ve xi] ise PCA'nin i vektori ve j siifidir
(Zainuddin ve Laswi, 2017). Denklem 6’da S; degeri
en aza ve Sy, degeri maksimuma getirilip Fisher
diskriminant temel matrisinden (Z) Eigen vektorleri
¢ikartilarak hesaplanmaktadir (Jain vd., 2018).

Sb:

Z=5,'S, (6)

En son agamada ise Oklid mesafesi hesaplanarak
egitim ve test goriintilerine benzeyen siniflar tespit
edilmektedir (Jain vd., 2018).

2.1.4. LBP Algoritmasi

LBP, uzamsal olarak gelistirilen bir metot vasitasiyla
ylz tanima alaninda bulunan bir pozisyona yerleserek
farkli bircok yiiz analiz yontemi gelistirmek icin
kullanilmaktadir (Yang ve Chen, 2013). Denklem 7’da
LBP algoritmasinda M eleman sayisina gére minimum
simetri seviyesi (Lsym) degeri hesaplanmaktadir

(Lahdenoja vd., 2005).

Lsym = min[ ?il B(i) 'ZIiVil m] (7)

Denklem 7’da B(i) LBP’nin ve komplementinin her bir
ikili elemanini ifade etmektedir (Lahdenoja vd., 2005).

2.1.5. SVD Algoritmasi

SVD, siklikla matris islemleriyle birlikte genellikle
farkli algoritma ve metotlarla (PCA, LDA gibi)
birlestirilerek yiiz tanima i¢in kullanilan bir
algoritmadir (Fronckova vd., 2018). SVD, LDA veya
PCA gibi algoritmalardan elde edilen gercek veya
karmasik bir yapiya sahip olan vektér matrisleri i¢in
kullanilmaktadir. Denklem 8’de SVD algoritmasinin
deger ayrisim matrisi (M) degeri hesaplanmaktadir
(Vinay vd., 2016).

M=UJXV" (8)

Denklem 8'de U birimsel matrisi, V'* ise, eger vektor
matrisi (V) gercek degerlerden olusuyorsa matrisin
transpozesini, karmasik degerlerden olusuyor ise
eslenik tranpozesi alinarak hesaplanmaktadir (Vinay
vd., 2016).

2.1.6. Yiz tanima Algoritmalarin Performans
Degerlendirilmesi

Yuz tanima sistemlerinde kullanilan LDA, PCA
algoritmalar1 ve CNN modellerinden elde edilen
sonuglarin performans degerlendirmeleri icin RMSE
(Root Mean Square Deviation)ve MAPE (Mean
Absolute Percentage Error) kullanilmistir. Denklem
9’de sonuglarin performans degerini belirlemede

kullanilacak olan RMSE yonteminin denklemi
verilmistir (Chai ve Draxler, 2014).
RMSE = |= 3" e? 9)

o Li=1

Denklem 9’da, n deneysel veri sayisini, e; ise i
Oorneginin hata degerini temsil etmektedir (Chai ve
Draxler, 2014). Calismada kullanilan diger performans
degerlendirme yontemi olan MAPE denklem 10’da
verilmistir (Kim ve Kim 2016).

At—Ft
At

1
MAPE = -¥7,

(10)

Denklem 10’da n deneysel veri sayisini, A, gercek
degeri ve F,'de deneysel degeri temsil etmektedir
(Kim ve Kim 2016).

2.2. Yontem

Calismada, numpy, opencv, pillow, os gibi temel
Python kiitiiphaneleri ile PCA, LDA, SVD ve LBP
algoritmalar1 uygulanarak en uygun yiiz tanima
modeli i¢in Sekil 2’deki gibi bir is akis diyagrami
olusturulmustur.
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Sekil 2. {5 akis diyagrami

Sekil 2’de verilen is akis diyagraminda ilk olarak 41
kisinden toplanan bes farkli yliz pozisyonu icin 814
adet gorinti alinarak veri seti olusturulmustur.
Bunun akabinde veri 6n isleme asamasina gecilmistir.
Veri 6n islemede, ilk olarak elde edilen resimlerin
boyutlar1 ¢ok biiylik oldugundan olusturulacak
modelde goriintii analizleri hizli bir sekilde
gerceklestirilebilmesi icin Python programlama
dilindeki pillow ve os Kkitiiphaneleri kullanilarak
hazirlanacak bir program ile goriintiilerin boyutlar
kiiciiltiilecektir. Veri 6n islemenin ikinci asamasinda
ise kiiciltilen gorintiiler lizerinde haar cascade
yontemi kullanilarak goriintiilerin yiiz goriintiisii olup
olmadig1 tespit edilmeye calisilip yiiz goriintiisi
olmayan gorintiiller veri setinden ¢ikarilacaktir.
Ugiinci asamada ise hazirlanan veri setindeki
goruntiilerin %751 egitim, %25 ise test goriintiisi
olarak ayrilacaktir. Egitim veri seti lizerinde ti¢ farkl
yontem i¢in Python programlama dilinde hazirlanacak
programlar ile ¢ farkli model elde edilmeye
calisilacaktir. ik yontemde numpy kiitiiphanesi
kullanilarak PCA ve SVD algoritmalar1 birlikte
kullanilarak ilk model elde edilecektir. ikinci ve
liclincli yontemde ise opencv kiitiiphanesi kullanilarak
LDA ve LBP algoritmalarinin modelleri elde
edilecektir. Elde edilen modeller test verileri {izerinde
test edilerek en uygun sonuclar RMSE ve MAPE ile ile
degerlendirilerek en uygun sonu¢ veren model
belirlenecektir.

3. Arastirma Bulgular1

Calismada, 41 kisiden alinan 2594x1944 piksel
boyutunda 814 adet yiliz goriintlisiiniin buytukligi
11.4 GB ve ortalama bir resmin biiyiikligi ise yaklasik
olarak 14. 34 MB olarak tespit edilmistir. Bu
biiytikliikteki yliz gorintiileri {lzerinde analiz
yapmanin zorlugundan dolayr goériinti boyutlarini

kiigiiltmek i¢cin hazirlanmis program ile her bir yiiz
gorintiisii 500x375 piksel boyutuna diistiriilerek ytiz
goriintli dosyasinin boyutu 549 KB diisiirtilerek yiiz
tanima analizlerinde zaman agisindan kazang
saglanmistir. Veri 6n isleme ikinci asamasinda haar
cascade smiflandiricisi kullanilarak, boyutu diisiiriilen
ylz goriintiilerin igerisinde yliz goriintiisii olmayan
goriintiler veri setinden c¢ikarilarak yiiz tanima
sisteminde olusturulacak model i¢in hatali veri gelme
durumu 6nlenmistir.

Gorlintiilerin %75 egitim ve %25 test goriintisi
olarak ayrilmistir. ilk olarak 41 farkh sinif i¢in 6n, yan,
ist ve alt egitim ytliz gorlntilerinden PCA ve SVD
algoritmalar1 kullanilarak bir model elde edilmistir.
Elde edilen model test yiliz gorintiileri lizerinde
siniflandirilarak 6n yiiz goriintiilerinde MAPE’ye gore
dogruluk orani %97.53 RMSE’ye gore hata degeri
0.156 olarak tespit edilmistir. Bulunan hata degerine
gore, RMSE’nin gore dogruluk oranini %84,4 olarak
bulunmustur. Yan yiiz goriintiilerinde MAPE’ye gore
%>5,4 RMSE’nin hata degeri ise 0.9745 olarak tespit
edilmistir. Bulunan hata degerine goére RMSE’nin
dogruluk orani %2.5 olarak bulunmustur. Ust ve alt
goruntiilerde ise MAPE'ye gore dogruluk oram
%?20.95, RMSE'nin hata degeri 0.883 olarak tespit
edilmistir. RMSE’nin dogruluk oranm gore %11.7
olarak bulunmustur. Tablo 1'de ilk bes sinif 6rnek
olarak verilmistir.

Tablo 1. PCA ve SVD algoritmalari ile yiiz tanima
sistemi siniflandirma drnegi

Sinif 1D Goruntii Tespiti
On Yan Ust ve Alt
1 Dogru Yok Dogru
2 Dogru Yok Yanlis
3 Dogru Dogru Yanlis
4 Dogru Yok Dogru
5 Dogru Yok Yok

PCA ve SVD algoritmalariyla elde edilen modelde, ytiz

tanima sisteminin 6n yiiz goriintilerindeki tespit
dogruluk orani yiliksek iken yan, iist ve alt yiiz
goruntiilerinde ise diisiik oldugu tespit edilmistir.

ikinci model olarak aym veri seti ilizerinde LDA
algoritmasi uygulanarak bir model olusturulmustur.
Elde edilen model test yiiz gorintiileri lizerinde
siniflandirilarak 6n yiiz goriintiilerinde MAPE’ye gore
dogruluk orami %70.73 RMSE’ye gore hata degeri
0.541 olarak tespit edilmistir. Bulunan hata degerine
gore, RMSE’nin gore dogruluk oranini %45.9 olarak
bulunmustur. Yan yiiz goriintiilerinde MAPE’ye gore
dogruluk orani1 %0 RMSE’ye gore hata degeri 0 olarak
tespit edilmistir. Bulunan hata degerine gore,
RMSE'nin gore dogruluk oranimi %0 olarak
bulunmustur. Ust ve alt goriintiilerde ise MAPE'ye
gore dogruluk oran1 %26.83 RMSE’ye gore hata degeri
0.855 olarak tespit edilmistir. Bulunan hata degerine
gore, RMSE’nin gore dogruluk oranini %14.5 olarak
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bulunmustur. Tablo 2’de ilk bes sinif 6rnek olarak
verilmistir.

Tablo 4. Yliz tanima algoritmalarinin performans
degerlendirme sonuglari

Tablo 2. LDA algoritmasi ile yiiz tanima sistemi Performans Yiz Tamma | Goriintii Tespit Yonii
siniflandirma érnegi Degerlendirme | Algoritmalar:
Olgiitii =
On Yan | Alt
Sinif_ID Goriinti Tespiti ve

On Yan Ust ve Alt Ust
1 Dogru Yok Yanlis PCAve SVD | 0.156 0.975 | 0.883
2 Dogru Yok Yanlis R? LDA 0541 |0 0.855
3 Dogru Yok Dogru LBP 0.442 0 0.781
4 Dogru Yok Yanlis PCAveSVD | 97531 | 54 20.95
5 Dogru Yok Yok MAPE (%) LDA 7073 | 0 26.83
LBP 8050 |0 39.02

LDA algoritmasiyla elde edilen modelde, yiiz tanima
sisteminin 6n yiiz goériintiilerindeki tespit dogruluk
orani yiiksek iken yan, iist ve alt yliz goriintiilerinde
ise basarisiz oldugu goriilmiistiir.

Calismada son model olarak ayni veri seti lizerinde
LBP  algoritmasi  uygulanarak  bir = model
olusturulmustur. Elde edilen model test yiiz
goriintileri iizerinde siniflandirilarak 6n yiiz
goriintilerinde MAPE’ye gore dogruluk oran1 %80.5
RMSE’ye gore hata degeri 0.442 olarak tespit
edilmistir. Bulunan hata degerine gére, RMSE'nin gore
dogruluk oranini %55.8 olarak bulunmustur. Yan yiiz
goriintilerinde MAPE’ye gore dogruluk orani %0
RMSE’ye gore hata degeri 0 olarak tespit edilmistir.
Bulunan hata degerine gére, RMSE'nin gore dogruluk
oranini %0 olarak bulunmustur. Ust ve alt
goriintiilerde ise MAPE'ye gore dogruluk orani
%39.02 RMSE’ye gore hata degeri 0.781 olarak tespit
edilmistir. Bulunan hata degerine gére, RMSE'nin gore
dogruluk oranini %21.9 olarak bulunmustur. Tablo
3’de ilk bes sinif drnek olarak verilmistir.

Tablo 3. LBP algoritmasi ile yiiz tanima sistemi
siniflandirma érnegi

Sinif 1D Gorintu Tespiti
On Yan Ust ve Alt
1 Dogru Yok Yanlis
2 Dogru Yok Yanlis
3 Dogru Dogru Yanlis
4 Dogru Yok Yanlis
5 Dogru Yok Yok

LBP algoritmasiyla elde edilen modelde, yiiz tanima
sisteminin 6n yiliz goriintiilerindeki tespit dogruluk
orani yliksek iken yan, list ve alt yiiz goriintiilerinde
ise basarisiz oldugu goriilmiistiir.

Tablo 4’de olusturulan ii¢ modelin yiliz tanima
performans degerleri verilmistir.

Tablo 4’de goriildiigii gibi yiiz tanima sistemlerinde 6n
ylz gorintilerinde RMSE'ye goére PCA ve SVD
algoritmasi, MAPE’ye gore ise PCA ve SVD algoritmasi,
yan yliz goriintilerinde RMSE’ye gore PCA ve SVD
algoritmasi, MAPE’ye gore ise PCA ve SVD algoritmasi
ve alt ve list yliz goriintiillerinde RMSE’ye gore LBP
algoritmasi, MAPE'ye gore ise LBP algoritmasinin
basarili oldugu gorilmektedir.

5. Sonug¢ ve Tartisma

Gilinimiizde teknolojideki gelismesi ile birlikte
giivenlik sistemlerinin 6nemi de artmistir. Giivenlik
sistemleri icerisinde parmak izi, yliz tanima gibi
sistemler biliyiik 6énem tasimaktadir. Calismada 41
farkl kisiye ait yliz, 6n, yan, alt ve iist yliz gortntiileri
alinarak, yiiz gorintiilerin boyutlar1 yiiz tanima
analizlerinin hizin1 attirmak icin kiciltiilmiistir.
Kigtltme isleminden sonra yiiz gorintiileri haar
cascade siniflandiricist kullanilarak ytliz goriintiisi
olup olmadig tespit edilerek, yiiz olmayan goriintiiler
veri setinden c¢ikarilmistir. Goriintiler %75 egitim ve
%25 test verisi olmak lizere ayrilarak LDA, LBP, PCA
ile SVD algoritmalar1 uygulanarak yiiz tanima
modeller RMSE ve MAPE performans degerlendirme
kriterlerine gore degerlendirilip sonuglar asagida
verilmistir.

e On yiiz goriintiilerinde hem RMSE hem de
MAPE performans degerlendirme olgiitiine
gore PCA ve SVD algoritmasinin en dogru
sonucu verdigi tespit edilmistir.

e Yan yiiz goriintiillerinde hem RMSE hem de
MAPE performans degerlendirme o6lgiitiine
gore PCA ve SVD algoritmasinin en dogru
sonucu verdigi tespit edilmistir.

e Ustve alt yiiz goriintiilerinde hem RMSE hem
de MAPE performans degerlendirme 6l¢iitiine
gore LBP algoritmasinin en dogru sonucu
verdigi tespit edilmistir.

Yapilacak  farkli  calismalarda, yliz tamima
sistemlerindeki dogruluk orani CNN, GANs gibi derin
6grenme modelleri kullanilarak arttirabilecegi
diistiniilmektedir.
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Merkezilik sosyal ag analizi yapan kisilerin en ¢ok calistig1 konulardan biridir. Bir
agdaki en etkili ve sisteme etkisi olan varliklarin tespiti merkezilik dlciileri ile
bulunabilir. Bu ¢alismada Renyi entropi ile havayolu trafigi verileri kullanilarak bu
alandaki en etkili iilkeler ¢izge yapisinda analiz edildi. Hava trafiginde en merkezi
iilkeler tespit edildi. Agirlikli ve yonli bir agda Renyi entropi ile merkezilik
6lciimlerinin yapilabilecegi gosterildi. Bir agdaki hayati 6neme sahip diigiimlerin
tespiti icin bir yontem onerildi. Shannon’dan farkli olarak Renyi’de a katsayisi
kullanilarak farkli durumlar i¢in sonug elde edilebilecegi gorildii. Sadece kenar
agirliklarinin veya diigiim derecelerinin etkisinin 6l¢iilmesi bazen dogru sonuglar
vermedigi i¢cin a'nin bu etkiyi ayarlamak i¢in kullanilmasi daha dogru sonuclar
almamizi sagladi.

AIR TRAFFIC ANALYSIS OF COUNTRIES WITH RENYI ENTROPY

Keywords

Abstract

Air Traffic,
Complex Networks,
Graphs,

Renyi Entropy,
Node Centrality.

Centrality is one of the most frequently studied subjects of social network analysis.
The identification of the most effective entities in a network or system can be found
by measures of centrality. In this study, using the data of air traffic with Renyi
entropy, the most influential countries in this field were analyzed in the graph
structure. The most effective countries in air traffic were identified. It has been
shown that centrality measurements can be made with Renyi entropy in a weighted
and directional network. A method for the detection of vital nodes in a network was
proposed. Difference from Shannon, it was observed that results could be obtained
for different situations by using the a coefficient in Renyi. Sometimes measuring
only the effect of edge weight or node degree does not yield accurate results. Using
a to adjust this effect has enabled us to get more accurate results.
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1. Giris

Hava tasimaciliginin etkin yonetimi, agdaki havayolu
rollerinin derinlemesine anlasilmasini gerektirir. Bir
tilkenin hava trafiginin kritik olup olmadigini tespit
etmek icin 6nerilmis evrensel yontem veya kriterler
yoktur. Hub (merkez) dedigimiz képrii goérevi goéren
havaalanlar1  vardir. Ulkeler arasindaki hava
baglantisini olusturan noktalardur. iki iilke arasindaki
ucus mesafesi uzun oldugunda ve yolcu sayisi az olan

bolgelere ulasim bu ortak noktalar iizerinden saglanir.
Yolcu yogunluguna gore ugus sayisi ve yeni rotalar
olusur. Ulkelerin ekonomisi ve stratejik konumunu
glclendirmek icin havayolu tasimaciligl 6nemli bir
etkendir. Bir tilkenin prestiji acisindan
havaalanlarinda verilecek hizmetin Kkalitesi ve
yolcularin memnuniyeti ¢ok onemlidir. Bu yiizden
havayolu aglarinin iyi analiz edilmesi, dogru ve etkin
kararlarin alinmasina yardimci olur. Yerinde ve
zamaninda yapilacak yatirimlarin 6niinii agar.

* ilgili yazar / Corresponding author: i.tugal@alparslan.edu.tr, +90-436-249-4949
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Verilerin geleneksel yontemlerle analizi disinda,
verideki gozle goriilemeyen ise yarar bilgilerin elde
edilmesi icin farkll yaklasimlarda denenmeli ve
kullanilmalidir. Verinin degerlendirilmesinde, alinan
sonuglarda kullanilan metodoloji de o©nemli bir
etkendir. Bu calismada mevcut veri tzerinden yani
ucus noktasi bilgileri ve ugus sayisina gore olusan agda
bu merkezi noktalar tespit edilmeye calisildi. Agdaki
kritik havaalanlarinin (ilkelerin) tespiti sadece
istatistiki bilgilerle yapildiginda eksik durumlarin
olusacagl Kkesindir. iliskisel yapidaki kompleks
verilerde sosyal ag analiz yontemleri kullanilarak
analizler yapilabilir. Analizler, diinyadaki hava
tasimaciligl aglarimin kigiik diinya aglart oldugunu
gostermektedir (Cong vd., 2016). Bilindigi lizere bir
agdaki hayati oOneme sahip diigiimlerin tespiti
merkezilik hesaplamalari ile yapilabilir(Du vd., 2014;
Everett ve Borgatti, 2005; Freeman, 1978; Wang vd,,
2017). Diinyadaki merkezi havaalanlarinin tespiti de
merkezilik dl¢limleri ile elde edilebilir. Bu ¢alismada
geleneksel merkezilik 6l¢iimleri yerine entropi tabanh
merkezilik kullanilarak analizler yapildi (Fei ve Deng,
2017; Nie vd., 2016; Tutzauer, 2007). Entropi genelde
fizikte kullanilan bir kavramdir. Burada havayolu ve
buna benzer sosyal aglarda analiz i¢in kullanilabilecek
entropi tabanli bir ydntem dnerildi. Shannon entropiyi
icinde barindiran Renyi entropi kullanildi. Elde edilen
sonuglar farkli bir bakis acis1 sagladi. 2. Boéliimde
sosyal aglar kisaca aciklandi. 3. Bolimde Entropi
kavramindan bahsedildi. Cizge entropi, Shannon ve
Renyi entropi a¢iklandi. 4. Boliimde ¢6zim igin bir
yontem onerildi ve bu ydnteme gore elde edilen
uygulama sonuclari gosterildi. 5. Boliimde ise sonugclar
degerlendirildi.

2. Sosyal Aglar

Sosyal aglarin temeli c¢izge teorisine dayanmaktadir.
1736 yilinda Leonhard Euler, Kénigsberg'teki 7 koprii
problemine ¢6zliim ararken ¢izge teorisinin temellerini
atmistir. Problemde, “4 kara pargasini birbirine
baglayan 7 kopriiden bir kere gegmek sartiyla biitiin
sehri dolasabilir miyiz?” sorusuna cevap aranmistir.
Bunun miimkiin olmadigim1 Euler matematiksel
yontemlerle gostermistir (Alexanderson, 2006).

Moreno ve Jennings, bir kiz yetistirme yurdunda kalan
kizlardan bazilarinin okuldan kagmasinin sebeplerinin
kisisel 6zelliklerden daha ¢ok kizlarin iliski agindan
kaynaklandigim1 fark ettiler (Moreno, 1934). Bu
¢alismadan bir toplulugu anlamanin yolunun resmin
tamamina bakmaktan gectigi anlasildi. Bu ¢alismalar
sosyal ag analizi dedigimiz yeni bir disiplinin ortaya
cikmasina sebep oldu. iliskili/baglantili yapilar her
yeni giinde daha da gelisen yeni sosyal ag analizi
yontemleri ile incelenmekte; psikoloji, fizik, biyoloji,
kimya, tip, ekonomi, isletme, sosyal medya, ulasim
aglar1 ve daha birgok alanda uygulamalar:
gelistirilmektedir.

Ag yapis1 G = (V,E) seklinde tanimlansin. G ¢izge, V
digiimler, E kenarlar olarak ifade edilebilir.
Matematiksel olarak bu yapiy1 ifade etmek igin
matrisler kullanilabilir. Sekil 2’de 6rnek bir c¢izge
yapisi olusturuldu.

Digtimler kiimesi V = {a, b, c, d, e} ve kenarlar kiimesi
E ={{a,b,3},{ad,2},{b,d, 2},{cd, 2} {ce 3}} olur.
Olusturdugumuz agda kenarlarin agirhigr var.
Agirliksiz aglarda iki diigiim arasinda iliski varsa kenar
1 degerini alir, yoksa 0 degerini alir. Bu iligki yonlii de
olabilir. Ornegin a diigiimii b diigiimiinii telefon ile
aramissa bir yénlii yap: vardir denilebilir. iliskinin
yonii matriste belirtilebilir. iliskide olan diigiimler
komsu diigiimlerdir. Bu iliskiye farkli anlamlar
yuklenebilir. Arkadaslik, ticari baglanti, haberlesme,
ortak bilgi gibi (Leskovec vd., 2014).

Sekil 1. Konigsberg kopriileri
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Diigiimler
a b c d e
a 0 3 0 2 0
)
2 b 3 0 0 1 0
5
H c 0 0 0 2 3
d 2 1 2 0 0
e 0 0 3 0 0
Sekil 2. Ornek ag
3. Entropi

Entropi kavrami ilk defa Alman Fizik¢i Rudolf Clausius
tarafindan kullanildi. Yunanca kokenli olup "Bir
sistemin dlizensizlik derecesinin 6lglisi” anlamini
ifade eder. Termodinamigin ikinci yasasinda
bahsedilen enerjinin korunumu ilkesini agiklamak i¢in
kullanildi  (Wikipedia.org, n.d.). Daha sonralari
Shannon (Shannon, 1951) iletisimdeki belirsizligi
O0lgmek icin entropiyi onerdi. Shannon’'un o6nerdigi
yontem olasiliksal belirsizlige dayandigi icin bir¢ok
farkli alanda da kullanilmaya baslandi. Bilindigi tizere
bir sistemde olasiliksal belirsizlik varsa, buradan bilgi
elde edilebilir. Olasilig: diisiik olaylar daha fazla bilgi
barindirir. Belirsizlik ile bilgi arasinda ters oranti
vardir. Belirsizligi o6lgen fonksiyonlara entropi
fonksiyonu denir. Rashevsky (Rashevsky, 1955),
Trucco (Ernesto, 1956) ve Mowshowitz (Mowshowitz,
1968), cizgelerde Shannon entropisini ilk kullanan
kisilerdir (Dehmer ve Mowshowitz, 2011).

Shannon entropiye gore bir olayin olasilik dagilimi

(p1, D02, -----,Pn) olursa, olayin entropisi Denklem 1 ile
hesaplanir.
[(p1, P2 -, ) = — Xi1 pilogp; ey

Alfred Renyi, bagimsiz olaylarin katkisini1 koruyacak,
olasilik aksiyomlariyla uyumlu en genel bilgi
hesaplama ydnteminin tanimini arastiriyordu (Rényi,
1961). Cozim gelistirmeye Cauchy'nin islevsel
denklemiyle basladi. Eger p ve g, I'den bagimsiz ise
I(pq) = I (p) + I(q) olur.Normallestirici bir sabitin

disinda bu, Hartley’in bilgi icerigi I (p) = — log p ile
uyumludur  (Hartley, 1928). X = {xq,...,xn}
olaylarinin  farkli olasiliklara sahip oldugunu

varsayarsak (py,...,py) Ve her biri bilgi bitlerini
iletirse, kiime i¢in toplam bilgi miktart:

1(p) = XR-1Pxlk (2)

Bu Shannon entropisi olarak kabul edilebilir. Fakat bu
denklemde bir ortiilii varsayim var. Alternatifsiz
olmayan dogrusal ortalama kullanilmis. Genel
ortalama teorisinde, ters g~1ile g (x)'in herhangi bir
fonksiyonu  igin, ortalama, asagidaki  gibi
hesaplanabilir.

97 2R Peg (xi) (3)

Bu tanim /(P)’ye uygulanirsa asagidaki denklem elde
edilir.

I(P) = g7 *ER=1 Pk 9 (1)) (4)

Bagimsiz olaylar i¢in bir eklenebilirlik (additivity)
varsayimi uygulandiginda, sadece iki olas1 g (x) elde
edilir.

g(x) =cx (5)
g(x) = c2070x (6)

ilki Shannon bilgisini verir. ikincisi de negatif olmayan
ve 1’den farkl degeri olan a icin asagidaki denklemi
verir.

Io(P) = —log(N-, pf®) (7)

Bu parametrik bir bilgi 6lciimii sunar ve Renyi
entropisi olarak adlandirilir. a'nin aldig1 degere gore
6zel durumlar olusabilir. a degeri 0 oldugunda
maksimum, sonsuza gittifinde minimum entropi
degeri olusur. 1 degerini aldiginda ise Shannon entropi
ile aynm1 degeri alir. Dikkat edilirse «, 1 degerini
aldiginda 1/0 gibi bir belirsizlik olusur. Bu tir
durumlara ¢6ziim iireten L’Hospital’s Teoremi
kullanilarak  denklem  ¢oziildiigiinde  Shannon
denkleminin elde edildigi goriiliir(Bromiley vd,, 2004).

lim —log SN, p = — Z¥-1 pilogpe 8)
a-11-a
4. Yontem ve Uygulamalar

Cizgelerde de entropi hesaplanirken p; olasilik degeri
kullanilir. Bu ¢alismada kullanilan veri seti agirlikli bir
ag oldugu icin, olasilik degerleri Denklem 9’a gore
hesaplandil. w;; degeri iki diigim arasindaki kenar
agirhiklarimi ifade eder. Bu degerlere gore agin toplam
entropisi Renyi ve Shannon entropiye gore hesaplandi.
Her bir digimiin aga etkisini 6l¢gmek i¢in agdaki
degisime etkisi dikkate alinabilir. Degisim 6l¢iisii olan
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entropi ile bu yapilabilir. Bu ¢alismada entropiyi yani
degisim Olclisiini  hesaplamak i¢in  sirasiyla
diigtimlerden biri agdan c¢ikarilarak toplam entropi
yeniden 6l¢iildii. Agdan ¢ikarildiginda toplam entropi
degerini en ¢ok disiiren diiglimler agin kritik 6neme
sahip diiglimleridir. Bu calismada Renyi entropi 6l¢iisi
ile en merkezi diigiimler bulunmaya ¢alisild1.
Wij

Py = Sy (9
Havayolu ag1 analizi icin kullandigimiz veri seti
(http://www.visualizing.org/datasets/global-flights-
network, n.d.)’den alindi. Bu veri setinde iilkeden
iilkeye ucus sayisini belirten veriler bulunmaktadir.
Yonli ¢izge yapisindadir. Ucgus sayist iki iilke
arasindaki iliskinin agirlig1 olarak tanimlandi. Veri seti
incelendiginde gidis doniis ugus sayilar1 arasinda ¢ok
fazla fark olmadigi gorildi. O ylizden p;;
hesaplanirken sadece gidis yoniine gore agirlik
hesaplamalari yapildi. Onerilen yéntemle déniis ugus
sayllar1 icin de hesaplamalar yapilabilir. Hesaplama
maliyetine etkisi nedeniyle bu calismada yapilmadi.

Renyi Entropi ve Shannon Entropi ile yapilan
hesaplamalarda hava trafiginde kritik 6neme sahip
tilkeler Tablo 1’deki gibi c¢ikti. Renyi ile farklh o
degerleri kullanilarak yapilan hesaplamalarla «
degerinin etkisi anlagilmaya ¢alisildl. a degeri kii¢lik
secildiginde United States (ABD) ilk sirada ¢ikti. o
degeri yiikseltildiginde Tablo 2’deki hesaplamalara
uygun olarak bu siralamanin degistigi gorildii.

a degeri 0.1 olarak segildiginde gorilen en merkezi
tilkelerin istatistiki bilgileri incelendiginde ugus sayisi
yani kenar agirliklari sayisi en fazla olan iilkenin
United States (ABD), United Kingdom (Birlesik
Krallik), Germany (Almanya), Spain (Ispanya) oldugu
goriilmektedir. Ugus noktasi sayisina yani diigiim
derecesine bakildiginda ise France (Fransa), United
Kingdom (Birlesik Krallik), Germany (Almanya) en
yuksek degerlere sahip tlkelerdir.

Tablo 1. Renyi entropi ile havayolu en merkezi 20 tilke

No Ulke Renyi Ulke Renyi  Ulke Shannon=Renyi Ulke Renyi
a=0.1 a=0.5 a=1 a=1.5
1 United States (ABD) 774,97 France (Fransa) 724,28  France (Fransa) 659,79 France (Fransa) 606,80
2 France (Fransa) 776,51 Kenya 726,78 Kenya 660,78 Kenya 606,85
3 United Kingdom 778,23 Germany (Almanya) 727,11  Turkey (Tirkiye) 661,56 Turkey (Tirkiye) 607,79
(Birlesik Krallik)
4 Germany (Almanya) 779,28 United Kingdom 727,19  Netherlands 661,67 Netherlands 607,81
(Birlesik Krallik) (Hollanda) (Hollanda)
5 Kenya 780,92 Turkey (Tiirkiye) 727,61  Germany 662,23 Thailand (Tayland) 608,43
(Almanya)
6 Turkey (Turkiye) 781,10 Netherlands 727,84  United Arab 662,33 United Arab 608,58
(Hollanda) Emirates (Birlesik Emirates (Birlesik
Arap Emirlikleri) Arap Emirlikleri)
7 United Arab 781,12 United Arab 728,43  Thailand (Tayland) 662,54 Switzerland 608,74
Emirates (Birlesik Emirates (Birlesik (isvigre)
Arap Emirlikleri) Arap Emirlikleri)
8 Australia 781,16 United States (ABD) 728,58  Switzerland 662,60 Belgium (Belgika) 608,84
(Avustralya) (Isvigre)
9 China (Cin) 781,23 Switzerland 728,71  Belgium (Belgika) 662,99 Ethiopia (Etiyopya) 608,98
(Isvigre)
10 Netherlands 781,41 Thailand (Tayland) 728,79  United Kingdom 663,11 Denmark 609,13
(Hollanda) (Birlesik Krallik) (Danimarka)
11  Canada (Kanada) 781,61 Australia 728,92  Denmark 663,14 Germany (Almanya) 609,13
(Avustralya) (Danimarka)
12 Italy (italya) 781,85 Canada (Kanada) 728,98 Italy (italya) 663,19 Austria (Avusturya) 609,41
13  Spain (ispanya) 782,11 China (Cin) 729,24  Ethiopia (Etiyopya) 663,20 Spain (Ispanya) 609,50
14  Thailand (Tayland) 782,22 Denmark 729,32  Austria (Avusturya) 663,37 Italy (italya) 609,90
(Danimarka)
15  Switzerland 782,22 Spain (ispanya) 729,34  Spain (ispanya) 663,56 Singapore 610,26
(isvigre) (Singapur)
16  Russia (Rusya) 782,32 Belgium (Belgika) 729,39  Canada (Kanada) 664,12 Fiji 610,28
17  Denmark 782,76 Italy (italya) 729,50  Qatar (Katar) 664,31 United Kingdom 610,34
(Danimarka) (Birlesik Krallik)
18  Austria (Avusturya) 782,93 Austria (Avusturya) 729,51  Singapore 664,33 Qatar (Katar) 610,34
(Singapur)
19  Belgium (Belgika) 782,99 Ethiopia (Etiyopya) 729,56 Morocco (Fas) 664,34 Egypt (Misir) 610,51
(Etiyopya)
20  Ethiopia (Etiyopya) 783,10 Morocco (Fas) 729,95  Egypt (Misir) 664,41 Morocco (Fas) 610,80

(Etiyopya)
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Sekil 8de  gorsellestirilen  havayolu  ag
incelendiginde elde edilen sonuglarin dogru oldugu
goriilebilmektedir. Dikkat ¢eken noktalardan biri
diigiim derecesi diisiik ve ucgus sayisi az olan
iilkelerinde etkinliginin yiiksek ¢ikmasidir. Bunun
sebebi Tablo 2’de de gorildigi iizere ugus
noktasinin ugus sayisina gore ¢ok olmasidir. Bundan
kenar agirhigr diisitk ama ¢ok fazla baglanti kurdugu
iilkelerin oldugu anlami cikar. Sosyal agdaki anlami
kenar agirlig1 toplamda diisiik ama bu sayiya gore
digiim derecesi yiiksektir. Renyi entropi ile bu
durumdaki digimler a degeri biyiik secildiginde
tespit edilebildi. Siralamada kenar agirliklarinin
etkisinin daha fazla goriilmesi istenildiginde a degeri
kiiciik secilmedir. Kenar agirlhiklart ve digim
derecelerinin  etkilerinin  beraber  goriilmesi
istendiginde a degeri orta bir deger olmalidir. a
degeri arttirildikca zaten agirhiga gore digim
derecelerinin etkisi daha fazla goriilebilmektedir.

Ugus sayist hub olma ve iilke niifusu ile ilgili bir
durumdur. Ucus noktasi sayisi fazla olan ve ayni
zamanda ugus sayisi ¢ok olan iilkeler etkinligi fazla
olan tilkelerdir. France (Fransa), United Kingdom
(Birlesik Krallik), Germany (Almanya) istatistiki
bilgilere gore en merkezi olmasi gereken tilkelerdir.
Tablo 3’te diigiim dereceleri en yiiksek iilkeler olarak
gorilmektedirler. Asagidaki sekillerde merkezi
¢ikan tlkelerin rotalar1 gorsel olarak gosterildi. Bu
calismada gizli kalan ve istatistiki bilgilerle
kesfedilemeyen merkezi ililkeler gorsellestirme ve
Onerilen yontem ile tespit edilebildi.

Asagidaki sekillerde elde edilen sonuglara gore hava
trafigi merkezi olan iilkelerden bazilarinin ag
gorsellestirmesi gosterildi. Sekil 3’te gorildigi gibi
Kenya'nin daha ¢ok Afrika tilkelerine ucus rotasi var.
Sekil 4’teki France (Fransa)’in diinya tilkelerine ugus
yayilhmi daha fazladir. Ozellikle Afrika iilkelerine
daha ¢ok rotasi var. Sekil 5'teki United States
(ABD)de digerlerinden farkli olarak Amerika
Kitasindaki tilkelere uguslar daha yogun olmaktadir.
Sekil 6’'taki Turkey (Tiirkiye)'den ise Avrupa ve
Ortadogu iilkelerine daha yogun ugus yapildigi, Sekil
7'de gosterilen China (Cin)'dan ise yakin
komsularina ve Avrupa’ya daha ¢ok seyahat oldugu
gorilmektedir. Sekil 8’de agin tamami yani Diinya
Havayolu trafigi gosterildi. Analiz sonuclar1 bir
anlamda ilkelerin iliski agin1 gostermektedir.
Diigiim derecesine gore merkezilikte 20. sirada olan
Kenya dnerilen yontemde ilk siralarda gikti.

Tablo 2. Havayolu en merkezi 20 iilke (a=0.1)

Ulke Ad1 Ugus Ugus Nokta
Noktas1 Sayisi Sayis1/Ugus
Sayisi Sayisi

United States 92 2362 0,0390

(ABD)

France (Fransa) 111 999 0,1111

United Kingdom 103 1716 0,0600

(Birlesik Krallik)

Germany 100 1651 0,0606

(Almanya)

Kenya 49 147 0,3333

Turkey (Tiirkiye) 81 383 0,2115

United Arab 81 589 0,1375

Emirates

(Birlesik Arap

Emirlikleri)

Australia 32 334 0,0958

(Avustralya)

China (Cin) 62 1010 0,0614

Netherlands 80 451 0,1774

(Hollanda)

Canada (Kanada) 60 770 0,0779

Italy (italya) 80 949 0,0843

Spain (ispanya) 71 1280 0,0555

Thailand 57 362 0,1575

(Tayland)

Switzerland 65 416 0,1563

(isvigre)

Russia (Rusya) 73 766 0,0953

Denmark 47 241 0,1950

(Danimarka)

Austria 61 357 0,1709

(Avusturya)

Belgium (Belgika) 60 327 0,1835

Ethiopia 41 99 04141

(Etiyopya)
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Tablo 3. Diigiim derecesine gore havayolu en merkezi 25 tilke

No Ulke Gidis Donilis Derece  Agirhikh Gidis  Agirhikli Doniis  Agirlikh Derece
1 France (Fransa) 111 112 223 999 1003 2002
2 United Kingdom (Birlesik Krallik) 103 103 206 1716 1718 3434
3 Germany (Almanya) 101 104 205 1655 1664 3319
4 United States (ABD) 92 94 186 2362 2365 4727
5 United Arab Emirates (Birlesik Arap Emirlikleri) 81 83 164 589 595 1184
6 Turkey (Tiirkiye) 81 81 162 383 381 764
7 Italy (italya) 80 79 159 949 946 1895
8 Netherlands (Hollanda) 80 78 158 451 453 904
9 Russia (Rusya) 73 73 146 766 768 1534
10 Spain (ispanya) 71 70 141 1280 1285 2565
11  Switzerland (Isvicre) 65 68 133 416 418 834
12  China (Cin) 62 62 124 1010 1010 2020
13  Austria (Avusturya) 61 60 121 357 358 715
14 Canada (Kanada) 60 61 121 770 771 1541
15 Belgium (Belgika) 60 58 118 327 335 662
16 Thailand (Tayland) 57 57 114 362 359 721
17 Qatar (Katar) 56 56 112 148 149 297
18 Egypt (Misir) 50 50 100 298 285 583
19 India (Hindistan) 49 49 98 419 416 835
20 Kenya 49 48 97 147 139 286
21 Denmark (Danimarka) 47 47 94 241 242 483
22 Morocco (Fas) 46 46 92 207 209 416
23 South Africa (Giiney Afrika) 44 44 88 141 141 282
24  Ukraine (Ukrayna) 44 44 88 201 203 404
25 Malaysia (Malezya) 42 42 84 274 272 546
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5. Tartisma ve Sonuglar

Gelecek stratejilerimizi belirlerken iyi analizler
yapmamiz gerekir. Bu sekilde yapilan islerden azami
verim ve yarar saglanmis, tasarruf edilmis olur.
Yapilan bu analizler matematiksel temele dayaniyorsa
dogrulugu kesindir. Bu calismada istatistiki verilerden
olusan iliskisel yap1 sosyal ag analizi yontemleri ile
analiz edildi. Bir sistemdeki bilgi miktar1 ve belirsizlik
Olclisii olan entropi temel alinarak yeni bir yontem
onerildi. Onerilen ydntemin uygulanabilirligini ve
dogrulugunu gostermek icin iilkelerin hava trafigi veri
seti kullanildi. @ degeri 1 oldugunda Shannon entropi
davranisi gosteren Renyi entropi kullanilarak merkezi
noktalar tespit edildi. Elde edilen sonuglara
bakildiginda o degeri kiiciik secildiginde kenar
agirhiklar1 baskin bir merkezilik elde edildi. Bu
Olcimde dugim dereceleri de etkisini sturdiirdi. a
degeri arttirlldiginda ise agirhga gore diigim
derecelerinin etkisi daha ¢ok hesaplamaya dahil oldu.
Kullanilan veri setinde diigiim derecesi en yiiksek olan
France (Fransa)’dir. Bu durum France (Fransa)'nin o
biiylik secildiginde en iiste ¢ikmasina sebep oldu.
Yaptigimiz analizde literatiirde ¢ok da g6z oOniinde
olmayan Kenya, South Africa (Giiney Afrika) ve Qatar
(Katar) gibi tilkelerde tst siralarda ¢iktl. Bunun sebebi
¢ok yogun ucuslar1 olmasa da bu ilkelerin ugus
noktalarinin ugus sayisina oranla ¢ok olmasidir. Bir¢ok
iilkenin aga dahil olmasina képrii olmalaridir. Bunlar
hub olma potansiyeli ytliksek iilkelerdir. Tiirkiye ise
yapilan hesaplamalarda hep iist siralarda ¢ikti. Ugus
rotasinin ¢ok olmasi bunda etkili olmustur.

