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ABSTRACT

The wvulnerabilities to cyber-attacks of today’s marine transportation system have not yet been well studied. The
dependence of many maritime systems on the Global Positioning System (GPS), and the relative ease by which these
systems can be jammed (through denial of reception by a competing signal) or spoofed (through deliberate introduction
of a false signal) is of particular con Market forces and advances in technology are integrating these systems with one
another, and with other systems, increasing both vulnerabilities and the potential consequences in the event of system
failure. This paper explores vulnerabilities of shipboard systems, propose a way of thinking about cybersecurity that
unifies the various forms of attack and indicate the potential solutions to it.

Keywords: cyber security, shipboard systems, GPS jamming and spoofing, electronic chart display and information

system (ECDIS), automatic identification system (AIS)

1 INTRODUCTION

Cyber security can be defined as 'the collection of tools,
policies, security concepts, security safeguards,
guidelines, risk management approaches, actions,
training, best practices, assurance and technologies that
can be used to protect the cyber environment and
organisation and user's assets' [14].

Within this definition, 'cyber environment' comprises the
interconnected networks of both IT and cyber-physical
systems utilising electronic, computer-based and
wireless systems, including the information, services,
social and business functions that exist only in
cyberspace. On a ship the computer-based systems will
comprise a range of information technology components
(for example, personal computers (PCs), laptops, tablet
devices, servers and networking component such as
routers and switches, etc.) and operational technology
(for example, control systems, sensors, actuators, radar,
etc.) [4].

The vulnerabilities to cyber-attacks of today’s marine
transportation system have not yet been well studied. The
dependence of many maritime systems on the Global
Positioning System (GPS), and the relative ease by which
these systems can be jammed (through denial of
reception by a competing signal) or spoofed (through
deliberate introduction of a false signal) is of particular
concern. GPS is a vital part of a broad array of shipboard,
port, and even oil rig systems [7], [24]. Current shipboard
control systems contain significant levels of automation
to perform complex functions such as navigation and
propulsion control. The purpose for employing

automated systems have been to reduce cost and improve
performance. While automation offers great benefits, it
also introduces a set of corresponding cyber security
related risks [8].

In 2017, the International Maritime Organization (IMO)
adopted resolution MSC.428(98) on Maritime Cyber
Risk Management in Safety Management System (SMS)
[13]. The Resolution stated that an approved SMS should
take into account cyber risk management in accordance
with the objectives and functional requirements of the
International Safety Management Code (ISM Code) [12].
It further encourages administrations to ensure that cyber
risks are appropriately addressed in safety management
systems no later than the first annual verification of the
company’s Document of Compliance after 1 January
2021. IMO also developed Guidelines on maritime cyber
risk management that provide high-level
recommendations on maritime cyber risk management to
safeguard shipping from current and emerging cyber
threats and vulnerabilities in which was highlighted that
effective cyber risk management should start at the senior
management level [11]. Aligned with both IMO
documents The Guidelines on Cyber Security On-board
Ships were made to provide practical recommendations
on maritime cyber risk management covering both cyber
security and cyber safety [1].

2 THREATS THAT CYBER SECURITY
IS TO ADDRESS

The motivation for a cyber-attack on a ship system, as
illustrated in Figure 1, may be for one of the following
Six purposes [4]:
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e cyber misuse — this includes low-level criminal
activities including vandalism and disruption of
systems, defacement of web sites and
unauthorised access to systems.

e activist groups (also known as 'hacktivism') —
seeking publicity or creating pressure on behalf
of a specific objective or cause, for example, to
prevent the handling of specific cargoes or to
disrupt the operation of the ship. The target may
be the ship itself, the operator of a ship or a third
party such as the supplier or recipient of the
cargo.

e espionage — seeking unauthorised access to
sensitive information (intellectual property,
commercial information, corporate strategies,
personal data, pattern of life) and disruption for
state or commercial purposes.

e organised crime — largely driven by financial
gain, this may include criminal damage, theft of
cargo, smuggling of goods and people, and
seeking to evade taxes and excise duties.

e terrorism — use of the ship to instil fear and
cause physical and economic disruption.

o warfare — conflict between nation states, where
the aim is disruption of tranship
systems/infrastructure to deny operational use
or disable specific ships, such as product
tankers.

Source: [4]
Figure 1: Motivation of cyber security threat actors.

The threat actors may be classified into one of seven
categories: individuals, activist groups (also known as
'hacktivists’), commercial competitors, cyber criminals,
terrorists and nation states (state sponsored actors). Any
of these threat actors are equally relevant to: elements of
the  ship's systems located remotely;  ship
information/data stored on external servers; services
delivered by third parties; and the ship's supply chain.
There may be some convergence between the aims and
objectives of individual groups i.e. some of the malware
developed by cyber-criminal gangs includes
sophisticated command and control functionality,

allowing secure exfiltration of information and update of
modular components to deliver new or varied exploits
over time. Thus a machine or device that was
compromised initially for financial crime could be used
in future to access sensitive data or to provide a backdoor
to allow attacks on the ships themselves [4].

3 SHIPBOARD SYSTEMS

A ship is a complex cyber-physical engineered system
that encompasses both waterborne activities and systems,
and remote elements such as navigation signals. A ship
comprises five main asset types (i.e. plant and machinery,
operational technology, information technology, radio
frequency (RF) communications, and navigation
systems) that are used to provide a range of operational
services and where technology plays an increasingly
important role [4].

The loss, or compromise, of one or more of these assets
has the potential to impact upon [4]:

o the health and safety of staff and other people
impacted upon by the work activities being
undertaken and to whom a duty of care is owed;

o the ability of the ship to operate safely and to
not endanger other ships, maritime structures or
the environment; and

o the speed and efficiency at which the ship can
operate.

In fact, ships are increasingly using systems that rely on
digitisation, digitalisation, integration, and automation,
which call for cyber risk management on board. As
technology continues to develop, information technology
(IT) and operational technology (OT) on-board ships are
being networked together — and more frequently
connected to the internet. This brings the greater risk of
unauthorised access or malicious attacks to ships’
systems and networks. Risks may also occur from
personnel accessing systems on board, for example by
introducing malware via removable media [1]. In relation
to access to the systems it is also important to identify
who requires access to it and for what purpose. As ships
become more and more automated and complex the need
to track access on all systems will increase in order to
carry out any investigations, should an incident occur [4].

The main difference between a general maritime safety
issue and the cyber issue is that victim of a cyber-attack
is generally not aware of the threat and following
consequences even after the attack, making the situation
even more dangerous in term of loses [15].

Modern ships are dependent on a proliferation of
sophisticated technology, such as ECDIS (Electronic
Chart Display and Information System), AIS (Automatic
Identification System), Radar/ARPA (Radio Direction
and Ranging) (Automatic Radar Plotting Aid), Compass
(Gyro, Fluxgate, GPS and others), Steering
(Computerized Automatic Steering System), VDR
(Voyage Data Recorder — 'Black Box'), GMDSS (Global
Maritime Distress and Safety System) and numerous
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other advanced units and systems. All of these systems
are potentially open to cyber-attacks [7].

Consider for example the ECDIS flaws could allow an
attacker to access and modify files and charts on board or
on shore. The result of modified chart data would be
unreliable and potentially dangerously misleading
navigation information. That could lead to a mishap
resulting in environmental and financial damage [20].
Researchers from the University of Texas demonstrated
that it was possible to change a ships direction by hacking
their GPS signal to dupe its on-board navigation systems
[23]. An unauthorised access could exploit the AIS
weaknesses and falsify a vessel’s identity or type, or its
position, heading, and speed, impersonate port
authorities, communicate with the ship or effectively shut
down communications between ships and with ports [20].

4 COMMON WAYS FOR CYBER-
ATTACKS ON SHIPS

As per data, a majority of the cyber-attacks on board are
triggered accidentally by seafarers which can be due to
the opening of phishing email attachments or hyperlinks
or using infected removable media. The ship system is an
intranet system, i.e. there are computers installed at
various locations and departments, which are all
connected. However, the same system is used by
seafarers for both official and personal use, which makes
the complete connected system vulnerable to cyber-
attacks [15].

The categories of cyber-attacks that can affect the
Maritime industry are [16]:

e Targeted, where a company or a ship’s systems
and data are the intended target.

e Untargeted, where a company or a ship’s
systems and data are one of potential targets.

¢ Intentional, where the cyber breach comes from
intentional malicious actions.

e Unintentional, where the breach is an effect of
negligence or ignorance.

The following are common ways for cyber-attack on
ships [15]:

e Malware — malicious software and tools are the
most common ways that are used to initiate a
cyber-attack. Viruses, spyware, Trojan horses,
worms etc. are used to highjack, alter, steal,
encrypt and delete sensitive data of a system
without the knowledge or permission of the
user.

e Phishing emails — is the most commonly used
techniques to extract sensitive data from users
illegally. Cybercriminals design and send
emails (or use other communication channels)
which appear to be sent from a legitimate and
reputable company or person. These messages
contain malicious links or attachments which
ask for victim’s sensitive details such as login
credentials, bank details etc.

e Social Engineering — is a technique which deals
with manipulating people to break security
procedures for gaining access to a particular
system or network.

e Email Virus — is yet another very commonly
used technique to infect the desired system with
a virus. An email with malicious code is
distributed through emails, when activated
infects the system with the virus.

e Honey trap — is another method, in which, a
seafarer plays an indirect role in implanting a
virus in the ship’s system.

e Free gadgets — offered free pen-drives/flash
drives as a gift might contain malicious
software.

e SMS — Short Messaging Service or SMS is also
popular way to infect the mobile device od
seafarers. The message may contain a free or
lucrative offer along with a link which will lure
the reader click it. Once connected to another
device, it will get transferred to it. As the SMS
does not depend on the internet, this is one of
the preferred methods of attack.

e Free Wifi — in public places are not secure and
can be accessed by anyone. There is always a
danger of cyber-attacks in such open and
vulnerable systems.

5 CAPTURING LESSONS LEARNED

There are more than 51.000 commercial ships in the
world. Together, they can carry the vast majority - 90% -
of the world trade. Maersk has already experienced
significant disruption thanks to a piece of particularly
virulent malware.

In 2017, the world’s largest container shipping company;
Maersk suffered one of the worst kind of cyber-attack.
The notorious Not Petya wiped off data from company’s
4500 PCs, resulting in massive damages of up to $250 -
$300 million. For the recovery from the attack, the
company had to install 4000 new servers, 4500 new PCs
and 2500 applications, utilising an enormous amount of
human and financial resources. With ship acquiring new
advanced technologies even year for both engine room
and bridge navigation, the issue of cyber-attacks is more
prevalent than ever as newest systems on ships are highly
automated and extensively dependent on information
technology and data exchange. These technological
advancements have become an easy target for hackers
and cybercriminals to find their way into ship’s systems,
and from there, to various systems on shore [15]. With
Maersk being a victim to a co-ordinated international
cyber-attack, shipping was made starkly aware of its
vulnerability to hacking and the associated implications
for safety [6]. If the world’s biggest shipping line can fall
victim to such a criminal manoeuvre, despite major
investment in IT development, what might be the
implications for smaller “players” that rely on connected
digital systems for communication and navigation?
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In February 2017 hackers reportedly took control of the
navigation systems of a German owned 8.250 teu
container vessel. The 10-hour attack was carried out by
“pirates” who gained full control of the wvessel’s
navigation system intending to steer it to an area where
they could board and take over. The crew attempted to
regain control of the navigation system but had to bring
IT experts on board, who eventually managed to get them
running again after hours of work. The case serves as a
“pre-warning”, about what will happen in the future of
shipping, with pirates using hacking to gain control and
entry to vessels in order to carry out kidnap and ransom

(2], 3]

Ships that are totally dependent, as they are today, on
GPS will find spoofing is a problem. GPS spoofing is
radically different from GPS jammers. While navigation
systems sound alarms when they recognize jammers,
spoofing systems create false signals that confuse even
state-of-the-art GNSS systems, leading to more serious
consequences. Apart from deflecting targeted missiles
during wartime, GPS spoofing could potentially be used
to confuse autonomous vessels and put them in
dangerous situations. There have been 9,883 suspected
incidents of GNSS hacking across 10 locations, including
1,311 civilian maritime vessel navigation systems since
February 2016. All these instances point to Russian
interference — wilfully creating a threat to navigation
systems across the world. [21]

The shipping industry has been aware of the threat of
GPS spoofing for years, but one incident in 2017 pushed
the issue higher up the global news agenda. In June of
that year, at least 20 vessels in the Black Sea, in the
vicinity of Novorossiysk Commercial Sea Port, reported
that their Automatic Identification System (AIS) traces
erroneously showed their position as Gelendzhik Airport,
around 32km inland, as illustrated in Figure 2 and 3.

June 2017, M/V Atria

| CAPT Gurvan LE MEUR
| Motor Vessel Atria

-

Source: [5]

Figure 2: Images from m/v Atria.

TR

WINDWARD
Source: [5]

Figure 3: GNSS Spoofing at Gelendzhik Airport

The large number of vessels involved and the fact that all
of the ships’ tracking systems placed them in the same
nonsensical location, led to informed speculation that the
incident could be attributed to Russian testing of satellite
navigation spoofing technology as part of its electronic
warfare arsenal. Since then, there have been persistent
concerns that the shipping industry may be vulnerable to
GPS spoofing, raising the risk of keeping ships at sea
longer than necessary to clear the confusion, as occurred
in the Black Sea, or even dangerous scenarios such as
ship collisions, either with other ships or with land. Up
until the last few years, there was a wide gulf in the
knowledge and equipment required for a user to carry out
a full GNSS spoofing attack, rather than a jamming hack,
which simply blocks the satellite signal and is much
easier to detect. More recently, however, the commercial
availability of radio hardware and downloadable
software has brought GNSS spoofing from the military
into the civilian realm [17].

A targeted attack could even alter the co-ordinates
broadcast by the system, potentially allowing someone to
spoof the position of the ship - although shipping industry
experts have pointed out in the past that a spoofed
location would likely be quickly spotted by maritime
observers. On July 2019, a British oil tanker was seized
by Tehran after steering into Iranian waters and is
believed to have been steered by false GPS co-ordinates.
Two British oil tankers, the Stena Impero and Mesdar,
changed direction sharply after entering the Gulf through
the Strait of Hormuz, taking up a course toward Iran, as
illustrated in Figure 4.
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Figure 4: M/V Stena Impero route through the Strait of
Hormuz.

That means the tanker may have thought it was a safe
distance from Iranian waters. Refinitiv data later showed
Mesdar changing direction again heading back into the
Gulf. If in fact Iran carried out such a cyber-attack, the
question must be asked whether it did so independently
or with Russia’s help [10]. Some questions cannot be
fully determined without access to the ship itself. As a
consequence, many of the 2,000 companies operating
ships in the region have ordered their vessels to transit
Hormuz only during the daylight hours and at high speed
(one-third of the world’s seaborne oil — some 17 million
barrels per day — passes through the strait, making it one
of the most important oil trading routes in the world).

The question we might be asking in the wake of this and
other cases now being made public is: What might
happen next?

6 CONCLUSION

The industry is now aware that physical shipping
operations are vulnerable to digital disruption. Shipping
lines will have to face the challenge of dealing with new
ransomware and hacking attacks [22]. Awareness is
growing, but there is still a lot of work to be done. Unless
they see it happening, and see real-world attacks
happening to other peoples in maritime domain, they
don’t consider it high enough impact to do something
about [9].

The industry will soon be under the obligation to
incorporate measures to deal with cyber risks in the
ship’s safety management system. As highlighted in the
IMO guidelines, effective cyber risk management should
start at the senior management level. Senior management
should embed a culture of cyber risk awareness into all
levels and departments of an organization and ensure a
holistic and flexible cyber risk management regime that

is in continuous operation and constantly evaluated
through effective feedback mechanisms [1]. The IMO
has given ship-owners until January 2021 to incorporate
cyber risk management into ship safety protocols, and as
navigational security is likely to play a central role in
these measures, so in the coming years protection against
spoofing is likely to become a matter of regulatory
compliance, rather than simply operational risk
management.

The complexity of cyber threats has grown considerably,
80% of data breaches happen because of employee
mistakes. The naturally transient nature of maritime
industry, with its constantly moving ships and changing
crews, adds further complexity to building in cyber
awareness defence [18]. People and organisations need to
understand the risks and threats to information, so
education and awareness is vital to reducing information
risk. The best technology in the world will be vulnerable
if the people using it aren’t trained and aware of the risks.
Therefore, it is vital to train seafarers on good practices
of using information technology related systems,
including social media and other personal means of
communication.

The approaching prospect of autonomous and semi-
autonomous ship technology raises the stakes in terms of
cyber security, especially with regards to on-board
navigation systems. One way or another, the spoofing
threat will have to be dealt with definitively before the
industry entrusts ship navigation to automated systems or
remote operators. We cannot save an autonomous ship if
it’s completely controlled by a malicious actor. It should
be a very slow process and it should only be done when
we’re almost 100% sure it’s cyber-secure. Given that
GPS spoofing exists in the shadowy world of cybercrime
and electronic warfare raises another disturbing
possibility: that the ease with which malicious actors can
access GNSS spoofing tech could turn protecting
commercial vessels against pirate raids from tricky to
near-impossible [17].

So cyber is going to pervade everything we do. It's an
opportunity, it's a vulnerability.

REFERENCES
[1] BIMCO, CLIA, ICS, INTERCARG,
INTERMANAGER, INTERTANKO, ouml,

OCIMF and WORLD SHIPPING COUNCIL, “The
Guidelines of Cyber Security On-board Ships —
Version 37, 2018. https://www.bimco.org/products/
publications/free/cyber-security, accessed Jul. 21,
2019.

[2] Blake, T., “Hackers took ‘full control’ of container
ship’s navigation systems for 10 hours”, IHS
Fairplay, 2017.
https://rntfnd.org/2017/11/25/hackers-took-full-
control-of-container-ships-navigation-systems-for-
10-hours-ihs-fairplay/, accessed Jan 21, 2018.


https://www.bimco.org/products/%20publications/free/cyber-security
https://www.bimco.org/products/%20publications/free/cyber-security
https://rntfnd.org/2017/11/25/hackers-took-full-control-of-container-ships-navigation-systems-for-10-hours-ihs-fairplay/
https://rntfnd.org/2017/11/25/hackers-took-full-control-of-container-ships-navigation-systems-for-10-hours-ihs-fairplay/
https://rntfnd.org/2017/11/25/hackers-took-full-control-of-container-ships-navigation-systems-for-10-hours-ihs-fairplay/

Andrej Androjna, Tanja Brcko Satler, Jure Srse
AN OVERVIEW OF MARITIME CYBER SECURITY CHALLENGES

ICTS 2020
Portoroz, 17.-18. September 2020  {J:

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Blake, T., “Shipping must confront on-board
systems’ cyber vulnerabilities”, IHS Safety at Sea,
2017.  https://safetyatsea.net/news/2017/shipping-
must-confront-onboard-systems-cyber-
vulnerabilities/, accessed Jan 21, 2018.

Boyes, H. and Isbell, R., “Code of Practice Cyber
Security for Ships”, Department for Transport,
London, UK, 2017.

C4ADS, “Spoofing GNSS — From fiction to everyday
fact?”, Resilient Navigation and Timing Fundation,
2018.
https://www.gps.gov/governance/advisory/meetings/
2018-12/ goward.pdf, accessed Apr 15, 2019
Cousins, S., “The milestones that shaped maritime
safety in 20177, THS Safety at Sea, 2017.
https://fairplay.ihs.com/safety-
regulation/article/4294206/the-milestones-that-
shaped-maritime-safety-in-2017, accessed Jan 21,
2018.

Direnzo J, Goward D. A., and Roberts F. S., “The
little-known challenge of maritime cyber security,”
IISA 2015 - 6th Int. Conf. Information, Intell. Syst.
Appl., 2016.

G. L. Babineau, R. A. Jones, and B. Horowitz, “A
system-aware cyber security method for shipboard
control systems with a method described to evaluate
cyber security solutions,” 2012 IEEE Int. Conf.
Technol. Homel. Secur. HST 2012, pp. 99-104, 2012.
Gallagher J., “Congress seen as failing to prioritize
maritime cyber risks”, FreightWaves, 2019.
https://www.freightwaves.com/news/maritime/congr
ess-seen-as-failing-to-prioritize-cyber-risks,
accessed Jul 19, 2019

Holton K., Hafezi P., “Britain says Iran seizes two oil
tankers in Gulf, Iran says captured one”, Reuters,
20109.
https://ca.reuters.com/article/worldNews/idUSKCN1
UE26E, accessed Jul 19, 2019

IMO, “Guidelines on maritime cyber risk
management”, MSC-FAL.1/Circ.3, Jul 5, 2017.
IMO, “International Safety Management Code — with
guidelines for its implementation”, IMO Publishing,
2018.

IMO, “Maritime cyber risk management in safety
management system”, Resolution MSC.428(98),
adopted Jun 16, 2017.

International Telecommunications Union, “Overview
of cyber security”, ITU-T X.1205, 2008, Geneva,
Switzerland

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Kantharia, R., “A pocket guide to cybersecurity for
Marine Insight, Dec 19, 2018.
https://www.marineinsight.com/marine-
safety/download-new-free-guide-cybersecurity-for-
seafarers/, accessed May 15, 2019.

seafarers”,

Lagouvardou, S., “Maritime Cyber
concepts, problems and models”, Master Thesis,
DTU  Management  Engineering,  Technical
University Denmark, 2018.
https://orbit.dtu.dk/files/156025857/Lagouvardou_M

ScThesis_FINAL.pdf, accessed May 15, 2019.

Lo, C., “GPS spoofing: what’s the risk for ship
Ship Technology Global, 2019.
https://www.ship-technology.com/features/ship-
navigation-risks/, accessed Jul 15, 2019

Security:

navigation?”,

Magee, T., “Can you hack a ship? Global maritime
industry ripe for hacking”, TechWorld, 2018.
https://www.techworld.com/security/can-you-hack-
ship-global-maritime-industry-ripe-for-hacking-
3674517/, accessed Feb 12, 2018.

Marcus J., “Tanker seizure: Jeremy Hunt urges lran
to release Stena Impero”, BBC, 2019.
https://www.bbc.com/news/uk-49059066, accessed
Jul 20, 2019

Mullin S., “Cyber resilience in the maritime and
energy Templar Executives, 2017.
http://www. templarexecs.com/cyberresilience/,
accessed Jul. 21, 2019.

Rajamanicham, V., “Russians’ GPS meddling creates
navigation threat with far-reaching consequences”,
Freight Waves, 2019.
https://www.freightwaves.com/news/technology/rus
sians-gps-meddling-creates-navigation-threat-with-
far-reaching-consequences, accessed Apr 15, 2019
Wallis, K., “Shipping lines will face more
ransomware attacks - INTTRA”, THS Fairplay, 2017.
https://fairplay.ihs.com/safety-
regulation/article/4300561/shipping-lines-will-face-
more-ransomware-attacks-%E2%80%93-inttra,
accessed Jan 21, 2018.

Zaragoza S., “Spoofing a Superyacht at Sea,” Know,
University of Texas at Austin, May 5, 2014

Ziebold, R., Romanovas, M., Gewies, S,
“Experimental Evaluation of the Impact of Jamming
on Maritime Navigation”, Proceedings of the 30th
International Technical Meeting of the Satellite
Division of the Institute of Navigation, Portland,
USA, 2017.

sectors,”


https://safetyatsea.net/news/2017/shipping-must-confront-onboard-systems-cyber-vulnerabilities/
https://safetyatsea.net/news/2017/shipping-must-confront-onboard-systems-cyber-vulnerabilities/
https://safetyatsea.net/news/2017/shipping-must-confront-onboard-systems-cyber-vulnerabilities/
https://www.gps.gov/governance/advisory/meetings/2018-12/%20goward.pdf
https://www.gps.gov/governance/advisory/meetings/2018-12/%20goward.pdf
https://fairplay.ihs.com/safety-regulation/article/4294206/the-milestones-that-shaped-maritime-safety-in-2017
https://fairplay.ihs.com/safety-regulation/article/4294206/the-milestones-that-shaped-maritime-safety-in-2017
https://fairplay.ihs.com/safety-regulation/article/4294206/the-milestones-that-shaped-maritime-safety-in-2017
https://www.marineinsight.com/marine-safety/download-new-free-guide-cybersecurity-for-seafarers/
https://www.marineinsight.com/marine-safety/download-new-free-guide-cybersecurity-for-seafarers/
https://www.marineinsight.com/marine-safety/download-new-free-guide-cybersecurity-for-seafarers/
https://orbit.dtu.dk/files/156025857/Lagouvardou_MScThesis_FINAL.pdf
https://orbit.dtu.dk/files/156025857/Lagouvardou_MScThesis_FINAL.pdf
https://www.ship-technology.com/features/ship-navigation-risks/
https://www.ship-technology.com/features/ship-navigation-risks/
https://www.techworld.com/security/can-you-hack-ship-global-maritime-industry-ripe-for-hacking-3674517/
https://www.techworld.com/security/can-you-hack-ship-global-maritime-industry-ripe-for-hacking-3674517/
https://www.techworld.com/security/can-you-hack-ship-global-maritime-industry-ripe-for-hacking-3674517/
https://www.freightwaves.com/news/technology/russians-gps-meddling-creates-navigation-threat-with-far-reaching-consequences
https://www.freightwaves.com/news/technology/russians-gps-meddling-creates-navigation-threat-with-far-reaching-consequences
https://www.freightwaves.com/news/technology/russians-gps-meddling-creates-navigation-threat-with-far-reaching-consequences
https://fairplay.ihs.com/safety-regulation/article/4300561/shipping-lines-will-face-more-ransomware-attacks-%E2%80%93-inttra
https://fairplay.ihs.com/safety-regulation/article/4300561/shipping-lines-will-face-more-ransomware-attacks-%E2%80%93-inttra
https://fairplay.ihs.com/safety-regulation/article/4300561/shipping-lines-will-face-more-ransomware-attacks-%E2%80%93-inttra

Boris Anti¢, Krsto Lipovac, Aleksandra Kova¢, Dusko Marusi¢

ROAD SAFETY PERFORMANCE INDICATORS: BELGRADE EXPERIENCE

ICTS 2020 0

<

Portoroz, 17.-18. September 2020  {J:

ROAD SAFETY PERFORMANCE INDICATORS:
BELGRADE EXPERIENCE

Boris Anti¢, D.Sc.
Krsto Lipovac, D.Sc.

University of Belgrade, Faculty of Transport and Traffic Engineering
Department for traffic safety and road vehicles
Vojvode Stepe 305, 11000 Belgrade, Serbia
b.antic@sf.bg.ac.rs, k.lipovac@sf.bg.ac.rs

Aleksandra Kovacé, Head of section for Road Safety Infrastructure
Dusko Marusié¢, Head of Section for Traffic safety of the Road Users

City of Belgrade - City Administration - Secretariat for Transport
27. Marta 43-45, 11000 Belgrade, Serbia
aleksandra.kovac@beograd.gov.rs, dusko.marusic@beograd.gov.rs

ABSTRACT

Road Safety Performance Indicators (RSPIs) are well known in strategic and system approach related to the increasing
of the road safety level. City of Belgrade, as a capital of the Republic of Serbia, for several years has performed measuring
of the RSPIs. All results which are obtained during several field of research are carefully analysed and afterwards
implemented in programs and strategic documents. Also, goals presented in road safety strategy are defined through
targets related to RSPIs. During several years, methodology was improved and there are lot of useful conclusions we want
to share. In this paper, methodology, results and some critical review related to the Belgrade experience in RSPIs, will be

presented.

Keywords: Road Safety, Road Safety Performance Indicators, Road Safety Strategy, Improving of the methodology,

Targets, Road Safety Level

1 INTRODUCTION

It is well known fact that more than 3.000 people are
killed in traffic accidents every day, which is 1,35 million
fatalities annually (WHO, 2019). Statistics became even
worse when is took into account fact that road accidents
are leading cause of death among children and young
population between 19 and 25 years (WHO, 2019).

Road safety management, as a process, requires accurate
data related to the current road safety level, but also
knowing of the most effective road safety measures for
reaching desired level of the traffic safety and decrease
the number of fatalities in traffic. Traditional assessment
of the road traffic safety level was based on consequences
—figures related to the traffic accidents, injured and killed
in traffic. This is “worst case scenario” (Avenoso, 2014).
According to the modern trends in the field of road traffic
safety, often is raised a question "Is it possible to evaluate
the traffic safety before the first traffic accident
occurrence, or without knowledge of the data on
accidents and their consequences?" (Lipovac, 2008).
Implementation of the RSPIs in past 20 years showed that
the answer to the previous question is positive.

RSPIs as a part of the safety management system was
originally presented by the New Zealand Land Traffic
Safety Authority (LTSA, 2000) and European Traffic
Safety Council (ETSC, 2001).

Based on LTSA, 2000, Road Safety pyramid (Figure 1)
with target hierarchy was presented (Koornstra et al.,
2002) and later on Project SafetyNet (released by the
European Commission), introduced methodology for SPI
development (Hakkert et al, 2007).

E
R
\

Social costs
Outcome

Finel outcomes ¢ A Number killed and injured

/
y
Intermediate outcomes ———————— Safety performance indicators

i Policy
Policy output <—/L> Safety measures and programmes SRS

/
Policy input <¢———————— Structure and culture

L Policy context

Source: (Koornstra et al., 2002, and LTSA, 2000).
Figure 1: A target hierarchy for road safety

There are several fields where RSPIs could be
successfully implemented, such as monitoring of
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performance, determination of the trends, comparison on
different levels, prediction of road safety issues etc (Pesi¢
and Anti¢, 2012).

