DIMECC

FINAL REPORT 1/2023

)
Z
o
|—
<
©
—
s
>
a
O
(@]
Ll
=
o

SERIES NO.26

Sea4Value — Smart Terminals




JDIM+C”T

FINALREPORT 1/2023

Sea4Value — Smart Terminals

DIMECC
PUBLICATIONS

SERIES NO.26

2021-2023



All rights reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by

any means, electronic, mechanical, photocopying, recording, or
otherwise, without the prior permission of DIMECC Oy.

Publisher  DIMECC Oy
Akerlundinkatu 8,33100 Tampere, Finland
Eteldranta 10,00130 Helsinki, Finland

www.dimecc.com

ISBN 978-952-238-324-2
ISBN 978-952-238-325-9 (pdf)

DIMECC Publications series
© DIMECC Oy

Graphic design and layout: Public Design Oy
English language editor: Semantix Oy

Printed in Finland: Grano Oy, Tampere, 2023



-

I e
I o |

I

| [
L1 =1 LT




TABLE OF CONTENTS

Forewords (DIMECC)
ANSST LAPPALAINEN ..o 5

Program presentation (DIMECC)

ANSST LAPPALAINEN ..o oo 7
AHOLA DIGITAL

Calculating transport emissions and real-time truck driver communication .............c..... 13
VISY

Artificial intelligence for lightweight terminal access infrastructure ..., 19
AWAKE.AI

Ship and truck turnaround optimization

UTuU

PasSeNger fLOW @NALYSIS ... 35
TrAFFIC @NALYSIS oo 38
ABO AKADEMI

The typology of digital solutions for ROPaX ports ... 43
Data-sharing in the maritime sector: a driver or a hindrance of progress? ... 51
TELESTE

PasSENGEr fLOW & SAFELY ... 59
TUAS

Sensors, connectivity, and VR/AR applications for the port environment ... 65
LINGSOFT

The possibilities of language technology in the communicative challenges ..o 75
NODEON

Informed terminal customers — traffic & Parking ... 79
FIMPEC

A platform for future traffic development of Turku Harbour

NOVIA

Seamless cargo flow through the POrt ..., 93

UNIVERSITY OF JYVASKYLA

Ethical and trustworthy smart terminals ... 125
Cyber security architecture in the smart terminal systems ..., 137
ADE

Harbour VIFtUGL EFaiNING s 143

BRIGHTHOUSE INTELLIGENCE
Intelligent data collecting and sharing SYSTEM ... 147



DJIMECC

FINAL REPORT 1/2023

FOREWORDS

he shipping industry is at the forefront of global trade and commerce,

connecting economies and facilitating the movement of goods around

the world. However, the traditional operations of sea terminals can be
complex, time-consuming, and resource-intensive, with significant environ-
mentalimpacts. With the global economy changing at an unprecedented pace,
thereis agrowing need for sea terminals to become more efficient, sustainable,
and responsive to the needs of the industry. Maritime port digitalization provides
acritical solutionto these challenges, helping ports to reduce their environmen-
talimpact and meet the demands of a rapidly changing world. Reducing emis-
sions in ports is becoming increasingly important due to the growing concern
about the environmental impact of shipping and the need to address climate
change.

Preparation for the Sea4Value (S4V) program began already in 2018.
DIMECC's Design for Value (D4V) project was going to end soon, and Rolls-
Royce had just demonstrated the world's first fully autonomous road ferry.
Therefore, it was quite understandable that the focus was on a digital and au-
tonomous transport system. However, this concept was so broad that, in early
2019,itwas decided thatitwas better todivide this programinto three different
projects, focusing on port activities, the fairway part, and finally open sea voy-
ages. In 2020, S4V Fairway was the first of these to start, followed by S4V
SMARTER in 2021.

Sea4Value SMARTER (smart terminals) is a collaborative project among
multiple organizations, such as companies and research institutions, which
aimstodevelopinnovative solutions and bring them to market. The project has
two main objectives: the reduction of emissions and the exceptional flow and
experience of passengers and cargo. These objectives were taken into consid-
erationinthree use cases, which are ship turnaround, truck traffic,and passen-
ger flow. The project is supported by Business Finland, a Finnish government
agency responsible for promoting the innovation and competitiveness of
Finnish businesses.Inthis report, we take an in-depth look at the various ways
in which terminals can be made smarter. From the deployment of smart tech-
nologies such as Internet of Things (IoT) sensors and artificial intelligence (Al)
algorithms, to the automation of processes such as truck entry into the port



area and yard management, we explore the benefits and best practices
for adopting these technologies.

Overall,theimportance of maritime portdigitalization lies inits abil-
itytodriveimprovementsin efficiency, safety, sustainability,and compet-
itiveness. By embracing digital technologies, ports can remain competi-
tive, meet the evolving needs of their customers, and ensure their long-
termviability. This projectaims to address some of these challenges and
to explore new ways to optimize maritime operations. By leveraging the
latest technology and innovative approaches, the project will seek to im-
prove safety, reduce emissions, and increase efficiency in the maritime
sector.

The work in the DIMECC S4V SMARTER program will certainly con-
tinue in a new program under preparation within DIMECC. Solutions for
smart maritime operations are far from ready. DIMECC has enjoyed
working with the consortium and is happy to further enhance such co-
creative work.Such public programs cannotbe possible without funding,
and the program consortiumis grateful to Business Finland.

Anssi Lappalainen
Senior Project Lead
DIMECC




PROGRAM PRESENTATION

igitalization and increased levels of autonomy in transport are ex-

pected to take leaps forward in the coming years. This develop-

ment can help in creating safer, more efficient, sustainable, and
reliable service chains to meet the requirements for a better quality of
life and global prosperity. Harbor operations connect maritime transport
to other modes of transportation and enable multimodal transportation.
Smartharbors arein a centralrole in future transport chains. Well-built
digitalinfrastructureis essentialin both optimizing operations and plan-
ning for future investment and maintenance needs. Progressive data
management and data sharing are essential for transparent, interoper-
able, safe, effective, and environmentally friendly operations.

The Smart Terminals (SMARTER) project beganinearly 2021.1ten-
larges the scope of the DIMECC Sea4Value programto harbors and ports
by developing solutions that benefit RoRo and RoPax harbors in reduc-
ing emissions by optimizing harbor operations and improving the cargo
and people flow. The mission of SMARTER is to create replicable models
for digitalization, service innovation, and data usage and sharing in har-
bor environments, and to prepare for the future by taking steps toward
smart and autonomous maritime transportation. This will be achieved
using advanced technology and innovative techniques, with a focus on
sustainability and efficiency. The project will target the optimization of
maritime operations, including the reduction of fuel consumption and
emissions, the improvement of cargo-handling processes, and the en-
hancement of passenger experiences at the terminal. This will be ac-
complished through the implementation of smart solutions, such as dig-
italization, automation, and data analysis. The results of this project will
have a positive impact on the environment, provide a better experience
for passengers, and lead to cost savings for companies and stakehold-
ersinthe maritime industry.

