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Tiirk¢e Ozet — Ulkemizde petrol, komiir ve dogalgaz gibi fosil yakitlarin rezervlerinin sinirli olmasi, gevresel ve sosyal
kisitlamalar nedeniyle yenilenebilir enerji kaynaklarma yonelim artmistir. Endiistriyel ve teknolojik gelismelere de bagli olarak
modern hayatin siirdiiriilebilir olmasi ve liretimde devamliligin saglanmasi i¢in enerji siirekliligi olduk¢a 6nemlidir. Yenilenebilir
enerji kaynaklarmin kullaniminda enerji liretiminde karsilagilan kesintilerin en aza indirgenmesi ve bu sistemlerin yayginlasmast
icin depolama teknolojileri olduk¢a 6nemli rol oynamaktadir. Enerji talebinin, ihtiyag duyuldugu anda yeteri kadar arz edilmesi
gerekmektedir. Enerji miktarinda giin igerisinde meydana gelebilecek talep farkliliklarina hizli ve giivenilir olarak yanit verilmesi
enerji depolama sistemleri ile miimkiin olmaktadir. Enerji depolama teknolojisi; elektrik gii¢ sistemlerini iyilestirme,
yenilenebilir enerji iiretimine katki saglama ve petrol tiirevi yakitlara alternatif sunabilmesinden dolay1 biiyiik potansiyele sahip
bir teknolojidir. Bu ¢alismada; kimyasal, elektriksel, elektrokimyasal, mekanik ve 1s1l enerji depolama sistemleri ele alinarak
yapilari ve ¢alisma prensipleri hakkinda bilgi verilmistir.

Anahtar Kelimeler — Enerji Depolama Yontemleri, Yenilenebilir Enerji, Enerji Depolama Teknolojileri, Enerji Depolama.

Anf: Emeksiz, C., Kara, B. (2022). Enerji Depolama Teknolojilerinin Incelenmesi ve Karsilastirmali Analizi. International
Journal of Multidisciplinary Studies and Innovative Technologies, 6(2): 134-142.

Investigation and Comparative Analysis of Energy Storage

Technologies

Extended Abstract

Due to the limited reserves of fossil fuels such as oil, coal and natural gas in our country and environmental and social constraints,
the tendency towards renewable energy sources has increased. Depending on industrial and technological developments, energy
continuity is very important in order to maintain modern life and ensure continuity in production. Storage technologies play a
very important role in minimizing the interruptions encountered in energy production in the use of renewable energy sources and
in the widespread use of these systems. Energy demand must be sufficiently supplied when it is needed. Fast and reliable response
to demand differences that may occur during the day in the amount of energy is possible with energy storage systems. Energy
storage technology has great potential to improve electric power systems, contribute to renewable energy production and provide
an alternative to petroleum-derived fuels. In this study; chemical, electrical, electrochemical, electrochemical, mechanical and
thermal energy storage systems were discussed and information was given about their structures and working principles.
Keywords — Energy Storage Methods, Renewable Energy, Energy Storage Technologies, Energy Storage

Citation: Emeksiz, C., Kara, B. (2022). Investigation and Comparative Analysis of Energy Storage Technologies. International
Journal of Multidisciplinary Studies and Innovative Technologies, 6(2): 134-142.

. GIiRiS kesintisi; dogal afetler, sabotaj, uluslararasi iliskiler veya
yetersiz planlama gibi durumlardan dolay1 meydana gelebilir.
Enerjide meydana gelebilecek gecici veya kalici kesintiler
sebebiyle ayrica diinya niifus artisina bagli olarak hayatin
olagan akismin aksamamasi i¢in enerji depolama sistemleri
lizerine yapilan ¢alismalar olduk¢a 6nem kazanmistir. Enerji
depolama sistemlerinin farkli islevleri tiretimi etkilese de, tek
amac1 enerji depolama ve operasyonel esnekligi artirmaktir.
Gelecekte, enerji depolama teknolojileri rollerini 6n planda

Diinyada enerjinin kesfinden bu zamana kadar bir¢ok enerji
kaynagi hayatimizda yer etmistir. Insanoglu gida, temiz su,
1sitma, ulasim gibi temel gereksinimlerini gergeklestirmek
amaciyla ve teknolojideki gelismelere bagli olarak da enerjinin
farkli ¢esitlerine ihtiya¢ duymaktadir. Birlesmis Milletler
(BM) tarafindan yapilan ¢alismada diinya niifusu dngoriilerine
baglh olarak diinya niifusunun hizli artiy yasadigim ve
yasayacagini gostermektedir [1]. Bu durum daha fazla insana
enerji arzinin saglanmast anlamma gelmektedir. Enerji
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tutarak, yarinin teknolojilerini basitlestirmek igin kolaylik
saglayacaktir.

Enerji  depolanmasinin  tarihgesi  olduk¢a  eskilere
dayanmaktadir. Bilinen en eski yakit hiicresi tasariminin
bundan 2200 yil 6nce Pers Imparatorlugu déneminde
kullanildig1 disiiniilmektedir [2]. Elektrokimyasal enerji
depolama sistemleri acisindan 1700 i yillarda Luigi Galvani
ve Alessandro Conte di Volta’'nin yaptig1 ¢alismalar
giiniimiizde kullanilan Galvanik pargalar ve Volt kavramini
meydana getirmistir [3]. Elektrik enerjisinin depolanmasini
saglayan kursun asit akiiler 1859 yilinda kesfedilmistir.

Gilinlimiizde enerji depolama konusunda en biiyiik ihtiyag
elektrik enerjisinin depolanmasi iizerinedir [2]. Elektrik
enerjisi, cogu durumda en diisiik maliyetle her yerde kolayca
ve hazir bulabilecegimiz bir ticari iiriindiir. Uzun zamandir
ortak tiiketim mali olarak kabul edilmistir [4]. Elektrik
iiretildigi gibi tiiketilmektedir. Bilgi caginda elektrik enerjisine
her zamankinden daha ¢ok ihtiya¢ duyulmaktadir. Bu nedenle,
arz-talep dengesi dikkate alinarak iiretim yapilmalidir. Arz-
talep dengesinde olusan biiyiik farkin, depolama teknolojisiyle
kapatilmas1 amaglanmistir. Enerji depolama sistemleri arz-
talep dengesizliginden dolayi, her zamankinden daha fazla
zorunluluk haline gelmistir. Fakat depolamak oldukga zor ve
maliyetli ekipmanlar gerektirir [5]. Depolanan enerji tamamen
tilkenmeden 6nce yerine koyulmalidir. Tamamen tiilkenmenin
yasanmamasl1 i¢in olasiliklarin ¢ok iyi hesaplanip kesinti
siireleri, talepte meydana gelen anlik artig ve azalislar dikkate
almarak uygun sistem tasarlanmasi gerekir. Ancak bu sayede
kesinti yasanmadan faaliyetlere devam edilebilir. Elektrik
enerjisi, ¢esitli yontemlerle depolanabilir. Bunlar; kimyasal,
elektrokimyasal, elektriksel, mekanik ve termal sistemlerdir.
Bu yontemler arasinda mekanik pompali ve hidro depolama
sistemleriyle beraber termal enerji depolama sistemleri 6n
planda ortaya g¢ikmistir ve yogun bir bigimde arastirilip
kolayca uygulanabilecegi 6n gorilmiistiir [6-8].

Bu ¢alisma ile temel enerji depolama sistemlerin
aragtirllmast  ve gelisen teknolojiye bagli olarak bu
sistemlerdeki inovatif yaklagimlarin incelenmesi
amagclanmustir. Ozellikle sistemler arasinda karsilastirmali
analizler yaparak avantaj ve dezavantajlarin ortaya konulmasi
ile bu alanda yapilacak olan caligmalara 6ncii olunmasi
hedeflenmistir.

Il. MATERYAL VE YONTEM

Enerji depolama teknikleri g¢esitli uygulamalarda
kullanilabilir. Enerji depolama sistemlerinde, doniistiiriilen
enerji bicimi siniflandirmay1 genis 6lciide belirler [9]. Enerji
depolama teknikleri Sekil 1 de verilmistir. Enerji depolama
teknikleri 5 ana boliime ayrilabilir; kimyasal, elektrokimyasal,
elektriksel, mekanik ve 1s1l depolama [10].

| ENER]] DEPOLAMA‘I'BKNI]G.ERI |
oy | e
Hidrojen Elektrokimyasal Pompah Termo-
Depolama Kapasitor Kapasitdr Hidro Kimyasal
Siiper Sika
Sentetik stanlmig
Do Kapasitér Hava Duyulur Is1
Silper lletken Yakit
Hiicreleri Volan Gizli Is1

Sekil 1. Enerji depolama teknikleri [11]

2.1. Kimyasal Enerji Depolama Teknolojileri

Kimyasal enerji, atomlarin kimyasal baglarinda depolanir
ve sadece kimyasal bir ortamda salindiginda goriilebilen
molekiiler reaksiyonlardir. Kimyasal enerji  serbest
brrakildiginda, madde tamamen farkli bir maddeye doniisiir
[12]. Kimyasal yakitlar, elektrik iiretiminde ve enerji
tasimaciliinda ayrica da enerji depolamada olduk¢a fazla
kullanilirlar. En ¢ok tiiketilen kimyasal yakitlar; dizel yakat,
islenmis komiir, benzin, dogalgaz, propan, biitan, etanol,
stvilagtirilmig petrol gaz1 (LPG), hidrojen ve biyodizeldir.
Bahsi gegen bu kimyasallar serbestce siviya doniistiiriiliir ve
1s1 motorlart kullanilarak hareket ettirici olarak kullanildiginda
mekanik enerjiyi elektrik enerjisine gevirirler [10, 13]. Ote
yandan, elektrik iiretimi i¢in depolanan kimyasal enerji, direkt
olarak elektron transfer reaksiyonlariyla serbest birakilabilir
[14].

2.1.1. Hidrojen Depolama Teknikleri

Hidrojen; bol miktarda bulunan, temiz yenilenebilir yakittir
ve enerji tagtyan bir malzemedir [15-18]. Hidrojenler sadece,
yanma reaksiyonundan sonra su buhari emisyonu salinimi
gerceklestirirler. Kimyasal hidrojenin enerjisi 142 kJ/kg olup
diger hidrokarbonlardan daha yiiksek enerjiye sahiptirler [18].

Hidrojen depolama yontemleri genel olarak iki Kategoriye
ayrilabilir; fiziksel (gaz ve sivi halde) ve malzeme bazli
depolama. Gaz hali depolama genellikle 350-700 barlik
yiiksek basinglh tanklarda yapilabilirler. Hidrojenin kaynama
noktasi (1 atm) -252,8 °C'dir. Kaynama noktasi sicakligindan
dolay1 sivi hidrojenin depolanmasi i¢in kriyojenik sogutma
yontemleri gerektirir [19]. Enerji depolama sistemlerinde,
hidrojenin kapasitesi olduk¢a fazladir. Ciinkii hesaplamalara
gore bir kilogram hidrojen yaklasik olarak 33 kWh enerji
icerdigi gorillmiistir [20, 21]. Hidrojenin; petrol ithalatini
azaltarak enerji giivenligini artirmak, yenilenebilir enerji
kaynaklarindan faydalanarak siirdiiriilebilirlik saglamak,
iiretim yoluyla daha az kirlilik ve daha iyi kentsel hava kalitesi
saglayarak kullanim noktasinda sifira yakin karbon,
hidrokarbon vb. emisyonlari en aza indirgemek gibi bircok
avantaji vardir. Bu nedenle hidrojen diinya c¢apinda kabul
gbrmiis bir temiz enerji kaynagidir [20-25]. Hidrojen pil yapisi
Sekil 2” de goriilmektedir.
Bu tipte pil yapilart diisik sicakliklarda calisirlar, giig
yogunluklart yiiksektir ve hizli ilk ¢alisma gerektiren yerlerde
kullanilabilirler. Diisiik sicakliklarda g¢aligmasindan dolay1
pahal1 katalizorlere ihtiyac duyarlar [26].

P.E.M. Yakit Pilleri
-’

Elektrik Akisi

Hidrojen I. ®
I TN =2
— :ro ol » ®
®lc o | ® Hidrojen ®
o |= iyonlan -3
(o] ) -
(%) @
Anot Elektrolit Katot

Sekil 2. Hidrojen pil yapis1 [26]
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2.1.2. Sentetik Dogal Gaz (SNG) Depolama Teknikleri

Dogal gaz, en popiiler fosil yakittir ve esas olarak CH4’ten
olusur. Biyogaz, ¢Op gazi, sentetik dogal gaz ve biyo-sentetik
dogal gaz ise diger gaz yakitlaridir. Biyogaz ciirlimiis organik
maddeler tarafindan iiretilir ve CH4 ve CO2 igerir. Depolama
sahasinin bilesimi biyogaza benzer [27]. Sentetik dogal gaz,
kat1 besinlerin gazlastirilmasiyla kismen donistiiriilmesi
anlamina gelir.

Uretilen sentetik dogal gaz, yeraltinda, basingh tanklarda
depolanabilir veya dogrudan gaz sebekeleri
beslenebilmektedir. Sentetik dogal gaz, hem CO2’in fazla
oldugu yerlerde hem de elektrigin mevcut oldugu yerlerde
tercih edilir [28]. Hidrometanasyon veya Kkatalitik buhar
gazlastirma teknolojisi geleneksel metanasyondan daha
verimli olarak kabul edilir [29].

2.2. Elektriksel Enerji Depolama Teknikleri

Elektriksel enerji depolama teknikleri; kapasitorler, sliper
kapasitorler ve siiper iletken manyetik enerji depolama
sistemleri olarak kategorize edilebilirler. Genel olarak
kapasitorler, yiksek akim durumunda kullanilabilir, fakat
oldukga diisiik olan kapasitans iiretimlerinden dolay: sadece
cok kisa siireler i¢gin kullanima uygundur. Siiper kapasitor, ¢ok
yiiksek kapasitans sunmasi haricinde, normal bir kapasitoriin
yerini alabilir. Siiper iletken manyetik enerji depolama
sistemleri, gii¢ santral ¢ikislarinda ¢iktiy1 stabilize etmek veya
enerji sarfiyatindaki maksimum verimi karsilamak icin
kullanilabilirler. Ornegin celik fabrikalar1 veya hizli transfer
demiryollar1 [30].

2.2.1. Kapasitorler

Kapasitorler, elektrigi depolamak i¢in en dogru yontemdir
[31]. Kapasitér i¢ yapist Sekil 3’de gosterilmektedir.
Kapasitor, dielektrik adi verilen iletken olmayan bir katmanla
ayrilmis iki metal plakadan olusur. Bir levha dogru akim
kaynagmdan gelen elektrikle yiiklendiginden, diger levhada
karsit igsaretli bir yiik indiiklenmis olacaktir [32]. Metalize veya
metal  elektronlarin  yiizeylerinde  enerji  depolarlar.
Kapasitorlerin enerji  yogunlugu cok diisiik oldugundan,
yiiksek akimlari iletebilirler ancak bunu son derece kisa siireler
icin gergeklestirirler [10].

Iletkenler arasi Yalitkan bolge

me(siafe &: Dielektrik katsayist
- = o
v - //
— IO
+Q > | -Q
E
. 3
,//’ B
Aalanh ) '
iletken ° €

plaka

Sekil 3. Kapasitor i¢ yapist [33]

2.2.2. Siiper Kapasitorler

Stiper kapasitorler, elektrokimyasal ¢ift katmanl kapasitorler
elektronikte kullanilan klasik kapasitorler ile genel piller
arasindaki boslugu doldurur [28]. Siiper kapasitor i¢ yapisi
Sekil 4’de gosterilmistir. Siiper kapasitorler, molekiil yapisi

inceliginde bir elektrolit tabakasi kullanir ve ¢ok genis yiizey
alanli aktif karbon yapisina sahiptir [10]. Bataryalar ile
kiyaslandiginda ¢ok daha verimli sarj ve desarj olabilmektedir
[2]. Siiper kapasitorlerin enerji depolama yetenekleri, klasik

Elektrostatik kapasitor

d

Elektrolitik kapasitér Stiper kapasitor

d da,
Co

&)
000 S0 ¢

o
o)

-~
Elektrot
Aletif kathon

Ayimer

Y|
E \‘\\_\_

kapasitorlere gore oldukca fazladir [32].
Sekil 4. Kapasitorlerin yapilari [34]

Siiper kapasitorlerin enerji depolamasi statik sarj sayesinde
elektrokimyasal pil sisteminden farklidir. Grafen kullanilarak
yapilan siiper kapasitorlerin ¢ok daha hafif ve kullanilist
olacag diisiiniilmektedir. Mevcut karbon siiper kapasitorlerin
yerine gececegi disiiniilen grafenin elektrostatik —sarj
kapasitesi yiizey alani ile dogru orantili olarak degismektedir.
Li-ion bataryalar ile enerji depolama kapasiteleri ayn1 olsa da
on binlerce kez sarj edilebilme 6zelligine sahiptir [35]. Grafen
stiper kapasitorler ticari boyutta tiretildiginde enerji depolama
konusunda devrim yagsanmasi muhtemeldir [36].

2.2.3. Siiper iletken Manyetik Enerji Depolama

Siiper iletken manyetik enerji depolama sistemleri (SMES),
elektrodinamik ilkesine gore ¢aligir [28]. Enerji, siiper iletken
kritik sicakliginin altinda tutulan bir siiper iletken bobinde
dogru akim akigimin yarattig1 manyetik alanda depolanir [28,
30, 31]. Kriyojenik olarak sogutulan siiper iletken malzeme ve
depolanan enerji, bobinin enerjisini bosaltarak sebekeye geri
birakilabilir [30]. Siiper iletken manyetik enerji depolama
sisteminin goriiniimi Sekil 5°de verilmistir.

YS/DS Stper iletken miknatis

Sivi
Helyum
-Azot

Kriyojenik

Buzdolab:

Pompa
Kriyostat
Sekil 5. Stiper iletken manyetik enerji depolama sisteminin
yapisal goriiniimii [37]

Siiper iletken manyetik depolama, su ve ¢oziiciilere dayanan
sulu ve susuz elektrolitlere sahiptirler [38]. Sulu elektrolitli
piller arasinda Kursun Asit, Nikel-Kadmiyum, Nikel-Metal
Hidriir ve Alkalin Cinko-Mangan Dioksit bulunur. Susuz
elektrolitli piller arasinda Lityum Iyon, Metal Hava, Lityum
Metal, Sodyum Kiikiirt ve Sodyum Nikel Kloriir bulunur
[28,38].

2.3. Elektrokimyasal Enerji Depolama Teknikleri
Kimyasal enerjiyi elektrik enerjisine doniistiirmek igin

elektrokimyasal gii¢ kaynaklar1 kullanilir. Déniistiirme islemi

sirasinda minimum iki ortak kimyasal reaksiyon isleminden

gecer.
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Elektrokimyasal depolama teknolojilerinin iki ana dali
vardir. Elektrokimyasal piller ve elektrokimyasal kapasitorler
[39]. Kimyasal reaksiyonun tasarimina, yapisal dzelliklerine,
dogasina gore elektrokimyasal depolama sitemleri degisir
[40]. Calisma prensiplerine gore, elektrokimyasal piller ve
hiicreler 4 kategoride siniflandirilabilir; birincil hiicre veya pil,
ikincil hiicre veya pil, yedek hiicre ve yakit hiicresi [41, 42].
Ayrica piller yapiminda kullanilan kimyasallarin cesitlerine
bagli olarak da siniflandirilmaktadirlar [43].

Elektrokimyasal enerji depolama sistemlerinin 6nemli
uygulama alanlar1 arasinda riizgar ve giines enerjisi kullanimi
da dahil olmak iizere ulasim ve mikro gii¢ (sabit/taginabilir)
iiretimi yer almaktadir [44].

Ikinci bir faydali smniflandirma, desarj derinligine atifta
bulunur; s1§ veya derin dongitlii piller [45]. Derin dongiilii
piller, yap1 olarak daha az kalin plakaya sahiptir, yenilenebilir
uygulamalar i¢in uygundur. Ugiincii simiflandirma, akiideki
elektrolitin karakteristigine atifta bulunur (su basmis veya
islak ve sizdirmaz). Su basmis veya islak piller yenilenebilir
uygulamalarda yaygm olarak kullanilmaktadir. Iki gesit
sizdirmaz pil vardir; yenilenebilir uygulamalar icin Jel ve
Absorbe Cam Mat [45].

2.3.1. Calisma Prensibine Gore Piller

2.3.1.1. Birincil Hiicre veya Pil

Genellikle birincil pil sarj edilemez. Cogu birincil hiicre
emici malzeme veya ayiricida bulunan elektrolitleri kullanir
[41]. Elektrolit tipi birincil pilleri sulu ve susuz olarak
smiflandirilabilir. Sulu piller su bazli elektrolit ¢ozeltileri
igerir. Sulu elektrolitli piller Cinko-Karbon ve Cinko-Kloriir,
Alkalin Cinko-Mangan Dioksit, Cinko-Hava, Cinko-Giimiis
Oksit ve Cinko-Civa Oksit igerir. Susuz elektrolit tiirii
Lityum-Tiyonil Kloriir, Lityum—Siilfuril Kloriir ve Lityum—
Kiikiirt Dioksit, Lityum—Mangan Dioksit, Lityum—Karbon
Monofloriir, Lityum-Demir Disiilfiir, Lityum-Iyot, Lityum—
Gilimiis Vanadyum Oksit tiirlerini igerir.

2.3.1.2. ikincil Hiicre veya Pil

Ikincil bir hiicre veya pil, desarj esnasinda akimin tersi
yonde hareket ederek devreden gecmesiyle sarj edilebilir [41].
Sarj edilebilir pil sistemleri elektrolit ¢esidine gore ikiye
ayrilir. Sirasiyla su ve ¢oziiciilere dayanan hem sulu hem de
susuz elektrolitlere sahiptirler. Sulu elektrolitli piller Kursun
Asit, Nikel-Metal Hidriir, Nikel-Kadmiyum, ve Alkalin
Cinko-Mangan Dioksit dir. Susuz elektrolitli piller Lityum
fyon, Lityum Metal, Sodyum Kiikiirt, Metal Hava ve Sodyum
Nikel Kloriir diir [28,38].

2.3.1.3. Yedek Hiicre veya Pil

Yedek hiicre veya pil, birincil pil grubundadir. Bu piller
cogunlukla uzun siireli depolama igin tercih edilir. Hiicrenin
aktif kimyasallari, gerekli olana kadar ayrilir ve izole edilir
[41]. Yedek piller elektrolit olmadan monte edilir. Etkin hale
getirilmis hiicrelerin performansini olumsuz etkileyerek
tehlike yaratabilecek kosullar altinda giivenilir bir sekilde
muhafaza edilebilirler. Pillerin eksik parg¢asi kullanmadan
once eklenebilir [38].

2.3.1.4. Yakat Hiicresi

Bir yakitin gizli kimyasal enerjisini ortaya cikarmak ve
elektrik enerjisi iiretmek igin dncelikli olarak hidrojenin veya
bagka bir yakitin kimyasal enerjisini kullanarak elektrik

iretimi saglayan cihazlardir [46, 47]. Yakit hiicrelerinin
calisma prensibi piller gibidir. Bununla birlikte, tiikenmezler
veya tekrar sarj edilmeye gerek duymazlar. Yakit siirekliligi
oldugunda elektrik ve 1s1 tretirler [46]. Sekil 6’da tipik bir
yakit hiicresinin yapist goriilmektedir. Yakit hiicresi anot,
katot ve elektrolit zarindan meydana gelir. Bir yakit hiicresi,
hidrojeni yakit hiicresinin anodundan ve oksijeni yakit
hiicresinin katodundan gecirerek caligir.

Elektrik Akimit

Yakat Girigt Hava Girigt
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Sekil 6. Tipik yakit hiicresinin ¢aligma prensibi [77]

Hidrojen yakit hiicresinin anot bolgesinde elektronlara ve
protonlara ayrisir. Elektronlar bir elektrik akimi ve agirt 1s1
iireterek bir devre boyunca zorlanirken protonlar elektrolit
zarindan gecerler. Katotta protonlar, elektronlar ve oksijen
birleserek su molekiilleri olusturur [47]. Temel olarak
elektrolit tipi yakit hiicreleri; polimer elektrolit membran
(PEM) yakit hiicreleri, dogrudan metanol yakit hiicresi, alkalin
yakit hiicresi, fosforik asit yakit hiicresi, erimis karbonat yakit
hiicresi, kat1 oksit yakit hiicresi, tersinir yakit hiicresi olarak
siniflandirilir [48].

2.3.2. Kullamlan Kimyasalin Cesidine Gore Piller

2.3.2.1. Kursun Asit Piller

Fotovoltaik sistemlerde tercih edilen pil ¢esididir. Uzun
omiirlii ve diisik maliyetli olmalar1 tercih edilmesine en
onemli etkendir. Bakim maliyetlerinin yiiksek olmasi ve enerji
yogunluklarmin diisiik olmasi dezavantajlar1 arasindadir.
Ayrica yapisinda bulunan siilfiirik asit tehlike yaratmakla
birlikte bu pillerin asir1 sarj durumunda patlama riski
bulunmaktadir [50].

2.3.2.2. Lityum Iyon Piller

Kursun asit pillerden sonra en ¢ok tercih edilen pil yapisidir.
Lityum iyon piller eski pil teknolojilerine gore daha fazla
gerilim tiretebilmektedirler. Toksik maddeler igermediginden
dolay1r imha edilmesi kolaydir. Asirt 1sinma ve yiiksek
gerilimlerde zarar verme ihtimalinin olmasi dezavantajlari
arasindadir [51].

2.3.2.3. Sodyum fyon Piller

Lityum iyon pillerin yerini almasi beklenen yeni nesil enerji
depolama sistemleridir. Fakat sodyum maddesi agir yapisi
nedeniyle dezavantaj meydana getirmektedir. Sodyum iyon
piller ticari kullanim agisindan heniiz yeterli 6zellikleri ortaya
koyamamaktadir [52].

2.3.2.4. Nikel Kadmiyum Piller
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Uzun yillardir kullanilan pil teknolojisidir. 1.3 volt degerine
kadar gerilim iiretebilmektedir. Icinde kadmiyum bulunmasi
cevresel etkilerden dolay1 risk yarattigindan, imhas1 ve geri
doniisiimii noktasinda sikintilar vardir [53].

2.3.2.5. Lityum Siilfiir Piller

Daha yiiksek kapasiteyle calisma imkani sunan bu pil
teknolojisi yakin zamanda aktif kullanima gecme
potansiyeline sahiptir. Diger pil ¢esitlerine gore daha kisa
zamanda Omriinii tamamlamasi en biiyiik dezavantajidir [36].
Ayrica meydana gelen elektrokimyasal tepkimelerde siilfiir
katodunun zamanla korozyona ugramasi diger bir
dezavantajidir.

2.3.2.6. NanoBolt Lityum Tungsten Piller

Yeni anot materyalinde yapilan ¢alismalar sonucunda
bakirin baglanmasi icin tungsten ve karbon kapli coklu
tabakalama teknolojisiyle meydana gelen nano tiiplerin yeni
bir batarya olasiligin1 ortaya ¢ikarabilecegi gozlemlenmistir.
Iyonlarin baglanmasina daha ¢ok olanak saglayan genis yiizey
teknolojisi ile pillerin daha fazla enerji depolamasina ve hizl
sarj olmasina imkan saglamaktadir [54].

2.3.2.7. Redox Akim Pilleri

Icerisine eklenen hidroklorik ve siilfiirik asit ile Li-ion
tirevlerine gore %70 daha yiiksek yogunluk g6zlenmistir. Bu
pil cesidi riizgar tribiinleri ve giines panellerinden elde edilen
enerjinin depolanmasi amaciyla kullanilmistir. Elektrikli
araglara uygulanmasi durumunda ise bir sarj ile 1600 km siiriis
olanag1 tanimaktadir. Bu piller daha hafif ve yiiksek enerji
depolama imkani sunmaktadir [36].

2.3.2.8. Aliiminyum Grafit Piller

Bu piller oldukga yiiksek hizlarda sarj olma imkant
sunmaktadir. Stanford iiniversitesinde gelistiren bataryalarin
akilli telefonlarda kullanilmast durumunda 60 saniyede
telefonu sarj edebilecegi goriilmiistiir. Uretilen prototipte
sadece 1.5 V enerji ¢ikisi saglanabilmektedir. Bu durum ise
mevcut elektronik cihazlar i¢in yetersizdir. Daha kullaniglt bir
kullanim seklinin bulunmasi durumunda daha hafif, enerji
kapasitesi yiiksek ve giivenli olacaktir [36].

2.3.2.9. Biyoelektrokimyasal Piller

Bu piller, anaerobik bakteriler yardimiyla asetik asit
iireterek oksidasyon yontemi kullanmaktadirlar. Heniiz
iizerinde yapilan ¢aligmalar devam etmektedir. Bu batarya
teknolojisinin en biiylik avantaji igerigindeki bakterinin stirekli
kendini yenilemesi ve sonsuz Omre sahip olmasidir [36].
Biyoelektrokimyasal pil teknolojisi ile Mikrobiyal Yakit
Hiicreleri gelecegin tiikenmeyen pil o&zelligini tasima
kapasitesindedir [55].

2.3.2.10. Organosilikon Elektrolit Piller

Li-ion pillerde elektrotlarda meydana gelecek ates alma ve
patlama risklerine karsin, riskleri ortadan kaldirmak igin
organosilikon bazli solventlerin pillerde kullanilmasi
sonucunda ortaya ¢ikarmistir. Bu teknoloji heniiz aragtirma
asamasinda olup calismalar hiz kazanmistir [54].

2.3.2.11. Kat1 Hal Pilleri

Kati hal siiriiciileri (Solid State Drive-SSD) veri depolama
teknolojisinde hizli ve giivenli veri depolama ile devrim
agcmistir. Buna bagl olarak enerji depolama iginde diisliniilen

bu teknoloji pil teknolojisinde ciddi degisimler vadetmektedir.
SSD batarya kullanilarak 1sinma problemi ortadan kaldirilarak
yangin riski ortadan kaldirilip, performans kaybi yasamadan
Oomiir boyu kullanim olasiligi sunmaktadir [36]. Seramik,
siilfat, cam ve kat1 polimer bilesenlerden olusan bu bataryalar
gelecekte Li-ion bataryalara gére 2-10 kat daha yogun enerji
saglama potansiyeline sahiptir [56].

2.3.2.12. Altin Nanokablolu Jel Elektrolit Piller

Altin nanokablolar1 mangan dioksit ile kaplayarak
elektrolitik jel igerisine koyan arastirmacilarin yaptig: testler
sonucunda herhangi bir asinma olmadan 200000 defa sarj
oldugu gozlemlenmistir. Geleneksel bataryalarin 6000 defa
sarj olma durumu ile kiyaslandiginda olduk¢a basarili bir
tasarimdir [54].

2.4. Mekanik Enerji Depolama Teknikleri

Mekanik enerji depolama c¢alisma prensiplerine gore;
basigli gaz, zorlanmig yaylar, kinetik enerji ve potansiyel
enerji olarak tanimlanabilir. Mekanik enerji depolamanin en
biiyiik avantaji, mekanik isler i¢in gerektiginde enerjiyi
kolayca iletebilmeleridir [57]. Mekanik enerji depolama
yontemleri su akimi, dalga ve gelgit kaynaklarindan gelen
enerjiyi  doniistirmek ve depolamak igin kolaylikla
uyarlanabilir. Genel olarak volan, pompali hidro ve
sikistirilmis hava depolama teknolojilerinden olusur.

2.4.1. Pompal Hidro Depolama Sistemleri

Pompali hidro depolama sistemleri, yiiksek ve tepe talebi
kargilamak i¢in suyu farkli kotlardaki iki rezervuar arasinda
hareket ettirerek enerjiyi depolar ve iretir [58, 59]. Pompalt
hidro enerji depolama sistemleri ile su kullanarak biiyiik
Olgekli  enerji rezervuarlari  olusturmak — miimkiindiir.
Yenilenebilir giiciin degiskenligini saglamak i¢in pompali
depolama uygulanmaktadir (Riizgar, giines ve dalga giicii vb.).
Pompali depolama, yiiksek ¢ikt1 ve diisiik talep zamanlarinda
fazla {iretimi (veya negatif yiikii) emebilir ve depolanan
enerjiyi serbest birakabilir [60]. Bir pompali depolama
tesisinde, pompa tiirbinler suyu yogun olmayan saatlerde
yiiksek bir depolama rezervuarina aktarir. Depolanan su daha
sonra, tiiketicilerden gelen talepteki gegici artislar1 veya diger
enerji santrallerindeki planlanmamis kesintileri karsilamak
icin elektrik liretmek i¢in kullanilabilir [61]. Pompaj hidro
depolama sistem semasi Sekil 7°de gosterilmistir.

a: Ust rezervuar

b : Su alma yapis:

¢ : Basmgh su tiineli

d : Denge bacast

e : Dikey basmgh kuyu
f: Egimli basmgh kuyu

g : Yitksek basmch tinel

h: Hidroelektrik santral odast
i: Kuyruk suyu taneli
j: Alt rezervuar

Sekil 7. Pompali hidro depolama sistem semasi [58]

Pompalanan depolama ayrica ii¢ ana tipte kategorize
edilmistir. Bunlar; kapali dongii, yar1 agik ve agik sistem
olarak adlandirilir. Kapali dongii, dikey bir mesafeyle ayrilan
ve higbiri bagka bir su Kkiitlesine bagli olmayan iki
rezervuardan olusur. Yari acik, degistirilmis veya bir yapay
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rezervuardan ve degistirilmis nehir veya g6l barajindan olusur
ve siirekli akiga sahiptir. Agik sistem, hem st hem de alt
rezervuardan devamli su akisi1 vardir [62].

2.4.2. Sikistirlmis Hava Enerji Depolama Teknikleri
(SHEDT)

SHEDT sistemleri giiclii bir enerji rezervi yaratir [63].
Geleneksel (SHEDT), havayr basinglandirmak icin bir
kompresor kullanir ve havayr yeralti jeolojik olusumlara
pompalar [64]. Kompresor, hava depolama deposu ve
genisletici; SHEDT sisteminde {i¢ ana bilesendir [65]. SHEDT
sistemleri, esas olarak Brayton Dongiisii tahrikli gaz tiirbini
santrallerine gore diisiinlilmiis ve uygulanmistir. Gaz yanma
odasma girmeden once sikistirilmis hava gerektirir. SHEDT,
dogrudan dalga enerjisi sistemine de (Salmimli Su Kolon)
birlestirilebilir. Wells tiirbini, salinimli su siitunu i¢indeki
basing degisikligi tarafindan iiretilen hava akigint kullanir.
Salinimli su kolonu enerji santralinin ana pargasidir [66].

Enerji Elektrik Enerji
talebinin az sebekesi talcbinin fazla
oldugu iy oldugu durum
Hava Hava
MotorS il —— — Torbin&Generalor
Kompresor || Ist Eqanjérd — Sistemi
Onitosi |

Yer ylzeyi
Haval

R=

Yer alts
Hava girigi/ magarasi

N —

Sekil 8. SHEDT sistem semasi [61]

Bu yontemlerle iiretilen yenilenebilir enerjinin ¢ogu, hemen
degilse de daha sonra talebin arttigi veya yenilenebilir
kaynaklarin  diisiik  dretim  donemleri  yasadiginda
kullanilacaktir [67]. Tuz magaralarinda taze havanin
depolanmasi, fazla enerjinin bosa harcanmasint Onlemis,
giivenilir ve giivenli bir yontemidir. Bu temiz hava, yerin bir
kilometre altina kadar olan jeolojik tuz birikintileri i¢indeki
derin yeralti magaralarinda depolanir [68]. Sistem ¢aligma
prensibi Sekil 8'de verilmistir. Sikistirma asamasi normal
olarak tiirbin kapasitesinin yaklasik 2/3"inii kullandigindan,
SHEDT tiirbini sikistirma tarafindan engellenmez [69].

2.4.3. Volan Depolama Teknikleri

Manyetik olarak kaldirilan yataklar tarafindan stator
iizerinde bulunan biiyiik bir doner silindir (bir safta bagli bir
jant), ¢ogu modern yiiksek hizli volan enerji depolama
sisteminin ana parcasidir. Volan sisteminin ana goriiniimii
Sekil 9'da verilmistir [63].

Patenth Molekiler

Valan Kol

Karbon Fiber 2 Kaln Karbon
Celk Cevreleme

Alagmk Volan

Motor-Generatdr
Stator

Sekil 9. Volan enerji depolama sisteminin ana goriiniimii
[70]

Bir volan, enerjiyi ¢ok yiiksek hizlarda donen rotor
kiitlesinin kinetik enerjisi olarak mekanik olarak depolayabilir
[58, 63]. Bu depolanan enerji yavaslayan bir tork aracilifiyla
volan1 yavaglatarak mevcut olan kinetik enerji jeneratdre geri
dondiirtilerek tekrar kullanilabilir. Volan ne kadar hizli
donerse o kadar fazla enerji depolar. Volanlar yiiksek hiz ve
diisik hiz olarak smiflandirilabilir  [58].  Elektrikli
lokomotiflerde enerji depolamak i¢in demiryolu hatlarinin
elektriksiz boliimleri boyunca hareketi garanti etmek icin
kullanilirlar. Ray tarafinda volanlarin statik pil olarak
kullanilmasina ilgi artiyor.Lokomotiflere giden elektrik akimi
beslemesini stabilize etmek ve ayrica frenleme sirasinda
lokomotiflerin elektrik hatlarina geri beslenen enerjiyi
depolamak i¢in kullanilabilirler [71].

2.5 Isil Enerji Depolama Teknikleri

Sicaklik, yer veya gii¢c gibi farkli kosullarda daha fazla
kullanim i¢in bir sicakliktaki depolama ortaminda 1s1 veya
sogugu depolamak i¢in uygun sistemlerdir [72]. Isil enerji
depolama sistemleri alan ve proses 1sitma veya sogutma, sicak
su temini veya elektrik iiretimi gibi konut ve endiistriyel
amaglt uygulanabilir. Isil enerji depolama sistemleri;
termokimyasal, duyulur 1s1 ve gizli 1s1 gibi ti¢ farkli kategoride
smiflandirilabilir [9, 72].Termal enerji depolama sistem
sematigi Sekil 10°da gosterilmistir.

Soguk
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Generatér

v ot
(| Sl |

Termal enerjinin farkh
enerjilere donligimia
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Gilney KollekiBrierd 550 tonluk erimis tuz

tabanh depofama dnitesi

Termal enerjinin
depolanmasi

Termal enerjinin
toplanmasi

|

i
Sekil 10. Termal enerji depolama santrali gematigi [72]

2.5.1. Termokimyasal Enerji Depolama

Termal enerji depolama (TED), ¢evresel etkileri
azaltabilen, daha verimli ve temiz enerji sistemlerini
kolaylagtiran termal enerjiyi depolamak icin gelismis bir
teknolojidir. Termokimyasal TED, yiiksek enerji yogunlugu
depolama potansiyeli ile ortaya ¢ikan bir yontemdir. Bu
nedenle, alanin smirli oldugu durumlarda, termokimyasal
TED, gerekli kompakt termal enerji depolamasini elde etmek
i¢in en yiiksek potansiyele sahiptir [73, 74].
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Termokimyasal TED sistemlerinin diger TED tiirlerine gore
birgok avantaji vardir. Bu avantajlar;

e Bilesenler (A ve B), olusumlarindan sonraki ortam
kosullarina sogutulduktan sonra, genellikle ortam
sicakliginda ayri1 olarak saklanabilir. Bu nedenle,
depolama siiresi boyunca ¢ok az 1s1 kayb1 olur veya
hic olmaz ve sonug olarak, yalitim gerekli degildir.
Diisik 1s1  kayiplarinin - bir  sonucu  olarak,
termokimyasal TED sistemleri 6zellikle uzun siireli
enerji depolamasi (6rnegin mevsimsel depolama) igin
uygundur.

Termokimyasal malzemeler, PCM'lere ve hassas
depolamaya gore daha yiiksek enerji yogunluklarina
sahiptir. Daha yliksek enerji yogunlugu nedeniyle,
termokimyasal TED sistemleri, gizli ve duyulur
TED'e kiyasla daha kompakt enerji depolamasi
saglayabilir. Bu nitelik 6zellikle TED igin alanin
siirlt veya degerli oldugu durumlarda faydalidir.
seklinde siralanabilir [73].

2.5.2. Duyulur Is1 Enerji Depolama

Duyulur 1s1 depolamasi proseste sicaklik degisikliklerine
yol agar [75]. Kullanilan ortamin kiitlesiyle birlikte 6zgiil 1s1
kapasitesi bir depolama sisteminin kapasitesini belirler [9].
Depolama ortami sivi (su, erimis-tuz veya kizgin yag), kati
(tas, beton, metal veya zemin) veya kat1 dolgulu sivi olarak
farkli fazlarda olabilir [9, 75].

2.5.3. Gizli Is1 Enerji Depolama

Duyulur 1sinin depolanmasinin tersine, gizli 1s1 sicaklik
degisimi ile algilanamaz [75]. Gizli 1s1 depolama, faz degisim
malzemeleri kullanarak depolama ortami olusturur [9]. Gizli
1s1 sisteminde termal iletkenlik énemli bir aractir. Tlaveten,
hacimsel depolamanin kapasitesini belirledikleri igin faz
gecisindeki yogunluk ve entalpi 6nemlidir [75]. Gizli 1s1
depolama sistemlerinde kullanilmak {izere hem organik
(parafin), inorganik hem de biyo-bazli PCM'ler (tuz hidratlar)
mevcuttur [9, 76]. Gizli 1s1 enerji depolama yontemlerinden
birisi buzda enerji depolama yontemidir. Bu yontem binalarin
sogutma yiikiiniin, su-buz faz degisimi sirasinda ortaya ¢ikan
1s1l enerjiden yararlanarak bunu daha sonra kullanmak {izere
depolamasidir. Bunun temel amaci kapali hacimlerin
serinletilmesinde kullanilan klima sistemlerinin enerji tiiketim
maliyetlerinin azaltmaktir [77].

111.SONUC

Bir enerji depolama sistemi, gelecegin tesvik edici
teknolojilerinden biri olan akilli sebeke konseptlerini miimkiin
kilacaktir. Enerji tiretimleriyle ilgili dalgalanmalar1 ortadan
kaldiran enerji depolama sistemleri yenilenebilir enerji
sistemlerinin  entegrasyonunu  kolaylastirabilir.  Enerji
depolama sistemleri sistem giivenilirligini destekleyebilir ve
ek olarak yiik izleme, doniis rezervi, siyah baslatma &zelligi
gibi bazi yardimer tesisler sunabilir. Ayrica, enerji depolama
sistemleri tepe yiiklerini ortadan kaldirmaya katkida
bulunabilir ve bu sayede jenerator arizalarini azaltabilir.
Depolanan enerji miktar1 pik yiikii telafi etmede 6nemli bir rol
oynayabilir. Baz iretim birimlerinin kapasite faktorii bu
sekilde artirilabilir, ayrica diisiik fiyatla depolanan enerji
kullanimi i¢in olumlu bir faktordiir. Enerji depolama
sistemleri, yeni teknolojilerin cesitliligine, degisen tiiketici
aliskanliklarina, faaliyetlerine ve gecen on yilda elektrik

tiretiminin donilisiimliic mekanizmasina ve degisen dagitim
sistemine adaptasyon igin kilit bilesen gibi goriiniiyor. Ayrica,
sebeke performansinda giivenilirlik, hizli yanit, yiik eslestirme
yetenegi gibi birgok iyilestirme saglayabilir. Siirdiirtilebilirlik
ve c¢evrenin korunmasi gibi enerji konularinin 6nemli
sorunlari, bizi enerji kaynaklarin1 ¢esitlendirmeye ve
yenilenebilir enerji kullamimimi artirmaya yoneltiyor.
Yenilenebilir  kaynaklarin  kisa ve wuzun donemli
dalgalanmalarindan  enerji/elektrik  {iretim  miktarlarinin
degisimi, baz1 kritik Sl¢iimler gerektirir. Bu nedenle, enerji
depolama, kolay yonetilebilirlik, kontrol edilebilirlik,
ongoriilebilirlik ve esneklik nedeniyle elektrik sebekesi
sisteminin yanit kapasitesini iyilestirmek i¢in nemli 6lgiide
onemli hale gelir. Hayatimizin her alaninda yer edinmis olan
batarya ve bunun gibi enerji depolama sistemleri teknolojinin
gelecegini iyilestiren bir arastirma konusu olup gelisime en
acik alanlardan birisidir.
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Kolay Kisisellestirilebilir Akilli Sanal Asistan
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Tiirkce Ozet — Sanal asistan yazilimlari, kullanicidan gelen ses kaydindan ¢ikardigi metni ya da hali hazirda kullanicinin yazmis
oldugu metni isleyip, ¢ikardigi anlamlara gore kullaniciya cevap veren veya kullanicinin istedigini yapan yazilimlardir. Sanal
asistan yazilimlar1 kullanici ses kaydindan metni ¢ikarabilmek ve tekrar sese déniistirmek icin Dogal Dil Isleme (Natural
Language Processing) kullanmaktadir. Metinden kullanicinin ne isteginin makine tarafindan anlasilabilmesi i¢in farkli yontemler
kullanilmakla birlikte ¢calisma kapsaminda diger yazilimlardan farkli olarak uygulama gelistirmeyi olduk¢a kolaylastiran Regex
(diizenli ifadeler) kaliplar1 ile metindeki anlamin bulunmasi saglanmistir. Sanal asistan kullanicinin ne istedigi bulunduktan sonra
cesitli servislerden cevaplar bularak kullaniciya cevap verebilmektedir. Bu ¢alisma i¢in hazirlanmig olan bir Tiirkge Sanal
Asistan yazilimindan ve bu yazilimi hazirlama asamasinda kullanilan tekniklerden detayli olarak bahsedilmistir.

Anahtar Kelimeler — Tiirkce Sanal Asistan, Dogal Dil Isleme, Dogal Dil Algilama, Flutter, Diizenli Ifadeler

Anf: Harman, G., Aydemir, E. (2022). Kolay Kisisellestirilebilir Akilli Sanal Asistan. International Journal of
Multidisciplinary Studies and Innovative Technologies, 6(2): 143-151.

Easily Customizable Smart Virtual Assistant
Extended Abstract
Research Problem/Questions — Virtual smart assistants are software with the ability to answer questions. In this article, as a
research topic, an answer was sought about how a virtual smart assistant can be developed easily. In response to this question, it

is explained how to answer the user's question by using the Regex patterns solution.

Short Literature Review — today's most popular virtual assistant software are Google Assistant, Siri, Alexa, and Cortana. The
working principles of these software are generally as follows.

. Obtaining text from the user's voice.
. Extracting meaning from the obtained text and then finding the answer to be given to the user.
. Giving the answer to the user as a voice.

While review the literature, the software presented as Virtual Assistant software was examined. When we look at the working
principles of these software, it is seen that what the user is saying is understood with the help of NLP and NLU techniques in
general. NLP is an applied artificial intelligence (Al) program that helps the created chatbot analyze and understand the natural
human language that communicates with the other person. NLU ensures that the chatbot understands what a body of text means,
meaning it is responsible for understanding the given text and classifying it according to the appropriate purposes. Within the
scope of this study, unlike other software, it is ensured that the meaning in the text is found with Regex patterns, which have
made application development very easy.

Methodology
There are three basic stages in a Virtual Assistant software.

1. Converting the user's voice to text.
2. Finding the answer to be given by interpreting the text from the user's voice
3. Playing the answer by converting it into sound, that is, giving an answer

There are topics that need to be known when performing these stages. These are the platform to be used and the interface
development tool to be written, NLP, Web Scraping, Regex, and some services that the virtual assistant will use.
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A. Platform and Interface Development Tool to Use

Like operating systems and the web, the systems on which applications can run are called Computer platforms. Examples of
platforms include MacOS, Windows, Linux, Android, iOS, and Web. In this study, multi-platform is targeted, Flutter is chosen
as the interface development kit tool used for this.

B. Natural Language Processing- NLP

Natural Language Processing is the process of processing human language, which we call natural language, into a form that a
machine can understand. Although Natural Language Processing has many different application areas, there are four different
areas where it can be used within the scope of this study;

e Voice Recognition: The processing of audio signals and converting them into texts with NLP using artificial neural
networks and other machine learning methods.

e  Extraction of information; Used to extract information in certain criteria from the text.

e  Question answering: The ability of the machine to extract meanings from questions and give appropriate answers.

e Audio creation: A process used to convert text to audio.
C. Regular Expressions
Regular expressions, or Regex for short, are used to search for specific patterns in text and have become standard in all
programming languages. In this research, it was used to find out whether the dialogue pattern was present in the text that the user
was speaking, to clean up various suffixes, and to change some suffixes and words. For example, when it is said "Set me a timer
for 1 hour and 5 minutes", it can be understood with Regex that the time zone and the command to set up the meter are desired
to be executed.

Artificial Intelligence Dialogue Design

The dialogue design for the Virtual Assistant is the determination of the dialogues that can be thought out and given in every
possible scenario. When designing dialogs, it should be foreseen what the user can want. It should be noted that the user is in the
foreground.

D. Web Scrapping

The process of extracting data from websites is called Web scraping. [4] In this study, Web scraping was applied to scrape the
information that stands out when searching on the Google search engine what the user wants to learn. After the information text
was engraved, it was used to tell the user, that is, to voice it.

E. Services To Be Used

We call service software the software that will be used to enable the commands defined on the Virtual Assistant to provide what
the user wants. Services that can provide what users want may be location finding services, phone call-communication services
and search engine services.

I. DEVELOPED VIRTUAL ASSISTANT APPLICATION
The developed virtual assistant software has been developed as a software with simple use with push-to-talk features. It was

developed on the Flutter Interface development kit because it is aimed to work on all platforms. The working principle is as
follows.

e  After pressing the microphone button on the interface, what the user says is converted to text.
e Itis examined which of the dialogue patterns written in Regex format this text conforms to.
e Dialogue that fits own dialogue pattern is voiced.

The speech to_text [6] library, one of the Flutter libraries, was used for VVoice Recognition. This library allows the platform on
which the software runs to be transcribed into text with its own voice recognition service.

TTS (Text to Speech) [7] library was used for voice response. This library transmits the given text to the user as audio.?

The answer to be given to the user is selected from the dialogs defined on the virtual assistant by finding the dialog whose Regex
pattern matches what the user says. For example, when the user says 5 times 5, the answer from the calculation method defined
in the dialog whose Regex pattern is “\d+ times \d+" is given to the user. In another example, if the user says hello, the dialog
with the Regex pattern "hello™ will be sounded.
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F. Dialogue Model System

It is a conversational system developed for the virtual assistant, which can be added end-to-end, which can correspond to each
given answer. Thanks to the developed Dialogue Model System, commands and other conversations can now be written in a way
that dialogue writers can do. In Figure 4 you can see how the dialogs are kept in the Dialogue System.

I1. DEVELOPED VIRTUAL ASSISTANT APPLICATION

Various dialogs are defined on the virtual assistant software and can respond accordingly. If what is said does not match any of
the defined dialogues, the search engine is performed, and the search result is voiced. There are some dialogs defined on the
developed virtual assistant.

A. Call Dialogue
You can tell the assistant to call whoever you want. It works if the word "call” is used.

B. Calculator Dialogue
Itis a dialog that allows the Assistant to calculate division, multiplication, addition and subtraction. Mathematical operations
in the text are found and calculated using Regex patterns.

C. Open App Dialogue
It is the dialog where you can tell any app on your device to open. It works if the word "open" is used.

D. Send Message Dialogue

You can ask the assistant to send a sms to someone.

It works with the word “send a message”. With regex, it is found whether the person's name is said or not. If it is not said, it is
asked to whom it will be sent. After it is clear to whom it will be sent, the message to be sent is requested. It is sent after
confirmation by the user.

E. Dialogs for setting up an Alarm Timer
You can ask the assistant to set an alarm or a timer. These dialogs work with the words "set alarm" and "set timer". Clock
and time are taken from the sentence with Regex.

F. “Where am I” Dialogue
You can ask the assistant where am |, the assistant will answer.

G. Story, Humor dialogues
You can ask the assistant to tell you something.

H. And many more dialogues...
And there are many more defined dialogs. Other than that, when what is said does not fit the Regex pattern of defined dialogs,
a search is made on the internet, and it can be said to the user. Thanks to this, the user can learn what he wants from the assistant.

Results and Conclusions
The use of the dialog model system developed during the study facilitated the writing of dialogs for the virtual assistant,
accelerated the development process, and prevented code irregularity. If the dialogues in the developed virtual assistant software
are further increased, it will be able to compete with other virtual assistant programs such as Siri and Google Assistant currently
on the market.

There are several important problems encountered in the virtual assistant that has been developed, these and their solutions are
as follows:
e  Problem: User saying more than one dialogue pattern in a nested sentence.
Solution: In this case, it is necessary to look at the sentence in general, the dialogue pattern that can coincide with the
overall sentence should have a higher priority in the dialogue list. For example, when it is said "send a message to my
mother, what does it mean in Arabic", "send a message" is included in the sentence, while looking at the general
sentence, it is seen that it is asked to translate. Therefore, it is necessary to move the translation request to the fore in
the dialog list.
e  Problem: Turkish suffixes can cause too much complexity in dialog design.
Solution: The dialog pattern can be written without varying attachments, then it is necessary to clean the attachments
that change from what the user said. For example, in the squaring process, the square of 5 should be written as a Regex
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pattern in the form of "\d+ square™ and the belonging suffixes should be removed from the text. Regex can be used

while cleaning attachments.

While developing a virtual assistant, it should not be forgotten that different users will use the application, dialogs should be
designed considering them, and functionality and ease of use should be given importance while developing an application, these
will facilitate the adaptation of users to the application and enable more use of the application.

Keywords — Turkish Virtual Assistant, Natural Language Processing, Natural Language Understanding, Flutter, Regular

Expressions

Citation: Harman, G., Aydemir, E. (2022). Easily Customizable Smart Virtual Assistant. International Journal of
Multidisciplinary Studies and Innovative Technologies, 6(2): 143-151.

I. GIiRris

Giliniimiizde mobil cihazlar ve bilgisayarlarin gelismesiyle
birlikte artan beklentilerde ¢ogalmistir. Bu beklentilerden biri
de konustugunuzda ne dediginizi anlayan, istediginizi
yapmaya ¢alisan ve cevap veren bir yazilimin olmasidir. Bu
tiir yazilima sanal asistan (virtual assistant) denilmektedir.

Bir sanal asistanin kullanicinin ses kaydindan metni
cikarabilmesi ve soOyledigi seye verilecek cevabin
seslendirilmesi igin Dogal Dil Isleme (Natural Language
Processing- NLP) teknikleri kullanilmaktadir. Makinanin
kullanicinin dedigini anlayabilmesi i¢in NLP Teknikleri ve
Regex ifadeleriyle Oriintii arama gibi farkli teknikler
mevcuttur.  Bu c¢aligmada Regex ifadeleri kullanilarak
kullanicinin ne istedigi makine tarafindan anlagilabilmistir.
Regex kullanilmasindaki temel sebep sanal asistaninin
soyleyebileceklerinin bir tiyatro diyalogu gibi
belirlenebilmesini kolaylastirmasidir. Bu sayede kullanict “ne
dediginde ne denmeli” biitiin bunlar metin yazar1 gibi kolay
bir sekilde yapilabilmistir.

Sanal asistan tiim platformlarda galigsabilmesi hedeflenmistir
bunun i¢in Flutter arayiiz gelistirme kiti kullanilmigtir. Arayiiz
gelistirilirken kullanici dostu olmaya &zen gdsterilmis,
kullanicinin sdyleyebilecekleri tavsiye olarak gosterilmistir.

Yapilmig olan ¢alismanin geri kalant su  sekilde
diizenlenmistir. Ikinci béliim Akilli Sanal Asistanla ilgili
yapilmis olan caligmalar incelenmistir. Ugiincii boliimiin
gelistirilen sanal asistan yaziliminda kullanilan yontemlerden
bahsedilmistir. Dordiincii boliimiin gelistirilen sanal asistan
yazilimi gelistirme asamalari, arayiiz 6rnekleri bu boliimde
detayli bir sekilde ele alinarak sunulmustur. Sanal asistan
iizerinde kullanilan diyaloglardan besinci boliimde ayrintili
olarak bahsedilmistir. Son boliim olan Sonu¢ ve tartisma
kisminda gelistirilmis olan sanal asistan karsilasilan 6nemli
problemler ve ¢oziim 6nerileri belirtilmistir.

Il. LITERATUR TARAMASI

Giiniimiizde, 6zellikle teknolojinin her alanin gelismesiyle
birlikte Akillr Sanal Asistan alaninda yapilan birgok ¢aligsma ve
uygulama mevcuttur. Google Asistan, Siri, Cortana ve Alexa
en bilindik, en popiiler ve kullanici sayis1 milyonlar1 gegen
yazilimlardir.

Google Asistan hava durumu sorgulama, arama yapma,
konum sdyleme, Google Arama motoru iizerinden bilgiler
arama, alarm kurabilme, saya¢ kurabilme, kullaniciyla ufak
diyaloglar kurabilme, Nesnelerin Interneti (Internet of Things
— I0T) ile ev cihazlarinin kontrol edilmesi ve daha bir¢ok

fonksiyonu bulunan Google tarafindan gelistirilmis Sesli
Akilli Asistan yazilimidir. Google'in Linux tabanli Isletim

Sistemi olan Android Sistemi iizerinde bulunan bir uygulama,
bir Google Home cihazi, internet veya Apple’in Unix tabanli
isletim sistemi olan I0S {izerinden erisilebilir.
Google Asistanin ¢alisma prensibi;
1) Kullanici konugmalarindan metin elde edilir.
2) Algilanan metnin hangi kategoride oldugu Google’in
gelistirmis oldugu NLP teknigi olan BERT Sinir Ag1
Teknigi ve Derin Sinir Aglar1 (Deep Neural Network-
DNN) kullanilarak bulunur.
3) [Ilgili kategoriye ait cevap kullaniciya seslendirilir ve
ilgili aksiyonlar yapilir.

