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EVOLUCIJA INFORMACIJSKO-KOMUNIKACIJSKIH
TEHNOLOGIJA NA KONTEJNERSKIM TERMINALIMA

ICT EVOLUTION IN CONTAINER TERMINALS

SAZETAK

Informacijske i komunikacijske tehnologije (ICT) osno-
va su za implementaciju suvremenih logistickih procesa
na kontejnerskim terminalima. ICT-e posjeduju veliki
potencijal za koristenje u razlicitim aktivnostima kontej-
nerskih terminala. Jedna od najvaznijih uloga informa-
cijsko-komunikacijskih tehnologija je mogucnost pove-
zivanja kontejnerskih terminala s drugim subjektima u
luckoj zajednici, stvarajuci na taj nacin elektronicku za-
jednicu luckog sustava (Port Community System). Ra-
Zliciti aspekti informacijsko-komunikacijskih tehnologi-
ja na kontejnerskim terminalima Cine ih jednim od
kljucnih resursa i poZelinom investicijom, bez kojih je
gotovo nemoguce posti¢i napredak i cilj u pruZanju
pravovremene i kvalitetne usluge te zadovoljiti potrebe
korisnika.

U radu se istrazuje uloga informacijsko-komunikacij-
skih tehnologija na kontejnerskim terminalima kao i
vrste informacijsko-komunikacijskih sustava s nagla-
skom na sustave za planiranje prekrcajnih aktivnosti,
te se daje osvrt na virtualnu logistiku kao poseban spoj
logistike i informacijsko-komunikacijskih tehnologija
na kontejnerskim terminalima.

Kljuéne rijeci: kontejnerski terminali, informacijsko-
komunikacijski sustavi, virtualna logistika

SUMMARY

Information and communication technologies (ICT)
are the basis for the implementation of modern logisti-
cs processes in container terminals. ICT possess a lar-
ge potential for the use in various activities in contai-
ner terminals. One of the most important roles of ICT
is the ability to connect container terminals with other
subjects in the port community, creating the Port Com-
munity System. Many different aspects of ICT applica-
tion in container terminals makes ICT one of the key
resources and a desirable investment, without which it
is virtually impossible to progress and achieve the goal
to provide timely and quality services and to satisfy the
customer’s needs.

This paper aims at researching the role of ICT in con-
tainer terminals and the types of ICT systems with the
emphasis on the planning system for transhipment ac-
tivities, as well as at giving an overview of virtual logi-
stics as a special blend of logistics and ICT in contai-
ner terminals.

Key words: container terminals, ICT systems, virtual
logistics
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1. UVOD

Kontejnerski promet, a sukladno tome i kon-
tejnerski terminali kao glavni elementi kontej-
nerskog prometa biljeze kontinuiran rast i zau-
zimaju znacajan udio u svjetskoj pomorskoj
trgovini. Glavni razlog tome je prikladnost kon-
tejnera kao sredstva prijenosa tereta na brz, si-
guran i ekonomican nacin.

Nezaustavljivi tehni¢ko-tehnoloski napredak
prije svega u veli¢ini brodova, utjecao je na po-
vecanje kapaciteta i uvodenje brzih promjena na
kontejnerskim terminalima. Nadalje, evolucija
logistike i primjena informacijsko-komunikacij-
skih tehnologija takoder su snazno djelovali na
osuvremenjivanje kontejnerskih terminala. Da-
nas su informacijsko-komunikacijske tehnologije
jedan od najvaznijih elemenata na kontejner-
skim terminalima, a njihov cilj je planiranje svih
aktivnosti i uc¢inkovito povezivanje svih subjeka-
ta luckog sustava. Uvodenje informacijsko-ko-
munikacijskih tehnologija dovelo je do pojedno-
stavljenja aktivnosti i smanjenja udjela ljudskih
resursa u radu kontejnerskih terminala. Znaca-
jan i kontinuiran napredak informacijsko-komu-
nikacijskih tehnologija omogucuje planiranje i
izgradnju kontejnerskih terminala, planiranje
potrebnih prekrcajnih sredstava, planiranje opti-
malne veli¢ine manipulativnih povrSina ¢ime se
sprjecavaju neprofitna ulaganja.

Iako su troskovi uvodenja informacijsko-ko-
munikacijskih sustava veliki, potrebno je osigu-
rati sredstva jer jedino na taj nacin kontejnerski
terminali svoje usluge mogu pruzati ucinkovito i
time u potpunosti zadovoljiti potrebe korisnika.

2. KONTEJNERSKI TERMINALI

Kontejnerski promet zapoceo je kada je prije-
vozni poduzetnik Malcom McLean izumio me-
talni kontejner, ¢ime je omoguceno okrupnjava-
nje tereta i zamjena do tada koriStenih metoda
transporta, Sto je uzrokovalo pravu revoluciju u
pomorskom prijevozu. Malcom McLean nakon
toga osniva kontejnersku tvrtku SealLand koja je
danas dio najveceg kontejnerskog brodara Ma-
ersk. Kontejnerski promet i kontejnerske termi-
nale obiljeZzio je brz i kontinuiran razvoj. Kontej-
nerizacija je kao siguran, jeftin i brz nacin
transporta napravila prekretnicu u prekomor-
skom prijevozu i trgovini. Postoje razlicite defi-
nicije kontejnerskih terminala, od kojih se izdva-
jaju sljedece: Kontejnerski terminali kao

1. INTRODUCTION

Container traffic, with container terminals as
the main element, is continuously increasing
and has become an important part of the world
merchandise trade. The main reason is the con-
venience of containers: the means of transfer-
ring cargo in a quick, safe and inexpensive way.

Unstoppable technical and technological
progress, especially in the size of ships, forced
the container terminals to react quickly: to in-
troduce changes to their business processes and
to increase capacities. The evolution of logistics
has strongly influenced further changes in con-
tainer terminals as has the introduction of ICT.
Today, ICT is one of the most important ele-
ments in container terminals, with the goal of
planning all activities and the effective linking
of all subjects in the Port Community. The in-
troduction of ICT led to the simplification of
all activities and to the reduction of human re-
sources in the everyday operation in container
terminals. Significant and continuous improve-
ment of ICT provided new possibilities in the
planning and construction of container termi-
nals, planning the necessary equipment, plan-
ning the optimal size of the surface so that non-
profitable investments can be prevented.

