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Oz: Calismada, diatomitin asfalt beton kaplamalarda filler olarak kullanilabilirligi
arastirlmistir. Bu amagla kiregtasi agrega ve kirmatas tozu filler kullanilarak %3.0, 3.5, 4.0,
4.5, 5.0 bitiim iceriklerinde Marshall briketleri hazirlanmistir. Hazirlanan bu numunelere
Marshall stabilite ve akma deney prosediirii uygulanarak stabilite, akma, pratik 6zgiil agirlik
(Dp), bosluk ytizdesi (Vh) asfaltla dolu bosluk orani (Vfa), agregalar arasi bosluk miktari1 (VMA)
degerleri bulunmustur. Kiregtasi numune sonuglarindan yola ¢ikilarak ilgili grafikler cizilerek
optimum bitiim miktar1 %4.68 olarak belirlenmistir. Belirlenen optimum bitiim miktar1 esas
alinarak ve ayni gradasyon kullanilarak kirectasi filler ile diatomit filler malzemesi %0, 25, 50,
75, 100 oranlarinda yer degistirilerek diatomit ikameli asfalt beton numuneler tretilmistir.
Diatomit filler ikameli briketlerin stabilite, akma, Dp, Vh, Vfa, VMA degerleri tespit edilerek
deney sonuglar1 degerlendirilmistir. Yapilan arastirmalar neticesinde %25 diatomit filler
iceren numunelerin yiiksek stabilite ve uygun akma degerlerine sahip oldugu tespit edilmistir.
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Investigation of usability of diatomite in a hot mix asphalt as a filler
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Abstract: In the study, the usability of diatomite as filler in asphalt concrete pavements was
investigated. For this purpose, Marshall briquettes were prepared with bitumen content of 3.0-
3.5-4.0-4.5-5.0% by using limestone aggregate and crushed stone dust filler. These samples
were prepared using the Marshall stability and flow test precedure, and the following results
were discovered: stability value, flow value, bulk specific gravity (Dp), percentage of voids (Vf),
percent voids filled with asphalt (vfa) and voids in mineral aggregate (VMA). The optimum
bitumen content was determined as 4.68% after the relevant graphs were created based on
the results of the limestone sample. Based on the optimum amount of bitumen determined and
using the same gradation, limestone fillers and diatomite fillers were replaced at the rates of 0,
25,50, 75, 100%, and diatomite-modified asphalt concrete samples were produced. After the
stability, flow, Dp, Vh, Vfa, VMA values of the diatomite filler briquettes were determined, the
test results were evaluated. As a result of the research, it was determined that the samples
containing 25% diatomite fillers had high stability and acceptable flow values.

1. Giris dolay1 tercih edilmektedir. Materyallerin ekonomik

boyutu, enerji ve kaynaklarin iyi kullanimi gibi konular
Asfalt beton kaplamalarin yapiminda en ¢ok tercih tistyapit mithendislerini alternatif malzeme ve yol yapim
edilen tip sicak karisim asfalt betonudur (BSK). BSK yontemlerine yoneltmektedir. Agrega bircok insaat
kaplamalar suya karsi olan dayanimi, seyir konforu, imalatinda oldugu gibi yol istyapilarinin da baslica
ylksek servis kabiliyeti yetenegine sahip olmasindan hammaddesidir. Ustyapida kullamlan BSK’'nin biiyiik
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bir boliimiini olusturan agreganin 6zellikleri karisim
performansini  biiyiik olciide etkilemektedir. Bu
nedenle BSK'lar icin gerekli 6zellikleri saglayan agrega
temininde sikintilar yasanabilmekte ve agrega
maliyetleri daha yiiksek olmaktadir [1].

Baglayicisiz temel ve alt temel tabakalarinin tamami,
BSK'larinin agirlikca %90-95’i, hacimce ise %85°’lik
kismi  agregalardan olusur. Beton ve asfalt
kaplamalardaki bozulmalarin birincil veya ikincil
nedeni uygun olmayan agrega kullannmi ya da
kullanilan agregalarin  istenmeyen maddeler
icermesidir. Agreganin tipi, ylizey piriizliligu, yassilik
durumu, gradasyonu gibi 6zellikleri BSK'nin yorulma ve
tekerlek izi agisindan performanslari lizerinde biiylk
bir 6neme sahiptir [1].

Esnek {lstyapilar, mineral agrega, filler, bitim ve
havadan olusan c¢ok fazli kompleks bir malzemedir.
Asfalt-agrega karisimlarinda agreganin belirli bir
miktar filler ihtiva etmesi, arzu edilen Kkarisim
ozelliklerini ve performansi saglamak icin sarttir. Filler,
asfalt karisimlarda ince agrega oranini arttirmak,
bosluk miktarim1 azaltmak ve asfalt betonunun
dayanimint  arttirmak  i¢in  karisimlarin  ana
bilesenlerinden biri olarak dikkate alinir. Mineral filler
malzemesinin o6zellikleri, onun asfalt betonunun
performansin1  gelistirmedeki potansiyelini tespit
etmek, Ozellikle de sicak karisimin stabilitesini ve
durabilitesini artirarak otelenme ve tekerlek izi
olusumu ile ilgili sorunlar1 azaltmak i¢in arastirilmistir.

Belirli mineral filler malzemelerinin kullanimi, asfalt
betonundaki tekerlek izi derinligi, rijitlik ve gerilme
artist lizerinde olumlu bir deger artis1 saglar. Ayrica
kalic1 deformasyon, yorulma c¢atlagi ve nem hasarina
kars1 olumlu bir etkiye sahiptir [2]. Mineral fillerin iki
ana gorevi vardir. ilki karisimda olusan bogluklart
doldurmaktir. Bu sayede daha yogun ve daha sert
tabakalar olusturulur. ikincisi ise daneler arasi temas
noktasi saglamaktir. Genellikle BSK'da kirmatas tozu,
mineral filler olarak kullanilmaktadir [3].

Kizelgur veya diatome topragi olarak isimlendirilen
mineral, su yosunlar1 smifina ait tek hiicreli
mikroskobik alglerin fosillesmis silisli kavkilarindan
olusan bir ¢okeldir. Bugiin isletilen diatomit
rezervlerinin giiniimiizden 5-6 milyon y1l 6nce olustugu
diistinilmektedir. Diatomit organik kokenli bir
mineraldir. Beyazdan kahverengiye renklerde, porozif
bir yapida ve oldukg¢a hafiftir. Ancak mikroskobik
goriiniis ile mineralin kesin tanisi konabilir. Natural
diatomit olarak kurutularak kullanilabildigi gibi, en
yaygin olan kullanim sekli ise liretime tabi tutularak
elde edilen flaks kalsine ve kalsine trinlerin, filtre
yardimcisi goreviyle her tiirlii filtrasyon islemlerinde
kullanilmasidir [4].
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Diatomlarin yaklasik olarak 15000 tiirii oldugu tespit
edilmistir. Her tiiriin kendine 6zgi olan gozenek yapisi,
biiytkligi ve geometrik sekli vardir. Sahip olduklarn
biiytklikleri 2-500 mikron arasinda degisiklik
gostermektedir. Ulkemizde biiytikliikleri 5-150 mikron
arasinda degisiklik gosteren diatomit tirlerine
rastlanmaktadir. Bahsi gecen diatomlarin gesitli
nedenlerden 6tiirii yasamlarinin son bulmasiyla silisli
kavkilar1 bir araya toplanip ¢okelerek diatomit
rezervlerini olusturmaktadirlar [4].

Sicak karisim asfalt betonunda agrega veya filler olarak
kullanilmak {izere bircok dogal tas veya atik malzeme
arastirdmistir: piring kabugu kiilii [5], siyah karbon [6],
atik olivin [7], bor atiklar1 [8], zeolit ve pomza [9],
endistriyel atiklar [10], cam elyaf takviyeli polyester
boru atik tozu [11], arduvaz (kayrak) [12], ugucu kiil
[13] ve mermer tozu [14].

Ustiinkol ve Turabi (2010), BSKlarda 6nemli
sorunlardan biri olarak sudan kaynaklanan bozulmalar
kabul edildiginden ve suyun verdigi zararlarin en aza
indirilmesi amaciyla c¢alismalar yapmislardir. Suyun
kohezyona etkisini belirlemek icin gergeklestirilen
kosullandirilmis  Marshall  stabilite ve akma
deneyinde %0 tas tozu - %7 endiistriyel atik filler
kullanilarak akma ve stabilite degerleri yoniinden en
elverissiz durum irdelenmeye calisilmistir. Deney
sonuglarina gore, kullanilan endiistriyel atik filler
malzemelerin degisen kiir sartlarinda ve ytliksek
sicakliklarda, asfalt betonu kaplamalarda tas tozu filler
yerine kullanilabilecegi goriilmiistiir. [10]

Elmaa (2011), tarafindan  izmir  Cimstone
fabrikasindan elde edilen kuvars esasli granit aritma
¢amurunun bitimld sicak kaplamalarda filler olarak
kullanimi arastirllmistir. Marshall numunelerinin
optimum bitiim oranlar1 belirlenmis ve %0, 2, 4, 6, 8
oranlarinda granit aritma filleri eklenerek sonuglari
incelenmistir. Sonug olarak kuvars esasli granit aritma
camurunun filler olarak kullanilabilecegi sonucuna
varilmistir. [15]

Cubuk (1998), tarafindan yapilan ¢calismalarda diatomit
kullanilarak ~ modifiye  edilen  asfalt  betonu
karisimlarinin elastiklik modiilii ve Marshall stabilitesi
incelenmistir. Her asfalt yiizdesinde, katki maddesi
olarak kullanilan diatomit orani arttik¢ca bir maksimum
noktaya ulasmaktadir ve o noktadan sonra belirli
disiisler olmaktadir. Maksimum stabilite degerini
veren %2 diatomit oranina ve %?7.5 asfalt oranina sahip
numunelerde, diatomit orani sabit tutularak asfalt orani
arttirildikca stabilite diismektedir. Katkisiz olarak
dizayn edilen numunelerin stabilite degerleri, tiim
diatomit katkili karisimlarin stabilite degerlerinden
daha diisiiktiir. Diatomit karisimin stabilitesini arttiran
bir faktor olarak ortaya ¢ikmaktadir. [16]
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Bu ¢alismada iilkemizin sahip oldugu kaynaklarin etkili
ve dogru kullanimi ile atik malzemelerin asfalt beton
tiretiminde kullanilabilirligi amaglanmistir. Bu amagla
diatomitin asfalt betonunda mineral filler malzemesi
olarak kullanilabilirligi arastirlmistir. Ulkemizin cesitli
bolgelerinden ¢ikarilan bu kayacin mekanik ve fiziksel
ozellikleri dikkate alinarak karayollarinda dayanimin
arttirllmas1 ve dogal kaynaklarin tiikketiminde daha
tasarruflu olunabilmesi icin filler malzemesi yerine
kullanilabilirligi amac¢lanmistir.

2. Materyal

Deneysel c¢alismalarda kirectasi (kalker) agrega,
kirectasi (kirmatas tozu) filler, diatomit filler ve 50/70
penetrasyona sahip asfalt ¢imentosu kullanilmistir.
Marshall dizayn kriterleri dogrultusunda asfalt beton
(binder tabakasi) numuneler tiretilmistir.

Calismada filler olarak kullanilan diatomit 6giitilmis
olarak temin edilmistir. Diatomit tozu etiivde
kurutulmus ve No0:200 elekten elenerek filler
malzemesi olarak kullanima hazir hale getirilmistir.

Diatomit i¢in zahiri 6zgiil agirlik deneyi ASTM C127
[17], ASTM (C128 [18] ve BS812 [19] deney
standartlarina gore yapilmistir. Bulunan degerlere gore
diatomitin zahiri 6zgil agirlign Tablo 1'de verilen
formiil ile hesaplanmistir.

Tablo 1. Diatomit zahiri dzgiil agirlik hesabi

Agirhiklar (gr)

A Piknometre agirhigi 123.2

B Piknometre+ Su agirhg: 369.32

C Piknometre+ Numune 168.54
agirhg

D Piknometre+ Numune+ Su 388.06
agirhg

E Kuru numune agirligi 41.94

Formiil | SGzahiri E/[(B-A)-(D-Q)]
SGzahiri 1.58

Agirlikca %0, %25, %50, %75, %100 diatomit ikameli
(kalker filler ile yer degistirilen) asfalt beton numuneler
hazirlanmis ve Marshall stabilite ve akma deneyine tabi
tutulmustur.

Baglayic1 asfalt ¢cimentosu olarak Aliaga rafinerisinde
iiretilmis olan bitiim kullanilmistir. Sicak karisim asfalt
beton numunelerin tiretiminde kullanilan bitiim Isparta
Belediyesi Asfalt Santiyesinden alinmistir. Calismada
kullanilan bitiim B50-70 penetrasyon siifindadir.
Ozgill agirhgn  1.037 gr/cm3 [20] olan bitiim
kullanilmistir. Tablo 2’de asfalt c¢imentosunun
ozellikleri verilmistir. Bitiim iizerinde yapilan deney
calismalar1 sonucundan kullanilan bitimiin Karayolu
Teknik Sartnamesi (KTS) [21] standartlarina uygun
oldugu belirlenmistir.

International Journal of Technological Sciences

Tablo 2. 50/70 Penetrasyon sinifindaki bitiimiin

ozellikleri
Deney Adi Deney Sartname | Standart
Sonucu Degerleri

Bitiim Ozgiil 1.037 TS-1087
Agirligi [20]
Bitim 58 50-70 TS EN
Penetrasyon, 1426 [22]
(25°C) 0.1 mm
Yumusama 51 46-54 TS EN
Noktas1 (22-80 1427 [23]
QC)
Imalatta Rafinerisi Aliaga
Kullamlacak Tipi Bitiim
Bitiimlii Sinifi B50/70
Baglayici

Diatomit ikameli asfalt betonu numunelerinin
hazirlanmasinda kullanilan agregalara uygulanan
deneylere ait sonuglar Tablo 3’te verilmistir.

Tablo 3. Kirectasi agregalarin fiziksel ve mekanik

ozellikleri
Kayacin Cinsi Kalker
°
s | %.| BE
Deney Adi -§ ?_-fo § én o2 ga =
T R e I 3
< < Z 7]
Hacim Ozgiil 2.686 | 2.674 ASTM C 127
Agirlik [17]
ASTM C128
[18]
Zahiri Ozgiil 2.714 | 2.716 | 2.73 ASTM C 127
Agirhik ASTM C128
BS812 [19]
Absorpsiyon 0.4 0.6 ASTM C 127
(%) ASTM C128
Karigimin Efektif Ozgiil Agirlign 2.699 | ASTM D-2041
(deneyle) [24]
Kangimin Efektif Ozgiil Agirhgr | 2.699
(hesapla)
Cilalanma Degeri - TS-EN 1097-8
[25]
MgS04 Donma Kayb1 % 10.2 | TS-EN 1367-2
[26]
Los Angeles Asinma Kayb1 % 22 ASTM C-131
Asinma Direnci (Mikro-Deval) 9.1 TS-EN 1097-1
[27]
Yassilik indeksi % 19.1 BS 812
Soyulma Mukavemet % 60- KTS Kisim
65 403
Ek-A [21]
Metilen Mavisi % 0.25 | TSEN933-10
[28]

Calismada kullanilan agregalara uygulanan elek analizi
deneyi KTS binder tabakasi icin belirlenen standartlara
uygun gerceklestirilmistir. Analiz sonucunda belirlenen

e-ISSN 1309-1220
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agrega gradasyonu Tablo 4’te ve grantilometri egrisi
Sekil 1’de verilmistir.

Tablo 4. Calismada kullanilan agrega gradasyonu
Elek Aciklig1 | Karisim Gradasyonu | KTS Binder
mm inch
25.4 1” 100 100 | 100
19.1 3/4” 90.3 80 100
12.7 1/2” 71.1 58 80
9.52 3/8” 58.1 48 70
4.76 No.4 429 30 52
2.00 | No.10 31.1 20 40
042 | No.42 11.2 8 22
0.177 | No.80 7.3 5 14
0.075 | No.200 4.6 2 8
20 //
y Vargi

o ViV

§ o A

? A
o — e
29 /
10| //
0 s
074 017 %42 Flekgaplan  *" 478 es2 127 191 254 375

Sekil 1. Calismada kullanilan grantilometri egrisi

Hazirlanan karisitm  gradasyonu  dogrultusunda
diatomitin kirectasi filler ile yer degistirilerek iiretilen
diatomit  ikameli asfalt beton  numunelerin
hazirlanmasinda filler orani olarak %4.6 toplam filler
orani kullanilmistir.

3. Metot
3.1. Marshall stabilite ve Akma Deneyi

Marshall tasarimi Bruce Marshall tarafindan 1939
yilinda gelistirilip formiilize edilmistir. 1943'te
Amerikan Ordusu Miihendisler Birligi gradasyon ve
trafik kosullar1 fonksiyonlarina dayanarak optimum
bitiim miktar1 tayininde kullanmak iizere Marshall
metodunu kabul etmistir. Marshall metodu istenilen
yogunluk, stabilite ve akma degerlerine saglama kriteri
ile optimum bitlim oram tayininde kullanilmaktadir.
Marshall tasarim metodunun Tiirk standartlarindaki
karsiigr TS3720’de verilmistir [29]. Asfalt betonu
icerisinde kullanilacak optimum bitiim miktarin tayin
etmek icin yapilmaktadir.

Marshall karisim tasarimi alti adimdan olusmaktadir:
e Agrega se¢imi

e  Bitlim se¢imi
e Numune hazirlama
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e Hava boslugu ve yogunluk degerlerinin tespiti

e Marshall deney aleti kullanarak stabilite ve
akma degerlerinin bulunmasi

e  Optimum bitiim miktar1 tayini

Marshall stabilite ve akma deneyi bitimli karisim
tasarim yontemlerinden en yaygin kullanilan
yontemdir. Marshall stabilitesi bir esnek kaplamanin
yapisal durumu hakkinda bilgi vermektedir. Ustyapinin
yapisal durumu denildigi zaman genellikle akla
kaplamanin stabilitesi gelir. Stabilite, BSK’'nin yapisal
durumunu ifade eder. Bu yapisal durum Kkarisim
icerigindeki asfalt cimentosunun 6zellikleri ve miktari,
kaplamanin imalatinda kullanilan agreganin fiziksel ve
mekanik 6zellikleri ile agrega gradasyonuna baghdir.

Marshall stabilite ve akma deneyinde, ¢elik kaliplar ve
sikistirict kompaktorler yardimiyla 101 mm ¢apinda ve
63.5 mm ytkseklige sahip silindir seklinde numuneler
tiretilir. Marshall deney cihazi ile 50 mm/dk'lik sabit bir
hizda ve uygun sicaklikta (60 °C sicaklik altinda)
numunelere ylikleme yapilarak stabilite (deformasyona
karsi direncleri) ve akma degerleri belirlenmektedir
[30].

Marshall stabilite ve akma deneyinde numunenin
kirilmadan tasiyabilecegi maksimum yiik Marshall
stabilitesi ve kirilma anina kadar olusan deformasyon
miktar1 ise Marshall akmasi olarak isimlendirilir.

4. Bulgular ve Tartisma

4.1.Kireg¢ tasinin filler olarak kullanildigi numunelere ait
Marshall stabilite ile akma deneyi sonuglari ve grafikleri

Kiregtasi tozunun filler olarak kullanildigi numunelere
ait bitim orani-stabilite, bitiim orani-akma, bitim
orani- pratik 6zgiil agirlik (Dp), bitiim orani- asfaltla
dolu bosluk miktar1 (Vfa) yiizdesi, bitiim orani- bosluk
(Vh), bitiim orani- agregalar arasi bosluk miktari1 (VMA)
yuzdesi grafikleri sirasiyla Sekil 2, 3, 4, 5, 6 ve 7'de
verilmistir.

BSK'in en 6nemli 6zelliklerinden biri Marshall stabilite
degeridir. Marshall stabilitesi bir esnek kaplamanin
yapisal durumu hakkinda bilgi vermektedir. Stabilite
degeri arttikca sicak karisim asfalt kaplamalarin siirekli
dinamik yiikler ile tagitlardan gelen uzun dénem statik
yukler, hizlanma ve yavaslamadan kaynakli diisey ve
yatay  gerilmeler (kayma-cekme) ile kayma
gerilmelerine karsi direnci artar [31]. KTS'de binder
tabakas1 dizayninda stabilite degeri i¢in min.750 kg
degeri verilmistir.

Deney sonuglarina gére numunelerin ihtiva ettikleri

bitiim oranlarina (%) karsilik gelen stabilite degerleri
Sekil 2’de verilmistir. Verilen degerlere gore;
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Sekil 2. Marshall stabilite degerinin bitiim oranina (%)
gore degisimi

e Bitim oram1 %3.0, 3.5, 4.0, 4.5 olan
numunelerde bitiim oram arttikca stabilite
degerinde artis tespit edilmistir.

e Bitliim orani %4 ile %4.5 olan numuneler
arasinda stabilite diisiik bir artis gdstermistir.

e %45 bitim oranina sahip numunelere
gore %5, 5.5 bitlim oranina sahip numunelerde
stabilite degeri diisiis gostermistir.

e %4.5 bitiim oranina sahip numune en ytiksek

stabilite degeri olan 1209 kg degerini vermistir.

e Sartname sinirinin altinda stabilite degeri olan
numune tespit edilmemistir.

Akma dayanimi degeri esneklik ve plastik 6zelliklerini
gosteren bir degerdir. Marshall numunelerinin
uygulanan kuvvet ile kirildig1 anda uygulanan yiike
karsiik gelen deformasyon degeridir. Akma,
sikistirtlmis  karisimlarin  igsel  siirtlinmelerinin
dlciisiidiir. I¢ siirtiinme ve akma arasinda dogrusal ve
ters bir oran vardir. KTS'ye gore binder dizayninda
akma degeri 2-4 mm degerleri arasinda olmalidir.
Farkli bitim oranlarina gore karsilik gelen ortalama
akma degerleri Sekil 3’'te verilmistir.

y=-0.0281x? + 0.9455x + 0.1866
R*=0.9917

Akma (mm)

250

3.00 6.00

450
Bitiim Oram (%)

350 4.00 5.00 5.50

Sekil 3. Akma - bitiim orani (%) grafigi

Akma ve bitlim icerigine goére hazirlanan grafik
incelendiginde;
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e Numune icerisinde bulunan bitiim arttikca
akma degerinin de artis gorilmistir.

e KTS'de binder tabakasi icin belirtilen 2-4mm
sinir degerlerini %3, %3.5, %4 ve %4.5 bitim
oranina sahip numuneler saglamistir.

e Bitim orant %5 ve %5.5 olan numunelerin
sartname sinirlarindan fazla bir akma degerine
sahip olduklari tespit edilmistir.