Ornek olarak; “Annemi Ara” denildiginde “Annem
Aranryor” denilir ve annem kisisi aranir. BERT teknigi climle
icerisindeki anlamli kelimelere ayr1 ayr1 bakarak veya bularak
degil ciimlenin geneline bakarak anlagilmasma yardimci
oluyor.

En ¢ok duyulan ve kullanilan bir digeri Akilli Sanal
Asistanlardan Apple’in gelistirdigi Siri’nin ¢alisma mantigi ise
hemen hemen Google Asistanin ¢alisma prensibiyle benzerdir.
Siri’de DNN ve NLP kullanarak kullanicinin ne dedigini anlar
ve ilgili cevaplar verir, aksiyonu yapar. Siri’nin en 6nemli ayirt
edici ozellikleri yalnizca Apple’in kendi gelistirdigi yazilim ve
isletim sistemleri olan, i0S, MacOS, WatchOS ve tvOS
platformlarinda galisabilmesi ve Google Asistandan ¢ok daha
farkl bir kisilik tasarimi olmasidir.

Amazon’un gelistirdigi Alexa Bir diger en ¢ok duyulan
Akill1 Sanal Asistan uygulamalarindan biridir. Diger
uygulamalardan en temel farki bir hoparlér sistemi igerisinde
bulunmasi ve uygulama olarak sunulmamasidir. Alexa’ya
kendi ismiyle seslenildiginde aktive olur ve kullanicinin
dedigini yorumlamaya baglar. NLP ile metni algilar, Dogal Dil
Algilama (Natural Language Understanding-NLU) ile
kullanicinin ne dedigini anlamaya ¢alisir ve cevaplar verir.

Son olarak Microsoft’un gelistirmis oldugu Cortana’dan
bahsetmek gerekirse Siri ve Google ile benzer yapidadir,
Uygulama olarak kullanilir, Yalnizca Microsoft’un gelistirmis
oldugu platformlarda kullanilabilmektedir. Tiirkge Destegi
heniiz bulunmamaktadr.

Literatiir taramas1 yaparken Sanal Asistan yazilimi olarak
sunulan  yazilmlar  incelenmistir.  Ozellikle ¢alisma
prensiplerine bakildiginda genelinde NLP ve NLU teknikleri
yardimiyla  kullanictnin ne  dediginin  anlasildigi
goriilmektedir. NLP, olusturulan sohbet robotunun karsidaki
kisiyle iletisim kuran dogal insan dilini analiz etmesine ve
anlamasina yardimc1 olan uygulamali bir Yapay Zeka (Al)
programidir. NLU, sohbet robotunun bir metin gévdesinin ne
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anlama geldigini anlamasini saglar yani verilen metnin
anlagilmasindan ve uygun amaglara gore siniflandirilmasindan
sorumludur. Bu ¢aligma kapsaminda yapmis oldugumuz Sanal
Asistan diger yazilimlarindan farkli olarak, uygulama
gelisimini ¢ok kolay hale getirmis olan Regex oriintiileri ile
metin icerisindeki anlamin bulunmasi saglanmstir.

I11.MATERYAL VE METOT

Sanal Asistan yaziliminda dort temel asama mevcuttur.
1. Kullanicinin dinlenip gelen sesin metne doniistiiriilmesi.
2. Kullanict sesinden gelen metnin yorumlanmasi (ne
istenildigi, hangi komut verildigi).

3. Yorumlamadan gelen komutun gergeklestirilmesi (ilgili
servislerden yani hava durumu, telefon, mesaj, e-posta
vb. servislerden yararlanilarak cevabin bulunmasi) ya da
belirlenmis olan diyaloglarin okunmasi ve sdylenmesi.

4. Cevabin sese doniistiiriilerek c¢alinmasi yani cevap

verilmesi.

Bu dort temel asama gerceklestirilirken bilinmesi gereken
konular vardir. Bunlar Sanal Asistanin kullanilacag: platform
ve yazilacagi arayiiz gelistirme araci, sesin islenip metne,
metnin  sese doniistiiriilmesi, yorumlanmasi agamasinda
kullanilabilecek NLP, arama motorundan bilgi alirken
kullanilan web kazima islemi, metin igerisinden belirli
bilgilerin ¢ikarilmasi i¢in kullanilabilecek Regex ve komutlar
gergeklestirilirken baglanilip cevap alinacak servislerdir
(Hava durumu, telefon arama, mesaj, e-posta ve bunun gibi
birgok servis yazilimi).

G. Kullanilacak Platform ve Arayiiz Gelistirme Aract

Isletim sistemleri, web gibi {izerinde uygulamalarin
calisabildigi sistemlere Bilgisayar platformu denmektedir.
Platformlara 6rnek olarak MacOS, Windows, Linux, Android,
iOS ve Web ornek verilebilir.

Hangi kullanicilarin Sanal Asistan kullanmasi hedefleniyor?
Bu soruya verilecek cevaba gore kullanilacak platform
secilebilir. Bu calisma igin verilecek cevap coklu platform
oldu, yani mobil, masaiisti ve web kullanicilarinin timi
hedeflendi. Bir ¢oklu platform uygulama gelistirmek igin
kullanilacak arayiiz geligtirme araci se¢imi de Flutter’dan yana
oldu. Flutter Android, iOS, Web, Linux, Mac OS ve Windows
uygulamalarmi ayni anda gelistirebilmemize olanak saglayan
acik kaynak kodlu arayliz gelistirme aracidir. Flutter
programlama dili olarak Dart kullanir. Dart Google tarafindan
gelistirilmis bir programlama dilidir [1].

H. Dogal Dil Isleme (Natural Language Processing- NLP)

Dogal dil olarak adlandirdigimiz, insan dilinin islenip bir
makinenin anlayabilecegi bigime doniistiiriilmesi asamasina
Dogal Dil isleme denmektedir. Bilgisayarlarin konustugumuz
dili anlamasi, iglemesi, yorumlamasi ve hatta cevap vermesi
dogal dil isleme ile yapilmaktadir. NLP yapay zekanin alt
kategorilerinden biridir ve Yapay Zeka c¢aligmalar1 devam
ettikce NLP’nin 6nemi her gecen giin artmaktadir. internet
kullanimt arttikca metinsel veriler ¢ogalmakta ve bu metinsel
verilerin analiz edilmesi, Yapay Zekanin kullanmasi gereken
verilerin metinler iizerinden ¢ikarabilmesi i¢in Dogal Dil
Isleme gerekmektedir.

Bigimsel dil bilimini kullanarak anlamli veriler olusturan
insan-makine iletisimi gerceklestiren NLP s6z dizimi ve
anlamsal analiz olmak {izere iki ana teknik kullanir. Bir climle
icerisinde bulunan kelimelerin dilbilgisine uygun olarak

diizenlenmesine sozdizimi denir. Anlamsal analiz ise
kelimelerin anlamlarinin gruplanarak incelenmesidir. Dogal
dil igleme teknolojisi, bu iki teknigi kullanarak climlelerin
yapisini ve anlamlarini analiz eder [2].

Dogal Dil Islemenin birgok farkli uygulama alan1 olmakla
birlikte bu ¢alisma kapsaminda kullanilabilecegi dort farkli
alan;

Ses Tamima; Yapay Sinir Aglari (YSA) veya makine
O6grenmesi metotlar1 kullanilarak NLP ile ses sinyalleri islenip,
metinlere doniistiiriilmesidir.

Bilgilerin ¢ikarilmasi; Metin iizerinden belirli kriterdeki
bilgilerin ¢ikarilmasinda kullanilir.

Soru cevaplama: Makinenin sorulardan anlamlar ¢ikarip
uygun cevaplar verebilmesidir.

Ses olusturma: Metinlerin
kullanilacak bir islemdir.

sese doniistiiriilmesinde

I Diizenli Ifadeler

Biitiin programlama dillerinde standart hale gelen normal
ifadeler veya kisaca Regex, metindeki kaliplar1 aramak igin
kullanilir. Ornegin; Belirli karakter dizilerini kullanarak,
yalnizca "kopek"’i degil, aym1 zamanda k harfiyle baglayan
herhangi bir kelimeyi veya yalnizca belirli bir telefon numarasi
degil, bir telefon numarasmin deseniyle eslesen herhangi bir
metni aramak igin diizenli ifadeler olusturabilirsiniz [3].

Bu ¢alismada diyalog Oriintiisiiniin kullanicinin konustugu
metinde bulunup bulunmadigimni bulmakta, ¢esitli eklerin
temizlenmesi, bazi ekler ve kelimelerin degistirilmesinde
kullanilmistir.

Ormnegin “Bana 1 saat 5 dakikalik sayag kur” denildiginde,
zaman dilimi ve saya¢ kurma komutunun uygulanmasi
istenildigi Regex ile anlagilabilir.

Burada saatin alinmasina yardimci olan Regex deseni “/d+
(? = saat)” olmaktadir. Bu desende “/d” rakam “+” tekrar eden
anlamina gelmektedir ve “saat” metni 6niinde ne kadar rakam
varsa alinabilmesine olanak saglamaktadir. “(? = saat)” ifadesi
rakamlardan sonra saat bulunmali ancak “saat” kelimesini
alma anlamma gelmektedir. Genel olarak Regex boyle
islemektedir.

Baska bir ornek olarak, Bir matematik islemini makine
tarafindan daha anlasilabilir hale getirmekte kullanilabilir.
Omegin, 5 kere 5” metni igerisindeki kerenin “*” isareti ile
degistirilmesinde Regex kullanilabilir

J. Yapay Zeka Diyalog Tasarimi

Sanal Asistan igin diyalog tasarimi, olabilecek her
senaryonun diisiiniilip verilebilecek diyaloglarin
belirlenmesidir. Ornegin, “Hava durumu nasi?”’ denildiginde
kullanicinin su an oldugu konum i¢in hava durumu sordugunu
anlayip su anki konumunu bulunup hava durumu séylenirken,
“Bursa’da hava durumu nasil?” gibi bir ciimle kurdugunda
spesifik bir konum oldugu anlasilir istenilen konum i¢in hava
durumu séylenmesi diyalog senaryolarindan biridir.

Diyaloglar tasarlanirken kullanicinin neleri isteyebilecegi

o6n  gorilmelidir.  Kullanicinin  6n  planda  olmast
unutulmamalidir.
Sekil 1°de diyalog tasariminda da gorildiigi tzere

diyaloglarin tasarimi asamasinda farkli diyalog senaryolar1 da
olusabilmektedir. Bu durumlar 06ngoriiliip bunlara gore
tasarimlar yapilmalidir.
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(+ Kullanicy, - Asistan)
+ Mesaj At
- Kime mesaj atayim
+ Anneme
(Yukandaki Diyal
(e PR
- Annem kigisi rehberde bulunmadi
(Kis1 rehberde bulundugunda)
+ Ne gondereyim
- Kag ekmek alayim?
+ Gondermek istediginize emin misiniz
(Yukaridaki cevaba kullanicinin verebilecegi iki cevap durumu bulunur)
(1.Durum)
-Evet
+ Tamamdir génderdim
(2.Durum)
- Hayir

d

11ki cevap durumu bulunmaktadir)
da)

sonra ast

R TRt i+ T

Du

Bundan sonra ne génderdigini sordugu bir énceki duruma donmelidir.

Sekil 1. Farkli diyalog senaryolari.

K. Web Kazima

Web siteleri tizerinden veri ¢ikartma islemine Web kazima
denir [4]. Bu ¢alismada kullanicinin 6grenmek istedigi seyi
Google arama motoru ilizerinde arama yaparken 6ne ¢ikan
bilgilerin kazinmasinda Web kazima islemi uygulanmistir.
Bilgi metni kazindiktan sonra kullaniciya sdylemek yani
seslendirmek i¢in kullanilmistir.

L. Kullanilacak Servisler

Sanal Asistan {izerine tamimlanmis olan komutlarin
baglanip kullanicinin  istedigi seyleri saglamasi igin
kullanilacak ~ yazilimlara  servis yazilimlart  diyoruz.
Kullanicilarin istedigi seyleri saglayabilecek servisler;

Konum Bulma Servisi: Kullanic1 “ben neredeyim? ” diye
sordugunda, hava durumu tahmini istediginde, konumla
alakali komutlar verildiginde konumun neresi oldugunu
saptamak i¢in Flutter kiitiiphanesi olan Geolocation servisleri
kullanilmistir. Geolocation cihaz tizerindeki GPS ya da
internet saglayict izerinden konum saptar ve nerede oldugu
bilgisine ulagir.

Telefon Arama-Mesajlasma Servisi: Isletim sistemi
iizerinde bulunan arama ve mesajlagma uygulamalari
kullanilarak arama ve mesajlasma o6zelligi Sanal Asistana
eklenebilir.

Arama Motoru Servisi: Sorulan sorunun komut ve diyalog
karsiligi Asistan {izerinde bulunmuyorsa arama motoru
iizerinde arama yapilir ve aramanin karsiligi kullaniciya
sOylenir. Arama motoru ilizerinden hava durumu, yakindaki
kafeler ve birgok konu ve durumla alakali bilgi web kazima
kullanilarak elde edilebilmektedir. Calismada asistan igin
Google arama motoru kullanilmigtir, arama sirasinda one
¢ikan bilgi kullaniciya okunmustur. Eger 6ne ¢ikan bir bilgi
bulunmamakta ise yalnizca aramada ¢ikan sonuglar
gosterilmektedir.

IV.GELISTIiRILEN TURKCE SANAL ASiSTAN UYGULAMASI

Gelistirilen sanal asistan yazilimi bas konus 6zellikli basit
kullanima sahip bir yazilim olarak gelistirilmistir. Biitlin
platformlarda caligmasi hedeflendiginden Flutter Arayiiz
gelistirme kiti  iizerinde gelistirilmistir. Sanal asistan
yazilimimin ¢alisma big¢imi asagida belirtilen 4 asamadan
olusmaktadir.

1. Sekil 2 *de goriilen mikrofon butonuna basildiktan
sonra sdylenmek istenen s6z sdylenir.

Arka planda isletim sistemi {izerinde bulunan ses
tanima servisi ile sdylenen sz dinlenerek metne
doniistiirtlir.

Soylenen s6z tamamlandiktan sonra doniistiiriilen
tim metnin Regex biciminde yazilmisg diyalog
ortintiilerinden hangisine uyduguna bakilir.

Kendi diyalog Oriintiisine uyan diyalog

seslendirilir.
Atlar

e

Mikrofon Butonu

J

Sekil 2. Sanal Asistan i¢in diyalog tasarimi, mikrofon.

Sekil ’te gelistirilen sanal asistan yazilimimin Arayiiz
tasarim  ekrant  bulunmaktadir.  Cesitli  diyaloglar
gergeklestirildikten ve tekrar dinleme moduna gecildikten
sonraki durum goriilmektedir. Bu durumdayken kullaniciya
sOyleyebilecegi bir sey tavsiye ediliyor, kullanici
konusuldugunun dinlendigini ses dalgalari ile anlayabiliyor ve
konugmasi bittikten sonra sesli ve cesitli widgetler ile cevap
alabilir.

00:08 @ & © N =

Hoe il %93

Sanal Asistan

Dialoglara zel
Tasarimh
Mesaj Génder Widgetler

deneme 12345
Alici: Annem

R Mesaj

deneme 12345

Annem kisisine ne géndermek istiyorsunuz

Anneme mesaj at

Siradan dialog

/ kargiligi
Evren ilk var oldugundan beri olugan
atomlardan bazilarindan olugsmaktayim,
Anlintivinirm vazsihimmimm badlads va hani Kull
L ullaniciya

Sunu diyebilirsin: = sdyleyebilecekleri

Ugak nasil ugar haklanda fikir veren

|” | II ______ widget

o

Kullanmicimin

\_;

O <

cihaz

tarafindan
algilandigini gosteren
widget - ses dalgalari

i
Sekil 3. Sanal asistan arayiiz tasarimi.

Ses Tamma igin Flutter kiitiiphanelerinden biri olan
speech_to_text [6] kiitiiphanesi kullanilmistir. Bu kiitiiphane
yazilimin ¢alistig1 platformun kendine ait ses tanima servisi ile
kullanicinin =~ konustugunun  metne dokilebilmesini
saglamaktadir.

Sesli yamt icin TTS (Text to Speech) [7] kiitliphanesi
kullanilmistir. Bu kiitiiphane verilen metni platformun kendine
ait metin ses doniistiirme kullanictya ses olarak iletiyor.

Kullaniciya verilecek olan cevap sanal asistan iizerinde
tanimli diyaloglardan kendi Regex Oriintiisii kullanicinin
dedigi ile eslesmis olan diyalogun bulunmasi ile segilmektedir.
Basitlestirerek anlatilirsa Tablo 1°deki gibi Diyalog Regex
Ortintiileri tanimlanmistir. S&ylenen s6z eger bu oOriintiiye
uygunsa ilgili cevap verilecektir. Ornegin “5 kere 5”
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denildiginde sdylenen Tablo 1’deki ilk siitunda bulunan Regex
ortintiisiine uydugundan Calculate.fromUserSaid() metodunun
dondiirdiigli  cevap kullanictya  verilecektir. Kullanici
“Merhaba” dediginde ise kullaniciya direkt olarak metot
kullanilmadan “Merhaba sana nasil yardimct olabilirim?”
cevabi verilecektir.

Tablo 1. Diyalog Regex oriintiileri.

Diyalog Regex Oriintiisii Verilecek Cevap/Metot
“\d+ kere \d+” Calculate.fromUserSaid()
“(\d+ Clock.setTimerFromUserSaid()
(giin|saat|dakikalsaniye)?)
+((sonrall[irii]k))?

(sayag|zamanlayici) kur”
“Merhaba” “Merhaba sana nasil yardimci
olabilirim.”

M. Diyalog Model Sistemi

Ug uca eklenebilen, her verilen cevabin bir karsilig1 olabilen
sanal asistan icin gelistirilmis bir karsilikli  konusma
sistemidir. Gelistirilen Diyalog Model Sistemi sayesinde artik
komutlar ve diger muhabbetler diyalog yazarlarinin
yapabilecegi sekilde yazilabiliyor.

Diyalog Model Sisteminin Kodlama ile modellenmis hali
Sekil 4’teki gibidir.

Ornegin: sanal asistana “nasisin”  denildiginde, iyi
oldugunu (sanal asistan rastgele segilebilen birkac diyalogla,
iyi oldugunu iki farkl sekilde soyliiyor) ve kullanicinin nasil
oldugu soracaktir. Kullanici kotiyiim ya da bilmiyorum
dediginde meraklandigini belirtilecektir nedenini soracaktir.
Aldig1 herhangi bir cevapta su an kullanicinin ne dedigini
anlamadigin1 ilerleyen giincellemelerde anlayabilecegini
umdugunu ve ona ihtiyaci oldugunda her zaman orada
oldugunu sdyleyecektir. Kullanict iyi oldugunu sdylediginde,
siiper yardima ihtiyacin oldugunda haber ver diyecektir.

Bagka bir Ornekte ise kullanici “sen kimsin” dediginde
diyalog kendi alt diyaloglarindan rastgele birini se¢ip onun
iizerinden ilerleyebiliyor rastgele diyalog se¢imi kullanici ile
gecen diyalogu ¢esitlendirilebilir, renklendirebilir.

da bulundugumdan heniiz b:
na asistan diyebilirsi

Taleykim)? ?(nas1lsin{1z)?|durumun{uz)? ?7nasil(lar)?)$",

SRS w0 e

layor elacagu
1n oldugunda her

yimliyil",
rdima ihtiyacin olursa haber ver.") Con:

olugan atemlardan bazila
i hizmetinde olmam nEg
nemli soru ne igin var oldugu
er zaman yanindayim.***

4

41
42
43
¥
45
46
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&
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ar m1", toAnswersRandom: [
in yok.",
ine sahip degilim.”

ra anlatabilir,
ctten bulup sdyleyebilizin®*"},

dlandinlgeligtirildin)®,
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imsinlnesin)®, randomConversations: [

nmene yardimcl olabilirim. @&",

asistaninim nasil yardimci olabilirim?",

eturnNewConservation: true)

Sekil 4. Diyélbg model sisteminin kodlamasi.

Sekil 5’te goriildiigii lizere Diyalog Model Sistemi
icerisinde ~ DialogModel, = RandomDialogSelector  ve
DialogSelector olmak iizere ii¢ adet Diyalog Model Tiirii
bulunmaktadir. Hepsinde ortak parametre olarak kullanilan
toAnswer parametresi, diyalog Regex oriintiisiinii tutmaktadir.
Kullanicidan gelen metin diyalogu bu regex Oriintiisii ile
eslesiyorsa bu diyalogta bulunan startChat methodu caligtirilir.
“recursiveStart” parametresi degeri true olarak belirlenirse,
sonraki diyaloglardan “returnToRecursiveStart” parametresi
true olan diyalog sonraki diyalog olarak bu diyalogu
cagiracaktir. Yani bir nevi soruya geri donmek, tekrarlamak
gibi diisiiniilebilir.

BaseDialogModel

+ toAnswer. String
+ recursiveStart: bool

+ returnToRecursiveStart: bool

+ startChat(String): void

r—&

DialogModel

DialogSelector

+ selectorFunction BaseDialogMode!
+ randomDialogs: List<BaseDialogModet>

+ startChat(String): String

+ startChat(String): String

werFunction:Function

+ startChat(String): String

Sekil 5. Diyalog model sistemi.

Konusma, dinleme gibi 6zellikler DialogModel
icerisindedir. Ayn1 diyalog oriintiisiine denk gelen rastgele
secilebilen diyaloglar RandomDialogSelector kullanilarak
atanabilir. DialogSelector model igerisinde bulunan selector
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parametresine  bir metot atanabilir bu metot Bir
BaseDialogModel  dondiirmelidir.  Bu  model  yerine
DialogModelin “toAnswerFunction” metodu kullanilabilir
ancak “returnToRecursive” parametresi ile ¢alisilamaz.

V. SANAL ASISTAN UZERINDE TANIMLI DiYALOGLAR

Sanal asistan yazilimi {izerinde ¢esitli diyaloglar tanimlidir
ve bunlara gore cevap verebilmektedir. Eger sdylenen sey
taniml1 diyaloglardan herhangi biri ile eslesmiyorsa arama
motoru iizerinde arama yapilip arama sonucu seslendirilir.

N. Arama Komutu Diyalogu

Arama komutu diyalogu basit yapisiyla Sekil 6 ‘da
gosterilmistir. “A/i’yi Ara” denildiginde sanal asistanin Ali’yi
aranmasi beklenmektedir. Arama komutu diyalogu bu yiizden
yazilmistir. “Ara” komutu alindiginda ilgili kisinin rehberde
olup olmadig1 sorgulanmakta varsa aranmaktadir, sorgulanan
kisi rehberde yoksa Internette arama komutu oldugu
diisliniilip web lizerinde arama yapilmaktadir.

&

Alici: Annem

{‘ Ara

Arama yap

Annemi ara
Sekil 6. Arama komut diyalogu.

O. Hesaplama Komut Diyalogu

Almman metin lizerinde matematiksel ifadeler var ise
hesaplaniyor ve kullaniciya cevabi sdyleniyor.

P. A¢ Komutu Diyalogu

Bu komut yalnizca Android cihaz iizerinde ¢aligmaktadir.
Android cihazlar {izerinde hangi uygulamalarin yiikli
oldugunu kontrol edebildigimiz Uygulama Programlama
Araylizii (Application Programming Interface-API) mevcut
ancak 108 iizerinde mevcut degildir.

Komut kullanicidan “a¢” kelimesini aldigi anda, cihaz
tizerinde boyle bir uygulama olup olmadigina bakar ve varsa o
uygulamay1 agar. Dahas1 miizik ya da sarki a¢ denildiginde
Youtube Mix’inize erisip, Youtube iizerinde en ¢ok dinlediniz
miizikleri agar.

Q. Mesaj Gonder Komutu Diyalogu

Sekil 7°de gosterilen, kullanicinin mesaj gonderme istegini
karsilamak i¢in yazilmis bir diyalogdur. Kullanic1 “Anneme
mesaj gonder” dediginde gonderecegi igeridi sorar ve eger
onaylarsa “Annem” kisisine mesaj gonderilir, isterse son bir
diizenleme yapabilir, iptal edebilir. Kisi belirtilmemisse kisiyi
de sorar.

Tamamdir, mesaj gondermiyorum.
Mesaj Gonder

Q test deneme 1234

Alici: Yusuf Akdeniz 5

{. Mesaj

testdeneme 12345

Yusuf Akdeniz kigisine ne gondermek
istiyorsunuz

Yusuf Akdeniz e mesaj génder

Sekil 7. Mesaj gonder komut diyalogu.

R. Alarm Kurma Komutu Diyalogu

“Alarm kur” dendiginde kaca alarm kuracagini sorup ona
gore alarm kuran, “19.50 ye alarm kur” dendiginde 19.50’ye
alarm kuran bir komuttur.

16.
o
o0

Sekil 8. Alarm kurma diyalogu.

P
{® Alarmian goster

16.50 ye alarm kur

lleride “Bana 10 dakika sonra yemegin altini kisacagimi
hatirlat” gibi komutlarda kodlanabilir. Burada 6nemli olan ne
kadar siire sonra igin geri sayacin kurulacaginin ciimleden
cikarilmasi, 6rnek climleden “70 dakika” kelime grubunun
alinmasi gerekir. Ne kadar siire oldugu anlasildiktan sonra saat
servisiyle gerekli ayarlamalar yapilir.

S. Zamanlayici Komutu

“Alarm kur” da ki gibi c¢alisir, Kullanicinin dedikleri
icerisinden Ornegin “/ giin 2 saat, 5 dakika 15 saniye”
denildiginde. Tablo 2’deki gibi zaman Regex kullanilarak
climleden ayrigtirilir ve istenilen zaman bulunur ve cihazin
saat uygulamasinda zamanlayiciy1 kurdurur.

Tablo 2.Regex kullanilarak zamanin bulunmasi.

Giin Saat

2

Dakika
5

Saniye
15

T. Neredeyim Diyalogu

Kullanic1 “neredeyim” dediginde cevabi Sekil 3.10°daki
gibi verilmektedir.
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Su anda Tiirkiye, Bursa, Niliifer, Yolgati Mh
ve 40.2532789,28.8698889 koordinatinda
bulunmaktasiniz

neredeyim
Sekil 9.Neredeyim diyalogu.

U. Hikdye, Fikra, Masal, Espri, Saka Anlatma Diyaloglar

Hikaye, fikra, masal, espri ve saka istediginizi se¢ip Sanal
asistandan anlatmasim isteyebilirsiniz. Istenilen tiirde bir sey
sOyleyecektir.

V. Rastgele Say1 Soyle Diyalogu

Rastgele sayi istenebilir ve istenilen say1 araligi da
belirtilebilir. Rastgele bir say1 sdyleyecektir. Ornek: “Rastgele
say1 sOyle” denildiginde 1-100 aras1 say1 sOylenirken, ‘20 ile
63 arasinda bir say1 sdyle” denildiginde 20-63 arasinda bir say1
sOylenir.

W. Yazi Tura Diyalogu

Sanal asistandan yazi tura atilmasi istenebilir, rastgele bir
sekilde yaz1 ya da tura diyecektir.

X. Zar At Diyalogu

Zar atmasi istenebilir. Rastgele 1’den 6’ya kadar bir say1
sOyleyecektir.

Y. Soylenen Hi¢bir Diyalogla Uyusmadiginda (Arama
Motoru Uzerinde Arama)

Asistana nedir diye sorabilirsiniz? Ornegin “Elma nedir?”
dendiginde elmanin ne oldugunu size sdyleyecektir. Ayrica
asistana dediginiz seyler diger komutlar ilgilendirmiyorsa
bunu webde arayacak ve agiklanabilir bir seyse size
sOyleyecektir. Arama sonuglarini da gosterecektir. “Ugak nasil
ucar” diye sordugumuzda cevabini verecektir bunun ekran
goriintiisiini Sekil 10°da gorebilirsiniz.

Burada kullaniciya sdylenen bilgi arama motorundan alinir.
Arama motorundan bilginin alinabilmesi igin ¢ok kullanish bir
0zellik olan 6ne ¢ikan bilgi kism1 web kazima iglemine tabi
tutularak metin verisi alinir ve kullaniciya okunur.

ugaldar nasil ugar?

&2

4

ﬂ /
= s

Alt taraf daha diizken, Ust taraf bombeli bir yapidir.
Bu da ugagin stiinden gegen havanin, altindan
gegen havadan daha hizl yol almasina yol agar. Bu
hiz farkindan kaynaklanan basing, ugak icin bir
kaldirma kuvveti olusturur ve ugagin havada
tutunmasini saglar. 14 sub

B} nttps://t24.com.tr ... » Horkug
Tonlarca agirliga sahip ugaklar nasil uguyor? -

24
o LI

Sekil 10. Arama motoru, ugak ugar aramast

VI1.SONUC VE TARTISMA

Caligma siiresince gelistirilen diyalog model sisteminin
kullanim1 sanal asistan i¢in diyalog yazimini kolaylastirmas,
geligtirme siirecini hizlandirmis, kod diizensizliginin &niine
geemistir. Gelistirilen sanal asistan yazilimi, igerisinde
bulunan diyaloglar daha da arttirilirsa, su an piyasada bulunan
diger Siri, Google Asistan gibi sanal asistan programlari ile
yarisabilir diizeye gelebilecektir.

Gelistirilmis olan sanal asistan karsilasilan birka¢ 6nemli
problem bulunmaktadir, bunlar ve ¢6ziim 6nerileri sunlardir:
Problem: Kullanicinin  birden fazla diyalog
oOrlintiisiinii i¢ ige bir climlede sdylemesi.

Coziim: Bu durumda climlenin geneline bakilmasi
gerekmektedir, climlenin geneline denk gelebilecek diyalog
oOriintlisiiniin diyalog listesinde 6nceligi daha fazla olmalidir.
Omegin, “anneme mesaj at Arapca’da ne demektir”
denildiginde ciimlenin i¢inde mesaj bulunurken, ciimlenin
geneline  bakildiginda  ¢eviri  yapmast  istenildigi
goriilmektedir. Bu yiizden ¢eviri yapma istegini diyalog
listesinde On siraya tasimak gerekmektedir.

. Problem: Tirk¢e eklerin diyalog tasariminda c¢ok
fazla karmasikliga sebep olabilmesi.

Coziim: Diyalog oriintiisii  degiskenlik gdsteren ekler
olmadan yazilabilir, daha sonrasinda kullanicinin dediginden
degisiklik gosteren eklerin temizlenmesi gereklidir. Ornegin
karesini alma isleminde 5’in karesi, “\d+ karesi” seklinde
Regex oriintiisii olarak yazilip kullanicinin degininden aitlik
ekleri ¢ikarilmalidir. Eklerin temizlenmesi sirasinda Regex
kullanilabilir.

Bir sanal asistan gelistirirken farkli kullanicilarinda
uygulamay1 kullanacagi unutulmamali, onlar1 da diisiinerek
diyaloglar tasarlanmali ve bir uygulama gelistirirken
islevsellige ve kullanim kolayligina énem verilmeli, bunlar
kullanicilarin uygulamaya uyum saglamasini kolaylastiracak
ve uygulamanin daha fazla kullanilmasini saglayacaktir.
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Abstract — Infectious waste is around 39.51 kg per day by waste products of independent practice facilities for midwives,
health centers and maternity clinics. Most of the infectious waste is contaminated with bacteria, viruses, toxins, and radioactive
materials that are harmful to humans and other creatures around them. To prevent the negative impact of infectious waste
(underpad, cotton, bandages, and tissue), special handling of infectious waste materials is required. Based on the washing
machine principle, we have designed the Infectious Waste Sterilization and Neutralization System, using three types of
chemicals and 5 filter elements with a capacity of 5 kg. By using this system, the disposal of infectious waste contaminated
with bacteria and viruses can be cleaned within 40 minutes so that it will be safer for the community and the sanitation of the
environment around the disposal site and the manufacturing cost is not too expensive.
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I. INTRODUCTION concentration or quantity to cause disease in susceptible
hosts. This category includes: waste contaminated with blood
implementing a series of midwifery service activities carried " other body fluids, cultures and StOCkS_ of 1nfect10uvs agen_ts
out by individual midwives, article 1 paragraph 5 Regulation 'from ) laboratory work, waste' from. 1nfe(':ted patlen_ts m
of the Minister of Health of the Republic of Indonesia, No. isolation wards[3]. If the handling of infectious waste is not
28 of 2017 concerning the permit and implementation of the appropriate, l_t has the potential to cause harm to human
practice of midwives [1]. The services provided at the healt.h, qther living t!nngs, andvthe 'enV1ronment. )

Independent Midwife Practice include health counseling, Mldwwes as prov1de¥s of midwifery care are very. likely to
Family Planning (KB) counseling, assisting births be infected and transmit germs from and to their clients that
postpartum care, baby care, family plar’ming services (IUD, can cause infection. Based on the results of observations on
AKBK, injections, pills), immunization (mother and baby), 12 Independent Mldw,lfe . Practices (PMB) in Sukabumi
adolescent reproductive health, post-abortion care.The high Regency and Depok City in November—pecembgr 2021[4].
demand from the community for the active role of midwives In’ terms of processing or destroying solid medlc?al wasFe,
in providing services continues to increase. This is proof that midwives are St_ﬂ_l very dependent on the role of third parties
the existence of Midwives in the community is increasingly (health care facilities such as hospitals or health centers and
gaining trust, recognition and respect. And the negative medical waste management institutions) to destroy solid
impact of this independent practice of midwives is the medical waste, while the ability of health service facilities
generation of solid waste in the form of cotton, tissue, and medical waste management institutions to carry out

bandages, underpads that are still mixed with blood which is medical waste does not meet the requirements of 2 X 2 4
called infectious waste. In this case. the health services at hours. This is caused by the distance of health care facilities

PMB generate an infectious waste generation of about 39.51 and the ability of medical waste transport services as well as
kg per day [2] the limited capacity of waste treatment. In addition, the

Infectious waste is material suspected of containing practice of holding infectious waste that is not adequate in the
pathogens (bacteria, viruses, parasites or fungi) in sufficient independent practice of midwives is a potential risk that can

Independent Midwife Practice (PMB) is a place for
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affect individual health conditions, public health, and the
environment so that alternatives are needed so that infectious
waste management practices can be carried out
comprehensively and as early as possible by midwives.

To overcome and reduce medical waste, the Indonesian
government in government regulation No. 47 of 2016,
concerning technical management of medical waste
generated by health care facilities, including health care
facilities, pharmacies, and the practice of independent
midwives[5] and through the ministry of health issued
regulation no. 27 of 2017 article 1 paragraph (1) infection
prevention and control, hereinafter abbreviated as PPI, is an
effort to prevent and minimize the occurrence of infections in
patients, officers, visitors, and the community around health
care facilities [6] and regulation no. 28 of 2017 article 38
paragraph (1) Independent Practice Midwives must carry out
medical waste management and paragraph (2) cooperate with
institutions that have waste management installations.

In previous studies, a prototype system for a medical waste
treatment system has been designed [7]. The test results show
that the system works well for cleaning medical waste
materials such as cotton / dirty sanitary napkins / sanitary
napkins that are contaminated with bacteria and viruses. The
purpose of this research is to carry out further development in
the design of medical waste treatment systems so that they
can be used in health centers and maternity clinics so as to
prevent disease transmission for patients, staff and visitors
caused by an unhealthy service environment and reduce
pollution that will be released to the environment.

II. MATERIALS AND METHOD

A. Description of Infectious

Neutralization System.

This laboratory scale research, the system consists of:
washing tank 50 cm high with a diameter of 30 cm, an
infectious waste tank with a height of 40 cm in a diameter of
20 cm, a sterile tank with a height of 50 cm in a diameter of
35 cm, a water tank with a height of 48 cm in a diameter of
27 cm, neutral tank measuring height 48 cm diameter 27 cm,
chemical liquid tube measuring length 50 cm wide 60 high 5
cm, bacterial starter tube measuring length 50 cm wide 30
high 5 cm, electric motor is used to rotate infectious waste
tube, water pump is used to transfers water from tank to tank,
water level sensor, solenoid valve is used to regulate water
from tank to tank and faucet is used to drain sterile and
neutral results, shown in Figure 1.

Waste Sterilization and

Water Tank

Neutral Tank Streile Tank WashingTank

chemical tube

i
T

= Water Level

Fig. 1. Infectious Waste Sterilization and Neutralization System
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This system uses the filter method [8-9] in the infectious
waste management process with the function of the filter
layer material in the sterile tank and neutral tank as shown in
table 1.

Table 1. Bahan Lapisan Penyaring Steril dan Netral

No | Filter Material
1 Cotton to hold and filter impurities

Zeolite  stone | for molecular filters, ion exchangers,
[10] adsorbents and catalysts

absorb dissolved organic matter, color,
odor, taste and other substances. and
purify water from cloudy colors and
eliminate unpleasant odors

Biological filtration media serves to
convert nitrite to nitrate.

as a living place for bacteria, bacteria in
this case are beneficial bacteria that are
useful for water sterilizing systems

Function

Activated
3 Carbon Sand
[10]

Ceramic

[11]

5 | Bioball[12]

ring

B. Infectious waste washing process

The infectious waste tank is made with holes around it so
that water can enter when washing the waste by the stirrer
motor (figure 2). This washing process is to remove organic
and inorganic materials or impurities present in infectious
waste with the main aim of eliminating conditions that allow
the growth of microorganisms. And provide disinfectant [13]
(table.2) to remove pathogenic microorganisms that live in
infectious waste. This is done after the cleaning activity to
ensure that all other organic matter has been removed.

Fig.2. Infectious waste collection tank with holes and smell of rubber

Table 2. disinfectant materials
Chemical .
No Material Function
1 Chlorine[14]
2 Alcohol[15]

Hydrogen
Peroxide[16]

for deactivation of microorganisms
to kill microorganisms

remove blood stains

C. Infectious waste water sterilization process

The results of the infectious wastewater washing process
in the washing tank are sucked by pump-1 into the sterile
tank through 10 layers of filter (Fig. 3) sequentially
consisting of (1) filter cotton, (2) japmat filter cotton, (3)
activated carbon sand , (4) filter cotton, (5) black filter cotton,
(6) zeolite stone, (7) filter cotton, (8) japmat filter cotton, (9)
ceramic ring, (10) filter cotton. Infectious waste water
resulting from the sterilization process is then sucked in by
pump-3 which is then flowed into the water tank.
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Fig. 3. Arrangement of filter layers in a sterile tank

D. Infectious waste water neutralization process

The results of the sterilization process for infectious waste
water in the water tank are sucked in by the Ist pump and
flowed into the neutral tank for the neutralization process by
adding starter bacteria from the starter bacterial tube, then the
neutralization process is carried out.Infectious wastewater
neutralization process is flowed through 9 (nine) filter layers
(Fig. 4) sequentially consisting of (1) filter cotton, (2) filter
cotton, (3) japmat filter cotton, (4) zeolite stone, (5) filter
cotton, (6) activated carbon sand, (7) filter cotton, (8) ceramic
ring, (9) bioball. Infectious wastewater resulting from the
neutralization process is sucked by pump-4 to the valve to be
discharged into the environment.

1
2

3

= 4

= 5
- ©
7

—==—=0u |8
=Nt

Fig. 4. The arrangement of the filter layers in the neutral tank

III.RESULTS

Figure 5 shows the design of an infectious waste treatment
system with a control system using a PLC device. The
process of sterilization and neutralization of infectious waste
using chemical disinfection methods.

Control System

Sterlie Tank

Washing Tank
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(b)
Fig. 5. a. The design of Infectious Waste Sterilization and Neutralization
System b. Control system using a PLC device

The process of sterilization and neutralization of infectious
medical waste starts with 50 liters of clean water entering the
water tank. After that pump-1 flows clean water to the valve
from the water tank into the washing tank. The washing tank
holds 100 liters of clean water, so 50 liters of clean water in
the water tank is filled 2 times in the filling process so that
the total 100 liters of clean water that flows to the washing
tank is fulfilled. The infectious waste washing process is
carried out in a washing tank using a stirrer motor by adding
a disinfectant consisting of 90% chlorine, 70% alcohol and
3% hydrogen peroxide.

Furthermore, 50 liters of infectious waste water from the
washing is sucked up by pump-2 and then flowed into a
sterile tank that holds 50 liters. The process for sterilizing
infectious wastewater from washing is carried out in a sterile
tank and then flows through 10 (ten) layers of filter (Fig. 3).
Infectious medical waste water resulting from the first
sterilization process is 50 liters and then sucked by pump-3
which is then flowed into the water tank. The same treatment
for infectious waste water from washing, the remaining 50
liters is sucked by pump-2 to flow into a sterile tank. The
sterilization process for the first 50 liters has been completed
and then carried out again for the infectious waste water from
washing the next 50 liters. The sterilization process cycle is
carried out 3 (three) times to obtain sterile infectious
wastewater.

Infectious wastewater from the sterilization process in the
amount of 50 liters is sucked up by pump-3 to flow into the
water tank. Medical waste water resulting from the
sterilization process is sucked in by the 1st pump then goes to
the neutral tank which holds 50 liters for the neutralization
process by adding starter bacteria from the starter bacteria
tank, then the neutralization process is carried out. The
process of neutralization of infectious wastewater flows
through 9 (nine) layers of filter (Fig. 4). Infectious medical
waste water resulting from the neutralization process is
sucked by pump-4 to the valve for 3 (three) cycles of the
neutralization process. Infectious medical waste water has
been sterilized and neutralized and then transported to the
disposal site. The following table shows the test results of the
infectious waste treatment system.

A. Infectious waste testing process.

- Waste before washing contains blood stains, pus,
saliva, wound medicine attached to the waste so that
the waste contains harmful microorganisms or
bacteria, so the waste is said to be dirty
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- Waste after washing with water and washing
solution (chlorine, hydrogen peroxide, alcohol)
becomes clean and sterile, it is said to be clean and
sterile because blood stains, pus, and wound
medicine attached to cotton, bandages, and tissue are
lost because of the function of hydrogen peroxide as
bleach. To kill germs from types of bacteria, fungi,
protozoa and viruses contained in the waste using
alcohol and chlorine. So the waste is said to be
clean. Waste testing after washing is done by testing
the biological properties of the waste simply for 5
days.

@ (b)

Fig. 6. Infectious waste a. Before washing b. After washing

B. Water testing process

- Water before being filtered or water used to wash
waste contains high chemicals (chlorine, hydrogen
peroxide, alcohol), blood, pus, wound medicine
mixed with water . Dirty water mixed with tea water
changes color very quickly and there are lots of gas
bubbles, so the water contains very high chemicals.

- The water after filtering is said to be quite clean
(suitable for further washing, not for consumption)
because the water still contains chemicals but
contains very little or low levels. The filtered water
is mixed with tea water for 1 day, the water does not
change color and only a few gas bubbles occur. The
water contains very low chemicals, so the water is
suitable for use in subsequent washing. The water
can only be used 2 times, after that the water must
be replaced with new so that the waste washing
process works properly.

@ O
Fig. 7. Testing Water Samples a. Before and b. After Filtering Using Tea
Water

IV.DISCUSSION

The results of this study indicate that the sample of the
apparatus designed for decontamination of infectious waste
by chemical methods and combined filtration, as presented in
Figure 5, corresponds to the test results obtained in the
reduction of all microorganisms in the effluent. Due to its
original technology and short decontamination cycle and low
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production cost, it can be a good choice to replace other
devices in use. In general, the results of the waste disposal
experiments show that the simultaneous use of filtration and
chemical methods can be an appropriate method to replace
the conventional disposal system. This system is ready to be
fabricated and used in the midwife's independent practice

V. CONCLUSION

The test results concluded that the infectious waste
treatment system was functioning properly. The working
principle of the system is like a washing machine, where the
washing process is sterile and neutral for infectious waste
using chemicals, namely chlorine, alcohol and hydrogen
peroxide and bacteria starter. For filter elements in sterile and
neutral using cotton, zeolite stone, activated carbon sand,
ceramic ring and bioball. Infectious waste disinfection in this
study was carried out on waste in the form of cotton, cloth,
bandages and paper towels. The maximum capacity of the
tank in the decomposition tube is 5 kg and the washing
process to clean infectious wastewater takes 40 minutes. By
using this system, the disposal of infectious waste materials
will be safer for the community and the environment around
the disposal site and the manufacturing costs will be less
expensive.
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Abstract — The article aims to develop a methodology for quantitative assessment and forecasting of the quality of
decision-making in organizational and technical systems under the conditions of uncertainty of control agents. A stochastic
model for predicting the reliability of control results and decision-making risks under the uncertainty of model agents was
developed. The paper proposes a method for aggregating system structural uncertainties of the control and measurement process
on the example of robust multi-aspect. The proposed mathematical application implements a multi-agent approach to solving the
general problem of evaluating the robustness of control according to the criteria of «producer risk» and «consumer risk». For the
purposes of modeling, such branches of mathematics and methods as probability theory and mathematical statistics, regression
and correlation analysis, expert evaluation methods, simulation and structural-functional modeling, and agent-based approach
are used.

A probabilistic model has been developed to assess and predict the reliability of control and decision-making risks under
the uncertainty of system agents. The novelty of the proposed model consists in taking into account the statistical nature of
normative values. The proposed mathematical application implements a dual method for solving the general problem of assessing
the quality of the control process by the magnitude of risks in the decision-making system. In the first case, the problem of
quantitative risk assessment is solved for given statistical characteristics of control agents, and in the second case, the necessary
measurement accuracy is determined for given uncertainties and risk levels in the control system.
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I. INTRODUCTION loses all meaning and turns into a contemplation of the
situation.

The controlled parameters and technological
processes of control in real conditions have a non-
deterministic nature, and are mathematically approximated by
some distribution laws. However, in the current practice, the
evaluation of metrological quality of measurement is carried
out only according to metrological passport data of tools for
absolute and relative errors. This practice has known
drawbacks, and therefore, the indicator «uncertainty» has been
used in measurement technologies [6,7,8].

The indicator «uncertainty» appeared more than 30
years ago. According to [9], this approach is justified by the
fact that «A parameter associated with the measurement result
and characterizing the spread of values that can be attributed
to the measured value with high probability». Uncertainties, as
suggested by the authors, are divided into three classes:
uncertainties associated with the incompleteness of our
knowledge about the problem on which the decision is made;

The performance of a complex system is formally
evaluated by an integrated set of some functionally significant
indicators [1]. In accordance with the operating regulations,
these indicators are subject to periodic monitoring by
quantifying (measuring) their values and comparing the
measurement results with the established standards. Standards
are single — limit with a restriction from the bottom or top and
two-limit-tolerance. The control system for the functional
robustness of an object necessarily contains a control process .
In [1,2], it is proposed to present control as a contextual
process consisting of subprocesses: measurement, comparison
of the measured value with normative values, analysis,
decision-making and impact on the object in order to restore
its functionality (feedback). Subprocesses are system agents in
terms of their degree of autonomy and functionality [3,4,5].
Feedback determines the final effectiveness of the entire
management process, since without feedback, management
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uncertainty associated with the inability to accurately account
for the reaction of the environment to our actions, and, finally,
an inaccurate understanding of their goals by the decision-
maker (LPR) [10]. The use of this approach was demonstrated
by the example of medical diagnostics in. In this paper,
uncertainty was understood as a statistical standard deviation,
and a structural model of the formation of the system
uncertainty of the result was developed by simulation. Then
this problem was solved on the example of technical
diagnostics of fuel equipment of diesel engines. In emphasized
«there is no difference in the calculations, is there standard
uncertainty as a measure of dispersion of a probability
distribution of the input variable, or as a measure of dispersion
of a probability distribution of error of this value». This
approach is currently recommended and widely used in the
system of objective quality control of food products and is
enshrined in the standard - Hazard Analysis and Critical
Control Point (Hazard analysis, risk assessment and
determination of critical control points in the production
process (management) [11]. In the Russian Federation, the
standard GOST R 51705.1-2001 «Quality systems». Food
quality management based on HACCP principles. This
standard is based on the following principles: Principle 1 -
conduct of risk analysis; principle 2 - determination of critical
control points (ccts); principle 3 - establishment of critical
limits; principle 4 - establishment of a control procedure;
Principle 5 - establishment of corrective actions.

1. MATERIALS AND METHOD

Describe in detail the materials and methods used when
conducting the study. The citations you make from different
sources must be given and referenced in references.

2.1 Stochastic programmable control risk management
principle
The statistical nature of the structural system agents of the
control process generates decision-making risks, which are
usually divided into the risk of the producer and the risk of the
consumer [7]. Quantitative assessment and forecasting of these
risks is impossible without the use of mathematical tools and
computer technologies. There are a number of works that offer
approaches to solving these problems [1,2]. The problem of
quantitative assessment and forecasting of risks in the control
and decision-making system is becoming extremely relevant
in many areas of science and technology. Under the existing
circumstances of total digitalization of the economy and social
sphere, along with the effective solution of some local
management tasks, unforeseen and undesirable challenges and
problems appear. For example, in medicine, the introduction
of diagnostic systems based on new computer technologies,
the quality of medical care does not meet the expectations of
the population. As follows from the analysis of the US media
and special literature, about 45% of primary medical diagnoses
are incorrect. With sufficient certainty, this can be attributed
to the Republic of Kazakhstan. As it turned out, most errors in
medicine are generated at the stage of analytical laboratory
research and decision-making by a clinical specialist. As an
example, the Internet presents the results of studies of the
process of blood pressure control, obtained by the International
Federation of Clinical Chemistry, which showed that the
reliability of the most modern digital blood pressure
monitoring devices is at best 60-70%. The question arises,

what does reliability mean in this case, with what reference
result these data were compared to make such a conclusion.

In medicine, most of the existing metrological standards,
indicators and estimates are not acceptable. This is due to a
number of reasons, and one of them is that if metrology is
interested in the correctness of the measurement results in
terms of their proximity to the actual value of the measured
parameter, and the doctor is not interested in the measurement
result itself, but in comparing the result with a group or
individual "norm" of healthy individuals. The synergy of many
factors generates decision-making risks in medical clinical
practice, which are interpreted as the risk of the patient and the
risk of the medical institution. Therefore, the use of formal
methods based on system principles and approaches in
laboratory and clinical studies will significantly increase the
reliability of decision-making processes. The formalization of
quantitative risk assessment of the patient and the person
making clinical decisions will solve a very important problem,
which consists in the fact that due to the adoption of a number
of laws, the legal responsibility of medical personnel for the
quality of medical services increases, there is an extreme need
to objectively and evidently divide risks into two components:
instrumental objective risks; subjective professional and
competence risks. With the involvement of formal tools for
describing the entire system process of risk formation, it
becomes possible to make «transparent» the entire trajectory
of the formation of the resulting decision-making error on the
example of each control and measurement act and, thereby,
reduce legal pressure on medical personnel. The introduction
of expensive and supposedly accurate equipment also creates
another economic problem-the optimal combination of cost
and social efficiency of equipment.

It follows that control risks under conditions of statistical
uncertainty of process control factors can be considered as
assessments of the robustness of the system, and at the context
level —as quality [12,13,14,15].

From this follows the purpose of the article, which is to
model the processes of improving the quality of control of
functional indicators of a multiparameter system.

To achieve the stated goal, it is necessary to solve the
following tasks:

- develop a probabilistic model for quantifying the quality
of control with non-deterministic tolerance standards based on
decision-making risk criteria.
develop software applications for evaluating and
managing quality control.

The scientific novelty of the research consists in the
development of models for quantitative assessment of
instrumental risks in the environment of uncertainty of agents
of the control and measurement algorithm.

Practical significance consists in the development of
algorithms and software for risk management of control
process agents.

The quality management of the control process of some
complex control and measurement process is considered. As
functional subprocesses, measurement, comparison of the
measured value with standards, analysis, and decision-making
are studied. In this problem, the control process is considered
as a multi-agent system, where agents should be distinguished:
agent — external environment; agent - object of control; agent-
measurement process; agent-standard; agent-analysis, agent-
decision-making system. In this context, «agents» combine
such properties and concepts as: software and hardware
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technologically targeted entity; joint solution of a common
problem by system aggregation; inter-agent information
exchange; modularity; extensibility and adaptability; multi-
approach in the process of formalizing the functionality of
agents; system openness [16].

As noted, due to the fact that the measurement process
technologically and at the formal level operates with
uncertainties, control errors occur. Control errors are usually
divided into errors called false and undetected failures
(marriage Quantitatively, these errors are estimated by the
corresponding probabilities, in this case, RIb-the probability of
a false marriage (false refusal) and Rnb-the probability of an
undetected marriage (undetected refusal). The term «failure»
is adopted from the theory of reliability. These probabilities
are also given a pragmatic meaning of the risks of the work
producer and the work consumer. Thus, the problem arises of
developing formal models for risk assessment and forecasting
in the function of statistical characteristics of the parameters of
a multi-agent system. In a similar formulation, this problem
was investigated in the works given above for the cases of
deterministic standards. In this article we consider the case of
nondeterministic specifications, which corresponds to a real
multidisciplinary practice. Recently, there have been works in
which it is also proposed to consider standards as random
values, such as in ecology.

The problem of standards in medical practice, as in no
other industry, is particularly acute, since we are talking about
human health and life. Therefore, the study and quantitative
prediction of the magnitude of instrumental and
methodological errors with the involvement of mathematical
apparatus is extremely relevant.

To develop mathematical models for estimating and
predicting probable control errors in non-deterministic
standards, a certain conditional diagnostic parameter Si was
selected. The distribution density function of this parameter is
f (S). The following are designated as standards: Su - lower
standard and SB - upper standard and their statistical
characteristics in the form of distribution laws:

1 _'\5:—5':,-:1_5]" 1
alt:sl}z — “aiy ' 3:{:Sr)= —
V2T V21" a6,
where sn, sb - standard deviations of the lower and
upper standard values; Snsr, Svsr - the average values of the
lower and upper standards. The average value of the Nsr is the
center of the uncertainty region (scattering) of the lower
standard. Similarly, the mean Hrv value is the center of the
range of variations of the upper standard. The density function
of the random error distribution of the measuring instrument is
¢ (y). It follows from this problem that the uncertainty
parameters of the agent model under study are: the mean
square deviations of the diagnostic parameter and the random
measurement error; sn, sb - the mean square deviations of the
standards. During the measurement, the following probable
events are possible:

- true value of the parameter Si in the limits ( N < Si <
blower SB) and the measured value Is exceeds the upper limit
or goes beyond the lower limit (Sm < N or Sm > blower SB).
In this outcome, there is a case when the true value of the
controlled parameter is in the permissible zone — «fit», and the
«device» mistakenly fixes it outside the standard — «not fit».
This case is called a «false failure», and the probability of its
occurrence is the probability of a false failure of the Rlo;[17]
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- the true value of the Si parameter is outside (Si < Sn or
Si > Sb), and the measured Si value is within the tolerance (Sn
< Siism < Sh). This case is called an undetected failure and the
probability of its occurrence is the probability of an undetected
failure of the Rno.

In this case, the composition is considered, when the
distribution laws of the standards Sh and Sn are approximated
by normal laws, and the controlled parameter S by the Weibull
law. Weibull's law, as studies have shown, is not only one of
the most common among the known laws, but also the most
acceptable for modeling purposes. Weibull's law is a three-
parameter law. Many laws, including the normal law, can be
considered in some approximation as special cases of this law.

Formula for the total number of falsely rejected control
and measurement solutions from the sample N
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In the case of an undetected defect-failure, the number of
control and measurement solutions from the sample N will be

S

Fom mr | \ PR
Num - ¥V jBSetSe T Iﬂp:-i:-ﬂp:-s—:lt% i R
||'=1 LL j":l' L) ¢ /] 4T _3

In order to verify the adequacy of theoretical assumptions
to practical results, experimental statistical studies and a
computer experiment using software were conducted. Figure 1
shows the screen form of the beginning of a computer
experiment. The STATISTICA environment was used for
statistical processing.[18,19]

Research

Comprehensive research with 3D construction
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Fig. 1-Setting the parameters of a
comprehensive study

I1l. RESULTS
The sample size included 200 observations for each age
group. Figure 2 shows the results of modeling the non-
deterministic case of standards, where Rnb are a function, and
the relative uncertainty oo / os is the abscissa axis.
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Fig. 2- The result of a computer experiment for non-
deterministic standards (probability Rip)

As a result of the computer experiment, the
following was found: the reliability of the control of
systolic pressure in the age group up to 30 years was
73%; the reliability of control for the age group from 30
to 50 years was 61%; the reliability of control for the age
group over 60 years old was 52% [20,21,22].

Control risks are the synergy of the following
system agents: statistical distribution laws of the
controlled parameter, measurement tools, standards, as
well as the degree of uncertainty of the controlled
parameter, measurement uncertainty and standard
uncertainty. The control results are clearly nonlinear,
which makes it impossible to predict the control results
without the use of a mathematical apparatusThe
guantitative assessment of control errors is determined
not so much by the absolute values of oo, os, sn, sv, but
to a greater extent by the ratios: o / 6s; sn/ Gs; sv / Gs.
In these relations, as follows from Figure 2, the control
errors are dominated by the normative value [23,24]. The
presentation of the simulation results in 3D form allows
you to reveal hidden, invisible in 2D constructions,
patterns, for example, extreme areas of the minimum, as
follows from Figure 2.