While the initial cost of introducing ad-
vanced ICT systems in container terminals is
large, it is necessary to raise the needed funds
because the introduction of such systems en-
sures that container terminals can efficiently
provide the services needed and can meet in-
creased customer’s needs.

2. CONTAINER TERMINALS

Container traffic started when Malcom
McLean developed the metal container for
shipping, which replaced the traditional bulk
method of transporting dry goods and revolu-
tionized the transport of goods and cargo. He
later founded a container company called “Sea-
Land”, which is today known as a part of Mae-
rsk. Since the beginning, container traffic and
container terminals have experienced fast and
constant development. Containerisation made
a breakthrough in overseas transport and trade,
because it is the faster, easier, safer and cheap-
er way of handling cargo. There are various
definitions of container terminals, among which
are the following ones: “Container terminals of
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element pomorskog prometa nalaze se u mor-
skim lukama, u kojima moze biti viSe od jednog
terminala. Glavna svrha kontejnerskih terminala
je opsluziti kontejnerske brodove [7, str. 8.].
Kontejnerski terminali prvenstveno sluze kao
sucelje izmedu razlicitih nacina prijevoza, npr.
domaci Zeljeznicki ili kamionski prijevoz s po-
morskim prijevozom |5, str. 3.].

U samim pocecima kontejnerski terminali
nisu bili veliki, a oprema, uredaji i postrojenja
nisu bili toliko brojni, no s vremenom je doslo
da znacajnih tehnoloskih promjena koje su re-
zultirale i promjenama na kontejnerskim termi-
nalima. Prije svega to je porast veli¢ine kontej-
nerskih brodova koji su zbog veéeg gaza i vecih
prijevoznih mogu¢nosti doveli do potrebe za re-
konstrukcijom terminala i tehnickom te tehno-
loSkom modernizacijom. Razvojem trziSta do-
Slo je do evolucije logistike koja danas ima
klju¢nu ulogu u poslovanju kontejnerskih ter-
minala. Transport robe mora se zasnivati na
principu [3, str. 216.]: “U pravo vrijeme, na pra-
vom mjestu, uz minimalne troSkove kako bi se
ostvarila Zeljena razina i kvaliteta usluge.” Da
bi uspjesno odgovorili na promjene i zahtjeve
koje je nametnuo porast veli¢ine brodova i mo-
derna logistika, kontejnerski terminali morali
su proSiriti i nadograditi postojecu infrastruktu-
ru, povecati povrsine, opremiti se prekrcajnim
sredstvima vecih kapaciteta i automatiziranim
sustavima, izgraditi dobre kopnene osobito Zel-
jeznicke veze, te sve povezati uc¢inkovitim infor-
macijskim sustavom kao najvaznijom karikom.
Primjer modernog i logisticki orijentiranog
kontejnerskog terminala je Euromax kontej-
nerski terminal u luci Rotterdam koji je postao
standard za suvremene kontejnerske terminale.

3. VAZNOST PRIMJENE
INFORMACIJSKO-KOMUNI-
KACIJSKIH TEHNOLOGIJA NA
KONTEJNERSKIM TERMINALIMA

U suvremenim uvjetima poslovanja kontej-
nerskih terminala nemoguce je na efikasan na-
¢in organizirati aktivnosti i procese bez uc¢inko-
vitih informacijskih tehnologija koje moraju
omoguciti planiranje, organiziranje, koordini-
ranje i kontroliranje svih aktivnosti i povezivanje
subjekata luckog sustava. Zajednica subjekata
lu¢kog sustava (Port Community System) pred-
stavlja subjekte luckog sustava povezane infor-

the maritime traffic network are located in sea-
ports, where more than one terminal can be lo-
cated in a port. The main purpose of seaport
container terminals is to serve container ves-
sels” [7, p. 8]. “Container terminals primarily
serve as an interface between different modes
of transportation, e.g. domestic rail or truck
transportation and deep sea maritime trans-
port” [5, p. 3]

At the beginning, container terminals were
not so large and the equipment was not so nu-
merous, but some changes caused a significant
increase in terminal size and equipment, prima-
rily the increased size of container ships with
larger draft and the ability to transport more
containers. Changes in the market and business
led to the evolution of logistics. Goods must be
delivered based on this principle [3, p. 216]: get
the right goods at the right place at the right
time to maintain a desired service. To respond
to the increased ship size and logistic require-
ments, container terminals had to expand their
infrastructure, by increasing terminal surface,
investing in cranes with larger capacities and
automation, building railway connections and
by investing in efficient information systems. A
good example of a well sized, equipped and
modern logistic container terminal is the Euro-
max Container Terminal in the Port of Rotter-
dam, which became a standard for modern con-
tainer terminals.

3. THE IMPORTANCE OF ICT IN
CONTAINER TERMINALS

It is virtually impossible to organize business
processes in container terminals without an effi-
cient ICT system, which should be capable of
planning, organizing, coordinating and control-
ling various operations within container termi-
nals and also within the associated subjects
which comprise the Port Community System.
“Port Community Systems are holistic, geo-
graphically bound information hubs in global
supply chains that primarily serve the interests of
a heterogeneous collective of port related com-
panies” [13, p. 243]. Logistic processes are
strongly connected with ICT systems. (Figure 1)

Figurel shows the changes in logistic chains
for the 21st century. The main change is the re-
duced number of supply chain subjects that is
achieved by substituting them with on-line sup-
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Shema 1. Struktura tradicionalnog logistickog lanca i logistickog lanca za 21. stoljece [12, str. 293.]
Figure 1. Structure of a traditional logistic chain and a logistic chain for 21* century [12, p. 293]

macijsko—komunikacijskim tehnologijama [13,
str. 243.]. Logisticki procesi u snaznoj su sinergiji
s informacijskim tehnologijama (Shema 1).

Shema 1. prikazuje promjene u logistickom
lancu za 21. stoljece. Reduciran je broj subjeka-
ta u dobavnom lancu koji su zamijenjeni on-li-
ne dobavljacem i logistickim operatorom koji
imaju zadatak smanjenja troSkova i pruzanja
pune (full-service) usluge krajnjem korisniku
[12, str. 293.].