Karisimda bulunan bitiim miktar1 arttik¢a Dp’nin arttig1
tespit edilmistir. %4.5 bitiim oranina sahip numune ve
sonrasinda artis hizinda disiis gorilmistir.
Deneyde %3.0, 3.5, 4.0, 4.5, 5.0, 5.5 oranlarinda bitim
iceren numuneler hazirlanmis ve sirasiyla pratik 6zgiil
agirlik degerleri 2.367,2.384,2.402, 2.417,2.416, 2.422
olarak belirlenmistir. Karisimlar igerisinde en ytiksek
pratik ozgil agirhk degeri %5.5 bitim igeren
numunelerde tespit edilmistir. Pratik 6zgil agirlik
degerinin bitim oranina gore degisimi Sekil 4’te
verilmistir.

2.430

2420

2410

-
E 2400 y = -0.0091x* + 0.0995x + 2.1498
{ ’ R =0.9838
3 5 300
2
=

2.380

2.370

2.360

3.00 3.50 4.00 450 5.00 550 6.00
Bitiim Oram (%)

Sekil 4. Dp- Bitiim oram (%) grafigi

BSK'lar i¢in Vfa orani énemli bir o6zelliktir. Binder
dizayninda bu 6zellik i¢cin KTS'de aralik olarak %60-75
degerleri verilmistir. BSK kaplamalarda diger bir
onemli 6zellik de Vh degeridir. KTS’de bosluk degeri
icin %4-6 siirlar1 verilmistir. Verilen aralikta kalmak
olusabilecek bir kusma bozulmasi durumunu 6nlemek
icin dnemlidir. Sartnamede bir iist sinir belirlenmesinin
sebebi bitiimlii sicak karisimlarin yeterli stabilitesinin
olusmasi, alt katmanlara su gegirimsizliginin ve bitiim
oksidasyonunun diistiriilmesidir [31].

Igerdigi bitiim oranlarina gore Vfa oram grafigi Sekil
5’te verilmistir. Vh ve bitlim oram grafigi Sekil 6’da
verilmistir. Gergeklestirilen deney sonuglarina gore
hazirlanan Vfa orani ve Vh grafigine gore;

e Karisimda bulunan bitiim miktar: arttik¢a Vfa
oranin dogrusal bir sekilde arttig1 gériilmiistiir.

e KTS smur degerleri olan %60-75 Vfa
oranlarimi  %4.0 ve %4.5 bitlim iceren
numuneler saglamistir.
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olan %4-6 Vh
%4.5 bitim iceren

e KTS smir degerleri
oranlarini  %4.00 ve
numuneler saglamistir.

e Vfaartikca bosluk orani diismiistiir.

Via (%)

y=-1.8161x? + 30.675x - 33.123
R?=0.9983

4.00
Bitiim Oram (%)

450 5.00 5.50

Sekil 5. Vfa - Bitiim orani (%) grafigi

v =0.3698x% - 5.3125x + 20.851
R*=0.9972

4.00

450
Bitiim Oram (%)

5.00 5.50 6.00

Sekil 6. Vh - Bitiim orani (%) grafigi

VMA degeri sikistirllmis kaplama  karisimlari
icerisindeki bitlimle dolu bosluklar da dahil olmak
lizere agrega danecikleri arasindaki hava bosluklaridir.
Mineral agregalar arasindaki bosluk, karisimdaki bitiim
ve hava boslugu icin gerekli olan hacme tekabiil eden
kullanilabilir hacmi temsil eder. Dolayisiyla mineral
agregalar arasindaki bosluk arttikca agregalar
iizerindeki bitim film kalinliginin artacag ve karisimin
durabilitesinin yiikselecegi s6ylenebilir [31].

KTS’de binder dizayn1 VMA degerleri i¢in sinirilar 13-
15'dir. Bu degerlerin disina c¢ikilirsa sicak havalarda
bitim bosluklara akar, eger yeterli VMA olmaz ise
kusma meydana gelir. Bitiim orani (%) ve VMA arasinda
ki iliski Sekil 7’'deki grafikte verilmistir. Deney
sonucunda tespit edilen verilere gore;

e Karisim igerisinde bulunan bitliim miktarn
arttikca,  agregalar  arasindaki  bosluk
miktarinin %4.5 bitiim iceren numuneye kadar
kararl bir sekilde azaldig tespit edilmistir.

e %4.5’dan sonra agregalar arasi bosluk oram
kararl bir sekilde artis gdstermistir.

e En diisik deger %4.5 bitiim oranina sahip
numunelerde tespit edilmigtir.

e Numunelerin tamami KTS’de verilen (%13-15)
sinir degerlerini saglamistir.
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y=0.3379% - 2.8262x + 19.826
R*=0.857

13.80 >

3.00 350 400 5.00

Bitiim Oram (%)

4.50 5.50 6.00

Sekil 7. VMA- Bitiim orani (%) grafigi

Agrega grantilometrisi sabit tutularak %3, 3.5, 4, 4.5, 5,
5.5 degerlerinde bitiim icerigi kullanilarak asfalt beton
numuneler hazirlanmistir. Optimum bitim icerigini
belirlemek amaciyla stabilite, akma, Dp, Vh, Vfa ve VMA
grafikleri ¢izilmistir. Maksimum Dp’ye karsilik gelen
bitim yiizdesi (%5.40), Vh yiizdesi sartname
sinirlarinin ortalamasi olan %>5’e karsilik gelen bitiim
yuzdesi (%4.20), Vfa %67.5’a denk gelen bitiim ytizdesi
(%4.45) ve maksimum stabiliteyi veren bitiim yilizdesi
(%4.70) degerlerinin ortalamasi1 alinarak optimum
bitlim yiizdesi Tablo 5’te verilen formiil ile %4.68
olarak hesaplanmistir. Calismanin sonraki
asamalarinda bu deger esas alinmistir. Kirectasi filler
iceren numunelere ait deney sonuglar1 Tablo 6’da
verilmistir. Ayrica asfalt betonu binder tabakasi dizayn
kriterleri Tablo 7’de verilmistir.

Tablo 5. Optimum bitiim oraninin belirlenmesi (Binder

TabakaSI_)
Istenilen Oran (%)

Pratik Ozgiil Agirlik (Dp), Maksimum | 5.40
(gr/cm?)
Marshall Stabilitesi, (kg) Maksimum | 4.70
Bosluk (Vh), (%) 4-6 (5) 4.20
Asfaltla Dolu Bosluk Yiizdesi 60-75 4.45
(Vfa), (%) (67.5)
Optimum Bitiim igerigi (Dp,
MS, Vh ve Vfa ortalamasi) 4.68 (%)
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Tablo 6. Kirectasi filler iceren numunelere ait Marshall
stabilite ve akma deneyi sonuglari

Dizayn | Sartname [21]
Optimum Bitiim 4.68 3.5-6.5
Pratik Ozgiil Agirhk (Dp), 2.41 -
(gr/cm?)
Marshall Stabilitesi, (kg) 1190 min. 750
Bosluk (Vh), (%) 4.82 4-6
Akma 3.65 2-4
Asfaltla Dolu Bosluk Yiizdesi 65.3 60-75
(Vfa), (%)
V.M.A (%) 13.9 13-15
Tablo 7. Asfalt betonu dizayn kriterleri [21]
Ozellikler Binder Deney
min. | maks. | Standardi
Briket Yapiminda 75 TS EN
Uygulanacak Darbe Sayisi 12697-30
[32]
Marshall Stabilitesi, kg TS EN
750 - 12697-34
[33]
TS EN
4 6 12697-8
Bosluk, % [34]
TS EN
Asfaltla Dolu Bosluk, % 60 75 12697-8
13 15 TSEN
Agregalar Arasi Bosluk, % 12697-8
2 4 TS EN
Akma, mm 12697-34
Filler/Bitiim Orani - 1.4
TS EN
Bitiim (agirliga, 100'e) 3.5 6.5 12697-1
[35]
Sikistirilmis Bitiimli
Karisimlarin Sudan
Kaynaklanan Bozulmalara
Kars1 Direnci, indirekt 80 AASHTO
Cekme Mukavemeti (ICM) T283 [36]
Orani, min.%
Tekerlek Izinde Oturma TSEN
(30.000 devirde, 60 12697-22
°C'de), maks. % i [37]
Not: Tabaklar arasi yapisma dayanimi TS EN 12697-48'e
gore yapilabilecektir.

4.2. Diatomitin tozunun filler olarak kullanildigi
numunelere ait Marshall stabilite deney sonuglari

Calismada filler olarak kiregtasinin kullanildigy, %3, 3.5,
4, 4.5, 5, 55 oranlarinda bitim oranina sahip
numuneler dokilerek optimum miktar1 %4.68 olarak
belirlenmigtir. Belirlenen %4.68 optimum bitim
icerigine gbre ayn1 gradasyonda kirectasi filler yerine
diatomit ikameli numuneler hazirlanmistir. Kiregtasi
fillere kiitlece toplam filler miktarimin yiizdesi
olarak %0, 25, 50, 75, 100 oranlarinda diatomit ikame
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edilerek Marshall briketleri hazirlanmistir. Diatomit
ikameli asfalt beton numuneler Marshall stabilite ve
akma testine tabi tutularak diatomit filler malzemesinin
stabilite, akma, bosluk (Vh), asfaltla dolu bosluk miktari
(Vfa), pratik 6zgiil agirlik (Dp) ve agregalar arasi bosluk
miktar1 (VMA) tlizerindeki etkileri degerlendirilmistir.
Diatomit ikame oranina bagh olarak asfalt betonunun
miihendislik o6zelliklerindeki degisimler diatomit (%)
fillere gore stabilite degisim grafigi Sekil 9, akma
degisim grafigi Sekil 10, Dp degisim grafigi Sekil 11,
VMA degisim grafigi Sekil 12, Vh degisim grafigi Sekil 13
ve Vfa degisim grafigi Sekil 14’te verilmistir.

Karsilastirmanin daha iyi yapilabilmesi icin optimum
bitlim oraninin belirlendigi gradasyon ve optimum
bitliim miktar1 kullanilarak kirectasi filler ile diatomit
filler belirli oranlarda (Tablo 8) yer degistirilerek
numuneler hazirlanmistir.

Tablo 8. Mineral filler olarak diatomit yer alan
numunelerde diatomit - Kirectasi oranlari

= . Numune - ] Numune
2 % E’ -~ I(;?risiwndeki g I(;verisivndeki
E’—: .a,:a = S Agirhig (gr) E Agirhig (gr)
5 a
3 0 - 100 52.9
3 25 13.225 75 36.675
3 50 26.45 50 26.45
3 75 39.675 25 13.225
3 100 52.9 0 -
(Sahit
Numune)

Numuneler Marshall metoduna gére hazirlanmistir. i1k
numune dokimi olan %100 diatomit filler iceren
numuneye ait gradasyon hazirlanarak etilive
yerlestirilmistir. Bir giin sonra optimum bitiim miktar
ve gradasyonu hazir olan agrega yi1gini karistirilmaya
baslandiginda uygun sicaklik altinda olmasina ragmen
diatomitin karisim igerisindeki bitimi tamamen
absorbe ettigi, agregalarin yiizeyinin bitiimle
kaplanmasini engelledigi gorilmiistiir. Karisimin rengi
kahverengi olmustur (Sekil 8). Normal siirelerin ¢ok
tistiinde (ortalama 25-35 dk) karistirma islemi ve
kaliba sislenerek yerlestirilip tokmaklama islemi
yapilmistir. Numune bir giin kalipta beklemesi i¢cin oda
sicakligina birakilmistir. Bir giin sonra numune kaliptan
cikartilirken  yogun  bir sekilde segregasyon
gorilmistir.
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Sekil 8. Diatomit filler orani1 %100 olan numunenin
sikistirma islemi ve sonrasi

%100 diatomit ikameli numunelerde diatomitin
agregalarin ylzeyini kaplayarak numunede
baglayicihign etkiledigi tecriibe edildikten sonra
hazirlanan numunelerde agregalar ayr1 bir Kkapta,
numune oranina gore diatomit baska bir kapta
hazirlanmistir. Deney sonuna kadar bitim ve agrega
karisimi  6nce karistinlmistir. Bitliim iri agrega
yuzeylerini tamamen kapladiktan sonra karisima
diatomit eklenerek karistirma islemine devam
edilmistir. Karisim igerisinde diatomitten gelen beyaz
renk kalmayana kadar karistirma islemine devam
edilmistir.

Diatomit ikameli asfalt beton numunelere ait diatomit
(%) fillere gore stabilite, akma, Dp, Vfa yiizdesi, Vh,
VMA yiizdesi grafikleri sirasiyla Sekil 9, 10,11, 12, 13 ve
14’te verilmistir.

KTS’de binder dizayninda stabilite degeri icin min.750
kg degeri verilmistir. Deney sonug¢larina gore
numunelerin ihtiva ettikleri diatomit oranlarina
karsilik gelen stabilite degerleri Sekil 9’da verilmistir.
Deney sonucunda tespit edilen verilere gore;

e Numunelerin tamami KT$ alt sinir1 olan 750
kg'yi saglamistir.

e Enyiiksek stabilite degeri %25 diatomit iceren
numunelerde 1340 kg olarak tespit edilmistir.

e Diatomit orami %25’i gectiginde stabilete
degerlerinde diislis tespit edilmistir. Yiiksek
diaotimit oranlarinda stabilitenin diismesinin
sebebi diaotomitin bitiimii absorbe etmesi
olarak diistiniilmektedir.

o %25 diatomite sahip numunelerin stabilite
degeri, sahit (kontrol) numunelerinin stabilite
degerinden yiiksek oldugu tespit edilmistir.
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Sekil 9. Diatomit filler oranina gore stabilite degeri
degisim grafigi
KTS’ye gore binder dizayninda akma degeri 2-4 mm
araliginda olmalidir. Diatomit oranlarina gore karsilik

gelen ortalama akma degerleri Sekil 10’da verilmistir.

Deney sonuglarina gore hazirlanan grafige gore;

e Numune icerisinde kullanilan diatomit
oranlarin1 arttikca akma degerinde disiis
tespit edilmistir.

e %25 diatomit oranina sahip numunelerde en
ylksek degeri olan 3.90 mm akma degeri elde
edilmistir. Sartnamenin {ist smir1 olan 4
degerini asmamuistir.

e %25 diatomit filler oranina sahip numunelerde,
kirectas1 filler kullanilan numunelere gore
daha yiiksek akma degeri tespit edilmistir.

450 y = 0.1325x2 - 0.4628x% 4 3.5325
R*=0.2764
400 3.80
361
_ 350 3.39 e -
E '
. e
= 3.00
E 257
-
< 150
2.00 I
150
75% 50% 253% 0%
Diatomit (3&)

Sekil 10. Diatomit filler oranina gére akma degeri
degisim grafigi

Karisimda bulunan diatomit miktar1 arttikca Dp’nin
kararli bir sekilde azaldig1 tespit edilmistir.
Deneyde %25, %50 ve %75 oranlarinda diatomit iceren
numuneler hazirlanmis ve sirasiyla pratik 6zgil agirlik
degerleri 2.40, 2.31, 2.25 gr/cm? olarak belirlenmistir.
Diatomit ikameli karisimlar igerisinde en yiiksek pratik
ozgul agirhik degeri %25 diatomit iceren numunelerde
tespit edilmistir. Diatomit oranina gore pratik 6zgiil
agirlik degisimi Sekil 11’de verilmistir.
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Sekil 11. Diatomit filler oranina goére DP degeri degisim
grafigi

icerdigi diatomit oranlarina gére asfaltla dolu bosluk
orani grafigi Sekil 12’de verilmistir. Bosluk ve diatomit
oranina ait degerler Sekil 13’te verilmistir.
Gergeklestirilen deney sonuglarina goére hazirlanan
asfaltla dolu bosluk orani grafigine gore;

e Numunelerin sahip olduklari diatomit orani

arttikca asfaltla dolu bosluk orani azalmaktadir.

e Diatomitin karisim icerisindeki  bitlimi
absorbe ettigi tespit edilmistir.

e Diatomit oranlar yiiksek olan %50 ve %75
numuneler ise sirasiyla sartnamenin alt

sinirinin %10 ila %20 altinda kalmistir.

e KTS'de wverilen Vh simrlarini  (2-4mm)
sadece %25 diatomit ikameli numuneler
saglamistir.

90

v =1.375%% + 5.115x + 39.025 81.10

80 R?=0.8955 -

20 67.90 .~

€50 asso
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20

FEES 50% 25% 0%
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Sekil 12. Diatomit filler oranina gore Vfa degeri
degisim grafigi
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Sekil 13. Diatomit filler oranina goére Vh degeri degisim
grafigi

KTS'de binder dizaym1 VMA degerleri i¢in simirlar 13-
15’dir. Diatomit orani ve agregalar arasinda ki bosluk
arasinda ki iliski Sekil 14’te verilmistir.

Deney sonucunda tespit edilen verilere gore;

e Numune igerisinde bulunan diatomit miktar:
arttikca, VMA artmaktadir.

e Diatomit arttik¢a bosluk oraninin artmasinin
sebebi olarak diatomitin bitiim tizerindeki
absorpsiyon etkisi oldugu diistintilmektedir.

e Sartname smirlar1 icerisinde sadece %25
diatomit oranina sahip numuneler kalmistir.

e Diatomit iceren numunelerin bosluk miktari
sahit  (kontrol) numunelerinin  bosluk
miktarlarindan fazla oldugu tespit edilmistir.

25

20.05 v =0.075x% - 2.977x + 23.045

20 R®=0.9949
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- e 1451
5 - -.\--.-.--\--.- 12-43
S 1 I
5
[1]
75% 50% - .
Diatomit (%)

Sekil 14. Diatomit filler oranina gére VMA degeri
degisim grafigi

5. Sonuglar

Bu ¢alismada diatomitin bitiimlii sicak karisimlarda
(BSK) filler malzeme olarak kullanilabilirligi
arastirilmistir. Bu amagla Marshall metodu ile kiregtasi
agrega ve kirectasi filler kullanilarak %3, 3.5, 4, 4.5, 5,
5.5 bitiim oranina sahip numunelere ait stabilite, akma,
pratik 6zgiil agirlik (Dp), asfaltla dolu bosluk miktar:
(Vfa), bosluk (Vh) ve agregalar arasi bosluk miktari
(VMA) degerleri tespit edilmis ve grafikleri ¢izilmistir.
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Cizilen bu grafiklerden optimum bitiim miktar1 %4.68
olarak hesaplanmistir. Belirlenen optimum bitiim
icerigi ve optimum bitim oraninin belirlendigi
gradasyon kullanilarak %0, 25, 50, 75 oranlarinda
diatomit filler ikameli asfalt beton numuneler
hazirlanmistir. Diatomit ikameli numuneler Marshall
BSK tasarim testine tabi tutularak sonuglar
degerlendirilmistir.

Gergeklestirilen deneyler neticesinde asagidaki
sonuglara ulasilmistir;

e 9%4.68 olarak bulunan optimum bitiim
yluzdesinin KTS’ye uygun oldugu gorilmiistiir.

e Asfalt beton numunelerin {retiminde
kullanilan agrega, filler ve bitiimiin sartnameye
uygun oldugu belirlenmistir.

e Belirlenen Filler/Bitlim oraninin gsartname
sinirlari icinde kaldig1 goriilmiistr.

e Stabilite, sadece %25 diatomit ikameli
numunelerde artis gostermistir. Sadece
kirectas: filler ile hazirlanan sahit numuneye
(0% diatomit filleri) ait stabilite degerinin
1200 kg, %25 diatomit ikameli numunenin
stabilite degerinin 1340 kg, %50 diatomit
ikameli numunenin stabilite degerinin 1150
kg, %75 diatomit ikameli numunenin stabilite
degerinin 1061 kg oldugu gorilmektedir.
Fillerin tamaminin diatomit filler oldugu
brikete ait stabilite degeri hazirlanan
briketlerde yogun segregasyon olmasi
nedeniyle deney yapilamadigindan degerler
belirlenememistir. Stabilite, kirectasi filler ile
tretilen sahit numuneye (%0 diatomit)
gore %25, %50 ve %75 diatomit ikame
oranlarinda %25 diatomit ikameli
numunelerde %11.67 artis, %50 ve %75
diatomit ikameli numunelerde sirasiyla %4.17
ve %11.58 oranlarinda diisiis goriilmiistiir. Bu
sonuglar diatomit filler ikameli asfalt
betonlarda Marshall stabilitesinin sadece %25
diatomit ikameli numunelerde arttigim
gOstermistir.

e (Calismada sahit numune (%0 diatomit) ve %25,
50, 75 oranlarinda diatomit ikameli BSK
numunelerde akma degerlerinin KT$'nin
standartlarina  (2-4mm) uygun oldugu
gorilmustir.

e Pratik ozgill agirlik degeri diatomit filler
miktarinin artmasiyla diatomit ikameli tiim
numunelerde diismustiir. Diatomit ikameli
numuneler arasinda en yiliksek pratik 6zgiil
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agirlik degerine stabilitenin en yiiksek degeri
aldign %25 diatomit ikameli numunede
ulasilmistir.

VMA ve bitiim orani grafigi incelendiginde %25,
50, 75 diatomit ikameli briketlerde VMA
degerinin sahit numuneye gore arttigl
goriilmektedir. Grafige bakildiginda diatomit
ikameli numunelerin %14 degerinin lstiinde
kaldig1 goriilmektedir. Numunelere ait VMA
sirasiyla %14.51, 17.67, 20.05 degerlerini
almistir. KTS’ye gore VMA degerinin %14’ten
biiyiik olmas1  istenmektedir.  Ozellikle
sicakligin etkisiyle diatomit ikameli asfalt
beton numunelerde agregalar arasinda yeterli
bosluk olmamasi nedeniyle asfalt beton
kaplamada kusma meydana gelebilecegi
diistiniilmektedir.