Yapilan calisma Renyi entropi ile merkezilik
Ol¢climlerinin yapilabilecegini ve dogru sonuclarin
alinabilecegini gosterdi. a degerinin dogru se¢ilmesi
halinde merkezilik hesaplamalarinda alternatif
yontem olarak kullanilabilir. Kenar agirliklarinin ve
diigiim derecelerinin etkisinin ihtiya¢ ve probleme
gore ayarlanabilmesi aga birgcok farkli agidan
bakilmasina olanak tanir. Renyi entropi a degeri ile
bunu sagladi. Farkli problem barindiran veri
setlerinde bu ydntem kullanilabilir. Bir sonraki
calismamizda Renyi entropinin farkli kullanim
alanlarim1 ve farkli veri setlerine uygulamasini
gerceklestirmek istiyoruz.
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0z

Stiperpiksel,

Satir Boliitleme,

El Yazimi Belge,
Dokiiman Imgesi Analizi,
Havza Béliitleme.

Satir bolitleme tarihi dokiiman analizi uygulamalarinin en temel asamalarindan
birisidir. Satir boliitleme basarisi, daha sonraki dokiiman analizi yontemlerinin
basarisini dogrudan etkilemektedir. Matbu belgelerde kayipsiz satir boéliitleme
islemi kolaylikla yapilabilmektedir. Ancak, el yazimi belgeler i¢in satir béliitleme
islemi metin satirlarinin egik, egri, dalgali olmasi, satirlar arasi bosluklarin darligy,
ortiisen ve temas eden bilesenlerden dolay1r hala zorlayici bir problemdir. Bu
calismada, el yazimi dokiimanlar i¢in siiperpiksel tabanl yeni bir satir boliitleme
yontemi onerilmistir. Yontem ardisik satirlari boliitleyebilen en giivenli sinirin elde
edilmesini hedeflemektedir. Onerilen yéntem 853 adet Cince el yazimi dokiiman
imgesi iceren HIT-MW veri seti lizerinde uygulanmistir. Veri setinin en dnemli
ozelligi egik, temas eden ve oOrtiisen satir davranislarina sahip imgelerden
olusmasidir. Onerilen yéntem ile % 98.03 tespit orani, % 97.66 tanima dogrulugu
elde edilmis ve yontemin basarisi literatiirde bulunan diger yontemlerle
karsilastirilmistir. Elde edilen sonuglar 1siginda onerilen ydntemin el yazimi
metinlerde satir boliitleme uygulamalarindaki basarisi ve potansiyeli ortaya
konmustur.

SUPERPIXEL BASED TEXT LINE SEGMENTATION

Keywords

Abstract

Superpixel,

Text Line Segmentation,
Handwritten Document,
Document Image Analysis,
Watershed Segmentation.

Text line segmentation is one of the essential stages of historical document analysis
applications. The accuracy of text line segmentation affects directly the success of
following document analysis steps. For printed documents, lossless text line
segmentation can be done readily. But, for handwritten documents, unfortunately it
is still a challenging problem because of the skewed, curved, fluctuated text lines,
narrow gaps between the text lines, overlapping and touching components. In this
paper, a novel superpixel-based text line segmentation method for handwritten
documents is proposed. This method aims to extract the most reliable boundary to
segment consecutive text lines. This method is implemented HIT-MW dataset
containing 853 Chinese handwritten document images. The most important feature
of this dataset is to be composed of documents having skewed, overlapping and
touching textlines. A detection rate of 98.03% and arecognition accuracy of97.66%
is obtained and these results are compared with the ones of existing state of the art
methods. With these results, segmentation success and potential of our method for
handwriting text line segmentation is pointed out.
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1. Giris

Diinyanin bircok yerinden tarihgiler ve arastirmacilar
tarihi belgeler {izerinde arastirmalar, ¢alismalar
yapmaktadirlar. Arsivlerde ¢ok sayida el yazimi ile
yazilmis tarihi dokiiman bulunmakta ancak bu
dokiimanlarin indekslenmesi ve gevirisi insan giiciiyle
yapilan ve olduk¢a zaman alan bir islemdir. Bu
islemlerin otomatik bir sekilde yapilmasinin
zorlugundan dolay1 bu tip dokiimanlar arastirmacilar
tarafindan etkili bir sekilde kullanilamamaktadir.
Zaman  gectikce  tarihi  belgeler  yipranarak
eskimektedir. Bu durum ise belgelerin okunmasini
zorlagtirmaktadir. Bu problemin Oniine ge¢mek
amaciyla son yillarda el yazimi ve tarihi dokiimanlar
taranarak imge formatinda  dijital ortama
aktarilmaktadir. Dijital ortama aktarilan bu
belgelerdeki kelimeleri otomatik bir sekilde teker
teker ayristirmak bu belgelere hizli ve kolay bir
sekilde erisilerek arastirmacilar icin biiylik bir
kolaylik  saglayacaktir. Bdylece arastirmacilar
istedikleri anahtar kelimeleri dokiiman imgeleri
iizerinde aratarak belgelerdeki ilgili kism1 bularak
arastirmalarini hizlandiracaktir.

Giliniimiizde 6zellikle tarihi ve el yazimi metinlerin
taranip  indekslenmesi ayrica bu  belgelerin
transkripsiyonlarinin yapilmasi olduk¢a giincel bir
problemdir. Optik karakter tanima, dokiiman
imgelerinin bilgisayar ortaminda diizenlenebilecek
sekilde sayisal bir metine ¢evrilmesi islemidir. Optik
karakter tanima sistemlerinde genellikle sirasiyla 6n
isleme, boliitleme, 6znitelik cikarimi, egitim ve tanima
seklinde asamalar bulunmaktadir. On isleme,
bélitleme igin kolay veri liretmeyi amaglamaktadir.
On isleme asamasinda giiriiltii azaltma, verilerin
normallestirilmesi, renk doénlsimii, histogram
esitleme gibi islemler bulunmaktadir. Boéliitleme,
dokiiman imgesinin paragraflara, metin satirlarina,
ciimlelere, kelimelere veya harfler gibi daha kiigiik
pargalara ayrilmasi islemidir. Oznitelik ¢ikarma
asamasinda, tanima asamasinda metni taniyabilmek
icin dokiiman imgesinden en alakal bilgileri ¢ikarma
islemi yapilmaktadir. Bu bilgiler her bir sembolii diger
sembollerden ayirmak icin gerekli 6znitelikleri icerir.
Tanima asamasi, karakter tanima sisteminde son ve
ana karar verme agamasidir. Bilinmeyen her bir
sembolil tanimlayan ve daha 6nceden tanimlanmis bir
sinifa atayan bir siniflandirma islemi yapilmaktadir.
Bu smniflandirma, bir énceki asamanin ciktis1 olan
6zniteliklere dayanmaktadir.

Dokiiman analizi uygulamalarindan biri olan optik
karakter tanima sistemlerinde boéliitleme asamasi en

onemli asamalardan biridir. Satir boélitleme bu
islemler arasinda ilk siralarda yer aldig i¢in hatalarin
minimize edilip metin satirlarinin ytiksek dogrulukta
boliitlenmesi gerekmektedir. Boylece devam eden
diger islemlere daha dogru bir giris verisi saglanmis
olur. Metin satir1 boliitlenmesi isleminin karakterin
tanima basarisi iizerinde dogrudan bir etkisi vardir.
Yazarlarin yazma sekillerindeki farkliliklardan dolay1
karakter tanima sistemindeki hatalarin ¢ogu
bolitleme asamasinda meydana gelmektedir. Bu
nedenle daha iyi bir karakter tanima sisteminin
olusturulabilmesi  i¢in  boliitleme  asamasinda
dokiiman imgelerinin satirlara béliitlenmesi isleminin
yuksek dogrulukta yapilmasi gerekmektedir.

Matbu dokiiman imgelerinde satirlar arasi ortiisme
olmadigindan metni olusturan satirlar kayipsiz bir
sekilde kolaylikla elde edilebilmektedir. Ancak el
yazimi dokiiman imgelerinde satirlar diiz bir sekilde
gitmemekte; egiklikler, dalgalanmalar, satirlar arasi
ortiismeler, iki komsu satirin birbirine temas etmesi
gibi durumlar olabilmektedir (Sekil 1). Bu nedenle,
standart satir bolitleme yontemleri el yazimi
dokiiman imgelerinde basarili sonuglar elde
edememektedir.

Literatiirde el yazimi dokiimanlarin satirlarinin
boliitlenmesi icin bir¢cok algoritma bulunmaktadir.
Bunlardan en yaygin kullanilanlari iz diisiim tabanh
yontemler (Ataer ve Duygulu, 2006; Adigizel vd.,
2012), hough doniisimi tabanhh  yontemler
(Likforman-Sulem vd., 1995; Louloudis vd. 2006;
Louloudis vd., 2008) ve bagh bilesen tabanl (Ryu vd.,
2014) yontemlerdir. Izdiisim tabanh yontemler
genellikle matbu dokiiman imgeleri {izerinde
uygulanmakta ve bu tip dokiimanlarda basarili
sonuclar elde etmektedir. izdiisiim tabanli yéntemler
bir metin satirinin diiz bir sekilde oldugu varsayimina
dayanmakta, komsu metin satirlar1 arasindaki bosluk
bilgisinden  faydalanarak  bdliitleme  islemini
gerceklestirmektedir. Izdiisiim tabanli yéntemler
dokiiman imgesinin dikey hatlara bdliinlip metin
satirlarinin o dikey hat boyunca da diiz bir sekilde
ilerledigi varsayimini kullanarak cok fazla egikligin

bulunmadigi dokiiman imgelerinde de
kullanilabilmektedir. ~ Ancak izdiisim  tabanli
yontemler kisith sayida dokiimana

uygulanabilmektedir. Izdiisim tabanl yéntemler el
yazimi metinlerde béliitlemeyi zorlastiran egimli ve
temas eden satirlar nedeniyle basarili sonuglar
vermemektedir.
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Sekil 1. El yazimi dokiiman érnekleri (a) Egik satir iceren metin (HIT-MW veri seti), (b) Temas eden ve ortiisen
satir iceren metin (HIT-MW veri seti), (c) Dilizensiz satir iceren metin (Kadi Sicilleri)

Hough doniisiimii tabanli yontemler de metin satirini
olusturan bilesenlerin diiz veya belli bir egiklik
acisinda bulundugu varsayimini kullandigindan,
izdlisiim tabanli yodntemlere benzer durumlardan
dolay1 matbu dokiiman imgelerinde basarili sonug¢lar
verirken el yazimi dokiiman imgelerinde basar: orani
diismektedir. Hough tabanli yontemlerde dokiiman
imgesinde satirlarin farkli egiklik agilarinda olmasi
durumunda da basarili olabilirken, metin satiri
icerisinde kelimelerin farkli egiklik acilarina sahip
olmas1 durumunda dogru bir satir boliitlemesi elde
edilememektedir. Ozellikle hough déniisiimii tabanl
yontemlerde satirlar arasinda egrilik olmasi
durumunda, Arapg¢a gibi noktalama ve vurgu icin
kullanilan kii¢iik bilesenlerin yogun oldugu dillerde
bolitleme basarisi olduk¢a diismektedir.

Bagli bilesen tabanli yontemlerde genellikle her piksel
esit Oneme sahip oldugundan dolay1 dokiiman
imgesindeki herhangi bir pikselin degismesi
durumunda farkli bir béliitleme sonucu elde
edilebileceginden dolay1 ¢ok fazla uygulanabilir
degildir.

Bu calismada siiperpiksel algoritmalarindan biri olan
havza bdliitleme tabanli bir satir boliitleme
algoritmasi gelistirilmistir. Onerilen yéntemin Cince el
yazimi dokiiman imgelerini iceren HIT-MW veri seti
iizerinde uygulanmis ve performans metrikleri elde

edilmistir. Elde edilen performans metrikleri
literatlirde bulunan diger yontemlerle
karsilastirilmistir.

Calismanin  ilerleyen  boliimlerinde  sirasiyla

literatiirde bulunan dokiiman imgeleri icin satir
bolitleme yontemlerinin 6zetleri, 6nerilen el yazimi
dokiiman imgeleri icin siliperpiksel tabanli satir
boliitleme yontemi, ydntemin islem adimlar1 ve
algoritmanin uygulanmasi, yontemin basarisinin test
edilebilmesi i¢in kullanilan veri setinin 6zellikleri ve
performans metriklerini agiklanmistir. Daha sonra
Onerilen yontemin veri seti iizerinde uygulanmasiyla
elde edilen sonuglar verilip diger yontemlerle
karsilastirilmistir. Son béliimde ise elde edilen
sonuglar tartisilmistir.

2. Bilimsel Yazin Taramasi

Nagy vd. (1992), bir ¢esit izdiisiim tabanli yukaridan
asagiya boliitleme algoritmasi olan X-Y kesme
algoritmasini kullanmislardir. Pargalanmis bolgelerin
yatay ve dikey izdiistim profilleri tekrar tekrar analiz
edilerek dokiimanin yapisal bir agaci
olusturulmaktadir. Agacin kokii tiim dokiiman
sayfasini temsil etmektedir. Tiim yaprak diigtimleri ise
son boliitlemeyi temsil etmektedir. Algoritma belgeyi
yinelemeli olarak agacin diigiimlerini temsil eden iki
veya daha kiiciik dikdortgen bélgelere boler. Islem,
hi¢bir yaprak diigiimii daha fazla boliinemeyene kadar
devam eder. Paralel metin satirlar1 varsayimi ve
satirlar arasi biiylik bosluklardan dolay1 bu yéntem
sadece matbu belgelerde iyi sonuclar vermektedir. ki
komsu metin satir1 arasinda 6nemli bir boslugun
oldugunu ve metin satirlarinin izdiisiimiiniin x ve y
yoniinde kolayca boliitlenebilecegini varsaymaktadir.
Ancak, iki komsu satir arasindaki bosluklar ¢ok fazla
olmadikca ya da el yazimi metin satirlar1 diiz
olmadik¢a, el yazimi dokiimanlarda dogrudan
kullanilamamaktadir.

0’Gorman (1993), tarafindan gelistirilen Docstrum
yontemi bir c¢esit asagidan yukariya gruplama
yontemidir. Yontem, satir icindeki ve satirilar
arasindaki bosluklari ve egikligi 6lcer, metin bloklarini
ve metin satirlarm  bulur. Egiklik acgisindan
bagimsizlik, farkli metin bosluklarindan bagimsizlik
ve ayni imgedeki farkli metin yonlerine sahip yerel
bolgeleriisleme yeteneginden dolay1 avantajlidir. K-en
yakin komsu birimler arasindaki geometrik iliskiye
dayanan kurallar1 kullanarak bagl bilesenleri
birlestirir. Matbu dokiimanlar ve ¢ok az egriligin
bulundugu satirlarda iyi performans sergilemektedir.

Arivazhagan vd. (2007), dokiiman imgesini birkag
dikey seride bolerek pargali projeksiyon yaklasimini
kullanmiglardir. Metin satirlarinin bir serit boyunca

yaklasik olarak diiz oldugu varsayilarak, bu
seritlerdeki yatay projeksiyon profilleri
cikarilmaktadir. Daha sonra sezgisel kurallar

kullanilarak bunlar birlestirilerek metin satirlar
béliitlenmektedir. Ingilizce, Arapca ve cocuk el
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yazilarindan olusan toplam 11581 metin satir1 iceren
720 dokiiman iizerinde test edilen yontem % 97.31
basar1 oraniyla metin satirlarini béliitlemektedir.
78.902 bagh bilesen iceren 200’den fazla el yazimi
imge lizerinde test edilen yontem metin satirlarinin %
97.65’ini dogru bir sekilde tespit edebilmistir.

Su vd. (2007), el yazimi ile yazilmis Cince
dokiimanlarin egikligini tespit etmek i¢in yatay vurus
histogramini kullanmislardir. Vurus egikligi diizeltme
algoritmas1 yatay vurus histogramindan satirlarin
egiklik acisin1 bulur ve egikligi diizelttikten sonra
izdisim profilleri kullanarak metin satirlarini
béliitler. Ayrica bu ¢alisma ile Cince el yazimi tanima
alanindaki ilk veri seti olan HIT-MW veri seti
olusturulmustur. 780’den fazla katilime tarafindan
yazilan 853 adet dokiiman imgesi bulunmaktadir. Veri
setinde kesin referans olarak 8673 adet metin satir1
bulunmaktadir. Basit bir hesapla her bir dokiiman
imgesinde ortalama 10.16 metin satir1 bulunmaktadir.

Li vd. (2008), satirlarin tespit edilmesi islemini bir
gorintii boliitleme problemi olarak ele almislardir.
Yogunluk kestirimine ve seviye kiimesi boliitleme
yontemine dayanan bir yaklasim 6nerilmistir. Ikili
imge anizotropik (yonbagimli) bir Gauss cekirdegi
kullanilarak gri seviyeli imgeye doniistiirilmektedir.
Dokiiman imgesi iizerinden her bir elemanin bir metin
satirina ait olma ihtimalini temsil ettigi olasilik
haritas1 hesaplanmaktadir. Daha sonra, baslangig
tahmini gelistirilerek komsu metin satirlarinin
sinirlarini belirlemek icin seviye kimesi yontemi
kullanilmaktadir. Yontem Arapga, Korece, Cince ve
Hintce gibi ¢esitli harfler iceren serbest el yazimi
dokiimanlar {zerindeki test edildiginde iyi bir
performans gostermektedir. Yapilan farkli deneyler
Onerilen algoritmanin 6lgek degisikligi, doniis ve
glriiltiiye karsi dayanikli oldugunu goéstermektedir.
Onerilen ydntem toplam 100 adet Arapca el yazimi
dokiiman imgesi iceren bir veri seti iizerinde test
edildiginde % 85.6 basar1 oraniyla 2691 satirin 2303’
tespit edilmistir. 100 Cince el yazimi dokiiman
imgesinden olusan baska bir veri seti {izerinde
uygulandiginda ise Onerilen yontem 1672 satirin
1532’sini bularak % 92 oraninda bir basar1 elde
etmistir. Calismada iki satirin birbirine 6nemli 6l¢iide
temas etmesinden dolay1 biiyiik hatalarin oldugu
belirtilmektedir.

Louloudis vd. (2008), ii¢ farkli adimdan olusan bir
yontem onermislerdir. [lk adim imge ikililestirmesi ve
iyilestirmesini, bagli bilesen c¢ikarimini, bagh
bilesenlerin li¢ ayr1 alt kiimeye ayristirilmasini ve
ortalama karakter yiksekliginin hesaplanmasini
icermektedir. ikinci adimda potansiyel metin
satirlarinin tespiti i¢in blok tabanli Hough déniisiim
yontemi kullanilmaktadir. Ugiincii adim ise bir énceki
adimda ortaya c¢ikarillamayan metin satirlarini tespit
etmek icin, olas1 boliinmeleri diizeltmek ve son olarak
dikey olarak bagl karakterleri ayirmak ve onlar ilgili
metin satirlarina atamak icin kullanilmaktadir.

Onerilen yoéntem Atina Universitesi'nin tarihi
arsivlerinden, Dallas kiitiiphanesinden ve ICDAR2007
el yazimi béliitleme yarismasindan alinan Ingilizce,
Yunanca, Fransizca ve Almanca el yazimindan olusan
152 adet dokiiman iizerinde test edilmistir. Tim
dokiiman imgeleri i¢cin manuel olarak metin satir1
tespiti icin kesin referans olusturulmustur.
Olusturulan veri seti toplam 3382 metin satiri
icermektedir. Onerilen yontem % 95.8 tespit orani ve
% 93.8 tanima dogrulugu basarisi elde etmistir.

Du vd. (2009), Mumford-Shah modeline dayanan bir
yontem tanimlamislardir. El yazimi metin satirlarin
bolitlemek icin Mumford-Shah modeli ve diizey
kiimesi yontemi kullanilmistir. Metin satirlarini
boliitlemek icin 6ncelikle pencere boyutu yatay yonde
genis olan Gauss filtresi kullanilarak dokiiman imgesi
bulaniklastirilmaktadir. Diizey kiimesi fonksiyonu ig,
dis ve metin satir1 bolgelerinde farkli degerlere
sahiptir. Yontemde Mumford-Shah modelinin enerji
fonksiyonunun minimize edilmesi, bdylece imgenin iyi
bir sekilde bolgelere boliitlenmesi gereklidir. Son
olarak metin satirlarini ayristirmak ve bazi giiriiltiileri
gidermek amaciyla asindirma ve genisleme gibi bazi
morfolojik islemler yapilmaktadir. Algoritma dilden
bagimsizdir. Komsu metin satirlar1 arasindaki
ortismeleri kaldirmak ve kirik olanlar1 baglamak icin
islem sonrasi adim olarak morfolojik islemler
kullanilmaktadir. Yontem farkli egiklik agilan
durumunda metin satirlarini dogru bir sekilde elde
edememektedir.

Yin ve Liu (2009), kiimeleme tabanl bir yontem olan
asgari tarama agaci yontemini kullanmislardir. Bu
yontem ¢oklu egiklik durumu iceren satirlar
boliitleyebilirken, temas eden metin satirlarinda
basarisizdir. Bagli bilesenler ilk olarak birkag
geometrik kisitlamaya dayali olarak béliiniir, daha
sonra gozetimli O6grenme tarafindan tasarlanan
uzaklik metrigi ile asgari tarama agaci araciligiyla bir
agac¢ yapisina gruplanir. Secilen kenarlar dinamik
olarak agactan kesilerek metin satirlari elde edilir.
Yapay parametrelerden kaginmak ve boliitleme
dogrulugunu artirmak icin, goézetimli Ogrenme
araciligiyla uzaklik metrigi tasarlanmistir. Cince el
yazim1l dokimanlar iceren HIT-MW veri setinden
rastgele secilen ve 508 metin satir1 iceren 50 adet
dokiiman imgesi kullanilarak uzaklik metrigi 6grenimi
ve parametre ayarlamasi yapilmistir. Daha sonra
Onerilen yontem veri setindeki 8169 metin satiri
iceren 803 adet dokiiman imgesi iizerinde test edilmis
ve % 98.02 tespit orani ve % 2.47 hata orani elde
edilmistir.

Ziaratban ve Faez (2010), dokiiman imgesini
uyarlanabilir bloklara bdlen asagidan yukariya
gruplama algoritmasi kullanmiglardir. Her bir blogun
egikligi hesaplanmistir. Yontemi farkli yazarlara
uyarlamak i¢in li¢ parametre tanimlanmistir. HIT-MW
veri seti lzerinde uygulanan yodntem % 98.34
oraninda tespit orani basarisi elde etmistir. 282 kisi
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tarafindan yazilan 7186 yazar iceren 1129 adet Farsca
dokiiman imgesi iceren FHT veri seti iizerinde test
edildiginde ise % 91.22 tespit orani elde edilmistir.
FHT veri setinde bulunan zor metin satirlarini iceren
371 imgelik bir grup imge tizerindeki tespit orani ise
% 86.26 olarak elde edilmistir.

Alaei vd. (2011), dokiiman imgesinin ©6n plan
boliimiinii lekelemek i¢in yeni bir boyama teknigi
kullanmiglardir. Oncelikle imgedeki bilesenlerin
ortalama genislikleri hesaba katilarak imge dikey
hatlara boéliinmektedir. Boyama teknigi, metin
satirlarinin kolayca algilanmasini saglayan 6n ve arka
plan bdliimlerin ayrilabilmesini kolaylastirmaktadir.
Her bir metin satir1 i¢in tek bir bilesen elde etmek i¢in
boyanmis imgenin 6n plan béliimiinde bir genisleme
islemi uygulanmistir. Aday ¢izgi ayiricilar1 ad1 verilen
bir dizi aywria c¢izgi elde etmek icin genisletilmis
imgenin arka boliimiiniin inceltilmesi ve daha sonra
bazi diizeltme islemleri gergeklestirilmistir. Aday c¢izgi
ayiricilarinin baslangig ve bitis noktalar1 kullanilarak
ve aralarindaki uzakliklar analiz edilerek bolitlenmis
metin satirlarinin elde edilmesi i¢in ilgili aday ¢izgi
ayiricilar1  birlestirilir.  Onerilen satir béliitleme
yontemi (i¢ farkh veri setine uygulanmistir. ilk olarak
152 adet Ingilizce, Yunanca, Fransizca ve Almanca el
yazimi dokiimanlardan olusup toplam 3382 satir
iceren veri seti kullamilmistir. Dokiimanlar Atina
Universitesi, Dallas kiitliphanesi ve ICDAR2007 el
yazimi béliitleme yarismasindan alinmistir. Onerilen
yontem daha sonra toplam 4034 satir iceren 200 el
yazimi dokiiman imgesinden olusan ICDAR2009 el
yazimi boliitleme yarismasinda kullanilan veri setine
uygulanmistir. Yontem son olarak 78 el yazimi metin
sayfasindan olusan ve toplam 1044 satir iceren
Bangla, Oriya dili ve Farsca yazilardan olusan gri
seviyede taranmis dokiiman imgelerine
uygulanmistir. {1k veri setinde ortalama dogru tespit
edilen satir orani % 95.17 iken, ikinci veri setinde bu
oran % 98.35 olarak elde edilmistir. Son veri setinde
ise ortalama dogru tespit edilen satir oram1 %
95.87’dir. Onerilen yoéntem -10 ve +10 egiklik
araliginda iyi ¢alismaktayken -20 ve +20 arasi egiklik
durumunda hatali sonuclar vermektedir. Ayrica
karmasik ve diizensiz arka plan oldugu durumlarda
yontem hatali ikileme nedeniyle basarisizdir.

Adigiizel vd. (2012), satir boliitleme isleminde
karsilasilan problemlerin iistesinden gelebilmek i¢in
baghh bilesen ve projeksiyon tabanli bilgileri
birlestiren bir yaklasim sunmaktadir. Onerilen
yontem, her bir bagh bilesenin taban c¢izgilerini
bulmaktadir. Satirlar, her bir satira ait olan bagh
bilesenlerin taban ¢izgilerinin projeksiyon bilgisi
kullanilarak gruplanmasiyla tespit edilmektedir.
Bilesenler, boyutlariyla ilgili olarak farkli mesafe
Olclimlerine gore satirlara atanmaktadir. Literatiirde
siklikla kullanilan yontemlerden biri olan dikey
izdlisiim yontemi gelistirilerek tarihi dokiimanlarda
karsilasilan sorunlari ¢cozebilecek sekilde
degistirilmistir. Ayrica dikey izdiisiim profillerindeki

tepe noktalarinin tespiti i¢in yeni bir yontem
Onerilmistir. Calismada bir projeksiyon profilindeki
tepeleri saptamak i¢in yeni bir yéntem olan Fourier
egri uydurma yontemi Onerilmektedir. Kii¢iik
bilesenler ¢ikarilip, kirik Kkarakterler birbirine
baglandiktan sonra yatay projeksiyon profiliyle
Fourier egri uydurma yontemi kullanilarak satirlari
ayirma noktasi bulunmaktadir. Farkli komsu satirlar
arasindaki kesme noktasinin yerini belirleyen bagh
bilesenin taban ¢izgisini ¢ikarmak i¢in kontur bilgisi
kullanilir. Bilesenler, taban hatlarindaki piksellere
uyan bir polinom egrisi ile yaklasik olarak en yakin
hatta gore atanir. Baslangi¢ta kaldirilan kiigiik boyutlu
bilesenler dort yondeki en yakin komsu bagl bilesene
yeniden atanmir. Algoritma, farkli basili ve el yazimi
Osmanli veri kiimeleri lzerinde test edilmistir. Bu
calismada bir boélgenin birden fazla metin satir
icermesine ragmen tek bir metin satir1 olarak
algilanmas1 durumu bulunmaktadir. Ayrica metin
satirlar1 arasinda bulunan kii¢iik boyutlu bilesenlerin
ayr1l bir metin satir1 olarak algilanmasi durumu da
bulunmaktadir. Calisma 6 farkli el yazimi kitap
iizerinde test edildiginde yaklasik %93 dogruluk
oraniyla satirlar béliitlenebilmistir. Ayrica yontem
matbu belgeler iizerinde test edildiginde % 96.56
oraninda F1-skoru elde etmistir. Hatalarin biiyiik bir
kismi kiiciik boyutlu bilesenlerin ait olduklar satirlara
atanamamasindan kaynaklanmaktadir.  Sonuglar,
yontemin hem matbu hem de el yazimi belgelerinden,
farkli yazma kosullarinda en az % 92 dogrulukta
satirlar1 ayirmay basardigini gostermektedir.

Koo ve Cho (2012), diizensiz karakter boyutlari,
uzamsal degisiklik gosteren yazi yonelimi ve satirlar
arasindaki girisimden dolay1 satir bélitlemenin
serbest el yazimi dokiimanlar i¢in hala zorlu bir
problem oldugunu belirtmektedirler. Satir ¢cikarimi
islemi bagl bilesenlerin gruplanmasi problemi olarak
diistiniilmiistiir. Satir  boliitlemede Karsilasilan
problemlerin {istesinden gelinmesi icin satirlar
arasindaki etkilesimi ve her bir satirin egriselligini goz
o6ntinde bulunduran bir maliyet fonksiyonu
Onerilmistir. Maliyet fonksiyonunun minimize
edilmesi sonucunda metin satirlar: elde edilmektedir.
Maliyet fonksiyonunun minimizasyonu iki asamadan
olusmaktadir. ilk olarak agagidan yukari gruplama ile
kaba bir ¢6ziim elde edilir. Daha sonra kaba ¢6ziim
iteratif bir sekilde kiciik degisiklikler yapilarak
iyilestirilir. ~ Bu  degisiklikler =~ dort  sekilde
yapilmaktadir: birlestir, ayir, birlestir-ayir ve birlestir-
birlestir-ayir. Birlestirme isleminde iki komsu satir bir
satir olacak sekilde birlestirilir. Ayirma isleminde tek
bir satir iki ayr1 satir olacak sekilde ayrilir. Diger
islemler de benzer sekilde tanimlanmistir. Bitisik el
yazimi ve Hintge yazilarinda ¢ok yaygin bir durum
olan az sayida bagh bilesen oldugunda yodntem
basarisiz olmaktadir. Bir satirda ¢ok az sayida
karakterin bulunmasi durumunda iki komsu satir tek
bir satir olarak algillanmakta ve  hatal
béliitlenmektedir. Onerilen yontem Cince el yazimi
dokiiman imgeleri iceren HIT-MW veri seti iizerinde

858



DEMIR ve OZKAYA

10.21923/jesd.520406

test edilmistir. Buna gore tespit oran1 % 99.52 iken
hata oran1 % 0.32 olarak elde edilmistir.

Ryu vd. (2014), el yazimi dokiimanlar i¢in dile bagiml
olmayan bir metin satir1 ¢ikarimi algoritmasi
onermislerdir. Yontem bagh bilesen tabanhdir ancak
geleneksel yontemlerin aksine vuruslar ve eksik
boliitlenmis bagli bilesenlerin normalize olanlara
parcalanmis halleri analiz edilmektedir. Yontem
kisaca bagh bilesenlerin c¢ikarilmasi ve onlarin
gruplanarak satirlarin  olusturulmasi  seklinde
Ozetlenebilir. Minimizasyonu sonucu satirlarin elde
edildigi bir maliyet fonksiyonu olusturulmaktadir.
Onceki calismalarindaki yaklasim uzamsal olarak
degisen durumlar1 (satirlar aras1 bosluklar ve
yonelim) bagh bilesenlerin dagilimindan
hesaplamaktadir ve Latin tabanli el yazimi igeren
dokiimanlarda basarili sonuglar vermemektedir.
Ayrica boélitleme basarisi ¢cogu karakterin birbirine
bagl oldugu Hintce yazilarda daha kétiidiir. Cince’nin
yani sira diger dillerde de ¢alisabilen bir yaklasim i¢in
o6nceden oOnerdikleri yontemlerini gelistirmislerdir.
Eksik boliitlenen bagh bilesenler normalize olanlara
parcalanarak etkili bir baglhh bilesen bdliitleme
yontemi gelistirilmistir. Ancak gelistirilen bu yontem
enerji minimizasyonunda sorunlara yol agmistir,
cinkii parcalamadan dolay1 bazen baglanti bilgisi
kaybolmaktadir. Bunu 06nlemek icin enerji
minimizasyon yontemi de gelistirilmistir. Yontem bir
satirin ¢ok az sayida bagh bilesen icermesi ve/veya
komsu satirlarin  birbirine ¢ok yakin olmasi
durumunda basarisiz olmaktadir. Onerilen yéntem
ICDAR2013 el yazimi boliitleme yarismasina katilan
10 yontem arasinda %98.64 tespit orani ve %98.68
tanima dogrulugu ile en iyi satir ¢ikarim
performansini gostermistir. Ayrica yontem HIT-MW
veri seti lizerinde denendiginde %99.78 tespit orani
ve % 99.88 tanima dogrulugu elde edilirken
ICDAR2009 veri seti lizerindeki test edildiginde
%99.60 tespit orani ve %99.63 tanima dogrulugu elde
edilmistir.

Saabni vd. (2014), otomatik metin satir1 ¢ikarimi igin
dilden bagimsiz bir yéntem sunmuslardir. Onerilen
yontemle  metin  imgesinin  enerji  haritasi
hesaplanmakta, satirlarin tlizerinden ve arasindan
gecen seam adi verilen c¢izgiler belirlenmektedir.
Calismada ikili ve gri seviyeli imgeler i¢in iki farkl
algoritma gelistirilmistir. ikili imgeler tizerinde calisan
ilk algoritma metin satiri boyunca bilesenlerin
cikarilabilecegini varsaymaktadir. On isleme adiminda
yuksekligi biiyiik (ytksekligi ortalama yiiksekligin
onemli dlciide tizerinde olan) dikey bilesenler, temas
eden bilesenler olarak siniflandirilir ve ortadan ayrilir.
Seam ortadan ve metin satir1 boyunca gegmekte ve o
satirin kelime ve harflerini isaretlemektedir. Daha
sonra isaretlenmemis bilesenleri en yakin metin
satirina atamaktadir. ikinci algoritma dogrudan gri
seviyeli imgeler iizerinde c¢alisabilmektedir. Gri
seviyeli imgeden uzaklik doniistimiini hesaplar ve
ortadaki seam ve ayirma seam'’i olmak tizere iki ¢esit

seam Uretir. Ortadaki seam metin satirlarini
tanimlamaktadir. Ayirma seam’i ise ortadaki seam’e
gore belirlenir ve metin satirlarinin alt ve st
sinirlarin tanimlamaktadur. ikili imgeler icin énerilen
algoritma  ICDAR2009 el yazimi bdoliitleme
yarismasinin veri seti ve 100 adet imgeden olusan 6zel
bir koleksiyon veri seti Ulzerinde test edilmistir.
Onerilen yontem ICDAR 2009 veri setinde %98.5, 6zel
koleksiyon veri setinde ise %98.85 basar1 elde
etmistir. Hatali smiflandirmalar genellikle metin
satirindaki kelimeler arasinda biyiik bosluklarin
olmasindan kaynaklanmaktadir. Bu durum seam’in bir
satirdan komsu satira sigramasina neden olmaktadir.
Gri seviyeli imgeler igcin Onerilen algoritmay: test
etmek icin farkl kaynaklardan toplanilarak 215 tarihi
el yazim1 dokiiman imgesinden olusan bir veri seti
olusturulmustur. Yapilan testlerde % 95.21 ve %
98.35 arasinda bdliitleme dogrulugu elde edilmistir.

Han vd. (2017), spektral kiimelemeye dayali bir satir
boélitleme algoritmasi 6nermislerdir. Dokiiman imgesi
ilk olarak ikili hale doniistiiriilmekte, daha sonra
piksel noktalarinin bitisik matrisi hesaplanmaktadir.
Bu benzerlik metrigi lizerinde spektral kiimeleme
uygulanmaktadir. Metin satirlarini gruplandirmak igin
dikey  k-ortalamalar = kiimeleme  algoritmasi
kullanilmistir. Bu yontemin kisitlamasi
parametrelerin secilmesi konusunda hassas olmasidir.
Ayrica biiylik veri setleri i¢cin hesaplama agisindan
karmagiktir. Onerilen yéntem Cince el yazimi
dokiiman imgeleri iceren HIT-MW veri seti lizerinde
test edildiginde, tespit orami %95.42, tanima
dogrulugu %95.61 ve FM performans metrigi %95.51
olarak elde edilmistir.

Makalenin takip eden bolimlerinde ¢alismada
sirasiyla kullanilan yontem izah edilmis, veri seti ve
performans metrikleri sunulmus ve elde edilen
sonuglar verilerek yontemin boliitleme basarisi
tartisiimistir.

3. Materyal ve Yontem

Bu c¢alismada, el yazimi dokiimanlardaki farkh
davranislara sahip satirlar1 béliitleyebilen adaptif bir
yontem gelistirilmistir. Yontemin en temel amaci el
yazimi satirlar arasinda elde edilebilecek en giivenli
sinirin bulunarak her bir satirin kayipsiz bir sekilde
elde edilmesidir. Satirlar1 olusturan karakterlere ait
pikseller siiperpiksel yapilar1 olarak kabul edilerek
piksel kiimeleri arasindaki en uygun smir1 bulabilen
optimizasyon  tabanli  adaptif bir  yo6ntem
gelistirilmistir. Calismada Onerilen yontem dort alt
asamadan olusmaktadir. Bu asamalar Sekil 2’'de
verilmistir. [lerleyen boliimlerde bu agsamalar ayrintili
olarak anlatilmaktadir.
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Yatay iz Diigiim Havza Béliitlemesi ile Diigiimler Arasi Diigiimler Arasi En
Yontemi ile Bilesenler Arasindaki ligkilerin Kisa Yolun
Baslangic —»| Sinirlarin Ve Diigiim —» Hesaplanarak — Bulunarak Metin
Noktalarinin Noktalarinin Komsu Diigiimiin Satirlarinin
Belirlenmesi Bulunmasi Secilmesi Etiketlenmesi

Sekil 2. Onerilen yéntemin alt asamalari

3.1. Yatay izdiisiim Yéntemi

Bu asamada temel amag, her ardisik satir ¢ifti icin
bélitleme isleminin baslatilacagl en uygun baslangi¢
konumlarinin belirlenmesidir. Bu amagla yatay
izdiisim yontemi kullanilmistir. Bu yodntemin
secilmesinin nedeni ¢alismada kullanilan veri
setlerinin ikili imge tiiriinde olmasidir. ikili imgede
arka plan piksellerinin “0” ve metin iceren piksellerin
“1” ile temsil edilmesi ile her satirdaki piksel degerleri
toplanarak dokiiman imgesindeki arka plan ve metin
iceren bolgeler tespit edilebilmektedir.