As a result of a computer experiment, it was also
found that the probability of a false marriage (customer's
risk) Rip is most affected. With the value of measurement
uncertainty op commensurate with the value of s, the
risk of the customer of services (consumer) can reach
45% [ 25].

111.DISCUSSION

To assess the adequacy of the theoretical premises to
practical results, a computer experiment was carried out. The
purpose of the experiment was to study the metrological
indicators of the quality of the control process using the
example of measuring blood pressure with a device - a
tonometer. The choice of this device is not accidental, since
this device can be considered the most common device both in
everyday life and in professional clinical practice. Blood
pressure control is receiving unprecedented attention on the
Internet and in the media. Experimental studies were carried
out on the basis of the regional cancer center. The studied
patient population consisted of three age groups: the first group
up to 20 years old, the second group from 30 to 50 years old
and the third group from 50 to 70 years old.

V CONCLUSION

The results obtained are extremely important when
choosing alternatives in the control paradigm, that is, what to
give preference to in the current professional situation: the
precision parameters of devices or regulatory regulations. The
results obtained can be used as mathematical and

ethodological support for automated control systems for
organizational and technical systems.
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Abstract — Migration is one of the biggest problems in the history of mankind. It is important to predict human migration as
accurately as possible in terms of many aspects such as urban planning, trade, pandemics, the spread of diseases, and public
policy development. With the help of Artificial Intelligence (Al), which is now used in almost all areas of life, it is possible to
make predictions about migration. The purpose of this study is to predict the income groups and the number of immigrants by
using ML algorithms. Two different applications were carried out in the study. The first one was about predicting the income
groups of immigrants and the second one was about predicting the number of immigrants. Data used in the study was obtained
from the World Bank. In the first application of the study, Support Vector Machines (SVM), Naive Bayes (NB), Logistic
Regression (LR), K-Nearest Neighbors (KNN) were used. In the second application of the study, Random Forest (RF), and
Xgboost algorithms were used. As a result of the experiments conducted in the study, 98.37% success rates were obtained with
Xgboost, 96.42% with RF, 86.04% with LR, 83.72% with SVM, 83.72% with KNN, and 69.76% with NB. The results of the
study reveal that the highest success in the applications was achieved with the LR and Xgboost algorithms. In general, the
predictive machine learning models of human migration used in this study will provide a flexible base with which to model
human migration under different what-if conditions.

Keywords — Artificial Intelligence (Al), Machine Learning (ML), Migration, Data Science

I. INTRODUCTION described how ML can be used in modeling migration
Migration is a population movement that results in the Processes, and they used the decision tree algorithm in their

displacement of individuals or groups of people, regardless of ~ Study. The accuracy of their estimation was 67%.

its duration, nature, or cause. Throughout history, people have In the information age we live in, we see that it is possible
migrated for many reasons, such as wars, climatic conditions, ~ (© Use Al to make various predictions about migration, which

displacement, natural disasters, or political, policy, and happens in almost all areas of Iiffe. For exa_mplg, for countrie_s
economic reasons. It is a fact that individuals and communities  that want to take precautions against the migration problem, it

migrate by leaving the regions where they live for various 2N be useful to predict the number of immigrants, income
reasons. The phenomenon of migration includes the migration ~ 9roups, and other information by using Al techniques and
of refugees, internally displaced persons, economic migrants, ~Methods.  Predicting  or ~ knowing immigration-related
and people who move for other reasons, including family mformatlo_n can help countries to prepare better for thls
reunification [1-2]. Human migration is a form of human challenge in-many ways, |_nclud|ng social, _cultu_ral, economic,
mobility in which a person moves by intending to change his and security. The prediction o_f human migration; reIaFed to
place of residence. Shortly, the migration phenomenon is a population S|ze_and grO\{vth are important for various policy on
population movement that includes all human movements, ~ Strategy, planning, and industry [6]. One of the advantages of

regardless of their duration, composition, and causes. the ML models is that countries and global or regional
One of the subfields of Artificial Intelligence (Al) is organizations that know the relationship between the number

of immigrants and immigrant income groups can estimate the
influx of immigrants and be prepared better for it.

The purpose of this study, whose motivation is to apply Al
techniques and methods to the migration issue, is to predict the
income groups of immigrants and their numbers by
classification with different ML algorithms. In this study, two
different applications were conducted. The first application
was about predicting immigrants' income groups. In this
application, Support Vector Machines (SVM), Naive Bayes

machine learning (ML). ML can be defined as an automated
process for discovering previously unknown structures
(patterns) from a data set [3]. An existing problem can be
modeled using ML algorithms, and predictions for the future
can be made using computer algorithms and a data set. In ML,
the goal of the models created using algorithms and datasets is
to achieve the highest performance. By using models created
by ML algorithms, the exact migration numbers of potential
countries can be estimated and analyzed [4]. In [5], it was
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(NB), Logistic Regression (LR), and K-Nearest Neighbors
(KNN) algorithms were used. The second application of the
study, on the other hand, was about predicting the number of
immigrants. For this application, the Random Forest (RF) and
Xgboost algorithms were used. In both applications, it aimed
to examine the comparative performances of different ML
algorithms in human migration prediction. In the study, two
separate datasets, created for the first time in this study and
including the World Bank 2010 data, were used. For the study,
a total of 21 different experiments were conducted.

The main contributions of this study are as follows:
The prediction of immigrants' income groups and
their number by using Al can be shown as an important
contribution to this study. Several experiments were conducted
using SVM, NB, LR, KNN, Xgboost, and RF ML algorithms.
In short, we wanted to show that Al techniques and methods
can be applied to the migration issue, which is one of the
biggest problems in human history.
Another contribution of this study is that the used two
separate data sets were created for the first time in this study.

In the remaining of this article, a literature review on the
related studies is presented in the 2nd section. Migration and
ML algorithms are described in the 3rd section. The
experimental studies that were performed in this study are
explained in the 4th section. Finally, in Section 6, the study is
concluded and some ideas for future studies are explained.

Il. RELATED WORK

In the literature, by using Al and ML approaches, many
studies have been conducted on different topics, such as big
data, autonomous systems, handwritten character recognition,
natural language processing, image processing, convolutional
neural network, classification studies, and other topics. There
are dozens of studies and researches on Al and ML in the
literature, and the number of these types of studies is
increasing very rapidly. One of the reasons for this is the
increasing popularity of Al and its use in important issues that
have entered all areas of life. However, for this study, mainly
the studies focusing on migration and Al were reviewed. In
[7], the impact of increasing digitization and Al on migration
and mobility systems was critically examined in a post-
COVID transnational context. The authors emphasized that the
advancement of Al through the migration cycle goes beyond
its original focus on the pre-departure and entry period.
Different ML techniques and a set of pre-immigration
variables for more than 6,281 immigrants from Mexico to
estimate their legal status in the United States in [8]. As a result
of the study, it was found that the legal status of 80% of
Mexicans who immigrated to the United States could be
accurately predicted. The central hypothesis of the study
conducted by Beduschi in [9] was that Al technology could
influence international migration management in three
different dimensions: (1) by deepening existing asymmetries
among states at the international level; (2) by modernizing
traditional practices of states and international organizations;
and (3) by reinforcing current calls for more evidence-based
migration management and border management. This study
examined each of these three hypotheses and discussed the key
challenges in deploying Al solutions for international
migration management. In [10], the authors addressed the
following research questions: 1. How is Al used by
immigrants, their employees, and stakeholders involved in
labor integration? 2. How does Al improve immigrants' job

skills? and 3. What are the pathways to the success of Al
interventions for integration and inclusion? In [11] ML models
that can combine any number of exogenous characteristics to
predict the origin-arrival flows of human migration were
proposed. Compared to traditional human mobility models
based on a variety of evaluation criteria, their models
outperformed in predicting migrations between the U.S. and
international migrations. The model presented in [12] was
based on the ML methods, which are necessary to construct a
valid self-learning system for describing the social and
economic behavior of a rational individual who decides to
migrate in search of a job. In [13], a tree-based ML approach
was proposed to analyze the role of air shocks on an
individual's migration intention in six agriculture-dependent
economies such as Burkina Faso, Cote d'Ivoire, Mali,
Mauritania, Niger, and Senegal. The authors found that (i)
although socioeconomic characteristics had a greater impact
on migration intentions, weather characteristics improved
prediction performance (ii) a country-specific model was
required, and (iii) international moves were more influenced
by the longer time scales of SPEIs, while general moves
(which include internal moves) were influenced by the shorter
time scales. The findings of Harrison presented in [14]
suggested that Internally Displaced Persons (IDPs) are rational
actors whose post-displacement migration can be predicted by
some quantifiable factors. And according to these findings,
ML methods can play a key role in developing innovative
solutions for migration routes, targeting aid, and meeting the
needs of these vulnerable populations.

The literature review shows that since it has become
increasingly interesting today, Al is also being used in the
migration issue, as in many other areas. The literature review
also shows that applications of Al in the migration issue are on
an upward trend.

11l. MIGRATION AS A GLOBAL PHENOMENON

Migration has been an important problem in the world for
centuries [15]. Today, migration and displacement have
reached unprecedented levels [16-17]. Throughout history and
today, it has been observed that people and human
communities have migrated for social, cultural, political,
economic, and security reasons. Social events such as war and
famine are among the best-known causes of migration. The
economy is the most important reason for migration, whether
permanent or seasonal [18]. Migration can be linked to labor
market insecurity and unemployment, which are directly
related to crime and lawlessness [19]. High incomes, labor
demand, economic opportunities, and political freedom are the
factors that attract migration [20]. It is believed that economic
migration brings people from poorer developing areas to more
prosperous areas where wages are higher and more jobs are
available [21]. Economic (voluntary) migrants hope to
improve their livelihoods and send money home [22]. Most
refugees are located in developing countries and regions
currently characterized by suboptimal economic productivity
and widespread poverty. Migration is a dynamic phenomenon
that is studied by various disciplines in terms of social changes
other than displacement [23]. The complexity of migration
processes can be described by the interaction of economic,
demographic, and social factors that determine the value, skill
level, and age structure of migrants from the country of origin
to the host country [12]. In the migration phenomenon, it is
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also common for people to move from rural areas to more
competitive urban areas to find more opportunities [22].

The migration problem has become increasingly evident,
especially after the collapse of the Union of Soviet Socialist
Republics (USSR) in 1990. In addition, the gap between the
Global North and the Global South, unemployment, lack of
adequate resources, and growing instability in some regions
have forced people to seek better living conditions. The
prosperity and stability in the Global North have attracted large
numbers of people. The problems posed by international
migration can affect all nations, depending on the individual
and the need. Preventing or reducing internal and external
migration plays an important role in the healthy development
of a country [24]. The high level of capital, employment,
education, culture, and urbanization in developed regions
attracts immigrants [25].

Migration movements not only change places where people
live but also cause many social, cultural, economic, and
political consequences [27]. The migration problem affects
many countries and has various dimensions [28]. It is a reality
that many migrants today face extreme conditions, such as a
lack of access to health and social services beyond jobs,
income, and emergency humanitarian assistance. Migration
can occur in the form of internal migration and international
migration. In international migration, two or more states are
affected by the movement in some way [20]. Developing
economies encourage immigration by creating points of
attraction thanks to the modernization process [29]. The social
or economic impact of immigrants in the countries they go to
creates the political and security agenda [30]. These include
situations such as migration, war, political tension, disease,
birth rate, and disruption of social order. One of the most
important reasons why migration continues to increase in one
direction is the development of industry and trade in the
migrated region [31]. Voluntary migration is assumed to be
driven by economic motives [32]. Involuntary or forced
migration, whether it is natural or human in origin, refers to a
migration movement where there is an element of coercion,
including threats to livelihoods [1]. For example, COVID-19
is defined as a virus that is transmitted from person to person
and spreads between countries around the world and has
become a pandemic, and its progression has affected all sectors
and also the issue of migration. This pandemic has brought
many problems, especially for immigrants and it continues to
significantly disrupt international migration and mobility. Due
to COVID-19, people were stranded and helpless for months
without being able to find food [7].

It is estimated that there were approximately 272 million
international migrants worldwide in 2019, and this number
represents 3.5 percent of the world's population [33].
Approximately two-thirds of international migrants (about 176
million) lived in high-income countries in 2019 [33]. More
than 70 million forcibly displaced people, including more than
25 million refugees, nearly 3 million asylum seekers, and 41
million internally displaced persons, account for nearly 1%of
the world’s population [34]. Table 1 shows the number of
immigrants and the ratio of this number to the global
population by years. From this data, it appears that the world
population has increased over time, but the ratio of immigrants
to the world population has remained nearly constant. This is
an indication that the phenomenon of migration will continue
to be on the agenda as an important problem for humanity, as
it has been in the past.

Table 1. The ratio of the number of immigrants to the world’s population

Year Num_ber of Ratio
Immigrants
1970 84.460.125 2.3%
1975 90.368.010 2.2%
1980 101.983.149 2.3%
1985 113.206.691 2.3%
1990 153.011.473 2.9%
1995 161.316.895 2.8%
2000 173.588.441 2.8%
2005 191.615.574 2.9%
2010 220.781.909 3.2%
2015 248.861.296 3.4%
2019 271.642.105 3.5%

Source: UN DESA, 2008, 2019a, 2019b.

IV.MACHINE LEARNING (ML)

ML is an important component in the field of data science.
ML can be defined as a branch of computer science that
incrementally increases the accuracy of data by using
algorithms that mimic the way humans learn in the field of Al.
ML Algorithms are algorithms that accurately predict
outcomes without programming any software. The goal is
basically to take the data used as input in many algorithms and
draw conclusions from the input data, analyze it with new
output data, and produce results. This method focuses on how
the data is used and how the program will proceed according
to the flowchart. The algorithms used in ML are included in
the training to make classifications or predictions, and part of
the data is allocated for training, and part for testing. Accuracy
values are calculated by comparing the predictions with the
test data. The ML algorithms used in this study are explained
below.

A. Logistic Regression (LR)

Logistic regression (LR) is a statistical method used to
analyze a data set containing one or more independent
variables that determine an outcome. The logistic regression
model is the most commonly used regression model for
analyzing data [35]. In LR, the outcome is measured with a
binary variable. That is, LR is the appropriate regression
analysis when the dependent variable is binary. The purpose
of using the LR analysis is the same as other model-building
techniques used in statistics. In LR, it is aimed to find the
optimal model to describe the relationship between the
bidirectional characteristic and a set of related independent
variables. Mathematically, LR estimates the multiple linear
regression function defined in Equation 1:

(x)
1-m(x)

gx)=In ( )= B0 + Blx1 + -+ + Bpxp 1)

The analysis LR is about estimating the daily rate of an
event. As with all regression analyses, LR is a predictive
analysis. The discriminant function approach was first
popularized by Cornfield [36] for coefficient estimation in LR.
In [37] it was focused on linear logistic models for cross-trial
schedules. In [38], it was worked on the use and development
of the LR model. In LR analysis, which is used to classify and
study the relationships between dependent and independent
variables, the dependent variable consists of categorical data
and takes discrete values.
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B. Support Vector Machine (SVM)

SVM has been successfully used in solving many
classification problems, from face recognition systems to
speech analysis, and has taken place in the literature as one of
the efficient and effective ML algorithms with high
generalization performance. SVMs have supervised learning
models with associated learning algorithms that analyze data
used for classification and regression analyses. The most
important advantage of SVM s that it converts the
classification problem into a quadratic optimization problem
and solves it. Thus, at the stage of learning the solution to the
problem, the number of operations is reduced compared to
other techniques/algorithms, and a faster solution is provided.
Due to this characteristic of the technique, it offers a great
advantage, especially for large data sets. Moreover, since it is
based on optimization, it is more successful than other
techniques in terms of classification performance,
computational cost, and usefulness.

C. K-Nearest Neighbors (KNN)

The KNN algorithm is one of the classification technigues
performed based on the distance measure of the features in the
data set. It is usually calculated by the Euclidean distance
given in Equation (2):

(xi %) = [Zh_, ik = yjk? @

To determine which class a new sample will belong to, the
distance from this point to all points in the training data set is
calculated, and the calculated distances are ordered from
smallest to largest. Considering the parameter of the
predetermined number of neighbors (K), the K points with the
closest distance are selected. To determine the class of the new
observation, weighted voting methods or majority voting are
generally applied within the known training data points in the
K-selected classes. According to the majority voting, while
assigning the class of the new sample, the most repeating class
among K neighbors is selected. In the weighted voting method,
it is aimed that the neighbors who are closer to the new sample
point have a higher say in the classification. The vote of the
nearest neighbor m =1, ..., K is given in Equation (3), where
it is inversely proportional to the distance to the new sample
point xZ:

oo,d(xm,xZ) = Oise
(xm) = 1

®)

d(xm,xZ)

D. Support Vector Machine (SVM)

The concept of situational probability within the scope of
Bayes’ theorem is the basis for the NB algorithm. The
Bayesian formula is presented in Equation 4.

P(ANB)

P(AIB) = =

if P(B) # 0 4)

The NB algorithm makes it possible to predict new and
unlabelled observations with the same logic by using the
feature information of labeled observations based on this
conditional probability function. This algorithm s
successfully used not only on numeric data but also on non-
numeric textual data.

E. Random Forest (RF)

The RF algorithm is a regression model that uses more than
one decision tree to create more effective models and make
accurate predictions. In this model, k nodes are randomly
selected from their partitions. The training set consists of a
random weight set. A subset that is used to grow each tree is
selected. The kth tree is a random vector. k is generated
independently of the past random vectors, ... k — 1 is generated
using the training set and k to grow a tree, resulting in a
classifier. In the dataset D= {(xk, yk ):, k = 1, ...} where {k}
is independently distributed in the same way, xk = (xk1, -,
xkp) is the input vector with p and the output corresponding to

yk.

F. XGBoost (eXtreme Gradient Boosting)

XGBoost was first appeared in the literature with the article
in [39]. The most important feature of the algorithm is that it
can achieve high predictive power and prevent redundancy. Its
working logic is quite similar to Gradient Boosting. The first
step in XGBoost is to get the base score. This estimate can be
any number (this number is 0.5 by default); when combined
with the actions to be taken in the next steps, the correct result
will be obtained. How good this prediction is decided by
comparing it with the model's erroneous predictions. Errors are
found by subtracting the estimated value from the observed
value. XGBoost shows higher prediction success using
different techniques and is optimized to work on large datasets.

V. EXPERIMENTS

A. Dataset

The dataset of this study consists of data obtained from the
World Bank Economic Development Indicators [40]. In this
dataset, there is a numerical representation of development
indicators of countries by year. Based on this dataset, two
separate datasets were created and used in this study: 1st
dataset for income groups and 2nd dataset for immigration
numbers. The first dataset named "Country.csv" was created
using the “Country Migration Number” data and based on
country regions and income groups by taking into account the
countries’ migration percentages, industry, population, female
mortality rates, male mortality rates, under-14 age groups, 15-
65 age groups, agricultural areas, and service indicators. This
dataset was used to calculate the success rate in the
experiments associated with our first application, which used
the LR, SVM, KNN, and NB ML algorithms to estimate
immigrant income groups. Some examples from the dataset are
presented in Table 2.
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Table 2. Income group dataset

Mortality

Services,

International Industry rate, adult Mortality . . . . etc
. ' ! rate, adult Population, Population, Agriculture, Population Number Ny
migrant value female (per value . Income
Country male (per ages 0-14 ages 15-64 value added growth of under- Region
stock (% of added (% 1,000 - added Group
. 1,000 male (% of total) (% of total) (% of GDP) (annual %) five deaths
population) of GDP) female adults) (% of
adults) GDP)
Afghanistan 0.325021 21.862341 253.259000 296.684000 47.589344 50.135406 27.091540 2.736886 114576.00 0.325030 S:Suit; inlzgvmve
Eu(rg(()pe Upper
Albania 3.058886 28.690547 51.258800 97.999200 21.425123 67.620059 20.658189 -0.496462 540.0000 3.058895 Central middle
: income
Asia
Middle
. East & U_pper
Algeria 0.672447 53.853213 93.879000 142.464000 27.191308 67.257704 9.029438 1.776047 24683.00 0.325031 North middle
. income
Africa
American East Upper
Samoa 50.992163 28.385815 154.472289 217.866116 28.852485 63.430890 12.540303 -1.054881 36525.79 3.058896 Asia & middle
Pacific income
Europe High
Andorra 66.154539 13.760281 | 154.472289 | 217.866116 | 28.852485 | 63.430890 0.463861 -1.241974 2.000000 | 0.325032 Cef;ral '”f}‘(’)’:e:
Asia OECD

The second dataset named "Indictors.csv" was created using
data obtained from “International Immigrant Quantity”. Data
on the number of immigrants between 1960 and 2010 was used
in the creation of this dataset. This dataset was used to
calculate the success rate in experiments related to our second
application, which used the Xgboost and RF ML algorithms to
estimate migration quantity. Regarding the dataset used in this
study, the 1960-2010 data for Afghanistan are shown in Table
3 as an example.

Table 3. The ratio of the number of immigrants to the world’s population

International migrant
Country Name Year stock, total
Arab World 1960 3324685.0
Caribbean small states 1960 187880.0
Central Europe and the Baltics 1960 3294191.0

East Asia & Pacific (all income 1960 8810259.0

levels)

East Asia & P;;I?;I)C (developing 1960 3654693
Virgin Islands (U.S.) 2010 61798.0
West Bank and Gaza 2010 1923808.0

Yemen, Rep. 2010 517926.0
Zambia 2010 23314.0

In the study, data pre-processing steps were also applied to
the datasets. Data pre-processing involves preparing the data
for analysis by using methods of data cleaning, data merging,
data transformation, and data reduction [36]. In these
processes, missing data are added and deleted line by line. In
the pre-processing of the data in our study, the columns
"region” and "income group" with the value "nan" were
deleted row by row in the datasets. One of the most successful
methods to complete missing values in the dataset is to average
missing and non-missing values [37]. In this context, the
missing values in our dataset were completed by taking the
average of the non-missing values. As an example of this
situation, column-based row numbers of the missing data are

shown in Figure 1.
~-IIIIIIII

Data preprocessing and missing data

remaiemanall

MaleMe

Fig. 1.

B. Programming Language

In the experiments of this study, the Python programming
language and various libraries were used. The library "Pandas™
is one of them. This library takes data and makes it available
for analysis. Another library used in this study is the "Numpy"
library. This library is also a mathematical library that can be
used to perform scientific calculations quickly and reliably.
"Numpy" solves the problem of slowness by providing
functions and operators that work efficiently with
multidimensional arrays and fields. This library was used in
our applications for list building and mathematical operations.
The "Matplotlib” library is a cross-platform library for its
numerical extension "Numpy"; that is, it is used to add
visualizations such as data visualization and charts to the
project. The "Sklearn™ library, the "Pyecharts” package, and
the "Bubbly package" were used in the study. The
"StandardScaler" feature of the "Sklearn" library was used to
scale our dataset. "Scikit-Learn (Sklearn)" is a widely used
open source ML library.

Python was used as the programming language in the study.
The reason for choosing this programming language for the
study is that it is easy to learn, has a simple and flexible
structure, and gives a command to write code in the program
with ML algorithms. Some of the IDEs (Integrated
Development Environment) used to develop Python are
Eclipse, Pydev, Eric, and Anaconda.

C. Results

The first application of the study was about predicting
income groups of immigrants. In this application, SVM, NB,
LR, and KNN algorithms were used. In the study, four
different ML algorithms selected were used to investigate the
accuracy and effectiveness of different ML algorithms. The
aim here is to test the success rates of different ML models
within the scope of evaluation criteria. In the experiments,
"Migration”,  "Industry”, "Female Mortality", "Male
Mortality”, "0-14 Age Range", "15-64 Age Range",
"Agriculture”, "Population”, "Deaths Under 5", "Service" and
"Territory" attributes in the dataset were used. In each
experiment, the number of attributes was changed and the
success rates were recalculated. The results of the experiments
are given in Table 4.
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Table 4. The success rates of the experiments

Experiment Number LR KNN SVM NB
Experiment 1 86.05 83.72 83.72 69.77
Experiment 2 86.05 83.72 86.04 67.44
Experiment 3 83.72 83.72 86.04 67.44
Experiment 4 81.4 83.72 86.04 69.77
Experiment 5 83.72 83.72 86.04 67.44
Experiment 6 81.4 83.72 83.72 65.11
Experiment 7 76.74 83.72 76.74 67.44
Experiment 8 65.11 83.72 69.76 55.81
Experiment 9 67.44 83.72 67.44 55.81
Experiment 10 46.51 83.72 48.83 45.51
Experiment 11 44.18 83.72 39.53 34.88

In the experiments, a success rate of 86.04% was obtained
for LR, 83.72% for SVM, 83.72% for KNN, and 69.76% for
NB. It can be seen that the highest success in this application
was achieved with the LR algorithm. When examining the
success rates of the experiments conducted within the scope of
this application, it was found that the success rates ranged from
34.88% to 86.06%. Figure 2 shows the success rates of the
experiments LR, SVM, KNN, and NB. For the first
implementation in this article, LR accuracy is higher than the
other three algorithms.
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Fig. 2. The success rates of LR, SVM, KNN, and NB experiments

For the second application conducted to estimate the
number of immigrants, the RF and Xgboost algorithms were
used and 10 different experiments were carried out. In each
experiment, the number of attributes was changed and the
success rates were recalculated. Figure 3 shows the results of
the experiments performed with the algorithm RF. Figure 4
shows the results of the experiments performed with the
XGBoost ML algorithm.
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Fig. 3. shows the results of the experiments performed with the Xgboost ML
algorithm
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Fig. 4. Experimental results of Xgboost

In the experiments conducted in the second application of
the study, success rates of 98.37% and 96.42% were achieved
with XGBoost and RF, respectively. It can be seen here that
the XGBoost model can provide a feature priority ranking.
Essentially, the main factor behind this high success prediction
rate is the power of the XGBoost when solving sequence
prediction problems.

As seen from the results of this study, it is possible to use
ML models to predict human migration. Regardless of the
performances of the algorithms, these results also show the
potential of ML algorithms in human migration prediction.
ML models offer a high level of modelling flexibility. In
addition, ML models can be customized to the human
migration problems at hand. The use of ML algorithms in
human migration prediction will make a significant
contribution to countries. Thus, it will be easier to plan the
national needs of the countries and more consistent social,
economic, and environmental decisions will be made. When
producing migration projections of countries, it may be
necessary to estimate 50 years ahead, for example. In such a
scenario, all variables beyond climatic events must be
estimated with high success rates for each intervening year.
After these input data such as temperature and drinking water
status are estimated with ML for each year, the data obtained
can be used in the human migration estimation method.

VI.CONCLUSION

In this work, the prediction of the income groups and the
number of immigrants by using different ML algorithms are
presented. The study is based on the implementation and
evaluation of different ML algorithms. SVM, NB, LR, and
KNN algorithms were used in the first application of the study,
and RF and XGBoost algorithms were used in the second
application. In this context, 21 different experiments were
conducted. In the study, two separate datasets were created and
used for the first time by using data obtained from the World
Bank 2010. Experiments showed that the highest success rate
was 86.04% with LR in the first application and 98.37% with
XGBoost in the second application. It can be seen from the
experiments done in the study that the highest success in the
applications was achieved with the LR and XGBoost
algorithms. The use of ML algorithms can make significant
contributions to predicting the future of human migration. It is
expected that this study will contribute to the literature by
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showing that Al techniques and methods can be used in the
field of migration, which is one of the most important issues in
international relations. For future studies, we would like to
extend this study using Al by investigating the relationship
between climate change and migration
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Ozet — Yapay Zeka (YZ), insanin diisiinme yontemlerini taklit eden yapay yontemleri gelistirmeye yonelik evrensel bir alandir.
Bilgisayar oyunlar: gorsel geri bildirim olusturmak i¢in bir kullanici arayiizii ile insan etkilesimini iceren donanim ve yazilimdan
olugan elektronik oyunlardir. Giiniimiizde bilgisayar oyunlarinda giderek artan oranlarda insan benzeri zekay1 simiile etmek ve
akilli davranislar olusturmak icin YZ teknolojisinin kullanildig: gériilmektedir. Ozellikle yeni gelistirilen bilgisayar oyunlarinda
YZ'nin dijital oyunlara “Oyun Yapay Zekas1” olarak entegre edildigi goriilmektedir. Bu durumun arkasinda esasen YZ ile karar
verme, algilama ve tahmin becerilerinin saglanarak dijital oyunlardaki oyun kurgusunun ve rakip oyuncu davraniginin simiile
edilmesi bulunmaktadir. Bu aragtirmada kullanicilarin kendi dijital oyun modellerini gelistirmelerine imkan saglayan acik
kaynak kodlu Unity 3D Oyun simiilatorii ve “Jetbrains Rider “derleyicisi ile C# programlama dilinde YZ tabanli bir bilgisayar
oyunun gelistirilmesi (Al-DIGPOKGAME) ve dogruluk analizinin yapilmasi amaglanmigtir. Caligma kapsaminda 13 (onii¢) adet
deney gerceklestirilmistir. S6z konusu deneylerde oyuncunun YZ'ya kars1 miicadele verdigi oyun kurgusu cergevesinde YZ'nin
rekabeti arttirma ve miicadeleyi daima iist seviyede tutma adina oyunun temel ilkelerini basariyla gerceklestirdigi dogrulanmustir.
Bu aragtirmanin dijital oyunlarda YZ ile karar verme, algilama ve tahmin becerilerinin saglanarak oyunlardaki rakip oyuncu
davraniginin YZ tarafindan simiile edilmesinin ortaya konulmasi ve gelecekte yeni bilgisayar oyun modellerinin YZ tabanli
olarak gelistirilmesi agisindan YZ c¢alisma alanina katki saglayacagi degerlendirilmektedir.

Anahtar Kelimeler — Yapay Zekd, Dijital Oyun, Oyun Yapay Zekds:

Abstract — Artificial Intelligence (Al) is a universal field for developing artificial methods that mimic human thinking. Computer
games are electronic games consisting of hardware and software that involve human interaction with a user interface to generate
visual feedback. Nowadays, it is seen that Al technology is increasingly used in computer games to simulate human-like
intelligence and create intelligent behaviors. Especially in newly developed computer games, it is seen that Al is integrated into
digital games as “Game Artificial Intelligence”. Behind this situation, there is essentially the simulation of game setup and
opponent player behavior in digital games by providing decision making, perception and prediction skills with Al. In this
research, it is aimed to develop an Al-based computer game (Al-DIGPOKGAME) and accuracy analysis in C# programming
language with the open source Unity 3D Game simulator and "Jetbrains Rider" compiler, which allows users to develop their
own digital game models. Within the scope of the study, 13 (thirteen) experiments were carried out. In the aforementioned
experiments, it has been verified that within the framework of the game setup where the player fights against Al, Al successfully
fulfills the basic principles of the game in order to increase competition and keep the fight at the highest level. It is considered
that this research will contribute to the field of Al study in terms of revealing the simulation of rival player behavior in games
by Al by providing decision making, perception and prediction skills with Al in digital games and developing new computer
game models based on Al in the future.

Anahtar Kelimeler —Artificial Intelligence, Digital Game, Game Artificial Intelligence

. GIRiS oyun terimi ise, katilmeilarin birbirleriyle dogrudan rekabet
icinde kurallara gore yiiriitillen fiziksel veya zihinsel bir
yarisma olarak tanimlanabilir [1]. Oyunlar spor, masa
oyunlari, zar oyunlari, domino veya tas oyunlari, kalem kagit
oyunlari, tahmin oyunlari, kart oyunlari, video oyunlar1 ve

Yapay Zeka (Y Z) terimi, dinamik ve belirsiz ortamlarda akil
yiiriitme, anlam kesfi, genelleme veya gegmis deneyimlerden
O0grenme gibi insanlara 6zgi biligsel kabiliyetlerle donatilmig
sistemler igin kullanilmaktadir. YZ alan1 Makine Ogrenmesini

(MO), Derin Ogrenmeyi (DO), Dogal Dil islemeyi (DDI), simiilasyon oyu.rllgrl olarak kategf(.)r.ize e.dilebi.lir. 1_(;i_nde
Genetik Algoritmalari (GA), Uzman Sistemleri (US) ve daha bulundugumuz bilgi ¢aginda teknolojinin gelismesiyle birlikte

pek cok alani kapsayan bir semsiye kavramdir. Genel anlamda ~ 1ziksel olarak oynanan ¢ogu oyun dijital ortama tasinmis ve
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varhigim bilgisayar sistemlerinde siirdiirmeye baglamistir. Bir
bilgisayar oyunu, bir video oyun konsolu veya atari makinesi
yerine kisisel bilgisayarlarda oynanan gorsel geri bildirim
olusturmak icin bir kullanici arayiizii ile insan etkilesimini
iceren donanim ve yazilimdan olusan elektronik bir oyun
olarak tanimlanabilir. Video oyunlari, kisisel bilgisayarlar,
oyun konsollari, akilli telefon veya tablet gibi bir cihazda
oynanabilen elektronik oyunlardir [2]. Bilgisayar oyunlari
potansiyel olarak giderek daha popiiler bir aktivite olarak
sadece bir eglence aract degil, ayni zamanda bir ¢aligma
alanidir [3]. Oyun ortammnin degistigi ve oyun karakteri
etrafinda gerceklestigi oyun tiirlerine karakter odakli oyunlar
olarak smiflandirilmaktadir. Karakter odakli oyunlarda oyun,
anlatisal ve mekanik yollarla oyun karakteri etrafinda
tasarlanmaktadir [4]. Gilinimiizde gelisen bilgisayar
teknolojileri ile birlikte artik ¢ogu oyunun akilli telefonlar
araciligiyla kolaylikla edinilip oynanabildigi bir gergektir.
Artik YZ teknik ve yontemlerinden pek c¢ok alan yaninda
ayrica dijital oyunlarin gelistirilmesinde ve oynanmasinda da
yararlanilmaktadir. Yeni bilgisayar oyunlarinda YZ teknik ve
yontemlerinin rakip oyun stratejilerini algilama, tahmin etme,
buna karsin dogru oyun stratejilerinin  belirlenerek
uygulanmas1  yontemlerinde kullanildigi  goriilmektedir.
Giincel bilgisayar oyunlarinda giderek artan oranlarda
genellikle insan benzeri zekayi simiile etmek ve akilli
davranislar olusturmak ig¢in YZ teknolojisinin kullanildig:
goriilmektedir. Bu durumun arkasinda esasen YZ ile karar
verme, algilama ve tahmin becerilerinin saglanarak
oyunlardaki davranigin simiile edilmesi bulunmaktadir.

Bilgisayar oyunlarindan en ¢ok popiiler olanlardan birisi de
ticari anlamda biiyiik sayilabilecek bir sektdre hakim olan kart
oyunlaridir. Kart oyunlari sans faktoriiyle beraber oyuncunun
becerisine bagli olan bir oyun tiiriidiir. Kart oyunlar1 arasinda
en ¢ok bilinen ve de en ¢ok oynanan bir oyunda ticari anlamda
sektorde kendisine genis yelpazede yer bulan poker oyunudur.
Poker oyununun tarihgesi birkag yiizy1l Oncesine kadar
dayanmaktadir. Bu oyunun atasi olarak sayilabilecek
“Primero”, “Primiera”, “La Prime” gibi oyunlarin sirasiyla
Ispanya, Italya, Fransa’da 1526°da ortaya ciktiklari
goriilmektedir [5]. Poker oyununun asil kokeni Fransa’da
popiiler bir kart oyunu olan Poque’a dayanmaktadir [6]. Poque
oyunu 1400°1d yillarda ortaya ¢ikmig olan ve tipki poker gibi
52 Kkartlik deste ile oynanan bir oyundur. Bahse konu oyun
Fransa’nin Amerika’daki kolonisine oyunun gelmesiyle
ozellikle Mississippi bolgesinde biiyiik bir ragbet gormiistiir.
1803 yilinda Lousiana bolgesinin Amerika’ya satilmasiyla [7]
birlikte bu oyuna dair terimlerin ¢ogu degismis, yani kisacasi
Poker bir oyun kiiltiiri degisimine sahit olmustur. Zamanla bu
oyun ozellikle Birinci Diinya Savasi’ndan itibaren biiyiik bir
hizla Avrupa’ya ve Diinya’ya yayilmaya baslamistir.

Unity oyun motoru birgok farkli kiitiiphaneyi ve bileseni
iceren ve 2D, 3D ve XR tabanli dijital oyun uygulamalarini
gelistirmeye imkan saglayan bir oyun motorudur. Unity 3D ve
benzeri oyun motorlari, algoritma mantigmin anlasiimasini
saglar, bir problemin adim adim nasil ¢6ziilmesi gerektigini
gosterir , bir projenin daha etkin bir sekilde yiiriitiilebilmesine
yardimer olur [8]. Unity3D oyun motoru resmi olarak
destekledigi biiylik bir topluluk barindirmakta, bu sayede
cevap aranan sorular pratikte Unity3D kullanan gelistiriciler
tarafindan direk cevaplanmis olmakta ve yogun etkilesim
saglanmaktadir [9]. Bu aragtirmada kullanicilarin kendi dijital
oyun modellerini gelistirmelerine imkan saglayan agik kaynak
kodlu Unity 3D Oyun simiilatoérii kullanmak suretiyle C#

programlama dilinde “Jetbrains Rider “derleyicisi ile YZ
tabanli  bir bilgisayar oyunun  gelistirilmesi  (Al-
DIGPOKGAME) ve dogruluk analizinin yapilmasi
amacglanmistir. Bu calismanin literatiire katkilar1 su sekilde
ifade edilebilir:

e (alisma kapsaminda gelistirilen Al-

DIGPOKGAME dijital oyunu YZ teknolojisi ile kodlanmustir.
Calisma kapsaminda gergeklestirilen deneylerde Al-
DIGPOKGAME’deki YZ'nin islevi yapilan deneyler ile test
edilmisti.  S6z konusu deney sonuglari ile Al-
DIGPOKGAME’de rakip oyuncu tarafindan gergeklestirilen
oyuna iliskin olaylarin YZ teknoloji tarafindan basariyla
gerceklestirildigi yapildigi dogrulanmustir.
YZ teknolojisinin bilgisayar oyunlarina algilama,
tahmin ve karar baglaminda genis yelpazede sundugu pek ¢cok
avantaj ortadadir. Bu baglamda AI-DIGPOKGAME, YZ
tabanli agik kaynak kodlu bir uygulamadir. Al-
DIGPOKGAME dijital oyununun YZ ile Kkarar verme,
algilama ve tahmin becerilerinin saglanarak oyunlardaki
davranisin simiile edilmesini ortaya koymasi agisindan 6nem
tasidigi degerlendirilmektedir.

Calismanin 2’inci boliimiinde arastirmaya iliskin material ve
metotlara yer verilmistir. 3’tncii bolimde ¢aligmada
gerceklestirilen deneysel sonuglar agiklanmaktadir. Son olarak
4’lincli ve son bolimde c¢aligmaya iliskin sonug¢ ve
degerlendirmelere yer verilmistir.

Il. MATERYAL VE MOTOTLAR
A. Yapay Zeka (YZ2)

YZ alani, insanin diisiinme yontemlerini taklit eden yapay
yontemleri gelistirmeye yonelik evrensel bir alandir. YZ terimi
ayn1 zamanda akil yiiriitme, anlam kesfetme, genelleme veya
geemis deneyimlerden Ogrenme gibi anlamlar iginde
kullanilmaktadir. Bir bilgisayarin veya kontroliindeki bir
robotun c¢esitli faaliyetleri zeki canlilara benzer sekilde yerine
getirme kabiliyetidir. Bu terim, dinamik ve belirsiz ortamlarda
akil yiiriitme, anlam kesfi, genelleme veya gecmis
deneyimlerden ogrenme gibi insanlara Ozgii biligsel
kabiliyetlerle donatilmis sistemler i¢in kullanilmaktadir. YZ
kavrami ilk defa 1956 yilinda C.Shannon, M.Minsky ve
J.McCarthy tarafindan ortaya konmus bir kavramdir. Tablo
1’de degisik YZ tanimlar1 yer almaktadir [10]. Degisik YZ
tanimlar1 Tablo 1°de sunulmustur.

Tablo 1. Yapay Zeka (YZ) Tanimlari [27]

Insan gibi Diisiinen Sistemler =Rasyonel Diisiinen
¢ Bilgisayarlar Sistemler
diigiindiirmeye... kelimenin | e Zihinsel yeteneklerin
tam anlamiyla zihne sahip @ bilgisayimli
makineler yapmaya c¢alisan | (hesaplamalal) modeller
yeni ve heyecan verici ¢aba = aracilifiyla  incelenmesi
[Haugeland, 1985] [Charniak ve McDermott,
e Karar verme, problem 1985]
6zme, Ogrenme... gibi insan e Algilamayi,
diisiincesi ile | diisinmeyi ve davranmay1
iliskilendirdigimiz miimkiin kilan bilgisayim
aktivitelerin otomasyonu = modellerinin incelenmesi
[Bellman, 1978] [Winston, 1992]
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Insan gibi Davranan Rasyonel Davranan
Sistemler Sistemler

e "[nsanlarin zekalarimi e Akillica davranan
kullanarak  gerceklestirdigi = "agent"larin tasarimi

fonksiyonlar1 gergeklestiren | {izerine yapilan ¢aligma

makinalart yapma sanati [Poole et al., 1998]
[Kurzweil, 1990] e insan yapimi seylerde

o Insanlarm  halihazirda | akilli davranisin
daha iyi oldugu isleri = incelenmesi [Nilson, 1998]
bilgisayarlarin nasil

yapabilecegine dair yiiriitiilen
calisma [Rich and Knight,
1991]

Problemlerin ¢6ziimiinde insanlarin diisiinme ve hareket
etme yetenegine sahip olmay1 amaclayan YZ sistemleri igin
bilginin islenmesi ve sunulmasi ¢ok onemlidir. YZ destekli
sistemler, verinin barindirdig1 6zelliklerden ve Oriintiilerden
6grenen, bu dogrultuda giincellenebilen arama ve tahminleme
yapabilen geligmis algoritmalar kullanmaktadir. Bu amagla
kullanilan programlama dilleri geleneksel programlama
dillerine gore bir takim farkliliklar gosterebilirler. YZ dilleri
ile hesaplama da semboller, kurallar, iliskiler, tasvir sunumlar,
¢oziime dogru arama ve heuristik kullanim ile hesaplama
yapilabilmekte ve elde edilen cevaplar geleneksel diller ile
yapilan hesaplamalara gore kesin degil, ancak yaklagik
cevaplar seklinde olabilmektedir. YZ konulart hakkinda
onemli sorular Tablo 2’de yer almaktadir.

Tablo 2. Yapay Zeka (YZ) hakkinda 6nemli sorular [10]

Soru Cevap
Yapay zeka insan zekasini taklit edebilen
ve insan davraniglar1 gibi hareket edebilen
Yapa Zeka sistemlerin gelistirilmesini
amaci nedir? | hedeflemektedir. Yapay zekanmn amaci,

“bir insanin c¢dzebilecegi bir problemi
¢O6zmek” olarak tanimlanabilir.

Yapay zekdyr sahiplenen Ekonomi,
Yapay Sinirbilim, Psikoloji, Bilgisayar
Zekayi Miihendisligi, = Kontrol = Teorisi  ve
disiplinleri Sibernetik, Dilbilim, Felsefe, Bilissel
hangileridir? = Bilimler, Elektronik Bilimleri ve daha pek

¢ok disiplin vardir.

Yapay zeka dilleri arasinda IPL, SAIL,

ALGOL, PLANNER, KRL, CLIPS, ART,

. | PROLOG, LISP gibi diller yaninda

Yapay Zekd - . i miizde kullanims artan PYTHON dili
programlama . o
o sayilabilir. Bu programlama dillerinden
dilleri “Python” programlama dili, 6zelikle son
hangileridir? ’

yillarda yapay zeka alaninda veri analizi
gibi alanlarda kullanilan bir dil olarak 6n
plana ¢ikmisgtir.

B. Ilgili Calismalar

19501 yillardan itibaren gliniimiize kadar cesitli oyun
oynama programlarinin gelistirilmesinde YZ alanidaki
arastirmalardan faydalanilmistir. Ozellikle satrang, dama,
othello, tavla ve poker gibi geleneksel tahta ve Kkart
oyunlarinda bu alanda Onemli basarilarin elde edildigi
goriilmektedir. Poker oyunu, YZ arastirmacilart i¢in uzun
stiredir biiyiik bir ilgi odagi olmus bir alandir. Bu oyun karar
verme, blof, sinirlere hakimiyet, taktiksel diistinme, risk ve
kriz yonetimi gibi gercek hayatta karsimiza c¢ikan bircok
konuyu iceren karmasik bir oyundur. Bu alanda 6zellikle tiim
oyuncular1 yenebilecek bir YZ sistem gelistirme, oyuncunun
destesini tahmin etme gibi oyunu kazanmaya yardimci
olabilecek  yapilar  iizerinde ¢alismalar  bulundugu
goriilmekterdir.

Literatiirde YZ alanindan poker tabanli oyunlarda olmak
tizere hem profesyonel hazirlanmig YZ tabanli bilgisayar
oyunlarinin  gerceklestirilmesinde  oyun  stratejilerinin
belirlenmesi ve uygulanmasi kapsaminda faydalanildig:
goriilmektedir. Bu c¢aligmalara 6rnek olarak Loki isimli
oyunun kodlarinin goézden gegirilip yeniden yazilarak
gelistirilen Poki oyunu gosterislebilir [11]. 2017°ye kadar
gecen siirede Poki oyununun farkli isimlerde gelisimini
sirdiirdiigii ve bunlarin son 6rnegi ise DeepStack oldugu
goriilmektedir [12]. DeepStack oyunu, poker gibi eksik bilgiye
sahip oyunlar icin gelistirilmis bir genel amaghi bir
algoritmadir. Eksik bilgiden kasit satrangta oldugu gibi diger
oyuncunun elini goriilmedigi dolayisiyla oynayan kisinin
sinirl bir bilgiye sahip olmasi durumudur. DeepStack, oyunun
farkli asamalarinda bir 6nceki durumu ve mevcut durumu
degerlendirerek karar vermeyi ve tahmin edilebilirligi en aza
indirmektedir. Ciinkii bu oyunda ¢ogu algoritma gibi oyunun
basindan itibaren oyun sonlanincaya kadar dogru sabit bir yola
siki sikiya bagli kalinmamaktadir. Literatiirde yer alan poker
oyunu ile bir bagka ¢alismada da Libratus adi verilen ve YZ ile
gerceklestirilmis bir caligmadir [13]. Bu oyun profesyonel dort
oyuncuyu yenerek bu alandaki ciddiyetini kanitlamistir. Bu
bilgisayar oyununda daha once gelistirilmis olan Deepstack
bilgisayar oyunundan farkli olarak YZ tarafindan genel bir
strateji ~ hazirlanmakta, = oyun  oynandik¢a  taslak
detaylandirihirilmakta ve potansiyel agiklar tespit edilerek bu
duruma uygun strateji ve yoOntemler gelistirilmektedir.
Boylelikle siirekli kendini gelistiren bir YZ tabanli bir
bilgisayar oyunu ortaya konulmustur. Literatiirde yer alan bir
diger ¢alismada MO yéntemlerinden Destek Vektdr Makinesi
kullanilarak internet iizerinden diger oyuncularla oyun
oynanmast gelistirilen “bot” uygulamasidir [14]. S6z konusu
dijital oyunda oyunun herhangi bir andaki durumu ilgili
aksiyonla smiflandirilabilmekte ve oyunda yer alan “bot”un
karar vermesi oyuunda yer alan YZ tabanli sistem ile
gerceklestirilmektedir. S6z konusu oyunda gelistirilen “bot”
sadece tek bir oyuncuya degil, fakat ayn1 zamanda birden fazla
oyuncuya karsi miicadele edebilme yetenegine sahiptir.
Litretaiirde bulunan bir bagka g¢alismada rakibin elindeki
kartlar1 tahmin etmeye yonelik olarak gelistirilmis olan bir
caligmadir [15]. Belirtilen caligmanin diger caligmalardan
farki ise oyunu kazanma iizerine bir “bot” gelistirmek yerine
rakibin elindeki kartlari tahmin etmeye yonelik bir ¢alismanin
gerceklestirilmis olmasidir. Dijital oyunda kullanilan YZ ile
yapilan tahmin ne kadar dogru olursa alinacak aksiyonun da
ona gore belirlenmis olacagi ve bdylece olasi bir yenilginin
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Oniine gegilmis olacagi asikardir. S6z konusu ¢alismada Karar
Agacglar1 (Decisin Tree) ve Yapay Sisnir Aglart (ANN,
Artificial Neural Networks) kullanilmis ve %60-65 arasinda
degisen dogruluk oranlar1 ede edilmistir. Literatiirde yer alan
bir diger ¢alismada ise baslangi¢ veri seti Bayesian Networks
ile rastgele oynamak yerine belli bir mantik g¢ergevesinde
yapay zeka oyunu oynayarak bir veri seti olusturulmustur [16].
S6z konusu c¢aligmada oyunun simiilasyonu Ruby
programlama  dili  ile  gergeklestirilmis, G6grenmeyi
gerceklestiren script python’da yazilmis ve caligmada 4
katmanli 100 norona sahip bir YSA modeli gelistirilmistir.
Yigiter ve Tatar [17] tarafindan yapilan ¢aligmada gelecegin
mimarliginda bilgisayar oyunlarimin; dnemli bir yere sahip
oldugu, mimarligin ve mekan kurgularinin deneysel boyutuna
katk1 sagladigi, disiplinler arasi bir ¢calisma gerektiren tasarim
stireci ile mimarlik disiplini igin ayr1 bir uzmanlik alan1 olarak
goriilmesi ve mimarlik egitiminde de yer edinmesi gerektigi
vurgulanmaktadir.  YZ kullanimina bir ornek, satrang
oynamak i¢in tasarlanmig "Nim" oyunudur [18]. Bu oyun eski
caglardan beri oynanan matematiksel bir strateji oyun olup bu
oyunda, oyunculardan biri en az bir veya o nesneyi ve
etrafindaki diger nesneleri oyundan kaldirir. AlphaGo,
Google'm YZ kullanan ve Google DeepMind tarafindan
gelistirilen "go game" oyununu oynayan bir programdir [19].
"Raven ve StarCraft: Brood War" adli video oyunlarinda
YZ'nin kullanildigr goriilmektedir. Literatiirde bilgisayar
oyunlarinda oyuncu i¢in eglence nasil dl¢iiliir ve bunu etkin
bir sekilde olusturabilen Al mekanizmalar1 neler olduguna
iligkin ¢aligmalarda mevcuttur [20]. Gelistirilken bilgisayar
oyunlarinda bulanik mantiginda kullanildigi goriilmektedir
[21]. Baska bir oyun gelistirme ¢alismasinda rastgele bolim
olusturma algoritmalar1 igin rastgele bir hareket algoritmasi
kullanildigr  goriilmektedr [22]. Gelistirilken bilgisayar
oyunlarinda ayrica bulanik mantik, YSA, Genetik
Algoritmalar ve Derin Ogrenme gibi farkli ydntemlerin de
kullanildig1 goriilmektedir [23-24-26]. Bu boliimde yer alan
arastirma bulgulan literatiirde YZ alanindan poker tabanl
oyunlarda olmak iizere YZ tabanli bilgisayar oyunlarinin
gerceklestirilmesine  iliskin farkli ¢aligmalarin  oldugunu
ortaya koymaktadir.

C. Calismada Onerilen Sistem

Calisma kapsaminda AI-DIGPOKGAME dijital oyunu
masaiistii platformunda Unity oyun motorunda YZ tabanh
olarak gelistirilmis ve oyun tasariminda "no-limit hold’em"
yontemi kullanilmigtir. Bu dijital oyun tek oyunculu olarak
tasarlanmis olup ¢evrimici oyuna yonelik bir hizmet
icermemektedir. Dolayisiyla oyunda bir veri tabam
kullanilmamustir. Oyuncu ve botlarin sayist baslangigta birer
adet olarak belirlenmistir. Oyuna ilk kimden baglanacagi
sorunu genelde video oyunu olan pokerde rastgele olarak
belirlenmektedir. Gergek hayatta ise herkese agik bir bigimde
bir adet kart dagitilir ve en yiiksek degere sahip olan kisi ilk
hamleyi yapma hakki kazanir. Asil oyuna gecilmeden once
bahisler alinir. Kartlar1 dagitan oyuncunun solunda oturan kisi
kiigiik kor (small blind) olarak tanimlanirken onun da solunda
oturan kisi biiyilk kor (olarak tanimlanir). Bahis miktarlar
onceden belirlenmistir ve genellikle kiiciik kor biiytik koriin
yarisina esittir. Kiigiik kor ve biiyiik kor ile tanimlanan kisiler
daha kartlar dagitilmadan ortaya bir bahis koymak durumunda
kalirlar. Minimum bahis bir onceki “bet” veya “raise”
yapildigindaki miktardir. Ornegin bir dnceki eldeki bahis X
lira olsun. Herhangi bir oyuncu X liradan daha biiyiik miktarda

oyun tabiri ile bir "raise" yaptiginda diger oyuncunun bir daha
"re-raise" yapabilmesi i¢in en az bu kadar veya daha fazla
bahis ortaya koymasi gerekmektedir. "All-in" durumu,
oyuncunun elindeki tiim bahsi ortaya koyma durumudur. Sekil
1’de goriildiigii gibi oyuncu bu kombinasyonlardan ne kadar
yukarida olanini yakalayabilirse oyunu kazanma ihtimali o
kadar yiikselmektedir.

0¥ J¥ Q¥ KV AV
4% 5% 6% 7% 8

Royal Flush

Straight Flush

Fourofakind K& KW K& K¢ 34
FulHouse |0 (04 (04 Ad A
Flush |04 K& 246 646 74
straight 7 84 94 (04 JO

Three ofakKind 56 59 5& J¢ A¢
TwoPalr K4 AW 3% 34 J&

One Pair Q¢ Q¥ 2V 34 9B

Sekil 1. AI-DIGPOKGAME Oyunu kart degerleri

Calisma kapsaminda tasarlanan ve gelistirilen Al-
DIGPOKGAME bilgisayar oyununda en 1iyi besli kart
kombinasyonunu saglayan oyuncu oyunu kazanmaktadir. Bu
baglamda oyuncu bu kombinasyonu olustururken ii¢ segenege
sahiptir. Birincisi elindeki iki kart ve ortadaki ii¢ kart, ikincisi
elindeki bir kart ve ortadaki dort kart, tiglinciisii de ortadaki bes
kart durumudur. Elindeki kartlar1 vermeden 6nce oyuncu bu
son durumu sectigini diger oyunculara belirtmelidir aksi
takdirde ortadaki bahisten mahrum kalacaktir. Oyunun
isleyisi, kurallar1 ve kart kombinasyonlarindan sonra sira
YZ'min oyunu oynarken nasil bir yol izleyecegi ile ilgilidir.
Oyunun kodlanmasinda bu kadar karmasik kurallarin oldugu
bir oyunda olabildigince az miimkiinse hi¢ kaybetmeden
miicadele edebilen bir YZ tasarlanmasi hedeflenmistir. Bu
kapsamda ¢alisma YZ'min o6ncelikle tek bir oyuncuya karsi
kendisini smamasi, sonrasinda eger yeterince ilerleme
saglanirsa 0 zaman oyuncu sayisi arttirilarak daha zor bir
ortamda test edilmesi gerceklestirilmistir.

Sekil 2’de AI-DIGPOKGAME oyunundaki YZ'y1 yoneten
“AlBet” metodunun Is Akis Semas: goriilmektedir. Soz
konusu akig semasina gore oyunda 6ncelikle YZ teknolojisi ile
oyuncunun “raise” yapip yapmadigi kontrol edilmnekte,
ayrica bahislerin esit olup olmadigini ve karar vermek igin de
“randomValue” ile “checkProb” degerlerini kiyaslanmaktadir.
Eger bahse komnu kosullar dogru olarak sonuglanirsa YZ
"check" yapmaya karar vermektedir. Ancak eger oyuncu
"raise" yapmadiysa boyle bir durumda zaman YZ sistemde
"fold" i¢in bir kontrol yapmaktadir. Eger kontrollerde
"foldProb" ile "randomValue" degerleri karsilastirilir ve sonug
dogru olarak tespit edilir ise "RoundOver" metodu
cagirilmaktadir. Boyle bir durum sonucunda oyunu oyuncu
kazanmig olmakta ve yeni oyun baslatilmasi i¢in ekrana menii
getirilmektedir. Ancak "aiBet" degeri "bet" degerinden fazla
olur ise ve "init" degiskeni dogru olarak tespit edilir ise kiigiik
olan degisken biiytik olanin degerine atanmaktadir. Boylelikle
bahis eli her bagladiginda esitlik saglanmis olur. Bu kontrol
anlatilan tam tersi durumun gegerli oldugu durum icin de
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yapilmaktadir. Yani Oncelikle "aiWillCheck" degiskeni
kontrol edilmektedri. Ciinkii eger bot "check" yapmaya karar
vermediyse "raise" yapilacaktir. Sistemde yer alan

"gameStarted" degigkeni ilk bahis elinin kontrolii i¢in vardir.
Sistemde YZ'nin kor bahis evresinde ortaya ¢ok fazla miktarda
bahis koymamasi, olabildigince erken "check" yapmasi
hedeflenmistir. YZ'nin sahip oldugu kartlarin degerleri "sum"
adli degiskende tutulmakta ve belli seviyedeki esik degerleri
icin kontrol edilmektedir. Bu kontrol sonucuna uygun belli bir

aralikta bir bahis miktar1 belirlenmekte ve ortaya konmaktadir.
Son olarak "init" yani baglangi¢ bahis evresinde olundugu
kontrol edilmekte ve degiskenle yapilan bahis ortadaki "pot"
degiskenine eklenmektedir. {1k basta "aiWillCheck" degiskeni
eger dogru olduysa YZ bu asamada "aiCheck" degiskenini
true’ya cevirecek bahis oynamamaktadir. Eger "aiWillCheck"
degiskeni "false" ise ortaya bahsi koyup "aiRaised"

degiskenini "true" yapmaktadir.