KTS’ye gore binder tabakasi Marshall tasarim
kriterlerinde izin verilen bosluk sir
degerleri %4-6'dir. Bosluk ve diatomit iligkisini
gosteren grafige bakildiginda %25, %50
ve %75 diatomit ikameli briketlerde bosluk
oranlar1 swrasiyla %4.66, 8.19, 10.84
degerlerini almistir. Degerler incelendiginde
diatomit ikameli tiim briketler icerisinde
sadece %25 diatomit ikameli numunelerin
sartname degerlerini sagladig goriilmektedir.

Organik kokenli mineral olan diatomitin en
onemli ozelligi gézenekli yapisidir. Bu yapi
yliksek oranlarda porozite saglar. Sivi emme
kapasitesi fazladir. Islenmis haldeki diatomit
kendi agirhiginin 3-4 kati, kalsinasyondan
sonra kendi agirhiginin 5-10 kati kadar sivi
emebilir. Diatomit kendine has ozellikleri
sebebiyle yiliksek oranda (%50, 75, 100)
diatomit iceren numunelerde diatomit
eklendigi anda bitiim ile yogun bir tepkimeye
girerek agregalarin ylizeyinin bitim ile
kaplanmasina engel oldugu tespit edilmistir.

Karisimlarin tamaminda bitiim ve kire¢ tasi
agregalar tam olarak iniform bir goriintiiye
sahip olduktan sonra (agregalarin yiizeyi
asfaltla kaplandiktan sonra) diatomit ilave
edilmistir. Karisimin siyah olan renginin
(bitimden kaynakli), diatomit Kkarisima
eklendikten kisa bir siire sonra kahverengiye
doéndiigii gézlemlenmistir.

Yiiksek diatomit oranlarina sahip (%50, 75,
100) numuneler hazirlanirken karistirma
islemine diatomit ilave edildikten sonra
baglayicihik  gdzlemlenmemistir.  Karisim
halihazirda igerisinde bitiim yokmus gibi bir
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hale gelmistir. Bu duruma ragmen sikistirma
islemi ile birlikte %100 diatomit oranina sahip
numuneler haricinde diger numuneler diizgiin
bir goriintiiye ve deneye tabi tutulabilecek hale
gelmislerdir.

e Yiiksek diatomit oranina sahip numunelerde
(%50, 75, 100) agrega ve bitim arasinda

yeterli aderans saglanamadig1 gdzlemlenmistir.

e %25 diatomit oranina sahip numunelerde
karistirma islemi esnasinda yiliksek diatomit

oranlarina  sahip numunelerle benzer
durumlar daha diisiik oranda seyretmistir ve
sikistirma  islemi basarili  bir sekilde
gerceklestirilmistir.

e Deney neticesinde bir tane %25 olmak
tizere, %75 ve %50 diatomit oranina sahip
numunelerde pargalanma gorilmistiir. %100
diatomit oranina sahip numunelerin tamami
yogun segregasyon nedeniyle deneye tabi
tutulamamaistir.

e KTS akma smrlart (2-4mm) goéz oOntline
alindiginda en yiiksek stabilite degerine (1340
kg) sahip olan %25 diatomit ikameli
numunelerde 3.9 mm akma degeri tespit
edilmisgtir.

e %25 diatomit oranina sahip numunelerin KT$
sinirlarint  saglamasi, en yiiksek stabilite
degerini vermesi ve yiikksek diatomit
oranlarina sahip numunelerde (%50 ve %75)
degerlerin diismesi nedeni ile daha sonra
yapilacak ¢alismalarda %0 ve %25 araliginda
diatomit ikame edilerek arastirma
yapilabilecegi diisiiniilmektedir.

e Diatomitin bitlimii absorbe etmesi sebebiyle
daha fazla  bitime  ihtiyag¢  oldugu
disinilmektedir. ilerde yapilacak
¢alismalarda farkli bitlim oranlarina sahip
diatomit ikameli numuneler hazirlanarak
diatomitin karisima etkilerinin
arastirilabilecegi diisiiniilmektedir.

e Deneysel c¢alismalar sonucunda elde edilen
degerlere gore hazirlanan grafikler
incelendiginde %25 diatomit ikameli filler
malzemesinin KTS binder dizayn kriterlerinin
tamamini sagladigl belirlenmistir. Bu sebeple
esnek kaplamalarda kirectasi filler ile birlikte

diatomitin esnek iist yap1 performansini
artirmak icin kullanilabilecegi
diistinilmektedir.
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0z: Goriintii isleme, gelisen yazilim ve donanim teknolojisine paralel olarak bir¢ok sektérde
kullanilmaktadir. Sektérlerin ihtiyaglarina goére kullanilan goriintli tekniklerinde farkhlik
gozlemlenmektedir. Bu baglamda saglik alaninda kullanilmasi ¢ok hassas 6l¢timler ile giiglii
algoritmalar gerekmektedir. Bu makalede, D-EYE ve FIRE gibi veri kiimelerini kullanarak
retina gorintiileri lizerinde goriintli mozaigi yapimistir. Goriintiiler {izerinde o6zellik
algilama, 6zellik eslestirme, goriintii eslestirme, gériintii sarmalama ve goriintii mozaikleme
islemleri uygulanmistir. Goriintiideki koseleri bulmak icin Harris kose dedektorii
kullanilmistir. Kose dedektorii ile karsiik gelen 2 goriintiideki noktalarin konumlar:
bulunmustur. Koordinatlar arasinda 6znitelik tanima algoritmasi olarak Olgek Degismez
Unsur Dontistimii (SIFT) kullanilmistir. Belirlenen 6znitelikler arasinda 6znitelik ve goériintii
eslestirme islemleri yapilmistir. Rastgele Ornek Konsensiisii (RANSAC) yardimiyla zayif
noktalar ortadan kaldirilmistir. Homografi, kalan noktalarla projektif doéniisim igin
tanimlanmistir. Son asamada homografi matrisi ile geometrik bir doniisim yapilmistir.
Calismamizdaki goriintii mozaikleme uygulamasi; retina goriintileri, insansiz hava araci
goriintiilleri, bakteri veya tomografi goriintilleri basta olmak tlizere genis bir alana
uygulanabilmektedir. Farkli veri setleri ile test edilmis basarili bir sonug elde edilmistir.
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and hardware technology. Differences are observed in the image techniques used according
to the needs of the sectors. In this context, very precise measurements and powerful
algorithms are required to be used in the field of health. In this article, an image mosaic was
made on retinal images using datasets such as D-EYE and FIRE. Feature detection, feature
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(RANSACQC). The homography is defined for the projective transformation with the remaining
points. In the last step, a geometric transformation was made with the homography matrix.
The image mosaic application in our study; It can be applied to a wide area, especially retinal
images, unmanned aerial vehicle images, bacteria or tomography images. It has been tested
with different data sets and a successful result has been obtained.
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1. Giris
Cagimizda dijital teknolojilerin popiilerlesmesiyle
gorintii verileri dikkat c¢ekici bir sekilde 6nem
kazanmistir. Sunum veya bir 06greti sirasinda
goriintiillerden faydalanabilmek kolay, anlasilabilir ve
hizli bir egitim sunmaktadir. Bu nedenle siklikla
kullanilmakta olup hayatimizda onemli bir yere
sahiptir. Gortintiiler piksellerden meydana
gelmektedir. Her piksel aslinda birer veridir. Bu piksel
verileri bir araya gelerek goriintii  verisini
olusturmaktadir. Goriintiiler zamana ve mekana bagh
olarak acis;, 15181 veya  Kkalitesi  degisiklik
gosterebilmektedir. Sadece bu degisiklik kamera
donaniminin Kkalitesine bagli bir durum degildir.
Yazilimsal iyilestirmelerde en az donanim kadar
etkilidir. Yazilimsal olarak filtreler, derin 6grenme
tabanli goriinti iyilestirme yontemleri, uygun kontrast
tespiti gibi goriinti o6zelliklerinden faydalanilarak
goriintli iyilestirmeleri yapilabilmektedir. Yalnizca
goriintiiniin kalitesini ve anlasilabilirligini arttirmanin
yaninda gorintii acgillar1 da diizeltilebilmektedir.
Ortalamadan veya egik c¢ekim yapilmis gorinti
arglimanlar1 perspektif dizenlemesi ile goriinti
bozulmasindan arindirilabilmektedir. Perspektif
diizenlemesi goriinti isleme algoritmalarinin bir arada
calistirlmas1 sonucunda meydana gelen bozukluk
giderilmektedir.

Gorintii bozulmalari, sadece perspektif goriinti
bozulmalarindan kaynaklanmamaktadir. Baz1
durumlarda goriis acisi nedeniyle bozulmalar meydana
gelebilmektedir. Kaynagi bilinmeyen bozuk
gorintiileri diizeltmek i¢in kamera parametrelerinin
veya goriintiiniin  egimlerinin tahmin edilmesi
gerekebilecek durumlar olabilmektedir. Bu egimleri ve
kamera parametrelerini tahmin etmeye c¢alismak,
yapilacak bir sisteme ekstra bir hesaplama yiiki
getirmektedir.

Gorlintii perspektifi sadece goriintiideki bozukluklar
disinda goriintii mozaiklemede de yaygin olarak
kullanilmaktadir. Mozaiklenecek olan her goriintiiniin
ayni agl ve dogrultuda goriintii 6znitelik noktalarini
hizalamak i¢in perspektif diizeltmesi uygulanmaktadir.

Gorlintii  mozaikleme kiigik ve bdlgesel olan
goriintiilerin birlestirilerek daha biiylik ve detayli bir
goriintlii elde edilmesini amaglamaktadir. Goriinti
mozaiklemede o6zellik ¢ikarma, ozellik eslestirme,
aykiri  noktalarin  tespit edilmesi, homografi
hesaplanmasi, goriintii ¢arpitma, goériinti harmanlama
ve goriintli mozaikleme adimlarindan olusmaktadir.

Perspektif goriintiilerindeki bozukluklarin

diizeltilmesi ile ilgili bir¢ok ¢alisma bulunmaktadir. Bu
¢alismalarda Hough doniisimii, izdiisim profil
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histogrami, homografi matrisi, derin 6grenme ve uzak
ufuk noktas1 kullanilarak perspektif diizeltmelerinin
yapildig1 gorilmektedir. Literatiirdeki sik¢a kullanilan
yontemler asagida verilmistir.

Pavi¢ vd. [1], 3B yap1 hakkindaki bilgileri kullanarak
parga tabanli goriintii tamamlama icin etkilesimli bir
sistem oOnermistir. Sistem, etkilesimli goriinti
tamamlama icin pargalar1 Kopyalarken perspektif
diizeltmeleri uygulamaktadir. Par¢a bazli goériinti
tamamlama teknikleri ile diizlemsel varsayimlar
yapilarak 2 boyutlu olarak uygulanmaktadir. Kaynak
pargalar1 aranirken, Uzaklik Karesi Toplami (SSD)
yontemi kullanilmistir. 3B dilizlem belirtilmezse,
sistem perspektif diizeltmeleri olmadan o&nceki
goriinti tamamlama teknikleri gibi davranmaktadir.
Gerum vd. [2] sensorlerden gelen verilerle kamera
kayitlarini ve goriintiileri optimize eden bir ydntem
gelistirmistir. Uydu goriintiilerine ve c¢oklu goris
acilarindan yapilan hesaplamalara dayali olarak harici
kamera  parametrelerini tahmin etmek igin
kullanilmaktadir. Perspektif diizeltmeleri ve goriintii
haritalama yontemleri kullanilarak acik kaynakl
olarak hazirlanmistir. Li vd. [3] giris gortntiisiindeki
geometrik  bozulma tiirlerini otomatik olarak
diizeltmek icin genel bir mimari 6nerilmistir. Yontem,
bozulmus ve diizeltilmis gorintilerdeki yer
degistirmeyi tahmin etmek i¢in biiyiikk bir sentetik
bozulma veri seti kullanilarak egitilmis Evrisimli Sinir

Aglarmi (CNN)  kullanmaktadir.  Algoritmanin
geleneksel dilizeltme yontemlerinden daha iyi
performans gosterdigi c¢alismada kanitlanmistir.
Giivenoglu [4] tarafindan Onerilen yodntemde,
perspektifi ~ bozulmus  gorlntiideki  nesnelerin

dikdortgen veya kare olmasi gerekmeden perspektif
diizenlemesi yapilabilmektedir. Farkli boyutlardaki

dikdortgen bolgeler, goriintiideki herhangi bir
perspektif bozulma kolaylikla diizeltilmektedir.
Perspektif carpik gorintiilerin diizenli metinlerle

diizeltilmesini saglayan bir calisma Clark vd. [5]
tarafindan yapilmistir. Yontemde dikey ve yatay
izdiisim profil histogrami yardimiyla ilk asamada
metinlerin bulundugu bélgeler belirlenmektedir. Metin
diizleminin yatay kaybolma noktasi 2B projeksiyon
yontemi ile  bulunmaktadir. Boylelikle metin
satirlarinin boélimlenmesini saglamaktadir. Cizgilerin
analizi dizlemin dikey kaybolma noktasinin ve
paragrafin yaslama stilinin tahminini saglayacaktir.
Yapilan islemler neticesinde metin, Optik karakter
tanima (OCR) veya diger tanima yontemleri i¢in uygun
bir ¢ikt1 elde edilmistir.

Giiniimiizde perspektif gorlntiilerin diizeltilmesi
mobil  teknolojiler ile de miimkiindir. Bu
calismalardan biri Li vd. tarafindan yapilmistir. [6] Bu
calisma iki varsayima dayanmaktadir. Bunlardan biri
bozuk goriintiiniin dikdértgen bir yapiya sahip oldugu
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varsayimi, digeri ise kameranin i¢ parametrelerinin
bilindigi varsayimidir. Bu nedenle varsayimlara dayali
olarak bozulan goriintiide bir homografi matrisi
olusturulmaktadir. Olusturulan homografi matrisi ile
diizeltilmis  goriinti  diizeltmesi saglanmaktadir.
Mohan vd. [7] kamera parametrelerini, bilinen gercek
Olcekli bir gorintiideki perspektif bozulmasini
diizeltmek icin homografi matrisini kullanmaktadir.
Onerilen yontemde diizeltilecek perspektif
gorintiisiiniin  siirlart  6ncelikle belirlenmektedir.
Belirlenen bu perspektif goriintiiniin kdse noktalarina
isaretlenme yapilmaktadir. Kamera parametreleri ve
onceden tanimlanmis homografi matrisi yardimiyla
perspektif gorintii 2 boyutlu alana tasinmaktadir.
Homografi matrisi, bircok perspektif diizeltmesinin
temelini olusturmaktadir. Spitschan vd. [8] ¢alismada,
perspektif nedeniyle bozulmaya ugramis goriintiileri
diizelten ve daha dogru sonuglar veren yeni bir
yontem onerilmektedir. Akif ve Aykut [9] tarafindan
yapilan calismada insaniz Hava Aracindan alinan
goriintii verileri ile mozaikleme yapilmistir. Calismada
Speeded up Robust Features (SURF), Scale-Invariant
Feature Transform (SIFT), Binary Robust Invariant
Scalable  Keypoints  (BRISK), Features From
Accelerated Segment Test (FAST) ve Harris kdse bulma
algoritmalar1 ile c¢alisilmistir. Yapilan mozaikleme
calismasinda her bir uygulanan algoritmanin
performans degerleri karsilastirilmistir. Miiezzinoglu
vd. [10] tarafindan yapilan ¢alismada SIFT algoritmasi
temelli bir  goriinti mozaikleme yontemi
gelistirilmistir.  Gelistirilen model Raspberry Pi
izerinde ¢alistirlmaktadir. Mozaikleme uygulanmasi
icin zor bir 6rnek olan fotovoltaik dizi goriintiilerinde
denenmis ve basarim saglamistir. Karakoése vd. [11]
tarafindan yapilan calismada kameradan elde edilen
goriintiiler ile MATLAB ortaminda  gorlnti
mozaikleme uygulamasi yapilmistir. Goriintiilerden
ozellik ¢ikarimi icin SIFT algoritmasi kullamilmistir.
Hatali eslesmelerin elenmesi ve 6zellik noktalarinin
eslestirilmesi icin homografi tahmini uygulanmistir.
Goriintii mozaikleme isleminin kalitesinin arttirilmasi
icin genetik algoritmalardan yararlanilmistir.

Insamiz Hava Araglar1 (IHA) tarafindan video g¢ekimi,
afet durumlari, tarim alanlarinin tespiti yaygin olarak
kullanilmaktadir. Yang vd. [12] tarafindan yapilan
calismada GPS bilgileri yardimiyla {HA’dan alinan
gorintiiler ile hizl bir goriintl birlestirme algoritmasi
kullanilmasi amaglanmaktadir. Yazarlar o6nerdikleri
yontemin, piyasadaki ticari yazilimlardan (Pix4D) daha
performansli oldugunu kanitlamistir.

Literatiirdeki arastirmalar 15181nda SIFT
algoritmasindaki en o©nemli dezavantaji ¢ikarilan
anahtar noktalarinin fazlaligidir. Diisiik mozaikleme
kalitesine neden olmaktadir. Gorilintiide algoritmanin
buldugu gereksiz o6zellikleri kaldirmak ve gorinti
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kalitesini artirmak icin Redundant Keypoint
Elimination (RKEM) adinda yeni bir ydntem
sunulmustur. Hossein-Nejad ve Nasri [13] tarafindan
yapilan ¢alismada RKEM yo6ntemini iyilestirmek igin
Kiimelenmis RKEM (CRKEM) adi verilen yeni bir
yontem Onerilmistir. Deneysel sonuglarda klasik
mozaikleme yontemlerinden daha iyi sonug¢ verdigi
gozlemlenmistir.

Nie vd. [14] tarafindan yapilan c¢alismada derin
O0grenme tabanli bir goriinti birlestirme yontemi
onerilmistir. Onerilen ama¢ fonksiyonunda goriintii
birlestirme dikdortgenleme veri seti olusturulmustur.
Olusturulan veri setinde insanlar, hayvanlar, araglar ve
¢ok sayida yapr O6rnegi bulunmaktadir. Yazarlar bu
yaklasim ile geleneksel yontemlerden daha istiin
performans elde etmistir.

Chen vd. [15] tarafindan yapilan c¢alismada Yari
Yansitmali  Cozgiiye ve  Optimal Birlestirme
algoritmasina dayali bir [HA gériintii birlestirme
yontemi onerilmektedir. Deneysel sonuglarda 6nerilen
yontemin gorintiiler Uzerinde yiiksek dogrulukta
birlestirdigi gozlemlenmektedir.

Calismamizda medikal alanlarda kullanilan veriler
lizerinde gorintii mozaikleme yaparak genel bir
goriinti  olusturmak  amaglanmaktadir.  Saglk
alanindaki bu tiir goriintiilerin 6znitelikleri son derece
zor anlasilmaktadir. Go6z kusurlarinin tespiti ve
teshisinde medikal cihazlarda kullanilabilmektedir.
Hastalik teshisi ve tespitinde daha kapsamli bir veri
seti olusturulmasinda ydntemimiz Onerilmektedir.
Ayrica uydu gériintiileri, video kayitlar, IHA’dan alinan
goriintlilerde de yontemimiz kullanilabilir. Calisma,
bircok alanda yiliksek performans elde etmeyi
amaglamaktadir.

Calismamizda Harris kose algillama, SIFT, RANSAC,
FLANN (Fast Library for Approximate Neighbors) ve
Hough Doénlisiimii yontemleri bir arada kullanilarak
goriinti mozaiklemeyi yiiksek hizda ve maksimum
dogrulukta olusturmay1 hedeflemektedir.

2. Materyal ve Metot

Calismamizda, D-EYE [16] cihazindan goz gorintiileri
kullanici tarafindan g¢ekilerek veri seti olusturulmustur.
D-EYE cihazi ile olusturulan veri setindeki ve FIRE [17]
veri setindeki retina goriintiileri {izerinde goriintii
mozaigi uygulanmistir. Cercevedeki kdseleri bulmak
icin Harris kose algilama algoritmasi kullanilmistir.
Kose algilanma algoritmasina karsilik gelen 2
gorlintiideki noktalarin konumlar1 bulunmustur.
Koordinatlar arasinda o6znitelik tanima algoritmasi
olarak SIFT kullanilmistir. Belirlenen 6znitelikler
arasinda 0Oznitelik ve gorintii eslestirme islemleri
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yapilmistir. RANSAC yardimiyla zayif noktalar ortadan
kaldirilmaktadir. Homografi, kalan noktalar: eslestirip,
projektif doniisiim i¢cin tanimlanmistir. Son asamada
homografi matrisi ile geometrik bir doénisim
yapilmistir. Her iki veri seti ile basarili sonuglar elde
edilmistir. Calismada kullanilan ydntemin mimarisi
Sekil 1'de gosterilmektedir.

Goriintii Verisi ———»  Ozellik Algilama

|

Ozellik
Tanimlayicilan

|

0Ozellik Eslestirme

|

Garinti

Eslegtirme

¥
Goriintii
Harmanlama
Gorinti
I

Sarmalama

Goriintii

Mozaikleme

Sekil 1. Calismanin Yapisi

Goriintii  birlestirme, bolimlere ayrilmis yiiksek
¢oziinlrlikli bir goriinti olusturmak igin birden ¢ok
gorintiiyli  ortiisen goriis alanlariyla Dbirlestirme
islemine denir. Sahnenin farkli bdliimlerini yatay
olarak tarayan farkli gériintiiler elde edilebilmektedir.

Goriintii mozaikleme yapilabilmesi i¢in ayn1 sahnenin
farkl goriintiileriyle ortiisen diger o6gelerle otomatik
olarak birlestirmektir. Karsiik gelen noktalari
belirleyerek ve ardindan goriintilleri bir araya
getirmek icin homograf noktalarini hesaplayarak
yapilmaktadir. Giris gorilntiilerinin aslinda ayni
sahnenin ortilisen fotograflar1 oldugu varsayilmaktadir.