One of the most significant benefits of the RSPIs is
related to simple utilization among decision-makers, but
also easy for understanding between stakeholders.
Therefore, monitoring of the RSPIs are nowadays one of
the most implemented measure for evaluation of the
current situation in road safety and comparisons on
various levels (Regional, National, International etc).

2 METHODOLOGY

Monitoring of the RSPIs in the Republic of Serbia has
started in 2013. National Road Traffic Safety Agency has
recognized the significance of the RSPIs and initiated
realization of the Project: "Methods for monitoring road
safety indicators in Serbia and their importance for
strategic road safety management”. According to the
Terms of Reference, first step was related to the
methodology - selection of the RSPIs and data collection,
while second step includes selection of the values
(measuring scales) for each chosen RSPI. Following
groups of RSPIs were selected:

o Usage of protective systems (seatbelts, child
restraints, helmets),

e Usage of DRL,

e Usage of mobile phone,

Speeding,

DUI of alcohoal,

Pedestrian behaviours,

RSPIs regard health care,

RSPIs road infrastructure, vehicles etc.

Usage of protective systems and speeding are especially
significant, so collection of the relevant data should be
made at the daily traffic conditions (also at night for
speeding) on motorways, rural roads and urban roads,
during spring (April or May) and autumn (September or
October). Also, all measurements should be made on
Tuesday, Wednesday or Thursday, in the morning (8:00
to 12:00) or in the afternoon (13:00 to 18:00). During
next 5 years, monitoring of the RSPIs was successfully
realized and 27 police department, on which is Serbia
divided, were compared according to values of RSPIs.
Methodology was revised in year 2017. and in year 2018.
has started monitoring of the RSPIs on more detailed
municipality level (Serbia is also divided on cca 150
municipalities). Comparisons between municipalities
provoke competition and each municipality tried to
increase road safety level and i.a. to score better RSPIs
values. It is important to notice, that almost in all
categories values of RSPIs on annual level became better
and better from the year 2013 (Table 1). Seatbelts usage
and child protection systems have significantly positive
trends.

Table 1: Values of RSPIs in Republic of Serbia

RSI Vehicle category  Indicator Urban Outside urban

2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019

Car Driver (%) 64.7 66.2 69.7 743 758 819 823 719 734 779 769 794 842 868

Seatbelts usage Front occupant (%) 61.0 60.6 646 69.5 68.0 758 787 678 711 729 734 729 80.0 84.0
Front seats (%) 63.1 643 682 723 726 795 810 701 726 763 753 76.7 826 858

Rear seats (%) 22 28 57 88 106 93 184 20 31 76 88 108 123 194

Truck Driver (%) 16.1 325 350 20.0 36.0 27.1 47.0 257 345 430 252 370 315 531

Front occupant (%) 94 159 220 75 152 110 378 11.7 200 30.7 95 209 136 420

Front seats (%) 143 288 320 14.0 283 21.1 442 225 314 406 17.7 313 259 49.6

Bus Driver (%) - 42 51 47 86 45 90 - 6.7 129 56 112 60 95

Front occupant (%) - 62 94 11 26 16 218 - 54 134 12 47 11 331

Front seats (%) - 44 53 30 60 35 172 - 6.5 130 34 85 42 178

Child restraints usage ~ Car Children (0-3 year) (%) 31.2 341 437 381 432 529 59.1 288 335 39.2 369 453 50.1 63.2
Children (4-12 year) (%) 7.2 84 124 158 231 60.7 342 49 7.6 136 153 234 580 40.9

Total (0-12 year) (%) 178 172 258 256 326 459 453 156 16.1 230 249 336 425 50.6

Helmets usage Moped Rider (%) 85.0 71.3 758 79.2 65.6 84.2 67.4 833 748 70.8 812 73.7 851 68.6
Passenger (%) - 64.8 582 73.8 55.7 79.7 38.6 - 63.6 483 748 613 804 36.2

Motocycle Rider (%) 91.7 878 875 883 842 92.0 853 941 944 889 90.0 89.0 947 87.9

Passenger (%) - 82.7 636 83.7 79.3 873 786 - 838 755 848 823 904 855

Speeding Car Average speed (km/h) - 53.1 51.4 52.0 50.8 50.7 51.6 - 783 763 759 757 757 751
85" percentile (km/h) - 64.0 62.0 62.0 60.0 60.0 61.0 - 92.0 89.0 880 87.0 87.0 88.0

% of speeding - 56.3 51.0 53.8 49.4 484 510 - 395 345 342 329 304 314

Truck Average speed (km/h) - 477 46.6 46.8 46.2 465 456 - 674 668 676 674 675 67.0

85" percentile (km/h) - 57.0 56.0 55.0 54.0 55.0 54.0 - 780 780 780 78.0 78.0 78.0

% of speeding - 35.7 320 309 282 311 274 - 37.7 359 396 423 416 37.3

Bus Average speed (km/h) - 489 47.1 47.6 47.1 471 454 - 720 709 716 703 70.2 68.8

85" percentile (km/h) - 58.0 57.0 55.0 54.0 54.0 53.0 - 84.0 830 80.0 80.0 80.0 79.2

% of speeding - 40.3 347 315 29.8 30.6 251 - 265 215 137 128 131 121

Moped Average speed (km/h) - 415 41.8 433 422 423 419 - 439 459 444 446 447 442

85" percentile (km/h) - 520 51.0 50.0 50.0 70.0 51.0 - 520 550 51.0 52.0 53.0 53.0

% of speeding - 183 174 144 145 157 155 - 189 294 167 218 21.7 219

Motorcycle Average speed (km/h) - 59.5 57.4 60.0 585 58.1 56.6 - 875 865 87.7 855 848 824

85™ percentile (km/h) - 75.0 73.0 72.0 71.0 51.0 70.0 - 106.0 104.0 100.0 98.0 98.0 98.0

% of speeding 69.6 653 76.7 727 715 63.8 - 66.3 61.1 653 626 59.2 51.9

Belgrade as a capital of Republic of Serbia adopted Road
Safety Strategy, as well as Action plan, during the year
2011. Since then, RSPIs are included in determination of
current and desired level of traffic safety. Also,

Source: (Pesi¢ and Pesi¢, 2020)

objectives related to the Road Safety Strategy are, among
others, defined on the basis of RSPIs. Until the year 2018,
RSPIs  for Belgrade were not especially
measured/collected but data from national RSPIs
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research were used for traffic safety management and
comparisons. Since 2018. City of Belgrade - City
Administration - Secretariat for Transport recognized the
importance of the particular research related to RSPIs for

limit. Pedestrians/drivers behaviours were analysed
according to:

e  Pedestian red light crossing violation
e  Pedestrian crossing violation (around or close to

Belgrade. :
crossing)
As it was case in national research, first step was e Drivers red light violation (related to
methodology. Following groups of RSPIs were selected pedestrians)
for first Belgrade RSPIs research (2018): e Drivers right-of-way on crossings violation

e Usage of protective systems (seatbelts, child (related to pedestrians)
restraints, helmets),

e Usage of DRL,

e  Speeding,

e  Pedestrians/drivers behaviours

Collection of the relevant data was made on the basis of
same methodology for national RSPIs and afterwards,
level of the road safety level related to RSPIs was defined
for each of the 17 Belgrade municipalities.

During 2019. is introduced RSPI: Percentage of 3 RESULTS
pedestrian crossings which are not covered with traffic ] ]
According to seatbelt usage in passenger cars, all

lights, on streets with more than two traffic lanes and ording ' .
presence of public transport. municipalities are far from the targets which are defined
in Road Safety Strategy for Belgrade. Seatbelt usage on

Protective systems covered usage of seatbelts, child back seats are one of the most urgent issues.

restraints and helmets, while speeding took into account
percentage of driving for more than 10 km/h above speed

Table 2: RSPI: Seatbelt usage in passenger cars in Belgrade

% seatbelt usage — urban
Passenger cars
Municipality Driver | Front passenger Front seats | Back seats
2019 2018
Barajevo 650 (WA o652 74,7 65,1 79,2
Vozdovac 759 78,6 ,
Vratar 798 (PP 665 740
Grocka LV 840  RXY 76,6 66,9
Zvezdara 74,0 78,9
Zemun | 805 | 86 | 8.2 [ 887 |
Lazarevac 65,8 \ 67,4 71,6 71,3 67,9
Mladenovac 69,2 | 785 | 490 78,7 63,5 78,6
Novi Beograd | 946 | 93 | 82 [ 841 [ 90 | 81 |
Obrenovac 61,8 | 71,8 | 560 75,2 59,1 76,6
Palilula 67,2 75,6
Rakovica
Savski venac g
Sopot 530 | 590 | 431 65,8 50,2 61,4
Stari grad | 891 | 95 [ 803 [ 85 [ 81 [ 900 |
Surgin 730 [EYIEE 595 76,2 67,2 79,4
Cukarica

Table 3: RSPI: Seatbelt usage in commercial vehicles in Belgrade

% seatbelt usage — urban

BUS
Driver [ Front passenger

Trucks
Driver [

Municipality Front passenger

Barajevo 36,7 00 | 556
Vozdovac 62,5 66,7 34,9
Vracar ! 13,3 250 | 625
475 22,2 40,0
62,0 0,0 54,7
55,6

Zvezdara

Lazarevac

Mladenovac
Novi Beograd
Obrenovac
Palilula
Rakovica
Savski venac

Stari grad

Cukarica

79,2

63,8

31,8
33,3
59,3

75,0

43,5
26,7
19,0
36,6

\
\
60,0 00 |
|

0,0

0,0
50,0
11 |

20,0
50,0
40,0

286 |

214 |

14,3

0,0

0,0

0,0

18,2 66:7
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Table 4: RSPI: Child restraint usage in Belgrade

Among drivers, all municipalities (except Savski Venac)
have increased the seatbelt usage (Table 2), and similar
situation is when front passengers are took into account
(only Novi Beograd decreased the seatbelt usage).
Seatbelt usage among drivers and passengers in heavy
vehicles and buses is almost “black” in all municipalities
(Table 3). Campaigns related to seatbelt usage, especially
focused on youngsters, are frequent on TV and social
media and police enforcement is intensified.

Child restraint usage in Belgrade presents special cause
for concern (Table 4). Situation is slightly better among
children up to 3 years, but older children rarely use
seatbelt. Parents take more care when children are in the
age which fits to child seats, but later on, seatbelt usage
on back seats among children from 4 to 12 years is poor.
According to these results, strong actions were
performed. One of the most important actions, related to
children, is improving of knowledge in elementary
schools, while for parents were organised tribunes and
round tables.

10

% Child restraint usage
Municipality [ Up to 3 years [ from 4 to 12 years [ Total (up to 12 years)
Barajevo
Vozdovac
Vracar
Grocka
Zvezdara
Zemun
Lazarevac
Mladenovac
Novi Beograd
Obrenovac
Palilula
Rakovica
Savski venac
Sopot
Stari grad
Suréin
Cukarica
Table 5: RSPI: Helmets usage in Belgrade
% Helmets usage
Mopeds Motorcycles Total PTW
Municipality Driver Passenger Driver [ Passenger Driver
2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
Barajevo - 100,0 - 40,0 66 60,0 0,0 66 66 80,0
Vozdovac 94,4 100,0 0,0 100,0 91,2 100,0 100,0 92,3 100,0
Vradar 94,7 82,1 - 66 97,5 93,0 100,0 100,0 96,4 88,6
Grocka 66 80,0 0,0 0 90,9 91,7 8 100,0 85,7 88,2
Zvezdara 100,0 85,7 0,0 0 96,6 100,0 88,9 100,0 97,3 88,7
Zemun 60,0 100,0 - 100,0 91,2 96,2 6 100,0 84,1 96,8
Lazarevac 42,9 46 - 100,0 0 63,6 0 100,0 69 2
Mladenovac 8 6,4 - 40,0 100,0 100,0 100,0 6 0,6 6
Novi Beograd 94,4 100,0 100,0 96,1 100,0 83,3 100,0 95,7 100,0
Obrenovac 0,0 100,0 - 0 6 92,0 100,0 85,7 60,9 93,3
Palilula 66 8 100,0 40,0 95,9 98,9 80,0 90,0 86,3 92,7
Rakovica 100,0 100,0 100,0 40,0 96,2 100,0 90,9 66 96,7 100,0
Savski venac 100,0 94,1 100,0 100,0 96,2 90,6 100,0 88,9 97,4 92,0
Sopot 0,0 0,0 0,0 0 0,0 80,0 0,0 66 0.0 40.0
Stari grad 97,8 90,6 100,0 98,9 97,3 91,7 81,8 98,5 95,3
Sur¢in 8 100,0 | - 0 6,9 100,0 100,0 100,0 100,0
Cukarica 88,9 100,0 0,0 0 90,3 86,8 100,0 100,0 90,1 88,6

RSPIs results for helmet usage show that motorcycle
drivers are much more aware of hazard related to non-use
of helmets (Table 5). This is probably related to speed,
because drivers of mopeds has distorted image of driving
at 40 km/h or 50 km/h. It is important to mention that
better results are achieved in central than suburban
municipalities of Belgrade. One of the biggest problems
is wearing of non-homologated helmets, such as helmets
for bicycles, army helmets etc. Moto clubs are involved
in road safety activities.

Very inhomogeneous and bad results are noticed related
to speeding (Table 6). 13 of 17 Belgrade municipalities
increased number of violations related to speeding. It is
interesting that speeding violations for more than 10
km/h are present both during the day and during the
night. Municipality Lazarevac (suburban municipality)
has the worst score of 78,2% of violation during night,
and 70,8% of violation during the day. Therefore,
National Road Safety Agency has realized a plenty of
various proactive measures, while police intensified
enforcement.
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Table 6: RSPI: Speeding (more than 10 km/h above speed limit) in Belgrade

% violations related to speeding for more than 10 km/h

Passenger cars

Municipality 2018

2019
Day Night

Barajevo
Vozdovac
Vracar

1,0

Grocka
Zvezdara
Zemun
Lazarevac
Mladenovac
Novi Beograd
Obrenovac

Palilula
Rakovica
Savski venac
Sopot

Stari grad

Surcin
Cukarica

Pedestrians, as a vulnerable road users, are in Belgrade
extremely endangered. Almost 27% of killed, and 14%
of injured in traffic are pededstrians. Ages between 15
and 30 years, and 65+ presents almost 50% of killed and
injured in traffic (NRSA, 2020).

Table 7: RSPI: Pedestri

Average percentages of the pedestrians crossing violation
(around or close to crossing) of almost 37% is very high
and males tend to do more violations than females.
Barajevo and Rakovica are municipalities with the
highest percentage of this type of violation.

ans behaviours in Belgrade

% Pedestrian crossing viol_ation (around or close to % Pedestrian red light violation
Municipality c|rossmg) 2019
2018 Male Female 2018 2019

Barajevo 61,8 76,0 69,6 -

Vozdovac

Vragar | 6.8

Grocka

Zvezdara

Zemun

Lazarevac

Mladenovac | 13,1 6,2

Novi Beograd

Obrenovac 11,6

Palilula

Rakovica

Savski venac

Sopot

Stari grad

Surgin

Cukarica | 14,2 22,0 14,4 20,8

Table 8: RSPI: Drivers/pedestrians behaviours in Belgrade

% Drivers right-of-way
on crossings violation

% Drivers red light violation (related to pedestrians)

Municipality (related to pedestrians)
2019

2018 ‘ 2019 2018 A TTB [ BYC | MOT MOII
Barajevo 62,0 4 0,0 1,0 0,0 0,0 0,0
Vozdovac 9 9,9 5,0 0,0
Vracar 6 5,0 2,8
Grocka 5,5 3.0
Zvezdara 5,6 3,6
Zemun 1,2 2,0 0,0 3,0 0,0 0,0
Lazarevac 6,3 04 0,0 0,0 0,0 0,0
Mladenovac 0,0 0,0
Novi Beograd 3,7 0,2
Obrenovac ,
Palilula 4,2 54 7,8 12,3 6,1
Rakovica 2,8 0,0 7,5 0,0 0,0
Savski venac 2,0 12,5 43 0,0 0,0
Sopot
Stari grad
Sur¢in
Cukarica
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Pedestrians’ red light violation is increased in 2019. (avg
23,4%) considering result in 2018. (avg 19,6%). It is
clear that pedestrians in Serbia have very low level of
traffic safety culture (Table 7). Also, awareness related to
the road traffic safety is poor. Therefore, City of
Belgrade, City Administration, Secretariat for Transport
planns a lot of activities to increase safe pedestrian
behaviour in traffic, such as, road safety campaigns,
tribunes, social media activities etc. As it is already
mentioned above, extremely endangered groups are
youngsters, age between 15 and 30, and older population,
age 65+. Drivers behaviour related to pedestrians is
devastating, with negative trend (Table 8). During 2018.
average percentage of drivers who do not give the right-
of-way to pedestrians was 42,8% and during 2019 is
increased to 46,9%. During 2018. suburban
municipalities tends to have lower scores (even 70% of
violations), but in 2019. some of the central
municipalities also have high percentage of above 50%
of violations. Situation is much better, considering
drivers red light violation (related to pedestrians).
However, in some of municipalities percentage of this
type of violation is above 10%. It is interesting to
mention that these scores were not relevant to passenger
cars, but trucks, buses and motorcycles. One of the most
significant activities was related to trafic safety
knowledge among drivers.

e (7%
e (7%
e 550/
50%
50%
50%
50%

Matice Srpske

Bul. Oslobodenja

Bul. A. Karadordevica
Bul. Peke Dapcevica
Marka Celebonoviéa
Dr lvana Ribara
Tres$njinog cveta

—
—
—
—
e 330
e 320
m— 29%
m— 29%
m— 29%
750,
2200
mm— 20%
mm— 20%
mm 18%
m— 17%
mmm 14%
mmm 14%
= 13%

= 13%

mm 1%

= 7%

Bul. Zorana Pindic¢a
Gandijeva
Omladinskih brigada
Nehruova
Antifasisticke borbe
Cviji¢eva

Pariske komune
Bul. Umetnosti
Spanskih boraca
Vojvodanska
Ustanicka
Partizanske avijacije
Bul. Mihaila Pupina
Vladimira Popovica
Porda Stanojevica
Milentija Popovic¢a

Chart 1: RSPI: Pedestrian crossings without traffic lights

Special seminars, intended for employees in driving
schools, were realized. Main task was to educate
educators in terms to increase awareness among drivers,
related to drivers/pedestrians relationship in traffic.
According to enforcement, Belgrade has intentions to

12

increase the number of automated control units — red light
cameras and cameras for surveillance of traffic. This is
certainly the best way to monitor negative behaviours of
drivers, but also to protect pedestrians.

Finally, last step was related to infrastructure. It is
important to cover mostly pedestrian crossing with traffic
lights on wide streets (with more than two traffic lanes)
without median, where public transport is present. Public
transport initiate a large number of pedestrians in traffic.
On such a wide streets without median, it is hard for
pedestrians to cross the street safely and therefore, traffic
lights have to be implemented. After the identification of
all streets in Belgrade with above mentioned
characteristics, field research was conducted. Seven
streets (almost 30%) have more than 50% of crossings
which are not covered with traffic lights (Chart 1). These
data was linked to traffic accidents in order to define most
dangerous locations. After ranking, traffic lights were
implemented on identified black spots, according to the
risk level.

4 CONCLUSION

Road safety can be assessed in terms of the social costs
of crashes and injuries, but simply counting crashes or
injuries is an imperfect indicator of the level of road
safety (Yannis et al., 2014). Human is the most connected
factor, associated with traffic accident occurrence. So,
road user behaviour, described through RSPIs, support
various road safety activities in the country and enable
international comparisons (Gitelman, 2014). On the other
side, more and more RSPIs are used to describe the
complex character of the road safety phenomenon, so
RSPIs are useful tool in prevention of dropping
underlying information, but also in monitoring of road
safety performance (Shen and Hermans, 2014). It is
important to mention, that RSPIs enable monitoring and
evaluation of traffic safety before accidents occur, which
makes it possible to proactively detect potential road
safety problems (Pesi¢ and Lipovac, 2014).

One of the benefits of RSPIs is crucial for decision
makers. Through analysis of the ratio between invested
and obtained and ranking of the observed problems,
resources, as well as, other funds intended for the
improvement of road safety, could be allocated in the
most effective way (Pesi¢ and Pesi¢, 2020). Because of
strong connection RSPIs with road accidents and
followed consequences, RSPIs are inevitable in road
safety management and preparing of the Road safety
strategies and programs.

Belgrade experience shows that number of killed in
traffic has been reduced significantly, since monitoring
of the RSPIs is implemented in Serbia and Belgrade. (688
people were killed in traffic in Serbia and 127 people in
Belgrade during 2012. compared to 534 and 93 in 2019).

It is important to mention that in previous several years,
almost all municipalities in Belgrade have increased the
seatbelt usage in all vehicles categories, but situation is
still poor. Child restraint usage in Belgrade is far away
from the desired level, while results for helmets usage are
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the best among RSPIs. Almost 27% of killed, and 14% of
injured in traffic are pededstrians, so RSPIs related to
pedestrians behavior, drivers/pedestrians behaviours and
percentage of pedestrian crossings with traffic lights on
wide street are also took into account.

For quality monitoring of RSPIs Pesi¢ and Pesi¢, (2020)
have recommended implementation of the following

steps:

1.
2.

3.
4.

Preparing of the RSPIs Manual;

Realization of a series of seminars and trainings
related to the RSPIs monitoring;

Realization of the RSPIs data collection;
Monitoring and harmonization of the
methodology.

Further research should be focused on introducing new
RSPIs related to behaviours in traffic, but also related to
other factors, such as vehicle, road, environment. Also,
in the future it is important to, periodically, make some
revisions of the methodology.
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ABSTRACT

This paper presents system based on Nomoto model of ship and its response to course changes using regulation loop for
course control with PID controller.

Central element of analysis is selecting an appropriate mathematical model of system being analyzed. Equations which
describe ship motion are given by Newton laws of motion, considering two coordinate systems: inertial system X0Y0Z0
(ECEF — Earth Centered Earth Fixed) and XOYZ reference ship centered system.

Reference model was created based on linearized equations for surging, swaying and yawing while other motions were
ignored.

Using designed system shown in this paper, response to course changes of a Nomoto model ship had been analyzed.
Analysis had been conducted using Matlab/Simulink program package with first order Nomoto model using real
parameters of a fully loaded tanker.

Results of an analysis had been used to conclude about characteristics of presented system and its response to course
changes along with possible improvements in such system.

Keywords: Nomoto model, ship dynamics, PID controller, ship course control, Matlab/Simulink

1 BASIC SHIP MOTIONS Only horizontal motion is taken into consideration for
ship, while pitching, rolling and heaving are ignored.
Thus, the number of degrees of freedom is reduced to
three: yawing in direction of z-axis, surging in direction
of x-axis and swaying in direction of y-axis.

Equations which describe ship motions are retrieved
using Newton’s laws of motion, considering two
coordinate systems: inertial system X0Y0Z0 (ECEF —
Earth Centered Earth Fixed) and XOYZ reference ship
centered system as shown in figure 1. According to that, throughout this paper only horizontal
plane movements in previously mentioned x, y and z axis
were considered while the remaining movements were
ignored.

Motion equations can be entirely described with six
degrees of freedom of a rigid body in movement using
three translation equations (swaying, heaving, surging)
and three rotation equations (yawing, rolling, pitching). 2 NOMOTO SHIP MODEI

Nomoto suggests two simple linear transfer functions.
This model is intensively used by engineers for analysis
and design of ship auto pilots. This type of model gives
accurate description of higher GRT ships motion. Since
the speed of navigation is considered constant, model is
only applicable for constant thrust and small rudder angle

vV (sway)

changes.
u (surge) J T Nomoto second order model of a ship can be described
X W (heave) by following equations:
Source: [10] ) X = A1%; + Byu (1)

Figure 1: Ship centered system
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“;((3 = C(SI—Ay)'B,;C=[001] @)
or:

o ®
where:

a; = —011 — Az 4)
Az = Q1022 — A12021 ®)
by = by, (6)
by = az1b13 — as1byy (M

Y represents yaw, while d represents rudder angle.

Earlier mentioned transfer function (3) is usually written
in following form which is known as Nomoto second
order model:

¥ (s) _ _ K(Tys+1) (8)
5(s) (Ty15+1)(Tp5+1)

KZg:T3:%ZT1'T2: ay;Ty+T, =2
2

a, az
Equation (8) can be written in time domain as:
TiLY + (T, + TV + ¥ = K(8 + T36) 9)

Equations in time domain are transferred into frequency
domain, usually called s-domain, by applying Laplace
transform. By transferring equations into frequency
domain, calculations are easier since differentiation and
integration are replaced by multiplication or division
with frequency variable s.

Parameters Ti, T, and T3 are time constants. Value
depends on work conditions and they are usually called
control quality index. While T, and T3 are usually
positive, K and T can be positive or negative value. Ty is
usually positive for ships which maintain originally given
course, while it becomes negative for those ships who
cannot maintain stable course. K represents static yaw
rate gain.

Approximation of equation (8) is given by setting up
parameter T = T1+T2-Ta:

T, ->T; T, > T;

w _ K(T3s+1)
5(s)  (Tus+1)(Tos+1)

K(T3s+1)
(Ts+1)(T3s+1)

e __K
5(s)  (Ts+1)

(10)

Equation (10) represents Nomoto first order model, in
time domain it is described with following equation:

TY + P=K3 (11)

15

Parameters K, T, T1, T2 and Tz can be calculated by using
equations mentioned earlier and they differ for different
types of ship.

Nomoto first order model equation can be reformulated
as following:

Y(s) b
5(s)  (s+a)

(12)

3 SHIP COURSE CONTROL SYSTEM

Automatic course control has its roots in the beginning of
last century, after invention of gyrocompass. Generally
speaking, ship course control system has one input and
one output, so it is SISO (Single input single output)
system as shown on figure 2.

B Aﬁf!' - AT

Source: Authors

Figure 2: Ship course control system block diagram

Every block shown on figure 2 represents a subsystem.
Therefore, in the following four figures these subsystems
will be presented and explained.

Figure 3 presents Nomoto ship model subsystem block
used in simulations.

K
O e —-.—».

Momoto ship transfer
function

Source: Authors

Figure 3: Nomoto model subsystem block in Simulink

Referent model, shown on figure 4 is considered as a pre-
filter which eliminates numerical difficulties attributed to
high values of input step signal. Dynamics of reference
model should be adjusted to the ship’s dynamics
regardless of value of desired reference yawing angle.
Too sluggish referent model cannot give optimal
performances due to ships inability to achieve desired
course on time. On the other side, faster referent model,
in other words, faster than ships response cannot be used
due to rudder actuator saturation and performance
degradation. ¥, represents referent course, which is a
referent value set by an operator, while Wq represents
output value of a course.

WEw
S+ 2Qxzetaxw)s+wEw

>

Wr Wd

Source: Authors
Figure 4: Referent model subsystem block in Simulink

Second order referent model is usually used, described
mathematically by following equation:
P K

= e (13)

W, Tusi4s+Knm
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Where T and K, are parameters used to describe closed
loop system response. T represents time constant of the
referent model, while Ky represents gain factor of the
referent model. For majority of practical uses, these
parameters are selected as following:

1

< = —
Tm = 4Ty,

N =
N

(14)

Where ( represents closed loop system damping ratio,
typically in interval 0.8 <{ < 1. L represents length of a
ship, U represents velocity of a ship, while T represents
time constant of a ship.

By comparing equation (13) with general second order
system resulting equation is:

Ya _ ("nz

Y, s2420wnS+wn? (15)
Tm and K can be expressed through damping ratio and
closed loop system natural frequency via equation:

__1 Km = a)nsz (16)

m= 2{wn

Function of ships rudder system shown on figure 5 is to
move rudder to desired position according to instructions
from control system or helmsman.

e R O R D

&

Rudder angle Rudder angle
limits response speed

Source: Authors
Figure 5: Ships rudder subsystem block in Simulink

Rudder angle limiter represents mechanical limitation of
rudder angles, in this case 35° in both directions.
Maximum rate of movement of a rudder is defined by
hydraulic pump capacity, usually between 2 and 7
degrees per second. Minimum values are defined by
classification societies which demand rudder to be
moved from 35° one side to 35° opposite side in less than
30 seconds.

Smax = £35°  Smax = £2°/s to +7°/s 17)

Ships rudder system consists of:

e Rudder angle limiter (6,,4x),
e Rudder movement rate limiter (8,,45),
e Feedback.

PID controller can be expressed via equation:

de(t)

u(®) = Ky [e(®) + 1 f, e(@)dr + T, 52 (18)

Where Ti=% and Td=% are integration and
i 14

derivation time constants.

In specific case of ships course control system shown on
figure 6, PID controller is expressed via equation:

8: = Kp(¥y — W) — KW + K, [ (P — W)t (19)

h 4
L) o
@ x] e

Source: Authors

Figure 6: PID controller subsystem block in Simulink

For the sake of simplicity, PD controller was firstly built,
and integration component was added subsequently.