Sekil 2. “AlBet” Metodu Is Akis Semast

Sekil 3°de AI-DIGPOKGAME oyunun oynanmasi i¢in oyun
kullanici tarafindan ilk baslatildiginda ekrana gelen oyunun
acilis ekran1 yer almaktadir.

M()NI’/ f I()()() ‘
POT: 10 |
BET:T0 |

RAISE

Sekil 3. Programin Agilis Ekrani

Al-DIGPOKGAME oyunundaki tim scriptler
“GameManager”  tarafindan  yonetilmekte ve oyun
“GameManager” tizerinden calistirilmaktadir. Sekil 4’de ilk
kor bahis evresi bittikten sonraki oyuna iligkin durumun 6rnek
bir ekran goriintiisii yer almaktadir.

MONIz / ’54‘)‘)0
POT: 320 |
BET: 10

= l
CHE (‘K :"”l

GAME STARTED!

FOLD | ‘

Sekil 4. Programin Ara Durum Ornek Ekram

Al-DIGPOKGAME oyununda YZ bahis ortaya konulurken
oyunculara dagitilan oyun Kartlarina gore belli bir aralikta
bahis miktar1 belirlenmektedir. Bu araliklarin  degisik
sinirlarda  olabilirlik durumu oyundaki kartlarin tahmin
edilebilirligini zorlastirmaktadir. Oyundaki son bahis evresi de
tamamlandiktan sonra ekrana Sekil 5’deki gibi bir goriiniim
gelmektedir.
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PLAY |

QuUIT

Sekil 5. Programin Son Bahis Durumu Ekran Goriintiisii

I11.DENEYSEL CALISMALAR

Tablo 3’de aragtirmanin gergeklestirilmesi boyunca ¢alisma
kapsaminda gergeklestirilen deneylere iligskin yapilan deneyler

ile deney sonuglar yer almaktadir. S6z konusu tabloda basarili
olarak gergeklestirilen deneylerlerde basarili olanlar pozitif
olarak yani + matematiksel sembolii ile isaretlenerek 6zellikle
belirtilmistir. Caligma kapsaminda gerceklestirilen deneylerde
AI-DIGPOKGAME dijital oyununda gozlemlenen tiim buglar
ortadan kaldirilmig, gerekli optimizasyonlar yapilmis ve
yaymlanmaya hazir hale getirilmistir Caligma kapsaminda
toplamda 13 (onii¢) adet farkli deney gerceklestirilmistir.
Gergeklestirilen her deney kendi igerisinde farkli asamada
yapilmugtir. Test listesinin bahsekonu tabloda belirtilenlerle
sinirli kalmayip zaman igerisinde genisletilebilecegi veya
daraltilabilicegi ~ degerlendriilmekle  birlikte  ¢aligmanin
sinirlarinin belirlenmesi agisindan bu sekilde belirlenmis ve
tiim durumlar1 burada ele almak listeyi ¢ok uzatabileceginden
testler genel bir baslik altinda ve c¢ekirdek bir yapida
toplanmaya ve gergeklestirilmeye calisilmstir.

Tablo 3. Calismada Gergeklestirilen Deneyler

S.Nu. Deney Adi Deney Aciklamasi Deney Sonucu
1. Destenin karigtirtlmis olmasi Kartlar agildigindan siral1 diizenden farkli olmasi +
2. Arayiizlerin beklendigi gibi ¢aligmasi Ekrandaki 6gelerin gorevlerini yerine getirmeleri +
3. Yeniden oynarken kartlarin kaybolmamast 52 kartlik destenin olmasi +
4. Kartlarin ikisinin kapali olarak dagitilmasi Oyuncularin ikiger adet kapali kart almalar1 +
5. Oyun kurallarinin dogru islemesi Kurallarin dogru islendiginin dogrulanmasi +
6. Hile yapilmadigimin dogrulanmasi Hile yapilmadigimin dogrulanmasi +
7. Bahislerin dogru sirada ve dogru miktarda Gereken miktarda paranin ortaya konmasi +

alinmasi
8 Cekilen oyuncunun o el sonlanana kadar = Cekilen oyuncunun oyuna herhangi bir sekilde
herhangi bir aksiyonda bulunmamast miidahale etmemesi
9 Oyuncuya yapabilecegi hamlelerin = Bahis elinde bahis oynamasi, oyun sonunda +
' gosterilmesi kartlarini géstermesi
10. Ya}i)ay zekanin suistimal - edilebilecek bir Yapay zekanin gereginden fazla risk almamasi +
aciginin olmamast
11 Yapay zekanin veya oyuncunun, digeri hamle | Bahis evresi boyunca oyuncu ve yapay zekanin +
" | yapmadan birinin iist {iste hamle yapmamas1 | birer birer hamle yapmasi
Yeniden oyna secildiginde para bilgisi harig Q}:uncunun ve yapay zekanin para bilgisi harig
12. . diger degiskenlerin stfirlanip ekranin +
her seyin sifirlanmasi
hazirlanmasi
OyuI'lcunun veya yapay Zekapln parasiniil Ortaya konulan bahis sifirin altinda bir para
13. | bahsiortaya koydugu sirada eksiye diisiiyorsa 9 +
biraktiginda oyunun sonlanmasi
oyunun sonlanmasi

Tablo 3’de yer alan ve gergeklestirilen deneylerde 6ncelikle
destenin  karistirillmis  olundugundan emin olunmasi
hedeflenmistir. Ciinkii sirali bir deste olursa oyuncular
rakibinin elindeki kart1 tahmin edebilir ve ona gdre bir strateji
belirleyebilirler. Oyun meniilerinin beklendigi gibi ¢alismasi
da ¢ok oOnemlidir. Oyuncu “fold butonuna” tikladiginda
oyundan ¢ekilmesi gerekmektedir. Eger oyun basit, anlasilir
bir arayilize sahip olursa oyuncunun kafasindaki karisiklik
giderilir ~ve yapmak istedigi hamleleri kolaylikla
gerceklestirebilir. Her oyun bittiginde kartlarin kaybolmamasi
gerekmektedir. 52 kartlik destenin oldugu dogrulandiktan
sonra dealer belirlenip oyuna baslanabilir. Ayrica oyunculara
kartlarin kapali olarak dagitilmasi gerekmektedir. Ve kartlarin
oyun bitene kadar kapali konumda kalmalar1 gerekmektedir.
Oyun basladiktan sonra oyunun tiim kurallarinm dogru bir
bi¢cimde ve her oyuncuya islendiginden emin olunmalidir. Bu
asamadan sonra oyuncunun hile yapmadig1 dogrulanmalidir ve
oyunun isleyisini oyuncunun lehine ¢evirecek bir “bug” varsa

giderilmelidir. Bahisler almirken kurallarda belirtilen sira
takip edilmeli ve her oyuncunun minimum degere esit veya
gececek sekilde belirttigi miktar kadar bahis ortaya
konulmalidir. “Fold” yapan oyuncunun oyunun geri kalanina
higbir tiirlii miidahale etmemesi gerekmektedir. Ve o ana kadar
koydugu bahislerin oyuncuya iade edilmesi yerine ortadaki
bahis havuzunda kalmalidir. Herhangi bir karmasikligin 6niine
gecmek i¢in oyuncunun yapabilecegi hamleler gerekirse one
¢ikarilmig bir tasarima sahip olmalidir. Yapamayacagi
hamleler ise drnegin check butonu soluk bir bi¢imde ekranda
gosterilmelidir. Gelecekte yapilabilecek olan testler sadece bu
calismada yer alan testlerle sinirli kalmayacaktir. S6z konusu
tabloda belirtilen testler oyunun ¢alismast i¢in kritik derecede
oneme sahip testlerdir.

Calismada gergeklestirilen deneylerde "raise" ve "call" ayri
mekanikleri eklemek vyerine sadece ‘"raise" mekanigi
secilmigtir. Bu durumun nedeni olarak "call" segeneginin
sadece diger oyuncuyla aym1 miktarda bahis yapildiginda
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mevcut olan bir mekanik olmasi gosterilebilir. Bunun yerine
dijital oyuna daha basit ve daha kolay anlagilir "raise"
mekanigi sadece eklenmistir. Deneylerde eger oyuncu diger
oyuncuyla ayn1 bahsi ortaya koymazsa "fold" yapmis olur ve
oyunu diger oyuncu  kazanmaktadir. Calismada
gerceklestirilen deneylerde diger bir problemde oyun
dongiisiiniin nasil kurulacagiyla ilgili olarak belirlenmistir. Bu
durum oyundaki ilk hamlenin her zaman YZ tarafindan m1
olacak yoksa her oyun bagladiginda rastgele bir se¢imle ilk
baslayan oyuncudan mu segilecegi ile ilgilidir. Burada YZ'nin
her seferinde ilk adimi atmasi durumu kararlastirilmastir.
Ciinkii YZ oyun hamlesini yaptiktan sonra siranin oyuncuya
geemesini saglayan bilgisayar kodlamasinin daha az ve basit
bir yapida gergeklestirilebilecegi durumu dikkate alinmustir.
Bu duruma 6rnek olarak ilk bahis evresinden sonraki bahis
evrelerinde "check butonunun” pasif bir bi¢cimde kalmak
durumunda olmas1 gosterilebilir, ¢linkii 6yle bir senaryoda
oyuncu heniiz ortaya bir bahis koymamis durumda olacaktir.
Anlatilan nedenlerden dolay1 belirtilen sorunu ¢dzmek igin ilk
hamleyi YZ'nin yapmasi gerekmektedir. Caligma kapsaminda
gerceklestirilen deneylerde ortaya diger bir sorun ise Y'nin
nasil bir bahis mantiginda ilerlemesi gerektigine karar
vermesiyle ilgilidir. Burada dikkat edilmesi gereken nokta
YZ'nin tahmin edilebilirliginin  olabildigince  diisiik
tutulmasidir. Oyuncu, YZ'nin ne zaman ve hangi durumlarda
"raise", "check" veya "fold" yapacagmin tahmin edilmesi
oyunun sonucuna etki edecek onemli bir durumdur. Al-
DIGPOKGAME dijital oyununda gelistirilen YZ kodlamasina
"check" ve "fold" yapmasi icin ayrica bir esik deger
belirlenmistir. Bu deger bahis evresinin uzama siiresine ve
elindeki kartlarin  degerine gbre artabilmekte veya
azalabilmektedir. Esik deger gecildiginde ise YZ tarafindan
ilgili hamle gerceklestirilmektedir. YZ tarafindan bahisler
ortaya konarken kartlarin degerleri dikkate alinmakta ve belli
bir aralikta bir miktar segilip ortaya konmaktadir.

Caligma kapsaminda gergeklestirilen deneylerde oyuncular
oyunu oynarken rakip oyuncu tarafindan gergeklestirilen
oyuna iliskin olaylarin YZ teknoloji tarafindan basarryla
gergeklestirildigi yapildigi dogrulanmistir.

IV.SONUC VE DEGERLENDIRME

Son yillarda YZ konusunda dikkate deger sekilde ilerlemeler
kaydedildigi ve bu teknolojinin sik sik giindemde kendine yer
buldugu bir gergektir. Artik YZ konusunun bir¢ok alanda
hayatimizin bir parcast haline geldigi yadsmamaz bir
gercektir. YZ teknolojisi pek ¢ok alan yaninda ayrica dijital
oyun teknolojisi alaninda da kendine giderek artan oranlarda
yer bulan ve gelecekte de adindan sikga s6z ettirecek glincel
bir teknolojidir. Bu arastirmada kullanicilarin kendi dijital
oyun modellerini gelistirmelerine imkan saglayan agik kaynak
kodlu Unity 3D Oyun simiilatdrii ile C# programlama dilinde
“Jetbrains Rider “derleyicisi ile YZ tabanli bir bilgisayar
oyunun (Al-DIGPOKGAME) gelistirilmis ve sdz konusu
oyunun dogruluk analizi yine bu ¢aligma kapsaminda yapilan
13 (onii¢) adet deney ile gergeklestirilmigtir. Caligma
kapsaminda gerceklestirilen deneylerde AI-DIGPOKGAME
oyuncularinin oyunu oynarken rakip oyuncu tarafindan
gergeklestirilen oyuna iliskin olaylarin YZ teknoloji tarafindan
basariyla gergeklestirildigi dogrulanmistir.

Arastirmada elde edilen sonuglar, kullanicilarin kendi derin
O0grenme modellerini kodlama yapmadan gelistirmelerine
imkan saglayan Unity 3D teknolojisi kullanilarak gelistirilen
tasarimin etkinligini gdstermektedir. Bu ¢alismanin birgok

arastirmaciy1 ve kullaniciyr cezbeden YZ tabanli bilgisayar
oyunlarinin kullanicilar tarafindan gelistirilmesi agisindan YZ
calisma alanina katki saglayacagi degerlendirilmektedir.

Yazarlarin Katkilari
Yazarlarin makaleye katkilari esittir.

Cikar Catismas1 Beyam
Yazarlar arasinda herhangi bir ¢ikar ¢atigmasi yoktur.

Arastirma ve Yaymn Etigi Beyam
Yazarlar bu c¢alismanin Arastirma ve Yayin Etigine uygun
oldugunu beyan eder.
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Abstract — The aim of our paper is to present the development proses of a locking mechanism that may act as each a hinge and
a lock, compresses the gaskets between the panel and the door at least 6 mm, helps to supply controlled air outlet and will increase
the protection level. Thanks to the compression feature of the product, the novel designed mechanism could be tightened the
cabinet by the cabinet gaskets. It provides IP65 sealing standard requirements. Thus, it can be used in outdoor environments in
safe. Since this mechanism be developed more, it can be used in ventilation, generator, and plenty of different sectors. It has a
high potential to lead to new applications and R&D studies in numerous technology fields.

Keywords — Cabinet, Latch, Hinge, IP65, Mechanism, Protection level, Compression

l. INTRODUCTION

In industry, various industrial locking systems are used in
outdoor and indoor environments, in application areas such as
cabinets, generators and panels. The industrial lock systems
are designed and developed to meet the requirements of
application areas and working conditions. The requirements
for indoor locks are lower than the requirements for outdoor
applications. One of the outdoor lock requirements is to
provide leak proofing due to the weather and ambient
conditions. We designed and developed a novel product in
accordance with IP65 sealing protection level. This level of
protection offers the assurance of the products will withstand
winds, harsh environments, changing weather conditions and
more. [P rated as “dust tight” and protected against water
projected from a nozzle [1]. IP protection classes are defined
in the international standard EN 60529 standard [2]. Another
goal of this study is to develop a product that might have both
functions hinge and latch, compresses the gaskets at least 6
mm between the panel and the door which helps to supply
controlled air outlet and provides IP65 requirements, as well.
In general, the most important aspect of the HVAC (Heating,
Ventilation, and Air Conditioning) refers to the special
structures used for transferring air among indoor and outside
areas, alongside heating, and cooling each residential and
industrial buildings interlocking solution is ensuring that the
cabinet is properly sealed. The locks, hinges, profiles, and cut-
outs must be designed in such a way that the entire door is
completely sealed. Another important consideration for a
properly sealed unit is whether the internal air pressure is
positive or negative. This is because negative air pressure pulls
the door in, while positive air pressure pushes it out. This
affects the interlocks and sealing profiles in a wide variety of
shapes. The air pressure in the interior also influences the
behavior of a door when it is opened. Therefore, an HVAC
shutter must be opened in two stages. The first stage should

only open the door far enough to depressurize the unit, making
it perfectly safe to fully open the door in the second stage [3].

1. PRODUCT DESIGN AND ANALYSIS

As a part of our research in the part design study, existing
industrial locks from the HVAC sector were examined and
their missing and useful aspects identified. As a result of the
research, other industrial locks in the sector offer the IP65
sealing level and the compression property of about 5 mm in
generally. In addition to these features provided by the existing
products, the research has been taken to the next level by
adding push-to-open functionality and a secure combination
locking system to the redesigned industrial lock. When
determining the material according to 1SO 846 standard, 30%
glass fiber reinforced nylon 6 (PA6GFR30) was selected as the
material [4]. The conceptual design shown in Figure 1 was
obtained by selecting 1.5 mm material thickness, 6 mm
compression function and IP65 sealing level according to
related standards’ requirements. It works by push opening
which means the product's 180° rotating opening function can
work at any direction and secure combination of the locking
system. Since electrical and mechanical push-button locks
have gained popularity over the past 15 years, these locks are
particularly advantageous where many people require access.
The major advantage of course is the ability to change the lock
combination instantly without incurring the cost of changing
the lock and reissuing the keys [7].
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Fig. 1. Concept design of the lock

At the designe stage we used the SolidWorks - 2021, one of
the well-known 3D conceptual design programs. At the design
stage, the encrypted cylindrical part is placed inside the part
called push-open. The key is designed after this password.
When the key cylinder enters the hub, all passwords match and
the key cylinder can rotate easily. The locking and unlocking
functions are achieved by turning the key cylinder 90 degrees
reversible. After the unlocking function, by pressing the
cylinder on the handle, the handle can be separated from the
lock body thanks to the push-to-open function. The operator
lifts the latch arm, which is separated from the latch body, and
the cover's pressure on the seals is removed. Therefore, thanks
to the compression feature; it provides a controlled air outlet
avoiding accidents that may occur due to the air pressure
difference when the door is opened. In our study, the
compression function of 6 mm is provided using the rack and
pinion gear mechanism. The lever of our lock is designed to
act as a pinion and the rack part is designed to supply
compression. The handle rotates angularly about a pin axis in
the lock body, which allows the latch part of the lock to move
up and down 6 mm. The 6 mm upward movement applies
pressure to the lid, compressing the seals and preventing air
leakage. This meets the requirements of the DIN EN 1886
ventilation for buildings standard [5]. For the concept design,
virtual simulations were applied with the analyzing package of
SolidWorks program. Some statical analyses were applied to
the design part and simulated. For the designing and analysis
purpose the Solidworks software is used. Besides, the study
reveals the maximum value of the stress and displacement of
such parts[8].

G Stress (vonMses)
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Fig. 2. Analysing results at 1455 N Force (Stress)

Figure 2 shows the analysing results of stress (von-Mises in
N/mm?) values scale of the product when the applied force is
1455 N per item in a specified direction.
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Figure 3 shows the analysing results of displacement (mm)
values scale of the product when the applied force is 1455 N
per item in a specified direction.
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Fig. 4. Analysing result for 15000N (Von Mises N/mm?)

The analysis was repeated with increasing force to see at
what force plastic deformation of the product would occur. If
we apply a force of 15000 N, as shown in Figure 4, the material
be expected to start to yield.

1. PROTOTYPING AND TESTING

After the virtual simulations were completed, the prototype
shown in Figure 5 was fabricated using 3D printing Fused
Deposition Modelling (FDM) technology. This process can be
used to create prototypes that can be used with multi-material
and multi-color plastics, food, or living cells [6]. Details
regarding the 3D printing machine used are given below.

™

Fig. 5. 3D Printed Prototype Lock

Build Volume: 203 Width X 203 Length X 152 mm Height
Layer Height Settings: 100,200,300 Microns

Workstation Compatibly: Windows 10/8.1/8/7

Network Connectivity: Ethernet TCP/IP 10 /100 base T
Machine Size: 635 (w) X 660 (I) X 940 (h) mm

Machine Weight: 94 kg

Software: CatalystEX
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The prototype was subjected to an actual test by applying a
maximum compressive force of 14550 N for 4.1 seconds at the
standardized laboratory conditions as shown in Figure 6. The
compression feature of the product by the novel designed
mechanism could help tightened the cabinet by the cabinet
gaskets.

Fig. 6. Compression testing process
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Fig. 7. Stress / Strain graph from the testing machine software

Figure 7 shows the stress/strain graphic created by the
tensile testing machine software program. It can be seen 3.6
mm strain value against 14550 N force when the force is

applied during 4.1 s.
!

Fig. 8. Product deformation after testing

Figure 8 shows the deformation of the product because of
the conducted compression test. Even if it damages to the
product, it is evaluated just a visual but not a functional
problem. In other words, it is not expected to cause a problem
on the functionality of the product.

V. RESULTS

This study was conducted to make a better lock than the
existing design in many ways. The use of the push-open

method and the combination closure system used in the
product makes the design unique. In addition to these features,
the IP65 sealing level and the current compression amount
have been increased from 5 mm to 6 mm. As a result of this
research, a novel product which acts as both a hinge and a lock,
was developed to be used in the HVAC industry. According to
the analyse results the new design can meet the environmental
and climatic conditions which are the basic requirements of the
HVAC industry and can meet the DIN EN 1886 standard. As
a result of the conducted studies, the novel design registration
was confirmed for the product with the registration number
2020/09992.

V. DISCUSSION

If we compare the existing previous studies with the novel
designed product, although both products can function as a
hinge and as a lock, the current product’s unlock function can
be opened with a simple Allen key. It means the security level
is weak. By the new design, it is made more secure by using
different password combinations. Since the current product
does not have 6 mm compression function, the pressure cannot
apply to the joints sufficiently. With the novel product, all
gaskets are pressurized equally and air flows in and out under
control. The previous design was not suitable with IP65
sealing level. By the new one IP65 sealing level requirements
are achieved.

IV.CONCLUSION

With this study we conducted we met the needs of the
HVAC industry requirements in locking industry. Innovations
we have added to our product and the concluded results are
achieved. Instead of 5 mm compression level in previous
design, it is increased to 6 mm. The level of IP65 sealing
requirements and the requirements of the EN 60529 standard
are achieved. Thanks to our push-open function, a controlled
air outlet has been achieved. The goal is to continue to develop
products by adapting it to the changing needs of the industry
and bringing it to market at the next level.
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Tiirkce Ozet — Endiistride calisan sistemlerin yiiksek basarim ve siireklilikle calismasi beklenir. Calisan sistemi olusturan
pargalarda olusabilecek arizalar, tiretim kayiplarina yol agabilmektedir. Endiistriyel sistemlerin hizmet ettigi biitiin sektorlerde
toplam ekipman etkinliginin yiiksek tutulmasi bakim ¢aligmalarinin yapilmasini mecbur kilmaktadir. Ariza kaynakli olan iiretim
ve ig glicli kayiplariyla Karsilasmamak i¢in sistemlerde durusa yol agmadan bakim planlamak gerekmektedir. Bakim planlamasi
stireglerinde kendine saglam yer bulan ve uyarict bakim olarak da bilinen kestirimci bakim ydntemi, gereksiz bakim yapilmamasi
ve bakimsizlik kaynakli arizaya diisiilmemesi gibi agilardan bakildiginda 6ne ¢ikmaktadir.

Bu makaledeki ¢alisgmada, asenkron motor ¢alisirken elde edilen stator akimi, vibrasyon, stator sargi sicakligi ve rulman yatak
sicakliginin PLC yardimi ile sahadan toplanmasindan sonra zaman etiketli olarak veri tabanina yazilarak hem test verisi
olusturmakta hem de tiyelik fonksiyonu degerleri belirlenmesinde kullanilmistir. Sahadaki motordan toplanan veriler, motor ve
enstriiman etiket degerleri ve uzman goriislerinden yola ¢ikarak “Matlab Fuzzy Toolbox” uygulamasi ile bulanik mantik temelli
cikarim sistemi tasarlanmistir. Cikarim sistemine giris degiskeni olarak verilen test verilerinin uzman gortsleri ve katalog verileri
dogrultusunda belirlenmis kurallar ile degerlendirilmesi sonucu belirlenen ¢ikis degiskeniyle sistemde ¢alisan asenkron motorun
“motor saglig1” belirlenmektedir. Bu deger ayn1 zamanda motor i¢in bakim planlamasi ihtiyacini da belirlemektedir.

Bu ¢aligma arizanin ne oldugundan ¢ok, arizanin yaganip yasanmayacagi ile ilgili bir ¢ikarim sistemini dnermektedir. Endistriyel
iiretim yapan isletmeler ilk etapta toplam ekipman etkinligini artirmayi1 amaglar. Plansiz duruslarin oniine ge¢mek ister
dolayisiyla motordaki arizanin igeriginden ziyade arizanin gerg¢eklesme ihtimali daha 6nemlidir. Literatiirde yalniz motor stator
akimlari, vibrasyon analizi ve termal tabanli analizler mevcut; burada akim, vibrasyon ve termal agidan yapilan durum izleme
sonucu elde edilen veriler bulanik mantik ile ¢ok agidan degerlendirilerek bakim ihtiyaci belirlemektedir.

Anahtar Kelimeler — Kestirimci bakim, Bulanik mantik, Asenkron motor, PLC, Matlab

Predictive Maintenance With Fuzzy Logic Inference In An
Induction Motor System
Extended Abstract

Industrial systems are expected to operate with high performance and continuity. Failures that may occur in the parts that make
up the working system can lead to production losses. The necessity of keeping the total equipment efficiency high in all sectors
served by industrial systems necessitates maintenance work. In order to avoid production and labor losses due to malfunctions,
it is necessary to plan maintenance without causing downtime in the systems. The predictive maintenance method, which has a
strong place in maintenance planning processes, stands out in terms of not performing unnecessary maintenance and avoiding
failure due to lack of maintenance.

In this paper, the stator current, vibration, stator winding temperature and bearing housing temperature values obtained during
the operating conditions of an induction motor are collected from the field with the help of a PLC, time-labeled and written to a
database and then used both to generate test data and to determine membership function values. Based on the data collected from
the asynchronous motor operating in the field, motor and instrument label values and expert opinions, a fuzzy logic based
inference system was designed with the "Matlab Fuzzy Toolbox™ application. The "motor health" of the asynchronous motor
operating in the system is determined with the output variable determined as a result of the evaluation of the test data given as
input variable to the inference system with the rules determined in line with expert opinions and catalog data. This value also
determines the need for maintenance planning for the motor.

This study proposes an inference system about whether the failure will occur or not, rather than what the failure is. Industrial
production enterprises aim to increase total equipment efficiency in the first place. They want to prevent unplanned downtime,
so the probability of failure is more important than the content of the fault in the motor. In the literature, only motor stator
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currents, vibration analysis and thermal based analyses are available; here, the data obtained as a result of current, vibration and
thermal condition monitoring are evaluated from multiple perspectives with fuzzy logic to determine the need for maintenance.

Keywords — Predictive Maintenance, Fuzzy Logic, Induction Motor, PLC, Matlab

I. GIRIS

Endiistride kiigiik bir elektrik motorundan baslayip ¢ok
sayida boliimden olusan veya birden fazla tahrik iinitesi iceren
karmasik yapilara kadar cok cesitli sistemler mevcuttur.
Kullanilan bu sistemlerdeki pompa, fan, konveyor, kiriel,
karigtirici, kompresdr vb. uygulamalarda sistem veya
makineye tahrik saglayan birim elektrik motorlaridir. Makine
ve ekipmanda, istenilen harekete doniistiiriilecek olan ve
bunun i¢in ihtiyag duyulan donme hareketi, elektrik
motorlarinca saglanir. Doner mekanizmalar1 tahrik eden
elektrik  makinelerinin  endiistride en yaygm olarak
kullanilanlarindan  biri de temelleri ve ilk &rnekleri
birbirlerinden bagimsiz olarak Galileo Ferraris ile Nikola
Tesla tarafindan atilan asenkron motorlardir. Galileo Ferraris,
tek fazli asenkron bir motorun galisan ilk modelini 1885
yilinda ortaya koymustur [1]. Nikola Tesla’nin ise 1887'de
yaparak caligtirdigr ve 1888 yilinda AIEE’de gosterdigi iki
fazli motorunda ise motor karkasina yayilmis bir stator sargisi
ve rotorda kisa devre edilmis bir sargi barindirmaktaydi [2].
Indiiksiyon motoru olarak da adlandirilan bu makinelerin
calismalar1 esnasinda olusan donme hareketinin yani sira
titresimler de ortaya ¢ikar. Sebekeden gektikleri akim, stator
sargilarindan gectigi i¢in sargiy1 olusturan bakir iletkenleri
isitir ve stator sargilarmin yani sira govde sicakligini da
olusturur. Kisaca bahsedilen bu doéngiide, bir asenkron
motorun ¢alisma rejiminde sagliginin takip edilebilecegi bazi
degiskenler mevcuttur. Bunlar; asenkron motorun stator sargt
sicakligl, rulman yatak sicakligi, govde veya rulman
vibrasyonlari, motor stator sargilarinca sebekeden c¢ekilen
akimlardir.

Uretim, bakim, lojistik vb. hangi sektdre hizmet ederse etsin
her sistemin bir kullanim Omrii mevcuttur. Sistemlerin
kullanim siirelerini uzatabilmek ve c¢alisma siirecinin
planlandig: gibi isletilebilmesi i¢in bakim yapilmasina ihtiyag
duyulur. Bakim yontemleri incelendiginde; ekipmanda ariza
gergeklestiginde bakim ve onarim yapilan, bu nedenle onarim
sirasinda tiretim kaybinin yasandigi, arizalarin zamanla diger
sistemlere de sirayet edebilecegi plansiz bakimlar ile ariza
heniiz olugmadan ve olugmasm diye yapilan koruyucu,
Onleyici ve wuyarict bakimlar olarak alt basliklarda
toplanabilecek planli bakimlar goriilmektedir.

Planli bakimlar arasindaki uyarici yani kestirimci bakim
uygulamalar1; durus haricinde iiretime veya hizmete ara
verilmemesi, gerekmedigi halde yapilan bakim yiiziinden
fazladan maliyetler ortaya g¢ikmamasi gibi dikkat c¢ekici
avantajlari ile 6n plana ¢ikmaktadirlar.

Uretimin siirekli devam ettigi tesisler igin kestirimci
bakimin sagladigi erken uyar1 oldukga 6nemlidir. Sistemden
toplanan farkli degiskenlere ait veriler, uygun yontemler ile
degerlendirilerek ariza gergeklesmeden bakim ihtiyaci
duyulacagini tahmin eder ve bakim plani hazirlanmasina
olanak tanir. Uretim siirecinde ariza kaynagi olusturabilecek
degiskenlerin ¢ogunun 6n tanimsiz ve bulanik yapida oldugu
diisliniildiiglinde bulanik mantik temelli karar verme siireci de
etkin bir sekilde siirece katilmalidir [3].

Bulanik mantig1 literatiire sokan Zadeh, bir seyin yanlishk
veya dogruluktan ziyade yanlis veya dogru olma oraniyla
tanimlanmasini saglamstir [4]. ikili mantikta yer alan mutlak
yanlis ve mutlak dogru kavramlarinin arasinda bulunan ve
“biraz dogru” kabuliini de igeren bir gelistirmeyle bulanik
mantik kavrami elde edilir [5].

Literatiirde vibrasyon takibi ve akim takibi ile asenkron
motorlarda kestirimci bakim uygulamak i¢in yapilmis
calismalar mevcut, her bir ¢alisma genellikle bir konuya
odaklanmis ve ¢Oziim sunmustur. Agyare ve arkadaslarimi
yaptig1 caligmada, bulanik mantik denetleyici kullanilarak
hatalarin tespiti ve smiflandirilmasi sunulmaktadir. Stator
sargilarinda kopma, doniisten doniise kisa devre, li¢ fazdan
topraga ve fazlar arasi dengesizlik gibi farkli ariza kosullar1 bir
dizi simiilasyon gergeklestirilerek hatalar yiiksek dogrulukla
tespit edilebilmigtir [6]. Pharne ve Patil bir bulanik mantik
kontrolciisiiyle, motor durumunu titresim yoluyla izleyen
bulanik ¢ikarim sistemi ile takip edip saglikli olup olmadigni
gozlemlemektedir, bu sistem kestirimci bakim planlanmasina
yardimc1 olmaktadir [7]. Tabak ve Ozkaymak’m yaptigi
calismada elektrik motorlarina endiistride uygulanan bakim
yontemleri en ilkelden en gelismise dogru siralanarak
incelenmigtir. Kestirimei bakimin en yaygin kullanilan
teknikleri incelenerek uzaktan erisme ve internet gibi
sistemlerin kestirimci bakima olan etkileri irdelenmistir [8].
Mitrofani ve arkadaslarinin ¢alismasi ise proses endiistrisinde
elektromekanik bakim islerinin kapsamini tanimlamaya ve
optimize etmeye yarayan bulanik mantik temelli bir Karar
Destek Sisteminin gelistirilmesidir. Hangi ekipmanda hangi
tir bakim yapilacagmin kararini vermektedir ve sonucun
saglam sonuglar sagladigint ve diger yaklagimlarin bir¢cok
eksigini giderdigini gdstermektedir [9]. Mohan ve arkadaslari
asenkron motor arizalarinin sistematik smiflandirmasin
tartismis ve motorun stator akimi dikkate alinarak motorun
durum izlemesi i¢in bulanik tabanli ¢ikarim mekanizmasi
geligtirilmigtir  [10]. Drakaki ve arkadaglar1 asenkron
motorlarin ariza tespiti ve teshisinin (FD/D) kestirimci
bakimindaki son gelismeler ve egilimler verilmistir. Inceleme,
son 5 yilda gelistirilen derin 6grenme tabanli FD/D
yontemlerine odaklanmis ve ¢ok kapsamli olmayan
incelmesine yer verilmistir [11].

Arastirma g¢alismalarinin ¢ogu, belirli arizalar i¢in erken
uyart lizerine yogunlasmakta, ancak birden fazla ariza kaynagi
agisindan incelemeyi ihmal etmektedir. Makale konusunu
iceren bu calismada ise ariza kaynagi olan degiskenlerin
fazlahigindan yola ¢ikarak asenkron motorun izlenmesinde
kullanilan parametrelerden akim, vibrasyon, sargi ve rulman
sicakhigindan faydalanilmistir. Belirlenmis olan bu dort giris
degiskeni ile daha fazla kistasa baglh bir bulanik mantik temelli
degerlendirme yapacak ¢ikarim sistemi  sunulmustur.
Endiistriyel iiretim yapan isletmelerde plansiz duruslarin
oniine gecmek istenilir, yani asenkron motordaki arizanin
iceriginden ziyade arizanin ger¢eklesme ihtimali ile ilgilenilir.
Onerilen sistem de arizanin igeriginden gok arizanin ortaya
¢ikip ¢ikmayacaginin tespitiyle ilgili bir ¢ikarim sistemidir.

182



International Journal of Multidisciplinary Studies and Innovative Technologies, 2022, 6(2): 181 — 188

Il. MATERYAL VE METOD

Bulanik mantik temelli ¢ikarim sisteminin kurallar1 ile
iiyelik  fonksiyonu  parametrelerinin  belirlenmesinde
kullanilacak ve sonrasinda g¢ikarim sistemine girdi olarak
verilecek sahadan toplanmis veriler, 710kW giiciinde
6300V’luk besleme gerilimi ve 84A nominal akim degerine,
0,82 gii¢ faktoriine sahip olan bir orta gerilim asenkron
motordan alinmistir.

Bulanik mantik ¢ikarim sisteminde akim, vibrasyon, sargi
sicakligi ve rulman sicakligi olmak iizere dort adet giris
degiskeni ve iiyelik fonksiyonu kullanilmistir. Her bir iiyelik
fonksiyonuna girdi olarak kullanilacak ve sonrasinda
degerlendirilecek olan veriler sahadan uygun sensorler
yardimiyla toplanmustir.

A. Saha Verilerinin Toplanmasi

Motorun sebekeden ¢ektigi akim Dbilgisi; motorun
beslendigi OG dagitim merkezinden motora giden gii¢
kablosunun baglandig1 baralara yerlestirilmis 800/5 oranli bir
akim trafosunun ¢ikisindan sinyal alan Iskra marka MT440
¢ok islevli doniistiiriiciiden alinmistir [12]. Yerlesik bir mikro
denetleyici ile olgillen degerler PLC’de degerlendirilmek
amactyla 4-20mA olarak analog output cikisindan alinarak
PLC’deki analog input sinyal modiiliine girilmistir. Sekil 1°de
PLC’ye iletmek igin motorun sebekeden c¢ektigi akimin
bilgisinin alindig1 akim transduceri goriilmektedir.

Sekil 1. Akim bilgisinin alindig1 iskra marka ¢ok islevli doniistiiriicii

Motor iizerinde bulunan vibrasyon sensdriiniin tirettigi bilgi
Sekil 2’de goriilen Hansford Sensors markasina ait 10Hz ile
1kHz frekans bandinda tespit yapabilen 0-20 mm/sn Sl¢iim
araligina sahip, 4-20mA modunda analog veri barindiran akim
sinyalini 2 pin MS konnektore baglh kablolar {izerinden sinyal
modiiliine ileten, M8 erkek civata ucu sayesinde Ol¢iim
noktasina baglanan vibrasyon sensorii kullanilmistir [13]. 4-
20mA analog sinyal olarak PLC de ki analog input sinyal
modiiliine girilmistir.

r

Sekil 2. Motor govdesindeki Hansford marka vibrasyon sensorii

Asenkron motorun nominal ¢alisma sartlarinda dahi stator
sargilarindan akan akimlar, iletken Ozdirenci, sargt ve
niivelerde olusan kagak akimlar motor gévdesinde 1s1 olarak
ortaya cikarmaktadir. Motor stator akimi ile stator sargi
sicaklig1 arasinda pozitif korelasyon vardir yani stator akimlari
arttikca motor sargi sicakligi da yiikselmektedir. Bu sicakligin
yikselmesi ile belirli esik degerleri asildiginda sargi
iletkenlerinde vernik gibi izolasyonu saglayan yalitim
malzemelerinin yapist bozularak delinme gerilimlerinin
diismesine sebep olmaktadir. Bu nedenle motor sargi
sicakliklarinin agirt yiikkselmesi olasi ariza kaynagidir. Motor
sargilar1 arasina konulmus olan yiiksek hassasiyetli RTD tipi
bir sicaklik sensorii olan PT100 ile elde edilen veriler,
donistiiriiciiyle 4-20mA’e ¢evrilip PLC’deki analog input
sinyal modiiliine girilerek scada {izerinden kaydedilmistir.
Sekil 3’te motor sargilari arasina yerlestirilmisPT100 sensor
goriilmektedir.

Sekil 3. Motor sargilari arasina PT100 yerlestirilmesi

Asenkron motorun rotor mili, motor govdesinin her iki
tarafinda birer rulman ile yataklanmistir. Caligma siiresi,
kontrolsiiz binen yiik, darbe alma, yetersiz yaglama, asiri
yiiklenme, asirt devir sayisi, mil ve yataginin mekaniksel
dayaniminin az olmast vb. gibi nedenlerden dolay1
sirtiinmenin artmasi ve krepaj gibi arizalar yasanabilmektedir.
Bu nedenlerin bazilarindan dolay1 vibrasyondan 6nce belirtiler
sicaklik yiikselmesi olarak da ortaya c¢ikabilmektedir. Her
yonde esit yasanan bir siirtiinme veya yaglama eksigi kendisini
hemen vibrasyon genligi artisi olarak gostermese bile
stirtinmenin sonucunda rulman yataginda 1sinma olarak ortaya
cikacaktir. Dénmede birden ortaya ¢ikan yiiksek 1sinma
durumunda rulman rengi degisir. Is1 ile ortaya ¢ikan tahribat
cogaldikca rulman bilezikleri, bilyalar ve kafes yumusayarak
erir ve deformasyona sebep olur. Durumun tespiti ve erken
Oonlem alinmasi kestirimci bakim i¢in 6nemli bir avantaj
oldugundan vibrasyon ile birlikte rulman sicakliginin da ele
alinmasi elzemdir. Rulman yatak sicakligi i¢in RTD tipi sensor
olan PT100 ile rulman yatak sicakligi bilgisi toplanmugtir.

Sekil 4’te ise RTD tipi bu sensdrdeki i¢ direnci PLC’nin
analog input sinyal modiiliine iletmek i¢in motorun rulman
yataginda bulunan PT100 termodireng sicaklik sensoriiniin
kilifi ve kablo baglanti kutusu birlikte goriilmektedir.
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Sekil 4. Motor rulman yatak scakhgl sensoriiniin metal korumasi ve terminal
baglant1 kutusu ile sahadaki uygulamast

Sahadan gelen ve bulanik mantik ¢ikarim sistemince
degerlendirmeye tabi tutulacak olan akim, vibrasyon ve
sicaklik verileri; sensorlerden okunup transducerlar ile PLC’de
kullanilan standart olan 4-20mA seviyesine doniistiiriilerek
PLC’nin analog input girislerine aktarildiktan sonra yazilim
icerisinde bir veritabaninda tutulmaktadir. Data Block
adindaki Vveritabani dosyasinda bulunan ve verinin alindigi
zamanla iligkilendirilmis bu veriler, Siemens’in Scada
uygulamasi olan WinCC*nin trend takip 6zellikleri sayesinde
gorsellestirilerek takip edilmesi ve yorumlanmasi kolay bir
sekilde operatore sunulmaktadir. Veriler 1Hz ornekleme
frekansinda eszamanli olarak kaydedilmistir. Sekil 5’te
sahadan gelen dort farkli veri igin WinCC’de olusturulmus
trend grafigini gosterir uygulama penceresi goriilmektedir.
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Sekil 5. Akim, vibrasyon ve sicakliklarin trend grafigi
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Trend ekranindan asenkron motorun vibrasyon, sargi ve
rulman sicakliklar1 ile motor stator akimini es eksenli olan
zaman ekseni lizerinde dort farkli renkte belirlenmis grafik ile
takip edebilmekte ve bu grafigin lizerinden geriye doniik
proses verilerini inceleyebilmektedir. Trend grafigini
olusturan verilerin zamanla iligkilendirilmis halde degerlerini
disartya aktarilmasi ozelligini kullanarak istenilen araliktaki
veriler Microsoft Excel yazilimi ile okunacak sekilde digariya
aktarilmigtir.

B. Bulanik Mantik Ctkarim Sistemi

Cikarim sisteminin O6rneklenmesi Matlab yazilimindaki
“Fuzzy Logic Toolbox’ kullanilarak yapilmistir. Elde edilen

veriler ¢ikarim  sisteminde test verisi ve uyelik
fonksiyonlarmin sinirlarinin tespitinde kullanilmistir.
Bulanik mantik ¢ikarim sistem tasariminda  giris

degiskenleri sirasiyla Akim, Vibrasyon, Sargi Sicakligi ve

Rulman Sicakligidir. Mamdani ¢ikarim yontemi kullanilmis
ve ¢ikt1 olarak motor sagligini ve tamlayani olan kestirimeci
bakim ihtiyacini gosteren 0-100 arasi deger belirlenmistir.

4] Fuzzy Logic Designer: Asenkron Motor Kestirimci Bakim o X

File Edit View

= >

Atm

Vibrasyon

[ —]

Sarg)_Sicakidi

J

Asenkron Motor Kestirime Bakim

(mamdani)

i

Motor_Sagiii

Ruiman Sicaklid.

FIS Name: Asenkron Motor Kestirimei Bakm FI5 Type: mamdani

And methad Current Variable

Or method =

Type
Impiication

Range

Aggregation

Defuzzification

Help ‘

‘Saved FIS “Asenkron Motor Kestinmei Bakm” to file ‘

Sekil 6. Bulanik mantik ¢ikarim sisteminin (fis) tasarimi

Akim parametresinin {iyelik fonksiyonu sinirlari; asenkron
motorun etiketinde yer alan nominal akim degeri ve asenkron
motorun stator sargi akimi dengeli c¢alisma halindeyken
sahadan 6l¢lim yapilarak elde edilmistir. Sekil 7°de goriildiigii
tizere diigiik, normal ve yilksek olmak iizere ii¢ ayr iyelik
fonksiyonu belirlenmistir.

Diisik =[00 3048]
Normal =[36 62 84 99]
Yiiksek =[85 102 120 120]

4 Membership Function Editor: Asenkron Motor Kestirimci Bakim
File Edit View

Membership function pl plot points 181
FIS Variables. mbership function plots

Al Motor_Saghgi

digik normal yilksek

Sargi_Sicakligi

=

input variable *Akim®
Rulman Sicaklidi

‘Current Variable Current Membership Function (click on MF to select)

Name

=
&

me Alam

T A= trimf

=

e input

Params

‘ Help Close ‘

Changing parameter for MF 3 to [85 102 120 120] ‘

Range

10 120]

Display Range 101201

Sekil 7. Akim degiskeni i¢in bulanik mantik iiyelik fonksiyonu

Vibrasyon parametresinin liyelik fonksiyonu degerleri ise
1ISO10816-3 titresim siddeti degerlendirme normu ve motor
dengeli calisma halindeyken yapilan ol¢iimlerle elde edilen
degerler baz alinarak belirlenmistir. Sekil 8’de gorildigi
iizere ¢ok diisiik, iyi, yliksek ve cok yiiksek olmak tizere dort
ayr1 liyelik fonksiyonu belirlenmistir.

Cok diistik = [000.31.8]

Iyi = [1.21.634.5]
Yiiksek = [354567.3]
Cok yiiksek = [6.57.110 10]
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File Edit View

FIS Variables

4 Membership Function Editor: Asenkron Motor Kestirimci Bakam - a X

plot points 181
Membership function plots

K

Akim  Motor_Sagligi

X

==

<]

Vibrasy

E

=

Sarg)_Sicakiid!

cok_azla

N normal fazla

L

3

Rulman Sicaklid|

input variable *Vibrasyon®

Current Variable Current Membership Function (cick an MF to select)
Name Vibrasyon Name
T —
Type input £23
Params
Range [0 10]
AR [0 101 ‘ Help Close ‘

Selected variable "Vibrasyon™ ‘

Sekil 8. Vibrasyon degiskeni i¢cin bulanitk mantik tiyelik fonksiyonu

Motor stator sargi sicakliklarinin degerlendirilecegi iiyelik
fonksiyonun degerleri ise motor etiketindeki F sinifinin
karsilig1 olacak sekilde elektrik yaliim malzemelerinin 1s1l
smiflar agisindan farkinin ortaya konuldugu ve yalitim
malzemeleri ile yalitim sistemlerinin 1s1l dayanimini a¢iklayan
TS EN 60085 standartlarina gore belirlenmistir. Sekil 9°da
goriildiigii iizere normal ve yiiksek olmak tizere iki ayr1 trapez
seklindeki iiyelik fonksiyonu belirlenmistir.

Normal =[0 090 130]
Yiiksek =[100 145 150 150]

4 Membership Function Editor: Asenkron Motor Kestirimci Bakam - a X
File Edit View

Membarship funcion ph plot paints: 181
FIS Variables lembership function plots

rormal yiiksek

input variable *Sargi_Sicaklig”
Rulman Sicaklidl

Normal =1[0 052 80]

Yiiksek =[60 85 100 100]

File Edit View

FIS Variables.

4 Membership Function Editor: Asenkron Motor Kestirimci Bakim - (] X

plot points: 121
Membership function plots

rormal yilksek
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A’A

Motor_Sagigi

Akim

=

Vibrasyon

=

Sargi_Sicakligi

XX

Ruiman Sicakddi

-
L

input variable "Ruiman_Sicakligi®

Current Variable Current Membership Function (click on UF to sslect)
Name Rulman_Sicakii Hame
T i
Type input e rim
Params
Bk 10 100]
Ty T 10 100] ‘ Help Close ‘

‘ ‘Selected variable "Rulman_Sicaki§r ‘

Sekil 10. Rulman yatag sicakligi degiskeni icin bulanik mantik iiyelik
fonksiyonu

BM ¢ikarim sistemi; giriglerinden elde edilen verilerle
¢ikarim sisteminin kurallar1 dogrultusunda belirlenen ve artan
deger yoniinde motor saglifi gostergesini, azalan deger
yoniinde ise bakim ihtiyacini belirleyecek sekilde %0-100
araliginda belirlenmis tiyelik fonksiyonlarindan olusmaktadir.
Sekil 11°de goriildiigii izere kotii, yakindan izle, iyi olarak ii¢
ayrt iiyelik fonksiyonu belirlenmistir. Sekil 11°de goriildiigii
tizere ligli de trapez seklinde yaklasik esit dagilimli olarak
belirlenmistir. Parametreleri agagidaki gibi girilmistir.

Kotii - [001535]
Yakindan Izle = [25 40 60 75]
fyi ~ [65 85 100 100]

File Edit View

R ot points 181
FIS Variables lembership function plots.

X

A Motor_Sagligi

yakindan_izle i

=

Sekil 9. Stator sarg sicakligi degiskeni i¢in bulanik mantik iiyelik fonksiyonu

Motorun rulman yatagindan alinan, vibrasyona sebebiyet
vermeyen ama 1s1 olarak ortaya ¢ikip rulman yatak sicakliginin
artmasina sebep olan, rulman dis bileziginden veya yatak dis
ylizeyinin Ol¢limii ile elde edilebilen bu sicaklik ¢ogunlukla
rulmanin ¢alismaya baslamasindan bir siire sonra sabit durum
seviyesine varana kadar yiikselir. Bu sicaklik bilgisinin
degerlendirilecegi ¢ikarim sistemindeki {iiyelik fonksiyonu
parametrelerinin belirlenmesinde yeni degismis rulman ile
proseste ¢alisan motorun normal yaglama durumundaki sabit
durum sicakligi ve dengeli ¢alisan sistemden alinan veriler baz
almmugtir. Sekil 10°da goriildiigii iizere Normal ve yiiksek
olmak tiizere iki ayri trapez seklinde diiyelik fonksiyonu
belirlenmistir.

Current Variable Current Membership Function (ciick on MF to select)
Vibrasyon
Mame Sargy Sicakhii Name
Sargi_Sicaklid!
T i
- - ey
Params . -
output variable "Motor_Sagligr
Range 5 Rulman Sicaklidl i Ve
[0 150]
‘Current Variable ‘Current Membership Function (click on MF to select)
=Pl [0 150] ‘ Help Close ‘
Name Motor_Sagidi Hame
Selected variable “Sargl_Sicakigr ‘ e e Type =

Params.

L 10 100]

Display Range 1001

\ e |

Selected variable “Motor_Saghir |

Sekil 11. Motor saghig: ve kestirimci bakim ihtiyacim gosteren ¢ikis
degiskeni i¢in tiyelik fonksiyonu

Belirlenen kurallar, ¢alisilan sistemle ilgili isabetli ve dogru
bilgilerin yorumlanmastyla tekrar diizenlenebilir. Bu
baglamda hangi degiskenler ne degerleri aldiginda motorun
sagligi hakkinda nasil bir degisiklik yapabilecegi kurallara
dokiilmiistir. Bu  kurallar ile belirlenen  durumlar
gerceklestiginde insan algisina hitap eden ve tasarimi nispeten
kolay olan Mamdani ¢ikarim yoOntemi kullanilarak sonug
iretilir. Sekil 12°de bulanik mantik ¢ikarim sistemine ait
belirlenmis kurallar gériilmektedir.
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4] Rule Editor: Asenkron Motor Kestirimci Bakim - u] X
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Sekil 12. Bulanik mantik ¢ikarim sistemi kurallart ekran goriintiisii

111.BULGULAR

Sonuglarin kontrol edilebildigi ve giris degiskenine gore
cikis degiskeninin hangi kurallar {izerinden oldugunu simiile
eden Matlab Fuzzy Toolbox’ta bulunan kural goriintiileyici
(RuleViewer) Sekil 13’te goriilmektedir.

Kural Goriintiileyici, biitiin bulanik ¢ikarim siirecinin bir
kerede yorumlanmasina imkan verir. Kural goriintileyici
ayrica belirli iiyelik fonksiyonlarmin seklinin genel sonucu
nasil etkiledigini de gorsel olarak sunar. Girilen dort adet giris
degiskenini belirlenen kurallar dogrultusunda degerlendirerek
sonucu {iretir.

Sekil 13’teki kural goriintiileyici de giris degiskenleri olan
akim, vibrasyon, sargi sicaklig1 ve rulman yatak sicaklig1 i¢in
sirastyla [70;2;75;40] girilmis ve ¢ikarim sisteminin soncunda

iic boyutlu uzaydaki yiizey goriiniimleri sirastyla Sekil 14°te
ve Sekil 15°te goriilmektedir.

Bu gorsellerde hangi bolgede bakim plani gereksinimi
duyulacag: goriilmektedir. Sar1 bolgeler asenkron motor igin
sorunsuz ¢alisma bolgesini, turkuaz bolgeler yakindan izleme
yapilarak calisilabilecek girdiler oldugunu, mavi bdlge ise acil
bakim planlanmas1 gerektiren cok diisiik motor sagligi
degerlerini gostermektedir.
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File Edit View Options
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Sekil 14. Vibrasyon - akim giriglerine gore ¢ikis degiskeninin ti¢ boyutlu
uzayda yiizey goriniimil
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Sekil 13. Kural goriintiileyicide yapilan benzetim ve sonuglari

Bulanik mantik ¢ikarim sistemi ile tasarlanmis sistemin
iirettigi sonuglar ii¢ boyutlu uzayda ylizey goriintiileyici
(Surface Viewer) kullanilarak goriintiilenebilir. Akim -
vibrasyon  giris  degiskenlerinin  belirlenen  kurallar
dogrultusunda islenmesi ile elde edilmis ¢ikis degiskeni
degerleri ile rulman sicaklig1 — vibrasyon giris degiskenlerinin
konulmus olan kurallara gore olusan ¢ikis degiskenini gosterir

Bu veri tabanin kaydedilen sahadan alinmig gergek veriler,
cikarim  sistemine girdi olarak  verildiginde  giris
degiskenlerinin aldig1 degerlere goére asenkron motorun
durumunu ortaya koyarak motorun sagligi i¢in 0 ile 100
arasinda bir deger tiretmektedir.

Asenkron motorun akim, vibrasyon, yatak sicakligi ve
rulman yatak sicakliklari igin sahadan toplanan veriler
kullanilarak olas1 biitiin varyasyonlar1 igeren test verisi
tiretilmistir. Motorda karsilagilabilecek biitiin durumlari
simiile etmek i¢in belirlenmis olan test verileri, bulanik mantik
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temelli ¢ikarim sistemine sokuldugunda sistemin iirettigi ¢ikis
degerleri ve bu degerlerin tanimlamalar1 Tablo 1°deki gibidir.

Ug boyutlu uzayda sonuglar1 gosteren “surface viewer” de
oldugu gibi sorunsuz ¢alisma durumu yani “iyi” motor durumu
sar1 renkle, “yakindan izleme” gerektirecek sekilde cikti
iiretilen boliimler turkuaz renkle, ¢ok diisiik motor sagligini
gosteren ve acil bakim planlamas1 gerektiren “kotii” degerleri
ise mavi renkle isaretlenmistir.

Tablo 1. Bulanik mantik ¢ikarim sisteminde giris degiskenleri ve tirettigi
sonuglara ornekler

Giris Degiskenleri Cikis Degiskeni
. Sarg1 Rulman | Motor
A(l':;n \?rg:s/sgno)n Slcg. Sic. Sagligi Tan
(°O) (O (%)
30.5 1.15 75.70 50.98 15.17 Koti
38.65 0.97 80.13 51.04 19.68 Kot
36.55 2.33 79.68 49.66 50.42  Yak. zle
41.41 2.51 84.72 50.90 55.76  Yak. izle
39.32 2.44 85.40 77.33 53.01 Yak. Izle
38.45 2.51 84.84 86.11 50.00 Yak. izle
40.13 2.43 110 50 4491 Yak. Izle
38.47 5.50 127.2 41.04 25.09 Kot
38.87 4.13 105.1 49.78 4793  Yak. izle
38.78 4.27 118 48.72 36.64 Yak. Izle
38.70 5.48 85.37 90.11 14.80 Koti
38.61 6.31 83.29 87.13 14.78 Koti
57.8 0.79 83.14 50.27 50.00 Yak. zle
60.48 1.32 92.91 88.88 50.00 Yak. izle
67.54 2.31 76.15 54.52 85.78 Iyi
71.13 2.78 82.13 91.13 50.00 Yak. zle
75.65 3.26 109.34 67.8 57.40 Yak. izle
80.55 4.59 86.14 53.17 50.00 Yak. zle
86.75 5.46 91.31 84.48 13.45 Koti
89.77 6.11 67.15 52.54 50.00 Yak. izle
92.3 6.75 81.13 95.23 15.21 Kotii
93.7 7.12 75.55 47.11 25.96 Koti
87.3 7.73 88.45 45.45 13.57 Koti
94.65 1.30 74.13 55.39 6153 Yak. Izle
95.04 1.71 75.55 97.25 | 3513 Yak. Izle
97.22 2.23 95.45 51.33 58.39  Yak. Izle
98.14 3.52 92.34 94.55 26.45 Koti
99.25 4.46 80.13 51.04 24.25 Koti
99.62 5.10 79.68 49.66 21.46 Koti
101.1 7.13 84.72 50.9 16.27 Koti
117.50 8.55 85.4 77.33 12.90 Koti
51.81 3.63 100.11 54.5 71.47 Iyi
77.33 3.76 83.45 60.76 67.54 Yak. izle
81.12 4.213 64.85 42.74 55.75  Yak. Izle
91.67 2.86 105.74 46.98 67.57 Yak. izle
IV. TARTISMA

Sadece motor stator akimlar1 veya vibrasyon analizi ile
bulanik mantik temelli ¢ikarim yapan sistem tasarimlari
literatiirde mevcut. Sahadan gelen akim ve vibrasyon
bilgilerini igeren analog verinin hangi aralifa girdigini
belirleyip bu veriyi anlamlandirmak amagh yapilan ¢alismalar
bu caligmada bir araya getirilmistir. Uzerine stator sargisi ve

rulman yatagi i¢in termal agidan da analiz yapilabilecek
sekilde sicakliklar da gikarim sistemine girig degiskeni olarak
eklenmistir. Dort giris degiskeniyle kurulan bulanik mantik
temelli ¢cikarim sistemi sayesinde asenkron motorun sagliginin
belirlenmesi ve bu dogrultuda yasanmasi muhtemel bir
arizanin Oncesinde bakim ihtiyacinin belirlenmesi saglanmig
olmaktadir.