B, boyutlar1 MxN olan ikili bir imge olmak iizere
imgenin yatay izdisimi PB[i] Esitlik (1) ile

hesaplanmaktadir. Burada i satiry, j ise siitunu temsil
etmektedir (Hull, 1998).

R[] =Z B(i, J) 1)

Sekil 3’te bir el yazim1 dokiiman imgesi i¢in elde edilen
yatay izdiisim grafigi verilmistir. Metin iceren
piksellerin degeri “1” olacak sekilde imgenin
tlimleyeni alinmis ve sonrasinda yatay izdiisiim grafigi
elde edilmistir. Grafikten anlasildig1 tizere arka plan
bolgesine ait satirlarda bulunan piksellerin toplami
metnin bulundugu satirlardakinden daha diisiik
degerdedir. Ayrica egik satirlarin oldugu durumlarda -
matbu imgelerin aksine- satirlarin yata izdiisiimde
ortiismesi nedeniyle giivenli bolgelerin tespiti kolay
olmamaktadir. Dolayisiyla izdiisim  grafiginde
bolgesel minimum noktalarinin bulunmasi
gerekmektedir. Bu amagla, ¢alismada yatay izdiisim
yontemi imgenin biitiiniine degil baslangi¢c noktasinin
istendigi tarafta belirlenen bir bolgeye uygulanmistir.
Bu sayede, bolgesel minimum noktalar daha etkili bir
sekilde elde edilmistir.

Komsu satirlarin birbirine temas etmesi durumunda
satirlar arasindaki bosluk bélgesinin bulunmasi daha
zordur. Ayrica iki komsu satir arasindaki sinir
cizgisinin bulunmasi i¢in birbirine temas eden
karakterlerin veya kelimelerin birbirinden
ayristirilmast  gerekmektedir.  Metin  satirlar
arasindaki sinir ¢izgisinin bulunmasi i¢in 6ncelikle
sinir ¢izgilerinin baslangi¢ noktalar1 yatay izdiisim
yontemiyle belirlenmistir. Metin satirlarin1 ayiran
sinir ¢izgilerinin baslangi¢ noktalarinin bulunma
asamalarini anlatan akis diyagrami Sekil 4’te
verilmistir.

Vatay idtgim Grangi

T T
= 10 S0 e zEp w0 30 A0 4
Satirda bulunan bayaz piksel sayis:

Sekil 3. Dokiiman imgesi ve yatay izdiistim grafigi

izdiisiim
Alaninin
elirlenmesi

laksimum
Noktalarin
Bulunmasi

Bolgesel Yatay
Izdiisiim
Yéntemi

Sekil 4. Satirlari ayiran c¢izgilerin baslangig
noktalarinin bulunmasi

Dokiiman imgesindeki metinlerin yogun oldugu
bolgelerin tespit edilebilmesi i¢in 6ncelikle dokiiman
imgesinin tiimleyeni elde edilmistir. Yatay izdiisiim
yontemiyle belirlenen baslangi¢ noktalarinin daha
yuksek dogrulukta bulunabilmesi i¢in imge
icerisindeki giiriiltiiler, noktalamalar ve vurgular gibi
piksel sayis1 50’den daha az olan bagl bilesenler gegici
olarak silinmektedir. Boylece izdlisiim yontemi daha
etkili bir sekilde kullanilabilmektedir. Dokiiman
imgelerinde satirlar arasindaki egiklik durumu,
ortiisen satirlar ve birbirine temas eden satirlar
bulundugundan dolay1 baslangi¢ noktalarinin yiiksek
dogrulukta bulunmasi igin yatay izdiisim yontemi
bélgesel olarak uygulanmistir. izdiisiim yénteminin
imgedeki hangi bolgeye uygulanacagini ayarlamakicin
imgedeki siitunlar taranarak yazilarin bulundugu ilk
siitun bulunur. Bulunan bu siitun ile imgenin
genisliginin 1/3'i kadar uzaklik arasinda yatay
izdlisiim yontemi uygulanmistir. Sekil 5’te dokiiman
imgesi lizerinde yatay izdiisim ydnteminin
uygulandig1 bolge kirmizi dikdortgen igerisinde
belirtilmigtir. imgenin bélgesel yatay izdiisiimii elde
edildikten sonra izdiisiim grafigindeki tepe noktalari
bulunur. Tepe noktalarinin oldugu kisimlar en ¢ok
metin pikselinin oldugu satirlar1 ifade etmektedir.
Metin satirlarini ayiran bolge ise iki tepe noktasinin
arasidir. Tepe noktalarinin aralar1 satirlar1 ayiran
¢izginin baslangi¢ noktalari olarak secilmistir. Secilen
baslangi¢ noktalar1 dokiiman imgesi lizerinde Sekil
6’da en soldaki silitunda kirmizi renkli noktalarla
belirtilmistir.
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Sekil 5. Yatay izdiisiim yontemi uygulanan bolge
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Sekil 6. Metin satirlarini ayiran cizgilerin baslangic¢
noktalari

3.2. Havza Boliitlemesi

imgede bulunan pikseller renk, doku veya yogunluk
gibi 6zelliklerinin benzerliklerine gore gruplandiginda
elde edilen yapilar siiperpiksel olarak ifade
edilmektedir. Siiperpiksel algoritmalari, pikselleri
anlaml kiciik bolgelere gruplamaktadir. Stiperpiksel
tabanli yontemler derinlik tahmini (Hoiem vd., 2005),
imge boliitleme (Li vd., 2005; He vd., 2006; Zhang vd.,
2014), viicut modeli kestirimi (Mori, 2005), nesne
yerini belirleme (Fulkerson vd. 2009) gibi bircok
uygulamada kullanilmaktadir. Imgedeki pikseller
benzer o6zellikleri tasiyan piksellere gruplanarak
anlamli siiperpikseller olusturulmaktadir. Boylece
daha sonraki asamalardaki hesaplama karmasiklig

azaltilarak  yontemin daha hizli  ¢alismasi
saglanmaktadir.

Metin icerisindeki harfler dogru bir sekilde
gruplandiginda sozciikler ve uygun sozciikler

gruplandiginda ise metin satirlari elde
edilebilmektedir. Ornek bir dokiiman imgesinin
siiperpiksellere boliitlenmesi sonucu elde edilen imge
Sekil 7’de verilmistir. Burada kirmizi renkli cizgiler
her bir siiperpiksel  bdlgesinin  sinirlarini
belirtmektedir.

&/ 2k
ﬂ‘%
LN

b
SEs—)
Sekil 7. Stiperpikseller seklinde boéliitlenmis
dokiiman imgesi

Gri seviyeli herhangi bir imge topografik bir yilizey
olarak diisiiniilebilir. Topografik gosterimde imgedeki
madeni paralarin oldugu agik renkli bolgeler daha
yliksek piksel degerine sahip olup ytikseltileri, koyu
renkli bolgeler ise daha diisiik seviyeli piksel degerine
sahip olup havzalar1 temsil etmektedir. Boyle bir
topografik ylizeyde noktalar ti¢ farkli durumda
olabilirler. Bunlardan ilki bolgesel minimuma ait olan
noktalardir. Digeri bu noktalara bir su damlasi
konuldugunda su damlasi bir minimuma diisecektir.
Belirli bir b6lgesel minimum i¢in, bu durumdaki nokta
kiimesine o minimumun havzasi denilir. Son olarak ise
bu noktalarda konulan suyun birden fazla minimuma
esit derecede diisebilecegi noktalardir. Bu durumdaki
noktalar topografik yiizeyin tepe ¢izgilerini olusturur
ve havza cizgileri olarak adlandirilirlar.

Sekil 8'de verilen madeni paralarin bulundugu gri
seviyeli imgenin topografik yiizey olarak gosterimi
Sekil 9'da verilmistir.

Sekil 8. Gri seviyeli imge

Topografik Yiizey Gosterimi

il

i

i

Sekil 9. Topografik yiizey gosterimi
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Sekil 8’deki imge ikili hale getirilip agma islemi
sonucunda Sekil 10’daki imge elde edilmistir. Havza
boliitlemesi sonucunda elde edilen béliitlenmis imge
ise Sekil 11’de verilmistir. Burada kirmizi renkli
cizgiler havza cizgilerini, bir baska deyisle siiperpiksel
sinirlarini belirtmektedir.

Sekil 10. ikili hale getirilen imge

Sekil 11. Havza boliitlemesi sonucu

Bu ¢alismada siiperpiksel algoritmalarindan biri olan
havza boliitleme algoritmasi kullanilmistir. Havza
boliitleme yonteminde bir imge yiikseklik ve
algakliklardan olusan cografi bir yilizey gibi
disiiniilmektedir. Cografi yilizeyin yerel minimum
noktalarindan delinerek suya batirildigi varsayilirsa,
su bu ylizeyin en diisiik seviyedeki noktasindan
itibaren dolmaya baslayarak farkli havzalara dolmaya
devam edecektir. Farkli kaynaklardan gelen sularin
birlesmesini 6nlemek amaciyla, sularin iki farkl
havzadan gelerek birlesmek lizere oldugu bolgelere
barajlar  kurulursa, suya daldirma isleminin
sonucunda minimumlarin her biri, bu minimumla
iliskili olan havzay1 kapsayacak sekilde barajlarla
cevrilmis olacaktir. Su diizeyi bu cografi yiizeyin en
yiksek noktasina ulastiginda boliitleme islemi
tamamlanmakta ve islem sonlandirilmaktadir. islem
sonucunda cografi ytlizeyi farkli bolgelere ya da baska
bir deyisle havzalara ayiran barajlara havza ¢izgileri
adi verilmektedir. Bu havza ¢izgileri imgedeki
bolgelerin sinir ¢izgilerini temsil etmektedir. Boylece

imge, havza cizgileri ve havzalar olmak iizere iki farkl
kiimeye ayrilmaktadir. Vincent ve Soille (1991),
tarafindan havza doniisimiiniin suya daldirma
benzetimine dayali bir tanimi gelistirilmistir.

I gri seviyeli bir imge olsun. I imgesinin en kii¢iik ve en
biiyiik yogunluk degerleri sirasiyla h,;, ve hy,.4 olarak
tanimlansin. h,,;, degerinden h,, degerine kadar
degisen h gri seviye degeri ile bir 06zyineleme
tanimlanmaktadir. Ozyinelemenin baslangicinda Xy,
havza  kiimesi, hp;, degerindeki noktalar
kiimesine(T, ;) esit olacak sekilde atanmaktadir.
Daha sonra X; havza kiimesinin Ty,; esik kiimesi
icerisindeki etki alani (IZr,, 1)(Xp)) ardisik olarak

genigsletilir.

Xpa =MIN, ;U IZTM(f) (Xy), Vhe [hmin,hmax -1 @)

Esitlik 2’de verilen MINy, ifadesi, h yiiksekligindeki
minimuma ait noktalar kiimesini temsil etmektedir.
Ozyineleme islemi sonucunda elde edilen Xp__, I
imgesine ait havzalar kiimesini vermektedir. Havza
dontistimii ise X; . kimesinin imge igerisindeki
tiimleyeni olarak bulunmaktadir.

Onerilen yéntemin uygulandig veri setinde iki komsu
satirin  birbirine temas etmesi, Ortiismesi gibi
durumlar oldugundan dolayr bu bolgelerde de
satirlarini ayiran ¢izgilerin bulunabilmesi i¢in havza
boliitlemesi asamasina gecilmeden 6nce bu bilesenler
boliitlenmektedir. Dokiiman imgesindeki tim
karakterlerin ylikseklik degerleri ve ortalama
yukseklik degeri hesaplanmaktadir. Daha sonra
ortalama yiikseklik degerinin iki katindan daha
yliksek olan bilesenler tespit edilip havza béliitlemesi
yontemiyle daha kiiciik pargalara boliinmektedir.
Boylece metin satirlarim1 ayiran cizgiler, satirlar
arasinda temas etme durumu olsa bile temas eden
bilesenler  bolitlendigi  icin  bu  boélimden
gecebilmektedir.

ikili seviyede bulunan dokiiman imgelerinde havza
bolitlemesi yapabilmek icin bir uzaklik doéniisim
matrisi hesaplanmaktadir. Uzaklik déniisiimii, siyah
beyaz imgedeki her bir piksel icin, bu piksel ile siyah
beyaz imgedeki en yakin sifir(beyaz) olmayan piksel
arasindaki mesafe olan bir say1 atamaktadir. Uzaklik
doniisiminiin hesaplanmasi ile ilgili bir 6rnek
gosterim  Sekil 12'de  verilmistir. Dokiiman
imgelerinde en alt metin satirinin da diizglin bir
sekilde elde edilebilmesi i¢cin imgede en alt satira
gecici olarak yapay noktalar eklenmistir. Dokiiman
imgesinin uzaklik donilisiim matrisi elde edilmistir.

Elde edilen doniisiim matrisine havza boliitlemesi
uygulanmistir ve elde edilen imge Sekil 13’te
verilmistir. Burada her bir bagh bilesen farkli bir
bolgede olacak sekilde boélge sinirlari belirlenmistir.
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Her bir bolge piksellerden olusan birer siiperpiksel
olarak adlandirmaktadir.

0 0 0 0 0 1.41|1.00|1.41|2.24|3.16

1.00| 0 |1.00|2.00|2.24
UzakllkDﬁnG;ﬁm> 1.41/1.00|1.41|1.00|1.41

2241200100 O |1.00

0 0 0 0 0 3.162.24|1.41|1.00|1.41

Sekil 12. Uzaklik déniisiim matrisinin elde edilmesi
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Sekil 13. Havza boliitlemesi uygulanan imge

Havza béliitleme sonucunda elde edilen Sekil 13’teki
gorintiide bulunan sinirlardaki ti¢ veya daha fazla
sinir  cizgisinin  birlestigi  diigim  noktalar:
hesaplanmistir. Bu noktalara metindeki digim
noktalarini artirabilmek i¢in sinir cizgilerinden 6rnek
noktalarda eklenerek elde edilen diigiim noktalar:
imgesi Sekil 14’te verilmistir. Baslangicta sapma
olmamasi icin baslangi¢ noktalarindan itibaren her 10
siitunda bir olacak sekilde 9 adet diigiim noktasi daha
eklenmistir. Ayrica en alttaki metin satirini diizgiin bir
sekilde bulabilmek icin havza boéliitlemesinden énce
en alttaki satira yapay noktalar eklenmistir. Boylece
olusan diigiim noktalar1 daha kullanish bir hal almistir.
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Sekil 14. Diigiim noktalar1 imgesi

3.3. Diigiimler Arasindaki iliskilerin Belirlenmesi

imgedeki beyaz piksellerin kendine en yakin siyah
pikselle olan uzakliklar1 uzaklik déniisimi ile elde

edilmistir. Diigiim noktalarinin uzaklik degerleri bu
uzaklik doniisiim matrisinden elde edilmistir. Elde
edilen bu uzaklik degerleri imgedeki piksellerin
glvenlik degerleri olarak ifade edilebilir. Yani bir
pikselin uzaklik degeri ne kadar ytiksek ise kendisine
en yakin yazi pikselinden o kadar uzaktadir.

Her bir diigiimin diger diiglimlere olan uzaklik
degerleri 6klid uzakligi olarak hesaplanmistir. Daha
sonra hesaplanan bu uzaklik degerlerine gore her bir
digimiin kendisinden daha ileride(sag tarafta) ve
kendisine en yakin olan 30 adet diigiim noktasi
bulunmustur. Sekil 15’te mavi nokta ile gosterilen
baslangi¢ noktasina en yakin 30 digim kirmizi
noktalarla gosterilmistir.

o RIS v A
_BF> /Wmﬂé/%*ms

Sekil 15. Kendisine en yakin diigiim noktalarinin elde
edilmesi

Her bir baslangi¢ noktasindan baslanarak daha sonra
hangi noktanin segilecegi ile ilgili baz1 parametreler
hesaplanmaktadir. ilgili diigiim noktasi ile en yakin
komsu digiim noktalar: arasindaki a¢i degeri, dikey
uzakliklar ve yatay uzakliklar hesaplanmaktadir. Daha
sonra bu hesaplanan degerler ve daha 6nce elde edilen
giivenlik degerlerine gore ilgili diigiim noktasindan
sonra hangi noktanin segilecegine dair bir segim
fonksiyonu olusturulmustur. Olusturulan fonksiyon
Esitlik (3) ile verilmistir.

f(a,Y,X,ﬂ):wlx(a)+w2x(Y)+W3x(X)—W4x(/3) 3)

Burada & degeri iki diigiim noktasi arasindaki aci

bilgisini, Y degeri digimler arasindaki dikey
uzakhigi, X degeri digiimler arasindaki yatay
uzaklig,, B degeri digim noktasinin giivenlik

degerini belirtmektedir W, degerleri ise agirhk

katsayilar1 olup her imge icin boyut ve satirlar arasi
ortalama genislik degerlerine gore optimize
edilmektedir. Esitlik (3) ile verilen secim
fonksiyonuna gore ilgili diiglim noktasiyla kendisine
en yakin olan 30 nokta arasinda ag1 degerleri, dikey
uzaklik degerleri ve yatay uzaklik degerleri dusiik,
glivenlik degeri ise yiliksek bir nokta segilmesi
hedeflenmistir. Burada Se¢im fonksiyonundan elde
edilen degerlerden en kii¢lik olan deger belirlenir ve
bu degere gore diigiim noktasi segilir ve bu islemler
dokiiman imgesindeki en sagda bulunan siituna kadar
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devam etmektedir. Sekil 16’da her bir baslangi¢
noktasindan satir sonuna kadar Esitlik (3) ile verilen
secim fonksiyonuna goére secilen diiglim noktalari
gosterilmistir.

PR N Y o
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Sekil 16. Secilen diigiim noktalar:
3.4. Diigiimler Arasi1 En Kisa Yolun Bulunmasi

Baslangi¢ noktasindan hedef noktasina en kisa yoldan
gitmek icin Sekil 14’te verilen ara diglimlerin
tamamini kullanmak islem sayisini artirmakta ve
sistemin calisma siiresini uzatmaktadir. Bu yiizden
baslangic ve hedef noktalar1 arasindaki ara
diigiimlerin tamami degil de aradaki 6 adet diigim
secilmistir. Baglangic noktasindan hedef noktasina
giden en kisa yolu bulurken 6 adet durak noktasindan
gececek sekilde en kisa yol bulunmustur. iki nokta
arasindaki en kisa yolu bulurken jeodezik uzaklik
bilgisi kullanilmistir (Soille, 2014):

. eger [x1-x2|> |yl-y2|

(4)

; XL-x2|+ (2 -1)|yL-y2
- , diger

(V2 -1)[x1-x2|+|yL-y2

Dokiiman imgesi lizerinde baslangi¢ noktasi icin bir
uzaklik matrisi hesaplanmistir. Sekil 17’de verilen
imgede baslangi¢ noktas1 kirmizi renkli yildiz, bitis
noktasi ise yesil renkli bir yildiz ile gosterilmistir. Bu
noktalar icin hesaplanan uzaklik matrisinin kugiik bir
kismi sekil lizerinde belirtilmistir. Baslangi¢c noktasi
koordinatlarinin oldugu matris elemani 0 degeri
alirken diger beyaz pikseller bu noktadaki piksele gore
mesafe degeri alirlar, matristeki yazi1 piksellerine
karsilik gelen yerlere herhangi bir deger atanmaz.
Ayni sekilde hedef noktasi icin de benzer bir uzaklik
matrisi hesaplanmakta ve bu iki matris toplanarak
toplam uzaklik matrisi elde edilmektedir. Daha sonra
baslangi¢ noktasindan hedef noktasina giden en kisa
yol bu toplam uzaklik matrisindeki degerlerden en
kiiciik olanlar segilerek bulunur. Sekil 17°deki imge
icin hesaplanan en kisa yol imge tizerinde Sekil 18’de
verilmistir. Sekil 16’da verilen Cince dokiiman imgesi
icin olusturulan yollar Sekil 19'da kirmizi renkli
cizgilerle gosterilmistir. Boylece metin satirlarini
ayiran sinir ¢izgileri bulunmustur.

482 | NaN | NaN | NaNw| NaN

NaN | NaN | 14381 | 14422 | NaN

NaN | NaN | 14481 | 14522 | 14563

NaN | NaN | NaN | 14622 | 14663

NaN | NaN | NaN | 14722 | 147.63

NaN | NaN | NaN | NaN | 14863

Sekil 17. Uzaklik matrisi gosterimi

h.

Sekil 18. Hesaplanan en kisa yol
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Sekil 19. Metin satirlar1 arasindaki sinir ¢izgileri

Satir ¢izgileri bulunduktan sonra her bir smir
icerisindeki metin iceren piksellere farkli etiketler
atanarak piksel seviyesinde etiketleme
gerceklestirilmistir. Sekil 16’daki dokiiman imgesi
satirlarina boliitlendikten sonra piksel seviyesinde
etiketlenip daha sonra ise renklendirilerek Sekil 20’de
verilmistir.
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Sekil 20. Piksel seviyesinde etiketlenmis dokiiman
imgesi

4. Arastirma Bulgular:

Bu ¢alismada dokiiman imgelerinin satir béliitlemesi
icin gelistirilen algoritma Cince el yazimi dokiimanlari
iceren biiyliik bir veri seti lizerinde uygulanmis ve
literatiirde bulunan diger yontemlerle
karsilastirlmistir. ilerleyen kisimda kullanilan veri
seti ve yontemin basarisinin test edilmesi icin
kullanilan performans metrikleri agiklanmistir. Daha
sonra bu calismada elde edilen deneysel sonuglar
aciklanarak diger yontemlerle karsilastirilmistir.

4.1. Veri Seti

Onerilen yéntem Harbin Teknoloji Enstitiisii
tarafindan toplanarak halka agik olarak kullanima
sunulan, cesitli yazarlar tarafindan yazilmis Cince el
yazimi dokiiman imgelerinden olusan genis bir veri
seti olan, HIT-MW veri seti (Su vd. 2007 ) lizerinde
uygulanmistir. Veri setindeki imgeler el yazimi
karakter tanima ve metin satir1 boliitleme amaciyla
kullanilan ikili dokiiman imgelerinden olusmaktadir.
Veri setinde satirlar arasi boslugun dar oldugu, egimli
metin satirlarinin, farkh yazarlardan dolayi gesitli yazi
stillerinin bulundugu, satirlar arasi temas eden ve
ortisen bilesenlerin bulundugu dokiiman imgeleri
mevcuttur. Veri seti
(https://sites.google.com/site/hitmwdb/) 780’den
fazla yazar tarafindan yazilmis 853 adet taranmis
Cince dokiiman imgesini icermektedir. Dokiiman
imgelerinde toplam 8673 adet metin satiri
bulunmaktadir. Veri seti metin satirlarinin kirpilmis
imge halinde kesin referanslarini da igermektedir.
Onerilen ydéntemin basarisinin test edilebilmesi i¢in
piksel seviyesinde etiketlemeye dayali performans
metrikleri kullanildig1 i¢in veri setindeki metin
satirlarinin da piksel seviyesinde etiketlenmis verileri
elde edilmistir.

4.2. Performans Metrikleri

Onerilen yéntemin basarisinin test edilebilmesi icin
ICDAR2013 El Yazimi Bolitleme Yarismasi'nda
(Stamatopoulos vd., 2013) da kullanilan performans
metrikleri kullanilmistir. Satir boliitlemesi igin

onerilen yontemin performansinin degerlendirilmesi,
algoritma tarafindan béliitlenen metin satirlar1 ve
kesin  referanstaki metin satirlarinin  piksel
seviyesinde  eslesme  miktarinin  sayllmasina
dayanmaktadir. Eslesmelerin tespiti i¢cin degerleri
sonu¢ ve Kesin referanstaki piksellerin kesisimini
belirten bir Eslesme Skoru tablosu kullanilmistir.
Buna gore I imgedeki tiim pikselleri belirten bir kiime,
G; j. kesin referans bolgesindeki tiim pikselleri iceren
bir kiime, R; ise i. sonug bolgesindeki tiim pikselleri
iceren bir kime olsun. T(s) ise s kiimesindeki
pikselleri sayan bir fonksiyon olsun. EslesmeSkoru(i,j)
ifadesi i. sonug bolgesi ve j. kesin referans arasindaki
eslesmeyi belirtir ve Esitlik(5)’teki gibi ifade edilebilir.

TG, "R NI)
EslesmeSkoru(i, j) = —————"— (5)
T(G;VR)NI)
Bir bolge cifti, sadece degerlendiricinin kabul esigi
T,’ya esit veya bundan daha fazla ise, bire bir eslesme
olarak kabul edilmektedir. Calismada T, degeri 0.95
olarak secilmistir (Stamatopoulos vd., 2013). N kesin
referans satirlarinin sayisi, M sonug satirlarinin sayisi
ve 020 ise bire bir eslesen satir sayisi olsun, bu
durumda tespit orani (DR) ve tanima dogrulugu (RA)
asagidaki gibi tanimlanir:

020

DR=-4~ (6)
020
RA=- (7)

Tespit orani, kesin referansta verilen satirlardan ne
kadarinin dogru bir sekilde tespit edildigini ifade
etmektedir. Benzer sekilde tanima dogrulugu ise
dogru tespit edilen satirlarin sayisinin béliitleme
sonucunda elde edilen toplam satir sayisina orani
olarak tanimlanmaktadir. Tespit orani (DR) ve tanima
dogrulugu (RA) degerlerinin harmonik ortalamasi
olarak tanmimlanan FM (F-Measure) performans
metrigi elde edilir:

2.DR-RA
FM =S " =2
DR+ RA (8)

FM ise kesin referans ve elde edilen sonuclara gore
yontemin genel test basarisini 6l¢gmektedir. Bu ¢alisma
kapsaminda gelistirilen metin satir1 béliitleme
algoritmasi icin eslesme skoru tablolar elde edilmis
ve eslesme skoru degeri, 0.95 olarak belirlenen T, esik
degerinden biiyiik olan metin satirlari bire bir eslesme
olarak kabul edilmistir. Bire bir eslesme sayilari
kullanilarak onerilen yontemin performansinin test
edilebilmesi i¢cin tanima dogrulugu, tespit orani1 ve FM
performans metrigi degerleri elde edilmistir.

4.3. Deneysel Sonuclar

Calisma kapsaminda gelistirilen satir boliitleme
algoritmasinin ~ HIT-MW  veri seti lizerinde
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uygulanarak performans metrikleri elde edilmistir.
Veri setindeki 853 dokiiman imgesi icin Kkesin
referansta 8673 adet metin satir1 bulunmaktadir.
Onerilen yontemle tespit edilen satir sayis1 8706
adettir. Bir metin satirinin bire bir eslesme kabul
edilebilmesi i¢in esik degeri 0.95 olarak alinmigtir.
Buna gore bire bir eslesen metin satir1 sayis1 8502
olarak elde edilmistir. Bu sonuglara gore yontemin
tespit orani % 98.03, tanima dogrulugu % 97.66 ve FM
metrigi ise % 97.84 olarak elde edilmistir. Onerilen
yontem ve Kkarsilastirilan diger yaklasimlarin
sonuglari Tablo 1'de verilmistir. Karsilastirma yapilan
diger yontemlerin aksine Onerilen yontemde hatali
cikan satirlarin béliitlenmesi i¢in ayrica bir islem
yapilmamaktadir.

Tabloda yer alan ilk alti ¢alismada uzaklik metrigi
O6grenimi ve parametre ayarlamasi icin rastgele 50
imge secilmistir, bu imgeler 508 metin satir
icermektedir. Geriye kalan 803 imgede 8169 metin
satirt bulunmaktadir. Dogru tespit edilen satir
sayisinin kesin referanstaki satir sayisina orani tespit
oranidir. Tespit edilen satirlardan hatali olanlarinin
sayisinin tespit edilen satirlara orani ise hata oranini

vermektedir.

Karsilastirma yapilan yontemler arasinda en basarili
olan yontemlerde bdliitleme islemi sonrasi basari
oranini artiran ilave islemler yapilmaktadir. Bu
calismada son asamada herhangi bir iyilestirme
calismas1 yapilmamis olup, boliitleme islemi sonrasi
elde edilen sonug¢lar sunulmustur.

Tanima dogrulugu sonuglarinin tespit orami
sonuglarina kiyasla biraz daha diistik olmasi 6nerilen
yontemin bazi satirlar1 bdliitlerken ilave satirlar
iretmesi ile aciklanabilir. Bu durumun iki temel
nedeni vardir. Birincisi temas eden veya oOrtiisen
satirlarin varligidir. ikinci neden ise ayni satira ait
karakterler arasindaki boslugun ardisik satirlar
arasindaki bosluktan daha fazla oldugu durumlardir.
Bu durum yo6ntemin hatal ilave satirlar iiretmesine
neden olmaktadir. Ancak tabloda verilen sonuglarin
1518iInda Onerilen yontemin tespit orani ve tanima
dogrulugu  basarisinin  olduk¢a iyi  oldugu
goriilmektedir.

Tablo 1. Onerilen yéntemin ve literatiirdeki diger yontemlerin béliitleme basarilari

Tespit Orani (%) Hata Orani (%) Tanima Dogrulugu (%) FM (%)
Yin ve Liu (2009)
(islem sonrasi ile) 98.02 2.47 97.53 97.78
(803 imge)
Yin ve Liu (2009)
islem sonrasi olmadan) 95.75 7.37
(
(803 imge)
Nagy vd., (1992) _ _
(803 imge) 45.07 57.21
0'Gorman (1993)
(803 imge) 65.38 44.38 55.62 60.11
Suvd,, (2007) _ _
(803 imge) 55.34 23.33
Arivazhagan vd., (2007) 92.07 772 92.28 9217
(803 imge) ’ ' ’ '
Ziaratban ve Faez, (2010) _ _ _
(853 imge) 98.34
Gaovd, (2011)
(Ta = 0.9 853 imge) 98.68 : 98.76
Du vd,, (2009)
@58 A 95.92 3.14 96.86 96.39
Koo ve Cho, (2012)
(853 imge) 99.52 0.32
Ryuvd, (2014) _
(853 imge) 99.78 99.88 99.83
Han vd,, (2017)
(853 imge) 95.42 - 95.61 95.51
Onerilen Yéntem
(853 imge) 98.03 2.34 97.66 97.84
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5. Sonug¢ ve Tartisma

Bu calismada el yazimi dokiiman imgeleri igin
siiperpiksel tabanli bir satir boliitleme algoritmasi
gelistirilmistir. Onerilen yontem Cince el yazimi
dokiiman imgelerinden olusan biiyiik bir veri seti
lizerinde uygulanmistir. Farkl egiklik acilarina sahip,
ortiisen veya birbirine temas eden bilesenlerin oldugu
el yazimi dokiimanlarda metin satirlarinin
bolitlenmesi problemini yiiksek dogruluk orani ile
¢Ozebilmektedir. Onerilen yontem, temas eden
ve/veya ortiisen karakterlerin olmadig1 durumlarda
kayipsiz bir sekilde boliitleme islemini
gerceklestirmektedir. Ancak, temas eden ve/veya
ortisen karakterlerin varligi, hatal ilave satirlarin
liretilmesine ya da satirlarin tespit edilememesine
neden olabilmektedir ve bu durum da basari oranini
diistirmektedir ki bu durum imge analizi uygulamalari
icin genel bir problemdir. Gelecek c¢alismalarda,
Onerilen yontemin oncelikle temas eden ve ortiisen
satirlar1 kayipsiz bir sekilde béliitlemesini saglayan
bir algoritmanin gelistirilmesi ve ¢alismanin etkili bir
iyilestirme adimi ile desteklenmesi hedeflenmektedir.
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Keywords Abstract

Lithium-ion Battery, A type of active battery cell balancing system based on buck-boost converters is
Cell Balancing, proposed in this study. By using equivalent circuit model of the battery cells,
Battery Management proposed active balancing circuit is examined in detail. An algorithm is developed
System, to actively control the balancing operation. The algorithm is also utilized to prevent
Active Cell Balancing, any failures in the balancing operation. The proposed system is simulated under low
Buck Boost Converter. and heavy load. The simulation results indicates that 25 mV imbalance between

potentials of two battery cells can be balanced out in approximately 147 seconds
under low load and in 127 seconds under high load.

Li-iYON BATARYALAR ICIiN AKTiF HUCRE DENGELEME SISTEMi INCELEMESI
VE TASARIMI

Anahtar Kelimeler 0z

Li-Iyon Batarya, Bu c¢alismada lityum iyon bataryalar i¢in gerilim azaltan-arttiran donistiiriicii

Hiicre Dengeleme, tabanl bir aktif hiicre dengeleme sistemi onerilmektedir. Aktif hiicre dengeleme

Batarya Yénetim Sistemi, devresi batarya hiicreleri i¢in es deger devre modeli kullanilarak detayli olarak

Aktif Dengeleme, incelenmistir. Dengeleme islemini aktif olarak kontrol eden bir algoritma

Azaltan Arttiran Déniistiirticii. gelistirilmistir. Algoritma dengeleme siirecinde olusacak hatalar1 6nleyecek sekilde
tasarlanmistir. Onerilen sistemin diisiik ve yiiksek yiik altinda ¢alisma durumlari
icin benzetimi yapilmistir. Benzetim sonuglarina gore farkli sarj durumlarindaki iki
hiicre arasindaki 25 mV’luk fark diisiik yiik altinda yaklasik olarak 147 saniyede,
yuksek yiik altinda 127 saniyede dengelenmektedir.
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1. Introduction

Battery technology is attracting attention increasingly
due to the development of energy applications such as
electric vehicles (EVs) and smart grids. For many
years, various type of batteries have been used such as
nickel-cadmium and lead acid. Today, lithium-ion
technology is the fastest growing and most promising
battery chemistry. Lithium-ion batteries stand out

among others with the features of low self-discharge
rate, higher energy density, higher power density and
slow loss of charge when not in use (McDowall vd.,
2002; D. S. Repila and J. E. W. Poxon, 2006; Y. Lee and
and M. Cheng,2005; M. Ki m vd., 2014; H. Park vd,,
2007). On the other hand, lithium-ion batteries pose
some safety risks and their performance is sensitive to
overcharging and overheating (McDowall vd., 2002; D.

" ilgili yazar / Corresponding author: mfserincan@gtu.edu.tr, +90-262-605-2779
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S. Repila and J. E. W. Poxon, 2006; Y. Lee and and M.
Cheng, 2005; M. Kim vd., 2014; H. Park vd., 2007).

Single lithium-ion cell requires monitoring in order to
prevent cell voltage from exceeding predefined limits
of the chemistry. In practical applications, multiple
battery cells are connected in series to obtain
sufficient supply voltage values. Manufacturing
inconsistencies, differences in self-discharge rate, cell
capacity reductions with aging, thermal runaways and
different cell impedance values can be listed as the
main reasons for the differences between cell voltages
(Jian Cao vd., 2008; M. Daowd vd., 2011; W. F. Bentley,
1997). Although all of the batteries in a battery pack
initially have almost the same capacity, voltage and
internal resistance, the performance of the package
varies depending on the performance of the cells.
Some cells are rapidly discharged and some cells are
slowly discharged, causing voltage and capacity
imbalance. The imbalances among cells cause serious
failures. Over time, accelerated capacity degradation
can be observed in a battery pack. Also, there might be
incomplete charging and discharging of the pack.
Assuming one cell is fully charged before the others
then the battery protector stops charging the entire
pack. In this case, the other cells which are not fully
charged yet cause the battery pack having less energy
than its rated capacity. On the other hand, if one
particular cell is fully discharged before the others, the
battery protector cedes operating while the capacity
in the other cells are not fully utilized. Therefore, a cell
balancing circuit considerably increases the battery
performance and the life time.

The system containing the cell balancing circuit is
called the battery management system (BMS). The
battery management system consists of an electronic
system that manages battery cells. A battery
management system has a circuit and an algorithm
that can start or finish balancing by monitoring the
voltage of the cells in the battery pack in order to
balancing between the cells. It also can activate the
required cooling system by monitoring the
temperature of the cells.

Balancing circuit topologies can be categorized as
passive balancing and active balancing.

In passive balancing, cells are balanced by disposing
the energy in the higher cells via a resistance. This
method is relatively simple and easy to implement but
the release of energy as heat makes it harder to control
thermal runaways. This technique is also favorable in
low-cost system applications (M. Kim vd., 2014; H.
Park vd., 2007; Jian Cao vd., 2008; W. Lee vd., 2011; A.
Baughman and M. Ferdowsi, 2005; Carmelo Speltino
vd., 2010; M. Daowd vd., 2011; K. Zhi-Guo vd., 2006).

The more sophisticated active cell balancing method
can transport the energy from one cell to another,
from one cell to battery pack or from the battery pack

to a particular cell by using energy converters,
transformers, inductors and/or capacitors as charge
storage components (M. Daowd vd., 2011; K. Zhi-Guo
vd., 2006).

As an active balancing method, capacitive cell
balancing utilizes external energy storage devices,
capacitors for shuttling the energy between the cells
(A. Baughman and M. Ferdowsi, 2005; Carmelo
Speltino vd., 2010; M. Daowd vd., 2011; K. Zhi-Guo vd.,
2006). This method can be categorized into four
topologies; (1) the switched capacitor, (2) single
switched capacitor, (3) double-tiered capacitor and
(4) modularized switched capacitor topologies. This
balancing method provides easy control and small
energy loss. However, it requires longer balancing
durations. Additionally, to reduce resistive losses and
make balancing faster, large capacitors must be used
which eventually increases the overall size of the
system.

In inductive cell balancing method, inductors or
transformers are used to transfer the energy between
different cells in the pack (M. Daowd vd., 2011; K. Zhi-
Guo vd., 2006; P. Sang-Hyun vd., 2007; S. Li vd., 2013;
Markus Einhorn vd. 2011). Equalization time with
this method is much faster than that with the
capacitive cell balancing method. The main drawbacks
of this method are not being able to work in high
frequencies and low efficiency due to magnetics
losses.

Energy converters used for cell balancing split in
several categories such as; buck-boost (C. Moo vd.,,
2003; Juan Zhao vd., 2003), fly back (C. Bonfiglio and
W. Roessler, 2009; XueZhe Wei vd., 2009), ramp (T.
Stuart and Z. Ye, 1996) and full-bridge (L. Maharjan
vd., 2009). It is an important parameter with the
control of the balancing process. They have good
balancing times and little energy loss.

This paper aims first to show how proposed balancing
circuit works with a control algorithm that prevents
any failure for lithium-ion batteries. As a second goal,
design process of the circuit and cell behaviors under
different loads during balancing are intended to be
conveyed to the reader. In this study;

-Reliable  modelling development has been
constructed based on cell experiment.

-Parameter selection was performed for the optimized
performance.

-A novel control algorithm was developed.

-Small balancing time, compactness, modularity and
low cost design is suggested.

-Experimental study based on selected parameters is
continuing.

The study is organized as follows: Section 2 provides a
meaningful model for the battery cells. In Section 3,
operation principle of the proposed balancing circuit
is analyzed. Design parameters and control algorithm
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of the circuit is thoroughly explained in Section 4.
Subsequently, simulation results are determined in
Section 5. Finally, following sections 6 includes
conclusion.