SMARTER, as a transformative project, aims for wide societal influ-
ence by providing concrete, research-based recommendations on regu-
lation, business, and data usage and sharing and for standardization.
The project focuses on three use cases:

1. Speed up ship turnaround time
2. Optimize truck traffic

3. Improve people flow



The work is organized under five work packages, which are:

WP1 Business transformation

WP2 Analytics

WP3 Data collection and management
WP4 Sensors and connectivity
WP5VR/AR

The results of this project will have a significantimpact on the maritime
industry, providing valuable insights and best practices for companies,
governments, and other stakeholders looking to improve their opera-
tions and reduce their impact on the environment. The project will also
provide a better experience for passengers and cargo, making maritime
transport a more attractive option for those looking to move goods and
services around the world. In conclusion, this maritime project aims to
create a more sustainable, efficient, and enjoyable experience for every-
oneinvolved in terminal operations. By leveraging technology and inno-
vative approaches, the project will contribute to a better future for the
maritime industry and the world.

SMARTER has the potential to deliver a wide range of benefits, in-
cluding enhanced efficiency, reduced emissions,improved customer ex-
perience, and increased competitiveness. By automating manual pro-
cesses and leveraging real-time data and analytics, ports can optimize
their operations and reduce waste, leading to significant improvements
in efficiency. By streamlining operations and reducing bottlenecks,
smartterminalscanhelptoloweremissionsand minimize theirenviron-
mental impact. With real-time data and insights into cargo movements,
passenger movements, and vessel schedules, RoRo and RoPax termi-
nals can provide a more transparent and reliable service to customers,
enhancing theirexperience and building trustin theindustry. By embrac-
ing technology and innovation, smart terminals can enhance their com-
petitiveness and meetthe evolving needs of the industry, helping themto
stay ahead of the curve in a rapidly changing world.

The program consortium includes nine companies and five re-
search organizations, which are: ADE, Ahola Digital, Awake.Al, Bright-
house Intelligence, Fimpec, Lingsoft, Nodeon, Teleste, VISY,Novia Univer-
sity of Applied Sciences, Turku University of Applied Sciences, University
of Jyvaskyla, University of Turku and Abo Akademi University. Program
management and facilitation was done by DIMECC. The project was
funded by the consortium partners and Business Finland.

AnssiLappalainen
Senior Project Lead
DIMECC
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AHOLA DIGITAL

hola Digital Oy Ab is a Finnish software company with over 20

years of experience in developing business software for the
transportation and logistics industry. We help our customers to de-
velop dynamic, profitable, transparent, and environmentally
friendly transport operations and to get ahead in competition today
and tomorrow. Thanks to our digital logistics concept, Ahola Digi-
tal's employees are leaders in our industry: they work with the best
innovations and develop new solutions for the sector. We are com-
mitted to actively developing our employees’ competence and

know-how — the ability to be Way Ahead.

Calculating transport emissions and
real-time truck driver communication

Contributors o Tommi Hollstrom, Toni Penttinen,

Background

Roman Likhacheyv, Nikola Vojnovski (Ahola Digital)

ccording to Our World In Data, the transportation industry is the

second largest contributor to global warming. The greenhouse

gas emissions from transportation operations are predicted to
grow drastically in the upcoming years. With the help of digital services,
organisations can monitor emissions, and analyse and optimise opera-
tional processes to tackle the negative impacts of transportation opera-
tions.

The sustainability of the road transport segment, as illustrated in the pic-
ture below, goes hand in hand with profitability. Optimisation of cargo ca-
pacity, operations, and processes results in sustainable transportation.
The research work and the digital services developed by Ahola Digital
focuson real-time information sharingamong the relevant logistics part-
ners to provide just-in-time arrival and digitalisation of harbour opera-
tions from the freight transport company's perspective. Greener logistics,
reduced CO, emissions,and improved profitability are the consequences
of an optimised flow of goods and the execution of operations.

13



Solution, method
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Figure 1. The sustainability of the road transport segment.

MANAGEMENT

RESOURCES

OPERATIONS

Ahola Digital has researched and developed an emission calculator and
real-time driver application to enable organisations to monitor emis-
sions and optimise operations. Below is the process flow diagram de-
scribing the steps taken into account when calculating emissions.

Identification of
the different legs
transport service
o———————
« Identification of
transport service

+ Identification of
different legs for

each transport service

Truck telematics

=
« Telematics of each leg
« Data collection of
operational
characteristics and
used multimodal
transportation vehicles
« Quantification of the
total fuel consumption
for each vehicle

Calculating

of energy consump.
GHG emissions

B —————
« Calculating energy
consumption

(WTW & TTW)

» Calculating of GHG
emissions

(WTW & TTW)

Allocation the
calculated results
to each leg

e

« Allocation of each leg
the share of energy
consumption

(WTW & TTW) results

* Allocation to each leg
the share of GHG
emissions

(WTW & TTW) results

Final results

each leg
—h
= Sum of energy
consumption results for
each leg (WTW &TTW)

* Sum of GHG emissions
results for each leg
(WTW &TTW)

= Declaration of Final
results
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Figure 2. Process flow diagram.




The emission calculator app provides calculations of the emissions from
operationsinthe multi-modal environment using the EN 16258 standard
as a basis for calculations. The outcomes of the calculations show tank-
to-wheels and well-to-wheels emissions and energy consumption. The
application estimates emissionsonatrip level,oneach leg, and for every
cargointransportation.Moreover, the emissions calculator provides an-
alytics in various charts and allows for the configuration of calculator
methods and parameters. All calculations are finalised once the trip is
marked as completed in an integrated TMS system.

WILCOME TO
EMISSIONS CALCULATOR
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Figure 3. The emission calculator app.

The real-time driver's application gives drivers access to real-time in-
formation regarding the shipments and events and enables two-way
communication between drivers and dispatchers. The application in-
cludes relevantinformation about the cargo, instructions about loading
and unloading, ferry instructions, and information about border cross-
ings. Additionally, the application supports image uploads from drivers
(e.g.regarding deviations) andintegrationinto the cargo owner's app for

15



additional instructions. The information in the application is always up-
to-date, as itis connected via APl to the transport management system
(TMS). Drivers also have access to a map that shows the freight-appro-
priate routes thatdrivers are encouraged to take. Drivers can communi-
cate with the back office and potentially with other drivers via instant
messaging, and with the back office and potentially in future with other
drivers using private chatrooms.

