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Akilli ulasim uygulamalar1 6zelinde Manisa ili incelemesi

Tugberk Ozmen'*, Ece Ozmen?, Sezai Taskin?, Serding Bulut*
"Manisa Celal Bayar Universitesi, Manisa Teknik Bilimler Meslek Yiiksekokulu, Manisa, Tiirkiye
?Manisa Celal Bayar Universitesi, Salihli Meslek Yiiksekokulu, Manisa, Tiirkiye
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Ozet: Sanayi devriminden beri diinya genelinde hizla artan kentlesme, kentlerdeki niifusun ihtiyacinin
karsilanmasi i¢in gerekli adimlarin atilmasi i¢in merkezi hiikiimet ve yerel yonetimler iizerinde siirekli
baski olusmaktadir. Yapilan ¢alismalarda 6zellikle kentsel niifusun artmaya devam edecegi 6ngoriileri
kentlerin hazir hale gelmesi igin yonetimleri tesvik etmektedir. Coziim yollarindan biri olarak gelisen
teknoloji ile entegre edilmis, daha yasanabilir, siirdiiriilebilir sehirler insa etmek igin akilli sehir
stratejilerinin kentlere uygulanmasi goriilmektedir. Bu ¢aligmanin amaci, Manisa ili i¢in akilli sehir
bilesenlerden biri olan akilli ulasim sistemlerine yonelik ¢oziimlere dayali 6neri uygulamalar ve
eylemlerin sunulmasidir. Calisma kapsaminda, Manisa Biiyliksehir Belediyesi (Manisa BB) ulagim
planlar1 ile uluslararas1 gostergeler ve ulusal mevzuatlar incelenmistir. Elde edilen veriler analiz edilerek
Oneri uygulama ve eylemler tanimlanmis olup, bunlarin uluslararasi standartlar ve ulusal mevzuat ile
uyumlulugu kiyaslanmistir. Manisa kent merkezindeki ulasim sorunlarinin akilli ulasim yontemleriyle
coziilebilmesine yonelik bu c¢aligmada Onerilen uygulama ve eylemlerin 11. Kalkinma Plani’m ve
Manisa BB Stratejik Plani’ni1 tiimiiyle destekledigi, ayn1 zamanda ISO 37122 standardinda yer alan akilli
sehirler i¢in on dort akilli ulasim gostergesinden yedisini sagladigi tespit edilmistir. Bu ¢alismada yer
alan gosterge ve ilkelerin diger yerel yonetimlerce de takip edilmesi hedeflenmektedir. Manisa iline ait
mevcut durum ve Oneriler bu ¢aligmanin genel g¢ercevesini olustursa da caligmadaki tespitlerin ve
onerilerin halihazirda benzer durumda olan yerlesim yerleri i¢in de uygulanabilir nitelikte sunulmasi,
bu ¢aligmanin literatiire temel katkisi olarak degerlendirilmektedir.

Anahtar Kelimeler: Akilli sehirler, akilli ulagim sistemleri, entegre 6deme sistemi, Manisa, park et
devam et, yolcu bilgilendirme

A research of Manisa province in terms of smart transportation applications

Abstract: Urbanization which has increased rapidly around the world since the industrial revolution,
there is pressure on the central government and local governments to take the necessary steps to meet
the needs of the population in the cities. The predictions in the studies that the urban population will
continue to increase encourage the administrations to prepare the cities for this. As one of the solutions,
it is seen that smart city strategies are applied to cities in order to build more livable and sustainable
cities integrated with developing technology. The aim of this study is to present suggestions based on
solutions and actions for smart transportation systems, which is one of the smart city components for
the province of Manisa. In the study, the transportation plans of Manisa Metropolitan Municipality
(Manisa BB), international indicators and national regulations were examined. By analyzing the data
obtained, recommendations, practices and actions were defined and their compatibility with
international standards and national plans was compared. It has been concluded that the practices and
actions proposed in this study, fully support the 11th Development Plan and the Manisa BB Strategic
Plan, while providing seven of the fourteen smart transportation indicators for smart cities in the ISO
37122 standard. It is aimed to follow the indicators and principles in this study by other local
governments. Although the current situation and recommendatio s of the province of Manisa constitute
the general framework of this study, presenting the findings and recommendatio s as applicable for

* Corresponding author. Tugberk Ozmen

E-mail address: tugberk.ozmen@cbu.edu.tr

ORCID: '0000-0002-8636-6091, *0000-0003-0769-9777, *0000-0002-2763-1625, “0000-0002-0174-5800
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settlements that are currently in a similar situation is considered as the main contribution of this study
to the literature.

Key words: Smart cities, smart transportation systems, integrated payment system, Manisa, park and
continue, passenger information
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1. Giris

Sanayilesme, kiiresellesme ve kentlerdeki
imkanlarin fazla olmasi gibi nedenler ile diinya
genelinde kentte yasayan niifus hizla artmigtir.
Hizli kentlesmenin yarattig1 hava kirliligi, atik
yonetiminde yasanan zorluklar, kaynaklarin
kithig, yetersiz altyapilar, trafik sikigikligi gibi
sorunlar ise kentlerin yaganabilir mekanlar
olmasina imkan veren temel islevlerinin
kayboldugunu kanitlamaktadir (Pinarcioglu ve
Kanbak, 2020). Artan niifusun ihtiyaclarini
karsilamak i¢in kaynaklarin verimli ve etkin
kullanimi, kiiresel 1sinmanin  karsisinda
kentlerin durumu ve gelecekte olusabilecek
sorunlara ¢6ziim arayiginda olan bilim insanlari,
uluslararas1 Orgiitler, hiikiimetler ve yerel
yonetimler daha siirdiiriilebilir kentler igin
farkli bircok model ortaya koymaktadir. Bu
modellerden biri olan akilli sehirler, sosyal
bilesenler ve teknolojinin kesisimi ile olusan,
verimli, yasam kalitesini arttiran, siirdiiriilebilir,
¢ok paydash bir kentsel ¢ozimdiir (OECD,
2020). Coziimlerini su, hava, kat1 atik, altyap,
enerji, trafik ve toplu tasima hakkindaki
bilgileri  toplamak, degerlendirmek  ve
paylagsmak i¢in daha ucuz ve daha etkili
teknolojiler ile sunan akilli sehirler, her gecen
glin daha fazla ilgi ¢ekmektedir (Yang, vd.,

80% -
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50% -
40% -
30% -

20% -

Yiizde cinsinden niifus oranlar

10% -

Akilli Ulagim Sistemleri ve Uygulamalart Dergisi Cilt:5 — Say1:1

2021). Hiikiimetler ve yerel yonetimler, akilli
sehirler ingsa etmek adina girigimlerde
bulunmakta ve yatirnmlar yapmaktadirlar.
Akilli sehirlere yonelik olusan bu kiiresel talep,
2017'de 622 milyar ABD dolar iken 2019'da
yaklagik ylizde 19’luk artisla 1 trilyon ABD
dolarma yiikselmistir.  Bu artis egiliminin
devam etmesi ve 2026 yilina kadar 3,48 trilyon
ABD dolarina ulagmasi beklenmektedir (UN-
Habitat, 2020).

Akilli sehirlere olan yatirimlar siirerken diinya
genelinde kentlere olan niifus hareketliligi de
artis gostermeye devam etmektedir. Birlesmis
Milletlerin yayinladig1 verilere gére hazirlanan
Sekil 1’de, diinya genelindeki sehirlerde
yasayanlarin olusturdugu kentsel niifus oraninin
2010 yilindan sonra kirsal alanda yasayanlarin
niifus oranim gectigi goriilmektedir. Yapilan
niifus projeksiyonuna goére 2050 yilina
gelindiginde ise, 1950 yilinin tam tersi olarak
niifusun  neredeyse  %70’inin  kentlerde
yasamasi beklenmektedir (United Nations,
2019). Bu durum, diinya kentlerinin
ihtiyaglarinin niifusa bagl olarak artacagini ve
strdiiriilebilirlik ~ yoniinden  akilli  sehir
yaklasimmin daha fazla Oonem kazanacagini
gostermektedir.
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Sekil 1. Diinya genelindeki kirsal ve kentsel niifus oranlart.

Birlesmis Milletlerin, OECD iilkelerinin ve
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akilli

sehirlere yonelik

caligmalart bulunmaktadir (T.C. Cevre ve
Sehircilik  Bakanligi,

2019).

Uluslararasi
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diizeyde etkisi bulunan bu caligmalara ek
olarak, tlkelerin dikkate aldigi Uluslararasi
Standartlar Organizasyonu (ISO) tarafindan
akilli sehirlerin tanimi1 ve gostergeleri lizerine
yayinlanan standartlar bulunmaktadir.
Ulkemizde ise akilli sehirlere yonelik olarak
Ulusal Akilli Sehir Stratejisi ve Eylem Plami
hazirlanmigtir. (T.C. Cevre ve Sehircilik
Bakanhigi, 2019). Bu sayede, Tirkiye’de
sehirlerin akilli sehirler haline getirilmesinin
desteklenmesi amaglanmustir.

Gerek uluslararas1 alanda gerekse ulusal
anlamda desteklenen akilli sehir girisimleri
ilkemizde de bir¢cok sehir tarafindan
uygulanmaya baglanmistir. Biiyiiksehir
Belediyesi’nin stratejik planlarinda olmasina
ragmen, akilli sehir uygulamalarina ydnelik
calismalar Manisa’da heniiz baslamamustir.
Manisa, gelismis sanayisi ve sahip oldugu
kentsel dinamikler sayesinde Ege bdlgesi
icerisinde ¢ekim merkezi haline gelmistir
(Ozmen ve Ozmen, 2019). Bununla birlikte
niifustaki, otomobil sahipliligindeki ve yasanan
trafik problemlerindeki artis Manisa ili i¢in hem
bir akilli sehir ¢oziimlerini gerekli hale
getirmektedir. Bu c¢alismada Manisa ili igin
akilli sehir bilesenlerden biri olan akilli ulagim
sistemlerine yonelik Oneri uygulama ve
eylemler sunulmustur. Calisma dort bolimden
olugsmaktadir. Girisi takip eden ikinci boliimde
literatiirde yer alan akilli sehir kavrami ve
bilesenleri, uluslararasi standartlar ulusal ve
yerel diizeyde belirlenen stratejiler ile diinyada
ve llkemizdeki akilli ulagim sistemlerine
yonelik  yapilan calismalar incelenmistir.
Y ontem boliimiinde ¢aligmanin ele alinis bigimi
ve kurgusu acgiklanmistir. Bulgular boliimiinde
Manisa i¢in Onerilen yolcu bilgilendirme
sistemleri, park et devam et sistemi, trafik
bilgilendirme sistemi ve entegre Odeme
sistemini igeren bu c¢alisma kapsaminda
iiretilmis 6zgiin bir model olarak akilli ulagim
sistemi uygulamalarina yonelik eylemler
tanimlanmistir.  Ayrica Onerilen eylemlerin
ulusal ve yerel yonetimlerin hedefleri ve
uluslararasi standartlar  ile tutarlilig
gosterilmigtir.  Sonu¢  ve  degerlendirme
boliimiinde ise ¢alismadan elde edilen veriler
degerlendirilmis ve bu calismadan gelecege
yonelik beklentilere yer verilmistir. Bu ¢alisma
Manisa ili oOzelinde ele alinmis olmasina
ragmen, uygulanabilir akilli ulagim sistem
semast ile diger yerel yonetimlerin de
uygulayabilmesi i¢in bir imkan sunmaktadir.
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Yerel yonetimler bu c¢alisma kapsaminda
iretilen eylemler sayesinde hem uluslararasi
standartlar hem de ulusal mevzuata uyumlu bir
akilli  ulasim  model isleyisine  sahip
olabileceklerdir.

2. Literatiir

Ulkeler dijital ¢ag1 yakalamak, teknolojik
gelismelere ve bilgi cagina ayak uydurmak igin
cesitli yatirimlar yapmaktadir (OECD, 2020).
Yapilan arastirmalar diinya niifusunun {igte
ikisinde mobil cihaz bulundugunu, ylizde
50’sinden fazlasinin internete erisebildigini
gostermektedir (UN-Habitat, 2020). Yapay
zeka, nesnelerin interneti (IoT), otonom araglar,
3 boyutlu baski, biyoteknoloji, enerji depolama
ve kuantum hesaplama gibi alanlarda yasanan
teknolojik gelismeler tiim diinyaya dolayisiyla
hareketin ve yasamin merkezi olan sehirlere
yansimaktadir (UN-Habitat, 2020).

Yasanan biitlin bu teknolojik gelismeler ve
dijitallesme, akilli  sehirler  konseptinin
merkezinde yer almaktadir. Akilli sehir
teknolojileri olarak gosterilen akilli telefon
uygulamalari, sehir verileri gosterge panolari,
kamusal alanlardaki bilgi ekranlari, akill
operasyon merkezleri ve kritik bilgi ve geri
bildirim mekanizmalarina sahip halka agik web
siteleri akilli sehirlerin bir parcast haline
gelmistir.  Sokak  lambalarmdan  sikayet
sistemlerine kadar cesitli belediye
hizmetlerinin; biliylik veri analizi, gercek
zamanli izleme ve otomasyonu, schir
planlamasi ve hizmetlerin sunumu igin son
derece yararlidir (UN-Habitat, 2020).

Dijitallesme ve teknolojik gelisimlerinin hayat
buldugu akilli sehir kavraminin tanimi yillara
gore degisim ve gelisim gostermistir. Akill
sehirler, ilk olarak 6zel sektoriin yeni ekonomik
firsatlar  yaratmak,  hizmet  sunumunu
iyilestirmek ve dijital inovasyon i¢in liderlik
yapmak {izerine kurguladigi biiylik dl¢iide arz
yonlii ve bilisim sektdriiniin - gelisimine
dayandirildig bir kavram olarak ele alinmistir
(OECD, 2020). 2014 yilinda Avrupa Birligi,
akilli sehirleri, sakinlerinin ve isletmelerin
yararina  dijital ve  telekomiinikasyon
teknolojilerinin kullanimiyla geleneksel aglarin
ve hizmetlerin daha verimli hale getirildigi
yerler olarak tanimlamistir (OECD, 2019).
2016 yilinda Birlesmis Milletler, akilli sehir
yaklagimini, dijitallesme, temiz enetji, yenilik¢i
ulasim teknolojileri ile olusan firsatlardan
yararlanma iizerinden tanimlamistir. Bdylece
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sehir sakinlerinin daha g¢evre dostu segimler
yapmasini saglayan, siirdiiriilebilir ekonomik
biiylimeyi destekleyen ve sehirlerin hizmet
sunumunu iyilestiren bir yaklasim olarak
goriilmiistiir (UN-Habitat, 2016).

2018 yilinda ise OECD tarafindan akilli sehir
kavrami, “vatandaslarin refahimi arttiran ve is
birligine dayali, cok paydash bir siirecin pargasi
olarak daha verimli, siirdiiriilebilir ve kapsayici
kentsel hizmetler ve ortamlar sunmak igin
dijitallesmeyi etkin bir sekilde kullanan
girisimler veya yaklagimlar” olarak
tanimlanmistir (OECD, 2019). Giiniimiizde,
akilli sehirleri siirdiiriilebilir bir yasam ve
kentlesme icin kentsel altyapiya bilgi ve iletisim
teknolojilerinin ~ entegre  edildigi, yasam
kalitesini yiikselten akilli teknolojik ¢6ziimlerin
sunuldugu, toplumun tiimiinii kapsayan ve
toplumun yarari igin gelistirilen kent modeli
olarak tanimlamak miimkiindiir.

Akilli sehirleri olusturan 6 farkli bilesen
bulunmaktadir (Elvan, 2017). Bunlar; akill
yasam, akilli ekonomi, akilli yonetigim, akilli
insan akilli ¢evre ve akilli ulagimdir (Sekil 2).
Akilli yasam bileseni, insanlarin kendi yasam
alanlarin1 daha kolay kontrol etmesi ve ¢evreleri
ile daha iyi bir etkilesim kurmasin1 amaglayan
saglik, konut, giivenlik gibi sosyal biitiinliigii
amaglayan uygulamalar1 icermektedir
(Pmarcioglu ve Kanbak, 2020). Akilli ekonomi
kavrami, melek yatirnmcilar, destek ve tesvik
edilen kiigiik isletmeler, egitim gérmiis isgiicii
ve yerel ticari markalar gibi uygulamalarin
teknolojiyle ve birbirleriyle entegre edilip es
giidim i¢inde c¢aligmasi sayesinde sehirlerin
sahip oldugu kaynaklarin daha verimli
kullanilmasini kapsamaktadir (Ozdil, 2017).

Sehirlerin akilli yonetilmesinde bilgi ve iletisim
teknolojilerinden yararlanilmasi, e-belediye
uygulamalari, bilgilerin kamu ile acik ve seffaf
olarak giincel sekilde paylasilmasi 6nem arz
etmektedir (Laleoglu,2021). Akilli  sehir
uygulamalarinin merkezinde yer alan bireylerin
kent yoOnetimine aktif olarak katilmasi ve
tecriibelerini  paylasmasi  biiyilk  6nem
tasimaktadir. Bunun i¢in yapilacak sosyal
medya uygulamalari ve soylesiler ile bireylerin
talep ve fikirleri ger¢ek zamanli olarak
toplanabilmektedir. Bu uygulamalar akilli insan
bileseni olarak ortaya ¢ikmaktadir. Akilli cevre
uygulamalarinda yer alan sensdr, mobil
uygulamalar, bulut bilisim gibi unsurlar
sayesinde gevrenin korunmasi,
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stirdiiriilebilirligin saglanmasi, enerji
kaynaklarinin etkin kullanilmasi
saglanmaktadir (Kayapinar, 2017).

Akilli sehir bilegenlerinden bir digeri ise akilli
ulasimdir. Akilli  ulasim yaklagimlarinda,
ulagima iliskin yolcu, siiriicii, ara¢ gibi tim
unsurlara iliskin veriler anlik olarak takip
edilebilmekte ve kontrol edilebilmektedir.
Akilli trafik lambalar1, akilli park sistemleri,
yonlendirme isaretleri, 6deme sistemleri gibi
uygulamalar ile daha kaliteli bir trafik
hareketliligi saglanmaktadir.

Sekil 2. Akl sehir bilesenleri

Sekil 2’de verilen akilli sehir bilesenleri ile
akilli  sehirlere yonelik standartlarin = ve
politikalarin belirlenmesi, sehirlerin akilli sehir
haline gelmesinde yardimei bir rehber niteligi
tasimas1 yoniiyle dnemlidir. Bu anlamda, akilli
sehirler icin politikalarin belirlenmesi ve
programlarin hazirlanmasi i¢in Uluslararasi
Standartlar ~ Kurulusu  (ISO) tarafindan
yaymlanan standartlar bulunmaktadir. ISO
37122 olarak yaymlanan bu standartta akilli
sehirlerin tanimi1 ve bu ¢alismanin odak noktasi
olan akilli ulagimla ilgili  gostergeler
bulunmaktadir. Bu standartta trafik durumunun
gercek zamanli izlenebilmesi, toplu tasima ve
bisiklet kullanan niifusun orani, elektronik
O0deme sistemleri, trafik 1siklarinin kontrolii ve
bos otopark alanlarinin tespiti gibi on dort farkli
gosterge akilli ulagimin altinda tanimlanmistir.
(British Standards Institution, 2019).

Diinyanin pek c¢ok kentinde akilli ulasim
sistemlerine  yoOnelik  ¢esitli  uygulamalar
bulunmaktadir. Ornegin, Hollanda’min Oss
kentinde yol ¢izgileri &6zel bir boya ile
cizilmekte ve giin boyu giines enerjisi sayesinde
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enerji depolanmaktadir. Depolanan enerji ile
gece saatlerinde siirticiilere gorlis kolayligi
sunulmaktadir. Bir bagka uygulamasi ise ulagim
yogunlugunun yasandigi kentlerin basinda
gelen Hong Kong kentinde, trafik bilgilendirme
servisleri ile rota bulma uygulamalar ve akill
yollar  akilli  ulasim  ¢6ziimii  olarak
uygulanmaktadir.  Ispanya’nin  Barselona
kentinde toplu tasima araclar trafik 1siklarina
yaklastiginda, 1siklar yesile dondiiriilerek
trafikte  harcanan  siirelerin  kisaltilmasi
amagclanmaktadir (Url-3).

Diinya’da oldugu gibi Tiirkiye’de de sehirlerde
yasayan niifusun toplam niifus i¢indeki pay1
yillar iginde artarak degismistir. Sekil 3’de
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verildigi gibi 2020 yili itibariyle sehir
niifusunun oram %92,97°dir (TUIK, 2021a).
2012 yilinda ¢ikarllan 6360 sayili kanun ile
Tiirkiye’deki biiyiiksehir belediyelerinin sayisi
16’dan 30’a ¢ikarilmis ve bu sehirlerdeki koy
statlisii degigmistir. Bu nedenle 2013 yilindan
sonra sehir niifus oraninda bir artis meydana
gelmigtir.  Ulkemizdeki  kentsel  niifus
oranindaki artis ile beraber kaynaklarin daha
verimli ~ ve  etkin  kullanilmasina  ve
strdiiriilebilirligin  6n plana ¢ikarilmasma
yonelik uygulamalar merkezi hiikiimet ve yerel

yonetimler tarafindan benimsenmeye
baglanmistir. Ayrica son yillarda yapilan biitlin
caligsmalarda  akilli  sehir  yatirimlarinin

arttirilmasi desteklenmektedir.

)]

2008 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

B Kirsal niifus orani |29,52%)| 25,04%24,47% | 23,74%23,20%|22,72%) 8,65% | 8,25% | 7,00% | 7,70% | 7,49% | 7,73% | 7,22% | 7,03%

1 Kentsel niifus orant |70,48%) 74,96%|75,53% | 76,26%|76,80% 77,28%|91,35%|91,75%92,10%|92,30%| 92,51%|92,27%| 92, 78%| 92,97%

Yillar
Sekil 3. Tiirkiye deki kirsal ve kentsel niifus oranlar (TUIK, 2021a)

Tiirkiye ~ Cumhuriyeti ~ Cumhurbaskanligi ulagimin  yayginlagsmasi, yaya yolu ve
Strateji ve Biitce Bagkanhig1 tarafindan kaldirimlarla ilgili standartlarm belirlenmesi,
hazirlanan 11. Kalkinma Plant’nda sehirlerin belli bolgelerinde tasittan arindirilmis

Tiirkiye’deki yerel yonetimlerin akilli sehir
yaklagimlari konusunda atacaklari adimlarin
tesvik edilip desteklenecegi vurgulanmaktadir
(T.C. Cumhurbagkanligi Strateji ve Biitce
Bagkanligi, 2019). Bu konuda, Ulusal Akill
Sehir Stratejisi ve Eylem Plani’nin esas
alinabilecegi belirtilmistir. Kalkinma Plani’nda
akilli gehir olusturma kapsaminda katki
sunabilecek tiim paydaglarin dijital platformlar
araciligryla bulusturulmasi dnerilmektedir.

11. Kalkinma Plani’nda bulunan hedefler
arasinda  ulagimla  ilgili ~maddeler de
bulunmaktadir. Bu plana gore o6zel araglar
yerine toplu tasima sistemlerinin 6zendirilmesi,
otoparklarin fiyatlandirmasinin dinamik olmasi,
park et bin gibi uygulamalarin
yayginlagtirilmasi,  sehirlerdeki ~ motorsuz

bolgelerin olusturulmasi, bisiklet kullaniminin
tesvik edilmesi ve bunun igin yeni bisiklet
yollarinin  gehirlere kazandirilmasi, bisiklet
paylasim sistemlerinin yayginlagmasi ve yolcu,
siirlici  ve yayalarin bilgilendirilmelerini
saglayacak sistemlerin kullanilmasi
onerilmektedir (T.C. Cumhurbagkanlig1 Strateji
ve Biitce Baskanligi, 2019). Bu hedeflerle
iliskili olarak enerji alaninda 6nerilen maddeler
enerjinin  verimli  kullamilmasi,  karbon
salimmminin azaltilmasi, yenilenebilir enerji
kaynaklarinin etkin kullanimi yoniindedir.

Ulkemizde akilli sehirlerle ilgili yapilan
caligmalardan birisi 2019 yilinda T.C. Cevre ve
Sehircilik Bakanligi tarafindan hazirlanan
2020-2023 Ulusal Akilli Sehirler Stratejisi ve
Eylem Plani’dir. Hazirlanan bu planda etkin
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akilli sehir ekosistemi olusturulmasi, akilli sehir
doniisiim kapasitesinin arttirilmasi, akilli sehir
doniisiimiinde kolaylastirici ve yonlendirici
ortam olusturulmasi ve sehircilik hizmetlerinde
akilli sehir doniisimiiniin saglanmasi seklinde 4
stratejik amag ortaya konulmustur (T.C. Cevre
ve Sehircilik Bakanligi, 2019).

Ulusal Akilli Sehirler Stratejisi ve Eylem
Plani’nda ulasimla ilgili olarak akilli ulasim
bileseninin olgunlugunun arttirilmasi yoniinde
bir eylem tanimlanmistir. Bu dogrultuda
yapilacak uygulamalar neticesinde ulasim
sistemlerinin  verimli ve g¢evreye duyarl
kullanilmasinin saglanmasi, kullanilacak yerli
teknolojiler ve diisiik yakit tiiketiminin
saglanmas1 ile iilke ekonomisine katki
saglanmasi, acil  durumlarda  ulagimin
aksamamasinin saglanmasi ve 6zellikle engelli
bireyler olmak iizere tiim yayalar igin gilivenli
bir ulasimin temin edilmesi beklenen
faydalardandir (T.C. Cevre ve Sehircilik
Bakanligi, 2019).

T.C. Ulasirma ve Altyapt Bakanhgi,
Haberlesme Genel Midiirliigli tarafindan
yaymlanan Akilli Ulagim Sistemleri Strateji
Belgesi ve 2020-2023 Eylem Plani’nda akilli
ulasim sistemleri (AUS) {izerine stratejik
amaglar belirtilmigtir. Bu amaglar, AUS
altyapisinin gelistirilmesi, siirdiiriilebilir akill
hareketliligin ~ saglanmasi, yol ve siiriis
giivenliginin saglanmasi, yasanabilir ¢evre ve
toplum  olusturma veri paylasimi  ve
giivenliginin saglanmasidir. Bu eylem planinda
akilli ulasim sistemleri, akilli araglar, akilli
yollar, akilli sehirler, ekonomi ve g¢evre,
entegrasyon sistemleri ve bilisim ile giivenlik
basliklar1 altinda ele alinmistir. Akilli ulasimla
ilgili uygulamalar basta ulastirma ve otomotiv
olmak iizere enerji, saglik, egitim, sanayi ve
bilisim gibi birgok farkli sektorii etkilemektedir.
Bu nedenle, toplumun biiyiik bir kesimine
etkisinden dolay1 akilli sehirlesme yolunda
akilli ulasgim sistemleri biiylik bir Oneme
sahiptir (T.C. Ulastirma ve Altyap1 Bakanligi,
2020).

Akilli sehir yaklagimlarinda yerel ve merkezi
idarenin birlikte hareket etmesi ¢ok bilyiik
onem tasimaktadir. 11. Kalkinma Planinda da
bir¢ok maddede yerel yonetimlerin siirece dahil
edilmesi ve desteklenmesi vurgulanmaktadir.
Bu siirecin yiiriitiilmesi i¢in tilkemizde Tiirkiye
Belediyeler Birligi gorev  yapmaktadir.
Ulkemizdeki akilli sehirlerin ortak gdstergeler
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tizerinden degerlendirilebilmesi ve akilli sehir
olgunluk seviyesinin belirlenebilmesi igin
Akilli Sehir Olgunluk Degerlendirme Modeli
olusturulmustur. Bu model, iilke politikalarina
ve dinamiklerine uygun olarak belirlenirken
ayn1 zamanda diger llkelerdeki orneklerden
yararlanilmistir.  Akilli ~ Sehir  Olgunluk
Degerlendirme Modeli sayesinde sehirlerin
olgunluk seviyelerinin karsilastirilmast  ve
etkilesimin  arttirllmast  amaglanmaktadir
(Tirkiye Belediyeler Birligi, 2020).

Ulkemizde, ulusal diizeyde yapilan yasal
diizenlemeler  dogrultusunda  belediyeler
tarafindan akilli ulagim sistemlerine yonelik
olarak c¢esitli adimlar atilmaktadir. Ankara,
Istanbul, Bursa, Gaziantep, Konya ve Kayseri
Biiyiiksehir Belediyeleri basta olmak iizere
akilli ulagim sistemlerine yonelik yerel diizeyde
yapilan birgok proje bulunmaktadir (Tiirkiye
Belediyeler Birligi, 2020). Ankara Biiyiiksehir
Belediyesi, sehrin onemli ulasgim noktalarina
yerlestirdigi kameralar ile trafigi takip etmekte
ve ana bulvarlar iizerindeki sensorler ile ¢esitli
periyotlarda trafik yogunlugunu incelemektedir
(Kesgin ve digerleri, 2014). Bursa Biiyiiksehir
Belediyesi tarafindan akilli kavsak uygulamasi
ve trafik akigini takip eden sehir ve trafik
kameralar1 uygulamas1 hayata gecirilmistir.
Gaziantep Biiyliksehir Belediyesinin ise akilli
ulagim sistemlerine yonelik olarak akilli durak
ve trafik sinyalizasyon projeleri mevcuttur.
Ulkemizin en kalabalik sehri olan Istanbul’da,
biiyliksehir ~ belediyesi  tarafindan  trafik
sinyalizasyonu, akilli park yonetimi, akill
O0deme sistemleri projeleri mevcuttur. Konya
Biiyiiksehir Belediyesi’nin merkezi trafik
isletim sistemi, akill bisiklet sistemi ile Kayseri
Biiyiiksehir Belediyesi’nin akilli otopark ve QR
kodlu otobiis duragi uygulamalar1 iilkemizdeki
akilli ulasim sistemine yonelik olarak
belediyelerin  yaptigi  uygulamalara bazi
orneklerdir (Tiirkiye Belediyeler Birligi, 2020)

Literatiir boliimiinde goriildiigli gibi gerek
diinyada gerekse iilkemizde akilli sehirlerin
bileseni olan akilli ulasima dair birgok ¢alisma
yer almaktadir. Bu ¢alismalarin daha da artmasi
beklenmektedir. Manisa biiyiiksehir
belediyesinin bu konuda ulasim yoniiyle
hazirladigt ulagim ana plam1  ve raporu
bulunmaktadir. Bu c¢alisma ile, Manisa
biiyliksehir belediyesinin ortaya koydugu
planlara uygun olarak akilli ulagim kapsaminda
uygulamalar ve eylemler oOnerilerek hem
literatiire katki saglanmasi hem de hentiiz akill
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ulagim ¢oézlimleri olmayan yerel yonetimlere bir
katki saglamas1 hedeflenmistir.

3. Yontem

Siirekli artan niifus, ulasim ve trafik sorunlari,
kiiresel yaklasimlar ve caga ayak uydurma
gereksinimi son yillarda yasanan teknolojik
gelismeler ile birlikte sehirler icin alternatif bir
¢Oziim araci olarak akilli sehir yaklagimini
sunmaktadir. Bu ¢alismada, akill1 sehirlerin bir
bileseni olan akilli ulasim uygulamalarinin
Manisa ilinin gereksinimlerini karsilamak i¢in
bir ¢oziim olmasi amacin1 benimsenmigtir.
Calisma, “Akilli sehir olusturabilmek ve kentsel
altyapiya entegre edilmis teknoloji ile ulasima
dair sorunlar1 ¢6zmek igin yerel yonetimlerin

Arastirma Arastirma Literatiir Galigma
Prableminin ’ Sorularinin . ’ Alaninin
Taramasi i "
Tanimlanmasi Olugturulmasi Belirlenmesi

N

Kavramsal Cergeve
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akilli ulasim uygulamalarina ve eylemlerine
ihtiyact  vardir.” diisiincesini  desteklemek
iizerine kurgulanmistir. Sekil 4’te sematize
edilen ¢alisma kurgusunda kavramsal gergeve
ve alan (saha) calismasi olmak iizere iki temel
cerceve bulunmaktadir. Ilk olarak arastirma
probleminin tanimlanmasi, aragtirma
sorularinin olusturulmasi, literatiir taramasi ve
calisma alaninin belirlenmesi basamaklarindan
olusan kavramsal c¢er¢eve olusturulmustur.
Calisma alani olarak belirlenen Manisa iline ait
verilerin  toplanmasi,  verilerin  analizi,
uygulama ¢oziimleri ve eylemlerin belirlenmesi
ve akilli ulagim Manisa modelinin uyumluluk
sonuglarmin ele alindigi alan galigmasi ile
calisma tamamlanmistir.

Uygulama
Verilerin Verilerin Gozlimleri ve Akilli Ulagim:
Toplanmasi ’ Analizi . Eylemlerin ’ Manisa
Belirlenmesi

N

Alan (Saha) Caligmasi

Sekil 4. Calisma kurgusu

Kavramsal ¢ergeve olusturulurken ilk adim
olarak gilinlimiizde artan kentlesme ile birlikte
artan ihtiyaclarin karsilanmasi, kaynaklarin
bilingsiz ve verimsiz tiiketimi, kentsel alanlarda
olusan agir1 insan ve trafik yogunlugu gibi
arastirma problemleri tanimlanmaigtir.
Devaminda asagida verilen dort farkli arastirma
sorusuna yanit aranmigstir:

. Manisa’da artan kentsel niifusa ve arag
sahipliligine bagli olusan trafik yogunlugunun
giderilmesi, akilli sehir bilesenlerinden biri olan
akilli ulagim ¢6ziimleri ile miimkiin olabilir mi?
. Akilli ulagim uygulama ve eylemleri
biiyiiksehirlerde ulasim sorunlarini ¢ézmekte
bir ara¢ olarak kullanilirken Manisa ili igin
uygulanabilirligi miimkiin miidiir?

. Manisa kent merkezi igin uluslararasi
standartlar ve ulusal planlar g6z Oniinde
bulundurularak yeni, uygulanabilir ¢6ziimler ve
eylemler belirlenebilir mi?

. Manisa igin belirlenen ve Onerilen
uygulama ve eylemler diger yerel yonetimler
i¢in Ornek olusturabilir mi?

Literatiir =~ taramas1  yapilirken, Diinya’da
kentlesme dinamigi, sorunlara bir ¢dziim olarak
gosterilen akilli sehir yaklagimi, dijitallesmenin

sehirlerde  yansimasit ile akilli ulagim
¢ozlimlerinin Diinya’da ve Tirkiye’de ele
almisina  yonelik  bilgiler derlenmis ve
degerlendirilmistir. Ozellikle akill sehirler icin
gostergeler sunan diinyaca gecerliligi kabul
edilen ISO 37122 ile Tiirkiye’de hazirlanacak
strateji ve eylemlere yonelik basvurulan 11.
Kalkinma Plani, 2020-2023 Ulusal Akilli
Sehirler Stratejisi ve Eylem Plan1 ile Akilli
Ulasim Sistemleri Strateji Belgesi temel
kaynaklar olarak incelenmistir. Manisa,
Tiirkiye ile benzer kentlesme dinamikleri ve
otomobil sahipliligi oranlar géstermesinin yani
sira  biyiiksehir ~ olarak  yapilanmasini
stirdiirmekte ve kent merkezinde olusan trafik
sorunlarinin  ¢oziimii  i¢in  akilli  ulasim
yaklasimina ihtiyag duymakta oldugu igin
calisma alani olarak secilmistir.

Caligma kurgusunun ikinci etabi olan saha
caligmasi yapilirken, Manisa’ya yonelik veriler
toplanmis, Manisa Biiyiiksehir Belediyesi
yetkilileri ile goriisiilmiistir. Manisa ig¢in
hazirlanan Ulasim Ana Plan1 ve Raporu ile
Manisa Biiyiiksehir Belediyesi  Stratejik
Planlart temin edilmistir. Ayrica TUIK’ten
Manisa’ya yonelik ihtiya¢ duyulan veriler
temin edilmis, elde edilen verilerin tamami
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analiz edilmistir. Bu calismada yararlanilan
yontemle ilgili karsilasilan zorluk saha
verilerinin 2015 yilina ait olup heniiz
giincellenmemesidir. Bu veriler ile giincel
stratejik planlar beraber ele alinarak bu
zorlugun tstesinden gelinmistir. Elde edilen
analiz sonuglarina gore, Manisa’nin kent
merkezi icin ihtiya¢ duydugu akilli ulasim
¢Oziimleri, dort farkli uygulama ve bu
uygulamalarin altinda yer alan toplam on dort
eylem onerisi olarak sunulmustur. Onerilen
eylemlerin, ISO 37122 gostergelerini ve
Tiirkiye’de ortaya konulan plan ve stratejileri
karsilayabilirligi degerlendirilmis ve
Manisa’nin Strateji Eylem Plan1 ile uyumlulugu
irdelenmistir.

4. Bulgular

Glinlimiiz akill sehirlerinde trafikte giivenligin
saglanmasi,  trafikte = harcanan  siirenin
azaltilmasi,  kaynaklarin =~ daha  verimli
kullanilmasi, ulagim sistemlerinden kaynakl
olarak ¢evreye verilen zararin en aza indirilmesi
ve kisilerin memnuniyetini iist seviyeye
tasimak temel hedeflerdendir. Bu hedeflerin
gerceklestirilebilmesi icin, ulasim merkezleri,
alt yapi, araclar ve ara¢ kullanicilar1 arasinda
cift yonlii veri aligverisinin sensorler, giiclii
bilgisayar sistemleri, haberlesme ve donanimsal
bilesenler kullanilarak saglanmasi gerekir. Bu
yapi, akilli ulasim sistemleri yaklagiminin
ortaya c¢ikmasini saglamistir. Akilli ulagim

80%
70%
60%
50%
40%
30%
20%
10%
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sistemlerinde kiiresel seyriisefer uydu sistemi
(GNSS), radyo frekansiyla tanimlama (RFID),
tahsis edilmis kisa mesafeli haberlesme
(DSRC), yakin alan haberlesme (NFC), radyo
veri sistemleri (RDS), diisiik gii¢ genis alan ag1
(LPWAN) gibi  haberlesme  sistemleri
kullanilmaktadir. Bu teknolojilerden, konum
belirleme, rota olusturma, {icret Odeme,
giivenlik ve bilgilendirme gibi uygulamalarda
faydalanilmaktadir (T.C. Ulastirma ve Altyap1
Bakanligi, 2020).

Manisa 6360 sayili kanun ile biyiiksehir
belediyesi 6zelligi kazanan sehirlerden birisidir.
2013 yilina kadar Manisa’daki kirsal ve kentsel
niifus oranlar1 Sekil 5’te verilmistir (TUIK,
2021a). Sehirde yasayan niifus oran1 Tiirkiye
ortalamasinin altinda olsa da bu oranin yillar
icinde arttigi goriilmektedir. Refah
seviyesindeki yiikselme ve otomobile sahip
olma diizeyinin artmasina karsin toplu tasima
hizmetlerinin 6zel arag kullanimiyla rekabet
edemeyisinden dolayr ortaya c¢ikan ¢evre
kirliligi stirdiiriilebilir kentlesmeyi tehdit eden
bir sorun olmaktadir. Sekil 6’da TUIK
verilerine gore Tiirkiye genelindeki ve Manisa
ilindeki 2010-2020 yillar1 arasindaki bin kisi
basina otomobil sayis1 degisimi verilmistir. Bu
grafikte, Manisa’daki bin kisi bagina otomobil
sayisindaki egilimin Tiirkiye ortalamasinda
oldugu goriilmektedir (TUIK, 2021b).

Yiizde cinsinden niifus oranlan

0%
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2008

2009

2010

2011

2012

B Kirsal niifus orani

36,28%
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® Kentsel niifus orani
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67,19%
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Sekil 5. Manisa’daki kirsal ve kentsel niifus oranlar: (TUIK, 2021a)
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Sekil 6. Manisa ve Tiirkiye genelindeki bin kisi basina otomobil sayist (TUIK, 2021b)

Manisa’daki arag sahiplilik degerlerinin yiiksek
olmas1 giiniin belli zamanlarinda ve kentin bazi
bolgelerinde trafik yogunlugu yasanmasina
sebep olmaktadir. Bunu oOlgiimlemek igin
Manisa Biiyliksehir Belediyesi tarafindan hiz
etiit caligmasi yapilmistir. 07:00-10:00 saatleri
arasi sabah, 12:00-14:00 saatleri aras1 6gle ve
16:00-19:00 saatleri aras1 trafik yogunlugu
acisindan zirve saatler olarak tespit edilip,
belirlenen gilizergahlarda ortalama tur siirelerine
bagl olarak hiz etiidii yapilmistir. Sabah zirve
saatleri i¢in maksimum tur siiresi 19 dk., 6gle

zirve saatleri i¢in 16 dk. ve aksam zirve saatleri
icin tur stiresi 20 dk. olarak belirlenmistir
(Manisa Ulasim Ana Plan1 Raporu, 2015). Bu
ii¢ haritadan goriildiigii iizere sabah, 6gle ve
aksam zirve saatlerinin tamaminda kentin
merkezi alaninda hizlar en disik seviyede
olmakta ve bu durum akilli ulasim sistem
uygulamalarinin gerekliligini gdstermektedir.
Manisa Biiyiiksehir Belediyesi’nin yapmis
oldugu hiz etiidii ¢alismasinin sonuglar1 Sekil
7’deki haritalarda gosterilmistir.

‘SABAH ZIRVE SAAT HZ ETUDU

2
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Manisa Biiyiiksehir Belediyesi tarafindan
hazirlanan ve 2020-2024 yillar1  arasini
kapsayan strateji eylem planindaki iiglincii
amag¢ kent i¢i ulagim izerinedir. Bu planda,
trafik giivenligini ve akiciligimi arttirmak ve
modern, c¢agdas, ¢evreci ulagim yapilarin
olusturmak igin;

. 2021 yilinda %27 olan toplu tagima
araclarmi kullanan yolcu oranmnin 2024’te
%30’a ¢ikarilmasi,

. 2021 yilinda 4.500.000 kisi olan hizmet
alan yolcu sayismin 2024 yilinda 5.000.000
kisiye ¢ikarilmasi,

. Yatay ve diisey isaretleme sayisinin
2024 yilinda bugiine gore 5560°tan 13475°¢
¢ikarilmasi,

. Ortalama toplu tagima siiresinin bugiine
gore 27 dakikadan 23 dakikaya diigiiriilmesi,

(c)
Sekil 7. (a) Sabah (b) Ogle ve (c) Aksam zirve saatleri icin tur siiresi haritalar:

. Yeni yapilacak otopark sayisinin 2021
yilinda 2, 2022 yilinda 3, 2023 yilinda 4 ve 2024
yilinda 5 olmast hedeflenmektedir (Manisa
Biiyiiksehir Belediyesi, 2020).

Manisa niifusunun ve otomobil sahiplilik oranin
artiyor olmasi ve trafikte sabah, 6gle ve aksam
zirve saatlerde yasanan yogunluk nedeniyle ve
Manisa biiyiiksehir belediyesinin projekte ettigi
hedefler dogrultusunda Manisa il merkezi igin
akilli ulasima yonelik strateji ve eylemlerin
belirlenmesi gerekliligi bulunmaktadir. Bu
eylemlerin belirlenmesinde ulusal ve yerel
diizeydeki stratejilere ek olarak, literatiir
kisminda bahsedilen 1SO-37122’de yer alan
ulagima yonelik gostergeler g6z Oniinde
bulundurulmustur. Bu ¢alismada Manisa’nin
akilli ulagim ydnetimi i¢in yolcu bilgilendirme
sistemlerini, park et devam et uygulamalarini,
trafik bilgilendirme sistemlerini ve entegre
O0deme yoOntemlerini igeren uygulamalar
onerilmektedir (Sekil 8).

11
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bilgilendirme

Entegre Manisa Akillt

6deme

sistemi Uygulamalar1

Park et
devam et

bilgilendirme

Sekil 8. Manisa ili igin onerilen akilli ulasim sistem uygulamalar

4.1. Yolcu bilgilendirme sistemleri

Manisa kent merkezindeki toplu tasima
sisteminin daha etkili ve ¢evre dostu olmasi ve
toplu tagimay1 kullananlarin daha konforlu ve
giivenli sekilde seyahat etmesi igin yolcu
bilgilendirme ekranlart énem arz etmektedir.
Yolcu bilgilendirme ekranlarmin hem toplu
tasima araci i¢ine hem de duraklara
yerlestirilmesi ile toplu tasima kullananlarin
bilgilendirilmesi amacglanir. Toplu tasima
araglarinin konumlarmin ve gilizergahindaki
yogunlugun belirlenmesi ile ara¢ bilgilendirme
ekranlarinda bu bilgiler kullanicilar ile
paylasiimaktadir.