2. Battery Cell Model

Developing a good understanding of cell behavior is
critical when designing energy storage systems for
electric applications. There are several ways to model
a battery, however, equivalent circuit model (ECM) is
an effective way to simulate the real performance of a
battery by building circuit with using electrical
components such as voltage sources, resistors and
capacitors. In this paper, the model consists of an ideal
voltage source VOC that represents the open-circuit
voltage of the battery cell, a series resistance as an
internal resistance of the cells and a parallel RC
network in order to describe the battery transient
response during charging and discharging as
illustrated in Fig.1 (Dazhong Mu vd., 2013).

In the equivalent circuit model given in Figure 1: R,
shows the internal resistance of the non-charged
battery, the RC parallel equivalent R,//C; (R
equivalent polarization resistance and Cj;equivalent
polarization capacitor) indicates the temporary state
of the battery during charge / discharge. Voc (t) is a
non-linear function of SoC (t). Using Kirchhoff’s law,
the dynamics of the circuit can be expressed as
follows:

v, 1 1
awm _ﬁ'v‘:(t)+c_11b(t) (1)
Vi () = Vo (t) — Ve (t) — Roip (D) (2)

In the model given in Fig.1, the equivalent circuit
parameters Ry, R; and C; are the functions of SoC and
temperature.

Ry
Ro
AN— @

) )
Vo) s T i
Is(t) B
-

Figure 1. Equivalent circuit model of the battery.

The experimental data was obtained by testing
Panasonic 18650GA 3.45 Ah lithium-ion battery cells.
ARBIN BT2000 Battery Tester and temperature
chamber offer to run tests at desired pulsed current
discharge rate and controlled temperature

environment. As shown in Fig.2, 3.45A pulsed current
was applied 19 times. 69500 point data was taken to
get accurate battery voltage.
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Figure 2. Experimental and simulated data of the
battery cell voltage in 1C discharging at 202C.

To extract the value of the model components,
MATLAB/Simulink estimation tool is wused. All
components are functions of SoC and aging effect is
neglected. The estimated parameters at 20°C are
shown in Fig.3.

0.14 14000
#R0 Rl ~Cl

0.12 12000
T 01 10000 &=
w »
S g
=2 0.08 8000 2
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Figure 3. Extracted estimation parameters.

To validate model results, the error between
measured and estimated cell voltage under the pulsed
and continuous loading conditions is observed as
depicted in Fig.4. The error percentage is below 2%
between 20% and 100% SoCs.
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Figure 4. Comparison between model and
experimental of cell's voltage.

3. System Description and Operation Principle

The proposed cell balancing circuit is shown in Fig.5.
The circuit contains two capacitors, an inductor, two
diodes and two switches for two battery cells. The
proposed system can be used for any chemical cell
characteristics and different number of cells.
Moreover, there are no limits on high or low current
values. The energy can only shuttle between adjacent
cells bidirectional (Moran, ], 2009).

In charging and discharging operations, there are
always slight differences among the cells in use.
Balancing the battery cells continuously can be
expensive and ineffective due to resistive losses and
current drawn by the control algorithm. Therefore, the
balancing circuit begins charge distribution once the
voltage difference between any two cells exceeds the
predetermined threshold voltage.

Figure 5. Proposed cell balancing circuitry.

Inductors are the main storage components of the
circuit which transfer energy from higher energy to
lower energy cells. After detecting higher and lower
energy cells, the switch which is parallel to the higher
energy cell is closed. The inductor located between the
balancing cells, is charged through capacitor of higher
energy cell as illustrated in Fig.6. The peak current on
the inductor at ton is;

Vhigher — dVc _e R
lppax = ——p——(1—e ") (3)
where Vhigher, dVc, L, R and ton denote the voltage of
higher energy battery cell, ripple voltage, inductance
value, sum of the resistive losses and the interval of
time during the switch is closed, respectively.

From (3), in order to transfer more energy in one
cycle, switch should be in close-state for a larger
amount of time and should have lower total resistance
values. However, ripple voltage on cells must be
considered. During balancing, large increment and
decrement occurring on cell voltages may ruin the
battery performance and battery life time.

t01’1

Ve = Loy (4)

where C is capacitor value and Ilav is the average
current on the inductor which can be expressed as;

11pgak-ton
I, =—— 5
i 2 tperiod ( )
Thus, the ripple voltage can be rewritten as;
11 2
dVC i PEAK: ton (6)

2C tperiod

From (6), ripple voltage is directly related to square of
the switch closed time and peak current. By selecting
a large capacitor value, we can pull ripple voltage back
in safe margins. Ripple voltage and the saturation
current of the inductor are limiting factors defining
how much charge can be transferred in a cycle.

iz ¢ = D,Z s,

.L+
Yym

Figure 6. Cell balancing circuit while charging
inductor.

In the subsequent cycle, the closed switch is opened as
shown in Fig.7. The diode which parallels to the lower
energy cell is forward biased thus polarization of the
inductor is changed with the applied negative voltage.

The inductor discharges into lower energy battery cell
through the capacitor. The voltage on the inductor;

d, AL
VL = LE = Lt_ = Viower + V£ — Vindioss ~ (7)
on
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where Viower, Vt, Vindioss and toff refers to voltage of lower Voh —— T Vo T ~
cell, forward bias voltage of the diode, voltage loss on 2]
the inductor and the interval of time through which =
switch is closed, respectively. - %

o<t<t,, |=> @
Ll c
Ia'aas 5 =
+L- 2 Von—
Voh' E E
= > @
V E E ton <t<tperiud
27T C, =— D, & g =
= A
R
Vo b Vg
(a) (b)

Figure 7. Cell balancing circuit while charging low
energy cell.

Then, torf can be calculated as:

IpEak
t ff = L (8)
° Vlower + Vf - Vindloss

Finally, in order to make sure that inductor is fully
discharged into low energy battery cell, some
redundant time tredundancy Should be added when
calculating the total period of the switching time.
Otherwise, the remaining energy on the inductor from
the previous cycle may cumulatively cause exceeding
the predetermined balance current. Thus, the inductor
may be damaged or after number of cycles, the ripple
voltages on cells may reach dangerous levels.
Furthermore, tredundancy relaxes capacitor value.

tperiod = ton T Toff + tredundancy )
4. Design Process

Cell balancing circuits need precise trigger points to
accurately operate. With the help of gauge cells, the
battery cells can be protected and the circuit is
controlled. However, measuring operation has some
critical points. In voltage based balancing algorithms,
voltage difference between battery cells increases and
decreases during one balancing cycle. Monitoring
battery cell voltages during the balancing process may
stop or reverse the balancing direction as shown in
Fig.8(a) and 8(b). In Fig.8(a), initially the battery cell
voltages are measured as Von and Vol If Von and Vo
difference is higher than Vureshoid, balancing starts.
From start to ton, Von ripples through lower voltage
level whereas Vo stays at same voltage level therefore
the voltage difference may become smaller than
Vinreshold and the operation automatically stops. In
another case that is depicted in Fig.8(b), the ripple
voltage is considerably high, Vo' might be much higher
than Von' between ton and tperiod. Thus, balancing
direction becomes reversed and the operation fails.

Figure 8. Cell voltages representation in some
possible cases.

As an example, a simulation result in Fig.9, proves that
voltage difference may become lower than reverse
threshold level during balancing process. On the other
hand, because of settling time of cell voltages during
this process, cells sometimes could not reach their
actual values in just one period. Fig. 9 shows that the
voltage difference is not the same with actual voltage
level during balancing process if tredundancy is kept
insufficiently small. That's why, measuring cells'
voltages at which level has an important effect on cell
balancing circuit.

ON OFF ON
003 m— ———
0.02}
0.01

0
-0.01}

Voltage Ditterence (V)

Il

Il
14.28 143

L
1432 14.34
Time (ms)

Figure 9. An example of voltage difference between
cells.

In this study, the battery cell voltages are measured
just once at the end of the each predetermined cycle. If
cells are unbalanced, the balancing operation lasts
until the cycle counter is equal to a specific cycle
number and subsequently the balancing operation is
forced to stop for a specific interval of time. Meantime,
battery cell voltages are measured at the end of the
delay where they reach to the actual voltage level.
Sampling voltage differences in such periods provide
easy control. The flowchart of the operation is given in
Fig.10. At the start, system measures the voltage levels
of all the related cells. Following to that, system checks
whether the predefined threshold is exceeded or not.
If battery cells need balancing the system does not
monitor cell voltages during the sixty seconds cycle, it
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only balances the cells. Following to that, during sixty
seconds the system goes to rest and the cells are notin
balance. When the determined cycle number is
reached, the whole operation returns to beginning.

1 RELAY OF LAl EN
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Figure 11. Simulink model of the control algorithm.
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Figure 10. Flowchart showing the algorithm of the
cell balancing procedure.

A Simulink model is developed to control switches.
The model simply samples the voltage difference at
the end of the 100000t multiples of tperiod. Using relay
block, not only the threshold level but also the
acceptable voltage difference (AVD) is defined. AVD
parameter is used to precisely determine the moment
when the cell balancing process is not necessary any
longer. In the case of results of any relay blocks are 1,
balancing enables. Counter and compare blocks stop
the balancing process for the last 100 cycle of the
process in order to be able to precisely collect
measurement data. If the difference exceeds over
threshold, depending to the sign of the difference,
model gives proper pulse signals to the switches.

In order to successfully design the proposed system,
some of the parameters are needed to be preassigned
to get targeted performance from the system. Firstly,
the peak current and the value of the inductor should
be specified depending on the capacity of the battery
cells. Since peak current reaches maximum value
where high cell voltage is fully charged, the calculation
of the inductor current should be made under this
circumstances. Thus, designer guarantees to not
exceed the saturation current of the inductor. As a last
input, allowable ripple voltage should be set. At this
point, toff from (8) can be found. As mentioned earlier,
tredundancy relaxes some design parameters. However, it
can be taken as 0 to keep balancing time small as
possible. By observing (3), ton is reversely
proportional to low cell voltage. So, it also should be
put in the formula where low cell voltage is fully
discharged. Later on, tperiod can be found from (9).
Since dV. is known, required capacitor value also can
be calculated from (4).

Parameters are determined as in Table 1. Switch
resistance is referenced from IRF3206PbF N-channel
Power MOSFET. The usage of Schottky diodes and
ceramic capacitors are assumed due to low forward
bias voltage and low value of the internal resistances.

Table 1. Design Parameters.

PARAMETERS VALUE UNIT
L 4.7 uH
C 10 uF
DUTY CYCLE %45 -
TreriOD 11.23 us
VE 0.5 \'

5. Simulation Results

As a simulation environment, MATLAB/Simulink is
used with SimScape tools. Simulation is made for 3.45
Ah 3.6V nominal Panasonic 18650GA Li-Ion cells. The
simulations are made under the condition of heavy
load and very low load to observe behavior of the cells
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easier. For this simulation, maximum voltage
difference is 50 mV and acceptable voltage difference
is 25mV. The voltage of the top cell is accepted as high
energy cell for this simulation.
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Figure 12. (a) High cell and switch control voltages.
(b) Low cell and switch control voltages.

In Fig.12 (b), low cell voltage and switch control
voltage are plotted. When the switch is closed, low cell
keeps its voltage. When the switch is opened, low cell
gains some energy from the inductor instantaneously.

As illustrated in Fig.13, the inductor is charged during
ton and discharging during tofr. The total area under the
current on the inductor shows how much charge is
transferred in a cycle. As seen from (3), the current on
the inductor or also called as the balancing current is
dependent on the cell voltage which charges the
inductor. Since balancing system is only activated in
the range of 2.8V and 4.2V of cell voltages due to keep
them in safe levels, maximum balancing current is
reached where high cell is at 4.1V. In this case, the
maximum balancing current is chosen 4.1A. The
simulation results shows the peak current is
approximately 4A for given cell voltages.

While inductor discharging, the current of the diode
that locates parallel to lower cell, tells us the diode
turns current direction to the lower cell as shown in
Fig.14.
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Figure 13. Current of the inductor during balancing.
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Figure 14. Current of the diode while balancing.

Under low load, two cells initially at 72% and 89%
SoCs are balanced in about 147 sec as shown in Fig.15.
Two distinct regimes can be seen in the voltage
profiles for both of the cells. During balancing, higher
cell voltage drops while energy is transferred to the
lower cell, which is accompanied by the low cell
voltage being increased. Then there can be seen a
flatter region where the balancing stops. For the low
load condition as depicted in Fig.15, this corresponds
to a recovery in the voltage of the higher cell whereas
the voltage drops slightly for the lower cell. This is due
to the capacitance of the cells and can be interpreted
as the relaxation of the batteries after
charge/discharge conditions.

4 T T T T

3.92 1 1 | 1 | | 1 |
0 20 40 60 80 100 120 140 160 180 200 220 240

Time (sec)
Figure 15. Cell voltages under low load.
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Furthermore, the circuit is processed under heavy
load conditions. Since load is higher than balancing
current shuffled between the cells, both cell voltages
decreases as shown in Fig.16. The balancing lasts
approximately 127 sec. After the balancing stops both
cell voltages are observed to drop linearly as imposed
by the load.

6. Conclusion

In conclusion, an equivalent circuit model of 3.45 Ah
Panasonic 18650GA is obtained. Even though we
neglect aging effect, the error between model and
experimental data is small at some SoC ranges. By
using model of the battery cells, proposed battery cell
balancing circuit is examined.

385 -
—High Cell Voltage
181 —Low ol oo
S385-
¢ 376
2
$in

0 20 40 60 80 100 120 140 160 180 200 220 240
Time (sec)
Figure 16. Cell voltages under heavy load.

A control algorithm is developed to activate balancing
operation and to prevent any failures in balancing
operation for 2 cells. The circuit is simulated under
low load and high load in MATLAB/Simulink. The
voltage behaviors of the cells and the current on the
inductor are observed. The simulation results
indicates that 25 mV difference is closed
approximately in 147 seconds under low load and 127
seconds under high load where the maximum
balancing current 4A for given SoCs of the cells. Also
under heavy load, proposed circuit succeeds to
balance cells. As all other energy converters, the
proposed circuit faces with high number of
components and complex control especially for more
cells.
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This study aims to devise a computer-aided measurement system for students taking a
physics course in secondary schools and universities to use in their laboratory
applications. Arduino Uno development board is used in the system structure of the
system. The free fall time of steel balls of different size released from the adjustable
height is measured and shown on the LCD display, also observed in the software on the
host computer. The designed device has electromagnet to hold the steel ball, and LDR
light sensor and laser diode to measure the time. The transfer of the results to the host
computer is carried out by the Wi-Fi module. A free fall test, comprised of bodies with
four different weight released from six different heights, has been performed in order
to test the measurement accuracy of the test set. The time is measured in milliseconds
for each free fall test. 24 different results obtained from the tests are compared with the
results of the theoretical calculations. In accord with this result, there is approximately
1 millisecond difference in accuracy. In addition, the system is more advantageous in
terms of multiple measurements, Wi-Fi, and price when compared to other free fall test
sets.

ARDUINO iLE BiLGiSAYAR KONTROLLU SERBEST DUSME DENEY SISTEMI

Anahtar Kelimeler

Oz

Arduino,
Deney Seti,
Laboratuvar,
Serbest Diisme,
Wifi.

Bu uygulama ¢alismasinda ortadgretim kurumlari ve iiniversitelerde fizik dersini alan
ogrencilerin laboratuvar uygulamalarinda kullanabilecekleri bilgisayar destekli bir
6lciim sistemi tasarlanmistir. Sistemin donanim yapisinda Arduino Uno gelistirme karti
kullanilmistir. Ayarlanabilir yiikseklikten birakilan farkli boyutlardaki celik topun
serbest diisme zamani 6l¢iiliip, sonu¢ LCD ekranda gosterilmektedir. Ayni zamanda
Olciilen degerler ana bilgisayardaki yazilimda da goriilmektedir. Tasarlanan cihazda;
celik topu tutmak icin elektro miknatis, siireyi 6lgmek icin LDR 151k sensorii ve lazer
diyot kullanilmistir. Ayrica 6lc¢iilen degerlerin ana bilgisayara aktarilma islemi wifi
modiili ile gerceklestirilmistir. Deney setinin dlciim hassasiyetinin testi icin 6 farkli
yukseklikten ve 4 farkhi agirliktaki cisim ile serbest diisme deneyi yapilmistir. Her
diisme deneyi icin milisaniye biriminde stire 6l¢iilmektedir. Deney sonucunda elde
edilen 24 farkl siire, teorik hesaplamalarindan ¢ikan sonuglar ile kiyaslanmistir. Bu
sonuca gore dogruluk hassasiyetinde yaklasik 1 milisaniyelik farklilik bulunmaktadir.
Ayrica sistem diger serbest diisme deney setleri ile kiyaslandiginda ¢oklu dl¢iim, wifi ve
fiyat konusunda avantajli oldugu goriilmektedir.
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1. Introduction

The students can sharpen the knowledge they have
learned in theoretical courses with their experiments
in the laboratory. The purpose of any experiment is to
boost the students' retention, to help them remember
the day's learning. Experiments are provided as much
as possible. In some of the courses, experiments are
simulated in a virtual environment since it is not
possible for some institutions to establish laboratories
(ibrahim and Onurhan, 2003 ; Boeing and Braunl,2007
; Jin, 1997 ; Akkagit and Tekin, 2012 ; Tiiysliz, 2010).

The technology is making lives easier; various difficult
or time-requiring tasks have been made easier. The
physics experiments, once difficult to perform, are no
exception to this, which are now easy to perform with
computer controlled systems. This, in turn, enables
students to easily understand the abstract physics
concepts (Caner and Bekiroglu, 2012). The study
conducted by Thornton in 1987 found that the
students using these experiments tests were more
successful than other students in the study of
designing some experimental sets for the
microcomputer-based laboratory in physics education
(Thornton,1987).

In the free fall experiment, the basic principle is to
know the height between the point at which a body is
released and the ground, between the time the free fall
begins and the time it ends. In the experiments
without computer assistance, the fall time has been
measured by devices such as a stopwatch. In such tests
that require precision, the person who performs the
measurement may have time-dependent faults at the
start and stop of the stopwatch that affects the result
of the experiment. Another reason why the result of
the experiment is erroneous is that the height at which
the object is released is not fully determined (Bush
and Miles,1996).

In experiments carried out with the computer
controlled free fall test set, human errors are
eliminated, which, in turn, enables students to better
understand the accuracy of the free fall test that they
have learned in theory, while performing the test with
bodies of different weights and from different heights.

2. Background

This section provides technical information about the
materials used in the devised test set.

2.1. Free Fall Movement

The fact that objects released in the air fall down are
an ordinary event for people. Until Galileo's work,
people thought that heavy objects fell to the ground
faster and in less time than light objects. If one of the
two A4 size papers of the same weight is crumpled in
a ball-like form and two of them are released from the

same height, it can be seen that the crumpled paper
falls first to the floor. This indicates that the fall times
of objects of the same weight are not dependent on
weight (Palmerino, 1999).

1
h=3gt? (1)

In equation 1, h stands for the height from the ground
where the free-falling object is released, g for gravity
acceleration (9.81 m/s2), and t for the time the object
falls to the ground (Lackner and Graybiel, 1986).

2.2. Arduino

When we look at the development cards used in
electronic and automation fields in our country in
recent years, we see that Arduino development card is
preferred in terms of cost, availability, and ease of
learning (Ferdoush and Li, 2014). Arduino is an open-
source hardware and software development board
that provides control of electronic systems in the
internet of things, or IoT (Simsek and Tasdelen,2017).
Different Arduino models are available for different
areas of use or characteristics. The models that use the
Arduino development card are shown in Table 1.

Table 1. Arduino models list (Barbon, et.all,2016)

Arduino Due Arduino Arduino Yun
Leonardo

Arduino Mega Arduino Arduino

2560 LilyPad Industrial 101

Arduino Esplora

Arduino Uno

Arduino 101

Arduino Pro

Arduino Mini

Arduino Tian

Mini

Arduino BT Arduino Nano | Arduino Zero

(Bluetooth)

Arduino Arduino Pro Arduino CTC

Ethernet 101

Arduino Mega Arduino Fio Arduino YUN

ADK Mini

Arduino Mega Arduino Arduino

2560 LilyPad Materia 101

Arduino MKR Arduino Uno Arduino

WAN 1300 wifi REV 2 Gemma

Arduino MO PRO | Arduino MO Arduino MKR
GSM 1400

2.3. ESP8266 Wifi Module

ESP8266, shown in Figure 1, is used in development
boards to provide internet connection from the model
of the Internet of things. The ESP8266 Wi-Fi module
has an internal antenna. In this way, data packets can
be transferred via TCP/IP protocol (Schwartz,2016).
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Figure 1. ESP8266 wifi module

The ESP8266 WiFi module uses AT commands to
provide access and connection Settings. Sample AT
commands used for connection operations in the
module are given in table 2 (Singh and Saikia, 2016).

Table 2. General AT commands used in the Wifi

module
AT Command Functions
AT+CWMODE Wifi mode selection
AT+CW]JAP Connect to a network
AT+CWLAP Network listing
AT+CIPSTA Static IP Assignment
AT+CIPSTATUS Network status information
AT+RST Restart

2.4. Electro Magnet Module

This module, which is used to hold iron alloyed objects
in electronic systems, gains the magnet feature when
current is supplied by the system. The electromagnet
module can carry loads up to 1 kg. The module also
works with DC 5V and draws 400mA current. The
increase in the amount of current drawn by the
electro-magnet modules increases the amount of
charge that can be carried in proportion (Arogbonlo,
etall, 2015).

3. Free Fall Test System

The developed test system measures the time the
object falls from a certain height to the floor. The
general use of the system is as follows: Press the first
button in the measurement box. The system thus
powers the electromagnet and laser. The selected
object (iron Dball) is then attached to the
electromagnet. With the second button pressed, the
system cuts off the power of the magnet and starts the
measurement. The measurement is terminated as
soon as the passage of the falling object through the
laser is detected. The measured time is displayed in
milliseconds on the LCD monitor and on the computer
transmitted via Wi-Fi.

The free fall test system was carried out in two parts
as hardware and software. In the hardware section,
the measurement box for the test is designed. In the
software section, two separate modules have been

developed that allow the measurement box to operate
and the measured values to be displayed on the
instructor's computer.

3.1. Design of Measurement Box

The pins used for connection of the circuit elements
and Wi-Fi module used in the measurement box to the
Arduino Uno development board are given in Table 3
and Table 4.

Table 3. Connection pins of the WiFi module with
Arduino Uno

Arduino Pin ESP8266 Pin
RX (A0) TX

TX (A1) RX

GND GND

3V3 EN

3V3 RST

3V3 3V3

Table 4. Connection pins of other elements with
Arduino Uno

Parts Arduino Pin
Elektro Magnet D5

LDR A2

Lazer A3

Button 1 D3

Button 2 D4

Buzzer D2

LCD D7,D8,09,D10

The system motherboard has been produced for the
connection of the Arduino Uno to other circuit
elements for the hardware integrated operation of the
system. The system motherboard is designed with
fritzing and the printing circuit board of Figure 2 (b) is
created.

As a measurement box, a box is used that provides

IPS65 standards of 17cmx12cmx6cm dimensions as
shown in Figure 2 (a).
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heef e i

(b)
Figure 2. a) Test system control box, b) circuit
diagram view

3.2. Software Development

The test system application consists of the software of
the control box and the interface software showing the
incoming data.

The Arduino IDE encodes the software required to
perform input and output checks and measurements
in the control box designed using the Arduino Uno
development board. Pin definitions and pin mode
selection have been made in order to receive and send
the data from the circuit elements in the control box.
After the identification process, the threshold value
must be found from the LDR used to determine if the
object has reached the desired point in the
experiment. The threshold value is used to determine
if an object passes through the LDR and the laser. In
order to find this, values have been observed and
measured when the rays coming out of the laser fall on
the LDR and when they do not. As a result, the
threshold value to be used in the experiment set is
determined to be 20.

The measurement software from the Arduino Uno
development board controls the value from a button
every 1 millisecond within the loop () function to see if
the command required for the preparation of the
experiment has been received. After the button is
pressed, the software powers the laser and the
electromagnet with the digitalWrite (pin, HIGH)
command. After the second button is pressed, the
system time information is assigned to the start_time
variable. At the same time, the power of the

electromagnet is cut and the experiment is started.
The analogRead () function is used to read the value
from the LDR. The time value when measured analog
value passes the threshold value is assigned to the
end_time variable. The calculated measurement time is
displayed on the LCD monitor and sent to the interface
software via the WifiSend() function.

In order to measure the free fall test and to show the
measured times and send them to the interface
software, the rough code block is used in Table 5. In
addition, the flow chart showing the general operation
of the system is given in Figure 3.

Table 5. Coarse code used in measurement

if (reading_sensor_value>peak_value)
{

end_time=millis();

men_time= end_time -start_time;

Buzzer();

String
reading_value="Time:"+String(men_time)+"ms";

ClearScreen();

PrintScreen(reading_value);

WifiGonder(men_time, ex_number);

Defined Parametters
Connect to Computer with VWIF]

}

Starting Measure Time

Magnet Close
Read Data from LDR

readingdata=20

Tes

Power on Magnet
& Print LCD to Elapsed
Time

Send Time ta WIF|
Laser Dinde Close

Figure 3. System working diagram

Power on Laser Diode

-

Yes

In order to monitor the measurement data from the
experiment sets in the laboratory by the trainer, the
interface software running on the computer has been
developed. The interface software was implemented
using the C# 6.0 programming language on the Visual
Studio 2017 platform. Values from the experiment set
are taken with serialprint control. The received values
are displayed to the instructor via the listview control
in the interface. The interface software can be
connected to more than one test system as shown in
Figure 4.
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4.Results
Exp. Nov Time: Diatetime
i s L0520 1045 In order to determine the stability of the free fall test
3 a4 02.06.2018 10:48 set, measurement tests were carried out with bodies
; s EEmiTts with 4 different weights and from 6 different heights.
: e e 04 In addition, based on the experiments conducted with
3

B PR ImEILe the computer-controlled test system, the formulas for

free fall motion and theoretical times under the same
conditions. The measured and calculated times are
compared at different weights and heights as shown in
Table 6,7,8,9. The results indicate a maximum of 1
millisecond difference between the calculated times
and measured times.

In the measurements, it is observed that the falling
times of the bodies of different weight and from the
same height are the same. The theoretical information

is also supported by this data obtained from the
Figure 4. Interface software data list form experimental system.

Current System Count 5

Table 6. Measurements results for 10 gr object

Height Measurements (ms)
(cm) 1234567809 10| A6 | %
100 |451,523641 | 452|451 |452|452|452|451|452|452|451|452| 451,7 | 0,04
10 80 403,855022 | 404 | 404 | 403 | 404 | 404 | 404 | 404 | 404|404 | 404 | 403,9 | 0,01
Gr 60 349,748708 | 349|349 349349349 349|349 348349349 | 3489 | 0,24
40 285,568625 | 286 | 286 | 286 | 286 | 285 | 286 | 286 | 286 | 286|286 | 285,9 | 0,12
20 201,927511 (202|202 |203|202|202|202|202|203|202|202| 202,2 | 0,13
10 142,784312 | 143 | 143|143 | 143|143 143|143 143|144 |144 | 143,2 | 0,29
*Time (ms): The result of a mathematical formula. *%z#: Difference between formula and average test result.

Time (ms)

Table 7. Measurements results for 20 gr object

-

Height Time (ms) Measurements (ms)

(cm) 1 | 2|3 | 4|56 |7[8]9]10
100 |451,523641 | 452 |452|452|452|453|452|452|452|453|452|452,2| 0,15
20 80 |403,855022 | 403 | 404|403 |403|403|403|403|403|403|403|403,1| 0,19
Gr 60 |349,748708| 350 |349|350|350|350|350|350|349|350|350|349,8 | 0,01
40 |285,568625| 286 | 286|286 | 286|288 |286|286|286|286|286|286,2 | 0,22
20 |201,927511| 201 |201|201|201|201|{201|201|201|200|201|200,9 | 0,51
10 |142,784312 | 142 | 142|143 |142|142|142 142|143 |142|142|142,2 | 0,41
*Time (ms): The result of a mathematical formula. *%z=: Difference between formula and average test result.

AVG | %zt

Table 8. Measurements results for 30 gr object

Height | . Measurements (ms)

(cng1) Time(ms)| |, | 3| 4 5|6 |7 |89 |10]| AVE | %
100 |451,5236 451 |450|451|451|451|451|451|451|451|451|450,88| 0,14
30 80 403,855 402 |401]402[402|402 402|402 |402|401|402|401,77| 0,51
Gr 60 |349,7487 | 350 |350|350|350|351|350|350|350|350|350|350,11| 0,10
40 285,5686 285 | 285|286 |285|285|285|285|285|285(286|285,22| 0,12
20 201,9275 201 |201]201)201)202|201|201[201]201)201|201,11| 0,40
10 142,7843 142 1142|142 142|142 | 142142143 142|142 |142,11| 0,47
*Time (ms): The result of a mathematical formula. *%#: Difference between formula and average test result.
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Table 9. Measurements results for 50 gr object
Height | .. Measurements (ms)
T - AVG | %z
(cm) | Pmelms) T T T s (6 | 7] 8] 9 |10 %
100 |451,5236 | 450 | 450|450 |451 450|450 |450|450|450|450|450,1| 0,32
50 80 403,855 404 | 404 |404]405|404|404 405|404 |404|403|404,1| 0,06
Gr 60 349,7487 | 348 |348|348|348|348|348|349|348|348|348|348,1| 0,47
40 285,5686 | 285 |285|285|285|285|285|286|285|285|285|285,1| 0,16
20 201,9275 | 202 |202|202|202|202|202|202|202|202|202| 202 | 0,04
10 142,7843 | 141 | 140|141 |141|140|141|141|141|142|141|140,9| 1,32

*Time (ms): The result of a mathematical formula. *%z#:

5. Conclusions

In this study, low-cost free fall test system has been
developed for physics laboratories. Students can
measure free fall movements of objects of different
weights and from different heights. Simultaneous
measurements with multiple test systems are
monitored and recorded by the interface software on
the instructor's computer. As a result of the tests of the
developed system, there is a maximum of 1
millisecond difference between the theoretical data
and the measured data.

Compared to other commercial products (Table 10),
the Computer Controlled Free Fall Test System has the
advantage of having multiple measurement
monitoring and Wi-Fi features. The measurement
accuracy is the same as other commercial products.
When compared with other commercial products, it is
cheaper.

Table 10. Comparison of experimental systems

Product Name 1| 2 3 4
Computer Controlled | 1| Yes | Yes | 300
Free Fall Testing System

Free Fall Test Set K30060 | 1| No | No 750
(Kayra Miihendislik,

2018)

Free Fall Test Set 3B (3B | 2| No | No 850
Scientific, 2018)

Free Fall and Atwood | 1| No | No | 1.000
Machine Experiment Set

(Rentech, 2018)

1- Measurement accuracy (ms)

2- Multiple measurement monitoring
3- Wifi

4- Price (Turkish Lira)
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Anahtar Kelimeler

0z

Yermanyetik Alan,
Manyetik Gézlemevi,
Giines Cevrimi.

Bu calismada, 24. Giines ¢evrimi kapsaminda Tiirkiye ve civarinda yer alan IZN ve
SUA manyetik gozlemevlerinden elde edilen yermanyetik alam1 X, Y ve Z
bilesenlerine harmonik analiz uygulanmistir. Giines ve Ay’in etkilerine bagl olarak
degisen solar ve lunar harmoniklerin genlik ve faz acgilar1 elde edilmistir. Solar
harmoniklerden periyodu 24 saat olan birinci harmonik ve lunar harmoniklerden
ise tamamen Ay’in cekim etkisinden kaynaklanan ikinci harmonik genlik degisimleri
24. Giines ¢evrimi kapsaminda incelenmistir. Beklendigi gibi, solar harmonikler
Glines cevriminden daha ¢ok etkilerken, lunar harmonikler ise daha az etkilenmistir.
Hi¢ stiphesiz sadece iki gozlemevi Tiirkiye ve civarinda yermanyetik alan
degisimlerini incelemek icin yeterli degildir. Yogun Avrupa manyetik gozlemevi
agindan sonra Tirkiye'nin hem dogusuna hem de giineyine dogru biiyiik bir bosluk
vardir. Bu boslugu doldurmak i¢in bu boélgelere yeni manyetik gézlemevlerinin
kurulmasina ihtiya¢ vardir. Boylece yermanyetik alanini hem ulusal hem de
uluslararasi 6lcekte daha iyi taninmasina biiyiik katki saglanmis olacaktir.

INVESTIGATION OF THE GEOMAGNETIC DAILY VARIATIONS DURING 24TH

SOLAR CYCLE AROUND TURKEY

Keywords

Abstract

Geomagnetic Field,
Magnetic Observatory,
Solar Cycle.

In this study harmonic analysis is applied to the geomagnetic data of X, Y and Z
elements of IZN and SUA observatories to investigate 24t solar cycle dependence
around Turkey. Dependence of solar and lunar amplitudes and phase angles
obtained. Amplitude variations of the first solar harmonic that its period is 24 solar
hours, and the second lunar harmonic that its origin is purely lunar, were examined
during the 24t solar cycle. As expected, amplitudes of the solar harmonics showed
more dependence than that of lunar harmonics. Without doubt, it is not enough to
search geomagnetic variations around Turkey using two observatories. After the
dense European observatories, there is a big gap both in eastern and southern part
of Turkey. To fill these gap new geomagnetic observatories needs to be installed
around these regions. Thus, it provides important contribution to define the
geomagnetic field in both national and global scale.
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1. Giris

calismasindan kaynaklanmaktadir ve bu alanda
meydana gelen degisimler yermanyetik alaninda uzun

Bir noktada 6l¢iilen yermanyetik alani i¢ kaynakl ve
dis kaynakl alanlarin toplamindan olusmaktadir. i¢
kaynakli alan yerin cekirdeginin bir dinamo gibi

stireli diizensiz degisimler (sekiiler degisimler) olarak
gozlemlenmektedir. Dis kaynakli alanin kaynag ise
biiyiik 6l¢iide Giines’tir. Giines’in yermanyetik alanina
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iki tiirlii etkisi vardir. Birincisi, Giines’in 1s1 etkisi ile
iyonosfer  tabakasina iletkenlik  kazandirmasi
sonucunda olusan manyetik alan, ikincisi; bu alanin
yerkiireyi indiiklemesiyle olusan alandir. Bu alanlarin
ortak etkisi  birbirini takip eden giinlik
manyetogramlarda periyodik degisimler olarak goze
carpmaktadir ve alanin periyodik gilinliik degisimleri
olarak nitelendirilmektedir. Yermanyetik alan glinliik
degisimleri enleme, boylama, giiniin farkh
zamanlarina ve yilin farkli mevsimlere gore degisiklik
gostermektedir. Ayrica Gilines kaynakli periyodik
degisimlere ek olarak, Ay'in cekim etkisi de
yermanyetik alan tizerinde ¢ok az olmakla birlikte
degisimler olusturmaktadir (Chapman ve Bartels,
1940). Diger taraftan Giines yiizeyinde meydana gelen
diizensiz aktiviteler (Giines patlamalari, Giines
lekeleri gibi) olup gozlenen manyetik alan
degerlerinde diizensiz degisimlere neden olmaktadir.
Bu tiir degisimlerin siiresi bir saniyeden baslayip
glinlerce siirebilmektedir (manyetik pulsasyonlar,
manyetik firtinalar, manyetik korfezler gibi).

Yermanyetik alan1 diinyamizin en eski gézlemlenebilir
ozelliklerinden biridir ve birgok arastirmaci
tarafindan giiniimiize kadar incelenmistir. 16. yy'da
sapma acisinda meydana gelen degisimlerin dikkat
cekmesiyle baslayan gozlemler manyetik firtinalarin
Alexander von Humboldt tarafindan 1806 yilinda
kesfedilmesi ile birlikte biiyiik bir ivme kazanmistir.
Yermanyetik alanda o6zellikle Giines’in 1s1 ve Ay’in
cekim etkisinden kaynaklanan periyodik gilinlik
degisimler Chapman ve Bartels (1940) tarafindan
incelenmistir. Bu calisma ayni zamanda 1940 yilina
kadar yapilan tim c¢alismalar1 da o6zetlemektedir.
Malin ve Chapman (1970) Ayin ve Giinesin neden
oldugu diizenli degisimlerin harmoniklerini ¢alisarak
Chapman-Miller yontemini revize etmislerdir. Bu
yontem manyetik alan verisinin Ay’in sathalarina gore
12 gruba ayrilarak analizine dayanmaktadir. Malin
(1973) yapmis oldugu diger bir ¢alismada Giines leke
sayisinin en ylksek oldugu donemde manyetik alani
kiiresel 6lcekte modellemeye calismistir. Hem Giines’e
baglhi hem de Ay’a bagh degisimler icin kiiresel
harmonik katsayilarini  hesaplayarak iyonosfer
tabakasinda gelisen akim sistemlerini gdstermistir.
Winch (1981) benzer bir ¢alismayr Giines leke
sayisinin minimum oldugu bir dénem i¢in yapmistir.
En kiiciik kareler yontemiyle Glinesin ve Ayin neden
oldugu degisimleri hesaplayan diger bir yontem ise
yine Malin ve Schlapp (1980) tarafindan ortaya
konulmustur. Bu yontem daha sonra gelistirilerek
manyetik rasathane verilerinin degerlendirilmesi i¢cin
onerilmistir (Malin vd., 1996). De Meyer (2003)
modilasyon model adini verdigi bir yontemle Giines ve
Ay'im manyetik alana etkilerini belirlemeye
calismistir, ancak bu yontemin de temelinde en kii¢iik
kareler yontemi yatmaktadir. Literatiirde bahsedilen
bu temel yontemler kullanilarak degisik donemlerde
ve gozlemevlerinde yapilmis ¢ok sayida calismaya
rastlamak miimkiindiir. Ornegin, iilkemizde Isikara
(1970, 1971) istanbul i¢in Ayin ve Giinesin manyetik

alana olan etkilerini ¢alismistir. Bilge ve Tulunay
(1997), 1973-1977 yillan Istanbul Kandilli Manyetik
Rasathanesi  (ISK)  verisine  spektral analiz
uygulamuslardir. Cueto vd. (2003) iber yarimadasi i¢in
Glines ve Aymm neden oldugu degisimleri
hesaplamislardir. Celik vd. (2012) kuzeybati1 Tirkiye
icin Gilines ve Ayin etkilerini iceren bir c¢alisma
yapmistir. Celik (2013, 2014, 2018) Giines lekeleri ile
yermanyetik alanin Gilines’e ve Ay’a bagh giinliik
degisimlerini inceleyerek kiiresel 6lcekli bir model
ortaya koymustur.

Yermanyetik alanm bilesenleri manyetik
gozlemevlerinde silirekli olarak kaydedilmektedir.
Gozlemevlerinin yerytiziinde dagilimina bakildiginda
dagilimin homojen olmadigl goériilmektedir. Kuzey
yarim kirede sayica daha fazla olan gdzlemevleri
glney yarimkiirede ve okyanuslarla kapli bolgelerde
daha azdir. Kuzey yarimkiirede Avrupa kitasinda daha
yogun olan gozlemevleri dagilimi doguya dogru
seyreklesmektedir ve Tirkiye'nin dogusuna dogru
olan bosluk olduk¢a dikkat cekicidir. Bu bakimdan
hem Tiirkiye’de hem de Tiirkiye civarinda faaliyet
gosteren gozlemevleri oldukca 6nem arz etmektedir.
Turkiye’de yermanyetik alanin sistematik olarak
gozlemlenmesine Kandilli Rasathanesi ve Deprem
Arastirma Enstitiisi biinyesinde ISK gozlemevi
tarafindan 1947 yilinda baslanmigstir. ISK kuruldugu
giinden giinlimiize kadar ¢alismasina devam etmistir
ve hala devam etmektedir. ISK disinda farkli bir
bolgede Harita Genel Komutanlig1 biinyesinde kurulan
Ankara Manyetik Rasathanesi'nde (ANK) 1986-1993
yillarinda yermanyetik alan gozlemleri yapilmistir
(Gurdal, 1997). ISK kayitlarinin zamanla yapay
guriiltilerden etkilenmesi nedeniyle 2005 yilinda
iznik Manyetik Rasathanesi (IZN) kurulmustur.
Gozlemevlerinde yermanyetik alan bilesenleri H
(vatay bilesen), D (sapma agisi, manyetik kuzey ile
cografi kuzey arasindaki ac1), Z (diisey bilesen) ve F
(toplam  bilesen) kayitlar1  dakikalik  olarak
yapilmaktadir.