PD controller can be expressed as following:
§=K,(¥Wy—¥) - K;¥ (20)
If ship dynamics is expressed by first order Nomoto
model, following closed loop system characteristics are
obtained by inserting (20) into (11):

TY + (1 + KK)¥ + KK,¥ = KK,¥, (21)

Damping ratio and natural frequency can be calculated
by following equation:

_ 1+KK4 _ |KKp
(= T Wy = (22)

Consequently, Ky and Kq can be calculated as following:

Tw? 2T{wn—1
Ky =— Kq = =2~ (23)

Fossen (2004) recommends following rule for integration
component:

K; . @Wn

ek (24)
Therefore:

K = 2o = 2 (25)

10 10K

4 SIMULATIONS

For simulations, fully loaded tanker of 350 meters length
overall is considered. At speed of 8.1 m/s, parameters K
and T are -0.019 and -153.7.

Rudder angle limiter is set to +30° while rudder
movement rate is limited to +£2.33°/s. To acquire wanted
ship characteristics, second order reference model
according to equation (15) was used.

If damping ratio is 1 and natural frequency 0.03 rad/s,
then PID controller parameters are calculated according
to equation (23) and (25). In this particular case, values
are as following:

Kp=7.2805, Kg= 538 and K;=0.0218.
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Figure 7 shows control system scheme used for
simulation in MATLAB/Simulink.

— ]
FHO) et 0 W:A. . ~.|i e .h—i !:I |
L

Source: Authors

Figure 7: Ship control system block diagram in
MATLAB/Simulink

Using Nomoto model through equations (23) and (25)
ideal P, I and D components of PID controller were
calculated. System’s response to desired 20° course is
shown in figure 8.

Desired and real course response
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Source: Authors
Figure 8: System’s response to desired course of 20°

Figure 9 shows system’s response to desired course
50°.

Desired and real course response
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Figure 9: System’s response to desired course of 50°

Figure 10 shows system’s response to firstly desired
course of 10°. After the desired course is achieved,
desired course is set to 50°, and lastly, after achievement
of 50° course, desired course of 30° is set.

Desired and real course response
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Figure 10: System’s response to desired courses of 10°, 50°
and 30° respectively
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Since PID controller is designed with respect to Nomoto
second order model, it can be further tuned but then the
questions of stability, response time and steady state error
arises.

Given the aforementioned, following three figures will
show system’s response with tuned parameters of PID
controller.

Figure 11 shows system’s response to desired course of
20° with greater proportional (P) component of PID
controller, where is obvious that the ship dynamics is
faster at the expense of stability. Proportional component
is set to 15.

Desired and real course response
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Source: Authors

Figure 11: System’s response to desired course of 20° with
greater P component, Kp=15

If integral (1) component of a PID controller is increased,
while proportional component restored to value already
defined by equation (23) it can be concluded that ship’s
dynamics is faster, and stability is increased as shown in
figure 12. Kjis set to 0.1.

Desired and real course response
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Figure 12: System’s response to desired course of 20° with
greater | component, Ki=0.1

Further on, by increasing derivative (D) component of a
PID controller, with integral and proportional
components defined by equation (23), it is obvious that
the response is slower as shown on figure 13. Kq is set to
1000.
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Desired and real course response
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Figure 13: System’s response to desired course of 20° with
greater | component, Kq = 1000

5 CONCLUSION

Using Nomoto model ideal values of P, I and D
components of a PID controller are calculated via
equations (23) and (25). System’s response with
calculated values for desired course of 20° show that ship
does not follow up desired value but after some time
value is achieved which was expected. It can be
concluded that this does not cause problems as far as the
course changes are not sudden.

On the other side, sudden changes of course, in example
course change to 50° as simulated and shown in figure 9
where there is an overshoot of 17.28° can be dangerous
in case of ship being in the vicinity of other ships or when
navigating a narrow channel. Saturation of rudder angle
indicates that the performance of the PID controller is not
robust, even at constant ship speeds.

Tuning PID controller involved in course control
represents great challenge. This paper proved that the
equations (23) and (25) provide good enough parameters
for PID controller if there are no sudden course changes.

This paper presents complex system which includes ship
rudder system because for calculation Nomoto model
constants, as well as its use, parameters depend on
maximum rudder movement rate and maximum rudder
angle.

Furthermore, presented system can be expanded with
additional parameters that affect ships course such as
wind impact, waves, draft and more.

18

Such complex system is also more realistic. Also, system
can be enhanced by using neural networks or fuzzy logic
which would contribute to robustness of a PID controller
used as autopilot for any kind of ship.
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ABSTRACT

The purpose of this paper is to examine the curricula of selected Slovene, Italian, Croatian, and French vocational
education training (VET) schools in logistics and transport, compare them against the needs of the logistics and transport
as well as other industries that employ VET graduates in logistics and transport, and present the learner-centred and needs-
based training modules (TM) that were designed to bridge the gap between the needs of the employers and the current
VET offer.

To analyse the training offer, a SWOT analysis of 17 VET diplomas in logistics and transport were performed. In the
following step, 49 interviews were conducted in pertinent logistics and other companies that employ VET graduates to
determine the level of competence of VET students in transport and logistics. The findings indicate an imbalance between
the training offer and employer needs. Five TMs were designed: TM1 — Maritime and Intermodal Management, TM2 —
Supply Chain Management of Cold Products, TM3 — Warehouse Analysis, TM4 — Transport Organisation, and TM5 —
Key Soft Skills.

This paper provides new insights into the knowledge and skills that have to be developed by VET graduates from transport
and logistics from the employers’ point of view, and proposes a framework for contemporary curriculum design for VET
in logistics and transport.

The paper is based on the intellectual output reports of the Erasmus+ project, KA2 — Strategic Partnership in VET 2017-
2020, entitled Summer Logistics School (SLS).

Keywords: curriculum design, needs, transport, logistics, vocational education and training, VET

1 INTRODUCTION monitoring. The logistics sector cannot be efficient
without up-to-date education and training, and in turn,
VET schools cannot be competitive in the long run
without meeting the expectations of the logistics

Due to globalisation, the frequency of international
transactions, and rapidly changing demands for services,
the level of logistics complexity increases and “calls for

. - < industry.

a reliable and strongly efficient logistics system,

operating at full capacity” (Marinov & Fraszczyk, 2014). The connection between the competences acquired
To operate an efficient logistics system, logistics through VET programmes in logistics and transport and
providers have to be able to respond adequately to any the qualifications or industry expectations are still largely
changes and new needs of the sectors that they unexplored. Several research studies have been
complement and work with (Marinov & Fraszczyk, conducted on logistics skills and the mismatch between
2014). Thus, VET graduates that apply for new jobs in the current logistics curricula in higher education and
the logistics sector must now be equipped with an real-world requirements (Cronjé, 2015; Gromovs &
appropriate and diverse set of skills and competences Lammi, 2017; Grubisi¢, Peri¢-Hadzi¢, & Jardas, 2017,
(van Hoek et al., 2013) that logistics providers request. Niine & Koppel, 2014; van Hoek et al., 2013; Wong,

. - ) Grant, Allan, & Jasiuvian, 2014).
VET schools in logistics and transport are a primary

source of knowledge and competences for numerous However, only few studies have explored VET curricula
newcomers into the logistics and transport industries. in logistics and transport. Psifidou (2010) compared
They deliver VET programmes and are responsible for curriculum policies in nine European countries and
creating a curriculum that adequately responds to the analysed learning programmes in the occupational field
requested changes and particular needs in logistics and of logistics. The study only highlights the key role that
transport. The competitiveness of VET graduates in the learning outcomes play in curricular reforms and
obtaining a job as well as their subsequent effectiveness brings evidence of essential changes in national curricula.
at the workplace depends on VET trends and needs Amado et al. (2019) made a step further and planned a
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new course (Urban Transit for VET in Brasil). Their
study considers the skills and competences as the main
aspects in the elaboration of a curriculum. Therefore,
they proposed “a course that emphasises a multi- and
interdisciplinary approach, not one based on traditional
subjects and disciplines.” (Amado et al, 2019).
Educational programmes and training modules were
developed for crane operators in ports. These were based
on the requirements, needs and demand of the logistics
business and the International Labour Organisation (ILO)
within the NEWLOG project (Mikhail, 2016). To our
knowledge, no study has been conducted to date to design
a learner-centred training programme based on the
current needs of the logistics industry and innovative
teaching approaches.

This paper, therefore, aims to present a new and up-to-
date training programme for VET in logistics and
transport, designed in accordance with the European
Credit System for Vocational Education and Training
(ECVET). To this end, two research gquestions were
formed:

e RQL1: What is the gap between the needs of the
transport and logistics industry and the current
VET training offer in transport and logistics in
selected European countries?

e RQ2: Which training modules can be provided
to VET students in transport and logistics to
bridge this gap?

Based on an analysis conducted in four European
countries (Slovenia, Croatia, Italy and France), a
mismatch between the current curricula in VET in
logistics and transport and the requirements of the
logistics industry was found. Nowadays, a logistician
should, in the view of the practitioners, be able to use
information communication technology (ICT) and other
communication tools, deal with specific data and
situations, put theoretical knowledge into practical use,
process orders, and manage inventories and truck drivers.
To help improve and further develop a VET logistician’s
knowledge and skills, five TMs were designed based on
the premises of the ECVET system.

This paper provides the following unique contributions.
It helps to identify the skills and competences that enable
VET graduates in logistics and transport to successfully
enter and function in the workplace in the logistics and
transport sector. Furthermore, it highlights significant
weaknesses of the current curricula in VET in transport
and logistics and helps VET in logistics and transport to
upgrade and modify their curricula to increase the interest
in the logistics profession and the competitiveness of the
pertinent schools. The study is based on real data and
reflects the situation in several Western and Eastern
European countries.

The paper is organised as follows. Section 2 presents the
background literature to this study. The adopted research
methodology is outlined in the third section, followed by
the presentation of the results. A discussion is provided
in section four. The article concludes with suggestions
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for future research and the limitations of the presented
approach.

2 LITERATURE REVIEW ON
CURRICULUM DESIGN

The word curriculum derives from the Latin word
“currere” (to run a course) (McKimm, 2007). From there
the word “the course of study” or syllabus originates
(Hussain, Dogar, Azeem, & Shakoor, 2011; Prideaux,
2003). A curriculum is more than a syllabus. A
curriculum defines the learning that will take place
during a programme of study and includes all the planned
learning experiences of an educational institution
(McKimm, 2007; Prideaux, 2003). A syllabus is only one
part of the curriculum and describes only the content of a
programme (McKimm, 2007).

One of the functions of a curriculum is to provide a
design which enables learning to take place. “Curriculum
cannot be stagnant. It must be a living document that is
in constant flux. It must be adaptable to changes in the
educational community and in society in general. Only
then will it be able to be an effective change agent in the
educational process” (Alsubaie, 2016).

2.1 Elements of the curriculum design
process

There is a large range of constituent elements to consider
when designing a curriculum (Figure 1). The process of
defining and organising these elements into a logical
pattern is known as the curriculum design process
(Macalister & Nation, 2019). All the elements in
curriculum design are interlinked. No element should be
decided without considering the others.

Existing orientations

Y

a
Direct impact
[ 4

‘Lca.ming

outcomes

Assesment

Direct impact) External needs/

Mg Content & requirements
methods Sequencing

]

a

Direct impact

.

|

]

Practical concerns

Source: (Boschman, McKenney, & Voogt, 2014; Macalister & Nation,
2019)

Figure 1: Elements of the curriculum design process

Existing orientations, external needs and practical
concerns have a major effect in guiding the process of
curriculum development (Boschman, McKenney, &
Voogt, 2014). They directly impact the aims of a training
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programme or course. If these factors are not considered,
the curriculum may not be harmonised with the needs,
the situation and the learners for whom it is used
(Macalister & Nation, 2019).

Existing orientations involves teachers’ practical
knowledge obtained through experiences in teaching as
well as through their knowledge and beliefs related to
how the curriculum is designed and used. Practical
knowledge refers to instructional strategies, classroom
strategies and knowledge about learners, learning and
teaching. Content knowledge includes the organisation of
ideas, concepts and facts as well as syntactic structure.
Technological knowledge is the knowledge about several
technologies used for education purposes (Boschman et
al., 2014).

Identifying the various stakeholders’ needs is crucial to
effective learning and assessment. These needs are
discovered by different stakeholders on different levels,
varying from the macro-level (e.g., industry, national
standards, trends), to the (near) school level, as expressed
by school boards or principals by using a variety of
means (questioning, interviewing, consulting employers,
investigating the situations where the learners will need
to use this knowledge). According to Laurillard (2010),
the curriculum developers should never be interested
simply in the learners’ ability to do what they were taught
to do but also in their ability to generalise what they were
taught to other situations. Besides external stakeholders’
needs also learners’ needs (what learners lack and want)
have to be reviewed. Curriculum developers need to have
access to information about learners’ characteristics (age,
knowledge, experience, etc.). Both, the learners’ and
external stakeholders’ needs, establish the overall aims
and learning outcomes for the course.

Curriculum design and instruction are also influenced by
practical considerations concerning concrete classroom
activities. The factors that teachers consider most include
the time available for the course, the size of the class,
teachers’ experience and training, the organisation of
seats in the classroom (Macalister & Nation, 2019), how
content is presented to the learners, how the learners will
react to the content, teaching strategies and what they will
do with the content (Boschman et al., 2014). Practical
considerations make sure that the training programme or
course is appropriate, practical and realistic (Macalister
& Nation, 2019).

The aims are located in the centre of the curriculum
design process (Figure 1) for two reasons: first, they
reflect the importance of having clear goals of the
training programme, and second, they ensure that the
goal of producing competent graduates is achieved. In
other words, the aims describe what the teacher is trying
to achieve.

The cycle of the curriculum design process shown in
Figure 1 represents the syllabus and its elements: learning
outcomes/objectives (knowledge, skills and attitudes)
and content of the course, teaching and learning
strategies, assessment methods (Prideaux, 2003),
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supporting elements (learning resources such as teachers,
books, IT support) and student support, and an indication
of the learning resources required to support the effective
delivery of the course (McKimm, 2007).

“Learning Outcomes are carefully defined descriptions
of the level of knowledge and skills learners should be
able to demonstrate at the end of the course. They will
determine the nature of the summative assessment that
will be most appropriate, and the teaching-learning
activities needed” (Laurillard, 2010). The content and
sequencing represent the items to learn in a course or
training programme and the order in which they are
presented (Macalister & Nation, 2019). The content
should reflect the job that the learners will do after
training and should relate directly to the learning
(McKimm & Barrow, 2009). Course content can be
derived from many sources: one’s own existing
curriculum if available, other organisation’s curricula,
textbooks, an analysis of the training needs of the
industry, national professional bodies, etc. In the view of
McKimm (2007), the outcomes guide both learners and
teachers on the choice of relevant learning and
teaching methods to achieve the intended learning.
Macalister & Nation (2019) claim that this is the element
of the curriculum that the learners are most aware of and,
therefore, must be realised by using the appropriate and
efficient teaching and learning methods. Besides
traditional teaching approaches, many innovative
teaching and learning methods have appeared with the
developments in information and communication
technology.

In designing the assessment methods that measure
learners’ performance, the starting point should always
be the stated learning outcomes. Assessment checks that
the whole content has been presented and that the
learners have achieved the learning outcomes. Several
different methods can be used to measure learners’
performance (exams, interim assessments, hinge-point
questions, exit-pass questions, etc.). According to
Laurrilard (2010), a variety of methods should be used to
evaluate not only final success but also interim progress.
The assessment provides feedback to the learners but also
information that leads to changes in the curriculum.

Finally, the goal of effective curriculum development is
to meet the needs and current demands of the society and
the expectations of the population being served
(Alsubaie, 2016). Therefore, the involvement of all
stakeholders is crucial in successful curriculum
development (Johnson, 2001).

3 RESEARCH METHODOLOGY

A three-phase methodological approach was used to
develop a new training programme for VET in logistics
and transport (Figure 2).

In the first phase, a SWOT analysis of the current training
offer in VET in transport and logistics was conducted
based on a sample of eight selected schools from
Slovenia, Croatia, Italy, and France. The analysis was
divided into two segments: logistics and transport. In



Patricija Bajec, Violeta Jurkovié

LINKING VOCATIONAL EDUCATION TRAINING IN LOGISTICS AND ...

ICTS 2020 0

<

Portoroz, 17.-18. September 2020 /s

addition, the knowledge, skills and competences
constructed through these curricula were analysed. The
objective of this first phase was to highlight the strengths,
weaknesses and opportunities of the current curricula in
VET in logistics and transport in the selected European
countries. The identified weaknesses were divided into
the following aspects: practical aspects, simulation
aspects, up-to-date aspects, curricula orientation aspects,
language aspects, teaching methodology and assessment
aspects, and work placement aspects.

In the second phase, 49 semi-structured interviews were
conducted with representatives of the logistics and
transport sectors that provide employment to graduates
from VET logistics and transport. The interviewees were
managers, directors and heads of diverse logistics
departments, logistics providers, traders, producers, and
port employees (customs clearance department,
rail/road/air transport department, warehouses, etc). All
interviews were then recorded and transcribed. The
objective of this phase was to determine the level of
competence of newcomers for the categories of
employment to which the VET programmes in transport
and logistics lead, and highlight the knowledge, skills,
and competences that merit further investigation.

In the third phase, an appropriate and up-to-date training
programme consisting of five TMs for VET learners in
logistics and transport was developed based on the
identified gaps between the current VET offer and the
needs of the logistics and transport industry.

1st PHASE 2nd PHASE 3rd PHASE

Method:
SWOT analysis of training
offer in VET of transport
an in

Method:

Method:
ECVET rules

Objects
Devel ropriate and
u

\ programme for VET in

logistics and transport
—

Detecting

VET graduates and
requirements of the
logistics and other
industries that employ VET
students in logistics and
transport

z
KSC (Knowledge, Skills

and C¢ analysi

of curricula in 4 European

countries

Objective:
Highlighting strengths,
weaknesses and
‘opportunities of current
uuuuuuu la in VET of
transport and logistics

Figure 2: Curriculum design process

In the following section, the results of each of these
phases will be presented.

4 RESULTS
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The weaknesses of the analysed curricula in VET in
logistics and transport that required change can be
summarised in three main points: disparate content, lack
of simulation and practical work, and lack of knowledge
updating and involvement of professional stakeholders.

VET curricula in transport and logistics

First of all, differences in the content of the training offer
were identified among the selected VET curricula in
logistics and transport in Croatia, France, Italy and
Slovenia. Given that the current labour market often
requires national mobility, and increasingly often
international mobility, such disparities in content could
be detrimental to learners in terms of their geographic
mobility. For example, in Croatia the curricula appear to
be complete and cover both general and specific
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knowledge and skills. However, this is not the case in
Slovenia (where not all modes of transport are covered
by all schools) nor in Italy (where there are relatively
large gaps concerning the knowledge of geography, or
the development of logistics). In addition to having a
detrimental effect on mobility, this may jeopardise the
insertion of students into the local labour market.

Second, most analysed curricula displayed a lack of use
of simulations and practical work. The use of simulations
refers to smart games but also pedagogical uses of
professional software, such as the Warehouse
Management System (WMS) for logistics, and the
Transport Management System (TMS) for transport
activities. Moreover, practical hands-on experience and
learning are very often lacking or non-existent, which
means that the knowledge is too theoretical while the
opportunities for the development of skills are scarce
despite the mandatory work placement periods. In order
to increase the employability of graduates from VET in
logistics and transport, it appears necessary to provide
them with greater practical training and thus empower
them to quickly take on the functions for which they are
trained.

Last but not least, the third identified category of
weaknesses refers to lack of knowledge updating and
involvement of professional stakeholders. In fact, the
knowledge contained in the course materials is frequently
outdated and not in line with the current developments,
trends, methods and practices. In the fast developing
logistics and transport industry, it is essential to provide
the VET students and teachers with support and courses
that are up-to-date. A related phenomenon is lack of
instructors from the professional world, who would be
able to make highly valuable contributions to the
teaching and learning process, and familiarise students
with new processes and sector specific methods and
practices, especially through authentic case studies, role
plays and simulations.

4.2

We will first present the knowledge, skills and
competences that, in the opinion of the interviewed
representatives from the logistics and transport sector, are
mainly managed by VET graduates.

Logistics and transport industry needs

In terms of logistics, these are skills linked to global
warehousing activities (e.g., different warehouse areas,
such as receiving, order picking, and shipping), basic IT
skills (e.g., basic functions of MS Office), and internal
communication (e.g., sending information to line
managers). In relation to transport, the knowledge and
skills that are mostly mastered by VET graduates in
logistics and transport include the skills linked to
transport organisation (e.g., organisation of transport
missions), the knowledge of regulations (e.g., application
of legal norms that regulate transport operations), and the
skills needed to adapt to new inputs (e.g., reviewing
planning according to last minute requests).
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However, content analysis of the in-depth interview
transcriptions revealed several knowledge and skills
areas that the existing VET programmes in logistics and
transport do not sufficiently cater for and that need to be
addressed by a tailor-made learner-centred training
programme for VET graduates in logistics and transport.
These lacks represent the gaps based on which the
training programme will be designed and are presented
below, first for logistics and then for transport.

Therefore, the following section will provide an answer
to RQ1: What is the gap between the needs of the
transport and logistics industry and the current VET
training offer in transport and logistics in selected
European countries?

The skills and knowledge related to logistics activities
that have to be addressed by a training programme for
VET graduates from transport and logistics include:

1. putting theoretical knowledge into practice
(knowledge is usually too theoretical, and VET
graduates have difficulties putting this
knowledge into practice in their everyday work,
which indicates the need for more practical
training through the use of simulations, role
plays, and case studies, among other methods),

2. order processing (concrete realisation of
theoretical knowledge is problematic, for
instance choosing the best support according to
the volume of the order, organising the different
references of the order on the support so that
they can be delivered in good condition, and
determining the best protection for the order),

3. inventory management (because of the
computerisation of inventory management the
need for training in inventory control is
particularly high and at least basic knowledge in
stock management required), and

4. sectoral ICT tools (the knowledge of software
specific to the sector tends to be quite poor and
has to be the subject of company training. With
the growing computerisation of warehouse
management, it seems inevitable that
professionals working in this field are familiar
with WMS as the main software used in
logistics).

On the other hand, the skills and knowledge that merit
further investigation and are related to transport
activities include:

1. drivers’ management (often approached from a
legal and theoretical point of view in the
training whereas future operators should
develop procedural knowledge through real-life
scenarios),

2. use of ICT tools (Excel spreadsheets to plan
activities, the knowledge and skills in the use of
sector-specific software are limited, for instance
of TMS),

3. adaptability to new trends and processes
(transport operators will be the first users of
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new tools and processes, such as the eCMR, and
should demonstrate adaptability to novelty; in
addition, they will be in charge of training the
drivers and other employees in the use of new
tools),

4. dealing with specificities (VET graduates lack
specific knowledge and skills, for instance
referring to temperature-controlled transport, or
the transport of hazardous materials), and

5. different types of communication (transport
operators have to communicate with different
actors, such as customers, management, and
drivers, which predetermines the way in which
the operator communicates with these different
interlocutors).

These gaps provided the starting points for the
preparation of five ECVET-based TMs. They are
presented in detail in the next section.

4.3 Training programme

Based on the gaps identified between the provision of
VET schools in logistics and transport and the logistics
and transport industry needs, five TMs have been
designed:

e TML1: Maritime and Intermodal Management

e TM2: Supply Chain Management of Cold
Products

e TM3: Warehouse Analysis

e TM4: Transport Organisation

e TMS5: Key Soft Skills

Each TM is further divided into Learning Outcomes
Units (LO Units), presented below together with the
suggested teaching methodology for each TM.

This section will provide an answer to RQ2: Which
training modules can be provided to VET students in
transport and logistics to bridge this gap?

TML1: Maritime and Intermodal Management

The adopted teaching methodology in TM1 focuses on
the practical application of theoretical knowledge
through the work in the nautical simulator, the use of case
studies, a visit to a cargo port and/or intermodal terminal,
and the use of online simulators for the replication of the
management of a rail-road intermodal terminal.

TM1 addresses maritime and intermodal transport, and
consists of four LO Units:

LO Unit 1: Assessing the main parameters for navigation.
This LO Unit presents the Electronic Chart Display and
Information System (ECDIS), and the Automatic Radar
Plotting Aid (ARPA) for safe conduct of maritime
navigation. It takes place in a nautical simulator. This LO
Unit also includes the possibility of practising navigation
on small wvessels, thus understanding and using
navigation techniques to assess weather parameters and
conditions.
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LO Unit 2: Recognising the main infrastructures and
vehicles of maritime ports. LO Unit 2 focuses on various
types and characteristics of vessels, port terminals, cargo
handling equipment, coordination of the arrival and
departure of shipments, and documentation related to
shipments’ arrival/departure, etc.

LO Unit 3: Coordinating the arrival and departure of
freight trains. Here, the participants simulate various
activities. For example, they prepare a train list for a
departing train, use the information from a train list of an
incoming train, check the truck’s booking list, and
organise the activities taking into account the KPIs for
the terminal.

LO Unit 4: Managing the storage of UTIs at the rail-road
terminal. The practical skills acquired in LO Unit 4
include, for instance, the organisation of the loading
operations according to the booking list and truck
arriving at the terminal, and the provision of instructions
on the operations to be performed by the reach stackers
or crane drivers/operators.

TM2: Supply Chain Management of Cold Products

The main objective of TM2 is to familiarise the
participants with the supply chain management of a
specific category of products, i.e., products that require a
special temperature regime.

The teaching methodology is first oriented to the
development of declarative knowledge and then the
application of this knowledge in practical situations
through the wuse of board games, case studies,
simulations, and in-company visits.

This TM is divided into the following LO Units:

LO Unit 1: Understanding the basics of supply chains.
After the completion of this unit, the participants are able
to understand the difference between a supply chain and
a logistics chain, select the right type and supply chain
strategy with respect to the type of product, make a lean
and/or agile supply chain, and manage supply chain risks.

LO Unit 2: Organising a supply chain of cold products.
As with the other LO Units, both declarative knowledge
(e.g., the classification of cold products, and safety rules
and procedures for different types of cold products) and
procedural skills (e.g., classify different types of cold
products, their temperature, environmental requirements,
and shelf lives) are developed.

LO Unit 3: Cold chain warehousing. Here the
participants learn about, for example, types and
characteristics of warehouses for storing cold products,
and technical requirements for cold products storage, and
standard operating procedures for the storage of cold
products.

LO Unit 4: Understanding the main aspects of
transporting cold products. This LO Unit focuses on the
main regulations and standards related to the transport of
different cold products, main types and characteristics of
cold chain technologies in providing a temperature-
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controlled environment during transport, the main types
of cold chain monitoring equipment, and safe transport
of cold products.

TM3: Warehouse Analysis

This TM covers three main topics, which are warehouse
activities with a focus on order processing, WMS, and
methods for the optimal management of a warehouse.

In terms of the teaching methodology, direct instruction
is used to present warehouse processes and equipment.
On the other hand, case studies, video presentations, and
WMS can be used in this TM for the development of
practical skills. Warehouse analysis can be carried out
using real data while the calculation of the basic KPIs can
be presented to and done by the participants. Finally, a
visit to a warehouse for fresh products can be organised
to show the application of the presented theory in
practice.

TM3 is divided into four LO Units presented below.

LO Unit 1: Calculating and assessing the KPIs of a
logistics warehouse. In addition to providing declarative
knowledge to the participants, LO Unit 1 focuses on the
development of the following skills: calculating the
proper value of basic warehouse KPIs, explaining the
value of KPIs and their influence on warehouse
processes, using different methods for the calculation of
KPIs, and applying actions according to

KPI results.

LO Unit 2: Proper use of a Warehouse Management
System. Once completing LO Unit 2, the participants
have the necessary skills to use WMS in warehouse
processes, understand basic WMS features, use a bar
code scanner, use a bar code reader, and enter proper data
in WMS.

LO Unit 3: Preparing an order. LO Unit 3 focuses on the
development of the knowledge of warehouse documents,
different warehouse procedures, and procedures for
completing warehouse documents. After the completion
of this unit, the participants have the skill to use
warehouse documents, produce dispatch documentation,
record and store documents, and follow up purchase
orders.

LO Unit 4: Using methods/techniques for the
optimisation of warehouse operations. Finally, in LO
Unit 4 the participants learn about the effective layout for
each warehouse type, efficient warehouse systems, and
available storage space within a warehouse. The practical
skills that are addressed include the movement and
handling of goods and materials, evaluating warehouse
processes, and storing goods efficiently within a
warehouse.

TMA4: Transport Organisation

This TM addresses the organisation of a transport
mission by road and focuses on all the details that are
involved in the preparation of a road transport mission.
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In terms of the applied teaching methodology, this TM
relies on direct instruction for the development of
declarative knowledge and several learner-oriented
methods for the development of procedural knowledge.
These include case studies based on authentic
parameters, the use of authentic documents, and TMS or
simulators for the management and monitoring of
transport missions.

TM4 consists of five LO Units:

LO Unit 1: Calculating the costs of a transport mission.
Once completing this LO Unit, the participants know the
main components of a transport mission, the costs to be
included in the calculation, company margin politics, and
the road transport tariff system. In addition to this, they
have the skill to calculate the costs of a transport mission,
apply a company’s price policy, and interact with
customers regarding transport prices.

LO Unit 2: Preparing a transport mission. In LO Unit 2,
the participants learn about the documents used in road
transport, communication with internal actors regarding
a transport mission, and contract details and features. The
skills that they develop refer to the preparation of the
necessary documents for a transport mission, and
communication with internal and external actors.