2.1. Ozellik Tammlayicilan ve Ozellik Algilama

Gorilintii isleme algilama, goriintii verileri lizerinde
hesaplama yapma ve belirli bir goriintii tiiriiniin
ozelliginden bagimsiz olarak her goriintii noktasinda
yerel kararlar alabilmek ig¢in c¢esitli yodntemler
icermektedir [18].

International Journal of Technological Sciences

119

Ozellik tespiti hesaplama acisindan karmasik, zor ve
zaman kasti oldugunda, ozellik tespiti icin yliksek
seviyeli algoritmalar kullanilabilmektedir. Bu nedenle
goriintiiniin sadece belirli boéliimlerinde 6zellikler
aranmaktadir [19].

Ozellik algilamayr kullanan bir¢ok bilgisayarli gérii
algoritmas1 literatirde  bulunmaktadir.  Bunlar,
hesaplama karmasiklig, tespit edilen 6zellik tiirleri ve
tekrarlanabilirlik agisindan farkhilik goéstermektedir
[20]. Ozellikler tespit edilip algilandiktan sonra,
ozelligin ¢evresinden yerel bir goriintii parcasi
¢ikarimi yapilmaktadir. Bu c¢ikarim, biiylik miktarda
gorintiiyli isleyebilecek kapasitededir. Literatiirde
ozellik vektori veya oOzellik tanimlayicisi olarak
gecmektedir. Ozellik algilama algoritmalan 6zellik
vektorii ¢ikarmayr amaclamaktadir. Calismamizda
BRIEF tanimlayicisi kullanilmaktadir.

Gorilinti isleme algoritmalari, dijital bir video veya
goriintideki sekil, kenarlar veya hareket gibi nitelikleri
algilamak icin kullanilmaktadir [21]. Nitelik temelli
yaklasimlar ikiye ayrilmaktadir. Bunlar:

Diisiik seviyeli yontemler; kése bulma, blob bulma ve
kenar bulma gibi alt yontemlerdir [21].

Bagimsiz Yontemler; Sekil Tabanli, Gradyan Tabanli ve
Sekil Eslestirme Tabanli Yontemler (SIFT vb.)

Harris Kése Bulma Algoritmasi: Harris kdse bulma
algoritmasi, bir goriintiiniin 6zelliklerini ve gorinti
koselerini ¢ikarmak igin siklikla tercih edilen bir kose
algilama operatoriidiir. 1988 yilinda Mike Stephens ve
Chris Harris tarafindan Moravec'in kése tanima
algoritmasinin  gelistirilmesi lizerine tamtilmistir.
Algoritma basit bir sekilde bir kése ve iki kenarin
birlesimi olarak agiklanabilmektedir. Kenar olarak
nitelendirilen kisim, goriintii parlakliginda ani bir
degisiklikten meydana gelmektedir. Koseler
goriintideki en  o6nemli  oOzelliklerdir.  Ayrica
degismeyen oteleme, dondiirme ve aydinlatma olarak
adlandirilmaktadir. Koéseler bir goriintiiniin sadece
kiicik bir dilimi olusturmaktadir [22]. Ancak
gorintiiniin bilgisi hakkinda énemli 6zellikler igerirler.
Gorilintii birlestirme, 2B mozaik olusturma, hareket
izleme gibi goriintl islemlerinde kullanilabilir. Temel
amaglari islenen veri miktarini en aza indirmektir [23].

Olcek Degismez Unsur Déniigiimii (SIFT): SIFT, 2004
yilinda British Columbia Universitesi D.Lowe
tarafindan tanitilmistir. Gorintii tabanli tanima ve
eslestirme uygulamayir amaglayan bir tanimlayicidir
[24]. SIFT algoritmasi 4 adimdan olusmaktadir.

Olgek uzayi tepe segimi
. Anahtar noktalar yerellestirme
. Oryantasyon atama
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. Anahtar nokta tanimlayici

SIFT tamimlayicisi, perspektif degisikliklerine, gorintii
boyutuna, goriinti  bulaniklifina,  goriintiideki
glriltiye ve kontrast degisikliklerine karsi dayanikli
olmas1 ile taninmaktadir [21]. SIFT operatord,
goriintiide bulunan parazite veya gilriiltilye ragmen
giicli bir filtreleme islemi yapmaktadir [25].

Calismamizda gorintiideki ozellikleri ¢ikarmak icin
Harris koése bulma algoritmasi ile SIFT algoritmasi
kullanilmistir. Boylelikle daha hizli ve dayanikli bir
yap1 olusturulmustur.

2.2. Ozellik Eslestirme

Gorintii, kamera kalibrasyonu ve nesne tanima gibi
bircok bilgisayarli gorii uygulamasinin pargasi olan
gorintli eslestirme ozellikleri, ayni1 sahne veya
nesneye ait iki goOrintii arasinda baglanti
olusturulmasini  amaglamaktadir.  Genellikle ilgi
noktalar1 eslestirme yontemlerinin performans, ilgi
noktalarinin  ozelliklerine ve iligkili  goriinti
tanimlayicilarinin = se¢cimine baghdir. Bu nedenle
uygulamalarda goriintii igerigine uygun tamimlayicilar
ve dedektorler kullanilmistir.

Calismamizda FLANN eslestiricisi  kullanilmistir.
Genellikle arama algoritmalarinin performansini ve
kalitesini arttirmak icin kullanilan bir ydntemdir.
FLANN, David Lowe ve Marius Muja tarafindan
olusturulmustur [26]. Sekil 2’de FIRE veri setinde
bulunan sol ve sagdan ¢ekilmis olan bir goriintiiyl
ozellik eslestirilmesi ile cizgiler olusturulmustur.

0
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500
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Sekil 2. Ozellik Eslestirr;ne

2.3. Gértintii Eslestirme

Perspektif goriintilerinin diizeltilmesi icin literatiirde
bircok yontem bulunmaktadir. Hough doéniisiimi,
izdiisim profil histogrami, homografi matrisi, uzak
ufuk noktasi ve derin 6grenme kullanilarak perspektif
diizeltmelerinin yapildig1 literatir ¢alismalarinda
gorilmektedir [4].

Hough Doéniigiimii: Bilgisayarda gorii ve gorintii

islemede siklikla kullanilan  bir algoritmadir.
Goriintiilerde bulunan daire ve ¢izgileri tanimlamay1
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kolaylastiran oylama mantigina sahip bir dizi
algoritmadan olusmaktadir. 1981 yilinda Dana H.
Ballard Hough doéniisimi i¢in daha genel bir daire

denklemi  6nermistir  [27]. Denklem (1)'de
gosterilmektedir.
(x—a)?+ (y—b)?=r? M

Merkez noktast M(ab) ve yaricapt r olan ¢ember
denklemi belirtilmistir. Hough doniisiimiinde dairenin
kutupsal koordinatlarindan yararlanilarak Denklem
(2) kullanilmaktadir.

a=x—r1x*cos(t)

b =y —r=*sin(t) (2)

Kutupsal koordinat denklemi Denklem (2)'de
verilmistir. Calismamizda perspektif goriintilerinin
diizeltilmesi icin Hough dontisiimii kullanilmaktadir.

Rastgele Ornek Konsensiis (RANSAC): Rastgele érnek
konsensiis, aykir1 bulunan degerlerin tahmin degerleri
tarafindan etki sahibi olmadigi durumda, aykin
degerlerden olusan veriden matematiksel bir modelin
parametrelerini bulmak ve tahmin etmek icin
kullanilmaktadir [21]. Yinelemeli bir yontemdir. Aykiri
degerlerin tespitinde kullanilmaktadir. 1981 yilinda
Bolles ve Fischler tarafindan SRI International' da
yayinlanmistir. Bolles ve Fischler Konum Belirleme
Problemini  (LDP) ¢6zebilmek icin RANSAC
algoritmasim1  kullanmislardir [28]. RANSAC temel
olarak var olan en kiiciik kiimeyi kullanmaktadir.
Tutarli veri noktalarindan meydana gelen kiimeyi
genisletmeye devam etmektedir [29].

Temelinde RANSAC olan yontemlerde oOncelikle
rastgele parametrelerden olusan bir kiime elde edilir.
Elde edilen kiimeden veriyi en ¢ok yakinlik gésteren
parametre secilip bir veri kiimesi ile
modellenmektedir. Béylece aykir1 veriden ve
glriiltiiden etkilenmeyen bir model elde edilmektedir.

2.4. Gériintti Sarmalama

Gorlinti mozaikleme i¢cin sarmalama yontemleri iki
kategoride simiflandirilabilir. Bunlar; yumusak gecis
teknikleri ve optimal dikis bulma teknikleridir [30].

Yumusak gecis teknikleri, gecis yumusatma veya alfa
sarmalama  gibi  basit  tekniklerden  piramit
harmanlama gibi farkl frekans bantlarinda farkl alfa
maskeleri uygulayan tekniklere kadar kullanilmaktadir.
Ayrica gradyan alan teknikleri gibi ancak gradyan
alaninda yumusak gecis olarak kabul edilen karmasik
tekniklere kadar kullanimi alani genistir [31].
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2.5. Gértintii Birlestirme

Goriintii  birlestirme, bir¢ok gorintiiniin  6nemli
bilgileri toplayarak ve bunlari tek bir goriintiiden daha
az sayidaki gorintilere dahil etmek olarak
tanimlanmaktadir. Tek olarak verilen goriinti, bir tek
kaynak goriintiiden daha dogrudur ve bilgilendiricidir.
Gerekli tim bilgilere sahiptir [32]. Gorunti
birlestirmenin temel amaci sadece veri miktarini
azaltmak degildir. Ayrica makine ve insan algisi icin
anlasilir  ve uygun goriintiiler olusturmaktir.
Bilgisayarli goriide ve goriintii islemede goriinti
birlestirme, iki veya daha fazla goriintiiden benzer
bilgilerin ¢ikarimini yaparak tek bir goriintiide
birlestirme islemine denir [33]. Genellikle literatiirde
kullanilan goriintii birlestirme yontemleri sunlardir:

. [HS déniisiimii tabanli goriinti flizyonu
. Cift yonlii uzamsal frekans eslestirme

. PCA tabanli gortntii fiizyonu

. Yiksek gecis filtreleme teknigi

. Dalgacik doniistimii goriintii flizyonu

3. Bulgular ve Tartisma

Calismamizda  gorinti  isleme  tekniklerinden
yararlanilarak retina goriintileri lizerinde goriinti
mozaiklemesi  uygulanmistir.  Calismada  BRIEF
tanimlayicis;, Harris kose algoritmast ve SIFT
kullanarak goriintii algillama ve 6zellik tanimasi
yapimustir. Ozellik eslestirme icin FLANN algoritmasi
kullanilmistir.  Hough doniisimi ile perspektif
diizenlemesi  yapilarak  goriintiller mozaikleme
asamasindan oOnce hazir hale getirilmistir. RANSAC
yardimiyla zayif bulunan o6zellik noktalar1 ortadan
kaldirilmistir. Daha sonra goriintiller hizalanarak
birlestirilmektedir.

Mozaikleme modelimiz 6ncelikle FIRE veri setinde test
edilmistir. Sekil 3’te gorintii birlestirme sonucunda
ortaya cikan 2 goriintiiniin mozaigi goriilmektedir.

100
200
300
a0

500

Sekil 3. FIRE Veri setindeki 2 Retina Goriintiisiiniin
Mozaigi
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Sekil 4’te ise 4 goriintiiniin meydana getirdigi gorinti
mozaigi gorilmektedir.

00

0 100 200 200 400 500

Sekil 4. FIRE Veri setindeki 4 Retina Goriintiisiintin
Mozaigi

Calismamizda ayrica D - EYE aparati ile toplanan
gercek zamanl retina goriintiilerine iizerinde de
goriinti mozaikleme uygulanmistir. Sekil 5’te iki adet
retina fotografinin mozaiklemesi gosterilmektedir.

Sekil 5. D-EYE Aparatindan Alinan 2 Retina
Gorlntiisiiniin Mozaigi

4. Sonuglar

Calismamiz bilgisayarda gorii ve goriintii isleme konu
alanlarinda siklikla kullanilan algoritmalar yardimiyla
kiigiik goriintli boyutlarin1 birlestirerek pargadan
biitiine olacak sekilde bir goriinti mozaikleme
uygulamasi yapilmistir. Yapilan uygulama agik
kaynakl bir veri seti olan FIRE veri setinde test
edilmis ve kabul edilebilir oldugu gézlemlenmistir. D-
EYE aparati yardimiyla c¢ekilen gercek zamanh goz
goriintiileri ile de ¢alistirilmis ve énerilen modelimizin
her iki veri setinde yiiksek performans ile gorintii
mozaigi olusturdugu gézlemlenmistir.
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D-EYE aparatindan toplanan veriler ile FIRE retina veri
setini kullanarak onerilen mozaikleme ¢oziimiimiiz
uygulanmistir. Calismada retina goruntiilerini iyi
derecede hizalayip yapay zekd modeli egitime
girmeden o6nceki 6n hazirlik asamasinda maksimum
performans saglamasi amac¢lanmaktadir. Diisiik alana
sahip ve buyiikk gorintiiniin bir pargasi olan tiim
verilere uygulanabilmektedir. Dogru ve kesin sonug
verecek hizli bir model olusturulmustur.

Onerilen ¢éziimiimiiz bir¢ok is sahasinda aktif olarak
kullanilabilir. Insamz Hava Arac veya uydu
fotograflarinin birlestirilmesinde, tarim arazisi veya
ormanlik alan goriintilerinin mozaiklenmesinde,
ciftliklerde c¢iftlik hayvanlarinin genis agi ile tespit
edilip izlenmesinde, kamera ile plaka tanima
uygulamalarinda, saglik alaninda ytliksek kalitedeki
goriintiilerin mozaiklenmesinde kullanilabilir. Ayrica
dar acili birden fazla kameranin senkron bir sekilde
calismas1 sonucunda genis acili kamera performansi
elde edilebilmektedir. Yapay zeka calismalarinda veri
seti lizerinde calistirilabilir ve basarimin yiikselmesine
sebep olacagi disiiniilmektedir.
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Abstract: The image obtained from the cameras is 2D, so we cannot know how far the object
is on the image. In order to detect objects only at a certain distance in a camera system, we
need to convert the 2D image into 3D. Depth estimation is used to estimate distances to objects.
It is the perception of the 2D image as 3D. Although different methods are used to implement
this, the method to be applied in this experiment is to detect depth perception with a single
camera. After obtaining the depth map, the obtained image will be filtered by objects in the
near distance, the distant image will be closed, a new image will be run with the object
detection model and object detection will be performed. The desired result in this experiment
is, for projects with a low budget, instead of using dual camera or LIDAR methods, it is to ensure
that a robot can detect obstacles that will come in front of it with only one camera. As a result,
8 FPS was obtained by running two models on the embedded device, and the loss value was
obtained as 0.342 in the inference test performed on the new image, where only close objects
were taken after the depth estimation.
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Monokiiler derinlik tahmini ve yakin nesnelerin tespiti
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Engelden Kaginma

Goriintii isleme
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0z: Kameralardan elde edilen gériintii 2 boyutlu oldugu icin cismin gériintii izerinde ne kadar
uzakta oldugunu bilemeyiz. Bir kamera sisteminde sadece belirli bir mesafedeki nesneleri
algilamak icin 2 boyutlu goriintiiyii 3 boyutluya doniistiirmemiz gerekir. Derinlik tahmini,
nesnelere olan mesafeleri tahmin etmek i¢in kullanilir. 2 boyutlu goriintiiniin 3 boyutlu olarak
algilanmasidir. Bunu uygulamak icin farkli yontemler kullanilsa da, bu deneyde uygulanacak
yontem, tek bir kamera ile derinlik algisini tespit etmektir. Derinlik haritas: elde edildikten
sonra elde edilen goriinti yakin mesafedeki nesneler tarafindan filtrelenecek, uzaktaki
goriintii kapatilacak, nesne algilama modeli ile yeni bir gériintii calistirilacak ve nesne algilama
gerceklestirilecektir. Bu deneyde istenilen sonug, diisiik biitceli projeler icin ¢ift kamera veya
LIDAR yontemlerini kullanmak yerine, bir robotun 6niine gelecek engelleri tek kamera ile
tespit edilmesini saglamaktir. Sonug olarak, gémiilii cihaz tizerinde iki model ¢alistirilarak 8
FPS elde edilmis ve derinlik tahmini sonrasi sadece yakin nesnelerin alindig1 yeni goriinti
tizerinde yapilan ¢ikarim testinde kayip degeri 0.342 olarak elde edilmistir.

1. Introduction

cleaning robots produced in the robotic field, is
programmed to determine where the robot is and

Depth perception is a big problem for most technologies
in the world. Depth perception is used from robotic
applications to mobile devices, generally two cameras
that can measure depth by combining the images taken
from the right and left camera are used for depth
detection [1]. Depth estimation, for example, in smart

* {Igili yazar/Corresponding author: atsarizeybek@mehmetakif.edu.tr

where the robot cannot enter, and to decide where the
robot should clean according to the distance of the
objects [2]. In mobile devices, depth perception is used
to detect the close object and add a blur effect on other
objects so that the Bokeh Effect, called portrait mode,
can be applied on the image [3, 4, 5]. In this section,
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depth perception, various usage methods and the
developed application will be discussed.

Dual cameras are a problem in terms of portability in
mobile devices and cost and size in robotic applications.
In SLAM applications where a single camera is used,
cameras that can detect infrared rays and measure
distances according to the return time of the rays are
also used [6, 7], but this method is also very costly and
looks bad in terms of aesthetics. The LIDAR method can
instantly obtain the distances of the surrounding
objects. 360 degree rotating LIDAR technology is able to
obtain depth values of the entire environment [8].
LIDAR, which is generally used in robots, can calculate
the depth of surfaces that are equivalent to their height.
The linear SLAM used in mobile phones calculates the
depth in the direction of the camera [9]. Since LIDAR
technology is high in terms of cost, it cannot be used in
works that are planned to be low-cost.

A system that can perform monocular depth estimation
is recommended so that depth perception can be used
in projects with low cost or designed to have a single
camera in the design, where only one camera is needed.
In the proposed system, depth perception will be
realized with a single camera and it will be fast in terms
of speed performance. In the robotic application
developed to test the system, the robot will stop when
it sees a living object in front of it, and give a warning

Image Plane

L

plixlyl)

when it sees a non-living object. The reason for the
development of this application is that in the feed
pushing robot used in animal husbandry, a camera is
placed on the robot in order to stop or pass by an object
in case of forward movement, but since the camera is
kept facing the opposite direction, it will detect objects
at a distance, so it will only detect the most distant
objects with depth estimation. Detection of nearby
objects is desired. In the robotic application developed
using depth perception, the depth will be estimated
using the monocular depth estimation model, and after
a certain depth on the image, it will be removed from
the image.

1.1. Stereo Depth Estimation

With the dual camera, depth perception is applied
based on the optimal fit pixels of the epipolar lines in
the right and left images [10]. Depth estimation is
performed by comparing the common pixels of the right
camera and the left camera [11]. For point matching,
features are extracted on the image and a feature map
of their behavior at different inequality levels is drawn.
Using the inequality calculation formula, the volume is
calculated from the feature map, and if the performance
is unsatisfactory, the inequality is refined [12, 13].
Figure 1 shows the basic logic of stereo depth
estimation.

®rx.Y.2)

*

Image Plane
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E

Fig. 1. Logic of stereo depth estimation, depth perception is made by calculating the intersection of the image plane
of the two cameras. [14]
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1.2. Monocular Depth Estimation

Monocular depth estimation is a single-shot depth
estimation method [15]. After the model is trained with
a data set prepared on various images, depth map of
images and masking data, the depth estimation model
is obtained. KITTI and NYUV2 datasets are the most
used depth estimation datasets [16]. It is used for
autonomous driving [17], 3D modeling [18] and
augmented reality [19]. In depth estimation models,
performance comparison is measured by loss values
[20]. Loss values are calculated on different data sets
and models are compared accordingly. Usually, loss
values are calculated by combining two data sets [21].
Depth estimation can be used to measure the surface of
an object, calculate the distance between two objects,
and map the desired location. MiDas, Binsformer,
GCNDepth, LeReS, RPSF, DepthFormer monocular
depth estimation methods are used for depth sensing.

2. Related Works

Miangoleh et al. (2021), it was aimed to eliminate the
inadequacy of the monocular depth estimation model in
the proposed method. The shortcomings of the model
are depth maps at sub megapixel resolution, and lack of
fine detail in inferences. In the proposed method, the
binary estimation method is presented, and as a result,
a method that can obtain high quality depth maps has
been developed. [22]

Li et al. (2021), a new metric was proposed for
monocular depth estimation. As a result of the tests
conducted with the NYU Depth v2 data set, it was
determined that the depth estimation process over
video, together with the suggested metrics, was more
performant in terms of intensity. [23]

Jung et al. (2021), it was aimed to make depth
estimation easier on images with moving objects. A
learning based method called DnD has been developed
to estimate density depth maps, and monocular depth
estimation is performed after the image is processed
with depth, RGB encoder and decoder by combining
SfM and MVS algorithms. [24]

Kopf et al. (2021), aims to obtain consistent density
depth maps over images. An optimization algorithm has
been proposed for this purpose, the DeepV2D method
has been compared by using methods such as depth
filter, flexible pose and depth fine tuning, and it has
been concluded that it is more efficient in terms of
performance. [25]

In the study by Chang and Werzstein (2019), a deep
optics paradigm was proposed for 3D object detection
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and depth estimation. Optimization schemes and
coding strategies were created using NYUv2, KITTI and
Rectangles datasets. As a result, it was stated that
chromatic aberrations affect the depth estimation
results well. Object detection model is trained in KITTI
dataset, improved 3D object detection is provided for
depth estimation. [26]

As understood from the literature summary, new
monocular depth estimation models were created by
combining Monocular Depth Estimation and monocular
depth estimation data sets and adding various filters on
the image data, or performance tests of the models
created by adding new performance metrics were
performed and comparisons were made between the
methods. In the study, the performance of running the
MiDaS  monocular depth  estimation model
simultaneously with the object detection model in an
embedded system was measured.