Bu calismada 24. Giines ¢evrimi kapsaminda Tiirkiye
ve civarinda yermanyetik alanin giinlik degisimleri
arastirllmistir. Elde edilen sonuglarin, yermanyetik
alanin hem ulusal hem de uluslararasi 6lgekte daha iyi
tanimlanmasina katki saglanacagi gibi Tiirkiye'nin
dogusunda ve gilineyinde ileride kurulabilecek
manyetik gozlemevlerine ve manyetik calismalara da
referans olacagi kanisini tasimaktayiz.

2. Veri

Calismada Tiirkiye ve civarinda 24. Giines ¢evrimi
kapsaminda, yermanyetik alanin periyodik giinliik
degisiminin arastirilmasi amaciyla iki manyetik
gozlemevi secilmistir (IZN, 40.5%K,29.7°D ve Surlari
manyetik gézlemevi, Romanya, SUA, 44,79K, 26.3°D).
Gozlemevi seciminde 24. Giines ¢evrimi kapsaminda
veri uzunlugu ve Tirkiye'ye olan yakinligi dikkate
alinmistir. Sekil 1’de ¢alismada kullanilan manyetik
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gozlemevlerinin yerleri gosterilmistir. Yermanyetik
alanin X, Y ve Z bilesenlerine ait manyetik veri
INTERMAGNET ve Uluslararasi veri merkezlerinden
(WDC) dakikalik ortalamalar olarak temin edilmistir.
Dakikalik olarak temin edilen manyetik veri saatlik
ortalamalara doniistiirilmiistiir. Yermanyetik alanin
glnlik degisimine neden olan ve iyonosferin dinamo
bolgesinde gelisen akim sistemleri, alanin firtinalh
oldugu giinlerde, manyetosfer katmanlarinda gelisen
diger akim sistemlerinin siddetlenmesi nedeniyle
olduk¢a bozulmaktadir. Bu nedenle, her ayin firtinal
olarak isaretlenen bes giinii ¢alismaya dahil
edilmemistir.

20
50" +

&L a0
50°

Sekil 1. IZN ve SUA manyetik gdzlemevleri. RAS1,
RAS2, RAS3, RAS4 ve RAS5 muhtemel gozlemevi
konumlari.

3. Yontem

Yermanyetik alanin Giines’e bagl diizenli degisimi
Fourier agiliminin ilk dort terimi olarak asagidaki gibi
yazilabilir (Malin, 1973, Malin ve Schlapp 1980, Malin
v.d. 1996)

4
S= Z spsin(nt + o,,) (1)
n=1

S, : Genlik ve g,, faz acis1 ve t yerel ortalama giines
zamanidir. Uluslararasi zaman t* kullanildiginda

(t= t* + v) (1) denklemi asagidaki gibi yazilabilir. v
dogu boylamini gostermektedir.

S= Z{ancos(nt*) + b,sin(nt*)} (2)

Burada a,, ve b,, Fourier katsayilari,

a, = sysin(g, + nv) b, = s,cos(o, + nv)

seklinde ifade edilebilir.

Benzer sekilde, yermanyetik alanin Aya bagh glinliik
degisimleri de yermanyetik alanin herhangi bir
bileseni i¢in asagidaki gibi verilebilir (Malin, 1973);

4
L= Z L,sin(nt — 2V + A, + nv) 3)

n=1

(3) denklemi uluslararasi zaman i¢in diizenlendiginde,

4
L= Z{ancos(nt* —2V) + b,sin(nt”

vy ()

denklemi elde edilir.
Burada;

V: Ay sathasini ifade etmektedir ve V= t - t olarak
verilmektedir. T ay zamanidir.

a, = l,sin(4, + nv) b, = l,cos(4, + nv)

l,, : Genlik ve A,, faz agisidir.

Yer manyetik alanin hem Giines’e bagh (solar) hem de
Ay’a bagh (lunar) harmoniklerin genlik degerleri olan
s, ve I, ile faz acilar1 ¢,, ve 1, her bir gozlemevi ve
bilesen icin en kiiglik kareler yoOntemiyle
hesaplanmaktadir.

4. Tartisma ve Sonug

Calismada, 24. Giines ¢evrimi kapsaminda Tiirkiye ve
civarinda secilen iki gozlemevi (IZN ve ISK) verisi
analiz edilerek Gilines’e ve Ay’a bagh giinliik degisim
harmoniklerin genlik ve faz agilar1 hesaplanmistir.
Tablo 1 ve Tablo 2 de her bir gézlemevi ve bilesen i¢in
elde edilen genlik ve faz agilar verilmistir.

Leaton vd. (1962) genlik degerlerinin standart hata
miktarlarinin 1.73 katindan daha bilyiik olmasi
durumunda %5 diizeyinde istatistiksel olarak anlaml
olacagini belirtmistir. Tablo 1 ve Tablo 2’de %5
anlamhilik diizeyinden diisiik olan genlik degerleri
parantez igerisine alinarak belirtilmistir. Gorildigi
gibi solar harmonik genlik degerleri her bir bilesen ve
gozlemevi icin istatistiksel olarak anlaml diizeydedir.
Ancak lunar harmonik genlik degerlerine bakildiginda
ise her iki gozlemevinde de her bilesen icin 3. ve 4.
harmonik degerlerinin istatistiksel olarak anlaml
olmadig1 goriilmektedir. Lunar degisimlerin genlik
degerleri solar degisimlerin genlik degerlerinden
yaklasik olarak 10 kati kadar daha kiigliktiir. Bu
nedenledir ki boylesi kiiciik degisimlerin daha anlamh
olarak belirlenmesi icin daha uzun veri setine ihtiya¢
duyulmaktadir.

Beklendigi gibi, ilk solar harmonik terim olan s1 diger
harmonik degerlerinden daha biyiiktiir. Bunun
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nedeni, Giines’in termal etkisinin 24 saatlik periyodik
degisim gostermesi ve s1 harmonik degerinin de
periyodunun 24 saat olmasidir. Ancak her iki
gozlemevinde X bileseni icin elde edilen s1 genlik
degeri diger harmonik degerlerinden kiiglik
bulunmustur. Celik vd. (2012) ve Cueto vd. (2003)
yapmis olduklar1 ¢alismada benzer sonuglar elde
etmislerdir. Yermanyetik alanin sakin solar gilinliik
degisimi iyonosfer katmaninda gelisen akim
sistemleri ve bu akimlarin yeri indiiklemesi ile olusan
yersel akim sistemlerinden kaynaklanmaktadir. Torta
vd. (1997) yilinda Avrupa i¢in iyonosferik akim modeli
gelistirmislerdir. Gelistirilen bu model de X bileseni
icin daha kii¢tik degisimler iiretmektedir. IZN ve SUA
gozlemevlerinde kaydedilen kii¢iik X degisimleri de bu
model ile agiklanabilir.

Lunar harmoniklerin genlik degerlerine bakildiginda
Iz harmonik genlik degeri diger harmonik genlik
degerlerinden daha biyiiktir. Bilindigi gibi Ay'in
¢cekim etkisi hem iyonosfer hem de okyanuslarda
elektrik akimlarina neden olmaktadir. (3) denklemini
V=t - ti¢in diizenledigimizde n=2 harmonigi sadece
Ay zamanina bagh olacaktir. Yani Iz harmonik degeri
tamamen lunar kaynakhdir. Bu nedenledir ki I
harmonik genlik degeri diger harmoniklerin
genliklerinden daha biiyliktiir. Ancak Tablo 1b ve
Tablo 2b de bazi bilesenler ve yillarda [l harmonik
genlik degerinin disiik oldugu dikkat ¢ekmektedir.
Bunun nedeni veri uzunlugunun kisith ve kisa
olmasidir.

Bir dinamonun elektrik akimi iiretebilmesi igin;
iletkene, manyetik alana ve iletkeni hareket ettirecek
bir mekanizmaya ya da kuvvete ihtiyag vardir.
Iyonosfer dinamo modelinde iyonosfer katmani Giines
etkisiyle iletkenlik kazanarak dinamo i¢in gerekli olan
iletken ortami saglamaktadir. Manyetik alan ise yerin
¢ekirdeginden kaynaklanan alandir. Dinamonun
calisabilmesi i¢in Glinesin 1s1 ve Ay'in ¢ekim etkisi
gerekli hareket mekanizmasini meydana
getirmektedir. Giines yiizeyinde cevresine gore daha
soguk oldugu icin koyu goziiken ve yiiksek manyetik
alana sahip bolgeler olusmaktadir. Bu bdlgelere Giines
lekesi (sunspot) denilmektedir. Giines leke sayisi
yaklasik 11 yillik periyodlarda artma ve azalma
seklinde bir dongli olusturmaktadir ve bu dongiisel
harekete Glines c¢evrimi denilmektedir. Giines
manyetik alan1 ile yakin iliski icinde bulunan
yermanyetik alani da bu degisimden etkilenmektedir.
Sekil 2’de s1 solar harmonik genlik degerinin 24. Giines
cevrimi kapsaminda IZN ve SUA gozlemevleri icin
degisimi gorilmektedir. Gorildaga gibi Y ve Z
bilesenleri her iki gézlemevi icin Glines ¢evrimi ile
gayet uyum icerisindedir. X bileseni ise Gilines
cevriminden daha az etkilenmistir. Ay’a bagh ve
tamamen lunar kaynakli olan 2 harmonik genlik
degisimi 24. Giines c¢evriminden diisiik oranda
etkilenmistir. Celik (2013 ve 2014) de kiiresel 6l¢ekli
olarak yapmis oldugu ¢alismada da benzer sonuglari
bulmustur. Tablo 3'te hem s1 hem de &Pk

harmoniklerinin Giines ¢evrimi ile iliskisini ortaya
koymak amaciyla hesaplanan korelasyon katsayilari
verilmistir.

Sonu¢ olarak, bu calismada 24. Giines c¢evrimi
kapsaminda, IZN ve SUA manyetik gozlemevlerinden
elde edilen saatlik ortalamalar halindeki yermanyetik
alanin X, Y ve Z bilesenlerine harmonik analiz
uygulanmistir. Giines ve Ay’'in etkilerine bagh olarak
degisen solar ve lunar harmoniklerin genlik ve faz
acilar1 elde edilmistir. Tiirkiye ve civarinda 24. Giines
cevrimi Gilines’e bagli harmonikler iizerinde daha
etkilidir. Ay’a bagl harmonikler ise cevrimden daha az
etkilenmistir. Yogun Avrupa manyetik gozlemevleri
toplulugunun en dogusunda bulunan IZN ve SUA
gozlemevleri Tirkiye ve civarinda yermanyetik alan
giinliik degisiminin incelenmesi icin yeterli degildir.
Tirkiye’'nin daha dogusuna ya da glineyine kurulacak
gozlemevleri yermanyetik alanin Tiirkiye
enlemlerinde daha iyi tanimlanmasina hi¢ siiphesiz
katki saglayacaktir. Sekil 1 de Tiirkiye icin muhtemel
gozlemevi konumlari gosterilmistir.
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24. Glines ¢evrimi kapsaminda Giines’e bagl temel
harmonik bilesenin genlik degisimi. Diisey barlar
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yillar1 arasinda yillik ortalama Giines leke sayisi
(SSN) degisimini gostermektedir.
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b) SUA manyetik gdzlemevi

Sekil-3. a) IZN ve b) SUA manyetik gézlemevlerinde 24. Glines ¢evrimi kapsaminda Ay’a bagh 2. harmonik
bilesenin genlik degisimi. Diisey barlar standart hata paylarini géstermektedir. En iistteki grafik 24. Glines

cevrimi kapsaminda 2005-2016 yillar1 arasinda yillik ortalama Glines leke sayisi (SSN) degisimini
gostermektedir.

Tablo 1a. IZN gozlemevi X, Y ve Z bilesenleri icin dort temel solar harmonik degerleri.

S1 P | O | S P2 | O S3 Ps | 93| S Py | O4

vil Bils. ©.01nm) | 0oy | (°) | (0.01nmy) | (0.01nT) Q) ©.01n7) | 0o | (°) (0.01nT) | (0.01nT) Q)
" X 305 55 79 278 44 333 322 61 161 124 45 16
§ Y 714 36 43 711 29 201 515 32 51 236 26 241
Z 296 18 90 274 17 254 188 18 96 105 24 291

° X 126 28 176 284 26 16 309 27 178 123 18 15
§ Y 890 16 28 757 16 203 475 18 47 159 18 235
Z 453 10 79 327 9 254 176 8 95 75 7 289

- X 99 21 174 281 21 32 272 15 204 105 16 40
§ Y 901 18 38 784 16 224 471 15 72 167 16 267
Z 419 7 91 309 9 272 170 8 121 66 10 320
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Tablo 1a. (Devami)

vii | Bils. St P | O S, P2 | O S3 P3 03 Sy Ps | Oy

(0.01nT) | (0.01nT) © (0.01nT) | (0.01nT) @ ©01T) | (0.01nT) ©) (0.01nT) | (0.01nT) Q)]

118 19 128 222 32 26 248 25 196 116 21 48

§ : 831 13 36 757 14 219 455 17 71 158 12 269

A : 398 10 92 304 9 274 173 6 122 66 7 321

: 246 21 202 386 14 28 334 23 204 118 21 39

§ : 810 15 35 736 13 228 485 18 77 178 21 265

A : 424 9 83 307 9 269 172 9 120 76 11 316

: 201 25 191 376 25 36 349 24 208 146 23 48

g : 946 22 35 852 22 224 536 19 73 192 20 271

A : 446 9 85 344 9 271 196 12 121 81 13 325

: 166 28 167 356 38 23 365 32 195 134 34 44

g : 1144 20 32 1036 26 219 618 26 67 213 22 267

A . 549 10 86 420 10 271 223 15 119 88 12 321

- 173 38 155 355 39 22 343 40 193 121 34 49

g : 1099 23 32 955 24 219 555 22 64 183 18 268

A : 548 10 85 420 14 268 210 13 113 79 12 315

: 218 37 192 343 30 25 343 25 194 132 26 42

g : 1096 23 27 923 19 217 547 22 63 174 21 262

- : 541 10 81 398 9 265 198 7 109 78 11 308

: 128 35 201 377 26 25 353 32 202 151 34 39

g : 1251 21 28 1056 22 216 633 17 65 197 22 263

A : 632 16 82 453 9 265 237 12 110 77 13 309

: (11 51 341 316 39 32 367 47 200 131 54 42

"Sn : 1244 31 27 1091 27 210 646 39 55 193 37 251

A . 648 14 84 478 16 264 236 16 107 69 12 310

’ 185 42 54 291 30 30 274 26 204 76 34 37

g : 1066 19 38 849 19 212 446 23 67 125 22 270

A : 467 16 97 336 9 264 165 14 115 53 11 324
Z
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Tablo 1b. IZN gozlemevi X, Y ve Z bilesenleri i¢cin dort temel lunar harmonik degerleri.

vii | Bils. I, P1 4 I, P> A, I, Ps A I, Pa A4

(0.01nT) | (0.01nT) © (0.01nT) | (0.01nT) Q) ©0107) | (0.010T) ©) (0.01nT) | (0.01nT) (©)

(974) | 572 | 50 | 727 | 384 | 79 | (275) | 499 | 231 | (209) | 548 | 335

g . (593) | 362 | 157 | 786 | 289 | 323 | (399) | 307 | 147 | (91) | 310 | 238

B . (237) | 207 | 225 | (238) | 204 | 284 | (112) | 169 | 176 | (5) | 209 | 119

: 188 | 243 | 146 | (445) | 334 | 42 | (375) | 227 | 247 | (109) | 261 | 124

§ : 365 227 145 (432) 270 296 429 206 71 (160) 189 238

A : 328 86 117 456 104 301 312 126 117 (132) 122 270

: 824 242 139 582 236 27 518 228 245 (296) 214 68

[é : 291 183 184 424 221 238 359 183 115 (100) 122 345

A : 178 92 67 318 82 309 213 88 150 (89) 87 17

: 520 246 251 684 204 76 399 187 267 (203) 208 25

§ : 567 163 183 548 212 320 (298) 186 160 (23) 145 159

A . 224 94 214 269 99 11 (136) 92 197 (67) 98 273

’ 691 196 206 523 212 37 767 220 249 (315) 265 75

§ : 533 165 107 780 189 293 573 156 105 (134) 192 303

A . 396 121 137 648 115 325 427 78 145 (162) 116 337

- (85) | 177 | 245 | (363) | 372 | 106 | (288) | 231 | 252 | (202) | 291 | 121

g : (340) 217 140 681 210 298 448 196 104 (238) 145 307

A : 370 110 196 412 118 348 275 97 161 (152) 100 346

: 602 322 202 798 362 47 (440) 349 243 (168) 263 97

g : 997 259 129 1019 268 308 790 254 141 99) 173 288

B : 382 134 155 559 151 338 373 154 179 (85) 130 349

: 1533 379 239 (677) 416 81 (494) 306 267 (119) 286 51

g : 437 210 134 776 254 344 571 280 168 (62) 187 25

A : 333 123 104 368 121 352 (152) 113 205 (67) 101 70

: (328) | 279 | 240 | 783 | 234 | 43 | (539) | 335 | 225 | (121) | 320 | 67

g : (443) 264 124 599 151 294 551 213 140 (239) 160 310

A . 483 110 133 468 93 324 307 125 153 (171) 105 317
Z
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Tablo 1b. (Devami)

I, P A I, P | Ay l5 Py | A L, Ps | A4

vil Bils. 0.01nT) | (0.01nT) ©) (0.01nT) | (0.01nT) () ©.01nT) | (0.01nT) (©) (0.01nT) | (0.01nT) Q)

869 332 200 673 329 4 (503) 330 230 (288) 322 38

g : 590 196 114 586 224 293 627 205 136 (128) 239 303

A . (221) 142 91 402 143 320 337 120 154 (143) 106 336

: 1592 493 152 (235) 363 336 (684) 449 233 (214) 386 355

Lgn : (667) 432 265 580 326 303 709 398 104 (75) 332 342

A . (235) 159 343 389 151 343 325 153 172 (155) 134 353

. 1072 | 412 | 239 | (622) | 440 | 43 | 632 | 251 | 279 | (65) | 288 | 54

3 : 567 | 199 | 103 | (224) | 233 | 322 | 638 | 169 | 144 | (55) | 182 | 326

A : 332 111 107 371 159 340 323 131 170 (85) 154 12
Z

Tablo 2a. SUA gozlemevi X, Y ve Z bilesenleri icin dort temel solar harmonik degerleri.

S P1 o, S, P2 0, S3 Ps O3 S, Ps O,

il | Bils. | o oiim | @ownn | (@) | ©owm | ot | () ©otnm) | owm [ (°) | wownm | ©omy | (°)

178 46 91 196 39 33 226 45 198 133 32 67

Lgn . 1108 30 43 920 25 212 488 21 55 124 22 242

h . 539 16 97 433 15 266 211 19 102 68 16 275

- 422 55 119 252 25 352 309 41 187 111 32 49

§ . 993 28 40 813 25 215 465 29 70 120 33 259

h . 372 21 93 337 16 271 168 13 116 67 12 304

- 92 24 1 73 28 6 171 28 174 93 19 14

lé - 727 22 52 679 25 211 437 21 62 201 21 254

h . 320 18 104 262 17 272 167 16 116 84 20 307

- 248 25 109 157 21 11 230 22 192 112 18 51

§ - 853 16 40 754 19 217 406 18 67 140 14 257

™ . 358 11 98 310 13 274 170 13 117 64 10 307

- 247 23 155 304 17 14 323 20 201 115 17 39

§ - 879 16 36 740 16 227 427 18 74 139 19 257

™ - 368 8 86 305 7 271 162 8 112 66 7 298
7
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Tablo 2a. (Devami)

vil | Bils. Sy P | O S, P2 | O S3 Ps3 03 S, Ps | Oy

(0.01nT) | (0.01nT) © (0.01nT) | (0.01nT) @ ©01n7) | (0.0107) (©) (0.01nT) | (0.01nT) Q)]

245 23 142 258 22 17 312 17 199 125 18 44

g : 985 20 37 811 20 222 451 16 67 154 14 265

A : 390 12 89 337 9 270 181 9 111 73 10 307

: 352 23 123 285 24 360 344 21 190 122 26 45

g : 1236 21 34 1040 16 218 550 21 63 174 24 261

A . 507 11 89 423 10 271 218 11 111 83 9 309

. 376 26 128 341 33 358 356 32 193 118 26 43

g : 1256 14 34 1007 18 220 529 19 63 135 16 260

A . 511 12 88 433 12 267 212 12 107 71 9 298

: 286 25 135 264 19 358 321 24 188 109 31 34

g : 1165 21 30 926 15 216 499 20 59 147 21 251

A ! 513 9 84 404 7 265 205 8 102 78 11 295

: 283 25 111 304 32 355 321 32 193 130 28 37

g . 1332 21 30 1072 20 214 568 18 62 153 21 252

- : 583 19 85 453 13 263 236 11 104 75 12 295

: 470 32 91 262 35 351 348 25 187 128 31 43

"Sn . 1257 20 33 1067 21 212 550 25 57 155 24 250

A . 550 12 93 466 15 266 232 12 106 79 14 300

: 399 35 64 183 33 12 252 28 199 88 27 28

§ : 1055 24 44 860 24 210 403 22 63 108 20 257

A : 433 12 107 362 16 264 181 11 107 58 10 308
Z
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Tablo 2b.SUA gozlemevi X, Y ve Z bilesenleri i¢cin dort temel lunar harmonik degerleri.

Il P1 2’1 Iz P 12 |3 Ps ﬂ‘s |4 Py 14
Yil Bils.

856 308 166 1429 449 19 740 425 232 (460) 329 38
Lé - 689 265 64 1210 284 272 703 214 97 (269) 286 352
A - 336 149 110 517 183 308 (279) 209 145 (23) 168 182
: (340) 333 150 554 387 28 513 453 249 (40) 445 204
é i (448) | 309 | 183 | (298) | 397 | 260 | 319) | 367 | 99 | (234 | 229 | 217
(120) | 178 | 117 | (250) | 173 | 314 | (199) | 151 | 152 | (149) | 186 | 12

: 642 | 333 | 87 | (135) | 259 | 239 | (179) | 410 | 312 | (268) | 270 | 96
5 . 582 | 203 | 187 | 474 | 240 | 148 | (160) | 159 | 86 | (145) | 206 | 207
N = (118) | 132 | 283 | (146) | 167 | 314 | (90) | 196 | 154 | (32) | 163 | 353

- 745 159 227 781 184 70 437 230 268 (128) 274 5
g . 361 | 148 | 143 | 614 | 212 | 299 | (254) | 244 | 155 | (72) | 155 | 138
A - 217 102 188 275 60 349 149 82 171 (76) 96 272
: 603 117 211 599 172 33 642 168 227 (227) 167 65
§ . 407 195 133 585 183 291 488 126 104 (164) 191 312
h - 239 119 138 434 104 320 322 79 138 (122) 100 330
: 443 150 257 435 217 92 (266) 154 240 (244) 117 132
2 . (165) | 239 | 229 | 462 | 254 | 279 | 374 | 171 | 92 | (108) | 131 | 291
h . (108) 103 98 277 112 324 176 82 155 (83) 81 334
- 738 246 162 892 302 18 757 245 215 (219) 258 50
E . 485 139 125 568 192 269 614 175 123 (125) 224 262
h - (207) 120 233 318 84 344 264 98 170 (49) 102 353
- 1499 246 229 832 319 51 543 306 256 (95) 272 88
s . 470 | 196 | 163 | 736 | 214 | 330 | (408) | 250 | 157 | (94 | 216 | 181
h . 366 136 83 334 102 352 (154) 122 184 a7 137 276
- 378 196 212 839 297 31 621 212 223 (116) 270 47
E . 413 178 126 456 158 295 492 168 141 (207) 169 309
h . 364 124 130 314 135 327 (178) 104 154 (111) 94 310

Z
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Tablo 2b. (Devami)

vii | Bils. 1, P1 A I, P2 Ay I P3 Ay L, Pa A
©otnm) | oty | (°) | owm) | ot | () | gowm | o | (¢) | ©omm | ©owm) | (°)

676 301 203 842 254 3 550 306 232 (211) 374 31

g : 706 209 117 608 217 286 594 261 135 (65) 191 256
A : (154) | 169 | 77 | (229) | 157 | 337 | (223) | 167 | 182 | (33) | 147 | 19
: 1531 203 176 816 266 13 755 274 251 (219) 323 17

Lgn : 329 210 215 743 176 284 538 217 102 (20) 240 212

B . 359 130 6 282 129 295 (249) 158 137 (71) 130 351
: 987 291 263 630 283 37 (467) 341 265 (97) 328 33

3 : 794 | 190 | 117 | (115) | 244 1 443 | 219 | 142 | (164) | 232 | 284
A . 228 118 97 233 128 337 258 120 174 (58) 142 7

Z

Tablo 3. IZN ve SUA goézlemevleri icin s1ve I
harmonik genlik degisimlerinin 24. Glines ¢evrimi ile
olan korelasyon katsayilart.

IZN SUA
(0.01) (0.01)
Bilesenler Solar Lunar Solar Lunar
(sp) | ) | (s | Uy
X -08 33 36 45
Y 79 27 92 17
Z 74 8 89 1
Tesekkiir
Calismada  kullanilan  veriyi  sagladigi  icin

INTERMAGNET ve World Digital Data Center
(Edinburgh)’'ne sonsuz tesekkiirlerimizi sunariz.
Ayrica yaymnin gelismesinde yapmis olduklar:
katkilardan dolayr hem konu editériine hem de
hakemlere tesekkiir ederiz.
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OTOMATIK URETIM SISTEMLERINDE VERIMLILIK ANALIZi
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Anahtar Kelimeler 0z

Otomatik Uretim Hatti, Rekabet kosullari, diisiik maliyet ve yliksek miktarda teslim kabiliyeti ve miisteri
Makine Arizalari, talepleri isletmeleri tretim hizi yiiksek otomatik iiretim hatlarimi kullanmaya
Tampon Stok Seviyeleri. zorunlu hale getirmistir. Otomatik makine sistemleri, yiiksek tretim hizlari

nedeniyle tercih edilmesinin yansira bu makinelerin herhangi birinde meydana
gelen ariza, tim makinelerin durmasina sebep olmakta ve bunun sonucunda
sistemin verimi ile Uretim hizin1 disiirmekte ve birim {riin maliyetlerini
ylkseltmektedir. Bu ¢alismada, meyve suyu ve icecek dolum iinitesi otomatik
iiretim hattinda yer alan makine arizalari, ariza ve tampon stok seviye verimlilikleri
analiz edilmistir. Hattin verimlilik performansini gérmek ve iyilestirmek icin
matematiksel yontemlerle ¢evrim siiresi, verimlilik ve iiretim hizi1 parametreleri
hesaplanmistir. Otomatik iiretim hatlarina tampon stok yerlestirme durumlarinda
dahili depolu transfer hatlarinda ariza siiresi ile ilgili dagilimlar dikkate alinarak
hesaplamalar gergeklestirilmistir. Arizalanma siklif1 ve tamir bakim siireleri
gecmisteki verilerden farkli hat tasarimi ve tampon stok seviyelerindeki hattin
verimlilikleri ve liretim hizlar1 hesaplanmis ve yorumlanmistir.

PRODUCTIVTY ANALYSIS AT AUTOMATIC PRODUCTION SYSTEMS

Keywords Abstract

Automotic Production Line, ~ Competitive conditions, low cost and high delivery capability and customer
Machine Malfunctions, demands compulsory to use automated production lines with high production
Buffer Stock Levels. speed. These automatic sequential machines are frequently used especially in terms

of hygiene in food enterprises. Automatic machine systems are preferred due to high
production speeds, but failure in any of these machines causes all machines to stop,
resulting in lower system efficiency and production speed, and increases unit
product costs. In this study, machine malfunctions, malfunction and buffer stock
level efficiencies in automatic production line of fruit juice and beverage filling unit
were analyzed. The cycle time, efficiency and production rate parameters were
calculated by mathematical methods to see and improve the efficiency of the line.
Calculations were made by taking into consideration the distributions related to the
failure time in the internal storage lines with automatic storage. Failure frequency
and repair maintenance times were calculated and interpreted in terms of line
design and buffer stock levels.
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diistirerek, triinlerinin Kkalitesini ylikselterek ve
verimliliklerini artirarak rakiplerden daha {istiin
duruma gelebilirler. Bu tiir isletmelerde iiretim
faktorlerini, kaynaklarini en etkin kullanmak
rekabetin 6n kosulu haline gelmistir.

Birden fazla mamuliin iretildigi giiniimtiz modern
isletmelerinde liretim planlama ¢alismalary, iiretilen
mamuller i¢in en uygun miktarlarin belirlenmesi
amaci ile yapilmaktadir. Hangi mamulden ne kadar
liretilecegi belirlenmeye calisilirken farkli amaglar
icinden sadece birini dikkate alan ydntemlerle
planlama calismas1 yapmak yetersiz kalmaktadir.
Clinkii giiniimiiz isletmelerinde, kapasitenin tam
kullanilmasi, bos beklemelerin azaltilmasi, tedarik
stiresinin kisaltilmasi, stoklarin belirli bir seviyede
tutulmas1 sonucu karin maksimize edilmesi
hedeflenirken birbiriyle ¢elisen bu farkli amaglarin
yonetilmesi gerekmektedir. (Bumin ve Erol, 1992).

Bu ¢alismada, meyveli igcecekler iireten bir firmanin
iretim hattinin durus siireleri ve frekanslar
incelenmistir. Hattin arasina tampon stok
yerlestirme ve tampon stok miktari ilgili senaryolar
sonucunda verimlilik ve {iretim miktar1 analiz
edilmistir.

2.Bilimsel Yazin Taramasi

Isletmelerde kullanilan makine ve techizatlar
nominal  kapasiteleri  seviyesine  c¢ogunlukla
ulasilamamaktadir. Bunun nedenleri ise, is glcii
verimliliginin diisiik olmasi, makine arizalari,
yonetimin organizasyon karar verme yetersizligi ve
diger ekonomik kosullardan kaynaklanmaktadir.
Arizalarin sebep oldugu makine duruslar1 da
kapasitenin  yeterince  kullanilmasina  engel
olmaktadir. Bakim ve onarimin yetersiz olmasi
isletme veriminin ve kalitenin diismesine neden
olmakta, sonucta iiriin maliyetlerini arttirmaktadir
(Dtlizakin ve Demircioglu, 2005).

Isletmelerde bakim- onarim sistemi iiretimin ve/
veya hizmetin gerceklestirildigi tesis, hat, makine ve
techizat etkinligi ve verimliligi belirlenmis yonetim
politikalariyla teknik o6zellikleri uygun, yeterli bir
seviyede tutulmasi saglamak iizere kurulur. Belli bir
kullanim siiresinden sonra asinma ve yipranma
sonucunda tesis, hat, makine ve techizatin kapasite
ve hassasiyetleri diiser. Isletme ydnetimi ise gerek
iretim hizinin ve gerekse iretim Kkalitesinin
diismemesi ister. Bunun i¢in tesis ve/ veya hat uygun
bir bakim- onarim politikast ile c¢alistirilmasi
gerektirir. Uygun bakim-onarim sistemi kurulmasi
ile katlanilacak maliyetler dikkatle analiz edilmelidir
(Baragli vd., 2001).

Her bir is istasyonundaki amag, tasarlanan cevrim
siiresi i¢inde bitirilmeli ki, normal olarak hattin ayni
anda hareket etmesi miimkiin gelsin. Bu nedenle,
herhangi bir is istasyonu arizalandiginda veya

durduruldugunda, tiim is istasyonlarinin da
durdurulmas gerekir. Tahmin edebilecegi gibi, bir
iiretim siirecinde parganin kisa stireli alet veya
makine ayarlamasi, kalite kontrolii, ekipmanin
arizalanmast vb. gibi nedenlerle c¢esitli kiigiik
duruslar veya arizalar olacaktir. Bu kii¢iik durmalar
verimliligi 6nemli ol¢iide disiiriir. Dolayisiyla, is
istasyonlar1  arasindaki  bir = tampon  stok
bulundurmak akis yonii is istasyonlarinin, tampon
bitinceye veya durdurulan is istasyonunun
iyilestirilmesi tamamlanincaya kadar gorevlerini
sirdiirmelerine izin vermek amaciyla, yukarida
belirtilen sorunu hafifletecek tampon stok ve miktar1
tasarlanirlar (Chomnawung vd, 2016).

Uretim hattindaki makineler arasinda tampon stok
bulundurmak ariza duruslarinda iiretimin devam
etmesini saglar. Uretim kesilmedigi i¢cin duruslardan
kaynaklanan iiretim kayiplari tiim sistemi etkilemez
ve minimum seviyeye diiser. Tampon stoklar
iretimin kesilmemesi i¢in lretim hattinin hemen
yaninda bulunan stoktur. Bu duruma uyan ¢ok
sayida ornekler li¢ grupta toplanabilir (Perry ve
Posner, 2000).

1) Tampon stokun iiretimdeki bir makine tarafindan
yapilmasi durumu; Ornegin, araba uretim hattinda
govdeyi olusturan metali kesen makine, tiretim hatti
icin gereginden daha fazla sayida Tretilip
stoklanmasi, durus aninda iiretimin kesilmesini
engeller.

2) Bir¢ok par¢adan olusan bir iiriin icin; Uretim
makinelerinde gerektiginden daha fazla iiretilir ise,
durus aninda makine monte islemi kesilmeden
devam edilebilir.

3) Seri haldeki makineler i¢cin; Makinenin durdugu
anda tampon stoku kullanilarak iiretim kesilmeden
devam eder. Bir otomatik transfer hattinin
verimliligi, hattin birka¢ asamaya boliinmesi ve
asamalar arasinda tampon depolarin
yerlestirilmesiyle de arttirilabilir.

Buzacott (1967), hat transfer makinelerinde tampon
stoklarin otomatik sabit ¢evrim iizerindeki etkisinin
teorik bir ¢alismasinin sonuglar1 verilmektedir.
Calismada verimlilikteki iyilesmenin asama sayisina,
asamalarin goreceli basarisizlik oranina,
tamponlarin kapasitesine ve asama tamir siirelerinin
dagilimina bagh oldugu gosterilmektedir. Ayrica
stirekli bir akis hattinda, li¢ makine ve iki tampon ile
ara tamponlarin optimum stok seviyelerinin
belirlenmesi icin denklemler tiiretilmistir.

Hillier ve So (1991) c¢alismalarinda, makine
arizasinda bir iiretim hatti performansini arastirip,
tampon boyutunun hat performansina etkisini
incelemislerdir.
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Wijngaard (1979) calismasinda, iki liretim biriminin
farkli Uretim oranlarina, farkli ariza oranlarina ve
farkli tamir oranlarina sahip oldugu durumlarda,
kademeli tampon stoklarin iki asamali iiretim
hattinin ¢iktisi tizerindeki etkisi ele almistir. Sinirh
tamponlu iki asamali bir aktarma hattinin sabit
durma siiresi ile geometrik durma siiresi dagilimi
arasindaki hat verimliligi karsilastirilmistir.

Enginarlar vd. (2002), istenen iiretim hizini ulasmak
icin gerekli olan en kii¢iik tampon stok kapasitesini
arastirmiglardir.

Prombanpong vd., (2013), ¢calismasinda otomatik bir
transfer hattinda tampon stok Kkapasitesinin
karmasikligin1 belirleyebilmek ve tampon stok
sonucunda boéliinen istasyonlarin béliinme etkisini
azaltmak i¢in is istasyonlar1 arasindaki tampon stok
kapasitesi tasarimini arastirmislardir.

Kogak ve Iscioglu (2018), meyve suyu dolum
hattinda gilivenilirlik analizi yaparak imalat
hatlarinda ariza yapan makineler icin bakim
faaliyetlerinin saglanacagi alt yapinin kurulmasini
amaglamislardir. Bunun i¢in 5,5 aylik ariza ve tamir
verileri kullanilarak her iki hattaki bes makinenin ve
hatlarin giivenilirlik analizi gerceklestirilmistir.
Calismada, oncelikle her bir makinenin ariza tiirleri
belirlenerek ariza ve tamir verileriyle makine ve
hatlarin tanimlayici istatistikleri elde edilmistir. Her
bir makinenin ariza ve tamir verilerinin dagilimlar
incelenerek en uygun dagilim tespit edilmistir. Bu
dagilimlara gore iki hat icin makine ve hat bazinda
glvenilirlik ve kullanilabilirlik oranlar1 belirlenerek
karsilastirilmistir.

Lopes (2018), kalite kontrol politikasinin {iiretilen
irtinlerin yiizdesinin kontrol edildigi kusurlu iiretim
sistemine etkisini incelemistir. Her cevrimden sonra
onleyici bakim yapilmakta ve talebi karsilamak icin
bir tampon stok olusturulmustur ve kontrol
sirasinda tespit edilen kusurlu parcalarin tekrar
calismak lizere gonderilmesi lizerine
yogunlasilmistir. Model, parti basina beklenen
toplam maliyeti en aza indirme hedefi ile formiile
edilmistir. Sonu¢ olarak, iriinlerde hatalarin
olasiliginin en uygun miktar iiretim ve kontrol edilen
parti yiizdesi lizerinde onemli bir etkisi oldugu
sonucuna varimistir.

Koruca vd. (2018), otomatik tiretim hattina sahip bir
gida isletmesinde siit dolumunun yapildigt UHT
hattinda farkli tampon stok seviyeleri analiz
edilmistir. Otomatik {iretim hatti olarak UHT
birimindeki 200 ml'lik sade ve aromal1 paket siitleri
ireten A3 Speed Slim makinesinin bulundugu hat
analiz edilmistir. Hat {izerindeki islemler farkli
otomatik makineler tarafindan
gerceklestirilmektedir. Makinelerin ariza durus
sireleri ve arizalanma frekanslar1 farklihk
gostermektedir. Ariza ve tamir bakim siirelerinin

degisken olmasi sistem verimliligini etkilemektedir.
En uygun seviyedeki iiretim hizi, stok miktari
seviyesi ve verimlilik analiz edilmistir.

3. Otomatik Uretim Hatlarinda Performans
Ol¢cme Parametreleri

Bir otomatik liretim hatti, birden ¢ok otomatik is
istasyonunun pargalarini bir istasyondan diger
istasyona transfer eden bir tasima sistemi
yardimiyla Dbirbirine baglanmasindan olusur.
Islenmemis/ham bir is parcasi hattin bir ucundan
girer ve parca Uretim hattinda ilerledikce isleme
basamaklar1  sirasiyla  gerceklestirilir.  Uretim
hattinin performansini dlgmek icin; ¢evrim siiresi,
iiretim hizi, hat verimliligi ve liretim tamamlanma
sliresi gibi parametreler verimliligi degerlendirmede
dikkate alinabilir.

3.1. Cevrim Siiresi

Otomatik iiretim hattinin ¢alismasinda pargalar 6énce
birinci istasyona gelir, orada islendikten sonra belirli
araliklarla bir sonraki istasyonlara aktarilir.
Parcanin ilk istasyona geldigi ve son istasyondan
ciktig1 ana kadar gegen siire ¢evrim siiresi olarak
adlandirilmaktadir. Cevrim siiresi transfer siiresine
maksimum  islem siiresinin eklenmesi ile
bulunmaktadir (Groover, 1987).

T, =Maks{Ty; } + T. (1)

T, : Transfer siiresi olarak da adlandirilan tekrar
konumlandirma siiresidir (dk).