Manisa kent merkezindeki toplu tasima
araglarinin igine yerlestirilecek olan ara¢ ici
yolcu bilgilendirme ekranlarinda;

. Aracin giizergahindaki durak
isimlerinin,

. Bu duraklara tahmini varis zamaninin,
. Eger varsa duraklarda aktarma

yapilabilecek diger hat numaralarinin

bulunmas: Onerilebilir. Bu bilgiler sayesinde,
yolculuk boyunca yolcularin kendilerini daha
rahat hissetmeleri ve toplu tasima araglarina
olan ilginin arttirilmas1 da saglanabilecek
faydalar arasindadir.

duraklarina
bilgilendirme

Diger taraftan, otobiis
yerlestirilecek yolcu
ekranlarinda;

. Gelen otobiislerin  duraga  gelis
zamaninin,

. Otobiislerin doluluk oraninin,
. Duraktan gegen tiim hat numaralarinin,

. Kent merkezinde hizmet veren hatlarin
giizergahlarini igeren haritalarin

yer almasi Onerilebilir. Bu bilgiler 1s1ginda,
yolcularin bekledigi araglarn yogun olmasi
veya duraga uzun bir siire sonra gelecek olmasi
gibi durumlara karsi, yolcularin alternatif
hatlar1 tercih etmesi saglanabilecektir. Sekil
9’da yolcu bilgilendirme ekrani ve kart dolum
makinast igeren akilli durak uygulamasina
iliskin 6rnek bir gérsel bulunmaktadir (Url-1).
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Sekil 9. Akl durak 6rnegi (Url-2)

Yolcu bilgilendirme sistemleri i¢in 6nerilen bir
diger uygulama olan akilli kart dolum
istasyonlari ile yolcularin,

. Ulasim kartlarinin durumunu
sorgulayabilmeleri,

. Ulasim kartlarma bakiye
yiikleyebilmeleri,

. Ulagim kartlarinin giincelleme
islemlerini yapabilmeleri,

. Ulasim bileti satin alabilmeleri

saglanacaktir. Bu sayede hem Manisa’da
yasayan halkin hem de Manisa’ya turist olarak
gelen insanlarin daha kolay ve hizli bir sekilde
bu hizmetlerden yararlanmasi olanagi sunulmus
olacaktir.

Sekil 10°da Manisa kent merkezinde yer alan
odak noktalar1 (organize sanayi bolgesi, otogar,
kent parki, hastaneler ve merkezi ig alani) ve
hizmet veren toplu tagima hatlarimin

giizergahlarmi1  igeren  harita  verilmistir.
Haritada goriildigi lizere, merkezi is alaninda
toplu tasima hatlart yogunlagsmaktadir. Sekil
7°de verilen zirve saatlerinde trafigin
yogunlastigi noktalar ile Sekil 10’da verilen
toplu tasima hatlarinin yogunlastigi bolgenin
merkezi i alanlarinin oldugu bolgede cakistigi
goriilmektedir. Bu nedenle merkezi s
alanlarinda akilli ulasim uygulamalarina ihtiyag
duyulmaktadir. Ozellikle is giris ve ¢ikis
saatleri ile zirve saatlerde ve salgin hastaliklarin
gorildiigli siireglerde toplu tasgima sistemini
kullanan  yolcularin  alternatif  hatlara
yonlendirilebilmesi ara¢ yogunluklarinin 6niine
geemek ve yolcularin  zaman tasarrufu
saglayabilmeleri agisindan Onemlidir. Bu
nedenle ara¢ i¢ci yogunluklarin  durak
bilgilendirme ekranlarinda bulunmasi ve hat
haritalarinin duraklarda yer almasi1 Manisa’nin
akilli ulagimina yonelik bu c¢alismada Onerilen
hususlar arasinda yer almaktadir.
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HASTANESI

Sekil 10. Manisa kent merkezinde hizmet veren toplu tasima hatlarinin giizergahlart

4.2. Park et devam et uygulamalarn

“Park et devam et” uygulamalar ile trafikteki
kisisel ara¢ kullanimi yerine toplu tasima
araclarmim kullanimi amaglanmaktadir. Bu
sayede bagsta trafik yogunlugu ve trafikte
harcanan stirenin azaltilmas1 hedeflenmektedir.
“Park et devam et” uygulamalarinda otoparklar
Sekil 11°de goriildiigii gibi otobiis, tramvay,
metro, vapur gibi toplu tasima araglari,
servisler, bisiklet ve yaya yollar1 ile entegre hale
gelmektedir. Bu sayede siiriiciiler, araglarinm
otoparklara  birakip  ulasmak istedikleri
noktalara toplu tasima veya servis aracglariyla
varabilmektedir.

Sekil 11. Park et devam et uygulamast genel
isleyis yapisi

Manisa kent merkezindeki yogun yapilasma ve
ulagim altyapisindaki yetersizlikten kaynakli
olarak otopark yetersizligi yasanmaktadir. Yol
kenar1 arag park etmeleri nedeniyle tasit yollari
daralmakta ve acil durumlar igin tehlike
yaratmaktadir (Manisa Ulagim Ana Plani
Raporu, 2015). Kent merkezinde, siiriicliler
¢ogu zaman araclarim1 park etmek icin uzun
stireler harcamaktadir. Bu durum beraberinde
trafik sikisikliklar1 ve fazla yakit tiiketimi ile
birlikte egzoz gazlarin daha fazla ortama
yayllmasina neden olmaktadir. Manisa kent
merkezi i¢in Onerilen bu uygulama sayesinde
trafikteki yogunlugun, yol isgallerinin, park
yeri aramak i¢in harcanan yakit miktarmin ve
egzoz gazi emisyon miktarinin azaltilmasi
hedeflenmektedir. Sekil 12°de kent
merkezindeki mevcut otoparklarin, toplu tasima
giizergahlarinin ve merkezi is alanlarinin
cakigtigt ~ goriilmektedir.  Manisa  kent
merkezinde mevcut otoparklara ek olarak, kent
merkezinin disindaki uygun noktalara yer alti
ve yer 1stii otoparklar yapilmasi, bu
otoparklarin mevcut toplu tagima hatlariyla ve
yeni olusturulacak servis hatlar1 ile entegre
edilerek kent merkezine ulagimin saglanmasi da
Oneriler arasindadir.
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Sekil 12. Manisa kent merkezindeki toplu tagima giizergahlar: ve mevcut otoparklar

Sekil 13’deki haritada Manisa kent merkezinde
hizmet veren elektrikli otobiislerin giizergahlari
verilmistir. Yeni yapilacak otoparklar ile
mevcut hatlarin  veya elektrikli araglarin
calistigl hatlarin entegre hale getirilmesi, park
et devam et uygulamasinin etkisini daha da
arttiracaktir. Manisa kent merkezinde toplu
tasima sadece otobiisler ile saglandigi icin park
et devam et uygulamalariin otobiis ve yeni
olusturulacak servis hatlariyla entegrasyonu
disinda, bisikletli ulasimin Onerilmektedir.
Manisa Ulagim Ana Plan1 Raporu’nda bisiklet
yollarmin yetersizligi vurgulanmis ve segilen
241 bisikletliyle yapilan memnuniyet anketinde

i

* Kayapunar

Yeni Manalte

g

katilimcilarin en biiyiik sorunu, %46 oraninda
bisiklet yolunun olmamasi veya az olmasi
seklinde tespit edilmistir. Ayrica ankete
katilanlar trafik kurallarina uyulmamasindan,
park sorunundan, kaldirimlarin dar ve yollarin
sorunlu olmasindan sikayet etmislerdir. Bu
dogrultuda, Manisa’da yeni otoparklarin
yapilmasi, bisiklet yollarmin arttirilmasi,
otoparklar ile bu bisiklet yollarinin entegre hale
getirilmesinin ve kentin c¢esitli noktalarina
bisiklet parklarinin ve kiralama noktalarinin
olusturulmasi akillt ulagim hedefi i¢in alternatif
¢Oziimler olacaktir.

/
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Sekil 13. Manisa kent merkezinde hizmet veren elektrikli toplu tasima hatlarinin giizergahlar

4.3. Trafik bilgilendirme sistemleri

Toplu tasima kullanicilarinin ara¢ igi ve
araglardaki ekranlar tizerinden bilgilendirilmesi
kadar siiriiciilerin de anlik olarak trafikteki

unsurlar hakkinda bilgi sahibi olmasi daha
giivenli ve konforlu bir siiriis saglayacaktir. Bu
amagla, trafik yogunluk, kaza, yol caligsmasi
gibi anlik verilerin toplanip, bu verilerin
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bilgilendirme ekranlarina yansitilmasi ve bu
trafik bilgilendirme ekranlarinin da kentin trafik
akigina gore uygun noktalara yerlestirilmesi
onerilmektedir.

Bir merkez iizerinden kontrol edilmesi 6nerilen
bu sistem sayesinde trafik yogunlugu, hava
durumu, saat ve yol durumu bilgileri siiriiciiler
ile paylasilabilecektir. Bu bilgilere gore
siiriiciilerin alternatif yollara yonlenmesi ve
trafik akisinin  kontrolii  saglanabilecektir.
Sehirde belirlenen bazi pilot noktalar lizerinden
alternatif giizergahlar ile bu noktalara varis
sireleri  de bu dinamik bilgilendirme
ekranlarinda siiriiciiler ile paylasilabilecektir.
Istanbul’daki E-5 yolu iizerinde bulunan ve ana

Akilli Ulagim Sistemleri ve Uygulamalart Dergisi Cilt:5 — Sayi:1

arterlerdeki trafik yogunluklarinin gosterildigi
bilgilendirme ekran1 Sekil 14 (a)’da verilmistir.

Trafik bilgilendirme ekranlar1 {izerinden
paylasilmasi Onerilen bir diger bilgi ise,
oncelikle o noktaya en yakin konumda bulunan
otoparklardan baglayacak sekilde, otoparklarin
doluluk durumlandir. Bu bilgi sayesinde
stiriciilerin zaman ve yakit tiikketimi agisindan
daha ekonomik bir sekilde otoparklara
yonlendirilmesi saglanabilecektir. Sekil 14
(b)’de Istanbul’un Fatih ilgesindeki Vatan
Caddesi lizerinde bulunan otoparklarin doluluk
durumlarinin =~ paylagildigi ~ bilgi  ekram
gosterilmistir.

(b)

Sekil 14. (a) Trafik yogunluklarimin gésterildigi bilgilendirme ekrani (b) otoparklarin doluluk
durumlarmin paylasildig: bilgi ekrani (Url-3)

Sehir igindeki ulasima ve “park et devam et”
sistemine entegre edilmesi Onerilen bisiklet
paylasim  sisteminde, bisiklet paylasim
noktalarindaki kullanilabilir bisiklet sayisinin
da  bilgilendirme  ekranlar1  {izerinden
kullanicilar ile paylasilmasi Onerilmektedir.
Yaya, siirlici ve yolcularin Manisa kent
merkezindeki otoparklar, bisiklet paylasim
noktalar1 ve trafik hakkindaki bilgilere
bilgilendirme ekranlarmin yant sira
hazirlanacak bir yazilim iizerinden de erismesi
onerilmektedir. Trafik durumu hakkinda
toplanan verilerin anlik olarak aktarilacagi bir
mobil uygulama sayesinde bilgilendirmenin
sadece sechrin belirli noktalarindaki dinamik
ekranlarla simirli kalmayip daha yaygm bir
sekilde yapilmasi saglanacaktir.

4.4. Entegre 6deme sistemi

Akilli sehir  yaklagimlarindaki temel
amagclardan birisi kentte yasayanlarin konforlu
ve giivenli olarak akilli sehir bilegenlerine dahil
olmasini saglamaktir. Bu amagla Manisa igin
oOnerilen akilli ulasim sisteminde otopark, toplu
tagima ve bisikletler i¢in 6deme islemlerinin tek
bir 6deme sistemi iizerinden yapilmasi bu
hizmetlerden yararlananlara kolaylik
saglayacaktir. Bu sistemdeki 6deme islemleri
icin banka kartlarinin ve entegre 6deme sistemi
ile iliskilendirilen kent kartlarm kullanilmasi
yararli olacaktir. Ayrica, kent kartlarin bakiye
sorgulama, bakiye yikleme ve gerekli
giincelleme gibi islemleri bu mobil uygulama
iizerinden kontrol edilebilmelidir.

4.5. Degerlendirme

Manisa kent merkezi i¢in onerilen uygulamalar
yolcu bilgilendirme, park et devam et, trafik
bilgilendirme ve entegre 6deme sistemi olarak
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dort baslikta ele alinmistir. Her bir uygulama
altinda, Manisa kent merkezinin ihtiyaglar
dogrultusunda eylemler Onerilmistir. Manisa
Biiyiiksehir Belediyesi, Cevre ve Sehircilik 1l
Midiirliigii, Manulas, toplu tasima araglari,
yolcular, siiriiciiler ve yayalardan olusan
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paydaslar arasinda saglanacak is birligi
sayesinde akilli ulagim modelinin olusturulmasi
ve bu modelin siirdiiriilebilir hale getirilmesi
hedeflenmektedir. Manisa kent merkezi igin
Onerilen bu uygulama ve eylemler ile 6n
goriilen paydaslar Tablo 1’de verilmistir.

Tablo 1. Manisa nin akilli ulagim modeli kapsaminda onerilen uygulamalar, eylemler ve paydaglar

ggzg%zrrilalar Onerilen Eylemler Paydaslar
(1.1) Arag ici bilgilendirme ekranlarnin toplu tasima .
(N Yolcu araglarina yerlestirilmesi . Manula}s, Man1§ a
bilgilendirme - . Biyiksehir Belediyesi,
sistemi (1.2) Akill1 otobiis duraklarina bilgi ekrani yerlestirilmesi  toplu tasima araclart,
(1.3) Akilli kart dolum istasyonlarinin planlanmasi yoleular
(2.1) Kent merkezi disinda, toplu tagima araglar1 ile
entegre otoparklarin insa edilmesi
i o o Manulag, Manisa
@) Park e (2.2) Mevgut veya yeni e.:lektr.ﬂ(h otobiis veya servislerin Biiyiiksehir Belediyesi,
dovam ot otoparklar ile iligkilendirilmesi Cevre ve Sehircilik 11
uygulamalar1 ~ (2.3) Otoparklarm, bisiklet ulagm ve yaya yollari ile Miidirligd, toplu
desteklenmesi tagima araglari,
stiriiciiler
(2.4) Otoparklara yakin noktalarda bisiklet paylagim
noktalarinin olusturulmasi
Akillt
Ulasim (3.1) Trafik bilgilendirme ekranlarmin uygun yerlere
Manisa yerlestirilmesi
(3.2) Trafik yogunlugu ve yol durumu gibi verilerin
5 et gercek zamanli olarak siiriiciiler ile paylasilmasi Manulas, Manisa
bileilendirme (3.3) Otopark doluluk durumlarinin anlik olarak Biiyiiksehir Belediyesi,
sis‘i;emi paylasilmasi toplu tagima araglari,

(3.4) Bisiklet paylasim noktalarindaki kullanilabilir
bisiklet sayisinin yansitilmast

(3.5) Bilgilendirme ekranindaki verilerin ayni zamanda bir
mobil uygulama iizerinden paylasilmasi

stiriciiler, yayalar

(4) Entegre
6deme
sistemi

(4.1) Tim ulagim tiirleri i¢in tek bir kartla 6deme
sisteminin kurgulanmasi

(4.2) Mobil uygulama
kontroliiniin saglanmasi

tuzerinden kent Kkartlarm

Manulag, Manisa
Biiyiiksehir Belediyesi,
toplu tagima araglari,
stirticiiler, yolcular

Manisa’nin akilli ulasim modeline yo6nelik
Tablo 1’de Ozetlenen eylemler ile ISO-37122

mevcut veya yeni

elektrikli
servislerin otoparklar ile

otobiis veya
iligkilendirilmesi,

standardi, Manisa Biiyiiksehir Belediyesi 2020-
2024 Strateji Eylem Plani, 11. Kalkinma Plam
ve Akilli Ulasim Sistemleri Strateji Belgesi ve
2020-2023 Eylem Plani arasindaki iligki Tablo
2’de verilmistir. Manisa’nin akilli ulasim
modeline  yonelik park et devam et
uygulamasina iligkin dnerilen ve Tablo-1’de de
verilen kent merkezi diginda, toplu tasima
araglan ile entegre otoparklarin inga edilmesi,

otoparklarin, bisiklet ulasim ve yaya yollari ile
desteklenmesi ve otoparklara yakin noktalarda
bisiklet paylasim noktalarinin olusturulmasi
gibi eylemler 11. Kalkinma Plani’nda bulunan
“Park et bin gibi  uygulamalariin
yayginlagmas1”  eylemini  karsilamaktadir.
Benzer sekilde yolcu bilgilendirme sistemi
icinde Onerilen ara¢ i¢i bilgilendirme
ekranlarinin toplu tagima araglaria
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yerlestirilmesi eylemi ISO 37122
standardindaki “ger¢ek zamanli paylagimin
oldugu toplu tasima hatlarinin  oran1”

gostergesine yoneliktir. Buna gore, ISO-37122
standardinda yer alan on dort gostergeden
yedisi, Manisa Biiyiiksehir Belediyesi 2020-
2024 Strateji Eylem Planindaki ulagima yonelik
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hedeflerin tamami1 Manisa kent merkezi igin
Onerilen eylemler ile desteklenmektedir.
Ayrica, 11. Kalkinma Planinda ve Akilli Ulagim
Sistemleri Strateji Belgesi ve 2020-2023 Eylem
Planinda yer alan eylemler ile Manisa kent
merkezi i¢in Onerilen eylemler 6rtiismektedir.

Tablo 2. Akilli ulasima yonelik uluslararasi gostergeler ile ulusal ve yerel diizeyde eylemlerin,

onerilen model kapsamindaki eylemler ile iliskisi

Akill Ulasima Y onelik Uluslararas1 Gostergeler ile Ulusal ve Yerel Diizeyde

Manisa igin

Onerilen
Eylemler Eylemler
Ger¢ek zamanli olarak trafik uyarilarinin ve bilgilerinin
paylasildig1 cadde ve sokak yiizdesi (3.1-3.2)-G3.5)
E) Sehirdeki diisiik karbon emisyonuna sahip kayith araglarin oram 2.2)
:10:0 Belediye tarafindan saglanan bisiklet paylasim hizmeti verilen yiiz 2.3)-(2.4)
2 bin kisi basina bisiklet sayisi ) )
T Gergek zamanli paylagimin oldugu toplu tagima hatlarinin orani (1.1)
§ Sehirdeki toplu“taslrr.la hizmetlerinin birlesik bir 6deme sistemi 4.1)-(4.2)
= kapsamindaki yiizdesi
8 E‘l'ektro.nik O0deme sistemleriyle donatilmis halka acgik parklarin (1.3)-(4.1)-(4.2)
2] yiizdesi
Doluluk oranmmin gergek zamanl olarak paylasildigi otopark (3.3)
alanlarmin yiizdesi ’
2021 yilinda %27 olan toplu tagima araglarmi kullanan yolcu (1.1)-(1.2)-
o = oraninin 2024°te %30’a ¢ikarilmasi (2.1)-(2.2)
S8 = 2021 yilinda 4.500.000 kisi olan hizmet alan yolcu sayisinin 2024  (1.1)-(1.2)-
% g' aé yilinda 5.000.000 kisiye ¢ikarilmasi (2.1)-(2.2)
2 L; Yatay ve diisey isaretleme sayisinin 2024 yilinda 2021°e gore (3.1)-(3.2)-
Cg 'z o 5560°tan 13475’¢e ¢ikarilmasi (3.3)-3.4)
E _%* ‘D 2024 yilinda ortalama toplu tagima siiresinin 2021'e gore 27 (2.1)-(2.2)-
§ 2 £ dakikadan 23 dakikaya diistiriilmesi (2.3)-(2.4)
m Yeni yapilacak otopark sayisinin 2021 yilinda 2, 2022 yilinda 3, @.1)
2023 yilinda 4 ve 2024 yilinda 5 olmasi )
. . . T . . (2.1)-(2.2)-
Ozel araglar yerine toplu tagima sistemlerinin 6zendirilmesi (2.3)-(2.4)
= L (2.1)-(2.2)-
ff Park et bin gibi uygulamalarinin yayginlagmasi (2.3)-(2.4)
g Sehirlerdeki motorsuz ulagimin yayginlagmasi (2.3)-(2.4)
E Bisiklet kullaniminin tesvik edilmesi ve bunun i¢in yeni bisiklet (2.3)-(2.4)-
= yollariin sehirlere kazandirilmasi (3.4)-(3.5)
M, Bisiklet paylasim sistemlerinin yayginlasmasi (2.4)-(3.4)
- Yolcu, siirici ve yayalarm bilgilendirilmelerini saglayacak 83:8;;:
sistemlerin kullanilmasi 6nerilmektedir (3.3)-3.4)-3.5)
Otoparklardaki bos-dolu park alani sayisinin g¢evrimigi (online)
‘TS E  olarak izlenmesine olanak verecek altya kurul (3.3)-3.5)
g 83 8 : recek pinin kurulmasi
z = S ®  Ana arterlerde trafik akis verisi igin sensor altyapisimin kurulmast  (3.1)-(3.2)
5o 2 E) Toplu tasima duraklarinda ve arag iclerinde, hareket kisitliligi olan
= = 'z g Kkisileri de dikkate alarak, toplu tasima araglar ile entegre yoleu (1.1)-(1.2)~(1.3)
2 E ED « bilgilendirme ekranlarinin kurulmast
< £ A S Ortak elektronik ticret toplama sisteminin tasarlanmasi (4.1)-4.2)
Toplu tasima ve hizmet araglarinda elektrikli araglara yer verilmesi  (2.2)
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Toplu tasima araglarinin kullaniminin yayginlastirilmasi

(1.1)<(1.2)-
2.1)-(2.2)

Bisiklet kullanimini yayginlagtirmak i¢in uygun altyapmin (2.3)-(2.4)-

olusturulmasi

Elektrikli tasit altyapilarinin

caligmalar yapilmasi

yayginlastirilmasina  yonelik

(3.4)-(3.5)
2.2)

5. Sonug ve Degerlendirme

Bugiin oldugu gibi gelecekte de artmasi
beklenen kentsel niifusun  ihtiyaclari
karsilamaya yonelik sehirlerde hazirliklar
yapan hiikiimetler, yerel yonetimler hatta
uluslararas1 kuruluslar; kiiresel iklim Kkrizi,
kaynaklarm verimli ve etkin kullanimi gibi
konular ile yagsam kalitesi yiiksek siirdiiriilebilir
sehirler icin ¢alismalar yapmaktadir. Ozellikle
teknolojik gelismelerin ve altyapinin kentlere
entegre edilmesi anlayisina sahip,
stirdiiriilebilir bir kentsel model olarak goriilen
akilli sehir yaklasimi diinya genelinde
kendisine uygulama alam1 bulmaktadir. Bu
anlamda yapilan yatirimlar her gecen giin
artmakla birlikte gelecekte akilli  sehir
¢oztimlerinin daha da oOnem kazanacagi
beklenmektedir. Cok paydasli ve boyutlu olan
akilli sehirler; ulagim, yasam, ekonomi,
yonetigsim, insan ve c¢evre bilesenlerinden
olusan dijitallesme tabanli siirdiiriilebilir bir
kent modelidir. Her bir bilesenin altinda farkli
bircok disiplinin akilli sehirlere yo6nelik
caligmalari bulunmaktadir. Toplum yararim
gozeten, akilli teknolojik c¢oOziimler sunan,
yasam kalitesini yiikselten sistemlerin entegre
edildigi bir model olarak akilli sehir
uygulamalar diinyada oldugu gibi iilkemizde
de merkezi hiikiimet ve yerel ydnetimler
tarafindan desteklenmektedir.

Ege bélgesinde, Izmir’in ardindan sanayinin
stirekli yeni yatirimlar ile desteklendigi Manisa
ili bolgede bir ¢ekim merkezi haline
gelmektedir. Bu durum niifus artisina,
yogunlagan trafik ile wulasim sorunlarina,
trafikte gecirilen zamanin artmasina ve daha
fazla hava kirliligine neden olmaktadir. Manisa
Biiyiiksehir Belediyesi’nin ulagim sorunlarina
yonelik ortaya koydugu planlar ve uygulamalar
bulunmaktadir. Ancak bu planlarda akill
ulasim uygulamalarima yonelik bir Onerme
bulunmamaktadir. Kent merkezindeki trafik
yogunlugunun ¢Oziimii, alternatif ulagim
araclarinin yayginlagtirilmasi, ulagima katilan
tim  paydaglarim  bilgilendirilmesi  i¢in
teknolojik sistemlerin entegresi akilli ulagim

cozlimlerini gerekli ve cazip kilmaktadir. Bu
calisma, Manisa ilinin ulagim sorunlarini tespit
ederek kent merkezi i¢in uygulanabilir,
uluslararasi ve ulusal anlamda yo6nlendirici
adimlarin Onciiliigiinde olusturulan alternatif
akilli ulasim uygulama ve eylemleri 6nermistir.
Yolcu bilgilendirme, park et devam et, trafik
bilgilendirme ve entegre Odeme sistemi
uygulamalar1 olarak belirlenen dort temel
uygulama sayesinde hem trafik sorununun
asilmasi hem de akilli ulasim ¢odziimlerinin
kente entegre edilmesi hedeflenmistir. Boylece
kentte yasayan insanlarin konforlu ve gilivenli
bir sekilde, kaynaklar1 ve zamani verimli
kullanarak, yasama katilmalari miimkiin
olacaktir.

Yolcu bilgilendirme sistemi uygulamasi altinda
Onerilen eylemler sayesinde toplu tasima
kullanan kisiler ara¢ yogunluklarina ve
araclarin gelig-gidis siirelerine bagl olarak
alternatif hatlara yonlenebilecek ve bdylece
zamani verimli kullanabileceklerdir. Ayrica bu
eylemler sayesinde, kentte yasayan insanlarin
toplu tasima sistemine daha yiliksek oranda
katilimlar1 saglanabilecektir. Park et devam et
uygulamasi sayesinde trafikteki aktif arac
sayist ve dolayisiyla karbon  saliimi
azaltilabilecektir. Bisikletli ulagim ve elektrikli
toplu tagima ve servis araclarinin park et devam
et sistemine entegre edilmesi sayesinde
kentteki siirdiiriilebilirlik yaklagimina katki
saglanacaktir. Trafik bilgilendirme uygulamasi
dahilinde, trafikteki araclar i¢in dinamik yol ve
otopark bilgisi sunularak, trafikte gecirecekleri
zamanin ve dolayisiyla karbon emisyonunun
azaltilmasimna destek olunacaktir. Entegre
O0deme sistemi sayesinde kentte yasayanlarin
ulasim bilesenlerinden faydalanmasi daha
kolay ve konforlu hale getirilecektir.

Akilli  ulagima  yonelik yapilan bir¢ok
calismada, uluslararasi c¢aligmalara ve ulusal
mevzuatlara atif yapilmakta fakat sunulan
Oneriler ile mevzuat ve standartlarin
uyumlulugu ve karsilanabilirligi yonii ele
alinmamaktadir. Bu  calismay1  diger
calismalardan farkli kilan 6nerilen eylemler ile
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akilli ulasima yonelik yeni bir model
olusturulmast1 ve aym zamanda hem
uluslararas1 gostergelerin hem de wulusal
mevzuatin  kargilanmasidir.  Bu  ¢aligma
kapsaminda Onerilen uygulamalar ve bu
uygulamalar altinda tanimlanan eylemler, ISO
37122 standardinda yer alan on dort akill
ulagim gostergesinden yedisini
karsilamaktadir. Ayrica bu caligmadaki
Oneriler, Manisa Biiyiiksehir Belediyesi’nin
strateji  eylem planlariyla uyumlu olup,
iilkemizdeki 11. Kalkinma Plan1 ve Akill
Ulasim Sistemleri Strateji Belgesi ve 2020-
2023 Eylem Plani’ndaki hedeflerin tamamini
karsilamaktadir. Sonugta, sehrin su anki
altyapisi ve olanaklar1 dogrultusunda ortaya
konulan oneriler; yerel ve ulusal diizeydeki
planlarla 6rtiismekte ve uluslararasi standartlari
biiyiik dl¢tide karsilamaktadir.

Her sehrin kendine 6zgii kiiltiirii, yerlesimi ve
yasam kiiltiirii bulunmaktadir. Iyi akilli sehir
uygulamalar1  bakimindan  genel olarak
degerlendirildiginde Manisa iline ait mevcut
durum ve Oneriler bu ¢alismanin genel
gercevesini olusturmaktadir. Manisa ili gibi
iilkemizde akilli sehir girisimleri heniiz
baglamamis yerel yonetimler i¢in bir rehber
olabilecegi diisliniilen bu calismanin, akilh
ulasim konusunda atilacak adimlarda izlenmesi
gereken yol i¢in uygulama ve eylemler yoniiyle
fikir sunacagi diisiinilmektedir.  Giincel
teknolojik gelismelerle desteklenecek
uluslararasi standartlarn ~ tam  olarak
karsilandigi akilli ulasim modellerine yonelik
caligmalar arastirmacilar i¢in potansiyel bir
aragtirma alani olarak 6n goriilmektedir.

Arastirmacilarin Katki Oran1 Beyam
Yazarlarin ¢alismadaki katki oranlari esittir.
Destek ve Tesekkiir Beyani

Calismada kullanilmak {izere veri paylasimi
saglayan Manisa Biiyiiksehir Belediyesine
desteginden dolayi tesekkiir ederiz.

Cikar Catismasi Beyani

Calisma kapsaminda herhangi bir kurum veya
kisi ile ¢ikar catismasi bulunmamaktadir.
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Akilli ulasim araclarinda siber giivenlik ve cok katmanh giivenlik 6nlemi
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Ozet: Teknolojide yasanan hizli gelismelerle giiniimiizde kullamimi hizli artan akilli ulasim araglari,
artan talep ve sagladiklar1 kolayliklar sebebiyle kisa zamanda diinya ¢apinda énemli bir yere sahip
olacaktir. Akill1 ve otonom ulagim araglar1 alanindaki teknolojik gelismeler s6z konusu oldugunda hizli
bir ivme kazanildigi g6z ardi edilemez. Gelismis makine 0grenimi ve yapay zeka tekniklerinden
yararlanan yar1 otonom ve otonom arabalarin ortaya ¢ikmasiyla birlikte potansiyel riskler ve siber
giivenlik zorluklar1 artmaktadir. Dahasi, akilli ulasim sistemlerinin ve otonom araglarin
konuslandirilmasi i¢in gerekli Aragtan Araca (V2V) ve Aragtan Altyapiya (V2I) ara yiizler, potansiyel
saldin1 yilizeyini ve saldir1 vektorlerini biiyiik Ol¢lide genislettikleri igin giivenlik risklerini daha da
artirmaktadir. Yapay zeka ve yazilimla ¢alisan bu araglar her ne kadar siiriicii giivenligi ve konforunu
artirsa da digaridan gelebilecek siber saldirilardan dolay1 biiyiik 6lgekte can ve mal kaybma da sebep
olabilmektedir. Bu nedenle, akilli ulasim araglan ile ilgili tehditleri ve siber giivenlik risklerini analiz
etmek ve bu son derece karmasgik, heterojen ve degisken ortamin 6zelliklerini dikkate alarak bu riskleri
ele almak icin giivenlik dnlemleri ortaya koymak son derece 6nemli hale gelmektedir. Bu ¢alismada
akilli ulagim araglarina yapilan siber giivenlik saldirilari, dogabilecek sonuglar ve alinabilecek giivenlik
onlemleri agiklanmaya ve analiz edilmeye calisilacaktir. Ayrica bu sistemlerde kullanilan ¢ok katmanli
savunma sistemi incelenerek degerlendirilmistir.

Anahtar Kelimeler: Akilli ulasim araglari, Siber saldiri, Siber giivenlik 6nlemleri, Cok katmanl
savunma teknolojisi

Cyber security and multi-layered security measures in smart transportation
vehicles

Abstract: Smart transportation vehicles are increasing rapidly today with the rapid developments in
technology. It will soon have an important place in the world due to the increasing demand and the
convenience they provide. When it comes to technological developments in the field of smart and
autonomous vehicles, it cannot be ignored that rapid acceleration has been gained. With the advent of
semi-autonomous and autonomous cars that leverage advanced machine learning and artificial
intelligence techniques, the potential risks and cybersecurity challenges are increasing. Moreover, the
Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) interfaces required for the deployment of
intelligent transportation systems and autonomous vehicles further increase security risks as they greatly
expand the potential attack surface and attack vectors. Although these vehicles, working with artificial
intelligence and software, increase driver safety and comfort, they can also cause large-scale loss of life
and property due to cyber attacks that may come from outside. Therefore, it becomes extremely
important to analyze the threats and cybersecurity risks related to smart vehicles and to put forward
security measures to address these risks by taking into account the characteristics of this highly complex,
heterogeneous, and variable environment. In this study, cyber security attacks against smart vehicles
and the consequences that may arise are examined. In addition, the security measures that can be taken
are explained and analyzed. The Multi-Layer Defense System used in these systems was examined and
evaluated in detail.

Keywords: Intelligent vehicles, Cyber-attack, Cybersecurity measures, Multi-Layer defense technology
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1. Giris

Ik Akill1 Ulasim Sistemleri (AUS) calismalari
1960’larin sonu 1970’lerin basinda Japonya’da
CACS (Comprehensive Automobile Traffic
Control Systems-Kapsamli Otomobil Trafik
Kontrol Sistemleri), ABD’de ve Almanya’da
ERGS (Electronic Route Guidance System -
Elektronik Rota Kilavuzluk Sistemi) ile
baslamistir.  1980'lerin  ortasindan itibaren
haberlesme teknolojilerinde yasanan gelismeler
AUS uygulamalarima ivme kazandirmistir.
Devlet ve sanayi ortakligi ile biiyiik projeler
baglatilmis, bu projelerle 90’11  yillarda
elektronik {icret toplama sistemleri, akill
kavsak kontrol sistemleri, yolcu ve siiriicii
bilgilendirme sistemleri ve trafik kontrol
merkezleri gibi uygulamalarla genigleyen AUS,
ayrt bir disiplin olarak kabul gbérmeye
baslamistir. Ik olarak AUS kongresi 1994
yilinda Paris’te diizenlenmis ve her yil diizenli
olarak farkli iilkelerde yapilmaya devam
etmistir. Bu yapilan kongreler ile birlikte AUS
organizasyonlarini kurulmustur. Ulusal dlgekte
kurulan organizasyonlarin yanisira ERTICO,
Aklli Ulagim Toplulugu (ITS) Amerika, ITS
Asya Pasifik gibi bdlgesel yapilanmalar da
bulunmaktadir (AUS Eylem Plani, 2020).

Giliniimiizde akilli ulagim araglarinin sayisi
hizla artmakta ve yasamimizda 6nemli bir yer
edinmeye baslamistir. Akilli ulagim araglari
konfor ve giivenlik alaninda 6nemli Olgiide
etkisini gdstermektedir. Bu araglar, Wi-Fi
erisim noktalar1 ve Bluetooth -cihazlariyla
giivenli ve keyifli baglantili siiriigii halihazirda
bizlere sunuyor. Bu avantajlar1 ile beraber
kullanimi1 daha da artan akilli ulasim araglari
kot amagh saldirganlar tarafindan birer hedef
haline gelmektedir. Araglarda artan 6zerklik ve
baglanabilirlik, islevsellik ve rahatlik a¢isindan
bircok 1iyilestirmeyi beraberinde getirirken,
beraberinde yeni bir siber tehdidi de getiriyor
(Eiza ve Ni, 2017). Akilli ulasim araglarim
hedef alan saldirilar, aracin hareketsiz
kalmasina, yol kazalarma, mali kayiplara,
hassas ve / veya kisisel verilerin ifsasia yol
acabilir ve hatta otoyoldaki kullanicilarin
giivenligini tehlikeye atabilir.

Akilli araglarin gelisimi ve firetimi iilkeler
acisindan stratejik bir konu haline gelmistir.
Ozellikle son yillarda iilkemizde {iretilmesi
planlanan akilli araglarin bir ¢ok tilke tarafindan
gelismeler takip edilmektedir. Bir ({iriin
gelistirmek sadece onu iiretmekle degil onun
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lojistigi ve ihracati ayn1 derece Oneme sahip
olmaktadir. Akilli araglar agisindan {iretim
sonrast  onlarin  sahip  olduklart  akilli
teknolejilerin giivenligide dikkate alinmalidir.
Teknoloji liretmek ayni zamanda ona ait olan
giivenlik unsurlarmin korunmasin saglamakla
miimkiindiir. Glivenlik kavrami donanimsal ve
yazilimsal olarak ele alinarak bir biitiin olarak
coziimler iiretilmelidir. Ozellikle bu ¢alismada
veri iletisimde kullanmak giivenlik katmanlar
ele alinmistir ve giivenli bir iletisimi yontemleri
Onerilmigtir. Ayrica bu c¢aligmada siber
giivenlik acisindan yasanabilecek saldirilar
aciklanarak bu saldirilara karsi alinabilecek
savunma metatlar1 verilmistir.

Bu calismada, akilli ulasim araglarindan kisaca
bahsedilmis, ikinci bolimde akilli ulagim ve
akilli ulagim araglarinin yapisi anlatilmig ve
yapilan siber saldirilar tiirlerinden Ornekler
verilmistir.  Yine ikinci boliimde siber
saldirilara  karst tasarlanan ¢ok katmanl
giivenlik modeli tanitilmig ve son boliimde
akilli ulagim araclarinda siber saldirilarin
sonuclar1 ve Onerilere yer verilmistir.

2. Literature Review

Son yillarda akilli ulasim araglarina yapilan
siber saldirilar ve Onlemleri konusunda
hazirlanan ¢aligmalarda akilli ulagim araglarinin
genel yapisi ele alinmis ve ¢esitli saldir1 6nleme
yontemleri 6nerilmistir. Eiza ve Ni 2017 yilinda
yaymlanan “Kopek Baliklar1 ile Siirtig” adlh
makalelerinde karsilagilan siber tehditler ve
OTA (Over The Air), Bulut Tabanli Coziim,
Tek Katmanli Coziim gibi saldinn 6nleme
yontemleri 6nermislerdir (Eiza ve Ni, 2017).

Limbasiya ve Das, bir arag kullanicisi ile bir
RSU arasinda yol kenar1 ve diger ilgili verileri
yer degistirmek i¢in EC konseptini ve tek yonlii
karma islevini kullanan bir V2R veri iletim
protokolii onermektedir (Limbasiya ve ark.,
2019). Astarita ve ark. tarafindan blockchain
teknolojisinin hala erken bir asamada oldugunu,
ancak gida takibi ve mevzuata uygunlugu, akill
araglarin giivenligi ve arz-talep eslesmesi gibi
birgok alanda yapilan caligmalar son derece
umut verici oldugu vurgulanmaktadir. Ayrica,
bu teknolojinin gida israfin1 simirlamak, egzoz
gazi emisyonlarini azaltmak, dogru kentsel
gelismeyi desteklemek ve genel olarak yasam

kalitesini  iyilestirmek  i¢in  tetikleyici
olabilecegini gosteren blok zinciri
strdiiriilebilirlik ~ baglantis1  arastirllmistir

(Astarita ve ark., 2020). Gupta ve arkadaglar1 da
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2020 yihinda yayinladiklari  ¢alismada;
dogrudan ugtan uca iletisim yerine ayrit
altyapilar1 kullanarak giivenli ve giivenilir bir
V2V ve V2l iletisim yaklagimi sunuyor (Gupta
ve ark., 2020). Mollah ve arkadaslar1 tarafindan
hazirlanan baska bir makalede; heterojen bir
Akilli Ulasim Sistemi ag1 igin blok zincir
destekli bir giivenlik c¢ercevesi Onerilmistir
(Mollah et al. 2021). Chen yapmis oldugu
calismada iki kritik modiile odaklanmaktadir.
Bunlardan birincisi sensor ve yerellestirme,
ikincisi ise engellere ¢arpma veya aragtan inme
gibi uctan uca giivenlik etkilerine neden
olabilecek yeni ve pratik sensor/fiziksel diinya
saldirilarii nasil  tespit  edilebilecegine
okaklanmistir (Chen, 2021).

3. Akilh Ulasim

Akilli ulasim, Bilgi ve iletisim Teknolojileri
destekli ve entegre ulasim sistemleridir. Bir
noktadan bir noktaya gitmeye ¢alisan insanlarin
360 derece tiim ihtiyaglarini gideren daha
kolay, daha verimli, daha konforlu ulagimlarini
saglayan her tiirlii alt yapimin biitiiniine akill
ulasim  diyebiliriz.  Seyahat  siirelerinin
azaltilmasi, trafik glivenliginin arttirilmasi,
mevcut yol kapasitelerinin optimum kullanimi,
mobilitenin  arttirilmasi, enerji  verimliligi
saglanarak iilke ekonomisine katkis1 ve ¢evreye
verilen zararm azaltilmast gibi amaglar
dogrultusunda gelistirilen, kullanici, arag,
altyapt ve yolcu arasinda c¢ok yonlii veri
aligverisi ile, izleme, d6l¢me, analiz ve kontrol
iceren sistemler olarak tanimlanan Akill
Ulasim  Araglar1  otomotiv  sektoriinden
ulagtirma sektdriine, sagliktan c¢evreye ve
haberlesmeden bilisim, yazilim sektoriine dek
pek ¢ok sektorii ilgilendiren ve bu sektdr ya da
sektorlere katki saglayan yapisiyla disiplinler
arast bir kavram olarak karsimiza c¢ikiyor
(Tektas ve Tektas, 2019).

Sekil 1. Akl ulagim sistemi tanimi (AUS
Eylem Plani, 2020).
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3.1. Akilh Ulasimdan Etkilenen
Sektorler

Akilli ulasim sistemleri gelisirken etkilenen
sektorlerde  birlikte  etkilenmektedir. Bu
sektorlerin  gelisimi ulasima bagli olarak
ekonomik biiyiimeye, insan kaynagina, liretime
ve teknolojik olarak gelismektedir.

—
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Sekil 2. Akilli ulasim sisteminden etkilenen
sektorler (AUS Eylem Plani, 2020).

3.2. Akilh Ulasim Araclarim1 Tanimi ve
Cesitleri

Internet ile bir sekilde iletisim kuran ve veri
aligverisi yapan, yapay zeka ile goriintii
tanimlama yapan, diger ara¢ veya nesnelerle
iletisim kuran baglantili araglara akilli ulasgim
araci diyebiliriz.

Akilli  Ulagim Araglarini; Aragtan Araca
Baglanti (V2V), Aractan Altyapiya (V2I),
Aractan Her Seye (V2X), Aractan Aga (V2N),
Aractan Sebekeye (V2G) ve Platooning
(Konvoylama) siniflarina ayrilmaktadir.

3.2.1. Aractan Araca Baglant1 (V2V)

Aragtan araca iletisim teknolojisi genellikle
V2V olarak tanimlanir. Arag¢ verilerinin bir
aractan digerine degis tokusunu saglayan akilli
bir teknolojidir. V2V teknolojisi igin iletisim,
O0zel kisa menzilli iletisimle (DSRC)
dayanmaktadir. Bu tam olarak yeni bir teknoloji
degil, onlarca yil 6nce de bulunmaktadir. Ancak
V2V sistemleri yaygin olarak kullanildiginda,
arag giivenligi uygulamalari lizerinde en bityiik
etkiye sahip olacaktir. Ornegin garpigmadan
kagmmma uygulamalarin1 ilerletmek  gibi
calismalardir. V2V iletisimi, motorlu araglarin
Wi-Fi'ye benzer bir kablosuz iletisim protokolii
kullanarak cevresindeki diger V2V ozellikli
araglarin hiz1 ve konumu hakkindaki bilgilere
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erigmesini saglar. Bu veriler daha sonra
stiriiciileri olas1 tehlikelere karsit uyarmak icin
kullanilir.

Kazalarin ve trafik sikigikliginin azaltilmasina
yardimer olmaktadir. V2V, tehlikeli trafik ve
yol kosullarini, arazi sorunlarmi ve hava
muhalefetlerini 300 metrelik bir mesafede
algilayabilir. V2V, siirlisii yoldaki herkes i¢in
daha 6ngoriilebilir ve giivenli bir aktivite haline
getirme imkan1 sunmaktadir.

3.2.2. Aractan Altyapiya Baglanti1 (V2I)

V21 veya arag-altyapi teknolojisi, trafik
sikisikligi, hava durumu uyarilari, kdprii agiklik
seviyeleri, trafik 1siklarinin durumu gibi verileri
yakalar ve ardindan siiriiciilerin giivenli ve hizh
stiriis gerceklestirmeleri igin kosullar hakkinda
bilgilendirmeyi kablosuz olarak iletir. V2I
tarafindan desteklenen akilli trafik sinyalleri,
sirficiilerin ~ trafik  kosullarim1  daha iyi
anlamalarina yardimci olarak, siiriiciiler ve
toplu ulasim araci kullanan insanlar arasindaki
iletigimi iyilestirebilecek dogru varis siirelerini
de tahmin etmeye yardimc1 olur.

3.2.3. Aractan Her Seye Baglanti(V2X)

Aractan her seye olarak da bilinen V2X, hem
V2V hem de V2I teknolojisini kapsar. V2X
teknolojisi, diger arabalar ve altyapr dahil
olmak tizere trafik sistemiyle “iletisim kurma”
giicli vererek yoldaki her otomobili daha akill
ve daha giivenli hale getirir. V2X, siiriiciileri
tehlikeli hava kosullari, yakinlardaki kazalar ve
trafik sikisikligi ve yakin mesafede meydana
gelen diger tehlikeli davramislar hakkinda
bilgilendirebilir. V2X, kullanici olarak bizim
icin mevcut olan birgok bilgiyi dogrudan
arabaya veya araca saglar ve siiriicliniin yanit
vermesi i¢in gereken tepki siiresini azaltir.

V2X ayrica gegis lcretleri ve park etme
O0demelerini otomatiklestirerek siiriis siirecini
kolaylagtirir. V2X iletisimi, otonom siiriisiin
gelecegi olarak goriilmekte, ancak V2X
pazarinin hala uzun bir yolu bulunuyor. V21 ve
V2V teknolojisine benzer sekilde, her kamyon,
otobiis, araba, motosiklet ve hatta bisikletin bu
baglantili ara¢ teknolojisiyle beraber bir
standart olarak gelmesi halinde V2X bu alanda
en etkili teknoloji olacaktir.