LO Unit 3: Assessing the feasibility of a transport
mission. The third LO Unit of TM4 addresses transport
means, the schedule for each transport means, and rules
linked to transport organisation. In addition, the
participants are able to determine if the company can
accept a mission, establish a schedule for each transport
means, and re-organise the established schedules.

LO Unit 4: Monitoring a transport mission. Here the
participants learn about the equipment and tools to
monitor transport means, and approaches to risk
management. In addition, they develop the skills of
following transport operations, interacting with mission
actors, and finding solutions in case of risk/problems.

LO Unit 5: Assessing the KPIs of a transport mission.
The last LO Unit in TM5 addresses the main KPIs of a
transport mission, and provides the participants with an
understanding of the scope of KPIs in a transport mission,
and analyses of KPIs and solutions that lead to the
improvement of transport activities.

TM5: Key Soft Skills

TMS5 focuses on two transversal topics that are common
to all sectors, all countries, and all categories of workers
and learners: stress resilience and change management.

This TM first addresses the reasons and consequences of
stress through direct instruction and then uses role-play
to present different techniques for stress prevention and
coping mechanisms.

TM5 is divided into three LO Units:

LO Unit 1: Managing stress. Among the most relevant
knowledge and skills that the participants acquire in this
LO Unit we can find the reasons and consequences of
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stress, different techniques for stress prevention and
coping mechanisms, how to recognise stress and various
stressors, and how to recognise the need for personal
development/training and prepare a personal
development plan.

LO Unit 2: Time management and prioritising. In this LO
Unit the participants focus on time management and
prioritising (e.g., developing a plan of action for a job
with many demands) and goal setting in their personal
and professional lives. In addition, they are familiarised
with daily/weekly work plans, and distractors.

LO Unit 3: Managing changes. The final LO Unit of TM5
addresses change, in particular organisational change,
barriers to change, change management, collaboration
skills, and personal development and training needs.

5 DISCUSSION

This paper addressed two research questions. The first
aimed at identifying the gap between the needs of the
transport and logistics industry and the current VET offer
in transport and logistics in selected European countries
while the second led to the design of five TMs that were
provided to VET students in transport and logistics to
bridge the gaps identified in the first step.

In this way, the curriculum design process for the
Summer Logistics School relied on all the necessary
elements of curriculum design as defined by (Boschman
et al., 2014; Macalister & Nation, 2019). The learning
outcomes were based on the identified gaps between the
provision of the VET offer in logistics and transport and
the needs of the logistics and transport industries. The
content and sequencing of the TMs were designed in such
a way to proceed from the general to the specific, and
from the development of declarative knowledge to
procedural skills. The selection of the learning and
teaching methods guaranteed the efficiency of the
learning and teaching process by focusing on learner-
centred methods, for instance smart games, case studies
and simulations. Finally, the self-assessment conducted
before and after the implementation of the curriculum
indicated the progress made by the participants.

In addition, the curriculum design also took into
consideration the existing orientations of the
participating teachers and thus contributed to the
development of teacher cognition (Borg, 2019). The
various stakeholders’ needs were explored in the second
step of the curriculum design process through semi-
structured interviews and their analysis. Finally, the
practical considerations concerning concrete classroom
activities were addressed at the lesson planning stage.

This project study has extended the mismatch between
the real-world requirements and current logistics
curricula identified in higher education (Cronjé, 2015;
Gromovs & Lammi, 2017; Grubisi¢, Peri¢-Hadzi¢, &
Jardas, 2017; Niine & Koppel, 2014; van Hoek et al.,
2013; Wong, Grant, Allan, & Jasiuvian, 2014) to the
VET level as well. In fact, the results indicate that some
aspects of knowledge, skills, and competences are



Patricija Bajec, Violeta Jurkovié

LINKING VOCATIONAL EDUCATION TRAINING IN LOGISTICS AND ...

ICTS 2020 0

<

Portoroz, 17.-18. September 2020 /s

sufficiently covered by the VET schools in logistics and
transport while others are not sufficiently catered for.

However, VET graduates that apply for new jobs in the
logistics sector need a diverse set of knowledge, skills
and competences to be successful (van Hoek et al., 2013).
Some among these had to be addressed by the learner-
centred and needs-based curriculum designed for the
Summer Logistics School. In summary, the identified
gaps in the field of logistics refer to the use of theoretical
knowledge in practical situations, order processing,
inventory management, and the use of sectoral ICT tools.
On the other hand, the gaps identified in the field of
transport were drivers’ management, use of ICT tools,
adaptability to new trends and processes, dealing with
specificities, and different types of communication.

6 CONCLUSION

Reporting data from the evaluation that was conducted
after the completion of the Summer Logistics School
reaches beyond the purpose of this paper. However, the
evaluation process has allowed us to identify the points
in VET in logistics and transport that require further
research attention.

First, the evaluation has shown that the students would
like student-centred teaching methods to be used more
often by their teachers and that they believe that they are
efficient. However, their teachers most often are not
suitably trained for their use. Therefore, the teachers
could learn from examples that they experienced as
participants but it would also be beneficial for them to try
these methods is simulated classes on their own. To make
this possible, flipped learning developed within a MOOC
environment could focus on theoretical knowledge and
thus allow VET teachers to exclusively focus on the
practical development of skills and competences in their
classes. Finally, training based on the principle of
twinning of subject and English teachers would allow
participants with lower levels of English to
concomitantly develop their knowledge, skills, and
competences in two fields: subject matter and English as
a foreign language for specific purposes.

As in any research, there are limitations. The sample
scope and size was small, which limits the generalisation
of results to other settings and could limit the reliability
and validity of the results. Therefore, future studies may
consider large-scale multi-national data collection to
reduce the possibility of bias.
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ABSTRACT

The aim of the present work was to study the distribution and origin of aliphatic hydrocarbons and polycyclic aromatic
hydrocarbons in mussels to assess the impact of maritime traffic and port activities in the Port of Koper (Gulf of Trieste).
Aliphatic and polycyclic aromatic hydrocarbons (PAH) are an important group of pollutants. Many marine organisms
living in contaminated areas accumulate hydrocarbons. Mussels are filter-feeding organisms, they filter big quantities of
seawater and accumulate different pollutants in their tissue. Therefore, they are very important indicator organisms.

The investigated area is one of the most urbanized areas in the northern Adriatic, with intense industrial activities,
maritime traffic and developed nautical tourism. Two sampling sites were selected, at the entrance to the port of Koper
(KP) and in Strunjan nature park (ST). Concentrations of aliphatic hydrocarbons were higher at station KP. The major
component of the total aliphatic hydrocarbons was the unresolved complex mixture, indicating intense degradation
processes. Application of different evaluation indices revealed the petrogenic origin (oil) as the prevailing one, although
the biogenic is also important.

Concentrations of total PAHs were 2-3 times higher at station KP, compared to station ST. The main PAH origin is
pyrogenic, with significant part connected to petroleum combustion, especially at station ST. The petrogenic origin is
relatively less important.

The presented results show an important impact of maritime traffic and port activities on hydrocarbon pollution in the
Port of Koper area (south-eastern part of the Gulf of Trieste), especially in the case of aliphatic hydrocarbons.

Keywords: aliphatic hydrocarbons, PAH, Gulf of Trieste, maritime traffic

1 INTRODUCTION purpose are mussels [2,3]. They have a broad distribution
in coastal waters. Their abundance, distribution and
ability to accumulate pollutants have made them an
important indicator organism. They filter large volumes
of water and they have only a limited ability to
metabolize different lipophilic compounds. In this way
they accumulate pollutants in levels higher than those in
the surrounding water or sediments and this phenomenon
can be observed in relatively short periods of time [3, 4].
The study of the impact and fate of hydrocarbons is
therefore of great importance, especially in marine
coastal waters since these areas are biologically active
and receive considerable pollutant inputs from different
land-based sources and via coastal and river runoff.

Aliphatic and polycyclic aromatic hydrocarbons (PAH)
are an important group of pollutants, distributed in soils,
sediments and natural waters. The most important
sources of pollution by hydrocarbons are oil seepage, oil
spillage, combustion of organic matter (e.g. fossil fuels),
traffic, domestic and industrial waste waters, as well as
urban runoff and atmospheric deposition [1]. Their
concentrations are usually higher in urbanized coastal
areas due to intense human activity. Hydrocarbons,
especially polycyclic aromatic hydrocarbons (PAH),
have been recognized as hazardous environmental
chemicals [1]. Many marine organisms living in
contaminated  areas  accumulate  hydrocarbons.

Consequently, the elevated concentrations of these Two main origins are usually considered in case of
compounds in seafood might also be harmful to human PAHSs, petrogenic (unburned oil and oil products) and
health. pyrolytic (combustion of fossil fuels and biomass) [5]. To

establish their origin in marine waters, sediments and
biota, different molecular indices are used. In particular,
the ratios between low (LMW) and high molecular
weight (HMW) PAHSs [6, 7] or the ratio of some isomers,
e.g. phenanthrene/anthracene, fluoroanthrene/pyrene [6,
8]. Petrogenic contamination is characterized by the

Hydrocarbons are relatively stable in the natural
environment and they accumulate in sediments and
biological communities. For this reason, sediment and
biota samples are usually used for analyses since the
concentration in seawater is usually very low due to fast
dilution. The most used marine organisms for this
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predominance of low molecular fraction (LMW), while
high molecular fraction (HMW) prevails in pyrolytic
PAHs.

In case of aliphatic hydrocarbons, some other evaluation
indices are used to distinguish between the petrogenic
and biogenic origin [5, 9, 10]. Among them are, the
content of resolved aliphatic hydrocarbons, the
presence/lack of unresolved complex mixture (UCM),
concentrations and ratios of some alkanes (n-C17, n-C18)
and isoprenoids (Pristane, Phytane), the ratio between
hydrocarbons with an even and an odd number of C-
atoms and the carbon preference index (CPI).

11

The investigated area is a part of the northern Adriatic
(Figure 1). This coastal area is one of the most urbanized
areas in the northern Adriatic, with many industrial
activities. Intense maritime traffic to the ports of Koper,
Trieste and Monfalcone (over 37 million tons of oil and
oil products per year) and developed nautical tourism
(several marinas) are considered as important
hydrocarbon pollution sources. This area is also affected
by wastewaters from sewage treatment plants, industrial
wastewaters and runoff waters from the coastal roads.
The whole area is under the influence of fluvial inputs by
the Isonzo, Tagliamento, Rizana and Dragonja rivers.
These rivers also carry wastewater from the local
industry, as well as waters that drain rather large
agricultural areas.

Study area
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Figure 1: Positions of sambling sites‘; site KP at the
entrance to the port of Koper and marina of Koper, site
ST in Strunjan nature park

The content and distribution of PAHs in mussels and
other marine organisms in the Gulf of Trieste has
attracted little attention until now, despite important
pollution sources. Only Notar and Leskovsek (2000) [11]
reported some results about the content of PAHSs in
mussels from the two sites in this area. A more
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comprehensive study would be therefore necessary in the
future for better assessment of the state of pollution in
this part of northern Adriatic. For this reason, the aim of
the present work was to compare two different sites in the
Gulf of Trieste, differing in the expected degree of
pollution. The main goal was to assess the impact of
maritime traffic and port activities on sea pollution by the
analyses of distribution and origin of aliphatic and
polycyclic aromatic hydrocarbons in mussel samples.
The first sampling site KP was situated in the Bay of
Koper, at the entrance to the port of Koper and marina of
Koper. This area is usually considered as one of the most
polluted parts in the investigated area. For comparison,
the second sampling site ST was selected in Strunjan,
which is a part of a nature park and without important
point pollution sources. However, this area could be
somewhat under the influence of nonpoint pollution
sources, e.g. transport of water masses from other parts
of the Gulf of Trieste and atmospheric deposition.

2 EXPERIMENTAL

The entire experimental procedure was performed
according to the guidelines of UNEP/FAO/IOC/IAEA
(1993) [12].

2.1  Collection of mussels and extraction of
hydrocarbons|

Mussels were sampled manually using a home-made
grab in the first part of September each year to avoid the
influence of the difference in the uptake of contaminants
during different seasons. About 100 mussels were
collected at each sampling site. Five subsamples were
formed, each composed of 15 specimens, after the
partition of specimens of similar shell length. After the
removal of the shell, samples of the whole mussel tissues
were homogenized and than freezedried. About 5 g of dry
sample (accurately weighted) was extracted in a Soxhlet
apparatus with methanol for 8 hours. KOH solution and
water were added to saponify the lipids. Hydrocarbons
were extracted from the resulting alkaline mixture with
hexane. The clean-up of samples and partition of
hydrocarbons into aliphatic and aromatic fractions was
performed by column chromatography.

2.2

Concentrated extracts were analysed using an HP 6890
gas chromatograph equipped with an FID detector. The
HP Ultra 2 column (25 m x 0.32 mm x 0.17 um) was used
for analyses.

In the case of aliphatic hydrocarbons, for each sampling
site the n-alkane concentrations (n-C14 to n-C34), the
isoprenoids pristane and phytane concentrations, the total
resolved aliphatic (sum of n-alkanes and isoprenoids), the
unresolved complex mixture (UCM) and the total
aliphatic hydrocarbons were calculated. The UCM
comprises different unresolved compounds, e.g.
branched alkanes and cycloalkanes. Total aliphatic
hydrocarbons means the sum of the total resolved
aliphatic hydrocarbons and the UCM.

Chemical analyses
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In the case of PAHSs, concentrations of the individual
PAH were calculated and the total PAH concentration
(sum of resolved PAHS).

2.3 Quality control and quality assurance

During the work, quality control procedures were
applied. Procedural blanks were performed at the same
time as the analyses. Concentrations of all target
compounds were below the detection limit in blank
samples. For recovery determination, two sets of internal
standards were added to each sediment sample prior to
the analyses. Results were corrected for recoveries. A
standard reference material NIST 2977 (mussel sample,
National Institute of Standards and Technology, USA)
was also analyzed prior to the analyses of mussel samples
to assess the accuracy of our work.

3 RESULTS AND DISCUSSION

Data about the average length and width of analyzed
mussel samples are presented in table 1.

Table 1: Average length and width of analyzed mussel
samples (STD-standard deviation, n=15)

Year Sampling Length (cm) Width (cm)
average | STD average STD
2007 KP 6.6 0.4 3.1 0.1
ST 7.3 0.3 35 0.1
2008 KP 6.8 0.3 3.1 0.1
ST 7.4 0.4 3.4 0.1
2009 KP 7.1 0.1 3.3 0.1
ST 7.3 0.1 35 0.1

3.1 Aliphatic hydrocarbons

Concentrations of aliphatic hydrocarbons are presented
in table 2. These results revealed substantially higher
concentrations of almost all parameters at station KP.
The total aliphatic hydrocarbons concentrations were up
to six times higher at station KP, compared to the station

ST. The major component of the total aliphatic
hydrocarbons was the unresolved complex mixture
UCM. It is considered as a mixture of branched aliphatic
hydrocarbons, cyclic saturated hydrocarbons and
degradation products of hydrocarbons. Linked to
degraded or weathered petroleum residues indicates a
chronic petroleum input [13]. A continuous homologous
series of n-alkanes from n-C14 was also observed in all
samples, indicating the contribution of hydrocarbons of
anthropogenic origin [9].

The intense degradation processes are exhibited by the
very high ratios between the UCM and resolved aliphatic
hydrocarbons. They range from 5 to 26. This is an
important confirmation of petrogenic input, since values
higher than 4 are indicative for petrogenic contamination
[14]. Appearance of isoprenoids pristane and phytane in
higher amounts could additionally indicate the petrogenic
origin. They are often considered as good indicators of
petroleum contamination. The ratio of pristane to phytane
around 1 indicates petrogenic input, while higher ratios
are more significant for biogenic input [15]. Results in
table 2 confirm the prevailing petrogenic origin of
aliphatic hydrocarbons in the Bay of Koper and imply
relatively more pronounced biogenic origin in Strunjan
area. The isoprenoids pristane and phytane can be also
used in connection to n-C17 and n-C18 to evaluate the
presence of degraded oil and the relative biodegradation
of n-alkanes. Pristane and phytane are relatively
persistent compounds. As the oil is biodegraded, bacteria
preferentially consume n-C17 and n-C18. The result is a
relative enrichment of isoprenoids. Values of the n-
C17/Pri and n-C18/Phy ratios bellow 1 suggest the
presence of degraded oil while higher values suggest
lower degradation of hydrocarbons [8]. In this study the
rather low n-C17/Pri and n-C18/Phy ratios, especially at
station KP, further confirm important degradation
processes of aliphatic hydrocarbons.

Table 2: Concentrations of aliphatic hydrocarbons in mussels (ng/g d.w.; UCM and total aliphatic in pg/g d.w.) and some
evaluation indices

Aliphatic 2007 2008 2009

KP ST KP ST KP ST
n-heptadecane (C17) 142 108 254 179 199 227
Pristane 269 42 809 98 634 220
n-octadecane (C18) 52 39 59 54 47 79
Phytane 207 15 746 53 285 25
Y'n-Cl4 — n-C34 3390 1417 3461 1506 5643 1698
Total resolved 3866 1474 5016 1657 6562 1943
UCM 99.93 23.99 130.33 18.82 112.11 20.11
Total aliphatic 103.8 25.46 135.35 20.48 118.67 22.05
UCM/Resolved 26 15 26 10 17 5
Pri/Phy 1.3 2.8 1.1 1.8 2.2 8.8
n-C17/Pri 0.5 2.6 0.3 1.8 0.3 1.0
n-C18/Phy 0.3 2.6 0.1 1.0 0.2 3.2
CPI 2.4 2.8 1.6 2.3 1.2 4.8
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The contribution of aliphatic hydrocarbons of biogenic
origin seems to be also important. This appears from the
CPI index of the HMW alkane fraction. Values around
one are attributed to petrogenic origin, while higher
values (3-6) are connected to the degradation of
terrestrial vascular plants [8]. Our results are
considerable lower than 3 at site KP and up to 5 at site
ST, indicating again the prevailing petrogenic origin with
different contribution of the biogenic. Beside the
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terrestrial biogenic input, the marine biogenic input is
also evident from the relatively higher concentrations of
n-C15 and n-C17 (Figure 2). This is characteristic for
marine macro and micro-algae [16]. In our case, this is
not surprising because the entire investigated area could
be considered as a highly productive coastal area, due to
significant inputs of nutrients from rivers and from
sewage treatment plants.
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Figure 2: Concentrations of individual aliphatic hydrocarbons at station KP (ng/g d.w.)

3.2 Polycyclic aromatic hydrocarbons (PAH)

Table 3 gives the concentrations of 18 PAHSs determined
in mussel samples. A significant difference was observed
between both sampling sites; concentrations of total PAH
were roughly 2-3 times higher at station KP. The

difference in concentrations of individual PAH
congeners was not so uniform, but generally, the
individual PAH concentrations were higher at site close
to the Port of Koper (KP). This was somehow expected
regarding the very different pollution pressures in the
investigated areas.

Table 3: Concentrations of PAHs in mussels (ng/g d.w.) and some evaluation indices (AN-anthracene, PHE-phenanthrene,

FLU-fluoranthene, PY-pyrene)

PAH 2007 2008 2009

KP ST KP ST KP ST
Naphthalene * 2
Acenaphthene 2 4
Acenaphthylene
Phenanthrene 54 20 44 37 60 27
Anthracene 26 18 11 4 44 3
1-Me-Phenanthrene 21 21 32 16 9 8
2-Me-Phenanthrene 35 33 69 3 19 9
Fluorene 1 6 7
Fluoranthene 89 28 105 15 61 9
Pyrene 87 35 78 26 62 10
Chrysene 64 33 85 34 48 10
Benzo(a)anthracene 42 35 19 5 23 4
Benzo(b)fluoranthene 66 44 25 11 34 10
Benzo(k)fluoranthene 40 32 72 29 35 23
Benzo(a)pyrene 24 9 19 16 31 10
Indeno(1,2,3-c,d)pyrene 21 26 11 21 17 13
Dibenzo(a,h)anthracene 20 31 16 16 15 13
Benzo(g,h,i)perylene 16 19 8 3 15 15
Total PAH 605 385 594 236 483 175
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PAH 2007 2008 2009

KP ST KP ST KP ST
LMW/HMW 0.29 0.32 0.36 0.34 0.42 0.50
AN/AN+PHE 0.33 0.47 0.20 0.10 0.42 0.10
FLU/FLU+PY 0.51 0.44 0.57 0.37 0.50 0.47

*empty cell=below detection limit (1 ng/g d.w.)

Comparison of these results with published results for
different Mediterranean areas [17-22] mainly shows
relatively lower or at least comparable PAH
concentrations in our investigated area, even in the Port
of Koper. This is certainly the result of many measures,
applied in the port in last years, for the reduction of
pollution.

3.2.1  Origin of PAH

PAHs are very widespread contaminants in natural
environment. It is well known that they may have
multiple origins. Two major origins are usually
considered in the case of PAHSs, petrogenic (from oil and
oil products) and pyrolytic (combustion of organic
matter, e.g. fossil fuels), although some can also be
derived naturally (e.g. perylene). In most actual cases, we
are often dealing with mixed origins, with different
prevalence of a particular origin. Their determination is
therefore a rather complex issue.

To distinguish between petrogenic and pyrolytic origins,
different evaluation indices have been used [5, 6]. It is
well known that high molecular weight PAHs (HMW; 4,
5 and 6 aromatic rings) are mostly formed during the
combustion of organic matter (pyrolytic origin), e.g.
wood, petroleum, coal [6], although some of the 4-ring
congeners could also be of petrogenic origin. On the
other hand, low molecular weight PAHs (LMW; 2 and 3
aromatic rings) usually contribute to pollution by
petroleum and its products (petrogenic origin) [6]. For

this reason the ratio LMW/HMW PAH is frequently used
for the first general determination of PAH origin. This
ratio is low (<1) for pyrolytic origin and higher (>1) for
petrogenic origin [23]. In our case all the calculated ratios
were far below 1, indicating a strong prevalence of the
pyrolytic origin.

The distribution of the individual PAH congeners reveals
a predominance of high molecular weight congeners
(HMW), especially those with 4 and 5 aromatic rings
(Figure 3). The proportion of PAHs with 2 and 3 aromatic
rings (low molecular weight, LMW) is mainly less than
30 %. Mussels are filter-feeding bivalves. In the
seawater, they are exposed to both dissolved and
particulate forms of hydrocarbons. The partitioning into
these two forms is also dependent on their solubility.
LMW PAHs are more soluble and mostly present in
dissolved form and they accumulate in the surface
seawater, while HMW PAHSs appear in suspended form
with higher accumulation to the sea bottom. The
distribution of PAHs with different number of aromatic
rings shows similar portion of LMW PAHSs (2+3 rings)
for both sites, but relatively higher proportion in favor of
5 and 6-ring PAHs at site ST. Beside the different
distance from the important pollution sources and
therefore different input of particular PAH congeners, the
reason could be also connected to different sampling
depth. Mussels in the Bay of Koper were grown just
beneath the sea surface, while those in Strunjan extended
down to 10 m of depth.
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Figure 3: Distribution of PAHs according to the number of aromatic rings

For further elucidation of PAH origin in the studied area,
the two most commonly used ratios were applied. The
cross plot of these two diagnostic ratios, presented in
figure 4, displays important difference in the prevailing
pyrolytic origin of PAHs between investigated sampling
sites. The origin of PAHSs at site KP is pyrolytic, more
connected to the combustion of coal and wood, and much
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less to petroleum combustion. Even though the influence
of intense maritime traffic is important in the Koper area,
the combustion sources on the coast seem to prevail. This
could be due to the pollution of the sea from the Cities
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of Koper and Trieste, as well as from the local industry.
On the other hand, petroleum combustion is the most
important source at site ST, together with the petrogenic
one. This could be ascribed to the intense

maritime traffic in the entire investigated area and distant
position from important coastal point pollution sources
(e.g. cities, industry).
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Figure 4: Crossplot of two evaluation indices for PAH
origin determination (abbreviations presented in table 3)

4 CONCLUSIONS

Results of the present study show differencies in
concentrations and origin of aliphatic hydrocarbons and
PAHSs in mussels from two investigated sites, the first one
under strong impact of pollution and the second one in a
nature park. Concentrations of hydrocarbons, aliphatic
and polycyclic aromatic, were significantly higher at the
entrance to the Port of Koper, compared to less polluted
area in Strunjan. Application of different evaluation
indices revealed the petrogenic origin (oil) of aliphatic
hydrocarbons as the prevailing one, although the
biogenic was also important. The main PAH origin was
pyrogenic, with significant part connected to petroleum
combustion in Strunjan area. The petrogenic origin was
relatively less important. On the other hand, PAHs from
the area close to the Port of Koper originate preferently
from combustion of wood and coal. This indicates the
influence of the Cities of Koper and Trieste, beside the
combustion of oil and oil products.

These results show important impact of maritime traffic
and port activities on sea pollution with hydrocarbons.
They also confirm mussels as good bioindicators for
marine pollution monitoring.
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ABSTRACT

Safety Management System (SMS) is an obligation of each organisation providing services in the field of aviation. The
implementation and maintaining of effective SMS are regulated on global, regional, and national level. Safety
management recognizes three methodology: reactive, proactive, and predictive. Most of the aviation organisations apply
reactive or proactive management methodology. Predictive methodology is not yet established, even though predictive
methods are used in some segments of aviation. Using the safety data of actual pilot training organisation, the examples
of two methodologies (proactive and predictive) are elaborated and presented. The focus of the paper is to show the liaison
between proactive and predictive safety management methodologies based on given examples, as well as to show how
predictive methods can be efficiently applied to improve safety performance in an organisation.

Keywords: safety management system, aviation, proactive methodology, predictive methodology, liaison

1 INTRODUCTION

Safety management systems have made a large
contributions to aviation safety since the first
introduction in the field. Today every aviation
organisation has the obligation to implement safety
management system (SMS) and actively record and
report every occurrence (hazard) that happens or
potentially could happen in the organisation.

On the global level International Civil Auviation
Organisation (ICAO) prescribes 19 Annexes of Standard
and Recommended Practices (SARPs) among which
Annex 19 (ICAO Annex 19, 2016) brings rules and
regulations regarding Safety Management and issues
ICAO Safety Management Manual (ICAO SMM Doc
9859, 2018) as a guide for each member state to
implement State Safety Programmes on the national level
and Safety Management Systems within each aviation
organisation. On the territory of European Union (EU)
the duty of rulemaking is delegated to European Union
Aviation Safety Agency (EASA). EASA issues
regulations regarding safety reporting and accident
investigation as well as general regulations on
implementing safety management systems in the
organisations within the territory of EU. The
Commission Regulation (EU) 376/2014 (Commission
Regulation (EU) 376/2014, 2014) and Implementing
Regulation (EU) 2015/1018 (Implementing Regulation
(EU) 2015/1018, 2015) establish regulations regarding
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safety reporting and reportable occurrences, while
Commission Regulation (EU) 965/2012: Part-ORO
(Commission Regulation (EU) 965/2012, 2012),
Commission Regulation (EU) 1178/2011: Part-ORA
(Commission Regulation (EU) 1178/2011, 2011), and
Commission Regulation (EU) 1321/2014 (Commission
Regulation (EU) 1321/2014, 2014) establish regulations
on implementing and maintaining effective SMS for
every operator or organisation providing services in the
field of aviation.

Implementing and maintaining effective SMS requires
each aviation organisation to comply with all regulations
mentioned above. Effective SMS has to have four main
components in place in order to work properly and
efficiently. Those four components include safety policy,
safety risk management, safety assurance and safety
promotion. The second component is Safety Risk
Management (SRM) and it is the core of efficient SMS.
It deals with occurrence (hazard) identification, risk
assessment and risk mitigation. (Cokorilo & Dell'Acqua,
2013; Cokorilo et al., 2011; Jakovljevi¢ et al., 2017) The
third component is Safety Assurance and it includes
safety performance monitoring and measurement,
management of change and continuous improvement of
SMS.

The SMS also defines three management methodologies:
reactive, proactive, and predictive. (Jr et al., 2013;
Mirosavljevi¢ et al., 2008) All three methodologies are
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closely linked to two components mentioned above:
safety risk management and safety assurance. The SMS
needs input data to be able to provide viable results and
these methodologies are the SMS tool that enables it to
acquire necessary safety data. Reactive methodology
gathers safety data from the accidents and incidents that
has already occurred in the past and learns from their
outcomes. Proactive methodology uses safety reporting
systems and safety performance indicators to gather
safety data in order to discover and mitigate the potential
threats and hazards that may consequently trigger the
occurrence of accident or incident. Predictive
methodology is not yet well established, as it assumes
discovering potential and possible hazards based on
predictive analyses (forecasts) that extract information
from historical and current safety data and use it to
predict trends and behaviour patterns (Ancel et al., 2015,
Cokorilo et al., 2019; ICAO SMM Doc 9859, 2018;
Luxhoj, 2013; Stanton et al., 2008).

The focus of this paper is to show liaison between
proactive and predictive methodology of safety
management systems in order to obtain improved and
more efficient SMS. For the purpose of this research,
actual safety data of pilot training organisation (XY
organisation) were used to show the liaison of two safety
methodologies as an example.