T : 1 istasyonundaki islem siiresi (dk)

T, : Hattaki ideal ¢evrim siiresi (dk)

3.2. Gerg¢ek Ortalama Cevrim Siiresi

Transfer hattinin operasyonu sirasinda planh
durmalar, gelisigiizel arizalar ve hatalar durmalara
yol agar. Hat duruslar hattin ortaya ¢ikan ortalama
iiretim ¢evrim siiresi ideal ¢evrim siiresinden fazla
olmasina olur. Gergek ortalama ¢evrim siiresi ise;

T,=T.+F*T, (2)

ile hesaplanir.

T,:Gergek ortalama gevrim siiresi (dk)

T, :Hattaki ideal ¢evrim siiresi (dk)
F:Durma frekansi (hat durusu/c¢evrim)
T4 :Hat durusu basina ortalama stire (dk)

Durma frekansi (F) ise su sekilde bulunur:

F=Xipi 3)

_ Yillik Hata Sayisi * 1
~ Yillik Uretim Yapilan Giin Sayisi Giinliik Uretim Miktar

(4)

R
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pi: Istasyonun arizalanma olasihigi h(b) = r«(1-KP) (12)
n: [stasyon sayisi. 1-rxKP
3.3. Uretim Hizi _ 1”_%

K= 1+r —r*E (13)
.. Tq
Uretim hattindan veya makineden birim zamanda
liretilen miktar tiretim hiz1 (Rp) olarak tanimlanir. Ariza frekansi orani:
R. = 1 5 Fq
P, (5) r=o (14)
R, ==~ (6) 3.5. Uretim Tamamlanma Siiresi
Tc
Te Bir triiniin bir dretim hattindaki tiim istasyondan
E= ™ (7) gecerek tamamlanma siliresi formiili asagidaki

R,: Gergek ortalama tiretim hiz1 (parca/dk)
T, : Gergek ortalama ¢evrim siiresi (dk)

R.: Ideal ortalama iiretim hiz1 (parca/dk)
T, : Hattaki ideal ¢evrim stiresi (dk)

3.4. Hat Verimliligi

a) Arizasiz Durumda Hat Verimliligi: Uretim hattinin
calisir kalma oranini olarak tanmimlamaktadir. Hat
verimliligi ideal ¢evrim siiresinin gercek cevrim
stiresine boliinmesi ile bulunmaktadir.

_Tc_ _Tc

E= = Tarm, 8)
D= F+T¢ — F«+Ty (9)
Tp  Te+FsTq

E: Uretim hattinda calisir kalma orani
D = Durma orani

b) Arizali Durumda Hat Verimliligi: Bir is istasyonu
arizalandigt durumda tretim hattindaki diger
makineler/ is istasyonu beslenemedigi i¢cin durmak
zorunda kalmaktadir. Bu nedenle hat verimliligi
azalmaktadir. Verimliligin azalmasini engellemek
icin hat birka¢ kademeye ayrilabilir. Asagida
verimlilik hesab1 ile ilgili formiil verilmistir
(Groover,1987).

E, = Eo + D;h(b)E, (10)

E,: b Kkapasiteli tampon stok deposu olan iki
basamakli hattin toplam hat verimliligi.

E, : Tampon stok olmadan hat verimliligi.

D;h(b)E, : Tampon stok kapasitesi sifirdan biiyiik
oldugu durumlarda verimlilik artisini gosterir.

h (b) : Tampon stok kapasitesi.

Birinci kisimdaki hattin arizali oldugu toplam
suiresinin orani:

" _ F1Ty

D, = Tc+(F1+F2)Tq (11)

h (b)’'nin hesaplanmast:

gibidir (Groover, 1987).
MLT =nx*T.+ T, (15)

n :Is istasyonu sayisi
Ty: Bekleme (ariza) siiresi

4. Uygulama: Bir Meyve Suyu Uretim Tesisinde
Verimlilik Analizi

Uretim siirecinde makine arizalanmasi, glic kesintisi,
molalar gibi bir¢ok faktdér duruslara neden
olmaktadir. Meydana gelen bu duruslar verimliligi ve
iretim miktarim1 6nemli o6l¢iide etkilemektedir.
Uretim hatlarinin durumdan fazla etkilenmemesi
icin hat kenarlarina tampon stok veya hat b6liinerek
tampon stok yerlestirilmesi ile tiim hattin durmasi
onlenebilir. Bu durum, herhangi bir sebepten dolay:
gerceklesen duruslarda tim hattin verimliligini
etkilenmeyecek ve iiretim miktari artacaktir.

Bu calisma, Isparta’da faaliyet gosteren meyve suyu
icecegi lireten bir firmada siseye icecek dolumu ve
paketleme hattinda gerceklestirilmistir. Uretim hat
kenarlarina tampon stok koyularak verimliligin ve
iiretim miktarlarinin artmasi amaglanmaktadir.

Firmanin tretim hattindaki, arizasiz iuretim
kapasitesi teorik olarak 1.224.000 sise/giindiir.
Isletme, Mayis - Arallk 2017 déneminde
138.334.440 sise/y1ll  kapasite ile {iretim
gerceklestirmistir.

4.1. Mevcut Durum is Akisi

Uretimi gerceklestirilen icecegin is akis1 Sekil 1’de
verilmistir.  Uretim  asagidaki  asamalardan
olusmaktadir.

1. Suruphane: Uretilen icece§in  ana
malzemesi surup bu birimde dretilir.
Uretimi biten surup ise doluma génderilir.

2. Bos Kutu: Dolumu gerceklestirilecek olan
bos kutular burada iiretilir. Bos kutular
yikandiktan sonra doluma gonderilir.
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3. Dolum: Suruphane ve bos kutu hattindan
beslenen bu hatta otomatik {retim
makineleri ile dolum yapilir.

4. Kapaklama: Dolum islemi biten igecek
kutular1 bu hatta kapaklanir.

5. Kodlama: Kapaklama islemi biten kutular
bu hatta gelir. Burada iiretim tarihi, tiretim
yeri ve son kullanma tarihi kodlanir.

6. Paketleme: Uretimi biten icecekler
paketlenerek dagitima hazir hale getirilir.

7. Paletleme: Paketlenen firiinler depolara
sevk edilerek dagitima gonderilir.

1- Suruphane \\\

- \
) | ‘ 3-Dolum ‘ 4-Kapaklama | 5 - Kodlama | 6- Psbmleme‘ 7-Paletleme

2-BosKutu |
Alani -

Sekil 1: Mevcut Sistemin Uretim/[s Akisi
4.2. Istasyonlarin Ariza Siireleri
I[s akisina gore istasyonlarin ariza durumundaki
toplam durus/ ariza siireleri ve arizalanma sikliklari

asagidaki tabloda gosterilmistir.

Tablo 1: Istasyonlarin Arizalanma Siiresi ve Sikhig1

istasyon Ariza Siiresi Al‘lZfilanma

(dk) Sikhig (defa)
Suruphane 26 344
Bos Kutu 27 367
Dolum 61 342
Kapaklama 23 376
Kodlama 29 361
Paketleme 37 351
Paletleme 25 382

4.3. Mevcut Sistem Analizi
a) Mevcut Cevrim Siiresi

Uretim hattinin mevcut ¢evrim siiresi Esitlik (1)’den

1020
€ ™ 1224000

= 0,000833 dk olarak bulunur.

Tim istasyonlarda bir iriiniin islenme stresi esit
kabul edilmistir.

b) Makinelerin Arizalanma Frekanslari

Uretim hatti toplam 166 giin calismistir ve arizasiz
iretim Kkapasitesi teorik olarak 1.224.000
sise/giindiir. Makinelerin arizalanma sikliklar1 Tablo
1’de verilmistir. Makinelerin arizalanma sikliklari
Esitlik (4) kullanilarak;

P L * L 0,0000016929
Suruphane = = 1024000
367 1
PBoskutu =— * ———— =0,0000018060

166 1224000

P LA 0,0000016830
Dolum = 56 © 1224000

P =376 * ———— =0,0000018503
Kapakdama == 1224000

P ELE 0,0000017765
Kodlama == e ™ 1224000

P ELLNN 0,0000017273
Paketleme = 166 1224000 =y,

382 1
Ppaleteme = ——* ————— =0,0000018799

166 1224000

olarak bulunur.
c) Hattin Verimliligi

Uretim hattinin verimliligi Esitlik (8) kullanilarak
bulunur.

F=Y7,p; = 00000124159

Td
_ 26%344 461 %342 +23 %376 + 29 * 361 + 37 » 31 + 25 * 382 + 27 * 367
- 344 + 367 + 342 + 376 + 361 + 351 + 382

= 32,2508 dk

. 0,000833
Hat = 5000833 + (0,000012159 * 32,2508)

=0,679

d) Uretim Hiz1

Birim zamanda tiretilen liretim miktar1 Esitlik (6)
‘dan;

Ro = —208 __ g7 gise/dk

© = 0,000833 ~ 017 sise/
e) Uretim Tamamlanma Siiresi
Her istasyonun giinliik ariza stireleri bulunmus ve
her istasyon icin Esitlik (15) kullanilarak iretim
tamamlanma siiresi hesaplanmistir.

Tablo 2: Uretim Tamamlanma Siiresi

) Giinliik Uretim
Istasyon Arniza Tamamlanma

Siiresi Siiresi
Suruphane 2 2,000833
Bos Kutu 4 4,000833

Dolum 11 11,000833

Kapaklama 3 3,000833
Kodlama 9 9,000833
Paketleme 8 8,000833
Paletleme 6 6,000833

4.3. Tampon Stok ilave Edilmesi Durumlar:

Mevcut sistemde bulunan makinalardan birinin
arizalanmasi  diger makinalar1 ve iretimi
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durdurmaktadir. Uretimin durmasi verimliligin
azalmasin1 ve Dbelirli maliyetleri beraberinde
getirmektedir. Uretimin durmamasi i¢in tampon
stok bitene kadar tiretim devam edeceginden bir
miktar tampon stogun bulundurulmasi iretim
kaybini ve maliyetlerini azaltacaktir.

4.3.1. Hattin iki Kisma Ayrilmasi Durumu

Uretim hattinda yedi istasyonu bulunan iiretim hatti
ikiye ayrildiginda; birinci kisim Suruphane - Bos
Kutu, Dolum béliimlerinden olusturulmustur. ikinci
kisim Kapaklama, Kodlama, Paketleme ve Paletleme
kisimlarindan olusmaktadir.

1- Suruphane -“‘\‘

;' ] ‘ 3-Dolum ‘ 4-Kapaklama ‘ 5-Kodlama = 6-Paketleme = 7-Paletleme

T
Sekil 2: iki Kisma Ayrilan ve Eklenen Tampon Stok

IkiKisma Ayrilanve Tek Tampon Stoklu Hat

Birinci kismin frekansi:
F, = Zf’zl p; = 0,0000051819

{kinci kismin frekanst:

4

F, = Z p; = 0,0000072340

i=1

Gergcek ortalama ftretim siiresi Esitlik (2) ile
hesaplanmaktadir. Ikiye ayrilan hatlarin gercek
ortalama iiretim siireleri ise;

T,, = 0,000833 + 0,0000051819 * 32,2508
T,, = 0,0010001210 dk.
T,, = 0,000833 + 0,0000072340 * 32,2508

T,, = 0,0010663028 dk .
Esitlik (7)’den birinci kismin verimliligi;

_0,000833 083
17 0,0010001210

Esitlik (7)’den ikinci kismin verimliligi;

_0,000833 078
270,0010663028

a) Iki Kisma Ayrilan Hatta 5000 Sise Stoklu
Tampon Durumu

Uretim hattinda 5000 sise tampon stok bulunmasi
durumunda hat verimliligi;

D = 0,0000051819 * 32,2508
17 0,000833 + (0,0000051819 + 0,0000072340) * 32,2508

D) = 0,135493548

Esitlik 12'den h(b)nin bulunmasy;
1+0,716326531 —

0,000833
32,2508

K=
1+ 0,716326531 — 0,716326531 *

0,000833
32,2508

K=0,9999957310

0,716326531 * (1 — 0,9999957310 5°00)

b (b) = 50716326531 » 0,0999957310 5000
h(b) = 0,0506289160

Verimlilik;

Esoo0 = Eo + D1h(b)E,

Eso00 = 0,68 + 0,135493548 * 0,0506289 * 0,78
Es000 = 0,69

iki kisma ayrilan hattin tiretim hizi;

069
~ 0,000833

Rc

= 829 sise/dk

b) iki Kisma Ayrilan Hatta 20000 Sise Tampon
Stok Yerlestirilmesi

Dolum hatti ile Kapaklama hatt1 arasina PVC banth
konveydrden koyulmasi diisiiniilmiistiir. Uretim
hattinda 20000 sise tampon stok bulunmasi
durumunda hat verimliligi asagidaki gibi bulunur.

Esitlik 12'den h(b)'nin bulunmas;

_0,0000051819
0,000007234

=0,716326531

0,000833
32,2508

K=
1+ 0,716326531 — 0,716326531 *

1+0,716326531 —

0,000833
32,2508

K=0,9999957310

0,716326531 * (1 — 0,9999957310 20000)

h(b) = 1-0,716326531 * 0,9999957310 20000

h(b) =0,1712611732

Verimlilik;

Ez0000 = Eo + D1h(b)E,

E20000 = 0,679 + 0,135493548 * 0,1712611732 * 0,78
E20000 = 0,70

Iki kisma ayrilan hattin tiretim hizi;
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= 7% _ 40 sise/dk F1=F=F3=0,0000041386
0,000833

¢) iki Kisma Ayrilan Hatta Sonsuz Kapasiteli
Tampon Stoklu Durumu

Yedi istasyonu bulunan hattin iki kisma ayrildig1 ve
iki hat arasina sonsuz adet kapasiteli banth konveyor
yerlestirildigi durumda verimliligin
hesaplanabilmesi icin durma frekanslarinin esit
oldugu kabul edilir.

F=)7_,Pi=0,0000124159
F1=F2=0,0000062079

(Ayrilan hatlarin frekanslarin esit olabilmesi i¢in
toplam frekansin ortalamasi alinir.)

Esitlik (2)’den ortalama tiretim siiresi;

T, = 0,000833 + 0,0000062079 * 32,2508

T, = 0,0010332119 dk

Esitlik (7)’den verimlilik;

0,000833
Ew= —— = 0,81 olarak bulunur.
0,0010332119

iki kisma ayrilan sonsuz kapasiteli hattin iiretim hiz
Esitlik (6)’dan;

_ 081
¢ 0,000833

= 973 sise/dk

4.4. Hattin U¢ Kisma Ayrilmasi Durumu

Uretim hatlann iki kisma aynldig, Makine
arizalarinin yogun oldugu Paketleme boliimiine de
bir tampon stok koyuldugunda ne gibi degisiklikler
olacagi bu kisimda arastirilmistir. Hat birinci kisim;
Suruphane, Bos kutu, Dolum, Ikinci kisim;
Kapaklama, Kodlama. Ugiincii kisim; Paketleme,
Paletleme olarak ayrilmistir.

1- uruphane
2- Boj Kuty
Alan

} | 3- Dolum ‘ |A—Kanahlama‘ 5 - Kodlama ‘ ‘E—Paluetleme 7- Paletleme

Ug Kisma Aynlan ve ki Tampon Stoklu Hat

Sekil 3: U¢ Kisma Ayrilan ve Eklenen Konveyér

a) U¢ Kisma Ayrilan Hatta Sonsuz Kapasiteli
Tampon Stoklu Durumu

Yedi istasyonu bulunan hatti ii¢ kisma ayirip bu ti¢
hat arasina sonsuz adet kapasiteli banthi tampon
konveyor eklenirse verimliligin hesaplanabilmesi
icin durma frekanslarinin esit olmasi gerekmektedir.

F=Y7_,Pi=0,0000124159

Esitlik (2)’den ortalama iiretim siiresi;

T, = 0,000833 + 0,0000041386 * 32,2508
T, = 0,0009664746

Esitlik (7)’den verimlilik;

0,000833

Epw=—""""—
*® 0,0009664746

=0,86

Ug kisma ayrilan sonsuz kapasiteli hattin iiretim hiz
Esitlik (6)’dan;

_ 086  _ :
Re = 5050833 = 1033 sise/dk olarak bulunur.

4.5. Her Bir Istasyon/ Makineler Arasina Sonsuz
Kapasiteli Tampon Stok Yerlestirilmesi Durumu

Yedi hat bulunan tiretim sistemimizde biitiin hatlarin
arasina sonsuz kapasiteli tampon stok yerlestirildigi
durum;

F=)7_,Pi=0,0000124159

F1=F2=Fs..=F7 =0,0000017737

Ortalama iiretim siiresi esitlik (2) kullanilarak;
T, = 0,000833 + 0,0000017737 * 32,2508
T, = 0,000890203 dk.

Esitlik (7)’den verimlilik;

0,000833
Ew= —————— = 0,94
0,000890203

Yedi kisma ayrilan sonsuz kapasiteli hattin liretim
hizi Esitlik (6)’'dan;

0,94

Rc =
0,000833

= 1129 sise/dk

5. Sonug

Bu calismada, meyve suyu sise dolum tesisinde
otomatik liretim hattindaki makine arizalari, meyve
suyu icecekleri lireten bir isletmenin otomatik
uretim sistemi; makineler, makinelerin arizalanma
streleri ve arizalanma frekanslar1 verilerinden
yararlanarak mevcut sistemin verimliligi
hesaplanmistir. Mevcut duruma ilave bir tampon
stok, ilave iki tampon stok ve her bir istasyonun
arasina bir tampon stok yerlestirildigi senaryolar
olusturulmustur. Bununla birlikte olusturulan
stoklardan 5000, 20000 ve sonsuz stoklu
durumlardaki verimlilik ile iretim miktarlan
hesaplanmistir (Tablo 3).
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2017 yilinda Mayis - Aralik doneminde elde edilen
verilere gore verimlilik %67,9 hesaplanmistir.
Uretim hiz1 ise 817 sise/ dk olarak hesaplanmustir.

Makine arizlarinin yogun oldugu istasyonlar tespit
edilmis ve istasyonlarda hat iki kisma ayrilarak, tim
hattin tamir/ onarim islemlerinden miimkiin
oldugunca az etkilenmesi istenmistir. Uretim sistemi
iki kisma ayrilarak, sisteme 5000 ve 20000 stok
kapasiteli PVC banth konveyor yerlestirilmistir.
Yerlestirilen 5000 stok kapasiteli tampon stok hat
verimliligi %69 ve 20000 stok kapasiteli tampon
stoklu hat verimliligi %70 olarak elde edilmistir.
Mevcut sistem ile arasinda kii¢iik bir verimlilik artisi
oldugu goriilmektedir. Sisteme sonsuz kapasiteli tek
tampon stoklu konveyor eklendiginde verimlilik
%81’e yiikselmistir. Uretim hiz1 ise %19’luk bir
artisla 973 sise/dk olarak hesaplanmistir.

Uretim sistemini makine arizalarinin yogun oldugu
istasyonlarda hat ii¢ kisma ayrilarak incelendiginde,
verimlilik %86 olarak hesaplanmistir. Uretim hiz1 ise
%26’lik bir artisla 1033 sise/dk ylikselmistir.

Yedi istasyonu bulunan iiretim sistemine her
istasyon icin sonsuz Kkapasiteli tampon stok
yerlestirilmistir. Verimlilik %94 tlretim miktar: ise
1129 sise/dk hesaplanmistir.

Tablo 3. Verimlilik - Uretim Miktari

Tampon Uretim
Durum - Verimlilik Miktari
Stok Miktar1 .
(sise/dKk)
Mevcut : I o17
Durum
5000 Tampon
Hattin iki Stok 0,69 829
Kisma 20000
Ayrilmast | Tampon Stok 0.70 il
Durumu Sonsuz
Tampon Stok 0,81 973
Hattin Uc
Kisma Sonsuz
Ayrilmast  Tampon Stok 0,86 1033
Durumu
Hattin Yedi
Kisma Sonsuz
Ayrilmasi1  Tampon Stok 0,94 1129
Durumu

Hattin verimliligini artirmak i¢in iretim hattinin
ikiye, lice ayrilarak ara stok yerlestirilmesi ve de her
bir makine icin ara stok yerlestirilmesi durumunda
verimlilik ve liretim hiz1 hesaplamalar1 Tablo 3’'de
verilmistir. Bu sonuclarda, bantli konveydr tampon
stok eklenmesi durumunda verimliligi ve iiretim
hizin1 az da olsa artirdig1 goriilmektedir. Bununla
birlikte tiretim hattinin sonsuz stok kapasiteli
¢alismasi durumunda %38 artirdig1 hesaplanmistir.

Fakat, istasyonlar arasina tampon stok eklemek
iiretim hatt1 kurma amacina uygun degildir.

Bu sonuglardan, tretim hatti i¢cin getirilebilecek en
uygun Oneri, tampon stok konveyo6riiniin eklenmesi
ile verimliligin ve {retim miktarinin artacagi
yoniinde sonuglar elde edilmistir. Buna karsin, hattin
cevresinde olusan stoklar ve stok bulundurma
maliyeti dikkate alinmasi ve olusan yonetim
karmasikligl, cesitli  sorunlara da  neden
olabileceginden g6z ardi edilmemelidir.
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Keywords Abstract

Sisal, Hot mix asphalt (HMA) is very common as a highway construction material.
Agave Sisalana, Although investment costs are lower than other pavements, HMA needs
Fiber, maintenance and rehabilitation (M&R) more often because of environmental
Indirect Tensile Strength, conditions. The time needed for M&R can be extended by using fibers in the mixture.
Tensile Strength Ratio. In this study, utility of sisal (Agave Sisalana) plants’ fibers are investigated in HMA.

Initially, optimum bitumen content according to best aggregate gradation is
determined using Superpave volumetric mix design process. Then, fiber is prepared
as short (~3 cm) and long (15 - 100 cm) pieces. Prepared fibers are added into HMA
mixtures at different ratios (1, 2 and 3%o by weight of mixture) based on optimum
bitumen content. 1%o short sisal fiber added specimen gave the best unconditioned
indirect tensile strength values, and also long fibers gave best tensile strength ratios.

SISALIN BiTUMLU SICAK KARISIM iCERiSINDE LiF OLARAK KULLANILABILiRLIGININ

ARASTIRILMASI
Anahtar Kelimeler 0z
Sisal, Bitiimlii Sicak Karisimlar (BSK) karayolu insasinda yaygin olarak kullanilmaktadir.
Agave Sisalana, Diger iistyapi tiirlerine gore yatirim maliyetinin diisiik olmasina ragmen, siklikla
Fiber, cevresel kosullardan dolay1 bakim ve rehabilitasyona (B&R) ihtiya¢ duymaktadir.
Indirekt Cekme Dayanimi, B&R i¢in ihtiya¢ duyulan siireyi uzatmak icin BSK icerisinde lif kullanilabilmektedir.
Indirekt Cekme Oran. Bu calismada, sisal (agave sisalana) agaglarinin liflerinin BSK i¢cinde kullanilabilirligi

incelenmistir. ik olarak Superpave karisim tasarimi kullanilarak en iyi agrega
gradasyonuna gore optimum baglayici icerigi belirlenmistir. Daha sonra, lifler kisa
(~3 cm) veuzun (15 - 100 cm) olmak iizere iki uzunlukta hazirlanmistir. Hazirlanan
lifler optimum baglayici igerigine bagh olarak farkli oranlarda (%01, %02 ve %03,
agirlikca) karisima eklenmistir. En iyi sartlandirilmamis indirekt ¢ekme dayanimi
%o1 kisa sisal lif eklenen karisimlarda elde edilmis, en iyi indirekt cekme orani ise
uzun liflerle elde edilmistir.
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1. Introduction

Hot mix asphalt (HMA) is common worldwide as a
construction method for roads. HMA is consist of
aggregates and bitumen which is a petroleum product.
But pavement professionals are focused on alternative
materials because of high construction costs (Yilmaz
et al. 2011). So, they are looking for some alternative
materials which decreases the bitumen rate in the
HMA while maintaining or increasing the parameters
which affects the structural performance of the HMA.

There are many studies about establishing the
necessary structural performance parameters and
increasing the performance such as modifying
bitumen (Khattak et al. 2012; DuBois et al. 2014;
Cardone et al. 2014), using different aggregates in the
mixture (Abo-Qudais S. and Al-Shweily 2007; Airey et
al. 2008; Yilmaz et al. 2011) and adding additives into
the mixture (Hassan et al. 2005; Serin et al. 2012;
Morova et al. 2016; Ondurucu and Karacan 2018; Atav
and Namirti 2011; Kacar 2018).

A big part of the world use fibers for many decades to
reinforce paving materials. A very common use of
fibers is adding them into open graded mixtures or
porous asphalt to avoid drain down of bitumen from
aggregates. However, use of fibers in dense graded
mixtures for increasing the stability or improving
cracking resistance is less common. Fibers were
reportedly used to provide; increased tensile strength
results, increased fatigue resistance, increased rutting
resistance, increased abrasion resistance, increased
durability, and potential lower life cycle costs
(Lottman 1982).

Sisal (Agave Sisalana) fibers (SF) are one of the best
fibers in natural fiber classification. Fibers are
obtained by removal of fiber bundles from dried sisal
plant leaves which are growing in tropical
environments. Cross section of a SF has hollow area
which is encompassed by thin polygonal walls. SF have
high strength and rigidity because of the high cellulose
rate (~%?78-88). In addition, SF have good elasticity by
having high moisture absorption capability because of

hollow structure of the fiber, and large amount of
hydroxyl groups in chemical bonds. SF are used to
produce technical textiles since ancient times. Usage
areas of SF can be listed as; traditional textiles (twine,
ropes, string, carpets, etc.), reinforcing composites (as
to reinforce plastics in automobiles, boats, furniture,
etc.) and also be used to add strength in construction
elements (insulation material due to the low density
and good welding specific properties). Near having
good mechanical performance of this eco-friendly
fiber, it is also cheaper than synthetic fibers which are
used for technical textiles (Cook 1984; Mukherjee and
Satyanarayana 1984; Joseph et al. 1999; Li et al. 2000;
Oladele et al. 2014). When the advantages are
considered, SF is useable material for reinforcing the
dense graded pavement.

In this study, sisal fiber (SF) has been used in HMA for
wearing course as a fiber and studied the
improvements of the mixture. Therefore, optimum
bitumen rate and aggregate gradation from
volumetric mix design have been obtained. Samples
with different SF rates are prepared according to the
optimum bitumen and aggregate rates. At the
beginning, it is thought to add 1, 3 and 5%o SF to the
HMA by weight. But samples with 5%o0 SF was
incompressible so the rates have been revised as 1, 2
and 3%o by weight. In addition, the length of the SF is
studied in this study by preparing samples with short
SF (~3 cm) and long SF (15 - 100 cm). The prepared
samples have been tested in accordance with AASHTO
T283.

2. Materials
2.1. Aggregate

Limestone (CaCO3) aggregate is used in this study.
Properties of the aggregate is given in Table 1.
Aggregate gradation curve used in this study for
preparing mixtures are selected in convenience with
aggregate gradation control points (Figure 1)
(AASHTO 2001).

Table 1. Properties of aggregates

Sieve Diameter Properties Standard Limestone Aggregate
Specific Gravity (g/cm3) ASTM C 127-88 2.660
4.75-0.075 mm Saturated Specific Gravity 2.652
Water Absorption (%) 0.130
Specific Gravity (g/cm3) ASTM C 128 88 2.750
Saturated Specific Gravi 2.428
25-4.75 mm WaterAngrpj;ion (%)ty 2.800
Abrasion Loss (%) ASTM C 131 20.38

907



KARAHANCER et al. 10.21923/jesd.553502
forbidden area e oradation curve ® VMA Min VMA Value
[ J control points max gradation 17 ‘
100 K165 [rooreeeevni
< g 16l @ .
S £ 16 [ e °
Q &0 “te.
2 ;c‘io 155 [ —————1—&———— ",
jor *ey
g o0 ¥ s
) = R*=0,9631 ‘@
< 40 3 14,5
£ £
2 20 5 14
< =]
~ g 13,5
06 ! 3
. Gk
Sieve Size as X% (mm) 125 45 c 55 6

Figure 1. Gradation of the aggregates used in the
study

2.2. Bitumen
Basic properties of bitumen are determined by
standard bitumen tests. Test results are summarized

in Table 2.

Table 2. Bitumen characteristics

Bitumen Tests Average values Standard
Penetration (25 °C) \ 50-70 ASTM D5
Flash Point 180°C ASTM D92
Combustion Point 230°C ASTM D92
Softening Point 53.1°C ASTM D36
Ductility (5 cm/min) >100 cm ASTM D113
Specific Gravity (g/cm3) 0.995 ASTM D70

Optimum bitumen content is obtained with four
different bitumen contents (4.5%, 5%, 5.5% and 6%).
HMA samples are prepared by Superpave Gyratory
Compactor (SGC). The test results are given in Figure
2-5.

e Specification Value ® AirVoid

Air Void (%)

4,5 5 55 6
Bitumen (%)

Figure 2. Change on air voids for different bitumen
rate

Bitumen (%)

Figure 3. Change on voids in mineral aggregates for
different bitumen rates
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Figure 4. Change on voids filled with asphalt for
different bitumen rates
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Figure 5. Change on specific gravity for different bitumen
rates

Seen on Figure 2, air void content of 4% is ensured by
5.125%. Besides, the bitumen content ensures
specification limits (14% min voids in mineral
aggregate (VMA) (Figure 3) and 65 - 75% interval
voids filled with asphalt (VFA) (Figure 4)). Also,
specific gravity for different bitumen rates is given in
Figure 5. Based on test results, the optimum bitumen
content is used as 5.125%.
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2.3. Sisal Fiber

Fibers, used in this study, are obtained from Sisal
(Agave Sisalana) plants leafs. The most important
parts of the characteristics of sisal fibers are given in
Table 3. Photos of sisal fibers taken by light
microscope are given in Figure 6.

Table 3. The features of sisal fiber (Mukherjee and
Satyanarayana 1984; Joseph et al. 1999; Li et al.
2000; Oladele et al. 2014; Joseph and Thomas 1996;
Mwaikambo and Ansell 2002)

Features Value
%78-88 cellulose
A et
Chemical composition of fiber (by %10 h/sgl:l%:lllltl loses
weight) %2 waxes
%1 ash
Crystallinity (%) 70.90
Density (g/cm3) 1.45
Diameter of fiber (um) 100-300
Tensile strength (MPa) 400-700
Elongation (%) 5-14
Electrical properties Anti-static
Tensile strength ratio (wet to dry) ~1:2
Fire resistance Good

Figure 6. The Morphological analysis of sisal fiber
bundles in different conditions

Photos shown in Figure 6 are taken with different
magnifications. Photos of A and B are taken with 4x
object lens, C and D with 10x object lens and for E and
F 40x object lens. A group of basic sisal fibers can be
seen from photo of A. A group of sisal fibers can be
seen taken from the compacted specimens which are
united with bitumen and fine aggregates from photo of
B. Although C and D are taken with the same
magnification, fineness difference between sisal fibers
of different thicknesses can be easily seen. At E and F,
cross sections of fibers are shown. E is the cross
section of basic sisal fiber and F is cross section of sisal
fibers taken from compacted specimens after loading.

3. Method

3.1. Indirect Tensile Strength Test

AASHTO T283 (2011) is adopted to determine the
Indirect Tensile (IDT) strength of the prepared

specimens. The ratio of the IDTC to IDTU is Tensile
Strength Ratio (TSR). Moisture susceptibility is

represented by TSR. A minimum TSR value should be
80%.

3.2. Tensile Strength Test for Sisal Fiber

Morphology and diameter of fiber bundles used in this
study are examined by Motic Light Microscopy and
image analyzer program. Diameter of the SF are
determined by measuring 100 random SF and
calculating the mean of the results. Tensile strength
testis conducted on basic sisal fiber bundles, extracted
sisal fiber bundles from the samples subjected to
Indirect Tensile Strength Test, and sisal fiber coated
with bitumen. The strength test is performed by Lloyd
LR5 K Plus (CRE/The principle of constant elongation
rate). 50 mm long SF bounded to 100 N load cell with
a 0.005 kN preload were strained at a speed of 50
mm/min. Each SF samples have been tested for five
times. Sisal could be effected by mixture preparing
conditions like high temperature, moisture etc. as
explained in introduction section. By applying this
test, the potential differences between the SF samples
are determined.

4. Results and Discussion

SF are used in this study to obtain the usability as fiber
in hot mix asphalt. Therefore, fibers in leafs of sisal
plant are extracted. Obtained fibers had different
diameters so to determine an average value, hundred
samples are randomly selected from the fiber bundle
and measured with an electronic microscope. In
Figure 7, the variation of diameters for the basic sisal
fibers are shown.
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Figure 7. Diameter variation of random selected fiber
samples

As seen on Figure 7, average diameter of the samples
is obtained as 0.2 mm. Minimum diameter
measurement was 0.07 mm and the maximum
diameter have been 0.49 mm measured. There was a
standard deviation of 0.092 between the diameter
measurements.
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In Figure 8, load versus elongation graph is shown for
the single fiber in different conditions. Five strength
analysis tests have been done for each fiber samples in
different conditions, and the average values obtained
from this test results are used for plotting Figure 8.

Fiber in the Mixture Bitumen Coated Fiber

Basic Fiber
10
9
8
7
g 6
= 5
g
= 4
3
2
1
0
0 2 4 6 8 10

Elongation at break (%)

Figure 8. Load elongation graphics of sisal fibers in
different conditions

As seen in Figure 8, results of fibers taken from
mixture, fibers coated with bitumen and basic fibers
are placed side by side. While basic fiber prolonged
9.07% with 9.08 N load at break, fibers taken from
compacted specimens, and coated with bitumen had
lower values. Minimum values are obtained from
fibers taken from compacted specimens which are
prolonged 2% with 3.3 N load. The reason that these
fibers had the lowest values is that these fibers are
damaged while trying to separate them from
compacted specimens because of occurring of well
attaching of fiber, bitumen and aggregate. Fibers
which are coated with bitumen have only an
elongation of 5.2% at 7 N load. The difference between
basic fiber and fiber coated with bitumen can be
explained with coating fiber with bitumen and
restriction of elongation.

As seen on Figure 9, by increasing the SF ratio, surface
area increases. As a result, bitumen doesn’t bond
around whole fiber surface.

SF

SF in 1%

SF in 2%o SF in 3%o
Figure 9. Reference sisal fiber and sisal fiber taken
from compacted specimens

IDT values of SF added specimens are given in Figure
10. By adding short SF in the mixture, indirect tensile
strength of the specimen decreases. Adding long SF
gives lower unconditioned IDT results than reference
specimen. However, the strength values for long SF

specimens are close to each other. This situation could
be explained with increased SF rates in the mixture
increases the surface area so bitumen is not enough to
bond with all fibers.

® Unconditioned  ® Conditioned

Ll

0%0 1%0 2%o0 3%o0 1%0 2%o0  3%o
Short Short Short Long Long Long
Fiber Fiber Fiber Fiber Fiber Fiber
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Indirect Tensile Strength (kPa)
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Figure 10. Conditioned and unconditioned IDT
strength values for each specimen

Comparison of the conditioned and unconditioned IDT
strength values are shown in Figure 11. As seen in
Figure 11, 2 and 3%o SF added specimens are nearest
to the line of equality which gradient is one. That
means that 2 and 3%o SF added specimens almostisn’t
affected by the moisture. Although 1%o0 added
specimen is not close as 2 and 3%o SF added
specimens, specimens compacted with long sisal
fibers are closer to the line of equality than the other
specimens.
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Figure 11. Comparison of the conditioned and
unconditioned specimens’ strength values

Tensile strength ratios (TSR) are shown in Figure 12.
As seen in Figure 12, all specimens have greater TSR
value than 80% which is minimum specification limit
value. TSR results of short SF added specimens have a
downward trend line, and 3%o short SF added
specimen is on the specification limit. However, long
SF added specimens had a greater TSR value than
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reference specimen. So, none of the prepared
specimen is moisture susceptible.
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Figure 12. TSR values
5. Conclusion

The purpose of this study was to determine the
usability of sisal fibers (SF) as a fiber material in dense
graded hot mix asphalt (HMA) pavement. Optimum
bitumen content for best suitable gradation is
determined as 5.125% by weight of aggregate.

In this study, SF have been added into the HMA in six
different conditions (1, 2 and 3%o for both, short and
long SF). IDT strengths of 1%o short fiber added
specimen is greater than reference specimen.
Specimens compacted with long SF have lower IDTU
strength values. However, IDTC strength values of
specimens compacted with long SF are greater than
reference specimens.

All specimens’ TSR values are above 80%, minimum
specification limit. Therefore, none of the specimens
are moisture susceptible. By increase of short SF, the
TSR values are decreasing. However, adding 1%o long
SF increases the TSR value approx. 5%. There is no
difference between 2 and 3%o long SF added
specimens, and they are closest to one. So, they have
most resistance against moisture.

After investigation of sisal fibers’ morphologies in
different conditions, single fiber of sisal which is
coated by bitumen did not change but the outside of
fiber degenerated because of high temperature of
bitumen by mixing process. Obtained from both,
during the mixing process observed and also as seen
in morphological analysis, bitumen and aggregate
attached very well because of the rough surface of
bundles.

Conflict of Interest

No conflict of interest was declared by the authors.

References

AASHTO MP2, 2001. Standard specification for
Superpave volumetric mix design, American
Association of State Transportation and Highway
Officials, Washington, D.C.

Abo-Qudais S., Al-Shweily H., 2007. Effect of aggregate
properties on asphalt mixtures stripping and creep
behavior, Construction and Building Materials,
21(9), 1886-1898.

Airey G. D., Collop A. C,, Zoorob S. E,, Elliott R. C., 2008.
The influence of aggregate, filler and bitumen on
asphalt mixture moisture damage, Construction
and Building Materials, 22(9), 2015-2024.

Atav R.,, Namirt1 0. 2011. ipek Liflerinin Dunu ve
Bugiinii, Mithendislik Bilimleri ve Tasarim Dergisi,
Cilt:1, Say1:3,s.112-119.

Cardone F., Ferotti G., Frigio F.,, Canestrari F., 2014.
Influence of polymer modification on asphalt
binder dynamic and steady flow viscosities,
Construction and Building Materials, 71, 435-443.

Cook J. G., 1984. Handbook of Textile Fibers: Natural
Fibers, Merrow.

DuBois E. Mehta Y., Nolan A., 2014. Correlation
between multiple stress creep recovery (MSCR)
results and polymer modification of binder,
Construction and Building Materials, 65, 184-190

Hassan H. F., Oraimi S. A, Taha A., 2005. Evaluation of
open-graded friction course mixtures containing
cellulose fibers and styrene butadiene rubber
polymer, Journal of Materials in Civil Engineering,
17(4), 416-422.

Joseph K, Filho R. D. T., James B., Thomas S, Carvalho L.
H., 1999. A Review on Sisal Fiber Reinforced
Polymercomposites, Revista Brasileira de
Engenharia Agricola e Ambiental, 3(3), 367-379.

Joseph K, Thomas S, 1996. Effect of Chemical
Treatment on the Tensile Properties of Short Sisal
Fiber-Reinforced  Polyethylene = Composites,
Polymer, 37 (23), 5139-5149.

Kacar A., 2018. Atik Kagit Katkili Cimento Harglarinin
Mekanik Ozellikleri, Miihendislik Bilimleri ve
Tasarim Dergisi, 6 (1), 1-6.

Khattak M. ], Khattab A., Rizvi H. R,, Zhang P., 2012.
The impact of carbon nano-fiber modification on
asphalt binder rheology, Construction and Building
Materials, 30, 257-264

Li Y, Mai Y. W, Ye L, 2000. Sisal Fiber and Its
Composites: a Review of Recent Developments,

911



KARAHANCER et al.

10.21923/jesd.553502

Composites Science and Technology, 60, 2037-
2055.

Lottman, 1982. R.P. NCHRP Report 246: Predicting
Moisture-Induced Damage to Asphaltic Concrete—
Field Evaluation. In Transportation Research
Board, National Research Council. Washington,
D.C.