Kontinuirano nastojanje da se smanje trosko-
vi, poveca konkurentnost i ostvari priblizavanje
korisnicima zadovoljavajuci sve njihove zahtjeve
¢ine informacijsko-komunikacijske sustave neop-
hodnim za poslovanje kontejnerskih terminala.

Informacijsko-komunikacijski sustavi na kon-
tejnerskim terminalima poceli su se razvijati 70-
ih godina proslog stoljeca kada se tzv. “T-kartica”
zamijenila s racunalom za planiranje prekrcajnih
aktivnosti na kontejnerskim terminalima [6, str.
2.]. Taj sustav nazvan je TOS —Terminal Opera-
ting System i kao takav zadrzao se do danas u ne-
koliko varijanti, ovisno o stupnju razvijenosti, no
uvijek predstavlja integrirani pristup.

Efikasne i pouzdane lucke logisticke usluge
uvelike ovise o informacijsko-komunikacijskom
sustavu koji moze stvoriti znacajne uStede u

Dobavlja¢i ™» Proizvodaci »  Distributeri » Veleprodaja »  Krajnji
Suppliers Manufacturers Distributors maloprodaja Kupci
Wholesale End
Retail sale customer
Logisticki
operator
Logistic
t ...
operator Krajnji
kupci
Dobavljaci [ »|  Proizvodadi I E,I;d
Suppliers Manufacturers customer
On-line
opskrbljivaé
On-line
supplier

plier and logistic operator whose role is to reduce
costs and provide full service to the end customer
[12, p. 293]. Constantly striving to reduce costs,
to increase competitiveness and to get closer to
the customers makes the ICT systems a basic
part of the container terminal business.

ICT systems in container terminals started to
develop in 1970’s, by substituting paper “T-
cards” for planning operations with computer
planning [6, p. 2]. The computer system was
named TOS (Terminal Operating System).
Such a term still exists today, in several differ-
ent varieties, as an integrated approach.

An efficient and reliable port logistic service
is largely dependent on ICT systems. By reduc-
ing costs throughout the port supply chain, the
usage of ICT can create significant savings. If
just the costs of paper administration or tele-
phone usage are considered, the role of ICT in
reducing costs is obvious. All parties involved
in the container cargo consignment must have
prompt and accurate information. Their access
to information must be fast and secure. ICT
systems are the supporting base to the “just in
time” concept as the most active business con-
cept in container terminals.
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lu¢kom logistickom lancu. Ako se razmatraju
samo troSkovi “papirne administracije” ili upora-
be telefona, uloga informacijsko-komunikacijskih
sustava u smanjenju troSkova postaje jasna. Svi
subjekti koji sudjeluju u dopremi/otpremi jedne
posiljke/kontejnera, a osobito krajnji korisnik
moraju u svakom trenutku raspolagati to¢nim
podacima. Pristup informacijama mora biti brz i
siguran. Informacijsko-komunikacijski  sustav
potpora je “just in time konceptu” kao najvazni-
jem nacinu poslovanja kontejnerskih terminala.

4. POSTOJECI INFORMACIJSKO-
-KOMUNIKACIJSKI SUSTAVI NA
KONTEJNERSKIM
TERMINALIMA

Postoji viSe informacijsko-komunikacijskih
sustava na kontejnerskim terminalima. Razli-
kuju se po softverskim rjeSenjima pojedinih
proizvodaca no svi imaju istu svrhu. Najvazniji
zadatak informacijsko-komunikacijskih sustava
na kontejnerskim terminalima je planiranje
prekrcajnih aktivnosti.

Operator kontejnerskog terminala kao osoba
zaduZena za planiranje, koordiniranje i kontro-
lu svih aktivnosti na kontejnerskom terminalu u
svom radu koristi nekoliko sustava od kojih je
najvazniji TOS-Terminal Operating System —
sustav za prekrcajne aktivnosti. Slika 1. pokazu-
je “racunalnu mapu”, tj. raCunalne sustave koje
koristi terminalni operator. Sustavi su podije-
ljeni u grupe [6, str. 2.]:

* Terminal Operating System (TOS) — sustav za
direktno planiranje prekrcajnih operacija na
terminalu. Funkcije TOS sustava su pracenje:

— statusa kontejnera: veliina, tezina, tip,
posebna uputstva, sadrzaj kontejnera

— resursa: slobodne operativne povrSine i
povrsine za slaganje kontejnera, lokacija
opreme

— ograniCenja: karakteristike operativne
povrsine, potrebna oprema

— procesa: optimalno slaganje kontejnera,
priroriteti u prekrcaju.

* Gate System — sustav kontrole i identifikacije
kontejnera, propisi za kontejnere, sigurno-
sne mjere.

* Community System — sustav za povezivanje
luckih subjekata razmjenom informacija i
elektronickih poruka.

4. CURRENT ICT SYSTEMS IN
CONTAINER TERMINALS

Various ICT systems exist in modern con-
tainer terminals today. The difference between
them is derived from different manufacturers,
but the purpose is the same. The most impor-
tant ICT system in container terminals is the
one used for planning cargo processes. The ter-
minal operator, as a person in charge of plan-
ning all operations in a container terminal, uses
many ICT systems, the most important of them
being the TOS (Terminal Operating System),
system for direct processing of cargo. Figure 2
shows the “computer map” of a terminal opera-
tor. ICT systems are divided into the following
groups [6, p. 4]:

» Terminal Operating System: All operations in
container terminals are planned by the TOS.

The functions of TOS are:

— Container status - size, type, weight, onward
instructions and cargo type.

— Resources — available yard slots, equipment
locations and workloads.

— Constraints - segregation rules, yard layout,
traffic management and equipment
characteristics.

— Procedures - optimum and maximum stac-
king heights, container pile rules and
traffic priorities.

* Gate System: includes all procedures due to
a secure identification and throughput of
containers on terminals such as weight
scales, truck detection, X-ray scans, barriers,
Biocard System, LPR Readers etc.

* Community Systems: the systems used for
connecting the port subjects by exchanging
information and electronic messages.

* Corporate Systems: system for business func-
tions, tracking and analysing the human re-
sources, creation of financial reports, indica-
tion of activities of core business functions
etc.