2 EXAMPLE OF REACTIVE AND
PROACTIVE METHODOLOGY IN
PILOT TRAINING ORGANISATION

The pilot training organisation (XY) is an organisation
that provides the services of pilot training; hence it is
certified by the national authority as the Approved
Training Organisation (ATO). Since it owns its own fleet
of aircraft, XY is also certified as Aircraft Maintenance
Organisation (AMO) and Continuing Airworthiness
Management Organisation (CAMO). As it provides the
pilot training for the level of commercial pilot licence
(CPL) it is required to provide the synthetic flight
training as well, hence it is certified as Flight Simulation
Training Device (FSTD) Operator. XY is therefore
certified as four different organisations (XY
organisation, 2014-2019), where each organisation
requires to have well implemented and maintained SMS.
Therefore, XY has implemented one unique SMS
adjusted to monitor safety occurrences (hazards) of all
four organisations.

Applied safety management methodologies in XY to
gather safety information and data are reactive and
proactive. XY has established safety reporting system
which enables gathering safety information. There are
three categories of reports that are gathered: mandatory,
voluntary and changes. Mandatory reports refer to set of
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occurrences which are predetermined by the regulations
with the obligation to report. Voluntary reports record
potentially hazardous occurrences which are not
predefined in the scope of mandatory occurrences.
Reports on changes record every change that happens
inside or outside the organisation, since every change
represents potential hazard, and those reports can refer to
internal changes (within organisation) or external
changes (usually in regulations). Mandatory report is
made when occurrence has already happened, hence it
can be characterised as reactive methodology of
gathering safety data. VVoluntary reports and reports on
changes record potential threats and hazards that could
possibly or potentially lead to more serious occurrence,
therefore those reports are characterised as proactive
methodology of safety management. The predictive
methods of safety management are not established nor
implemented in XY.

As a part of the Safety Assurance component, XY has
established several Safety Performance Indicators (SPIs).
SPIs are monitored on yearly basis to show the safety
performance of the organisation. Targets for some of the
SPIs are set, and for some are not. The safety data and
SPIs of the XY SMS are presented and elaborated in the
following tables and figures (XY organisation, 2014-
2019).

Table 1 shows XY actual safety data and safety
performance indicators (SPIs) in the period from 2014 to
2019 (XY organisation, 2014-2019). There are 15
defined SPIs: Total number of reported hazards (SPI1),
Number of hazards/ reported via Mandatory Occurrence
Report — MOR (SP12), Number of hazards reported via
Voluntary Occurrence Report — VOR (SP13), Number of
hazards reported as Management of Change — MoC
(SPI4), Number of hazards reported as an internal
change in Management of Change — MoC (SPI5),
Number of hazards reported as an external change
(regulations) in Management of Change — MoC (SPI16),
Number of hazards reported in the ATO organisation
(SPI17), Number of hazards reported at the FSTD operator
(SP18), Number of hazards reported in the AMO
organisation (SPI9), Number of hazards reported in the
CAMO organisation (SP110), Number of conducted risk
assessments and mitigations (SP111), Number of Risk
Index evaluated as RED i.e. unacceptable (SP112),
Number of Risk Index evaluated as YELLOW i.e.
tolerable (SP113), Number of conducted Safety Review
Boards — SRBs (SPI14), and Number of reported
occurrences vs. number of flight hours (SP115). The last
column shows achieved number of flight hours during
each year in the period from 2014 to 2019, and it is
necessary to calculate SP115. Last two rows show target
areas for five SPIs: SPI1, SP12, SP111, SPI14 and SPI15
(marked in green).
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Table 1: XY’s safety data and safety performance indicators (SPIs) in the period 2014-2019
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Figure 1 shows incline/ decline of SPIs (1-14) in the Incline/ Decline of SPIs vs. Target Area

period from 2014 to 2019. For every SPI there are 6 0

values joined to show safety data fluctuation for 6 years ©

in the observed period from 2014 to 2019. The data show 40 #2014

the general increase of values over years (except for one)
which is (especially 2018 and 2019) completely opposite
from the target area which requires the values to decrease
(except for one — SP114) over years as shows in Table 1.

Incline/ decline of SPIs (1-14) in the period 2014-
2019

I!|| .lll - |||| T - |!_|| b |||| i

Number of SRB:
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Numr

4
m2014 m2015 m2016 =2017

Source: Authors

2018 2019

Figure 1: Incline/ decline of SPIs (1-14) in the period 2014-
2019

Figure 2 shows incline/ decline of SPIs (1, 2, 11 and 14)
in the period from 2014 to 2019 vs. targeted area. It can
be observed that only value of SP12 in 2015 and value of
SP114 in 2016 are inside the targeted area, and all the rest
cross the area which shows very negative result.
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Figure 2: Incline/ decline of SPIs (1, 2, 11 and 14) in the
period 2014-2019 vs. target area

Figure 3 shows incline/ decline of SPI15 in the period
from 2014 to 2019 vs. targeted area. It can be observed
that the SPI15 has a linear growth trend (blue line) while
target area is set to 0.002 or less (green area). In 2014 and
2017 it is evident that values came very close to target
area (which is a general goal of the organisation), but in
2018 and 2019 they went far away from it.

Number of reported occurrences/ number of flight
hours - SPI15 vs. target area

0,035
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Source: Authors

Figure 3: Incline/ decline of SP115 in the period 2014-2019
vs. target area
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Figure 4 shows incline/ decline rate of SPIs in 2017 vs.
2016, hence whichever SPI with target set to decrease/
increase shows a decrease/ increase in comparison to last
year it is marked in the graph with green colour, and
whichever shows opposite trend is marked in the graph
with red colour. Green line shows the trend of all SPI in
comparison to the last year, and it is green if the trend
follows the values of targets set for each SPI. It can be
observed that 2017 was recording very positive trend of
safety performance in the organisation.

DECLINE/INCLINE RATE OF SPIS 2017 VS, 2016
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Figure 4: Incline/ decline rate of SPIs in 2017 vs. 2016

Figure 5 shows incline/ decline of SPIs (1, 2, 11, 14 and
15) in 2017 vs. targeted area. Red columns in the graph
represent achieved values of SPIs in 2017, and green
areas represent target area of the same SPIs. The red line
shows trend of achieved values, and green line shows
trend line of target values. The less the inclination
between those lines is, the better is the safety
performance of the organisation. It can be observed that
the lines are very close together which shows the
tendency to achieve the target values in the future. If the
lines were coinciding that would mean that the target
values are achieved.

INCLINE/ DECLINE OF SPIs 2017 VS.
TARGET AREA
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Source: Authors
Figure 5: Incline/ decline of SPIs in 2017 vs. target area

Figure 6 shows incline/ decline rate of SPIs in 2019 vs.
2018, hence whichever SPI with target set to decrease/
increase shows a decrease/ increase in comparison to last
year it is marked in the graph with green colour, and
whichever shows opposite trend is marked in the graph
with red colour. Red line shows the trend of all SPI in
comparison to the last year, and it is red if the trend does
not follow the values of targets set for each SPI. It can be
observed that 2019 was recording very negative trend of
safety performance in the organisation.
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Figure 6: Incline/ decline rate of SPIs in 2019 vs. 2018

Figure 7 shows incline/ decline of SPIs (1, 2, 11, 14 and
15) in 2019 vs. targeted area. Red columns in the graph
represent achieved values of SPIs in 2019, and green
areas represent target area of the same SPIs. The red line
shows trend of achieved values, and green line shows
trend line of target values. The less the inclination
between those lines is, the better is the safety
performance of the organisation. It can be observed that
the lines are very far away from each other which shows
negative trend and larger deviation from targets.

INCLINE/ DECLINE OF SPIs 2019 VS. TARGET
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Figure 7: Incline/ decline of SPIs in 2019 vs. target area

3 PREDICTIVE METHODS OF SAFETY
MANAGEMENT SYSTEM ON THE
EXAMPLE OF PILOT TRAINING
ORGANISATION SAFETY DATA

Predictive methods that are used in this Chapter are linear
trend analysis and moving average. (Brockwell 6 Davis,
2016) The safety data to be used are historical data of the
organisation shown in Table 1. Following tables and
graphs show forecasts (with presentation of both used
methods) to predict the behaviour of defined
organisational safety performance indicators.

Table 2 and Figure 8 show forecast of SPI1 (total number
of reported occurrences/ hazards) behaviour in the terms
of incline/ decline of its values in the future period from
2020 to 2024 based on historical safety data of the
organisation in the period from 2014 to 2019. The
deviation from target area is also shown in the Figure
(marked green). It can be concluded that the total number
of hazards will continue to grow by 2024, which is very
negative result given that it should continue to drop to the
target area.
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Table 2: Total number of reported occurrences (hazards)

— Forecast till 2024

Lower Upper
Timeline | Values | Forecast limit of limit of
reliability | reliability
2014 29
2015 22
2016 34
2017 21
2018 43
2019 70 70 70 70
2020 73 46 101
2021 82 47 116
2022 90 50 130
2023 99 53 144
2024 107 57 157

Source: Authors

Total number of reported occurrences (hazards)
- Forecast till 2024
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Figure 8: Total number of reported occurrences (hazards)
— Forecast till 2024

Table 3 and Figure 9 show forecast of SPI2 (number of
reported occurrences/ hazards categorised as mandatory)
behaviour in the terms of incline/ decline of its values in
the future period from 2020 to 2024 based on historical
safety data of the organisation in the period from 2014 to
2019. The deviation from target area is also shown in the
Figure (marked green). The forecast shows that the total
number of MOR hazards may stay the same or even drop
by 2024, which is acceptable result given that it should
continue to drop to the target area.
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Table 3: Number of hazards (MOR) — Forecast till 2024

Lower Upper
Timeline | Values Forecast limit of limit of
reliability | reliability
2014 7
2015 2
2016 9
2017 3
2018 5
2019 4 4 4 4
2020 7 4 10
2021 2 0 5
2022 7 4 10
2023 2 0 5
2024 7 4 10

Source: Authors

Number of hazards (MOR) - Forecast till 2024

4 /. \ Lower limit of reliability
Upper limit of reliability

Linear Trend
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Source: Authors

Figure 9: Number of hazards (MOR) — Forecast till 2024

Table 4 and Figure 10 show forecast of SPI111 (number
of conducted risk assessments & mitigations) behaviour
in the terms of incline/ decline of its values in the future
period from 2020 to 2024 based on historical safety data
of the organisation in the period from 2014 to 2019. The
deviation from target area is also shown in the Figure
(marked green). It can be concluded that the total number
of conducted risk assessments and mitigations will
continue to grow by 2024, which is very negative result
given that it should continue to drop to the target area.

Table 4: Number of conducted risk assessments & risk
mitigations — Forecast till 2024

Lower Upper
Timeline | Values Forecast limit of limit of
reliability | reliability
2014 25
2015 14
2016 24
2017 13
2018 16
2019 45 45 45 45
2020 38 13 63
2021 42 14 69
2022 45 15 76
2023 49 16 82
2024 53 17 88

Source: Authors
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Figure 10: Number of conducted risk assessments & risk
mitigations — Forecast till 2024

Table 5 and Figure 11 show forecast of SPI114 (number
of conducted Safety Review Boards) behaviour in the
terms of incline/ decline of its values in the future period
from 2020 to 2024 based on historical safety data of the
organisation in the period from 2014 to 2019. The
deviation from target area is also shown in the Figure
(marked green). It can be concluded that the total number
of Safety Review Boards will continue to drop by 2024,
which is very negative result given that it should continue
to grow to the target area.

Table 5: Number of Safety Review Boards (SRBs) —
Forecast till 2024

Lower Upper
Timeline | Values | Forecast limit of limit of
reliability | reliability
2014 4
2015 4
2016 6
2017 3
2018 2
2019 2 2 2 2
2020 1 0 4
2021 0 0 3
2022 0 0 3
2023 0 0 3
2024 0 0 3

Source: Authors

Number of Safety Review Boards (SRBs) -
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Figure 11: Number of Safety Review Boards (SRBs) —
Forecast till 2024

Table 6 and Figure 12 show forecast of SPI15 (total
number of reported occurrences/ hazards vs. number of
flight hours) behaviour in the terms of incline/ decline of
its values in the future period from 2020 to 2024 based
on historical safety data of the organisation in the period
from 2014 to 2019. The deviation from target area is also
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shown in the Figure (marked green). It can be concluded
that number of reported hazards vs. flight hours will
continue to grow by 2024, which is very negative result
given that it should continue to drop to the target area.

Table 6: Number of reported occurrences vs. number of
flight hours — Forecast till 2024

Lower Upper
Timeline | Values | Forecast limit of limit of
reliability | reliability
2014 0.012
2015 0.017
2016 0.019
2017 0.012
2018 0.020
2019 0.030 0.030 0.030 0.030
2020 0.027 0.019 0.035
2021 0.029 0.021 0.038
2022 0.032 0.024 0.040
2023 0.034 0.026 0.043
2024 0.037 0.029 0.045

Source: Authors

Number of reportable occurrences vs. number
of flight hours - Forecast till 2024
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Figure 12: Number of reported occurrences vs. number of
flight hours — Forecast till 2024

4 LIAISON BETWEEN PROACTIVE
AND PREDICTIVE METHODS OF
SAFETY MANAGEMENT SYSTEM

Proactive methodology gathers safety data of
occurrences or organisation’s process performance and
analyses the gathered safety data or its frequency to
estimate if a hazard could cause an accident or incident.

The main mechanism for safety data collection of
proactive methodology is safety reporting system. Safety
data can be collected from various types of safety reports
such as: accident or incident investigations, voluntary

safety reporting system, management of change,
continuing  airworthiness reports, operational
performance monitoring (flight data analyses),

inspections, audits, surveys, or safety studies and
reviews.

The main activity of proactive safety management
methodology includes defining Safety Performance
Indicators (SPIs) and setting of Safety Performance
Targets (SPTs).

SPIs are the parameters that give the organization a clear
view of its safety performance: where it has been; where
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it is now; and where it is headed, in relation to its safety
performance. The set-up of SPIs should therefore be
realistic, relevant, and linked to safety objectives of the
organisation. Safety performance targets (SPTs) define
desired achievements of safety performance in the
organisation. They ensure that the organization is on
track to achieving its safety objectives and provide a
measurable way of verifying the effectiveness of safety
performance management activities. Both SPIs and SPTs
provide clear picture of the organization’s safety
performance.

Example of proactive methodology of the SMS of the
pilot training organisation is outlined in Chapter 2. It is
evident that the organisation is using safety reporting
systems to collect necessary safety data. Organisation has
also defined SPIs and SPTs for some SPIs. From the
results of monitoring SPIs vs. SPTs it is evident that the
safety performance has dropped over the years and that it
is moving further away from SPTs, i.e. SPIs and SPTs
give a solid picture of where the organisation has been;
where it is now; and where it is headed, in relation to its
safety performance.

Predictive methodology in general uses predictive
methods to identify potential and possible hazards based
on predictive analyses (forecasts) that extract information
from historical safety and current safety data to predict
trends and behaviour patterns of emerging hazards.

Example of predictive methodology of the SMS is
outlined in Chapter 3. The historical and current safety
data, SPIs and SPTs of the pilot training organisation
were used as the input information to conduct predictive
analysis. The obtained results show trends and behaviour
patterns of established SPIs in the organisation and give
improved picture of future development of safety
performance in the organisation.

It can be concluded that input safety information and data
from safety reporting systems is the common
denominator in both proactive and predictive
methodology. It represents the liaison between two
methodologies. Based on collected safety data, both
proactive and predictive methodology can be used to
obtain information about safety performance in any
organisation.

The advantage of predictive methodology is that it even
acts as an upgrade for proactive methodology, as it is
shown in the example of Chapter 3, where predictive
methods use historical data of previously obtained SPIs
and SPTs (which are defined as a part of proactive
methodology) and predict the future behaviour pattern of
the same SPIs.

5 CONCLUSION

The focus of this paper was to show the liaison between
proactive and  predictive  safety = management
methodology in aviation. Based on safety data of pilot
training organisation, two examples of application of
safety management methodologies were conducted. First
example showed the proactive methodology that is
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actually used in pilot training organisation, with defined
organisation’s safety performance indicators and set
safety performance targets. The results show how
proactive methodology is used to monitor safety
performance of the organisation. Second example shows
possible way of using predictive methods to enhance
existing proactive methodology, i.e. predictive
methodology. The same safety data, safety performance
indicators and safety performance targets were used to
show the liaison between proactive and predictive
methodology and possible upgrade of proactive
methodology with predictive one. The predictive
methods of trend analysis and moving averages were
used to forecast future fluctuation of safety data and
safety performance indicators. Two examples in this
paper showed that both methodologies use same input
data, i.e. safety data obtained from safety reporting
systems which therefore shows the liaison between two
methodologies. Second example also revealed that
predictive methodology may act as an upgrade for
proactive methodology, as it can analyse values of safety
performance indicators to predict their future behaviour
pattern. In future research, the focus will be to define
improved breakdown of hazard/ occurrence categories in
order to obtain safety performance indicators related to
hazard categories vs. timeline and factors influencing
them. Improving safety data input process will make
predictive methodology more efficient and useful.
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ABSTRACT

Public passenger transport plays a very important role in meeting environmental and quality of life requirements. To
achieve these goals, we need an efficient, accessible and user-friendly public passenger transport system.

The paper outlines the target state of managing such a system and the difficulties encountered in achieving such target
states.

Since these are public interests, the paper focuses on the Public Service Obligation of Public Passenger Transport
(PSO_PPT). This means that the activity of such systems cannot be freely covered and financed according to market
principles, but requires financial subsidies from state or local governments.

The content of the paper is based on the knowledge of the operational level of PSO_PPT management and the relationships
between the Public Transport Authority (PTA) and contractors (bus operators).

Effective management of such systems requires integration in the following areas: legal, infrastructural, timetable and
economic. Based on the requirements for these integrations, the paper presents a model that covers all these areas and
outlines the necessary processes in doing so.

These processes of managing public passenger transport include the search for the best PSO_PPT contractors through
calls for tenders. Calls for tenders are an opportunity to improve the previous situation. The model also assumes that the
preparation of the contents of the tender documentation is based on preliminary analyses of implementation results and
pre-set indicators.

Keywords: Public service obligation of public passenger transport, Management, Public transport authority, Contractors

1 INTRODUCTION competitive public tenders as shown by our research [2]

and research performed by Velde et al. [10].
Presentations of the research in this article derive from P y [10]

the field of public passenger transport management, / T
which is performed as a Public Service Obligation of the . \
Public Passenger Transport (PSO_PPT), as shown in the OBLIGATIONS
literature by Ortuzar and Willumsen [9]. Usually, public ) .
passenger transport is managed through management PUBLIC CONTROL OF|| CONTRACT IN CONTRACTOR
companies, the Public Transport Authority (PTA). Since TR Mleutrnment| | Svatem || N Craharon
this is a compulsory public service, the competent PTA !
carries out subsidization of those lines the revenue of G
which does not cover the costs. In addition to providing 5
the necessary financial sources, the management of \ ,/
M

public passenger transport also includes determining all
the conditions and obligations for implementation
thereof, as shown in Figure 1. The requirements and

Figure 1: Contractual relationship between Public
Transport Authority and Contractors

conditions, as well as the method of allocating financial An example of an in-depth analysis of contractual
resources, must be specified in the concession contract relationships between the PTA operator and contractors
between the PTA and the contractors. Research in is shown in Figure 2. The PTA first prepares the
relation to the search for the best public transport PSO_PPT implementation system for a new concession
operators has shown good effects of introducing period and invites potential bidders to submit bids.
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Figure 2: Distribution of responsibilities in the
implementation processes of PSO_PPT

PTA

Usually, the main components of the bids are
documentation relating to the preparation of timetables,
cost structure and requirements for vehicles, drivers, etc.
An integral part of the tender documentation may also
include various initiatives and risks that, depending on
the type of concession contracts, can be distributed in a
different way between the PTA and the contractors
(transport operator). In the next phase, the coordination
and detailing of the PSO_PPT implementation program
for a new concession period is performed. After setting
up the national timetable, the signing of the concession
contract and the implementation of PSO_PPT are
performed. Reporting on the implementation of this
PSO_PPT, which consists of reports on the work done,
the number of passengers carried and revenue received,
is the basis for the analysis before the payment of
compensations and subsidies. The analysis of reports, the
evaluation of the implementation of lines and the
determination of the efficiency of the entire PSO_PPT
are some of the key PTA tasks. All these analyses and
research at this stage provide the basis for improving the
effectiveness of implementation and are also the basis for
the preparation of the system for new concession periods
after the expiration of the existing ones.

2 SETTING UP THE INFRASTRUCTURE
TRANSPORT MODEL

The PTA must carry out analyses of the existing
PSO_PPT implementation and ensure optimal
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performance in relation to the available public funds.
Therefore, in view of the specific circumstances from
contractual relations, a model of monitoring and
evaluation of the implementation of PSO_PPT lines
should be set up. Such models are usually derived from
the infrastructure bases on which the lines are running, as
shown in the study by Ambroz et al. [1]. Therefore,
precise knowledge of the itineraries is required based on
which the line sections with appropriate cartographic
maps are to be defined. In this way, we can accurately
determine the distances and consequently the travel times
between the individual line sections.

In our research, two types of experiments were carried
out in two different pilot areas, as shown in Figure 3
(point 1.2.) and in our research [3], [4].

1.1. Preparation of]
infrastructure bases and
application development

1.2. Identification of test
pilot areas where PSO_PPT
is already running

v
DATA 1.3. Acqumtlon and €
preparation of data
A 2 14
2.1. Setting the PSO_PPT| |2.2. Setting up the
line evaluation model] |[numerical solution model
using the Objective| |using a nonlinear GRG
function (OF) method algorithm
1 T
v

2.3. Analysis of the research
in the observed pilot area

3.1. Acquisition and
preparation of data in terms
of possible energy savings
and reduction of exhaust
emissions

v

3.2. Setting up a model for,
monitoring the performance
of the PSO-PPT

¥

3.3. Analysis of the research
in the observed pilot area

v

4. Joint analysis
infrastructure
model

DATA ‘

of the
transportj<

Figure 3: Procedures for evaluating the implementation of
lines and identifying possible alternative sources of vehicle
propulsion (buses)

In the first pilot region, we performed measurements of
the value of the implementation of individual lines. Using
optimization algorithms (point 2.1. and 2.2.), we found
comparative analyses of these values and found the
causes of deviations. In this way, the PTA could also set
up measures to raise the value of the implementation to
individual lines (point 2.3.).
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The purpose of our research also relates to points 3.1.,
3.2, 3.3. and 4, as follows from Figure 3 and from our
research [4] and research by Katrasnik [6]. As defined in
the EU Strategies [5], the objective is to reduce
greenhouse gas (GHG) emissions by at least 60 %
compared to those in 1990 and be firmly on the path
towards zero. The operational program of measures to
decrease GHG emissions by 2020 in Slovenia (Ministry
of Environment and Spatial Planning, 2018) sets as an
objective that traffic emissions are to be reduced by 15 %
by 2030 compared to 2008.

In the continuation of research in this article, we focus on
the contents arising from points 2.1, 2.2, 2.3, Figure 3.
2.1 Setting up the infrastructure model and
the model for evaluating the
implementation of lines

It is important that bus line sections are precisely defined
through itineraries, in which public passenger transport
lines take place as shown in Figure 4 and as resulting
from research by Korinsek et al. [7] and Meignan et al.
[8]. This is the basis for setting kilometer distances and
driving times between the station points, taking into
account the direction of travel (journey) along a certain
itinerary on the line. Also, based on this, the calculation
of the costs of the PSO_PPT implementation, as well as
the rates of fares, are determined (resulting from research
by Zanne [11]).

station points @ @

stations

/
o6

Itinerary segment —»

Road/railway

sections

Figure 4: Entities in the public passenger transport
infrastructure network

itinerary —p

Source: [7]

In the continuation of the research, we set up three
models for evaluating the implementation of lines based
on pre-set criteria, as shown in Table 1 and as resulting
from our research [3]. This table shows all input
parameters that enter the individual criteria and the
selected model.

When setting up a model for evaluating the
implementation of lines, it is first necessary to define the
criteria for these evaluations, which we labeled with (X;).
These are the criteria that can be measured during the
performance of different lines as shown in Table 1.
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Table 1: Input variables in three models studied according
to the selected criteria

Name of the | Defing the criteria by | Defing the criteria by |Defing the criteria by
Criterion the OF model model of Variant 1 model of Variant 2
1. The rate
. G G G.

of the line Xi== == x=
coverage s * s
2. Travel x, = far Yo 1 d Y= 1
times 7 o * 7 Qs — tear) ' * ™ (tbus — Eear)
3.The

S _POVg _POVg _ POVy
d_lversny of = e X3 = e X3 = e
lines
4. Price Cear 1 1 1
affordability X s o G Candi | T G- €
5. The rate y D _Ps x. =D
of use PPT 5" Gop * " Gse * G
gb;rtjh:ancy of Xo= D Xo= NP1 X, =P
buses °” (wingp) ° " (wingp) ° (wings)
7. Time 1
oo racy of | %= % ier = ]
the line B S A
8.The
possibility of P Gysp

y 8=

extanding Tinsp
the lines

A set of possible input data (variables) acquired from the
operational implementation of the PSO_PPT and from
which the mathematical notations of the criteria are
formed is as follows:

e The number of passengers entering the bus at
the station (Psp)

e The number of passengers on the bus
(occupancy of the bus) (NP))

e Auto travel times (tcar)

e Bus travel times (tpus)

e Sum of all links (crossing) of lines at each
station point of the observed line (POVsp)

e Cost of using bus transport, calculated as the
price of a one-way ticket when driving by bus
on the observed line (Cpys),

e Cost of using a personal car, calculated as the
consumption of diesel fuel when traveling by
car on the observed line (C.q;)

e Population density in the 500 m radius around
each station point (Ggp)

e Number of bus journeys in the observed time of
carrying out measurements in the selected pilot
area (v;)

e Length of lines (d;)

e Number of station points on the line (ngp)

e The absolute values of the difference between
the actual driving times and driving times as
follows from the timetables on the line
(ICtiacr — tirr)D)

e The performed measurements of the actual run
times on the L; driving line on journey j (L; ;)

e The number of new station points that can be
added to the observed line, thereby improving
the accessibility standard (nysp)

e The cumulative number of inhabitants around
the new station points (Gysp)

e Criterion (g;)

e Weights (w;)

e Target cost price (C,)
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Figure 5 and Figure 6, resulting from our research [3],
show 28 lines in four concession areas. In the
continuation of the research, we collected data in this
selected area from the individual bus journeys on these
28 lines according to the valid register, which is managed
by the competent PTA.

1,

o Gse
A o
¢ - \ 8 ossaei a0 S are A
Figure 5: Selected pilot area in the PTA management area
with predefined infrastructure basis

MAIN LINE WITH

SUBPLYILINES PARTLY PARALLEL LINE

PARALLEL LINES WITH A LINK/

SPLIT MAIN LINE

Figure 6: Selected pilot area with four concession areas
and 28 lines, which is the subject of further research

The purpose of the optimization model is to set up an
optimization process which can be used to evaluate the
implementation of lines in the PSO_PPT system. The
procedure consists of the phases, as shown in Figure 3.
2.2 Methodology for setting up the model of
objective function

We collected all the necessary data as it follows from the
mathematical notation of the individual criteria. In the
next phase, we calculated the sum of products: criteria,
correction factors and weights for each of the lines i €
{1, ... 28} and for each criterion j € {1, ... 8} and what we
call objective function (OF).

OF; = X728, %% 1 Xij - q; - w; 1)

Each criterion is also weighted. The weight system shows
the degree of importance of the influence of each
subjective criterion. In these studies, the weighting
values were determined from the PTA point of view, but
analyses were also made from both the passengers’ and
from the operators’ points of view. The weighting system
was normalized in such a way that the weight value for
each criterion was between 0 and 1, the total sum of the

45

weights in determining the final value of the function in
the observed lines.

To obtain useful values of the function as the sum of all
criteria and then to make comparisons of the values, we
introduced correction factors (q) to compensate for the
differences between the different units in the equations.
2.3 Methodology for setting up the numerical
solution model

After the analysis of the results of the objective function
model, the results of the optimization model were
analysed using linear regression methods and the least
squares method. In this case, we used two versions of the
models, which we named Variant 1 (V1) and Variant 2
(V2), as follows from Table 1.

The goal of this model (Figure 2, Figure3) was
determined based on the experience of the existing
operation of the PTA on the selected pilot area, which in
the concession contracts for the implementation of
PSO_PPT has set a certain cost price. The cost price can
be determined for each line separately, with a
requirement that the average price of all lines in the
observed area is equal to the target cost price, as the price
of a well-functioning company. The basis of the set
model is a set of characteristic criteria, the values of
which represent the quality of service performance
measured on the observed line in the PSO_PPT system.

Since the PTA operator has a certain cost price for a
typical well-functioning company in charging the costs
of implementing the PSO_PPT, this price represents the
target cost price. In the continuation of the research, we
formed the following relation between the dependent
variable (Y) and the independent criteria (X;):

Y=pB8X+e=0X++BX, + & )

Criteria 7 and 8 were excluded due to insufficient and
unreliable input data needed for further statistical
processing. Thus, in performing optimization methods
according to Variantl and Variant2, in Step 1,
calculations of linear regression and optimization based
on the entire set of input data were performed taking into
account all the six criteria. Since one of the results of the
model is an evaluation of the statistical significance of
individual criteria, as follows from ((p(ﬁj) < 0.05)), all
statistically insignificant criteria were eliminated in Step
2. In this way, we re-evaluated and optimized
calculations only on the selection of criteria, as shown in
our research [3]. In both tables (Table 2 and Table 3), the
probability values (Val. p) are given from which the
statistical significance of the coefficients () can be read.