3. Method and Material
3.1. MiDaS Monocular Depth Estimation

MiDaS, one of the monocular depth estimation models
was used in the study. Monocular depth estimation is
used to make depth estimation with a single camera.
MiDaS datasets contain original image, depth values
and masked images [27]. The architecture of the MiDaS
model is based on the ResNet architecture. For model
training, 10 data sets, including HRWSI, TartanAir, IRS,
ReDWeb, DIML, Movies, MegaDepth, WSVD,
ApolloScape and BlendedMVS, were used. For higher
performance values, images of 23 3D movies are
included in the dataset. The model trained on datasets
was developed with multi-objective optimization.
MiDaS v2.1 Small model, which has the highest
performance among small MiDaS models, was used.
[28]

The performance values of the models are given in
Table 1.

As seen in the table, the best model in terms of
performance with the lower the better approach is the
MiDaS v2 small model. Although the performance is
higher in v2, v2.1 is much better in terms of FPS.
Therefore, MiDaS v2.1 small model was preferred as the
model.
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Table 1. Performances of MiDaS models (The lower is better) [28]

Eth3d, Sintel, s
Model DIW,WHDR AbsRel AbsRel TUM Kitti NyuDepth FPS
MiDaS v2 Small 0.1248 0.1550 0.33 17 21.81 15.73 0.6
MiDaS v2.1 Small 0.1344 0.1344 0.337 14.53 29.27 13.43 30

3.2. Object Detection

Object detection is an image processing technology
based on Convolutional neural networks [29]. Labeling
the images and then training the features for that class
within the tags in the image is essential for model
training. For example, there are studies such as
following the ball or players in sports competitions [30]
and lane tracking in unmanned vehicles [31]. In this
study, SSD ResNet50 model, which is one of the mobile
object detection models, was used. The COCO mAP
value of the model was 35 and the speed was 76ms, so
it was used. TFLite which can easily work on mobile and
embedded devices was used as a toolkit [32].

3.3. Feed Pushing Robot

The feed pushing robot is produced to push the feed
towards the cows at the desired time and route. In the
project, there is a camera on the feed pushing robot. The
reason for the existence of this camera is the safety
precautions that must be taken in case of living or
inanimate objects in the direction of the robot while
pushing the feeds with the helix.

3.4. Nvidia Jetson Nano
Nvidia Jetson Nano has been added to the robot for the
image processing stages, and the image processing

steps are completely handled by Jetson Nano. Although
itis difficult for two models to run, performance around
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8 FPS is achieved. This is a sufficient value for safety
controls according to the slow speed of the robot.

4., Discussion and Results

In this study, The application aims at object detection
with monocular depth estimation. The camera on the
robot is looking in the direction the robot will go, so
since the camera can detect the object even 50 meters
away, it is aimed to detect only objects at a certain
distance with the depth estimation and the robot to
stand accordingly. In this way, if an object comes across
while moving, the robot will be able to stop
automatically. In Table 2, the frame per-second values
obtained as a result of the tests performed on Nvidia
Jetson Nano, as a result of running the Object Detection
and Depth Estimation models separately and together
are given.

Table 2. FPS results of two models,

Model FPS
Object Detection 25
Depth Estimation 28
Object Detection + Depth Estimation 8

After the depth estimation and object detection models
were combined, they were tested on the validation data
set in the object detection model, and 0.342 loss was
obtained in the categorical cross entropy function.
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Get Image From
Camera

Object Detection

Object Detected

RGB to BGR

BGR to RGB

Send attention
command to robot

Depth Estimation

Delete after 2
meters in the
image

Send sfop
command to robot

Figure 2. Explaining the logic of the application as a diagram

As seen in the diagram, an instant image is taken from
the camera, the RGB image is converted to BGR because
the depth estimation model requests a BGR image. After
the depth mapping, the area corresponding to
approximately 2 meters on the image is subtracted
from the image. The resulting new image is then
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converted back from BGR to RGB and given to the object
detection model. If an object is recognized as output, it
is checked whether the object is alive. If the object is not
detected or the processes are finished, it returns to the
image acquisition process from the camera.
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Figure 3. Images with depth estimation, in which only close objects are obtained, with object detection on it. On the
left are the original images, on the right are the images with depth perception and object detection applied in the
application.

As can be seen in Figure 3, there are original versions of
the images on the left. After the image is given to the
depth perception model, only the image obtained after
the acquisition of close objects is given to the object
detection model. The Object detection model also
detects objects on the new image.
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5. Conclusion and Future Work

The aim of this study is to detect nearby objects and to
use this study in the feed pushing robot used in the
robotic field. After the depth detection is done, after
deleting the image after a certain interval on the image,
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the image is given as input to the object detection
model, and the objects recognized on the image and
their coordinates as pixels are obtained as output.
Although the subject of using two different models has
been mentioned a lot in the literature, this subject has
not been mentioned in the field of animal husbandry
robotics. Although the use of this work in the feed
pushing robot is very important for safety, operations
such as lane tracking, cow detection and adjusting the
feed pushing according to the position of the cow can be
performed in future studies.
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Elma agaci budama yongalarinin cimentolu yonga levha iiretimi icin alternatif ham malzeme olarak
kullamilabilirliginin incelenmesi

Anahtar Kelimeler 0z: Elma agaci budamasimin, cimentolu yonga levha iiretiminde alternatif ham malzeme
Elma budamasi olarak kullanimi arastirilmistir. Nominal yogunlugu 1400 kg/m3 ve 6l¢iileri 500x500x12 mm
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Fiziksel ve mekaniksel farkh karisim oranlarim1  (100/0,75/25,50/50,25/75,0/100) kullanilarak laboratuvar
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1. Introduction

Cement-bonded particleboard (CBP) is a composite
that combines wood and cement in order to achieve
the advantageous properties of both constituents.
While inorganic bonded wood-based panels have been
used since the 1900s, CBP was first produced by
Switzerland-based Durisol in 1970 under the trade
name Duripanel. CBP is fire, moisture, impact, and
decay-resistant. It is also cheaper but heavier than
particleboard which is produced using organic resins
[1]-[5]- The compatibility of wood and cement is the
main issue for the physical and mechanical
performance of CBP [6] Chemical composition of
wood, particularly, water-soluble compounds may
cause inhibition of cement hydration [7].
Pretreatments such as cold and/or hot water applied
to the wood particles, the addition of some chemicals
such as CaClz, the use of CO2, and the addition of
superplasticizers may accelerate setting or lowers
inhibition. Studies have shown that mechanical
interlocking and hydrogen bridges mostly control the
bonding, thus the properties of the cement-bonded
wood products [7].

The decline of wood resources forces researchers to
investigate alternative raw materials which may be
utilized in the wood composite industry. A wide
variety of materials such as agricultural residues,
plantation of fast-growing and annual plants, and
recycled wood products were subjected to
investigations in order to find technically and
economically feasible, ecologically friendly alternative
raw materials which can be used in the manufacturing
of wood-based composites. During the last few
decades, properties of composites manufactured from
a wide variety of plant-based raw materials have been
technically found sufficient [8]. Although the
availability and low density of agricultural residues
seem to be advantageous, composites manufactured
from these materials inherit inferior properties [9].
The collection and transport of these materials are
major obstacles to the utilization of these raw
materials in the composite industry [10].

Literature concerning the utilization of woody
materials in the production of cement-bonded
particleboard is scarce. Grapevine stalks [11] pruning
of Acacia salicina, Ficus altissimo, Pithecellobium
dulce, and Tamarix aphylla [12] date palm fronds and
pruning of buttonwood [13], oil palm veins [14],
sunflower stalks [15] have been investigated for their
suitability for the production of cement bonded
particleboard and found technically appropriate. Most
of the references given above-used pretreatments such
as cold or hot water to the particles in order to
overcome inhibition. Titanium oxide nanoparticles

* Corresponding author: huseyintas@isparta.edu.tr

[16] and nano SiO2 [17] were also found promising in
order to improve the physical and mechanical
properties of cement-bonded particleboard produced
from agricultural waste.

According to [18] apple pruning is one of the most
abundant biomass available in Turkey and is usually
less efficiently utilized by burning. Utilization of apple
pruning in the production of organic bonded
particleboard was the subject of several investigations
[19], [13], [16], [20] and found technically suitable in
the manufacture of particleboard, but their use in the
cement bonded particleboard has been never
investigated. In this study, the use of particles
produced from apple pruning with or without wood
particles was investigated in the production of cement-
bonded particleboard.

2. Materials and Methods

The study consisted of two consecutive stages. In the
first stage, experimental cement-bonded
particleboards measuring 12 mm x 500 mm x 500 mm
were produced in laboratory conditions using coarse
particles, commercial cement (CEM I 42.5), tap water,
and an accelerator. The ratio of apple pruning particles
mixed with the wood particles was 0, 25, 50, 75, and
100 % based on the wood particle weight. The
following parameters were used for the board
production; wood particles/cement ratio was 1:2 and
1:3; water/cement ratio was 1:2.5 and target density
was 1.4 g/cm?>. 5% of calcium chloride (CaClz) additive
based on cement mass was dissolved in the tap water
before mixing.

Coarse particles of Red pine (Pinus brutia) wood which
were utilized as core layers of particleboard were
supplied from a local particleboard factory. Apple
pruning which was gathered from a close field was
dried and passed through a hammer mill and screened.
Pruning particles remaining between 3-5 mm sieves
were used in the experiments.

In order to prepare experimental cement bonded
boards; First, wood and pruning particles were mixed
and sprayed with tap water which include a previously
dissolved accelerator. Then, cement was added to the
mixture until a homogeneous distribution was
obtained. After 10 minutes of mixing, the fresh paste
was spread in a steel frame by hand. The mixture
placed between steel plates was allowed for curing for
24 hours under the pressure of 1.8-2.0 N/mm?2. The
hardened boards were conditioned in the laboratory
climate at approximately +20 °C, RH 65%. Samples
were cut after conditioning to the required size in
order to determine some physical and mechanical
properties.
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In the second stage, some physical and mechanical
properties of the experimental boards were obtained.
Apparent density, water absorption (WA) after 24
hours of immersion in water [21], thickness swelling
(TS) after 24 hours of immersion in water [21],
modulus of elasticity [22], and modulus of rupture [22]
in bending (MOE and MOR) and screw withdraw
strength (WS) were determined according to
conforming standards.

Five replicates were tested for each property and
obtained data were subjected to statistical analysis.
Experimental results were analyzed using ANOVA tests
to identify their statistical significance. DUNCAN’s
multiple range tests were performed in order to find
the least significant difference between all the
variables. The obtained results were also confronted
with standard values of TS EN 634-2[23].

3. Results and Discussions

Table 1. shows some physical properties of the
laboratory manufactured cement bonded
particleboard samples as changing with different
wood/cement ratios and wood/pruning ratios. The
density of the experimental boards ranges from 1258
kg/m? to 1407 kg/m3 and is not significantly different
among the tested group.

Test results indicate that the addition of apple pruning
to the wood cement mixture significantly influences
the water absorption capacity of the cement-bonded
particleboards (P<0.001; R Squared = 0.92). WA values
(%) of the manufactured boards after 24 hours of
immersion in water were significantly increased as the
amount of apple pruning particles used in the mixture
is increased (P<0.001; R Squared = 0.92).
Experimental boards without apple pruning had the
lowest WA values than other groups. The addition of
apple pruning increases WA (%) properties almost
linearly (Figure 1). TS values (%) of the manufactured
boards were significantly affected by the proportion of
apple pruning used in the study (P<0.001; R Squared =
0.93). Experimental boards made of 100% apple
pruning had the highest TS values after 24 hours of
water immersion. Higher WA and TS values may be
attributed to the chemical composition of the apple
pruning. According to Sahin and Arslan [19] apple
pruning has similar chemical properties as
softwood/hardwood, but they contain higher
percentages of short-chain carbohydrates and higher
solubility values compared with softwood/hardwood.
Higher solubility may interfere with the cement-water
interaction, and thus may cause inhibition.
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Table 1. Some physical properties of the cement-
bonded particle boards manufactured

Cement/particle ~ Wood/pruning  Density WA (%) TS (%)
ratio ratio (kg/m3)
1/2 100/0 1258 109D 6.78 D
(18.3) (0.29) (0.54)
75/25 1291 16.99 C 7.67D
37 (1.01) (0.9)
50/50 1307 19.79C 11.13C
(52.16) (2.34) (1.05)
25/75 1325 23.29B 13.03B
(25.65) (4.02) (1.53)
0/100 1349 31.03A 17.55A
(36.87) (2.53) (1.15)
1/3 100/0 1407 9.02D 4.53D
(7.46) (0.99) (0.43)
75/25 1399 14.1C 4.68D
(27.82) (0.77) (0.54)
50/50 1388 14.25C 6.39C
(34.26) (1.19) (0.72)
25/75 1384 15.21B 7.22B
(48.88) (1.55) (1.4)
0/100 1375 20.55A 9.51A
(69.43) (2.09) (2.08)

Values in parenthesis are standard deviations and capital letters are
representing Duncan’s Groups

In general, higher WA and TS values are the result of
higher particle content [24], [25], [26]. Some chemical
additives besides the type of wood particle and wood-
cement ratio may also influence WA capacity [26] and
higher cement content in the mixture diminishes TS of
cement-bonded particleboard [24]. A high swelling
rate may also be due to the higher density [27]
because of the higher compression exposed during
production. A higher TS ratio may be also attributed to
the high amount of CaClz used which is highly
hygroscopic [28]. It seems that none of the tested
boards fulfills the TS requirement of the standard [23].
It should be mentioned that the tested boards were
manufactured with coarse particles which had not
been subjected to any type of pre-treatments.
Industrial scale production of the boards or
application of any pre-treatments may result in boards
with standard properties for TS.

35 20
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30 —6—WA (% 50 cement) 16
0. 11
=25 —A—TS (% 33 cement) ua
E‘;‘» >¢TS (% 50 cement) :/u
% 2 12 %
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= 3 &
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0 . 0
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Figure 1. WA and TS values of the experimental
boards with respect to the apple pruning ratio
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The bending properties and screw withdrawal
strength of cement-bonded particleboard are
presented in Table 2. A higher cement ratio seemed to
yield better mechanical properties for the boards
tested. In general, the MOE of the cement-bonded
particleboards was significantly reduced by the
addition of apple pruning (P<0.001; R Squared = 0.83).
The addition of apple pruning also significantly drops
the MOR of the cement-bonded particleboards
(P<0.001; R Squared = 0.913). The decrease in both
properties with the addition of apple pruning is almost
linear (Figure 2). The addition of apple pruning to the
mixture lowers both stiffness and strength, but boards
still carry the minimum bending properties required
by the standards [23] when they are used in a higher
cement ratio. Mechanical properties of the cement-
bonded particleboards manufactured with 100% apple
pruning particles were inferior to other groups tested.

Table 2. Some mechanical properties of the cement-
bonded particle boards manufactured

Cement/particle Wood / Density MOE MOR WS (N)
ratio running (kg/m3) (N/mm?) (N/mm?)
ratio
1/3 100/0 1258 4205 A 11.21A 1395 A (85)
(18.3) (291) (0.56)
75/25 1291 3962 AB 10.82 AB 1366 AB
(37) (283) (0.35) (62)
50/50 1307 3664 BC 9.64 BC 1225 BC
(52.16) (187) (0.85) (59)
25/75 1325 2733C 8.11CD 1149 CD
(25.65) (180) (0.66) (123)
0/100 1349 1669 D 6D 732D
(36.87) (175) (0.46) (90)
1/2 100/0 1407 5152 A 11.18A 1376 A
(7.46) (1001) (2.02) (256)
75/25 1399 4857 AB 10.41 AB 1300 AB
(27.82) (628) (1.21) (200)
50/50 1388 4296 BC 10.24 BC 1122 BC
(34.26) (255) (1.21) (128)
25/75 1384 4234C 8.48 CD 823 CD
(48.88) (538) (1.67) (241)
0/100 1375 3529D 7.12D 760 D (340)
(69.43) (523) (0.67)

Values in parenthesis are standard deviations and capital letters are
representing Duncan’s Groups

6000 12
5000 4 10
4000 i 8 _
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2. 3000 6 2
P P~
2 -B-MOE (% 33 cement) =)
“ 2000 e

—A—MOE (% 50 cement) ~4
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—%-MOR(% 33 cement)
0 0
0 20 40 60 80 100

% pruning
Figure 2. Effects of apple pruning on the bending
properties of cement-bonded particleboard
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In general, stiffer cement-bonded boards may be
obtained with decreasing particle content [29] or
density increase, and higher MOR may be achieved
using lower cement content [24],[30]. According to
Bejo et al. [31], improved bonding between cement
matrix and wood, thus better mechanical properties
may be attained when the densification of the board
increases. A possible contributory factor to the
relatively low bending properties of the boards could
be higher percentages of short-chain carbohydrates
and higher solubility values [19]. Kochova et al. [32]
also hold carbohydrates, especially the amount of
sucrose, glucose, and fructose responsible for the
lower mechanical properties. Liu and Moslemi [33]
also mentioned that decreasing strength is a result of
sugars. Olorunnisola [34] and Ashori et al. [35]
claims that water-soluble extractives play an
important role in the inhibition of cement thus, low
strength. Reduction in mechanical properties with the
addition of apple pruning particles may be prevented
by the application of pre-treatments which were found
adequate for many lingo-cellulosic materials [36],
[11.[37], [38].

In the study, the WS of the cement-bonded
particleboards was significantly reduced by the
addition of apple pruning (P<0.001; R Squared =
0.899) as seen in Figure 3. WS is an index of internal
bond strength and can be influenced by density,
water/cement ratio, type of cement, use and ratio of
accelerators, and type and dimensions of the wood
particles [35], [28]. The decrease in WS could be an
indication of poor bonding between apple pruning
particles and cement. As shown in Table 2, the strength
and stiffness values of all-wood boards meet the
minimum requirements set by the standard [23]. and
experimental boards containing 25% of apple pruning
also fulfill the standard requirements. Dimensional
stability and bending properties of adhesively bonded
particleboard which contains apple pruning showed
similar tendencies [19].
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Figure 3. Effects of apple pruning on the withdrawal
strength of the cement-bonded particleboards
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4. Conclusions

This study explored the possible utilization of apple
pruning in cement-bonded particleboard production,
under laboratory conditions. Based on the results of
the study, the addition of apple pruning to wood
cement mixture significantly increases WA and TS
properties and reduces the mechanical properties of
cement bonded particleboard tested. Short-chain
carbohydrates or extractives may be responsible for
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Anahtar Kelimeler 0z: Giinlimiiziin otomotiv sektdriinde ¢alisilan en énemli alanlarinin basinda haberlesme, veri
CAN veri yolu toplama ve kontrol islemleri gelmektedir. Veri toplama islemi elektronik alt yapisi sistemler
CAN sinyalleri icin olduk¢a 6nemlidir. Giivenirligi yiliksek bir yap1 kurularak verilerin dogru bir sekilde
SAE J1939 Standarti kontrol sistemine iletilmesi olduk¢a ©nemlidir. Verilerin hat boyunca dogru ve giivenli
CAN donanimi iletilmesi amaciyla siklikla tercih edilen haberlesme protokollerinden biri CAN protokoliidiir.

Bu calismada iklimlendirme kumandalarinda kullanilan CAN protokoliiniin SAE ]J1939
Makale gecmisi: standartina uygun sekilde parametrelerinin yazilim ile ayarlanmasina yer verilmistir.
Gelis Tarihi: 14.11.2022 Haberlesmede kullanilan mesaj adresi ve bilgisinin dogru sekilde iletildigi analizér ekraninda
Kabul Tarihi: 30.12.2022 gosterilmistir. Haberlesme esnasinda birgok elektrik motoru ve sistemi kontrol eden

iklimlerdirme kumandalarinin otomotivde karsilasabilecegi elektriksel giiriiltiili ortam
olusturulmaya c¢alisilmistir. Olusturulan ortamda CAN donanimina dair komponent ve
topolojiler test edilmistir. Farkli devre topolojilerinin giiriiltiili ortamlardaki ¢ikis grafikleri
yorumlanmigtir. Dért farkh topoloji verilmistir. iki topoloji elektriksel giiriiltiilii ortamda
calistirillarak osiloskop goriintiileri paylasilmistir. TVS koruma devresinde 1.8 V tepeden
tepeye degeri 6lciilmiistiir. Coklu TVS cihaz devresinde ise 1.6 V tepeden tepeye degeri elde
edilmistir. Filtreleme yaparak tepeden tepeye degeri %12 azaltilmistir.

Er B. Bingdl O. CAN haberlesmesinde giiriiltii filtreleme yontemleri. Uluslararasi Teknolojik

Aufigin/To Cite: Bilimler Dergisi, 14(3), 138-143, 2022.