Cikarim sisteminin tasarimi veya uygulamanin yapilmasi
sirasinda matematiksel bir modele ihtiya¢ duyulmadan gergek
saha verileri toplanarak yapilmistir. Her bir giris degiskeni
verisinin sabit sinir degerleri ile degil bulanik mantigin her iki
grubun smirina ne derece yakin olduguna bakarak bu dort
verinin de analizinin daha gergekg¢i yapilmasini saglamistir.

V. SONUC

Endiistride; tretimin siirekliliginin saglanmasi, plansiz
duruslarin en diigiik seviyede tutulmasi hatta hi¢ olmamasi ve
ekipmanlarin {iretim siirekliliginin artirilmasi i¢in gerekli olan
bakim prosediirlerinin gerceklesmesinde harcanan
maliyetlerinin diistikliigli onem arz etmektedir. Bu baglamda
yapilmis literatiirdeki ¢alismalarda asenkron motorlarin; akim
analizi, vibrasyon analizi gibi ydntemlerle ariza Oncesi
motorun arizasinin ne oldugunun tespiti ve bu minvalde erken
uyari tizerine kuruludur.

Bu caligmada bulanik mantik temelli olarak uygulanilan
¢ikarim sisteminde ise sistem operatdrlerinin halihazirda
calisgan sistemin verilerini takip ettiZi Scada HMI
sistemlerinde gbzden kagirdiklari, takip etmedikleri, aradaki
kiigiik degisimleri fark etmedigi proses verilerinin, araya insan
faktorii girmeden insanin muhakemesine en yakin kabul edilen
bulanik mantik ile degerlendirilmistir. Calisan sistemdeki
sensorlerden alinan bilgilerin ortaya koydugu gostergeler
sistemin arizaya ge¢gme ve arizadan dolay1 durusa sebebiyet
verme yolunda oldugu hakkinda ipuglar1 verecektir. Asenkron
motordan veya tahrik ettigi sistemden kaynakli olasi arizayi
vermeden Once fark edilmesi sistemin en dnemli 6zelligidir.

Ariza igeriginden ziyade, arizanin yasanip yaganmayacagi
ile alakali bir ¢ikarim sistemidir. Endiistriyel {iretim yapan
isletmeler ilk etapta toplam ekipman etkinligini artirmay1
amaglar. Plansiz duruslarin oniine gegmek ister dolayisiyla
motordaki arizanin igeriginden ziyade arizanin gergeklesme
ihtimali daha &nemlidir. Uygulanan bulanik mantik temelli
cikarim sisteminde giris degiskenlerinden yola ¢ikarak
motorun saghgr ile ilgili dretilen ¢iktidan bakim ihtiyaci
belirlenebilmektedir. Kestirimci bakim sayesinde olasi1 ariza
ger¢eklesmeden 6nlem alabilmenin ve bununla birlikte tiretim
kayb1 ve bakim maliyetinin diigmesi saglanabilecektir.

Bulanik mantik temelli ¢ikarim sistemi tarafindan bakim
ihtiyaci gerektirdigi tespit edilen yani motor sagligin diigiik
ciktig1 durumlarda ilk firsata yapilan planlama ile bakim
ihtiyacinin biiytikligiine gore ya bakim yapip geri devreye
alarak ya da motorun hazir bakimli yedegi ile degistirilmesi
sonucu iiretime hizlica devam edilmesi saglanmis olacaktir.

Gelecek caligmalarda bir bulanik mantik denetleyicisi
tasarlanarak sistemden alman veriler canli olarak islenerek
endiistriyel anlamda da kullanilir hale getirilebilir. Asenkron
motorun stator akimi verileri li¢ faz olarak degerlendirilip
fazlar arasindaki akim farklari sisteme giris degiskeni olarak
eklenebilir. Bu sayede motor stator akimlarinin arasindaki
farktan kaynakli arizalarin da durusa sebebiyet vermemesi igin
¢ikarim sistemine dahil edilmig olur.
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Abstract — The fast-growing printing technologies play a significant role in increasing promotional and advertising activities in
the manufacturing industry. Among these technologies, pad printing is a method in which the drawn image is transferred to the
object directly. This method can be used in all other sectors in terms of permanence, production speed, and ease of use. To
perform the pad printing process with a zero-defect policy, parameter optimization is vital. To obtain the desired efficiency, the
main parameters affecting pad printing need to be enhanced and applied during the whole process such as engraving depth and
silicon geometry. This work aims to observe the effects of the engraving depth and silicone geometry printing parameters on pad
printing quality. With the optimized settings, the durability of the printing has been increased, the printing time performance has
been improved and the error-free printing goal has been succeeded. The alterations made in engraving depth and silicone
geometry were examined and the maximum printing efficiency and productivity are reached in our pad printing process.

Keywords — Pad Printing, Engraving Depth, Silicon Geometry, Efficiency, Optimization

l. INTRODUCTION Frequently preferred in industries, it is important to use the
Printing techniques; requested colour, text, picture, shape, Pad Printing method most efficiently. We use cycle time and
logo, etc. It is the name given to the whole of the methods used ~ Pint quantity parameters to measure efficiency in pad printing.
to print materials on any object. A variety of printing methods ~ COMPleting the printing in a single cycle instead of completing
are used in many industries such as marketing and advertising, ~ the Printing on a part in 4 cycles will reduce the cycle time,
hobby products, photography, printing, and publishing. increase the productl_on quant_lty, and increase _the eff|C|ency_ of
The most commonly used printing techniques among these the process. The desired efflqlency can _bg achieved by m_ak!ng
activities are offset printing, flexo printing, screen printing, ~ changes in the factors affecting the efficiency of pad printing
intaglio printing, UV digital printing, and pad printing. Offset, [2]. There are 2 main fgctors that aiffect efficiency:
Flexo, and Gravure printing in the printing industry; Screen : Cliché engraving depth

printing in the textile industry; UV digital printing is used in *  Geometry of the Printing Pad
the marketing and advertising industries. Engineers must optimize both factors taking into account the

Pad printing, which is one of these methods, is on small characteristics of the part to be printed and the desired motif.

large, curved, flat, and complex parts; It is frequently preferred Depending on t.he struct.urerof the pattern to be embrmdergd
in industries due to its ability to print on all kinds of materials ~ ©7 the product, if the cliché engraving depth parameter is
such as metal, plastic, silicon, as well as short preparation ~ Increased or decreased in microns, the cycle time can be
times for the process and fast printing application times. In ~ "educed as a positive result, or the pattern may be printed

addition, its efficiency is higher than other printing types due ~ InCOrrectly as a negative result [3]. _
to minimal faulty printing. If the printing pad geometry parameter is not selected

Pad printing: It is a printing technique made by using a gccording to the product to be printed, Fhe cycle time may
cliché, printing pad, and printing ink. The piece called clich¢ ~ INCrease, and the pattern may be formed incorrectly or not at

is a sheet metal material. The pattern desired to be printed on all [3].

the cliché is processed by carving or embossing on the metal In_ this article, the barrel product, WhiCh is the most used_in
sheet plate, thanks to the necessary equipment. After the paint the industrial lock sector, produced with Zamak-5 raw material

in the paint reservoir on the cliché is transferred onto the and has a complex geometry, is discussed. Since the housing

cliché, the print pad transfers the pattern onto the product. As product is used both indoors and outdoors, the process

a result of this process, which must be repeated more than once ~ Performed in pad printing is important because it also appeals
for some surfaces, the part is pressed [1]. to the visual. In this study, the effect of changing the
' parameters affecting the pad printing on the sleeve on the print

quality and productivity was investigated.

189


https://dergipark.org.tr/en/pub/ijmsit

International Journal of Multidisciplinary Studies an

d Innovative Technologies, 2022, 6(2): 189 — 192

Il. FACTORS AFFECTING EFFICIENCY IN PAD
PRINTING

I1.1. GEOMETRY OF PRINT PAD (SILICONE GEOMETRY)

It is a pad printing element that transfers the desired pattern
to the surface to be printed by absorbing the ink in the cavity
on the cliché. One of the factors affecting the quality of the
pattern on the product is this printing element.

In order to obtain high efficiency and quality in pad printing,
the transfer between the cliché and the product must be
trouble-free. For this reason, a silicone suitable for the desired
pattern should be selected for the product and product to be
printed. For example, it would be appropriate to use a round
pad for a product with oval surfaces, and a print pad with a
square structure for a product with a square surface.

For many years, gelatine, which is obtained by boiling the
protein in the collagen substance found in animal bone and
muscle connections, has been used as a silicone material for
many years and is still used by ceramic, tile, watch
manufacturers, etc. continues to be used in industries such as
Today, quartz is used, which is obtained by placing organic
groups instead of silicon molecules bonded to two oxygen
atoms. This quartz structure is flexible and maintains its
flexibility even at high temperatures. They do not react with
water, do not decompose, and are waterproof. It does not
insulate electricity and has high chemical resistance.

Although they are flexible, their hardness values should also
be considered. While hardness values affect the lifetime of the
silicone, it is also one of the factors that determine the quality
of the work. When the hardness of the silicone pad increases,
the desired pattern on the product becomes more visible.
Silicone manufacturers determine their hardness according to
Shore A (DIN53505) standards [4]. According to the structure
of the silicone pad, 0 to 10 Shore A is selected so as not to
damage the product to be printed.

HardnessI Silicone ] Lifetime Quality I

One of the most important factors affecting pad printing is
silicon geometry. Although they all seem like curved
geometry, the angles given from the center to the tip change
according to the shape of the printed product. For example, if
silicone is to be selected for a piece with a pointed inward
groove, it would be appropriate to choose a more right-angled
silicone. (Fig.1) For products with softer curves and not a
pointed inner cavity, silicone with a low apex angle should be

chosen. (Fig.1).
~~—= l

Fig.1. Pointed Silicone - Non-pointed Silicone [5]

Silicone size should also be 20%-40% larger than the printed
product [6]. When this size is smaller than the printed product,
the desired pattern may not be transferred in the full image,
and when this size is large, there may be overflows in the
desired pattern.

The most used silicon geometries are they are round-shaped,
corner-shaped, and fishbelly-shaped silicones.

IL.I.I. Round Geometry Silicones: Silicones with round
geometry are one of the most used types. These silicones make
the rolling movement on the product more comfortable than
silicones in other geometries. The spreading movement of the
ink on the product occurs evenly. The desired pattern can be
transferred to the product at once and clearly [7].

I1.1.11 Rectangular Geometry Silicones: Square, rectangular,
etc. may be in the form of They have a conicity in their centers
so that they can make the rounding movement on the product
[71.
ILLI1 Fishbelly Silicones: It is one of the varieties that show
similar features to the rectangular geometry but form a
narrower type of surface that needs to be pressed. There is a
conicity in the middle area so that they can make the rounding
movement on the product [7].

Fig.2. Fishbelly Silicone - Rectangular Geometry Silicone - Round
Geometry Silicone [5]

IL.1.IV Special Geometry Silicones: Buffers in this geometry
are generally used in products with complex geometry to be
patterned. More than one silicon can be mounted together.
Their cost is higher than silicones in other geometries.

As a result, to have an efficient production in pad printing.

e Round or conical silicones should be selected [6].

e Itshould be noted that it is wide-angle [6].

e  The pattern should be 20%-40% larger than the size
of the transferred product [6].

I1.11. Engraving Depth

The cliché is one of the elements of pad printing machines.
Clichés produced from emulsion-coated steel material are
specially produced for each pattern to be printed. Generally, 3
types of clichés are used: thin steel clichés, Polymer Clichés,
and Cylindrical Steel Clichés. Thin steel clichés, which we
examined in our article, are very durable and provide the
opportunity to print for a long time, so they are frequently
preferred clichés.

To use thin steel clichés in printing; writing, shapes, and
patterns should be processed by creating a hole on the plate.
Abrasive chemicals are used while carving patterns on the
plate. The printing life of Thin Steel Plates is between 100,000
and 250,000 cycles in closed chamber machines, and between
50,000-70,000 cycles in open chamber machines. Thickness
dimensions of standard thin steel clichés vary between 0.30-
0.50 mm [8].

Fig.3. Clich¢
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In pad printing machines, 2 different systems are used for
ink absorption and printing. These are the open ink tank and
the closed ink tank, which we mentioned above. In the open
ink tank, the top of the ink tank is open. A pressure element
called a “Doctor Blade” smears the paint from the reservoir
and fills the cavity inside the cliché. In the covered ink
chamber, the ink in a closed sliding chamber comes over the
cliché and fills the ink into the cavity of the cliché, then while
returning to its original position, it scrapes the excess paint and
takes it back into the chamber. Closed chamber machines,
which are also the method we will use in our article, can be
used for longer periods with 100% efficiency due to the fact
that the paint does not dry. In addition, it offers an ergonomic
use as it does not spread the smell of paint around it.

Printing pads absorb the paint from these cavities on the
cliché and print on the product. For this reason, the cliché’s
engraving depth changes the amount of ink and causes a
change in the quality of the print. Mostly, the engraving depth
of thin steel clichés varies between 20-40 microns [8].
Unnecessarily deep cavities may cause the ink to disperse on
the product to be printed, while poor quality printing results in
cases where the cliché cavities are low. For this reason, it is
vital for the pad printing process to determine and apply the
optimum engraving depth of cliché.

I11.CASE STUDY

In this study, pad printing on the sleeve product used in the
lock sector is discussed. By changing the silicon geometry and
engraving depth parameters, the change of pressure on the
product and its effect on yield were investigated.

To examine the effect of silicon geometry, 3 different types
of silicon were used. The photos of the silicon geometries are
as follows.

Fig.4. Fishbelly Silicone - Rectangular Silicone - Round Silicone

In order to examine the effect of cliché engraving depth, 3
different cliché types were used. The difference between these
clichés is the hollow depth measurements. Cliché engraving
depth micron values are 3 pieces: 28-30u, 30-32u, and 36-38.

Fig.5. 28-30 p, 30-32 1, and 36-38 . Cliché

While examining the print qualities in the experiments, it
was taken into account that a visually uninterrupted pattern
was printed. A witness sample was used for visual control
(Fig.6). It was reported as a result of the experiments that
how many prints should be made until the print quality on the
witness sample is uninterrupted and in the desired colour. In
our experiments, a red circular pattern was printed on the
housing product (Fig.6). By dividing the printed housing

surface into 4 regions, the print quality in each region was
examined one by one. These regions are named as A region,
B region, C region, and D region (Fig.

Fig.6. Witness Sample

Fig.7. Pattern printed on the witness sample and its dimensions

I11.1 Experiment

Three different types of silicone were used
experiments with the cliché at 28-30 micron degrees.

I11.1.1 Case of using Fishbelly Print Pad: In the first printing,
ink was transferred only to regions A and C on the product
surface, and it was seen that the ink could not be transferred in
regions B and D. It was seen that the print coverage was
insufficient, and the paint colour tone was not suitable. In the
2nd printing, it was seen that the paint coverage was
insufficient in the A and C regions on the product surface, and
the paint was transferred this time in the B and D regions, but
the print coverage was insufficient. Appropriate colour tone
not seen. In the 3rd printing, it was seen that the ink overflowed
beyond the A and C regions of the product surface area, the
print coverage was high, and the colour tone was appropriate.
It was seen that the print coverage was insufficient, and the
colour tone was not suitable for the B and D regions. In the 4th
printing, it was seen that the ink overflowed beyond the A and
C regions of the product surface area, the print coverage was
high, and the colour tone was appropriate.

1111 Rectangular Print Pad: In the trials made with the
cliché at 28-30 micron degrees, it was observed that the pattern
was transferred to all parts of the product surface in the 1st
printing, and it was observed that the print coverage was
insufficient and the paint colour tone was not suitable. In the
second printing, it was observed that the paint coverage on the
product surface was still insufficient, and the colour tone was
not suitable. 3. It has been observed that the paint coverage is
insufficient on the paint product surface, but the colour tone is
appropriate.4. In printing, the paint coverage is sufficient, and
the colour tone is appropriate on the paint product surface.

ILLI. Round Print Pad: In the trials made with the cliché
at 28-30 micron degrees, it was observed that the pattern was
transferred to all parts of the product surface in the 1st printing,

in the
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and it was observed that the print coverage was insufficient
and the paint colour tone was not suitable. In the second
printing, it was observed that the paint coverage on the product
surface was still insufficient, and the colour tone was not
suitable. 3. It has been observed that the paint coverage is
insufficient on the paint product surface, but the colour tone is
appropriate.4. In printing, the paint coverage is sufficient, and
the colour tone is appropriate on the paint product surface.

I11.11 Experiment

In experiments with clichés with an engraving depth of 30-
32 microns, pressure pads with fishbelly, rectangular, and
round geometries were used, and it was observed that the same
results were obtained with 28-30 micron experiments.

[11.111 Experiment

L1111 Fishbelly Print Pad: In the experiments made with
the cliché at 36-38 micron degrees, it was observed that the
paint was transferred to the product surface in the 1st printing,
but the print coverage was insufficient in all regions. In
addition, it was observed that the paint colour tone was
appropriate. In the 2nd printing, it was observed that the paint
coverage was insufficient in the B and D regions on the
product surface, but there was overflow in the A and C regions.
In the 3rd printing, it was observed that the overflow area of
the paint product surface area increased in the A and C regions,
the print coverage was high, and the colour tone was
appropriate, while the print coverage was sufficient, and the
colour tone was appropriate in the B and D regions.

LI Rectangular Print Pad: In the experiments made
with the cliché at 36-38 micron degrees, it was observed that
the pattern was successfully transferred to the product surface
in the 1st printing, and the print coverage was sufficient. The
colour tone of the paint is suitable. With a single print, the
same quality of the print was obtained as the witness sample.

11111 Round Print Pad: In the experiments made with the
cliché at 36-38 micron degrees, it was observed that the pattern
was transferred to all surfaces of the product in the 1st printing,
but the printing covering was insufficient. The paint colour
tone is not suitable. In the second printing, it was observed that
the paint coverage on the product surface was still insufficient,
and the colour tone was not suitable. 3. It has been observed
that the paint coverage is sufficient, and the colour tone is
appropriate on the paint product surface in printing.

IV.RESULTS

The increase in efficiency is inversely proportional to the
number of repetitions. As the number of repetitions increases,
the efficiency decreases, and as the number of repetitions
decreases, the efficiency increases. If we compare the yields
with the number of repetitions a\P_ove;

; |
W e ‘ |

Fig.8. Proper printing Sample-improper printing sample

Fishbelly Rectangular Round
Silicone Silicone Silicone
28-30 Micron
Depth Cliché 4 Repetitions 4 Repetitions 4 Repetitions
30-32 Micron
Depth Cliché 4 Repetitions 4 Repetitions 4 Repetitions
36-38 Micron
Depth Cliché 3 Repetitions 1 repetition 3 Repetitions
Table.1 Print Pad Repetitions
Fishbelly Rectangular Round
Silicone Silicone Silicone
28-30 Micron 0% 0% 0%
Depth Cliché
30-32 Micron 0% 0% 0%
Depth Cliché
36-38 Micron 33.33% 100% 33.33%
Depth Cliché

Table.2 The Effect of Pad Printing Parameters on Yield

V. DISCUSSION

The study aims to examine the effect of engraving depth and
pad geometry parameters on printing efficiency in pad printing
machines. The criterion is based on print quality; the pattern
desired to be printed is in the appropriate color tone,
uninterrupted, and covers the entire printed surface. For this
reason, the Witness sample was used for comparison and the
number of pressures required for each input of the experiment
was noted by making observations.

VI.CONCLUSION

Although multiple prints made with rectangular pad and
round pad give the same quality results, the Fishbelly Pad does
not give a quality print no matter how much the number of
prints is increased. This is because the Fishbelly pad is not
suitable for circular printing due to its geometry. In the prints
taken with the fishbelly pad, overflows occur in some areas on
the surface to be printed.

As a result, it was determined that the most suitable buffer
geometry to be used for the housing product we used in the
experiment was a rectangular buffer and a clich¢ with an
engraving depth of 36-38 microns.
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I. INTRODUCTION the content of the data on the network and capture users'
Technology is growing at a rapid rate and the role of activities by using machine learning techniques [9-11].

technological devices in people's lives is gaining importance As 10T devices are widely used in our daily life, they
day by day. Similarly, the use and importance of Internet is generate significant traffic while they communicate with each

inevitable. The Internet of Things (I0T) has emerged due to the ~ Other [12,13]. The generated traffic can contain confidential
increased usage of Internet and new developments in information. Therefore, observers can steal or gather

embedded systems, cloud computing, artificial intelligence information from the loT traffic [14]. Eve_n if the traffic is
and wireless communications. These developments have €NCrypted, the observer can watch the traffic and analyze the
facilitated users' communication with each other and have Packets using thelr. features _Ilke sent time and _packet length
brought many innovations. IoT is a term that refers to a  [1°-17]- By applying machine learning techniques, an loT
network of physical things that have been developed with traffic observer can achieve the confidential information about
sensors, software, and other technologies in order to connect e traffic. Consequently, an observer will have information
and exchange data with other systems and devices over the about 10T devices and the traffic they generate. Thus, this will
Internet [1-3]. These devices can be household appliances, ~ 'esult in leaks of user data and behavior. _

personal devices or industrial tools [4,5]. Data transfer As seen m_the literature, it has been observed that b)_/ p_addlng
between loT devices over the network is achieved due to the  the 10T traffic, the attackers are prevented from obtaining loT
communication of devices with each other by accessing the ~ USer information significantly and the obtained information
Internet [6]. In addition to non-sensitive information of users, At about the device information is being reduced. Moreover,

the transferred data may also contain highly confidential It i important to ensure the balance between privacy and
information such as home address and personal activities.  Utility. Thus, data privacy is preserved and data can also be

While 10T devices provide many benefits to users, they can  USed by [oT device users [18, 19]. For this purpose, the
also create threats to user privacy due to insufficient security ~Minimum amount of noise to be added should be determined

[7]. Even if the 10T network traffic is encrypted, the personal ~ t© obfain the highest accuracy and utility while ensuring
data of users can be captured from 10T devices by analyzing ~ confidentiality [20]. As shown in Figure 1, the padded packet
the network packets [8]. Thus, data is not transmitted securely ~ S1Z€ i created by padding the original packet length.

and it can be used by third parties. Therefore, various security

issues and privacy threats are introduced by loT devices and

network traffic classification. For example, an attacker can see
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Packet & Pad Size

Original Packet Length

Original Packet Length

Figure 1: Padding the original packet length.

Attackers obtain confidential information from loT devices
by using machine learning techniques, and the padding method
is applied to ensure privacy on 10T devices. Therefore, the
most used methods in classification are Random Forest (RF)
and k-Nearest Neighbors (k-NN). In addition, Long Short-
Term Memory (LSTM) deep learning method is also used
effectively in terms of accuracy rates. On the defense side,
various padding methods are used according to the
requirements of data and traffic. When choosing the padding
method, using optimal padding has importance to ensure the
availability of traffic. Consequently, it is essential to develop
a padding method to ensure the traffic privacy of each loT
device.

This paper presents privacy problems that are caused by the
traffic generated during the communication of Internet of
Things (10T) devices. Also, security and privacy measures that
should be taken against the related privacy problems are
explained. The structure of the paper is organized as follows.
The literature review on padding and 10T traffic classification
is presented in Section 2. Section 3 explains the attacker and
defender models. Finally, Section 4 concludes the paper.

1. MATERIALS AND METHOD

A. Padding

This paper focuses on providing a better understanding of
the balance between data privacy and utility in 0T devices by
reviewing the relevant literature published recently. There are
strategies based on adding extra bytes to the current packet
length based on packet size. These strategies are mice and
elephants, linear, exponential, MTU, random, random 255
[21]. In the mice and elephant’s strategy, packets smaller than
100 bytes are increased to 100 bytes and others to 1500 bytes
[21]. In the linear strategy, the original packet length is
increased by 128 or the nearest multiple of the Maximum
Transfer Unit (MTU), depending on whichever is less [21].
The exponential method raises the initial length to the next
power of two or the MTU, depending on whichever is less
[21]. Random 255 determines the number of bytes to insert at
random from 1 to 255 bytes [21]. In the MTU strategy, packets
have the same length as the MTU, which is usually 1500 bytes
[21]. The number of bytes added to packets is chosen at
random based on the variation in length from the original and
the MTU in the random approach [22]. There are other padding
strategies in the literature. Independent Link Padding (ILP)
includes modifying transmission rates to adhere to a specified
pace or schedule in order to shield an attacker from learning
anything about a device's behavior [23]. During user activities,
stochastic traffic padding (STP) executes traffic shaping and
selectively injects padding traffic at other times [24]. In the
Adaptive Packet Padding strategy, the padding rate changes
dynamically according to the current packet size and network
usage [25]. These strategies are padding mechanisms
developed to obfuscate the traffic and packet length.
Researchers have been conducting a study on loT traffic
padding for the past decade. The number of studies on loT
traffic padding has been increasing in recent years. As a result

(=% Padded Packet Size

of the investigations most of the studies are based on applying
padding to the packet length and based on datasets generated
from traffic analyses of l0T devices passing in the network.

B. loT Traffic Classification

10T devices can be classified by traffic observers using
machine learning techniques. An loT traffic observer can reach
sensitive information about the traffic and devices by
observing the traffic. Figure 2 shows an observer who takes
packet features of encrypted 10T device traffic as input for the
machine learning algorithm. Further, the observer uses them to
make a classification of 10T devices and expects to reach a
high rate of accessing correct information about device types
in the traffic.

loT Devices

N/ i Machine
En;;yfg?d Packet Features—>» —nData— Learning
N Traffic Observer Algorithm

Figure 2: loT traffic classification workflow.

By using machine learning techniques, various statistics
such as pre-padding and post-padding accuracy rates can be
compared and the attacker's self-confidence rates can be
measured. In [25], the accuracy rate is reduced from 96% to
4,96% for the Random Forest classifier measurement with the
padding method. In [26], it is shown that at a granularity of 1
second time windows, the attacker can discriminate time
windows containing solely bogus cover packets from windows
with real device activity with an accuracy of 81%. They
evaluated a variety of machine learning techniques, including
Random Forest (RF) and Support Vector Machine (SVM), but
the k-NN approach proved to be the most effective in their
work. Classification performance of several machines and
deep learning algorithms that use six loT-related datasets is
evaluated in [27]. The evaluation results show that the
Random Forest algorithm outperforms other techniques. A
deep learning method bassequence learningarning, LSTM
(Long Short-Term Memory) can also be used to detect loT
devices by sniffing the traffic packets [28]. Their LSTM model
can reach 99.2% and 97.7% accuracy on loT devices in NAPT
and VPN configurations, respectively.

111.RESULTS AND DISCUSSION

In this section, loT attacker and defender models are
discussed along with the technologies they use.

A. Attacker Model

In today's technology, 10T technology finds its place in many
areas such as household equipment, personal d,evices or
industrial environments [29-31]. In parallel with the increase
in the use of loT devices, researchers have increased their
studies in this field. 10T devices, especially used in home
environmentshave a great importance in people's lives. Most
of the devices consist of smartphones, sensors, heat meters,
smart home appliances, cameras, smoke sensors, blood
pressure meters etc. [32-40]. With the use of these devices,
many security problems such as privacy issues arise. In the
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literature works which focus on padding strategies, it is aimed
to increase the confidentiality as a result of the operations
performed on the packet size of the data sent by the devices
during their communication with each other. At the same time,
it is desirable to provide a trade-off between privacy and utility
with the minimum amount of padding to be added to maintain
transmission performance. Hence, the attacker is imitated with
the learning techniques and the learning techniques are applied
to the data before and after the padding process. By observing
the statistical data such as the accuracy rate used in the learning
techniques and the accuracy rates before and after the padding
method, it is inferred how beneficial the padding method is in
terms of privacy.

The basic idea in implementing the attacker model is based
on the ability to learn, for example, from which device this data
comes from, with high accuracy rates, by using data
characteristics such as packet size, even if the traffic is
encrypted. Among the machine learning techniques,
techniques such as Random Forest (RF), k-Nearest Neighbors
(k-NN), Decision Tree (DT) are the most used in studies. A
deep learning method which is Long Short-Term Memory
(LSTM), also has significant accuracy results in the literature.
Decision Tree algorithm deals with developing decision-
making models based on the actual values of data properties
[41]. These algorithms work by teaching the system how to
classify and predict data [42]. Until a choice is made, the
algorithms search the tree structure. The Decision Tree
algorithm is used in [43] to identify 33 10T devices with a high
accuracy rate of 98%. Random Forest (RF), as the name
suggests, consists of a large number of individual decision
trees that work as a community [44,45]. The class with the
most votes determines the model's forecast, with each tree in
the random forest predicting a different class. An accuracy
rate of 92% is reached in [46] by using Random Forest
algorithm. k-NN algorithm is a widely used non-parametric
classification method [47]. It is employed in the categorization
and regression of data. The important feature of any k-NN
technique, whether it's for classification or regression, is to
locate the k-NN, which let us estimate the value or class for a
given point [48]. The vanishing gradient problem is a
significant drawback of RNNs [49]. By introducing a continual
error flow into the internal states of specific memory cells,
LSTM presents a viable solution to this problem [50]. In [51],
a deep learning-based LSTM-CNN cascade model is proposed
to automatically identify devices. The proposed model
outperforms other techniques by achieving 99.7% accuracy.

B. Defender Model

The main goal of the padding strategies is to minimize the
accuracy of classifying loT traffic data with machine learning
techniques, while keeping the overhead amount low. Rather
than padding each package, it is most convenient and cost-
effective to do it adaptively and with the minimum amount of
padding required. In this context, it has been observed that the
selection of the appropriate padding method depends on the
data itself and the traffic density. When the literature on the
field of loT traffic padding was examined, it was seen that the
first effective study was done by Liberatore et al. and their
claims are substantiated by experiments and their findings are
supported by simulations and experiments performed on more
than 400,000 traffic streams that they gathered over the course
of two months from 2,000 different websites. They looked at

four simulation padding techniques: linear, exponential, mice
and elephants, MTU. According to their experiments on naive
Bayes classifiers and Jaccard’s coefficient, MTU is more
effective in accuracy than the other three padding methods
they used. In the literature, Independent Link Padding (ILP) is
firstly used in [23]. ILP can be used to make anonymity
systems more secure against traffic analysis attacks. ILP
schemes use a predefined schedule to send the user flow. When
there is no user packet in the stream, the anonymity system
sends fake packets to fill the connection [52]. Another padding
technique in literature is Stochastic Traffic Padding (STP), a
traffic shaping algorithm, limits the information provided
about user activities through traffic rate metadata by using
intermittent traffic pad periods. STP provides an adjustable
balance between adversary confidence and bandwidth
overhead, allowing adequate privacy protection without
significantly degrading network performance or exhausting
data caps [24]. An efficient padding technique in another study
is Adaptive Packet Padding. Based on software defined
networking (SDN), this method modifies the number of extra
bytes added to packets in response to variations in home
network usage. The suggested method observes the network
and gives instructions. This article proposes a padding
mechanism through the representative state transfer (REST)
interface. By using this method, linked devices can alter the
length of their packets [25].

1V.CONCLUSIONS AND RECOMMENDATIONS

10T devices are necessary to everyday life. However, user
information that is captured by 10T devices introduces several
privacy risks. Therefore, padding-based mechanisms are used
in 10T communication to ensure privacy. This study presents
information about the recent studies on padding strategies that
are applied to ensure 10T privacy. There are several methods
introduced by researchers. The main goal is to keep the utility
at the highest possible level while ensuring privacy. The
selection of the appropriate padding method has been observed
depending on the data itself and the traffic density. It is
convenient and cost-effective to apply the minimum amount
of padding required to the packages. In this context, the
selection of the appropriate padding method has been observed
depending on the data itself and the traffic density. In this way,
while keeping the accuracy rate of the machine learning
methods low in classification, the amount of overhead is kept
low.

This paper examines the current 10T padding strategies
against machine learning classification techniques for traffic
analysis. Traffic analysis is a major threat to data security and
personal privacy. In addition to ensure traffic safety, traffic
performance is also extremely important. In future research,
there is a need to develop a general padding method that can
be applied to all 10T packages to ensure that the method can be
integrated into all loT devices by keeping the tradeoff between
privacy and utility an optimal level
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Abstract —In this study, Al-6Si-0.3Cu ribbon alloys produced by melt-spinning method were consolidated by two different
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results showed that the spark plasma sintering method is a very effective method for compaction of melt-spun Al-6Si-0.3Cu

alloy.

Keywords —Al-6Si-0.3Cu alloy, melt-spinning, spark plasma sintering, cryogenic milling, cold compaction

Citation: Yasar, F., Yilmaz, F. (2022). Consolidation of Rapidly Solidifying Al-6Si-0.3Cu Alloy by Spark Plasma Sintering
and Cold Compaction Methods. International Journal of Multidisciplinary Studies and Innovative Technologies, X(X): XX-XX.

I. INTRODUCTION

Aluminum (Al) and its alloys with many unique properties
have a wide range of uses. Aluminum alloys are particularly
preferred in the packaging industry, as they are soft and
ductile materials. The thin oxide layer formed on the surfaces
increases the corrosion resistance of the alloy. Thanks to its
high electrical and thermal conductivity, it is used in
electronic applications. In addition, the strength/weight ratio
of Al alloys is comparable to steel, making them the most
preferred material in the aerospace and automotive industries
[1-3].

Al-Si alloy with a silicon (Si) ratio of less than 12wt.% is
called hypoeutectic Al alloys. This group of alloys is
preferred in the automotive and marine industries due to their
good fluidity, low thermal expansion coefficient, high
corrosion resistance and high strength/weight ratio [4, 5].
Also, the absence of coarse primary Si phases in hypoeutectic
Al-Si alloys increases the desired machinability, castability
and weldability of the alloy, which makes it suitable for the
construction of automotive engines, crankcases, cylinder
blocks and pistons. The mechanical properties of
hypoeutectic Al-Si alloys are dependent on the grain size,
morphology and distribution of Si phase [6, 7]. It is also well
known that the addition of trace amounts of copper (Cu)
strengthens the Al-Si alloy and increases its ductility, which
is explained by the formation of the Al>,Cu intermetallic
compound [2].

Traditional casting techniques are mostly preferred in the
production of commercial Al-Si alloys. In these techniques,

Si phases are dispersed as blocks in the microstructure due to
the slow cooling rate and this affects the mechanical
properties of the alloy negatively [8]. It is known from the
literature that the mechanical properties of Al-Si alloys are
greatly increased by eliminating these problems with rapid
solidification techniques [9]. This technique is also
effectively used in the production of shape memory alloys
[10]. On the other hand, it is impossible to produce these
alloys in the form of ingots, since at least one dimension of
the rapidly solidified alloys is very small. In this respect,
rapidly solidified alloys should be formed into ingot form by
compaction methods in order to expand their application
areas. Spark Plasma Sintering (SPS), which has been
developed in recent years, is one of the most effective
methods used in the compaction of powder materials [11].
The most important advantage of SPS is that it allows
pressing and sintering to be done at the same time. Thus, the
porosities that may occur in the material can be minimized.

In this study, Al-6wt% Si-0.3wt%Cu alloy was produced
by melt-spinning method, which is a rapid solidification
technique. Then, the produced melt-spun alloys were
compacted via SPS and cold pressing techniques and
examined in terms of microstructure and mechanical
properties.

Il. MATERIALS AND METHOD

High purity Al (99.9 %), Si (99.99 %) and Cu (99.9 %)
were used to prepare the Al-6wt.%Si-0.3wt.%Cu master
alloy. First of all, the alloy, which was prepared as 30 g, was
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melted in the induction furnace. The alloy was melted in
evacuated quartz crucible for 5 times to ensure both
homogeneity and reduction of impurities (Figure 1a). The
elemental composition of the master alloy was determined by
X-ray Fluorescence (XRF, PANalytical-Epsilon5) and the
results are listed in Table 1. As can be seen from the Table 1,
the master alloy composition produced is very close to the
initial composition.

Table 1. XRF results of Al-6Si-0.3Cu master alloy

Alloy Al Si Cu Other
(Wt.%) | (wt.%) | (wt.%) | (wt.%)
Al-6Si-0.3Cu | 93.359 | 6.040 | 0.382 | 0.219

Afterwards, the alloy was produced as ribbon with the melt
spinning device (Edmund Biihler, MeltSpinner SC). The
distance between the disc and nozzle was 2 mm, the disc
rotation speed was 20 m/s and the injection pressure was set
as 160 mbar. The ribbons with a thickness of 20 pm and a
width of 1 cm were obtained (Figure 1b). For the spark
plasma sintering (SPS) process, 1.5 g of melt-spun alloy was
placed in a graphite crucible. The pellets were prepared by
increasing the pressure value up to 300 kg/cm? with a ramp
and the temperature value up to 450 °C and waiting for 10
minutes. The obtained pellets were then subjected to sintering
at 560 °C for 10 hours in an argon environment in a high
temperature furnace (Figure 1d).

A cryogenic ball milling device (Retch, CryoMill) was
used to pulverize the ribbons (Figure 1c). The as-received
powders were pressed with a cold pressing device under 300
kg/cm? pressures for 20 s and sintered at 560 °C for 10 hours
in an argon atmosphere (Figure le).

The crystal structure of the alloys was analyzed by X-ray
diffraction  (PANalytical, Emperians) using CuKa
monochromatic radiation in the range of 10-90 degrees.
Microstructural analyzes were performed with conventional
metal microscope and scanning electron microscope (SEM,
QUANTA FEG 450). SEM images were taken in secondary
electron (SE) and energy dispersive X-ray (EDX) mapping
modes. Hardness analyzes were performed with Vickers
hardness device (Highwood HWDM-3) under 300 g-f load
and 10 s of dwell time under maximum load. Hardness values
were calculated using the following equation;

p 1
HV = 1.8545 @)
where P is applied load and d is the average of the diagonal
lengths of the indent.
Prior to hardness tests and microstructural analysis, the
alloys were polished to 1 micron using standard
metallography methods and then etched in 5% HF solution.

I11.RESULTS AND DISCUSSION

X-ray diffraction (XRD) patterns of alloys are given in
Figure 2. All possible diffraction peaks of Al (Ref. 98-005-
3775) and Si (Ref. 98-004-3610) were observed in all alloys
in the range of 26 =10-90°. No peaks of Cu were found,
which is explained by the dissolution of the element in the Al
matrix. Very small SiO; peak was found in the XRD patterns

of the ball milled ribbons, which is due to the grinding
environment (Figure 1c). In addition, a small amount of
Al,O3 peak was observed in the sintered milled ribbon, which
was formed by the oxidation of the alloy during sintering.
(Figure 1d). It is seen that the peak intensity of the main Si
peak decrease significantly in the melt-spun alloy (Figure
2b), which can be seen from the Si peak marked at an angle
of 26=28.5°. This is due to the rapid cooling in melt-spun
alloy increasing the solid solubility limits of Si in Al matrix,
which is in agreement with the literature [12]. In the alloy
produced by ball milling, the peak intensity of Si increased
again, which can be explained by the precipitation of the Si
dissolved in the Al matrix, due to the mechanical energy
resulting from the collisions between the balls.  Since
sintering accelerates the precipitation mechanism of Si, the
peak intensity increased more for sintered alloy (Figure 1d),
which is in agreement with literature [13, 14].

SPS

Cold compacted

Fig. 1. The alloys produced by using (a) Induction furnace, (b) Melt
spinning, (c) Cryogenic ball milling, (d) SPS+sintering from ribbons, (c)
Cold compaction+Sintering from milled powders

In order to better understand the effects of rapid
solidification, milling and sintering on the Al phase, the main
peak belonging to the Al (111) plane is given in Figure 3. It
can be seen that the peak of the melt-spun alloy shifts
significantly to the lower angle, which can be explained with
Bragg’s law. According to the Bragg’s law, the relation
between diffraction angle and distance between crystalline
planes is given;
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nA = 2dsinf 2

where, n is the degree of diffraction, A is the wavelength of
the X-ray used, d is the distance between two planes, and 8 is
the diffraction angle. Shifting of the diffraction angle to the
left side is due to the penetration of Si atoms into the crystal
structure of Al as interstitial atoms during rapid solidification
[15]. In addition, the increase in the peak width can be
explained by the decrease in the crystal size of the alloy. The
milling and sintering processes, as expected, caused Si atoms
to ejection from the crystal structure of Al, and thus the
diffraction angle shifted to the right again.
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Figure 2. XRD patterns of the alloys, (a) Master alloy, (b) Melt-spun
ribbon, (c) Ball milled ribbon, (d) Sintered ribbon
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Figure 3. XRD peak of Al(111) plane of the alloys, (a) Master alloy, (b)
Melt-spun ribbon, (c) Ball milled ribbon, (d) Sintered ribbon

Optical micrographs of the alloy are depicted in Figure 4.
The microstructure of the master alloy consists of coarse
eutectic Si and a-Al (Figure 4a). In melt-spun alloy, the
microstructure was completely transformed into a fine and
homogeneous structure (Figure 4b). The alloys produced SPS
and milled+cold compacted also exhibit a homogeneous
microstructure, but it is observed that Si has become coarser
due to the effect of sintering (Figure 1c and d).

SEM images were taken to evaluate the microstructures of
the alloys in more detail (Figure 5). It is seen that the master
alloy consists of acicular eutectic Si and plate-like primary Si
(Figure 5a). In melt-spun alloys, the microstructure consists
of equiaxial and network-like a-Al phases and fine eutectic Si

phases. With the effect of rapid cooling, the dimensions of
eutectic Si decreased from 50-100 micron to about 100-200
nanometres (measured with SemAfore software). In addition,
the coarse morphology of the Si phase was modified to a fine
fibrous structure (Figure 5b). In the SPS alloy, the eutectic Si
is homogeneously dispersed in the Al matrix, but their size
has become coarser and grown up to 1-5 microns. Compared
with the SPS alloy, it was determined that the Si phase did
not coarsen much in the ball milling + cold compacted alloy.
It is also seen that the ribbon leaves are smaller in size in the
cold compacted alloy. On the other hand, it is clearly seen
that the gaps between the ribbon leaves are less in the SPS
alloy than in the cold compacted alloy, which is related to
simultaneous compaction and sintering in SPS alloy.

Figure 4. Optical micrographs of the alloys, (a) Master alloy, (b) Melt-
spun ribbon, (c) SPS alloy, (d) Ball milled + Cold compacted alloy
(Magnification: 200x)

Figure 5. SEM images of the alloys, (a) Master alloy (Mag.: 2 and 10kx),
(b) Melt-spun ribbon (Mag.: 10 and 50kx), (c) SPS alloy (Mag.: 2 and 10kx),
(d) Ball milled + Cold compacted alloy (Mag.: 2 and 10kx)
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Figure 6 shows Vickers hardness of the alloys. The
hardness value of the master alloy (Bulk) was measured
around 45 HV. The hardness value of the melt-spun alloy has
increased (55 HV), which can be explained with a finer and
homogeneous microstructure. The hardness value of the SPS
alloy (52 HV) is higher than that of the bulk alloy, but
decreased compared to that of the melt-spun alloy. This
decrease can be explained by the coarsening of the Si phase.
The hardness of milled+cold compacted alloy is the lowest
among the alloys (38 HV). The reason for this may be that
the bonding between the ribbon sheets is not formed well
enough during sintering and thus the voids formed in the
microstructure negatively affect the mechanical properties as
shown in SEM images (Figure ¢ and d).

50

Vickers Hardness (HV)
8 8 8

o
1

Bulk

Ribbon SPS Milled+Cold Pres.

Figure 6 Vickers hardness of the alloys

IV.CONCLUSION

In this research, AIl-6Si-0.3Cu alloy was successfully
produced by induction melting and melt-spinning method,
followed by SPS and ball milled+sintering method. The
microstructure and mechanical properties of the produced
alloys were compared. The most effective consolidation
method was investigated by comparing the microstructure
and mechanical properties of the alloys produced. In
summary,

1. From XRD analyses, it was found that rapid
solidification increases the solubility of Si in Al
matrix. However, precipitation of Si was observed in
SPS and cold compacted alloys due to sintering
process.

2. Optical and SEM images revealed that master alloy
consists of acicular eutectic Si and plate-like primary
Si, while melt-spun alloy have homogenous
microstructure and fine fibrous Si morphology. It was
observed that the Si phase became coarser in SPS and
cold compacted alloys.

3. From the hardness analysis, it was determined that the
hardness value of the SPS alloy was between the
master alloy and the melt-spun alloy, but the ball-
milled + cold compacted alloy had the lowest hardness
value.

When all the results are evaluated together, we believe that
the SPS method is better than the ball milled + cold
compacted method due to the short application time and
sufficient mechanical properties.
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Abstract — Today, recent rapid advancements and developments in information and communication technologies have enabled
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as a result of the increase in connected devices. It is now more crucial than ever to access and draw conclusions from the data
kept in relational database management systems. Ontology-Based Data Access (OBDA) is a hugely important paradigm for
leveraging Semantic Web technologies to access data stored in relational databases. Users access data via a conceptual layer in
the OBDA paradigm. Data is stored in relational databases and is represented by the conceptual layer as an RDF(S) or OWL
ontology. In this paper, a demonstration for the integration of a relational database and an ontology is presented in order to
provide an ontology-based data access. The goal of the presented demonstration is to serve as a roadmap for further research
studies. For this purpose, a data set stored in MySQL relational database management system is accessed using the OBDA model.
Further, the Ontop Framework that is compatible with the Protégé ontology development environment is used to provide the
integration between the ontology and the relational database. Moreover, the Ontop queries are executed over SPARQL.
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I. INTRODUCTION [4]. In this way, RDF query languages are used to access the

New generation information technologies have emerged in ~ data in the relational through ontology. Ontop is a free and
recent years. Thus, there has been significant growth in data  ©OPen-source OBDA framework [5]. It enables querying of
volumes [1]. Moreover, the exponential growth in the number ~ Virtual RDF graphs using RDF query languages such as
and variety of data collections is expected to continue in the ~SPARQL, and SWRL which is recommended by W3C by
coming years. Furthermore, this data is heterogeneous and converting th_e queries to SQL. It also provides ease of access
comes from different sources such as sensors, social media, ~ [©© Many relational database systems.
and Internet of Things (loT) devices. Thus, accessing and In this work, an Employee Ontology is generated and used
making inferences from the data that is kept in the relational (O enable the use of SPARQL queries to access data stored in
database management systems has become more crucial. & Sample Employees relational database. For this purpose, the
Moreover, heterogeneous data from different sources may OBDA paradigm is aCh'EIVEd with by using the_ Ontop
cause problems for the integration and communication of new ~ Framework. The database's tables and relationships are
generation technologies. Semantic deficiency in data descrlbed_ by the ontolo_gy that was developed. Addltlpnally,
representation needs to be eliminated to resolve this problem. e mapping procedure is used to connect database entities to

The Ontology-Based Data Access (OBDA) provides users ontology instances. As dat_a fr_om dlf'feren_t sources can be
to access relational databases through a conceptual layer by ~ Neterogeneous, data integration is a challenging task. The goal
using Semantic Web technologies [2]. In this approach of this study is to demonstrate the integration of a relational
ontologies are used with the help of mapping to query over the ~ database and an ontology to provide an ontology-based data
database. In this way, a high-level conceptual view of the data ~ 3CC€SS: Additionally, this demonstration is structured to serve
is obtained [2]. This semantic technology makes relational 2 @ roadmap for further research studies in this field.
database systems more accessible and interoperable by  1herefore, semantic queries can be executed, and new
addressing issues such as conceptual modeling, query relationships can be dlscovered_ with maintaining the_ mapping
rewriting, and mapping [3]. The conceptual modeling is petween_ datat_;asesgnd ontologies [6]. Thus, the quality of data
characterized as a representation of the RDF(S) and OwL  Integration will be improved. _ _ _
ontologies including the data stored in traditional relational The organization of the study is as follows: Section 2

databases [2]. W3C suggested mappings like R2RML are used presents a review of the literature, Section 3 describes the
to translate terms from the conceptual layer to the data layer. ~OBDA paradigm and an example application of semantic data
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integration and access, and finally the study is concluded in
Section 4.

Il. RELATED WORK

The OBDA approach has been crucial in current
information technology advancements with the recent
developments in the Semantic Web and Relational Databases
fields. The developed OBDA system known as the Ontop
Framework [7] has gained support from both the industry and
researchers. Thus, the connection between databases and the
Semantic Web has been extensively researched in the
literature. In [8] the performance of the Ontop Framework is
analyzed and compared with other systems. In [1], the
conversion of relational databases to ontology representation
is explained. The advantages and disadvantages of these
methods are examined and some of the most recent mapping
tools are reviewed from a theoretical perspective. Also, the
drawbacks of the existing tools are discussed. A survey for
convenient and user-friendly access to data sources and an
ontology-based data access framework is presented in [9].
Also, the fundamental components of ontology-based data
access, important theoretical findings, methods, applications,
and upcoming difficulties are examined with a focus on
relational data sources. In [2], a virtualized method that
responds to SPARQL queries is presented. The presented
method converts SPARQL queries into SQL queries over the
datasets instead of materializing the triples obtained through
mappings. Also, Ontop which is a sophisticated open-source
OBDA framework is proposed. Ontop generates SQL queries
that can be executed quickly and supports all relevant OBDA-
related W3C standards. An approach is proposed by [10]
named as PerfectMap. The proposed approach provides a
novel method for the optimization of query rewriting in
OBDA. For this purpose, the key concepts of mapping aspects
and the use of perfect mappings are examined, and the
complexity caused by mapping rewriting is reduced.

Besides these studies presented in the literature, the goal of
this study is to serve as a guide to the key challenges for the
integration of variables from different sources. For this
purpose, a semantic data integration approach is demonstrated
to guide future research studies.

111.MATERIALS AND METHOD

A. Materials

1. The Ontology-Based Data Access

The OBDA database access paradigm employs a conceptual
layer to access data. [11]. The fundamental concept of an
OBDA system is query rewriting [4]. The user of the system
creates a query in the ontology language. The prime objective
of the OBDA system is to rewrite the query into a new query
utilizing the data source's vocabulary.

In OBDA, an ontology and a relational database are linked
by using mappings. It presents a high-level conceptual view of
the relational database as a result. Ontology-based user queries
are presented, and answers are generated by using both the
ontology and the mappings as a basis for reasoning. As shown
in Fig. 1, the OBDA architecture consists of three layers [11].
The first layer of the OBDA architecture contains datasets that
the system accesses. The second layer is the conceptual layer.
In this layer, the user interacts with the system using the query
interface and ontologies. Finally, the mapping layer maintains

the mapping between the dataset attributes and ontology
instances.

There are several OBDA systems that provide SPARQL
endpoint functionality and enable mapping from the ontology
to the data source such as Ontop, and MASTRO [12]. Ontop
is the framework that this study is established on. The Ontop
Framework provides a user-friendly interface to execute
SPARQL queries and perform the mapping. In the next
section, detailed information about Ontop will be given.
MASTRO is a system for the OBDA paradigm which is
developed at the University of Rome [12]. It can be used as a
Protégé [13] plugin. Also, it has a commercial application
called MASTRO STUDIO. Moreover, it supports R2RML
mapping like the Ontop Framework [14]. Additionally, the
native mapping language is also included in MASTRO.

A

. n

v

Conceptual Layer

a

Q
7o )

O

Mapping Layer
Data Layer

Fig. 1. The OBDA Architecture

2. Ontop Framework

The Ontop is an open-source OBDA framework developed
at the Free University of Bozen-Bolzano and distributed under
the Apache license [15]. The Ontop Framework enables the
representation of relational databases as virtual RDF graphs
via mappings. The Ontop Framework converts queries to SQL
and enables querying of virtual RDF graphs by using RDF
query languages such as SPARQL and SWRL, which are
recommended by the W3C. The Ontop architecture consists of
four layers [2]. The first is the input layer which includes
concepts such as ontology, mappings, database, and queries. It
is connected to the relational database after being mapped with
the help of the generated ontology via the JDBC driver in this
layer. The Ontop Framework makes it simple to use by
supporting a wide range of primary and commercial relational
databases such as MySQL, Postgres, etc. [2]. Ontop native
mapping languages and R2RML are both supported by Ontop
[4]. The mapping languages establish connections between the
generated ontology and the relational database. The native
Ontop mapping language is easy to use, whereas R2RML, a
widely used standard, is offered by W3C. The Ontop can
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simply convert from its native mapping language to R2RML.
Moreover, the Ontop provides support for the usage of RDFS
and OWL as an ontology language. The second layer is the
core layer. In this layer, there are operations such as
optimization, query translation, and execution. In this layer,
SPARQL queries are converted to SQL queries with the help
of the SPARQL Query Answering Engine (Quest). Thus,
queries are executed efficiently on the relational database
systems. In the third layer, there are APIls named OWL API
and Sesame that present Java interfaces to users. Applications
layer, the fourth layer, enables end users to query databases
using SPARQL. The Ontop Framework can be used in a
variety of ways. In this study, the Ontop Framework is used as
a plugin for Protégé. It supports the SPARQL query execution
and provides a graphical interface for the mapping.

B. Method

In this study, the sample Employees database [16] is used.
The dataset contains six tables and includes more than four
million data. Different relational database systems, such as
MySQL, PostgreSQL, Oracle, etc., may be queried using the
Ontop Framework. In this study, the employee sample dataset
is stored in the MySQL relational database system. Fig. 2
shows the Entity-Relationship (ER) diagram of the employee
sample dataset.

"] salaries ¥

¥ emp_no INT
salary INT
from_date DATE
to_date DATE

> >

]

| dept_manager ¥

T emp_no INT

? dept_no CHAR(4)
from_date DATE
to_date DATE

] titles v "] employees v "] dept_emp ¥
T emp_no INT emp_no INT ¥ emp_no INT
title VARGHAR(50) birth_date DATE ! dept_no CHAR(4)
from_date DATE first_name VARCHAR(14) from_date DATE
to_date DATE last_name VARCHAR(16) to_date DATE
> gender ENUM(M', 'F') >
hire_date DATE
. I l
_| departments v

dept_no CHAR(4)
dept_name VARCHAR(40)
>

Fig. 2. The ER diagram of the employee sample dataset

Later, the Employee ontology is created. The Employee
ontology was developed using the Protégé ontology editor.
The classes of the Employee ontology are shown in the Fig. 3.

The Protégé ontology development environment is
compatible with the Ontop Framework. Therefore, each table
with primary key and foreign key mapped into the related
class. Thus, four table is mapped into classes that are named
as “employees”, “departments”, “titles” and
“sales”.

Active ontology x Entities x Classes x| Object pro
Class hierarchy | Class hierarchy (inferred)

owl:Thing
Departments
Employees
Salary
Titles

Fig. 3. Classes of the Employee Ontology

In the Employees sample dataset, there are two associative
tables named as "dept_emp” and “dept_manager". These
two tables establish a 1:M relationship between the
“employee”, “salaries”, and “titles” tables. The
related relationships are mapped into object properties as
shown in Fig. 4.

gl Asserted

m owl:topObjectProperty
B HasEmployee
B HasManager
B HasSalary
W HasTitle

Fig. 4. The Object Properties of the Employee Ontology

Each table in the employee sample dataset has multiple
columns (attributes). The columns of tables are mapped as data
properties. Fig. 5 shows the data properties of the Employee
Ontology. The general view of the ontology is presented in
Fig. 6.

When mapping an ontology to a data source, the mapping is
made by defining the target as a triples template and the source
as a SQL query over the data source [17]. The mappings are
presented in Fig. 7. The mapping that will enable query data
from the Employees table using SPARQL queries is shown in

Fig. 8.
Data property hierarchy 2100 5[

! Asserted

% owl:topDataProperty
B BirthDate
N DeptName
BN DeptNo
BN EmpNo
I FirstName
B Gender
I HireDate
N LastName
B SalaryAmount
B SalaryEndDate
B SalaryStartDate
I Title
B TitleEndDate
B TitleStartDate

Fig. 5. The Data Properties of the Employee Ontology

The Ontop Framework supports both R2RML and Ontop
native mapping languages as mapping languages. The native
Ontop mapping language is simple to learn and use, while
R2RML is a widely accepted standard that is published by
W3C. In this study, natural mappings are used to link the
Employee ontology to the data in the SQL database. Two files
are produced by Ontop. The “. obda” file extension is used to
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create the first file. The mapping details between the data
source and the ontology are all contained in this file. A second
file, with the ".properties" extension maintains the link
to the data source. When using the Ontop Protégé plugin to
construct an ontology, a file with the “.properties"
extension is generated automatically. The mapping between a
data source and an ontology can be declared using the mapping
axioms. The mapping id, source, target, and SQL query results
are the four fields that each mapping consists of. The mapping
id is a string that is used to identify mapping axioms. The data
source was used as the source for a SQL query. In the target

TitleRanDate
TitheEnciDate
Titles
Title:

field, the expressions in curly brackets in the Triples template
represent the columns of the source SQL tables. The predicates
of triples whose objects contain data types represent data
properties. At the beginning of the triples template, “is-a”
relationship refers to classes. Also, triple templates are built
to create 1:M relationships. The triple template created for the
HasTitle object property is shown in Fig. 9. The
HasTitle object property links Employee and Titles
classes.