<5t
AMCS.0
J, Driver mobile client
Ly

~Trip dutails and progress

+ Evant details

+MAP of events and customer location
+ Landscape/portratt view

. themo

PS8 Tracking
+ Instructions

iish, English, d)

+ Rual-time communication with Driver

Figure 4. The real-time driver's application.

Results, Accesstoreal-timedataisessentialinoptimising operations and taking
findings, the appropriate measures according to the in-field situations. Bi-direc-
output, and  jonal communication between the drivers, back offices, and third parties
impact i, the ogistics chain enables the latter to adjust the ongoing and upcomn-

ing trips according toreal-time changes. The optimised operations result

in improved profitability and decreased total emissions. Harbour oper-

ations rely on the physical presence of drivers. Drivers are needed to




provide physical papers in the harbour office. Providing digitalisation to
this process would increase efficiency amongst stakeholders involved
in the logistics corridor. The figure below shows real-time status mes-
sage contents shared in various formats (JSON, XML, etc.).

iPaas ¢ @/ & TMS/AMC

Y
Status updates nm‘!;r’,!';‘_n Status updates
Containing following 10T/Telematics
information
i e Carrier identifier ® Carrier identifier Multimodal
2 & c/"':t“;"’r e Shipment identifier o Shipment identifier logistics
arhor ® Arrived s Status event partners
* Booked = Location
» Collected * Timestamp
* Delivered
» Discharged
= Enroute
e Loaded
* Location
 Timestamp
Figure 5. The real-time status message.
With an application that keeps track of all emissions from the organisa-
tion’s operations and enables reporting of the emissions to the organi-
sation’s clients, transport service providers are prompted to act with
greater responsibility towards the environment and to seek ways to de-
crease the negative impacts. Emissions are reduced by optimising op-
erations, electrifying the fleet, increasing the biofuel proportion, and
leveraging other transportation modalities. The new standard SO 14083
Greenhouse gases — “Quantification and reporting of greenhouse gas
emissions arising from transport chain operations” will be released in
March 2023, potentially affecting the future development of emission
calculator applications.
References © SmartFreight Centre & WBCSD, 2023, End-to-End GHG Reporting

Guidance. Retrieved from:
‘https://www.smartfreightcentre.org/en/supplier-to-customer-
end-to-end-ghg-reporting-guidance-1/'[Online Resource]

© Hannah Ritchie, Max Roser and Pablo Rosado, 2020 "CO, and Green-
house Gas Emissions”. Published online at OurWorldInData.org.
Retrieved from: 'https://ourworldindata.org/co2-and-greenhouse-
gas-emissions' [Online Resource]
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VISY

isy Oy was founded in 1994 and provides gate automation so-

lutions to manage the flow of traffic, cargo, and personnel in
ports, terminals, factories, and logistics centers. Every asset that
goes in or out of a facility, whether by road, rail or quay, can be
managed using Visy technology. With a history spanning nearly
three decades, Visy is a pioneer in optical character recognition
(OCR), applied Al, and deep learning for camera-based solutions
for logistics automation. Visy ecosystems manage more than
6,000,000 automation tasks per day in over 30 countries to im-
prove the quality of the supply chain.

Artificial intelligence for lightweight
terminal access infrastructure

Contributors o HeikkiHuttunen, Jyrki Selinummi, Liang Fang, Joona Hakala,
Konsta Juvonen, Elias Keso, Kristian Lempinen, Paula Sartori,
Tomi Koskinen, Petri Sarpola, liris Kujala (Visy Oy)

® Vincent de Andrade (Codeo Oy)

raditionalaccess control systems require significantinfrastructure

to operate. Developmentsin computing hardware and machinein-

telligence can be used to replace parts of the infrastructure with
software, bringing significant CAPEX savings, but also improved flexibil-
ity and accuracy. The latter factors facilitate faster installation, less down-
time, and manually handled exceptions, which all contribute to a lower
total cost of ownership for the customer.

Background Traditional access control solutions are very hardware-intensive, con-
sisting of physical infrastructure such as ground loops, laser scanners,
driver kiosks, imaging portals, and so on. As the level of machine intelli-
gence has developed, replacing physical infrastructure with intelligent
software components has become an attractive option to gain a compet-
itive edge in the market. Specifically, we focus on three aspects of the

19
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digitalization of access control, logistics, and asset management at
international ports: (1) innovative mobile services for port end customers,
(2) situational awareness and surveillance of yard logistics using artifi-
cial intelligence on low-cost surveillance cameras, and (3) exploitation
of Edge Al to solve port logistics challenges.

Solution The solutions to all three aspects are described below.

Results,
findings,
and impact

1. Innovative mobile services for end customers

In mostaccess-controlled facilities today, the check-in process for cargo
traffic is based on very traditional infrastructure: the driver checks in
manually at either service counters or physical driver kiosks at the cargo
entrance gate. Thisis very different from, for example, air traffic, in which
passengers check in using their mobile devices, and manual service
desks and check-in kiosks are nowadays only a backup option. Therefore,
the need for a driver app that would enable check-in using a mobile de-
vice isevident.Moreover, during the pandemic, customers were reluctant
toimplementany processes that risked spreading the disease (e.g., kiosk
touchscreens or indoor service counters).

The technical requirements for such a driver app are unique, and
they may include the following features: the driver application should be
multilingual, should require no installation on the end device, should
work on a wide spectrum of devices and, most of all, should be easy to
use. Moreover, there are several non-technical requirements, such as
privacy and legal (GDPR) design choices, which need to be taken into ac-
count with the largest possible geographical scope.

Technically, the application was implemented using Progressive
Web Application (PWA) technology, which allows an attractive look and
feel on any mobile device but avoids problematic management and in-
stallation through an application store. The application also features easy
entry of data, such as automatically entering license plates or container
codes using the mobile camera with Visy's in-house optical character
recognition (OCR). In addition to the driver application, the process also
requires administrative views for the customer, as well as for other in-
volved third parties (such as haulage companies).

In customer surveys, we have identified several benefits of the mobile
check-in. Apart from those mentioned above, the mobile solution reduces
the check-in time, reduces the need for physical hardware, and gives a
better understanding of whois inside the facility. The latteris also a safety
concern,since many locations require visitors to pass safety training be-
fore entering; however, if access permits are based only on the vehicle



Results,
findings,
and impact

identity, the driver may not be the personregistered in the access permit.
The application is one way to increase the level of identification of the
driver without extra personnel costs.