Noise filtering methods in CAN communications

Keywords Abstract: Communication, data collection and control processes are at the forefront of the
CAN bus most important areas of work in today's automotive industry. Data collection is very important
CAN signals for electronic infrastructure systems. It is very important to establish a highly reliable
SAE ]J1939 Standard structure and to transmit the data correctly to the control system. CAN protocol is one of the
CAN hardware frequently preferred communication protocols in order to transmit data accurately and

securely along the line. In this study, the parameters of the CAN protocol used in air-
Article history: conditioning controls in accordance with the SAE J1939 standard are set with software. It is
Received: 14.11.2022 shown on the analyzer screen that the message address and information used in
Accepted: 30.12.2022 communication are transmitted correctly. It has been tried to create an electrical noisy

environment that the air conditioning controls that control many electric motors and systems
may encounter in the automotive during communication. Components and topologies of CAN
hardware have been tested in the created environment. Output graphs of different circuit
topologies in noisy environments are interpreted. Four different topologies are given. The
oscilloscope images were shared by running the two topologies in an electrically noisy
environment. 1.8 V peak-to-peak value was measured in the TVS protection circuit. In the
multi-TVS device circuit, 1.6 V peak-to-peak value was obtained. By filtering, the peak-to-peak
value was reduced by 12%.
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1. Giris

Gliniimiizde otomobil sektoriince erisilmesi diislintilen
hedeflerden biri araca dahil olan biitiin sistemlerin bir
protokol aracilifiyla haberlesmesidir. Bu nedenle
haberlesme insanligin ge¢misten giintimiize en temel
ihtiyaclarindan biridir. Haberlesme sistemlerine baslica
otomotiv sektorii, savunma sanayi ve endiistri olmak
izere her alanda ihtiya¢ duyulmaktadir [1]. Elektronik
tabanli sistemlerin CAN (Controller Area Network) veri
yolu kullanilmadan tek merkezden kontrol edilebilmesi
icin arag icerisinde bir¢ok sinyal kablosu kullanilmasi
gerekmektedir [2]. Eski nesil arag¢larda kullanilan her
sensor ve ara birim icin fiziksel olarak ayr1 bir kablo
liretimi yerine, giiniimiiz araglarinda tiim sensorler ve
arabirimler baglantili olduklari ag lizerinden adres
tabanli olarak bir veya iki kablo ile beraber
haberlesmektedirler. Bu ylizden otomobil
haberlesmeleri icin arag¢ ici ag kavrami kullanilmaya
baslanmistir. Ara birim olarak ifade edilen ve elektrik
motoru alanini ilgilendiren komponentler genel olarak
havalandirma sistemi, ara¢ kumandasi, elektrik
motorlari olarak ifade edilebilir. Sekil 1’ de yer alan CAN
Protokoliiniin temsili goérseline yer verilmistir. Alict ve
vericilerin ayni hat iizerinde iki kablo iizerinden
haberlestigi gosterilmektedir.

CAN-H I ’

1200 * * 120Q

CAN-L

Sekil 1. CAN protokolii gosterimi

CAN veri yolu haberlesmesi Bosch tarafindan
gelistirilmis olan, giiniimiiz araglarinda siklikla
kullanilan yontemdir. CAN sistemini ayarlanabilir
haberlesme hizina sahip bir seri veri yoludur. CAN
sistemi, aracin gii¢ ve aktarim organlar i¢in yiiksek
hizli, govde ve eglence sistemleri icin ise diisiik hizh
standardi kullanilmaktadir [3].

CAN, otomotiv sektdriinde ve iist diizey teknoloji
gerektiren  sektérlerde  kullanilmasi  amaciyla
tasarlanmis, giivenli ve yiiksek verimli bir senkron seri
iletisim protokoliidiir [4]. Haberlesmedeki glivenilirligi
acisindan otomotiv de sikhikla kullamilmistir [5].
“Kontrol Alan Ag1 Veri yolu” veya “Controller Area
Network Bus” olan glinlimiizde en c¢ok kullanilan
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haberlesme sistemlerinden biridir. CAN veri yolu
standart protokolii, A¢ik sistem ara baglasimi (Open
System Interconnect) olarak ifade edilen referans
modelinin birinci ve ikinci katmanlarina karsilik
gelmektedir. Baslangicta Bosh tarafindan otomotiv
uygulamalar icin tasarlanmustir. {lerleyen teknoloji ile
beraber dusiik maliyet, kiigiik boyut, yiiksek
guvenilirlik ve yiiksek hiz gibi avantajlan ile beraber
bir¢ok uygulamada yaygin olarak kullanilmaktadir [6].
Veri giivenliginin 6nemli oldugu gercek zamanh
uygulamalarda da siklikla kullanilir. Giiniimiizde
otomotiv genelinde kullanilan haberlesme standartlari
olarak CAN Veri yolu, LIN Veri Yolu ve FlexRay
sayllabilir. Glinlimiizde otomotivde kullanilan elektrik
motorlarinda agirlhikli  olarak CAN veri yolu
kullanilmaktadir [7].

Sekil 2. HVAC Kumanda Paneli

CAN protokolti otomotivde bir¢ok alanda kullanildigi
gibi ara¢ iklimlendirme kumandalarinda da
kullanilmaktadir. CAN yapisina sahip kumanda devresi
Sekil 2’ de gosterilmistir. Bu kumandalar sicaklik
Olgerek ortamlarin otomatik sekilde iklimlendirmesini
saglarken ayni zamanda hata kodlarini, sicaklik
verilerini ve fan bilgilerini sistem ile paylasir.
Sistemden ise ara¢ hizi, kap1 acik bilgisi veya klima
bilgilerini ilgili adreslerden okuyarak ilgili senaryolari
gerceklestirir. Sekil 3’de HVAC (Isitma, havalandirma ve
klima) kumanda panelinde kullanilan CAN donanimina
ait alan isaretlenmistir.

Sekil 3. HVAC Kumanda Panelinde Can Donanimi
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HVAC Kumandalarinin kullanim alanlar geregi EMC
(Elektromanyetik Uyumluluk) belgesi onem
tasimaktadir. Bu alanda benzer calismalarda belirli
frekanslar uygulanarak CAN hattindaki sinyallerin
formu incelenmektedir [8]. Bu c¢alismalar
haberlesmenin giivenligini arttirmaktadir.

Bu kumandalarda genellikle SAE ]J1939 protokolii
kullanilmaktadir. SAE J1939 protokolii 500kbit/s ve
250kbit/s hizlarinda genisletilmis mesaj yapisi
olacaginmi ifade etmektedir [9]. Sinyal burgulu kablo
tizerinden iletilir. Bu sayede yiliksek hizlarda CAN
haberlesmesi giiriiltii bagisikligini saglamis olur [10].

Bu calismada otomotivde kullanilan iklimlendirme
kumandalarinda yer alan CAN protokoliine ait donanim
ve yazilim yapist ele alinmistir. CAN protokoliinde
donanim ve yazilim birlikte ¢calismaktadir. Yazilim igin
mikroislemci tarafinda adresleme, kuantalama ve
filtreleme islevleri bulunmaktadir. ilgili islevler ikinci
bélimde genel CAN yapisi ve yazilimi paylasimistir.
Olusturulan CAN yapis1 Microchip firmasinin analizor
ekraninda gosterilmistir. Donanim tarafinda ise
tampon, sonlandirma direnci, ¢esitli aktif ve pasif
komponentler ile sistem kurulmasi amaglanmistir.
HVAC kumandalarinin ara¢ icerisinde kontrol ettigi
birden fazla motor, sensor ve cikislar bulunmaktadir.
Dolayisiyla sistem elektriksel giirtiltiiye icerisinde
calismaktadir. Haberlesmenin giiriiltiden
etkilenmemesi gerekmektedir. Uciincii béliimde ise
iklimlendirme kumandasinin arag icerisinde
karsilagabilecegi  elektriksel  giirdltilii.  ortam
olusturulmaya calisilmistir. Bu guriltiilii ortamda
yapilan donanim ve testlere ait calismalara yer verilmis
ve topolojiler yorumlanmistir.

2. Materyal ve metod

CAN Protokolii sistem igeresindeki karmasiklhigr ve
kablo sayisini azaltma amaciyla ortaya konulmustur
[11]. CAN haberlesmesi tercihen burgulu ve ekranh
olacak sekilde iki adet kablo ile iletilmektedir. CAN veri
yolu protokoliiniin mesaj tabanli olmasi diger
protokollerden temel farkidir. Sistemdeki her bir mesaj
birbirinden farkli tanimlayiciya yani adrese sahiptir.
Hatta yer alan biitiin kontrolciiler sistemden veri
alabilecek ve aym sekilde sisteme veri verebilecek
yapiya sahiptir. CAN veri yolunda her bir mesaj ile
diigiim iizerinde hata kontroli yapilir. Yiiksek hizli CAN
veri yolu iletisimi i¢in karayolu araglarinda kullanilan
ve kabul goren uluslararasi standart [ISO11898 olarak
belirlenmistir. CAN protokoliinde dort adet veri alan
bulunmaktadir. CAN veri alanlari; hata cergevesi, veri
cercevesi, istek cercevesi ve asir1 ylik cercevesidir [12].
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Calisma kapsaminda CAN 2.0B ile beraber SAE J1939
standartlari kullanilacaktir. CAN 2.0B’de yer alan mesaj
yapisi Sekil 4’de verilmistir [13].

Kontrol

Denetim Alam, 12 Alam Veri Alam CRC Alam ACK EOF INF
| 1 | T
2| nBiMesjip |¥ [Els | P 0-8 Bayt 16 Bit 2|78 3Bit
= |2 Bit
SOF: Cergeve Baslangici RTR: Uzak lletim Istek IDE: Tanitica Uzant
DLC: Veri Umnluk Kodu ACK: Alind: Bilgisi 0 Aynlmis Bit
CRC: Cevrimli Fazlalik Sinamast EOF: Cergeve Sonu INT: Cergeveler Arasi Bosluk

Sekil 4. CAN 2.0B yapisi

SAE ]1939 spesifikasyonunun o6nemli bir o6zelligi
yalnizca genisletilmis CAN gergevelerinin
kullanilmasidir. ]J1939 mesaj tanimlayicis1 6ncelik,
genisletilmis veri sayfasi, veri sayfasi, protokol veri
birimi formati, protokol veri birimine 6zel ve kaynak
adresi olarak alt1 alana boliinmistiir [14].

STM32F072  Mikroislemcisi: = ARM Cortex MO
islemcisine sahip STMicroelectronics firmasi
tarafindan iretilen STM32F serisi mikroislemcilerden
biridir. CAN, 1 Mbit/s'ye kadar bit hiziyla 2.0A ve 2.0B
spesifikasyonlariyla uyumludur [15].

Gonderilen verilerde ilgili hedef adresler yerine
protokol iizerinde tanimlayici adres(ID) bulunmaktadir.
Tanmimlayicilar veri igerigiyle ile birlikte dncelikleri de
iletir. Mesajin yapisy; Baslangi¢ Verisi, Kimlik Verisi,
Veri Uzunluk Kodu, Veri Alani, istek Cercevesi ve Hata
Cercevesinden olusur. 500kbit/s kullanan SAE ]J1939
protokolii yer almaktadir. Bu protocol i¢in 72MHz islem
hizina sahip islemci de On 6lgekleyici 8 olmalidir.
Sayisal haberlesme lizerinde kuantalama
bulunmaktadir. Asagida yer alan yazilim satirlarinda On
Olgekleciye ve TimeSeg1l ve TimeSeg2 kaydedicilerinde
yer alan kuantalama degerleri verilmistir.

hcan.Instance = CAN;

hcan.Init.Prescaler = 12;

hcan.Init.Mode = CAN_MODE_NORMAL;
hcan.Init.SyncJumpWidth=CAN_SJW_1TQ;
hcan.Init.TimeSegl = CAN_BS1_13TQ;
hcan.Init.TimeSeg2 = CAN_BS2_2TQ;

//CAN Haberlesmesi
//Data Hizi Belirlenmesi
//Mod Se¢imi
//Kuantalama Se¢imi

CAN protokolii lizerinde adres filtreleme
bulunmaktadir. Bu adres disindaki bilgiler FIFO olarak
adlandirilan alana kaydedilmeyerek filtreleme saglanir.
FilterldHigh ve Filterl[dLow arasindaki tanimlama
degerleri alinarak diger tamimlayicilar filtrelenir. CAN
veri yolunda mesaj almak ve gondermek igin tim
islevler mikroislemcide yer alan CAN modiilii tarafinda
otomatik olarak yonetir. ilgili ayarlarin yer aldig1 alan
asagida verilmistir.
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sFilterConfig.FilterActivation=ENABLE;
sFilterConfig.FilterBank=0;
sFilterConfig.FilterFIFOAssignment=CAN_FILTER_FIFOO;
sFilterConfig.Filter[dHigh=0x18FF9000>>13; //Adres Filtreleme
sFilterConfig.Filterl[dLow=0x18FF9AA0<<3;
sFilterConfig.FilterMaskldHigh=0xFFFFF000>>13;
sFilterConfig.FilterMaskldLow=0x18FF9000<<3;
sFilterConfig.FilterMode=CAN_FILTERMODE_IDMASK;
sFilterConfig.FilterScale=CAN_FILTERSCALE_32BIT;

//Mesaj Filtre Ayarlar

CAN 2.0B ayarlarinin ve uygulama ftizerinden veri
ornegi Sekil 5'de verilmistir. CAN 2.0A standardinda
tanimlayict on bir bit uzunlugundadir. CAN 2.0B
standardi ise yirmi dokuz bit uzunluguna sahiptir.

i

HIBEEEEEOEEEEEE

¢
wotcomenca | zonops | [ NI v 550 | £ | Scmintions G | e etve | Lo nctive | 0 |0 i

Sekil 5. Can Analizoér Ekram

Genisletilmis tanimlayici ve Standart tanimlayici olarak
iki tipte tamimlama bulunmaktadir. Tasarimin
uygulama alani CAN 2.0B alt yapisina sahip oldugu i¢in
genisletilmis  tanimlayic1  segilmistir. Adresleme
yontemleri ise genisletilmis tanimlayic1 ve standart
tanimlayic1 olarak CAN protokoli igerisinde ikiye
ayrilmaktadir. Sektdre, ara¢ tiiriine ve araca gore
adresleme  farklillk  gosterebilir.  Genisletilmis
tanimlayic1 seg¢imi, veri uzunlugu ve adres bilgisi
asagida verilmistir.
pTxHeader.IDE = CAN_ID_EXT;
pTxHeader.RTR = CAN_RTR_DATA;

pTxHeader.DLC = 8;
pTxHeader.Extld = 0x18FF11A0;

//Genisletilmis ID Secimi
//Data Tiirti Secimi

// Data uzunlugu belirlenmesi
//Data Gonderilecek Adres

CAN veri yolu kullanilan uygulamalarin siklikla
[SO011898 standartini karsilayabilmesi beklenmektedir.
Transceiver ile CAN kontrolclisiine saniyede 1
megabit'e kadar iletim yetenegi saglar. Bu ¢alismada
transceiver olarak SN65HVD230 tercih edilmistir.
Kullanilan CAN Protokoliine ait devre semasi Sekil 6’'de
verilmistir.

- u
g o AAAS émn
:»:*— vee AN L S TY YL
AN R R wef| G C.l. cL CJ. Q;sm/}{/ /}Ef Sﬁu
SN65HVD230 b ; <~ é
<

Sekil 6. CAN transceiver veriyolu baglantisi
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Calisma kapsaminda Altium Designer kullanarak
tasarlanan kartin boéliimleri Sekil 7’ de isimlendirilerek
verilmistir. Kart iizerinde CAN ve LIN donanimiyla
birlikte cesitli giris ve ¢ikislarda bulunmaktadir.

Bircok haberlesme protokoliinde ESD (Elektrostatik
Desarj) korumasi amagh TVS (Gegici Gerilim Bastirma)
kullanilmaktadir. Haberlesme hizina bagh olarak
kapasite degeri degismektedir. USB 2.0 hatt1 i¢in 5pF’a
kadar olan kapasiteler tavsiye edilmektedir [16]. CAN
alici-vericisini ESD' den korumak icin ESDCAN24 gecici
voltaj bastirict  Onerilmistir [17]. ST firmasinin
ESDCAN24  kodlu TVS drinid  kullanilmistir.
Sonlandirma direnci olarak 120 Q veya kapasitor
kullanimina bagh olarak 60 Q-60 Q tercih edilmistir.
Filtre amacgh kullanilan kapasitdrler ise 10nF olarak
kullanilmistir. Kapasitér ve sonlandirma direnci
degerleri  kullanilan SN65HVD230 entegresinin
kitabindan secilmistir. Testlerde CAN haberlesme hizi
referans alinarak segilen Wiirth firmasina ait 51 pH
endiiktans ve 0.32Q0 i¢ dirence sahip bobin
kullanilmistir. Donanimda CAN Bus Transceivers
entegresi olarak ISO 11898-2 Standardi ile uyumlu,
yuksek giris empedansi, diisiik bekleme akimina sahip
Ti firmasinin olan SN65HVD230 tercih edilmistir.

LIN Veriyolu
Donanimi

Lojik Cikislar

Sekil 7. Uygulamanin yapildigi Kartin Altium tasarimi
3. Bulgular

Filtreler giiriiltii siddetini azaltarak kullanilabilir bir
sinyal elde edilmesini saglar. Diren¢-Kapasitér (RC),
induktor-kapasitor (LC), bobinler ve ferritler filtre
secenekleridir.  Filtreler giirtltiye karsi kesim
frekansina baghh avantaj sunarlar fakat tamamiyla
engelleyemezler. Bu wuygulamalarda TVS diyotu
kullanilabilir. TVS gecici gerilim bastirma diyotu adi
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altinda giris kaynagina koruma amagh baglanan
diyottur. Calisma geriliminin {lizerinde giris voltaji
geldiginde kisa devre olarak calisarak akimi kendi
lizerinden gecirmeyi amaglar. Sekil 8’ de yer verilen
diisik kapasiteye sahip TVS diyotlar1 sinyal
bozulmasini en aza indirir [18].

CAN_H
CAr_sI _A!lc:l 1200
Vericisi CAN_L

Diyolu Diyotu

Sekil 8. TVS koruma devresi

Sekil 8 de verilen sistem uyarlanarak analizor
ekraninda veriler kontrol edilmistir. Elektriksel
guriltili ortam yaratma amaciyla giic kaynagina
17kHz anahtarlama frekans: ile anahtarlanan bir
Firgasiz Dogru Akim motoru eklenmistir. CANH ve
CANL sinyallerinin osiloskop goriintiileri $ekil 9’ da
verilmistir. CANH sinyali tepeden tepeye 1,8 V degerini
vermistir. Osiloskop ekran ¢iktis1 2 V/div olacak sekilde
ciktilar alimmistir. Dikey eksen voltaji, yatay eksen ise
zamani belirtmektedir. Sar1 grafik CANL, yesil grafik ise
CANH olarak osiloskop goriintiisii paylasilmistir.

Oscilloscope Workspace

Sekil 9. TVS koruma devresi osiloskop ¢iktisi

Sekil 10’ da boliinen sonlandirma devresi alcak gegiren
filtre olarak ¢alisir ve iki esit parcadan olusur. Yapisinda
Direnci kapasitor ve TVS diyot barindirir. Yiksek
frekansi kapasitor topraga giiriiltii olarak aktarir. TVS
diyotlar ise devrenin korunmasim saglar. EMI

International Journal of Technological Sciences

sorunlarinda da siklikla ¢6ziim amagh Kkullanilan
yontemdir [18]. Bolinmiis sonlandirma devresi EMI
yontemi olmasi nedeniyle osiloskop ciktilarina yer
verilmemistir.

CAM_H
CAN Alici 10nF
Vericisi CAN L

Sekil 10. Boliinmiis sonlandirma devresi

Sekil 9’ da verilen devre diisiik maliyet ile asir1 gerilim
korumasi saglar ancak TVS diyot ile minimum gurilti
filtreleme elde edilir. Diren¢ ve kapasitor ile filtre
devresi veya ortak mod sok bobin kullanilarak giirtltii
filtreleme her iki hat icinde saglanir. Ortak sok bobinler
glriiltiyi azaltir. TVS diyot da eklenirse Sekil 11’deki
devre topolojisi olusturulmus olur [18]. Bobin
kullanimi ile beraber kapasitor kullanimi yaygindir.
Sekil 11’ de yer alan sekle kapasitor eklenerek Sekil 12’
de yer alan devre elde edilir.

L1

CAN_H
T AL
CAN AI Icl 1200
Vericisi | oAl oy
S WE
Diyolu Diyotu

Sekil 11. Ortak mod sok devresi

Sekil 12’ de yer alan CAN diigiimiinde girilti
tarafindan olusturulan sinyaller filtreler tarafindan Sok
bobin ve 10nF degerinde kapasitorler yardimiyla
zayiflatilir. Ortaya ¢ikan emisyonu ve giiriltiyi
azaltmak icin iki hatta da TVS diyotlar1 kullanilarak
dalgalanma minimum degere yaklastirilmaya c¢aligilir
[18].

CAN Alic AN g .

Vericisi | o Lc“ cl.m I CJ_
A A A &

Sekil 12. Coklu TVS cihaz devresi

[=

TVE vE
Diyoty Doty

Sekil 12’ de yer alan devre test elektriksel giirtiltiilii
ortamda test edildiginde CANH sinyalinde tepeden
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tepeye degeri 1,6 V gelmektedir. Osiloskop c¢iktilar devresinde ise tepeden tepeye degeri 1,6 V olarak
Sekil 13’ de elde edilen CANH ve CANL sinyali Olglilmiistiir. Filtreleme islemi sonucunda tepeden
verilmistir. Sekil 12’ de yer alan devrenin testlerde tepeye degeri %12 azaltilmistir. Elektriksel giiriiltili
elektriksel giirtltii kaynakli olarak 1,6 V tepeden tepeye ortamlarda filtreleme amag¢h ¢oklu TVS cihaz
degeri gozlemlenirken Sekil 8" de yer alan topolojinin devresinin iyi sonug verdigi gorilmiistir.

1,8 V degeri gorilmiistiir. Dikey eksen voltaji, yatay
eksen ise zamani belirtmektedir. Osiloskop ekran ¢iktisi
2 V/div olacak sekilde ¢iktilar alinmistir.

Tesekkiir: Bu calisma Hamle programi kapsaminda
1219040 numarali proje ile TUBITAK TEYDEB
tarafindan desteklenmistir.

Oscilloscope Workspace
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Abstract: Even though the performance of photovoltaic/thermal (PV/T) panels had been
examined both computationally and experimentally for some time, the thermal models created
in earlier research were mostly steady-state models for estimating the annual yields. In this
study, the solar thermal collector and photovoltaic (PV) cells are combined to create the PV/T
collector, and water-ethylene glycol is utilized as a coolant to lower the temperature of the PV
panels. The goal of this study is to analyze a water-ethylene glycol-based PV/T collector
numerically. Time-dependent dynamic analyzes were performed using the MATLAB software
program. Investigations were also done into how the electrical power produced and the
temperatures of the fluid outlet and PV/T surface changed over time. As a result of the annual
analysis, the maximum power of PV/T is calculated as 155 W. Also, the maximum surface
temperature of PV/T panel’s is 56.62°C.
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0z: Fotovoltaik-termal (PV/T) kollektérlerin performansi bir siiredir hem hesaplamali hem de
deneysel olarak arastirilmis olsa da, daha dnceki arastirmalarda olusturulan termal modeller
cogunlukla yillik verimleri tahmin etmek i¢in kararli hal modelleriydi. Bu ¢alismada fotovoltaik
(PV) hiicreler ve termal toplayici, PV/T toplayiciy1 olusturmak igin bir sisteme entegre
edilmistir ve su-etilen glikol, PV hiicrelerinin sicakligini diistirmek i¢in bir sogutucu olarak
kullanilmistir. Bu ¢alismanin amaci, su-etilen glikol bazli bir PV/T toplayiciy1 sayisal olarak
analiz etmektir. Zamana bagll dinamik analizler MATLAB yazilim programi kullanilarak
yapilmistir. Ayrica PV/T ytizey sicakliginin, akiskan ¢ikis sicakliginin ve elde edilen elektriksel
gliclin zamanla degisimleri incelenmistir.