Table 2: Optimization processes by Variant 1

B B2 Bs Bs Bs Be
-0.14437009 ~ 0.31518185 0.21859679  0.29762479 0.20312520  0.13422008
-0.14677137  0.31302232  0.21640598  0.29597583  0.20075972  0.13299863

0.40048314 0.37411746  0.18654925
0.18651190
0.03311431

Yregl
Yopl
Yreg2
Yop2
Val. p

0.40044901
7.79076E-07

0.37409142
7.93111E-06

The equation for evaluating the implementation of lines
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according to Variant 1 can be written in the following
form:

C;(V1) = Y; = 0.40044901x;, + 0.37409142x;, +
0.18651190x;5 @)

Table 3: Optimization Processes by variant 2

B By 3 s
-0.11023311 0.01148910 0.08209423 0.23582945
-0.110397546  0.011333194  0.081944232  0.235292571
0.24283535
0.24534751

0.00707572

s
0.06569623
0.065534312

-0.01334254
-0.013426174

Yregl
Yopl
Yreg2
Yop2
Val. p

The equation for evaluating the implementation of lines
according to Variant 2 can be written in the following
form

C;(V2) = Y; = 0.24534751x;, (@)

Comparison of the results of the evaluation of the
implementation of 28 lines in the observed pilot region,
according to objective function, Variant 1 and Variant 2
is shown in Table 4.

Table 3: Comparison table of the results of the evaluation
of the implementation of 28 lines in the observed pilot
region, according to objective function, Variant 1 and

Variant 2
Calculated The order Theorder  Calculated  The order
Linenumber  valueof  of (OB  CAcHad oy (VD) valueof (V2 of the (V2)
value of (V1)
3}
APRA1915473 32 13 12903 22 14443 24
APRAAIL91552 3.05 18 19763 9 17248 20
APRA1916623 28 23 10906 27 13927 2
APRA1916631 327 12 11174 26 13927 27
APRA1916681 21 28 21438 6 21785 2
APRA1960507 4 6 2158 5 17884 16
APRA19703313 405 5 21758 4 17649 19
APRA1980081 33 11 12804 23 14111 25
APRAI9S05017 25 2 0925 28 15112 2
APRA19806119 429 3 19103 11 13447 28
BPRA1915128 26 25 13672 20 17845 18
BPRAI1915134 38 7 12727 24 2.0684 4
BPRAL915583 300 19 15535 18 21549 3
BPRA1950136 29 21 14835 19 19405 8
EPRA1950145 32 14 Le6lel 15 1.9405 9
BPRAI965182 248 27 13256 21 17065 21
BPRAI970168 35 s 18401 12 19405 10
BPRA193006 30 16 20458 7 19405 11
BPRA19806210 45 2 20144 8 19405 12
CPRA1916614 269 24 24103 2 21785 1
CPRA1980175 307 17 19564 10 15112 23
CPRA1980185 337 9 25705 1 19886 5
CPRA19805819 505 1 17244 14 19886 6
DPRAI912166 33 10 15770 16 15046 n
DPRA198065241 28 22 15741 17 1.8046 15
DPRA198065242 409 4 22670 3 18701 13
DPRAI9S065243 29 20 18331 13 17845 17
DPRA19903310 31 15 11310 25 19643 7

Figure 7 shows a graphical presentation of the results as
follows from our research [3]. From the graphs showing
the values of functions, we can see the largest range of
values in the objective function graph, followed by the
optimization according to Variant 1 and then to Variant
2. The results represent the basis for further analyses.
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Figure 7: Classification of lines from the minimum value to
the maximum value by model: objective function, Variant
1 (V1) and Variant 2 (V2) by marking the position of the
lines that reach the highest values in a particular model

3 CONCLUSIONS

When implementing the PSO_PPT management, it was
found that the competent PTA has not yet developed an
appropriate tool for evaluating the results of the
implementation of the lines as described in Figure 2.
Therefore, the research has been applied according to the
methodology shown in Figure 3.

ol 1 o

Calculated optimization
variant 1 (V1) wvalue
Model

value (Y1)

This paper presents the methodology for the development
of such a tool through the three mathematical models
described herein. The models offer the option of
evaluating the implementation of lines by showing the
calculated values of the implementation of lines based on
the input parameters. By comparing the results between
the lines, we determine which lines achieve high values
of functions and which achieve the lower ones. In
subsequent analyses, we can determine the reasons for
such deviations arising from the input parameters in the
model. In the analyses of the three models used, we find
that the objective function has the largest range of values
(2.1 -5.05), the model V1 has the range of values
(0.89-257) and the V2 method (1.34-2.18).
Comparative analyses of the results show that it is
reasonable to focus on the three criteria (X, X, Xs),
which have the greatest impact on the value of individual
functions.

REFERENCES

[1] Ambroz, M., Korinsek J., Prebil, I. (2017). Strokovna
pomo¢ naro¢niku pri vzorénem pridobivanju in
analiziranju podatkov iz informacijskih sistemov pri
prevoznikih — koncesionarjih. Konéno poroéilo za
Ministrstvo za infrastrukturo, Ljubljana, Slovenia.

[2] Blaz, J., Hofevar, M. (2008). Spreminjanje
upravljanja javnega potniskega prometa na podlagi
avstrijskih  izkuSenj. Uprava — mednarodna
znanstvena revija za teorijo in prakso, Fakulteta za
upravo, Univerza v Ljubljani, Vol VI, stevilka 2,
Ljubljana, 105-119.

[3] Blaz, J., Zajc, K., Zupan, S., Ambroz, M. (2019).
Evaluation system for the implementation of public
passenger transport as a public service
obligation. Sustainability, ISSN 2071-1050, 2019,
(Vol. 11, iss. 12, 1-17),
https://doi.org/10.3390/su11123294.


https://doi.org/10.3390/su11123294

Janez Blaz, Samo Zupan, Miha Ambroz

EFFECTIVE MANAGEMENT OF PUBLIC PASSENGER TRANSPORT ...

ICTS 2020
Portoroz, 17.-18. September 2020 /s

(4]

(5]

(6]

(7]

Blaz, J., Zajc, K., Zupan, S., Ambroz, M. (2019).
Study on the Eligibility of Introducing Hybrid-Drive
Buses into the Public Passenger Transport, Journal of
Mechanical Engineering, 65 (1), 12-20, doi:
10.5545/sv-jme.2018.5637.

European Commission: Communication from the
commission to the European Parliament, the Council,
the European Economic and Social Committee and
the Committee of the Regions, (2016). A European
Strategy for Low-Emission Mobility. European
Commission, Brussels, 2016.

Katrasnik, T. (2010). Fuel Economy of hybrid
Electric Heavy-Duty vehicles. Journal of Mechanical
Engineering 56, 791-802. Ljubljana, Slovenia.UDC
629.4.038.621.182.3.

Korinsek, J., Tekav¢i¢, M., Lavrih N., Ambroz, M.
(2008). Popis mreze avtobusnih postajalis¢ na

47

(8]

[°]

[10]

[11]

digitalnem cestnem omrezju. Konéno porocilo za
Direkcijo RS za ceste. Ljubljana,

Meignan, D., Simonin, O., Koukam, A. (2007).
Simulation and evaluation of urban bus-network
using a multiagent approach. Simulation Modelling

Practice and Theory (15), 659-671,
doi:10.1016/j.simpat.2007.02.005.
Ortuzar, J., Willumsen L. (2011). Modelling

Transport, 4th Edition. Wiley, A John Wiley & Sons,
Ltd, Chichester, United Kingdom.

Velde, D., Beck, A., Elburg, J., Terschiren, K.
(2008). Contracting in urban Public Transport.
European Commission - DG TREN, Amsterdam.

Zanne, M. (2013). Trajnostna ureditev kopenskega
prometa v Republiki Sloveniji — potreba in izziv
nacionalne prometne politike, doktorska disertacija.
Univerza v Ljubljani, Ekonomska faulteta. Ljubljana,
Slovenia.



Filip Boji¢, Rino Bosnjak, Anita Gudelj

REVIEW OF SMART PORTS IN THE EUROPEAN UNION

ICTS 2020 0

<

Portoroz, 17.-18. September 2020 /s

REVIEW OF SMART PORTS IN THE EUROPEAN UNION

Filip Boji¢, M.Eng.
Rino Bosnjak, D.Sc.
Anita Gudelj, D.Sc.

Maritime University in Split, Faculty of Maritime Studies
Rudera Boskovic¢a 37, Split, Croatia
filipbojic@gmail.com

ABSTRACT

Ports today are facing a constant increase in operational data such as resource tracking, vessel operations, berth services,
marine litter/pollution measurements, etc. Capacities that are currently in use are not sufficient and cannot cope with
aforementioned requirements. Due to the lack of space and major expenses, some ports avoid a large expansion of
infrastructure and have rather been implementing new, inexpensive and widely available smart technologies. This way,
ports can effectively manage operational data, which will create new valuable information that are going to become the
basis for tackling new challenges. In this context, many ports are interested in an advanced port concept called smart port
in which the Internet of Things (loT)-based communication infrastructure is applied. This paper will present a
development and overview of smart port concepts in the European Union (EU) and its main benefits and values. Also, the
idea of complex connection between the port and city itself will be examined and its importance will be evaluated.

Keywords: smart port, loT, data, EU

1 INTRODUCTION

In order to answer the question what is actually smart port
first we must clarify the definition of the port itself and
the problems that it’s facing today.

Sea ports are infrastructural hubs in which different
transportation branches are connected and are
complementing each other in order to achieve goal of
transporting people and goods in the most efficientand
fastest way. To accomplish that, ports are managing big
amounts of various types of traffic and with that even
larger operational data. Also, ports are directly connected
to their surroundings. City and region are
infrastructurally linked to the port, but their
interdependence is also visible in various segments such
as ecology, social quality, economy etc. So as the demand
for port services grows, sometimes beyond its capacities,
port cities and regions also feel the impact of the
operational overspill. In addition, the services conducted
in the port are changing with a goal of increase of quality
for less time and at affordable cost. Because of the said
reasons, port systems are requiring a change of approach
to tackle these problems, and easiest and cheapest way is
implementation of newly developed technologies in
everyday operations such as Internet of Things (1oT), Big
Data, Radio-frequency identification (RFID), etc.

As sad before, requirements in ports have changed, but its
surroundings, both sea and shore side, also transformed.
Constant development of technology remodeled vessels
and cities in more ecologically conscious, automatized,
fast responding systems, or to sum up, smarter systems.
Smart homes, smart parking and public transport, air,
water and soil pollution real time measurements in cities,

automatization, energy efficiency, waste and ballast
management and navigational aids in vessels require
same standards form place they meet, which is the port.

Itis not easy to give exact definition of what should smart
port be, but definitely its must give operational solutions
to new demands and it must build a platform for
integration of all stakeholders inside and outside its
borders. Ports of the future will have to adapt and
overcome their specific problems without negative
increase of ecological and social impact on the wider
community and the technology like loT gives the
opportunity to do it.

2 FROM ISOLATION TO BEING SMART
— DEVELOPMENT OF PORTS

From the beginning, sea ports where used as economical,
cultural and political connection between distant areas
but they were turned more to the sea then to its hinterland.

Figure 1: Ports development throughout the history [1]

In this first phase, different types of transportation where
not directly linked to each other, so from today’s point of
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view ports where functioning more like isolated systems.
[2]

In the second phase of the general development of the
ports, larger commercial activity was noted, and with it,
closer relationship between different transportation types
and the port surroundings. [2]

With the global containerization port systems changed
drastically. Intermodalisation and multimodality made
fluid transport connections between sea and hinterland
with the port as the key link in the logistic chain. Also,
the onset of electric data interchange and the value of
faster information transition was recognized. [1]

Further development of technology and international
market accelerated ongoing progress of global
integration of key stakeholders in trade so port
management opened to private sector. Trend of awarding
port operations to shipping and logistic companies and
capital focused organizations brought bigger income but
also more traffic and data which sometimes has negative
impact on port and its surroundings. Service quality,
safety and security, financial structure, environmental
and social impact are the key components in normal port
function. So if the port is facing frequent traffic
congestions or energy inefficiency all key aspects are
degraded. That’s why today, ports are positioned in
between trying to function with the problems and finding
appropriate solutions. Those that are investing in change
are stepping into a next cycle of development. [3]

Smart port concept is a quite new and it is still not fully
reviewed by the scholars, but as all others smart systems,
it is based on 10T technology that is connecting different
physical devices trough digital platform with the goal of
data exchange. [1] [4]

In the terms of sea ports, 10T is recognized as basis for
relevant informational structure that is linking all vital
elements in port systems which is resulting in
harmonization, optimization and automatization of all
activities. [4]

3 EUROPEAN UNION AND THE SMART
INFRASTRUCTURE

Since TEN-T and Marco Polo programs the main aim
was to achieve cost, time and energy efficient transport of
people and goods through EU. TEN-T, which started in
2006, was focused on the realization of important
transport infrastructure projects, while the goal of Marco
Polo program, which began the year after, was shifting
freight from roads to greener modes of transport. In 2014.
both initiatives where succeeded by Innovation and
Networks Executive Agency (INEA) which has two
ongoing programs crucial for modern development of EU
infrastructure and transport, Connecting Europe Facility
(CEF) and Horizon 2020 (H2020). [5]

! Large budget inequality between CEF and H2020 programs is a result
of cost deference between investment in infrastructure and smart
technologies.
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CEF is a key EU funding instrument that supports the
development of high performing, sustainable and
efficiently interconnected trans-European networks in
the fields of transport, energy and digital services. From
CEF total program budget, which is €28.7 billion, €23.7
billion is for Transport only. With it, completion of the

Core Network structured around nine multimodal Core
Network Corridors should be done by 2030, and by 2050.
completion of the Comprehensive Network that should
facilitate accessibility to all European regions. [6]

While CEF program is manly focused onimprovement of
infrastructure by developing new and modernizing old
corridors, H2020 aim in the field of transport is research
and implementation of new technologies in order to
provide smart, energy efficient and integrated movement
of people and goods thought EU. With budget of €6 339*
million for transport sector, H2020 created a number of
projects that should introduce smart technologies to all
stakeholders in different segments of transportation. [7]

Regarding the smart port systems, there are 3 distinct
projects under H2020.

3.1 COREALLIS - Capacity with a pOsitive
enviRonmEntal and societAL footprint

COREALIS proposes a strategic, innovative framework,
supported by disruptive technologies, including Internet
of Things (loT), data analytics, next generation traffic
management and emerging 5G networks, for cargo ports
to handle upcoming and future capacity, traffic efficiency
and environmental challenges. [8] Proposed innovations
are targeted to increase efficiency and optimize land use,
while being financially viable, respecting circular
economy principles and being of service to the urban
environment. The innovations will be implemented and
tested in real operating conditions in 5 Living Labs,
namely Piraeus port, Valencia port, Antwerp port,
Livorno port and Haminakotka port. [8] The ultimate
ambition of COREALLIS is to achieve a significantstep
forward for future ports to maximize their capacity and
efficiency with minimum infrastructure upgrades, while
at the same time ameliorating the port-city relation. [8]

In order to accomplish mentioned
projects is organized in 3 steps:

improvements,

e Identification of port requirements (technical,

operational, societal, environmental, legal,
security etc.)

e Technical design and development of
innovations

e Innovations Impact Assessment and Living Labs
(LLs) full-scale implementation [8]

Implementation of these steps is going to be delivered by
introducing new technologies based on the needs of the
ports involved in project.
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Truck Appointing System (TAS), for instance, will
minimize waiting time at the port gates, providing to the
drivers an optimal time-window to enter the  port

based on preference, vessel schedules, the traffic
expected from other trucks and real-time data from the
urban TMC. [9]

With  Model-Driven Real-Time Control module
(RTPORT) ports could coordinate and support port
operation, providing measurable feedback to the models
of Port Operations Process Modelling tool (PORTMOD).
It should perform real time control of operations by
collecting data via yard vehicles and implanted sensors
(including cameras) and take operating decisions based
on on-line analytical processing and PORTMOD models.

[9]

Mentioned PORTMOD will describe in detail the
container placements in the container movement chain
and this way it will increase efficiency, safety and give
emission analysis using LIPASTO database. [9]

Increase off efficiency will also be achieved by Cargo
Flow Optimization tool that is going to harmonize AIS
data for vessels ETAs with (big) data from the rail
operators and barges ETAs. [9]

These COREALLIS tools and solutions are promising the
development of new and efficient ports that are going to
embrace needs of all stakeholders.

3.2 PIXEL - Where 10T meets the Port of The

Future

PIXEL project is described as the first smart, flexible and
scalable solution for reducing environmental impacts
while enabling the optimization of operations in port
ecosystems through loT. In its two way collaboration
between the ports, transport agents and cities it should
ensure optimal use of resources which would lead to
lower environmental footprint. [10]

Project has 4 interest areas that are being analyzed and
upgraded:

Energy management

Intermodal transport

Port — City integration

Port Environmental Index (PEI) [10]

Ports that are part of the project in one or more mentioned
fields are port of Bordeaux, Piraeus, Thessaloniki,
Monfalcone and Gorizia Interporto. [10]

In its research Pixel has the specific approach where
existing technology and stored data are being analyzed in
order to conceive unique needs of each port. With these
information’s, PIXEL is modeling a future scenarios of
use cases, port by port, in order to decide which and in
what way new technologies will be implemented, so that
every port can reach its objectives. [11]

Maybe the best example of aforementioned approach can
be seen in development of a PEI. To change the existing
way of the port environmental evaluation, in which port
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authorities use self-assessment forms, PIXEL is creating
data based approach. With it, simulations created on
measurable values and  loT based real time data
collection systems are producing relevant and accurate
environmental results for each segment giving
environmental Key performance indicator (eKPI). For
example, some components like CO2 and noise pollution
are going to be simulated (number and types of engines,
type of fuel etc. will be taken in consideration) and others
like PM can be measured in real time trough sensors. This
way, not only that current state of air quality will be
known, but also it will be possible to determine the future
condition with grate accuracy. [11]

In the end, value of each eKPI is taken into consideration
in order to produce final PEI of the port. Also, gathered
data can be compared to other ports that are using similar
metric giving PEI even more relevance. [11]

3.3 PortForward

PortForward project is conceptualized as informational
platform primarily focused for smaller and medium sized
ports and their hinterland. The ports that are involved in
the project are Baleares ports, Kristiansand,
Livorno/Piombino, Magdeburg, Naples/Salerno, and
Vigo. [12]

PortForward proposes a holistic approach that will lead
to a smarter, greener and more sustainable port
ecosystem and which will include the following features:

e The socio-economic analysis of the port
interface with its surrounding area and the port-
city, as well as the rest of the logistic value
chain.

e The introduction of an Internet of Things (IoT)
concept for port assets (infrastructure, vehicles,
cargo, people); [12]

10T, as the backbone in the implementation of the project,
is conceptualized in 3 layers.

Main task of the Sensor Layer (IoT-Enabled Port) isto
take data from physical environment and to transform it
into digital form. This type of 10T data collection is done
by specialized sensors, direct input from the human users,
data coming from open source data, other environmental
sensors, etc. Also, different communication networks can
be used, depending on the needed of coverage area. Low-
Power Wide Area Network (LPWA) (up to several km),
Local Area Network (from 1m to 1km), Wireless Sensor
Network (WSN) for multi-hop monitoring networks and
Personal Area Network for static platforms (distance
below 1m.). [13]

Middleware Layer (Connectivity) role is gathering and
pre-processing the data coming from the sensor layer,
using different wireless communication technologies, in
order to be processed and consumed by the upper level of
the PortForward system. This will enable data collection
from very heterogeneous sources, with attention for easy
deployment, open standards, management as well as
secure communications.
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Application Layer (PortForward Cloud) involves the
development of the PortForward integrated system which
will comprise the Virtual Port implementation, the
Decision Support System, the novel Smart Logistics Tool,
the Intelligent Maintenance Module, the Green Scheduler
and the front-end AR-based applications and user
interfaces (PortForward Dashboard). [13]

All use-cases that this project will deliver have been
identified and documented and will use the 10T Stack to
connect the port (IoT) data sources to the (to be)
developed applicative services when relevant. [13]

4 SMART SOLUTIONS AROUND US

While EU is introducing smart port concepts through its
projects organized under INEA programs CEF and
H2020, some European ports already transformed
themselves into a smart, green and sustainable systems
with positive social and economic impact on its
soundings.

4.1

Port of Hamburg is Germany’s largest port and,
alongside Rotterdam and Antwerp, one of Europe’s
busiest. In 2018 only, 8.7 million TEU containers, 44.2
million tons of bulk cargoes, 900.562 cruise passengers
and 1.5 million tons of general cargo passed through the
port. [14] An increase of these numbers is expected in the
following years?, bringing more traffic and profit to the
port, but also more road congestions, noise and pollution,
or in other words, lower social and ecological standards
for citizens. To avoid negative impact, capacities needed
to be increased, but since the port is situated in densely
urbanized area near the city’s centre, physical expansion
was not an option. That’s why the Hamburg port
authority (HPA) found answers in new technologies.

Port of Hamburg

The strategic and operational plan detailing all ongoing
and future projects aimed at achieving this goal are
specified in the 2025 Port Development Plan issued in
2012 by the Hamburg Port Authority (i.e. the entity in
charge of strategic planning, management, and
governance of the seaport; henceforth “HPA”). In the
report there are lot non-IT schemes that introduce green
practices and involve modernization of the port
infrastructure. Also, it projects planned progression to a
smart port that begun in 2011. [15]

Based on the aforementioned plan, many new programs
were developed and with it different technological
solutions that changed the port of Hamburg into a smart
port. Hamburg smartPORT consists mainly of three
smart logistics pillars: Smart port infrastructure,
intelligent traffic flows and the flow of goods, with
addition of smart port energy. [16]

Under the smart port infrastructure, HPA installed
sensors and communicative capacities in the port’s main
assets which include smart lighting that illuminates only
necessary areas, based on motion detection, and this way

2 Containers passing through it are expected to rise to 25 million in
2025, and total cargo handled from 121 million tons in 2010 to 296
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reducing energy costs. Lighting can also be directed on
specific objects or locations that require attention during
an activity, fed by an intelligent system which knows
exactly what type of activity is taking place. [15] Also,
sensors that monitor the use of assets like trucks, carriers,
cranes and infrastructure such as roads, warehouses, and
parking lots are usedto recognize underused capacity so
that the systems can be optimized by making adaptations.
Storages have sensors that track temperature, humidity,
pressure and ventilation so that they can meet the needs of
the cargo, and by that decrease the damage and loss. [15]

Implementation of the smart maintenance system
extended life-cycle of port assets and infrastructure by
tracking wear and tear and preventing damages and
malfunctions. [15]

Intelligent traffic flow includes thousands of trucks® that
pass through the port by managing their flow and
optimizing infrastructural capacities. [15] Starting in
2011 the Hamburg port authority placed 300 sensors on
roads and bridges to track and manage the roadway traffic
in the port. Collected data is used by traffic management
system that can accordingly re-direct traffic and
minimise congestions. Traffic lights can be adapted
accordingly and digital road signs currently communicate
proposed directions. [15] All this information is now
available to users via smartphones and computers.
Similarly, parking recommendations, which are based on
continuous parking space monitoring, allow all port
visitors to find parking with ease. [15] Traffic
optimization went even further by monitoring speed and
automatic radar identification of vessels in order to
predict eventual delays. With this information it is
possible to plan timely and optimised opening and
closing of the bridges. Also, mining of aggregated data
through long time period will allow the Port Rod
Management Centre more precise journey predications
what will improve the traffic flow even more. [15]

The Nautical Control Center on the other hand is the
entity charged with the management of water traffic.
Data collected by the sensors indicate the conditions of
the River Elbe and the vessel traffic in port area is
provided to the centre that can share this info and assure
safer and harmonized navigation. [15] In addition,
autonomous water drones are being introduced as another
way of gathering valuable information on conditions of
channels used by the ships.

Lastly, the Rail Supervision Headquarters similarly
manage the rail transport. [15]

Port Monitor, the control room software, allows info
sharing to all the stakeholders in the port of Hamburg. A
variety of information is centrally gathered and can

also be accessed remotely, such as electronic cards,
vessel positions, water level data, berths, current
construction sites, planned dives and bridge heights and
widths. Important information is therefore always

million tons in 2025. [15]
3 Over 40,000 truck daily trips [17]
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accessible to all those involved on land and on the water.
[16] With the combination of automatic identification
system (AIS) and RFID, port authorities can constantly
monitor the locations of all land and sea transportation
objects in the port, with additional info on the origin and
destination of goods, times of delivery and nature of port
services required for proper handling. [9]

Data mining allows for the optimization of not only cargo
routing, but also material handling schedules to minimize
handling time. Gathered info can be shared with all
involved parties through an integrated cargo information
platform. GPS and geo referencing systems give provide
info regarding the position, therefore pick-up services or
warehouses can automatically be alerted of delays and
can readjust delivery or inbound schedules, and adapt
handling requirements. The same technologies along
with intelligent visual inspection also aid in reducing the
amount of physical checks needed at custom control
points, which in turn reduces labor costs and time at
customs. [15]

In the end, smart energy management is pushing
Hamburg port towards a greener future. The port is now
consuming over 40% of Hamburg’s total energy
consumption so key infrastructure is equipped with smart
meters that can monitor and control energy use by
adjusting factors like pressure, temperature and electric
drivers. With smart and more energy efficiency systems
port CO2 emission should drop by the yearly amount of
12 thousand tons. [15]

4.2
Althoughi it is fourth Spanish port for freight traffic with

Port of Cartagena

1.4 million tons of general cargo and 6.5 million tons of
dry bulk in 2018. , Cartagena port authority was more
focused on its cruise passengers, regarding the
implementation of smart solutions. [18] With 230 000
passengers in 2018. [18] Cartagena is tenth Spanish cruse
destination [19] that is providing more than 40 different
sea connections from its two cruiser terminals situated in
vicinity of city’s center. Because of its many cruise lines
and growing numbers of visitors port authority of
Cartagena acquired Posidonia SmartPort, a product
developed by Prodevelop consisting in an application
(app) for accessing port information. With this decision,
the Port of Cartagena now reinforces its relationship with
the port community, consolidates the integration of the
port within the city environment and boosts the
positioning of the port within the cruise industry. [20]
App is supported by the all relevant platforms and is
generating very low impact on IT infrastructure because
all services are located in the cloud.

The adoption of this product has allowed the Port of
Cartagena to share instant information about vessel
situation (info regarding current state, prevision in 12,

24 and 48 hours, movements, vessels arrival, departure or
anchorage), operations, traffic history and forecasts. [20]

Apart from vessel and call information, the Port of
Cartagena also offers access to its corporate news,
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integrated with its Twitter account, allowing the user to
find out what is going on in the port without needing RSS
feeds or Twitter accounts. News information can also be
shared using the wusual mobile apps (Facebook,
WhatsApp, Google+, email). [20]

The application also offers weather data at the port, with
current information and forecasts, and it can provide
direct access to webcams located throughout the port,
displaying real-time images. [20]

Finally, the application includes a complete list of port
facilities (docks, buildings, places of interest, terminals,
public bodies, etc.) and a directory of all the companies
working or offering services at the port (ship agents,
freight forwarders, custom agents, stevedores). [20]

Cartagena port website offers same features but on start
user can choose between three options regarding the
profile, port community, contractor or society, so the
offered information’s adapted to its interest.

Although port of Cartagena didn’t install cutting edge
technologies, as port of Hamburg did, and the app that is
in use has space for progress, the decision to develop the
open source program for information sharing with all
stakeholders connected the port made transfer operations
for cruise passengers easier and reduced impact on city’s
center.

5 CONCLUSION

Sea ports changed drastically throughout their history in
a way that they became more involved and
interdependent to their surroundings. As they changed,
the city and transportation methods did simultaneously,
and with that the standards and needs for all their users.

Today, ports are stepping into a new era where not only
the integration of transport is a must, but so is the
connection with the city and region on a social and
ecological level. Most of European ports are situated
within the city’s urbanized areas so the cohesion of these
systems is inevitable. Also, a bigger demand for port
services has increased traffic to the port and its
surroundings and with space limitation, due to the
location, port authorities were prompted to find solutions
without infrastructural extensions.

To reach that goal productivity increase of the existing
infrastructure was necessary and by merging loT with all
vital sea port elements, it was finally possible. Thanks to
0T, variety and speed of information, gathered and
processed, allowed better control of all processes within
the port which made management of port systems
flexible, automatized and energy efficient. With this new
technology, ports can finally become not only
economically, but also socially and ecologically
conscious systems, or in other words, smart systems.

Inside the European community, smart port systems
already exist and have been giving positive results and
valuable insights. Port of Hamburg has shown that even
the biggest and quite complex infrastructural hubs can
meet the growing demand for port services but also
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harmonize them with urban city area and its citizens if
they adapt the new concepts of smart technologies. On
the other hand, smaller ports that have one leading
industry, like Cartagena with its cruising, didn’t need to
implement such complex technologies that we have seen
in Hamburg’s example. Port - city integration and needs
of all stakeholders were met by introducing wide info-
sharing platform in form of an open source app.

