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Ozet

Limanlar, yogun nakliye islemlerinin gergeklestigi cok boyutlu
sistemlerdir. Denizcilik endistrisinde limanlar, bir tilkenin
ekonomisinde ve biiytimesinde 6nemli bir rol oynamaktadir.
Giinitimiizde limanlarda yiik operasyonlarinin hizli ve emniyetli
gerceklestirilmesi oldukca onemlidir. Liman operasyonlarmin
gelisimde kaynaklarin verimli kullanimi, yenilenebilir enerji
kaynaklarina yonelim ve stirdiiriilebilirlik dikkat c¢eken
unsurlardir.

Endiistri 4.0 kavraminin sanayide yerini almasiyla birlikte
isletmeler, yapay zeka uygulamalari, bulut veri yonetimi, sensor
flizyonu, nesnelerin interneti, siber-fiziksel sistemler gibi akilli
teknolojilerin gelisiminden faydalanarak faaliyette bulunduklar:
alanda rekabetci bir tutum sergilemeye bagladilar. Akill {iretimle
ayni anlama gelen Endiistri 4.0 kavrami ilk defa 2011 yilinda
Hannover Fuarinda kullanmilmigtir. Giiniimiizde Endiistri 4.0
uygulamalar1  akilli  {iretim ve dagitim  kanallarmnmn
dijitallestirilmesine kadar tiim endiistriyel ve tiiketici pazarlarinin
dijital doniistimiinii icermektedir. Endiistri 4.0 kavraminin liman
endiistri alanlarinda uygulamalarinin artmasiyla “Liman 4.0”
kavramu literatiirdeki yerini almigtir. Liman 4.0 kavrami akill
limanlarin gelismesini ve kiiresel tedarik zincirinde yer almasin
saglamistir.

Gelisen ve akilli olma ihtiyaci, gemi hacimlerinin biiyiimesi,
yliklerin daha hizli hareket etmesi ve jeopolitik sorunlarmn
yarattigl zorluklar gibi nedenlerle kiiresel ticaretin degisen
talepleri, giiniimiizde daha da 6n plana ¢ikmaktadir. Akilli liman
kavrami liman operasyonlarinin (yiikleme, tahliye, demirleme
vb.), depolama, bakim-onarim gibi islemlerin kablosuz ag veya
ozel ag baglantilar1 kullanilarak igletim ve operasyonlar igin
gerekli bilgilerin paylagiminin ve aktariminin saglandig: limanlar
olarak tanimlanabilir. Diger bir ifadeyle akilli limanlar tiim
cihazlarin nesnelerin interneti tabanli bir sistem {izerinden
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baglandig1 tam otomatik limanlardir. Giiniimiizde Rotterdam,
Antwerp, Hamburg ve Valencia Limanlar1 akilli liman
uygulamalarin gelistiren limanlara 6rnektir.

Alallh limanlarin hepsinde kullanilan teknoloji ayni degildir.
Teknolojik uygulamalarin kullanimi liman altyapisi, yiik
ellecleme, emniyet ve giivenlik gibi farkli degiskenlere bagldir.
Akilli limanlar farkl sistemleri entegre ederek sensorler, mobil
cihazlar ve farkli liman paydaglarinin veri tabanlari gibi
kaynaklardan gelen verileri biitiinlestirir. Ornegin Antwerp
Limani, fiziksel verilerin dijital verilere doniistiiriilmesi olarak
tanimlanan dijital ikiz teknolojisini kullanmaktadir. Dijital ikizler,
liman emisyonlarmin azalmasma, giivenlik siireglerinin
iyilesmesine ve denizcilik paydaglarinin verileri etkin bir sekilde
paylasmasina olanak tanimaktadir. Dijital ikiz, gemilerin
pozisyonlar1 ve bagli olduklari rihtimlarla ilgili verileri igeren
gercek zamanli dijital bir haritadir. Ayni zamanda bir liman
tesisindeki yiik hareketleri ve arag trafiginden alinan gergek
zamanli verilerin diizenli alimmi gergeklestirir ve bu bilgilerin
sistemlere aktarimini saglar.

Antwerp Limanina ait dijital ikiz, Antwerp Liman Bilgi ve Kontrol
Asistanina (APICA) dayali olarak olusturulmustur. APICA, gemi
hareketleri, tehlikeli madde akislari, hava kalitesi ve hava kogullar1
hakkinda gercek zamanl bilgiler saglarken, ayn1 zamanda petrol
sizintilarinin  tespitini gergeklestirir. APICA" nin beyni gercek
zamanli verilerden olusmaktadir. Sisteme ge¢mis zamana ait
verileri ekleyerek belirli durumlari, operasyonlar1 ve olaylar:
tahmin edecek simiilasyonlarin olusturulmas: amaglanmustir.
Antwerp Liman dijital ikiz teknolojisi, kameralari, sensorleri ve
iletisim araglarini igererek hareketler ve olaylar da dahil olmak
tizere limanda neler olup bittigini izlemesini saglar. Ag¢ik bir
inovasyon platformu olarak Antwerp Limani, giivenli bir liman
saglamak icin bir drone ag1 gelistirmektedir. Dronlarin verimli ve
giivenli kullanimini saglamak icin insansiz trafik yonetimi (UTM)
sistemine sahip diinyadaki ilk limandir. Biiyiik liman alanim
potansiyel riskler konusunda arastirmak ve petrol sizintisi
durumunda ger¢ek zamanli goriintii saglamak igin otomatik
dronlar kullanilmaktadir. Mevcut calismanin amact Antwerp
Limani'nin teknolojik gelisimini inceleyerek akilli limanlarin enerji
gecisi, dijitallesme ve mobilite gibi glinlimiiziin biiytik
zorluklarin1 ¢oziimlere doniistiirmek igin inovasyonu kullanim
yontemlerini analiz etmektir. Is birligi ve yeni teknolojilerin
uygulanmasy, limanlarin stirdiiriilebilir biiytimesini, daha verimli,
gliivenli ve akilli hale gelmesini saglamaktadir. Boylelikle
limanlarin faaliyet gosterdigi cevrede hava kalitesi, su kalitesi,
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gurulti  kalitesi ve  enerji  verimlili§inin  arttirilmas:
hedeflenmektedir.