* Engineering System: works on diagnostics of
equipment and as asset management for all
kinds of equipment (to harmonize different
financial interests).

* Ancillary System: additional system for han-
dling the empty depot and managing the
container freight stations.

str./pp. 27-40 = POMORSTVO = Scientific Journal of Maritime Research = 24/1(2010) 31



us]

* Corporate System (sustav za poslovne funkcije)
—analizira ljudske resurse, izraduje financijska
i ratunovodstvena izvjeS¢a za menadZere.

» Engineering — sustav za razvijanje i pracenje
tehnoloSkih inovacija na prekrcajnim sred-
stvima, dijagnosticiranje kvarova.

* Anciliary System — pomo¢ni sustav za uprav-
ljanje praznim odlagaliStima i postajama za
popravak kontejnera.

* OCR Handling — sustav manupilacije i prace-
nja kontejnera temeljen na Optical Charac-
ter Reading — optickom sustavu ¢itanja tago-
va u svrhu pripreme kontejnera za prekrcaj.

* Equipment control (sustav za kontrolu opre-
me) — prati rad opreme na treminalu, tre-
nutne pozicije npr. dizalica, utvrduje zahtje-
ve za prekrcajnim sredstvima te provodi i
kontrolu RFID ( radiofrekvencijskih) kom-
ponenti.

* Equipment PLC’s/SCADA (System Control
and Data Acquisition) — sustav za pracenje i
kontrolu opreme, osobito automatski navo-
denih prekrcajnih vozila putem programa-
bilnog logi¢kog kontrolera (PLC) te SCA-
DA (System Control and Data Acquisition)
sustava za prikupljanje i analizu podataka u
stvarnom vremenu.

* Information Technologies-Analysis and Desi-
gn — sustav za dizajniranje i analizu informa-
cijsko-komunikacijskih tehnologija — zajed-
nicki svim sustavima, zaduZen za analizu
svih elemenata hardvera i softvera, djeluje
na poboljSanje trenutnih performansi, prati
kvarove te analizira ucinke primjene odre-
denog softvera.

Svaki od ovih sustava mora biti povezan s
adekvatnom bazom podataka. Tocni i brzi poda-
ci kljucni su za uspjeSan rad ovih sustava. Jedan
od nacina stvaranja pouzdane baze podataka je
klasifikacija podataka i upravljanje Zivotnim ci-
klusom informacija.

Upravljanje Zivotnim ciklusom informacija je
odrziva strategija za pohranu podataka, sa svr-
hom balansiranja izmedu troSkova pohrane i
upravljanja podacima i poslovne vrijednosti tih
podataka. Klasifikacija podataka je proces koji
definira razne karakteristike podataka grupira-
judi ih u logicke kategorije, kako bi se olakSalo
postizanje poslovnih ciljeva [14, str. 558.]. Isprav-
no ustrojene baze podataka trebale bi sluziti kon-
tejnerskim terminalima kao i svim ostalim sub-
jektima lucke zajednice (Port Community
System).
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* OCR Handling System: charged for logistic
packaging and Optical Character Recogni-
tion of cargo in order to prepare the cargo
for transport.

* Equipment Control System: controls the posi-
tion and schedule of the equipment, the
functioning of RFID readers and creates re-
ports.

* Equipment PLC’s/SCADA System: one of the
most important systems. Manages the
cranes, especially the Automated Guided
Vehicles by a PLC (Programmable Logic
Controller) and SCADA (Supervisory Con-
trol and Data Acquisition).

* [T Analysis and Design: this system is superi-
or to all systems because it analyses and de-
signs important components of the IT sys-
tems such as data bases, wireless networks,
LADAP (Lightweight Directory Access Pro-
tocol) with the purpose not just to establish
IT systems, but for a continuous improving
of and quality assurance as well.

All these systems must be supported by a
proper data base. Accurate and prompt infor-
mation is the foundation for an adequate func-
tioning of any of the above mentioned ICT sys-
tems. One way of dealing with that issue is Data
Classification and Information Lifecycle Man-
agement.

The ILM is a sustainable storage strategy
suited to balance the costs of information stor-
age and governance with its business value that
changes as the process is being developed and
implemented. The DC paradigm is a process
that defines the access, recovery and discovery
characteristics of an enterprise’s (in this case,
PCS’s) different sets of data, grouping them
into logical categories to facilitate business ob-
jectives [14, p. 558]. A proper data base will
serve the container terminal as well as all sub-
jects of the Port Community.

4.1. ICT systems for the management of
automated loading/unloading equipment

Automated transfer vehicles (ATV’s) are one
of the most obvious examples of the impor-
tance of information and communication tech-
nologies in container terminals. They greatly
facilitate the work, replacing the human re-
sources required for the transhipment activi-
ties, in accordance with the predetermined re-
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Slika 1. Racunalna mapa operatora kontejnerskog terminal [6, str. 4.]
Figure 2. Terminal Operator Computer Systems Maps [6, p. 4]

4.1. ICT sustavi za upravljanje automatizi-
ranim prekrcajnim sredstvima

Automatizirana prekrcajna sredstva jedan su
od najznacajnijih primjera vaznosti primjene in-
formacijsko-komunikacijskih tehnologija na kon-
tejnerskim terminalima. Uvelike olakSavaju rad i
zamjenjuju ljudske resurse potrebne u prekrcaj-
nim aktivnostima, a sve prema unaprijed odrede-
nim zadacima isplaniranim TOS sustavom. Omo-
gucuju visok stupanj protoka tereta i znatno
smanjenje vremena opsluzivanja brodova.

Povezanost TOS-a i upravljackog sustava di-
zalice (Crane Control System) uvjetovana je
stupnjem automatizacije dizalice. Ukoliko se
radi o potpuno automatiziranoj dizalici zahtije-
va se direktno slanje radnih naredbi od strane
TOS-a prema dizalici, te primanje povratnih in-
formacija od dizalice. Ukoliko se radi o poluau-
tomatiziranim dizalicama u ¢ijem radu sudjelu-
je operator, alternativa je da se naredbe unose
u racunalo te tako Salju prema dizalici [9, str.
54.].

quirements planned by the TOS system. ATV’s
allow a higher flow of containers and signifi-
cantly reduce the time needed for serving ships.