1. Introduction

Renewable, also known as alternative energy resources,
are resources that are inexhaustible and have the
potential to be renewed. Since renewable energy
resources are clean and environmentally friendly,
energy production from these sources is increasing
rapidly in our country and in the world. In addition to
widely used energy sources like wind and solar energy,
there are renewable energy resources such as hydrogen,
biomass, and hydroelectricity used in different
applications. Solar energy, which is widely used among
renewable energy sources, has gained importance in

*Corresponding author: gamzeyildirim@isparta.edu.tr

recent years to meet increasing energy needs. Solar
energy is an inexhaustible, clean, environmentally
friendly, free energy source that does not emit sulfur,
carbon, and gas. The sun is the main energy source for
all fuels used on earth, except nuclear fuels. Reactions
occur in which hydrogen gas is constantly transformed
into helium, the resulting mass difference is
transformed into thermal energy and spreads, and a
small part of this energy reaches the earth. Since gases
such as carbon dioxide, ozone, and water vapor in the
atmosphere absorb solar radiation, the sunlight
reaching the earth is at low values. As can be seen in Fig.
1, our country has a very rich solar energy potential.
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New technologies are developing to evaluate this
energy, and studies in this field are increasing day by

Figure 1. Sunbathing map of Tiirkiye [1]

Solar energy is mainly used for two different purposes:
thermal energy and electrical energy. While various
technologies are used for these aims, the efficiency of
these technologies is increasing daily. Solar energy
conversion to thermal energy takes place with solar
collectors [2]. Photovoltaic technologies are widely
used to obtain direct electrical power from solar energy

[3].

Only 15% to 20% of solar energy can be converted into
electricity when PV systems are utilized to generate
electricity from it; the remainder is converted to
thermal energy. This thermal energy can be easily
absorbed by the PV device and causes the operating
temperature to rise to 80°C [4]. The temperature of the
PV solar panel reduces by about 0.2 - 0.5% for each
degree Celsius as the solar radiation increases [5].
Large-scale heat extraction using a fluid circulation
system that is induced or natural could solve this issue.

By simultaneously producing thermal and electrical
energy, PV/T energy systems that feature combined PV
cells and heat evacuation devices have developed an
effective replacement for PV systems [6]. The PV/T
systems seen in Figure 2, which are the result of
innovative technologies in solar energy systems, allow
the production of thermal and electrical energy at low
temperatures by combining thermal collectors and
photovoltaic cells. In these systems, PV cells in contact
with the absorber surface co-convert some solar
irradiation into electrical power, and the surplus heat
energy produced in the PV cells is taken as the input of
the thermal system. A heat carrier takes this heat from
the surface and absorber cells when the system is in use.
Thus, both the cells are cooled, thermal energy is
obtained, and the panel's efficiency is increased [7].
PV/T panels could be categorized according to the

various types of coolant used: water, air, and refrigerant.

In addition, according to the physical design of the
panels, they could be distinguished as concentrated,
building integrated type, or flat plate type [8].
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Figure 2. PV/T collector system elements [9]

Recently, study on PV/T systems has been increasing
rapidly. Wolf [10], one of the first research articles on
PV/T panels, evaluated the performances of a system in
this study. His results showed that solar cogeneration
systems are practically applicable. Rejeb et al. [11]
focused on developing a PV/T and applied their
designed model to optimize the operation of the PV/T
panel in a semi-arid climate. Based on the energy
balance of the collector's six major parts— PV cells,
transparent cover, plate absorber, pipe, water in the
pipe, and insulation—a model was created to predict
the dynamic behavior of the collector. By comparing the
experimental results that are available in the literature,
they were able to demonstrate that there is a good
agreement with the simulation results that were
achieved. The electrical and heat energy of the tube
collector and sheet were examined using the
constructed model for four typical yearly days using the
meteorological data for Tunisia. The effects of inlet
water temperature, the number of glass covers, solar
irradiation, and the conductive heat transfer coefficient
between plate absorber and PV cells on thermal and
electrical efficiency were also investigated using
parametric analyses. A model for the simulation of a
photovoltaic thermal collector in a transient regime
was created and validated by Simonetti et al. [12]. On
two hybrid PV/T solar tiles connected in series, they ran
a two-week test in actual ambient weather conditions
to validate the model. The average electrical efficiency
was calculated by Joy et al. [13] to be 9.56% without
cooling and 10.69% and 11.23% with water and water-
ethylene glycol cooling, respectively. They carried out
an experimental investigation of a PV panel using a
mixture of water and water-ethylene glycol as the
coolant. They also came to the conclusion that using
water or water-ethylene glycol, respectively, resulted in
the average thermal efficiency of the panel of 46.18%
and 17.94%. Using nanofluids, Jia et al. [14] looked into
the examination of a PV/T panel. Mathematical models
of the PV/T panels were suggested in order to draw
additional conclusions regarding how operating
parameters affect the performance of the collector.
They looked at the impact of nanofluid type and volume
concentration on PV conversion efficiency, PV cell
temperature, and thermal and electrical power in their
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study. The results of a study on the effects of PV
collector characteristics on performance were also
discussed. They came to the conclusion that TiOz/water
nanofluid performed worse in the PV/T collector than
Al203/water nanofluid did.

There are two various analyzes of PVT modeling in the
literature. Firstly, it is based on numerical analysis by
separately writing differential equations for all layers of
the PV/T system. The second approach for the PV/T is
making analyzes based on a single differential equation
by considering it as a single layer. In this work, PV/T is
considered as a single layer, and dynamic modeling is
performed, in which both the PV/T surface temperature
and the temperature changes of the heat transfer fluid
over time.

2. Mathematical Modeling

In photovoltaic thermal systems, some solar irradiation
is transformed into electrical energy, while a large part
of it creates a thermal load on the material. This thermal
load can reduce the collector's efficiency and damage
the material's structure. PV/T systems have been
designed to minimize this thermal load created by solar
irradiation that cannot be converted into electrical
energy in the collector. These hybrid systems can
simultaneously provide hot air or domestic water and
electrical power. The most widely used PV/T type is the
system where hot water is provided. While these
systems generate electrical energy with the modules on
their upper surfaces, they store the domestic water with
the copper plates on the back of the collector. Thanks to
the working fluid in the collector, the temperature of
the cell is diminished, and the electrical energy
efficiency is raised [15]. The schematic representation
of the PV/T panel is shown in Figure 3. As seen from the
figure, the PV/T collector comprises a set of PV panel, a
glass cover, pipes, an absorber surface, and insulation
[13]. In Figure 3, the thermal resistance network of the
PV/T panel is shown.

The following assumptions were considered in the
PV/T mathematical modeling [16]:

1) PV/T panels are connected in series.

2) Air gaps between the glass cover and the PV cells are
neglected.

3) PV/T is considered as a single layer, and heat
transfer between layers is neglected.

4) PV/T mass and specific heat capacity are neglected.

5) Heattransfer by natural convection is neglected, and
heat losses by wind are only considered for the
upper surface of the collector.

6) The heat losses from the edge surfaces of the PV/T
panel are neglected.
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7) The thermal capacities of the PV/T components are
neglected. Only the thermal capacities of the heat
transfer fluid are considered.
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resistance network (adapted from Ref.
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The properties of PV/T panel used in the mathematical
modeling are given in Table 1.

Table 1. Properties of PV/T panel working with
ethylene glycol —~-water mixture

Basic data Value
PV/T length L(m) 1.649 [9]
PV/T width W (m) 0.992 [9]
PV/T total area Apy/r (m?) 1.635
PV/T cell area Acen (m?) 1.417
PV/T mass mev/r (kg) 3.75
PV/T specific heat Cpry/r(J/kgK) 8081
PV/T conductivity key/t (W/mK) 187.1
PV/T thickness Apv/r (M) 0.0065
Absorptivity coefficient a 0.85
Emissivity coefficient € 0.88
Transmissivity coefficient T 0.9
Packing factor PF 0.9
Electrical data

Cell type p-Si
Reference electrical MNrer (%) 0.143
efficiency

Temperature power B (1/K) 0.0046
coefficient

Thermal data

Mass flow rate myrr (kg/s) 0.002
Number of tube Ntube 10
External tube diameter D (m) 0.008
Internal tube diameter Di (m) 0.006
Distance between tubes w (m) 0.099
Insulation thickness Aback (M) 0.03
Insulation conductivity Kback (W/mK)  0.04
Boundary conductivity Kbond (W/mK) 250
Boundary width bbond (M) 0.01
Boundary thickness Avond (M) 0.05
Boundary heat transfer h, (W/m2K) 30.3214

coefficient

In this work, heat that had accumulated in various parts
of the hybrid solar system was removed using ethylene
glycol-water as a heat transfer fluid. 50% by weight
ethylene glycol-water mixture has been shown to have
a higher energy and exergy efficiency than pure
ethylene glycol and a lower freezing point than pure

ethylene glycol when used as the working fluid for PV/T.

As a result, ethylene glycol-water mixture (50 percent
by weight) was utilized as a working fluid that was
appropriate for cold climates. Temperature-dependent
thermophysical properties for ethylene glycol (50%)
were formulated using curve-fit curves from the
Engineering Equation Solver (EES) [17] database.
Required property values in the following equation:
y=a+bT +cT?+dT>+eT*+ fT> + gT® D
In the above equation, y is the thermophysical property
(Cp, k, p, 1, Pr), and the coefficients a, b, c,d, e, f,and g
are obtained for the temperature of T = 25°C and
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pressure of P = 101.325 kPa. Various thermophysical
property coefficients can be defined for different
temperature and pressure values. These coefficients
are obtained from the real table value with the help of
curve-fitting methods. In determining the size of the
linear regression error in curve fittings, the correlation
coefficient 'R?' is determined. An R? value close to 1
means that the fitted curve best expresses the data.
Table 2 shows the equation coefficients of the
thermophysical properties of the water-ethylene glycol
mixture (50% by weight).

Table 2. Coefficients of the thermophysical properties
in Equation (1)

cp k p r Pr
(ki/kgK) (W/m?K) (m3/kg) (kg/ms)

a 320288 037 1074.62 0 67.19
b 5.64 0.0006 -0.43 -0.0002 -2.48

¢ -0008  3.17x107  -0.002  0.000009  0.081
d -0.0003 -50 0.000006 -42 -0.0029
e 0 0 0 7.3x10°  0.00006
f 0 0 0 -80.3 -64.7

g 0 0 0 2.39x103  1.98x10°

The heat transfer coefficient of the working fluid in the
pipe by convection is calculated as follows:

(2)

Here, hf (W/m2K) is the heat transfer coefficient of the
fluid, and k (W/mK) is the thermal conductivity of the
fluid. To calculate the hr value of the working fluid, the
Reynolds (Re) number must first be determined.

pVD;
U

Re = 3)

where p (kg/m?3) is the density of the fluid, V (m/s) is
the velocity of the fluid, D: (m) is the inner diameter of
the pipe, and u (kg/ms) is the absolute viscosity. If
Re<2500, laminar flow occurs, if Re=2500, turbulent
flow occurs in the pipe [18].

L (m), the hydrodynamic inlet length, is expressed as
the length from the pipe inlet where the shear stress
(and, therefore, the friction factor) approaches the fully
developed value by 2% [18]. The hydrodynamic inlet
lengths in laminar and turbulent flow are calculated as
follows:

Ligminar = 0.05ReD (4)

Liyrpuient = 10D 5)
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L
* 6
X = RePrD ®)

Here, Pr is the Prandtl number, and D (m) is the
hydraulic diameter.

The Nusselt number for thermally developing laminar
flow is determined by Equation (7) and Equation (8):

1
Nu = 1.953(x*)73 x* <0.03 ™
0.0722 .
Nu = 4.364 + — x* > 0.03 (®)
(x*)73

In the case of turbulent flow, the Nusselt number can be
determined by Equation (9) as [18]:

é(Re —1000)Pr

1 2

A S
1+12.7(§) Pr—1

Nu =

Here f is the friction factor, and it is determined by
Equation (10) [15]:

1

f = 079 nRe) = 1.60)?

(10)

The total heat loss coefficient U, (W/m2K) in the
collectors is calculated by Equation (11). Here, U.
(W/m2K) heat losses from the side surfaces are
disregarded, while the total heat loss from the collector
is calculated with the sum of the heat losses from the
upper and lower surfaces [18]:
U,= U+ U, 1y
where U: (W/m?K) denotes the heat loss coefficient
from the collector top surface, and U (W/m2K)
represents the loss coefficient from the collector back
surface [15]:

Ur = heony + Nraa (12)
Here, hconv (W/m?K) denotes the heat transfer
coefficient with forced convection, and hraa (W/m2K)

denotes the heat transfer coefficient with radiation
[15]:

heony = 2.2Ving + 8.3 (13)
hrad = ga'(TFgV/T + Tszky)(TPV/T + Tsky) (14’)
Toy = 0.0552Tgm) (15)
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Here, Vwina (m/s) represents the average wind speed,
Try/r (K) means the average PV /T surface temperature,
Tsky (K) represents the sky temperature, and Tams (K) the
ambient temperature [19]:
_ kback

Uy, (16)

Aback

Here, kvack (W/mK) represents the thermal conductivity
of the back surface insulation material, and Apack (m)
refers to the thickness of the back surface insulation
material.

A one-dimensional steady-state model was developed
to study the thermal and electrical efficiency of PV/T
systems, and Hottel-Whillier equations were employed
in these calculations. The overall energy balance of the
PV/T collector is calculated by Equation (17) [16]:

Qu = Fg (I(aT) (APV/T - Acellnel))

= (Apyr UL (T = Tous)) an

Here, Q,, (W) represents the useful heat supplied from
the collector, I (W/m?) solar radiation, (art)
absorbance-permeability coefficient, ne collector
electrical efficiency, Arv/r (m?) collector surface area,
Acet (m?) PV/T cell area, Tin (K) fluid inlet temperature.

The collector heat gains factor (Fr) is calculated by
Equation (18) as follows [19]:

<1 ewp (—APV/TULF’>>
MyrrCy
Here, murr (kg/s) is the mass flow rate of the fluid, ¢

(J/kgK) is the specific heat capacity of the fluid, and F'is
the collector efficiency factor.

MyrrC
Fp=—1F (18)

B ApyrUy

1
U
F= T 1 (19)
W\U,(D+ W —D)F) " he, ' TID;h;

Here, w (m) is the space between the pipes through
which the PV/T fluid passes, D (m) is the outer diameter
of the tube, hce (W/m2K) is the boundary heat transfer
coefficient, D; (m) is the inner diameter of the tube, hr
(W/ m2K) represents the heat transfer coefficient of the

fluid.
tanh (M)

m(w — D)
2

F= (20)

The value of m here is calculated by Equation (21):

U,
m= |[———
(kD py /1

21
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Pel, which is the electrical power gained from PV/T, is
calculated by Equation (22) [16]:

Po = el Agey(ar) (22)

Average PV/T temperature Tpyr is calculated by
Equation (23) [15]:

Qu

— (23)
APV/TFR U,

TPV/T =Ty + ( )(1 — Fg)

Also, the fluid mean outlet temperature Turr (K) can be
found by Equation (24):

MyrrCp (Tin — Toue)dt

MyrrCy

Turr = Qu + (24)

71Dut

Electrical and thermal efficiencies of PV/T could be
calculated using Equation (25) and Equation (26) [20]:

Net = Nref (1 -B (T% - Tamb))

Here, 7nrs denotes the electrical efficiency at the
reference point, and f denotes the temperature power
coefficient.

(25)

_ MyrF Cp (Turr — Tin)
Ten [(at)Apyr

(26)

The total efficiency of the PV/T system is determined by
Equation (27):

Npvyr = Net + Nen 27)

3. Results and Discussion

This study develops and validates a model for the
simulation of a hybrid PV/T panel in the transient
regime. Generally speaking, the model was created
using MATLAB simulation software. For the time-
dependent dynamic models to be made in this study, it
is necessary to determine the annual solar radiation,
environmental temperature, and wind speed changes of
[zmir province. For this purpose, yearly meteorological
data of [zmir province were taken from the Meteonorm
[21] library in TRNSYS software and shown in Figure 4.
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Figure 4. Annual meteorological data for izmir (a) Solar
irradiation intensity (b) Wind speed (c)
Ambient temperature

In Figure 5, the graph of variation of the collector flow
factor (F") and the dimensionless number (mcp) /
(AULF") in the reference study by Duffie and Beckman
[22] was shown to validate the current mathematical
model. As can be seen from the figure, the trend in the
PV/T mathematical modeling and the trend in the
reference study are compatible with each other.
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Figure 5. PV/T collector flow factor F" as a function of
(thTF Cp)/(APV/T UL F’)

Figure 6 depicts the PV/T surface temperature's
fluctuation over the first three days of January. The
PV/T surface temperature rises as solar irradiation
rises, as shown in the figure. The three-day analysis
produced a maximum panel temperature estimate of
about 40°C.

40 T T T T T

Temperature ("C)

0 12 24 36 48 60 72
Time (h)
Figure 6. Variation of the PV/T surface temperature
with time

Figure 7 shows the change in the heat transfer fluid's
output temperature over time. The output temperature
of the heat transfer fluid rises with an increase in solar
radiation, as seen in the image. The maximum exit
temperature of the heat transfer fluid was determined
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to be almost 14°C as a result of the three-day analysis.
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Figure 7. Variation of the outlet temperature of the heat
transfer fluid with time

72

The electrical power's change over time is depicted in
Figure 8. Throughout the analysis time, the solar
radiation value changed simultaneously with the
electrical power produced by the PV collector and the
PV/T panel, and the highest electrical efficiency was
attained at noon when the radiation was at its highest.
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Figure 8. Variation of the electrical power with time

48 B0 72

Figure 9 depicts the fluctuation in the working fluid
outlet temperature and PV/T surface temperature for
the chosen three days. The change of the PV/T surface
temperature and the working fluid outlet temperature
follow the same trend, as shown in the figure. In rare
circumstances, the working fluid's output temperature
climbs above the PV/T surface temperature. This is due
to the fact that just the mass and specific heat of the
working fluid are taken into account in the PV/T
mathematical modeling, but the PV/T has no resistance
and heats up and cools down quickly.
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Figure 9. Variation of the outlet temperature of the heat
transfer fluid and PV/T surface temperature
with time

Figure 10 shows the thermal efficiency based on the (Tin
- Tamb) / Isolar ratio, which is an indicator for evaluating
the performance of PV/T. As can be observed in the
figure, for flow rates of 0.03, 0.1, 0.2, 0.3, and 0.36 kg/s,
there was a tendency for thermal efficiency to decrease
as the (Tin- Tamb) / Isolarincreased due to the rise in heat
losses due to the temperature difference between the
working fluid and the ambient air. In addition,
verification studies were carried out considering the
reference study of Kim and Kim [23], and the average
efficiency at a flow rate of 0.36 kg/s reached the highest
value of 40% when the difference between the inlet
temperature and the ambient temperature was zero. As
seen in the figure, in the current study, thermal
efficiency reaches 40% from 26% by raising the mass
flow rate from 0.03 kg/s to 0.36 kg/s under 800 W/m?
radiation conditions.
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Figure 10. PV/T thermal efficiency curve according to

AT/Isolar

0.04 0.05

The variation of the electrical efficiency of PV/T
according to the temperature difference is shown in
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Figure 11. As in thermal efficiency verification studies,
electrical efficiency variation was observed for flow
rates of 0.03, 0.1, 0.2, 0.3, and 0.36 kg/s depending on
the (Tin - Tamb) / Isolar ratio. As can be seen in the figure,
verification studies were carried out with the reference
study of Kim and Kim [23], and it was observed that the
AT /Isolar ratio and the electrical efficiency tended to
decrease.
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Figure 11. PV/T electrical efficiency curve according to
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4., Conclusions

In this study, a mathematical model was conducted with
the purpose of validating the water-ethylene glycol-
based PV/T panel. Based on the energy balance of the
PV/T panel, which is made up of several parts, including
PV cells, insulation, transparent cover, pipes, plate
absorber, and fluid inside the pipe, a model has been
created to predict the dynamic behavior of the PV/T
panel. Comparing the data found in the literature
allowed us to confirm that the obtained theoretical
results were in good agreement. During the analyses,
the mass flow rate was taken as 0.02 kg/s, and the
change of PV/T surface temperature, fluid outlet
temperature, and electrical power over time was
calculated for three days selected in izmir conditions.
As a result of analysis, the maximum surface
temperature of PV/T panel’s is 56.62°C. Also, the
maximum power of PV/T is calculated as 155 W.
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Abstract: This paper focuses on comparative results of two different controllers applied to
kinematic bicycle model with rear wheel contact point to the ground as the reference point.
The wide range of representation of different types of robots and vehicles of kinematic bicycle
model is the main reason for this model selection. This paper has three main sections. The first
section of the paper is mathematical modeling of the model. The second section is describing
the utilized control techniques. The last section shares results of the simulations. The
simulations have been carried out with pure feedback signals in absence of noise. The
compared two controllers are an (Linear Quadratic Regulator)LQR controller and a Lyapunov
based controller. The objective in the simulations is to track and complete a given constant
radius trajectory. Last section includes comparison of results by analyzing statistical values of
a defined error signal.
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LQR ve Lyapunov temelli iki kontrolciiniin kinematik bisiklet tipi model icin giizergah izleme
performansinin dairesel bir giizergahta karsilastirmasi
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Mobil robot

LQR

Lyapunov

Kinematik bisiklet modeli
Giizergah takibi
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0z: Bu makale farkh kontrol tekniklerinin arka tekerleginin yere temas noktasini referans alan
kinematik bisiklet tipi robot lizerine uygulamasinin karsilagtirmali sonuglarina odaklanmistir.
Kinematik bisiklet tipi modelin se¢ilmesinin ardinda yatan asil sebep, bu modelin giiniimiizde
kullanilan bir¢ok robot modelini ve araci temsil edebilmesidir. Calisma ii¢ ana bélimden
olugmaktadir. ik béliim robotun modellenmesini icermekte. ikinci bliim uygulanan kontrol
teknikleri ile ilgili ¢alismalar1 barindirmakta. Son bdliim ise simiilasyon sonuglarini
paylasmaktadir. Kullanilan sinyaller giiriiltiisiiz ortamda bir geribesleme sinyali igin
olusturulmustur. Karsilastirilan Kkontrolciiler (Linear Quadratic Regulator)LQR ve bir
Lyapunov temelli kontrolciilerdir. Simiilasyonlarin ana amaci modelin verilen sabit yaricaplh
giizergahi takip ederek tamamlamasidir. Son béliim igerisinde tanimlanan hata sinyalinin
istatistiksel olarak degerlendirmesini igerir.