Although good smart port practices that already exist
show that an investment of this kind is beneficial, all of
them are still only spots on the European transportation
web. Key aspect of smart technologies is the connection
between elements and systems, therefore a relation
between the ports is a must in a future development. In
this sense, project like Corealis, Pixel and PortForward
try to create that future by involving different ports and
related institutions in research for smart solutions.

For all port communities that are still positioned in-
between the traditional way of managing demand and
new needs, smart concepts are offering cheap and
achievable solutions for the next step of development.

Even though smart concept derived from technology like
10T, Wi Fi, Big Data, Cloud computing etc., regarding
sea ports, itis equally important to change the approach of
how we see and manage them. All examples, from
Corealis, Pixel, PortForward projects, big and high-tech
ports like Hamburg, to smaller and less technologically
developed, like Cartagena, the approach was the same.
Strong relationship with the community, support for all
port users and lowered ecological impact were the basic
goals, and that is what smart port should represent.
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ABSTRACT

New formats from the S-100 electronic nautical charts group of standards, as well as hydrographic and meteorological
information and forecasts from the same group of standards, are well suited for the navigation of autonomous ships.
Selecting from the full range of interpolation algorithms listed by the standard for each individual map interpolation
allows a very accurate representation of the seafloor and river bed. A thorough knowledge of the terrain configuration
provides additional information in determining the exact position of the vessel (especially for submarines).The integrated
Lua scripting language provides accurate dynamic descriptions of processes as well as expected hydrographic and
meteorological magnitudes. Examples of possible descriptions are instructions for navigating a complicated waterway,
dynamic hydrographic and meteorological forecasts for expected wave heights at a specific time, intensity and direction
of sea currents, wind speed and direction, etc.This paper will present several examples and point out some of the benefits
the new set of standards offers for navigation. Possibilities of accurately describing the seafloor by selecting the best
interpolation used for the observed position, sailing directions for a waterway written in Lua and hydro meteorological
forecast written in Lua will be present. All the examples shown are constructed.

Keywords: S-100, Lua, Autonomous vessels

1 INTRODUCTION Bathymetric Surface S-103 Sub-surface Navigation, S-

. . . . 104 Water Level Information for Surface Navigation, S-
For _the coming new era in nautical sclence, mae 111 Surface Currents, S-121 Maritime Limits and
possible by the development of electronic and IT Boundaries, S-122 Marine Protected Areas, S-123

technologies, a new strategy for the exchange of
information between different sources and users is
defined. This new information strategy allows all four
possible directions in the data flow: man to machine,
machine to man, human to human and machine to
machine. This enables increased use of Al algorithms in

Radio Services, S-124 Navigational Warnings, S-125
Marine Navigational Services, S-126 Physical
Environment, S-127 Traffic management, S-128
Catalogues of Nautical Products, S-129 Under Keel
Clearance Management (UKCM), S-1xx Marine
Services, S-1xx Digital Mariner Routing Guide, S-1xx

individual application nodes and makes it a major step Harbour Infrastructure, S-1xx (Social/Political), S-201
in the direction of autonomous vessels. Aids to Navigation Information, S-210 Inter-VTS
The paper is organized as follows: section 2 reviews the Exchange Format, S-211 Port Call Message Format, S-
S-100 standard group and its members. Section 3 230 Application Specific Messages, S-240 DGNSS
describes the data format used for S-100 files. Section 4 Station Almanac, S-245 elLoran ASF Data, S-246
is a very short description of the programming language eLoran Station Almanac, S-247 Differential elLoran
Lua. Section 5 shows examples for bathymetric surface Reference Station Almanac, S-401 IEHG Inland ENC,
description, using Lua for generating specific sailing S-402 IEHG Bathymetric Inland ENC, S-411 JCOMM
directions and calculation of meteorological data for a Ice Information, S-412 Weather Overlay (JCOMM), S-
specific point at a specific time. 413 Weather and Wave Conditions, S-414 Weather and

Wave Observations.
2 S-100 STANDARD GROUP

The whole standard group S-101 is described with the
The list of all new standards is given as follows: figure 1:

S-101 Electronic Navigational Chart ENC, S-102
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Figure 1: Some of S-100 members
3 DATA FORMAT OF S-100 FILES

The set of standards, listed above, needs a common data

format for maximum interoperability.
The main ideas incorporated in the chosen data format
are:

e Independence of the computer architecture of
the target system (big/little endian, variable
type sizes etc.)

e  Self-describing

e Compact Target file size for exchange over
communication networks <= 10 Mbyte
Target file size for direct exchange (for
example USB stick in harbor) <= 256 Mbyte

e Expandable at any time with new features

e Data update procedures provided

o Data origin (organization, company etc.)
included in the file.

e All features used in the data file are defined in
feature catalog files. Each standard from the
group has its own feature catalog file. Feature
catalog files are XML files.
Examples: FC_S-101.xml, FC_S-102.xml etc.

The feature catalog file contains the following
information:

Author Attribute description: name, reference name,
comment, valuetype. S-100 attribute value types are
real, integer, text, enumeration, date, time, date Time,
Boolean, S100 Codelist, URI, URL, URN,
S100_TruncatedDate and value record.

All attributes used in any feature in the feature catalog
are described in this part of the catalog. Feature
description: name, definition (comment), code
(reference name), attribute list with sequential binding
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flag und  multiplicity for each attribute,
list of using types (type example: geographic) and list of
permitted primitives (examples: coverage, point).The
attribute multiplicity says how many times this attribute
occurs for this feature (min, max). For example attribute
multiplicity (1, 2) is for a mandatory attribute, and the
feature can have up to 2 of this attribute. Feature Catalog
example for S-111 in figure 2.

In the first part of the S-111 Feature Catalog from this
example, information about the application and version
is given. The second part (<... producer>) gives
information about the author. In the third part (<...
Simple Attributes>), the attributes are defined. In this
case there are two attributes: direction and magnitude of
the flow. In the last part (<... Feature Types>), features
are defined (in our case only one: flow) and the binding
of the two attributes (minimum 1 and maximum 1 of
each attribute). Finally, it is also defined here that this
feature can be used for points or areas. S-101 charts are
saved in 1ISO8211 format. Example of S-101 chart (part
of it) for area of Split is given in the example in chapter
5.
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j *S-111FC_1.0.0_20180222.ml - Motepad

File Edit Format View Help
<7xml versjon="1.0" encodin?=”utf—8”?>
<S100FC:5100_FC_FeatureCata

<S100FC:classificationsunclassified</s1L00FC:classifications
<S100FC:5100_FC_SimpleAttributes>
<5100FC:S100_FC_simpleattributes
=5100FC
<S100FC
<5100FC
<S100FC
<S100FC:valueType=real</5100FC:valueType>
</S100FC:5100_FC_simpleattributes
<5100FC:5100_FC_simpleattribute>
<5100FC
=5100FC
<S100FC
<5100FC
<S100FC:valueType=real</S100FC:valueType>
</S100FC:5100_FC_simpleattribute>
</5100FC :5100_FC_SimpleAttributes>
<5100FC:5100_FC_FeatureTypes:>
<5100Fc:SlUU,Fc,FeatureT¥pe isAbstract="false">
<S100FC :name=surtace Current</SLO0FC:name:>
<5100FC:
<S100FC:
<5100FC:

code>surfacecurrent</S100FC: code>

<S100FC:multiplicity=
<5100Base: lower>1</5100Base

</SL00OFC:multiplicity=
</5100FC:attributeBinding=

<S100FC:multiplicity=
<5100Base: lower>1</5100Base

</SL00FC:multiplicity=

</5100FC:attributeBinding>

</S100FC:S100_FC_FeatureTypes>
</S100FC:5100_FC_FeatureTypes>
</5100FC:5100_FC_Featurecatalogue>
<

ogue xmlns:S100FC="http://www. iho.int/S100FC"” xmlns:5100Base="http://www. ho.int/s100Base” xml

<5100FC:name>5111</5100FC : name>
<5100EC:scoqe>Nav1?ationa11y significant surface Current which may be used alone or as an auxiliary layer of data
<5100FC:fieldofapplication=0cean Navigation</s100FcC:fieldofapplication>
<S100FC:versionNumber>1. 0</S100FC :versionNumber:>
<S100FC:versionDate>2018-02-22</5100FC:versionDate>
<S100FC: producer>
<5100CI:organisationName=IHO</5100CI:organisationName>
<5100CI:contactInfo>
<5100CI:phone>
<5100CT:voice>+337 93 10 81 00<«/5100CTI:voices
<S100CI:voice=+337 93 10 81 00</S100CI:voices
<5100CT:facsimile>+337 93 10 81 40</5100CT:facsimile>
</5100CI:phone>
«5100CI:address>
<5100CI:deliveryPoint>via TwCws</S100CI:deliveryPoint>
<5100CI:deliveryPoint=via TWCWG<,/S100CI:deliveryPoints
<5100CI:postalCode>B.P.445</5100CI:postalcode>
<5100CI: Country>MONACO</S100CI : Country=
</5100CI:address>
«5100CI:onlineResource>
<S100CI :url=www. 1ho. int</sS100CI:url>
</5100CI:onlinerResource>
</S100CI:contactInfos>
<5100CI:role>pointofcontact</5100CI:role>
</S100FC: producers>

rname>surface current direction</SL00FC:name>

:definition=DIRECTION OF CURRENT.</SL00FC:definition=
:code>surfacecurrentDirection</sL00FC: code>

:remarks>The direction toward which a CURRENT is flowing, called the SET of the CURRENT. Al

rname>surface current speed</S100FC:name>

:definition=rate of motion.</s100FC:definition>

:code>surfacecurrentspeed</s100FC: code>

:remarks>The terms speed and VELOCITY are often used interchangeably, but speed is a scalar

definition=water or other fluid in essentially horizontal motion. </5100FC:definition>
artributesinding sequential="false">

:lower=>
<5100Base:upper xsi:nil="false" infinite="false">1</5100Base:upper=>

<S100FC:attribute ref="surfaceCurrentspeed”/>
<5100FC:attributeBinding sequential="false">

: lower=
<5100Base:upper xsi:nil="false" infinite="false">1</5100Base:upper>

<S100FC:attribute ref="surfaceCurrentDirection"/>
<S100FC:featureuseType>geographic</s100FC:featureuseType>

<5100FC:permittedPrimitivess=coverage</s100FC permittedPrimitivess>
<S100FC:permittedPrimitives>point</s100FC:permittedPrimitives>

-~

w
>

Figure 2: Example for S-111 feature catalogue

Hierarchical Data Format 5 (HDF5) has been developed
for data transfer used for imagery and gridded data.
HDF5 is widely used, open source, portable, scalable
and has built-in compression.

The model implemented in HDF5 includes an abstract
storage model and an abstract data model.
The storage model describes the representation for the
abstract data model objects. For read/write operations
from/to HDF5 files the
HDF5 library is used. This library is linked to an
application program (written in C, C++, Fortran or Java)

The data model includes: file, group, dataset, dataspace,
datatype, attribute, property list and link

for object connection. A HDF5 file can mount another
HDFS5 file as part of it, similar to mounting in Unix.

An S-100 file consists of groups. Each group is a
container for other groups, attributes, position
information, metadata, ancillary information and
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datasets. Datasets are for large amounts of numerical
data (example: coverage data). An attribute holds the
single-valued information applied to a group or dataset.

4 SCRIPTING LANGUAGE LUA

Lua is a scripting language which is used for describing
portrayal in S-101 charts and can also be used for other
purposes as shown in the examples. Lua has following
attributes: simple, efficient, extensible, portable, and
free. In the past years, Lua has become popular in game
programming.

It has elements from C and Pascal, programs and scripts
are interpreted at runtime, although precompiled
implementations also exist. Following basic types are
supported in Lua: nil, Boolean, number, string, userdata
function, thread, and table.

Starting with version Lua 5.3, two representations for
numbers are used: integers and floats. Integers are 64-
bit integer numbers and floats are double-precision
floating-point numbers. Memory place for variables is
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assigned to variable in the runtime, at value assignment.
For diagonal matrices with dimension n x n only n
memory cells are used. For triangular matrices (lower or
upper) with dimension n x n only n (n + 1)/2 memory
cells are used. No memory storage is occupied with zero
valued matrix members. Due to this behavior with
arrays, Lua programs never crash in case of a wrong
array index. Lua can call C functions.

5 EXAMPLES

In this section, three examples are presented of ideas and
possibilities of the new standard group. The first
example shows the information packing to the hdf5 file.
It also shows how to increase the amount of information
by using the indexed grid. The second example shows
the customization of sailing directions for the specific
ship and their presentation on ENC display using Lua.
The third example shows how to extract meteorological
information from hdf5 file for a given waypoint and
time. This example is a continuation of the second
example.

5.1 Bathymetric surface description

Bathymetric surface description very rich on details
opens up additional possibilities for navigation. The idea
of the indexed grid and its use with interpolation is
explained in this example. The covered area is divided
into a very fine grid. Not all grid points need to be
included in the HDF file. The file contains datasets with
grid indices and depth value for indexed grid point. The
values between existing grid points from the table are
interpolated. For important details, more grid points are
entered in the table for these locations.

Precision describing of bathymetric surface with 0.3m
grid and polynomial interpolation is shown in this
example. Bathymetric data in S-102 format is
constructed in this example from chart MK-16,
Rogoznica-Split [5].

The point grid 0.01” is selected
(1853m/6000=0.3088333m). The following attributes
for tracking list coverage, shown in figure 3, are
extracted from the chart.

7111716,3

Figure 3: Tracking Grid Coverage Attributes

The attributes numPointsLongitudinal and
numPointsLatitudinal are calculated in the following
way:

e numPointsLongitudinal =
(eastBoundLongitude -
westBoundLongitude)/gridSpacingLongitudin
al+1

e numPointsLatitudinal = (northBoundLatitude
- southBoundLatitude)/gridSpacingLatitudinal
+1

In this example two TrackingListCoverage tables are
defined with the data, table _A and table _P.
The first one (_A) is defined with the interpolation type
1 (figure 3) and the second one is defined with the
interpolation type 8 (figure 4). This one is used for
bathymetric data reach on details in special areas of
interest.

Figure 4: Tracking List Coverage Attributes with
Interpolation Type 1

Figure 5: Tracking List Coverage Attributes with
Interpolation Type 8

The value tables shown in the figures 6 and 7 have
values for points indexed with indices X and Y. The
bathymetric values between points in the table are
interpolated with the chosen interpolation type. In figure
7, in particular in the cells 330-336, we have a very high
resolution rich in details. Using this detail information
combined with good interpolation type we have lots of
information for planned activities near the shore (e.g.
fishing, scuba diving etc.).
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HOFView 2.14

Figure 6: Bathymetric Depth List for A

ece HDFView 2.14

3340130001 0
180502 5
& 5

-38.0

Figure 7: Bathymetric Depth List for P

5.2  Sailing Direction for waterway in Lua

In section 5.2 the example of a passage between Solta
and Brac Island, called “Splitska vrata”, is shown. The
route through “Splitska vrata” consists of 3 WPTs:
WPT1, WPT2 and WPT3.

Instructions are placed on ENC display depending on
ship position. The ship approaches WP1 and observing
weather condition to WP2 due to large drift to the port
side. As the program written in Lua knows the relevant
parameters of the ship (pilot card/ship particulars, 2
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engines with 3500 kW each), a proposal is given to the
display to maintain engine power at 80% each by
synchronous propulsion (which is resulting from
additional researching).

The ship approach WP2 and drift is in limit of safe
tolerance. Approaching to WP3, the ship encounters
worse conditions. Due to this, the program recalculates
new parameters.

The Lua routine sailing_directions_001 (figures 8 and 9)
is user-defined and built in ECDIS on the ship. This
routine is called periodically (e.g. every 5s) and each
time it checks with the called routine WP_AREA 001
whether the position for the planned actions has been
reached.

If so, the routine (programmed in Lua or C)
TIME_TO_NEXT_WP_001, not shown in the figures,
is called to calculate the arrival time for the next point
WP2.

The wind, current and swell at this time are calculated
from the meteorological data at this time (routines
WP_CURRENT_DIRECTION_AND_  SPEED_001,
WP_WIND_DIRECTION_AND_ SPEED 001 and
WP_WAVES HEIGHT_001) and the required
propulsion is then calculated from this data (routine
SHIP_PROPULSION). The routine
DISPLAY_CALCULATED_PROPULSION_001
displays the information at the optimal position on the
screen.

5.3 Meteorological forecast written in Lua

Meteorological forecast for wind (direction and speed)
is given in hdf5 file. The file has one or more tables.
Each row in the table has the following values: grid
index (x and y), wind speed and direction.The attributes
of each table are UTC time, longitude and latitude limits
(see bathymetric tables). Lua function searches in the
file the tables for the time immediately before and after
the desired time. An interpolation over time and the
neighboring grid points gives the expected wind speed
and direction.
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1. vlado@helix: ~
viado@helix: ~ (vim) %1 Default (bash)

boolean in_area_wpl g
boolean in_area_wp2 B
boolean in_area_wp3 7

sailing directions_0@1(float ship_longitude, float ship_latitude, float ship_speed,
float wpl_longitude, float wpl_latitude,
float wp2_longitude, float wp2_latitude,
float wp3_longitude, float wp3_latitude)

local boolean synchronous_propulsion
local float power_left_engine
local float power_right_engine
local integer time_to_next_wp
local float current_direction
local float current_speed
local float wind_direction
local float wind_speed

local float waves_height

local float waves_direction
local float swell

if WP_AREA_001(ship_longitude, ship_latitude, wpl_longitude, wpl_latitude) then
if in_area_wpl == then
in_area_wpl =
end
end

if WP_AREA_001(ship_longitude, ship_latitude, wp2_longitude, wp2_latitude) then
if in_area_wp2 == then
in_area_wp2 =
I end
end

if WP_AREA_001(ship_longitude, ship_latitude, wp3_longitude, wp3_latitude) then
if in_area_wp3 == then
in_area_wp3 =
39,1-8 Anfang [}

Figure 8: Sailing Directions in Lua, Part 1

1. viado@helix: ~
viado@helix: ~ (vim) 31 Default {pash)
end

if WP_AREA_001(ship_longitude, ship_latitude, wp3_longitude, wp3_latitude) then
if in_area_wp3 == then
in_area_wp3 =
end

if in_area_wp3 then
in_area_wpl =
in_area_wp2
in_area_wp3

end
end

Iif in_area_wpl then
if (not in_axea_wp2) then
time_to_next_wp, ship_direction = TIME_TO_NEXT_WP_001(ship_longitude, ship_latitude, ship_speed, wp2_longitude, wp2_latitude)
current_direction, current_speed = WP_CURRENT_DIRECTION_AND_SPEED_081(wp2_longitude, wp2_latitude, time_to_next_wp)
wind_direction, wind_speed = WP_WIND_DIRECTION_AND_SPEED_001(wp2_longitude, wp2_latitude, time_to_next_wp)
waves_height, waves_direction, swell, swell_direction = WP_WAWES_HEIGHT_001(wp2_longitude, wp2_latitude, time_to_next_wp)
synchronous_propulsion, power_left_engine, power_right_engine = SHIP_PROPULSION_001( ship_direction,
current_direction, curent_speed,
wind_direction, wind_speed,
waves_height, waves_direction,
swell, swell_direction)
DISPLAY_CALCULATED_PROPULSION_001( ship_longitude, ship_latitude, synchronous_propulsion, power_left_engine, power_right_engine)
elseif (not in_area_wp3) then
time_to_next_wp, ship_direction = TIME_TO_NEXT_WP_001(ship_longitude, ship_latitude, ship_speed, wp3_longitude, wp3_latitude)
current_direction, current_speed = WP_CURRENT_DIRECTION_AND_SPEED_001(wp3_longitude, wp3_latitude, time_to_next_wp)
wind_direction, wind_spe WP_WIND_DIRECTION_AND_SPEED_001(wp3_longitude, wp3_latitude, time_to_next_wp)
waves_height, waves_direction, swell, swell_direction = WP_WAWES_HEIGHT_001(wp3_longitude, wp3_latitude, time_to_next_wp)
synchronous_propulsion, power_left_engine, power_right_engine = SHIP_PROPULSION_001( ship_direction,
current_direction, curent_speed,
wind_direction, wind_speed,
waves_height, waves_direction,
swell, swell_direction)
DISPLAY_CALCULATED_PROPULSION_©01( ship_longitude, ship_latitude, synchronous_propulsion, power_left_engine, power_right_engine)
else
REMOVE_DISPLAY_CALCULATED_PROPULSION_001( )
end

Figure 9: Sailing Directions in Lua, Part 2
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@ece 1. viado®helix: ~
viado@helix: ~ (vim} *1
WIND_DIRECTION_AND_SPEED_001( wp_longitude, wp_latitude, delta_time, hdf5_filename )
local integer utc_time_in_seconds
local integer utc_time_table_1
local integer utc_time_table_2

utc_time_in_seconds = () + delta_time
utc_time_table_1 =

utc_time_table_2 =

table_index_1 =

table_index_2 =

for i =1, do

utc_time_table_2 = HDF5_READ_ATTRIBUTE_O1(hdf5_filename,

if utc_time_table_2 rtc_time_in_seconds then
utc_time_tal utc_time_table_2 ;
table_index_

else
table_index_2 = i
break

end

start_longitude, start_latitude, step_longitude, step_latitude
=HDF5_READ_ATTRIBUTE_02(hd£5_filename, ( ,1),

for id = 1, do
i_x1[i], i_yi[i], speadl[i], directionl[i] = HDF5_READ_VALUES_01(hdf5_filename,

if (start_longitude + i_x1[i] * step_longitude) > wp_longitude then
if (start_latitude + i_yl[i] % step_latitude) > wp_latitude then
break;
end
end
end
for id = 1, do
i_x2[i], i_y2[i], spead2[i], direction2[i] = HDF5_READ_VALUES_01(hdf5_filename,
)

if (start_longitude + i_x2[i] * step_longitude) > wp_longitude then
if (start_latitude + i_y2[i] % step_latitude) > wp_latitude then
break;

end
end
end

Default (bash) x2

,table_index_1),

,table_index_2),

speed, direction = INTERPOLATE_004(utc_time_in_seconds, utc_time_table_1, utc_time_table_2, i_x1, i_y1, i_x2, i_y2)

return speed, direction

Figure 10: Meteorological forecast in lua

6 CONCLUSION development of new device and dataset generations

The new standard group S-100 describes powerful
possibilities for coding of several types of data used in

possible without risking that old devices will not work
with new data records.

navigation. With the scripting programming language REFERENCES

Lua, new information portrayal strategies for ENC
displays can be defined. The displayed information can [1]
also depend on ship properties, as shown in section 5. It
helps the officer to make better decisions in a shorter

time. Different kinds of information structured in the [2]
same manner (charts, bathymetry, meteorology, rules, 3]
currents, waves etc.) used for nautical purposes also

makes it easier for the information to be interpreted by [4]

machines (computers), which is an important step in the
development of self-learning artificial intelligence based
systems used for control of autonomous vessels on 5]
waterways. Also described within the standard is how
new features and attributes can be defined without
making changes to existing ones. This makes
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S-100 specifications number

http://s100.iho.int/S100/home/s-100-specification-
numbers (Available on 015 may 2020.)

1SO8211 Standard

S-100 Edition 4.0.0, Part 10c: HDF5 Data Model and
File Format

lerusalimschy, Roberto: Programming in Lua,
Fourth Edition, Lua.org, August 2016
ISBN 8590379868

MK-16, Rogoznica-Split, DHI Split, 1.5.1997


http://s100.iho.int/S100/home/s-100-specification-numbers
http://s100.iho.int/S100/home/s-100-specification-numbers

Tanja Brcko Satler, Andrej Androjna, Jure Srse

WOMEN SEAFARERS IN THE ADRIATIC REGION

ICTS 2020 0

<

Portoroz, 17.-18. September 2020  {J':

WOMEN SEAFARERS IN THE ADRIATIC REGION

Tanja Brcko Satler, D.Sc.
Andrej Androjna, D.Sc.
Jure Srse, M.Sc.

University of Ljubljana, Faculty of Maritime Studies and Transport
Pot pomorscakov 4, 6320 Portoroz, Slovenia
tanja.brcko@fpp.uni-lj.si, andrej.androjna@fpp.uni-lj.si, jure.srse@fpp.uni-lj.si

ABSTRACT

The ship and the shipping industry in general have become a more open environment for women; currently many women
officers and masters work on merchant navy ships. Globally, a small percentage of women are employed onboard ships,
most working as hotel staff on passenger ships. As it is estimated that by 2025, there will be a shortage of more than
140,000 ship officers, it is a justified call for maritime institutions, both administrative and educational, as well for
shipowners to concentrate its activities to promote the employment of women onboard ships and, consequently, also to
other jobs in the maritime industry. The article highlights the state of employment of women seafarers in the European
Union, the state of education and employment of women seafarers in Slovenia and the Adriatic region, and propose
guidelines to increase interest in the maritime profession among the female population in the local environment.

Keywords: Women seafarers, Education, Employment

1 INTRODUCTION

It was long considered that professions in the maritime
sector are reserved exclusively for men, particularly as
seafarers have historically been superstitious and women
on ships were often though to invite misfortune. Still, it
will soon be 90 years since the first woman, of Russian
roots, became the master of a ship. Her name was Anna
Ivanovna Shchetinina.

However, women have not been employed in the
commercial maritime industry in large numbers, though
over the last two decades their numbers are increasing
onboard; including passenger ships, the number of
women globally is now at least up to about 2% of
maritime employees®. To tackle the projected shortage of
seafarers in the coming years [1], the IMO has taken an
active approach to promote gender equality in maritime
affairs, as reflected in the Women in Maritime Program,
a response to UN Sustainable Development Goal 5
"Achieve gender equality and empower all women and
girls". Through this initiative, the Busan Declaration?
was signed in 2013, which encourages the creation of
professional networks to improve the gender balance in
the maritime industry. These associations support girls
and women entering the field through education and then
employment in the maritime sector, advocate gender
equality, increase the recognition of social
responsibilities relating to women in the maritime sector,
and promote cooperation, friendship, and understanding

1

http://www.imo.org/en/OurWork/TechnicalCooperation/Pages/WWome
ninMaritime.aspx
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through the exchange of knowledge and the

dissemination of information [9].

Two networks working towards this end are WISTA
(Women’s  International  Shipping &  Trading
Association) and WIMAs (Women in Maritime
Associations), which bring together and support women
in leadership positions in the maritime, trade and logistics
sectors, worldwide.

Though we can find a lot of women in management
positions in ports and maritime logistics centres today, a
woman on a (cargo) ship is still a glaring exception.
Working on a cargo ship is a specific profession, which
in most cases means a long absence from home, and
reduced or prolonged inability to communicate with the
loved ones, a circumstance that requires a balance
between home and family that is easier for a man to
manage than for a woman for the obvious reason that
motherhood requires an extensive leave from work. In a
study of the impact of motherhood on employment
onboard a vessel undertaken in Sweden, 37 seafarers
were interviewed [7]. It was and revealed that the
majority of respondents decided to end their career on the
ship, only five continuing to work on as ship’s officers
after maternity leave, two of their own volition, two due
to circumstances (lack of financial support) and one who
returned to the profession after her children were grown.
In general women are considered to be active seafarers
until they conceive; afterward, they find work on land, in

2

http://www.imo.org/en/MediaCentre/HotTopics/women/Documents/B
USAN%20DECLARATION(Revised1)%20(3).pdf
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maritime agencies, maritime administrations, and in
MET institutions.

Another challenge experienced by seafarers in an
exclusively male occupation is covert gender
discrimination, which includes veiled customs and
practices in an organization that appears neutral, but
holds women back and prevents them from reaching their
full potential [9]. This includes the unnecessary emphasis
on rewarding and respecting typically masculine virtues
and actions rather than feminine ones. A particularly
pressing problem is sexual harassment [10][12].
Recently, the #MeToo activist movement launched a
campaign among Swedish women seafarers, more than
1,000 of whom divulged that they had experienced sexual
harassment onboard®. Research has also shown that
women working in predominantly male occupations
often experience one form of sexual harassment,
especially women in lower positions such as apprentice
mates or junior officers [12]. Kitada [6], in her research,
explored women seafarers' behaviour to manage or
prevent such situations using different strategies to avoid
being seen as sexual objects but rather as equal co-
workers. Women frequently adopt a style of dress that
looks less feminine or express their feelings and emotions
less; some choose a rougher way of communicating, and
S0 on.

In some cultures female seafarers are still undesirable to
shipowners, and even after obtaining the appropriate
education it is difficult for them to get a job on a ship
[51[13]. Yet, ironically, female seafarers are considered
to have better leadership skills than they think, as
demonstrated by a study using the Multidimensional

engine department, the rest were deck officers or masters
[4]. However, given the projected growth trend, statistics
still indicate that the share of women in maritime affairs
will remain at around 2% globally in the future.

2 STATE OF WOMEN SEAFARERS IN
ADRIATIC REGION

In Slovenia, the doors of the naval school were opened
for women as far back as 1947. The employment of
women on merchant ships opened immediately after
World War Il, as women proved during war that they
were able to fight and lead even under challenging
conditions [11]. In the years following the post-war
period, to the present day, a small number of women have
attended maritime school; only a few of them completed
an apprenticeship on a ship, as the working environment
was considered unsuitable for girls and women.