3.2.4. Aractan Aga Baglanti1 (V2N)

Aragtan Aga (V2N) - LTE gibi kablosuz aglar
iizerinden aragtan araca iletisimi saglamaktadir.
V2N araglar ile V2X yOnetim sistemi ve ayrica
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V2X AS (Uygulama Sunucusu) arasinda hem
yayin hem de tek noktaya yaymn iletisiminin
gerceklesmesini saglamaktadir. Bu, LTE ag
altyapisindan ve E-UTRA'dan yararlanilarak
elde edilir. Araglar, yolun ilerisindeki kazalarla
ilgili yaymlanmis uyarilar1 veya planlanan
rotadaki tikaniklik veya kuyruk uyarilarini
alabilmektedir.

3.2.5. Aractan Sebekeye Baglanti(V2G)

V2G teknolojisi  hala  gelistirilmektedir,
elektrikli  otomobillerde ve kamyonlarda
akiilerin (pillerin), gii¢ igin ger¢ek zamanl
taleplere dayali elektrik sebekelerinde, bir giic
kaynagi olarak kullanilmasi fikrine
odaklanmaktadir.

3.2.6. Platooning (Konvoylama)

Bir konvoy, birlikte giivenli bir sekilde seyahat
eden bir grup aractir. Her ara¢ en az iki serit ici
aracla iletisim kurabilir ve takimdaki araglardan
biri lider olarak hareket eder ve takimin hizini
ve yoniinil kontrol eder. Konvoy fikri, katilan
araclarin  uyumlu oldugu alt sistemler
araciligiyla bir kooperatif sistemi olusturmaktir.
Bagli araglarin takim olusturmasi, trafik akis
verimliligini artirabilir ve digerlerinin yan1 sira
daha gilivenli siirlise, gelismis otoyol
kullanimina ve verimli yakit tiiketimine katkida
bulunabilir (Zeadally, Guerrero, and Contreras
2020).

3.3. Akilh Ulasim Araclarinin Yapisi

Akillt ulagim araglari, iletisimin siirekli kontrol
altinda olmast ve iletisimin bagli olmasi
gereken akilli araclardir. Bu sebeple, birden
fazla yontemle baglanti noktasi olusturabilirler.
Akilli ulasim araclari, icerik akisindan konum
tabanli yardima ve akilli acil durum desteginden
elektronik  kontrol birimlerinin (ECU'lar)
uzaktan yazilim giincellemelerine kadar uzanan
baglantili hizmetlerini kullanirlar. Her ne kadar
sadece kullanicisi ile etkilesim halinde oldugu
diisiiniilse de trafikte olan diger biitiin akilli
ulagim araclart ile de iletisim halindedirler.

Akilli ulagim aracglarina ait istatistiklerde yer
alan bir bilgide, kiiciik isletmelerin %55'inin
Oniimiizdeki yirmi yil i¢inde tamamen otonom
bir filoya sahip olacagina inaniyor (Alex, 2021).
Bu agidan gelecekte saldiriya agik daha fazla
akilli aracin olacagi anlamina da geliyor. Ticari
acidan bakildiginda, bir filoya yapilan saldirinin
maddi olarak kayiplarinin  fazla olmasi
kac¢inilmazdir.
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Bir akilli aracin kullandig1 servisler ve genel
IoT (Internet of Things) yapist Sekil 1°de
gosterilmistir. Akilli araglarin sayilar arttikca,
agda olan otomobiller, siber saldirganlarin
genisleyen isabet listesine potansiyel hedef
olarak eklenebilir (Okul, 2018).

Akilli1 araglar nesnelerin internet agisindan
giivenligi degerlendirildiginde ele gegirelecek
verinin Oonemi O6nemli hale gelmektedir.
Giivenlil acisindan sistemsel olarak bulutta
bulundurulan veya yerli olmayan baglanti
yazilimlari  kullanmaktan  kaginilmalidir.
Verilerin kisisel ve 6zel veriler olmasi gizlilik
ve ifsas1 acisindan dikkat edilmesi bir konudur.
Bu verilerin ¢alinmasi maddi ve itibar agisindan
cok boyutlu sorunlar ortaya ¢ikarcaktir.
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Sekil 3. Akilli ara¢ genel IoT yapisi

3.4. Akilh Araclarda Siber Saldir1
Tiirleri

Bir saldirgan, kablosuz arabirimlerdeki
zayifligindan yararlanarak c¢arpigma veya
kontrol kaybima neden olarak bir otomobilin
ECU'larina saldirabilir. Gizlilik istilasina neden
olan Telematik Kontrol Birimindeki (TCU)
giivenlik agiklarini somiirerek bir arabanin 6zel
goriismelerini engelliyor olabilir. Cogunlukla
stiriiclileri yonlendirmek ve yonetmek igin
kullanilan ve gizlilik ihlallerine neden olan GPS
navigasyon sisteminden istifade ederek bir
arabayi izleyebilir. Bir saldirgan, diisman baska
bir iilke tarafindan da biiyiik ¢capl carpismalara
ve kritik yaralanmalara neden olan tam uzaktan
kumandayla zayif otomobillerden 6diin vermek
suretiyle  ulusal ulasgim  yollarma ve

Akilli Ulagim Sistemleri ve Uygulamalar1 Dergisi Cilt:5 — Sayi:1

banliydlerine kars1 bir siber savas baslatabilir
(Eisenbarth ve ark., 2009).

Bir arabaya basaril1 bir sekilde saldirmak i¢in
bir saldirganin dahili aga fiziksel olarak, OBD-
II baglant1 noktasi, medya oynaticisi veya USB
baglant1 noktalar1 yoluyla veya kablosuz olarak
Bluetooth veya hiicresel arabirimler araciligiyla
erigmesi gerekir. Bir saldirganin aracin dahili
agina girmesi saldirn i¢in gerekli imkani
verecektir.  Araglar1  etkileyen saldirnlarin

smiflandirilmast ~ 6rnekler  ile  asagida
aciklanmaktadir.
3.4.1. DoS Saldiris1

Aracin V2V (Vehicle To Vehicle) baglantisi
araciligiyla diger araglara iletisim halinde
bulunmasi saldirganin bu araca ¢ok sayida veri
ve istek gondererek aracin cevap verebilirligini
engelleyerek, diger araclar ile olan iletisimin
aksamasina sebep olacak kesintiyi saglamasidir
(Abdollahi ve ark., 2018). Ayrica aracin gerekli
hiz limitlerine uyamamasindan kaynakli can ve
mal kayiplarina sebep olabilmektedir. Flooding
saldirilart ise, bant genisligi, CPU, gii¢ ve diger
benzer araglar gibi ag kaynaklarini tiilketmek
icin trafik olusturur. Flooding saldirilart iki
gruba ayrilabilir; veri tagsmasi ve yonlendirme
kontrol paketlerinin tagsmasi (Sakiz ve Sen,
2017).

3.4.2. Yalanc1 Veri Enjeksiyonu (FDI)

Bir FDI saldirisinda, saldirgan, kapali dongii
kontrol sistemini tehlikeye atmak i¢in normal
sensOr ¢iktilarimi degistirmek icin kotil niyetli
Olglimler enjekte eder. Otonom  siiriis
uygulamalarinda, konum 6l¢iimii, FDI enjekte
edilmis veriler tarafindan baska bir seride
yonlendirilebilir (Wang ve ark., 2021). Bu
saldirinin bir 6rnegi hiz gostergesinde hatali bir
hiz gostermek olabilir. Bir saldirgan ilk 6nce
akilli araca gonderilen ger¢ek hiz giincelleme
paketini kesip sonra sahte hiz sahip olan
degistirilmis bir paket gonderebilir. Buna ek
olarak, bir saldirgan hava yastig1 sisteminin
gergek durumunu, hava yastigi arizali veya
cikarilmis olsa bile sorunsuz goriinmesi igin
veriyi degistirebilir.
3.4.3. Gizlilik Istilas:

Saldirgan, TCU'daki hiicresel ara yiize
erisilerek ara¢ icerisi dinlenebilir veya
gonderilen ve alinan verileri kopyalayabilir.
Saldirgan, segilen kurban diiglimlerinden gelen
ve bu diiglimlere giden trafigi ele gegirmek igin
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yonlendirme bilgilerini degistirir. Bu, trafik
analizi yapmak i¢in kullanilabilir ve paketlerin
secici filtrelenmesiyle birlestirilebilir ve bu da,
secilen  yonlendiricilerin ~ "kaybolmasim"
saglamak icin kullanilabilir (Jakobsson ve ark,
2003).

3.4.4. Bluetooth Uzerinden Zararh
Yazilim Enjeksiyonu

Saldirgan, aracin Bluetooth agina zararli truva
at1 gondererek aracin sistemini ele gegirebilir.
Ele gecirilen aracta ABS sistemi gibi giivenlik
acisindan kritik ECU'lar ile iletigim kurabilir.
Arastirmacilar, Bluetooth kontrol kodunun,
eslestirilmis herhangi bir Bluetooth cihazindan
kodun yiiriitiilmesine izin veren potansiyel bir
bellek  istismar1  icerdigini  belirlediler
(Parkinson ve ark., 2017).

3.4.5. CAN Bus Protokoliine Erisme ve
Bu Protokolden Yararlanma

Bir otomobildeki CAN (Controller Area
Network) veri yolu, aracin sensorleri ile gesitli
elektronik  kontrol  iiniteleri  (ECU'lar)
arasindaki iletisimi saglayan agdir. Modem
araglar, motoru, hava yastiklarini, kilitlenme
Onleyici fren sistemini, arka lambalari, eglence
sistemini ve daha fazlasini kontrol eden 70 veya
daha fazla ECU'ya) sahip olabilir (Payne,
2019). CAN'n kendisi, ¢ok uluslu elektronik ve
mithendislik sirketi Bosch tarafindan 1991'de
CAN spesifikasyonu 2.0 olarak
standartlastirilan mesaj tabanli bir protokoldiir.
Araglar, dahili veri yolu iizerinde gilivensiz bir
sekilde iletisim kuran bir bilgisayar agma
benzer. Bu, bilgisayar korsanlarinin CAN veri
yolu iizerinde ¢ok sayida denetleyici alan ag1
paketini (hem normal paketler hem de tanilama
paketleri) dahili bilesenlere gondererek bir araci
ele gecirebilecegi anlamina gelir. Kotii niyetli
paketler olagan paketlerden 6nce ECU'lara
ulasirsa, bu bilesenler onlar1 gecerli kabul eder.
Saldirgan kabul edilen bu paketlerle ara¢ agina
sizmisg olur.

3.4.6. Tersine Miihendislik Saldiris1

Bir tersine Miihendislik saldirisinda,
saldirganlar yeniden ylriitme ve aktarma
saldirilar1  gibi  gelecekteki  saldirilan
gerceklestirmek igin giivenlik agiklarini bulmak
igin arag sistemlerini bozabilir ve ara¢ donanim
yazilimmi ¢ikarma ve degistirme yoluyla
tersine miihendislik yapabilir (EI-Rewini ve
ark., 2020).
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3.4.7. Jamming (Karistirma) Saldirisi

Bu saldirt tiirli, lazerle aym1 frekans bandin
kullanan aragtaki tarayici iinitesine dogrudan
151tk yayar. Bir aracin LiDAR sensoriinil
sikistirmak icin bir Raspberry Pi ve diisiik giicli
bir lazere sahip diisiik maliyetli, kullanima hazir
bir sistem kullanabilir saldirgan. En sik
kullanilan sensorlerin  (hiz, sicaklik, vites
konum bilgileri, hiz sabitleyici ayarn ve pil
durumu) Elektronik Kontrol Unitesi (ECU) ile
iletisim kurmasim1i ve ayrica EV (Electric
Vehicle) araglarinda da bu bilgileri sunucuya
gondermesini 6nlemek igin karigtirma saldirisi
baslatilabilir (Fraiji ve ark., 2018). Saldir1 ile
stiricii ara¢ kosullarini tahmin edemeyecek ve
arag siiriicliniin kontroliinden ¢ikacaktir.

3.4.8. Sybil Saldirisi

Sybil saldirisi, ara¢ aglarindaki en tehlikeli
saldirilardan  biri  olarak  simiflandiriliyor.
Saldir1, agin normal isleyisini bozmak igin
aracin/kullanicinin kimliginin tahrif edilmesini
icerir (Nanda ve ark., 2019). Saldir1, ya yanlig
bilgi saglamak i¢in birden fazla kimligi kullanir
ve bilginin birden fazla cihazdan geliyormus
gibi goriinmesini saglayarak ya da baskasinin
kimligini taklit ederek ve yanlis bilgi vererek iki
sekilde gerceklestirilebilir. Saldir1, agin siirekli
degisen topolojisinden ve hareketliliginden
yararlanir ve aracin konumu hakkinda yanlis
bilgi saglayabilir; bunu kullanarak, bu
konumlardaki olaylar hakkinda da yanlig bilgi
verebilir.

3.4.9. Tekrar Saldiris1

Saldirgan, oOnceki bir mesaji  yeniden
yaymlayabilir ve tekrar saldirisinda bir olay
ortaya cikarabilir. Bu tepki, saldirganin bilgi
sistemini savunmasiz bir duruma (6rnegin, bir
sistem sifirlamas1) zorlamasina veya daha fazla
saldiriya izin vermek igin bilgi toplamasina
(sifreli paketler gibi) izin verebilir. Tekrarlar en
basta biitlinliikten taviz verir, ancak kimlik
dogrulama, erisim kontroli ve inkar
edilemezligi de tehlikeye atabilirler (Yagdereli,
Gemci ve Aktas, 2015). Secilen tekrar
saldirilar1 ayrica kullanilabilirligi ve gizliligi de
etkileyebilir.

3.4.10. Anahtarhkla ve Anahtarsiz Araci
Ele Gecirme

Araca girmek i¢in, anahtarlikla veya anahtarsiz
giris olmak iizere iki yol vardir. Saldirgan,
strlici  aracim  kilitlemeye  calistiginda
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anahtarligin sinyallerini engelleyebilir. Bu
cihazlar ¢aliliklara gizlendikten ve uzun siireler
boyunca etkin kaldiktan sonra, anahtarligin
sinyalleri otoparklarin veya caddelerin tiim
alanlarinda engellenecektir. Saldirgan,
anahtarsiz girise sahip bir aracin sinyalini
engelleyemez. Fakat bu degismeyen sinyal, bir
araca  erismek icin  yakalanabilir  ve
cogaltilabilir. Araglarin caligtirilmasimna  ve
calinmasma izin vermek i¢cin alarm ve
immobilizer devre digi birakilabilir (Sun ve
ark., 2021).

3.4.11. Fiziksel Miidahale
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Baska bir saldirt tiiri, iiretim diizeyinde kotii
niyetli igeriden veya gdzetimsiz bir aracta
disaridan biri tarafindan (6rnegin, belirli arag
sensorlerini bagka sensor ile degistirerek veya
bozarak) ara¢c donanimi veya yazilimi ile
oynamadir (Amoozadeh ve ark., 2015).

fletisim kanali giivenli olsa ve CAV’da son
teknoloji gilivenlik mimarisi kullanilmig olsa
bile, yerlesik donanim/yazilim kurcalanmis
veya hataliysa, sisteme giris bilgileri dogru
olmayacaktir.

Arag Kilit Hackleme  Kigisel Veriler oD Hackleme

Gozetleme

Spam-ve-Reklam § %
N 7
Aractan Altyapiya™| L/
N 7

Araclan Araca

| Zararli Yazihmlar ve
r Istismar

O

Sekil 4. Akilly arag saldr tiirleri (Processors tackle cybersecurity in connected cars - Electronic
Products n.d.)

3.5. Akill Araclarda Siber Saldirilara
Kars1 Alimacak Onlemler

Araglarin giivenli ve basarili bir sekilde siirtise
devam edebilmesi i¢in dinamik ve tehditlere
duyarli olmast gerekir. Giivenlige yonelik
tehditler miimkiin oldugu kadar savunulabilir
olmalidir; bagka bir deyisle, tehditlere karsi
erken Onlem alan bir yaklasim, karsilanmasi
gereken temel bir gereklilik olmalidir. Bununla
birlikte, aga yonelik tiim olasi tehditleri tahmin
etmek imkansiz oldugundan, cevap veren
yaklagimlar etkili olmali ve hizli ve verimli bir
sekilde devreye alinmalidir. Kullanicilarin bir
saldirt sonucunda olabildigince az kesinti
yasamasi onemlidir (Dibaei ve ark., 2019).

Isbirlik¢i teknoloji V2X, konum, hiz ve yon gibi
bilgileri ortaya ¢ikaran isaretlerin
yaymlanmasina olanak sagladigindan, dogasi
geregi kisa vadeli konum takibine olanak tanir.
Yolcularin uzun vadeli mahremiyetini korumak
icin, bir takma ad yonetim sistemi uygulamak,
saldiriy1 hafifletme teknigidir. Bu nedenle arag,
yeterli diizeyde giivenlik ve mahremiyet
saglayan gizlilik politikalarma goére takma
adlar1 degistirecektir. Otonom siiriis gorevi
iizerinde dogrudan bir sonug¢ olmadigi icin bu,
otomasyon sistemini kendi basina etkilemez.
Bu nedenle, bu tehdit ortalama bir saldir1 olarak

kabul edilir, ancak yine de kullanicinin
dikkatini ¢ekmek igin ele alinmalidir (Petit ve
Shladover, 2015).

Ara¢ ic¢i ag saldirlarim1 savunmak igin bu
saldirilarin  tlirlerine gore farkli stratejiler
vardir; Uzaktan sensor saldirilarimi savunmak
icin, kimlik dogrulama, tutarlilik kontrolii,
sensOr  birlestirme ve  Mekan-zamansal
sorgulama-tepki dahil olmak tlizere birkag etkili
¢Oziim  vardir. Ultrasonik  sensorlerin
giivenligini artirmak i¢in, Xu, fiziksel diizeyde
sinyalleri dogrulamak i¢in kullanilan tek sensor
tabanli fiziksel kaydirma dogrulamasi ve sistem
diizeyinde sinyalleri dogrulamak i¢in birden
cok sensoriin kullanildig1 coklu sensor tutarlilik
kontrolleri olmak {izere iki savunma stratejisi
onerdi (Xu ve ark.,, 2018). GPS yaniltma
saldirilarin1 savunmak i¢in, Onyargi tahmini
menzil kontrolii, hizlar tutarlilik kontroli,
istatistiksel test, en az mutlak kii¢lilme ve se¢im
operatorii ve kiiresel navigasyon uydu sistemi
biiyiitme dahil olmak {izere ¢esitli stratejiler
vardir. Konum izleme saldirilarini savunmak
icin k-anonymity, mix-zone, yazilim tamml
aglar, lokasyon perturbation ve perturbation-
hidden yontemleri bulunuyor. En yakin
giivenlik agiklarini savunmak i¢in, sifreleme ve
kriptografik saglama toplami dahil olmak iizere
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cesitli stratejiler vardir. Bluetooth igin;
kriptografik  tekniklerle  birka¢  giivenli
Bluetooth protokolii gelistirilmistir. Ancak,
¢ogu ticari iriin, kullanilabilirlik {izerinde
olumsuz etkileri olan bu giivenli protokolleri
benimsememektedir. Bu giivenlik protokolleri,
giiven olusturmak i¢in kriptografik algoritmay1
kullanir. Bluesniff gibi baz1 agik kaynakh
araclar1 kullanarak saldir1 savunulmaktadir. Ne
yazik ki, kotli niyetli diigiimlerin bellek
istismari ile ylritiilmesini dnlemek i¢in énlem
almamakta. Lastik Basinci izleme Sistemi igin;
TPMS'nin  giivenilirligini ve  gilivenligini
artirabilecek birkag yontem vardir. Ik olarak,
TPMS iizerinde ¢alisan yazilim, temel giivenilir
tasarim ilkelerine uymalidir. Ikinci olarak,
TPMS paketleri basit bir kriptografik algoritma
ile sifrelenmelidir. Ayrica paketin giincelligini
saglamak i¢in pakete fazladan bir sira numarasi
alan1 eklenmelidir. Ayrica, mesaj sahteciligini
onlemek i¢in, Dongilisel Artiklik Kontrolii
saglama toplamindan once ekstra bir sifreleme
saglama toplami eklenmelidir.

Anahtar ve Anahtarsiz ele gecirmeler igin;
anahtarlik etkinlestirildiginde, siiriicliniin aracin
sinyali aldigmi gosteren 1siklarin  yanip
sondiigiinden emin olmasi gerekir. Ardindan
siiriicii, bir kap1 kolunu kaldirarak aracin kilitli
olup olmadigini kontrol eder. Premium Audi
RS4 araglarinda, saldirgan araglara fiziksel
erisim saglarsa sisteme yeni bir anahtar
eklenebilmektedir. Ag Boliimlenmesi, CAN
veri yolu icin gilivenlik saglamanin kolay bir
yoludur. Daha sonra kritik ve kritik olmayan
ECU'lar ayrilir. Diigman kritik ECU'lara
kolayca erisemez. Aglar arasindaki baglanti, bir
ag gecidi ECU'suna dayanir. Ancak, ag gecidi
ECU'su manipiile edilebilir. Ag gecidi ECU'su
ilgili kimlikleri alt aga iletmek iizere
programlanmigsa, alt aga ait bir diiglimiin
kimligine sahip kotii niyetli bir CAN gergevesi
gecirilerek kandirilabilir. Dezavantaj ise, ag
boliimlenmesinde bakim zorlugu artmasidir.

DoS saldirilarinin tespit edilebilmesine ragmen
diizeltilmesi zordur. Erken tespit, saldirilari
Onlemeye veya siiriicliyll bazi etkili onlemler
almasi i¢in uyarmaya yardimci olacaktir. DoS
saldirilarma kars1 koymak i¢in, kayan mod ve
uyarlanabilir tahmin, bant genigligi ve entropi
ve kayan pencerelerin benzerligi dahil olmak
lizere bazi stratejiler vardir. Ohira ve
arkadaslari, DoS saldirilarini  dnlemek igin
kullanilabilecek bir paket algilama algoritmasi
onerdiler. Stirgiilii pencerelerin benzerligine
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dayali olarak, her bir DoS saldirisim tespit
etmek icin gelistirilmis bir DoS saldir1 tespit
stratejisi tasarlanmistir (Ohira ve ark., 2020).

Khateeb, Bayes tahmin teknikleri araciligiyla
davranis analizi kavramlarmi kullanarak siber
tehdit 6nleme i¢in proaktif anomali tespiti igin
bir yaklagim sunmus, bu calisma esnekligin
onemli oOlglide arttigim1 ve yeni kotii niyetli
amaglar1 tahmin etmek icin denetimli makine
Ogreniminin gerektirdigi zaman maliyetini
azaltigin1 gostermistir (Al-Khateeb ve ark.,
2018).

Altyapt saldirilarii savunmak igin ise; siber
giivenlik mimarisi, gilivenli toplama, yazilim
tanimli gilivenlik ve kimlik dogrulama dahil
olmak iizere birkag strateji vardir. Bulut tabanh
yontem, CAV (Connected and Autonomous
Vehicles)'lerin altyapisindaki siber saldirilari
tespit etmek ve azaltmak icin kullanilir. islam,
aragtan altyapirya uygulamalara yonelik siber
saldirilar1 tespit edip Onleyebilen yeni bir
aractan altyapiya siber giivenlik mimarisi
tasarladi (Islam ve ark., 2018). CAV'lerin
altyapisi i¢in yeterli diizeyde koruma saglamak
icin, gilivenlik mekanizmalarint  donamim
katmanindan bir yazilim katmanina
soyutlayarak ~ yazilm  tamimli  giivenlik
kullanilabilir.

Kritik birimler de dahil olmak iizere agin geri
kalanina erigsmek igin bir bilesendeki giivenlik
aciklarindan yararlanan tehdit aktorlerinden
kaginmak igin ag  bolimlendirilmesi
uygulanabilir. CAN veri yolu araciligiyla
baglanan herhangi bir bilesen i¢in kimlik
dogrulama veya yetkilendirme uygulanmalidir.

CAN veri yolundaki trafigin sifrelenmesi bilyiik
onem arz etmektedir. Giivenlik calismalar
ayrica siber saldirilar1 6nlemek igin anormallik
algilama mekanizmalarinin  uygulanmasini
Oonermektedir.  Bir  anormallik  algilama
mekanizmasi, aragtaki herhangi bir bilesen i¢in
"normal" davrams kaliplarindan yararlanabilir.
Bu taban ¢izgisinden herhangi bir sapma analiz
edilmeli ve karsi onlemler potansiyel olarak
etkinlestirilebilir.

Antivirlis yazilimi, kotii amagli yazilimlar
tespit etmek, engellemek ve sistemden
kaldirmak i¢in dosyalar1 tarayan bir gilivenlik
¢Oziimiidiir. Ko6tlii amagh yazilimdan koruma,
bilinen ve bilinmeyen kotii amagl yazilimlan
algilamak i¢in bulugsal yontemler, genel ve 6zel
imzalar kullanir (Huq ve ark., 2020).
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Kaspersky firmasinin sadece bagli akilli araglar
icin Urettigi glivenlik ¢oziimleri; giivenli
yazilimin yiiriitiilmesini saglar ve siber saldir1
ile koti amagl yazilimin yanm sira rastgele
yazilim hatalarma kars1 koruma saglamakta
ayrica araglara iliskin siber gilivenlikle ilgili
eksiklikleri ortaya ¢ikarmaya, analiz etmeye ve
gidermeye yardimcr  olmaktadir.  Ancak
antivirlis benzeri yazilimlar genel olarak
giivenlik acisindan higbir zaman yiizde yiiz
giivenlik saglamazlar.

3.6. Cok Katmanh Savunma Sistemi

Baglantili ara¢ ve bilgisayar korsanlarinin
varlig1 artik hayatin bir pargasi bu nedenle
giivenlik, akilli ara¢ tasariminin ayrilmaz bir
pargast olmaktadir. Arag¢ giivenligi biiylik bir
konu ve bunu yonetilebilir parcalara (zaman ve
elektrik ekseninde) ayirabiliriz (Birnie ve Van
Roermund, 2016). Cok katmanli yapiya sahip
olan savunma sistemi, farkli katmanlarda
giivenlik  saglayarak asla aracin  siiriis
kontroliiniin elde edilememesini ve siirekli
kimliklendirme ve farkli katmansal korumalarla
tam giivenligi hedefliyor. Giinlimiizde bu
sistemin en Onemli gorevi, her koruma
katmaninin etkin olup olmadigimi iki kez
kontrol etmek olacaktir (Denman, 2012).

3.6.1. Cok Katmanh Savunma Sisteminin
Yapisi

Akilli Ulasim Arag aglari, temel olarak, veri
toplamak icin ¢esitli sensorlerle birlikte araglar
arasi iletisim sistemlerinden olusur. Herhangi
bir agda oldugu gibi, arag¢ aglar1 da katmanli bir
mimariye sahiptir; ancak geleneksel ag
katmanl yapidan farklidir. Birlikte
calisabilirlik, olgeklenebilirlik, giivenilirlik ve
modiilerlik gibi 6zellikleri ele almak i¢in agik
ve esnek katmanli bir yapiya ihtiyag vardir. Cok
Katmanli Savunma Sistemi, {i¢ katmandan
olugsmaktadir; Algilama Katmani, Ag Katmani
ve Uygulama Katmani.

Uygulama | Yaniltma
Katmani ‘ Saldirlari, GPS
Dinleme

Tekrarlama,
| Sybil, DoS
Saldirilari

Kanstirma
1 (Jamming)

Saldinlari

Sekil 5. Cok katmanli savunma sisteminde
katmanlara gére saldirilar
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3.6.1.1. Algilama Katmam

Algilama katmani, ii¢ katmanlt mimaride en
alttaki katmandir. Bu sistemde, fiziksel ve veri
baglant1 katmanlar birlikte algilama katmanini
olusturur. Bu katman, mevcut sensorler
araciligiyla ¢evre hakkinda bilgi toplamaktan
sorumludur. Toplanan veriler siiriis diizenleri,
gevre kosullari, ara¢ durumlar1 ve ¢ok daha
fazlasiyla ilgili olabilir. Bu katman, RFID
etiketleri, kablosuz sensor aglart (WSN'ler) ve
NFC gibi ¢ok sayida algilama teknolojisinden
olusur. Bu katmanda gerceklestirilen ana
gorevler:

e Nesneler hakkinda veri toplayarak
cevredeki fiziksel nesneleri akilli aracin bir
pargasi olarak benzersiz sekilde tanimlama.

e Algilanan verilerin dijital sinyallere
donistiriilmesi.

e (Cevredeki nesnelerden toplanan verilerin
ag iletimi ve iglenmesi i¢in iist katmanlara
gonderilmesidir.

3.6.1.2. Ag Katmam

Alt katmandan alinan veriler islenir ve
uygulama katmanina iletilir. Bol miktarda veri,
LAN, kablosuz/kablolu aglar ve Wi-Fi,
Bluetooth veya Zigbee gibi bir iletim ortami
gibi ag teknolojileri kullanilarak islenir. Bu
katman, baglantiyr saglamaktan sorumlu
oldugu i¢in uygun bir sekilde iletisim katmani
olarak adlandirilir. Bu katman, aragtan diger
araglara (V2V), altyapiya (V2I), yayaya (V2P)
ve diger sensorlere (V2S) kadar tiim iletisimi
yonetir. Bu katman tarafindan kullanilan
iletisim ortami, kesintisiz baglanti saglamak
icin Wi-Fi, Bluetooth, GSM, LTE vb. i¢erebilir.
Bu katmanin gorevleri:

e Algilama katmam bilgileri ag destegi
tarafindan islenir.

e Islenen sensor verileri alinir/iist katmana
iletilir.

e Giivenli veri iletimi, fiziksel nesnelere
IPV6 adreslemesi atar.

3.6.1.3 Uygulama Katmani

Uygulama katmani, veriler i¢in hem depolama
hem de islemlere kaynak saglayan gii¢
merkezidir. Ana sorumluluklar veri yonetimi,
depolama, isleme ve hatta karar vermeyi igerir.
Katman ayrica biiyiik veri analizi, WSN'ler,
bulut bilisim vb. i¢in destek saglar. Bu katman
ayrica uygulama katmam ve i3 katmanina
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boliinebilir. Bu katman, tim akilli ulagim arag
platformu i¢in bir 6n ug¢ gorevi goriir. Bu
katmanin ana islevi, farkli uygulamalarin
yonetimini kolaylastirmaktir. Tagit uygulamasi
dagitim platformlari, ulasim, saghk ve
bankacilik gibi ¢esitli uygulamalar arasinda
ayrim yapmak i¢in kullanilir. Ayrica, is alt
katmani, son verileri yonetir ve veri giivenligi
ile ilgilenmektedir.

3.7. Cok Katmanh Giivenlik Sisteminin
Incelenmesi

Cok katmanli savunma sistemi, otomotiv ana
linitesini ve bu {initenin ara¢ tiizerinde tam
kontrole sahip olup olmadigini izleyerek siber
saldirilart tespit ediyor. Oncelikle, otomotiv ana
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iinitesi, aracin internete olan ana baglantisidir.
Buna dikkat etmek, araci siber saldirilardan
korumanin anahtaridir. Ayrica, arka planda
stirekli calisan bilgisayar giivenlik
programlariin aksine, bu teknoloji yalnizca
kotii niyetli siber saldirt mevcut oldugunda aktif
hale gelerek sistem islem yiikiinii azaltir.
Ayrica, Fast Secure Boot teknolojisi sayesinde
sistem ylizde 90 daha hizli agiliyor ve
otomobilin otomotiv ana {nitesine gomiilii
yaziliminin biitiinliigiinii dogrulamak i¢in daha
hizli ve daha giivenli Onyliklemelere izin
veriyor.

Gic Aktarma
QOrganlan

Siris Konfrol

| Talimat Algilama Givenli Onyikleme

Geleneksel Glvenlik
Fonksiyonu

Sekil 6. Cok katmanli savunma sistemi gorseli

Cok katmanli savunma teknolojisi, halihazirda
mevcut olan giivenlik islevlerini giiglendirerek
baglantili araglar i¢in giivenlik Onlemlerini
artirmay1r amagliyor. Daha Once gelistirilen
endiistriyel teknolojilerden uyarlanan sistemin
dikkat c¢eken oOzellikleri ise asagidaki gibi
stralanabilir:

e Aracin kontroliinii ve konsolunu ele
gecirme odakli siber saldirilart tespit ediyor
ve bunu sisteme miimkiin oldugunca az yiik
bindirerek yapmay1 amaglar.

e Standart bir baslama (boot) siirecine sadece
%10°dan az bir siire ekleyerek sistem
calismaya baghiyor. Sistem acilisina
etkisinin  kisa  olmast  teknolojiyi
kullanilabilir yapan detaylardan belki de en
onemlisi.

e Aracin internet ve diger bagantilarini da
kontrol ederek olas1 bir atagi baglamadan
engellemeyi amaglar.

e (Cok katmanli savunma teknolojisi, aracin
internet ile ana baglantisi olan otomotiv ana
initesinin giivenlik islevlerini
giiclendirerek aracin giivenliginin
artirilmasii saglar. Gelistirilen teknoloji,
siirli makine kaynaklarina ihtiya¢ duyan
elektrik giicii, dogalgaz, su, kimyasallar ve
petrol sistemleri gibi kritik altyapilar i¢in
gelistirilmis ¢ok  katmanli  savunma
teknolojilerinden ilham almarak
uyarlanmisgtir.

Bu sistemde her katmanda gergeklestirilen
saldir tespit edildigi anda katman olarak veya
sistem kendini yeniden baglatma siirecine girer.
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Cok katmanli savunma teknolojisinde katmanin
yeniden baglamasi biitiin sistemin baglatilmasi
engellenerek daha hizli  bir baglatma
gerceklestirilir.

4. Bulgular ve Degerlendirme

Cok Katmanli Savunma Teknolojisi, giivenli
onyiikleme 6zelligi, onyiikleme iglemi sirasinda
yazilmin  biitlinligliniin ~ dogrulanmasim
saglamaktadir.  Geleneksel bir  giivenli
onyiikleme, islem icin nispeten zaman
dezavantajina sahiptir, ¢linkii tiim yazilimlarin
yiiklenmesi ve dogrulanmasi gerekir. Cok
katmanli savunma sistemi, sorunu ¢ézmek igin
yazilimin temel parcalarina odaklanarak
dogrulama gerektiren  veri miktarini
azaltmaktadir. Cok  katmanli  mimari
sistemlerde verilerin iletimi ve korunmasi
katmanlar arasindaki donanimsal ve yazilimsal
uygulamalara bagli olarak degismektedir.

Saldiri Onleme Sonuglari

60
50
40
30

20
10
0

Cok Katmanh Savunma Diger Savunma Sistemleri
Sistemi

m Yapilan Saldin Sayisi m Onlenen Saldin Sayisi

Sekil 7. Cok katmanli savunma sistemi ve diger
savunma sistemlerinin grafigi

Bu yeni teknoloji, normal bir dnyilikleme dizisi
icin zamanin %10'undan daha azina ihtiyag
duymaktadir. Cok katmanli Savunma Sistemini
kullanan 50 adet akilli ve baglantili araca
gerceklestirilen saldirilarin - %80°ni  basarih
sekilde oOnlendigi gozlemlendi farkli siber
saldir1 6nleme sistemine sahip araglara yapilan
saldirilarin ancak %50’si 6nlenebilmistir.

5. Sonu¢

Akilli ulagim araglarinda son yillarda gelisen
teknolojilere bagl olarak giivenlik sorunlar1 6n
plana ¢iktig1 tespit edilmistir. Bu araglarda
giivenlik saglanmadigi durumlarda ortaya can
ve mal gilivenligi sorunlar1 beraberinde
gelmektedir. Akilli ulasim sistemlerinin ve
otonom araclarin konuglandirilmasi igin gerekli
Aractan Araca (V2V) ve Aragtan Altyapiya
(V2]) ara yiizler, potansiyel saldir1 ylizeyini ve
saldir1 vektorlerini biiyiik ol¢iide genislettikleri

Akilli Ulagim Sistemleri ve Uygulamalar1 Dergisi Cilt:5 — Sayi:1

icin giivenlik risklerini daha da artirmaktadir.
Sonug¢ olarak, ¢ok katmanli savunma sistemi
her ne kadar yeniden bagslatma ile %10’luk bir
zaman maliyetine sahip olsa da yapilan siber
saldirilar1 6nleme konusunda diger savunma
sistemleri veya siber saldin  Onleme
teknolojilerinden daha bagarili sonuglar elde
etmistir. Bu kapsamda, gelismekte olan akilli ve
baglantili ulagim araglarinda bu yeni siber
saldir1 Onleme teknolojisinin arastirilmast ve
gelistirilmesi i¢in daha fazla biitge ayrilmasi
planlanmakta  ve  yapilan  saldirilardan
dogabilecek her tiirlii zararim da minimum
seviyeye c¢ekilmesi hedeflenmektedir. Artan
akilli ulagim araci pazari ile birgok arag iiretici
firma bu konu iizerinde AR-GE calismalari
yapmakta ve biiyiikk 0lgekli  biitgeler
ayirmaktadir. Son olarak bu arag¢ iiretici
firmalarinin  giivenligin saglanmasi amaci ile
AR-GE calismalarinda ayiracaklart yatirim
biitgeleri y1l bazinda arttirilmasi gerekmektedir.
Bu artiglara ilave olarak bu alanda yetkin
personellerin sayisinin arttirilmasi ayrica dnem
kazanmis durumdadir ve bu konuda yapilacak
yatinmlar ic¢in devlet politikalar1 mutlaka
desteklemelidir.

Arastirmacilarin Katki Orani Beyani

Yazarlarin galigmadaki katki oranlar esittir.

Destek ve Tesekkiir Beyani

Calisma herhangi bir destek almamuistir.
Tesekkiir edilecek bir kurum veya kisi
bulunmamaktadir.

Cikar Catismasi Beyani
Calisma kapsaminda herhangi bir kurum veya

kisi ile ¢ikar ¢atismasi bulunmamaktadir.
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Ozet: Tiirkiye nin en biiyiik metropolii olan Istanbul’da trafik ve toplu tasima sistemi kent sakinlerinin
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Istanbul’da yasanan taksi sorununun incelenmesi ve degerlendirilerek dogru bir karar siireci
isletilmesine katk1 sunulmasi, yerel yonetimler i¢in hayati 6nem tasimaktadir.

Anahtar Kelimeler: Istanbul, Taksi, Ulasim Yo6netimi, Trafik, Mevzuat, Ulastirma Politikas1

Transportation policy solutions on istanbul commercial taxi service
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1. Giris

Glnlimiizde yasanan hizli niifus artisinin
etkisiyle daha da kalabalik hale gelen kent
niifusu 3 milyari gecerek ve toplam niifusa orani
%47’ye kadar gelmistir. Bu rakam, Tiirkiye’de
%65’ler civarinda iken Bat1 Avrupa iilkelerinde
%80’lere kadar yiikselmektedir. (Ates ve Onder,
2019). Kent merkezlerinde yogunlasan bu niifus,
kentlerin ulagim ve altyap1 gibi konularda birgok
sorunu  da beraberinde getirmistir. Kent
yasaminin kiiresel sorunlar1 arasinda yer alan
konularin basinda ulasim, yonetim, su, atik,
kirlilik, arazi kullanimi1 gibi konular yer
almaktadir. Kentsel sistemlerin ¢evre ve insan
sagligma olumsuz etkileri, kent yagsamini farkli
bir acidan tartisthir duruma = getirmistir
(Kocakaya ve Engin, 2020).

Kalabaliklagsan kentlerde yolcular i¢cin mevcut
sistemlerin hareketliligi, 6zellikle basarili bir
optimizasyonun oldugu kentsel sistemlerde
organize bir altyapiya ihtiya¢ duyulmaktadir.
Artan talebin kargilanabilmesi igin biiyiik altyap1
yatirimlarina ihtiya¢ duyulmaktadir. Pandemi
donemine  kadar yolcu egilimleri ise
yolculuklarin 6zel araglardan toplu tagima
araglarina gecis yoniinde olur iken, idareler de
toplu tasima payini 6nemli 6l¢iide artirmak {izere
yatirrm yapmaya yoOnelmislerdir. En ¢ok
kullanilan toplu tagima tiirleri ise metro, tramvay
veya otoblis gibi tasitlardan olusmaktadir. Bu tiir
ulasim, genellikle merkezi bir hizmetin optimum
sekilde caligmasimi saglamak ig¢in son yillarda
gelistirilen akilli ulagim sistemleri teknolojilerini
kullanan bir yonetim ile miimkiindiir. Ne yazik
ki, Toplu Tasima sistemlerinin esnek olmamasi,
toplam seyahat siiresinin uzun olmasi ve yetersiz
hizmet kapsami1 gibi nedenler ile ¢ogu
metropolde, bazi yolcular igin daha diisik
kullanim oranlarina dogru ilerlemektedir. Bu
yolculuk talebi i¢in toplu tagimanin tam tersine,
ticari taksi tagimaciligi daha uygun bir mod
olarak one ¢ikmaktadir (Salanova vd., 2011).

Ticari taksilerin tanimina iliskin pek ¢ok farkli
kaynaktan bilgi alinabilir. Bunlar i¢inden en
giivenilir olanm1 devlet dili ile yapilmis olan
tanimlamalardir.  28.11.1980 tarihli resmi
gazetede yayimlanan 2343 sayili kanunda Taksi
tanimi su sekilde yapilmistir; “Taksimetre,
tarife, pazarlik veya sair sekillerde tespit olunan
ticretle yolcu tagiyan otomobil, kaptikagcti, panel
ve arazi tasitidir.” Bu tanima gore taksi i¢in
belirlenmis bir tarife ile yolcu tasima isi yapan
belirli arac¢ tiirleri isaret edilmistir. Bir baska
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tammlama ise IBB “Ticari Taksi ve Taksi
Dolmus Yonergesi” i¢inde yer almaktadir. Bu
yonergede Taksi i¢in; “Yapist itibariyle soforii
dahil en fazla 9 (dokuz) oturma yeri olan, insan
tasimak i¢in imal edilmis bulunan ve taksimetre
ile yolcu tasiyan ticari motorlu aract”
tanimlamasi yapilmistir.

Ticari Taksi tasimaciliginda noktadan noktaya
tasima vardir ve 24 saat esasli hizmet
verilmektedir. Taksi yolcu tagimacilig1 esnekligi
yiiksek bir toplu tasima sistemi olarak da
tamimlanabilir. ~ Trafik  yogunlugu  veya
beklenmedik bir duruma karsi dinamik olarak
rotalama yapabilir. Bu 6zellikleri ile kalabalik
kentlerde yolcular tarafindan tercih edilen bir
ulasim aracidir (Bausmer, 2021).

2. Istanbul Ticari Taksi Yapisi

Istanbul Biiyiiksehir Belediyesi sinirlarinda
resmi olarak 17395 taksi bulunmaktadir.
Agustos 2021°de gecen IBB UKOME kurulu
karar1 ile minibilis ve taksi dolmus doniisiim
karar1 ile sisteme 1000 taksi daha katilmasi
kararlastirtlmistir. Bu karar da  dikkate
alindiginda Istanbul i¢in 18395 adet taksi ¢aligir
durumda  olacaktir.  istanbul  Biiyiiksehir
Belediyesi ticari taksi ve taksi dolmus yonergesi
kapsaminda calisan bu taksiler, her yil ruhsat
diizenleme wusuli ile ¢alismalarina devam
etmektedir. Calisma usiil ve esaslari, ara¢ ve
sofor nitelikleri, durak yerleri, denetim ve
yaptirim maddeleri ile tiim ¢aligma sistemi
belediye tarafindan belirlenmektedir. Bu acgidan
bakildiginda o6zetle Istanbul’da ¢alisan tiim
taksiler Istanbul Biiyiiksehir Belediyesi'nce
belirlenen kurallar kapsaminda
calisabilmektedir.

Istanbul’da hali hazirda var olan taksi yapismin
yetersizligi, Istanbullular tarafindan belediyeye
bildirilen sikayetler, yerel yonetim erkinin
sisteme yeni taksi ilave etme talebinin
dogmasina neden olmustur. Bu talep sonucunda
Istanbul genelinde 5000 adet taksinin sisteme
dahil edilmesi yoniinde bir talep UKOME
kuruluna iletilmistir.

Bu talep amaci ve yasanan sorunlar dahilinde
degerlendirildiginde, Istanbul’'un daha fazla
sayida, nitelikli ve organize olmus bir taksi
sistemine ihtiyaci oldugu bilinmektedir. Yerlesik
niifusu 16 milyona ulasan Istanbul’da yerli ve
yabanci hareketliligi de dikkate alindiginda
17.395 adet taksinin Istanbul igin yeterli
olmayacagi agiktir. Ancak sorunu taksi sayisi ile
sinirlandirip, diiz bir mantik ile yaklasmak da
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eksik bir degerlendirmeye neden olur. Taksi
sayisinin artmasi, igletmenin belediye tarafindan
yapilmasi, diizen saglanmaya caligilmasi gibi
pek c¢ok gerekge ile taksi sisteminin
iyilestirilmesinin istenmesi 6nemli ve kabul
edilebilir bir hedeftir. Hedefe ulasmak i¢in de
oncelikle mevcut sistemin iyilestirilmesi,
calismakta olan taksiler i¢cin Belediyenin gorev
ve yetkileri arasinda bulunan konularda diizeni
saglamasi gerekli olacaktir.