Yapilan ¢alismada dokiiman inceleme yontemi kullanilmistir. Elde
edilen verilerle bir derleme sunulmustur. Gergeklestirilen
calismada akilli limanlar, Endiistri 4.0, Dijital ikiz kavramlarina
iliskin tanimlamalar yapilarak, akilli liman uygulamalari ve dijital
ikiz teknolojilerine yonelik literatiir taramasma yer verilmistir.
Verilen bilgiler 1s181nda Antwerp Limani'na ait akilli liman ve
dijital ikiz faaliyetlerine iliskin uygulamalarin neler oldugu,
avantajlar1 ve dezavantajlar1 tizerinde durulmustur. Sonug olarak
Antwerp Limani'nin dijital ikiz uygulamalarina bagh gelistirdigi
APICA ile daha emniyetli, giivenli, cevreye duyarl ve gelecegin
liman1 olmay1 hedefledigi tespit edilmistir.

Akilli Liman, Endiistri 4.0, Dijital Ikiz

Smart Ports and Digital Twin Applications

Abstract

Ports are multidimensional systems where intensive shipping
operations take place. In the maritime industry, ports play an
important role in the economy and growth of a country. Today, it
is very important to carry out fast and safe cargo operations in
ports. Efficient use of resources, orientation to renewable energy
sources and sustainability are the highlights in the development of
port operations.

With the concept of Industry 4.0 taking its place in the industry,
businesses started to exhibit a competitive attitude in the field they
operate by benefiting from the development of smart technologies
such as artificial intelligence applications, cloud data management,
sensor fusion, internet of things, and cyber-physical systems. The
concept of Industry 4.0, which is synonymous with smart
production, was used for the first time at the Hannover Fair in
2011. Today, Industry 4.0 applications include the digital
transformation of all industrial and consumer markets, from the
digitalization of smart production and distribution channels. The
concept of "Port 4.0" has taken its place in the literature with the
increase in the applications of the concept of Industry 4.0 in the
port industry areas. The concept of Port 4.0 has enabled the
development of smart ports and their involvement in the global
supply chain.

The changing demands of global trade come to the fore even more
today, due to the growing need to be smart, the growth of ship
volumes, the faster movement of cargo, and the challenges created
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by geopolitical issues. The concept of smart ports can be defined
as ports where the information required for operation-operations
is shared and transferred by using wireless network or private
network connections for operations such as port operations
(loading, unloading, anchoring, etc.), storage, maintenance-repair.
In other words, smart ports are fully automatic ports where all
devices are connected via an Internet of Things based system.
Today, the Ports of Rotterdam, Antwerp, Hamburg, and Valencia
are examples of ports that develop smart port applications.

The technology used in all smart ports is not the same. The use of
technological applications depends on different variables such as
port infrastructure, cargo handling, safety, and security. Smart
ports integrate different systems, integrating data from sources
such as sensors, mobile devices, and databases of different port
stakeholders. For example, the Port of Antwerp uses digital twin
technology, which is defined as the conversion of physical data
into digital data. Digital twins allow port emissions to be reduced,
security processes to be improved, and maritime stakeholders to
share data effectively. A digital twin is a real-time digital map that
contains data about the positions of the ships and the docks they
are connected to. At the same time, it regularly receives real-time
data from cargo movements and vehicle traffic in a port facility
and transfers this information to systems.

The digital twin of the Port of Antwerp was created based on the
Antwerp Port Information and Control Assistant (APICA). APICA
provides real-time information on vessel movements, hazardous
material flows, air quality and weather conditions, while detecting
oil spills. APICA's brain consists of real-time data. It is aimed to
create simulations that will predict certain situations, operations,
and events by adding data from the past to the system. The Port of
Antwerp digital twin technology includes cameras, sensors, and
communication tools, enabling it to monitor what is happening in
the port, including movements and events. As an open innovation
platform, the Port of Antwerp is developing a network of drones
to provide a safe port. It is the first port in the world to have an
unmanned traffic management (UTM) system to ensure efficient
and safe use of drones. Automated drones are used to survey the
large port area for potential risks and provide real-time imagery in
the event of an oil spill. The aim of the present study is to analyze
the technological development of the Port of Antwerp and analyze
the ways in which smart ports use innovation to turn today's great
challenges such as energy transition, digitalization, and mobility
into solutions. Cooperation and the application of new
technologies ensure the sustainable growth of ports, making them
more efficient, safe, and smart.
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Thus, it is aimed to increase the air quality, water quality, noise
quality and energy efficiency in the environment where the ports
operate. The document analysis method was used in the study. A
compilation is presented with the data obtained. In the study
carried out, definitions of smart ports, Industry 4.0, and digital
twin concepts were made and a literature review on smart port
applications and digital twin technologies was included. In the
light of the information given, the applications, advantages and
disadvantages of the smart port and digital twin activities of the
Antwerp Port are emphasized. As a result, it has been determined
that Antwerp Port aims to be a safer, safer, environmentally
friendly and future port with APICA, which has been developed
based on digital twin applications.

Smart Ports, Industry 4.0, Digital Twin
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