Connectivity between the TOS and Crane
Control System depends on the degree of the
automation of cranes. If the crane is fully auto-
mated, it is necessary to send work orders di-
rectly from the TOS to the cranes and get the
information back from the crane. If the crane is
semi-automated, the alternative for the opera-
tor is to enter the commands into the compu-
ter, and then the computer sends them to the
crane [9, p. 54].

Consequently, the company “ABB AB Crane
System” has developed a special software called
“ABB Application Layer Protocol”. The mes-
sage that is received from the TOS is processed
to the crane as information from which a work-
ing task will then be formed, or as a request for
the information about the completed actions.
ABB protocol may be associated with TOS in
two ways [9, p. 70]:
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Slijedom toga tvrtka “ABB AB Crane Sy-
stem” razvila je poseban softver nazvan “ABB
Aplication Layer Protocol”. Poruka koja se pri-
ma od TOS-a obraduje se i Salje dizalici kao in-
formacija iz koje se formira radni zadatak ili
zahtjev za informacijom o izvrSenim zadacima.
ABB protokol moze biti povezan s TOS-om na
dva nacina [9, str. 70.]:

1. Kao dio TOS-a (primjerice na Euromax
kontejnerskom terminalu, u luci Rotterdam-
standardu za moderne i logisticki orijentira-
ne kontejnerske terminale);

2. Putem dodatnog softvera koji ¢e poruke
TOS-a dekodirati u poruke razumljive ABB
protokolu (primjerice na Taipei Port kontej-
nerskom terminalu u Tajvanu).

Svaki proizvoda¢ automatiziranih dizalica
mora razviti vlastiti softver s upravlja¢kim nared-
bama vodeci raCuna o mogucénosti povezivanja s
TOS sustavom. Najveci pomak ucinila je tvrtka
Simens razvojem nekoliko tipova softvera od ko-
jih je najvazniji i najnapredniji SIMOTION D ili
SIMOCRANE. To za korisnika, tj. kupca bilo
koje vrste dizalica jamc¢i standardizaciju uprav-
ljackih i kontrolnih naredbi neovisno o proizvo-
dacu. Proizvodaci su dobili mogucénost izbora in-
tegriranja softvera u svoje dizalice: integrirati
samo SIMOCRANE ili koristiti SIMOCRANE
u kombianaciji s vlastitim softverom.

configurable SW modules + SIMOTION D

¥ . 4 s

SIMOCRANE Crane control platform

1. As part of TOS (for example used by a Eu-
romax container terminal - terminal in the
port of Rotterdam — a standard for modern
logistics oriented container terminals)

2. Using additional software to send messages
to TOS and decode the protocol understood
by ABB (for example used by Taipei Port
Container Terminal in Taiwan)

Each manufacturer of automated cranes
must develop its own software to control or-
ders, taking into account the possibility of con-
necting with the TOS. The biggest shift was
made by the company Siemens with the devel-
opment of several software products. The most
important and most advanced is SIMOTION D
or SIMOCRANE. To the user, i.e. the buyer of
any type of crane, the software ensures stand-
ardization and control commands, and inde-
pendence of performance by the crane manu-
facturer. The Manufacturers were given a
choice of integrating the software into their
products: integrated only with SIMOCRANE
or combined with their software.

Management and control functions are
standardised by picture symbols. (Figure 3)

SINAMICS 5120

Slika 2. SIMOCRANE softver
Figure 3. SIMOCRANE software

Izvor/Source: http://www.automation.siemens.com/mcms/me/en/mechanical-engineering/crane-solutions/simocrane/Pages/simocrane.aspx.
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Upravljacke i kontrolne funkcije standardizi-
rane su slikovnim simbolima (Slika 2).

4.2. Sustavi identifikacije i praéenja
kontejnera

Evolucijom informacijsko-komunikacijskih teh-
nologija omoguéen je razvoj sustava za iden-
tifikaciju 1 pracenje kontejnera. Vaznost ovih
sustava proizlazi iz potrebe za nadzorom nad
kontejnerom i njegovim sadrzajem u luci te za
pracenjem kontejnera od ishodiSta do odrediSta
[8, str. 76.].

Za luku, najvazniji vrijeme identifikacije i
pracenja nastaje dolaskom kontejnera u lucko
podrudje. Jedna od najcesce koristenih tehno-
logija identifikacije je RFID (Radio Frequency
Identification Technology), tehnologija teme-
liena na principu bezi¢nih ¢itaca. Citaci pomo-
¢u radiovalova ocitavaju najvaznije informacije
o kontejneru i koriste se najviSe kada se kontej-
neri odlazu na slagaliSte. U nekim slucajevima
pravi sadrzaj kontejnera ne odgovara opisu u
dokumentima i ¢ita¢ima. KoriStenjem rendgen-
skih (X-ray) skenera skenira se cijeli sadrZaj
kontejnera na principu rendgenske snimke.
Kao nadopunjujudi sustav koriste se Heartbeat
detektori (detektori otkucaja srca) za detekciju
zivih bi¢a u kontejneru.

Korisnici su klju¢ni subjekt dobavnog lanca,
stoga njihove Zelje nisu viSe ograniene samo
na smanjenje troskova, nego Zele biti upoznati 1
sa statusom svoje poSiljke u svakom trenutku.
Da bi se uspjeSno odgovorilo na zahtjeve kori-
snika osmiSljen je cijeli sustav upravljanja na-
zvan Customer Relationship Mangement —
Upravljanje odnosima s kupcima (korisnicima).
Takav moderan sustav se temelji na bazi poda-
taka povezanoj internet aplikacijama s korisni-
cima i svim subjektima dobavnog lanca. Subjek-
ti primaju i Salju informacije u bazu podataka
te su im na raspolaganju svi podaci vezani za
njihove posiljke - mjesto, vrijeme, moguée kom-
plikacije i sl. Sustavi upravljanja odnosima s ko-
risnicima povezani su sa sustavima za direktno
pracenje kontejnera kao sto je GPS (Global Po-
sitioning System) - globalni pozicijski sustav
(jedan od novijih sustava temeljen na satelit-
skoj tehnologiji). Sustav minimizira moguénost
gubitka kontejnera i omogucuje kontinuirano
pracenje kontejnera i na kopnu i na moru.