Since 2000, 71 women have completed their nautical
studies and only one completed marine engineering on a
Faculty of Maritime Studies and Transport, University of
Ljubljana. The nautical studies and marine engineering
are basically geared towards preparing students to work
on a merchant navy ship. Nevertheless, only a handful of
graduates continue their training onboard as deck or
engine trainees. According to the data received from the
Slovenian Maritime Administration, in the last two
decades, the number of women who passed the exam for
obtaining the STCW certificate Officer in Charge of
Navigational Watch > 500 GT was 13, and Chief Mates
on ships > 3,000 GT was 6. The title Master on ships of
3,000 and more was obtained by 6 women.

Slovenia has not registered any women authorized to

Slovenia Croatia Italy
Officer in Charge of Engineering Watch > 750 kW 1 4
Officer in Charge of Navigational Watch > 500 GT . 1 28
Chief Mate on ships > 3000 GT 8 8
Master on ships > 3000 GT 3 5 7
0 10 20 30

Graph 1: Number of Women Seafarers with valid CoC in the Adriatic region

Leadership Questionnaire (MLQ-5X) method by which
female and male maritime officers’ assessed their
leadership skills [8].

Nevertheless, according to the European Maritime Safety
Agency, in 2017 there were almost 3,700 women officers
and masters with valid certificates (based on data
collected from 26 EU Member States). Fewer than 20%
of them had a Certificate of Competency to work in the

3 https://shippingwatch.com/carriers/article10219785.ece
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work in the engine department.

The two neighbouring coastal countries, Croatia and
Italy, face a similar situation. Graph 1 shows the number
of seafarers who currently have valid STCW Certificate
of Competency (CoC) in the countries in the Adriatic

region, which allows us to determine the number of

active seafarers from this area®.

“ The data were obtained at the request of the authors by the Maritime
Administration of Croatia and Italy.
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Regardless of the low number of seafarers in Slovenia,
the share of women of all seafarers in Slovenia is higher
than in Croatia or Italy. Table 1 shows the number of all
valid CoC at the state level (including both women and
men) in 2017 [4] and the share of women with valid CoC,
data obtained in 2020. Assuming that the ratio has not
changed in three years, we can conclude that in Italy, the
share of women officers’ on ships is only 0.5%, in
Croatia 1.1%, and Slovenia as much as 10%.

Table 1: Share of women seafarers in individual countries

Rate of
All Women
seafarers seafarers
Italy No. %
Master > 3000 GT 932 0.75
Ch. Mate > 3000 GT 126 4.76
OOW > 500 GT 2678 0.41
OEW > 750 KW 1609 0.25
TOTAL 5345 0.5
Croatia
Master > 3000 GT 521 0.96
Ch. Mate > 3000 GT 172 4.65
OOW > 500 GT 1763 1.59
OEW > 750 KW 1367 0.07
TOTAL 3823 1.1
Slovenia
Master > 3000 GT 30 10.00
Ch. Mate > 3000 GT 3 66.67
OOW > 500 GT 62 11.29
OEW > 750 KW 17 0.00
TOTAL 112 10

3 INITIATIVES TO INCREASE THE
NUMBER OF WOMEN ON SHIPS

In order to increase the number of women officers on
board ships, a high degree of responsibility must be
assumed, primarily by the MET institutions. Their role is
mainly to promote gender equality and cultural
awareness, to encourage a mindset that eliminates gender
bias and overcomes cultural differences between people,
and that this becomes part of the institution's curriculum
[3]. Unfortunately, this is only an idea that has not yet
come to life in reality. In a study conducted at five
maritime faculties or academies, study plans and
curricula of undergraduate Nautical programs were
analyzed [2]. The analysis showed that the study
programs follow the instructions of the STCW
Convention but do not include topics dealing with gender
inequality or cultural differences in a broader sense,
including age, gender, religion, sexual orientation, etc.

5 https://www.seatrade-cruise.com/news/celebrity-cruises-make-
history-all-women-bridge-and-officer-team
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A similar analysis was carried out by authors from the
Faculty of Maritime Studies and Transport, University of
Ljubljana. The review of the curricula of the subjects of
the Nautical study program, no topics were found that
would address issues of gender equality on ships or
cultural differences in a broader sense. In the subject
Maritime Personnel Management to which these contents
would fit, the topics do not include the issue of women
seafarers on board and the barriers they face at work.
These topics are a matter for informal discussion outside
the classroom. As the Swedish study concluded: »One of
the most prominent findings to emerge, was that there
seems to be a general ‘gender blindness’ in maritime
education, perhaps as a result of the fact that the
maritime industry historically has been largely
dominated by men. This is not uncommon, especially in
technically-oriented education and natural sciences.«

[2].

Another approach to increase the number of women on
ships are role models [9][3]. In the maritime sector there
are a number of successful women in management
positions who could encourage girls to study maritime
affairs, and the promotion of these women at national or
EU level is essential. In Slovenia, the maritime
profession should be promoted as early as in primary
schools, as many social workers who direct students to
continue their education are not familiar with this
profession, which is particularly true in Slovenian
regions that are not located by the sea. However, the
promotion of the profession is also necessary in the
media in order to reach the general public and to establish
itself in the long term in people's subconscious. The aim
of promotion is to break the taboo that working on a ship
is a male profession to which women have no access.

In addition, the literature mentions the importance of
mentors on ships who, with advice and help, positively
encourage individuals to express their work potential.
Female mentors in particular are indispensable in helping
young women on board to start their careers, which
would also be an incentive for women to make it easier
for them to decide on an internship on board [9].

4 CONCLUSION

This year the Celebrity Cruises embarked on a historic
voyage that took place on 8 March 2020 with an all-
female bridge team and women officers across many
areas. They concluded this event with the prediction that
in the near future, the number of women in the fleet will
increase up to 19%°. This is positive news, which
announces that progress is also being made in maritime
affairs and that gender diversity on the bridge is only a
matter of time. Positive experiences can also be brought
back from the army and the police, where the doors of
employment for women opened years ago, which in the
long term has had an impact on the perception of the
professions themselves. And it will be the same in the
maritime sector. The future seems bright, it is only up to
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us to focus our energy on promoting it and encouraging
women to choose this profession in the first place. Last
but not least, shipping companies must be aware of the
importance of crew diversity, because only in this way
we can make a positive contribution to safe ship
operation and a cleaner sea.
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ABSTRACT

Ports and terminals are developing new operational communications platforms — port community systems (PCS) to ensure
efficient transfer of information between the multiple systems operated by stakeholders in the transport chains and to
provide a higher level of automation and productivity in port technological processes. The purpose of the research is to
define the general guidelines for the development of functional modules of PCS and, in the specific case, in the port of
Koper. Based on the findings, a comparison of the required development of the functional modules of the PCS at the ports
of Plo¢e and Bar is elaborated, with an emphasis on the specific needs of both ports. The aim is to identify the differences
in the operation of PCS arising from different administrative requirements of local authorities and due to the different
technological processes of receiving, storing and dispatching cargo through ports. The article highlights the potential and
impact of upgrading the PCS with additional functional modules to ensure higher productivity at the ports and within the
port community. The findings of the legal and business baselines detected at the port of Koper and suggestions for
improvements in the southern ports of the eastern Adriatic coast are given. The research brings new insights into
opportunities and limitations deriving from a unified modular development of PCS to achieve faster and more efficient
implementation in port systems, even though there are differences in technological and administrative operations.

Keywords: port community system, port community, port processes, productivity, electronic data exchange

1 INTRODUCTION Seaports of the eastern coast of the Adriatic Sea represent
one of the most important entry points for trade routes of
the Southern and Eastern Europe. The introduction of
electronic data interchange between seaports and their
stakeholders has an important impact on the execution of
technological processes and could play in the future a key
role in modernizing operations in the ports of the Eastern
Adriatic. An efficient data interchange system enables
seaports to dispose with a high-quality datasets, that
enables efficient use of port infrastructure and
superstructure, which ultimately leads to savings in

One of the most important links in the logistics chain,
which play a key role in world trade market are seaports
[26]. Seaports represent a link between sea and land
transport, which gives them an important role in ensuring
efficient cargo handling. An important factor in ensuring
efficient port services is the quality of exchanged
information about cargo between seaports and other
stakeholders in the logistics chain. One of the factors that
ensures a well-managed data exchange on cargo is

undoubtedly the establishment of a Port Community handling time, energy, to a process optimization, but also

System (.PCS)' which represents a common platform for improved security and decreased environmental impact
exchanging data between a seaport and its stakeholders. [24].

A PCS is a common software platform that unites the
entire port community, which is composed by different
stakeholders and allows them to exchange information on
cargo in real time. Members of the port community are
terminal operators, freight forwarders, state institutions
(police, customs, phytosanitary and veterinary
inspections, maritime administration, port authority etc.),
shipping agencies and others companies. The advantages
of the PCS are the ability to optimize and improve
different technological processes with data stored in a
common platform [2].

The research of PCS systems of the three eastern Adriatic
ports represents a starting point for faster adaptations of
PCS systems in less developed port communities and
possibilities for unification of PCS systems in ports of the
eastern coast of the Adriatic Sea. This could have a
positive impact on businesses for many stakeholders who
collaborate with seaports of the Eastern Adriatic and also
for the seaports themselves in B2G (business-to-
government) integration. The research hypothesis states
that the PCS systems in the three Eastern Adriatic ports
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of Bar, Plo¢e and Koper are differently developed, where
such differences may represent in the current
development phase an opportunity to identify
possibilities for future unifications.

2 PCS SYSTEMS IN THE PORTS OF
BAR AND PLOCE

Considering the port traffic, the ports of Plo¢e and Bar
could be defined as smaller ports in the southern part of
the Adriatic Sea. Both ports are differently organized,
Luka Bar is managed directly from the company Luka
Bar, a.d., port of Ploce is managed by the Port of Ploce
Authority, which is in charge of awarding terminals in
concession [12].

Over the last decade, ports have started investing in the
modernization of port infrastructure, superstructure and
informatization of business processes through various
projects supported by governmental institutions.
Through the project "Trade and Transport Integration™
(ITT), which started in 2006, the port of Plo¢e carried out
the modernization of its information systems, of the
container terminal and of the dry bulk terminal as well as
it built the main entry gate for trucks. At the same time,
based on a positive trend in the growth of liquid cargoes,
an independent project was conducted to construct a
berth for oil and natural gas. [10]. The port of Bar has
modernized its port infrastructure and superstructure
through various development projects, most of which
were co-financed by the European Union. Some of the
programs through which the port of Bar has managed to
modernize are ADRION, MED p, SEE, FP7, IPA
Adriatic and others [13]. Successfully concluded
projects, but also the on-going one, cover in particular the
following fields: infrastructure, superstructure and
informatization of business processes.

Both seaports have developed own PCS systems through
various development projects. In the port of Bar, the PCS
system was developed and handed over in use in 2015,
where the development was co-funded through the
project Adriatic - Danube - Black Sea multimodal
platform (ADB Multi-Platform) that took place under the
SEE program (co-funded also with IPA funds). The port
of Ploce carried out the informatized of the port and the
establishment of the PCS system through the ITT project,
which was financed mostly by the World Bank, the
Government of the Republic of Croatia and the Port of
Plo¢e Authority.

2.1 PCS system Luka Bar

The development of the PCS system in the port of Bar
began in 2015, when the project team completed the
ADB Multiplatform project. The project was co-founded
by the EU as part of interstate cooperation Southeast
Europe (SEE program, IPA funds), between 2012 and
2014. The ADB Multiplatform project involved 23
project teams from ten different countries (ltaly,

1 LUBARIS is a terminal operating system (TOS) for collecting data on
dangerous goods, monitoring movements and making storage
documents [21].
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Slovenia, Croatia, Hungary, Bulgaria, Romania, Greece,
Serbia, Albania and Montenegro). The PCS project for
the Port of Bar was approved on the third call for strategic
projects under the South East Europe Program, facing
participation of non-yet EU partners to which Pre-
Accession Assistance (IPA) funds were granted. The
main goals of the strategic project for the development of
the PCS system were [14]:

e develop a PCS system and its integration with
the existing TOS LUBARIS system?;

e upgrade the TOS LUBARIS system to enable
data exchange with the new PCS system.

The aim of developing the PCS system in the port of Bar
was primarily to eliminate the inability of TOS
LUBARIS to communicate with stakeholders of the port
community, which consists of the Ministry of Transport
and Maritime Affairs, Ministry of Sustainable
Development and Tourism, shipping agents, forwarders
and customs. The developed PCS system is a web based
platform, which allows exchanging data between
stakeholders and the TOS LUBARIS operating system
via EDI (Electronic data interchange) messaging [2].

2.1.1 PCS system architecture

The architecture of the PCS system consists of two parts,
the main part is the central system that holds the main
functionalities and the message system with the role of
exchanging messages with the external port systems
(figure 1). The central part of the system is a common
platform aimed to gather stakeholders’ data and, sharing
data to perform technological processes.

]
| |{

f

Figure 1: PCS system architecture in the port of Bar

stakehalders TOS LUBARIS

Source: authors

The communication part of the system that takes care of
exchanging messages between the PCS system and
external systems uses XML (Extensible Markup
Language) structured messages. The  current
configuration of the PCS system allows data exchange
only with the Terminal Operation System (TOS)
LUBARIS. Between the systems a two-way
communication is established that supports exchanging
12 different types of messages. The architecture of the
PCS system is designed to allow adding new external
system in use by the port community in an easy manner.
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2.1.2  PCS system functionalities
The PCS system disposes of a variety of functionalities
that provide information support for various

technological processes in various fields, depending on
the needs of each stakeholder. The technological
processes that are supported by the PCS system are vessel
and cargo announcement, work ordering and planning,
managing stocks, etc. By setting up the PCS system,
information support for technological procedures has
been  guaranteed, which, through  developed
functionalities, enables individual stakeholders in the
port community to access and exchange data in an easy
way. Accessing and retrieving of all the data in PCS
system is ensured through functionalities developed in
relation to the needs of individual stakeholders in the port
community. The functionalities currently developed and
in use are [11]:

e  Service requests

o The functionality allows freight
forwarders to create vessel and cargo
announcements and ordering services.

e Work orders

o The functionality allows ports
terminals to plan and execute internal
procedures (e.g. planning).

e  Stocks
o Allows terminal operators to trace
cargo and supports  warehouse
management;
o Allows customs to monitor stock
records.

e Vehicle use

o Functionality developed for the Car
terminal to trace and manage stocks,
adjusted to the needs of handlings
operations.

e Container use

o Functionality developed for the
Container terminal to trace and
manage stocks, adjusted to the needs of
handlings operations.

e Vessels

o Functionality developed to support
vessel announcements done by
shipping agents as well as changes
related to vessel arrivals.

o Allows customs insight to data on
vessels announcements.

o Manages pilotage plans.

e  Truck module

o Enables terminal operators to plan and
schedule truck arrivals.
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The execution of technological processes is based on
obtained input / output data, which is exchanged between
the PCS system and the TOS LUBARIS. Technological
procedures supported by the PCS system are cargo
announcement and dispatch, vessels announcement and
pilotage, work planning and truck arrivals planning and
managing trucks parking lots. Table 1 reports data
exchanged  between  stakeholders to  support
technological process.

Table 1: List of data exchanged in relation to technological
processes

Technological process
Message content
Unloading / loading of
cargo
Main data are: Order type
(load / discharge);
Transport mode; Freight
owner and description;
Freight quantity; Customs
documents; Customer and
other identification data.
Main data are: Document
type (add stock / unstock);
Storage area; Freight
quantity; Order no. and
other freight data.
Vessel announcement and
pilotage plan.
Vessel name; IMO code;
Estimated Time of Arrival
(ETA); Agent; Owner;
Vessel type; Cargo
description; Cargo
quantity; Berth; Crow list
and other data.
Vessel voyage number;
Estimated Time of
Departure (ETD).
Mooring / unmooring of
the vessels.

Actual Time of Arrival
(ATA); ATD Actual Time
of Departure; Berth.

Source: authors and [11]

Stakeholder
Message type / direction
Forwarders

Order / PCS to TOS
LUBARIS

Storage document / TOS
LUBARIS to PCS

Agents

Vessel announcement /
PCS to TOS LUBARIS

Vessel confirmation / TOS
LUBARIS to PCS

Pilots (Port of Bar - Pilots)

Berthing / TOS LUBARIS
to PCS

Only part of the functionalities implemented in the PCS
system exchange data actively with TOS LUBARIS, the
rest works independently. Functionality data that is not
shared with other systems is available to all stakeholders
with the option of later integration with external systems.
Systems that are limited only to the PCS system and
which hasn’t had any integrations yet are "Work orders"
and "Truck module”. The role of customs as a
stakeholder in the port community is limited to
supervision, because the integration with the customs
system is not currently established. Customs just views
the stock records of goods, which simplifies entry and
exit control procedures.

With the introduction of the PCS system, the port of Bar
followed trends set up by modern ports, which strive to
increase their flexibility in order to obtain new cargo
traffics. Such flexibility concerns in particular the ability
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to accommodate a variety of cargo types, but also the
need to ensure a fast flow of cargo through the port. One
of the advantages of developing the PCS system was the
integration with the existing infrastructure on the truck
gate. The integration includes recording of data on
actual arrival and departure of trucks and sharing of such
data with the stakeholders of the port community.

2.2

The PCS system in the port of Ploc¢e was developed as
part of the project “Integration, Trade and Transport
(ITT)”. The goal of the ITT project was to upgrade the
port’s infrastructure and superstructure, to make the port
an important part of the international logistics chain that
gravitated to the then-existing V.c Pan-European corridor
[8]. The purpose of introducing the PCS system was to
establish a faster and simplier data interchange (data
related to technological processes carried out around and
within the port) between stakeholders of the Plo¢e port
community. The PCS system development project for the
port of Plo¢e was co-founded by the Plo¢e Port Authority
through financial resources obtained from the World
Bank. The development of the PCS system followed the
needs of the port community and, according to the
requirements of the latter, developed the functionalities
of the PCS system [17] [22]. The port community in the
Port of Ploce consists of the Plo¢e Port Authority, freight
forwarders, shipping agents, terminals (Plo¢e Port NTF,
ATT, Passengers terminal, Qil and liquid terminal),
customs and port security [18].

PSC system Port of Ploce

2.2.1 PCS system architecture

The design of the PCS system Ploce is based on a
common platform that enables stakeholders to exchange
data electronically. The data exchange technology is
based on the EDI messaging system in XML format. The
communication protocol is set up so that messages are
exchanged internally, for the purpose of providing data
to the functional modules of the system and to a smallest
extent with external systems (figure 2).

i

‘@jv
- Truck GATE
takehol l -
Stakeholders PCS Port of Ploce /a\ ECCOS
{ |-

Source: authors

Figure 2: Architecture of the PCS system in the port of
Ploce

The content and form of messages vary depending on the
needs of each technological process. PCS system Ploce
knows 50 different message formats for data exchange
purposes. A large number of messages derive from the
architectural design of the system, where for each action
the functionality (order, acceptance, cancellation,
printing, rejection, etc.) the system trigger creates
messages. In such an architecture, it is necessary to
divide the messages into two groups, namely, messages
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that are directly related to technological processes and
internal, related to the operation of the application itself.
The architectural design of the common PCS platform in
terms of input and data sharing for the port community
means that everyone uses the same software. Depending
on the stakeholder role, it is possible to use only certain
functionalities of the PCS system, while other
functionalities are disabled.

2.2.2 PCS system functionalities

The functionalities of the PCS system were developed
according to the needs of the stakeholders of the port
community of Ploce. Based on the requirements, the
necessary functional modules were developed for each
group of stakeholders, through which they started to
informatize the existing technological processes that take
place outside and inside the port. The areas of
technological processes carried out in the port of Ploce
have been supported by the following functional
modules, depending on the needs of these processes:
[22]:

e Vessel announcement

o Functionality to support sending vessel
announcements and related documents
by shipping agents and changes related
to vessel arrival.

e Orders

o Ordering handling services for
different cargo groups (liquid cargo,
general and dry bulk cargoes).

e  Stock records

o Checking stocks of cargo at terminals;
o Provides customs with access to cargo

records.
e Customs
o Provides customs with insight into ship
announcements and attached
documentation related to individual
ship visits.

e  Trucks (truck announcements).

o Announcing and monitoring truck
arrivals.

o Truck parking management, which
includes billing.

o Railway

o Monitoring and recording
announcements of railway wagons.
o Recording cargo stocks.

The functional modules provide faster executions of
technological processes to the entire port community
through a fast and reliable way of exchanging data
necessary to receive or dispatch cargo through the port.
The information collected in the PCS system that is
entered by various stakeholders, plays a key role in
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enabling effective planning and effective implementation
of technological processes. Table 2 shows the set of key
data required for each technological process, as well as
the role of the port community stakeholder that shares the
data. The use of cargo data collected in the PCS system
is available simultaneously for different technological
processes, which ensures the establishment of a network
system where stakeholders represent clusters, while links
between them represent veins through which data is
shared [9].

Table 2: Data exchange for the technological process
purpose

Technological process
Message content
Unloading / loading of
cargo
Main data are Order type
(load / discharge);
Transport mode; Freight
owner and description;
Freight quantity; Customs
documents; Customer and
other identification data.
Main data are Document
type (add stock / unstock);
Storage area; Freight
quantity; Order no. and
other freight data.
Actual Time of Arrival
(ATA); ATD Actual Time
of Departure; Berth.
Vessel announcement and
pilotage plan
Vessel name; IMO code;
Estimated Time of Arrival
(ETA); Agent; Owner;
Vessel type; Cargo
description; Cargo
quantity; Berth; Crow list
and other data.
Vessel voyage number;
Estimated Time of
Departure (ETD).

Source: authors and [9]

Stakeholder
Message type / direction
Forwarders

Order / Internal PCS
message

Storage document /
Internal PCS message

Truck announcement /
PCS to ECCOS

Agents

Vessel announcement /
Internal PCS message

Vessel confirmation /
Internal PCS message

The PCS system of Ploce is currently designed in such a
way that all functional modules are part of a common
platform. Stakeholders have access to the functional
modules, based on the role in which they perform an
operation and the technological processes in which they
participate. The design of the system enables that the
stored data is accessible to all functionalities, through
which information support to technological processes is
assured.

Some functionalities of the PCS system has been
developed to exchange data with the port infrastructure
elements. In the port of PloCe, a communication system
with a truck entrance to the port is currently being
established, which was built in parallel to the
development of the PCS system. Establishing
communications with the truck entrance infrastructure is
a step towards a smart port. The integration between the
PCS system and the infrastructure allows the specific
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infrastructure element to be managed by EDI messaging
systems. In the case of the port of Ploce, data is
exchanged between the functional module Truck and the
ECCOS system, which is intended for the management
of ramps at the truck entrance.

3 PCS SYSTEM BAR AND PLOCE
COMPARED TO PCS PORT OF
KOPER

The PCS system in the port of Koper is one of the most
advanced systems in the region and technical and
technological knowledge is also being implemented in
other ports in the Mediterranean. In addition, the port of
Koper considering traffic data could be considered as one
of the most important ports in the Mediterranean. Thus, a
comparison of the developed functional modules of PCS
systems between the Port of Koper and the PCS systems
in the port of Bar and the port of Plo¢e was performed.
The analysis of the PCS system in the port of Koper
shows that it covers all technological processes that take
place within and around the port system. The PCS system
in the port of Koper provides communication with more
than 60 stakeholders, who make up the entire port
community (figure 3).

[(ustnms :_gm':} { Ship agents }

()

Truck terminal
terminal

- J

e )

Inland

Rail operators terminals

PCS system
Port of Koper

Farvareders
(over 60's)

Truck
operators

TOS Container
terminal

Source: authors

Figure 3: Architect of the PCS system currently developed
in the Port of Koper

The exchange of information on cargo to support
technological processes takes place via EDI with customs
administration, shipping agents, truck terminal, railway
operators, road carriers, freight forwarders, hinterland
terminals (Cargo centre Graz and Adria Terminali
Sezana), container terminal TOS, car terminal TOS,
warehouse storage system WMS. The exchange of
messages between stakeholders and the PCS system of
the port of Koper provides data on cargo to functional
modules, such as ship announcement, cargo
announcement, truck announcement, release of goods in
free trades, etc. and ensures fast and efficient reception
and dispatch of various cargo. The efficiency of the PCS
system is reflected in the fact that on average 63,000 tons
of various cargo are handled daily [23].

Compared to the port of Koper, the port of Bar has a 15
times smaller daily throughput, while the port of Ploce
has a 7 times smaller daily throughput [1][19]. Despite
the lower daily throughput, the ports of Bar and Ploce
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execute the technological procedures with the support of
functional modules of the PCS system. A comparison of
the set of implemented functional modules and
integrations of the PCS system of the port of Bar and the
port of Plo¢e in comparison to the port of Koper shows a
significant difference in the scope of covered
functionalities and the need and opportunities for further
upgrading of the PCS system (table 3).

Table 3: Comparison of basic functional modules of PCS
systems by ports

PCS system
Port Port Port
of Bar of of
Plo¢e | Koper
Cargo announcement [ ] [ ]
Vessel announcement [ ] [ ]
Exchange of storage ® ®
®

Functional module

documents
VBS system
Rail waggons
announcement
Work orders
Integration with
customs
Integration with rail
carriers
Integration with a single
maritime window
WMS
Integration with cargo
scales

Source: authors

4 DISCUSSION

The comparison of PCS systems shows that the southern
Adriatic ports have implemented functional modules that
provide information support for basic technological
processes, such as cargo arrival / departure order, ship
arrival announcement, warehousing and to a lesser extent
part of the connection to the VBS system. The
comparison shows that the southern Adriatic ports have
certain reservations regarding integration with external
systems, such as the national single window, the customs
system and railway carriers.

With the introduction of the PCS system, the ports in
question primarily carried out updates to the
communication infrastructure, which ensures
uninterrupted data flow (EDI) and the infrastructure of
the truck entrance to the port. The modernization of the
truck entrance was carried out in order to establish
communication between the PCS system and the
superstructural elements, such as locks, OCR (Optical
Character ~ Recognition) and  data  displays.
Communication between the elements of the truck
entrance and the PCS system provides an automated
process of entry and exit to the port, where on the basis
of the data the controls of entrance in the port are
performed. [16][20][15].

2 Implementation between the central piercing system and the national
single window (NEO) is under development.
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As part of its further development, the Port of Bar is
active on various projects, through which it planes to
further modernize the port infrastructure and
superstructure [13]. In the field of PCS system and B2B
(business to business) operations, the port has made a big
step towards modernization, which enables the
contribution to the optimization of works planning and
implementation of technological processes. At national
level, Montenegro is carrying out activities related to the
introduction of the National Maritime Single Window
(NMSGQG) [6]. Integration with NMSG will certainly be
one of the major upgrades of the PCS system.

The PCS system in the port of Ploce is currently set up as
a single platform, which is in the upgrade phase from the
existing obsolete Silverlight technology. A system
overhaul is underway to replace the existing outdated
Microsoft Silverlight technology with the new HTML5
web technology and change the PCS system architecture.
Internal communication between functional modules is
abandoned and replaced by execution within program
code. With the new system, the EDI messaging system
will be exclusively intended for communication with
external systems. One of the important goals is
integration with the National Single Window (NSW).

The establishment of a more comprehensive PCS system
brings the port closer to the introduction of paperless
technological processes and the use of standardized
communication protocols, which allows flexibility in
further integration with external systems, both private
and state stakeholders [25]. Despite the lower throughput
compared to other Adriatic ports, the southern Adriatic
ports of Bar and Ploce have established a PCS system,
which allows them flexibility in the implementation of
technological processes. The establishment of the system
at a later stage of development will allow ports to
facilitate integration with systems such as EMSA
(European Maritime Safety Agency) [3], national
maritime single window [5], customs and tax central
system ECS (Export Control System), ICS (Import
Control System) and NCTS (new computerised transit
system) [4] etc.

) CONCLUSION

Regardless of the amount of annual throughput, the ports
of the eastern Adriatic have begun to develop PCS
systems with the aim of establishing platforms that will
enable the exchange of B2B and B2G data. The
development of basic functional modules of the PCS
system, such as cargo and vessels announcements are not
related to quantity of annual traffic but such step appears
to be fundamental if a port wants to optimize the basic
technological processes related to the cargo handling.
The architecture and development technologies differ
from port to port. The differences stem from the
requirements that the port places to the selected (IT)
supplier. A general goal that is followed when setting up
a PCS system, is that the PCS shall ensure efficient data
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exchange between stakeholders and help to optimize
technological processes as much as possible.

When developing a PCS system, it is important that ports
are oriented toward an integration with the port
infrastructure, which means a step towards the
development of a smart port. The ports of the eastern
Adriatic have already started certain activities in this
direction, by establishing communication between PCS
systems and the truck entrance, trucks and railway cargo
scales. The analysis highlights a significant discrepancy
in the development of PCS systems, which can confirm
the research hypothesis. PCS systems in the ports of Bar
and Ploc¢e will need to be upgraded in order to achieve
other advantages of using various functional modules
already in use in the port of Koper, such as paperless
business between all stakeholders, integration with
government agencies and external institutions (e.g
FURS). Itis advisable to look for possibilities of unifying
the operation of functional modules by ports, in order to
facilitate operations for various stakeholders who ensure
the operation of supply chains through the ports of the
eastern Adriatic.

The future development of PCS systems could be focused
on more intensive upgrades that would ensure
communication with the hinterland infrastructure (rail,
road), which would further contribute to a more efficient
planning of technological processed, by obtaining data on
arriving cargo.
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