Fig. 6. The general view of the Employee Ontology

Mapping editor.
4f New.. == Remov

MAPID-Employees
employee_ontology:#Employees-{emp_no} a emplo

DEEE

) Selectall Select none

es ; employee_ontology:#BirthDate

{birth_date}AAxsd:dateTime ; employee_ontology:# ;r.mmm Uirst, namelnxsd-string

employee_ontology:#LastName {last_

{emp_nojA

employee_ontology:#Gender {gender} ; employee_ontology:#HireDate {hire_date}AAxsd:dateTime

select emp_no,birth_date, first_name, last_name,gender,hire_date from employees

MAPID-Salary
employee_ontology:#Salary-{femp_no} a

mployee_ontology:#SalaryAmount

SaIArNRS s nfeg s amplcyeaOitology: tsahrySlauDalc{hom datelnaxsddateTime -

employee_ontology:#SalaryEndDate {to_date}AAxsd:dateTime .

select emp_no, salary, fron_date, to_date from salaries

MAPID-Titles

employee_ontology:#Titles-{emp_no} a employee_ontology
d:dateTime ;

es ; employee_ontology:#Title {title}aAxsdstring

:#TitleEndDate

employee_ontology:#TitleStartDate {from_
{to_date}AAxsd:dateTime .

MAPID-HasTitle

employee_ {emp_no}

select emp_no, title, from_date, to_date from ntles

MAPID- HlsSaIary
employ

no}
employee ontology:#Salary- (emp nchmm date}-{to_date} .
select emp_no, salary, from_date, to_date from salaries

MAPID-HasEmployee

“#HasTitle employee_ontology:#Titles-title}

“#HasSalary

employee {dept

select emp_no,dept_no, from_date, to_ date from deyt emp

MAPID-HasManager

employee {dept_no}

select emp_no dep( no from_date, to_date from dept _manager

MAPID-Departments
employee_ontology:#Departments-{dept_no} a empl

(A parm el A5 siiog fempi yea antologyaDepthio [dept: nn)’\/\xsd swing.

select dept_no,dept_name from departments

; employee_ontology:#DeptName

Fig. 7. The Ontop mappings
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Mapping ID:  MAPID-Employees

Target (Triples Template):
employee_ontology:#Employees-{emp_no} a

employee_ontology:#BirthDate {birth_date}AAxsd:dat

Edit Triples Map

ontology
eTime ; emplo

yee_ontology:#FirstName

{first_name}jAAxsd:string ; employee_ontology:#LastName {last_name}rAxsd:string ;
employee_ontology:#EmpNo {emp_no}rsxsd:integer ; employee_ontology:#Gender {gender} ;

employee_ontology:#HireDate {hire_date}rAxsd:dateTime .

guurce (SQL Query):

select emp_no,birth_date, first_name,last_name,gender,hire_date from employees

SQL Query results:

emp_no birth_date first_name

10001 1953-09-02 Georgi

10002 1964-06-02 Bezalel

10003 1959-12-03 Parto

10004 1954-05-01 Chirstian
42 Execute the SQL query | (100 rows)

last_name
Facello
Simmel
Bamford
Koblick

Fig. 8. The mapping of Employees table.

o0 e
Mapping ID: ~ MAPID-HasTitle

Target (Triples Template):

Edit Triples Map

employee_ontology:#Employees-{emp_no} employee_ontology:#HasTitle

employee_ontology:#Titles—{title} .

Source (SQL Query):
select x from titles

SQL Query results:

emp_no title
10001 Senior Engineer
10002 Staff
10003 Senior Engineer
10004 Engineer

£ Execute the SQL query | (100 rows)

from_date

1986-06-26
1996-08-03
1995-12-03
1986-12-01

gender hire_date
M 1986-06-26
F 1985-11-21
M 1986-08-28
M 1986-12-01
G oo
to_date
9999-01-01
9999-01-01
9999-01-01
1995-12-01
G o

Fig. 9. The Mapping of HasTitle object property.

The SPARQL queries from the end user are converted into
SQL queries by the Ontop Framework and then executed on
the data source. Thus, Ontop uses T-mappings and database
integrity constraints to convert input SPARQL queries into
SQL queries [4]. The related file "employee
ontology.q" contains a number of queries that can be used
to explore the data collection. The matching SQL and
SPARQL sample queries run against the data source are
displayed in Tables 1 and 2.

In SPARQL queries, first, all prefix declarations are defined
by abbreviating the URIs. Then, the "SELECT" statement's
result clause is used to determine which data should be
returned from the query. Finally, the “WHERE” expression
specifies the condition while fetching the data from the
Employees sample dataset.

The SPARQL and SQL queries given in Table 1 retrieve the
first names of all employees from the database. Further,
queries given in Table 2 retrieve the salary and employee
number of employees whose salaries are bigger than “3000”.
The results of the related queries are given in Fig. 10 and Fig.
11, respectively.

Table 1. The Ontop Query 1

Get a list of every employee's first name.

SELECT e.first name

SQL FROM employees e
PREFIX :
SPARQL <http://www.semanticweb.org/

aytug/ontologies/2022/5/
employee ontology#>
Select ?name

where{?x a :Employees
:FirstName ?name .}

?X

Table 2: The Ontop Query 2

Get all the salary and employee number of employees

where salary > 3000

SQL SELECT s.emp_no, s.salary
FROM salaries s
WHERE salary > 3000
SPARQL | PREFIX :

<http://www.semanticweb.org/
aytug/ontologies/2022/5/
employee ontology#>

Select distinct ?x ?salary
where{?x a :Salary .

?x :SalaryAmount ?salary .
Filter
(?salary>"30000"""xsd:int)

}
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Individual Hierarchy Tab x DL Query x Ontop SPARQL x Ontop Mappings =

B [ SPARQL query editor:

SPARQL Query
PREFIX :

<http:/ /www.semanticweb.org/aytug/ontologies/2022 /5 femployee_ontology#>

Select ?id 7name where{

7x a :Employees . ?x :EmpNo 7id. ?x :FirstName ?name .

1

Show 100 or  all results.

Use short IRIs

Execution time: 34ms. Solution mappings returned: 100.
SPARQL results  SQL translation
id

name

"10001"AAxsd integer

"10002"AAxsd integer
"10003"AAxsd integer
“10004"AAxsdinteger
“10005"AAxsd integer
"10006"AAxsd integer
"10007"AAxsd integer
"10008"AAxsd integer
"10009"AAxsd integer
“10010"AAxsdinteger
"10011"AAxsd integer
"10012"AAxsd integer
"10013"AAxsd integer
"10014"AAxsd integer
"10015"AAxsd integer
"10016"AAxsd:integer
*10017"AAxsd iinteger

"Georgi™AAxsd:string
"BezalelAAxsd:string
"Parto"snxsd:string
“Chirstian"#xsd:string
"Kyoichi"AAxsd string
“Anneke"AAxsd:string
“Tzvetan™AAxsd:string
"Saniya"AAxsd:string
"Sumant"aAxsd.string
“Duangkaew"sAxsd:string
"Mary"AAxsd:string
“Patricio"AAxsd:string
“Eberhardt"* Axsd:string
"Berni"AAxsd string
"Cuoxiang™sAxsd:string
“Kazuhito™Axsd: string
"Cristinel"AAxsd:string

Fig. 10. The query results of Ontop Query-1

IV.CONCLUSION

A mapping between an ontology and a data source is
possible using the OBDA paradigm. So, by querying multiple
data sources, data access and integration are achieved..
Therefore, data access and data integration are provided by
querying heterogeneous data sources. Thus, data integration is
a challenging task. In recent years, the OBDA approach has
gained significant importance with the increasing amount of
data and developments in information technologies. Hence,
the mapping between databases and ontologies should be
maintained to improve the quality of data integration.

The OBDA allows non-experts to construct queries through
conceptual layers using an ontology. For this purpose, the
Ontop Framework is used to describe the relational databases
as virtual RDF graphs. Also, the Ontop Framework allows
querying virtual RDF graphs using RDF query languages like
SPARQL and SWRL by translating the queries to SQL.

The Employees sample database, a MYSQL database, is
utilized in this study for data integration. The Employee
Ontology that is based on the Employees data model is created.
For this purpose, the relations and contents in the Employees
database are defined in the Employee Ontology. Additionally,
the mapping is achieved to connect database entities with the
ontology instances. The Ontop Framework and the generated
ontology are utilized to allow the usage of SPARQL queries
over the dataset. Therefore, data stored in the relational
database system is accessed by utilizing the OBDA paradigm.
Consequently, this study demonstrates an example semantic
data integration for the conceptual representation of data and
their relationships. The goal of this demonstration is to be a
guide for future research studies in the field.
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Ozet — Akilli sehir, mevcut kaynaklar ve altyapi olanaklar ile ihtiyaclarin etkili, verimli ve siirdiiriilebilir bir sekilde
kargilanmasi i¢in giincel teknolojinin en yiiksek seviyede kullanildigi sistemler biitiiniidiir. Akilli sehirlerin baslica bilesenleri;
veri, iletisim alt yapis1 ve yazilim hizmetleridir. Akilli sehirlerde ¢ok sayida karar ve eylem konum analizine dayal olarak
gerceklestirilir. Bu nedenle ii¢ boyutlu dlgme teknikleri akilli sehir uygulamalarinin vazgecilmez bir bileseni ve veri
kaynagidir. Nokta bulutu dlgme verisinden cisimlerin tanimlamasi, boyutlandirmasi, takibi yapilabilir, degisimi izlenebilir,
ayrica hareketli cisimlerin hizi ve hareket dogrultulari belirlenebilir. Nokta bulutundan ¢ikarilan bilgiler robotik goérme,
mobilite, insansiz araglarin navigasyonu, giivenlik, denetim, planlama ve daha pek ¢cok amacla kullanilmaktadir. Farkli 6lgme
teknikleri ile ¢ok yogun nokta bulutu verisi toplanarak 6lgme alani {i¢ boyutlu modellenebilmektedir. Kentsel alan, arazi
topografyasi ve binalarin modellenmesinde hava ve yersel 6lgme teknikleri kullanmilmaktadir. Bina bilgi sistemlerinin
olusturulmasinda bina i¢i 6l¢me ve modelleme teknikleri kullanilir. Robotik uygulamalarda 6lgme hiz1 yiiksek Lidar teknikleri
kullanilmaktadir. Goriildiigh gibi amaca uygun nokta bulutu 6l¢gme yontemi se¢imi ¢ok 6nemlidir. Bu ¢alismada ii¢ boyutlu
nokta bulutu verisi saglayan 6l¢me teknikleri incelenmis ve nokta bulutu ile gergeklestirilebilecek kentsel uygulamalar
arastirilarak 6rnek uygulama yapilmistir.

Anahtar Kelimeler — Akilli sehir, LiDAR, Mobil LiDAR, Fotogrametri, 3B Nokta bulutu

Aunf: Altuntas, C., (2022). Akilli sehirlerde 3B nokta bulutu ile digital ¢oziimler. International Journal of Multidisciplinary
Studies and Innovative Technologies, 6(2): 208-217.

Digital Solutions in Smart Cities by Using 3D Point Cloud
Extended Abstract

Research Problem/Questions — Information extracted from the point cloud is used for robotic vision, mobility, navigation of
unmanned vehicles, security, inspection, planning and many more. Three-dimensional modelling is performed by collecting
very dense point cloud data with different measurement techniques. Aerial and terrestrial techniques are used in modeling the
urban area, land topography and buildings. In-building measurement and modeling techniques are used in the creation of
building information systems. Lidar techniques with high measuring speed are used in robotic applications. As can be seen, the
selection of the appropriate method for measuring point cloud is very important. Thus, it is necessary to know the point cloud
measurement techniques and the applications that can be made with the use of point cloud in smart cities.

Short Literature Review — Mobile mapping systems are used to obtain street views in urban areas [7]. On the other hand,
oblique aerial photographs are used in modeling the building facade [8]. The integration of areas that cannot be imaged with
these measurement techniques is made with point clouds obtained by terrestrial laser scanning and photogrammetric method
[9]. The obtained three-dimensional point cloud data is combined in a common coordinate system, giving a structure that can
be questioned and analyzed. As a result of inquiry and analysis, computer aided systems make a decision and perform tasks
such as route detection, obstacle detection, mobility, and are considered as smart city applications. The use of 3D point cloud
measurement techniques is common in smart cities, especially in the fulfillment of mobility services. The mobility covers
services such as robot navigation, transportation with robots, security services, driver assistance systems, unmanned vehicle
navigation, traffic safety and crowd management.

Methodology — The main components of smart cities are data, communication infrastructure and software services. Spatial
information has an important place in the data infrastructure and is obtained by different techniques. The collection of spatial
data is carried out by different techniques. Especially, lidar measurement techniques are widely used in collecting dense point
cloud data. Lidar systems are active systems and work with the supported energy. Photogrammetry with passive sensors is
another data source. Point cloud surveying techniques, in which active laser and images are used together to provide location
data for smart cities. In order for smart city services to be sustainable, spatial information must be up-to-date and renewed
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periodically. The geometric structure of the environment and other related data are transferred to the computer environment
to create a digital twin of the current situation. Since smart applications will be made on this digital data, point cloud
measurement techniques have an important place especially in the perception of existing geometry.

Results and Conclusions — Traditional methods based on cameras, radar and thermal sensors in smart cities cannot provide
data with sufficient accuracy in all kinds of lighting and weather conditions. Especially for mobile applications, three-
dimensional point cloud measurement techniques are widely used. Lidar techniques with low energy requirements and high
measurement speed are suitable for mobile mapping, 3D imaging and robotic applications. Photogrammetric point cloud is a
low cost measurement technique. Its most important advantage is the ability to create a point cloud from any photograph
without the need for technical knowledge. Especially UAV photogrammetry is very suitable for monitoring physical changes in
urban areas. Point cloud measurement techniques enable the digitization of smart city services.

Keywords — Smart city, LiDAR, Mobile LiDAR, Photogrammetry, 3D Point Cloud

Citation: Altuntas, C. (2022). Digital solutions in smart cities by using 3D point cloud. International Journal of
Multidisciplinary Studies and Innovative Technologies, 6(2): 208-217.

I. INTRODUCTION

Bir karar vericiye gerek kalmadan mevcut durumu analiz
ederck karar verebilen otomatik sistemler i¢in kullanilan
genel ifade “akillt sistem” dir. Sehirlerin yonetilmesinde ve
insan ihtiyaglarmin karsilanmasinda kullanilan bu sistemler
“akilli sehir”, “akilli kent” ve “akilli kirsal” gibi kavramlari
dogurmustur. Siiriiciisiiz araglar, robot navigasyonu, kentsel
denetim, cisim tespiti, takibi, insan ve ara¢ trafiginin
yonetilmesi gibi uygulamalar elde edilen {i¢ boyutlu nokta
bulutu  verisi  analiz  edilerek  otomatik  olarak
gerceklestirilebilmektedir. Bu nedenle ii¢ boyutlu nokta
bulutu odlgme teknikleri akilli sehir uygulamalart igin
vazgecilmez bir veri kaynagidir.

Akilli sehirler insan ihtiyaglarinin kargilanmasinda ve
kaynaklarin yonetilmesinde etkili ve akilel ¢dziimler sunan
hizmetler bitiiniindiir. Kaynaklarin sinirlt olmasi daha etkin
ve verimli karar vermeyi zorunlu kilmaktadir. Bu ise 6lgme
ve bilgisayar teknolojilerinden daha fazla yararlanilarak
miimkiindiir.

Kentlerin konumsal veri alt yapisinin temeli cografi bilgi
sistemi (CBS) dir. Diger konum esash uygulamalar CBS ye
entegre edilerek kullanilir. Bina bilgi sistemi (BIM) bina igi
islemlerin ve yapilanmanin kontrolii i¢in kullanilir. CBS ve
BIM entegrasyonunu [1] igeren akilli sehir uygulamalari
taleplerin karsilanmasi1 ve gorevlerin yerine getirilmesinde
daha fazla alternatif sunar.

CBS de konum wverisi cesitli kaynaklardan elde edilir.
CBS’nin temel altlig1 yiiksek ¢6ziiniirliklii hava fotograflari
ve Lidar verileridir. Bu verilerden sayisal arazi modeli
(SAM) ve ortofoto haritalar iiretilir. Bu temel yap1 iizerine
binalarin {i¢ boyutlu modelleri olusturularak {i¢ boyutlu kent
modelleri elde edilir. Boyle bir veri altyapisina dayali olarak
her tiirlii konumsal sorgulama ve analiz yapilabilir. Daha ileri
asamada binalarin i¢ ve dis detaylarini goriintiileyen
modellemeler yapilir ve bina bilgi sistemleri olusturulur. Bina
bilgi sistemlerinde 3B gosterim detay zenginligine gore ii¢
farkli kategoride temsil edilir [2]. Her {ist seviye gercek
goriiniime biraz daha yaklasir ve daha fazla detay bilgisi
icerir. LoD4 seviyesi bina i¢i detaylar1 da iceren ii¢ boyutlu
goriiniim seviyesidir ve duvar, tavan, pencere ve kapi gibi
detaylar secilebilir [3,4]. Bina i¢i detaylarm Olciilmesinde ve
robot navigasyonunda ugus zamanl kamera (ToF kamera) ve
Lidar 6l¢gme teknikleri kullanilir [5,6].

Kentsel detaylarin cadde ve sokak goriiniimlerinin elde
edilmesinde mobil haritalama sistemleri kullanilmaktadir [7].

Diger yandan bina yan yiizeylerinin modellenmesinde egik
cekimli hava fotograflar1 kullanilir [8]. Bu 6lgme teknikleri
ile dl¢lilemeyen alanlarin biitiinlemesi yersel lazer tarama ve
fotogrametrik yontemle elde edilen nokta bulutlari ile yapilir
[9]. Elde edilen ii¢ boyutlu nokta bulutu verileri ortak bir
koordinat sisteminde birlestirilerek sorgulama ve analiz
yapilabilecek bir yapi kazandirilir. Sorgulama ve analizler
sonucunda bilgisayar destekli sistemler bir karar olusturarak
yon tayini, engel tespiti, gibi gdrevler yerine getirirler ve
akilli sehir uygulamalari olarak degerlendirilir. Akilli
sehirlerde 6zellikle mobil hizmetlerin yerine getirilmesinde
3B nokta bulutu 6lgme tekniklerinin kullanimi yaygindir.
Mobilite; robot navigasyonu, robotlarla yapilan tagimacilik,
giivenlik hizmetleri, siiriicii destek sistemleri, insansiz arag
navigasyonu, trafik giivenligi ve kalabaliklarin yonetilmesi
gibi  hizmetleri kapsar. Bu ¢aligmada akilli  sehir
uygulamalarinda 3B algilama ve nokta bulutu O6lgme
tekniklerinin kullanimi ve uygulama drnekleri arastirilmistir.

Il. MATERIiALS AND METHOD

A. Akl Sehir

Akilli sehir ve akilli kirsal, iiretim faaliyetlerinin
gerceklestirilmesi, insan ihtiyaglarmin karsilanmasi, kentsel
denetim ve yoOnetim faaliyetlerinin verimli bir sekilde
gergeklestirilebilmesi i¢in olusturulan veri toplama, isleme,
iletisim ve karar verme sistemlerini igerir. Burada bahsedilen
verimlilik kisa siirede daha diisiik enerji gereksinimi ile
faaliyetlerin ~ yerine  getirilmesini  ifade  etmektedir.
Giliniimiizde enerji gereksinimi her gecen giin artmaktadir.
Dolayisiyla akilli sehirlerden beklenen fayda bu verimliligin
saglanmasidir.  Niifusun  hizla  artmasi  ihtiyaglarin
kargilanmasi i¢in mevcut kaynaklarin verimli kullanimini
zorunlu kilmaktadir. Bu asamada akilli sehirler cevresel,
sosyal ve ekonomik olarak siirdiiriilebilir bir gelecek amaglar.
Diger yandan, bu amaglar1 gergeklestirmekle yiikiimlii karar
vericilere daha fazla alternatif ve etkili karar olanag1 saglar.
Sehirler ne kadar akilli sorusuna yanit ise akilli bilesenlerin
kapsadiklar1 hizmetlere karsilik sayisal bir deger olarak ifade
edilir [10].

Akilli sehirlerden amag, toplumsal yonetim ve ihtiyaglarin
cevreye duyarli ve giivenli bir sekilde saglanmasidir. Bu
amagla cesitli sensorler ve sensor sistemleri ile sehrin her
tarafinda ¢esitli 6l¢iiler yapilir ve meveut durum goriintiilenir.
Sensorler bulunulan konumda kullanicilara en fazla bilgi
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saglayacak sekilde dizayn edilir. Toplanan veriler insanlar ve
makinalarin daha akilli karar verebilmelerini saglayacak
sekilde analiz edilerek bilgiye doniistiiriiliir. Akilli sehirlerde
karar verici birim sadece makinalar ya da bilgisayarlar
degildir. Akilli sehir aynt zamanda, en uygun karari
verebilmeleri i¢in insanlara alternatifler sunar.

Veri:
Yazilim: Konum

Yf—.\p.a.y.l zeka Boyut, sekil
Bilgi liretme AKILLI Semantik
Karar verme . Atmosferik
Otomasyon SEHIR

iletisim:

loT

loP

P2P, P2M

M2M, M2P

Sekil 1. Akall: sehirlerin temel bilesenleri

Akillr gehirlerin baslica bilesenleri, veri altyapisi, iletigim
alt yapisi ve yazilim hizmetleridir (Sekil 1). Veri altyapisinda
konumsal bilgi énemli bir yer tegkil eder ve farkli tekniklerle
elde edilir. Konum verisi alt yapisint cografi bilgi sistemleri
olusturur [11,12]. Konumsal verinin toplanmas: farkli
tekniklerle gerceklestirilir. Ozellikle lidar lgme teknikleri
farkli amaglarla yogun nokta bulutu verisi toplamada yaygin
olarak kullanilmaktadir. Lidar sistemleri aktif sistemlerdir ve
disaridan sagladiklari enerji ile ¢aligirlar. Pasif sensorlerle
fotogrametrik 6lgme diger bir veri kaynagidir. Aktif lazer ve
fotografin birlikte kullanildigi nokta bulutu 6lgme teknikleri
de akilli sehirler i¢cin konum verisi saglar. Akilli sehir
hizmetlerinin siirdiiriilebilir olmasi i¢in konumsal bilgiler
giincel olmal1 ve belirli periyodlarla yenilenmelidir. Diger
yandan, akilli sehirlere farkli kaynaklardan da veri saglanir.
Ornegin hava kirliligi, giiriiltii ve su kalitesi 6lgen sensorler
gibi. Cevrenin geometrik durumu ve iliskili diger veriler
bilgisayar ortamina aktarilarak mevcut durumun digital ikizi
olusturulur. Akilli uygulamalar bu digital veri iizerinden
yapilacagi igin ozellikle mevcut geometrinin algilanmasinda
nokta bulutu 6lgme teknikleri 6nemli bir yer tutmaktadir.
Akilli  sehirlerde iletisim  belirli  gdrevlerin  yerine
getirilmesinde internet olanaklarini ifade eder (IoT) [13,14].
Bu iletigim insan-insan (P2P), insan-makine (P2M), makine-
makine (M2M) yada makine-insan (M2P) arasinda olabilir.
fletisim bilgisayarlar, cep telefonu yada mobil cihazlarla
saglanir. Iletisim platformu sayesinde siiriiciisiiz araglar, ev
hizmetlerinin uzaktan kontrolii ve akill tagima sistemleri gibi
hizmetler yerine getirilir. Akilli sehirlerde veri isleme birimi
ihtiyaglarin karsilanmasinda mevcut kaynaklarin en etkili
sekilde kullanilmasini saglayan 6nemli bir bilesendir [15].

Veri isleme birimi yazilimi ile veriden bilgi ¢ikarimi
yapilarak karar olusturulur. Olusturulan karar uygulamaya
konularak otomatiklik derecesine gore aksiyon olusturulur.
Ozellikle yapay zeka uygulamalar1 sayesinde pek cok
hizmetin sunulmasinda kalite artacaktir. Gelecegin akilli
sehirlerinde yazilimin bileseninin daha da 6nemli hale
gelecegi degerlendirilmektedir.

B. Nokta Bulutu Ol¢me Teknikleri

1. Hava 3D Lidar

Lidar algilayicilar kentsel ve kirsal alan olgmelerinde
yaygin olarak kullanilir. Hava Lidar tekniginde 300-3000m
yiikseklikten 6l¢ii yapilir ve Olgiiler yatayda 20cm, diiseyde
ise 10cm civar1 dogruluktadir. Geiger-mode Lidar tekniginde
6lgme yiiksekligi 10 km civarindadir. GPS verileri ile birlikte
degerlendirildiginde Lidar dogrudan georeferanslt veri saglar.
Kentsel planlama, bina modelleme ve afet yonetimi amaciyla
yiiksek yogunluklu (70 nokta/m?) hava Lidar verileri
kullanilir [16]. Kentsel modellemede Lidar veri yogunlugu
500 nokta/m? ye kadar ulagabilir. Ulusal boyutta daha genis
alanlarin 6l¢iilmesinde daha yiiksek (3000m ye kadar) seviye
uguslarindan elde edilen diisiik yogunluklu (3-15 nokta/m?)
Lidar verileri kullanilir [17]. Yeni nesil Lidar sensorlerinin
boyutlari olduk¢a kiiclilmiis ve agirliklari azalmigtir. Bu
sayede insansiz hava aract (IHA) larda Lidar kullanimi
yaygmlasmistir. IHA Lidar kentsel ve kirsal alanlarda arazi
topografyasi goriintiileme, denetim ve izleme gibi amaglarla
kullanilmaktadir. Farkli periyot olgiileri karsilagtirtlarak
arazide olusan degisimler izlenebilir. Ozellikle dogal afetler
sonrast mevcut durum hizlica tespit edilebilir.

Lidar olgiilerinden elde edilen ¢oklu doniis sinyalleri
sayisal yilikseklik modeline ilave olarak baska bilgilerin de
elde edilmesini saglar. Coklu doniis sinyallerinden bitki
ortllii alanlarda agac yiikseklikleri ve hacimleri gibi bilgiler
elde edilebilir. Ayrica ¢ok hizli bir 6lgme teknigi olan
Geiger-mode Lidar yerde hareketli tasitlarin ve diger
cisimlerin takibi ve tespiti i¢in de kullanilabilir.

2.Yersel Mobil Lidar

Yersel mobil Lidar kara ve deniz araclarmma ve diger
hareketli platformlara yerlestirilen Lidar sensorleri ile hareket
halindeyken 3B nokta bulutu &lgmeyi ifade eder. Mobil
haritalama havadan olgiilemeyen kentsel detaylarin yiiksek
¢oziinlirliiklii nokta bulutunun Olciilmesini saglar. Kentsel
alanlarin 3B sokak goriiniimleri mobil 6lgme teknikleri ile
bilgi sistemlerine aktarilmaktadir. Lidar verileri ile birlikte
elde edilen kamera goriintiileri renk ve doku bilgisi saglar.
Mobil Lidar verisi bulunulan noktada 3B panoramik bir
goriintiileme saglar. Mobil Lidar 3B modellemeye ilave
olarak hareketli robotlar ve insansiz araglarda ¢evrenin
goriintiilenmesi  ile engel tespitinde kullanilir. Mobil
haritalamada dogruluk 2-3 cm civarindadir.

Kentsel alanda araglarin giremedigi alanlar sirt ¢antasinda
yada elde tagmabilen mobil Lidar ile 6l¢iilmektedir (Sekil 2).
GPS sinyalleri alinamayan noktalarda dl¢iilerin entegrasyonu
SLAM yontemi ile saglanir. Deniz ve karanin birlesigi kiy1

seritlerinde  topografik yapmmin ve bina detaylarmin
goriintiilenmesinde  deniz  araglar1 ile mobil o6lgme
gerceklestirilir.

Mobil Lidar yonteminde aletin sarsintilardan g¢ok fazla
etkilenmemesi igin daha az hareketli parca iceren kompakt
tarayicilar kullanilir. Bu tarayicilarda 1gmin yonlendirilmesi
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farkli gekillerde gergeklestirilir. Cok 1sinli Lidar (MBL)
mobil haritalama ve kentsel alanlarin kesintisiz olarak
izlenmesinde yaygin olarak kullanilir ve panoramik
gorintilleme saglar. OPA (optical phased array) ve MEMS
(microelectromechanical systems) kompakt Lidar teknikleri
belirli bir goriis acis1 altinda 6lcii gergeklestirir. Ozellikle
araglarda ve hareketli robotlarda kullanimi1 yaygindir.

i

™ RN |y ey

Sekil 2. Yersel mobil Lidar platformlar [18]

3. Yersel Lazer Tarayici

Yersel lazer tarayict (YLT) akilli sehir uygulamalar igin
zengin konum bilgisi saglayan statik 6lgme teknigidir. Sokak
ve cadde detaylarmin sayisallastirilmasinda YLT oldukga
kullanighdir. Bunun yaninda akilli gehir uygulamalarinin
onemli bir Dbileseni olan bina bilgi sistemlerinin
olusturulmasinda da yersel lazer tarayicilar kullanilir. Bina igi
detaylarin 3B sayisallastirmas1 YLT ile yapilabilir. YLT hem
geometrik hem semantik bilgi toplanabilen bir olgme
teknigidir. Bina i¢i ve dis1 geometrik bilgiler yogun nokta
bulutu seklinde elde edilir. Tarama 6l¢ii dogrulugu oldukca
yliksek ve milimetre seviyededir. Bina i¢i cisim modellemede
kullanilan tarayicilarin tarama nokta siklig1 ve 6l¢ii dogrulugu
cok yiiksektir. YLT, bina modellemede genellikle
fotogrametrik yontem ile birlikte kullanilir [19]. Topografik
6lgmelerde 6km ye kadar olan mesafede tarama yapilabilir.
YLT, ozellikle belirli periyotlarda olgii  gerektiren
deformasyon ve degisikliklerin tespiti i¢in oldukca
kullanighdir [20]. Ayrica yapimi devam eden ingaatlarin
tamamlanma durumlar1 periyodik Ol¢iilerinin karsilagtirmasi
sonucunda tespit edilebilir [21]. Uzun mesafe Olcen lazer
tarayicilarla  yanina ulasilamayan topografik detaylar
olgiilebilir. Endiistriyel ve tibbi modellemede lazer ve kamera
birlesiminden olusan iiggenleme tarayicilar kullanilir ve
dogruluk oldukca yiiksektir.

4. ToF Kamera (Phase-Shift)

ToF kamera video gekim hizinda 6lgii yapar. Olgme hizi
saniyede 100 frame olan kamera modelleri vardir. Sagladig
6lgme hizi sayesinde 6zellikle robotik uygulamalarda ve arag
etrafindaki hareketlerin tespitinde yaygin olarak kullanilir.
Bunun yaninda siirekli 6lgme modunda fabrika sahasindaki
iscilerin izlenmesi ve olagan dis1 hareketler tespit edilerek
uyari sistemi olusturulmasinda kullanilir. Ozellikle kalabalik
alanlarin gdzlenmesi, insan hareketlerinin analizi kamera
gorlintiilerinden miimkiindiir [22]. Hareket analizi ile olasi
komutlarin kamera oOlgiisiinden algilanabilir. Kameranin en
onemli kullanim alanlarindan birisi de bina bilgi sisteminin
olugturulmasidir. Bina i¢i detaylar statik ya da mobil robotlar
ile dlgiilerek LoD4 seviye 3B bina modelleri olusturulur
[23,24]. Diger yandan akilli sehir uygulamalar1 kapsaminda
fabrika sahalarindaki iiretim bantlarmin izlenmesi ve kontrol
edilmesinde ToF kamera verilerinden yararlanilir.

5 3D Flash Lidar Kamera (Puls-Time)

Flash kamera 1smn ugus zamani (puls yontemi) ile 6lgi
yapar ve bina i¢i ve acik alan 6lgmeleri i¢in uygundur. Olgme
mesafesi Skm olan kamera modelleri vardir. Kameranin
gorlis acisina bagli olarak Olgme mesafesi ve piksel
¢cozlinirligi farklilhk gosterir. Enerji gereksinimi yiiksektir.
Omegin GSFL-16K Flash Lidar kameranin 6l¢gme mesafesi
lkm, nokta yogunlugu 128x128 piksel, 6l¢me hiz1 20Hz dir.

Gelecegin akilli sehirlerinde araglar siirliciisiiz olarak
yonetilebilecektir. Flash Lidar kamera arag¢ -etrafindaki
hareketli cisimlerin tespiti ve yol takibi yapilarak siiriiciiye
destek amacli kullanilmaktadir. Flash Lidar kamera 6lgme
hiz1 araglarin hizlari ile uyumludur ve 6zellikle sehir igin
uygulamalarda oldukga etkilidir. Bu sayede akilli sehirlerde
trafik kazalar1 azaltilarak yollar, araglar ve yayalar i¢in daha
giivenli hale gelecektir. Kentsel alanlarin ii¢ boyutlu
modellenmesi, trafik yogunlugunun ve ara¢ hizlarinin tespiti
flash kamera ile yapilabilir.

Gelecegin akilli sehirlerinde araglar diger araclarla ve
kentin alt yapist ile iletisim halinde olacaktir. Bu iletisimin
saglanmasinda flash Lidar dl¢ilisii 6nemli bir yer tutmaktadir.
Flash Lidar kamera gece yada giindiiz her tiirli hava
kosulunda kullanilabilir. Hava araglarinin takibi ve
yonlendirilmesinde flash kamera kullanilmaktadir. Boylece
insansiz ucus yapilabilecek ve hava araglarinin kazalari
onlenecektir. Insansiz kara yada hava araglar ile taksi
hizmeti sunulabilecektir.

6. Fotogrametri

Fotogrametrik nokta bulutu bindirmeli fotograflardan
otomatik olarak olusturulur. Hesaplama tekniklerindeki
gelismelerle  birlikte fotogrametrik  islemler oldukca
kolaylagmustir. Bilgisayar yazilimlari sayesinde fotogrametrik
gorintiiler  tam  otomatik  degerlendirilebilmektedir.
Fotograflardan nokta bulutu olusturulabilen bu yontem SfM
fotogrametri olarak da isimlendirilir. SfM teknigi ile her tiirlii
kamera gorlintiisiinden nokta bulutu olusturulabilir. Nokta
yogunlugu oldukea yiiksektir. Dogruluk 6lgme geometrisine
bagli olarak degisir ve birkag santimetre civarindadir.

Fotogrametrik  goriintiilerin ~ yer ¢Oziiniirliigli ¢ekim
mesafesi ve kamera piksel boyutlarina bagla olarak degisir ve
10-50cm arasindadir. Hava fotogrametrisi 6zellikle kentsel
planlama, 3B modelleme, ortofoto iiretimi ve SAM olusturma
amactyla kullanilir [25]. Akilli sehir uygulamalarinda LoD2
seviye 3B kent modelleri hava fotogrametrisi nokta
bulutundan {iretilebilmektedir. SfM fotogrametri, 6zellikle
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planlama ve biyik c¢apli afetlerin kisa siirede
goriintiilenmesinde kolaylik saglar. Egik ¢ekimli kameralar
kullanilarak kentsel alanlardaki yiiksek binalarin yan
ylizeyleri modellenebilmektedir [26]. Hava fotogrametrisinde
6l¢ii dogrulugu resim 6lcegine baglidir ve 10cm den daha iyi
konum dogrulugu elde edilir. Nokta bulutunun dlgeklenmesi
ve georeferanslanmasi dogrudan ugus esnasindaki GPS
verileri ya da yer kontrol noktalarina dayali olarak yapilir.
Fotogrametrik ~ goriintilerin -~ doku  bilgisi  objelerin
siniflandirilmasi ve tanimlanmasinda kullanilir [27].

Araziye iliskin ¢ok sayida caliymada IHA’lardan elde
edilen yiikksek ¢oOzliniirliklii fotogrametrik goriintiilerden
yararlanilir. Kentsel alanlarda olusan kacak yapilasma ve
diger fiziksel degisimler IHA goriintiilerinden olusturulacak
nokta bulutlarinin karsilastirilmas: ile tespit edilebilir. Benzer
sekilde, dogal afetlerin etkileri olusturulacak IHA nokta
bulutundan hizlica tespit edilebilir. Olcii dogrulugu birkag
santimetre civarindadir.

Amatdr kameralar ve cep telefonu kameralar: ile alinan
yersel fotograflardan SfM yontemi ile georeferansli nokta
bulutu olusturulabilir. Kentlerin {i¢ boyutlu modellenmesinde
Ozellikle bina cepheleri yersel fotogrametri ile yiiksek
¢Oziinirlikli olarak modellenebilir.

C. Nokta Bulutu Islemleri

Lidar kullanan tarayicilarin nokta bulutu XYZ koordinatlar
ile birlikte cisim ylizeyinden donen 1sinlarin yansima
siddetini (I) de icerir. Yansima siddeti 6lgme yiizeyinin
materyal ve renk yapisina gore degisir. Dolayisiyla yansima
degeri 6lgiilen ylizeyi tanimlamada belirli ipuglar1 saglayan
o6nemli bir 6lgme datasidir. Yansima degerlerinden GSlgme
alaninin  mono renkli ortofoto ve 2B goriintileri
olusturulabilir. Lidar 6lgme teknidi entegre olarak kamera da
bulunduruyorsa (Ornegin yersel lazer tarayici) noktalar igin
renk (RGB) kaydi da yapilabilir.

Sadece RGB kameradan olusan olgme sistemleri XYZ
koordinatlar1 ve renk degerlerini (RBG) igeren nokta bulutu
saglar. Bir baz gubuguna yerlestirilen stereo kameralar bu tiir
bir 6lgme sistemidir. Cisim tanimlama ve smiflandirmada
renk degeri ¢ok dnemlidir.

Infrared projektdr ve termal kamera bulunduran &lgme
sistemleri (6rnegin Kinect kamera) ise gorlintii piksellerinin
koordinatlarmi o6lger.

Akillr sehirlerde, 6lgme teknikleri ile elde edilen yogun
nokta bulutuna segmentasyon, siniflandirma, filtreleme,
mesafe (derinlik) goriintiisii, yansima goriintiisii islemleri
uygulanarak obje tanimlama, takip, engel tespiti, yon tayini,
hareketli insan ve ara¢ kiimelerinin izlenmesi gibi amaglarla
kullantlir.

Segmentasyon: Aym geometrik 6zellige sahip noktalarin
siniflandirilarak  ¢oklu  homojen bolgeler olusturulmasi
islemidir. Ayni bdlgeye ait noktalar benzer ozelliklere
sahiptir. Segmentasyon; robotik islemler, akilli araglar,
stirliciistiz navigasyon ve mobil haritalamada yaygin olarak
kullanilir.

Simflandirma: Hem geometri hem de 6lgme yiizeyine ait
diger wveriler kullanilarak, O©nceden tanimlanmis veri
etiketlerine dayali olarak genellikle makine 0Ogrenmesi
yoluyla 3B nokta bulutunun kategorize edilmesi islemdir.
Lidar verisinden ¢iplak yeryiizii, bitki ve su alanlarina ait
noktalarin siniflandiriimasi gibi.

Filtreleme: Belirli biyiikliikte bir kutu gezdirilerek
aranilan geometrik O6zellikteki nokta kiimesinin bulunmasi

islemidir. Kutu boyutu ve sekli farklihk gosterebilir.
Filtreleme genellikle 3B nokta bulutundan obje tespiti,
tanimlama ve takibi i¢in yapilir. Obje tamimlama, objenin
sekil, boyut ve doniikligiiniin belirlenmesi ve taniml
koordinat sisteminde konumunun ifade edilmesini igerir.

Mesafe (Derinlik) goriintiisii: Derinlik goriintiisii goriintii
alanindaki cisimlerin 3B 6l¢me aletinin faz merkezine (ya da
secilen bir noktaya) ya da goriintii diizlemine uzakliklaria (Z
koordinatina) gore olusturulur. Detaylar se¢ilen renk tonu ile
renklendirilir. Ozellikle renk ¢esitliligi bulunmayan ve
algilamada zorluk ¢ekilen goriintii alan1  detaylarim
tanimlamada kullanilir. Ozellikle karanlik ortam sartlarinda
alman Lidar ol¢iilerinden ¢evresel geometri analizinde ¢ok
kullanilir.

Yansima goriintiisii: Lidar nokta bulutunun icerdigi
yansima degerleri ile olusturulan 2B gri tonlu mono renkli
fotografik goriintiidiir.

D. 3B Nokta Bulutu ile Akilli Sehir Uygulamalart

3B nokta bulutu 6lgme teknikleri ile ¢ok sayida akilli sehir
uygulamalari gergeklestirilebilir. Baslica uygulamalar agagida
detaylandirtlmistir.

1. Mobil Robot Navigasyonu

Kendi kendine hareket eden robotlar pek ¢ok sehirde
giivenlik, kargo tagimacilig1 ve temizlik isleri gibi amaglarla
kullanilmaktadir (Sekil 3). Robotlar1 hareket yonlerini tayin
edebilmeleri igin ¢evresindeki engelleri tespit ederek karar
vermeleri gerekir. Cevrenin geometrik durumunu algilamada
robot fizerine yerlestirilen lazer tarayici ya da Lidar kamera
kullanilir. Ozellikle MBL tarayict panoramik &lgme ve
algilama saglar. Diger yandan flash lidar kamera da belirli bir
gorlis acist  ile algilama yapar. Robotlar hareketli

olduklarindan kullanilan sensor sarsmtilardan etkilenmeyen
ya da ¢ok az etkilenen bir yapida olmalidir. Bu amagla
kullanilan sensorlerden biriside solid-state lazer tarayicilardir.

Sekil 3. 3B Lidar sensorii ile donatilmig mobil robot ile kargo dagitimi [28]
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Sekil 4. Lazer tarayici destekli endiistriyel otonom mobil robot [28]

Lidar, mobil robotlarin insan miidahalesi olmadan 6zerk ve
giivenli bir sekilde calismasini ve navigasyonunu saglar.
Ayrica degigen sicaklik, aydinlatma ve yagis dahil olmak
lizere ¢ok zorlu i¢ ve dis ¢evre kosullar1 da otonom mobil
robotlarin kullanimini gerektirir (Sekil 4).

2. Trafik Akis1 Denetleme

Sehrin belirli noktalarina konulan lazer tarayici ve kamera
ile trafik akis1 canli olarak izlenir (Sekil 5). Araglar trafik
yogun gilizergahlar konusunda uyarilarak alternatif giizergah
Onerileri ile trafik akigt rahatlatilir ve karbon salinimi
azaltilir. Ayni sekilde yaya trafik akisi da izlenerek yayalar
ve araglar i¢in bilgilendirme ve yonlendirme yapilir. 3B nokta
bulutundan yayalar ve araglar igin tespit, tanimlama ve
izleme yapilabilir. Ayrica konum, boyut ve hizlar

belirlenebilir.

Sekil 5. Siirekli 6l¢tim yapan lidar ile arag ve yaya trafigi izleme [28,29]

3. Yaya Giivenligi

Ozellikle araglarin  yayalara verebilecegi zararlarm
Oonlenmesinde ara¢ iizerinde konumlandirilmis Lidar
sensorleri kullanilir. Arag¢ etrafindaki bisikletli, yaya ve
hareketli diger cisimler nokta bulutu analizinden kolayca
tespit edilebilir (Sekil 6). Ara¢ icin bir uyar1 sinyali
olusturulur ve frenleme yapilir. Bu islem hem siiriicii
kontroliinde hem de siiriiciisiiz araglar igin yapilabilir.
Otomobil iizerine konumlandirilmis kamera fotograflart ile
de yaya giivenligi uygulamalar1 vardir. Ancak Lidar kadar
etkili degildir. Lidar sensdrleri genis bir goriis alan1 saglar ve
gece giindiiz kosullarinda kullanilabilir. Bu tiir akilli sehir
uygulamalar1 belediye yonetimlerinin vatandaslart i¢in daha
giivenli yaya trafigi olusturmasina yardimer olur.

Sekil 6. Kalabalik bir kavsakta yaya ve arag trafigine ait Lidar nokta bulutu
verisi [28]

4.Kalabalik Yonetme ve Yonlendirme

Kalabalik insan topluluklarinin bulunabilecegi hava alani,
miize, lokanta ve kafeler Lidar tarayici ve kameralar ile

izlenerek yonlendirme yapilir (Sekil 7). Nokta bulutundan
kisi sayim1 yapilarak merkezi bir iletisim sistemi ile belediye
ve hiikiimet yetkililerine ulastirilir ve gerekli yonlendirmeler
yapilir. Boylece sehir altyapisinin daha verimli kullanimi
saglanmig olur. Ayrica Covid-19 salgimi siirecinde
gordiigimiiz  gibi  kisiler arast glivenli mesafenin
saglanmasinda denetim ve uyar1 yapilabilir. Kisi saymm
yapilarak say1 sinirlamasi olan kapali alanlara gereginden
fazla sayida kisinin girmesi 6nlenebilir. Ornegin tek bir Lidar
tarayict (Quanergy MQ-8) ile 140m yarigaplh bir alanda 300
kisi ve ara¢ bdyle bir sistem tarafindan ayni anda tespit
edilebilmektedir.
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Sekil 7. Farkli noktalara yerlestirilen lazer tarayici ile kisi tespiti ve takibi
[29]

5. Park Yeri Tespiti

Park yerleri Lidar tarayici ile siirekli izlenerek araglar bos
park yerlerine yonlendirilir (Sekil 8). Boylece araglarin daha
kisa siirede park etmesi saglanarak karbon salinimi azaltilmis
olur. Park edecek araglarda siiriici yardimi varsa kendi
kendine park edebilir. Park alani ¢izgisi sistemde tanimli
olacagi igin ¢izgi dist alana park edilmesi 6nlenmis olur. Park
uygulamasi katli otopark alanlart i¢in de uygulanabilir.
Panoramik tarama yapan lazer tarayicilar agik ve kapali park
uygulamalar1  i¢gin  uygundur. Ancak kapali alan
uygulamalarinda ToF kamera da kullanilabilir.
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Sekil 8. Park yeri tespiti [30]

6. Siiriicii Destek ve Otomasyonu

Hareketli araglarda otomatiklik seviyesi farkli derecelerde
ifade edilmektedir. Bazi otomatik sistemler mevcut durumu
analiz ederek siiriiciiyli uyarirken (siiricii destek sistemi)
bazilarinda arag kendisi dogrudan reaksiyon
gosterebilmektedir (Sekil 9). Kara ve hava araglar1 nokta
bulutu verisini analizi ederek kendi yolunu bulabilir ve
stirliclisiiz olarak yol alabilir. Bu sekilde otomatik kontrolii
yapilan araglarda kaza riski en az seviyeye inecektir. Bu
tasitlar yolcu ve kargo tasimaciliginda kullanilabilir. MBL
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panoramik lazer tarayici bu islem i¢in uygun bir se¢imdir.
Diger yandan flash Lidar kamera IHAlarin ucus yiiksekligini
belirlemede kullanilmaktadir. Siiriiciisiiz navigasyon deniz
araglar1 icin de uygulanmaktadir. Otonom araglar tasit,
bisiklet ve yaya gilivenliginin saglanmasma da katk:
saglayacaktir. Otonom sistemlerin basaris1 arag gevresini
goriintiileyen sensorlere ve elde edilen nokta bulutu verisinin
analizine baghdir.

Sekil 9. Arag etrafi obje tespiti ve siiriicti destek sistemi [31]

7. Fabrikalarda Uretim Hatti Otomasyonu

Ozellikle Lidar kameralar iiretim bantlarindan ¢ikan
driinlerin  sekil bozuklugu denetimi, paketlenmesi ve
dagiimmda  kullanilmaktadir.  Uretim  asamalarmin
digitallestirilmesinde =~ ve akilli  dretim  tekniklerinin
olusturulmasinda Lidar sensorlerin katkisi ¢ok fazladir.
Ayrica, fabrika sahasindaki isci hareketleri izlenerek olagan
dis1 diigme ve kayma gibi durumlarda giivenlik uyarisi
yapilabilmektedir.

8. 3B Haritalama ve Gériintiileme

Akilli sehir uygulamalarinin ¢ogu 3B veri tabanina dayali
olarak gerceklestirilir. Bu nedenle ozellikle kentler icin 3B
modellerinin  olugturulmas1 ¢ok oOnemlidir. 3B kent
modellerinin olusturulmasinda mobil Lidar hizli ve diigiik
maliyetli bir goriintiileme saglar. Diger yandan mobil
haritalamada fotogrametrik nokta bulutu teknigi de
kullanilmaktadir. Lidar teknigi veri kalitesi ve dogruluk
bakimindan fotogrametrik yonteminden daha basarilidir. Bina
i¢ci ayrint1 seviyelerinin modellenmesinde (LoD4) ise Lidar
kamera ve kisa Olgme mesafeli optik mobil tarayicilar
kullanilir.

9. Akilly Tarim

Akilli tarim uygulamalarinda GPS destekli sistemler
kullanilmaktadir. Ancak bu sistemler gerekli verim ve
tarimsal giivenligin saglanmasi igin yeterli degildir. GPS‘e
ilave olarak ortamin 3B goriintiisiinii saglayan sensorler engel
algilama, bitki tiirii tanimlama, analiz ve giivenlik icin daha
fazla olanak saglar. Lidar, tarimsal faaliyetlerde 3B
gorlintiilemeyi saglayacak diisiik maliyetli ve gilivenilir bir
6leme teknigidir [32]. Bu sayede tarimsal {iretimin en 6nemli
faktorii olan maliyetin azalmasi saglanmis olacaktir.

1HLUYGULAMA

Arag iizerine monte edilen Ouster OS1 MBL ile mobil
Lidar olgiisii gergeklestirilmistir. OS1 (L3 Chip) Lidar 1sm1

yansitma orani %80 olan yiizeyler i¢in 200m o&lgme
mesafesine sahiptir (Table 1). Olgme verisi koordinat bilgisi
yaninda yansima degerlerini de icermektedir. Nokta bulutu
yogunlugu dlgme mesafesine bagli olarak azalmaktadir.

Table 1. Ouster OS1(L3 Chip) teknik 6zellikleri [33]

Olgme mesafesi 90m@%10, 200m@%80
Diisey goriis acis1 45°

Isinsal ¢oziiniirliik 128 kanal

Olgme hizi 5.2M pts/s

Olgme hassasiyeti +0.7cm

Kamera NI-Entegre

Agirlik 4479

OS1 Lidar iki doniis sinyali kaydeder. Bu sayede 1sin
dogrultusundaki farkli detaylar ortaya cikarilabilir. Bu 6lgme
datasinin birinci ve ikinci doniis sinyallerine ait nokta bulutu
goriintiisii Sekil 10 da goriilmektedir. Ikinci doniis sinyali
sayesinde agaclar tespit edilebilmistir.

Lidar aleti merkez kabul edildiginde nokta bulutunun
6lgme mesafesine gore renklendirilmis goriintiisii cisimlerin
uzakliklarmi gostermektedir (Sekil 11). Nokta bulutundan
olusturulan 2B mesafe ve yansima goriintilleri Sekil 12°de
verilmistir.

Sekil 10. Ouster OS1 Lidar ilk (iistte) ve son (orta) sinyal doniislerine ait
nokta bulutu goriintiileri. Tki déniis sinyali yesil ile renklendirilerek her iki
doniis sinyalinin birlikte goriiniimi alttaki sekildedir.
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1 )

Sekil 12. Ouster OS1 nokta bulutu verisinden tiretilmis 2B mesafe (iist), yansima (orta), sinyal (alt) degerleri goriintiisi
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Tablo 2. 3B 6lgme sensérlerinin genel 6zellikleri

. .. Entegre 8 - .. Mobil - .. .
3B ol¢me teknigi RGB kamera Ol¢me datasi Goriis alam 6l¢cme dleme Ornek 6l¢me aleti
Lidar Yok XY, Z Es Z..alflar?.h m.at.ns Evet Geiger mode Lidar
goriintiileyici
Lidar Yok XY, Z,1 Ardigik blok nokta Evet Hesai/PandarGT-L60
tarama
Lidar Var X,Y,Z,1,R,GB Ardisik nokta Evet Leica City Mapper Il
tarama
ToP Lidar kamera |y, XY,z Es zamanh matris Evet SR4000
(phase shift) goriintiileyici
3D Flash Lidar var XY.ZIRGB | Fyzamanhmatris | g o, GSFL-16K
kamera (Puls time) goriintiileyici
Serbest el RGB Post proses, es Amator kamera, akilli
Kamera var XY.ZRG,B zamanli Hayr telefon kamerasi
Stereo Kamera Var X,Y,Z,R,G,B Es zamanl Evet ZED stereo kamera
Lidar+Kamera Var X.Y.ZRGB Ardigik nokta Hayir Konica Minolta Vivid
tarama 910
IV. TARTISMA
Akill1  gehir, bilgilerin ve kamu hizmetlerinin V. SONUC

sayisallagtirilmasini saglar. 3B nokta bulutu 6l¢iim teknikleri
3B izleme ve mekansal analiz i¢in yiiksek yogunluklu konum
bilgisi saglar. 3B nokta bulutu konum bilgisine ilave olarak
goriintii objelerinin boyutlari, siniflandirilmast ve hareketli
obje takibini saglar. Segmentasyon ve siniflandirma ile nokta
bulutu verilerinden daha fazla bilgi elde edilir. Bu adimda
akilli gehrin yazilim bilesenleri de 6nemli rol oynar. 3B
Lidar, akilli sehir uygulamalarinda dogru ve etkili ¢oziimler
sunar. Lidar geometrik konum bilgisine ilave olarak yansima
degerlerini de kaydeder. Yansima degeri cismin tiiriinii tespit
ve smiflandirilmasinda ilave bilgi saglar. Lidar sadece
geometrik  bilgi kaydi yaptigindan kamusal alanda
kullanilmasinda kisisel veri giivenligi agisindan yasal bir
sorun olusturmaz. Fotogrametrik nokta bulutu tekniginde
konum  bilgisine ilave olarak doku bilgisi de
kaydedilmektedir. Bu nedenle kamuya acik alanlarda kigisel
bilgi bakimindan sakincalar1 bulunmaktadir.

Lidar gece ve giindiiz kosullarinda kullanilabilirken
fotograflar yalnizca giindiiz elde edilebilir. Yiiksek olgme
hizina sahip lazer tarama ve kamera sistemleri ile mobil
O0lcme yapilabilmektedir. Sehirlerde kavsak noktalarina
yerlestirilen Lidar sensorler ile siirekli modda 3B veri kaydi
yapilabilmektedir. Bu sayede yaya ve arag¢ hareketleri
izlenerek denetleme yapilabilir. Fotogrametrik nokta bulutu
olusturmada herhangi bir teknik bilgiye ihtiyag¢ olmamasi
yaygin bir kullanim olanagi saglamaktadir. Her tiirlii kamera
ile alman goriintiilerden 3B fotogrametrik nokta bulutu
olusturulabilir. Diisiik maliyetli bir 6lgme teknigidir. Cogu
3B modelleme uygulamasi Lidar ve fotogrametri
yontemlerinin birlikte kullanilmasini gerektirir.

Lidar aktif bir 6lgme teknigidir ve disaridan saglanan
enerji ile calisir. Dolayisiyla Lidar segiminde enerji
gereksinimi diisiik aletler tercih edilmelidir. Ug¢ boyutlu
Oleme tekniklerinde Lidar ve kamera tek basina yada birlikte
kullanir. Lidar ¢oklu doniis verisi 151n dogrultusundaki farkl
mesafelerin ve dolayisiyla detaylarmn algilanmasini saglar.
Lidar sistemleri noktalara renk degeri atanmasi i¢in kamera
goriintiilerine ihtiya¢ duyar. Buna gore Lidar ve kamera
iceren Ol¢me tekniklerinin genel oOzellikleri Tablo 2 de
verilmistir.