2.1. istanbul Taksi Sistemi Sorunlari

Istanbul’un en énemli taksi tasimaciligi sorunu
korsan taksi seklinde isimlendirilen yasal
olmayan taksi hizmetinin yogunlugudur. Ge¢mis
senelerde uluslararasi bir tasimacilik sirketi olan
Uber sistemi ile miicadele eden taksi esnafi, son
yillarda korsan taksi ile miicadele etmek
durumunda kalmistir. istanbul genelinde durak
kuran, cagri merkezi gibi sistemli yapilar kuran
korsan taksicilik, Istanbul’da taksi esnafinin
nitelikli bir hizmet vermesini ve adaletli bir
sistemin olusmasini engeller iken haksiz
rekabete de yol agmaktadir. Bu durum korsan
taksiciligin varligin1 olagan bir durum olarak
algilanacak sekilde yayginlasmis durumdadir.
2011 yilma gelindiginde korsan taksi konusu
ilke giindemine oturmus ve “Korsan taksi
yasast” adi ile bilinen uygulama, 2011
seciminden yaklagik bir yil sonra yiiriirlige
girmistir. Yasanin yiiriirliige girmesinden once
Istanbul’da 60 bin korsan taksi oldugu tahmin
edilir iken yasa caligmasi sonrasinda ise bu
sayinin 30 binler civarina diigmiis oldugu iddia
edilmektedir. Istanbul’da mevcut yasal statiilii
ticari  taksi  sayismin  17.395  oldugu
diisiiniildiigiinde, korsan taksi sayisinin kabul
edilemez  boyutlarda  oldugu  ortadadir
(Aydmonat, 2013).

Ikinci siraya konabilecek bir diger sorun ise
Istanbul’da  olduk¢a yaygin bir sekilde
uygulanan galeri kiralama yapisidir. Bu sistem
icindeki plaka sahiplerinin 6nemli bir kesimi
aracin1 veya plakasini galeriye kiralamakta,
galeriden belirli bir kira bedelini sabit ve
garantili olarak almaktadir. Kiralama islemini
gerceklestiren galeriler ise bu plakalar1 piyasada
kiraya vermekte, kiraya verdiklerinden de belirli
bir bedel dahilinde pay almaktadirlar. Galeri
kiralama sisteminin yapmis oldugu bu islem en
net tanimi ile komisyonculuk olup kendisini de
sistemin en  karli  oyuncusu  olarak
konumlandirmaktadir. Istanbul’da en son 1998
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yilinda taksi tagimaciligi ihalesi yapilir iken
bugiine kadar taksi plakasi sayis1 17,395 olarak
sabit kalmistir. Ulke genelinde 76,150 taksi
plakasi oldugu bilinmektedir. Bu plakalara kag
kisinin sahip oldugu bilinmemekle birlikte
“bijon hisse” denilen ve plakanin %6.25’ine
tekabiil eden hisse paylarmin bile var oldugu
bilgisine sahip durumdayiz. Bu piyasaya ise
plaka kiralayan galericilerin yon verdigi de
bilinmektedir  (Inci,  2018). Kiralama
islemlerinde, ayni plakanin hem Anadolu hem de
Avrupa yakasinda kiraya verildigi gibi pek ¢ok
yasa digt uygulamanin gerceklestirildigi de
kamuoyunda yer alan haberlere yansimaktadir.
(Url-1, 2022). Bunun denetimi ve 6nlenmesi ise
IBB ulasim yonetimi sorumlulugundadir. Kald:
ki galeri yapisiin aracit  pozisyonunun
kaldirilmasi ve engellenmesi de IBB tarafindan
yapilacak diizenleme ve denetimler ile ortadan
kaldirilabilir.

Onemli sorun olarak nitelendirebilecegimiz
ticiincil konu ise turizm tagimacilik belgeli (9+1
kapasiteli) araclardir. Sekil 1’de yer alan
ozellikle biiyiik otellerin 6niinde bekleyen bu
genis otomobil tarzi liikks araclardan bir kismi
oteller ile anlasarak taksi gibi ¢alismakta, haksiz
bir rekabet olusturmaktadir. IBB tarafindan
belgelendirilen bu araglarin bir kesimi de
Istanbul taksi sisteminin kural dist tasimacilik
sektoriinii olusturmaktadir.

Sekil 1. Turizm Servis Tagimaciligr Araci, (Url-
2,2022)

Gecmis yillarda biiyiik tartismalar yaratan Uber
sorunu da bu durumun bir benzeridir.

Yukarida anlatilan ¢ 6nemli sorun disinda
Istanbul taksi sisteminin bilinen ve sikc¢a dile
getirilen diger sorunlari ise sdyle siralanabilir;
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Trafik kurallarina uymama ve tehlikeli arag
kullanma.

Yakin mesafeye miisteri gotiirmek istememesi.
Taksimetrelerini hileli sekilde kullanmasi.

Taksimetreyi agmayarak miisterileriyle pazarlik
etmesi.

Miisterilerine karsi saygisiz davranmasi.
Araglarda sigara igmesi.

Araglarin bakimsiz veya eski olmasi.
Araglarin pis ve kirli olmasi.

Miisterilerinin para vermediklerini ve ya eksik
verdiklerini iddia ederek ikinci defa {icret
almaya caligmasi (Aydinonat, 2013).

Yukarida Ozetlenen genel sistem sorunlar
¢oziilmeden veya ¢6ziimii i¢in adim atilmadan
Istanbul taksi sistemi sorununun ¢dziimii olas
gorinmemektedir. Mevcut hali ile sisteme
15.000 taksi dahi eklense trafik yogunlugu ve
bos gezen taksiler disinda Istanbul igin ¢dziim
olmayacaktir. Mevcut durumda ¢alisan 17.395
taksiye erisim imkani simirli iken belediye
tarafindan isletilmesi planlanan 1000 adet
taksiye erismek Istanbul gibi biiyiik bir
metropolde ¢ok biiyiik bir anlam tagimamakla
birlikte sistemde bir rahatlhik ve diizen
olusturmayacaktir.

2.2. Diinyada Ticari Taksi Sistemi

Diinya genelinde taksi hizmeti konusunda farkli
uygulamalar mevcuttur. Uygulama farkliliklar
isletme yapis1 ve tlirline gore farklilik
gostermektedir. Bu farkliliklar1 uygulama detay1
olarak kabul ettigimizde, ticari taksi sistemini
genel olarak iki kategoride degerlendirmek
miimkiin olacaktir. Bu kategorilerden ilki
Istanbul’da da oldugu gibi smirl1 taksi sayist ile
hizmet veren kentlerdir. Ulkemizde tahdit olarak
bilinen bu modelde kamu otoritesi ¢alisacak
taksi sayisin1 kendi yonetmelik ve yasalarina
gore smirlandirmaktadir. Londra ve Newyork
gibi kentlerde taksi sayilar1 istanbul’da oldugu
gibi kamu otoritesi tarafindan sinirlandirilmistir.

Ikinci  kategoride  ise  taksi  sayismi
sinirlandirmayan kentler bulunmaktadir. Serbest
piyasa kosullar1 hakim olan bu sistemde lisansh
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sirketler ihtiyaca gore taksi sayisini artirmakta
veya azaltmaktadir.

Avrupa geneline baktigimizda Kuzey ve Bati
Avrupa’da  c¢ogunlukla sirketler  taksi
isletmeciligi yapar iken Dogu ve Giiney
Avrupa’da sahislar tarafindan isletme yapilan
taksi  hizmeti oldugu gdzlemlenmektedir
(Yildizgdz, 2018).
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isvec
Nufus: 10,2 milyon
Taksi S. : 17.800
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Finlandiya
NUtus: 5,5 milyon
Taksi S. : 9.500

Taksi Yog. : 1,7 taksi/1000kisi Taksi Yog. : 1,7 taksi/1000kisi

Norveg

Nifus: 5,3 milyon

Taksi S. : 8.800

Taksi Yog. : 1,6 taksi/1000kisi

ingiltere

NUfus: 66 milyon

Taksi S. : 75.900

Taksi Yog. : 1,4 taksi/1000kisi

Hollanda

Nifus: 17 milyon
Taksi S. : 9.000
Taksi Yog. : 0,5 taksi/1000kisi

Belcika

NUifus: 11,3 milyon

Taksi S. : 4.000

Taksi Yog. : 0,4 taksi/1000kisi

Fransa

Danimarka
/ Ntfus: 5,7 milyon

1o Taksi S. : 4.200

Taksi Yog. : 0,7 taksi/1000kisi

Almanya

Nifus: 83 milyon

Taksi S. : 53.500

Taksi Yog. : 0,6 taksi/1000kisi

NUfus: 67 milyon
Taksi S. : 80.000
Taksi Yog. : 0,9 taksi/1000kisi

Sekil 2. Avrupa Ulkelerinde Taksi ve Niifus Oranlar: (Skubla, 2018).

Sekil 2° de gorsel olarak sunulan Avrupa
iilkelerinde taksi ve niifus sayilar1 ile taksi
yogunluklar1 yer almaktadir. Avrupa’da refah
diizeyinin ve turizm hareketliliginin yiiksek
oldugu secilen iilkelerde taksi yogunluklar1 1,7
ile 0,4 olarak degismektedir. Istanbul 6zelinde
bakildiginda ise yogunluk degeri 1,12 oldugu
bilinmektedir. Tiirkiye geneline bakildiginda ise
bu konuda net bilgiler iceren bir caligma
olmamasma karsin iilke genelinde yaklasik
97.000 taksi oldugu ve yogunluk degerinin de
yaklagik 1,15 oldugu tahmin edilmektedir (Url-
3).

Taksiler, kent i¢i ulasim sistemi i¢inde 6zgiin
tasima yapist nedeniyle kolaylikla toplu
tasimanin bilinen formundan ayrilmaktadir.
Daha eski bir yolcu tagimacilik sistemi olan taksi
hizmeti, Ingiltere’de 1847 yilindan beri yasal
olarak tanimlanmis, lisansli bir sekilde g¢aligir
iken ABD’de ise 20.yiizyilin baslarindan
itibaren varligm siirdirmektedir  (Cooper,
Mundy, & Nelson, 2010, s. 15-17).

Taksi sistemi i¢in yapilmis yasal diizenlemeler,
dogrudan hizmet sunum sekillerini etkiler iken
ozellikle lisanslama ve sektordeki ara¢ sayisi
sinirlamasi, sistemin en ¢ok elestirilen tarafini
olusturmaktadir. Taksi sayisinin kamu otoritesi
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tarafindan siirlandirilmasi, sektorde
tekellesmeye neden olmakta, hizmet kalitesini
de diistirmektedir (Cetin & Eryigit, 2011, s. 478).

3. Istanbul Taksi Sistemi Iyilestirme
Cahismalan

Istanbul’da taksi hizmet kalitesinin artirilmasi
amaci ile bazi caligmalar gergeklestirilmigtir.
Taksi hizmet kalitesinin yiikseltilmesi amaci ile
taksilerde kullanilan araglar farkli segmentlere
ayrilmis, soforlere bazi standartlar ve egitim sarti
getirilmis, daha konforlu ve nispeten liiks
sayilabilecek araglar ile taksicilik yapanlar i¢in
tarife farki olusturulmus ve Istanbullular igin
daha nitelikli bir taksi yapisinin planlandig:
bilinmektedir (Url-4, 2022). 2016 yilinda ilk
calismas1 yapilan taksi segment calismasinin
sonuglar1 da arzu edildigi gibi hizmet kalitesini
artiric1 yonde olmadi.

Yine gecmis donemlerde yapilan bir bagka
calisma da Istanbul’a &zel bir taksi modeli
olusturma ¢alismasidir. 2011 yilinda BB
tarafindan kamuoyuna sunulan “Istanbul igin
Ticari Taksi Model Tasarimi Proje Yarigmasi1”
ile Istanbul’da yeni bir taksi modeli secilmistir.
340 bin kisinin oy kullandig1 yarismada Sekil
3’de yer alan B tipi taksi tasarimi %42,1 oy
alarak birinci se¢ilmistir.

-
YGULAYICILAR VE PROFESYONELLER KATEG

EL AMAGLI TAKSI

Sekil 3. Istanbul icin Ticari Taksi Model
Tasarimi Proje Yarismasi birinci segilen tasarim
(Url-5, 2022)

Ticari taksi hizmetinin niteligini artirmaya
yonelik bu yarismada farkli kategorilerde birinci
secilen araglar bulunmasma ragmen iyi niyetli
bu calisma da sonuca ulasmamuistir.

Istanbul’un bu alanda yaptig1 bir baska ¢aligma
da yeni nesil teknolojilerin kullanimi ile ticari
taksilerde  kalite, denetim ve  miisteri
memnuniyetini artirmaya yonelik hazirlanan
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“itaksi” wuygulamast olmustur. Kamuoyuna
“itaksi” ismi ile aktaruilan bu ¢alisma ile taksiler
merkezi bir yazilima bagli olacak, cagn
yonlendirme mobil uygulama ile yapilacak ve
taksilerin igine yerlestirilecek ekran ve kamera
sayesinde hem miisteriyi hem de taksi
kullanicisini giivence altina almay1 hedeflemisti.
Istanbul icin 6nemli bir akilli kent uygulamasi
olarak sunulan itaksi uygulamasi ile zaman ve
enerji tasarrufu saglanacak, yolda bos gezen
taksi sayis1 da azalacakti. Kismen uygulamasi
tamamlanan bu ¢aligma da kent genelindeki tiim
taksilere yayginlastirilamamast nedeni ile
amacina ulasmamustir.

3.1. istanbul’da Ticari Taksi Hizmetinin
Mevzuat Altyapisi

Istanbul’da hizmet veren 17395 ticari taksinin
caligma usul ve yontemlerinin belirlenmesinde
yetki IBB UKOME kurulundadir. UKOME
kurulu kendisine verilen gorev ve sorumluluklar
kapsaminda taksiler ve diger toplu tasima
araglart icin c¢alisma usul ve yontemlerini
belirleyen  yonergeleri  hazirlatmakta ve
mevzuata uygun hale getirerek uygulamaya
sokmaktadir. Istanbul’da ticari taksilerin ¢alisma
usuliine iliskin en net bilgiyi, “Istanbul Ticari
Taksi ve Taksi Dolmus Yonergesi” bize
vermektedir. Taksilerin ¢alisma usul ve esaslari
ile Belediyenin gorev, yetki ve sorumluluklarini
tanimlayan bu yonergede bir taksinin ne sekilde
caligabilecegi acikeca  tanimlanmig ve
yayimmlanmistir. Bu yonergeye gore; Taksiler
icin her yil IBB tarafindan calisma ruhsati
diizenlenmekte, takip sistemi kullanimi zorunlu
kilinmakta, korsan tagimaciliga karsi yaptirimlar
belirtilmekte, soforlerin egitim kosullar1 ve buna
bagli olarak sofor karti ile ¢aligma zorunluluklari
tanimlanmigtir. Ayni yonergede tanimi yapilan
tiim bu konular i¢in uyulmamas: halinde arag
baglamadan, para cezasina ve hatta ruhsat
iptaline gidebilecek yaptinmlar da agikca
belirtilmistir. Istanbul’da taksi ¢alisma sistemi
ile ilgili genel kabul gérmiis ve tiim taraflarin
altina imza atmis oldugu bu yonerge var iken
oncelik, ulagim yonetimince yonergeden gelen
yetkiyi kullanmak, gorev ve sorumluluklarini
yerine getirerek denetimleri ve yaptirimlari
uygulamak yoniinde olmalidir. Bunun ard1 sira
Istanbul’'un ihtiya¢ duydugu yeni hizmet
talebinin degerlendirilmesi yine ayni yonerge ve
UKOME kurulu onay1 ile ger¢eklesebilecektir.
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Konuya iliskin bir baska mevzuat igerigi ise
taksilerin verilis ve isletme diizeni tizerinedir.
Ticari taksiler lilkemizde 10553 sayili “Ticari
Plaklarin Verilmesinde Uyulacak Usiil ve
Esaslar Hakkinda Karar” ismi ile anilan
Bakanlar kurulu kararina gore tesis edilmektedir.
Biiytiksehir yasasi ile ¢akigan noktalar1 olsa da
ilgili karar hala yiiriirlikte ve pek cok ticari
plakanim da temel hakkim olusturmaktadir. IBB
“Istanbul Ticari Taksi ve Taksi Dolmus
Yonergesi” Madde 5, 1 bendinde Ticari Arag
Tahsis Belgesi’'ni tanimlarken 10553 sayili
Bakanlar Kurulu Kararina atif yaparak bu karara
uygun bir yonerge ile calisildigini  kabul
etmektedir. 10553 sayili Bakanlar Kurulu Karari
amag olarak;

“...vatandasin ulasim ihtiyacimi karsilamak
tizere toplu tasimaciligin gelistirilmesi ve
disiplin altina alinmasi, korsan tagimaciligin
onlenmesi ve fiilen c¢aliymakta olan sofor
esnafinin  haklarinin - korunmas: maksadyla
taksi, dolmus, minibiis ve umum servis
araglarina verilecek ticari plakalarin saysi,
verilme usul ve esaslarini tespit etmektir.”
ifadesi yer almaktadir.

Yine aym bakanlar kurulu kararinda madde 3’de
ticari plaka verilebilmesi igin;

“Taksi, dolmus ve minibiislerde; soforliik
meslegini  gecim  kaynagr olarak se¢mis
oldugunu ve siirekli olarak icra ettigini beyan
etmis ve ilgili meslek odasina, ilgili meslek
odasinin  bulunmadigr yerlerde ise soforler
odasina iye olmak” sartt konulmustur. Bu
gozden bakildiginda IBB  ticari taksi
yonergesinde de atif yapilan Bakanlar Kurulu
kararina gore ticari taksi isletmecisinin 10553
sayili bakanlar kurulu kararina gore yapilacagi
IBB tarafindan da kabul edilmekte ve
yayimlamakta oldugu ticari taksi yonergesi ile
de ilan edilmektedir.

4. Oneriler

Yukarida anlatilan sorunlar, mevcut durum,
yurtdisindaki ticari taksi hizmeti ve mevzuata
iliskin yap1 ile birlikte degerlendirildiginde
Istanbul icin ticari taksi hizmetinin diizenli,
giivenli ve yeterli seviyeye ulagmasi i¢in bazi
oneriler sunmak miimkdindiir.

Istanbul gibi biiyiik bir metropolde en 6nemli
sorunun trafik yogunlugu oldugu bir gercektir.
Bir ulasim araci olan taksi hizmeti maddi
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tilketimi kadar zaman da tiiketir. Bu temel
gercek, diizensiz misteri hareketlerini  ve
seyahat siirelerini tahmin etme zorlugu,
planlama ve denetim agisindan 6zel bir ilgi ve
analiz calismasi getirmektedir. Kent trafigini
dogrudan etkileyen taksi sistemi, Ozel arag
kullanim oranin1 dolayl1 olarak etkiler. (Manski
and Wright, 1967). Bu durumda agikca ortaya
koymaktadir ki trafik yogunlugu ve taksi erigimi
arasinda Ozel bir iliski mevcuttur. Trafik
yogunlugunun st seviyelerde oldugu, gecikme
ve bekleme siirelerinin uzadig1 kentte taksi veya
diger toplu ulasim araglarina erisme imkan1 her
zamani  sikintili  olacaktir.  Kent trafik
yonetiminde acil ¢dziim adimlarmin atilmasi,
yolcularin ulagim araglarina erisimine en biiyiik
katkiy1 sunacaktir.

Oncelikle Istanbul’da “Korsan Taksi” ile
miicadele sorununun ¢Oziime kavusmasi
gerekmektedir. IBB ulasim ydnetimince “korsan
taksi ile miicadele planin1” hazirlanarak yetkili
kurula getirilmesi ve kurulun da destegini
almasi, sorunun ¢6ziimii i¢in atilabilecek ilk ve
en onemli adim olacaktir. Boyle bir adim ile
mevcut yasal ticari taksi isletmesinin haklarinin
korunmasi ve yasal olmayan yapilarin tehdidi
altinda caligmalarimi  engellemek miimkiin
olacaktir.

Bir diger ¢Oziim adimi ise ticari taksi
plakalarinin galeri izerinden kiralanmasina karsi
yasal haklar1 kullanmak olacaktir. 5393 sayili
Belediye Kanunu ve 5216 sayili Biiyiiksehir
Belediye Kanunu’nun vermis oldugu yetki ve
sorumluluklar dahilinde 10553 sayili Bakanlar
Kurulu'nun da isletmeci tarifi gerekge
gosterilerek  galeri lizerinden ticari plaka
kiralamalarina karsi miicadele etme imkani
bulunmaktadir. ilgili mevzuata ragmen farkl bir
isletme yapisinin zorlanmas1 ise cok daha
sakincali sonuglar doguracaktir. Mevzuatta
belirlenmis olan isletmeci ve plaka verilig
usullerinin dolayli yollar ile bozulmasi, sadece
taksicilerin degil, tiim “miiktesep” hakka sahip
tagimacilarin  6zIik haklar1 iizerinde geri
doniilmez bir siire¢ baslatacaktir. 10553 sayili
bakanlar kurulu karari yiiriirlikte iken yerel
yonetim tarafindan taksi isletilmesi, tim ulasim
sektorii esnafi agisindan huzursuzluk yaratan bir
kapt acacaktir. Bu alanda hata yapilmamasi
adina konuyu bilen ve bu alanda uzman olan
ulastirma miihendislerinden yardim alinmasi
faydali olacaktir.
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Istanbul’da yolcularin konfor ve giivenligi ile
0zel tasimacilarin huzurlu bir ortamda ¢aligmasi
icin yerel yonetim ve merkezi yonetimin birlikte
hareket edebilmesi, ticari taksi emekgilerinin ve

yolcularin  haklarim1  korumak konusunda
atilacak onemli adimlarin ikincisini
olusturmaktadir. Kent genelinde ulasim

yonetiminin sorumluluguna ve yetkisine sahip
olan IBB tarafindan bu alanda gerekli adimlarin
atilmasi, ticari taksi emekgilerinin de alin terini
gercek anlamda kazanmasina biyiik katki
sunacaktir.

Coziim icin lglncli adim olarak turizm
tasimaciliginin kendi isini yapmasini saglamak
olacaktir. Kente gelen turistlerin  grup
hareketlerini bir noktadan bir noktaya yapmalari
konusunda hizmet verme yetkisi bulunan turizm
tasimacilarinin,  asli  islerini  yapmalar1
saglanmali ve taksi gibi ¢alisan turizm araglari
denetleme ve takip yontemi ile ayiklanmalidir.
Bu adim ile turizm tasimacilif ile ticari taksi
tasimaciligt da net bir ¢izgi ile aynlacak,
sektorler arast1 Onemli bir tartisma da son
bulacaktir.

Yukarida sunulan {i¢ adimlik ¢o6ziim plani,
projelendirme ve uygulama siireci agisindan iki
aylik bir siirede sahada etkileri fark edilebilecek
uygulamalardir. Bu adimlarin uygulamasi ile
Istanbul’daki gercek ticari taksi ihtiyac1 ortaya
cikacak, kentin ulasim otoritesi konumunda
bulunan UKOME kurulunca bu ihtiyag
karsilanacaktir. Kurulda, bu ihtiyacin varligini
gostermek icin tasima sektoriindeki izinsiz ve
yasal olmayan ulasim fonksiyonlarina kars1 etkin
bir miicadele saglanmali, her tagimaci grubun
kendi 1isini yapmasi saglanmalidir. Yerel
yonetimin ilgili kanun ve yonergelerinden almig
oldugu vyetkiyi kullanarak oncelikle sorunlu
alanlart ¢6zmek ve ulagim yonetimine gorev
olarak verilen sorumluluklari yerine getirmek
sektoriin ve diger tiim ulagim paydaglarinin daha
nitelikli ve kurallara uyan bir yap1 igerisine
girmelerine neden olacaktir. ilk adimin iBB
ulagim yoOnetimi tarafindan atilmasi, kanun ve
yonergelerden gelen yetki ve sorumluluklarinin
geregini yaptigini gosterebilmesi yeterlidir.

Sorunun ¢oziimiine yonelik bir bagka Oneri ise
kenti¢i ulastirma yasasinin ¢ikartilmasidir. Yerel
yonetim, merkezi yonetim, yonerge, yonetmelik
ve farkli kanunlar ile karmasik bir diizenleme
yapisina sahip kenti¢i ulagim alaninda, konunun
tamamii kapsayan ve diizenleyen bir kentici
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ulagim yasasina ihtiya¢ duyulmaktadir. Son yedi
senedir farkli nedenler ile giindeme gelen kentigi
ulasim yasast konusunda yerel yonetimler ve
merkezi yonetim temsilcilerinin, sivil toplum
kuruluslari, ulagim alaninda calisan
akademisyenler, profesyoneller ile sektor
temsilcilerinin birlikte olusturacagi platform ile
kentigi ulagim yasasi caligmalarinin
sonlandirilmast ve mevcut kaos ortamina son
verilmesi {ilkemizin ulagim sektoriinde yasanan
pek ¢ok sorunun c¢oziimiine biiyiik katki
sunacaktir.  Yetki, sorumluluk, isletmeci,
denetim ve yolcu haklar1 konularinda gorev,
yetki ve sorumluluklart net bir sekilde
tanimlayacak kenti¢i ulasim yasasi, sektoriin
tim bilesenlerinin huzur ve giliven icinde
caligmasini saglayacaktir.

Destek ve Tesekkiir Beyani

Calisgma herhangi bir destek almamustir.
Tesekkiir edilecek bir kurum veya kisi
bulunmamaktadir.

Cikar Catismasi Beyani

Caligma kapsaminda herhangi bir kurum veya
kisi ile ¢ikar catismasi bulunmamaktadir
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Covid-19 Pandemisinin Esenboga Havalimani hava trafigine ve ucak
emisyonlarina etkisi
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Ozet: Havacilik sektoriiniin son yillarda gosterdigi gelisme ve bilyiime sonucunda ugus sayilar: 6nemli
Olglide artmistir. Uguglarda yakitin yanmasiyla meydana gelen maddeler c¢evre icin tehdit
olusturmaktadir. Artan hava trafigi ile ¢evreye verilecek zararin artisi kaginilmaz olmasina ragmen
olumsuz etkilerin azaltilmas1 i¢in c¢alismalar ve diizenlemeler yapilmalidir. Ucgus kaynakli
emisyonlarin hesaplanmasi, ¢evreyi koruyacak adimlarin planlanmasina ve uygulanmasina yardimci
olacaktir. Bu g¢alismada, Covid-19 pandemisinin Esenboga Havalimani 2019 ve 2020 yillar1 ugus
sayilarina ve inis kalkig(LTO-Landing and Take-off Cycle) asamasindaki emisyon degerlerine etkisi
aragtirilmistir. Emisyon hesaplamalarinda IPCC’ nin (Hiikiimetleraras1 Iklim Degisikligi Paneli)
onerdigi Tier yaklagimi kullanilmigtir. Caligmanin verileri Esenboga havalimanina inis ve kalkis yapan
ucak sayilari ve tipleri DHMI’ den (Devlet Hava Meydanlari Isletmesi) alinan 2019 ve 2020 yili ugus
istatistikleri kullanilarak elde edilmistir. Esenboga Havalimani toplam ugus sayisinin 2020 yilinda,
2019 yilina gdre %49,2 oraninda azaldigi tespit edilmistir. 4 farkli ucak tipinin, 2019 yilinda CO;
emisyon degerinin %86,05’ini, 2020 yilinda ise CO> emisyonunun % 87,18’ini olusturdugu
belirlenmistir.

Anahtar Kelimeler: Tier emisyon hesaplamalari, Esenboga Havalimani, emisyon, IPCC

Effect of Covid-19 Pandemic on Esenboga Airport air traffic and aircraft
emissions

Abstract: As a result of the development and growth of the aviation industry in recent years, the
number of flights has increased significantly. Substances produced by the combustion of fuel in flights
pose a threat to the environment. Although the increase in damage to the environment is inevitable
with the increasing air traffic, studies and arrangements can be made to reduce the negative effects. In
this study, the effect of the Covid-19 pandemic on the number of flights at Esenboga Airport in 2019
and 2020 and the emission values during the landing and take-off cycle (LTO-Landing and Take-off
Cycle) were investigated. The Tier approach recommended by the IPCC (Intergovernmental Panel on
Climate Change) was used in emission calculations. The number and types of aircraft landing and
taking off at Esenboga Airport were obtained using the flight statistics for 2019 and 2020 obtained
from DHMI (General Directorate of State Airports Authority). It has been determined that the total
number of flights to Esenboga Airport in 2020 decreased by 49.2% compared to 2019. It has been
determined that 4 different aircraft types accounted for 86.05% of the total CO emission in 2019 and
87.18% of the total CO; emission in 2020.

Key Words: Tier emission calculation, Esenboga Airport, emission, IPCC
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1. Giris

Atmosferdeki sera gazlar1  yeryiiziinden
yanstyan  giines 1smlarmin  tutulumunu
saglayarak canli yasamina ig¢in olanak
vermektedir. Ancak bu gazlarin kontrolsiiz bir
sekilde artig1 yeryliziiniin agir1 1s:nmasina ve
sera etkisine neden olmaktadir (Diindar ve
Kolay, 2021). EASA (European Aviation
Safety Agency/ Avrupa Havacilik Emniyeti
Ajans1) 2019 yili havacilik ¢evre raporuna
gore, 2016 yilinda havacilik sektdriiniin
Avrupa Birligi iilkelerinin trettigi toplam sera
gazi emisyonunun %3,6’s1 ve ulasim sektori
icindeki emisyon pay1 ise %13,4’tlir. Rapor,
Avrupa’da bulunan yillik hava trafik sayisi
50.000 iizerindeki biiyiikk havalimanlarinin
2017 yilinda 82 oldugunu, 2040 yilinda ise
110’a yiikselmesi beklendigi ve bu durumun
neden olacagt  havacilik kaynakli giiriilti
kirliliginin ~ insanoglunu etkileyebilecegini
belirtmektedir. (EASA, 2019). Ugak motoru
emisyonlarimin  yaklastk  %70’ini CO;
(karbondioksit) olusturmaktadir. %30 dan az
bir kism1 H>O (su buhart), %1’den az kismi ise
NOx (Azot oksitler), CO (karbonmonoksit),
SO, (kiikiirt dioksit), NMVOC(Non-methane
volatile organic compound /Metan olmayan
ucucu organik bilesenler), partikiiller ve
tehlikeli  hava  kirleticileri  igeren iz
bilesenlerden meydana gelmektedir (IPCC,
2006). Lund vd. (2017), havacilik kaynakli
meydana gelen ozon (O3), metan (CHa),
aerosol, NOx emisyonlarinin Diinya’nin farklh
bolgelerinde  sicaklik ve iklim degisikligi
iizerindeki etkilerini incelemislerdir. Ucak
motorlarmin ~ yanma  aktivitesi  sonucu
gokyiizlinde biraktig1 izlerin baz1 bolgelerde
100 yillik siire boyunca kalabildigi ve kiiresel
isinmaya sebep oldugunu belirtmislerdir.
Aydin ve Aydin (2021), bir Alman kurulusu
olan Atmosfair’in verilerini kullanarak 2011 ve
2018 yillar1 arasinda havayolu sirketlerinin
CO, verimliliklerini arastirmislardir. Sonug
olarak 100’den fazla havayolu sirketinin CO;
verimliliginde 2018 yili itibariyle olumlu bir
degisim olmadig1 belirtilmis ve havayolu
sirketlerinin CO, verimliligini artirmak ig¢in
onerilerde bulunmuslardir. Kuzu (2018), ugak
emisyonlarinin dzellikle kentsel bolgelerde
hava kalitesi iizerinde olumsuz etkilerinin
oldugunu ve insan sagligina, bitki Ortiisiine,
biyosfere etki ettigini belirtmistir. ATAG
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(2021), hazirladigi havacilik raporunda 2050
yili itibariyle her yil 10 milyar yolcunun

havayolu seyahati gerceklestirecegini ve bu
durumun teknoloji, yakit ve havacilik
operasyonlarinda gelisme olmamasi halinde
2000 megatona yakin CO; emisyonuna sebep
olacagint  beklemektedir. Bu beklentiler
havacilik sektoriintiin biiylirken siirdiirtilebilir
bir altyapiya ihtiyact oldugunu gostermektedir.
Uguslarin = neden  oldugu  emisyonlarin
hesaplanmasi ve emisyonlarin ¢evreye etkileri
izerine yapilan c¢aligmalar Tablo 1°de
goriilmektedir. Bu c¢alismalardan bazilart:
Pecorari vd. (2016), Marco Polo Havalimani
icin ¢esitli  modeller kullanilarak  ugak
emisyonlarinin gevreye dagilimi ve havalimani
yakinindaki yerlesim yerlerini nasil etkiledigini
ortaya koymustur. Ayrica emisyonlarin
havalimani igindeki etkilerinin de incelenmesi
gerektigini  vurgulamistir. Gelecek yillarda
artmasi beklenen hava trafiginin ve havalimani
sayisinin hava kalitesini etkileyebilecegini
belirtmistir. Schiirmann vd. (2007), Ziirih
havalimaninda yapilan ¢alismalarda taksi
yollar1 iizerindeki ugak operasyonlart ve
rizgarin, kirletici konsantrasyonlarma etkisi
incelemistir. Alinan hava drneklerindeki VOC
(Volatile Organic Compounds) ugucu organik
bilesikleri karigtm  oranlart  arastirmistir.
Terminal sahasindaki yliksek CO oraninin
ucaklardan kaynaklandig1 belirtmistir. Yapilan
bu calismalar ucuslar kaynakli emisyonlarin
sadece havalimani operasyon bolgesini degil
ayni zamanda havalimani yakindaki yerlesim
yerlerini  ve havalimani terminallerin ig
kisimlarin1 da etkiledigini ortaya koymustur.
Ashworth vd. (2020), seyir asamasinda yapilan
bir emisyon ol¢iim yontemiyle BAel46 tipi
atmosferik aragtirma ucaginin Londra sehri
icin 3 farkli ucusla elde ettigi verilerden hava
kalitesi ve kirleticileri oranlar1 arastirmislardir.
Londra’nin dis bolgeleri ve banliydlerdeki
VOCs, NOx ve Os karisim oranlarmin ig
bolgelere gore genellikle daha az olmasina
ragmen dig kesimlerdeki yiiksek NOx
seviyelerine Heathrow Havaliman1 ugak
trafiginin neden oldugunu belirtmislerdir.
Covid 19 pandemisinin havacilik sektoriine
etkisine bakildiginda ise devletlerin salgin
nedeniyle aldiklart ugus kisitlamalar1 ya da
durdurma kararlar1 sonrasi yolcu ve sefer
sayilar1 etkilenmistir. Havacilik ve Covid 19
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pandemisi iligkisini ortaya koyan caligsmalar
yapilmigtir. Akca (2020), pandemi Onlemleri
sonrast  havacilik  sektorlii  bilesenlerinin
ekonomik olarak salgindan ne sekilde
etkilendikleri ortaya koymustur. Tiirk havacilik
sektoriiniin  salgin donemi politik durumunu
arastirmistir.  IATA  (Uluslararas1  Hava
Tagimaciligt ~ Birligi/  International  Air
Transport Association) 2020 raporuna gore
havacilik endiistrisi Covid 19 salgini nedeniyle
ikinci Diinya Savasi sonrasi en bliylk disiisi
yasamistir. Kiiresel bazda kilometre bagina
yolcu geliri %66 oraninda azalmistir (IATA,
2020). Saban ve Trabzon (2021), Tiirk Hava
Yollari’'nin  sefer sayilarinin, pandeminin
havacilikta etkisini gosterdigi 2020 yilinda,
2019 yili pandemi dénemi Oncesine gore %57
oraninda diistiigiinii tespit etmistir. ICAO
(International Civil Aviation Organization /
Uluslararas1 Sivil Havacilik Orgiitii) tarafindan
hazirlanan  raporda  pandemi  kaynakli
havacilikta kisitlamalar1 nedeniyle Nisan 2020
itibariyle toplam yolcu sayisinin 2019 yilina
gore %92 oraninda azaldigmi belirtilmistir
(Url-1). Havacilik sektdriinde emisyonlar
kaynakli ¢evreye verilen zararin azaltilmasi
amaciyla havalimanlarinda ve ucus
operasyonlarinin  organizasyonunda  ¢esitli

projeler,  diizenlemeler ve  teknolojiler
uygulanmaktadir. Uguglar kaynakl
emisyonlarin diisiiriilmesini hedefleyen

reglilasyonlardan  biri ICAO tarafindan
yirtirliige  konulan ~ CORSIA  (Carbon
Offsetting and Reduction Scheme for
International Aviation/ Uluslararasi
Havaciliga Yonelik Karbon Denklestirme
ve Azaltma Semasi) regiilasyonudur. Bu
reglilasyon devletlerin uluslararast havacilik
faaliyetlerinden kaynaklanan CO2
emisyonlarim1  diislirmeyi  hedeflemektedir
(Url-2). Tiirkiye’ de CORSIA regiilasyonu i¢in
ucak sirketlerinin yerine getirmesi gereken
kriterler SHGM’nin (Sivil Havacilik Genel
Midiirliigii) hazirladigi uygulama talimatinda
belirtilmistir (SHGM, 2018). Tiirk Hava
Yollari, 2022 subat itibariyle istanbul Paris
seferinde  siirdiiriilebilir  havacilik  yakiti
kullanmaya baslayacagini agiklamistir (Url-3).
Stirdiiriilebilir havacilik yakitinin, kullanilan
geleneksel jet yakita oranla tim yasam
dongitileri boyunca karbon ayak izini %80
oraninda  azalttigr  belirtilmistir  (Url-4).
Tiirkiye’de havacilik  kaynakli emisyonlari
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azaltmay1 hedefleyen diger proje ve
uygulamalarda mevcuttur. SHGM, DHMI ve
askeri havacilik otoritelerinin yaptig1 ortak
caligmalar neticesinde, SHGM tarafindan hava
sahasi esnek kullanim yonetmeligi hazirlanarak
bazi ugus rotalar1 kisaltilmig, zaman ve
yakittan tasarruf saglanarak cevreye verilen
zararin  azaltilmasi  saglanmistir  (SHGM,
2014). Havacilik  operasyonlarinin  kara
tarafinda emisyon ve atiklar1 azaltmaya
yonelik  yapilan proje ve uygulamalar
bulunmaktadir. SHGM, tarafindan baslatilan
yesil havalimani projesine bir¢ok havalimani
ve havacilik kurulusu tarafindan katilim
saglanmigtir.  Projenin amaci kuruluglarin
cevreye verdikleri zarar1 en aza indirmek ve
miimkiin  derecede  sifir ¢evre  etkisi
olusturmaktir (Url-5). DHMI, Uluslararasi
Havalimanlart  Konseyi’nin  (ACI-Airports
Council International) siirdiirdiigii Havalimani
Karbon Akreditasyonu programi kapsaminda
12 havalimanini sertifikalandirip, karbonsuz
havalimant olarak ilan etmistir.  Proje
kapsaminda havalimanlarinin atik ve karbon
emisyonlarinin azaltilmas1 hedeflenmektedir.
Ek olarak havalimanlarinin giiriiltii haritalar
giincellenerek giiriiltii kirliligine kars1 dnlemler
almmaktadir (Url-6). Ugus operasyonlarinin
organize edilmesi ve emisyon iliskisi
incelenirken slot kavrami karsimiza
cikmaktadir. Slot, havayolu sirketlerinin bir
havalimanini belirlenen siire iginde inis kalkig
ve havalimaninin altyap1 hizmetlerini kullanma
hakkini ifade eder. Belirlenmis olan slot
zamanlarinda  gerceklestirilmeyen  uguslar
havayolu sirketlerinin slotlarim1 kaybetmesine
neden olmaktadir (IATA, 2014; Inan, 2020).
Slot haklarin1 kaybetmek istemeyen havayolu
sirketleri diisiik yolcu sayisiyla mecburi
ucuslar gergeklestirmek zorunda kalmaktadir
(Url-7). Bu durum emisyonlarin artmasina
neden  olmaktadir.  Biiyiiyen  havacilik
sektoriinde Covid 19 pandemisi ucus
sayilarinin azalmasia ve emisyon degerlerinin
diismesine  sebep olmustur.  Eurocontrol
tarafindan  kalkis meydam1  Tirkiye’deki
havalimanlar1 olan uguslar baz alinarak yapilan
hesaplamalarda iilkemiz 2020 yili CO2
emisyonu 2019 yilina gére %53,8 azalmistir.
(EUROCONTROL, 2021). Pandemi sonrasi
eski gilinlerine donmesi beklenen sektdriin
emisyonlar1 diistirme noktasinda yeniliklere ve
diizenlemelere ihtiyaci oldugu aciktir. Bu
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calismada, ucus sayilart ve emisyon degerleri
elde edilen Ankara-Esenboga Havalimani
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Oneriler

Ozelinde havacilik sektorii emisyonlarini ve

cevresel etkileri azaltmak icin bulgular ve

ortaya konulmaktadir.

Tablo 1. Ugaklarin neden oldugu emisyonlar ve ¢evreye etkilerini inceleyen ¢alismalar

Yazar/Literatiir

Cahsma Alani

Calisma konusu

Schiirmann vd. (2007)

Ziurih Havalimani

NOx, VOC, CO emisyonlarinin
havalimani hava kalitesi
uizerindeki etkisinin incelenmesi

Cagatan (2011) Istanbul Atatiirk Havalimani LTO safthasinda emisyonlarin
hesaplanmasi
Song ve Shon (2012) Giiney Kore’deki 4 LTO safthasinda hava kirleticileri

havalimani:Incheon, Gimpo
Gimhae, Jeju .

ve sera gazlar1 hesaplanmasi

Sar1 vd. (2013)

Antalya ve Van Ferit Melen
Havalimanlar1

Havalimanlar1 giiriiltii haritalama
caligmalar1

Unal (2014)

Nevsehir Havalimani

Nevsehir Havalimani giiriiltii ve
emisyonlarinin arastirilmasi

Pecorari vd. (2016)

Marco Polo Havalimani

Uguslar kaynakli emisyonlarin
farkli metodolojiler ile
hesaplanmasi ve karsilagtirilmasi

Canarslanlar (2017) Tiirkiye’deki 30 havalimani LTO safha siirelerinin gergek
zamanli ugus verileriyle
belirlenmesi

Yilmaz (2017) Kayseri Havalimani LTO sathasinda hava kirleticileri
(HC, CO, NOx) hesaplanmasi

Kuzu (2018) Istanbul Atatiirk Havalimani LTO emisyonlarinin

hesaplanmas1 ve gevreye
dagilimmin modellenmesi

Kumas vd. (2019)

Dalaman Havalimani

LTO sathasinda karbon ayak
izinin belirlenmesi

Ekici ve Sohret (2020)

Stileyman Demirel Havalimant

Uguslarin neden oldugu
emisyonlarin ¢evresel ve
ekonomik olarak incelenmesi

Kito vd. (2020)

Japonya’daki iki havayolu Sirketi

Japon ve All Nipppon
Havayollarinm 2005-2015 yillar1
arasindaki CO,  emisyonlarinin
hesaplanmasi

Aydin ve Aydin (2021)

Havayolu sirketleri

Havayolu sirketlerinin 2011-2018
yillar1 arasindaki CO;
verimliliginin incelenmesi

Keskin ve Ercoskun (2021)

Adnan Menderes Havalimani

LTO safthasinda emisyonlarin
cevreye etkisinin incelenmesi

Domogolla vd. (2022)

Orta menzilli ugaklar

Cevre etkisi azaltilmis diisiik
giiriiltiilii ucak tasarimi
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2. LTO dongiisiinde emisyonlar

Hava araglarmin  ugusun LTO sathasinda
meydana getirdikleri emisyonlarin
hesaplandigi, ulusal ve uluslararasi ¢aligmalar
bulunmaktadir. Yilmaz (2017), DHMi’den
elde ettigi verilerle 2010 yili Kayseri
Havaliman1 i¢in yolcu ugaklarmin yarattigi
emisyon degerlerini hesaplamis ve LTO
dongtistindeki ~ %25’lik  artisin - emisyon
degerlerinde %]11’lik artisga sebep oldugunu
ortaya  koymustur. Canarslanlar (2017),
Tiirkiye’de bulunan havalimanlarinin  LTO
dongiisiiniin  safha siirelerini  gergek ugus
verileri kullanarak hesaplamistir. Esenboga
Havalimani i¢in bu degerler taksi igin 15,2
dakika, yaklasma i¢in 3,6 dakika, kalkis i¢in
0,6 dakika, tirmanma i¢in 1,1 dakika olmustur.
Daha sonraki caligmalarda emisyon
hesaplamasi i¢in LTO safha siirelerinin
kullanilacagin1 belirtmistir. Cagatan (2011),
Istanbul ~ Atatirk  Havalimam  LTO
dongitistindeki emisyon degerlerini hesaplamis
ve havalimani kaynakli hava kirleticilerinin
rizgar etkisiyle taginimi {izerine analizler
yapmistir. Emisyonlarin ¢evre ve insan sagligi
iizerinde olumsuz etkiler yarattigini bu yilizden
emisyonlarin tiirleri haricinde miktarlarinin da
hesaplanmasinin 6nemli oldugunu belirtmistir.
Lu vd. (2018) Shuangliu Havalimanm1 LTO
dongtistindeki ucaklarin yarattigi emisyonlari
farkli analiz metotlar1 kullanarak hesaplamis
ve sonuglarint karsilastirmiglardir. Song ve
Shon (2012), Giiney Kore’de bulunan dort
ayr1 havalimani i¢in LTO hesaplamalarini ugak
serilerini tek bir ugak tipi ve motoru olacak
sekilde kabul ederek yapmuslardir. Ornegin;
Boeing ucak iireticisinin, B737, B738, B735
serisindeki ucaklarin emisyonlarinm1 B737 ugak
tipinin emisyon faktéri ve CFMS56-7B22/2
motor tipi i¢in hesaplamiglardir. Tirmanig
asamasindaki en biiylik emisyon degerinin
NOx’den kaynaklandigim tespit etmislerdir.
Keskin ve Ercoskun (2021), Adnan Menderes
Havalimani i¢in LTO emisyonlarini Tier analiz
yontemini kullanarak hesaplamislardir.
Hesaplamada 2019 ve 2020 yillart igin
belirledikleri  giiniin  emisyon degerlerini
karsilastirmislardir. Adnan Menderes
Havalimanini en ¢ok tercih eden ugak tipinin
B738 oldugunu belirlemislerdir. Tablo 1’de
LTO asamasinda yapilan diger emisyon
calismalar1 bulunmaktadir.