The system is being piloted during spring 2023 at a customer site
with a significant amount of daily traffic. The different kinds of users of
the system will be interviewed, and their experiences will be helpful for
further development of both the software and the user experience.

2. Situational awareness and surveillance of yard logistics

Traditional methods of tracking the cargo flow in the yard rely on physical
infrastructure: for example, intermittent checkpoints with vehicle iden-
tification either by RFID or license plate reading. Alternatively, vehicles
have beentracked using, forexample, cellular or Bluetooth signals emit-
ted by drivers’ mobile phones. However, all of these options involve com-
promises in accuracy, additional costs, or delays to the traffic flow.

Following our low-infrastructure approach, we implemented a
track-and-trace system using overview cameras installed high above
the terminal yard, such as on a light mast. The cameras work together,
facilitating a smooth handover of tracked vehicles between cameras. The
data is integrated with the Visy Gate Operating System, thus keeping
track of vehicle and cargo identities instead of just statistically following
the paths that vehicles commonly use.

There has been significant customerinterestin the development.In par-
ticular, integration with other Visy databases has raised interest. Know-
ing the identity of every vehicle (to the level of license plate, container/
trailer codes, contents of the cargo unit even thedriver's name, if thatis
registered during check-in) is a unique feature not available from com-
petitors. In an ideal case, the system would enable perfect situational
awareness of the entire yard: a map of allocated parking places with a
full ID of every cargo unit at all times.

The system is being piloted during spring 2023 at a customer site.

3. Edge Al for port logistics

Visy's machine learning expertise isamong the most advanced in the in-
dustry in static recognition locations, such as the gate or the quay. As
commercial-off-the-shelf hardware develops, we also want to bring this
intelligence even closer to the edge, running the recognition models in-
side the camera. As a concept, edge computing is not particularly novel,
but running itin a hardware-agnostic manner on a variety of platforms
ismore so. Therefore, our goalis to support severaledge computing plat-
forms with minimal changes to the development pipeline. This way,
switching between vendors and platforms is seamless and helps to

21
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Results,
findings,
and impact

operate in a world where technical needs, supply, and even geopolitics
may play a role in hardware selection.

As a great example of the benefits of edge computing, in the pursuit of
lighter infrastructure, we have implemented event triggering directly
from the video stream, instead of physical ground loops, photo cells, or
laser scanners. This feature has been in production for years already,
butduring the project, we have moved the Alcomponent from the server
tothe edge (inside camera). This decreases the need for CPU power, net-
work bandwidth, and configuration, and also facilitates a higher level of
privacy without compromises: in selected applications, we can promise
that no pictures will ever leave the camera.

Recognition atthe edge has been a success. For example, replacing phys-
ical detectors of when acaris approaching the gate with software-based
ones has been transformative in terms of how the gate environment is
designed nowadays.Many customers insist that they will only accept the
new software-based solution, knowing that all hardware components
will eventually fail — usually resulting in losses of productivity, uptime
and efficiency at the facility.

Moreover, as a side product of the development, we have also prototyped
the recognition inside a mobile phone: this example of integrating recog-
nition into edge devices is now a standard feature of the mobile check-
in application discussed above.
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AWAKE.AI

wake.Al is a cloud platform startup providing digitalization

and Al services globally for maritime logistics actors. Our
products include Al-supported tools for planning and situational
awareness, ML-based prediction services, computer vision solu-
tions for cargo monitoring, and custom digital solutions for opti-
mizing multimodal logistics operations. Awake.Al is building an
ecosystem for smart ports and shipping, and the company’s mis-
sion is to lead the transition to sustainable and intelligent mar-
itime logistics, in which 10% of the global CO, emissions from
shipping will be reduced by 2030 with the help of the ecosystem
partners.

Ship and truck turnaround optimization

Contributors

Background

© Petri Aarnio, Vaklin Angelov, Mikko Hakila, Sami Jalo,
Jan Kinnunen, Santeri Kaaridinen, Eero Lehtonen,
Jussi Poikonen, Simo Salminen, Karno Tenovuo,
Petra Virjonen, Kari Virtanen, Jonatan Wiik

n the SMARTER project, Awake.Al has focused on developing cloud-

based data analytics and machine learning capabilities, and related

software services and applications aiming to improve the efficiency
of operations across the multimodal supply chain surrounding sea ports.
The developed components include automated vessel fleet analytics,
producing schedule prescriptions for vessel traffic planning, automated
traffic event monitoring in ports, analytics-assisted port call planning,
machine learning-based predictions of port operation durations, auto-
mated monitoring of port storage areas, and predictive analytics for hin-
terland trafficrates and turnaround times. The developed solutions con-
tribute to enhanced overall situational awareness, predictability, and
more efficient planning over the different phases of cargo flow through
sea ports. Inthe following, we outline solutions related to the above-listed
application areas developed during the project.

25



26

Solutions,
methods

Continuous automated analysis
of global vessel traffic

Leveraging existing servicesin the Awake.Al platform for predicting glob-
al vessel schedules, additional analytics capabilities and applications
were developed for automated monitoring of the status and perform-
ance of vessel fleets. These can be defined either dynamically based on,
forexample, arrivals atagiven port, or as afixed set of vessels of interest
toanoperator. Forvesselsinagiven fleet, multiple performance metrics
can be monitored continuously, including:

Schedule validity (current realization vs. plans) — can the vessel
meet its planned time of arrival (PTA) or not?

Computing optimal speed vs. PTA —is the vessel rushing

to wait?

Estimated bunker consumption and CO;, emissions for the
remaining voyage leg

Comparison of voyage metrics with historical outcomes
(timeliness, bunker consumption, etc.)

Implementing these functions generally requires case-specific integra-
tions (e.g., with planned vessel schedules and bunker consumption char-
acteristics). The work included developing related data ingestion servic-
es for multiple types of data sources, including national single window
systems for port call schedules, and vessel operators’ proprietary sys-
tems. Prediction models were developed for estimating bunker con-
sumption and CO, emissions for ongoing voyage legs versus dynamic
factors such as vessel speed and draught.

The capabilities outlined above are necessary in the maritime in-
dustry to enable scalable and automated implementation of vessel just-
in-time (JiT) arrivals, which is recognized by the International Maritime
Organization (IMO) as one of the main steps toward improving the effi-
ciency and sustainability of the industry (https://greenvoyage2050.
imo.org/just-in-time-arrivals/). The key principle of JiT is that vessels
should not rush to wait at anchor for berthing, which would generally re-
duce fuel consumption and emissions. However, this cannot be enabled
by considering vessel traffic in isolation, as it also requires improve-
mentsinthe situational awareness and predictability of port congestion,
operations schedules, cargo availability,and so on, to know what the cor-
recttimes are forvesselstoarrive. These aspects are considered by the
other components developed by Awake.Al during the SMARTER project,
as outlined (Figure 1).
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Figure 1. A dynamic vessel fleet corresponding to vessels under way to the port
of Hamburg, as shown in the Awake.Al smart port application.