Akilli sehirlerde kamera, radar ve termal sensorlere dayali
gelencksel yontemler her tiirli aydinlanma ve hava
kosullarinda yeterli dogrulukta veri saglayamazlar. Ozellikle
mobil uygulamalar i¢in ii¢ boyutlu nokta bulutu 6lgme
teknikleri yaygin kullanim alanidir. Diigiik enerji gereksinimi
olan dlgme hiz1 yiiksek tarama yada kamera Lidar teknikleri
mobil haritalama, {i¢ boyutlu goriintiileme ve robotik
uygulamalar i¢in uygundur. Lidar verisinden olusturulan
mesafe ve yansima goriintiileri renk degerine yardimci olarak
goriintii  alan1 geometrisini dogru algilamada &nemlidir.
Fotogrametrik nokta bulutu diisik maliyetli bir olgme
teknigidir. En 6nemli Ustiinliigl her tiirli fotograftan teknik
bilgi gereksinimi olmadan nokta bulutu olusturulabilmesidir.
Ozellikle THA fotogrametrisi kentsel alanlardaki fiziksel
degisimlerin izlenmesi i¢in ¢ok uygundur. Nokta bulutu
6leme teknikleri akilli sehir hizmetlerinin sayisallagtirilmasini
saglar. Daha yogun nokta bulutu dogru ve hizli karar vermeyi
kolaylagtirir. Hava nokta bulutu &lgme teknikleri genis
alanlarin  haritalanmast ve sayisal arazi modelinin
olusturulmasi yersel yontemler ise sokak goriiniimii ve cisim
modelleme i¢in uygundur. Hava ve yersel yontemler akill
sehir uygulamalar1 i¢in birbirini destekler sekilde
kullanilmalidar.
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Tiirk¢e Ozet — Bu galismada ikincil piller arasinda yaygin olarak kullanilan AAAHRO03 model 1,2 V nominal potansiyelde ve
950 mAh kapasiteye sahip ticari nikel-metal hidrit (Ni-MH) pilinin, agik devre potansiyeli, asir1 sarj durumu ve farkl
potansiyellerdeki 10 kHz — 10 mHz frekans araliginda empedans 6lgiimleri incelenip esdeger elektrik devresi ile birlikte
degerlendirilmistir. Bu tekrar sarj edilebilir pilin empedans cevaplari ve gelistirilen esdeger devre modeli ile pilin 6nemli fiziksel
parametreleri saptanmustir. Asir1 sarj pilin kotliye kullaniminin bir 6rnegi olmasina ragmen empedans 6lgtimleri sonucunda Ni-
MH pilinin 1,5 V’a kadar asir1 sarja dayanikli oldugu go6zlemlenmistir. Ayrica, gelistirilen modelin, enerji ihtiyacinin
kargilanmast ve gelecekte iiretilecek pillerin tasarimi igin etkili olabilecegi ve bilylik bir potansiyele sahip oldugu ortaya
konmustur.

Anahtar Kelimeler — Ni-MH pili, elektrokimyasal empedans spektroskopisi, asir1 sarj, esdeger elektrik devresi, agik devre
potansiyeli

Anf: Ince, E., Erol, S. (2022). Nikel Metal Hidrit Pilinin Agirt Sarj Durumuna Elektrokimyasal Empedans Spektroskopisi
Cevabu. International Journal of Multidisciplinary Studies and Innovative Technologies, 6(2): 218-222.

Electrochemical Impedance Spectroscopy Response of Nickel-
Metal Hydride Battery to Overcharge Condition

Abstract

In this study, open circuit potential, impedance measurements in the frequency range of 10 kHz — 10 mHz at different potentials
including overcharge, and equivalent electrical circuit of the commercial AAAHR03 model nickel-metal hydride (Ni-MH)
battery with 1.2 V nominal potential and 950 mAh capacity were evaluated. With the impedance responses of this rechargeable
battery and the developed equivalent circuit model, the important physical parameters of the battery were determined. Even
though overcharging is a case of battery abuse, as a result of impedance measurements, it has been observed that the Ni-MH
battery is resistant to overcharging up to 1.5 V. In addition, it has been demonstrated that the developed model has great potential
and can be effective for meeting energy needs and for the design of batteries to be produced in the future.

Keywords — Ni-MH battery, electrochemical impedance spectroscopy, overcharge, equivalent electric circuit, open circuit
potential
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I. GIRIS

Bir elektrokimyasal gii¢ kaynagi veya pil, bir kimyasal
reaksiyonda serbest kalan enerjinin dogrudan elektrige
doniistiiriilmesini saglayan bir cihazdir. Piller iki ana islevi
yerine getirir. Birincisi ve en Onemlisi, tasinabilir elektrik
enerjisi kaynaklari olarak islev goriirler. Oniimiizdeki 20 yil
boyunca 6nem kazanmasi muhtemel olan ikinci fonksiyon,
baz1 elektrokimyasal sistemlerin harici bir kaynak tarafindan
saglanan elektrik enerjisini saklama yetenegine dayaniyor. Bu
tir piller, elektrikli tagitlarin siiriilmesi, acil durum gii¢
kaynaklar1 igin ve kisa siireli talep =zirvelerinin (yiik
dengelemesi) karsilanmasi1 i¢cin ana elektrik besleme
sisteminin bir pargas1 olarak veya giines, dalga veya riizgar
enerjisi gibi yenilenebilir enerji kaynaklari ile uyumlu bir
sekilde kullanilabilir [1].

Pilleri smiflandirmanin iki kullanislt yolu vardir. Birincisi,
bir kez desarj edilen ve sonra atilan “birincil piller” ve tekrar
sarj edilen ve bdylece bir¢ok kez kullanilan “ikincil piller”
arasinda ayrim yapmaktir. Ikinci yararli ayrim, bireysel satin
alinan "tiiketici pilleri" ile sanayi ve ticarette kullanilan
"endiistriyel piller" arasindadir. Tiketici bataryalarmin gogu
kiigiik, tek hiicreli cihazlardir (otomobil mars bataryasinin
dikkate deger istisnasi harig), endiistriyel bataryalar daha
biiyiik, sarj edilebilir ¢ok hiicreli modiiller olma egilimindedir
[2].

Tiiketici pazari, yliksek enerji yogunluklar1 ve kiiglik
boyutlar gerektiriyor. Bu, gittik¢e daha giiglii ve gii¢ olarak ag
hale gelen tasmabilir cihazlarda yeterli ¢alisma siiresi
saglamak i¢in yapilir. Tasinabilir ekipmanin hizla kii¢iilmesi,
tireticilere daha kiigiik pilleri icat etmeleri i¢in baski yapti.
Ancak bu, caligma siiresinden 6diin vermeden yapilmalidir.
Bir pakette daha fazla enerji depolamak, diger kaliteler
genellikle tehlikeye girer. Bunlardan biri de uzun dmiirliiliiktiir
[3].

Nikel-metal hidrit (Ni-MH) piller esasen, kanitlanmig
sizdirmaz nikel-kadmiyum pil teknolojisinin, kadmiyum bazli
elektrot yerine hidrojen emici bir negatif elektrotun ikame
edilmesiyle bir uzantisidir. Bu ikame, belirli bir agirlik ve
hacim igin bataryanin elektrik kapasitesini (amper-saat olarak
Olciiliir) arttirir, toksisite kaygilarini artiran kadmiyumu
ortadan kaldirir, nikel-metal hidrit pilin geri kalani, nikel-
kadmiyum iiriine olduk¢a benzerdir. iki pil tipi arasinda birgok
uygulama parametresi degismez [4].

Elektrokimyasal hiicrelerin davranigini tanimlamak igin
kullanilan 6nemli ve pratik yontem, parametrelerin kisa bir
aciklamast ve bu elektrokimyasal sistemlerin temel
ozelliklerinin basit esdeger elektrik devrelerinin kullanimi ile
nasil modellenebilecegi izlemektedir [5].

Ni-MH pilleri iizerine yapilan ¢alismalarda Ying Zhu ve
arkadaglar1 [6] arastirmalarinda elektrokimyasal empedans
spektroskopisini (EIS) ve X-ray spektroskopisini (EDX)
birlikte kullanarak Ni-MH piller igin esdeger devre
modellemesini g¢izerek, pilin iginde gerceklesen kimyasal
reaksiyonlart incelemislerdir. Bu ¢alismamizda pilin
davranisini anlayabilmek igin elektrokimyasal empedans
spektroskopisin ile elde ettigimiz verileri kullanarak, pilin
esdeger devre modelini ¢izdik ve gerekli parametreler
iizerinden yorumlamalar yaptik. Bir diger ¢alismada ise Kwo-
hsiung Young ve Shigekazu Yasuoka [7] Ni-MH pillerde
taramali elektron mikroskobu (SEM) ve X-11n1 enerji dagilim
spektroskopisi  (EDS)  kullanarak, kapasite  diisme
mekanizmalarina  yonelik arastirmalar  yapmistir. Bu

calisgmamizda asir1 sarjin Ni-MH pilinin kapasitesine olan
etkilerini EIS yardimu ile arastirdik.

Bu calismada tiiketicilere yonelik iiretilmis, GP ReCyk0+
marka AAAHRO03 Ni-MH pilinin agir1 sarja zorlanmasi
durumunda EIS yontemi kullanilarak, agir1 sarj durumunda
empedans verilerinde ne gibi degisiklikler oldugunu
gozlemlemek, hangi potansiyelde bozuldugunu empedans
verilerini  yorumlayarak belirlemek, c¢alisma araligini
belirlemek ve esdeger elektrik devre modellemesini yapmak
amaglanmistir.

Il. MALZEME VE YONTEM

A. Malzeme ve Cihaz

Deneylerde materyal olarak GP ReCyk0+ marka AAAHRO03
10,5 mm ¢apinda ve 44,5 mm uzunlugunda silindirik Ni-MH
pili kullamilmustir. Olgiimler Gamry Reference 3000 AE
Potansiyostat/Galvanostat cihazi ile gergeklestirilmistir.

B. Yontem

Ni-MH pili uygun bir pil tutucuya yerlestirildikten sonra
gerekli baglantilar yapilmigtir. Sonra bir dakika boyunca agik
devre potansiyeli (OCP) 10’ar saniye araliklarla 6l¢iilmiistiir.
Bu islem bize pilin i¢inden akim ge¢cmedigi durumdaki
potansiyelinin 1,25 V oldugunu gostermisgtir. 1,25 V
potansiyeldeki pilin empedans &lgiimii 1 mV genligindeki
potansiyel salinimu ile alternatif akim olusturularak 10 kHz —
10 mHz frekans araliginda alinmis ve sonrasinda sabit 5 mA
akim uygulanarak 1,5 V’a kadar kademeli olarak sarj
edilmistir. Asir1 sarjin etkilerini keskin bir sekilde gérmemek
amaci ile sarj islemi sirasinda yumusak sarj uygulanmistir.
Sarj islemi sirasinda 1,25V, 1,30V, 1,40 V, 1,45V ve 1,50 V
potansiyellerde empedans dlgiimleri alinmistir.

Tim deneyler oda sicakliginda gerceklestirilmistir.
Empedans verilerinin  giivenilirligi  Kramers Kronig
esitlikleri ile saglanmistir. Gamry yaziliminin i¢inde bulunan
program yardimi ile Ni-MH pilinin matematiksel modellemesi
yapilmistir. Sekil 1°de deney diizenegi gosterilmistir.

Sekil 1. Pil tutucu ve krokodil soketler yardimi ile baglantilari yapilmig Ni-
MH pili. Krokodil soketlerden yesil olani ¢aligma elektrodu (WE), kirmizt
olani karsit elektrot (CE), turuncu olani karsit sensor (CS), mavi olani
¢aligma sensorii (WS), beyaz olan referans elektrodu (RE) ve siyah olan
topraklama i¢in kullanilmistir.

111.BULGULAR VE TARTISMA
AAAHRO03 Ni-MH pilinin baglangigtaki potansiyelinin
belirlenmesi i¢in agik devre potansiyeli (OCP) dl¢iilmiistiir ve
baslangi¢ potansiyeli 1,254+0,03 V olarak belirlenmistir. Sonra
kademeli olarak pil potansiyeli 1,5 V’a sarj edilmistir. Bu sarj
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islemleri 5 mA sabit akim uygulanarak, kronopotansiyometri
ve kronoamperometri evreleri ile gergeklestirilmistir. Sekil
2’de Ni-MH pilinin potansiyel ile akimm zamanla degisimi
evreleri goOsterilmistir.  Sekil 2’de gosterilen 1. Kisim
kronopotansiyometri evresidir. Kronopotansiyometri akimin
sabit tutuldugu, potansiyelin arttirildigi evredir. 2. Kisim ise
kronoamperometri evresidir  ve kronoamperometri
potansiyelin sabit tutulup akimin yavag¢a azaltildigi evredir.
Asirt sarj esnasinda pilin belirli bir siireden sonra kendi
potansiyeline  dondiigli, kendiliginden desarj oldugu
gbzlemlenmistir. Sarj esnasinda bu evrelerin uygulanmasinin
sebebi pilin istedigimiz potansiyele geldiginde kendi ¢aligma
araligina donmesini geciktirmek istedigimizdendir.
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Sekil 2. Ni-MH pilinin 1.25 V’tan 1.35 V’a kadar sarj grafigi

Sekil 3(a) pilin ilk durumdaki 1,25 V hiicre potansiyelinde
empedans verilerini gosteren Nyquist grafigidir. Sekil 3(b)’de
goriildiigii gibi elektrolit direncinin potansiyel arttiginda pek
degismedigi gézlemlenmistir. Yiik aktarim direnci yaklagsik
olarak 110 Q cm? olarak gdzlemlenmistir. 1,4 V’a agir1 sarj
isleminden sonra Sekil 3(c)’de elektrolit direncinde pek bir
degisim gozlemlenmedigi halde sarj aktarim direncinde gozle
goriiliir bir artig gézlemlenmistir. Buradan yola ¢ikilarak asirt
sarj islemi siiresince pilin difiizyon evresine daha diisik
frekansta gectigi gozlemlenmistir. Sekil 3(d)’de gorildiigii
gibi 1,4 V potansiyelden 1,45 V potansiyele sarj edildikge
elektrolit direncinde ve sarj aktarim direncinde bir artig
gbzlemlenmistir. Ancak 1,5 V potansiyellerde Sekil 3(e)’ de
elektrolit ve sarj aktarim direncinde 1,45 V potansiyeldeki
verilere gore bir azalma gozlemlenmistir. 1,45 V potansiyelde
pilin elektrolit direncinin ve sarj aktarim direncinin maksimum
seviyeye ¢iktig1 sonrasinda ise azaldigi gdzlemlenmistir.
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Sekil 3. Ni-MH pilinin (a) 1,25V, (b) 1,30 V, (c) 1,40 V, (d) 1,45 V ve
(e) 1,50 V hiicre potansiyelinde empedans cevabinin Nyquist grafigi

Parametreler 1,25v | 1,30V | 140V | 1,45V | 150V
Re/Q cm? 88,13 | 85,78 | 9513 131 1225
Qc/Ss® 2,071 | 2,358 | 2,472 | 2,092 | 1,864
o 0,664 | 0,631 | 0,627 | 0,675 | 0,695
Ric/ Q cm? 6,270 | 7,719 | 11,34 | 10,85 | 9,343
Ca/ Fcm? 7,295 | 7,140 | 6,809 | 7,463 | 6,080
Rta/ Q cm? 3,933 | 5,448 | 8,960 | 9,277 | 9,956

Cizelge 1. Esdeger elektrik devresi parametrelerin regresyon degerleri

Hiicrenin tiim empedansina katkida bulunan pil ana
bilesenleri araciligryla esdeger bir devre islem modeli
gelistirilmigtir. Bu bilesenler pilin anot, elektrolit ve
katodudur. Anodik ve elektrolit empedanslari basit olarak,
kapasitans (Ca) ve paralel olarak bir sarj aktarim direnci (Rya)
ve seri olarak baglanmis bir direng (Re) igeren tek bir RC
{initesi olarak tanimlanmustir. Ote yandan, katodik kisim,
karakteristik kompleks yapisinin bir sonucu olarak daha
karmasik devre elemanlarma ve tasarima sahiptir. Katodik
empedans i¢in saf kapasitans yerine sabit faz elemani (CPE)
kullanilmistir. CPE'ye paralel olarak, katodik bir sarj aktarim

direnci (Rtc) ve bir difiizyon empedansi (Zq) elemanlar1 seri
olarak baglanir. Bunlarin yani sira, paralel bir bigimde
baglanan bir indiiktans (L) ve bir diren¢ (Rr) 'den olusan bir
LR birimi empedansimin yiiksek frekansli kisimina (indiiktif
loop) uyacak sekilde kullanilmigtir. Bununla birlikte, sistemin
bu ¢ok yiiksek frekans tepkisi, cihaz kablolari, baglanti
noktalar ve giiriilti gibi elektrokimyasal sistemin pil olmayan
bilesenlerinin empedansint yansitmaktadir. Ni-MH pilinin
esdeger elektrik devresi Sekil 4’te gosterilmistir [8].

L
rren

Kablo
ve Anot Katot
o Giiriiltit — WA——— ¢
Re . we
™ w— = =]
" Elektrolit -

Sekil 4. Ni-MH pili i¢in esdeger elektrik devresi

Pil empedansi (Z) pilin ana bilesenleri olan anot (Z),
elektrolit (Re) ve katot (Zc) empedanslarindan olugmaktadir.
Bu empedanslar seri halde bagli oldugundan Z degeri bu
empedanslarin  toplami olarak asagidaki esitlikte ifade
edilmistir.

Z=1Z4+ R+ Z, 1)

Anodik empedans, Z,, Sekil 4’te anot bolgesinde gosterilen
devre elemanlarinin esdeger empedans: olarak asagidaki
formiilde ifade edilmistir.

Rta
Zg= . (2

1+jwRt,aCdla

Katodik empedans, Z., Sekil 4’te katot bolgesinde gosterilen
devre elemanlarmin esdeger empedast olarak asagidaki
formiilde ifade edilmistir.

_ Rtct Zac
¢ 1+(w)*¢(Re,c+Zg,c)Qc

®)

Esitlik 2 ve 3’te j = v/—1 sanal karmasik say1y1 ve w = 27f
acisal frekans: ifade etmektedir. Esitlik 3’te katodik difiizyon
empedans1 (Z;.) Bisquert tarafindan gelistirilen ve kendi
admi tasiyan “’Bisquert Open’ (BTO) gecis hat modeliyle
aciklanmstir [9].

Cizelge 1°de esdeger elektrik devresinin istatistiksel olarak
onemli [10] parametrelerinin degerleri verilmistir. Tabloda da
goriildiigii gibi pilin elektrolit direnci (Re) tahmin edildigi gibi
tim potansiyellerde farklilik gostermistir. Model analizi
sonunda elektrolit direncinin asir1 sarjdan etkilenmedigi
gozlemlenmistir. Pil potansiyeli arttik¢a katodik sarj aktarim
direnci (Ric) ve anodik sarj aktarim direnci (Rta) degerlerinin
biiyiikk oranda farklilik gosterdigi gozlemlenmistir. Bunun
yaninda anodik kapasitans (C;) degerlerinde biiyiik
diyebilecegimiz bir degisim gozlemlenmemistir.

IV.SONUCLAR

Bu ¢alismada pilin fiziksel parametrelerini inceleyebilmek
adina empedans verileri yardimi ile matematiksel modellemesi
yapilmustir. Bu parametreler bize pilin 1,5 V potansiyele kadar
asir1 sarja dayanikli oldugunu ve pilin bir kapasite kaybina
ugramadigim géstermistir. Ote yandan pil 1,5 volta asir1 sarj
edilip bekledikten sonra yiiksek frekansta empedans verileri
bozuk ¢iktigimndan &tiirii modellemesi yapilamamustir. 1,5 V
potansiyelin Gistiine ¢ikilmak istendiginde uyguladigimiz sabit
5 mA akim yeterli gelmemistir. Bu ¢aligmada 200 mA gibi
daha yiiksek bir akimda pili sarj edip 1.5 V iizerine ¢ikmaya
calistik fakat yiiksek akim uygulandiginda pili bulundugu
potansiyelde tutmak neredeyse imkansiz oldugundan dolay1
1.5 volt iizerinde bir empedans verisi alinamamistir. Ni-MH
pilinin asir1 sarj mekanizmasinin Li-ion pillerdeki asir1 sarj
mekanizmasina yakin oldugunu diisiindiigiimiiz i¢in pili 250
mA sabit akim ile 1,6 V hiicre potansiyeline sarj etmeye
calisilmig anca 1,55 V’tan sonra verdigimiz akim yine yeterli
olmamustir ve pil potansiyeli sarj etme esnasinda diismeye
baslamistir. Bunun nedeninin sarj esnasinda anotta toplanan
iyonlarin ¢ok yogun ortamda bulunmak istemediginden Stiirii
uyguladigimiz itici giicten daha yiiksek bir oranda geri difiize
oldugunu tahmin ediyoruz.
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Abstract — This paper presents applied physical proto results as a proof of technical concept of the patent: “Specific Lens design
for Automotive Headlamps” (European Patent Office, Specific Lens design for Automotive Headlamps: European Patent Office,
The Hague PCT/TR2020/051125; 11/2021). It includes the base explanations of bending/cornering lights features; the relevant
European regulations; and then proposes the new idea with defined new optomechanical targets. It gets deeper with design of
the new non-uniform surface lens in five different versions for which the patent is applied on version 5 and it continues with
physical proto construction of the complete LED Module; assembly of the module in the automotive headlights; making the new
module functional in the headlamp and finally giving the applied physical results with a night drive test.

Keywords — Automotive headlights; fixed bending light/ fixed cornering light; non-uniform surface; optics

I. INTRODUCTION

Today the design and performance of automotive headlights
plays a critical role which impacts the customer perception by
offering different driving modes. These driving modes also
become as a safety feature while driving under hard weather
conditions or dark zones which decreases the driver vision of
visibility of the road and surroundings.

In this approach, bending and cornering light features inside
the headlamps plays a crucial role for the safe and comfortable
driving by giving assistance to have better visibility in tight
bends, junctions, or parking conditions.

Il. BENDING/CORNERING LIGHT FEATURES

Bending and cornering light features are used to create
adaptive driving beams within headlights to create safety
driving modes.

A. Bending Light Feature

Bending lights are used to illuminate the bends of roads.
There are 2 types of bending lights: dynamic and static
bending lights. Dynamic bending lights use a motor to move
the low beam PES module and create bending light. This
design is not preferred today due they are expensive, heavy
and high in volume. An example can be seen in Fig.1.

@

Fig. 1. Dynamic bending light (2)/ low beam (1)

Static bending lights are angled reflector designs within
headlamps. They are also not preferred as their efficiency is
not good enough compared to dynamic bending lights. Both
solutions are mechanical designs. Bending light feature is lit
on by switch of combi switch or is activated by steering wheel
angle.

As indicated on UNECE R112, optical design of headlamps
shall be so made that they give adequate illumination without
dazzle when emitting the passing beam, and good illumination
when emitting the driving beam. Bend lighting may be
produced by activating one or more LED module(s) being part
of the passing beam headlamp [1]. In table 1; a synthesis of
bending light in terms of regulations can be seen.

Static Bending Light Regulation Synthesis

Legislation area ECE

Regulation number R98/R112

*Part of low beam

Legal since 10.12.2002

No specific photometry requirement
Should illuminate under cut-off line

ECER 48

Height: 500mm<x<1200mm
*Steering Angle

*curve of radius<500m

Definition

Mounting Regulation number

Switching

Table 1. Static Bending Light Regulation Synthesis
B. Cornering Light Feature

As indicated in UNECE R119, cornering light is used to
provide supplementary illumination of that part of the road
which is located near the forward corner of the vehicle at the
side towards which the vehicle is going to turn [2]. As
indicated by Sullivan, the distribution of preview positions
shows strong concentrations between 30 and 35 degrees to the
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right or left of the current direction of travel [3]. On Fig.2,
additional illumination of cornering light can be seen with
number 1.

(0

4

T

<n
-

(2)
Fig. 2. Cornering light (1)/ low beam (2)

Following R119; for the left-hand device, the minimum
intensity of the light at the specified measuring points shall be
as follows: (1) 2.5D —30L: 240 cd, (2) 2.5D —45L.: 400 cd, (3)
2.5D — 60L: 240 cd. The same values apply symmetrically for
a right-hand device. The intensity of the light emitted in all
directions shall not exceed 300 cd above the 1.0U L and R line,
600 cd on the horizontal plane 14.000 cd below the 0.57 D-L
and R line. In the areas of 10° above and below the horizontal
and between 30° and 60° outwards the light intensity shall be
at least 1.0 cd [2].

L

Fig. 3. Cornering light R119 photometry requirements

11I.DETERMINATION OF DESIGN CONSTRAINTS AND
TARGETS OF THE BENDING/CORNERING MODULE

In this section, major design constraints and targets are
constructed. The main purpose to design this LED module is
to create a bending/cornering feature by use of a statical optical
solution in a compact, performance and cost-efficient manner.

A. Optical Targets

The optical constraint of the module is received from the
regulation requirements mentioned in the previous section.
However, the targets are defined to create further optical
performance. It is aimed to achieve both cornering and
bending features in this optical design. So, the optical target
parameters are tailored based on this starting intention.

Luminious Flux
200 Im
Max Limunious Intensity
3000 + %10 cd
Location in Horizonal Axe Location in Vertical Axe
[-40°;-35°] [-1°;-3°]
Efficiency of the optical System ( Output flux / Input flux )
966 (200 Im /300 Im )
250 cd isolux line

Vertical Axe

50 cd > 12°

250cd:-9°
1000 cd : -7°

Table 2. Optical Performance target of the Bending/Cornering Modul

Horizonal Axe
[-70°;-65°] [-15°;-10°]

A. Mechanical Targets

Lens dimensions are determined as w:38mm XH: 24 mm X
D:22mm. It is decided that the module will be positioned on
the corner of the headlamp where TI function is located as
can be seen red marked in Fig.4.

Fig.4 Location of FBL module in the headlamp

Additionally following mechanical positioning requirements
are applied as an input to our optomechanical design during
simulations:

Driver's eye position (ground clearance): 1172 mm
Driver's visibility starting distance: 5747 mm (From
Bumper)

Distance between left low beam and right low beam (in y-
axis): 1311 mm = space between right and left bends
Distance between left cornering light and right cornering
light (in y-axis): approx. 1150 mm

Low beam ground clearance (in z-axis): 713 mm
(reference ground clearance)

Ground clearance of the cornering light (in the z-axis):
approx. 700 mm.

IV.DESIGN OF THE OPTICAL FIXED BENDING/
CORNERING LED MODULE

As the optical and mechanical limits and target are defined; it
is started with the design the non-uniform collimating lens that
will assure the targeted photometry requirements. To achieve
the targets, 5 different design versions are studied.

In the different versions the main characteristics that made the
differences were listed as following: the level good cut-off
clarity; the smoothness of the transition from the low beam as
supplementary illumination on the road and assuring the good
combination of bending and cornering features. It is
unacceptable to create any glare with the presence of a bright
light, during which visibility is temporarily reduced [4].

The first version was rejected due to bad cut-off clearance on
HV horizontal line, as can be seen in Fig.5

Fig.5. V1-Optical design
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So, the second version with stable cut of clarity is generated as
can be seen below in Fig.6. When this simulation output was
examined, it was seen that the corner lighting was very wide.
It was also found that the maximum light intensity (Emax) was
quite low.

. RenaultFBISO-FELV2-208im-LH-20210702 ies
T

Fig.6 V2- Optical design

Following V3 design can also be seen below in Fig.7. In this
version the maximum light intensity (Emax) value has been
increased. However, the position where the maximum light
intensity is seen is very outboard and not centred. It is
indicated that for the comfort of driving, the light distribution
generated on the street concerning luminance, contrast
sensitivity and homogeneity are further parameters [5]. The
version 3 design creates the risk of disconnection of the
cornering/bending beam from the low beam.

 Rensult FBIS0FBLVA-20C

Fig.7. V3- Optical design

Accordingly, V4 des

ign is produced as below on Fig.8.

e LH20211001 e
T v

Fig.8. V4- Optical design

The performance of the lens was improved by changing the
non-uniform surface angles of its prisms in line with the
determined targets, and as a result, light was added to the
bending/cornering zone. While this situation is positive, it is
undesirable that the Emax is low and the overlaps with the low
beam (LB) are too high towards in the front of the vehicle. The
final design is completed with V5 version with details that can
be seen in Fig.9.

Renault-FB190-FBL-V5-200im-LH-20211112.ies
5 T T T

Fig.9. V5- Optical design

With this final version, the design assures following
characteristics:

* Emax is centred around -40° within the symmetry
conditions. Emax has a high vertical value.

* The upper limit is flat and 0°, good coherence with LB.

* Flux meets 200 Im target.

* The side transitions are softened, and the inner and outer
regions are symmetrical.

* The outer limits at [-70; -60°] are not too wide, but
sufficient for static cornering lighting.

* The vertical lower boundaries of the beam are regular and

gradual. This ensures ideal operation for near-field lighting

and fog cornering lighting.

Comparative status of all 5 versions can be seen in Table 3 in
the following page. As can be seen; V5 final design is the best
match to create a good combination of cornering and bending
lights.
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Criteria [targets] | FB190v1 | FB190v2 | FB190v3 FB190 v4 FB190 v5
Flux [200 Im] 200 Im 208 Im 200 Im 207 Im 200 Im
Outer Limit -61.5° -77° -73° -70° -68°
[-70°;-65°]

Internal limit 0° -13° -19° -6° -12°
[-15°;-10°]

9° down -15° -9° -11° -8.5° -9°
minimum

above 0° +0° +0° +0° 0° 0°
maximum

3000 + %10 cd 4370 cd 2630 cd 3468 cd 2627 cd 3225cd
Horizontal -65° -45° -50° -38° -40°
Position

[-40°; -35°]

Vertical Position +5° -3.6° -1.85° -3.6° -2°
[1°;-3]

Table 3. Comparative table of all 5 version designs (V5 is best match)

Following on Fig.10, the iso-lux diagram of the final V5
version can be seen.

60 50 40 -30 0 -10 [ 10 20

E 30 5 60 70 80
flux=200.342 Im; | max a-30.7,-2.05}=3225.76 cd
50 250

max=3225.76

Fig.10. V5- Isglux Diagram
As can be seen in Table 4.; the cornering R119 requirements
are assured and are OK.

Date 2

BL_VS_2001lm_LH_20211112.ies
ing lamp left

name value OK min max
[ed] [ed) [ed]

test pos. found pos.
[deg] ldeg]

Table.4. V5- R119 Photometry Results of V5 Design: OK

When low beam and bending/cornering functions are merged
below iso-lux diagram can be observed on Fig.11.

6 5 4 10 [ 10 20
min=0 fux=000.871 Im; | max at-1.3-1.65}=28678.7 cd
0 1000

Fig.11. V5- Isolux Diagram (LB+ Bending/Cornering)

The driver view of the only low beam iso-lux diagram on the
road can be seen in Fig.12. Low beam together with
Bending/Cornering can also be seen in Fig.13.

20
min Mean=1239 ca/m*2, L max af-
[0.0321 0056 01 0.18 0.32 056 1

Fig.12. Driver view (Low Beam)

"2
32 56 10 18
=

1 L 3 56 10 18

(c0.032 0054 01 0.8 0.3

= = —=ly

Fig.13. V5- Driver view (Low Beam+ Bending/Cornering)
We can observe the smooth transition from low beam to
bending/cornering functions also on the grayscale distributions
of driver view can be seen on Fig.14 and 15.

-10 [ 10 20 0
yme2; L max ati-1.9,-3.9]=27.095 caim?2
522 7939 11376 15612
T T

Wean,
732

yme2l 032 0826
==

== e :
Fig.14. Driver view Gray Scale (Low Beam)

10
ym*2; L max alf-
5212

c- i) HEEE |El:E! 20‘742 =
Fig.15. V5- Driver view Gray Scale (Low Beam+ Bending/Cornering)

On Fig.16. only the low beam distribution on the bend of a

road can be seen. On Fig.17; it can clearly be detected the

additional value of this design as a benefit of driving comfort.

—_— 0.824
=

Fig.16. Real view on bend of a road (Low Beam

Fig.17. Real view on bend of a road (Low Beam+ Cornering/Bending)

Top view on the road for the same case can also be seen in
following Fig.18 and 19.

Fig.18. Top view on bend of a road (Low Beam)
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On Table.5; photometry table of left cornering function in
simulation and on Table.6 photometry table of left cornering
function in proto can be seen. Both results are OK in terms of
ECE R119 requirements.

Date : Wed Mar 1€ 12:12:01 2022
Regulation: ECE R11S cornering lamp left

name wvalue OK min max test pos. found pos.
Fig.19. Top view on bend of a road (Low Beam+ Cornering/Bending) e = = fee e
2.sD 20L 2985.€ OK 240.0 - -30.00,-2.50
2_5D 45L 2928.8 OK 400.0 - -45.00,-2.50
2.5D €0L 1172.4 OK 240.0 - -€0.00,-2.50
V. FUNCTIONAL PROTO PRODUCTION OF THE %7 T2 ™ = 2o imon o
BENDING/ CORNERING LED MODULE <0_87D 3225 3 OK - 14000 -€0.00,-50.00 ; 0.00,-0.57 -30.70,-2 .05

Table 5. Ph&dmétry table of left cornering function in simulation

: Wed Mar 1€ 12:10:53 2022

After optical and mechanical design of the cornering/bending B o, o e
module is completed; a prototype of the below 3D on Fig.20

. . . name wvalue OK min max test pos. found pos.
has been produced. On Fig.21 the isolux diagram of the e feal e taeal taeal
simulation result can be seen. webon  smsesor  oano o anos-esn

2.5D 45L 2521.3 OK 400.0 - -45.00,-2.50

2.5D €0L 905.0 OK 240.0 - -€0.00,-2.50

HHE-1U L-R 54%.8 CK - €00.0 -€0.00, 0.00 ; 0.00, 1.00 -54 .80, 0.00
=10 29595.0 CK - 300.0 —-€0.00, 1.00 ; 0.00, S0.00 —-55.00, 1.00
=0.57D 2€83.7 OK -— 14000 -€0.00,-30.00 ; 0.00,-0.57 -42.40,-3.00
The light distribution is OK

Table 6. Photometry table of left cornering function in proto

Following Fig.24-25 and 26 represents the Isolux diagrams of
simulation of low beam only; simulation of low beam+ V5
design and test results of low beam+ functional proto V5
respectively.

i)

= o £ e T - o e Sy
Fig.21. Isolux diagram of the simulation result , S e v P s
min=0 flux=700.641 Im; | max at-1.2,-1.7]=28962 cd max=28962
[cd] 50 2-50

On Fig.22, the proto sample can be seen assembled in the
headlamp. On Fig.23, we can see the IES file extraction from
the goniometer test results as an Isolux diagram.

Fig.24. Isolux diagram of simulation of low beam only

-10 80
min=0 flux=900.871 Im; | max at-13-1.65/=28678.7 cd Max=28678.7
0 1000

Fig.25. Isolux diagram of simulation of low beam+ V5 design

-0 -50 -40 -30 -20 10 0 10 20 30 50 60 80

1 min=0 flux=868.691 Im; | max at[-1.2 -1.7]=28962 cd max=28962
G - [cd] 50 250
-20 -60 50 -40 -20 -20 -10 10 20 20 40 50 60 80 T
min=0 flux=168.05 Im; | max at-42.4 -3]=2683.72 cd max=2683.72 . . .
e k1 %0 250 1000 Fig.26. Isolux diagram of test results of low beam+ functional proto V5

Fig.23. Isolux diagram of the functional proto . . .
g g P Same study is done also for driver view status on the road;

details can be found in the following Fig. 27-28 and 29.
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818 70 .60 50 40 .30 -20 10 10 200 30 40 50 60 70 8085

min=0 Mean=1239 ca/m*2, L max at}-1.9,-3 9]=27.095 cdim#2 Max=27.095
00322 0056 01 018 032 056 1 18 32 56 10 18
—— T i i T i i T T

Fig.27.Driver view simulation of low beam only

TR0 70 0 z S0 20 A0 1 2
min=0 Wean=2.137 caim’2; L max afi-1.9,-3.8]=27.12 caim'2 max=27.12

0.0327] 0.056 0.1 ﬂ]E D‘32 U‘EE 1‘ WIE 3‘2 E‘B W‘H 18
Fig.28.Driver view simulation of low beam only+ V5 design

gea0 70 60 50 40 30 20 0 20 30 40 50 60 70 8085

min=0 Mean=2 095 cdlm"2; L max at(-19.-3 91=27.097 caim’2 max=27.097
00372 0056 01 o1 032 0.56 4 18 32 18

Fig.29. Driver view of test results of low beam+ functional proto V5

The grayscale version of the same above Isolux diagrams can

be seen in Fig.30-31 and 32 respectively.

o

Ed

w7

-50 -40 -30 -20 -10 0 10 20 30 40 50 80 70 8085
min=0 Mean=1239 cdim"2; L max at-19 -3.9]=27 095 cd'm*2 max=27.095
32 317 522, 7.939

cdm*2] 032 0826

11.376 15612 20781
T T T

Fig.30.Gray scale driver view simulation of low beam only

o
o

-40 -30 -20 -10 0 10 20 8085

min=0 Wean=2.137 cdim’2; L max at-1.9-3.9]=27.12 cd/m"2 max=27.12
[cd/m*2] 0.32 0827 1.733 3173 5226 7.946 11.386 15.626 208
S — T T I

Fig.31.Gray Scale driver view simulation of low beam only+ V5 design

10

o

A

=1
&
-B5-80 -1 -60 -0 -40 -30 -20 -10 o 10 20 70 8085
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Fig.32.Gray Scale driver view of test results LB+ functional proto V5

Input LED Flux 3731Im 341 Im

Output Headlamp Flux 200 Im 168 Im
inc. headlamp outer lens transmision loss 15%

Optical System Efficiency 53% 49%
(output Flux / input Flux) % | (200 Im /373 Im) (168 Im / 341 Im)

Table 7. Efficiency calculation between simulation and proto measurements.

Accordingly, as calculated on Table.7 the optical module
efficiency is reduced from 53% to 49%. As a result of the
examinations, it was understood that this difference of 4% loss
of efficiency was due to the low level of polishing, and it
naturally originates from the production of the prototype
material. However, this situation is specific to the prototype

part and will be solved with serial tool production where we
can apply mirror polish surfaces without impacting the optical
efficiency.

We can see the bending road distribution on Fig.33,34,35 as
following: Simulation Low Beam; Simulation LB + V5
Cornering/Bending module and Real LB + V5 Functional
Proto Measurement respectively.

Fig.33. Simulation Low Beam distribution on the bending road

\

Fig.34. Simulation LB + V5 Cornering/Bending module

Fig.35. Real LB + V5 Functional Proto Measurement results

The cornering road distribution can also be found on
Fig.36,37,38 as following: Simulation Low Beam; Simulation
LB + V5 Cornering/Bending module and Real LB + V5
Functional Proto Measurement respectively

The cornering road distribution can also be found on
Fig.36,37,38 as following: Simulation Low Beam; Simulation
LB + V5 Cornering/Bending module and Real LB + V5
Functional Proto Measurement respectively

Fig.36. Simulation Low Beam distribution on the corner
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Fig.37. Simulation LB + V5 Cornering/Bending module on the corner

Fig.35. Real LB + V5 Functional Proto Measurement results on the corner

As a result, of this section; we have well seen the additional
value of the new designed cornering/bending module in
comparative manner between simulations and real
measurements. Taking into account the expected improvement
of efficiency in serial production; the test results obtained by
producing this design as a prototype also gives results in
parallel with the simulation and is sufficient to meet the
requirements.

In this regard, the lens, which was designed and analyzed with
the LucidShape program with five versions of which were
developed with gradually better results, was physically
obtained with prototype production; assembled in the
headlmap and brought ready as functional on the vehicle.

VI.NIGHT DRIVE TESTS WITH THE FUNCTIONAL
PROTO OF THE BENDING/ CORNERING MODULE

Within this section; we are focused on the functional proof of
concept by performing the night drive test for the officially
applied patent idea.

Below on Fig.36 we can see functional status of the
cornering/bending light in the inboard corner of the headlamp.

b s - - P |
Fig.36. The image after the installation of the cornering/bending module to
the vehicle

The on road on and off status of the cornering/ bending light
module can be seen respectively on Fig.37 and 38. The
additional light out put created by the cornering/bending
module on the side of the road can be seen as marked in the
red square. The dark zones which exist while only low beam
is on; are smoothly filled by the addition of the lit on of
cornering/bending module. This realization shows that the new

designed module has the potential to become a feature of
additional drivimg mode as a complementary of low beam.

Fig.37. Night Drive test: only low beam

Fig.38. Night Drive test: low beam+ cornering/bending module

As the cornering/bending light is lit on; another additional
benefit is realized which is easy detection of passangers,
animals or any other possible obsticles on the side of the road
that the driver can not detect while this cornering/bending light
is not lit on. So the Cornering Light enables drivers to see
obstacles in good time and take the appropriate action which
ensures greater comfort and safety [6]. On Fig. 39 and 40 the
night drive test results for comparative status of the lit off and
lit on status of cornering/Bending LED module can be
observed.

Fig.40. Night Drive test: low beam+ cornering/bending module

DISCUSSION

As a synthesis on Table.8; the comparative status between
input target; V5 Sim Results and final proto test results can be
observed.

229



International Journal of Multidisciplinary Studies and Innovative Technologies, 2022, 6(2): 223 — 230

Criteria

Optical Input Targets

V5 Simulation Results

Prototype Test Results

Flux

200 Im

200 Im

168 Im

Exterior Limit

[-70°-65]

-68°

-66°

Interior Limit

[-15°-10°]

9° down max

-12°
9

-14°
9

0° up max

-9°
0°

0°

0°

3000,5000] cd

3000 +/-10%cd

3225 cd

2683 cd

Horizontal range

[-40°-35°]

-40°

+38°

Vertical Range

(3]

2

3

Efficiency

Number of Led

1

%53
1

%49
1

Table 8. Comparative table between input target; V5 Sim Results and Proto
test results

When the Isolux diagrams on Fig.24 and 25 are evaluated, it is
seen that the light intensity distribution is similar. However,
while the maximum light output value of the simulation was
3225.76 cd, the maximum light output of the prototype is
determined as 2683.72 cd. Exterior limit is also reduced from
-68¢ to -66¢°. The lost in efficiency is considered due to below
facts:

e 4% difference in simulation and mockup measurement
results comes from the lack of the polishing of the light
mockup optical surfaces.

e Since it is PMMA plastic material, it is not possible to do
100% high gloss polishing. If high gloss polishing is
applied; it may destroy the optical surfaces of the plastic
material and might cause non-uniform surface design to
be damaged.

CONCLUSION

The final out come test results are in paralel with design and
simulation results. %4 efficiency difference is determined to
be expected as in serial devolepment, the hard tools surfaces
will be steel and it will be possible to 100% high gloss
polishing without any risk. Accordingly the light transmission
of the collimator’s optics surfaces will be higher than the
mockup and it is assumed that the target flux output in the
simulation will be assured. To sum up; this paper declares all
the R&D study sourcing from the patent idea and it expands
with succesfull technical proof of concept with relavant
simulations and test results.

In conclusion; the aim of AFS-Adaptive front Lighting
Systems is to adapt light dsitribution on to the road to give
optimum lighting performance in a range of driving situations
[6]; and the characteristics of the optical statistical designed
LED Module in this paper has a high potential to create
different driving modes with the safety and comfort driving
features to illuminate bending and cornering roads.
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Tiirk¢e Ozet — Enerjinin son derece dnemli oldugu giiniimiizde iilkelerin mevcut olanaklarini kullanarak iiretebilecekleri
enerjinin her tiirii 6zellikle enerji kaynaginda disa bagimli olan iilkeler agisindan biiylik dnem tasimaktadir. Bu agidan
yenilenebilir enerji kaynaklarmi kullanmak kadar énemli olan bir diger yontem de atil durumdaki enerjiden yararlanmaktir.
Dogal gaz basing diisiirme istasyonlarinda iiretilebilecek enerji bu duruma 6rnek olarak verilebilir. Mevcut dogal gaz basing
diisiirme ve 6lgiim istasyonlari, dogal gazin basimcini genlesme vanasi kullanarak diisirmektedir. Bu ¢alismada dogal gazin
basing diigiirme islemi i¢in genlesme vanasi yerine genlesme tiirbini kullanarak {iretilebilecek gii¢ iiretim potansiyeli
incelenmemistir. Bunun igin bir A tipi dogal gaz basing diisirme ve 6l¢tim istasyonu (A-Type Gas Pressure Regulation &
Metering Station — RMS-A) adi verilen tipi bir basing diisiirme ve 6lgiim istasyonundan alinan bir yillik veriler kullanilarak
gii¢ liretim potansiyeli incelenmemistir. Dogal gazin istasyon girisindeki basing ve sicaklik degerleri ile istasyona giris debisi
¢alismanin temel girdi parametreleri olarak kullanilmistir. Bu parametreler bir bilgisayar yaziliminda simiile edilerek elde
edilebilecek gii¢ miktar1 hesaplanmistir.. Sonug¢ olarak basing diisiirme ve Ol¢iim istasyonlarinda dogal gazin basinct
distriiliirken ayn1 zamanda 6nemli seviyede gii¢ liretimi saglanabilecegi degerlendirilmistir.

Anahtar Kelimeler — Basing Diigiirme ve Olgiim Istasyonlari; Genlesme Vanasi; genlesme tiirbini; Enerji; Dogal Gaz
Anf: Karabiber, Y., Yagli, H., Baydar, C., Mert, 1. (2022). RMS-A Tipi Dogalgaz Basing Diisiirme Istasyonlarmda Elektrik

Uretim Potansiyelinin incelenmesi. International Journal of Multidisciplinary Studies and Innovative Technologies, 6(2): 231-
237.

Investigation of Electricity Generation Potential in RMS-A Type

Natural Gas Pressure Reduction Stations

Extended Abstract

Todays’ where energy is extremely important, every type of energy that countries can produce using their existing facilities is
of great importance especially for countries that are dependent on abroad in term of energy sources. In this respect, another
method, which is as important as using renewable energy sources, is to make use of idle energy. The energy that can be
generated in natural gas pressure reduction stations can be given as an example of this situation. Existing natural gas pressure
reducing and measuring stations reduce the pressure of natural gas by using an expansion valve. In this study, the power
generation potential that can be produced by using an expansion turbine instead of an expansion valve for the pressure
reduction process of natural gas was investigated. For this, power generation potential was investigated by using one-year data
taken from an A-Type pressure reduction and measurement station (RMS-A) in our country. The pressure and temperature
values of the natural gas at the station entrance and the inlet flow rate to the station were used as the basic input parameters of
the study. The amount of power that can be obtained was calculated by simulating these parameters in a computer software. As
a result, it was evaluated that a significant level of power generation can be produced while reducing the pressure of natural
gas at pressure reduction and measuring stations.

Keywords — Pressure reducing and measuring stations; Expansion valve; Expansion turbine; Energy; Natural Gas

231


https://dergipark.org.tr/en/pub/ijmsit

International Journal of Multidisciplinary Studies and Innovative Technologies, 2022, 6(2): 231 — 237

Citation: Karabiber, Y., Yagh, H., Baydar, C., Mert, 1. (2022). Investigation of Electricity Generation Potential in RMS-A
Type Natural Gas Pressure Reduction Stations. International Journal of Multidisciplinary Studies and Innovative Technologies,

6(2): 231-237.

I. Giris

Gelismekte olan teknolojinin bir sonucu olarak
sanayilesme orani giin gectik¢e artmakta ve diinya niifusu da
her gegen giin ¢ogalmaktadir. Bu durumlarin bir sonucu
olarak enerjiye olan talep artmakta ve artan talebin dogal bir
sonucu olarak enerji tiiketimleri de yiikselmektedir. Bu
nedenle enerji hem giinlik hayatimiz i¢in vazge¢ilmez bir
ihtiya¢c hem de hizmet ve mal iiretimde en dnemli girdilerden
biri haline gelmistir. Ornegin; Enerji ve Tabii Kaynaklar
Bakanlig1 verilerine gore Tiirkiye’nin elektrik tiiketimi 2021
yilinda 332,9 milyar kWh olarak ger¢eklesmis ve bir dnceki
yila gore %8,74 artmistir. Benzer sekilde elektrik tiretim
miktar1 da 2021 yilinda 2020 yilina goére %9,14 oraninda
yiikselmis ve 337,4 milyar kWh olarak kayitlara gecmistir.
Yapilan degerlendirmelere goére 2025 yilinda elektrik
titketiminin 370 milyar kWh ve 2040 yilinda ise 591 milyar
kWh seviyelerine ulasmasi beklenmektedir [1].

Insanlarin yasammm siirdiirebilmesi igin hayati 6neme
sahip olan enerji; konut, sanayi, ticarethane ve ulastirma gibi
birgok alanda kullanilmaktadir. Ihtiyacimiz olan bu enerjiyi
¢ok sayida kaynaktan elde edebilirken igerisinde petrol,
komiir ve dogal gazin yer aldig: fosil yakitlar grubu bugiin
hala 6nemini korumaktadir. Kiiresel anlamda 2019 yilinda
diinyada {retilen enerjinin kaynaklara gore dagilimini
gosteren grafik Sekil 1 ile verilmistir [2].

= Petrol

~

= Kémir
Dogal Gaz
Hidro Elektrik
= Niikleer Enerji

= Yenilenebilir

Sekil 1. 2019 yili diinyada birincil enerji iiretim
kaynaklarinin paylari

Sekil 1’deki grafik incelendiginde diinyada hala en gok
tilketilen enerji kaynaginin petrol oldugu goriilmektedir.
Petroliin pay1 %33,1 iken, komiir %27°1lik ve dogal gaz ise
%24,2’lik oranlara sahiptir. Hidroelektrik enerjisi, niikleer
enerji ve yenilenebilir enerji kaynaklarmin paylar: ise
%10’un altinda yer almaktadir. Ayrica aralarinda IEA, EIA,
BP, ExxonMobil’in oldugu cesitli uluslararasi kurum ve
kuruluslarin yaptiklari projeksiyonlar da petrol ve dogal gazin
birincil enerji tiiketimindeki paylarint uzun donemler
boyunca koruyacaklar1 6ngoriilmektedir [3].

Fosil kokenli yakitlarin enerji tiretiminde bu denli 6nemli
olmasia ragmen iki biiyiik sorunu da beraberinde getirdigi
unutulmamalidir. Bunlardan birincisi bu enerji kaynaklarinin
cevre dostu olmamalaridir. Fosil kaynaklar enerji iiretiminde
kullandiklarinda atmosfere saliman CO; nedeniyle sera

etkisine neden olmakta ve dolayisiyla diinyamizin ortalama
sicakligi normalden daha ¢ok artmaktadir. Diger sorun ise her
iilkede bu kaynaklardan yeteri kadar bulunamamasidir. Bu
nedenle iilkeler ihtiya¢ duydugu fosil kaynaklari disaridan
temin etmek durumunda kalmakta ve bu da ithalat yapan
iilkelerin ekonomisinde ciddi bir ekonomik yiike neden
olmaktadir. Ornek vermek gerekirse 2019 yili sonu itibariyle
diinya dogal gaz rezerv miktar1 198,8 trilyon m® olup bu
miktarin %80’inden fazlasi 10 iilkede bulunmaktadir. 2019
yil1 itibariyle en fazla dogal gaz rezervine sahip 10 iilkenin
sahip oldugu rezerv miktarlar1 Sekil 2’de gosterilmistir.
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Sekil 2. Ulkelerin trilyon metrekiip cinsinden rezerv
miktarlari [2]

Sekil 2’de verilen grafik 2019 yili itibariyle diinyanin en
cok dogal gaza sahip ilk iic iilkesinin 38 trilyon m® ile Rusya
Federasyonu, 32 trilyon m® ile iran ve 24,7 trilyon m? ile
Katar oldugunu gostermektedir. Bu ilkeleri sirasiyla
Tirkmenistan, ABD, Cin, Venezuela, Suudi Arabistan, BAE
ve Nijerya izlemektedir.

Fosil kaynakli yakitlarin bu olumsuz yonlerini ortadan
kaldirmak amaciyla iilkeler enerji anlaminda yeni yontemler
iizerinde durmuslardir. Bu yontemler arasinda Ornegin
yenilenebilir enerji  kaynaklart gibi farkli kaynaklar
kullanarak enerji iiretmek oldugu gibi enerjiyi kullanirken
tasarrufu artirmak, tiretirken verimi artirmak ve atil enerjiden
yararlanmak gibi yontemler de vardir. Bu yontemlere &rnek
olarak; kazanlarda hava yakit oranmin optimize edilerek
verimin artirilmasi, mevcut makinalarin yerine yiiksek

verimli makinalarin  kullanilmasi, enerji  kacaklarini
onleyecek  sistemlerin  kullanmilmast  ve  kompresor
istasyonlarinda baca gazi 1sisindan elektrik retilmesi

verilebilir. Son yillarda iizerinde durulan bir diger yontem ise
dogal gaz basing diisirme ve Ol¢iim istasyonlarn (Gas
Pressure Regulation & Metering Station - RMS) kullanilarak
elektrik iiretilmesidir. Amerika Birlesik Devletleri, Ingiltere,
Rusya, italya gibi bir¢ok iilkede gesitli calismalar yapilmis ve
San Diego (California), Memphis (Tennessee) ve Hamilton
(New Jersey) sehirlerinde ilk uygulamalar gerceklestirilmistir
[4]. Yapilan gesitli arastirma ve ¢aligmalar, basing diisiirme
istasyonlarindaki basing diisiirme proseslerinin, genlesme
valfleri yerine genlesme tiirbinleriyle yapilmasi halinde, bu
istasyonlarda basing diisiirme isleminin yaninda elektrik
tiretiminin de yapilabilecegini gostermektedir [5]. Nitekim
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Farzaneh-Gord ve c¢alisma arkadaslari, Iran’in Horasan
bolgesinde bulunan basing diisiirme istasyonlar1 icin enerji
analizi yapmislardir. 1lgili istasyonlarda yillik ortalama
dogalgaz akis debisinin 90,5 kg/s oldugunu belirterek 9.930
kW elektrik enerjisi iiretilebilecegini ve Iran’in tamaminda
762 MW giiciinde elektrik {iretim potansiyelinin olabilecegi
sonucuna varmiglardir [6]. Yine bir baska c¢aligmada,
Ebrahim K. Ardali ve Esmaeil Heybatian iran’in Shahrekord
sehrinde bulunan maksimum 120.000 Sm®%h debiye sahip
sehir giris istasyonunda gaz kisilma vanasi yerine bir
jeneratorii calistiran %85 verime sahip 1,8 MW genlesme
tirbini kullanildiginda 6000 MWs elektrik iiretilebilecegi
sonucuna ulagsmuglardir [7]. Bu g¢aligmalarin bize gosterdigi
iizere RMS istasyonlar1 basing diisiirme islemini
gergeklestirilirken ayni zamanda azimsanamayacak miktarda
elektrik  iiretim potansiyeli de tasimaktadirlar. Bu
istasyonlarda {iiretilebilecek olan elektrik istasyonun kendi
ihtiya¢ duydugu enerjiyi saglamada kullanilabilecegi gibi
suyun elektroliz edilerek hidrojen elde edilmesinde de
kullanilabilir.

Yukarida da bahsedildigi gibi dogal gaz tasima islemi
sirasinda, dogal gaz diizenleme istasyonlarinda gaz akis
basinct diisiiriilmektedir. Bununla beraber gaz akisinda geri
dondiiriilemez ekserji kayiplar1 ortaya g¢ikmaktadir. Enerji
kaybi, giris ve ¢ikis gazi basing diizenleme ve Olgiim
istasyonlarindaki  dogal gaz akisinin  termodinamik
parametrelerine baglidir. Kuczynski ve arkd. (2019) bu atik
enerjiyi elektrik enerjisi tiretimine yonlendirmek i¢in basing
regiilatoriiniin bir genisletici (expander) ile degistirildiginde
elektrik iiretimi icin kullanilabilecegini degerlendirmiglerdir.
Ve bu amagla gaz genlesme prosesinin verimini etkileyen
dogal gaz diizenleme istasyonu c¢alisma parametrelerini
aragtirmak ve segilen dogal gaz diizenleme istasyonlarinda
basing regiilatorleri yerine turbo genlestiricilerin uygun
maliyetli bir sekilde uygulanmasi i¢in secim kriterlerini
belirlemislerdir [8].

Dogal gaz basing diisiirme istasyonlar1; dogal gazin sahip
oldugu yiiksek basincin, nihai tiiketicinin kullanacagi basing
degerine diistiriildiigl ve gerekli dlctim islemlerinin yapildigi
istasyonlardir. Tiim diinyada ve iilkemizde son derece yogun
olarak kullanilan ve kullanim miktar1 da her gegen giin artan
dogal gaz nedeniyle RMS’lerin sayilar1 artmaktadir.
Tiirkiye’deki RMS istasyonlarimin durumunu
degerlendirdigimizde ise yaklasik olarak aktif durumda olan
onemli sayida adet RMS-A tipi istasyonun var oldugu tahmin
edilmektedir. Bu durumda, mevcut RMS istasyonlar1 ve bu
istasyonlardan {retilebilecek elektriksel giic birlikte ele
alindiginda, ortaya kayda deger bir enerji kaynagi
cikabilecegi apacgik ortadadir. Ozellikle enerji iiretiminin ve
tiketiminin ¢ok Onemli oldugu son yillarda bdyle bir
potansiyelin dikkate alinmasi gerektigi degerlendirilmektedir.
Bu c¢alisgmada bir RMS-A tipi istasyonun gercek igletme
verileri kullanilarak, bu istasyondan iiretilebilecek elektriksel
giic potansiyeli arastirilmaktadir. Tiirkiye yiiksek niifusu ve
gelismis altyapist ile Onemli bir dogal gaz tiiketicisi
konumundadir. Ancak iilkemiz petrolde oldugu gibi dogal
gaz yonlinden de {iretimin tiiketimi karsilamadigt bir
konumda bulunmaktadir. Bu nedenle iilkemiz tiikettigi dogal
gazin bilyilik bir kismini ithal etmektedir.