Akilli Ulagim Sistemleri ve Uygulamalar1 Dergisi Cilt:5 — Say1:1

3. Esenboga Havalimam (Calisma Alani)

IATA: ESB ve ICAO: LTAC kodlu Esenboga
Havalimani i¢ ve dig hatlar olarak Ekim 2006
dan itibaren hizmet vermekte olup sivil
havaliman1 statiistindedir. Terminal alam
182.000 m?’dir. Cografi koordinatlar1 ise
40°07°41"N,  032°59'42"E’dir.  Esenboga
Havalimaninin 3752x60 ve 3750x45 metre
boyutlarinda iki adet pisti bulunmaktadir (Sekil
1). Hava araglar igin 4 apronda 50 adet park
yeri mevcuttur. I¢ ve dis hatlarda yillik 20
milyon yolcu kapasitesi bulunmaktadir (Url-8).
DHMI 2020 yili faaliyet raporuna gore
Esenboga Havalimaninin Tiirkiye’deki
havalimanlar1 arasindaki i¢ hat yolcu trafigi
payt %9 iken, dis hatlarda %2 olarak
gerceklesmistir (DHMI, 2020). Esenboga
Havaliman1 bu degerlerle yurtici  yolcu
siralamasinda  {iglincli , dis  hat yolcu
siralamasinda ise besinci siradadir. Hava trafigi
oldukca yogun olan bir havalimaninin Covid
19 pandemisi nedeniyle ugus sayilarindaki ve
emisyon degerlerindeki degisimin arastirmasi
caligma alani olarak Esenboga Havalimaninin
secilmesine neden olmustur. Ayrica Esenboga
Havalimanim kullanan ucak ve helikopter
tiplerinin ~ ¢esitliliginin fazla olusu, hava
ulasgimmin 2019 ve 2020 yillar1 arasindaki
durumunun daha iyi ortaya konabilmesi i¢in
Esenboga Havalimaninin se¢imi noktasinda
diger bir kriter olmustur.

Sekil 1. Esenboga Havaliman ( Url-9)
4. Metodoloji

Standart ugus dongiisii  tanimi, ICAO
tarafindan seyir sathasi (cruise) ve inis-kalkis
sathas1 (LTO, landing-take off cycle) olarak iki
kisimda yapilmistir. LTO safhasi, 3000 feet
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altinda gergeklesen yaklagma, kalkis, tirmanis
ve taksi agamalarini igermektedir. Seyir sathasi
ise 3000 feet iizerindeki ucgus aktivitelerini
ifade eder. Sekil 2’de IPCC standart ugus
dongtisti goriilmektedir (IPCC, 2006). IPCC,
LTO dongiisiindeki emisyon degerlerini ve
yakit tiiketimini hesaplamak i¢in Tier 1 ve Tier
2 analizini Onermistir. Tier 2 analizi ile jet
yakit1  kullanan ucaklar i¢in  emisyon
hesaplamasi yapilmaktadir. Tier 2 analizinde
LTO dongiisti emisyon hesaplamasi yapilirken
1 nolu denklem kullanilmaktadir. Denklem
havalimaninda gerceklestirilen LTO sayis1 ve
ucak tipi icin belirlenen emisyon faktori ile
carpimini ifade etmektedir. Tier 1 analizi ile
emisyon miktar1 hesaplanirken denklem 2
kullanilir. Denklem 2 yakit tiiketim degerinin
emisyon faktori ile ¢arpilmasimi ifade eder.
Tier 1 analizine kiyasla ayrmtili kriterler
icerdigi i¢in Tier 2 analizi daha hassas emisyon
sonuglar1 vermektedir. Hesaplama formiilleri
denklem 1 ve denklem 2’de goriilmektedir. Bu
calismada Esenboga Havalimani i¢in emisyon
degerleri hesaplanirken Tier 2 analiz yontemi
kullanilmistir (IPCC, 2006).

e (Denklem 1)
Inis kalkis dongiisii(LTO)
Emisyonu = LTO sayist X LTO
Emisyon Faktorii

Akilli Ulagim Sistemleri ve Uygulamalar1 Dergisi Cilt:5 — Sayi:1

e (Denklem 2) Emisyon Miktar =
Emisyon faktoérii X Yakit tiiketimi

IPCC dokiimani, ucusun LTO safhasi i¢in
CO,, CO, SO, CH4 NMVOC, NOx, N>O
emisyonlarint hesaplamak amaciyla, ucgak
tiplerine 0zel standart emisyon faktorleri
sunmaktadir.  Ugaklarin  LTO  emisyon
faktorleri, IPCC emisyon faktdr veritabaninda
bulunan sirasiyla enerji, yakit yanma
aktiviteleri, ulasim, sivil havacilik basliklar
altindaki bolimden elde edilmistir (IPCC
2006). IPCC dokiimani tim ugak tipleri i¢in
emisyon faktorlerini goéstermemektedir. Bu
yiizden DHMI den alinan ucus istatistikleri
incelenmis, Esenboga Havalimanin1 kullanan
biitin  ucak  tipleri  igerisinden IPCC
dokiimaninda emisyon faktdrleri mevcut olan
29 ucak tipi belirlenmis ve bu ucaklara ait
emisyon faktér degerleri Tablo 2’de
gosterilmistir. Calismanin devaminda
olusturulan diger tablo ve sekiller Tablo 2’deki
ucak tipleri esas alinarak yapilan hesaplamalar
ile hazirlanmistir. Esenboga Havalimani ugus
istatistikleri, DHMI web sitesi tiizerinden,
iletisim merkezi mail adresine yapilan basvuru
sonucu  kurum  tarafindan  saglanmistir.

3000 feet

> LTO diingisii

%

Sekil 2. Standart ugus dongiisti (IPCC,1997)
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Tablo 2. IPCC ugak tipleri igin emisyon faktorleri (IPCC,2006)

B NMVO  YAKIT
UCAK TiPi CO; CHs N0 NOx CO C SO TUKETIMI
A320 2440 0,06 0,1 901 6,19 0,51 0,77 770
A321 3020 0,14 0,1 16,72 7,55 1,27 0,96 960
A300 5450 0,12 02 2586 1438 1,12 1,72 1720
A310 4760 0,63 02 19,46 283 5,67 1,51 1510
A319 2310 006 01 873 635 0,54 0,73 730
A330-A332-A333 7050 0,13 02 3557 162 1,15 2,23 2230
A342 5800 0,42 02 2831 26,19 3,78 1,86 1860
A343 6380 039 02 3481 2523 3,51 2,02 2020
A345 -A346 10660 0,01 03 6445 1531 0,13 3,37 3370
BE20-B350-BE40-
BEIL 230 0,06 001 03 297 0,58 0,07 70
BAel46 1800 0,14 0,1 407 11,18 1,27 0,57 570
B737 2740 045 0,1 6,74 16,04 4,06 0,87 870
B738-739 2780 0,07 01 123 7,07 0,65 0,88 880
B743 11080 027 04 65 17,84 2,46 3,51 3510
B744 10240 022 0,3 42,83 26,72 2,02 3,24 3240
B752 4320 0,02 0,1 2343 8,08 0,2 137 1370
B762 4620 033 0,1 23,76 14,8 2,99 1,46 1460
B763 5610 0,12 02 28,19 1447 1,07 1,77 1780
B772-B773 8100 0,07 03 5281 12,76 0,59 2,56 2560
C525-C560 1070 033 003 074 34,07 3,01 0, 340
GLF 4 2160 0,14 0,1 563 888 1,23 0,68 680
GLF 5 1890 003 0,1 558 842 0,28 0,6 600
RJ8S 1910 0,13 0,1 434 1121 121 0,6 600
TU-134 2930 1,8 0,1 868 2798 16,19 0,93 930
1328 870 0,06 003 299 535 0,52 0,27 280
B733-734-735 2480 0,08 0,1 7,19 13,03 0,75 0,78 780
B742 11370 182 04 4952 79,78 16,41 3,6 3600
B722 4610 0,81 0,1 11,97 27,16 7,32 1,46 1460
F100 2390 0,14 0,1 5,75 13,84 1,29 0,76 760

29 farkli ucak tipinin Esenboga Havalimanina
2019 ve 2020 yillarinda gergeklestirdigi inis ve
kalkis sayilar1 Tablo 3’ te gosterilmistir. Tablo
3, DHMI’den elde edilen veriler kullanilarak
hazirlanmistir.  Calismada  ICAO  ugak
tanitmalar1 kullanilan ucak tiplerinden A320,
A321, A300, A310, A319, A330, A332, A333,
A342, A343, A345-346 gosterimli ugaklar
Airbus ucgak ireticisinin modelleridir. B737,

B738, B739, B743, B744, B752, B762, B763,
B772, B773, B733, B734, B735, B742, B722
Boeing {reticisinin ugak modelleridir. GLF4
ve GLFS5, Gulfstream ucak sirketi iiretimidir.
TU-134 Tupolev, J328 Dornier, RJ85 ve BAe
146, British Aerospace, F100 Fokker, BE20-
B350-BE40-BE9L  ise  Beechcraft ugak
ireticilerinin  modellerini ifade etmektedir.
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Tablo 3. 2019 ve 2020 yili Esenboga Havaliman: ucak tipine gore gergeklestirilen LTO sayilar

UCAK TiPi 2019 2020 UCAK TiPi 2019 2020
A320 10284 5321 B752 36 5
A321 5137 1757 B762 24 8
A300 214 33 B763 20 14
A310 506 138 B772-B773 1706 587
A319 919 759 C525-C560 637 799
A330-A332- A333 1697 565 GLF4 344 325
A342 2 3 GLF5 164 182
A343 153 28 RIJ8&5 4 3
A345 -A346 26 43 TU-134 11 12
BE20-B350-BE40-BEIL 576 674 1328 10 6
BAel46 0 12 B733-B734-B735 178 258
B737 766 119 B742 0 4
B738-B739 69595 31044 B722 0 2
B743 6 2 F100 2 4

B744 26 8

5. Bulgular

2019 ve 2020 yili Esenboga Havalimani inisg Temmuz ve Aralik aylari arasinda seyahat
kalkis sayilarmin aylara gére dagilimi, DHMI diizenlemeleri etkisinde aylik ugus sayist 4000

iizerinde olmustur. Covid 19 pandemisi
nedeniyle 2020 yilinda Esenboga Havalimani
toplam ucus sayist 2019 yilina gore %49,2
oraninda azalmistir.

ucus veri istatistikleri kullanilarak hazirlanan
Sekil 3’te gosterilmistir. Sekil 3’teki ugus
verileri incelendiginde; Tiirkiye’de Covid 19
kaynakli havayolu seyahat kisitlamalarinin
uygulamaya girmesiyle beraber 2020 yili
Nisan ay1 itibariyle Esenboga Havalimanina
gerceklestirilen ugus sayisinda ciddi bir azalma
gerceklestigi goriilmektedir.
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Sekil 3. 2019 ve 2020 yili Esenboga Havalimani inig kalkis saytlarimin aylara gore dagilimi
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Hesaplamada kullanmilan jet ugaklar1 Fokker
100, RIJ8S5, Baeld46, C525-C560, GLF 4,
GLFS5, J328 tipte ugaklar 2019 da toplam 1161
ucus gergeklestirmislerdir (Sekil 4). Bu sayi
2020 yilinda 1331 olmustur. Helikopter inis
kalkis sayist 2019 yilinda 329, 2020 yilinda
367 olmustur (Sekil 5). Hesaplamasi yapilan
ucuslar i¢in 2020 yilinda 2019 yilina kiyasla
toplamda %54,09 oraninda azalma goriiliirken,
bolgesel jet ucaklarinda %14,64 ve helikopter
ucus sayilarinda %11,55 oraninda artig oldugu
tespit edilmistir.

1350 - 1331
1300 -
1250 -
1200 1 1161
1150 -
1100 -

1050 T T 1
2019 2020

Sekil 4. Yillik jet ucaklart ucgus sayilar

B 8027
® 5137, 9%
5%

m B738-B739
mA320
mA321

® DIGER

Akilli Ulagim Sistemleri ve Uygulamalar1 Dergisi Cilt:5 — Say1:1

Tablo 3’teki veriler incelendiginde 2019 ve
2020 yilinda Esenboga Havalimanina en ¢ok
inis ve kalkis yapan ucak tiplerinin sirasiyla
B738-B739, A320 ve A321 oldugu
belirlenmistir. Sekil 6 ve Sekil 7’de bu ugak
tipleri i¢in ugus sayilarinin yiizdesel dagilimi
bulunmaktadir. Bu ucgaklarin ugus sayilariyla
ilgili olarak 2019 yili hesaplanan toplam
ucuslarin %91°ini, 2020 yili uguslarin %89’
unu olusturdugu belirlenmistir. B738-B739
ucak tipleri her iki yil i¢in toplam uguslarin
%70’inden fazlasini olusturmaktadir.

370 - 367
360 -
350 -
340 -
329
330
310 T
2019 2020

Sekil 5. Yillik helikopter ugus sayilart

1757;  4593;
4% 2
m B738-B739
m A320
mA321
® DIGER

Sekil 6. 2019 yili hesaplanan ugak tipine gore
uguy sayist ve yiizdeleri

Esenboga Havalimani LTO safhasi emisyon
degerleri Tier 2 analizi yaklagimiyla, Tablo 2’
deki emisyon faktorleri ile Tablo 3’teki LTO

Sekil 7. 2020 yulr hesaplanan ugak tipine gore
ugug sayisi ve yiizdeleri

sayilar1 kullanilarak hesaplanmistir. Emisyon
sonuglar1 ve yakit tiikketimi degerleri Tablo 4
ve Tablo 5’te gortilmektedir.

Tablo 4. 2019 yili ucak tiplerine gorve LTO emisyon sonuglari(kg) (IPCC,2006)

UCAK TiPi CO; CHs N0 NOx CO NMVOC SO: YAKIT TUKETIiMIi
A320 25092960 617,04 10284 9265884 63657,96 5244.84  7918,6 7918680
A321 15513740 719,18 5137 85890,64 3878435 6523,99 493152 4931520
A300 1166300 25,68 42,8 553404 31672 239,68 368,08 368080
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A310 2408560 318,78 101,2 9846,76 143198 2869,02 764,06 764060
A319 2122890 55,14 91,9 8022,87 5835,65 496,26 670,87 670870
A330-

A332-A333 11963850 220,61 3394 6036229 274914 1951,55 378431 3784310
A342 11780 0,84 0,4 56,62 52,38 7,56 3,72 3720
A343 976140 59,67 30,6 532593 3860,19 537,03 309,06 309060
A345-A346 277160 0,26 7,8 1675,7 398,06 338 87,62 87620
BE20-B350-BE40-BE9L 132480 34,56 5,76 172,8  1710,72 334,08 40,32 40320
BAel46 0 0 0 0 0 0 0 0
B737 2098840 3447 76,6 5162,84 12286,64 310996 66642 666420
B738-B739 193474100 4871,65 6959,5 856018,5 492036,7 45236,75 61243.,6 61243600
B743 66480 1,62 2,4 390 107,04 14,76 21,06 21060
B744 266240 5,72 7,8 1114,88 694,72 52,52 84,24 84240
B752 155520 0,72 3,6 84348 290,88 7,2 49,32 49320
B762 110880 7,92 2,4 570,24 355,2 71,76 35,04 35040
B763 112200 2,4 4 563.,8 2894 21,4 35,4 35600
B772-B773 13818600 11942 511,8 90093,86 21768,56 1006,54 4367,36 4367360
C525-C560 681590 210,21 19,11 471,38 21702,59 1917,37 216,58 216580
GLF4 743040 48,16 344 1936,72 3054,72 423,12 233,92 233920
GLF 5 309960 4,92 16,4 915,12 1380,88 45,92 98,4 98400
RI85 7640 0,52 0,4 17,36 44,84 4,84 24 2400
TU-134 32230 19,8 1,1 9548 307,78 178,09 10,23 10230
J328 8700 0,6 0,3 29,9 53,5 52 2,7 2800
B733-B734-B735 441440 14,24 17,8  1279,82  2319,34 133,5 138,84 138840
B742 0 0 0 0 0 0 0 0
B722 0 0 0 0 0 0 0 0
F100 4780 0,28 0,2 11,5 27,68 2,58 1,52 1520

Tablo 5. 2020 yili ucak tiplerine gére LTO emisyon sonuglari(kg) (IPCC,2006)

UCAK TiPi CO; CH: N0 NOx CO NMVOC SO: YAKIT TUKETiMi
A320 12983240 31926 532,1 4794221 3293699 1,02 4097,17 4097170
A321 5306140 24598 175,77 29377,04 1326535 2,54 1686,72 1686720
A300 179850 3,96 6,6 85338 4884 2,24 56,76 56760
A310 656880 86,94 27,6 268548 39054 11,34 20838 208380
A319 1753290 45,54 759  6626,07 4819,65 1,08 554,07 554070
A330-A332-A333 3983250 7345 113 20097,05 9153 23 125995 1259950
A342 17670 1,26 0,6 84,93 78,57 7,56 5,58 5580
A343 178640 10,92 56 97468 70644 7,02 56,56 56560
A345-A346 458380 043 129 277135 65833 026 14491 144910
BE20-B350-BE40-BE9L 155020 4044 6,74 2022 2001,78 1,16 47,18 47180
BAel46 21600 1,68 1,2 4884 134,16 2,54 6,84 6840
B737 326060 53,55 11,9 802,06 1908,76 8,12 103,53 103530
B738-B739 86302320 2173,08 3104,4 381841,2 219481,1 1,3 27318,72 27318720
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B743 22160 0,54 0,8 130 35,68 4,92 7,02 7020
B744 81920 1,76 24 343,04 213,76 4,04 25,92 25920
B752 21600 0,1 0,5 117,15 40,4 0,4 6,85 6850
B762 36960 2,64 0,8 190,08 1184 5,98 11,68 11680
B763 78540 1,68 2,8 394,66 202,58 2,14 24,78 24920
B772-B773 4754700 41,09 176,1 3099947 7490,12 1,18 1502,72 1502720
C525-C560 854930 263,67 23,97 591,26 2722193 6,02 271,66 271660
GLF 4 702000 45,5 32,5 1829,75 2886 2,46 221 221000
GLF 5 343980 5,46 18,2 1015,56 1532,44 0,56 109.,2 109200
RIJ85 5730 0,39 0,3 13,02 33,63 2,42 1,8 1800
TU-134 35160 21,6 1,2 104,16 335,76 32,38 11,16 11160
J328 5220 036 0,18 17,94 32,1 1,04 1,62 1680
B733-B734 -B735 639840 20,64 25,8 1855,02 3361,74 1,5 201,24 201240
B742 45480 7,28 1,6 198,08 319,12 32,82 14,4 14400
B722 9220 1,62 0,2 23,94 54,32 14,64 2,92 2920
F100 9560 0,56 0,4 23 55,36 2,58 3,04 3040

2019 ve 2020 yillart i¢in hesaplama sonuglart
karsilagtirildiginda; 2019 yilinda 86 bin ton
iizerinde olan toplam yakit tiiketimi 2020
yilinda yaklastk 38 bin ton olarak
gerceklesmistir (Sekil 8). Ugak tiplerine gore
yakit tiikketiminde her iki yil i¢in de ilk sirada

B738 ve B739 tipi wugaklarin oldugu
belirlenmistir. Hesaplamada kullanilan 29
100000000 - 86085570
50000000 - 37963580
O T 1
2019 2020

Sekil 8. Yillik toplam yakat tiiketim
degerleri(kg)

Sekil 9 ve 10°da goriildigi tizere 2019 yilinda
en cok CO, emisyonu gerceklestiren ugak
tipleri sirastyla B738-B739, A320 ve A321
olmustur. B738 ve B739, 2019 yil1 toplam CO»
emisyonunun %71’ini olusturmaktadir. 2019
ve 2020 yilinda A320 ve A321 ugak tipleri
toplam CO; emisyonunun %15’ini
olusturmugtur. Bu dort u¢agin toplam salinan

farkli ugak tipinin yakit tiiketim ortalamasi
alindiginda bir LTO i¢in 1431 kg ¢cikmaktadir.
B738-B739 ugak tipleri bir LTO igin yakit
titketimi 880 kg’dir. Bu deger ortalama degerin
altinda olmasma ragmen gerceklestirilen LTO
sayisinin fazla olusu bu ucak tiplerinin yakit
tiikketiminin fazla olmasina sebep olmustur.

COz’nin 2019 da %86,05’ini 2020 yilinda
%~87,18’ini olusturdugu saptanmistir.

3791730

0,
1551374 L2

6% m B738-B739
25050 B A320
9% A321
® DiGER

Sekil 9. 2019 yili CO, emisyonunun ugak
tiplerine gore miktar(kg) ve yiizdeleri
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1537764 mB738-
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530614 & B739
4% m A320
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119
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Sekil 10. 2020 yilr CO, emisyonunun u¢ak
tiplerine gére miktar(kg) ve yiizdeleri

2019 yili ve 2020 yili hava kirleticilerinin

toplam emisyon degerlerinin yilizdesel olarak

degisimi Tablo 6’da gosterilmistir. Tablo

6’daki Esenboga Havalimani CO, emisyon

degisim ylizdesi %55,89 Eurocontrol havacilik

teskilatinin Tiirkiye icin belirledigi %53,8’lik
- oo \

-61:6% gt
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degisim ylizdesine benzerlik gostermektedir
(Sekil 11). Tiim kirleticilerin emisyonlar1 ugus
sayilarmin diismesiyle yaridan fazla oranda
azalmustir.

Tablo 6. Sera gazlari ve hava kirleticilerin
yiizdeleri

Sera gazi ve 2019 -2020 degisim

kirleticiler yiizdesi
CO; %155,89 azalma
CH4 %154,94 azalma
N20 %155,57 azalma
NOx %.56,70 azalma
CO %153,42 azalma
NMVOC %154,92 azalma
SO, %55,92 azalma

Sekil 11. Avrupa iilkeleri 2019-2020 yillart CO; emisyon degisim yiizdeleri (EUROCONTROL,2021)

6. Sonuc ve oneriler

Calisma sonucunda Esenboga Havalimani ugus
sayilar1 ve emisyon degerleri 2019 ve 2020
yillart i¢in tespit edilmistir. 2020 yilinda ulusal
ve uluslararas1 havacilikta uygulanan uguslarin
durdurulmasi ve kisitlanmasi kararlart sonucu
Esenboga Havalimaninda ugus sayilarinda
diisiis yaganmustir.

2019 Yili ugus sayist yiiz bine yaklasan
Esenboga Havalimani i¢in 29 farkli ucak
tipinin, emisyon degerlerine etkisi
aragtirllmistir. B738-B739 tipi ucaklar inis
kalkis ve emisyon degerleri siralamasinda ilk
sirada yer almistir. B742 ve A345 gibi yiiksek
emisyon ve yakit tiiketim faktorleri bulunan

ucaklarin inis kalkis sayilarmmin az olusu
Esenboga Havalimani ic¢in hesaplamalarda
paylarinin diisiik kalmasini saglamistir.

Caligmada, IPCC kilavuzunda emisyon
faktorleri olmayan %6’lik bir ucak ve
helikopter yiizdesi hesaplanamamustir.
Emisyon hesabi1 i¢in farkli ugak tiplerine ait
emisyon faktorlerinin de erisilebilir olmasi
yapilan hesaplamalar1 daha dogru ve hassas
yapacaktir.

Esenboga Havalimaninda, jet ucaklart ve
helikopter ucgus sayilarinda 2020 yilinda az da
olsa artis gergeklesmistir. Pandemi doneminde
azalan ucus sayilart icerisinde jet ugaklar ve
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helikopter ugus sayilarinin artis gostermis
olmasi dikkat ¢ekmektedir.

Calismada ugus sayilarinin azalisinin emisyon
degerlerinde  azalmaya  neden  oldugu
gorlilmustiir. Ancak, 2050 yil itibariyle Diinya
genelinde yillik 10 milyar havayolu yolcu
sayisina ulagilmasi beklenmektedir.
Havaciliga olan talebin artis1, emisyon azaltimi
icin yeni teknoloji ve gelismelere ihtiyag
duyuldugunu  gostermektedir. Havacilik
sektoriinde emisyonlarin azaltilmasi igin su
adimlarin atilmas1 fayda saglayabilir;

e Mevcut ucgus rotalarinin  kisaltilmasi ve
giincellenmesini iceren proje ve
uygulamalarin artigt ile tliketilen yakit
azalacak ve g¢evreye zarar veren emisyon
miktar1 diisecektir.

e Havayolu sirketlerinin  slot  haklarini
kaybetmemek i¢in diisiik yolcu sayisiyla
gergeklestirdikleri zorunlu uguslarla ilgili
yapilacak diizenlemelerle ugus sayisinda ve
emisyonlarda azalma gergeklestirilecektir.

e Yeni ve daha g¢evreci olan siirdiirtlebilir
havacilik yakit tiretiminin ve kullaniminin
yayginlastirilmast  emisyon degerlerinin
azalmasini saglayacaktir. Ayrica yerli
imkanlarla siirdiirtilebilir havacilik yakiti
iretimi yapilmasi icin caligmalar
yapilmalidir. Yerli siirdiirtilebilir yakitin
kullanilabilmesi iilke ekonomisi i¢in olumlu
etkiler yaratacaktir.

e Havalimani apron hizmetlerinde elektrikli
araclarin  kullanimi1 emisyon degerlerinin
azalmasini saglayacaktir.

e SHGM’nin gergeklestirdigi yesil
havalimani projesi ve. DHMI’nin yiiriittiigii
karbonsuz havalimanit projesi  benzeri
cevreci projelerin terminal ve cevresinde
yayginlagmasi emisyonlari azaltacaktir.

e Ugcaklarin pas ge¢gme sayilarinin azaltilmasi
LTO dongiisiindeki emisyon artiginin dniine
gececektir.

e Havayolu sirketleri emisyon verimliligi
yiiksek, giirliltii degeri diisiik,aerodinamik
acidan gelismis yeni nesil ucaklarla

filolarini genclestirerek CORSIA
reglilasyonun gerekliliklerini yerine
getirmelidir.

Hesaplamalar sonucu elde edilen bulgular
is1g¢inda  Esenboga Havalimam diizeyinde
yogun bir havalimaninda Covid 19 pandemisi
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etkisiyle ugus sayilarinin ve ucguslar kaynakli
emisyonlarin ciddi oranda azaldig1 ortaya
konmustur. Sektoriin neden oldugu
emisyonlarin hem hava tarafi hem de kara
tarafinda azaltilmasini saglayabilecek Oneri ve
goriigler sunulmustur. Sonug olarak havacilik
sektoriiniin ~ tim  paydaslarinin = aldiklar
kararlarda ¢evre koruma bilinciyle hareket
etmesi, gelisen ve biiyliyen sektoriin iklim
degisikligine  karst  olumsuz  etkilerini
azaltacagi anlasilmaktadir.

Arastirmacilarin katki orani beyani

Yazarlarin ¢aligmadaki katki oranlar esittir.
Destek ve tesekkiir beyani

DHMI’ye veri temini sagladig1 icin tesekkiir
ederiz.

Cikar catismasi beyam

Caligma kapsaminda herhangi bir kurum veya
kisi ile ¢ikar catismasi bulunmamaktadir.
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Abstract: Baggage handling services make up a significant portion of the airline passenger
transportation system's services. Air passenger transportation, unlike other modes of transportation,
allows passengers to save time. It's one of the things passengers think about when making choices. The
time it takes to travel is directly affected by delays in baggage delivery or flow. This could eliminate the
time savings that air transportation has provided to its passengers. Some rules have changed as a result
of the coronavirus pandemic. One of them was discovered as a result of the pandemic circular. It is
forbidden to take cabin baggage with passengers, and it is requested that the baggage be sent under the
plane, according to the circular. This change also exposed a condition that could cause problems with
baggage flow. Problems with baggage flow may have an impact on the time benefit. Due to the drop in
flight frequency at several airports during the pandemic period, this study was scheduled to be conducted
at Istanbul Airport, and it was conducted on international lines due to the interruptions experienced on
domestic lines and the decreased number of passengers. In this study, international baggage transactions
at Istanbul Airport were simulated using the Arena Trial program using data obtained through the
interview method. As a result, during the Airport Pandemic Measures and Certification Circular, there
was an increase in the time it took for bags to get to aircraft.

Key words: Air transport, Baggage handling system, Covid-19, Passenger baggage, Simulation

Covid-19 kapsaminda alinan 6nlemlerin ucak gecikmelerine etkileri: istanbul
Havalimani ornegi

Ozet: Bagaj ellegleme islemleri havayolu yolcu tasimacilik sisteminde gergeklesen islemlerin 6nemli
bir kismim igermektedir. Havayolu yolcu tasimaciligi diger ulasim araglarindan farkli olarak yolculara
zaman faydasi saglamaktadir. Yolcularin tercihlerini yaparken dikkate aldiklari faktorler arasinda yer
almaktadir. Bagaj tesliminde ya da akisinda yasanacak aksakliklar ise direkt olarak seyahat siiresini
etkilemektedir. Bu durum havayolu tagimaciliginin yolcularini sunmus oldugu zaman faydasini ortadan
kaldirabilir. Koronaviriis salginiyla birlikte baz1 kurallarda degisiklik yasanmistir. Bunlardan bir tanesi
de salginla birlikte yayinlanan genelge sonucunda ger¢eklesmistir. Genelge kapsaminda kabin bagajlart
yolcularin yanina almasi yasaklanmis, bagajlarin ugak altina géndermesi istenmistir. Bu degisiklik de
bagaj akis siirecini aksatabilecek bir durumu ortaya ¢ikarmistir. Bagaj akisinda meydana gelebilecek
aksakliklar da zaman faydasini etkileyebilecektir. Bu ¢alisma, pandemi ddneminde birgok
havalimaninda gergeklesen uguslarin sikliklarinin diismesi sebebi ile Istanbul Havalimaninda yapilmasi
planlanmuis, i¢ hatlarda yasanan aksamalar ve yolcu sayilarinin daha az olmasi sebebiyle de dis hatlarda
yapilmistir. Yapilan bu galismada Istanbul havalimani dis hatlar bagaj islemleri goriisme yontemiyle
alman veriler 1s5181nda Arena Trial programi ile simiile edilmistir. Bunun sonucunda Havaalan1 Pandemi
Tedbirleri ve Sertifikasyonu Genelgesi doneminde bagajlarin ucaklara ulagsma siirelerinde artis
yasandigi gorilmistiir.

Anahtar kelimeler: Hava tasimaciligi, Bagaj tasima sistemi, Covid-19, Yolcu bagaji, Simiilasyon
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1. Introduction

The ability to quickly transport passengers from
one point to another is the most critical
characteristic that distinguishes air passenger
transportation  from  other modes of
transportation. Air transportation is crucial
because of this time benefit (Kiraci, 2018). The
quality of service provided to passengers in air
transport is determined by a variety of factors
(Gerede, 2015). Check-in and baggage
processing are two of the most crucial steps in
terms of saving time. The benefit of the time
granted by the airline may be lost if the baggage
flow is disrupted. At this point, it is expected
that, as a result of the circular issued during the
pandemic, the number of bags travelling under
the plane will increase, causing some
disturbances in the luggage flow, which could
result in flight delays. Due to the cancellation of
flights at several stations due to limitations and
passenger anxieties during the pandemic time,
the low number of passengers, and the decrease
in frequencies, it was felt that conducting the
study at Istanbul Airport International Flights
would be more appropriate.

A worldwide pandemic was declared in March
2020 due to the Covid-19, which first appeared
in Wuhan, China, and then spread throughout
the whole of China and the world shortly after.
Governments started to take measures, and
some of them closed their borders to prevent the
spread of the virus. As a result, the air transport
industry was deeply affected by all these
developments (Zhuang et al., 2020; Akca,
2020).

Since international travel is associated with the
spread of the virus, flight restrictions have been

applied, and most of the countries have reduced
or even stopped their flights to the countries
where the number of the Covid-19 cases is high.
According to Eurocontrol data, the number of
flights in Europe in May 2020 decreased by 90
% compared to the previous year (Eurocontrol,
2020). According to the report published in
November 2020, flight loss in Turkey is 0.49M
(-64%) and passenger loss is 99M (-74%) since
March 1 compared to 2019. However, cargo
transportation increased by nearly 40% in May-
June (Eurocontrol Briefing). World Health
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Organization (WHO) has issued many
measures as the rate of spread of the virus
increases. Some of those warnings include
washing hands regularly, applying social
distance with people who have symptoms, and
avoiding crowds and unessential travel (WHO,
2020). Meanwhile, the Directorate General of
Civil Aviation (DGCA) has also taken measures
to prevent virus spread in Turkey. One of those
measures is the restriction of cabin baggage in
aircraft (SHGM, 2020).

Cabin baggage limitation inherently increased
the number of baggage in the aircraft cargo
hold, and as a result, baggage loading times
soared, which triggered flight delays. This study
examines the relationship between baggage
number increase in the cargo hold because of
cabin restriction and the flight delays.

The remainder of this paper proceeds as
follows. A literature evaluation of the effect of
Covid-19 on the aviation industry and the
measures taken was conducted in the second
section. The approach utilized is explained in
the third chapter, as are the assumptions. While
the analysis and conclusions are discussed in the
fourth chapter, the results are discussed in the
fifth part.

2. Literature Review

The Covid-19 is highly contagious and
transmitted by saliva or droplets when an
infected person coughs or sneezes. For this
reason, the risk of infection increases in crowds
(WHO, 2020). As a result of these reasons,
countries have imposed certain restrictions on
passenger transportation by air. In this context,
Turkey limited its flight to England,
Switzerland, Saudi Arabia, Egypt, Ireland and
the UAE for the first time on March 16.
International air transportation have been
limited as a result of increases in the number of
cases the second half of March (SHGM, 2020).
While all of this is goingon, numerous actions
have been made around the world to combat the
Covid-19 virus. One of them is to avoid making
unnecessary contacts in the airline passenger
transportation sector. (WHO, 2020). The
Directorate General of Civil Aviation has also
published some measures under the name of
“‘Airport Pandemic Measures and Certification
Circular’’. The following are the changes that
have occurred as a result of this circular:
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Cabin baggage was accepted into the aircraft
before to Covid-19; however, restrictions were
placed on the items that would be accepted as
cabin baggage during the duration of the
circular. During the pre-Covid-19 time, there
were no limitations on baggage delivery;
however, during the circular period, it has
become the standard for passengers to wait at
the baggage claim area, in the area where the
conveyors are placed, in line with the social
distance rules. Laptops, handbags, briefcases,
and baby items are the only items that qualify as
cabin baggage. All additional products are
handed to the luggage during check-in,
according to this circular (SHGM, 2020).
Airline passenger transportation is a service
industry. The goal of airlines is to provide a
wide range of high-quality services to their
passengers. Baggage handling services are one
of these services. Baggage handling services are
very important for customer satisfaction, as
customer satisfaction largely depends on
baggage handling services. Disruptions in
baggage handling services can cause delays in
baggage, damaged or to be lost, which may lead
to consumer dissatisfaction (Cavada, Cortes and
Rey, 2017). Additionally, flight congestion may
arise as a result of baggage system overload and
airport population. (Savrasovs, Medvedev and
Sincova, 2009).

The importance of baggage handling systems
for airlines has been shown by the research in
Table 1. It has been observed that a problem
with the handling process has an impact on the
operation's efficiency. The importance of the
process is taken into account because one of the
most important benefits of air transport is the
time savings. The changing rules during the
Covid-19 period had a negative impact on
operation times, according to the findings
presented in Table 1. Studies have demonstrated
that using the simulation method, it is better to
improve the system. The purpose of this
research is to see if changes in the Covid-19
period have an impact on flight delays utilizing
simulation management.

Due to the Covid-19 pandemic, it is critical to
take precautions to avoid contact with
passengers and to follow social distancing
norms. However, as a result of these
precautions, the number of pieces of luggage
going under the plane increased. This resulted
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in a backlog at check-in counters as well as
problems in luggage systems, resulting in flight
delays. In this study, a simulation was used to
account for the changes that occurred within the
scope of the circular. The challenges that will
arise as the number of pieces of luggage
increases were modelled and the results were
analyzed.
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Table 1. Baggage studies with simulation method

Study Name Author Date Purpose Conclusion Reference
Simulation-based  Le, 2007 Avoiding baggage blockages Both operation and transfer speed increased when Le, V. T., Creighton, D.
Input Loading Creighton, due to busy check-in process baggage travel time decreased and Nahavandi, S. (2007)
Condition Nahavandi
Optimization of and Member
Airport Baggage
Handling Systems
New Developments Rijsenbrij 2007 Preventing baggage handling The number of lost and damaged bags has Rijsenbrij, J. C., & Ottjes,
in Airport Baggage and Ottjes system failures in narrow- decreased. J. A. (2007)

Handling Systems body aircraft Operational costs have been reduced by 50%.

Improved aircraft turnaround time Baggage

monitoring has significantly improved of this

technique, which has increased security.
Riga Airport Savrasovs, 2009 Process improvement Faster delivery & acceptance of luggage Savrasovs, M. Medvedev,
Baggage Handling Medvedev A. and Sincova, E. (2009)
System Simulation and Sincova
A Generalised Data Le, Zhang, 2012  The expected performance of Presented the baggage handling system's working Le, V. T., Zhang, J.,
Analysis Approach Johnstone, the baggage handling system features. Johnstone, M.,
for Baggage Nahavandi was evaluated. Nahavandi, S., and
Handling Systems  and Creighton, D. (2012)
Simulation Creighton
A Simulation Cavada, 2017 Improving baggage Answered questions such as how much baggage Cavada, J. P., Cortés, C.
Approach to Corets and processes during periods of  systems can handle the load; how much additional ~ E. and Rey, P. A. (2017)
Modelling Baggage Rey congestive flights demand can be removed with these systems
Handling Systems
at an International
Airport
Antalya Oz 2017 Estimating hazardous The time the aircraft waited on the runways, it is 0z, Y. (2017)
Uluslararasi emissions into the understood, did not create any delays.
Havalimani environment from aircraft The passenger boarding-deboarding process causes
Simiilasyon Modeli operations and understanding delays. Because the engines were not functioning
ile Bir Kuyruk the standby status of runway during the operation, there was no connection
Problemi use between pollutant emissions and the operation.
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Table 1. Baggage studies with simulation method

Study Name Author Date Purpose Conclusion Reference
Modeling and Hafilah, 2019 The most crucial Misreading of barcodes in manual scanning was Hafilah, D. L.,
Simulation of Air ~ Cakravastia, responsibility of the baggage shown to be the cause of the issues. Cakravastia, A., Lafdail,
France Baggage Lafdail and handling system is to ensure Y., & Rakoto, N. (2019)
Handling System  Rakoto that the cargo arrives at its
with Colored Petri destination on schedule. The
Nets reason of the problems has

been simulated in this case.
Ucak Cevrim Oztiirk and 2021  Its goal is to see if the The turnaround time has risen by roughly 9 minutes ~ Oztiirk, A. and Ates, S. S.

§ﬁresinin Covid-19
Oncesi ve Sonrasi
Simiilasyon Analizi

Ates

changes in aircraft
turnaround time are
comparable to the pre-Covid-
19 and Covid-19 periods.

as a result of the steps implemented during the
Covid-19 phase.
The cleaning crews' workload has increased.

(2021)
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3. Methodology

The process of developing a model that can
show the system is known as simulation. Due to
simulation modeling, procedures that could be
very costly can be completed for a low cost and
in a short amount of time (Ersoz, 2019). A
simulated system can be observed in various
iterations, as well as the outputs and diagnostics
in various scenarios (Ozcift, 2010).

The qualitative research method's interview
approach was utilized to obtain data on the
airport baggage handling service. In qualitative
research, the interviews method is the most
commonly used data collection methodology.
(Yildirim and Simsek, 2011).

The research is based on an Istanbul Airport
ground services company. Due to etichal laws,
the company name will not be disclosed. Data
on baggage handling service processes were
acquired throughout the Covid-19 period and
during peak hours as a result of interviews with
a ground handling employee who has worked at
Istanbul Airport since 2019. Face-to-face
interviews were performed. Transfer to the
Arena Trial simulation application and simulate

- —

Passanger\ Arrival Check-in
Arrival l Time Counter
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based on the airport information provided by the
participant.

The Arena Trial simulation program was used
to model the intensity at the airport during the
circular period in this investigation. During the
circular period, the impacts of an increase in the
number of bags carried under the plane and the
duration the plane spends on the ground were
simulated. Discrete event simulation was used
in this research. Variables in a discrete system
change only at certain sites and at specific times
(Ersoz, 2019). Here are a few examples of
discrete systems: Arriving at the airport, bags
arriving at the distribution area, and passengers
waiting at the airport check-in line.

3.1. Assumptions

The application was carried out in this study
based on an increase in the number of bags
given under the plane by passengers flying
internationally through Istanbul Airport during
peak hours in a single day. The Arena Trial
simulation tool was used to model the data
collected from the interview. Figure 1 depicts
the technique in question.

Baggage
Pool

—

e l—

Oversize

Chute |

I— Route 1 Station 1—

Registry’ »——«Aircraﬂ

Transfer p—

Decide 3

Dispose 2

Figure 1. Baggage Delivery Process

Due to an increase in the number of bags
moving under the plane, the baggage delivery
process, which is part of the check-in process,
has been simulated in line with the circular that
came before Covid -19 and within the scope of
Covid-19 measures. The scenario prior to
Covid-19 was referred to as the first situation,

whereas the current situation as a result of the
Covid-19 circular is referred to as the second
situation.

HI1: The circular, which came under the ban,
increased the time it takes for planes to stay on
the ground.
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H2: There have been disruptions in baggage
flow due to density.

4. Analysis and Findings

When looking at Istanbul Airport's air traffic
statistics as of the end of December 2020, it was
discovered that it served a total of 185,424
aircraft, including 59,572 domestic and 125,672
international flights. In terms of passenger
traffic, a total of 23,410,380 individuals were
served by 7,473,875 domestic lines and
15,936,505 foreign lines (DHMI Annual
Report, 2021). Istanbul Airport is a big facility.
On special days, the airport, which is packed at
all times, becomes even busier. However, as a
result of Covid-19, the number of flights has
fallen and the number of flights has decreased.
Following the conference, the following
statements about the circular period were made:
“There is a general congestion at the new
airport in summer and winter months. However,
this intensity decreased slightly due to the
pandemic effect. Despite this, flights to USA
began in June and the planes flew at a 98%
occupancy rate.”’

Interviewer, 50% of the luggage was transfer
baggage, 5% was oversized baggage, and 5% of
the luggage on flights fell into the communal
pool because it could not be read," he said. "In
addition, there has been an average increase of
50% of baggage coming under the aircraft."

In addition, it was stated that no additional
counters were opened for VIP and CIP and that
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all check-in and baggage transactions were
made jointly (common check-in). It is stated
that the counters are always open and that on
international flights, an average of 3 hours
15mins in advance, passenger intake has
started.

All data received by the interview method were
evaluated as average data. The scenarios created
to be implemented in the simulation program
are as follows;

Scenario 1: Current working conditions before
the Covid-19 period will be simulated.

Scenario 2: It will be simulated during the
Covid-19 period, especially when the circular is
in effect. In this process, the staff was reduced
due to flexible working and this variable were
added to the simulation according to the data
obtained from the interview. In this context, the
results and comparisons obtained will be
evaluated in the findings section.

2 scenarios were operated with the Arena Trial
application with the specified assumptions. The
findings of the study with the Arena trial
program are as follows.

The number of bags travelling under the plane
increased by 50% as a result of the circular
content and expert opinion obtained during the
Covid-19 period (Table 2), and this condition
was recreated.

Table 2. Baggage Times for the First Scenario

VA Time Average Half Width Minimum Maximum
Value Value
Entity 1 3.2826 (Correlated) 0.00 14.1178
NVA Time Average Half Width Minimum Maximum
Value Value
Entity 1 0.00 0 0.00 0.00
Wait Time Average Half Width Minimum Maximum
Value Value
Entity 1 0.00 0 0.00 0.00
Transfer Time Average Half Width Minimum Maximum
Value Value
Entity 1 0.3351 0,004776428 0.2502 0.4166
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Other Time Average Half Width Minimum Maximum
Value Value
Entity 1 0.00 0.00 0.00
Total Time Average Half Width Minimum Maximum
Value Value
Entity 1 3.6176 (Correlated) 0.3276 14.4259

The processing time for baggage is 3.25
minutes, according to the table above. The
longest time for baggage is 14.11 minutes.
When we look at the entire duration, we can see

that each baggage takes an average of 3.61
minutes and a maximum of 14.42 minutes. The
period outside the circular is reproduced in
Table 3, and the results are expressed.