Morova N., Serin S., Terzi S., Saltan M. Ozdemir
Kucukcapraz D., Sargin Karahancer S., Eriskin E.,
2016. Utility of polyparaphenylene terephtalamide
fiber in hot mix asphalt as a fiber, Construction and
Building Materials, 107, 87-94

Mukherjee P. S., Satyanarayana K. G., 1984. Structure
and Properties of Some Vegetable Fibers Part 1
Sisal Fiber, Journal of Materials Science, 19, 3925-
3934.

Mwaikambo L. Y., Ansell M. P, 2002. Chemical
Modification of Hemp, Sisal, Jute, and Kapok Fibers
by Alkalization, Journal of Applied Polymer
Science, 84(12), 2222-2234.

Oladele 1. O., Daramola O. O., Fasooto S., 2014. Effect of
Chemical Treatment on the Mechanical Properties
of Sisal Fiber Reinforced Polyester Composites,
Leonardo Electronic Journal of Practices and
Technologies, 24, 1-12.

Ondurucu A., Karacan A., 2018. Tabakali Cam
Elyaf/Epoksi Kompozitlerin Darbe Davranisinin
Deneysel  Olarak incelenmesi, Miihendislik
Bilimleri ve Tasarim Dergisi 6 (3), 435 - 447.

Serin S., Morova N. Saltan M. Terzi S., 2012.
Investigation of usability of steel fibers in asphalt
concrete mixtures, Construction and Building
Materials, 36, 238-244.

Yilmaz M., Kok B. V., Kuloglu N., 2011. Effects of using
asphaltite as filler on mechanical properties of hot
mix asphalt, Construction and Building Materials,
25,4279-4286.

912



Miihendislik Bilimleri ve Tasarim Dergisi Er=E Journal of Engineering Sciences and Design

7(4),913 - 925, 2019
e-ISSN: 1308-6693

Arastirma Makalesi

DOI: 10.21923/jesd.482180

Research Article

ASSISTIVE TECHNOLOGIES FOR INDIVIDUALS WITH VISUAL IMPAIRMENT:
CONTRIBUTION OF DESIGN IN THE FIELD OF CLOTHING

Basak SULLER ZOR", Arzu VURUSKAN

[zmir University of Economics, Fine Arts and Design Faculty, Dept. of Fashion and Textile Design, {zmir, Turkey

Keywords

Abstract

Assistive Technology,
Visual Impairment,
Design,

Clothing,

Wearable Technology.

According to data of World Health Organization, it was estimated that 253 million
were visually impaired worldwide in 2017 (WHO, 2017). For those with moderate
to total blindness and visual impairment, daily activities such as mobility,
communication, education, clothing and shopping cannot be carried out
independently. Assistive technologies (AT) offer solutions to contribute to the
quality oflife of those with visual impairments. Considering the daily obstacles faced
by such individuals, as a prior step for design development of alternative ATs, this
paper includes an overview of ATs. Since this overview addresses a lack of
applications in clothing related AT, the following survey aims to acquire feedback
from people with visual impairment, focusing on clothing related issues, with the
aim of making improvements in design.

GORME ENGELLI BIREYLER ICIN YARDIMCI TEKNOLOJILER: GIYIM ALANINDA

TASARIMIN KATKISI

Anahtar Kelimeler

0z

Yardimci Teknolojiler,
Gorme Engeli,
Tasarim,

Giyim,

Giyilebilir Teknoloji.

Diinya Saghk Orgiitii verilerine gére, 2017 yilinda 253 milyon insanin gérme engeli
oldugu ongoriilmektedir (WHO, 2017). Orta dereceden toplam korliige ve gérme
engeline sahip olanlar icin, hareketlilik, iletisim, egitim, giyim ve alisveris gibi
giinliik faaliyetler, bagimsiz olarak gergeklestirilemeyecek kadar zor olabilmektedir.
Yardimc1 teknolojiler gorme engeli olan kisilerin yasam kalitesine katkida
bulunacak ¢déziimler sunmaktadir. Alternatif yardimci teknolojilerin tasarimi ve
gelistirilmesi i¢in bir 6n adim olarak ele alindiginda, bu ¢alisma, goérme engelli
bireylerin karsilastigi giinliilk engelleri gz o©niinde bulundurarak, yardimci
teknolojilerin genel bir incelemesini icermektedir. Bu genel incelemede, giyim alani
ile ilgili yardimc1 teknolojilerin eksikligi dikkat ¢ekmistir. Bu sebeple ¢alismanin
devaminda yapilan anket calismasi da gorme engelli bireylerden, tasarimin katkisi
ile gelisme saglanabilecek ve giyim alanina odaklanan geri bildirimler almayi
amaglamaktadir.
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1. Introduction

were 253 million visually impaired people worldwide
in 2017 (WHO, 2017). 36 million of them were

Assistive technology (AT) is a current field, which can
contribute to quality of life of people with visual
impairment via innovative projects. According to
estimates from World Health Organization data, there

reported as blind, and 217 million, as moderate to
severely visually impaired. In addition, 81% were
aged 50 years and above. There are four levels of
visual function, according to the International

* ilgili yazar / Corresponding author: basak.suller@ieu.edu.tr, +90-232-488-5418
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Classification of Diseases -10 (ICD - 10, Update and
Revision 2006): (1) normal vision, (2) moderate visual
impairment, (3) severe vision impairment, and (4)
blindness. “Visual impairment” refers to all cases of
moderate or severe vision impairment (i.e. low vision)
and blindness (WHO, 2017). According to the WHO
2017 report, the major causes of visual impairment
globally are uncorrected refractive errors (myopia,
hyperopia or astigmatism) with 53 %, and un-
operated cataract, with 25% (WHO, 2017).

Over the past 20 years, the social model of disability,
in which disability is seen more as a social
construction than a medical reality has come to the
fore. An individual may have physical disability in a
way that requires adaptation in daily life, but most
obstacles stem from the attitude of the society and
physical/environmental barriers (Kaduwanema,
2016). For these people, mobility, communication,
education and other daily activities, such as clothing
related issues or shopping can be very compelling. At
this point, the medical model and the social model
both agree that physical environment and
opportunities should be made as accessible as
possible for individuals with special requirements
(Kaduwanema, 2016). Bringing such people to the

collective communication environment, and
facilitating their social, educational and the other
daily life activities are significant social
responsibilities.

This issue particularly interests designers, engineers
and urban planners, due to their role in developing a
proper design and planning approach to provide
wider accessibility considering the needs of all.
Related to this, there exist mobile applications,
projects and some prototypes. Based upon the daily
obstacles faced by people with visual impairment, this
research aims to introduce a review of existing
examples of uses of AT in daily life based on
classification of usage area. The review focuses on
major purposes, strengths and weaknesses of current
examples, as design research, which leads to an
analysis of the potential contribution of design in this
context. Both research projects and commercial
products are covered in this review.

For the subsequent phase of our design research, a
short survey was conducted. The survey aimed to
acquire feedback about the general AT usage, and
consequently, develop design recommendations in
this direction. In our research on existing AT
applications, we have observed that current examples,
either as research projects or commercial
applications, are more related to navigation and object
identification functions, while AT research on clothing
field is much more limited. Therefore, a section of the
survey was allocated specifically for clothing related
issues in order to identify the relationship between
individuals with visual impairment and the concept of
design and clothing. After building a framework with

participant perspectives on the use of AT, design
recommendations were generated.

2. Review of Assistive Technologies

Constant technological improvement in terms of
devices, applications or production systems has
changed the nature of interaction amongst people and
with environment. These improvements have had
positive outcomes for ATs, especially for people with
sensory, cognitive, and physical impairments. AT gives
those people independence in their daily activities
and enhances their overall quality oflife. By definition:
“Assistive technology (often abbreviated as AT) is any
item, piece of equipment, software or product system
that is used to increase, maintain, or improve the
functional capabilities of individuals with disabilities”
(ATIA, 2015).

Table 1. AT Classification According to the Usage
Area (WT refers to “wearable technology; App refers
to “applications”)

ATs for ATs for ATs for DAILY
MOBILITY COMMUNICATION ACTIVITIES
1-Wearable
Obstacle 1-Braille Glove 1-BlindShopping
Detection (WT) (App)
System (WT)
2-NAVIG 2-Finger Reader

Project (WT) (WT) 2-Trinetra (WT)

3-Microsoft 3D

Soundscape 3-Shop Talk
Technolo‘g’y 3-TalkBack (App) | (i) p
(App)
4-Assistive
4-BuzzClip 4-BrailleBack Clothing Pattern
(WT) (App) Recognition
System (WT)
5-BlindSquare . 5-LCW Sense
(App) 5-VoiceOver (App) (App)
6-Lazarillo 6-KNFB 6-Give Vision
(App) Reader5(App) (App)
7-Lazzus (App) Z (? E\(/:\?'II‘I; MyEye
8-Tap Tap See
(App)

The review of assistive technologies was classified in
terms of their usage area in this study, as mobility (e.g.
mobility AT/ the batcane, navigation AT/ context
aware computing, orientation AT/ blind person’s
navigator etc.), communication and access to
information (e.g. screen readers, self-voicing
applications and speech, text, Braille conversation
technology etc.), and for daily living activities such as
interaction with objects, clothing, shopping etc. In
addition, in the main classification of AT examples, a
sub-category was added for the initial discussion of
research projects, and consequently the inclusion of
commercial examples/ applications. Table 1
illustrates the three categories of AT use with the
name of examples. Blue indicates research projects,
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while orange refers to commercial examples/
applications. In addition to guiding the overview in
this research paper, this table visually gives a clue
about the allocation of wearable technologies and
applications, and research projects and commercial
examples in this field.

2.1. Assistive Technology for Mobility

The oldest and the best known example of AT is white
cane that people with visually impairment still
commonly use. However, since this tool can only
detect nearby objects, and is intended to detect
obstacles in the ground, it gives user limited time to
change direction and may not be able to detect objects
above ground level. Thus, in this part, we review
research projects, technological applications and
devices designed to enhance the white cane’s function.

2.1.1. Wearable Obstacle Detection System

As an example of one the first research projects in this
field, Bahadir (2011), developed a wearable obstacle
detection system that warns users about obstacles and
hazards, and enables them to navigate safely in indoor
environment (Figure 1). The system comprises a
wearable garment with sensors, actuators, power
supplies and a data processing unit. The challenge in
this system is to integrate technical elements in a
wearable garment without affecting features such as
garment flexibility and weight. The system, firstly,
senses the surrounding environment and detects
obstacles via sensors, and consequently, it guides the
user by actuators through a feedback process
interpreted in signal processing unit (Bahadir et al,,
2011).

Figure 1. Wereable Obstacle Detection System
(https://ori-nuxeo.univ-
lille1.fr/nuxeo/site/esupversions/dff23fc1-6f53-
4980-9a9a-2fed2e27f8e9)

2.1.2. NAVIG Project

The second research project example on navigation is
the NAVIG system (2012), which has been designed
and prototyped in order to provide visual information
from the environment surrounding people with visual
impairment. The system includes head-mounted
stereoscopic cameras (Figure 2), SpikeNet Vision
object localization algorithm, that identifies the
images and even the objects sharing similar shape, and
processes them in real-time based on pattern
matching. The detection signals are transmitted to the
user via 3D audio rendering engine (Kammoun et al.,
2012).

Figure 2. NAVIG Project
(https://www.sciencedirect.com/science/article/pii/
$1959031812000103#fig0020 )

2.1.3. Microsoft 3D Soundscape Technology

In addition to research projects, software and
technology companies are developing a variety of ATs
for people with visual impairment. For instance,
Microsoft has developed 3D Soundscape Technology
from a research project, which at the first stage,
consists of a bone-conduction headset with a
smartphone and indoor/ outdoor wireless beacons
(Microsoft 2015). The system later evolved into the
commercial application which runs on iPhone 5S or
later versions or with most wired or Bluetooth stereo
headsets. It allows real-time environment tracking
with the smartphone’s GPS and accelerometer
sensors. By creating a 3D sound mabp, the device listens
to the surroundings through sensors, and can
determine the direction of the user. The headset,
which transmits to the bone next to the ear, can also
give information about the places and shops or any
points of interest around and additional journey
details (Microsoft, 2019).

2.1.4. BuzzClip

BuzzClip is a commercial wearable device by iMerciv,
attachable to clothes (Figure 3), which is able to
detect nearby obstacles. The working principle of the
system is based on sending and receiving sound
waves, and then transmitting them to user as intuitive
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vibrations (Mali, 2015). It has three selectable modes,
1, 2 and 3 meters, and the company suggests selecting
1 meter mode for indoor usage, and 2 or 3 meter
modes for outdoors. It works by sending warning
vibrations about obstacles in its conical shaped
detection area (Figure 3) (Imerciv, 2019). Creators of
BuzzClip report that one of the main advantages of the
system is that lighting condition or transparency of the
object affects neither detection nor  distance
measurement (Mali, 2015).

Figure 3. BuzzClip (https://www.imerciv.com/user-
guide/index.shtml)

2.1.5. BlindSquare

BlindSquare is a GPS-based application which allows
people with visual impairment to travel
independently by describing the environment,
highlighting points of interest, street intersections
and venues through a dedicated speech synthesizer.
The app enables users to access the most important
functions through an audio menu via any headset or
speaker which supports Apple’s music controller.
Thus, there is no need for the users to touch the phone
screen. The app searches a 200 meter radius, and uses
i0S-device’s GPS capabilities to inform users about
their surroundings on Foursquare and Open Street
Map. The app is available in many languages
(BlindSquare, 2019).

2.1.6. Lazarillo

Lazarillo is another commercial guidance application,
which use voice messages to inform users about the
current location and nearby services regarding bus
stations, cafes, banks, restaurants, street intersections,

etc. It can give directions on how to reach your
destination by different types of transportation. The
application requires a mobile phone with an Android
4.3 operating system or i0S 9.0 (or newer versions),
mobile internet and the activated GPS of the
Smartphone. Because the application uses the main
international databases for its maps, it can be used
worldwide. The application is also able to work with
the screen readers such as "Talkback" or "VoiceOver"
(Lazarillo, 2019).

2.1.7. Lazzus

Another commercial navigation application is Lazzus
which gives information on items near the users such
as pedestrian crossings, street intersections, stairs and
stores, at any given time, by creating an auditory field
of vision within 100 meter radius. To provide greater
accuracy, it uses two complementary data sources:
Google Places and Open Street Map. The app has three
modes serving to different types of demands. The first,
“Beam Mode”, informs the users of items in the current
direction. The second, “360° Mode”, highlights
everything in users’ immediate surroundings in every
direction. The third, “Transport Mode”, is
automatically activated when the users travel by bus
or car, and informs them about the streets through
which they pass (Lazzus, 2019).

Mobile phone navigation applications, such as
BlindSquare, Lazarillo and Lazzus are popular and
practical tools for navigation and it is expected that the
number of similar apps will rapidly increase. Even
though their purpose is more advanced than the use of
white cane, these apps still can be evaluated under the
category of navigation.

2.2. Assistive Technology for Communication

Communication is a complex process that uses
different forms as speech, vocalizations, gestures, and
facial expressions, to exchange information with a
communication partner about one’s wants/need,
experiences, ideas, thoughts and feelings.
Communication can also be in the form of reading or
sending text messages as online communication. For
people  with visual impairment, written
communication ways, such as reading mobile phone
or computer screen can be challenging, even
impossible in some cases. At this point, assistive
applications and devices have huge potential for
people with vision loss. In the following section,
descriptions of some examples of those research
projects and commercial applications that make this
process easier, and support communication of people
with visual impairment (Table 1).
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2.2.1. Braille Glove

Braille Glove (2014) is an example of a research
project prototype helping to convert the Braille
alphabet into text, and vice-versa. The touch sensors,
made of copper and arranged like six Braille cells on
the palm of the glove, wirelessly transmit texts to the
receiving PC/mobile phone (Figure 4). When touching
the sensors, the capacitance of the circuit changes,
triggering the microcontroller and recording the
touch. Tactile feedback patterns provided by small
vibrating motors on the back of the glove enable the
user to receive regular incoming text messages
(English) in Braille. Then, the received data is
compared with the entries in a look-up table
(Coudhary etal., 2015).

This prototype is an example of wearable technologies
with the use of a glove; however, the focus is
overwhelmingly on the function, and therefore,
aesthetic features and practicality are not the
strongest characteristics of this specific product.

Figure 4. Braille Glove 2014
(https://www.youtube.com/watch?v=0ONnZ_HP-
dzM)

2.2.2. Finger Reader

Finger Reader is another research project prototype,
under development at the MIT Media Lab. It is worn
on the index finger and used for assisting in reading
printed text, as well as an aid for language translation.
The device consists of vibration motors embedded in
the ring for tactile feedback, a dual-material case, and
a high-resolution mini video camera (Figure 5).
Wearers scan a text line with their finger and receive
audio feedback of the words and a haptic feed. In
addition, Finger Reader’s software stack includes a
sequential text-reading algorithm, hardware control
driver, integration layer with Tesseract OCR and Flite
Text-to-Speech feed (Shilkrot, 2015).

Figure 5. Finger Reader
(http://alumni.media.mit.edu/~roys/)

2.2.3. TalkBack

Besides research project prototypes, some services
and applications providing easier communication are
already on the market. TalkBack is one of those
communication applications, developed by Google,
installed into Android devices. The application
enables users to interact with their devices, informing
users about what they touch on the screen. Besides,
through a screen reader service, users can access texts
including menu names, time and notifications. It can
read incoming messages aloud, and send voice and
send text messages. In addition, via settings, users can
adjust speech volume, start/ stop screen reading by
shaking the device, or use a specific voice pitch as a
signal to start typing.. (Hildenbrand, 2015).

2.2.4. BrailleBack

BrailleBack is another accessibility service specially
developed for the visually impaired, allowing the use
of computers and other mobile devices with the Braille
alphabet. The application works with the TalkBack
screen reader to provide a unified conversation and
braille experience, and allows user to pair devices via
Bluetooth, and display the text on the screen in Braille
alphabet. The users can navigate or interact with their
devices using the keys on the display. It also allows
text entry using the device’s Braille keyboard (Google
BrailleBack, 2015).

2.2.5. VoiceOver

VoiceOver is an application for Apple products, while
TalkBack and BrailleBack applications are suitable for
Android devices. It uses gestures to signal the user’s
iPhone to speak what is written on the screen,
including the description of all screen items, such as
battery level, status, cell network, time, date etc.
VoiceOver also provides contextual information, such
as the adjoining objects or the location of objects on
the screen (VoiceOver, 2017).

2.2.6. KNFB Reader

KNFB Reader is another application, which, in real-
time, converts the picture of printed text into high-
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quality audio output. Different from the other mobile
readers, the KNFB Reader has built-in image
processing technology that allows the users to take
photos for accurate results of the things that they want
to read or listen to. The system bases on image
processing technology (or optical character
recognition technology), which identifies the words in
the image and allows them to access Braille. KNFB
Reader can also provide access to single or multi-page
documents, recognize and read printed materials in
various languages, and link to Dropbox or OneDrive
(KNFB Reader, 2017).

2.3. Assistive Technology for Daily Activities

All assistive technologies, from the most simple to
most sophisticated and specialized high technology
devices and applications, provide accessibility in daily
life. This part focuses on the technologies required for
daily living activities in or outside the home
environment. AT examples are explained in terms of
these activities, with research projects mentioned
first, and the commercial examples, subsequently
(Table 1).

The grocery shopping, shopping for clothes, and
interacting with objects are some of the main
challenges for people with visual impairment in daily
life. Sighted shoppers can easily find their way around
the store, find the products and find out related
information, such as the ingredients/ composition and
price, and then purchase the items. However, for
people with visual impairment, it is very difficult to
carry out these processes independently. For this
purpose, projects and applications have been
developed that will enable independent shopping,
recognition of objects and identification of colors,
some of which are investigated as following:

2.3.1. BlindShopping

BlindShopping is a smartphone application using
entirely off-the-shelf technology, developed as a
research project to assist shopping. The application
processes the RFID data received via Bluetooth,
products are recognized by pointing a QR code reader,
and results are transmitted as the verbal navigation
commands. The working principle of the system is
mainly based on classification of products and
environmental elements in the supermarket
organization. Thus, with minimal environmental
adjustments to navigate the store, search and select
products, all products are grouped into different
product categories, subdivided into product types,
and again into concrete brand products. The
supermarket is divided into cells of shelves and
passageway cells. Thus, BlindShopping provides
product category navigation, product search, product
identification, and product selection (Lopez-de-Ipifia,
2011).

2.3.2. Trinetra

Trinetra system as another research project was
developed at Carnegie Mellon University (2006), and
consists of a Nokia mobile phone, a Bluetooth headset,
a Baracoda IDBlue Pen, a Baracoda Pencil, and a
Windows-based server. While the system is similar to
BlindShopping, Trinetra differs in that it has a headset
as a wearable technology item. The system enables
people with visual impairments to shop
independently. It uses both barcodes and RFID tags;
for scanning barcodes, The Baracoda Pencil is used,
and for RFID tags, the Baracoda IDBlue Pen. The user
scans the product’s barcode with a Baracoda Pencil,
providing description of the product. Following this,
the data are transferred wirelessly to the mobile
phone via Bluetooth. The system on the phone first
checks its mobile application’s memory for previous
scans of the barcode. If the barcode is already in the
memory, the information is returned to the phone, if
not, a request is sent to the remote server. The server
communicates with a generic UPC database to get the
necessary information (Lanigan et al., 2006).

2.3.3. Shop Talk

Shop Talk developed by researchers at Utah State
University (2009), is a wearable system for people
with visual impairments to independently shop in the
supermarket environment, which is comprised of a
portable computational unit, a numeric keypad, a
wireless barcode scanner, base station, headphones, a
USB hub, and a backpack to carry them (Figure 6)
(Nicholson et al, 2009). The system assists those
shoppers in supermarket navigation, product search,
and selection.

Shop Talk represents the supermarket environment
using data structures as a topological map of
movement area, the supermarket inventory
management system, and Barcode Connectivity Matrix
(BCM). While topological map providing to achieve to
the directional labels of "left", "right" and "forward"
according to the supermarket floor plan, the
supermarket inventory management system creates
verbal descriptions of product information. Besides
these data structures, the Barcode Connectivity Matrix
(BCM) and Universal Product Code (UPC) barcode
serve to provide information regarding aisle, aisle
side, section, shelf, position, and product description
(Jethani, 2012).
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Figure 6. Shop Talk
(https://benthamopen.com/contents/pdf/TOREH]/T
OREH]-2-11.pdf)

2.3.4. Assistive Clothing Pattern Recognition
System

Assistive Clothing Pattern Recognition System is a
research project output composed of a camera,
microphone, computer, and Bluetooth earpiece. This
camera-based prototype system can recognize
clothing patterns in four categories (plaid, striped, out
of patternless, and irregular) and identify 11 colors
(Figure 7).

In order to capture clothing images, camera mounted
upon a sunglass is used, and to recognize patterns
researchers proposed Radon Signature descriptor,
which creates 2 or 3 dimensional images by projecting
an object from every angle. The system can be
controlled by speech input through microphone, and
audio description of clothing patterns and colors
arrive via Bluetooth earpiece (Yang et al., 2014).

Figure 7. Assistive Clothing Pattern Recognition
System
(https://ieeexplore.ieee.org/stamp/stamp.jsp?arnum
ber=6739993)

2.3.5. LCW Sense

LCW Sense is one of the commercial examples, as an
application for specifically designed for people with
visual impairment by LCW clothing company’s RD
department, and can be free-downloaded from
Appstore or Google PlayStore to mobile phones. The
application promises users the freedom to shop alone
and provides product information such as color,
pattern, fabric type, washing instructions, price, and
information about the care label. It distinguishes
clothes by scanning the product barcode. If the user
likes the product, it can add it to ‘my favorites list, and
if purchased, to “my wardrobe” list (LCW, 2017). The
application was tested by the authors and, and
worked partially; product was indentified from the
barcode, but after the this step the exact product
information was not found. LCW is a clothing popular
brand in Turkey, targeting a wide range of customers.
This application, therefore, carries an importance
indicating that mobile phone apps are becoming more
widespread for a variety of purposes, including social
responsibility projects.

2.3.6. Give Vision

The Give Vision is a commercial application with a
blind-friendly user interface, which was designed by
two developers with visually impairment to provide
feedback on the environment around the user, via
hands-free control of a smartphone. The application
aims to assist users during traveling, shopping,
reading text, and recognizing places and objects by
using image recognition features and algorithms
(Munche, 2015).

It can also be integrated with other smartphone
applications for messaging and calls. The other
innovative solution of the Give Vision Company is
SightPlus hands-free and portable wearable headset
(Figure 8), that enables users to magnify nearby or
farther objects, and change the contrast or apply
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custom filters. Although the device has a wide area of
usage, it is only suitable for stationary activities such
as reading, watching TV, recognizing people’s faces,
sports events, playing music etc., and not for mobility
or driving (SightPlus, 2018).

Figure 8. Give Vision, SightPlus Headset
(https://www.givevision.net/)

2.3.7. OrCam MyEye 2.0

OrCam MyEye 2.0 is a commercial device consists of
smart camera and earpiece attached to the user’s
eyeglass frame (Figure 9). Working principle of device
is through capturing the text or any visual information,
and then reading or identifying as directed by the user
(OrCam, 2017).

> ORCAMm My &ve

Figure 9. OrCam MyEye
(https://www.orcam.com/en/myeye2/)

The device provides real-time identification of
previously stored faces in its memory (up to 100
faces), and announces the information in the user’s
own voice. In addition, OrCam enables the user to shop
independently as the device has a database of product
barcodes and stores, and it also has color detection
features that allows the user to identify product colors
(OrCam, 2017).

2.3.8. The TapTapSee

The TapTapSee is a mobile camera application
designed specifically to allow i0S users with visual
impairment to take a picture of any object by double-
taping the screen and to get a description of it in real-
time. The application uses VoiceOver to audibly
identify the visual information about object. In
addition, the application can repeat the previous
image’s identification, upload images from the camera
roll, and share identification via social media, text or e-
mail (The TapTapSee, 2017).

3. Survey Results

After reviewing the AT literature in general terms, it
was observed that the examples are more related with
navigation and text/object identification functions.
Even though there are some wearable technology
items in the market, the overview reveals that most
commercial approaches include mobile phone
applications for mobility and communication, while
there is limited research and examples of AT in the
clothing field. The review addresses a lack of
applications, specially in clothing related fields, which
defined the focus of our subsequent survey. The
survey was designed in order to acquire feedback
from people with visual impairment, focusing on
clothing related issues, which would lead to design
improvements.

The survey consisted of 10 questions including 3
closed-ended and 7 open-ended questions. Comments
from 9 participants (5 with total blindness, 1 very low
sight, and 3 low) were evaluated and discussed in this
section. Even though questionnaire reached many
people (i.e. via e-mail to various related associations
via surveymonkey.com), and no personal identifiers
were sought, few were willing to participate,
therefore, evaluations were based on this limited
number. The survey consists of 10 questions as
follows;

Q1 Which of the following is your age range?
(a-15-24; b- 25-34; c- 35-44; d- 45 and above)

Q2 What is your educational level and occupational
status?

Q3 Which of the following is your visual impairment
level? (a-Low; b-Very Low; c-Nearly Blind; d-Blind)
Q4 Are design and aesthetic values in clothing
important to you? (a-Yes; b-No and comments)
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Q5 What are the factors that are important to you in
the selection of clothes?

Q6 In your daily life, what obstacles do you face in
terms of clothing? (During shopping, during use, etc.)
Q7 Are there any methods you resort to in order to
overcome these obstacles? If so, what are these
methods?

Q8 Do you have information about the assistive
technologies that are designed or produced for
individuals with visual impairment or blindness? Do
you follow these innovations?

Q9 Are there any assistive technologies (software,
application, device, etc.) that you are currently using?
If so, what are these?

Q10 Would you like to use an assistive technology
product in the clothing field? If you answered yes,
what kind of assistive technology would you need, and
for what purpose?

The survey results indicated that all participants were
able to independently manage their lives, carry out
their professions and participate in social activities.
However, they highlighted the main obstacles in daily
life were caused by the social perception of “having a
disability”. Most problems they face are not due to the
lack of sight, but social misperceptions and inadequate
physical conditions, inaccessibility to open and close
spaces, and the inadequate implementation of suitable
designs. One participant claimed that even though
creating spaces for disabilities is shown as a positive
discrimination, it might lead to discrimination in other
areas of life. Thus, he suggested that it would be more
appropriate to create inclusive common spaces for all
of society. Even though this is not within the scope of
this research, this has been noted as one major
complaint from the participants, where design can
contribute to resolve such issues/problems. Similar
complaints were outlined by other participants, such
as the need to share public spaces equally, however,
these were outside the scope of this project, therefore,
were not included here in detail.

The first three questions of the survey consisted of
information about the demographics and visual
impairment level of the participants. According to the
result of the first question, one participantis between
the age of 15 and 24; two of them 25-34; four of them
35-44 and two of them are in the “45 and above” age
category. The question regarding educational level
and occupational status was answered by eight of nine
participants, revealing that one graduated from
primary school, seven are either studying at
university (2) or have graduated with a bachelor
degree (5). The occupations range from housewive to
executive (one housewife, one teacher, one executive,
one freelancer, 2 civil servants, one lawyer, and one
consultant). According to the total data of visual
impairment level from all participants , the results
include 3 low sighted, 1 very low sighted and 5 totally
blind individuals.

Following questions aimed to evaluate participants’
relationship with design and clothing, and to gain
insight about the obstacles in this field as well as
receving their comments on ATs. All survey
participants agreed that the design and aesthetic
values inclothing are important. Participants
frequently stated that being visually impaired does not
prevent them from taking part in social life, and that
their priority in social settings is “appearance”. For
this reason, one of them also noted that even if
individuals with a visual impairment cannot see
themselves, clothing must be appropriate for places
and occasions for a good first impression and ensuring
proper communication. When participants were
asked about selecting clothing, they mentioned a
variety of factors. In addition to garment related
factors, such as quality, fiber content, price, fit,
comfort and colour, another factor mentioned by
participants was a supportive shopping assistant.

In addition, one participant commented that for her
selection important factors were, first, the color
harmony, and followed by fabric texture, ornaments
or decorations, which she sensed with her hands. She
added that, as a personal opinion, for those who do not
see, a visual image on the fabric alone does not mean
anything without a pattern to detect and sense with
hand. Besides, another participant remarked that,
because she/he has a remembrance of colour, and a
sensitive touch, matching colours and matching
materials by touching are two important factors in
garment selection.

When considering obstacles faced by the participants
in terms of clothing (during shopping, home use, etc.),
one participant noted that for people with visual
impairment, “clothing” is not just clothing one’s body,
but is a rather long process starting with going to a
store, choosing a product, combining, purchasing, and
even continuing with caring/ washing the product
according to the instructions given. Relatedly, one
participant mentioned struggling with the washing
process. The other answers are commonly about the
problems in selection of colors, reaching the garment’s
fabric, design and price information. The same
participant also argued that people whose blindness is
not congenital can ask their family members, friends
or sales person about the clothing/ product
information, and can interpret this advice according to
their own visual memories; however, people with
congenital blindness have to rely on others’ tastes and
suggestions. On the other hand, one participant
commented it was not always possible to trust sales
people, because sales-oriented person can mislead, or
their design taste can be very different, adding “I don't
know if a garment looks good on me. In daily life it is
very difficult for me to adjust the color matching of my
clothes by myself without anyone seeing.” Another
participant had a similar problem, in that when
she/he goes shopping with a relative or friend, the
most difficult and distressing occurance is when they
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showed her/him the style that they themselves
prefered. Thus she/he experiences the most trouble in
finding a garment in her/his own style, or what she/he
likes. The other person will often give various reasons
for not liking it. The participant continued that just as
sighted people can decide their own clothing by
themselves according to their own style, people with
visual impairments but who have not congenital vision
loss should also be able to select their own style, or a
service should be provided by a Professional (e.g.
professional stylist, fashion designer etc.) in general.

Following on from the 6th question, in the 7th,
participants were asked if they have any methods to
overcome obstacles. Regarding this, one participant
referred to LCW Sense application (given in Section
2.3.5), even though he had never tried it himself. On
one hand, participants noted that some just ask for the
salesperson’s opinion or ask friends/relatives for the
help, especially for color combinations, while one
participant tried to read garment information on the
smartphone zoom application. In addition, one
participant prefers to go shopping with relatives
familiar with her/his taste, and who are unbiased. On
the other hand, one of the participants approached to
the question in terms of the domestic use, i.e, she/he
sorts clothes by colours - blue at the top and green at
the bottom, but she/he doesn’t find this method very
effective because of the risk of confusion, which
undermines self-confidence.

Following the examination of participants’
relationship with clothing, the last three questions
were asked in order to examine their approaches to
the ATs. One of the participants stated that she/he has
no idea about ATs designed or produced for
individuals with visual impairment or blindness, while
another reported knowing a few examples but was not
well informed on these technologies. However most of
the participants have knowledge about assistive
technologies, follow the innovations and actively use
them, especially the applications. Some participants
commented as “I'm very interested in technology. I
follow the innovations closely, of course there are new
works for us. We are also pleased with them and we
are expecting from the experts working on this
subject, more productive, improving innovations for
us.”, “Yes, I use technology. I like to use technology at
every point which makes my job easier.” Considering
the comments of the participants, a more widespread
information and outreach system should be
established on assistive technologies and their uses.
For active and technology conscious users, the designs
of ATs should be updated with innovative approaches
and a design-technology integrated understanding
should be adopted in the production process of ATs.

In addition, most of the participants stated that they
use smartphone including text reader and/or
navigation applications. One participant gave as
examples the TapTap See application that she/he

used to reach information, such as reading books or
newspaper columnists, watching films in the cinema,
etc. However, only two participants mentioned any AT
for clothing. These two participants indicated that
they used only applications for identifying colors, and
these were not always accurate, and do not work with
nuances (Q9). Relatively, in the last question (Q10), it
was asked whether they would like to use an assistive
technology productin the clothing field, and what kind
of assistive technology they would need. 8 participants
answered “yes”, and they would most like to use an AT
giving color, pattern, design and price information of a
garment. Also, one participant would like to use an AT
offering an easy-to-use identification for clothing
items.

4. Discussion of Results and Contribution of Design

As seen with the survey outcomes and the review of
AT examples, many AT examples exist for mobility,
reading, and for getting the product information via
barcode reading. An increasing number of mobile
applications is one of the directions in terms of such
ATs, but not all of the applications are convenient to
be installed in both i0S and Android. Besides, the
operating speed of the application, the image quality
(for image processing-based apps) and the accuracy of
the information transmitted to the user may depend
on the performance of the user’s mobile devices.
Installing different apps for different purposes can
slow down the mobile devices’ performance after a
while. These can be mentioned as the negative sides of
the applications.

Another aspect in ATs are the systems described as
wearable technologies. It is believed that ATs in the
form of wearable technologies are so roughly designed
that they lack aesthetic and functionality. The main
problem is the failure to fully integrate electronic and
technical materials into clothing and textiles. The
technical materials’ weight and size are also two
important factors that affect the mobility, comfort and
aesthetic appearance of wearable technologies.
Regarding these problems, contribution of design and
innovations in textile and material field come into the
prominence. Thus, these innovations may allow
scaling -down in size of technical materials, even to
nano size, reducing their weight, and give them
flexibility. For instance, the use of a flexible battery or
3D printed tactile sensors allows the production of a
more aesthetically pleasing and lighter BrailleGlove
prototype as seen in Figure 4. The interfaces of these
wearables and the applications should be designed as
user-friendly, uncomplicated, and should feedback the
data correctly.

On the other hand, in terms of clothing, there are very
few examples (i.e. mostly as just color identifier), and
when the input from participants in the survey are
evaluated, it is seen that selecting proper clothing
might be an issue for people with visual impairment.

922



SULLER ZOR and VURUSKAN

10.21923/jesd. 482180

Investigating users’ necessities, demands, abilities and
restrictions will add value for such research and
applications. Therefore, design products should focus
on this problem without discrimination. Relatedly,
when designing an assistive technology in the field of
clothing, it is necessary to address this area as a whole,
from shopping to domestic/ in-house use. Considering
the participants’ comments , the most troublesome
issues are that they cannot perceive garments’ colors
or create suitable color combinations during
shopping, and have difficulty washing the garments.
In addition, they demand easy access to the price,
fabric content and care instructions information. Here,
technology integrated design solutions can contribute.
One design solution could be labels including garment
information and care instructions printed in Braille,
which can be standardized across brands. The
important point is that they should be produced in the
size and with the material which do not discomfortthe
user. Secondly, Barcode or QR code reader apps
designed with user-friendly interfaces should become
widespread in the clothing field. This can be
implemented by individual brands such as LCW Sense
example (i.e. section 2.3.5), or a group of companies
(e.g. Inditex, H&M etc.) can design an app that include
a common barcode/ QR code pool for their brands. In
addition to the apps, wearable technology is an up-
and-coming area. Therefore, the technologies used in
ATs for the other fields can be adapted to the wearable
technologies for clothing field. For instance, an AT in
the form of wearable technology can be designed using
micro/ nano materials, and including image
processing and recognizing features (i.e. features can
be adapted from 2.3.7. OrCam MyEye example).

The important point is that for both app and wearable
technology directions, designers should focus on
comprehensiveness. In both directions, the ATs
designed should be able to apply the steps of color and
pattern recognition, price and fabric content
information to the people with visual impairments,
and should be able to offer garment combinations
ideas in the shopping process. Relatedly,relying on
others for selection of clothes was noted as a common
problem in the survey results. Combination
suggestions prepared by experts, such as stylists or
fashion designers, can be stored in a data pool, and
integrated into the wearable systems, or designed as
an online service app serving as a supportive sales
assistant. Intelligent  fashion  styling  and
recommendation systems could offer solutions for
users with visual impairment, where artificial
intelligence can learn the taste of the user and provide
style recommendations accordingly as a shopping
assistant (Vuruskan et al., 2015)

5. Conclusion
In this paper, assistive technology examples for people

with visual impairments were reviewed according to
their usage area, and a short survey was conducted.

Some of the examples in the review were commercial,
while the others were conducted as research projects.
Thus, there was an examination of firstly, AT for
mobility, and then respectively, AT for
communication, and for daily activities. In terms of
mobility, the selected projects and applications
offered solutions for safely navigation in indoor and
outdoor environments. Communication was not only
regarded as being among individuals, but also as
communication with devices, and for accessing
information. Following this, AT examples for daily
activities were examined, according to their functions,
for shopping, clothing and interaction with objects.

In conclusion, considering social perspective, in order
to improve the physical environment and facilitate
daily activities, designers need information and tools
that could improve the design and production
processes, from design concept to final product or
service. In addition, through constantly improving
technologies in terms of devices, applications or
production system, it is possible to reveal positive
outcomes from the perspective of assistive
technologies for people with visual impairments,
ranging from moderate level to total blindness. Thus,
those applications or devices allow people to live
independently and enhance their overall quality of life.
In terms of the design perspective, a crucial point in
assistive technology design is the need to effectively
analyze the needs of individual users. The user's
ability, restrictions and needs, context of use, the
technology itself and its features are important
parameters for investigation and development.

Further work will focus on more ATs as a form of
wearable technologies for people with visual
impairments, and in the clothing field. In this
direction, in order to develop a wearable technology
design, firstly context of use will be determined
according to the survey analysis and literature on the
obstacles in the clothing field. Following this, a
wearable technology item will be designed
considering full-integration of system to the surfaces,
and maximum user-friendliness.
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Keywords Abstract

Photovoltaic System, Nowadays, solar or photovoltaic energy is the most commonly used renewable
Maximum Power Point energy resources in the world. Despite its advantages such as freely available, low
Tracking, maintenance cost, pollution-free, inexhaustible, and reliable, its low conversion

Soft Computing Technique.  efficiency is a major drawback. To increase the efficiency of the photovoltaic system,
all photovoltaic modules in the array must be operated at maximum power point.
Therefore, maximum power point tracking technique is used for predicting and
tracking the maximum power point. In the literature, maximum power point
tracking techniques are generally classified as soft computing and conventional. Soft
computing techniques are more preferred from both of them, because they can
accurately track maximum power point of photovoltaic systems. In this study, an
extensive review of soft computing based maximum power point tracking
techniques under partial shading conditions until today is presented. The
techniques are compared from the point of photovoltaic array dependency, sensors
required, tracking efficiency, tracking speed, algorithm complexity, and oscillation
around maximum power point.