Automated schedule prescriptions and
monitoring of port traffic events

In addition to ensuring that vessels are following their planned arrival
times, optimization of port call turnaround times requires that the PTAs
themselves are well selected regarding the traffic and cargo flows of the
port.In large ports, this can be a highly complex task, as the possible ar-
rivaland departure schedules of vessels depend on the aggregated traf-
fic atthe port (i.e. the potentially evolving actual schedules of all vessels
arriving at or departing from the port at a given time), and related restric-
tions on usage and availability of finite resources such as fairways, turn-
ing basins, tugs, and free berths. Furthermore, environmental factors
such as tide cycles and wind conditions cause dynamic limitations, es-
pecially for the arrival and departure of large vessels.

During the SMARTER project, Awake.Al has developed analytics
services that estimate possible vessel arrival time windows based on
vessels' currentvoyage status combined with port-specific rules, restric-
tions, and current planned port call schedules for the whole port. This
takes into account tide windows as functions of vessel size and draft,
wind bans, fairway passing restrictions, bridge air draft restrictions, and
planned berth availability, among other things. These functions have
been deployed as microservices in the Awake.Al cloud platform, inclu-
ding integrations with external data sources providing necessary data
such as tide and wind forecasts, port call planning information, and
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vessel positioning information. The produced schedule estimates are
designed to be passed through application programming interfaces
(APIs) to externalinformation systems operated by, for example, port au-
thorities or vessel traffic management organizations.

Figure 2. Example visualization of automatically computed port approach time
windows for arriving vessels, taking into account complex limiting factors such
as tide, wind, passing restrictions, and berth availability. Dashed lines illustrate
high and low tides, and the approach windows are colored according to schedule
priority (green indicating the closest feasible time window to a vessel’s current
estimated arrival time).

Within the port area, actors such as terminal operators, port authorities,
and service providers also have varying needs to monitor and record
traffic activitiesin specific port subareas. Furthermore,itis necessary to
communicate, for example, temporary restrictions in area usage to the
whole port community. To address these needs, Awake.Al has devel-
oped cloud-based analytics services and user interface features in the
Awake.Al smart port web application, to enable automated monitoring
of traffic in user-defined geoareas. This can be used for producing auto-
matic warnings and notifications of traffic events in easily customizable
areas and time intervals, with logging of all detected events to cloud
databases for later analysis. Resource tracking and visualization has
been enabled for both vessels and landside objects, such as cranes or
land vehicles, based on loT sensor integrations where available.
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Figure 3. A screenshot of the geofence function developed in the Awake.Al smart
port application. This enables flexible configuration of tracked geoareas in both
location and time, and also displays a live map of resources moving in the port.

Port call planning with ML support

For detailed planning of vessel port calls, Awake.Al has developed a plan-
ning application that enables relevant organizations and users to plan
in detail upcoming berth visits and use of port call resources such as
berth pockets, bollards, and landside equipment. The application in-
cludes map- and timetable-based views for the current locations and
predicted schedules of vessels, and it provides automatic warnings if
conflicts between plans or between plans and actual events are detected.
Furthermore, machine learning-based predictions provide continuously
updated estimates on vessel arrival times to relevant port waypoints,
andthey canalso be used as abasis for warnings and notifications when
actual schedules start to deviate from plans.

In addition to efficient planning and monitoring of port calls, the ap-
plication enables communication of the plans and related situational
awareness to the larger port community, also providing other related
information relevant for port calls, such as weather and tide predictions,
and local weather sensor readings. The application also includes auto-
matically generated chat rooms for each vessel port call, to enable
related communications and logging of user-based port call events. This
solution was developed as a web application maintained in the Awake.Al
cloud platform, anditis currently provided globally as a commercial serv-
ice for port authorities or related vessel traffic planners.
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Figure 4. Screen capture of the Awake.Al port call planning solution with selected
Ul features highlighted.

Cargo operation predictions

Minimizing port turnaround times of vehicles (e.g., by reducing waiting
times) for both sea and land traffic requires awareness and accurate es-
timates not only of vessel schedules but also of the durations of cargo
operations,including discharge and loading times specific to each vessel,
port call, and cargo type. These estimates should be made available to
the relevant actors operating in the port ecosystem, to enable informed
planning of operations and schedules.

During the SMARTER project, Awake.Al has performed case studies
on applying machine learning regression models to predict cargo oper-
ation completion times, both for future port calls and for ongoing opera-
tions, using online data on their current progress. By combining cargo
operation predictions with vessel voyage prediction capabilities, this
enables the production of predictions on possible congestion and waiting
times for vessels at port, which is a necessary capability for enabling
just-in-time arrivals. Our aim is to deploy these capabilities in future
research and commercial pilot projects, in combination with our existing
vessel schedule prediction services, to facilitate large-scale JiT solutions
globally.
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Figure 5. Example visualization of combining prediction models for vessel voyage
schedules and cargo operations during port calls. Three vessels are arriving in
the same berth, and the combined prediction models indicate even before the
start of each voyage that the vessels’ port calls will include significant waiting
times at anchor.

Automated storage area inventory

Ports require capacity for temporary storage of various types of cargo
(such asintermodal containers, trailers, cars,and bulk) and empty cargo
containers. It is common for port actors to lack precise and up-to-date
dataonthe status and available capacity of storage areas, requiring con-
tinuous manual effort to update inventories. To improve situational
awareness regarding cargo storage, Awake.Al has developed a system
incorporating local sensors, edge processing, and cloud-based analytics,
to continuously monitor and automatically inventory the contents of stor-
age areas containing various types of cargo.

The system is based on installing a number of lidar sensors in the
areas to be monitored, along with edge processing units that fuse the da-
tafromthelidar sensorstoacommon coordinate system.Analytics serv-
ices then combine the fused lidar sensor data with area specifications
(such as what type of cargo is stored in which parts of the target area)
provided by the storage area ownerin, for example, a standard CAD soft-
ware format. Based onthese data, the system analyzes the area contents,
providing a listing of cargo or container items by type, changes from the
last measurement, and so on. The system can also be configured to an-
alyze the volume of bulk cargo stored in the area. Furthermore, algo-
rithms were developed to ensure the robustness of the analytics, for
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example, by automatically detecting temporarily degraded sensor data
quality due to heavy fog or snow, and automatically calibrating the sensor
measurements when affected by a vertical shift due to snow cover.