Table 3. Baggage Times for Scenario Two

VA Time Average Half Width Minimum Maximum
Value Value
Entity 1 2.3304 (Correlated) 0.00 14.0620
NVA Time Average Half Width Minimum Maximum
Value Value
Entity 1 0.00 0 0.00 0.00
Wait Time Average Half Width Minimum Maximum
Value Value
Entity 1 0.00 0 0.00 0.00
Transfer Time Average Half Width Minimum Maximum
Value Value
Entity 1 0.2374 0,015256093 0.00 0.4162
Other Time Average Half Width Minimum Maximum
Value Value
Entity 1 0.00 0 0.00 0.00
Total Time Average Half Width Minimum Maximum
Value Value
Entity 1 2.5679 (Correlated) 0.00 14.3467

According to the data revealed in Table 3, the
processing time for a baggage in the time period
outside the circular was 2.33 minutes, while a
maximum time of 14.06 minutes was observed.
When we looked at the total time, it was

observed that there was an average waiting time
of 2.56 minutes for each baggage and a
maximum of 14.34 minutes.

When baggage processing times are compared,
it is seen that the time it takes for luggage to
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reach the plane increases during the circular
period. At the same time, it has been observed
that there are occasional blockages in the
luggage going to the shot in this process. It is
also among the observed data that there are
much more queues especially in transfer
baggage. Within the scope of all these data,

H1: The circular, which came under the
forbidden, increased the time it takes for planes
to stay on the ground. There is enough evidence
to reject the null hypothesis. When the
simulation analysis findings are analyzed, it is
discovered that the loading times of the aircraft
have increased during the circular period. This
refers to the length of time the aircraft spends
on the ground.

H2: There have been disruptions in baggage
flow due to density. There is enough evidence
to reject the null hypothesis, but it was observed
that this could be solved with a slight increase
in the number of counters. The time spent at the
counter increased, according to the simulation
analysis results.

5. Conclusion

Baggage handling is an integral aspect of the
overall passenger transportation service
provided by airlines. There are numerous issues
with this situation. While luggage handling
disruptions can cause plane delays, it is a crucial
step that impacts passenger happiness.

The scenarios and data gleaned from the
interviews were reproduced in this study, and
the challenges encountered during that time
were attempted to be articulated. According to
the findings, the time it took to get the luggage
from the counter and onto the plane was
stretched, and there were some difficulties. In
order to avoid the problems that develop, the
number of counters and staff can be raised. The
study's epidemic period introduces numerous
constraints. A significantly better study can be
produced if these restrictions are overcome.
Because of the limitations imposed during the
pandemic, airports are only authorized to accept
passengers. As a result, no observations were
made throughout the research. Due to the low
number of flights and airline cancellations,
there were some restrictions. This research
could be utilized as a starting point for further
research. It can be identified what kind of
problems there are in the baggage handling
procedure if a study comparable to this one is
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conducted at an airport that is fully operational.
These issues can be resolved, and better service
can be offered. Moreover, comparable studies
will be valuable in the implementation of air
transportation in many types of services.
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Abstract: This research aims to investigate university students' perceptions of crowdsourced delivery
and identify factors that influence crowdsourced delivery platform acceptance as a consumer and as a
driver. Research design is a qualitative exploratory case study that was performed on university students'
perceptions of crowdsourced delivery in Turkey. Online focus group discussions were used to collect
data with 35 university students. Data included six online focus groups and were analyzed using thematic
analysis. To increase credibility and trustworthiness, the researcher triangulation was applied. The
findings show that as a consumer; performance expectancy, price sensitivity, social influence, and
perceived risk and as a driver; compensation, working environment, and perceived risk affect acceptance
of crowdsourced delivery. The findings are helpful for crowdsourced delivery platforms to increase the
acceptance rate in the beginning stage of crowdsourced delivery and provide suggestive knowledge for
other emerging countries. This paper highlights what factors influence students' acceptance of
crowdsourced delivery in the introduction phase from the perspective of a group of university students
in an emerging country. Therefore, crowdsourced delivery platforms that want to increase their market
share quickly should organize custom campaigns for university students.

Keywords: Crowdsourced delivery, emerging market, technology acceptance, last mile delivery
solutions, B2C delivery

Kitle kaynakh teslimatin benimsenmesi: bir ¢cevrimici odak grup goriismesi

Ozet: Bu arastirma, {iniversite 6grencilerinin kitle kaynakli teslimat algilarim arastirmayi ve bir tiiketici
ve bir siiriicii olarak kitle kaynakli teslimat platformunun kabuliinii etkileyen faktorleri belirlemeyi
amaclamaktadir. Arastirma tasarimi, Tiirkiye’de tiniversite 6grencilerinin kitle kaynakli teslimata iligkin
algilar1 iizerine gergeklestirilen nitel bir kesifsel durum c¢aligsmasidir. Veri toplamak igin 35 iiniversite
ogrencisinin dahil oldugu odak grup goriismeleri gerceklestirilmistir. Veriler alt1 ¢evrimi¢i odak grup
gorlismesini igermis ve tematik analiz yontemi kullanilarak analizleri gerceklestirilmistir. Verilerin
inandiricilik ve giivenirligini arttirmak i¢in arastirmaci gesitlemesi kullanilmistir. Bulgulara gore,
tiiketici olarak; performans beklentisi, fiyat duyarliligi, sosyal etki ve algilanan risk ve bir siiriicii olarak;
gelir, caligma ortami ve algilanan risk, kitle kaynakli teslimatin kabuliinii etkilemektedir. Bulgular, kitle
kaynakli teslimat platformlarinin, kitle kaynakli teslimatin baglangic asamasinda kabul oranini artirmasi
ve diger gelismekte olan iilkeler i¢in anlamli bilgiler saglamasi agisindan yararlhidir. Bu makale,
gelismekte olan bir iilkedeki bir grup {iniversite Ogrencisinin bakis acisiyla, giris agamasinda
ogrencilerin kitle kaynakli teslimati kabul etmesini etkileyen faktorlerin dnemini ortaya koymaktadir.
Bu nedenle pazar paymni hizla artirmak isteyen kitle kaynakli dagitim platformlari, iiniversite
ogrencilerine 6zel kampanyalar diizenlemelidir.
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1. Introduction

E-commerce has created radical changes in
many areas of human life. The comfortable
purchasing experience has  significantly
affected consumer habits, and its usage has
become widespread. While there were no e-
commerce companies just 30 years ago, the
industry has continually increased such that
Amazon, an electronic-based company, is one
of the largest retail companies in the world
today (Berg & Knights, 2021). In 2020, The
global retail trade market reached 26,5 trillion
USD and increased by approximately 4.4%
compared to the previous year. The share of e-
commerce from that market is 15.4%, 4.1
trillion USD (Cramer-Flood, 2020). However,
last-mile delivery capabilities have struggled to
develop along with this trend.

The extreme demand for online sales has
increased convenience and comfort for
customers but has brought environmental and
economic difficulties. While a significant
number of vehicles creates multifarious social
costs (Kapser & Abdelrahman, 2020), it is a
substantial parameter of environmental effects,
especially air pollution and noise, affecting the
health of the most vulnerable inhabitants (Allen
et al., 2015). On the other hand, today's
customers expect faster and more comfortable
services even if delivery is provided within 24
hours (Goetting & Handover, 2016). Increasing
customer expectations and accumulated orders
have created obstacles in the logistics process.
They have pushed industry stakeholders to seek
a solution that will provide a suitable offset
between their costs and customer needs, speed,
price, and environmental effects (Chen &
Chankov, 2017). Although many innovative
delivery solutions have been introduced, such
as drones, parcel lockers, and autonomous
delivery vehicles, the prevalence of these
technologies is quite limited. Crowdsourced
delivery differs from these solutions in that it is
rapidly becoming widespread. Crowdsourced
delivery provides an adaptable, cost-effective,
efficient, and scalable solution to last mile
delivery problems, and retailers are beginning
to become aware of the potential of
Crowdsourced progressively (Buldeo Rai et al.,
2021a). Despite the potential benefits,
consumer perception toward crowdsourced
delivery is a critical issue in realizing these
benefits.
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Crowdsourced delivery platforms have been
growing for several years, and though most of
them are based in the US, new initiatives have
started to emerge in the rest of the world (Punel
and Stathopoulos, 2017). As it is a new business
model, behavioral research on crowdsourced
delivery is scarce on both the consumers and
carriers (Le et al., 2019; Wicaksono &
Tavasszy, 2021). From in consumer
perspective; price (Punel and Stathopoulos,
2017; Buldeo Rai et al., 2018; Punel et al.,
2018), environmental awareness (Buldeo Rai et
al., 2018; Punel et al., 2018), societal awareness
(Buldeo Rai et al., 2018; Punel et al., 2018),
reliability, privacy, accountability (Devari et
al., 2017), driver reputation, speed (Punel and
Stathopoulos, 2017), qualitative delivery
(Buldeo Rai et al., 2018), without damage,
delivery on time, product type (Le & Ukkusuri,
2018) and location (Punel et al., 2018) have
influences on acceptance of crowdsourced
delivery. From in driver perspective,
compensation (Paloheimo et al., 2016; Huang,
et al., 2020; Buldeo Rai et al., 2018; Le &
Ukkusuri, 20019a), good working environment
(Paloheimo et al., 2016; Buldeo rai et al, 2018),
environmental awareness (Paloheimo et al.,
2016; Buldeo Rai et al, 2018), enjoyment of the
previous job, trust entry barriers to work
(Huang et al., 2020), innovativeness, societal
awareness, (Paloheimo et al., 2016), clear
legislation and good platform operation
(Buldeo Rai et al., 2018), have influences on
acceptance  of  crowdsourced  delivery.
However, these studies have focused on a few
countries; USA (Le & Ukkusuri, 2019a; Le &
Ukkusuri, 2019b; Lee and Ukkusuri, 2018; Le
et al.,, 2019; Punel and Stathopoulos, 2017;
Punel et al., 2018; Devari et al., 2017), Vietnam
(Lee & Ukkusuri, 2018), Finland (Paloheimo et
al., 2016), Belgium (Buldeo Rai et al., 2021a;
Buldeo Rai et al., 2018) and China (Huang et
al., 2020).

Most studies evaluate the consumer behaviors
about acceptance of crowdsourced delivery in a
developed country context. Also, studies are
conducted in different markets, which are
mostly growth phase in the product life cycle.
The introduction phase of crowdsourced
delivery acceptance is understudied in the
literature, especially in the emerging country
context. In places where Crowdsourced
delivery applications are widespread, people
have started to know how they operate, but it is
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still a relatively new service for Turkey. In this
study, the data is collected from university
students, because young populations tend to be
early adopters of last-mile delivery innovations
(Moroz & Polkowski, 2016; Punel et al., 2018;
Chen et al., 2018). This paper aims to
investigate university students' acceptance of
crowdsourced delivery as consumers and as
drivers.

The structure of this paper addresses the
methodological approach in the second section,
while the third section presents results on
research findings. The fourth section is given to
discussion, and conclusions take place in the
fifth section.

2. Methodology

An exploratory qualitative approach was
selected, as this has previously been proven to
provide comprehension to the researcher if
there is no prior knowledge regarding the
subject (Chawla & Sondhi, 2016). This study
seeks a comprehensive evaluation of
crowdsourced delivery adoption in the Turkish
B2C market. Participants are university
students, as they tend to have high technological
adaptation and e-commerce usage potential.
Through a review of the existing literature, 13
questions about delivery methods and
Crowdsourced concept were settled on and
refined. Having conducted six focus group
discussions with a total of 35 participants, we
obtained evaluations that helped us to
comprehend the causes for why they were
willing to use the crowdsourced delivery system
or not. This exploratory research was conducted
in Turkey, which has the 19th largest economy
globally. Approximately 8 million students
attend higher education in 203 universities there
(YOK, 2021).

The study obtained human subjects' approval
from the FEthics committee of Istanbul
Ayvansaray University. Background
questionnaires and online focus groups were
employed as data collection methods. The
background questionnaires provided data about
demographic information and e-commerce
habits, and the online focus group discussions
captured more  information  regarding
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crowdsourced delivery to respond to our
research  objectives. Internet technology
provided an opportunity to conduct focus group
discussions in a web environment, termed
"online focus groups," instead of at real in-
person meetings (Gundumogula, 2021). All the
sessions were held online using the Zoom
platform. The online focus group method
eliminates location problems and ensures the
ability to select a wide range of suitable
participants  for a  particular  subject
(Gundumogula, 2021). Therefore, we chose
university students in different parts of Turkey.
Properly conducted group discussions can also
produce more exploration than one-on-one
interviews, thanks to mutual participation
within the discussion (Willis et al., 2009). As
was selected in this study, online group
discussion is an effective method to research
different technologies (Hancock, 2017;
Morrison et al., 2020).

2.1. Participants
The inclusion criteria are as follows:

* Participant must be aged at least 18 years or
older.

* Participant must be a student at one of the
Turkish universities.

* Participant must be an e-commerce customer.

We used two recruitment methods: social media
and word of mouth. Participants were
determined based on purposive sampling. All
participants were selected without considering
their prior knowledge or wusage of the
crowdsourced delivery app to enlarge the
understanding of crowdsourced delivery
adoption. The demographic characteristics of
participants are shown in Table 1. In the age
group of 19-27 years, 35 participants were
selected and informed us that they were willing
to participate. In total, six focus group
discussions were carried out. Studies on focus
group sizes recommend various numbers
(Prince & Davies, 2001; Krueger & Casey,
2002). Therefore, we selected group sizes of 5
to 7. Discussions are more likely to be effective
and may reveal more with fewer participants
than a larger one (Krueger & Casey, 2002).
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Table 1: Focus group participants

Participant Number Age Sex Average Number of Group No.
Parcels per Year

Participantl 22 Female 75

Participant2 23 Male 25

Participant3 21 Male 10

Participant4 21 Female 65 Group 1
Participant5 21 Female 110

Participant6 21 Male 15

Participant7 21 Female 60

Participant8 20 Female 50

Participant9 21 Female 45

Participant10 20 Female 35

Participant]1 19 Female 15 Group 2
Participant12 20 Female 30

Participant13 21 Female 50

Participant14 23 Male 20

Participant15 21 Male 10

Participant16 20 Male 10

Participant17 23 Male 5 Group 3
Participant18 22 Female 100

Participant19 21 Male 20

Participant20 20 Male 35

Participant21 20 Male 25

Participant22 22 Male 45 Group 4
Participant23 24 Female 40

Participant24 21 Female 10

Participant25 22 Female 30

Participant26 22 Female 50

Participant27 21 Male 25 Group 5
Participant28 21 Male 25

Participant29 22 Female 45

Participant30 21 Female 20

Participant31 26 Male 60

Participant32 24 Female 20

Participant33 27 Male 30 Group 6
Participant34 25 Male 30

Participant35 25 Female 40

2.2. Data collection

Focus groups were carried out using Krueger
and Casey's (2002) standard procedures. At the
beginning of each focus group, the purpose of
the study was first explained to the participants.
Then the moderator informed them about
anonymity and group discussion norms and
asked for their verbal consent. Each group also
agreed that what was discussed in the focus
group would not be disclosed anywhere else.
Six online focus groups were conducted
between October and December 2021, and each
was recorded in the Zoom platform. Each focus

group ranged between 36 and 67 minutes and
was moderated by an academic, while one
observer oversaw technical issues and took
notes. In total, 5 hours and 19 minutes of group
discussions were recorded. Qualitative research
considers the point where the data reach
saturation by repeating more than the number of
participants (Creswell, 2013). Therefore, data
collection was continued until sufficient
saturation was achieved in the data.

The moderator conducted the group discussion
using semi-structured interview questions and
one short quantitative survey (see appendix A).
Some of the questions are adapted from Buldeo
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Rai et al. (2021b). Following an explanation of
the research goal, some videos and PowerPoint
presentations were presented to inform
participants who had no prior knowledge of
crowdsourced delivery.

Participants were then asked about their
attitudes and perceptions about crowdsourced
delivery. In addition, they were led to discuss
the reasons for their positive and negative
feelings toward this delivery method and what
characteristics of the delivery method and the
drivers would lead to its acceptance.

2.3. Data analysis

Focus group discussions were transcribed,
reviewed, anonymized, and checked for
accuracy by the main moderator. The
transcriptions then underwent qualitative
thematic content analysis. Thematic analysis is
a flexible and understandable analyzing method
preferred in qualitative studies, including focus
group studies (Aitken et al., 2019). Two
researchers conducted the analysis separately.
The three researchers compared the coded
themes and discussed them until a consensus
was reached on the codes. As a result of the
agreement, the codebook was created, and the
final revision was carried out by seeking and
receiving feedback from an academic
experienced in qualitative methods. Microsoft
Word and Excel were used for analyzing the
data. It was ensured that the main themes were
formed using induction approach.

3. Results
3.1. Adoption Factors of Consumers

Performance expectancy. Across all focus
groups, participants expressed that they have
faced various problems with last-mile delivery.
Most participants chose the last-mile delivery
method that would cover their performance
expectations. They stated that they would like
to change their last-mile delivery method to
improve their experience.

Delivery time is one of the consumers' main
problems in last-mile delivery. Although the
participants' expectations regarding delivery
times differed according to the product types,

most participants were seen to give importance
to a short delivery time.
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Participant 3: "If the products I'm going to buy
are groceries, I expect to receive them within
that day, even half an hour."”

Participant 5: "If the product arrives in a
shorter time, I say that can be a preferred factor
that is more important than the delivery fee.”

Having a delivery arrive after the estimated
arrival time causes a negative service
perception for many participants, who may
make a purchase decision according to the
delivery date.

Participant 28: "[Say] I'm buying a gift for my
friend's birthday. When that delivery arrives
late, I'm waiting for it in such an angry way."

Participants state that the current last-mile
delivery is relatively inflexible. The broad time
window and the inability to change the process
limit the consumers. Offering more flexible
options to consumers, such as a shorter time
window, location change option, and delivery
day selection affects consumer preferences.

Participant 32: "If the delivery comes to my
house when I'm not at home, it's a big problem
because then I have to go and pick it up. I think
this situation creates a lot of trouble. In other
words, the lack of a certain time window with
last-mile delivery companies is a serious
problem."

Participant 22: "What I am experiencing very
often these days, for example, [is that] I receive
a message that it will be delivered today, but it
is not clear what time it will arrive. I am [left]
waiting for it all day long, and I cannot focus on
other work."

Participant 4: "When [ enter the app, if there
are options such as [whether to] let [my
delivery] be left with my neighbor or delivered
on another date, I would prefer the option to
have it delivered on another date. Because it
shows that the product will come tomorrow, but
I won't be at home tomorrow. For example, 1
want to change it to Saturday, [because on the
original delivery day] I'm not at home, so I do
not want to be stressed [about it]. Otherwise, 1
must call and talk to the last-mile delivery
company, so I would like to [be able to] select
the day I am at home directly from the app. 1
think this would be an outstanding service."
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Consumers
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Figure 1: Acceptance factors of consumers

Participants want to get information about the
status and delivery time of their products to plan
their daily activities. They state that this data is
often not entered in the shipment information
system with last-mile delivery, or it is entered
incorrectly or incompletely. Today's technology
allows real-time tracking of deliveries, but
traditional last-mile delivery companies don't
provide this technology to consumers. Many
participants want to benefit from this feature.

Participants who wish to avoid the "you were
not at home" problem think that the shipment
tracking system is a significant advantage.

Participant 17: "l don't know the exact delivery
date when I place an order for books, clothes,
etc. It is uncertain whether it will arrive in a
week, in a day, or two days. I need to see the
delivery date.”
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Participant 6: "For example, I think it is
important to inform consumers that 'Your order
is on its way, your order will arrive between
these dates.""

Participant 12:" I need to know in how many
days the product I bought will arrive. The
system says a week, [but it may come] in three
days or four days,; we don't know now how many
days it will [take to] arrive. I want to know what
day and what time it will come when ordering."

Participant 5: "Features such as a live help
option, [or the ability to check the location of
an] order or remaining delivery time seem to
encourage people to use [the service]."

Participant 22: "Maybe if there is a company
that works with a real-time location service or
makes a call before [delivering], I guess it
would be good for me."

Most last-mile delivery companies do not
deliver to rural areas or have on certain days.
Users living in these areas must take delivery
from collection points, as this is the only option.
Some participants would prefer companies that
provide services in line with their expectations.

Participant 13: "l always choose home delivery,
but since I live in a village, it always stays at the
collection point, so I have to go and pick it up
all the time."

Participant 10: "There is no last-mile delivery
company that does home delivery where I live,
so 1 usually have to pick it myself."

The last-mile delivery is a backward- as well as
a forward-operating system. Both aspects of
this operation need to be planned to meet
consumer expectations. Some participants were
concerned about how the return processes will
be managed in crowdsourced delivery.

Participant 19: "If I choose crowdsourced
delivery, and the item comes to as broken, how
can [ send the item back?"”

Price sensitivity. Price was a crucial factor for
the participants and directly affected their
behavioral intentions. A significant number of
participants stated that various price-related
factors would influence their use of
crowdsourced delivery. Paying the shipping
cost was perceived as inconvenient by the
participants. Also, most of the e-commerce
companies in Turkey offer free shipping
services over a certain shopping amount, so
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consumers do not know how much money is
usually paid for shipping. If the crowdsourced
shipping cost is less than other last-mile
delivery methods, it is an important alternative.

Participant 2: “If the thing coming to me is
something precious, and if there is a
considerable shipping fee difference from a
traditional last-mile delivery company, 1 will
use crowdsourced delivery.”

Participant 16: “I might consider whether this
option would be cheaper in terms of price
compared to standard last-mile delivery.”

Promotion is very effective in the diffusion of
new technologies and their rapid adoption by
consumers. Participants are positive about
different delivery promotions related to the last-
mile delivery. Likewise, they stated that they
would try at worst if the crowdsourced delivery
offered a promotion. In addition, promotional
offers can create a social impact and be shared
among students.

Participant 35: “Actually, picking up from the
delivery point is not my first choice, but if there
is a promotion or discount, I can pick it up from
the delivery point.”

Participant 29: “If there is a discount or
promotion somewhere, I want to inform my
friends and take advantage of [it].”

Participant 10: “luse it. We love discounts and
free things as a nation, so I use them too.”

Social influence. One of the essential factors in
adopting new technologies is social influence.
Social influence is the state of being affected by
the ideas of those around us. Participants
mentioned that their friends' recommendations
could be an essential factor in adopting
crowdsourced delivery as their last-mile
delivery of choice.

Participant 6: “Frankly, if a friend of mine used
it, and she/he was satisfied and recommended it
to me, I would use it too.”

Participant 11: “If the people around me do not
have problems with it, or the problems they are
experiencing are minimal ones that can be
solved, I [will feel able to] use it.”

Along with their friends' recommendations,
participants said that other users' ratings and
comments about crowdsourced delivery could
also influence their adoption of it. Although
positive comments could positively affect their
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use of the service, negative comments and
ratings could also have a negative effect.

Participant 4. "The ratings of the users are also
a necessary detail in my opinion since as the
application settles, people who are early users
will have comments, ratings, notes on how
much shipping they do, etc. If they give me
confidence [in the service], then I can use it."

Participant 8: "If people complain a lot or I see
bad reviews, I make my choice accordingly.”

Social media play such a significant role in
people's lives. Followers care about social
media influencers and celebrities choices.

Participant 7: Maybe first we will learn to
recognize [the service] thanks to influencers,
and then we will get used to it.

Perceived risk. It was observed that the
participants  were not familiar  with
crowdsourced delivery and found it different
from traditional last-mile delivery in terms of its
non-corporate nature. Three aspects affected the
risk perceived by the participants. First, the
drivers' attitudes can have an impact on
participants' acceptance or rejection of this
delivery method. While the participants who
had enjoyed a positive driver experience
approached this method positively, some
thought that drivers might have negative
attitudes because of the lack of corporate
structure.

Participant 33: "Drivers do not have any
managers to regulate their behavior. Problem-
solving can be difficult when drivers show bad
attitudes, or we have a conflict between us."

Participant 8: "We have many negative
experiences even with the personnel working in
the [regular] last-mile delivery companies. [
cannot predict the attitudes of these self-
employed people."”

With last-mile delivery, many damages can
occur during the transportation and transfer of
the products. Participants attached importance
to undamaged product delivery, as damage to
the products requires the user to make an extra
effort, such as complaints and returns.

Participant 10: "It is crucial to me that the
product arrives undamaged. Most of the
makeup products I buy are dented. I have
similar problems with clothes."
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Participant 18: "l need to receive my product
undamaged."

Another critical issue is the rights and
responsibilities of the users in case of a
damaged product or conflict. Participants were
concerned about the delivery process and their
rights in crowdsourced delivery.

Participant 8: "Traditional last-mile delivery
companies give me more confidence. Since 1
will be dealing with the company rather than a
single person when I have a problem, different
solutions can be found, but otherwise, it seems
like the possibilities are more limited."

Participant 26: "What will the e-commerce
company's attitude be like? For example, if 1
first see a statement [from the company] that if
there is any problem, we are behind you and we
will not victimize you in any way, then I can
think about using [the service]."

Lastly, security was one of the top concerns of
the participants. Specifically, participants were
concerned that drivers are not employees of a
company and about the privacy and security of
the products and themselves.

Participant 28: "Even a last-mile delivery
company employee can add us from social
media because he/she knows our names and
surnames. In such cases, we can complain to the
company. [Crowdsourced] drivers will have
information about our name, surname, and even
our address. How will this delivery method
ensure our security and privacy?"

Participant 13: "Our safety is an important
point. We don't know who the next delivery
person will be. For example, we know the
people who usually come as we constantly shop
with a standard delivery company. We don't
know who will come with this.”

3.2. Adoption factors of Drivers

Compensation. The most crucial issue for the
participants was the income level they would
obtain from the service they would be
providing. If the income level was satisfactory,
most participants were willing to work in this
type of last-mile delivery service.

Participant 8: "I can do it for the benefit it gives
me. I [am] cost-oriented; if it does not provide
me profit, why should I do that job?"
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Participant 31: "If I'm going to make money, I'd
like to work, but if I can't make enough money,
why would I try?"

Drivers

Working

Compensation .
environment

Perceived risk

—Working schedule] = Security

— Delivery location | == Legislation issues

=] Delivery distance

—1 Delivery vehicle

Figure 2: Acceptance factors of drivers

Working environment. A good working
environment is one of the main driving forces
for participants to work as drivers. Participants
seem willing to work in this delivery method to
decide many processes for themselves—the
possibility of choosing time windows, delivery
distance, delivery location. For example, a
working schedule is significant for participants.
They want to work part-time in a way that
depends on their university or personal
program.

Participant 3: "l would like to work as long as
my time allows, that is, in the free time that is
beside [my] daily schedule."”

Participant 11: "This is a freelance job. I'm not
an employee of a company. [If] I want to deal
with my other personal business that day or |
have a more important problem to deal with,
then I won't work, but if I'm available, [ would
like to work."

Also, delivery location is another crucial factor.
Participants stated that they would like to
deliver to points on their regular travel routes or
locations within a specific area in their
neighborhoods.

Participant 28: "It might make sense to do if it's
on our travel routes."

Participant 22: "If  work on the European side
of Istanbul and if I live on the Anatolian side, 1
can take the needs of the people where I live, so
it will be an extra job."

There are also uncertainties about which vehicle
the delivery will be made by. While some
participants wanted to make deliveries using
environmentally friendly vehicles such as
public transportation or bicycles, some
participants stated that it would be easier to
deliver with their vehicle.
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Participant 26: "Bicycles may be suitable for
everyone to do, but there must be a bicycle road.
Otherwise, it is hazardous in Turkish traffic.”

Participant 6. "If a student can buy a car in
Turkey, it means that his/her income is high.
Therefore he/she doesn't want to work in this
business. I think public transport and cycling
are the two best options, but cycling can be
dangerous in traffic."”

Participant 24: "Due to weather conditions and
to be safe, I want to deliver with my car."

Perceived risk. Perceived risk has a significant
impact on working in crowdsourced delivery
and using it. Participants' concerns about
adopting crowdsourced delivery as a worker
match two of the elements observed in user
adoption. Clarifying the participants' rights and
responsibilities regarding their problems during
the process may facilitate their intention to work
in this field.

4. Discussion

E-commerce is overgrowing all over the world.
Hayashi et al. (2014) propose that e-commerce
success depends mainly on the success of
delivery services. Therefore, managers and
academics have focused on improving different
aspects of the last-mile delivery process.
Crowdsourced delivery is one of the innovative
business models that has sprung up to help with
efficient last-mile delivery. Still, despite this, it
has been the subject of little scientific research.
This study presents original findings on the
acceptance of crowdsourced delivery in Turkey,
a country with approximately 8 million
university students: an important distinction, as
the results suggest that university students
perceive crowdsourced delivery as both a new
income opportunity and a new alternative for
last-mile delivery. Although our focus groups'
participants expressed positive perceptions of
the acceptance of crowdsourced delivery in
general, a certain distrust in using this new
business model was also revealed. Four major
themes (performance expectancy, price
sensitivity, social influence, and perceived risk)
were found to affect participants' adoption of
crowdsourced delivery as consumers, and three
major themes (compensation, good working
environment, and perceived risk) were found to
affect their acceptance of crowdsourced
delivery as a driver.
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Participant 4: "I need to know whether I will be
responsible or not if the product is damaged,
even if it is not my fault."”

Participant 15: "How do I know what they will
[have me] transport? So there seems to be a
great deal of mutual trust. How can I be sure
[whether] what I'm carrying is legal or illegal,
and how can I know that there is nothing
different in the package I'm delivering? So,
when [ think about it from the driver's point of
view, it didn't seem reliable to me."

Another concern is about the security of the
drivers. The attitudes of the people at the
delivery addresses or the security problems that
may occur there affect the intention of the
participants to become employees.

Participant 20: "We see what last-mile delivery
workers are going through in Turkey in the
news. Last-mile delivery workers can be
attacked. I might be concerned about security
as this is a job [where] that is likely to happen.”

The present study results show that
performance expectancy acts as an antecedent
to the adoption of crowdsourced delivery.
Considering the participants' general tendency,
the acceptance of this delivery method is based
on whether the benefits provided are better than
other last-mile delivery options. Participants
will be willing to adopt this method if
crowdsourced delivery offers better delivery
speed, flexible options, on-time arrival,
information  sharing, real-time tracking,
accessibility, and return processes, which are
problematic in traditional last-mile delivery.
These findings are consistent with previous
studies concerning delivery speed (Carbone et
al., 2017; Le and Ukkusuri, 2018; Mckinnon et
al., 2016, Punel and Stathopoulos, 2017),
flexible options (Le and Ukkusuri, 2018; Punel
et al., 2018; Ghajargar et al. 2016), delivery on
time (Le and Ukkusuri, 2018; Punel and
Stathopoulos, 2017), information sharing, real-
time tracking and return processes (Carbone et
al., 2017).

The price sensitivity also strongly affects the
acceptance of crowdsourced delivery. Turkish
e-commerce companies do not charge delivery
fees for purchases over a certain amount;
therefore, consumers do not know the total cost
of the shipping fee. However, the participants
believed that the shipping cost should be below
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a specific cost. Offering the crowdsource
delivery option for products under a certain
amount may provide consumers an advantage in
receiving deliveries at an affordable price
(Rouges and Montreuil, 2014; Archetti et al.,
2015; Miller et al., 2017). Also, while we found
that the shipping cost is an essential aspect for
users, Punel and Stathopoulos (2017) argue that
although crowdsourced delivery firms use cost
reduction as their primary advertising point, it
is not one of the significant usage factors. In our
study, price sensitivity emerged as a critical
factor, as the delivery fee is essential for
students with limited budgets. Promotions, such
as collaborations and discounts that might be
offered with crowdsourced delivery, also
created a very positive perception of the
participants'  acceptance.  Likewise, the
participants stated that compensation is
substantial for drivers. Previous research was
also in line with this finding (Le et al., 2019a;
Miller et al, 2017).

Perceived risk is another vital determinant for
the adoption of crowdsourced delivery. Many
participants explained that they had problems
with trusting this method. The possibility of
theft and damaged or lost products concerned
them (Mckinnon, 2016). Participants have
doubts about loss or theft of the product, insure

5. Conclusion

Last-mile delivery is a logistics service that
allows consumers to receive their deliveries
seamlessly. The rapid growth of e-commerce in
recent years has led to innovations in last-mile
delivery. One of these innovative business
models is crowdsourced delivery.
Crowdsourced delivery is an app or web-based
business that allows users to get their products
faster, within a specified time frame, at a lower
price. This delivery method has already been
used in many countries such as Germany, the
USA, Japan, and China. However, the factors
affecting consumers' intention to use this
business model may differ in each country.

After the covid-19 pandemic, the new normal
created a massive opportunity for the
crowdsourced delivery companies because
many people use online channels even in their
grocery purchasing. The quality of the service
they receive is important for people to maintain
these habits. Delivery is an essential element in
this service quality. Crowdsourced delivery
applications are still in their infancy in Turkey,
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the products, and communication problems
with a driver. It is challenging to provide
sufficient service quality with freelance drivers
(Devari et al,, 2017). In addition, sharing
personal information with crowdsourced
drivers causes privacy issues (Mckinnon,
2016). However, as the experience of
crowdsourced delivery increases, there is less
focus on the privacy, security, and trust issues
that users are concerned about in the early
stages (Punel et al, 2018). Regarding the
acceptance of crowdsourced delivery as the
driver, the participants' decisions were affected
by the possibility of the transported goods being
illegal or dangerous and questions of how to
solve insurance-related problems in case of
damage to the product. This finding matches the
literature (Mckinnon, 2016; Le et al., 2019a; Le
and Ukkusuri, 2018).

The last factor affecting acceptance as a driver
is the excellent working environment. Since the
participants want to work without interrupting
their education, they want to decide on their
working conditions. Miller et al. (2017) report
that those who want to work as drivers mostly
want to do so in their spare time with flexible
time zones. Therefore, crowdsourcing
platforms that provide flexible working options
can find a larger driver supply.

and a significant portion of the population is
unaware of this method. This study evaluates
Turkish university students' adoption of
crowdsourced delivery, both as drivers and
consumers. Therefore, it provides excellent
insights for crowdsourced delivery platforms,
as listed below.

* Crowdsourced delivery platforms should
highlight the positive aspects that distinguish
them from traditional last-mile delivery
companies, and offer experiences that the
consumer expects, such as speed, flexibility,
and traceability.

* The delivery fee should be kept lower than
standard delivery at entry-level because one of
the reasons for consumers' transition between
competing suppliers is delivery prices (Punel et
al., 2018).

* Discounts on delivery fees and collaborations
with other retailers should be offered in the
dissemination period among students. The
compensation they are expecting to earn for
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drivers should be determined, and the number
of drivers should be increased.

* Social influence is effective for participants.
Thus, the word-of-mouth effect should be used,
and drivers should also be leveraged as an
advertising tool. In addition, celebrities, mainly
social media influencers, should be encouraged
to share their experiences using crowdsourced
delivery on YouTube, Twitter, and Instagram
platforms. A rating system for crowdsourced
platforms will also be a positive reference for
many users. The rating system can be an
effective tool in supporting good drivers and
eliminating bad drivers from the system,
reducing risk perceptions related to credibility
and professional inadequacy (Carbone et al.,
2017).

* Advertisements and information should be
shared about the precautions and insurances
taken to protect participants against theft, loss,
and damage.

* One of the biggest obstacles to controlling the
service quality offered by drivers is the low
barriers to being a driver (Huang et al. 2020).
For this reason, candidate drivers should be
trained and tested for security and privacy
concerns, and the criminal records of candidate
drivers should be checked.

* The crowdsourced delivery models currently
available in Turkey offer almost the same as the
traditional delivery model for drivers. Good
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Appendix A
Focus Group Questions
Demographic questions:

Age (), Gender ( ), The average number of e-
commerce shopping in a year ( )*

Opening questions

e Which delivery methods would you
prefer to use? why?
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Introductory questions

What factors affect your delivery
method choices?

Transition questions

How important is delivery to you?
What are your expectations from a
good delivery?

How often do you have problems with
delivery?

Key questions

What do you think are the advantages
and disadvantages of the crowdsourced
delivery service?

Would you use crowdsourced delivery
as a delivery method?

How does the crowdsourced delivery
method differ from the delivery
methods you use?

What do you think about the ease of use
of the crowdsourced delivery service?
How does the spread of crowdsourced
delivery method affect your use of this
delivery method?

What do you think of the trial proposals
for the crowdsourced delivery service?
Do you want to work as a driver in
crowdsource delivery service?

Which vehicle would you prefer for
delivering the packages?

End questions

What changes do you think should be
made in future delivery methods?

* you can round up the last digit as 5 or 0.
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Using the hierarchy of controls to improve maritime safety: Case of hot work on
board ships
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Abstract: Hot work is considered a hazardous process that causes many accidents on board ships. So,
actual risks of hot work actions are assessed like any other hazardous operations in ships. Since the
intelligent transport systems require increased safety level; all assessed hazards should be eliminated
with robust and systematic hazard identification and clustering system for sea transportation. In this
regard, a preventive study has been undertaken in order to raise awareness of safety and health issues in
hot work activities aboard ships. In the study, the hierarchy of controls is applied to identify ship-specific
hazards, hazard sources, and hazardous environments in order to develop preventative control measures
in a more effective way. Based on the hierarchy’s components, control measures have been developed
including elimination, substitution, engineering controls, administrative controls, and personal
protective equipment. Therefore, it enables to implementation of feasible and effective control measures
for hot work hazards onboard ships from a hierarchical perspective.

Key words: Intelligent transportation systems, the hierarchy of controls, hot work, occupational
hazards,

Deniz emniyetini arttirmak icin kontrol hiyerarsisinin kullanilmasi: gemilerde
sicak calisma ornegi

Ozet: Sicak is, gemilerde birgok kazaya neden olan tehlikeli bir siireg olarak kabul edilir. Bu nedenle,
sicak is eylemlerinin gergek riskleri, gemilerdeki diger tehlikeli islemler gibi degerlendirilir. Bilindigi
iizere, akilli ulagim sistemlerinin temel gereksinimlerinden birisi, ileri emniyet uygulamalari olmaktadir.
Bu nedenle, degerlendirilen tiim tehlikeler, deniz tagimacilig1 i¢in tasarlanmig saglam ve sistematik
tehlike tanimlama ve kiimeleme sistemi ile ortadan kaldirilabilir. Bu baglamda, gemilerde yapilan sicak
is faaliyetlerinde giivenlik ve saglik konularinda farkindalik yaratmak amaciyla onleyici bir ¢aligma
yapilmistir. Caligsmada, dnleyici kontrol 6nlemlerini daha etkin bir sekilde gelistirmek i¢in gemiye 6zgii
tehlikeleri, tehlike kaynaklarini ve tehlikeli ortamlari belirlemek i¢in kontroller hiyerarsisi
uygulanmaktadir. Hiyerarsinin bilesenlerine dayali olarak, eleme, ikame, miihendislik kontrolleri, idari
kontroller ve kisisel koruyucu ekipman dahil olmak tizere kontrol 6nlemleri gelistirilmistir. Bu nedenle,
hiyerarsik bir perspektiften gemilerde sicak is tehlikeleri igin uygulanabilir ve etkili kontrol 6nlemlerinin
uygulanmasini saglar.

Anahtar Kelimeler: Akilli ulasim sistemleri, kontrol hiyerarsisi, sicak ¢aligma, mesleki tehlikeler
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1. Introduction

Safety is one of the main concerns of intelligent
transportation systems. Therefore, hazardous
operations should be eliminated or mitigated
through systematic approaches. In the maritime,
hot-work is considered a hazardous operation,
as there are various accidents occurred due to
hot-work based errors in the past. For this
reason, hazards of such operations should be
reviewed systematically to increase operational
safety for sea and water transportation.

Hot-work is a process that utilizes electric arc
or gas welding equipment as well as cutting
burner equipment in order to repair, cut or re-
build various system components. In general,
this procedure is applied when a ship at
shipyard, however; it can be done in some
circumstances when there is a requirement on-
board especially when there is no other option.
Since it can produce heat, sparks, flame and
high temperature; hot-work is known as one of
the most dangerous operations in maritime
industry. Past studies address that at least 16%
of machinery space fire events have been
caused by hot-work operations (Ikeagwuani &
John, 2013). Fire on-board a ship is a critical
issue as it may cause serious consequences.
According to the past studies, 13% of injuries
and 9% of incidents caused by fire and
explosions are sourced by hot work in Great
Britain between 1998-2000 (Bradley, 2002).
Apart from the fire, hot work operations
produce toxic gases, fumes, vapours, noise,
molten metal in a working environment which
make it risky and hazardous job (Osha, 2021).
Even so, during the hot work operations, the
main risk is fire whilst the secondary risk is
body burn based injuries (Dixit, 2021). These
forms of hazards should also be mitigated by
some countermeasures.

In order to mitigate the risks, hot-work actions
are approved by a work permit mechanism thus
whole process must be supervised strictly. A hot
work permits on-board a ship is a safety review
process to ensure necessary countermeasures
are taken and all conditions are proper for such
hazardous operation. These countermeasures
can focus on different aspects of safety process;
for instance, humans are not allowed to enter a
confined space without a ventilation process is
carried out prior to the operation. This can be
about non-human elements as well; to
exemplify, situation of equipment to be utilized,
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lighting of working environment, housekeeping
and other elements must be checked properly.
In addition to these, hot work permits are not
restricted with operations on-board but also in
shipyards, docks and other offshore units. These
strict rules are extended according to some ship
types due to their additional hazardous
situations sourced by their special purposes. To
illustrate, tanker ships are not permitted for hot-
work actions on their deck unless the ship is gas
free (IMO, 2021).

Despite the countermeasures taken by
international organizations, accidents sourced
by hot-work actions are still occurred in
shipping industry. For instance, BBC Xingang
ship required a hot work process on 11
December 2017. Prior to operation, a safety
meeting was held. However, the hot work
caused a fire due to ignition of molten metal on
the surface of cargo coverings. It extinguished
before it was too late, nevertheless not all
accidents were ended in this way (ATSB, 2018).
In October 2018, MV Balgarka a fire erupted
during a hot work operation in forepeak tank.
One of the crew members escaped from the fire,
another one injured seriously and a fitter found
died (MSIU, 2019). Similar cases can be seen in
the reports of maritime accident investigation
organizations (MARDEP, 2015). Evidences
suggest that these accidents are mainly caused
by human factors as human operators can be
failed when following the procedures. Besides,
lack of communication, lack of training and
lack of understanding can be concluded from
the past accidents. On the other hand, the
studies related with hot-work operations have
not been studied elaborately. Besides, despite
the hot-work based accidents, the literature is
scarce in this field. Nevertheless, some studies
account for hot-work in their research. For
instance, Tukur and Zhoude (2013) reviewed
the safety procedures and guidelines for hot-
work and welding operations. Moreover,
Saputra et al. (2015) analysed past accidents to
reveal safety issues on hot-work operations
executed in conveyor belt area of a self-
unloading bulk carrier vessel. Similarly, Yilmaz
(2021) carried out research for shipboard fires
and explosions and put emphasis on hot surface
and hot-work actions in order to increase fire
safety in the engine room. On the other hand,
Marek and McGowan (2021) developed a
governance model and safety management
system for fire events on mnaval ship
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maintenance activities. According to their
study, the most important factor which leads
fire accident by hot work action is carrying the
operation in improperly prepared areas. They
highlighted that hot work-based fire accidents
are a universal problem and should be
researched more comprehensively.

Considering the scarce literature and ongoing
safety issues on hot work-based accidents, the
underlying safety issues and operational steps
should be identified (Xu et al., 2014). For this
reason, this study aims to identify the most
frequent errors of hot-work activities conducted
in the engine room. For this reason, a
hierarchical task analysis is applied to a hot-
work action plan in order to identify critical
steps of the planned operation. Therefore, a
comprehensive finding related to the hot work
operations can be revealed and contributed to
the literature.

2. Hazards of hot work on-board ships

The International Safety Management (ISM)
Code is aimed to offer a worldwide standard for
safe ship management and operation, as well as
pollution prevention (ISM Code, 2010). Since
a wide range of ships operates in a variety of
conditions and all shipping companies or
shipowners are unique, the ISM Code is
founded on broad concepts and objectives, such
as assessing all recognized hazards to ships,
seafarers, and the environment and putting in
place suitable measures (ISM Code, 2010). The
safety management system (SMS), which is an
essential component of the ISM Code, describes
all of the critical policies, technique, and
procedures of the organization to guarantee the
safe operation of ships at sea (ISM Code Part A
Regulation 1.1.4). In that way, each ship
complies with the appropriate safety
requirements, as well as the regulations, codes,
guidelines, and standards implemented by
relevant maritime organizations and authorities.
Therefore, the on-board SMS should provide
enough instructions on hot work control and be
robust enough to assure compliance (IMO,
2003).

Since the hot work involves flames, incendiary
sparks, or temperatures that are prone to causing
flammable gas ignition, it can generate serious
health hazards and hazardous areas. Thus, it
can put seafarers in danger in a variety of ways.
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At this point, the master or a responsible ship
officer should conduct a risk assessment to
determine the specific hazards posed by
performing hot work operations in order to take
the all-necessary precautions. Considering ship-
specific hot work hazards have not been
highlighted in regulations, codes, or standards,
the study looked through related publications,
resolutions, and guidelines to uncover them
(IMO, 2003; ICS, 2014). According to the
investigation conducted as part of the current
study, the primary hazards associated with hot
work activities on board ship are fire/explosion,
electrical hazards, toxic fumes, burns and scalds
(flame, surface contact, or radiation), falling
from a height, and eye injuries. The
aforementioned hazards were identified through
recommendations, common principles,
instructions, and guidelines developed by
shipping industry stakeholders. A permission
system for hot work operations should be
established, as specified by the IMO regulation,
in order to adequately investigate space
intended for hot work and close attention should
be paid to take all required actions to prevent or
mitigate the detected hazards (IMO, 2003).
Since the most of the time it is not possible to
designed a permanent safe space for hot work
activities on board ships, a responsible officer
should conduct a risk assessment before each
hot work to increase seafarers’ awareness of
safety and related hazards. In light of the
identified risks, the work area should be
thoroughly prepared and isolated before
practicing hot work.  Finally, all necessary
precautions should be maintained until the hot
work is completed (IMO, 2003).