4.2. Container identification and tracking
systems

ICT evolution enabled the development of
efficient systems for the identification and
tracking of containers. The importance of these
ICT systems arises from requirements for the
identification of containers and their content
within the port area and tracking containers
from the starting point to the point of destina-
tion. [8, p. 76]

From the port perspective, the most impor-
tant identification of a container starts at the
time when a container arrives in the port area.
One of the mostly used systems for that purpose
is RFID technology (Radio Frequency Identifi-
cation Technology) which is based on radio
waves. A special RFID reader reads the basic
information about the cargo and serves primari-
ly for the handling of containers in the stowage
area. Sometimes the real content of containers
does not match the content stated in documen-
tation. X-ray scanning inspects the whole con-
tainer content by using the principle of Rontgen
scanning. As an extension of X-ray scanning,
Heartbeat Detectors are being used for detec-
tion of any living organisms within containers.

Customers, who are the key for managing the
supply chain have needs which are now not just
limited to reducing costs and to faster fulfilment
of orders, customers also want to be informed
about every aspect of delivery, they want to
know what is the status of their goods at any giv-
en moment. To respond to the customer’s needs,
a whole management system was designed and
called Customer Relationship Management,
and seaports integrated this approach in their
businesses. The system functions as a data base
which is connected by Internet applications with
customers and all subjects of the port supply
chain. All subjects involved send and receive the
information from the data base. Subjects can
get all kinds of information and they know the
complete status of their goods - place, time, pos-
sible complications, operations etc. The Cus-
tomer Relationship Management systems are
connected with several systems for direct track-
ing of containers such as the Global Positioning
System (GPS). The Global Positioning System
is one of the most innovative systems based on
satellite technology. The usage of this system
provides the possibility to prevent the loss of
containers and provides continuous tracking,
equally in inland or sea transport.
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4.3. Racunalne simulacije na
kontejnerskim terminalima

Metoda racunalnog simuliranja vrlo je kori-
sna i u¢inkovita metoda za planiranje izgradnje
kontejnerskih terminala i svih aktivnosti na
kontejnerskom terminalu (planiranje opreme,
planiranje kapaciteta, proracun propusne i pri-
hvatne modi, izracun trosSkova i sl). Organizaci-
ja “Institute of Shipping and Logistics” prepo-
znala je vaznost racunalne simulacije za
kontejnerske terminale te je osnovala simulacij-
ski centar “SimulationTraining Centre” [10, str.
82.]. ISL-ov sustav simulacije sastoji se od slje-
decih podsustava:

— CRASY (Crane Simulation System) — simuli-
ra rad dizalica i ostalih prekrcajnih sredstava
kako bi se utvrdilo karakteristike odredenih
tipova dizalica, brzina njihovog rada i maksi-
malne prekrcajne mogucnosti.

— SCUSY (Simulation of Container Handling
Unit System) — simulira koliinu prekrcaja
kontejnera te sve pokrete kontejnera.

— CAPS (Capacity Plannig System-container
terminal) — simulira maksimalnu prihvatnu i
propusnu mo¢ terminala.

— le. MS Excel (Matemathical calculations) —
izracunava ekonomske aspekte rada kontej-
nerskog terminala.

— ConRoCAPS (Capacity Planing System -
combined Operation Ro-Ro/CT) — simulira
kombinirane ro-ro i kontejnerske operacije.

— WVITO (Virtual Terminal Optimiser) — simuli-
ra koriStenje novih strategija, novog softvera
i novih tehnologija.

Svaka veca i modernija kontejnerska luka ko-
risti raCunalne simulacije pri izgradnji i rekon-
strukciji kontejnerskih terminala u svrhu detalj-
nog planiranja poslovnih procesa i sprjeavanja
neprofitabilnih investicija.

S. VIRTUALNA LOGISTIKA NA
KONTEJNERSKIM
TERMINALIMA

Razvojem moderne logistike i potrebe za
smanjenjem transportnih troSkova uz velike
moguénosti informacijsko-komunikacijskih teh-
nologija, doslo je do pojave i razvoja tzv. virtu-
alne logistike, koja je ve¢ implementirana u ne-
kim vecim kontejnerskim lukama (Rotterdam,

4.3. Computer simulation in container
terminals

Computer simulation is a very useful and ef-
ficient method in the planning of all activities in
container terminals: building, setting equip-
ment-especially cranes, planning capacities, etc.
The Institute of Shipping and Logistics (ISL)
recognized the importance of computer simula-
tions and founded the “Simulation Training
Centre” [10, p. 82]. ISLs simulation system con-
sists of the following subsystems:

— CRASY (Crain Simulation System): analysis
of any types of ship to shore crane systems -
plans optimum vessel dispatch.

— SCUSY (Simulation of Container Handling
Unit System): simulates and analyses termi-
nal operations by simulating the interactions
of the container terminal handling equi-
pment.

— CAPS (Capacity Planning System): simulates
capacities of surfaces or equipment in conta-
iner terminals to increase productivity.

— Le. MS Excel (Mathematical Calculations):
calculates costs of buying equipment or cost
of any building and reconstruction.

— ConRoCaps (Capacity Planning System-com-
bined operation RO/RO CT): simulates capa-
cities and productivity in combined RO-RO
operations.

— VITO (Virtual Terminal Optimiser): simulates
the usage of new strategies, new equipment,
and new technologies.

When building and reconstructing container
terminals, every large and modern container
port uses computer simulation methods to plan
every detail of the business process in order to
prevent the loss of time and money on unpro-
ductive investments.

S. VIRTUAL LOGISTICS IN
CONTAINER TERMINALS

The strong evolution of logistics and the
need for decreasing the transportation costs
and improving the order processes, in accord-
ance with the possibilities of the I'T systems, has
led to the evolution of Virtual logistics which is
already implemented in large container ports
(Port of Rotterdam, Port of Hamburg, Port of
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Hamburg, Singapur, Jabel Ali). Virtualna logi-
stika obraduje fizicki i informacijski aspekt lo-
gistickih operacija. VlasniStvom i kontrolom re-
sursa upravlja se putem internet aplikacija [11,
str. 73.]. Postojanje velikog broj specijaliziranih
tvrtki koje se bave pruZanjem usluga u virtual-
noj logistici pretpostavlja neizbjeznu upotrebu
virtualne logistike na kontejnerskim terminali-
ma u buducnosti.