Tiirkiye 2019 yilinda toplam 473,87 milyon Sm3dogal
gaz iiretmistir ve bu miktar 2018 yilina gére %10,62 oraninda

artmustir. En fazla iiretim yapilan iller Istanbul, Tekirdag ve
Kirklareli olup bunun disinda Canakkale, Diizce, Edirne,
Adiyaman ve Adana illerinde de iretim yapilmaktadir.
Tiirkiye boru hatlar1 vasitasiyla dogal gaz ithal ettigi gibi ayni
zamanda LNG kargo gemileri ile de sivilastirilmis dogal gaz
ithal etmektedir. Boru hatt1 ile dogal gaz giris noktalari;
Malkoglar, Durusu, Tirkgozii, Gilirbulak, ve TANAP
Seyitgazi’dir. LNG olarak dogal gaz giris noktalar1 ise;
Marmara Ereglisi LNG Terminali, Egegaz Aliaga LNG
Terminali, Etki LNG Terminali ve Dortyol FSRU
Terminali’dir. Tiirkiye 2019 yilinda 2018 yilina gore
%10,08’lik azaligla 45.211,47 milyon Sm® dogal gaz ithal
etmistir. Bu ithalatn 32.517,4 milyon Sm¥liik kismi boru
gazi ile 12.694,07 Sm*liikk kismi LNG olarak gerceklesmistir.
LNG ithalatinin %40,49’luk kismi spot LNG ithalat1 seklinde
yapilmis olup, %59,51’lik kism1 uzun dénemli s6zlesmelerle
Cezayir ve Nijerya’dan ithal edilen LNG kargolarindan
olugsmaktadir. Boru gaz1 ile dogal gaz ithal edilen iilkeler;
Rusya, iran ve Azerbaycan’dir. 2019 yili iginde en fazla
dogal gaz ithalat1 yapilan iilke 15.196 milyon Sm® ile Rusya
olurken, Rusya’y1 9.585 milyon Sm?® ile Azerbaycan ve 7.736
milyon Sm? iran takip etmistir. En fazla LNG ithalat: yapilan
iilke olan Cezayir 5.678 milyon Sm® miktar ile en fazla ithalat
yapilan dordiincii iilke olmustur. Diger bir LNG ithalati
yapilan iilke konumunda olan Nijerya’dan ise 1.756 milyon
Sm?® dogal gaz ithal edilmistir [9]. Uzun donemli sozlesmesi
olan bu iilkelerin diginda kalan iilkelerden ise toplam 5.260
milyon Sm® dogal gaz ithal edilmistir. Sekil 3’de en fazla

dogal gaz ithal edilen {ilkelerin yiizdesel dagilimi
gosterilmektedir.
= Rusya
12155%\ = jran
Azerbaycan
Cezavyir
u Nijerya
= Diger

Sekil 3. Dogal Gaz ithal Edilen Ulkeler [9]

Ulkemiz dogal gaz ithalatinin yaninda 2019 yilinda toplam
762,68 milyon Sm? de dogal gaz ihracati gergeklestirmistir.
Bu ihracatin 762,63 milyon Sm® liik kismi Yunanistan’a
geriye kalan 0,05 milyon Sm?® liikk kismi Bulgaristan’a
yapilmistir. 2019 yili toplam ihracatt 2018 yilina gore
%13,28 oraninda daha fazla gerceklesmistir [9]. Ulkemizdeki
2020 yilina ait dogalgaz tiketiminin sektdrel dagilimina
baktigimizda da konut tiiketiminden sonra en ¢ok tiikketimin,
dogalgaz doniisiim santrallerinde gerceklestigi Sekil 4’teki
grafikte goriilmektedir.
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Sekil 4. 2020 Yili Dogal Gaz Sektorel Tiiketim Dagilimi [9]

Il. MATERYAL VE METODLAR

A. Basing Diisiirme ve Olgiim Istasyonlar

Dogal gazin iiretim alanlarindan tiiketim alanlarina ulagimi
saglandiktan sonra artik tiiketim bolgesinde iletim asamasi
baslar. Yiiksek basinca sahip olan dogal gaz uzun mesafelere
boru hatlart ile iletimi esnasinda ¢esitli nedenlerden dolay1
basing kaybina ugrar ve kompresor istasyonlar1 kullanilarak
kaybettigi basing telafi edilir. Kompresor istasyonlarinda
basincit artirilan dogal gaz kullanilacagi yerin isletme
kosullarina uygun hale getirilebilmek igin basing diigiirme
istasyonlarma teslim edilir. Basing diisirme ve &lglim
istasyonlart kisaca RMS olarak adlandirilirlar. Basing
diisirme ve olg¢lim istasyonlar1 en genel tanimiyla gazin
basincinin istenilen isletme sartlarma diisiiriildiigii ve ticari
sozlesmelere konu olan parametrelerin Sl¢limiiniin yapildig:
istasyonlardir. Bu istasyonlar dogal gazin istasyona giris —
cikis basing degerine gore A tipi, B tipi ve C tipi basing
diisiirme ve Ol¢iim istasyonlari olmak iizere lige ayrilirlar. Bu
durum Tablo 1°de gosterilmektedir [10]:

Tablo 1. Basing diisiirme ve Olglim istasyonlarinin
smiflandiriimasi
Basing Diisiirme | Dogal Gaz Giris | Dogal Gaz Cikis
ve Olciim Basin¢ Degeri Basin¢ Degeri
Istasyonu Tipi [bar] [bar]
A Tipi 35-75 12 -25
B Tipi 12 -25 4
C Tipi 4 0,3-0,021

Tablodan da goriilecegi lizere en yiiksek dogalgaz girdi-
cikti basmer A tipi istasyonlarda olup en diisiik girdi-¢ikt1
basinc1 ise C tipi istasyonlardadir. Genel olarak A tipi
istasyonlar sehirlerin ve biiyiik endiistriyel tesislerin, B tipi
istasyonlar orta Olgekli sanayi tesislerinin ve C tipi
istasyonlar ise bina ve kiigiik Slgekli tesislerin dogal gaz
kullanim1 i¢in kurulmaktadir.

B. A Tipi Basing Diisiirme Istasyonlar

RMS-A tipi istasyonlari, yaklagik 35-75 bar arasinda arz
edilen dogalgazin basincini, nihai kullanim noktasindaki

I Otoprodiiktér Isi ve Elektrik Santralleri

ihtiya¢ duyulan basing degerine diisiiren ve dogal gazin
cesitli parametrelerinin Ol¢limiinii  gergeklestiren, islevleri
geregi de ¢ok sayida kullanim yeri olan basing diisiirme ve
Olglim istasyonlaridir [11] RMS-A tipi istasyonda bu
islemlerin yapilmasi i¢in kullanilan ekipmanlar genel olarak 5
farkli grupta toplanabilirler. Bu gruplar; vanalar, filtreler,
wsiticilar, basing disiirticiiler ve 6l¢iim cihazlaridir. RMS-A
tipi bir istasyonun akis semasi Sekil 5 ile verilmistir.

Olciim

Isitict

Genlesme
Valfi

—
Dogalgaz Tiiketim
Girisi Noktas1

Sekil 5. RMS-A tipi istasyonun akis semasi

Vanalar ile kastedilen istasyon girisinde ve ¢ikisinda
bulunan kiiresel vanalardir. Bu vanalar istasyon igerisindeki
dogal gazin iletiminde kullanilan boru sistemleri ile en
o6nemli elemanlardir. Ayrica istasyon igerisindeki debiyi
kontrol etmek i¢in de kullanilirlar.

Filtreler dogal gaz1 igerisindeki partikiillerden
temizlemek (arindirmak) i¢in kullanilirlar. Bu partikiiller kati
veya siv1 halde bulunabilirler. Kullanilan filtreler genellikle 1
m? dogal gaz iginde bulunan kati partikiillerden 1 miligramini
stvi  partikiillerden ise 200 miligramimt tutabilecek
kapasitededirler.

Isiticilar, dogal gazin basing diisirme isleminden once
isitilmasinda kullanilirlar. Gaz kanunlart geregi dogal gazin
basinci diistiiglinde sicakligi da diismektedir. Dogal gazin
basincindaki her 1 barlik diigme dogal gazin sicakligim da
yaklasik olarak 0,4 — 0,6 °C diistirmektedir. Bu sicaklik
diististi 6zellikle dogal gazin igerisinde bulunan partikiillerin
¢iglenme doktasinin altina indiginde hidrant olusumuna
neden olabilir [12]. Bu istenmeyen bir durum oldugundan
dogal gaz basing diisiirme elemanina girmeden Once 1sitilir.
Bu ayn1 zamanda istasyon i¢in bir gider olusturmaktadir.

Basing disiiriiciiler RMS-A tipi istasyonlarinin asil
gorevi olan basing disiirme islemini gergeklestirmede
kullanilirlar. Dogal gaz A tipi istasyona yiiksek basingla girer
ve istasyondan daha diisiik basingla ¢ikar. Bu islem igin
regiilatdr ad1 verilen kisilma vanasi olan basing diisiiriiciiler
kullanilmaktadir. Regiilatorler degisik basing ve debi
degerlerinde gelen dogal gazin istenilen standartlara
getirilmesinde oldukca basarili olmakla beraber herhangi bir
gii¢ iretmeden calisirlar.

Olgiim cihazlar1 ile dogal gaz istasyondan g¢ikmadan
once parametreleri Olgiiliir. Bu parametreler arasinda dogal
gazin basinci, sicakligi, debisi, bilesimi gibi ozellikleri yer
almaktadir. Bu nedenle 6l¢iim grubunda ilgili parametreyi
Olcecek elemanlar bulunmaktadir. Basing oOlglimii  igin
manometreler, sicaklik 6l¢limil i¢in termometreler ve debi
6l¢limii i¢in orifismetreler bu grup igerisinde yer alir.

Tim bu elemanlar birlikte bir uyum icinde c¢alisarak
dogal gazin istenilen sartlara getirilmesini saglarlar ve
boylece giivenli bir sekilde dogal gaz kullanima hazir hale
gelir. Dogal gaz RMS-A tipi istasyona giriste bulunan kiiresel
vana grubundan kontrollii olarak girer. Daha sonra igerisinde
bulunan kat1 ve sivi partikiillerden temizlenmesi amaciyla
filtrelere iletilir ve burada temizlendikten sonra isiticilara
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iletilir. Regiilasyondan 6nce dogal gaz, regiilasyon sonrasi
sicakliginin istenen seviyede olmasi icin 1sitilir ve basinci
diisliriilmek tizere regiilatorlere iletilir. Regiilatdrlerde basinci
distrilin -~ dogal gaz  gerekli  Olgim  islemleri
gergeklestirildikten sonra ¢ikigta bulunan kiiresel vana
grubundan gegerek giivenli bir sekilde kullanim yerine
iletilmis olur.

RMS-A tipi istasyonlar diger istasyonlara gore ¢ok daha
yiiksek dogal gaz giris — ¢ikis basing seviyesine sahiptir.
Aynm1 zamanda istasyondan gecen dogal gazin debileri
kiyaslandiginda da RMS-A istasyonlardan gecen dogal gazin
debileri diger istasyonlara gore ¢ok daha yiiksek olmaktadir.
Bu c¢alismada anlatilan regiilatorlerin  yerine  turbo
expanderlerin kullanilmast ile basing diisiirme isleminden
elektrik tiretimi igin en Onemli parametrelerden birisi de
dogal gazin debi miktaridir. Yani debi miktari ne kadar fazla
olursa iiretilecek elektrik giicii de o kadar fazla olacaktir. Bu
nedenle bu sistemlerin kurulmasi igin en uygun istasyonlar
RMS-A tipi istasyonlari olarak degerlendirilmektedir.

C. Fark Basincindan Elektrik Uretimi

RMS istasyonlar1 basing diisiirme islemlerini regiilator
adi verilen elemanlarini kullanarak yaparlar. Regiilatorler ile
basing diisiirme islemi yapildiginda Joule — Thompson
etkisinden dolay1 sicaklik diigmekte ve sabit entalpide bu
islem gerceklestigi igin gii¢ Uretilememektedir [13]. Oysa
basing diislirme islemi icin regiilatdrler yerine turbo expander
ad1 verilen genlesme tirbinleri kullanilirsa, dogal gazin
basing diisiirme isleminden giic iiretilebilmekte ve iiretilen bu
giic  bir jenerator yardimiyla elektrik  enerjisine
doniistiiriilebilmektedir. Yapilan ¢aligsmalar bize elde edilecek
giicin miktarinin; dogal gazin istasyon girisi ve ¢ikigindaki
basing oraniyla ve istasyondan gecen dogal gazin debisiyle
dogru orantili oldugunu gostermistir. Ayni zamanda tiirbinin
kullanilabilirligini artirmak icin istasyondan gegen dogal
gazin debisinin siireklilik arz etmesi diger bir Onemli
konudur. Tiim bu durumlar g6z 6niinde bulunduruldugunda
RMS-A tipi istasyonlarinin béyle bir ¢aligma igin en uygun
istasyonlar oldugu diistiniilmektedir.

D. RMS-4 Tipi Istasyonun Incelenmesi

RMS-A tipi istasyonun sematik goriniimi Sekil 6’°da
verilmektedir. Sekilde; 1 numarali durum ile gosterildigi
lizere istasyona giren dogal gaz filtre edildikten sonra
siticilara  girer. Yanma odasinda gergeklestirilen yanma
isleminden elde edilen egzoz gazinin yardimiyla dogal gaz
sitilir ve egzoz gazi sistemden uzaklastirilir. Dogal gazin
1sitilmasinin nedeni daha once bahsedildigi lizere regiilasyon
isleminden dolay1 sicakligin  diismesiyle olusabilecek
olumsuzluklarin 6niine gegmektir. 2 numarali durumda
isitilan  dogal gazin isiticilardan ¢ikip genlesme valfine
girmesi  gosterilmektedir. Genlesme valfinde basinci
digiiriilen dogal gaz 3 numarali durum ile gosterildigi tizere
tiiketim noktasina teslim edilir.

Egzoz

Yakit A
m_ p— Genlesme
@ ( @ 'v"m‘ Tiiketi
liketim
—— *
Dogﬂlg'az Noktasi
Girisi

Sekil 6. Tiirkiye’de bulunan RMS A tipi istasyonun sematik
goriinimi

111.BULGULAR VE TARTISMA

Bu c¢alismada, RMS-A tipi istasyondan gegen dogal
gazin giris parametrelerine ait 1 yillik veriler kullanilmistir.
Bu parametreler; dogal gazin istasyon girisindeki basinci,
sicakligl ve debisidir. Bu parametrelere ait giinliik veriler
Sekil 7, Sekil 8 ve Sekil 9°da verilmistir.
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Sekil 7. RMS girisindeki dogal gaz basinci degerleri

Sekil 7°de dogal gazin RMS-A tipi istasyonu girigsindeki
basing verileri gosterilmektedir. Grafige bakildiginda dogal
gazin giristeki basinci yaklasik olarak 25 — 80 bar arasinda
degerler almaktadir. Bu baglamda dogal gaz en yiiksek giris
basinct degerini Nisan ay1 igerisinde yaklasik 78 bar ile
alirken en diigiik giris basinct degerini Haziran ayi igerisinde
yaklagik 26,5 bar ile almaktadir. Genel olarak bakildiginda
ise yillik ortalama basing degeri yaklasik olarak 60,5 bar olup
en yliksek ortalama basinca Mart ayinda ulagilirken en diisiik
ortalama basing Aralik ayinda goriilmiistiir.

35,00

30,00

Giris Sicakhgi °C

Sekil 8. RMS-A girisindeki dogal gaz sicaklik degerleri
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Sekil 8’de dogal gazin RMS-A tipi istasyon girigsindeki
sicaklik verileri gosterilmektedir. Grafige gore, dogal gazin
istasyon girigindeki sicakligi yaklasik olarak 13 — 31 °C
arasinda degerler almaktadir. Dogal gaz en yiiksek sicaklik
degerini Temmuz ay1 igerisinde yaklagik 30,5 °C ile alirken
en disiik degerini Ocak ay1 igerisinde yaklasik 13,5 °C ile
almaktadir. Bu veriler bize dogal gazin sicaklifinin
mevsimsel degisikliklerden etkilendigini gostermektedir.
Genel olarak bakildiginda ise ortalama sicaklik degeri
yaklagik olarak 22 °C olup en yiiksek ortalama sicakliga
Eylil ayinda en disiik ortalama sicakliga Subat ayinda
sahiptir.

4.000.000,00
3.500.000,00
3.000.000,00
2.500.000,00
2.000.000,00
1.500.000,00

1.000.000,00

Akis Debisi Sm?/giin

500.000,00

0.00

Sekil 9. Dogal gaz giris debi degerleri

Sekil 9°da dogal gazin RMS-A tipi istasyona girig debi
verileri gosterilmektedir. Grafikten goriildiigii iizere, dogal
gazin giris debisi yaklasik olarak 0 — 3.800.000 Sm?/giin
arasinda degerler almaktadir. En yiiksek degerini Mart ay1
ierisinde yaklasik 3.750.000 Sm%/giin ile alirken yilin belirli
giinlerinde 0 degerini almaktadir. Debi degerinin 0 olmast o
giinlerde istasyona dogal gaz girisi olmadigi anlamina
gelmektedir. Genel olarak bakildiginda ise dogal gazin
ortalama debi degeri yaklasik olarak 2.137.320 Sm?/giin olup
en yiiksek ortalama debiye Subat ayinda en diisiik ortalama
debiye Nisan ayinda sahip olmaktadir.

Dogal gaz basing diigiirme istasyonlarinda dogal gazin
basincini diisiiriirken elektrik {iretimini saglamak i¢in daha
once de ifade edildigi gibi basing diistirme isleminin
genlesme valfleri yerine genlesme tiirbinleri ile yapilmasi
gerekmektedir.

Ancak RMS istasyonlarinin temel islevlerinden biri
dogal gazin basincini diisiirmek oldugundan dogal gazin
basing diisiirme isleminin aksamamasi ic¢in bu iki eleman
birlikte bulunmali ve ¢alisma kosullar1 goéz Oniine alinarak
uygun olan eleman kullanilmalidir. Bu iki elemanin bir arada
bulunabilmesi i¢in RMS istasyonlarinda revizyon yapilmasi
gerekmektedir. Revizyon yapilmig sistemin akis semasinin
sematik goriiniimi Sekil 10 ile verilmistir.
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®

Yinlendirme
Vanasi

AQ

Genlesme

Valfi Genlesme

Tiirbini

Tiiketim
> Noktasi

Sekil 10. Tiirkiye’de bulunan bir RMS-A tipi Istasyonun
revizyon akis semasinin sematik goriiniimi

RMS-A tipi istasyonda genlesme valfi ile yapilan basing
diistirme isleminde gii¢ iiretilemezken bu basing diigiirme
Sekil 10 incelendiginde dogal gazin basing diislirme
isleminin sekteye ugramamasi i¢in genlesme tlirbininin
caligmadigl anlarda basing diisiirme isleminin genlesme
vanast ile yapilabilmesi amaciyla genlesme tiirbininin
genlesme vanasina paralel halde monte edildigi goriliir. Sekil
10'da 2 numarali durum ile gosterildigi tizere 1siticidan ¢ikan
dogal gaz ydnlendirme vanasina girmektedir. Dogal gazin
basing diistirme islemi genlesme tiirbini ile
gerceklestirilecekse 3 numara ile gosterilen yol, genlesme
valfi ile gerceklestirilecekse 3/a numara ile gosterilen yol ile
dogal gazin basmci diisiiriilerek tiiketim noktasina teslim
edilir. Bu calismada, kiitlesel akis debisi esas alinarak
kullanilacak dogal gaz giris parametrelerinin degerleri
belirlenmis ve tasarlanan sistem Ebsilon yaziliminda simiile
edilmigtir [14]. Simiilasyon sonucu elde edilen sonuglar
Tablo 2 ile verilmistir.

Tablo 2. Genlesme tiirbini kullanilmasi ile gii¢ iiretim
potansiyeli

Dogal Gazin RMS-A Tipi Gii¢ Uretim Verileri

Istasyonuna Giris Verileri

Giris Giris Kiitlesel | Verim Uretilen
Basinci | Sicakhig Ak (%) Gii¢ (kW)
(bar) (bar) Debisi
(kg/s)
61,8 25,86 19,79 90 3489

Tablo 2’de verilen dogal gazin RMS-A tipi istasyona
girig verilerinin belirlenmesinde; yillik ortalama kiitlesel akis
debisi degeri tespit edilmis ve diger parametreler bu
kullanilan kiitlesel akig debisi baz alinarak belirlenmistir.
Burada kiitlesel akis debisinin baz alinmasinin temel nedeni,
dogalgazin kiitlesel akis debisinin, iiretilecek elektriksel gii¢
iizerinde dogrudan ve oOnemli bir etkiye sahip olmasidir.
Secilen bu giris verileri dogrultusunda yapilan simiilasyon
sonucunda Onerilen sistemden, %90 verimle 3.489 kW gii¢
elde edilmistir. Ayrica, genlesme tiirbinin yilda 7000 saat
calisacag1 kabuliiyle, Onerilen bu sistem sayesinde yillik
24.423.000 kWh  elektrik  enerjisi  {retilebilecegi
hesaplanmistir.
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IV.SONUCLAR

Bu ¢alismada dogal gazin RMS-A tipi istasyonda genlesme
vanast kullanilarak basincinin diigiliriilmesi yerine genlesme
tirbini kullanilarak basincinin diisiiriilmesi sonucunda gii¢
iiretim potansiyeli arastirilmistir. Bunun igin Oncelikle
mevcut bir RMS-A tipi istasyonda dogal gazin istasyona
girisinden tiiketim noktasma teslimine kadar gecen siireg
sematik gosterimi ile agiklanmistir. Daha sonra Tiirkiye’de
bulunan mevcut bir RMS-A tipi istasyondan alinan dogal
gazin istasyon girisindeki basinci, dogal gazm istasyon
girigindeki sicakligi ve dogal gazin istasyona giris debisi
verileri irdelenmistir. Bu verilerin irdelenmesinden ¢ikan en
onemli sonuglardan bir tanesi dogal gazin sicakliginin
mevsimsel degisikliklerden etkilenmesinin tespitidir. Dogal
gazin istasyon girisindeki sicakligi ne kadar fazla olursa
1sitma maliyetimiz o kadar disiik olacagi i¢in bu tespit
sonucunda yaz aylarinda 1sitma maliyetinin kis aylarina goére
daha az olmast beklenir. Dogal gaz parametrelerinin
incelenmesinden sonra genlesme tiirbini icerecek sekilde
mevcut sistemde revizyon yapilmis ve Onerilen sistemin
sematik gosterimi verilerek sistem agiklanmigtir. Genlesme
tiirbini igeren sistemin tasarimi yapilirken genlesme tiirbini
genlesme vanasina paralel olarak monte edilmis ve
istasyonun iki basing diisiirme elemanini da icermesine dikkat
edilmistir. Bunun nedeni herhangi bir olumsuzluk durumunda
istasyonun dogal gazin basing diisiirme islemini sekteye
ugratmadan ¢alismasini saglamaktir. Son olarak istasyondan
alman dogal gazin basing, sicaklik ve debi parametrelerinin
verileri  kullanilarak  Ebsilon yaziliminda hazirlanan
simiilasyonun ~ sonucunda  {retilecek  giic  miktar
hesaplanmistir. Verilerin se¢iminde iiretilecek gii¢ iizerinde
biiyiik etkisi olmasi nedeniyle yillik ortalama degerine yakin
bir kiitlesel akis debisi degeri secilmis ve diger parametreler
bu kiitlesel akis debisine gore belirlenmistir. Simiilasyon
sonucunda Onerilen bu sistemden %90 verimle 3.489 kW gii¢
mekanik gili¢ {retilebilecegi ve genlesme tiirbini igeren
sistemin yilda 7000 saat calistig1 kabuliiyle, bu tesisten yilda
24.423.000 kWh  elektrik  enerjisi  iiretilebilecegi
hesaplanmistir. Bunun da yaklasik olarak 7600 kisinin 1
yillik enerji ihtiyacinin tamamini (konut, sanayi, ticarethane,
ulasim vb. gibi) karsilayacagi diisiiniillmektedir.

Enerjinin son derece 6nemli oldugu ve iilkelerin enerjide
disa bagimliligin1 azaltmaya ¢alistig1 giinimiizde bir RMS-A
tipi istasyondan gorevini yerine getirirken yukarida bahsi
gecen giliclin  Uretilebilecegi gbz Oniine alindiginda
Tiirkiye’de sayilarinin 1000°den fazla oldugu tahmin edilen
RMS-A tipi istasyonlar1 ile iilkemiz ekonomisine katki
saglanabilecegi degerlendirilmektedir.
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Abstract — The Digital Light Processing (DLP) 3D printer is a tool that utilizes Additive Manufacturing (AM) technology to
build a 3D model straight from the CAD model. There are various 3D printing technologies that differ in many ways, including
the material used, the techniques used to create the sample, the speed and accuracy, and a wide range of other factors. Choosing
the best production method depends on the work at hand, ensuring that the product's material and quality meet the necessary
standards. Although the DLP technology has a straightforward design, it offers an impressive array of quality and adaptability.
This study offers a customized design that assures high manufacturing quality. To verify the functionality of the developed 3D
printer, three distinct types of experiments using various CAD designs were conducted. Surface quality, minute details, and
precise measurements have all been achieved in these trials. Additionally, two separate tests were created to confirm the desired

output results.

Keywords — 3D printer, DLP 3D printer, additive manufacturing, rapid prototyping, resin printer.

I. INTRODUCTION

DLP based SLA 3D printer is apart from additive
manufacturing besides the other technology like FDM and
SLS etc. in general 3D printing technology starts from 1981 by
Dr. Hideo Kodama with the patent, he is the first one who
applied the laser beam to cure the resin as what we know now
as SLA in Japan. While in France, there was a team of three
people Jean-Claude André, Olivier de Witte, and Alain le
Meéhauté. They were trying to get the patent to make the "rapid
prototyping device" in 1984, but because of the funding
problem, they were forced to leave the project. In 1986 Chuck
Hull had established the term Stereolithography technology
and making a patent in the same year, and he released his first
commercial product in 1988 (1987 [1]) and it was called SLA-
1[2].

In 1988 Carl Deckard at the University of Texas has filed a
patent for SLS technology, and he used laser instead of a UV
light to solidify the powder polymers layer by layer making
the desired 3D object. After that, in 1989, Scott Crump from
Stratasys Company filed the patent for FDM technology. After
the release of the SLA-1 by Hull in a few years, the first FDM
was released in 1991 by Stratasys, and in 1992 DTM Inc.
released its first SLS 3D printer.

Till 2012 there was nobody able to produce and affordable
SLA 3D printer in the market, this changed after 2012 by
B9Creator company, they started from Kickstarter to produce
a similar technology to SLA called DLP; also a startup
company called Formlabs used the Kickstarter, but they
produce an SLA 3D printer called Form1.

In 2014 the most patents of 3D printing has been expired,
and one of them was Chuck Hull's patent, and this means
giving the individuals more space for innovation to process the
SLA 3D printing [1], this thing allows some companies and
individuals to work on different 3D printing technology
including SLA and DLP. They tried to develop it and make it
smaller and less costly, so it can be available in the standard
market not just for industrial usage, as what can be noticed
these days they become more available at some reasonable
price.

The standard SLA and DLP 3D printers still cost a lot (from
3000 to 10000 USD for the basic models) in comparison to
other 3D printing methods [3]. A similar issue with the speed
that the SLA provides is considered a much slower option in
comparison to DLP and many other affordable printing
technologies [4]. Although they provide a unique quality and
a wide range of materials, they still provide a limited space of
flexibility, as they are limited to their manufacturer's plans.
Therefore this study suggests using open-source programming
software alongside altering the components to maintain a
lower price and a more extensive range of experiments and
adjustments.

In this study, a custom DLP 3D printer will be made and will
go through a series of tests examining the replaced equipment
on different levels, such as speed, quality, and durability. The
test will also expand to different forms of adjustments and
measurements that expose the final sample's quality and
accuracy. Therefore this study will focus on designing and
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developing a custom DLP based SLA 3D printer made from
commercial components.

II. MATERIALS AND METHOD

Going through different 3D printing technologies and builds,
DLP 3D printing has been found as the most suitable form of
printing to study and develop in this study, based on the
possibility to use a different mechanism for image generation
and the high flexibility that allow not specialized but tweaked
components to be a part of the project.

For hardware component they are projector Dell 2400MP,
The lens, The resin vat, and The Actuator for Z-axis linear
movement, they were assebly in a square aluminum profile
40x40 mm.

SolidWorks is used for designing the desired 3D parts and
Creation Workshop software to control the Arduino Uno card
to control the Z-axis stepper motor throw the A4988 driver
with the projection synchronization.

A. DLP Projector Dell 2400MP

The core element in this DLP 3D printer is the curing device
that can convert the liquid resin to a solid form according to
the CAD model. In this study a regular digital image projector
has been used as a UV image producer that will reflect the due
model slice as a light image to cure the resin precisely,
mimicking the required layer underneath the previous one
which will eventually form the required structure alongside the
supporting elements that holds the fragile elements of the
structure during the printing process.

This model was chosen depending on some feature that
makes it one of the compatible devices for this work because
it usually works as a video projector, not for 3D printers.
Therefore, better results have been achieved by modifying the
device.

Some parts need to be modified during the curing process of
the resin to make the projector work efficiently. Each projector
has UV filter in front of the lamp, as shown in Figure 2 to
reduce the UV light from reflecting on the human eye in
normal usage, while the UV light is what we want from the
projector for curing purpose; therefore this filter need to be
removed from the projector, the UV filter in this projector is
made from rectangle glass with diameters about 1.5x1.5 cm [5,
6].

T i
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Fig. 1. The UV filter

The second thing that has been improved is removing the
color wheel (see Figure 2) that is placed in front of the lamp to
prevent the color during projecting. The result of this
improvement is that the final light came out from the projector
is in black and white to prevent the disruption while curing and
also reduce the UV filtering [5,6,7].
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Fig. 2. The color wheel

The third thing that the same built-in lens has been used that
came with the projector (dell 2400mp), but this lens was
designed for long-distance projection the minimum distance is
1.2 m [8], and to make it fit our needs some changes were made
to make it fully compatible with this 3D printer with a distance
of 20 cm between the lens and the building platform.

B. The Resin Vat

The vat (resin tank) was custom designed. It was made from
a 4 mm transparent acrylic plastic cut with a laser machine to
achieve the fine assembling details. It consists of two parts; the
base is plane acrylic with a square canal of 2 mm depth in the
outer size of cubic (see Figure 3 A), the second part is square
40 mm height with base and 8 round hols, the second part was
designed to go inside the 2 mm canal depth in the base (see
Figure 3 B) to make the FEP film more tension, with the eight
screws to hold the two parts as given in Figure 3 C.

Fig. 3. The resin vat

C. Working Principles and Methodology

The process starting from making the desired 3D object
(part) in CAD software like SolidWorks or any other software
can produce STL format files, after that, transferring the
designed object to another software in my study an open-
source program Creation Workshop has been used, throw this
program slicing process can be managed depending on the
desired part resolution, even 0.001 mm can be achieved, by the
help of the same software each layer can be projected to the
building platform (as shown in Figure 4) which is in the lowest
point of the resin vat to cure the first layer and it will be the
first attached layer on the building platform after that Z-axis
will move one step up to let the uncured resin collect under the
first cured layer so the projector can cure the second layer and
so on until the part is reaching the last layer that's mean the
part is completed, then the building platform will move up to
easily remove the part, and cleaning the part by apply
isopropyl alcohol mixture and water.

In this setup, four parameters play the primary role in 3D
printing: the Z-axis speed and lens focus, light intensity, and
resin composition. An experimental study has been made to
find the optimum parameters for the linear speed of the Z-axis
and light intensity.
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Fig. 4. Light under resin vat (curing)

III. THE EXPERIMENT, VALIDATION AND RESULTS

Complete results have been obtained in the first set of
experiments. Before that, there were several failed
experiments before the resin vat, and the building platform has
been changed.

A. The first experiment

In this experiment, almost exceptional results are obtained,
as given in Table 1. The 3D CAD model was chosen as given
in Figure 5; it is a cubic with two supporting legs from the
bottom.

Fig. 5. The CAD model for the first experiment.

Table 1. The first experiment

No | Z speedin Slice Exposure Bottom | Bottom Zlift picture

mm/m thickness time exposure | layers distance

(milimeter In in in mm
/ meter) mm ms ms
(miliseconds)

1 80 0.100 1100 8000 3 4 Figure 6 A
2 80 0.100 1300 10000 3 4 Figure 6 B
8 80 0.050 900 10000 3 4 Figure 6 C
4 30 0.050 900 10000 3 5 Figure 6 D

In Table 1, 2 and 3, “No” column represents the number of
experiments. Column “Z speed” represents the speed of the Z-
axis axes movement, up and back down. Column “Exposure
time” represents the time for each normal layer to be cured.
Bottom exposure column represents the time for the few
bottom layers for the base of the object. Z lift distance column
represents how much mm the building platform will move up
after each cured layer.

&

Fig. 6. The first experiment samples (A, B, C, D)

In the first try, the object did not complete because of the
few exposure time, and one of the supporting legs was lost, in
the second try, a completed object is printed by increasing the
exposure time and bottom exposure time. In the third try,
trying to decrease the layer thickness from 100 um to 50 um, a
better result has been achieved compared to the second try with
900 ms. In the fourth try, trying to reach a better result by
decreasing the Z-axis speed from 80 to 30 mm/m, but the worst
result has been got, from this result, it was clear that the more
speed that has been implemented on the z-axis movements the
best result will obtain with some limits that will be discovered
later on.

B. The second experiment

In this second experiment, a Benchy 3D model (see Figure
7) was tested with three parameters, relying on the first
experience in some parameters. Each experiment is explained
in the following sections.

Fig. 7. The Benchy CAD model

Table 2. The second experiment

No z Slice Exposure | Bottom | Bottom Z lift picture
speed | thickness time exposure | layers distance
in In in in mm
mm/m mm ms ms
1| 160 | 0.200 2500 10000 3 4 Figure 8 A
2 160 | 0.200 2600 10000 3 4 Figure 8 B
3 160 | 0.200 2800 10000 3 4 Figure 8 C

Fig. 8. The second experiment (A, B, C)
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The first try entirely printed, but it has some failure in the
small details; however, the outline shape was clear with 2500
ms for exposure time. The second try and exposure time has
been increased with 100 ms to see if it will go better or worse.
It became 2600 ms for the standard layers, a better result has
been obtained in comparesion to the first try but still has some
missing parts, but there was an improvement. For the third try,
by increasing the exposure time with 200 ms and it became
2800 ms, the delighted result has been got for the printed
object without any missing parts or merging between small
details like holes.

C. The third experiment

In this third experiment, a much detailed model needs to be
printed to ensure the printer's ability to print any desired shape.
Therefore a custom design has been made by using
SolidWorks 2019(as shown in Figure 9), to make a hole cubic
with 2 cm diameters with a wall thickness of 1.5 mm, with
bricks of 0.5 mm thickness as a texture on the wall from
outside.

Fig. 10. The third experiment (A, B, C)

After getting very good results in the third experiment with
nice surface finish, while the CAD model design was a flat
cubic with Bricks and it successfully printed, a more detailed
CAD design was aiming to produce for further check about the
printer abilities for different 3D models, this shape has been
chosen as shown in Figure 11.

Fig. 9. The cubic CAD model
Table 3. The third experiment

No z Slice Exposure | Bottom | Bottom Z lift picture
speed | thickness time exposure | layers distance
in In in in mm
mm/m mm ms ms
1| 160 | 0.200 3000 10000 3 5 Figure 10A
2 | 160 | 0.200 3200 12000 3 5 Figure 10B
3 160 | 0.200 3200 12000 4 5 Figure 10C

In the first try, the object is fully completed with good
quality, but there was a problem there was the missing part in
the first 3 mm from the platform to the object body like a hole,
almost the same problem that happened in the second
experiment.

With the Benchy model, therefore the exposure time should
be increased as happened in the previous experiment and it has
been solved the problem, in the second try the normal layers
exposure time and the bottom layer has been increased but also
the same problem has been got, also missing part next to the
building platform, in the third try a 1 mm solid base has been
implemented in the bottom of the cubic with the same
parameter with the previous try, a perfect 3D model has been
obtained without any missing parts with a perfect surface
finish.
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Fig. 11. The CAD model

It was successfully printed out from the first try with the
same parameter in the last try of the third experiment as
previously explained, the printed model given in Figure 12.

Fig. 12. The printed model

D. Test and validation

To ensure the validation of the printer, for the printed
samples, two tests were performed. The first one was about the
Repetition while the second one was about positioning in the
building platform.

The repetition test
In this test, ten samples were printed in almost the same

weather condition and time, the weather was changing from 30
to 24 centigrade degrees, and the time was from 1:30 PM till 1
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AM. The printed sample consists of a solid cylinder over a
solid cubic (see Figure 13).

Fig. 14. The micrometer instrument

Positioning in the building platform test

Fig. 13. Test CAD model and printed ten samples

Where A is represent the height and B represent the width In this test, five samples were printed and tested under the
for the cubic, and C is representing the Diameter for the same circumstances with the previous experiment. The same
cylinder. shape has been implemented under this test. The only

The test results are given in Table 4, and the location of the  difference was the position of every one of the five samples;
parameters shown in Figure 13. The test was made using a they were distributed in a 3x3 matrix (see Figure 15 and Figure
micrometer with the accuracy of one micro (see Figure 14).  16).
Data analysis is performed using SPSS (version 21; IBM
Corporation, New York, USA) within a 95% confidence level.

A, B, and C differences are analyzed using descriptive 1 2

statistics (see Table 5).

Table 4. The result of the repetition test

No A (mm) B (mm) C (mm) 3 4
1 10.004 9.988 7.000

¢ i B i Fig. 15. 3x3 matrix of the samples
3 10.001 9987 6.998

4 10.005 9.988 6.997

5 10.006 9.990 7.002

6 10.008 9.992 7.000

7 10.000 9.983 6.992

8 10.000 9.982 6.994

9 10.001 9983 6.995

10 10.001 9.982 6.988

C . Fig. 16. Separated samples in the building platform
In Table 4; considering A, B, and C for 10 samples (N), a ¢ P pest e P

mean of M=10,0030 is calculated for A, a mean of M=9,9863 The test results are given in Table 6, and the location of each
for B and M=6,9961 for C with standard deviations sample is represented in Figure 15. The test was made by the
SD=.002789, .003561, .004202 respectively. use of a micrometer with the accuracy of one micro (as given

in Figure 14).
Table 5. Descriptive results for A, B, C gure )

Table 6. Result of the Positioning test

N Mean Std. Deviation Position A (am) B (um) C (um)
A 10(10,00300 ,002789 . 10018 51985 699
B 10| 9.98630 .003561
2 10.002 9.981 6.994
c 10| 6.99610 004202
Valid N (listwise) 10 ’ oo . 690
4 10.009 10.006 7.008
5 10.000 9983 6.992

As seen in Table 7; considering A, B, and C for 5 samples
(N), a mean of M=10,0080 is calculated for A, a mean of
M=9,9880 for B and M=6,9954 for C with standard deviations
SD=.007246, .010198, .007197 respectively.
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Table 7. Descriptive statistics for different positions

N Mean Std. Deviation
A 5 10,00800 007246
B 5 9.98800 010198
c s| 699540 007197
Valid N (listwise) 5
IV.DISCUSSION

After doing the three experiments, the output results seem to
be acceptable after which was mentioned in Previous sections.
One of the most effective parameter was the exposure time
both for the normal layers and the base layers (normally they
are first layers attached to the building platform from 3 to 5
layers), and the exposure time can be fixed for each printed
layer thickness. For example, if the desired printed part in 50
micro it will be 900 ms and for 100 micro it will be 1450 ms
and for 200 micro it will be 3200 ms and so on. The time
increasing when the layer thickness is increasing (these
numbers has been extracted throw many experiments). On the
other hand, for the based layers, 12000 ms is needed to let the
object fully attached to the building platform. The second
parameter was the speed of the Z-axis. It is proved that, 160
mm/s is the ideal speed for it, also low speed does not give
better results. The other important point was the lifting
distance for Z- axis during printing to let the cured layer
separate from the FEP film and letting the fresh resin to
gathering again underneath the printing part.

This printer is based on the simplicity in usage, so any one
can use it. However there are some recommendations that
should be followed before using it. The place where this printer
will work must have an air circulation mechanism because the
curing mechanism can produce smell emission and it may be
harmful for health. The person who use the printer should wear
a mask for filtering the air and also should wear gloves during
working with resin. Furthermore user should avoid looking
directly to the light source for the eye safety.

V. CONCLUSION

In this study, a DLP 3D printer based on SLA technology
has been successfully made, with an available component in
the market with several self-made components, together they
assemble this printer with the lowest costs. One of the aims of
this research is to make this technology more spreaded in the
future for the academic students and for the manufacturers to
benefit from this technology along with the other AM
technologies.

Different 3D models and self-made 3D designed models
ensure the printing quality in different sizes and shapes and
have been printed using this DLP printer with satisfactory
surface quality and dimension measurements using the
commercial 3D printing resin. The printing procedure was so
easy from the beginning until the end of the 3D model that
even the post-process mechanism was simple, and anyone can
use it without any previous knowledge by just following some
steps. However, it still has the problem that after the printing
process is finished some cleaning process has to be made to
ensure there is no resin remain in the resin vat or the building
platform unlike the other AM technology like FDM is not
require any cleaning process.

There is still more room for improvement of this DLP 3D
printer; as given in the previous chapters, the printed 3D
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models' surface is not very soft. It has some obstacles, and it
appears in some shapes in some parts of the model.

The next step to get a good surface is to use a more specific
projector for this purpose with UV light, not a regular light as
it was used in this study.

The aim after this study is to implement this technology in
the medical production to produce a biocompatible material
that can be implemented in the human body such as dental
implants, dental coverage, and fillings. These products can
help the dentist to produce more accurate shapes with much
lower time
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Abstract — Industrial systems have experienced four major revolutions from the past to the present. In light of these revolutions,
mechanical systems have replaced human power for the first time. Over time, starting from the steam in mechanical systems, a
mass production system has been started, which has reached the present day with electrical energy. Automatic studies have been
carried out using electronic relays and control units in systems that have emerged as the concept of automation. Today, controllers
have begun to collect the data they receive from the system and need to enable the system to run a process without the need for
a human. Thanks to these developments, the importance of collecting and processing data in production facilities are increasing
day by day. In line with these collected data, many improvements and reports can be made in production with the support of
artificial intelligence. Within the scope of this study, it is aimed to transfer the data obtained from the vulcanization presses in
the facility or on the site to the ERP (Enterprise Resource Planning) system. It is aimed to provide faster and ubiquitous access
to the requested data by selecting cloud ERP, not physical ERP, as the source of the ERP system. The data are processed primarily
in PLCs (Programmable Logic Controller) located over the presses. The processed data is recorded by connecting to a database
through the KEPServerEX program based on the OPC (Open Communication Platform). The Node-RED development tool is
used for the connection of the database and cloud ERP system, as well as for urgent field maintenance and process preparation
stages. Thanks to this program, it is easy to connect multiple applications that are different from each other. Thanks to a node
located in the system, the data determined can be sent to authorized persons via e-mail or SMS notification. In this way, the user
is notified quickly to prepare the production line for the anomalies that occur or for the different product types in the queue. In
line with the collected data, failures that may occur in the future can be prevented, maintenance periods can be deducted with
predictive maintenance and other problems that may occur can be prevented. Out of this, production capacity can be determined,
the working performances of the working operators can be deduced and planning works can be carried out healthily.

Keywords — Cloud Computing, Enterprise Resource Planning, KepserverEx, MSSQL, Microsoft Azure, Node-RED, OPC, PLC

. INTRODUCTION from industrial systems at regular intervals, the efficiency of

There have been four industrial revolutions from the pastto ~ Production can be calculated, maintenance periods can be
the present. The first industrial revolution, known as Industry ~ calculated with predictive maintenance, and life tests of the

1.0, started with the use of mechanical systems that use water ~ Materials used can be performed. The collected data can be
and steam power instead of human power. The second moved to a cloud system and stored online. Access to the

industrial revolution, known as Industry 2.0, is the period recorded data can be easily provided by people who have

when mass production lines were created and electrical energy ~ INternet access and access to the cloud system. _
was used. The third industrial revolution, known as Industry Vulcanization is the process of applying sulfur or equivalent

3.0, is the period when programmable logic controllers (PLC) ~ Sulphurize to make raw rubber and similar materials more
emerged, where digital technologies were used in production. durable. Vulcanization presses provide the process of shaping

Industry 4.0, known as the last industrial revolution, refers to ~ durable rubber according to the desired molds. As seen in
the system in which production technologies, automation ~F19ure 1, the press consists of three parts: the upper core, the
systems, and the technologies that make up this system die, and the lower core. First, it provides an upward movement

exchange data with each other. This new system consists of 10 the lower core. On the bottom core, which enables its

high-tech components such as cyber security, cyber-physical ~ Movement in the upward direction, the rubber, which is
systems, cloud technologies, smart factories, the Internet of ~ Wrapped with certain angles according to its type, is placed by

things, internet services, learning robots, big data, virtual ~the personnel. The upper core provides a downward movement
reality, and 3D printers. With the development of industrial  [© eXert pressure on the placed rubber. After completing the
systems, new needs have emerged. One of these needs is the ~ UPPEr core movement, the mold moves downwards and takes
collection and processing of data, and the other is to provide the rubber inside. Steam is given to the system for the cooking

easy access to the collected data. In line with the data collected ~ Process of the rubber surrounded by the mold. When the steam
injection process is completed, nitrogen should be introduced
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into the press to ensure that the rubber and the mold fully
adhere to each other. When the cooking process is finished, the
product is divided into three groups with the control of the
operator. These groups are given agency, repair, and scrap
names. The agent is the nomenclature that corresponds to the
available product. Repair is the nomenclature denoting the
rework of the product. The products in the repair group are
subjected to the re-cooking process. Scrap is the nomenclature
that corresponds to the unusable product.

Top
Spade

Pattern

[ Bottom
Spade

Fig. 1. Vulcanization press working principal diagram

This study aims to transfer the data received from the
vulcanization presses to the ERP system. The data read from
the PLCs on the presses are transferred to the MSSQL database
by using the KepserverEX program. The transferred data is
connected to the Microsoft Azure Cloud system through the
Node-RED program. Production data can be sent to authorized
persons via e-mail thanks to the trigger function created in the
Node-RED program. The trigger is created by the code written
in the function node. In the production data, firstly, the number
of products processed in the presses and how many of these
products are processed successfully are selected. Thus, the
efficiency of the machine can be analyzed. As another data, it
is possible to obtain data on which personnel produce how
much product in which shift. In this way, the success
percentage of the personnel can also be calculated.

Il. OPC PLATFORM

Each device used in industrial systems has a unique
communication protocol. Fieldbus, Profibus, Modbus, and
CANbus protocols can be given as examples. It is quite
difficult to link these protocols together. It is possible to
perform operations with the OPC (OLE for Process Control)
open communication platform. OLE (Object Linking and
Embedding) is a structure that Microsoft has fulfilled due to
the low bandwidth of the DDE (Dynamic Data Exchange)
object, which enables data transfer between different
applications. The importance of OLE/COM integration for
automation solutions is recognized by software providers.
OPC is a communication standard based on OLE and allows
for more efficient and easier communication between different

automation levels. This situation is shown in the OPC
connection template in Figure-2. Using the OLE technology
described above, OPC defines methods and objects to enable
communication between different software applications,
regardless of whether they reside on a PC or process control
equipment in the process management environment [1].

@l oPC Client
&= OPC Server E=OPC Server &= OPC Server
Erca @ r.cs @ricc @PLCD
. System X

Fig. 2. OPC connection template

OPC standards can be examined under six headings.

1. OPC Data Access: Allows reading and writing
data from the system in real-time.

2. OPC Alarm & Events: Allows monitoring of
events taking place in the system.

3. OPC Historical Data Access: Allows reading data
found in the past.

4. OPC Security: It ensures the security of the
connections created on the interfaces.

5. OPC Data Exchange: Provides direct connection
between OPC servers.

6. OPC Unified Architecture: It is the standard that

uses all OPC standards and web services together.
For security in OPC UA, the certificate model has
been applied to the computers that will be used to
exchange data. According to the certificate model,
instead of allowing all kinds of connections,
applications with a certain identity are allowed to
access through certain ports. Thus, data security is
maximized.

I11.KEPSERVEREX PLATFORM

KepserverEx is a communication platform that enables
connection to different automation devices and software from
a single source. It provides the opportunity to control, monitor,
and manage the drivers in its system by connecting from a
single interface. The above explanation is shown in Figure-3.
KepserverEx; It has many drivers such as ABB Totalflow,
Allen Bradley ControlLogix Ethernet, Analog Devices,
BACnet/IP, Fanuc Focas Ethernet, Mitsubishi Ethernet,
Modbus Serial, Omron Host Link, OPC UA Client, WAGO
Ethernet, Yokogawa DX Ethernet. It uses OPC and IT
communication protocols to present industrial data from a
single source.
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Fig. 3. KepserverEx connection type
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L
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Driver 1 ‘
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This software-based server is designed for accurate
communication, rapid deployment, industrial devices, and
unmatched interoperability between client applications and
systems. The server provides a wide variety of plug-ins and
device drivers, and components suitable for most
communication needs. The plug-in design and single-user
interface provide consistent access from standards-based
applications and non-standards-based applications with native
interfaces [2].

IV.MSSQL DATABASE

MSSQL (Microsoft SQL Server) is a relational database
developed by Microsoft to store data. Relational database
management (Relational Database Management System) is
called the system that enables the construction of the database
by connecting the tables in which the related data are recorded.
MSSQL is a corporate system that allows data to be stored
securely as well as used by multiple users at the same time. It
supports data processing and storage, data indexing and
querying, database management, data flow optimization, data
reporting, and policy-based data access.

V. NODE-RED INFRASTRUCTURE

Developed by IBM (International Business Machines),
Node-RED helps intelligently combine hardware, API
(Application 4 Programming Interface), and other online
services. It is a browser-based stream editor [3]. The visual of
the explanation in Figure-4 has been created. Programs run by
connecting more than one node and creating a flow. Node-
RED runs on an engine developed by Google called NodeJS
and is programmed in JavaScript infrastructure.

4G"))

Network 1 Network 2 Mobile Data

Fig. 4. Node-RED connection type

VI.CLOUD PLATFORM

Cloud computing enables services such as processing,
transferring, and storing data over the Internet. They can work
independently of hardware and operating systems. They
provide a common platform on different hardware and
different operating systems and enable applications to run on
this common platform. The Cloud computing service model is
divided into three models Infrastructure service (laaS),
Software service (SaaS), and Platform service (PaaS) [4]. The
Cloud computing service model is created in Figure 5.

Infrastructure as a service (laaS) is a type of cloud
computing service that provides basic computing, storage, and
networking resources. Software service (Saas) enables users to
connect and use cloud-based applications over the Internet.
Platform as a service (PaaS) is a complete cloud environment
for development and deployment with resources to enable the
deployment of anything from cloud-based applications to
advanced cloud-enabled enterprise applications.

Amazon Web Service (AWS), Microsoft Azure, Google
Cloud, IBM Cloud, and Oracle Cloud are examples of top
cloud computing companies [10]. Microsoft Azure has been
chosen as the cloud computing system in this article.

Cloud Clients

Web browser, mobile app, thin client,
terminal, emulator, ...

c

=]

= SaaS

%_ CRM, Email, virtual desktop,
é% communication, games, ...

- PaaS

8 Execution, database, web server,
&5 development tools, ...

o8]

5 laaS

“E’, Virtual machines, servers, storage,
g load balancers, network, ...

=

Fig. 5. Cloud platform service model

Microsoft Azure is a cloud platform that can host existing
applications and facilitate new application development. Can
develop on-premises applications with Azure. Azure allows
the integration of cloud services needed to create, test, deploy
and manage applications while taking advantage of the
efficiency of cloud computing [5].

Three different cloud systems are compared in Table-1. In a
situation where the user is interested in analytics such as data
visualization, data storage, data log monitoring, and device-
cloud messaging, Microsoft Azure is preferred because it has
more options than AWS and Google Cloud [7].
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Table 1. List of analytics services for the IoT cloud platform

Microsoft Azure AWS Google Cloud
Azure Monitor Cloud Watch BigQuery
PowerBI Quicksight Stackdriver
Amazon .
Azure Storage Kinesis App Engine
Azure Events loT Compute Engine
Hubs Analytics P 9
Stream Analytics
VII. ERP SYSTEM

Enterprise Resource Planning (ERP) or business resource
planning is the general name given to integrated management
systems that enable the efficient use of resources such as labor,
machinery, and materials required for the production of goods
and services in enterprises. Enterprise resource planning
(ERP) systems are systems that are generally simple to use and
try to bring together or help bring together all the data and
processes of a business [6]. Figure-6 shows the relationship
between the departments covering the ERP system.

Dia, SAP, Canias, Workcube, IFS, Uyumsoft, Logo, Netsis
Bilisim, and Akinsoft programs can be given as examples of
some of the ERP programs used in Turkey.

Production
Production
Planning
Human
Resources

Fig. 6. ERP system

ERP system is divided into two physical ERP and cloud
ERP. Hardware and software setups are required for physical
ERP systems. There is no need for hardware and software
installations for cloud ERP systems. The advantages of the
cloud ERP system over the physical ERP system are as listed
below;

* Low upfront cost

» Low operating costs

» Fast application

* Scalability

* Ability to focus on core competencies

* Quick updates and upgrades

* Improved accessibility, mobility, and usability

» Easier integration with cloud services

* Enhanced system availability and instant disaster recovery
* Cost transparency

* Sales automation

« Establishment of safety standards

* Free testing opportunity

The cloud ERP system has made it easy to access the
desired information from anywhere and at any time when the
Internet is available. Payment is made according to the space
used on the server. Thanks to this feature, unnecessary
payments within the company are prevented. In line with the
reasons explained, a cloud ERP system was chosen instead of
the physical ERP system in this study. In this way, information
is provided through Node-RED in line with the answers from
the cloud ERP system.

In this article, we are using Canias ERP system which is one
of the most compatible ERP System with Automotive and
Energy system. So, this system is able to develop custom
scripts with their own programming language. This language
name is Troya. For validate this article, 1 developed small
scripts with Troya. These scripts are actually connect data and
previous calculations which we gather from Node-Red and
database. For instance, The Node-Red service is sending staff
shift working performance data, and the script compare their
performance with another shift staff data. Another script is
saving this data to human resource table with real-time salary
calculation. Besides of these, another script is measuring
staff’s production quality with previous his work shifts. All
these personnel scripts are running simultaneously in ERP
cloud.

For conclusion, the data performance is totally related with
ERP’s modularity and database’s performance. According to
my research, Canias’s Troya and Sap’s ABAP are best flexible
languages for processing big data. With this language, you do
not need any high-level programming information such as C#,
Java etc.

VIIl. TRANSFERRING FIELD DATATO THE

CLOUD

PLCs are generally used to control the input and output
elements in the industrial system. PLCs to be used in
Vulcanization Presses have been chosen as Siemens' S7 1200
series. The transfer of data to the cloud is shown in the
flowchart in Figure-7.
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Fig. 7. System flow chart

First of all, 6 of the input and output elements such as
sensors, limit switches, motors, and solenoid valves in the
system were physically connected to the PLC. The
programming of the equipment connected to the PLC is done
using the Siemens TIA Portal program. Programming is done
using ladder diagrams. The inputs/outputs for which data are
requested are defined by the KepserverEX program. For the
KepserverEx program, first of all, the channel to be connected
to the PLC must be selected. Siemens TCP/IP Ethernet was
chosen as the connection channel for this study. After the
identification process of the KepserverEx program was
completed, the connection with the Microsoft SQL Server
(MSSQL) database was made using a datalogger (data
collector).

As the first operation, a new database was created in the
MSSQL database. After giving the necessary permissions
from the created database features, how often to record from
the datalogger (data collector) section is selected. After these
operations, the requested data is recorded in a new table
created in MSSQL. The Node-RED program is used to provide
the connection between the table where the records are kept
and the cloud systems. In the Node-RED program, the nodes
that are used to connect MSSQL and the Azure program,
which we have chosen as the cloud system, have been selected.
At the same time, feedback from this node will be provided to
authorized users. In order to provide the connection between
Node-RED and Microsoft Azure, the Azure 0T Hub node was
chosen. Azure 10T Hub node allows to connect with four
different protocols [8]. These protocols are HTTP, AMQP,

MQTT and AMQP Web Socket. MQTT, one of the most
popular and reliable methods, was chosen as the connection
protocol [9]. The connections of the selected nodes are shown
in Figure-8.

inject MSSQL

- Dnsapgesd )
Fig. 8. Connection view of Node-RED nodes

After the data is transferred to Azure, it will be connected to
the ERP system used in the company, and it will be visualized
and reported in system languages.

IX.RESULTS

Thanks to its integrated structure, the ERP system easily
provides information sharing with all units within the
company. Thanks to this study, using the data obtained from
the vulcanization presses, it has become easier to get reports
with certain periods such as daily, weekly, and monthly. In line
with the reports received, it facilitated the access of units such
as stock, sales, purchasing, or accounting to the number of
products produced in the presses, the number of faulty
products, or the data generated in the production unit such as
malfunctions, increasing communication between units within
the company, and a healthy operation was ensured.

Within the scope of this study, the data obtained from the
vulcanization presses in the facility or the field were
transferred to the ERP system. By choosing the cloud, not
physical, as the source of the ERP system, the desired data is
accessed faster and from anywhere. The data was first
processed in PLCs located on the presses. The processed data
was recorded by connecting it to a database through the
KepserverEX OPC program. The Node-RED program was
used for database and cloud ERP system connection. With this
program, two different applications are connected. Data
determined by a node used in the Node-RED program could
be sent to authorized persons via e-mail. In line with the
collected data, future problems were prevented, the production
capacity of the facility was determined, and the planning
works were carried out healthily. As a result of these
processes, it has been ensured that the employees throughout
the company, regardless of their business unit or location, can
work with the desired data and make decisions in a faster and
more reliable way.
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