3. Hierarchy of control

The hierarchy of control is a framework that has
been used by occupational safety and health
professionals, safety engineers, and safety
practitioners to determine strategies for dealing
with workplace hazards. The main purpose of
the hierarchy of control is to assess hazards and
promotes intervention methods in a consistent
and systematic way. Although, removal of the
hazard and elimination of the risk of exposure
is not always possible, it is always preferable.
The use of the hierarchy in initial risk
assessments and those done after controls have
been established helps to more properly
estimate risk and to enhance controls over time.
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It is mainly established on the sense that rather
than relying on worker to decrease exposure,
the best way to manage a hazard is to eliminate
it from the workplace. The traditional concept
of hierarchy of control was defined by Barnett
and Brickman (1986). The traditional concept
of the hierarchy of controls was further
developed by the National Safety Council, a
non-governmental and non-profit safety
advocate organization in America, (Plog,
Niland & Quinlan,1996).

\ Elimination /
\ Substitution /
\ Engineering Controls /

Administrative
Controls

Figure 1. The hierarchy of controls

After a hazard has been discovered and
assessed, the first action should be to either
remove or mitigate the risk to an acceptable
level. Since preventing worker exposure to
occupational risks is the most fundamental way
of worker protection, the hierarchy of controls
has been utilized to determine how to deploy
realistic and effective control measures. The
rationale behind this hierarchy is that the
strategies at the top of the map may be more
effective and protective than those at the bottom
(see Figure 1). The hierarchy of control
structure covers Elimination, Substitution,
Engineering Controls, Administrative Controls,
and Personal Protective Equipment (PPE).
Elimination implies that the practice or task
should be modified to physically remove or
completely eliminate the hazard. Focusing on
elimination to entirely remove the hazard can
contribute to minimizing catastrophic accidents
or casualties in the working environment. Thus,
this is considered the most effective risk-control
technique available, and it should always be
explored after a risk has been recognized.
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Substitution, on the other hand, is the process of
replacing a traditional substance or procedure
with less hazardous alternatives. Therefore,
substitution demands a broader perspective in
order to be aware of potential alternatives that
are less hazardous. In the substitution step, if the
use of hazardous substances cannot be avoided,
it may be considered to remove the activity
permanently. If elimination or substitution is
really not possible to achieve due to technical
constraints, engineering controls may be one of
the feasible and effective approaches for
removing the hazard or reducing the likelihood
of the risk of exposure (de Castro, 2003; Morris
& Cannady 2019). Engineering controls are
meant to mitigate a hazard at its source and
entirely protect employees from harm, allowing
workers to fulfil their work responsibilities
without being exposed to any workplace
hazards (de Castro, 2003). It is essentially the
removal or isolation of a hazard through use of
technology. Accordingly, engineering controls
is concerned with the source of the hazard or the
line of transmission (de Castro, 2003).
Administrative controls are policies that try to
minimize worker exposure to a hazard, and are
often implemented through work assignments.
Administrative controls are generally focused
on training and job rotation, although they may
not  necessarily address the  actual
vulnerabilities and risks (Morris & Cannady
2019). Adopting standard operating procedures
or safe working practices, permit to work,
isolation as well as ensuring adequate training,
instructions, or information to limit the risk of
injury and/or ill health impacts to workers, are
examples of administrative controls (HSA,
2021). In cases when no deliberate control has
been imposed, the ultimate level of the
hierarchy of control is to deploy PPE. Even if
PPE appears to be the simplest or most cost-
effective option, the risk or hazard remains in
the workplace. In addition to the purchase price
of the equipment, periodic training needs and
PPE maintenance should also be considered.
Furthermore, research reveals that, while PPE
might reduce the risk present in some work
conditions, it can also influence human senses
and even diminish performance in some
circumstances (Morris & Cannady 2019).
Hence, workers may find the usage of PPE quite
challenging and stressful.
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4. Hierarchy of control measures

Hot-work precautions on-board a ship is
specified by IMO within the ISM Code. There
are some guidelines must be done before
initiating a hot-work operation. These
guidelines aim to increase safety level through
some countermeasures such as; removing any
flammable materials from working area,
ensuring that the area is gas free, all personnel
must be informed prior to an operation,
conditions of equipment must be checked,
firefighting ability must be well ready, and
permissions are needed. However, hot work
precautions in a ship engine room is required
some additional attentions due to its
characteristics. For instance, bilges must be
checked, any flammables and vapourable
materials must be removed, work site must be
shielded for sparks, pipe sections that extend
beyond the engine room must be blanked, if any
change in the condition is observed hot-work
operation must be stopped, fire hoses and fire
pump should be well prepared and according to
the engine room’s conditions, any special
precautions should be taken. Therefore, various
countermeasures can be applied by referencing
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the existing guidelines, however; hot-work
based accidents on-board continue to occur. For
this reason, various hazards of hot-work
operation are analysed via hierarchy of control
method. In this regard, hot-work based hazard
types are considered as: fire and explosion,
electrical hazards, toxic fumes, scalds, falling
from height and eye injuries. These hazard
types are collaborated with hierarchical control
measure elements (elimination, substitution,
engineering controls, administrative controls
and PPE) in order to establish a matrix. This
matrix is shown in Table 1.

Table 1. Hierarchical control measures matrix

Hierarchical control measures

Hazard Type Elimination  Substitution Er::goizzzrlisng AdT;Ei;glz tive PPE
Fire and explosion v v v
Electrical hazards v v v v
Toxic fumes v v
Burns and scalds v v v
Falling from height v v v v
Eye injuries v v v

In this table, the relationship between possible
control measures and hazard types are
interrogated according to the existing solutions
from the literature. For instance, if a hazard type
can be eliminated completely; its marked
correspondingly.  Hence, findings and

suggestions according to this matrix are
introduced in the next section.
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5. Findings and suggestions

The first hazard type is fire and explosion.
Considering the hot work applications, this
hazard cannot be removed completely as the
processes require high temperature as well as
ignition. Moreover, substituting the fire may not
be possible in most of the times. If the process
aims a cutting operation, water jet cutting
technology can be suggested. Even so, most of
hot work aims to combine or repair thus this
suggestion is only available for minority of
operations. Mostly, there are some specific
countermeasures that should be considered in
particular with respect to engineering controls,
administrative controls, and PPE. To illustrate;
reduce the number of seafarers who are at risk,
any releases of dangerous substances should be
collected, contained, and removed to a safe
location, should take steps to avoid the
formation of an explosive environment (proper
ventilation etc.), take necessary precautions to
prevent the spread of fires or explosions, and
providing appropriate PPE to seafarers (HSE,
2013).  For electrical hazards; electricity
connection and transmission are required thus it
cannot be eliminated or substituted. However,
other countermeasure types can be done by
responsible officers. For example; reduced arc
flash energy effectively replaces a lower risk
with a higher risk, a physical inspection of all
electrical equipment, including the lead and
plug connections, should be performed before
use, establishing reporting procedures to notify
responsible officer when any electrical
equipment is removed from service for safety
reasons, to avoid overloading, all necessary
precautions should be taken to protect power
circuits with an appropriate fuse or circuit
breaker (Allen, 2009; Safe Work Australia,
2012). Toxic fumes are another hazard type of
these operations. In addition to respiratory
problems, burns, flu-like symptoms, and eye
injury, toxic fumes exposure can cause
Parkinson's-like symptoms, kidney damage,
and nervous system damage, all of which are
potential fume side effects (OSHA,2013). Since
toxic fumes are produced during hot work as a
result of chemical reactions, employing pre-
mixed or diluted chemicals or alternative
substances is not an option for eliminating the
hazards in the hot work operations. Hence,
adequate ventilation is crucial to provide during
hot work operations. Grinding or sanding the
surface to bare metal before welding should
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consider since they reduce the formation of
fumes and vapours from paints and primers
(Chang & Lin, 2006). Lastly, for all hot works,
providing appropriate and effective PPE is
essential. Next, burns and scalds are injuries
that caused by thermal or radiant energy and
mainly occur on the skin. It may emerge as a
result of direct contact with a hot surface
without the use of proper PPE. However, a hot
spark or molten slag becoming stuck in
footwear or clothing is the most likely source of
burn injuries (OSHA, 2010). Hence, it's critical
that all seafarers have attended a systematic and
up-to-date training program and have been
certified as not only qualified and experienced
but also competent to undertake hot work
operations (OSHA, 2010). For burns and scalds
hazards, suitable PPE, such as a hood, face
shield, or goggles (for eye protection), leathers,
protective sleeves, and flame-resistant gauntlet-
type gloves, is encouraged (OSHA, 2010).
Falling from height can be completely
eliminated, if necessary, measures are taken.
Conducting hot-work from safer position with
the support of long distance focused hot work
tools; the process can be executed safely. This
hazard can also be replaced with some other
techniques such as safety rope, hydra ladder or
boom lift based other hazards. Eye injuries are
among the most common types of hazards faced
by seafarers engaged in hot work (OSHA,
2010). Even though the majority of the effects
of eye injuries are treatable, they have the
potential to cause catastrophic vision loss in one
or both eyes. Hence, due to its delicate nature,
the hazards of eye injuries should be handled
with the utmost attention (OSHA, 2010). The
most common cause of eye injuries is airborne
debris, which includes hot sparks and slag
generated by the hot work. Since a majority of
eye injuries occur when these materials enter
the eye, they are easily remedied with proper
PPE (OSHA, 2010).

6. Conclusion

Majority of assessed hazards can be eliminated
by personnel with an easy and competent hazard
identification system in order to increase safety
level of an intelligence transportation
mechanism. Therefore, enabling seafarers to
identify and cluster potential hazards and
hazardous environments may facilitate
undertaking to monitor for these hazards. In this
perspective, elimination of hazards can become
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a reality when people get familiar with a simple
but secure hazard identification system.
However, elimination of hazards cannot be
possible in some situations such as hot work
operations in a ship’s ecosystem. Despite the
strict rules and well-known countermeasures
which have been acknowledged globally; hot
work-related accidents continue to occur on
board ships. Therefore, a guidance for safety
practitioners can be beneficial regarding
various hot work operations aboard.

In terms of a methodical approach to this
subject, the literature is lacking when it comes
to the hazards of hot work on board ship and
viable countermeasures. For this reason, in this
study; six critical hazards of hot work process
are introduced to apply hierarchical control
measures. The layers of hierarchical control
measures are: Elimination, substitution,
engineering controls, administrative controls
and PPE. Then, these parameters of hierarchical
controls are matched with the widely known
hazard types of hot work operations, they are:
fire and explosion, electrical hazards, toxic
fumes, burns and scalds, falling from height,
eye injuries. Therefore, critical hazards of hot
work operations are interrogated with
hierarchical control measures. The findings
have been explained in details as it can be used
as a countermeasure procedure which specifies
priorities when removing safety issues in
different situations. The safety practitioners and
supervisors on board a ship can be benefitted
from this matrix in order to reveal their
priorities. Moreover, they can re-match the
matrix according to different situations or
possible solutions that they have. Therefore,
countermeasures can be taken effectively
through a hierarchical perspective.

However, there are some limitations of the
study. Because of the many different ship types,
sizes, working conditions, crew, and practices,
each merchant ship has its own set of hazards
which should be eliminated or mitigated. It is
very challenging and mostly unknown to obtain
technical or operational conditional data from
them. Hence, the suggestions of this study
prepared for ordinary ship conditions. If there
are other hazardous conditions; the priorities
may require some modifications. For this
reason, for further studies; applications in
different ship conditions can be conducted to
reveal additional safety enhancements.
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Abstract: In today's modern economies, congresses, conferences and fairs are the most suitable
environments for the establishment of personal and long-term commercial relations. Since such
meetings provide face-to-face interaction, they provide a high level of influence and information
exchange. Types of meetings and congresses are classified according to the number of participants and
delegates, as well as their purpose and the place where they are held. In this study, the importance of
congresses and congress types has been tried to be explained, and detailed information is given with the
origin and development of intelligent transportation systems. Today, smart transportation systems offer
various solutions with new technologies in order to eliminate factors such as the increasing number of
vehicles, traffic density, and the increasing noise and environmental pollution problems associated with
them. In addition, thanks to the smart transportation world congresses held every year, a wide audience
is aware of these solutions and innovations. In our study, which topics are covered in these congresses,
it is explained which interactions these congresses lead to support the formation of technological
innovations and smart transportation systems awareness at the global level. With all these factors, smart
transportation systems have created a growing market in the world and in Europe.

Key words: Intelligent transportation systems, intelligent transportation systems world congresses,
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AUS farkindahgi ve yayginlasmasinda diinya AUS kongrelerinin etkisi

Ozet: Giiniimiiz modern ekonomilerinde, kisisel ve uzun vadeli ticari iliskilerin kurulmast i¢in en uygun
ortamlar1 kongreler, konferanslar ve fuarlar olusturmaktadir. Bu tiir toplantilar yiiz yiize etkilesim
olanag1 saglamasi sebebiyle de etki ve bilgi aligverigini yiiksek Olciide saglarlar. Toplanti ve kongre
tirleri katilimer ve delege sayisi, ayni zamanda da amaglarina, diizenlendikleri yere gore
siniflandirilmaktadir. Bu ¢alismada, kongrelerin ve kongre tiirlerinin 6nemi anlatilmaya galigilmis, akilli
ulagim sistemlerinin ¢ikis noktasi ve gelisimi ile detayli bilgiye yer verilmistir. Giiniimiizde artan arag
sayisi, trafik yogunlugu gibi faktdrler ve bunlarla birlikte yilikselen giriilti ve c¢evre kirliligi
problemlerini ortadan kaldirmak i¢in akilli ulasim sistemleri yeni teknolojileriyle gesitli ¢oziimler
sunmaktadir. Ayrica her yil diizenlenen akilli ulasim diinya kongreleri sayesinde bu ¢6ziim ve
yeniliklerden genis bir kitle haberdar olmaktadir. Calismamizda, bu kongrelerde hangi konularin
islendigine yer verilmig, bu kongrelerin hangi etkilesimlere yol acarak kiiresel diizeyde teknolojik
yeniliklerin ve akilli ulasim sistemleri farkindaliklarinin olusmasini destekledigi anlatilmistir. Tim bu
etkenlerle birlikte akilli ulagim sistemleri, diinyada ve Avrupa’da her gecen giin biiyliyen bir pazar
olusturmustur.

Anahtar Kelimeler: Akilli ulagim sistemleri, akilli ulagim sistemleri diinya kongreleri, kongre
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1. Introduction

In today's modern economies, congresses,
conferences and fairs are the most suitable
environments for the establishment of personal
and long-term commercial relations. In these
environments, face-to-face interaction ensures
the sense organ to be defined as the most
suitable places with full capacity utilization.
The word congress comes from the Latin word
“Congressus” and if we look at its dictionary
meaning, it is defined as “a meeting with the
participation of managers, ambassadors and
delegates from various countries”(Urll, 2022).
According to the records published by the
International Association of Societies, the first
international congress was held in Rome in
1681 in the field of medicine. After that,
congresses began to be held in different fields
of science.

In the literature, meeting and congress types are
generally discussed under three headings as
defined below. They are classified according to
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the number of attendees, the purposes for which
they are organized, and the place where they are
held.

They are classified and named according to the
number of attendees as seen in the table 1
below.

According to the purposes of regulation; Many
congresses and meetings are held within and
outside the genres determined by the
International Association of Associations. It is
generally classified as follows:

* Conferences and meetings organized by
companies,

* Congresses and meetings organized by
international associations, political parties and
trade unions,

* International union congresses (Aymankuy,
2013)

They are divided into two according to the place
where they are arranged. These;

Table 1. Types of congresses according to the number of participants

Meetings with

Meetings with 50 to 300

Meetings with More

Participants Up to S50 Delegates than 300 Delegates
Delegates

Seminars General Assemblies Congresses
Colloquiums Conferences General Assemblies
Workshops Symposiums

Panels Colloquiums

Commission Meetings

Audit Meetings

Roundtable Meetings

National Meetings: Most of the people
attending the national meetings are citizens of
the countries where the congresses are held. The
most important issue here is seen as a good
arrangement of time and space.

International Meetings: International meetings
have a complex structure due to the presence of
many participants from different nationalities.
In international meetings, there are at least three
national participants and the duration is
between 4 and 7 days (Aymankuy, 2013).

2. Intelligent Transportation Systems
(ITS) and ITS Congresses

In the 1970s, the search for a solution to the
problem began with the inadequacy of road

capacities in the world. Especially in Europe,
America and Japan, it has been tried to find
solutions with regional projects where ITS is
used. After the 1990s, ITS started to be used
widely, especially in developed countries.
Some of its main purposes are listed in Figure
1.
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Reducing travelling
duration

Increasing traffic safety

Optimum use of existing
road capacities

Increasing mobility

Energy efficieny

Figure 1. Main objectives of smart
transportation systems

During the search for these solutions, ITS
started to be on the agenda of international
consultation meetings through international
symposiums, congresses, conferences and
workshops. As a reflection of this, ITS World
Congress (ITS World Congress) has been held
regularly in different countries every year since
1994, except for 2020 (Tektas & Tektas, 2020).
The World ITS Congress is the largest event
focused on smart mobility and the digitization
of transport. ERTICO (ITS Europe) organizes
an ITS regional congress or a world congress in
Europe each year (“About the Congress -
Itsworldcongress.Com,” n.d.). Congresses are
like an annual celebration of smart mobility.
Here, it organizes events that will attract
attention by emphasizing the importance of ITS
in the host country, city and region. Here
politicians, experts and ITS related industry
professionals demonstrate their important work
to raise awareness of smart mobility solutions
across the world. The congress includes live
sessions where relevant industry and subject
experts present the latest developments in ITS,
a state-of-the-art showcase and an exhibition
space. ERTICO, which organizes ITS World
Congresses in different countries every year,
focuses on: Connected and Automated Driving,
Clean Mobility, Transportation and Logistics,
Urban Mobility. By organizing these
congresses, the organization aims to realize the
roadmaps they have targeted until 2030 for each
of these areas (“ITS Congress» ERTICO,”
n.d.).

Congresses also provide stakeholders and
patrons with the ultimate platform to meet with
industrialists, discuss ideas and initiatives,
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make new connections and promote their
business by attending a series of events (“ITS
Congress » ERTICO,” n.d.)

2.1. ITS World Congresses

2.1.1. First ITS World Congress- Paris
(1994)

The first ITS World Congress was held on 30
November-3 December 1994 in Paris, France.
As the first congress, the theme “Towards an
Intelligent Transportation System” was chosen
as the theme and focused on demonstrating the
potential of ITS to reduce accidents, congestion
and transportation costs while increasing the
productivity and efficiency of existing
infrastructure. In this congress, the products and
services of the period are primarily single-
functional solutions such as navigation, traveler
information, traffic management, toll, network
management, connecting services and creating
multifunctional devices. Around 3000 people,
including 260 journalists, from 33 countries
participated in the event. Important topics are
the implementation of ITS, market-oriented
strategy to improve mobility, ITS applications,
managers' perspective, policies that should be
implemented for the new era and changes in
mobility (994 Paris (France), 1994).

2.1.2. Second ITS World Congress-
Yokohama (1995)

It was held in Yokohama, Japan on 3-11
November 1995 and the theme of the congress
was determined as "Steps Forward". 38
countries and 3400 participants took part in the
event. VICS was demonstrated at the congress
and 18 companies participated in it, and the test
drive was successful with a total of 618
participations of approximately 1230 people.
Participants were experienced in how to provide
real-time congestion and traffic congestion in
many areas, and the system, which is expected
to be put into service in the spring of 1996, was
highly evaluated. However, many ITS-related
technical trips have been made in Tokyo (2nd
ITS World Congress, 1995).

2.1.3. Third ITS World Congress-
Orlando (1996)

It was held in Orlando, USA, between 14-18
October. More than 40 countries and several
thousand participants attended the event. The
congress theme was chosen as “Smart
Transportation: ~ Realizing  the  Future
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Transportation System for a Livable Society”.
“What do people need in ITS in the context of
the information society?” and “How will the
information technologies sector provide in the
context of global information infrastructure?”
questions were the main topics of the congress.
The purpose of this congress is to focus on the
future and set benchmarks for where the ITS
community should be in 5, 10, 15 years, as well
as set guidelines for how these benchmarks
work. The purpose of the 1996 World Congress
was to show attendees and the people of
Orlando how the ITS community is bringing the
future to the present (3rd ITS World Congress-
Orlando, 1996).

2.1.4. Fourth ITS World Congress-
Berlin (1997)

It was held in Berlin, Germany between 21-24
October 1997. The Fourth World Congress is
devoted to the theme "Mobility for All",
reflecting the role of transport telematics in
enabling mobility for all citizens. Over 5000
people from 35 countries and 300 of them
journalists attended the congress.

In this congress, executive sessions, technical
documents, demonstrations and technical visits
are aimed at optimizing network capacity while
reducing gas emissions; increasing vehicle and
road safety while reducing fuel consumption;
providing  passengers  with  real-time
information about their journey and the impact
of any disruption; It has shown that it is
becoming possible to manage the road area so
that public transport and service vehicles can
have priority with minimal impact on general
flows. Alongside the numerous practical
demonstrations of the ITS, the exhibits also
showcased a range of innovative products and
cutting-edge technology (4 Th ITS World
Congress, 1997). The Congress included 6
Plenary Sessions and Round Table Meetings,
16 Executive Sessions, 31 Special Sessions and
121 Technical/Scientific Sessions.

2.1.5. Fifth ITS World Congress- Seoul
(1998)

Seoul, South Korea hosted the 5th ITS World
Congress between 12-16 October 1998.
“Together Towards the New Horizon” was
determined as the congress theme and 85
companies exhibited. 50 countries and 4863
people participated in the event. 98 Key issues
in Seoul; Together Towards the New Horizon,
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Government and Industry Cooperation,
Sustaining ITS Deployment for the Future. The
5th ITS World Congress, attended by 5,000
participants from 50 countries of the world,
determined the future vision for the
implementation of ITS with the theme of
“Towards New Horizons Together for Better
Life with ITS”. A colorful presentation of
various current ITS products was exhibited at
this congress, which had a significant success
with 768 presentations in a total of 149 sessions
(5 Th ITS World Congress, 1998).

2.1.6. Sixth ITS World Congress-
Toronto (1999)

The 6th Congress, which stands out with the
theme of “AUS: Smarter, Smoother, Safer,
Earlier” was held in Toronto on 8-12 November
1999. The main topics of the congress attended
by 4917 participants from 58 countries are:

e Public and private sector initiatives to make
transportation smarter, smoother and safer to
get passengers to their destination faster

e Customization and ITS adoption

e ITS has had societal, institutional and 21st
century challenges (6 Th ITS World Congress,
1999).

2.1.7. Seventh ITS World Congress-
Turin (2000)

It was held in Turin, Italy, between 6-9
November 2000. The theme is "From Vision to
Reality". More than 7000 people from more
than 40 countries and 200 of them journalists
participated. Key topics have been the public-
private partnership debate on ITS and people,
vehicles and smart mobility for the benefit of
the citizen.

Under the theme “From Vision to Reality”,
Torino 2000 marked the convergence of three
trends: the concept of the information society,
the transition of ITS from experimental devices
to off-the-shelf products, and the combination
of services, for example parking information or
traffic management systems linked to route
guidance emissions monitoring. The e-Europe
2002 Program stands out strongly with its
emphasis on adding intelligence to air, sea and
rail transport as well as by road. Freight and
environmental impact reduction practices of
ITS were featured in Turin, along with a range
of services to support public transport
operations. An important demonstration and
technical tour has been the use of ITS to manage
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large areas of the entire city of Turin. There
were 2 plenary sessions and roundtable
meetings, 15 executive sessions, 10 European
commission special sessions, 30 special
sessions and 145 technical/scientific sessions at
the congress (Japan, 2000).

2.1.8. Eighth ITS World Congress-
Sydney (2001)

The eighth congress, adopting the theme of
"ITS-Transforming the Future", was held in
Sydney, Australia, between 30 September and 4
October 2001. Organized by Colin Jensen, vice-
chairman of ITS Australia and congress
organizing committee. 40 countries and 3818
participants from different parts of the world
attended the congress.

Participants exchanged ideas and information
on the use of computer-based technology in
transportation operations and management of
infrastructure. Delegates came from the Asia-
Pacific region, North America and Europe,
including the National and State Ministers of
Transportation and Chief Transportation
Officers and staff. The Congress made
significant contributions to the promotion of the
ITS industry and to the technical knowledge
sharing and coordination. The ITS World
Congress was held for the first time in the
Southern Hemisphere and is the largest
conference on transport in Australia. John
Anderson, Deputy Prime Minister and Federal
Secretary of Transportation and Regional
Services, welcomed the successful staging of
Congress. More than 170 exhibits in the three
halls of the Darling Harbor Exhibition Center
covered 15,000 square feet, including
manufacturers, suppliers and developers of
equipment, software and ITS services. To date,
the government continues to invest significantly
in ITS and support the industry to ensure
Australia's successful participation in the global
market (Japan, 2001).

2.1.9. Ninth ITS World Congress-
Chicago (2002)

The 9th ITS Congress was held on October 14-
17,2002 in Chicago, Illinois, USA. 45 countries
and more than 4000 people participated in the
congress, and 209 exhibitions were organized.
The theme is “ITS: Enriching Our Lives”, the
main topics are listed below:

e Transition economies
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e Impact of future communication
networks and technologies

e Road safety, telematics and load
movement safety

Chicago's program stressed that the future of
ITS is promising, but ITS itself is anything but
futuristic. Already, real systems, products, and
services have been seen at work in the US. In
fact, the wide development and dissemination
of these technologies represented a true
revolution in the way the United States thought
about transportation. The latest research on ITS
continued to be done, but now, the fruits of this
research, government and private investment,
on the roads or even in the back offices, via cars
or highways, come into play with the emerging
vision of what communication can do to
advance ITS for everyone. It started to show
itself in a series of ITS applications that started
(9th ITS World Congress- Chicago, 2002).

2.1.10. Tenth ITS World Congress-
Madrid (2003)

Madrid hosted the 10th World Congress of ITS
on 16-20 November 2003. 72 countries and
more than 7000 people attended the congress.
The organizing committee was chaired by
Jaime Huerta (ITS Spain). Major issues have
been global eSafety and the role of ITS in
transport policies.

Madrid's theme was 'Solutions for Today...
And Tomorrow', 2 Plenary Sessions and Round
Tables, 10 Strategy and Perspective Sessions,
41 Special Sessions, 175 Technical/Scientific
Sessions were held at the congress, and the
event provided exactly that. In the longer term,
a series of sessions were held with linked
demonstrations on the theme of Global eSafety,
in which the European eSafety Initiative plays a
key role. E-Safety is a joint industry - public
sector initiative launched in 2002 by ERTICO -
ITS Europe and the European Commission to
improve road safety using new Information and
Communication Technologies (ICT) and reduce
accidents and deaths by 50% in 2010. The
overall aim has been to join forces and establish
a European strategy to accelerate the research
and development, deployment and use of
Intelligent Integrated Road Safety Systems,
including Advanced Driver Assistance Systems
(ADAS) in Europe. For a closer look, the
emphasis is on the role of ITS in changing the
way we manage and receive transportation
every day, by introducing new concepts and
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services to make our transportation more
efficient, safer, more comfortable and reliable
with reduced environmental impact, as well as
faster. Another important point has been the
ministerial debate on the role of ITS in the
formulation and implementation of transport
policies (Congress Theme Solutions for
Today... And Tomorrow, 2003).

Some of the exhibitions and technical trips
made at the congress are listed below:

e Vehicle testing center at the industrial
automation institute within the scientific
research senior council

e DQT traffic control center in Madrid

e Vehicle center within the national aerospace
technology institute (INTA)

e Madrid municipality traffic control center

e Arterial toll highways operations center in
Madrid

e Control center for Madrid public transport bus
identification and control system

e 112 emergency center

e AENA - Spain airports and air navigation

e Metro control center in El Arena

2.1.11. Eleventh ITS World Congress-
Nagoya, Aichi (2004)

The theme of the 11th ITS World Congress,
held in Nagoya, Japan, on 18-24 October 2004,
was “ITS for a Livable Society”. 53 countries
participated in this congress. Organizing
committee chairman Dr. More than 60 thousand
participants attended the event organized by
Shoichiro Toyoda (Toyota Motor Cooperation).
Plenary sessions have been about ITS for a
liveable society, building on lessons learned,
international collaboration and global eSafety.

Under the theme “ITS for a Livable Society”,
the purposes of ITS deployment are clearly
categorized and all events are associated with
these categories. These have been recognized as
safety, environmental sustainability and
comfort for occupants, which to this day have
been inherited as safety, sustainability and
mobility. ITS is a system that moves from
research and development to distribution, and
electronic toll collection, real-time traffic
information systems infrastructure has been
implemented. The key to successful
deployment has been identified by the general
public as acceptance of onboard equipment
purchases. Therefore, various events were
organized for the public and the media, such as
the special exhibition for hands-on experiences
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of ITS services, called 'ITS World', showcases
the latest ITS technologies and open panel
discussions featuring citizens and local
government officials. An interactive session is
introduced as a new experiment on the format
of the ITS World Congress. Among the
accepted techniques, articles, research, more
suitable for face-to-face discussion in front of a
panel, oral presentations rather than examples
or small demonstrations were selected by the
International Program Committee. Sessions
were held by a group of commentators with
expertise in the field, and the best paper was
selected and awarded.

Congress is closed for the third day as a strong
typhoon directly hit the Nagoya area. All
sessions, exhibitions, screenings and related
events scheduled for the day have been canceled
and it has been an unforgettable experience for
expats, especially visitors from countries
without such natural disasters (11th ITS World
Congress- Nagoya, 2004).

Educational video presentation for public
awareness, mock-ups for technical
presentation, real equipment and tools were
shown in Nagoya.

1) Georama Theatre: Traffic flow and data
exchange are shown on the 3D model that
explains the working mechanism of ITS.

2) ITS City: The actual operation of ITS
services is demonstrated by volunteers with
real equipment, vehicles and sketches.

3) Dream Theatre: Short films about the
future life of a family supported by
advanced ITS services were shown (//th
ITS World Congress- Nagoya, 2004).

2.1.12. Twelfth ITS World Congress- San
Francisco (2005)

The 12th Congress of the ITS was held on
November 6-10, 2005 at the Moscone Center in
San Francisco, USA. 56 countries and more
than 7000 individuals participated in the event.
The theme of the congress, chaired by Harry
Voccola (Navteq) of the organizing committee,
is “Enabling Options in Transportation”.

Covering topics of ITS Real World Experiences
in areas such as traveler information, hassle-
free travel, transportation and logistics, vehicle
infrastructure  collaboration, and public
transportation, the purpose of the congress was
to facilitate the ability of the ITS community to
collectively  provide greater reliability,
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convenience and security to users of the world's
transportation system during the week of
programming and service. This event focused
on training and practical application as well as
a constant focus on innovation. With this in
mind, the organizers sought to highlight what
was happening at the time and in the short term
in four ways — through social participation,
technologies, the political scene and the media.
Socially, the World Congress held a major
technology showcase in the parking lot of a
local sports stadium to engage the community
about new IUS innovations. Technologically,
the opportunity to showcase crash-proof cars
and first iterations of the DSRC is
complemented by a series of technical tours
highlighting  electronic  applications that
facilitate highway tolls and traffic management.
Finally, the media events held before and during
the World Congress helped to reach a wider
audience and consumer audience, to gain
greater appreciation by the press and TV so that
their messages could be delivered more
effectively (12 Th ITS World Congress, 2005).

2.1.13. Thirteenth ITS World Congress-
London (2006)

75 countries and over 8000 people attended the
congress held in London on 8-12 October 2006.
Its theme is “ITS Delivers Excellence in
Transport”. Earlier congresses tended to
emphasize automotive. Practices London's
program and exhibition, which includes a
variety of different stakeholders from both the
public and private sectors, has demonstrated
that ITS is now multimodal. Congress sessions
were extremely well attended and allowed
delegates access to the latest ideas and
innovations at ITS, while the exhibition
provided first-hand insight into the latest
products, services and components. A popular
feature among delegates was a ministerial
roundtable discussion on the possible
deployment of new and emerging technologies
in transport. UK Minister of State for Transport,
Dr. Stephen Ladyman MP moderated an
informal ministerial debate at the first main
session of the congress. This plenary was a
thought-provoking and lively discussion
inspired by a recently completed UK project
that took a very long-term view of the
opportunities technology offers to transport.
The congress included a plenary and round
table, 12 executive sessions, 77 special
sessions, 142 technical/scientific sessions and 6
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interactive  sessions. In addition, lunch
discussions and 3 auxiliary events were
organized (/3th ITS World Congress -London,
20006).

2.1.14. Fourteenth ITS World Congress-
Beijing (2007)

The 14th Congress with 43 countries and 42
thousand participants was held in Beijing. Jianli
Cao (Deputy Minister of Science and
Technology) chaired the organizing committee
of the congress held on October 9-13. The
theme is “ITS for a better life. The largest ITS
event of the year, the convention brought
together government and relevant organizations
around the world, technical people, consultants
and industry leaders. The Congress was also
supported by the Chinese government by the
Ministries of Science and Technology,
Communications, Construction, Public
Security. With this support, it was aimed to
learn more about the latest technology related to
ITS and to encourage international exchange.
The Cavendish Group, publisher of Road and
Rail Technology, had established a tremendous
reputation for western technology magazine in
the country in recent years and was supported
by the Ministry of Transport. Their publications
were aimed at networking public authorities,
traffic and transit agencies, highway authorities,
consultants, ministries, and more. At the same
time, the Cavendish Group was recognized
throughout the industry, providing unparalleled
insight into the latest technologies and
developments from the west and how they will
affect China. For these reasons, Cavendish
Group publications were supported by many
institutions, and their publications were
distributed not only to World Congress
participants, but also to all governing bodies
and organizations involving ITS industry
developments in major Chinese cities such as
Beijing.

China quickly gained strength on the ITS

issue. With the rapid economic developments
and urbanization, the government has given
more importance to the transportation system,
hoping to improve the city traffic and
transportation system by using advanced and
intelligent information technologies (14th ITS
World Congress- Beijing, 2007).

2.1.15. Fifteenth ITS World Congress-
New York (2008)

100



Akkaya, S. & Tektas, N. (2022)

The 15th World Congress was held on 16-20
November 2008 in New York, USA. “ITS
Connections: Save Time. 71 countries and 8083
people attended the congress, which was held
with the theme of "Saving Life". Michael
Noblett, vice president of Connexis LLC, was
chairman of the regulatory board. In the boards
and meetings, the subjects of transport policy
for a better world (General Assembly), looking
at transport security in new ways (Security
General Assembly), ITS and sustainable
mobility (Closing Meeting) were discussed.
This world congress emphasized the need for
safer, more convenient and more reliable ITS
solutions to be more economical, in the spirit of
the theme “ITS Connections: Save Time”.
Distribution was the focus of this convention
and solutions were found on highways,
walkways and waterways that improved the
travel situation. Although the World Congress
took place in the shadow of the expanding
global economic crisis, it attracted 8,000
attendees and took center stage with the closure
of 11th Street in front of the convention center
where a series of demos were held in
Manhattan. Inside, the range of programs is
rounded off by a comprehensive exhibition
featuring “The TMC of the Future” that
emphasizes the organization, management and
use of data to support traffic center operations
and help the passenger reach their destination
safely and securely (2008 New York City
(Americas), 2008).

2.1.16. Sixteenth ITS World Congress-
Stockholm (2008)

With the theme “ITS in Everyday Life”,
Stockholm aimed to explore how ITS can
improve our daily mobility with a strong
emphasis on co-modality and ITS solutions for
all modes of transport. The multimodal theme is
reflected in the exhibition, where various trade
participants, public administrations, ITS-related
organizations showcase technologies and
services that are changing the face of transport.
Stockholm has been a clear transition from the
era of demonstrations, pilots and local
deployments to the time of large-scale
deployment with enhanced service integration.
The London experiment, which involved the
Cabinet debate, was repeated on an even larger
scale. The interest in the congress, which was
held between 21-25 September, was again great
and 64 countries, more than 8500 participants
were found. The Congress was organized by the
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Swedish Road Administration (2009 Stockholm
(Sweden), 2009).

2.1.17. Seventeenth ITS World Congress-
Busan (2010)

The 17th Busan ITS World Congress was held
on 25-29 October 2010 with 84 countries and
39,000 participants and 215 companies'
exhibitions. During the congress, sessions,
exhibitions, showcases and technical visits took
place under the theme of “Community
Everywhere with ITS” and it was a great chance
to experience the latest ITS technology and
envision the future vision for ITS. In particular,
the first-ever ministerial roundtable provided an
opportunity for road and transport ministers
from around the world to come together to
present future ITS policies and initiatives, and
to discuss ways to strengthen international
exchange and cooperation. It also organized a
job matching program for participants for the
first time, to help participating companies and
ITS research institutes create new job
opportunities. Participants experienced the
future vision of ITS in the showcase where new
ITS technologies were showcased in line with
three themes: mobile and network-based ITS
services, user-friendly traffic information
service, and testing environmentally friendly
vehicles (17th ITS World Congress, 2010).

2.1.18. Eighteenth ITS World Congress-
Orlando (2011)

The Orlando Congress was held on October 16-
20, 2011 with the participation of 68 countries
and 6700 people. Reflecting the theme of
“Getting the Economy Moving”, the congress
program highlighted a mix of ITS interests
focused on issues and technologies that support
economic recovery and development. The
program demonstrates the continued emphasis
on integrated innovation of ITS solutions and
the global economy. 2011 World Congress;
hosted a technology showcase on security,
mobility, pricing and the environment. The
congress organized technical tours with the
latest technology in traffic and incident
management. This world convention in Orlando
provided a unique opportunity to showcase
spatial transportation technology by visiting the
Kennedy Space Center. The 2011 World
Congress in Orlando was a great opportunity to
watch more than 80 countries come together to
witness the latest in transportation technology,
attend the training program, talk to the vendor,
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and enjoy the best family entertainment in the
world. According to the president of the World
Congress, “During the three years that I have
planned this event, I have had the opportunity
to work with a wonderful group of leaders who
have a clear passion for ITS and know they are
making a difference in our society. This
enthusiasm was equally welcomed by our
friends in other countries and allowed us to
bring this conference together. “We've all
witnessed real teamwork and I'm honored to be
with so many great people who are totally
committed to success.” (I8th ITS World
Congress- Orlando, 2011)

2.1.19. Nineteenth ITS World Congress-
Vienna (2012)

It was held in Austria on 22-26 October 2012.
The ITS World Congress, whose awareness has
increased over the years, has hosted over 10000
guests from 91 countries.

Vienna 2012, with the theme “Smarter on the
road”; highlighted the need to require more
intelligence into transportation systems, as the
ongoing challenges of increasing demand,
security, and sustainability cannot be overcome
with infrastructure and networking alone. This
theme was carried over to all sessions and
workshops held throughout the congress week,
reflected in extensive demonstrations not only
in the congress area but also throughout the city,
demonstrating the advantages of cooperative
systems in daily traffic. Based in London and
Stockholm, Vienna was a roundtable meeting
attended by more than 50 ministries and high-
level representatives from public authorities
and global organizations from 31 countries. The
meeting titled “Sharing Best Practices and
Meeting  Challenges  for  Successfully
Implementing ITS” was attended by European
Commission Vice-President Siim Kallas and
Austrian Doris Bures Minister for Transport,
Innovation and Technology  Efthymios
Flourentzos, President of the EU Transport
Council, as well as eight ministers, four political
deputy minister and two political state
secretaries. 12  distant countries  were
represented by senior officials. In addition,
senior representatives of six international
organizations strongly affiliated with ITS (ITF,
IRU, UN/ECE, UITP; IBEC and IRF), as well
as leaders of three regional ITS platforms ITS
America, ERTICO - ITS Europe and ITS, Asia-
Pacific, attended the Ministerial Roundtable
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and issued a statement on the role of policy
making in accelerating ITS deployment.

In the joint statement made by the host, the
Austrian Ministry of Transport, Innovation and
Technology and ERTICO - ITS Europe and
supported by the European Commission, the
following is committed:

- Increase political commitment to
promote ITS diffusion

- Involving the World Congress in shaping
international policy at ITS

- Promote the visibility and impact of the
ITS World Congress (2012 Vienna (Austria),
2012).

In addition, the following technical trips and
demonstrations were organized at the congress:

e Visit of the Austrian national
traffic management center

e Visit of Siemens AG Austria—

world headquarters for metro,

buses and light rail

OBB train tracking site

OBB traffic management facility

Vienna climatic wind tunnel visit

Danube grand tour

Austrian Truck Pass and ITS

Tunnel Security Tour by Kapsch

e Bombardier Transport Vienna Site

At ITS Vienna 2012, shows were organized in
5 thematic areas:

1. Cooperative mobility
2. Network operations

3. Navigation and sensors
4. E-mobility

5. Public transport

The demonstrations aimed to demonstrate as
much as possible technical innovations and user
benefits in the everyday transport environment
in the city of Vienna. Overall, 23 technical
demonstrations were held, eight of which took
place in real traffic in Vienna.

2.1.20. Twentieth ITS World Congress-
Tokyo (2013)

The 20th World Congress was held in Tokyo on
12-18 October. It took place with 60 countries
and 8000 participants under the theme of “Open
to the next one for ITS”. In the long tradition of
ITS World Congresses, this year's event
brought all delegates together at the Tokyo
International Forum to celebrate the Congress'
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opening with many prominent figures from
around the world. Among the highlights were
the “Hall of Fame” and two other awards newly
introduced from this congress. In addition, the
ceremony included Japanese traditional
Yosakoi dance and an energetic Japanese drum
performance (Japan, 2013).

2.1.21.  Twenty-First ITS  World
Congress- Detroit (2014)

With the theme “Reinventing Transportation in
Our Connected World”, Detroit 2014
successfully included a wide range of people at
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the ITS World Congresses in America,
including the federal government, Michigan,
the University of Michigan, and the automotive
and infrastructure industries located in the
region that registered the most attendees. The
event featured 263 session programs, 31
technology showcases, 6 technical tours and
more than 300 participants. The main focus
points of “Automatic Driving”, “Big Data” and
“General Public” and the topics discussed at the
meetings were as follows (2014 Detroit (United
States), 2014).

Table 2. Topics covered in Detroit congress plenary sessions

Plenary Session 1
Plenary Session 2

Plenary Session 3

Reinventing policy to support the new ITS
Plenary Session 2 Reinventing business models for the new ITS

US DOT Plenary: laying the foundation for our connected society

In the congress; Technical visits were made to
Monroe, Michigan PrePass Operations, Safety
Pilot Model Deployment (SPMD), Southeast
Michigan Transportation Operations Center
(SEMTOC) Tour, Windsor City Traffic
Operations  Center, = Macomb  County
Communications and Technology Center
(COMTEC), OnStar Command Center.

2.1.20. Twenty-Second ITS World
Congress- Bordeaux (2015)

With the theme "Better Use of Space Towards
Intelligent Mobility" Bordeaux 2015 was made
about distribution issues, but specifically
focused on connected and highly automated
vehicles. In almost every industry, there has
been a shift from “supplier push” to “user pull”
for system design in most cases. The congress
included 3 plenary and roundtable meetings, 14
executive sessions, 68 special interest sessions,
7 stakeholder workshops, 98
technical/scientific sessions, 4 IBEC and 14
interactive sessions, and many other ancillary
events. Main topics; “Space Services” are
“Mobility as a Service”, “Connected and
Automated Vehicles”.

Climate changes were discussed in the
executive session. At the initiative of France, a
ministerial roundtable was held before the
official opening of the 22nd World ITS
Congress. Segolene Royal, French Minister of
Ecology, Sustainable Development and Energy,
and Alain Vidalies, French Minister of State for
Transport, Marine and Fisheries, broadly

invited their colleagues from 28 countries.
Countries around the world have recommended
focusing discussions on the prospects for ITS
development to benefit the environment and
climate. The meeting, which is closed to the
public and the press, was held on 5 October
2015 between 14.00 and 16.00 in partnership
with European Commissioner Violeta Bulc. As
aresult, the 2015 Bordeaux Manifesto “Guiding
Against Climate Change” was adopted and they
declared that they aim to encourage the
dissemination of ITS to reduce greenhouse gas
emissions and encourage the exchange of good
practices so that we can achieve the COP 21
targets (2015 Bordeaux (France), 2015).