1. Introduction

Nowadays, the achievements in mobile robotics allow
advanced applications in real life. One of the popular
tasks for autonomous and mobile robots is trajectory
tracking. This task requires mathematical model of the
mobile robot and a proper control approach to
minimize the total deviation from a desired trajectory.

* {lgili yazar/Corresponding author: halitege.ceyhun@ogr.deu.edu.tr

In this research, the main aspect is to investigate the
control performances of two different controllers which
have been designed for a kinematic bicycle type
wheeled mobile robot (WMR). The rear tire contact
point assumed as a reference to accomplish trajectory
tracking task. Linear Quadratic Regulator (LQR) and
Lyapunov based controllers are the applied control
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approaches in this paper. MATLAB/Simulink
environment has been used to simulate the trajectory
tracking performances of the WMR.

Robotic motion, kinematic models and well-known
control techniques are presented in many references.
While [1-3], [6] and [16] are covering most of these
topics, other references such as [5] is concentrated on
nonlinear control techniques and [4] is scoping
Lyapunov stability and regulation problem.

We can see that, using a linear controller is a practical
approach to the problem as stated in [7]. This paper
uses a differential drive type robot. Then subjects it to a
coordinate transformation by using reference frames
and input transformation. PI tuning with LQR is realized
in 3-dimensional state space system. In [8] a dynamic
model of bicycle type robot is used together with its
kinematic model. By this manner, a Lyapunov function
is used for control. Stability through Barbalat condition
is studied.

The kinematic model and linearization through input
transformation is validated and a control scheme
shown in [9]. This paper also uses a differential drive
robot in 3-dimensional error system linearized around
origin. Linear feedback control is proposed with pole
placement approach to regulate the desired
polynomials.

In [10] a 3-dimensional state space system is
considered under Lyapunov conditions. Dynamic model
is utilized for the related study. [11] follows a similar
approach for a welding application combined with a
wheeled mobile robot control.

In [12] a differential drive model is the subject of
feedback linearizing control to accomplish “Follow the
Carrot” algorithm by replacing system nonlinearities
with desired dynamics. Position and orientation error
form the error system. [17] and [18] are detailed and
explanatory sources for optimal control theory.

An inclusive reference for path tracking methods of
autonomously steering vehicles is [13]. Dynamic and
kinematic models are shown together with geometric
tracking algorithms such as Pure Pursuit and Stanley
Control. Kinematic and optimal control including LQR
form are also investigated deeply.

[14] considers center of wheelbase as the reference
point of the kinematic model. Therefore, another 3-
dimensional approach is made by LQR-LMI tuning for a
Lyapunov based controller.

[15] Both forward and backward motions are
considered for tractor trailer wheeled robot. Lyapunov
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based approach is stated for different types of
trajectories. Slip condition is also considered.

Instead of taking statically balanced models [19] takes
an e-scooter model and investigates a higher
dimensional state space system. This new system also
takes self-stabilization as an additional task other than
motion control.

[20] takes even larger state space system with 12
degrees of freedom. Tracking problem simulations are
done for PD and Hw controllers then tested for PD
controller.

A time-varying LQR control is applied in [22] for
tracking task. This paper uses a 4-dimensional state
space system as in our study.

Contributions to WMR studies in “Automatic Control
and Robotics Laboratory” of Dokuz Eylill University
focus on linear and non-linear controller design,
navigation, sensor fusion and implementations on
experimental models. [23] realizes a path following task
for autonomous vehicles by GPS measurement. [24]
considers relative positioning of a robot together with
trajectory tracking and obstacle avoidance task.
Sensory measurement and indoor mapping by a LIDAR
are researched deeply in order to ensure autonomous
navigation in [25]. Alongside traditional approaches, a
neural network-based control approach is applied to a
non-holonomic model using multiple sensors in [26].

As another perspective, [27] takes the standard form of
a PI controller and combine it with a nonlinear gain and
control a second order system. Stability analysis is done
for different criteria. Then all these considerations are
subjected to a higher order system which is the active
suspension system. Reference tracking performances
are evaluated for different system parameter settings.
On the other hand [28] suggests a hybrid control
approach by including a neural network to the tuning
part. Then tracking performances are evaluated and
compared for regular PD, Anfis and a hybrid controller
constructed by both.

1.1. Problem Definition

Our work, unlike many applications, takes a four-
dimensional state space for kinematic bicycle model.
Considered model uses reference as rear wheel center.
Reference inputs are longitudinal velocity and rate of
change in steering angle. This consideration allows us
to model many of the real-life robots and vehicles.
Therefore, this paper can be considered as a case study
for a wide range autonomous wheeled mobile robots
and a large class of vehicle family. Cars, busses,
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motorcycles, scooters can be given as examples of this
model.

Moreover, the problem of tracking for this type of model
is taken as the studied topic to test the tracking
controller performances. As stated above, the model is
a representative of frequently encountered vehicle
families and therefore tracking control for these types
of vehicles becomes vital for the futuristic autonomous
driving scenarios. This paper searches the less
deviating tracking control for that matter.

2. Mathematical Modeling

The rear wheel reference kinematic bicycle model is a
very common model for a family of wheeled mobile

robots. Equation 1 show the states for this type of model.

First two states x and y are taken as planar position
information. Next states are orientation angle of the
robot/vehicle and steering angle. They are shown with
0 and ¢ respectively. As a result, a 4-dimensional state
vector is created.

(1)

=
Il
S O R

The main principle is to apply a non-holonomic
constraint for two wheels. The wheels are assumed not
sliding sideways and motion is obtained only by rolling.
This assumption results two constraints for two wheels.

In Figure 1, coordinates of the robot can be seen as a
vector of rear wheel cartesian coordinates, front wheel
cartesian coordinates, orientation angle of whole body
and steering angle. This is a redundant representation
of this robot. Because with a constant wheelbase “L” it
is possible to rewrite one wheel’s coordinates by using
the other one as in Equation 2 and 3.

Xfront = Xrear T L cos(6) (2)

Yfront = Yrear T L sin(0) (3)

As can be seen in Equation 4 and 5, by derivation of
these equations with respect to time, evolutions of
states in time are obtained.

J-Cfront = Xpeqr — oL sin(6) (4)
yfront = Yyear + 0L cos(0) (5)
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Figure 1. Kinematic Rear Wheel Reference Bicycle
Model

If this new representation is used for writing the wheel
constraints equation, the input vector fields can be
obtained by Equation 6 and 7.

Xrear SIN(O) — Yreqr cOs(0) =0 (6)
J.Cfront Sil’l(e + 90) - Yfront COS(Q + <P) =0 (7)

Itis possible to rewrite this in matrix form. Integrability
of the input vector fields will be guaranteed by this way.
For simplicity of notation, rear subindices are dropped.
Hence, coordinates are changed to a vector containing
only one pair of cartesian coordinates of rear wheel and
two angular coordinates with orientation angle of the
body and steering angle. Matrix form of the constraints
on the wheels can be seen in Equation 8.

sin(0) —cos(0) 0 00] 0 (8)

sin(@ + @) —cos(6 +¢) —Lcos(p)

| < R

The vector fields which satisfy these constraints are
found and can be used for determination of input vector
fields. Non-holonomy condition is satisfied for this
model by a null space solution.

Obtained vectors can be seen below in mathematically
defined rear wheel kinematic bicycle model. By this
knowledge it is possible to write the rear wheel
reference kinematic bicycle model in state space form
as in Equation 9.

cos(0)

X
.Y )_ [ sin®
p= 6 tan(p)/L Ut e ©)
[0)

0

= o0 O
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Inputs are chosen to be linear velocity of body and
angular velocity (10) as rate of change of steering angle
(11) and can be written as:

v =.%x%+y? (10)

w=¢ (11)

However, the resulting model is highly nonlinear and a
direct linearization by derivation gives a set of
equations which do not represent the robot motion.
Therefore, a feedback linearization through coordinate
transformation is done. Then control approaches are
applied for this new system representation. To get this
new system, a reference state vector must be defined as
in Equation 12. Ref subindices represent reference.

Xref
YVref
ere f
Pre f

Pref = (12)

By the measured states, the error vector is obtained and
represented in a rotated coordinate system attached to
the rear wheel of the kinematic bicycle type model. Full
state measurement is assumed to be available. Error
system can be defined as in Equation 13.

e cos(f) sin(@) 0 0] /Xrer =%
ez | _|[-sin(@) cos(®) o0 off Yrer =Y (13)
el | o 0 1 of| brer—¥6
€4 0 0 0 11 \@Prer — @

The transformation matrix in Equation 13 has the form
of a planar rotation by the orientation angle of the
model. This rotation is applied to x and y coordinates of
model. However, angular states are expressed in their
natural form. Followed procedure is allowing a
definition of an error system which is described on
longitudinal and lateral dynamics of the model. By
rewriting the reference states like the model’s
kinematic equations, the error system is rewritten
clearly. Equations 14, 15, 16 and 17 show time
derivatives of the reference states.

Xref = Vref COS(Href) (14)
Vref = VrefSin(eref) (15)
éref — vrefta:(qoref) (16)
Dref = Wrer 17)

Thanks to the differential flatness and constant
parameters of the model, it is possible to obtain these
reference states of the system. However, an additional
calculation is necessary to express the curvature of
desired trajectory. By this way it is possible to represent
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reference steering angle change rate and therefore rate
of change of steering angle.

Reference orientation of the trajectory is calculated in
Equation 18.

Orer = tan™* (yr_e}c)

(18)
xref

Reference linear velocity of the trajectory is calculated
in Equation 18.

171“ef = ;xrefz + yrefz

Reference curvature and instantaneous center of
rotation of the trajectory are calculated in Equation 20
and 21.

(19)

_ yrefxref - J.C.r(-;’f.‘)"‘ref
Kref - . 2 _ 2 3/
(xref +yref ) 2
1

(20)

Ryef = (21)

Kref

Reference steering angle and its rate of change can be
directly found by derivation of Equation 22.

L
Prefr = tan~" (—)
Rref

Where, Rref is the distance between instantaneous
center of rotation and rear wheel. L is the wheelbase of
the robot. By this way, the rotated error equations are
derived for cartesian coordinates. Then, reference
expressions are used. Note that angular states are kept
the same for error system generation.

(22)

Evolution of error states with respect to time can be
seen in Equation 23, 24, 25 and 26. This procedure is
done by calculating Equation 13 with the terms
calculated in Equations 14, 15,16, 17,18, 19, 20, 21 and
22.

v tan
€1 = Vyepcos(e3) —v + #ez (23)
. . v tan(yp)
€, = Vyepsin(e;) — — @ (24)
t
é3 — Vrefr a2(¢ref) _ Utaz«ﬂ) (25)
€4 = Pref — @ (26)

This form still has a highly nonlinear relation. Small
angle assumption is made and artificial inputs are
introduced by redefining original inputs. Redefined
inputs are given in Equation 27, 28 and 29.
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Uy = Vpercos(e3) — v (27)
uz = é3 (28)
Uz =€y (29)

New error system can be represented in linear time-
invariant form if and only if reference linear speed and
reference steering angle are constants. This is shown in
Equation 30.

Vyertan(@res)

€ 0 L O Oen 1100 u,
e. Vypertan e 000
2 i A |1 M “] (30)
éy 0 0 o olled Lo o 2t
0 0 0 0

To avoid dynamic effects which can occur on tires and
therefore on lateral motion, motion of the model has
been investigated using relatively smaller velocities. In
this work a constant radius circular path is considered
and details are presented in next sections.

3. Control Methods

In this study two control approaches are applied and
simulation results are compared. These are Linear
Quadratic Regulator and a Lyapunov based controller.

3.1. Linear Quadratic Regulator (LQR)

In LQR design, linear quadratic cost function is used and
shown in Equation 31.

] = f(xTQx + uTRu)dt (31)

Where Q and R matrices are diagonal weights matrices
for the states and inputs. In this case, states correspond
to errors and inputs are the artificial ones shown in
Equations 27, 28 and 29. The feedback is obtained in a
static manner. Thus, standard form can be rewritten as
in Equation 32.

] = ](eTQe + uTRu)dt (32)

In this research, the inputs are not penalized but states
are weighted differently. State and input weights are
expressed in Equation 33 and 34. The selection of
weights are done by inspecting the Equations 27, 28, 29
and 30. Since e3 and es represent the error on angular
states in the original system and the rotation is done by
the orientation angle itself, more weights are given to
those states. Another supporting observation can be
pointed out by the fact that e: and ez are highly
dependent on both angular error states. Input
weighting is not done and all virtual inputs are taken
with the same weights. Therefore, Equations 32 and 33
would be a viable selection for weights matrices.
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10 0 0 0
0 10 o 0

Q=10 o 1000 0 (33)
0 0 0 1000
1 0 0

R=|0 1 0] (34)
0 0 1

Free system has two eigenvalues at origin and two
complex eigenvalues at 0£0.6283i. LQR strategy places
the eigenvalues to -31.6228,-31.6212,-2.9531,-0.7670.
Corresponding gain matrix can be seen in Equation 35.

3.5604 —2.1689 —-0.2213 0
K =1-0.2213 1.6032 31.7809 0 (35)
0 0 0 31.6228

3.2. Lyapunov Based Controller

Lyapunov functions are widely used in many fields of
nonlinear control application. This paper follows a
control approach with a storage function which is semi-
positive definite for any time while its derivative is
negative semi-definite for any time instant. At the origin
the storage function is equal to zero. Considered storage
function is constructed by quadratic terms and a
trigonometric term. Main reason behind this selection
of structure is to stress out the property of boundaries
of each function type. While quadratic functions have a
lower bound at zero, trigonometric functions are
defined in the range of +1. Storage function and its
derivative can be found in Equation 36 and 37.

1 1—cos(e
V=c(e? +e2+e,2)+ 1~ cos(es) (36)
2 k,
. . . . sin(es) .
V = 6161 + €2€2 + €4_€4_ + k 63 (37)
2

For this approach, error system can be rewritten by
releasing the small angle approximation and keeping
the input transformation the same. A non-linear system
is defined in Equation 38, 39, 40 and 41.

V. tan
él = u1 + (M - uz) 6'2 (38)
V. tan
€ = VpesSin(es) — <M - u2> €1 (39)
é3 = U (40)
é4 = Uj3 (41)

Finally, the Lyapunov criteria are checked and the
controller performance is simulated. In order to have a
negative semi-definite derivative for storage function,
following feedback terms in Equation 42, 43 and 44 are
used.
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Uy = —kqieq (42)
Uy = —kaVrere, (43)
u3 = _k3e4 (44)

After adding the error system and feedback terms
together, the resultant derivative function became
negative semi-definite for all values of states. This
operation is shown in Equation 45 and its simplified
version in 46.

sin(es)

V = —k;ef + e,v,psin(e;) + (=kyvyepe;) — kzef (45)
2

V =—kje? —kse? (46)

Controller gains are selected as follows in Equation 47,
48 and 49.

ky = 40 (47)
k, = 40 (48)
ks =50 (49)

Note that any positive value of Lyapunov gains will
result a satisfactory result for Lyapunov Stability
Theorem. Controller gains are selected by trial and
error. Starting from a small positive value and slowly
increasing each value resulted these gains. Greater
values would result more aggressive results.

kinematic bicycle model with LQR and Lyapunov-based controllers on a
4. Simulation Results and Discussion

MATLAB/Simulink environment is utilized to simulate
the trajectory and the motion of the WMR. The selected
task is to follow a circular reference trajectory with a
diameter of 10 meters in 10 seconds. Therefore, the
reference linear and angular speed inputs are constant
m m/s and 0.2m rad/s. Necessary references can be
obtained directly. These references are expressed in
Equation 50 and 51.

x(t) = 5cos (g t) (50)
y(t) = 5sin (g t) (51)

The single important parameter of bicycle is its
wheelbase of 1.5 meters. This parameter selected by
considering an average bicycle/scooter. Steering angle
is saturated in #1.07 radians.

Initial conditions are picked the same for both cases as
shown in Equation 52. Which is the starting point on the
trajectory. The goal is to follow the exact trajectory.

T

pinitial=[5 0 % 0] (52)

’(7 out.simout6

out.simout?
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Figure 2. LQR Control Scheme
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Figure 2 shows the Simulink scheme of kinematic
bicycle model controlled via LQR technique. A similar
block scheme is created for Lyapunov based control
technique in Simulink environment and can be seen in

Figure 3.

3
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out.simout2
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,{ out simout3
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teronce
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Figure 3. Lyapunov Control Scheme

Simulations are done for 10 seconds with fixed step of
0.001 seconds. Solver selection is ODE4(Runge-Kutta).
Results are plotted together with the reference
trajectory and can be seen in Figure 4.

Tracking Comparison

i1

y axis
=]

-2

reference trajectory
Lyapunov trajectory
LOR trajectory
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Figure 4. Tracking Comparison of Two Controllers
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Table 1. Performance Comparison Through Indicators

Indicator Lyapunov Based Linear Quadratic

Controller Regulator (LQR)
Cumulative Deviation 4.5506 m 9.0552 m
Mean Deviation on x-axis -3.0346x10* m -0.0378 m
Mean Deviation on y-axis -0.0322 m -0.0570 m
Variance of Deviation on x-axis 5.1747x104m 0.0017 m
Variance of Deviation on y-axis 5.1758x104m 0.0018 m

From first inspection of Figure 4 it is hard to evaluate
performance of both control approaches. Therefore, a
deviation metric is defined and considered as
performance indicator. This deviation metric is
measuring distance between reference trajectory point
and kinematic bicycle model’s rear wheel contact point
to the ground and the performances of both controllers
can be seen in Table 1. Deviation metric is expressed in
Equation 53.

d =/( —2)* + (O = )? (53)
For evaluation of performance, deviation from
trajectory on each time step is collected. Then,
cumulative deviation from reference trajectory is
calculated together with mean and variance on x and y
axes. These values are shared to the reader in previous
table. Evolution of deviations in both axes for each
control strategy can be seen in Figure 5.

Table 1 and Figure 5 give the meaningful performance
differences. Importance of every single indicator can be

clarified. First indicator is the cumulative deviation.
Since Equation 53 collects the deviation value from
reference trajectory for every time step, summed
deviation is the most important indicator of the
tracking performance. As this indicator goes to zero,
performance is to be said get better. However, this
indicator is not the single performance indicator
because of time dependency of this deviation. As shown
in Figure 5, the deviation from reference trajectory
changes over time along both axes of the cartesian
coordinate system. Minimized variation around zero
deviation from reference trajectory is the best
expression of the performance analysis. Therefore,
minimum deviation from reference trajectory can be
defined statistically.

Both control techniques have very small mean
deviations on both cartesian coordinate axes. However,
variances around this mean value separates two
scenarios. In Figure 5 this consideration becomes more
visible. While oscillations around zero are similar in
terms of frequency, their amplitude show how
cumulative error gets greater for LQR control approach.
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Figure 5. Tracking Deviations on Each Axis for Both Controllers
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Another perspective which is compared in this paper is
the performance difference of a linear and a nonlinear
controller approach on kinematic bicycle model. Both

techniques are well known and widely used approaches.

Lyapunov based controller action needs an additional
term other than the states of the system which is the
reference speed input. However, LQR only utilizes a
predefined gain matrix for a simpler feedback action.
This situation gives another conclusion for the
compared control approaches. Since Lyapunov based
control action utilizes reference linear velocity in its
feedback calculation, it is possible to define a time-
varying positive term and apply this controller for time
dependent cases. To be more clear, this controller
would be able to track varying radius trajectories. On
the other hand, LQR control strategy would not be able
to calculate such a feedback matrix because of variable
system matrix entities.

4. Conclusion

In this research two different types of control strategies
are derived and applied to kinematic bicycle model.
Control strategies rely on Linear Quadratic Regulator
and Lyapunov Stability Theorem. For both control
strategies, stability is searched and guaranteed by
designed feedback actions. Reference trajectory was a
circle with radius of 5 meters, which had to be
completed in 10 seconds. Reference speed inputs were
decided to be constants. Kinematic bicycle model was
able to follow the reference trajectory with small
deviations for suggested control settings. Performance
comparison is made and seen that Lyapunov based
control strategy performed a better tracking result.
Future work can be done for obstacle avoidance and
globally asymptotically controllers. As a future work,
for testing the performance of the developed controller
in real environment, an experimental study on a
wheeled robot model is planned. Noise cancellation,
sensor measurement and data filtering would be
another challenging task for realization.

It is evident that Lyapunov based control strategy
performed better than LQR approach. Both techniques
have at least a mean deviation of order 102 from
reference trajectory. Hence, both strategies are
resulting reliably good performance. Moreover, LQR
strategy should have a better performance under noisy
measurement application or uncertainties due to its
lower dependency on variables. Future studies can be
constructed under this idea.

However, both techniques need to be applied around
reference trajectory and a preliminary system matrix
analysis and design is necessary. Moreover, an obstacle
avoidance strategy and a global planner must be added
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before deploying such controller. By this way it would
be possible to get a global control approach.
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