PV SISTEMLERDE KISMi GOLGELENME KOSULLARINDA ESNEK HESAPLAMA
TABANLI MAKSIMUM GUC NOKTASI iZLEME TEKNIKLERININ

KARSILASTIRILMASI
Anahtar Kelimeler 0z
Fotovoltaik Sistem, Giiniimiizde glines ya da fotovoltaik enerji yenilenebilir enerji kaynaklar: arasinda
Maksimum Gii¢ Noktasi yaygin olarak kullanilmaktadir. Giines enerjisi, maliyetsiz, atmosfer dostu, isletme
Takibi, ve bakim maliyetinin az olmas1 ve evrensel olarak her yerde bulunmasi gibi

Esnek Hesaplama Teknikleri. avantajlarina ragmen, diisiik enerji verimliligi en biiyiik dezavantajidir. Fotovoltaik
sistemlerin verimliligini arttirabilmek i¢in fotovoltaik dizideki modiiller maksimum
gl¢c noktalarinda ¢alistirlmalidir. Bu nedenle, maksimum gii¢ noktasini tahmin
etmek ve izlemek icin maksimum giic noktasi izleme teknikleri kullanilir.
Literatiirde, maksimum gii¢ noktasi izleme teknikleri genellikle esnek hesaplama ve
klasik teknikler olmak tizere siniflandirilir. Ancak, maksimum gii¢ noktasini dogru
bir sekilde takip edebildikleri icin esnek hesaplama teknikleri tercih edilmektedir.
Bu calismada, ge¢misten giinlimiize kadar kismi golgeleme kosullarinda esnek
hesaplama tabanli maksimum gii¢ noktasi izleme tekniklerinin kapsamli bir
derlemesi sunulmustur. Teknikler, fotovoltaik dizi bagimhligi, gereken sensorler,
takip verimliligi, takip hizi, algoritma karmasikligi ve maksimum gii¢ noktasi
etrafinda salinim durumlari agisindan karsilagtirilmistir.
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1. Introduction

As the human population is increasing with each passing
day in the world, the energy demand is also increasing.
Despite this, the conventional energy resources such as
coal and petroleum decreases drastically. Moreover,
greenhouse emission increases due to wusage of
conventional energy sources. For these reasons, interest
in the solar or photovoltaic (PV) energy between the
renewable energy resources increases by degrees
because of its advantages such as cleanliness, free of cost,
inexhaustible, and less maintenance cost (Ngan and Tan,
2011; Eltawil and Zhao, 2013; Bendib et al, 2015;
Saravanan and Babu, 2016; Dileep and Singh, 2017;
Bingdl and Ozkaya, 2018). Despite advantages, PV
systems have many disadvantages such as the low
conversion efficiency, the variation of maximum power
under changing environmental conditions, nonlinear
characteristic, and low conversion efficiency (Ngan and
Tan, 2011; Eltawil and Zhao, 2013; Bouilouta et al., 2013;
Enany etal., 2016). Due to these disadvantages, PV system
must be run at maximum power point (MPP) to achieve
maximum efficiency in operation. In order to enhance the
performance of the PV system, maximum power point
tracking (MPPT) can be mostly used in PV systems (Liu et
al, 2016; Dileep and Singh, 2017). MPPT is used to
predict and track the MPP of the PV system and then to
force to run at the MPP under all environmental
conditions (Saravanan and Babu, 2016; Amir et al,, 2016).

The MPP changes with changing of the solar irradiation
and temperature (Bouilouta et al., 2013; Dileep and Singh,
2017). Under partial shading conditions (PSCs), the PV
modules in the PV array don’t get uniform solar
irradiation, so there is multiple local and one global peak
point on power-voltage (P-V) characteristic of array due
to using bypass diodes connected to the each PV module.
In the present case, MPPT of the PV array is a complex and
challenging task (Ji et al.,, 2011; Bouilouta etal., 2013; Liu
etal, 2015; Seyedmahmoudian et al., 2016).

Many research about MPPT methods have been
presented in the literature and they can be generally
categorized as soft computing and conventional
techniques (Ram and Rajasekar, 2017). The most used
conventional techniques are perturb and observe (P&O0),
hill climbing (HC), fractional open circuit voltage (FOCV),
incremental conductance (INC), and fractional short
circuit current (FSCC) (Eltawil and Zhao, 2013; Bhatnagar
and Nema, 2013; Reisi et al, 2013). While the
conventional MPPT techniques are good for tracking the
MPP under uniform solar irradiation, these techniques
fail to track the MPP under PSCs. Moreover, the
conventional techniques show high steady state
oscillations, poor convergence, and slow tracking speed
under PSCs to track the MPP. Due to the disadvantages of
the conventional MPPT techniques, soft computing (SC)
based MPPT techniques have been given in the literature.
Soft computing methods are highly suitable for PSCs due
to their robustness, flexibility, and reliability (Ahmed and
Salam, 2015; Belhachat and Larbes, 2015).

In this paper, soft computing based MPPT techniques in
the literature till date are presented on the contrary to
most of the reviews about MPPT techniques. The working
principle and structures of all techniques are explained in
detail. Moreover, a comprehensive analysis is presented
for all techniques according to following criteria: PV array
dependency, tracking efficiency, tracking speed, sensors
required, algorithm complexity, and oscillation around
maximum power point. The information collected and
edited in this study will be useful for future research in
this area.

The paper is structured as follows: the effect of partial
shading on PV system is explained in Section 2. In Section
3, MPPT techniques under partial shading and a general
classification of SC based MPPT techniques are presented.
Section 4 discusses the SC based MPPT techniques for
some criteria.

2. Effect of Partial Shading on PV Characteristics

One of the most important factors that cause negative
effect on a PV array is PSCs. Partial shading (PS) can be
defined as non-uniform distribution of solar irradiation
for all modules in a PV array. Various factors such as tree
and building shadow, movement of the clouds, dust on a
PV module can causes PS. Under uniform conditions, all
modules in a PV array have same electrical
characteristics. However, when PSCs occurs, electrical
characteristics of the shaded modules are different from
the unshaded modules. The shaded PV module generates
the less current than the unshaded PV module. In this
case, the shaded module carry negative voltage and the
power will be delivered. Therefore, the heat of the module
increases and this may damage the module, which is
called ‘hot spot’. In order to prevent the hot spot effects,
bypass diodes are connected in parallel to the PV
modules. Although the bypass diodes prevent the hot spot
problem, multi peak points in the P-V characteristic of the
array are occurred (Bidram et al., 2012; Moballegh and
Jiang, 2014; Malathy and Ramaprabha, 2017; Bana and
Saini, 2017). To explain the effects of PSCs on the PV
array, a 3x1 series connected PV array is shown in Figure
1. P-V and [-V characteristics of PV array are given in
Figure 2 (a) and (b). When P-V characteristic are
analyzed, there is one global MPP under uniform
condition. Although, there is one MPP without bypass
diode, three peak point have been occurred with bypass
diode. According to I-V characteristics, the current of the
PS with bypass diode is same with the uniform condition
because bypass diodes provide an alternate current path.
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(a) (b) ©

Figure 1. 3x1 series connected PV array under (a)
uniform solar irradiation, (b) PS without bypass diode,
and (c) PS with bypass diode

—— Undr Uriform Solar Iradiaton
— Partal Shading without Bypass Diode
Parial Shading with Bypass Dicds

0l Global MPP

Local MPP

Currert (A)

E) 0
Voitage (V)

(@) (b)

Figure 2. (a) P-V and (b) I-V characteristics of PV array

3. Maximum Power Point Tracking Techniques under
PSCs

A general block diagram of MPPT based PV system is
given in Figure 3. The extracting maximum power is done
by adjusting the duty cycle of DC-DC converter. From the
sensed parameters, which can be measured temperature
(T), solar irradiance (G), PV voltage (Vpv) and current (Ipy),
the MPPT algorithm generates the optimum duty cycle so
as to obtain maximum power from PV system (Salam et
al, 2013; Ishaque and Salam, 2013).

oy
I 1 + Grid

DC-DC s
BODD DD BOWOEH Ve (G Standalone
W S S
] B @D E
i BER SER8 :
2

PWM
Generator

Vv ey

G
Sensed MPPT
T Parameters Algorithm

Figure 3. A general block diagram of MPPT based PV
system

Generally, MPPT algorithms can be categorized as soft
computing and conventional techniques in the literature.
The conventional techniques are HC, P&O, FOCV, FSCC,
and INC. The most important drawback of conventional
techniques is that they cannot track global MPP under
PSCs. Due to this reason, SC based MPPT techniques have
been presented in the literature. SC techniques are highly
suitable for PSCs due to their robustness, flexibility, and
reliability. Classifying of the SC based MPPT techniques
are demonstrated in Figure 4 (Salam et al, 2013; Ishaque
and Salam, 2013; Jordehi, 2016).

Genetic Algorithm

Evolutionary
Algorithm

Differential Evolution

Artificial Bee Colony
Algorithm

Evolutionary
Computing
Jaya Algorithm
-DCSwarm Imelligencaf

Ant Colony
Optimization

Bat Algorithm

Cat Swarm
Optimization

FX
A 4

Cuckoo Search
Algorithm

Soft Computing
Techniques

Firefly Algorithm

Flower Pollination
Algorithm
-)(Artificial Intelligence

Grey Wolf

Fuzzy Logic
Optimization

Artificial Neural
Network
‘Adaptive Neuro-Fuzzy'
Inference System

Figure 4. Classifying of the SC based MPPT techniques

il

Particle Swarm
Optimization
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3.1 Artificial Bee Colony Algorithm

The Artificial Bee Colony (ABC) algorithm proposed by
Karaboga is based on the foraging behavior of honey bees
(Karaboga, 2005). In ABC, artificial bee’s colony composes
of three types of bees: employed bees used to search the
food and to share this information with the colony,
unemployed or onlooker bees which try to find a food
source by watching the employed bees, and scout bees
searching a new food source randomly. They
communicate and coordinate to each other to obtain
optimal solution in a short time (Karaboga, 2010;
Sundareswaran et al., 2015; Soufyane Benyoucef et al,,
2015; Mohapatra et al.,, 2017). In the algorithm, location
of a food source and the quantity of nectar denote a
solution of the optimization problem and the fitness value
of the related solution, respectively. The algorithm starts
with a parameter initialization and it generates an
arbitrarily initial population (P) of SN solutions, which is
the population size. Each solution x; is n-dimensional
vector. For initialization process, Equation (1) is used.

xi,j = xmin,i + rand[O, 1] (xmax,i - xmin,i)' i= 1'
SN, j=1,..,n (1

—

Here, n is the number of optimization parameters, Xmax,i
and Xmin; are the upper and lower bound of the xij
respectively. The employed bees evaluate the new food
sources and they are used the Equation (2) for generating
a candidate food position (vi) from the old value (x;) in
memory.

Vij =X+ @i (g — Xk ) (2)

In Equation (2), xx is an arbitrarily selected food source,
@ijis arandom number between [-1, 1], k=1, ..., SN and it
must be different from i. The onlooker bees select food
source of employed bee calculated on the basis of
probability connected to the food source as below:

928



BINGOL and OZKAYA

10.21923/jesd.570887

fx)

R ) i=1,2,..
Pi = 5N

SN (3)

where f(x;) is the fitness function of x;. Performance of
old and new candidate source position are compared.
When the new food source is equal or better than the old
one, the old one is replaced with a new one. On the other
hand, the old one is preserved in the memory. If a position
can’t be improved during the specified number of cycles,
it is assumed that the food source is given up. In this case,
the scout bees find out a new food source with x; using
Equation (1) (Karaboga and Basturk, 2007; Karaboga,
2009; Sawant et al.,, 2016).

Sundareswaran et al. (2015) have carried out simulation
and experimental study for two different PV array
configurations under PSCs. Both the results of
experimental and simulation demonstrate that the ABC
algorithm is far superior to particle swam optimization
(PSO) and enhanced P&0O with regard to confirmed
convergence to global optimum with minimum time and
oscillations are reduced. In another study, the proposed
ABC algorithm have been compared to PSO under PSC.
The proposed algorithm has better tracking performance
and convergence, but slow convergence speed compared
to PSO (Soufyane Benyoucef et al., 2015).

3.2. Ant Colony Optimization

The Ant Colony Optimization (ACO) presented by Dorigo
and Gambardella is inspired by foraging behavior of the
ants (Dorigo and Gambardella, 1997; Jiang and Maskell,
2014). Each ant in population is allured to other ant with
its attractive force. Depending on the attractive force, the
ants migrate from the lower strength zone to the higher
strength zone. After each iteration, attractive force is
calculated and ants move to the optimum solution [5].
Firstly, K random solutions whose size is greater than
number of ants in population (N) are generated and
stored in the solution archive. The solutions are ranked
by their fitness value f(sj) and it is given in Equation (4)
(Jiang and Maskell, 2014; Das et al., 2017).

f(s1) < f(sp) <...< f(sk) (4)

Gaussian distribution function given in Equation (5) is
used for determining the positions of ants.

Here, G;(x) is the Gaussian kernel for j* dimension of the

solution, o*lj and u{ are j dimensional standard deviation
and mean value and w; is the weightage factor. They are
respectively calculated by Equations (6-8).

(6)

w = {,u{, ...,u{, ...,,u{(} = {s{, ...,slj, ...,s,];} (7)

[_(1—1)2]
el 202x7], Wg < Swp < <w,y < Wl) (8)

Wi = okvzm

where ¢ is the convergence speed, @ is the parameter of
best optimal operating solution. The probability value of
Gaussian function is given as follows:

by - 9)

Zi(=1 Wt

The iteration process is repeated until new optimal
solution is produced [37].

Jiang and Maskell (2014) have proposed a uniform
implementation scheme where there is a single central
MPPT. The efficiency of the ACO based MPPT is confirmed
with simulations and experimental setup under uniform
and PSCs. In another study, the authors have compared
the ACO to constant voltage tracking (CVT), PSO, and P&O
under different PSCs (Jiang and Maskell, 2013).

3.3. Adaptive Neuro-Fuzzy Inference System

Adaptive Neuro-Fuzzy Inference System (ANFIS)
architecture is an integration of fuzzy logic and neural
network algorithm. The general structure of the ANFIS for
2 inputs (x and y) is shown in Figure 5. The functions of
each layer are described below. In the structure, there are
5 layer and each layer consists of several nodes (Jiang,
1993; Abu-Rub et al., 2012). The functioning of the ANFIS
is as follows:

Layer 1: It is the fuzzification layer. Each node i is an
adaptive node given by:
i=1land?2

01 = pa; (%), (10)

0. =p,_,(y), i=3and4 (11)
where 4; and B; are the linguistic labels characterized by

Ka; and pg,, respectively.

Layer 2: The nodes in the layer are fixed nodes and labeled
as I1. Each node calculates the firing strengths of each rule
by cross multiplying all incoming rules. Firing strength is
represented as wi.

0z =w; = py,(Xpp,_,(y), i=1land?2 (12)
Layer 3: The nodes are also fixed nodes labeled as N. In
this node, the ratio of the each firing strength of i rule to
the sum of firing strength of all rules are calculated as:

Wi

03‘,: = Tw; = Wi, i=1and?2 (13)

Layer 4: Every node i is an adaptive node with a node
function:

O4—,i = VI_/lfL = Wl-(ai + ,Bix + )/iy), i=1 and 2 (14)
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where q, 5, and y are the constant parameters.

Layer 5: The final output is the weighted average of
outputs of all rule.

_ Z.Z= wifi
Os; = Xi Wify =<3+

===
Zi:1wi

(15)

Layer 1
L Layer 4
Layer 5

A Layer 3 Xiy
x { L
w;y Wy
A i} N A, L
B, L e e
2
y< 11
B, Xy

Figure 5. The general structure of the ANFIS

Layer 2

Abu-Rub et al. (2012) have presented an ANFIS-based
MPPT controller under fast varying weather condition.
The simulation results demonstrates that the maximum
power is obtained with proposed MPPT method under
rapidly changing environmental conditions. In another
study, TCT configured PV array have been used under
PSCs for different PSCs. The results indicate that ANFIS-
based MPPT method can effectively track MPP
(Belhachat, F., & Larbes, C., 2017).

3.4. Artificial Neural Network

The Artificial Neural Network is inspired by biological
nervous systems such as the brain. It composes of
connectors and neurons and similar with brain neuron
structure. The architecture of a multilayer feed forward
network consists of an input layer in which input data
groups are introduced to the network, hidden layer which
receives the data from input layer, processes it, and then
transmits it to the output layer, and an output layer which
processes the data received from the hidden layer and
creates the output. Information is generally stored as a set
of connection weights. Training is the process of changing
the connection weights using a methodology that is
appropriate to the learning process. A network uses a
learning method, which is a process defining the relation
between the system inputs and outputs, and one of the
most usual learning methods is the back propagation
algorithm (Kalogirou, 2001). In (Rizzo and Scelba, 2015),
the duty cycle of the DC-DC converter is adjusted
according to the error between the desired and measured
PV voltages. As a result, numerical simulations have
confirmed the validity of the ANN based MPPT.
Syafaruddin et al. (2009) have been presented a novel
MPPT system using ANN and FL under PSCs. ANN is used
for specifying the MPP voltage under PSCs and the MPP
voltage is used as reference voltage in fuzzy logic. The
results show that much more power can be obtained with
the proposed system and efficiency can be increased.

3.5. Bat Algorithm

Bat Algorithm inspired by the behavior of bats while
searching for food is proposed by Xin-She Yang. The main
concept behind the BA is constructed using three simple
and basic ideas (Yang and Gandomi, 2012; Gandomi and
Yang, 2014; Kaced et al.,, 2017):

1. To feel the distance, all bats use echolocation and they
can detect to distance of prey, background obstacles, and
difference in the available prey or food in the search path.
2. Each bat flies arbitrarily with velocity v; at position x;
with a fixed frequency fmin, loudness Ao, and changing
wavelength A for searching the prey. They adjust their
wavelength or frequency and can adjust the pulse
emission rate ri€ [0, 1] based on the proximity of the prey.
3. Loudness of the bats changes Ao to a minimum fixed
value Amin as reducing with decreased distance of the food.
BA starts its search using a random initial population. The
process of updating the position and velocity of bats at
time step tis as follows:

fi = fmin + Umax — fmin) B (16)
vi = v+ (T - xS (17)
xt=xf"1+ vt (18)

where Bis defined for uniform distribution as a vector and
selected between [0, 1]. x' is the current global best
location, fmn and fumax are the minimum and maximum
frequency of the it" bat, and £ is a random value between
[0, 1]. In algorithm, a random number S is generated and
if this valued is greater than r;, a new solution around the
bat x; is produced and it is calculated with Equation (19).
Xnew = Xoia T eAt (19)
Here, € is a random number between [-1, 1] and At is the
average loudness of all bats at t*" time step. Moreover, the
loudness and rate parameter are renewed as follows:

AL = g At (20)

rit+1 — T'io(l _ eyt)

(21)
where a and y represent the constant values. If a bat finds
its prey, the loudness value decreases. Loudness and
pulse emission rate are inversely proportional to each
other.

In a study, bat algorithm based MPPT method is proposed
under PSCs. To affirm the efficiency of the BAT,
experimental and simulation studies have been
implemented under PSCs. The results demonstrate that
the efficiency of the method is improved (Kaced et al,,
2017).

3.6. Cat Swarm Optimization

Cat Swarm Optimization (CSO) suggested by Chu and Tsai
is based on the living habits and foraging of cats. In
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algorithm, each cat in the swarm has its own position
which represents the solution set, velocity for each
dimension, and a fitness value. Moreover, a flag is used to
determine the mode of the cat. In CSO, the behavior of cats
into two modes: seeking mode (SM), in which cats always
remain alert and move very slowly, and tracing mode
(TM) in which the cats chase the prey when feeling it. All
cats in the population are arbitrarily divided down the
middle groups at each iteration. One of them is carried by
SM, while the other is carried by TM. The ratio between
two groups is controlled by the mixture ratio (MR) (Chu
and Tsai, 2007; Panda et al.,, 2011; Guo etal., 2016; Guo et
al,, 2017).

Seeking mode (SM)

A cat moves slowly and spend most of time to rest, but it
is always alert in seeking mode. This mode has four main
parameters; seeking range of the selected dimension
(SRD) specifying the change of value for the chosen
dimension, seeking memory pool (SMP) demonstrating
the count of a cat copy, counts of dimension to change
(CDC) symbolized the number of dimensions to be
mutated, and self-position consideration (SPC)
determining whether it is one of the candidate points to
be moved to where it is currently located. This mode
consists of four steps. These are;

1. Create SMP copies of the it cat and store them in SMP.
2. Perform a mutation operator to Xx. Here, k € [1, SMP],
d € [1, D], and D is the dimensions number.

3) Assess the fitness value of all mutated copies in SMP
and find the copy (Xbest).

4) If X; is worse than Xpest in terms of fitness value, replace
Xi Wlth Xbest-

Tracing mode (TM)

In TM, cats desire to trace targets and foods and they
move rapidly toward a new position during chasing
process. This mode can be defined as follows:

1. Calculate the velocity using the Equation (22).
Via =wXVig+1 Xc X Xpest.a — Xia) (22)
where Xpest represents the best position among all cats, c1
is an acceleration constant, w is the inertia weight, and r;
is the random number between [0, 1].

2. Check the velocities whether or not they are in the
maximum velocity range. If the new velocity exceeds the
maximum value, it sets equal to this limit.

3. Calculate the position using Equation (23).
Xia =Xia+Via (23)
Guo et al. (2017) have proposed a modified cat swarm
optimization based MPPT method. The validity of the
algorithm is confirmed with various simulation and
experiments under different PSCs. According to results,
the algorithm is system independent, high performance
with regard to tracking accuracy and convergence speed,

has high ability to find global MPP, and removes the
power oscillation around MPP.

3.7. Cuckoo Search Algorithm

Cuckoo Search (CS) based on the brood parasitism of
some cuckoo birds is developed by Yang and Deb (Yang
and Deb, 2009). There are three types of brood
parasitism: intraspecific brood parasitism, cooperative
breeding, and nest takeover. When a host bird discover
the eggs in its nest, it may either throw these eggs or build
a new nest in another place. Cuckoo search model has
three rules (Yang, 2013; Ahmed and Salam, 2014; Rezk et
al,, 2017):

1. Only one egg is produced by a cuckoo bird at a time.

2. The best nest will be transported to future generations.
3. Host nests have been considered fixed. Moreover, eggs
thrown by a cuckoo are explored with a probability
between [0, 1] by the host bird.

In CS algorithm, Lévy flights is a random walk of cuckoo
birds used for generating new eggs and is specified by the
power law as follows:

y=1"  (1<1<3) (24)
where A is the variance and [ is the flight length. To
generate new solution, the Lévy flight is practiced using
the Equation (25).

t+1 .
Y = xf + a @ Lévy () (25)
Here, xit is the sample, «a is the step size, t and i are the
number of iteration and sample, respectively. The value of
«a is the step size used in most cases as:

CENON
L

a = ao(x; (26)

where « is the initial step size, x].(t) and x

samples.

®

i

are the two

CS algorithm is similar to the GA and PSO methods. Due to
using Lévy flights for step size, CS has a faster
convergence and more efficient random [9].

In (Ahmed and Salam, 2014), the algorithm have been
compared with PSO and P&O algorithms under PSCs.
According to simulation results, CS has better
performance than P&0O and PSO according to transient
behavior, steady state, and convergence speed.
Furthermore, CS is shown to be tracking ability of MPP
under PSCs. In another study, the performance of the PSO
and CS have been evaluated against INR based tracker
under three different PS scenarios. The results show that
PSO and CS based MPPT methods have stability and high
accuracy to achieve MPP for all shading scenarios (Rezk
etal, 2017).
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3.8. Differential Evolution Algorithm

Differential Evolution (DE) is evolutionary based
algorithm proposed by Price and Storn. DE is based on the
mutation so that the operating point is closer to the
optimum value in the search space. DE has three
fundamental process: selection, crossover, and mutation.
The algorithm begins with initialization process and the
population is arbitrarily initialized with the initial
parameters. For each individual in population, fitness
function is calculated and the operating point is moved to
the best solution according to fitness function values
(Storn and Price, 1997; Taheri et al., 2010; Tajuddin et al,,
2012; Tajuddin et al., 2013).

In (Taheri etal., 2010), the DE algorithm is compared with
the P&O under both uniform and PSCs. The simulation
results demonstrates that it can track MPP faster and
more accurate than P&O. Tajuddin et al. (2012) have
evaluated the DE based MPPT method with regard to
tracking capability for non-uniform or rapidly changing
solar irradiation. The simulation results show that it has
fast and accurate convergence under test conditions. In
another study, a modified DE algorithm is proposed for
providing fast and accurate convergence to global MPP
under PSCs. The performance of the algorithm has been
assessed using simulation under changing of solar
irradiation. According to simulation results, modified DE
based MPPT algorithm is better than HC from the point of
convergence speed and accuracy (Tajuddin et al., 2013).

3.9. Firefly Algorithm

The Firefly Algorithm (FA) proposed by Yang is inspired
by fireflies flashing behaviors. The behaviors of fireflies is
that they communicate, search for prey, and find mates. In
order to simplify the algorithm, three assumptions are
considered (Yang, 2010; Yetayew et al,, 2016; Dhivya and
Kumar, 2017; Teshome et al., 2017):

1. There is no gender in fireflies and every firefly is
attracted to other fireflies without considering their
gender.

2. The attractiveness of a firefly is directly proportional to
the brightness of the firefly. For example, the less bright
firefly will move towards the brighter firefly. Moreover,
when the distance between fireflies increases,
attractiveness and brightness decrease.

3. The brightness of a firefly is specified by the objective
function.

The two main functions in FFA are the formulation of
attractiveness and the change in light intensity. The
distance between two fireflies is expressed as the
Euclidean distance given in Equation (27).

iy = e =l = 2Ry o = 3,07 @7)

Here, D denotes the dimension, x;is the kth dimension of
the it firefly, x;« is the kth dimension of the j* firefly, ri; is

the distance between ith and jt* fireflies. The attractiveness
B of a firefly is defined as:
B(ry) = Poe™" (28)
where fo is the attractiveness at r=0. The movement of
the it firefly can be expressed as:

x; = x; + Boe U (x; — x;) + a(rand — 0.5) (29)

where a is a random movement factor between [0, 1].

In a study, the authors proposed a FAbased MPPT method
for sepic converter. Also, efficiency and performance of
the FA are compared to P&0O and PSO in simulation under
PSCs. According to results, the FA tracks the global MPP
faster than the others. It also reduces convergence and
increases the efficiency of the converter (Dhivya and
Kumar, 2017).In (Yetayew etal., 2016), the performance
comparison of firefly and incremental conductance
algorithms are presented under PSCs. The experimental
results show that firefly algorithm has accurate tracking
capability, fast dynamic response for PS, and low
oscillation by comparison with incremental conductance
algorithm.

3.10. Fuzzy Logic Control

Fuzzy logic control (FLC) is based on the principles of
fuzzy set theory developed by Zadeh in 1965 (Ross,
2009). In binary logic, a variable is either ‘completely
true’ or ‘completely false’. However, in FLC, a variable can
take a value between 0 and 1. The most important
advantage of the FLC is that there is no need for precise
mathematical modeling and the decision is based on
estimated values. The general structure of FLC is shown
in Figure 6.

Fuzzification: Each element of input data is converted into
suitable linguistic values so that can be compared to the
rules in the rule base. There are different membership
functions such as, Gaussian, triangular, and trapezoidal.

Fuzzy inference process: It combines membership
functions with the control rules to derive the fuzzy output.

Defuzzification: It uses different methods such as center
of gravity, center of area, and center of sums method in
order to convert the linguistic variables to numerical
values. Gravity center and field center methods are often
used in defuzzification methods (Das et al., 2017).

Fuzzification

Defuzzification

T

Fuzzy Inference

1

Figure 6. The general structure of FLC
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3.11. Flower Pollination Algorithm

Flower Pollination Algorithm (FPA) proposed by Xie Yang
is based on the pollination processes of the flower in the
nature. The main process of this algorithm is the
reproduction by pollination based on the transfer of
pollen from flower to another. There is two type transfer:
biotic pollination done by animals that visit the flowers
called pollinators and abiotic pollination like by wind,
gravity or water. The FPA algorithm is developed with the
following rules (Yang et al., 2013; Yang et al., 2014; Ram
etal, 2017; Ram and Rajasekar, 2017):

1. Cross pollination and biotic can be regarded as a global
pollination process where flower pollen gametes are
realized by pollinators carrying pollen move to comply
with Levy flights.

2. Self-pollination and abiotic are used for local
pollination, where the transfer of pollens between same
species.

3. The flower constant can be developed by pollinators.
4. The exchange between local and global pollination can
be checked by switch probability p which is between [0,
1].

The above rules are transformed to appropriate update
equations. Therefore, for global pollination step and
flower constant can be presented by Equation (30).
X = xt + YL (Gpese — 1) (30)
Here, x! is the pollen, gres: is the current best solution, y is
the scaling factor which controls the step size, and L(A) is

the Lévy flights-based step size. Insects can fly over long
distances with Lévy distribution given in Equation (31).

Ar(W)sin(3) 1
si+a’

LQA) =

S»58,>0 (31)

Here, I'(1) is the gamma which is valid for large steps

(S>> Sy >0). Then, in order to model the local
pollination, Equation (32) is used.
xf* = xf +e(xf —xp) (32)

Here, xf and xjf are the pollens from different flowers of

the same plant species and ¢ represents the local search
in uniform distribution between [0, 1].

In (Shaiek et al., 2013), the performance of the FPA is
evaluated for ten different shading conditions and its
tracking performance is compared to PSO. Itis found that
FPA is capable of extracting the maximum power and has
fast convergence speed. In (Subha and Himavathi, 2017),
comprehensive performance evaluation of the FPA based
MPPT method have been carried out under three shading
pattern using simulation and hardware. According to
results, the superiority of the FPA is proved when
compared with P&O0 and PSO according to efficiency and
convergence time. Moreover, it is more robust than the
others and has quick convergence with zero steady-state
oscillations.

3.12. Genetic Algorithm

Genetic Algorithm is an evolutionary computation
introduced by Holland in 1975 through by the principles
of natural evolution. The purpose of the algorithm is to
create best species from its predecessors. In algorithm, a
chromosome consisting of a fixed gene population
represents a candidate solution. It has three fundamental
operator: selection, crossover, and mutation. In selection
process, a chromosome is randomly selected from the
current generation for inclusion in the next generation to
their fitness value. In crossover, two chromosomes are
combined in order to produce a new chromosome. The
mutation operator is used to provide genetic diversity
(Mirjalili et al., 2014; Smida and Sakly, 2015). Smida and
Sakly, (2015) have implemented, evaluated, and
compared P&O, INC, and the GA methods under PSCs.
Among these algorithms, GA has extracted the global MPP
and tracks the global MPP when PSCs occurred.

3.13. Grey Wolf Optimization

Grey wolf optimization (GWO) is inspired by social
hierarchy and hunting behavior of grey wolves. They live
a strict social dominant hierarchy (Mohanty et al.,, 2016).
There are four types of grey wolves: alpha (a) wolves
which are the leader and decision maker, beta () and
delta (6) wolves which assist the a in decision making, and
omega (w) wolves which are the bottom of the pyramid
and should submit to all the other dominant wolves. The
main steps of grey wolf hunting are as follows:

a) Catching, monitoring and approaching the prey.

b) Seeking, surrounding, and disturbing the prey.

c) Attacking the prey.

During hunting, grey wolves surrounds the prey and the
surrounding behavior can be modeled with Equation (33)
and (34).

D=|C.X,t) - X, ) (33)

X(t+1) = |X,(t) — 4.D| (34)
Here, X and X, is the position vector of grey wolf and prey,
respectively, t is the number of iteration, 4, C, and D are
the coefficient vectors. A and C are calculated using
Equation (35) and (36).

A=2.d47—-d (35)
C=27 (36)

Here, a decreases linearly from 2 to 0 and r7 and rz is the
random vectors between [0, 1] (Mohanty et al,, 2016; Rao,
2016; Mohanty et al., 2017).

In (Mohanty et al., 2017), GWO based MPPT method have
been proposed. The proposed algorithm are compared
with improved PSO (IPSO) and P&O under PSCs.
According to experimental and simulation results, GWO is
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better than IPSO and P&O with respect to tracking speed
and tracking accuracy. Also, it has zero steady-state
oscillations and high power efficiency.

3.14. Jaya Algorithm

Jaya algorithm presented by Rao is based on the principle
of avoiding worst solutions (Huang et al., 2017). First, the
worst solution is find and then, all solutions are removed
from it. After, worst solution is updated from the worst
solution. Thus, all solutions at the next iteration are better
than previous worst solution. In the algorithm, fitness
function is P=f (V) and the solution is calculated as:

Vi{(fl = Vif{j + randl X (Vif(best - |Vlkj|) - Tandz X (Vifcworst -

VED k=1,..,n, i=1,..m j=1,..,p (37)
where V%, V5., and V%, respectively represent the
value of the ith variable of the jth solution, the value of
variable i for the best solution, and the value of variable i
for the worst solution during the k' iteration. k, n, j, and
p represents the number of iterations, maximum number
of iterations, number of solutions, and maximum number
of solutions. Moreover, rand; and rand, are the random
numbers between [0, 1]. The next iterative updating is
done with Equation (38) (Kennedy and Eberhart, 1995;
Kumar et al,, 2017).

Ve, if F(VE) > F(vit

k1 — 38
v {Vi’_‘j“, otherwise (38)

Kumar et al. (2017) have proposed Jaya based MPPT
method and simulated it under various PSCs. According to
results, the proposed method requires less iterations to
converge to the GMPP and shows higher dynamical
tracking efficiency than PSO methods.

3.15. Particle Swarm Optimization Algorithm

Particle Swarm Optimization (PSO) presented by
Kennedy and Eberhart is inspired by the natural behavior
of the fish flocks and birds (Ishaque et al., 2011; Badis et
al,, 2016). In the algorithm, a particle represents the each
individual in the swarm and each particle has a velocity
and position vector. These particles follow the same
behavior: Each particle adjusts its position to best
position of the swarm whose value is the most closest to
the target. The algorithm initializes with a group of
random solutions and tries to find the best value by
updating each iteration. Each particle keeps its current
and previous positions in the memory and determines the
best position until that iteration which is called the
personal best value (prest). In addition, the best position of
the whole particles by controlling the ppest values of the
particles is determined and it is called global best position
(gprest). After finding these values, velocity and position of
the particles are updated as follows:

k+1 _

Ui =w. vlk + Clrl(pgesti - xlk) + Czrz(glljcesti - xlk) (39)

Xt = xk 4 vkt (40)

where k is the number of iterations, i represents the
optimization vector variable, v¥ and x¥ are respectively
the velocity and position of particle i of the kth iteration,
c1 is the cognitive coefficient of the individual particles, c2
is the social coefficient of all particles, r; and r2 are the
random variables between [0, 1], and w is the inertia
weight factor (Ishaque et al.,, 2012; Jumpasri et al., 2014).
Ishaque et al. (2011) have compared to PSO with GA
based MPPT under same PSCs. PSO based MPPT is more
efficient than GA. Also, it is swiftly tracked the MPP than
GA. In (Jumpasri et al,, 2014), a modified PSO has been
proposed. It has low tracking speed, and ability to track
the MPP for the extreme environmental condition when
compared to HC method. In another study, a comparative
study between the HC and PSO based MPPT techniques
has been presented. According to simulation and
experimental results, PSO based technique can find global
MPP more efficiently than HC. Moreover, PSO can reduce
the steady state oscillation (Rajasekar et al., 2014). Babu
etal. (2015) have presented a modified PSO technique for
MPPT. According to simulation and experimental results,
modified PSO has good tracking speed, almost zero steady
state oscillations, and ability to track MPP under PSCs.

4. Discussion

In the literature, different MPPT techniques have been
presented so as to track the MPP. Each technique has
advantages and disadvantages. In this article, a
comprehensive comparison between SC based MPPT
techniques has been done on the following parameters:
PV array dependency, sensors required, tracking
efficiency, tracking speed, algorithm complexity, and
oscillation around MPP. In Table 1, comprehensive
analysis of SC based MPPT techniques is given. However,
this analysis may not be a final conclusion because the
studies for each technique have nor carried out under
same conditions. Therefore, it is not possible to compare
the methods on a common platform. Consequently, the
authors have tried to do their best to provide a realistic
comparison.

4.1. PV Array Dependency

An ideal MPPT technique should be array independent. In
other words, it can track the MPP for all type of cell
technologies, PV array size, and all configurations. While
ANN, ANFIS, and FLC techniques are array dependent,
other soft computing techniques are array independent.

4.2. Sensors Required

The sensors used in MPPT can be voltage, current,
temperature, and solar irradiation. Generally, voltage and
current sensors are used, but the ideal situation is to use
only one sensor when the system consists of large size PV
array with separate MPPT.
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4.3. Tracking Speed

Tracking speed of the MPPT techniques can be defined as
the speed of them to achieve the MPP. Under PSCs, global
MPP changes and the MPPT technique must adapt and
track the global MPP as quickly as possible. As a result,
tracking speed is a crucial factor for MPPT under PSCs.

4.4. Algorithm Complexity

Basically, it is difficult to evaluate the MPPT methods
according to algorithm complexity. SC based MPPT
techniques are more complex than conventional
techniques. Among the SC based techniques, there is no
criteria to rank the complexities. However, in this paper,
an evaluation and ranking are done according to
algorithm parameters, number of steps and calculations,
and complexity of structure.

4.5. Tracking Efficiency

Tracking efficiency can be determined as the tracking
accuracy of the MPPT. It is calculated by Equation (43).

— Tracked power (43)

VmppImpp

5. Conclusion

In this paper, 15 SC based MPPT techniques used for PV
system have been reviewed and presented. SC techniques
are preferred due to the tracking ability under PSCs.
Mathematical equations and flowchart of the each SC
based MPPT technique are given in detail. Also, research
articles about MPPT techniques, mentioned in the article,
are carefully analyzed and listed in every subsections.
These techniques are extensively compared with each
other with regard to photovoltaic array dependency,
sensors required, tracking efficiency, tracking speed,
algorithm complexity, oscillation around maximum
power point, and implementation.

Table 1. Comprehensive analysis of SC based MPPT techniques

MPPT Techniques d(;)‘:a?llc‘lreagcy Sensors TZ:(::;]g Efficiency a?(s)::lillll:tl\i/[ol;lp :(:rgrl(;:li(:)l(lil:;r
Artificial Bee Colony Algorithm No V, 1 Fast High No Complex
Ant Colony Optimization No V, 1 Fast High No Complex
Adaptive Neuro-Fuzzy Inference Yes V.LT,G Fast Low No Complex
System
Artificial Neural Networks Yes V,I,G Fast Low No Complex
Bat Algorithm No V, 1 Fast High No Complex
Cat Swarm Optimization No V, 1 Fast High No Medium
Cuckoo Search Algorithm No V,1 Very Fast High No Medium
Differential Evolution Algorithm No V, 1 Medium High No Medium
Firefly Algorithm No V,1 Very Fast High No Medium
Fuzzy Logic Control Yes V,1 Medium Low No Medium
Flower Pollination Algorithm No V, 1 Very Fast High No Medium
Genetic Algorithm No V,1 Medium High No Complex
Grey Wolf Optimization No V, 1 Very Fast High No Medium
Jaya Algorithm No V,1 Very Fast High No Medium
Xi‘;irciltim Swarm  Optimization No Al Fast High No Medium
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