Figure 6. Visualization of fused lidar data from two sensors measuring a storage
area containing several types of packages.

Predictive truck traffic analytics

Combining the predictive modeling functions outlined above, Awake.Al
has developed analytics services for predicting hinterland traffic flow
rates and truck turnaround times, based on planned and predicted vessel
portcalls. This includes training dedicated regression models for cargo
exchange volumes per port call, stochastic models for simulating the
dwell times of cargo elements (e.g. containers) in the port, and turn-
around prediction models that estimate congestion levels related to vari-
ation in hinterland traffic event rates (vehicles entering or exiting the
port).

In short, this system provides a holistic overview of upcoming mul-
timodal traffic activities and possible congestion at the port, which is sig-
nificant for porttraffic planning and scheduling, city traffic management
surrounding the port, and hinterland cargo carriers’ capacity planning,
among other things. The models and functions described above were
implemented as microservices in the Awake.Al cloud platform, with a
dedicated web interface to visualize the service outputs.
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Figure 7. Screenshot of the web interface visualizing the information produced
by the developed multimodal traffic prediction services. Top: illustration of pre-
dicted vessel schedules and container exit events. Bottom left: estimated met-
rics for daily and weekly traffic event rates. Bottom right: predicted truck
turnaround times.
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Summary of results

Thereis significantinefficiency in maritime logistics due to, for example,
insufficient situational awareness and predictability of events and
processes, lack of communication between actors, and lack of automa-
tion tools for scalable optimization of resource allocation. A practical
margin for improvement exists for reducing the port turnaround times
of vehicles on both the land and sea sides, but this cannot be solved with
a single application. Instead, improvements in both digital tools and
existing processes and practices are required across the multimodal
supply chain.

During the SMARTER project, Awake.Al has worked on many solu-
tions aiming to address the challenges outlined above for multiple stake-
holders across the port ecosystem, such as shipping operators, vessel
traffic coordinators, port authorities, terminal operators, cargo owners,
and hinterland logistics operators. Some of the described solutions have
beenimplemented as commercial pilots, some have already been devel-
oped into globally offered products, and some are prerequisites for
future development, such asinenabling just-in-time port calls. However,
all of these solutions have been implemented as working cloud-based
services, tested in real data environments, and are ready to be applied
in future commercial applications. In the future, Awake.Al aims to com-
bine many of the developed functions in systems enabling holistic
optimization of maritime supply chain operations.
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Passenger flow analysis

bject detection plays an important role in many applications, in-
cluding autonomous vehicles, scene understanding, and pose es-
timation. It helps us to obtain complete image understanding by
estimating object location, classifying objects, and tracking the object,
as well. In other words, the purpose of object detection algorithms is to
detect an object by precisely predicting the bounding box coordinates
that contain the object. However, object detection still is a challenging
problem due to illumination conditions and the variety of objects.
Inanideal situation, passengers should arrive at a port by a means
of transportation that reduces congestion at the port and inside the ter-
minal. Passenger flow is an intelligent video-based system to increase
the operational efficiency of the passengers.

Inthe case study, we concentrate on automated video analytics of crowds
related to harbor terminal buildings and their surroundings. This in-
cludes the detection of crowds and their level of occupancy and mode of
behavior within an area of interest, as well as their predicted future be-
havior, for public surveillance and safety. A few examples of benefits of
passenger flow are: optimized throughput times, increased safety and
comfort of the passenger crowd, improved security and law enforcement
response times, better estate utilization, and improved sustainability.
With the rapid development of deep learning, convolutional neural
networks (CNNs) [1] show promising solutions in object detection.
Inspired by the success of applying CNNs in several object detection
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Total person = 3

methods, we used a CNN-based algorithm called You Only Look Once
(YOLO) [2] to detect and classify passengers, and simple online and real-
time tracking with a Deep Association Metric (Deep SORT) to track them
in the harbor and terminal areas.

Automatic Human Pose Estimation (HPE) [3] can be employed in
many real applications, such as sport analysis, video surveillance, and
advanced driver assistance systems. HPE from an image or video is an
important computer vision task that estimates human body parts from
the data captured by sensors, particularly images and videos.

Using the aforementioned methods and algorithms, we built a system
that is able to identify and localize people in the port area, monitor pas-
senger flow inside/outside the terminal, and show current occupancies
and detect any abnormalities by analyzing human poses and tracking
movement routes.

Figure 1 shows a screenshot of the real-time system we built, which
has identified people in the area (in order to comply with GDPR regula-
tions, the system immediately blurs the people in the picture, to guaran-
tee their privacy) and assigned a unique ID to each detected person, to
enable the system to follow movement routes and to analyze the behav-
ior of the person in the area of interest to detect abnormal conditions,
such as falls, accidents or, if necessary, suspicious situations (Figure 3).
The system provides real-time CSV data on the total number of people
in the area and their location, including a timestamp (Figure 2).

Figure 1. An overview of the system.
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Figure 2. Output data of passenger counting with
timestamps.

Figure 3. Pose estimation.
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Traffic flow analysis

n ports, the transport of cargo changes from ground to sea. The cargo

can arrive by several means, of which truck trafficis one.Ideally, trucks

should be able to arrive at the port in a way that minimizes the time
spentin on the road while avoiding (and not generating new) traffic con-
gestion. Another goal for optimization can be to minimize the time spent
in the port area and in queues.

Road traffic and its entry into ports is an ample source for data. In
the present work, we consider how a knowledge of the system might be
helpful for future considerations in traffic planning. Two major targets
were considered: predicting travel time and detecting traffic anomalies.

To analyze the traffic flow around the Port of Turku, the available data
sources were mapped. In the analysis, we concentrated on three data
sources: the publicly available TMS data provided by Digitraffic (https://
www.digitraffic.fi/en/road-traffic/lam/), Distance API data from two
major providers, and through-traffic data provided by the project partner
Nodeon.The data collection points covered roads both around Turku city
center and toward the city center (Figure 4). In addition, a number of other
data sources were considered, including the cargo container counts
provided by the Port of Turku and port gate vehicle counts provided by
Visy.

TMS (traffic measurement system) data consists of observations
of vehicles passing a measurement point on a road (Figure 5). For every
vehicle, multiple fields are recorded, including the vehicle type and speed.
From this raw data, a time series was created for each TMS station, con-
sisting of the number of vehicles that passed the pointin a given direction
in each b-minute intervalin a day. This data was explored and prepared
for further analysis.
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Nodeon through-traffic data consisted of traffic measurements at
various points around Turku (Figure 4). The measurement points consist-
ed of input points and output points. At both points, the license plate of
the vehicle was scanned. If a vehicle was detected first at an input point
and afterwards at an output point, a point of data was generated record-
ing the passing of time between both points. This data was anonymized,
so further trips made by the same vehicle were considered as separate
observations.