2.1.23. Twenty-Third ITS World
Congress- Melbourne (2016)

The 2016 ITS World Congress is a major event
worldwide. The ITS community has
successfully raised the profile of the Australian
and international IUS industries, providing
unprecedented job opportunities and connecting
our industry with governments, organisations,
academics and society. Hosting on behalf of
ITS Asia Pacific, ITS Australia has produced a
convention that has benefited the national
economy $25 million, making it the second
largest international association convention
ever held in Melbourne. 11,570 delegates from
73 countries attended the Congress, refuting the
notion that the long distance to Australia might
be too far for many delegates.
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Government participation has been a feature of
the 2016 World Congress, with strong local and
international support throughout the week.
Among those attending the Congress were
Australian Prime Minister Malcolm Turnbull,
Federal Minister for Infrastructure and
Transport Darren Chester, Federal Minister for
Urban Infrastructure Paul Fletcher, Victorian
Minister for Public Transport and Projects
Jacinta Allan, Victorian Minister for Roads,
Road Safety and Harbors Luke Donnellan,
Victorian Treasurer Tim Pallas, Victorian
Minister of Finance Robin Scott, Queensland
Minister of Main Roads, Road Safety and Ports
Mark Bailey, South Australian Minister of
Transport and Infrastructure Stephen Mullighan
and New Zealand Minister of Transport Simon
Bridges.

With the theme “ITS — Developing Livable
Cities and Communities”, it reflects
Melbourne's population growth, continued
growth in mobility demand and users' appetite
for services built on 24/7 connectivity, while
reflecting the exceptional range of ITS products
deployed by cities and urban settlements, as
well as grid capacity, air quality. and aimed to
bring improvements in safety. The congress is
organized around eight main topics.
“Challenges and Opportunities of Big and Open
Data”, “Smart Cities and New Urban Mobility”,
“Automated Vehicles and Cooperative ITS”,
“Mobile Applications”, “Vehicle and Network
Security”, “Future Freight”, “Environmental
Sustainability”, “ Policy, Standards and
Harmonization” (ITS-ENHANCING
LIVEABLE CITIES AND COMMUNITIES
Melbourne Convention and Exhibition Centre
POST CONGRESS REPORT CONTENTS,
2016).

2.1.24. Twenty-Fourth ITS World
Congress- Montreal (2017)

The 24th World Congress was held in Montreal,
Canada from 29 October to 2 November 2017.
A total of 65 countries and 8000 participants
participated. Organized by ITS America/ITS
Canada. Under the theme "Sustaining Smart
Cities for  Next-Generation Integrated
Mobility", the Montreal 2017 Congress
addressed connectivity and autonomy, the smart
city, mobility, and specifically mobility as a
service, through its program of more than 240
sessions. Main topics:

~ Connectivity and autonomy
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0 Infrastructure challenges and opportunities
| Integrated approach: planning, operations

and security

|| Smart and smarter cities

[ Data, security and privacy

LI Innovation, what's next? New ideas

I Disruption and new business models (2017

Montreal (Canada), 2017).

2.1.25. Twenty-Fifth ITS World
Congress- Copenhagen (2018)

With the theme “ITS-Quality of Life”, the
Copenhagen (17-21 September 2018) Congress
hosted more than 250 sessions, including 3
Plenary Sessions, 12 Executive Sessions, over
500 technical papers and many other Ancillary
Events. Main topics:

Il Mobility services from transportation to
mobility

| IUS and environment
[ Connected and automated transport

| New generation goods delivery
I Satellite technology applied in mobility
L Evolution of transport networks
1 Cross-border mobility solutions
The Congress was organized by ERTICO and
the European Commission. 96 countries and
over 10 thousand people attended the event
(2018 Copenhagen (Denmark), 2018).

2.1.26. Twenty-Sixth ITS World
Congress- Singapore (2019)

In the congress held between 21-25 October
2019, there were 214 sessions, including 3
general sessions, 12 executive sessions, 484
technical/scientific/commercial ~papers and
many other auxiliary activities, with the theme
of "Smart Mobility, Strengthening Cities". 95
countries and more than 14 thousand 700
attended the congress. Program themes:

[] Smart, connected and automated tools

LI Crowdsourcing and big data analytics

[J Sustainable smart cities

L) Multimodal transport of people and goods

1 Security for drivers and sensitive users

LI Policies, standards and harmonization

1 Innovative pricing and travel demand
management

[T Cyber security and data privacy (2019
Singapore (Singapore), 2019).

The ITS World Congress to be held in 2020
could not be held due to the Covid-19
pandemic process.
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2.1.25. Twenty-Seventh ITS World
Congress- Hamburg (2021)

The congress was held in Hamburg between 11-
15 October 2021. 66 countries, 15000
participants were found. Its theme is
“Experience the Mobility of the Future Now”.
With this theme, ITS has been chosen to
demonstrate the radical role that digitalization
and collaborative, connected and automated
mobility can play in addressing key challenges
in the mobility and transport sectors. The
congress was held with the idea that the
commissioning of ITS can take the countries of
the world further on the road to an accessible,
fair, affordable, zero-death, zero-emission,
flexible under stress and seamless mobility
between continents.

Main topics;

Automated, collaborative and connected
mobility tools

Mobility on demand, mobility as a service
~ Goods journey from ports to customers
_ Smart infrastructure
~ New services from new technologies
_ Cities and citizen solutions (“ITS World
Congress 2021 - Hamburg.Com,” 2021)

2.2. ITS in the World Market

Advances in the development of transportation
networks have triggered the need for an
efficient transportation system. At the same
time, advances in the latest technologies, such
as blind-spot detection and electronic toll
collection, are continuously redefining the
expectations and prospects for sustainable
management of transportation networks and
traffic. At this juncture, the growing need to
present real-time traffic information to drivers
and passengers is emerging as one of the key
factors driving the demand for intelligent
transportation system (ITS).

The traffic management accounted for the
largest market share of over 30% in 2020. The
increase in travel time and hence the fuel
consumption and the subsequent monetary
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losses stemming from traffic congestions are
driving the necessity for implementing efficient
traffic ~ management  systems. Traffic
management systems also help in enhancing the
operational performance and reliability of road
networks (Intelligent Transportation System
Market Worth $ 42, 936 . 1 Million By 2028,
2022).

Also, the growing number of vehicles on road,
aging infrastructure, and a looming lack of
traffic data management are some of the other
factors that are anticipated to contribute to the
growth of the market. The eminent need to
efficiently manage the traffic flow across city
corridors and highways has triggered the need
for an alternative traffic ~management
technology (Triandafyllidou & McAuliffe,
2019). An intelligent traffic management
system ensures road safety, traffic flow, and
mobility. It also provides real-time data for the
analysis and response to emergencies on an
immediate basis. Various countries are putting
effort into modifying their traffic management
infrastructure to reduce traffic congestion. The
adoption of telematics services in vehicles can
significantly improve security and safety. With
the effect of these, the global intelligent traffic
management system market size was at USD
9.70 billion in 2021 (Figure 3) and is expected
to expand at a compound annual growth rate
(CAGR) of 13.1% from 2022 to
2030(Management, Signal, System, Region, &
Forecasts, 2022).

The North America regional market is
anticipated to reach USD 16.13 billion by 2028.
The regional market is expected to continue
dominating the global market over the forecast
period  leveraging the advances in
telecommunications  technology and the
aggressive investments in research and
development, deployment, and adoption of
intelligent transportation systems across the U.S
(Figure 2) (Intelligent Transportation System
Market Worth $ 42, 936 . 1 Million By 2028,
2022).
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U.S. Intelligent Transportation System Market

size, by type, 2018 - 2028 (USD Billion)

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
® APTS

@ ATIS ® ATMS ATPS
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® EMS

=EveE

GRAND VIEW RESEARCH

5.2%

us ket CAGR,
2021 - 2028

Figure 2. U.S. intelligent transportation system market

Due to the increase in information and data in
smart transportation systems, as well as smart
transportation devices and smart traffic
management at the global level, the global

Global Intelligent Traffic Management System Market

share, by solution, 2021 (%)

@ Traffic Monitoring System
Traffic Signal Control System
® Traffic Enforcement Camera

Intelligent Driver Information System
Integrated Corridor Management

® Other

intelligent transportation system market size is
expected to reach USD 42,936.1 million by
2028, registering a CAGR of 7.0% from 2021
to 2028.

=EVvViE

GRAND VIEW RESEARCH

Figure 3. Global intelligent traffic management system market

3. Conclusion

ITS congresses contributed to the worldwide
recognition and spread of smart transportation
with the themes determined by considering the
global needs and the meetings and exhibitions
organized within this scope. And these
congresses, which have been held since 1994,
have an important place in marketing and
promotion in the market, which has become
very important today. For this reason, the
activities of congresses increase their
importance day by day and become an
indispensable practice for many companies. It is
aimed to expand the visions of the countries in

the

this regard by introducing latest
technologies in the exhibitions, screenings and
technical trips. By including these innovations
in their future plans, nations both put their smart
transportation systems into practice and
contribute to their own national economies. One
of the most important examples of this in the
world is Japan. He included it in his plans after
the VICS screening he made at the Yokohama
congress in 95 and put it into practice
immediately in 1996. Since then, the
application continues effectively. This and
many other examples have been started to be
implemented by the representatives by moving
them to their countries.
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Studies conducted in organizations come to the
fore with their more result-oriented features
compared to advertising studies. Company
representatives participating in these events
have the opportunity to communicate closely
with their customers, develop existing
relationships and gain new customers. In
addition, it becomes possible to carry out sales
development and public relations activities for
large audiences. It is possible to learn how a
new product is evaluated by the market, why the
demand or reaction arises, how the products in
the market are evaluated by the seller or the
user, the complaints and solution suggestions.
Since there is a one-sided flow of information
in the promotions made by the companies with
the advertising method, it is not possible to
acquire the communication skills obtained in
these activities through advertising activities. In
addition, in these organizations where sales,
sales development, advertising and public
relations activities are presented together, it has
taken its place in contemporary marketing
communication as the most important activities
of marketing. With the contributions of the
press and administrations along with the
congresses, ITS has become an even wider
appeal to a wider audience. However, there is
serious competition in this field. This
competition has contributed to the growth of the
market and industry day by day. The effect is
increasing day by day as the stakeholders and
the relevant industry giants come together and
interact in the organizations and the congresses
are open to the potential customers.

Although the ITS World Congresses could not
be held in 2020 due to the pandemic, starting
from 1994, they have been held regularly every
year and the number of participants has
increased every year. Presenting and sharing
different ideas as mentioned above; It is aimed
to raise awareness of the public and managers,
to be aware of new technologies in this regard,
and to protect the environment at the same time,
and these goals are being achieved more and
more rapidly. Politicians and administrators
held meetings in these congresses and discussed
the necessary new laws and regulations. Day by
day, ITS finds more and more coverage in every
corner of the world.
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These congresses organized by ERTICO, both
regionally and worldwide, have increased the
participation and awareness of the countries.
The knowledge of the countries on ITS has
increased, and they have made technological
studies and regulations in their own countries
and cities.
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Abstract: Maritime transportation is the key element of global trade in recent years. Moreover,
container shipping companies aim to complete door-to-door cargo operation with lower costs and
increased speed. Determination of delays and possible accidents play vital role on cargo transportation
process in a container terminal. In this scope, 65 container terminal accident reports are evaluated with
Fuzzy C-means method to cluster within scope of root cause analysis. Three, four, and five number of
clusters are created to determine possible causes of accidents. Accident cases are grouped in the view
of relation of operations as cargo and port. Port related accidents are found mainly as related with
maintenance processes in weekdays. On the other hand, cargo related accidents occurred in weekends
and during night shifts. In this scope, the results revealed that Fuzzy C-Means method could be used to
analyse container terminal accidents.

Anahtar Kelimeler: Maritime Transportation, Accident Analysis, Fuzzy logic, Container terminal,
Clustering

Bulanik C-ortalama kiimeleme algoritmasi ile konteyner terminali kaza analizi

Ozet: Deniz tasimaciligi, son yillarda kiiresel ticaretin kilit unsuru olarak goriilmektedir. Ayrica
konteyner tagimaciligi yapan denizcilik sirketleri, kapidan kapiya kargo operasyonunu daha diisiik
maliyetler ve artan hizlar ile tamamlamay1 hedeflemektedir. Konteyner terminalinde kargo tagimaciligi
siirecinde gecikmelerin ve olasi kazalarin tespiti hayati 6nem tagimaktadir. Bu kapsamda 65 konteyner
terminali kaza raporu, Bulanik C-ortalama kiimeleme algoritmasi ile kok neden analizi kapsaminda
kiimelenerek degerlendirilmistir. Olasi kaza nedenlerini belirlemek igin ii¢, dort ve bes adet kiime
olusturulmustur. Kaza vakalari, operasyonlarin iligkisine gore kargo ve liman olarak gruplandirilmstir.
Limanla ilgili kazalar daha ¢ok bakim siiregleriyle ilgili olarak bulunmustur ve hafta i¢ci meydana geldigi
goriilmiistiir. Ote yandan, hafta sonu ve gece saatlerinde kargo ile ilgili kazalar meydana geldigi calisma
sonucunda elde edilmistir. Bu kapsamda, sonuglar Bulanik C-ortalama kiimeleme algoritmasinin
konteyner terminal kazalarini analiz etmek i¢in kullanilabilecegini ortaya koymustur.
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1. Introduction

Maritime cargo operations consist of multiple
equipment planning as well as port worker
assignments. Optimisation of these elements
could provide precious advantages of better
cargo handling times and increased cargo
throughput. In contrast, missing of safety
culture practices during port congestion could
cause to interrupt cargo operations. Accidents,
near-misses, or incidents which lead to
undesired circumstances could affect the
performance of maritime ports. On the other
hand, determining human errors in operations is
the key element of achieving safety culture.

Human factor analysis could provide better
understanding of cargo operations. These
analyses explain factors such as distraction,
lack of resources, stress, pressure, lack of
awareness, lack of teamwork, and
complacency. The International Maritime
Organization (IMO) defined human elements as
error, performance, environment, safety, mental
action, and management (Sha, 2020). In this
scope, this study focuses to find possible port
accident causes which could be related to port
worker age, experience, time of the accident,
and relationship of maintenance or cargo
operations using unsupervised clustering
method as Fuzzy C-means. The aim of the study
is to cluster 65 different accident cases with
Fuzzy C-means method and compare groups in
the view of accident case variables. Accident
reports are analysed with unsupervised
algorithm to determine which factor could lead
an accident in a cargo operation rather than
using root cause analysis methods.

The paper is organized as following: the second
section is devoted to the literature. In the third
section, the methodology is explained. The case
study is explained in the section 4. The results
and discussions are presented in section 5. The
conclusions are specified in the last section.

2. Literature

Maritime  stakeholders and management
companies aim to complete cargo operation
with the lowest carbon footprint and voyage
times. To achieve the best port turnaround time,
the authority of the terminal calculates berth and
quay allocations with optimized quantity of
workers and equipment. In this manner, every
port worker needs to perform assigned duties
within the range of specified time. Due to
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limited time of operation and extended watch,
the worker could fail to comply with safety
rules which prevents incident, accident, or near-
misses. Human factor analysis could help to
improve and maintain optimized cargo
operation. In this scope, the literature section is
focused on maritime accidents, clustering, and
other related studies using fuzzy logic.

Zhang et al. (2021) introduced Geospatial
techniques of Kernel Density Estimation (KDE)
and K-means clustering method to obtain the
profile of global maritime accidents using data
from 2003 to 2018. The authors indicated that
diverse accident places and specifications were
found. Paolo et al. (2021) investigated 1079
maritime accidents using Semi-supervised
Recursively Partitioned Mixture Models to
categorize and identify causal themes. The
results showed that poor education and training
of seafarers with lack of monitoring were
common causes in accidents. Yang et al. (2018)
aimed to analyse the causes of maritime
accidents using Apriori algorithm with real
maritime accident data. The authors stated that
the characteristics and causes of maritime
accidents in Zhejiang were summarized. In
similar, Changhai & Shenping (2019) used
Apriori algorithm to carry out association rule
learning of maritime accidents data. The
potential relation between causal factors was
found.

Budiyanto & Fernanda (2020) studied work
accidents in container terminals using Fault
Tree Analysis method. The authors carried out
a risk assessment with a risk matrix method.
The result showed that traffic accidents were the
highest risk value in container terminal
operations. Moreover, the negligence in
operating vehicles/equipment caused accidents
with a higher rate. Ding & Tseng (2013) used
fuzzy risk assessment tool to investigate safety
operations in a container terminal. The results
provided that the factor of communication
misunderstanding influenced risk frequency
while human negligence and error factor
influenced risk severity. John et al. (2014)
proposed a novel fuzzy risk assessment
technique to facilitate uncertainties and to
optimise performance effectiveness in seaport
operations. The study revealed a robust
mathematical framework of the system and a
step-by-step analysis. Khan et al. (2022)
analysed 352 cargo accidents from 1960 to 2018
in ports. The authors developed the Human
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Factors Analysis and Classification System for
Port Environment Hazardous Cargo Accidents
approach. The findings indicated that the most
prominent factors such as violations, limited
intellect, inappropriate supervision, and an
inadequate safety culture were found in
hazardous cargo accidents. Khorram (2020)
proposed port risk assessment model which
utilized a fuzzy analytical hierarchy process—
VIKOR combined approach in a port container
terminal. The proposed AHP-entropy-based
framework helped to implement decision
makers’ subjective judgments by Z-numbers
and to regulate subjective weights. Mokhtari et
al. (2012) used fuzzy set theory to evaluate and
describe risk factors in the port and terminal
operations. The proposed approach proved that
the decision support framework could be used
to model risk evaluation of ports and terminals.
Mollaoglu et al. (2019) aimed to identify risk
factors using Fuzzy AHP method by calculating
expert judgements. The human factor and
communication level were found the most
important factors that have a vital role on
Occupational Health and Safety (OHS).
Ozdemir (2016) investigated to identify factors
caused occupational accidents in ports using
Fuzzy DEMATEL and Fuzzy TOPSIS
methods. The most important factors were
found as human error, administrative reasons,
insufficient equipment, improper use of
equipment, and working environment and
conditions. Qiao et al. (2020) introduced human
factor analysis framework named
multidimensional analysis model of accident
causes (MAMAC). The authors integrated
intuitionistic fuzzy set theory and Bayesian
Network to MAMAC. The aim of the study is
to form a dynamic human factors analysis using
a sand carrier accident database for maritime
accident scenarios. The results of the study
revealed that unsafe acts were not a focus for
maritime scholars and investigators. Sur & Kim
(2020) analysed 9 types of fishing vessel
accidents from 1988 to 2016 using the fuzzy
comprehensive evaluation method.
Furthermore, the authors calculated and
classified risks of each type of accidents to
establish risk reduction measures for decision
makers. Wang et al. (2021) studied an ordered
logistic regression model to explore the
relationship between influencing factors and the
severity of marine accidents. The worldwide
accident reports were used to assist maritime
authorities for preventing the occurrence of
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serious marine accidents. The results showed
that the severity of accidents was positively
related to sinking accidents, inadequate ship
manning, poor theoretical knowledge, and less
sea experience.

3. Methodology

The Fuzzy C-means method which is a soft
clustering algorithm was introduced by Dunn
(1973) and advanced by Bezdek et al. (1984).
The minimization objective function of the
method is:

N ¢
W] R 0

i=1j=1
1<m< oo

m : fuzzy partition matrix exponent

u;j : the degree of membership of x;in the cluster
J

x; : the ith pattern in D-dimension data
v; : jth cluster centre in the D-dimension

The FCM clustering procedure is defined as
(Saxena et al., 2017):

First, a value of ¢ (number of cluster) is set up.
Second, initial cluster prototype Vi, Vo, ...., V¢
from X, i=1, 2, ..., N is selected. Then, the
distance ||Xi-Vj|| between prototypes and objects
are computed. Later, the elements of the fuzzy
partition matrix (i=1,2, ..., N;j=1,2,...,¢c)

— |yc I[xi=Vjll -
ujj = | X2 Vil and the cluster
. 1 ZiN:1uizj-Xi
prototypes (j = 1, 2, ..., ¢) Vj = SN
i=1"j

calculated. Finally, if the number of iterations
exceeds a given limit or the convergence is
attained, calculations are finalized. If the
criteria are not met, third step should be

repeated.
4. Case study

The dataset of the study is gathered from
accident report occurred in two different
container terminals located in Turkey for a six-
year period beginning from 2012 to 2018. 65
different accident cases are analysed to
determine human errors or possible effects on
operation differences. Both container terminals
have similar quay for various size of vessels.
The vessel dimensions in terminals diverse
from 100 meters to 399 meters. On the other
hand, turnaround times of the vessels are found
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similar in the scope of port congestion
situations. Accident cases are divided into two
groups as cargo operation and others. To give
an example, maintenance accident of port
equipment is classified as the other group. In
similar, two variables are created to determine
effects of day and night shifts as well as
weekdays and weekends. The main idea of
analysing the time of the operation is to
determine whether human factors are related
with circadian rhythms or not. Moreover, port
workers could feel more relaxed in the
weekends due to general rest days of other
industry workers although vessel cargo
operations are not correlated with weekends or
weekdays.

The causes of the 65 different accident cases are
analysed, and more than one day off accident
cases are found in main groups as following:
Struck by moving object, slips, falls from
height, vehicle collisions, cuts, falling objects,
equipment malfunction, and improper stowage
of containers. The dataset of the study which is
accident reports is analysed with Fuzzy C-
means (FCM) clustering method to determine
accident cases using unsupervised algorithm.
The advantage of FCM is to provide flexibilities
to identify data point which could belong to
more than one cluster. In this manner, the cases
which might be affected by multiple variables
and could belong to more than one cluster are
calculated.

5. Results and discussion

The dataset was analysed with Fuzzy C-means
clustering method using MS Win 10 operating
system and R programming language.
Moreover, different libraries were used with R
as “ppclust, psych, fclust, cluster, etc.”. the
clustering process is completed for three, four,
and five different groups to calculate similar
accident cases. The metrics of the clustering
calculation is in Table 1.
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Table 1. Cluster performance metrics

Fuzzy

. Partition Partition
Number Silhouette Entropy ~ Coefficient
Index
3 0.7421 0.4811 0.7360
4 0.6498 0.6744 0.6404
5 0.6325 0.7713 0.6059

As seen on the results, different performance
metrics are found with three, four, and five
number of clusters. Although metrics could be
used to determine the best cluster, Figure 1 is
created to compare accidents for three, four, and
five number of clusters as the best and worst.

Cluster plot

r

cluster

[e] 1
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|m] s

Dim2 (22.4%)
°

roo

2

Dim2 (22.4%)

cluster

OF

Dim2 (22.4%)
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2

-2 2 4

Dwmu1 (31.8%)
Figure 1. The plot of clusters.

The plots of the number of clusters are proved
if accident cases could be illustrated better with
a five number of clusters. In this scope,
mentioned cluster number is selected to analyse
accidents further. Accidents belong to single
cluster are selected and explained in Table 2.
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Table 2. Accident cases
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Cluster #1 Cluster #2 Cluster #3 Cluster #4
Case 4,6,8, 10, 14, 24, 31, 33 18, 20,41, 42,51, 59 37 46
Table 3. Result of the model
Cluster Case tlll)e a‘);;fk Ti:;;()f Relation Day off  Age Experience

4 Weekday Day Port 3 34 2

6 Weekday  Night Port 3 31 2

8 Weekday  Night Port 1 28 2

: 10 Weekday  Night Port 10 41 4
14 Weekday Day Port 3 30 2

24 Weekday Day Port 7 38 4

31 Weekday Day Port 5 29 1

33 Weekday  Night Port 5 33 2

18 Weekend  Night Cargo 45 34 7

20 Weekday  Night Cargo 5 30 5

5 41 Weekend  Night Cargo 2 24 5
42 Weekend  Night Cargo 5 47 7

51 Weekend  Night Cargo 5 45 8

59 Weekend  Night Cargo 1 27 8

3.4 37 Weekday Day Cargo 3 54 1
46 Weekday Day Cargo 1 55 4

In the first cluster, eight different accidents
occurred in weekdays during port operations
which aim to maintenance purpose. Time of the
accident is diverse from day to night. In
contrast, experiences of port workers are 2.38
years which could be called as an inexperienced
worker.

In the second cluster, six different accidents are
analysed for weekends and night shifts. These
accidents are found related with cargo
operations. On the other hand, experience of
workers which are responsible for cargo
operations are found 6.67 years.

In the last cluster, two accidents are clustered in
cargo operations. These results are not directly
related with same specific cluster. The scope of
the illustration is to determine whether direct
relationship or not. In this view, first two

clusters are used for calculation process of
accident cases.

The results showed that FCM method could be
used to cluster container terminal accidents.
Moreover, risk assessment process or root cause
analysis could be carried out to understand and
prevent possible accidents.

In the first cluster, the accident causes are found
as struck by moving object, slips, and falling
objects. In similar, falls from height, struck by
moving object, and falling objects factors are
found for the second cluster. In this manner, two
main accident causes are determined as struck
by moving object and falling objects.

The accident cases are investigated to determine
contributing factors which lead to accidents.
Recklessness, physical environment (slippery
ground), inexperienced worker, intersecting
traffic, poor preplanning, complacency, poor
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communication, and overtired personnel are
found as contributing factors for container
terminal accidents.

The limitation of the study could be
summarized as three topics. Firstly, possible
causes of accidents are found within the group
of cases. This process would provide precious
assumptions. On the other hand, root cause
analysis methods could help to increase safety
culture of terminals. Root causes and
contributing factors would identify which lead
to the incident, accident, or hazards. Secondly,
16 accident cases are found using FCM method.
Missing 49 different accident cases would
prevail various results with different methods.
Lastly, other container terminal accidents
reports could be used for international cases.

6. Conclusion

Container terminal accidents could cause delays
or interruption of precious cargo operations.
Analysing any undesired situation of vessel
operation is vital for optimized cargo flow.
From near misses to major accidents, these
situations should be predicted or prevented.

In this study, 65 container terminal accident
cases are analysed with Fuzzy C-means method
to cluster reports in the scope of possible similar
causes. The results revealed that FCM method
could be used to cluster accident cases. The
number of clusters are proved identical accident
specifications are found such as day of the
week, time of the day, and relation of
operations. The results could be used to identify
potential hazards in a container terminal.

For future studies, risk assessment, root cause
analysis, or accident prediction studies could be
performed to further analyse causes of accident
cases. Moreover, proposal of risk reduction
measures would be available for container
terminals with FCM method.
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Abstract: It is seen that high technology and its products work to meet every stage and need of human
life and navigational safety in the maritime sector. Electronic systems have been developed and are used
today as a result of the search for alternatives to the well-known and approved classical methods used
in safe navigation on the world's seas. Electronic systems are susceptible and more accurate than
classical methods and significantly benefit maritime transport. Bridge electronic systems and
infrastructures supporting its components also work with advanced technology products. In this context,
electronic navigational charts - ENC, Electronic Chart Display Information systems - ECDIS and
Automatic Information systems - AIS are undoubtedly the best examples. These and similar bridge and
auxiliary devices ensure the safety of navigation on both national and international seas and oceans and
cause a decrease in human error rates. This study mentions the positive effects of high-tech bridge
navigation systems developed in the maritime sector on maritime transportation.

Key words: Maritime Transportation, S-57, ECDIS, Strategy of Maritime Management, Intelligent
Maritime Transportation Systems.

Gelisen ve degisen elektronik kopriiiistii ekipmanlar: ve elektronik seyir
haritalarinin akilh deniz ulasim sistemlerine etkisi

Ozet: Denizcilik sektoriinde yiiksek teknoloji ve iiriinlerinin insan yasaminin ve seyir giivenliginin her
asamasini ve ihtiyacini karsilamak i¢in ¢alistigi goriilmektedir. Elektronik sistemler, diinya denizlerinde
giivenli seyirde kullanilan, bilinen ve onaylanmis klasik yontemlere alternatif arayiglari sonucunda
gelistirilmis ve gliniimiizde kullanilmaktadir. Elektronik sistemler, klasik yontemlerden daha hassas ve
giivenlirdir.Deniz tagimaciligina onemli olgiide fayda saglar. Kopriidistii elektronik sistemleri ve
bilesenlerini destekleyen altyapilar da ileri teknoloji tirlinlerle ¢caligmaktadir. Bu kapsamda elektronik
seyir haritalar1 - ESH, Elektronik Harita Goriintiileme Bilgilendirme sistemleri - EHGBS ve Otomatik
Bilgilendirme sistemleri - AIS siiphesiz en iyi 6rneklerdir. Bu ve benzeri kopriiiistii ve yardimet cihazlar
hem ulusal hem de uluslararasi denizlerde ve okyanuslarda seyir giivenligini saglamakta ve insan hata
oranlarinda azalmaya neden olmaktadir. Bu ¢aligma, denizcilik sektoriinde gelistirilen yiiksek teknolojili
kopriiiistii seyir sistemlerinin deniz tagimaciligina olumlu etkilerinden bahsetmektedir.

Anahtar Kelimeler: Deniz Tagimaciligi, S-57, EHGBS, Denizcilik Yonetimi Stratejisi Akilli deniz
ulasim sistemleri.
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1. Introduction

It is known by surveys that more than 70% of
the earth, which does not have a smooth form,
is covered with water. It is known that more
than 80% of the earth's population has lived by
the sea throughout history and still today. It is
known that more than 90% of the transportation
activities carried out on earth in order to meet
the endless needs of human beings are carried
out by sea transportation. As a result of
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developing and changing technology, maritime
transport and maritime transport elements are
also affected. Maritime transport is essential in
transporting almost all industries, raw
materials, and products. Especially for maritime
transport, IMO-International Maritime

Organization serves the member countries and
the world's seas at the stage of what should be
the requirements for this purpose, first of all for
safety in the seas; provides technical, legal, and
educational support in written form.URLI1.

It has also created and developed the element of
trade in the need for transportation due to
national and international production and the
resulting trade. Since the produced and to be
transported cargoes are solid, liquid, gas, living,
wheeled, particular types (project cargo) in
different types and forms, it has led to the
production and use of ship types with different
types of warehouse structures. Therefore, the
ships should be designed according to the
transportation needs and equipped with
navigational safety. While the ship has been
equipped with safety and security principles
since its construction, the critical equipment
and devices on the bridge used for dispatch and
management are essential for safety during
navigation. Many devices of different types and
functions work on the bridge for navigational
safety. The systems provide maximum benefit

Figure 1. Different types of cargo ships (URL2).

to the captain and watchkeeping officers on the
bridge in the management and administration
and help to minimize the human error rate.
Every step taken in maritime is made with laws,
regulations, and directives and is used on all
seas as a framework (Joseph and
Dalaklis,2021), (Pawlovski,2017). Based on
these principles, SOLAS-Safety of Life at Sea
was first defined in 1974 according to the
tonnage of ships (SOLAS,1974). Digital or
vector-based chart display and information
systems used in electronic navigation systems
for ships' management and administration on
bridges are essential to increase safety. The
charts and nautical publications used are similar
to IMO, and THO International Hydrographic
Organization works to produce maps and
similar publications for the seas. In this way,
charts and similar products are made according
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to the data obtained from reliable sources with
the same standards on the same frame. There are
places (natural or artificial) of very different
depths and structures where ships/vessels are on
the world's seas. These areas are formed by
natural and artificial waterways or shallow
waters and oceans. There are sea areas such as
harbors, wharves, ports, docks, and piers, where
ships/vessels load or unload passengers and
cargo. However, each area is not at the depth
where the ships can dock in the coastal areas,
which are the places where the ships will
dock/anchor. Depths are changed according to
the needs of the ships in places where the depth
is known naturally at the beginning. The aim
here is definitely to increase the safety level of
navigation and the ship's port entry-exit and
cargo handling in ports. Despite all the safety,
the narrow channel, strait crossings, and port
and pier entrances, which should be given
operational importance, are among the viewing
areas that should be considered. The different
lengths and tonnages of the ships can be
described as the part of the underwater/sub-
water part of the ship, which affects the safety
in shallow waters in part called Draft in
terminology. It is called the squat effect during
the cruise and the instantaneous collapse of the
ship (Zhang et al.,2019). This collapse effect
has a more significant effect in shallow water
and fresh waters, making the water withdrawal
larger. National and International Hydrographic
Departments, which work following IHO
standards, make measurements at sea in order
for the ship to navigate safely, but marine
sciences should be mentioned here incredibly
accurately. Marine Sciences, in general terms,
consists of Hydrography (Bathymetry),
Oceanography, Meteorology, and the final
product, cartography (Usluer and Alkan, 2016).

1.1. Marine Sciences

According to the IHO definition, Hydrography
(bathymetry) is working by applied sciences to
survey and define the physical status of oceans,
seas, coastal areas, lakes, and rivers. Hence
with this survey data, the prediction of water or
seas status change over time for the safety of
navigation and environmental protection
(IHO,2022).
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Oceanography definition by NOAA (National
Ocean  Service-National  Oceanic  and
Atmospheric Administration) Oceanography
covers marine life and ecosystems, ocean
circulation, plate tectonics and the geology of
the seafloor, chemical, and physical properties
of the ocean and seas (NOAA,2022). Also,
oceanography has some valuable sub-divisions
like chemical and physical oceanography,
marine biology, etc.

Basically, Meteorology is the science of the
atmosphere. Also, it studies for earth’s
atmosphere and components of earth system
science with survey temperature, wind, and
precipitation that we observe and experience
impact, and all are impacted on various scales
(Usluer and Alkan, 2016).

Cartography is the transfer of the measurable
earth onto the plane understandably and
expressively. There are different ways. Today
it is divided into two. It is classical, that is,
transfer on paper and transfer to plane with
digital, that is, electronic materials.

2. Electronic Navigation Systems

Bridge electronic navigation aids used on ships
today work to increase the safety level of ships
during navigation. The most known and widely
used ones are ARPA Radar, Sonar/Echo
Sounder, ECDIS, AIS, GNSS, DGPS,
LORAN-C, EPIRB, SART, NAVTEX, IBS,
and VDR, etc.

3. Electronic Navigation Charts

It has established its internal disciplines, which
determine the standards required for producing
hydrographic products used in the seas and is
used in the national hydrographic offices of the
maritime countries.

According to this;
B-Bathymetric Publications (Mainly related to
GEBCO).
C-Capacity Building Publications
M-Miscellaneous Publications (including Basic
Documents)
P-Periodic Publications
S-Standards and Specifications.
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Table 1. Hydrographic production standards

Descriptions

S-4
S-5A
S-5B
S-8A
S-8B
S-11
S-12
S-23
S-32
S-44
S-49
S-52
S-53
S-57
S-58
$-60
S-61
S-62
S-63
S-64
S-65
S-66

S-67

S-97

S-99

S-100
S-101
S-102
S-111
S-121
S-122
S-123
S-127
S-129

Regulations for International (INT) Charts and Chart Specifications of the I[HO
Standards of C.ompetence for Category "A" Hydrographic Surveyors
Standards of Competence for Category "B" Hydrographic Surveyors
Standards of Competence for Category "A" Nautical Cartographers

Standards of Competence for Category "B" Nautical Cartographers

Guidance for the Prep. and Maint. of Int.(INT) Chart and ENC Sch. and Cat. of INT Charts
Standardization of List of Lights and Fog Signals (June 2004 - Corrections to June 2006)

Limits of Oceans and Seas (1953). Sheet maps 1, 2 and 3
Hydrographic Dictionary

IHO Standards for Hydrographic Surveys

Standardization of Mariners’ Routeing Guides

Specifications for Chart Content and Display Aspects of ECDIS
Joint IMO/IHO/WMO Manual on Maritime Safety Information
IHO Transfer Standard for Digital Hydrographic Data

ENC Validation Checks

User’s Handbook on Datum Transformations involving WGS 84
Product Specification for Raster Navigational Charts (RNC)
List of IHO Data Producer Codes

IHO Data Protection Scheme

IHO Test Data Sets for ECDIS

ENCs: Production, Maintenance and Distribution Guidance
Facts about Electronic Charts and Carriage Requirements

Mariners’ Guide to Accuracy of Depth Information in Electronic Navigational Charts
(ENC)

IHO Guidelines for Creating S-100 Product Specifications

Operational Procedures for the Org. and Managem of the S-100 Geospatial Inf. Registry
IHO Universal Hydrographic Data Model - S-100 based Product Specifications

ENC Product Specification

Bathymetric Surface Product Specification

Surface Currents Product Specification

Maritime Limits and Boundaries Product Specification

Marine Protected Areas

Marine Radio Services

Marine Traffic Management

Under Keel Clearance Management
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S codes show all standards. The standards
that should be emphasized and known on

3.1. S-52 Definitions

According to IHO definitions, S-52 provides
specifications and guidance regarding issuing

Paper Chart
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the digitalized bridge are primarily s-52, s-
57, s-63, and s-100.

and updating Electronic Navigational Charts
(ENC) and their display in ECDIS. Basically
and primarily, paper chart data could use
transformed to ENC.
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Figure 2. The same area shows both on paper and ENC (SHODB,2022).

3.2. S-57 Definitions

S-57 is the standard of the data format used to
transfer vector and digital hydrographic data
between hydrographic offices. So it takes the
chance for distribution to manufacturers,

3.3. S-63 Definitions

According to the IHO  definitions, S-63
describes the recommended standard for
protecting ENC information. Also, S-63 defines
security constructs and operating procedures. S-
63 standard covers three essential areas Piracy
protection, Selective Access, and

3.4. S-100 Definitions

By IHO definition; The S-100 Standard is being
a framework document that is intended for the
development of digital products and services for
hydrographic, maritime, and GIS communities.
Also, S-100 comprises multiple parts that are
based on the geospatial standards developed
(IHO,2022). The S-100 provides an advanced
hydrographic geospatial data standard capable
of supporting hydrographic digital data and

mariners, and other data users. By S-57 ENC
production meeting these specifications,
hydrographic offices will ensure that all
electronic charts contain all the chart
information that 1is necessary for safe
navigation.

Authentication. It could help prevent
unauthorized use of data by encrypting the ENC
information, restricting access to ENC
information to only those cells that a customer
has been licensed for, and providing assurance
that the ENC data has come from approved
sources (Admiralty,2022).

sources. It reinforces this principle with
international standardization; mainly, it is fully
compatible with ISO-19100 series geospatial
standards. Its main goal is to support a wide
range of digital data sources, products, and
customers related to hydrography. Thus, high-
density bathymetry, seafloor classification,
marine GIS, etc. It enables the development
such as new applications (URLA4).
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4. Electronic Navigation Charts on developing Bridge

According to the IHO's e-navigation definition, vessel onboard and ashore by electronic means
the harmonized data collection, integration, to enhance berth to berth navigation and related
data exchange, all kind of productions services for navigational safety and both
presentation, and real-time analysis of seafarers and vessel security at sea and
navigational/marine information about the protection of the marine environment.

Figure 4. New design and high-tech bridge systems (URLS).
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The bridge, which is equipped with changing
and developing technology products, affects the
officer on the watch and the ship's safety at a
high level. On the other hand, E-Navigation
combines and operates integrated high-tech
navigation aids.

Thus, the rate of human error is reduced, the
safety level of navigation increases, and it
causes more reliable movement at sea and in
port periods. Today's technology allows
navigation by combining unmanned marine
vessels with e-navigation and equipment. An
IMO initiative designed and launched in 2005
to increase navigational safety, e-navigation,
onboard navigation systems, Shoreside vessel
traffic information management, Ship-to-ship-,
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ship-to-shore, and shore-to-shore
communication infrastructure. It designs and
implements progress in three key areas
(Burmeister et.al,2014).

The ECDIS device used for E-Navigation, on
the other hand, allows the watchkeeping officer
who is on the watching shift on the bridge to use
the ENC operating in a vector base and logic
approved by the manufacturer hydrographic
offices at a high level of confidence on which
all instant data can be displayed for safe
navigation. Also, the ENC goes through the
stages that can become usable on ships,
considering the principles in the diagram in
Fig.5 below.

$-52

Specification for Chart Content
and Display Aspects of ECDIS

Annex A
IHO ECDIS
Presentation Library

Appendix 1
Guidance on Updating the
Electronic Navigational Chart

Annex C
Procedure for Maintaining
the Calibration of Displays

Annex B
(Deleted)

e —

Part |
Users’ Manual
{—| Tables & Symbolisation Procedures
Symbol Library & Symbol Plots
Referance & Notes

Addendum
Symbol Catalogue

Appendix A - Colour Tables: Day, Dusk, Night
Appendix B - Look-up Table for Areas with Plain Boundaries
Appendix C - Look-up Table for Areas with Symbolized Boundaries
Appendix D - Look-up Table for Lines

AppendixE - Look-up Table for Paper Chart Paints.

Appendix F - Look-up Table for Simplified Points

Part Il
Mariners Navigations Objects

Digial Files.

©

CD-ROM

Figure 5. Diagram of presentatio?

Hard-copy ENC maps enclosed in red circles,
thanks to their easy-to-carry and easy-to-use
electronic structure, have been created by
considering the paper map production features
and containing all the information on the paper
map. It appears as a product where users can
question all areas and shapes. This hard copy
arriving on the vessels' bridge has named the
ENC - Electronic Navigation Chart, which is
transmitted to the end-user after the S-57 vector
representation data structure conforming to the
S-52 production standards is encrypted with the

usage as a graphic file while producing the ENC.

S-63 data protection standards. All these
standards ensure that the officer of the watch on
the bridge uses meaningful projections of the
real-world surface of the plane electronically
and is prepared with accurate information. The
possibilities provided to the user go beyond the
classical methods and provide the opportunity
to query any point or object on the map
following the standards.
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Figure 6. A highlight object (ACHARE-Anchorage Area) is queried by the user on ECDIS.

There are many essential features available
within ECDIS. With a feature similar to the
VDR recording feature called Logbook, it can
store all the ship's movements during the cruise
with time and direction information. With this
feature, while the ship's movements are
recorded, the efficiency can be observed with its
contribution to the vessel monitoring process
(IMC,2015). In addition, it is possible to use
maps belonging to the same region, but at
different scales, to display them on the screen
following the needs and, in the area, where the
cruise is made. Features called SCAMIN or
SCAMAX primarily meet this need (Leder,
2007). These tools include checking the
consistency, application of SCAMIN
(density of features when zooming in and
out), and usability of the ENC (Tyzack and

Gkionis,2014). Another essential feature is
the measurements of hydrographic circles
and the quality of the data they use in the
products they produce, thus determining the
international clarity of their reliability
levels. This term is called Category Zone of
Confidence (CATZOC). The Zone of
Confidence (ZOC) value is dependent on
the positional and depth accuracy of the
survey, and also confidence values are
assigned to geographical areas to indicate
whether data meets a minimum set of
criteria for the exact position with the usage
of WGS-84's LAT/LONG, depth accuracy
surveys with ADCP and survey with side-
scan sonar data seafloor coverage.

70C .:: n::::;, Depth Accuracy Seafloor Coverage Typical Survey Characteristics Symbol
=0.50 + 1%d " R
Controlled, systematic survey high position
Al E%@LL‘:’%C;EL F“{]ile::lt sea;d’ " and depth accuracy achieved using DGPS or
£5m T uo en. Signticant o imum three high quality lines of
30 =08 seafloor features detected
100 15 and depths measured position (LOP) and a multibeam, channel or
1000 1105 mechanical sweep system.
~L072%d Full area search
0 [ Depth [m] | Msic_n]_ undertaken. Significant Controlled, systematic survey achieving
+20m 10 12 ceafloor features detected [POsition and depth accuracy less than ZOC
30 £16 d depth 4 A1 and using 2 modern survey Echosounder
11&00 isi% an s measure and a sonar or mechanical sweep system.
+21.
=1.0+2%d Full area search not
Depth [m] | Accuracy [m]| achieved: Controlled, systematic survey achieving
10 m > features H dous to similar depth but lesser position accuracy
B +50m 30 ils surface navieation are |1E5% than ZOC A2 and using a modemn survey
100 130 0t exy ccmdibut may echosounder, but no sonar or mechanical
1000 +21.0 ensx- P Y sweep system.
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Dep {% [ra] At(u_rf':;- [m] §:;l]:\‘:: s;:'i: ot [Low accuracy survey or data collected on an
C +500m 30 :_‘3 s anom: dlés m‘;\, be opportunity basis such as soundings on
100 =70 expected. passage.
1000 +52.0
Worse ::lt];:\':g Sl:{: ehdue(:th [Poor quality data or data that cannot be
D |than ZOC|Worse Than ZOC ‘C’ anomalies may be quality assessed due to lack of information
< expected. .
U Unassessed - The quality of the bathymetric data has yet to be assessed.
*In practice, it is usually assumed that the reliability error of bathvmetric data measurements estimated for ZOC (D) and ZOC (U) zones assumes|
values at least 10% higher than the values estimated for the ZOC zone (C), which can also be recorded as: (2.0m = 5% -d) - 1.1

Figure 7. [HO's categorization of CATZOC attribute (Rutkowski,2018).

123



Usluer,H.B.(2022)

5. Conclusions

The indispensable element of the maritime
transport sector, where developing technology
products are frequently used, is also used at a
high level on ships. For this purpose, the
International Maritime Organization and its
subcommittees are trying to set standards for
safe navigation. In addition to IMO, the
International Hydrographic Organization and
its member hydrographic departments also
support e-navigation with products with high
accuracy for navigational safety and
compatibility with new technology. In this way,
deck department watchkeeping officers,
especially the captain, who take part in the
ship's dispatch and management during the
cruise, support. Automation systems in the
bridge on ships, the engine room, and
infrastructures supporting electronic systems
and components for cargo handling at ports also
work with advanced technology products.
Electronic navigation charts used on the bridge
- ESH, Electronic Map Display Information
systems - EHGBS and Automatic Information
systems - AIS deck automation systems for the
department, machine automation systems for
the machine management and gantry, conveyor
and port optimization systems used in ports are
undoubtedly the best examples. There are many
benefits of using high-tech products. It reduces
the human-induced error rate and enables
higher quality and more operations to be
performed compared to the past. Developing
technology in the maritime industry enables
unmanned marine vessels, not only those on the
ship. Even though it uses advanced technology,
it needs human control and intervention when
necessary.
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