Orijentacija kontejnerskih terminala na su-
stav virtualne distribucije, virtualnih skladista i
virtualnih zaliha omogucuje znacajne ustede u
vremenu i trosku isporuke uspostavljanjem dis-
tribucijskih centara blizu korisnika i koriSte-
njem informacijskih tehnologija.

Prednosti koje korisnik usluga i sam kontej-
nerski terminal mogu ostvariti primjenom vir-
tualne logistike prikazane su u tablici 1. Uspo-
redena je struktura dobavnog lanca 80-tih
godina dvadesetog stoljeca temeljena na regio-
nalnim distribucijskim centrima 1 struktura do-
bavnog lanca 90-tih godina dvadesetog stoljeca
temeljena na europskim distribucijskim centri-
ma po principu virtualne logistike [4, str. 4.].
Kriteriji za usporedbu su: vrijeme od narudzbe
do isporuke, raspolozivost proizvoda, troSak za-
liha, dolazni i odlazni troSkovi prijevoza te tros-
kovi skladiStenja.

Vrijeme od narudzbe do isporuke znacajno
je reducirano, sa 3 — 5 dana na 1 — 3 dana u vir-
tualnoj logistici. RaspoloZzivost proizvoda je po-
maknuta s regionalne razine na potpunu raspo-
lozivost. TroSkovi zaliha i dolazni transportni
troSkovi znatno su manji u virtualnoj logistici,

Singapore, and Port of Jebel Ali). Virtual logis-
tics handles the physical and the informational
aspects of logistics operations. Ownership and
control of resources is managed by using the
Internet applications [11, p. 73]. There are a
number of specialized companies that are en-
gaged in providing the services in Virtual logis-
tics. Virtual logistics is the inevitable future of
container terminals.

The orientation of container terminals at sys-
tems of virtual distribution, virtual storage or
virtual store allows significant savings in time
and cost of delivery by establishing the distribu-
tion centres closer to the customers and by us-
ing the ICT. The advantages for the customers
and container terminals achieved by the usage
of Virtual logistics are shown in Table 1.

The example compares supply chain struc-
tures in the 1980’s based on Regional Distribu-
tion Centres and the 1990’s based on European
Distribution Centres based on Virtual Logis-
tics. The criteria for comparison are: lead time,
stock availability, inventory costs, inbound
transportation costs, outbound transportation
costs and warehousing costs [4, p. 4].

In Virtual warehousing, the lead time is sig-
nificantly reduced, from 3-5 days to 1-3 days.
Stock availability is removed from the regional
in RDC’s to complete in EDC’s and VW’s. In-
ventory costs and inbound transportation costs
are very low in VW’s, but outbound transporta-
tion costs are consolidated in accordance with
the VW’s principle of few different goods in
one shipment. Warehousing costs are higher

Tablica 1. Prednosti koriStenja virtualne logistike na kontejnerskim terminalima [4]
Table 1. The advantages of using the Virtual Logistics in container terminals [4]

STRUKTURA DOBAVNOG LANCA RDC (80’s) EDC (90%s) VW (00’s)
SUPPLY CHAIN STRUCTURE

Vrijeme od narudzbe do isporuke <3-5dana <3-5dana <1-3 dana
Lead time <3-5 days <3-5 days <I-3 days
Raspolozivost proizvoda Regionalna Potpuna Potpuna
Stock availability Regional Complete Complete
Trosak zaliha Visok Nizak Nizak
Inventory costs High Low Low
Dolazni troSak prijevoza Visok Konsolidiran Nizak
Inbound transportation costs High Consolidated Low
Odlazni troSak prijevoza Nizak Visok Konsolidiran
Outband transportation costs Low High Consolidated
TroSak skladiStenja Visok Nizak Visok
Warehousing High Low High
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dok su odlazni transportni troSkovi konsolidira-
ni s obzirom na veci broj manjih posiljaka obje-
dinjenih u jednoj. Takvo znacajno smanjenje
vremena ispunjenja narudzbe i ukupnih trosko-
va poti¢e korisnike na vece koriStenje usluga
kontejnerskih terminala, a slijedom toga privla-
Ci se viSe tereta u odredenu luku.

Korisnik moze u svakom trenutku, jednostav-
nim koriStenjem internet aplikacija, znati sve po-
trebne podatke o koli¢ini i dostupnosti robe koja
se nalazi na samom kontejnerskom terminalu,
koja je otpremljena iz kontejnerskog terminala
ili koja se doprema na kontejnerski terminal. Na
slici 3. prikazan je sustav virtualne logistike, tj.
virtualnog skladista kojeg provodi “Oceangate
Distribution” logisticki operator [1, str. 26.].

Potrebno vrijeme stizanja roba od proizvoda-
¢a do krajnjeg korisnika koji se nalazi u Europi
iznosi 45 dana. Najvazniji fragment toga vreme-
na je razdoblje u kojem roba nakon §to stigne u
Europu, odnosno kada se iz luke dopremi u dis-
tribucijske centre, provede na putu od distribu-
cijskog centra do krajnjeg korisnika. U ovome
slu¢aju, korisniku je roba iz distribucijskog cen-
tra isporucena za jedan dan. U svakom dijelu
toka robe od ishodista do odrediSta korisnik je
imao uvid u koli¢inu i dostupnost robe.

Gledajudi sa stanovista korisnika usluga kontej-
nerskih terminala, prednosti koriStenja virtualne
logistike, tj. virtualnih skladista su [2, str. 21.]:

— krace vrijeme isporuke

SUPPLIER

Leadtimes to 45 days 40
market. days

Slika 3. Oceangate sustav virtualne distribucije [1]
Figure 4. Oceangate Virtual Distribution System [1]

Virtual Stock

than in EDC’s according to the number of
DC’s. Such significant reduction in the time of
fulfilment of an order and in the total cost en-
courages a greater use of the container termi-
nal services and, consequently, attracts also
more cargo to a port.