Further, the data from two major Distance APl providers was sam-
pled to complement the data collected by Nodeon. The travel times be-
tween the adjacent TMS stations and the different input-output pairs in
Nodeon were queried for travel times over a two-week period in May-
June 2022.

The data from the aforementioned sources was explored in a
search for patterns or repeating subsequences. The similarity of subse-
guences was measured using dynamic time warping, which gives a
score for the similarity of two sequences (Figure é). In addition, the pre-
dictability of the travel times given by Distance API providers was exam-
ined using linear regression.

The TMS station data was found to be highly similar between weeks
(Figure 7). In the data, business days are highly similar to one another,
while weekends differ significantly. This observation confirms intuition
concerning traffic. Using dynamic time warping for the distance between
different days, the days can be clustered. We are currently working on
clustering the traffic days into three categories: business days, week-
ends, and outliers. This would enable the creation of an early-warning
system for traffic anomalies, such as accidents. In data analysis litera-
ture, this is known as “anomaly detection.”

Regarding the travel time prediction using the Distance API provider
data and the TMS station through traditional methods, the work is still
ongoing. However, early results promise a reasonable prediction rate.
Additionalresearchis also underway on the possibility of predicting the
traveltime between two adjacent nodes by modeling the changesin traf-
fic pattern propagation between the nodes: if a spike in traffic node A is
observed with a lag at the adjacent node B, this lag could be used to pre-
dict the travel time between the nodes.

The outcomes of these two lines of research will be sent for peer review
laterin 2023.
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Figure 4. Data collection points around Turku. Blue points represent TMS sta-
tions. Magenta, green and orange dots represent Nodeon through-traffic meas-
urement points: magenta for incoming and green for outgoing traffic, and the
Turku Cathedral (orange) for both. The separation between the TMS data and

Nodeon data points is marked with an orange line.
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Dynamic time warping can be used to calculate the similarity of two
time series. On the left, the vehicle counts of two business days; and on the
right, a business day and a weekend day.

LAM 239, suunta 1 Ma 7.1.2019 - Su 30.5.2021

Weekly vehicle counts of cars and delivery vans heading for Turku in
Kaarina, starting in the upper-left corner from Monday, January 7, 2019. The
data was recorded at TMS station 239 in Kaarina (60.424022 N, 22.402097 E).
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he Laboratory of Industrial Management at the Faculty of Science and En-
Tgineering at Abo Akademi University focuses on industrial investments and
project activities in the energy and transport sectors. Through previous proj-
ects, the research team at the Laboratory of Industrial Management has gained
expertise in sustainable maritime logistics, the decarbonisation and digitali-
sation of shipping, and the governance of innovative transport solutions. The
academic research performed at the laboratory revolves around industrial
value creation, the evolution of business ecosystems for sustainability, insti-
tutionalisation, and transitions in socio-technical systems. The unit is also part
of Abo Akademi University's strategic profile area, ‘The Sea’, involving the col-
laboration of researchers from marine biology, public administration, maritime
law, and industrial management to solve ‘wicked’ sea-related problems.

The laboratory has established international collaboration with the Stanford
Center at the Incheon Global Campus (South Korea) on sustainable infrastruc-
ture and smart cities. The collaboration focuses on ways to generate value from
climate-resilient infrastructure, and it expands to cover the governance and
finance of smart and sustainable infrastructure in general. The researchers in
the team are part of DIGEX (Digitalizing Infrastructure Group of Experts),
established by the Florence School of Regulation at the European University
Institute in Italy.
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oPax ports face unique challenges due to the combination of pas-
senger and cargo flows and services, which presentdigitalisation

opportunities. Many digital solutions have been implemented in
RoPax ports, including innovative solutions developed within the
SMARTER project. We have developed a typology for understanding the
value of these solutions for port authorities and stakeholders, and their
impact on logistics chains. This typology is a benchmark for solution
providers to position their offerings in relation to others.From a port per-
spective, the typology identifies common trends in digitalising RoPax
ports and reveals new technological opportunities.

Sea logistics is known to be among the slowest to adopt digitalisation
technologies (Transport Intelligence 2019), still relying heavily on old
communication and data exchange methods; thus, the potential benefits
of aggregating and analysing the data on maritime transportation are
vast. RoPax ports can be seen as critical nodes of the ‘Motorways of the
Seas' Digitalising activities within and beyond the terminals can improve
logistic chains.

The research results presented here are based on the work done
within WP1 ‘Business transformation’, which aimed to understand the
need and potential for digitalisation in the context of RoPax ports and to
study the impact of digital solutions on the value creation of various port
stakeholders.

43



bt

The burgeoning of RoPax transportation has been particularly rel-
evant and pronounced for those countries around the Baltic Sea region
with a geographically isolated or distant location and with limited access
to continental markets through land-based transport systems. The
RoPax connections have predominantly evolved around urban areas,
major old cities, and trade lane nodes.

Over decades, the business model combining short sea passenger
and cargo transportation has become an established and common trans-
port concept, handling most of the intra-Baltic Sea trade. The concept of
ferries and RoPax is based on a vessel design with roll-on and roll-off
features (ro-ro), enabling the loading and unloading of wheeled commer-
cial vehicles (lorries, trailers) and passenger cars, with the capability to
accommodate and serve the needs of passengers. Quick, flexible, and
efficient loading and unloading procedures are vital for operators with
tight regular schedules and short turnaround times.

Ports are increasingly implementing innovative technologies and
digital applications, providing new opportunities for greater collabora-
tion, sustainability, safer and better-optimised operations,and improved
overall business performance. However, most research and develop-
ment efforts on ports have focused on measures and solutions intro-
duced by large container ports, while (smaller) RoPax ports and termi-
nals have received less scrutiny. Hence, the full potential regarding in-
ter-organisationalalignmentand integration, data sharing, communica-
tion, and collaboration among actors within the entire end-to-end (inter-
modal) transport chain has not been exploited.

Along with the greening of the maritime sector, ports (and ship op-
erators) are expected to adjust their operations to align with environmen-
tal and sustainability considerations. The question is, besides providing
necessary quayside facilities, how could RoRo ports extend their role
and responsibility as an integral part of the entire transport chain, alle-
viating externalities generated beyond the port boundaries and further,
to the hinterlands and land-based modes? Although various mecha-
nisms and measures available to ports have been identified (e.g. pricing
tools,investmentsin technology, dedicated infrastructure, and regulato-
ry instruments), a comprehensive study (Aregall et al., 2018) conducted
among global ports indicated that only about a fifth of the reviewed ports
had implemented measuresimproving the environmental performance
of hinterland transport.