The user can at any time, simply by using In-
ternet applications, know everything about the
quantity and accessibility of goods which may
be located at the container terminal, transport-
ed from the container terminal or delivered to
the container terminal. In Figure 4 the Virtual
Logistics System is shown i.e. the virtual stor-
age conducted by the “Oceangate Distribution”
logistics operator [1, p. 26].

The necessary time to reach the goods from
manufacturers to the end user located in Eu-
rope is 45 days. The most important fragment is
the time that the goods which arrived in Eu-
rope and which the port delivered to the distri-
bution centres, spend on the road from the dis-
tribution centre to the end user. In this case,
customers get their goods from the distribution
centre just in one day. In every part of the flow
of goods, from the origin to the destination
point, the user has had an insight into the
amount and availability of the goods.

From the point of view of the users’ of the
container terminal services, the benefits of using
Virtual logistics (virtual storage) are [2, p. 21]:

— shorter delivery time

Customer

25 5 days 1 day
days
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— pregled dostupnosti robe putem Internet
aplikacija

— bolja dostupnost robe u distribucijskim cen-
trima blize korisnicima

— smanjenje mogucnosti oStecenja robe izbje-
gavanjem otvaranja kontejnera u regional-
nim centrima

— homogeniziran prijevoz
— standardizacija pakiranja.

Cijeli sustav mora biti temeljen na priklad-
nim informacijsko-komunikacijskim tehnologi-
jama, razumljiv svim subjektima koji ga koriste.
Virtualna logistika ima neupitne prednosti u
upravljanju logistickim resursima te ¢e u bu-
ducnosti sigurno postati dio poslovanja napred-
nijih kontejnerskih terminala.

6. ZAKLJUCAK

Kontejner kao jednostavni metalni spremnik
razliitih izvedbi omogucio je brz uspon pomor-
skog prometa unutar svjetske trgovine, prije
svega zbog pouzdanog i ekonomi¢nog nacina
prijevoza. Razvojem kontejnerizacije, napret-
kom informacijsko-komunikacijskih tehnologi-
ja te evolucijom logistike, kontejnerski termina-
li su postali centri tehnologije, znanja i
informacija.

Operatorima kontejnerskih terminala na ras-
polaganju su razli¢iti informacijsko-komunika-
cijski sustavi kojima se mogu detaljno isplanira-
ti sve aktivnosti i osigurati pravilan rad cijelog
kontejnerskog terminala, koji ¢e se tada povolj-
no reflektirati na cijelu lucku zajednicu i omo-
guditi pruzanje kvalitetne usluge koja vodi za-
dovoljenju potreba korisnika. Najvazniji sustav
za planiranje prekrcajnih aktivnosti na kontej-
nerskim terminalima je TOS (Terminal Opera-
ting System). TOS sustavom detaljno se analizi-
raju kontejneri prema svojim obiljezjima i u
skladu s time planiraju potrebni resursi za pre-
krcajne aktivnosti te sam proces prekrcaja. Pro-
cese isplanirane TOS sustavom obiljezava visok
stupanj ucinkovitosti koji direktno utjeCe na
produktivnost i rentabilnost kontejnerskog ter-
minala.

Napredak  informacijsko-komunikacijskih
tehnologija, zahtjevi logistickih procesa i rastu-
¢e potrebe korisnika doveli su i do razvoja ne-
kih vrlo specifi¢nih racunalnih metoda kao npr.
racunalnih simulacija, do primjene GPS sustava

overview of the availability of goods via In-
ternet applications

— Dbetter availability of goods in distribution
centres nearer to the customer

— decreased possibility of damage to the goods
by avoiding unpacking of containers in the
regional centres

— homogenized shipment
— standardization of packaging

The whole system must be based on the ap-
propriate ICT, acceptable and understandable
to all subjects involved. Virtual Logistics pos-
sesses unquestionable advantages in managing
the logistic resources. Virtual Logistics will cer-
tainly become an integral part of business for
advanced container terminals.

6. CONCLUSION

A container, as a simple reusable metal stor-
age unit in several different varieties, enabled
the swift growth of maritime traffic within the
world trade as a reliable and inexpensive means
of transportation. With the development of
containerisation, the progress of ICT and the
evolution of logistics, container terminals have
become the centres of technology, knowledge
and information.

Terminal operators have different ICT sys-
tems available, systems that can thoroughly
plan all activities and ensure the proper func-
tioning of the entire container terminal. This
will then reflect favourably on the entire port
community and enable the provision of quality
services that meet the needs of the users. The
most important is the system for planning tran-
shipment activities in container terminals called
Terminal Operating System (TOS). TOS pro-
vides a detailed analysis of containers accord-
ing to their characteristics, and in accordance
with that TOS plans the resources needed for
transhipment activities and processes. Process-
es planned by TOS are marked by a high de-
gree of efficiency that directly affects the pro-
ductivity and profitability of container
terminals.

The progress of ICT and the requirements of
logistics processes, as well as the increased cus-
tomer’s needs and expectations, have led to the
development of some very specific methods
such as computer simulation, usage of GPS in
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u pracenju kontejnera i sl. Racunalne simulaci-
je omogucuju predvidljivost u izgradnji kontej-
nerskih terminala, planiranju svih aktivnosti te
izracunu ekonomskih aspekata rada kontejner-
skih terminala. Razliiti sustavi identifikacije i
pracenja kontejnera olakSavaju utvrdivanje sa-
drZaja kontejnera i prac¢enje kontejnera unutar
1 izvan luckog podrudja.

Kao poseban oblik sinergije informacijsko-ko-
munikacijskih tehnologija i logistike javlja se vir-
tualna logistika koja implementacijom na kon-
tejnerske terminale moze minimizirati vrijeme
ispunjenja narudzbe i troSkove prijevoza robe od
proizvodaca do krajnjeg korisnika. Korisnicima
usluga kontejnerskih terminala virtualna logisti-
ka, osim kraceg roka isporuke, omogucuje da
jednostavnom uporabom internet aplikacija
ostvare uvid u status svoje poSiljke tijekom cije-
log njezinoga puta. Virtualna logistika, s nizom
neupitnim prednosti, trebala bi postati preferira-
ni nacin poslovanja kontejnerskih terminala.
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