Managing and combining the flows and services of cargo and pas-
sengers leads to several specific challenges, all creating opportunities
for digitalisation. On the passenger side, typical challenges are related
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tothe unavailability of integrated and real-time information about trans-
port connections, schedules, services, and notifications of traffic distur-
bances, causing delays along the transitjourneys to and from the termi-
nal. Today, the check-in, security and embarkation procedures cause un-
necessary crowding and queuing in the passenger terminal, which are
problems that the uptake and implementation of digital solutions could
alleviate. The technology could also take safety and security matters to
another level through tools for crowd management,identification of pas-
sengers’ unusual behaviour, or unattended luggage.

Conversely, the multimodal transport chain is hampered by unco-
ordinated road traffic pulses and congestion at ship arrivals and depar-
tures inside the port, the associated urban area and its main approach
roads. This problemis less likely to diminish with the expansion of resi-
dential and recreational urban areas and associated shrinkage of the
port facilities and stowing areas. This is a common issue in typical port
cities, whereland value considerations already encourage more efficient
land use. Furthermore, the vessels will likely grow in cargo capacity, fur-
ther worsening the overcrowding of the road network. Traffic jams, in
their turn, give rise toidling and unnecessary emissions.

Due to the relatively short distances over the sea and ship turn-
around times in ports, the RoPax short sea segment is more time-sen-
sitive regarding timely and efficient loading and unloading procedures,
as delays may be difficult to compensate with speed out at sea. The ac-
cumulation of lorries in the harbour area and the usage of the harbour
area as a waiting/parking area long before the actual departure is an-
otherunwanted phenomenon. Thisis principally a consequence of alim-
ited number of dedicated resting and parking areas for lorries in the
port’s vicinity. Introducing an integral just-in-time (JIT) solution with an
associated pre-parking concept offered to road haulage customers
would benefit all stakeholders’ operations and performance. Lorry driv-
erswould beinformed and called in when their vehicle candrive into the
portarea, using adedicated application or anotherinterface. To a prede-
termined degree, the given slot times would enhance the timely and or-
derly arrival of specific lorries in certain batches, benefiting the actual
optimal onboard stowing plan and order.

We gathered data through desktop studies, interviews, site visits, and
workshops, to identify the available and potential digital solutions that
are relevant for RoPax ports. Interviews were conducted with each
SMARTER partner. Organisations outside the project were also inter-
viewed, such as relevant municipality departments, digital solution
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providers in urban and transportation sectors, or other RoPax ports in
the Baltic Sea region. Altogether, over 35 interviews were conducted
throughout the project.

With the University of Turku, six RoPax ports were selected for a
benchmarking study on portdigitalisation and business model changes.
Existing digital solutions and upcoming digitalisation implementations
were studied, and the potential impact of digitalisation on the evolution
of the port authority’s business model was discussed.

Two workshops related to identifying the types of digital solutions
relevantto RoPax ports were organised: one focused on passenger traf-
fic and another on cargo flow. Six field visits were made to RoPax termi-
nals. Through the workshops and site visits, we gained an understanding
of the current ecosystem’s challenges and development bottlenecks.
The participants were asked to identify existing bottlenecks, goals, po-
tentialdigital solutions, and collaboration steps related to passenger and
cargo traffic flows.

During the research, it became apparent that digital solutions de-
signed for orimplemented in RoPax ports provide different functions and
thus value to port actors and involve smaller or bigger constellations of
actors and respective data. Considering their effects, the solutions
ranged from those addressing limited activities within the boundaries of
anindividual port actortothose affecting the efficiency of whole logistics
chains. Certain solutions, such as those for situational awareness in ports,
could provide data input for other solutions, such as the optimisation of
cargoor passenger flow. Thus, creating a typology of digital solutions for
RoPax ports, facilitating the understanding of the opportunities that dig-
italisation brings for ports in a structured manner, was necessary.

The solutions were categorised in two dimensions. The first was in-
spired by and elaborated further from the capabilities of smart, connect-
ed products that Porter and Heppelmann (2014) proposed. They identi-
fied four such capabilities: monitoring, control, optimisation, and auton-
omy.As we categorised digital solutions in the port environment, a need
forthree additional capabilities appeared: communication, visualisation,
and prediction. Control and automation were considered one capability.
Thus, the following capabilities or functions of digital solutions were used
in further typology development:

Communication
Visualisation
Monitoring

Control and automation
Prediction

Optimisation
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The second dimension included three layers of digitalising port opera-
tions (Tsvetkova et al., 2021):

Infrastructure layer
Service layer
System layer

The first layer includes solutions directly relating to the efficient opera-
tion and maintenance of maritime infrastructure, such as the digital
twins of portinfrastructure and smart buoys that help identify the need
for maintenance through predictive algorithms. The second layer in-
cludes solutions to improve how the users utilise this infrastructure.
These solutions include managing the throughput of traffic, cargo, and
vessel flows through ports so that maritime infrastructure is utilised ef-
ficiently,and the quality of service is maximised for cargo shippers, ship
operators,and other parties relying on portinfrastructure. By combining
the data related to maritime infrastructure and cargo flows, achieving
efficiencies on a larger scale at a system level is possible, ensuring a
smart cargo and passenger flow through digital corridors, end-to-end
journeys, and optimising whole supply chains.

We identified various solutions that are already implemented or planned
to be implemented in the six RoPax ports we studied (marked in blue in
Figure 1) and the solutions that have been developed or discussed within
the SMARTER project (marked in yellow in Figure 7).

Oneof the findings is that RoPax ports strongly focus on digitalising
and improving communication among the many actors. Without digital-
ising documentation flow and notification processes, itis tooearly to dis-
cuss more profound digitalisation and integration efforts across organ-
isations. The solutions that the studied ports mentioned mostly focus on
documentation exchange and notifications related to cargo and vessel
arrival. Within the SMARTER project, several solutions were identified
regarding the communication pertaining to passenger flow, creating an
intriguing opportunity toimprove customer satisfaction concerning pas-
sengers as customers of RoPax terminals.

With regard to the goals for sustainable development, digitalisation
already aids in monitoring and communicating pollutant and greenhouse
gas emissions from the operations within terminals. However, a high
potential exists for optimisation solutions within the system layer to
optimise cargo and passenger flow, which would result in reducing the
environmentalimpact of RoPax transportation. For example, convenient
mobility as a service (Maa$S) solutions can reduce the passengers’ need
to use private cars when arriving at the port. Optimising traffic lights
leading to the port reduces the stops and starts for lorries approaching
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the terminal, reducing fuel consumption and corresponding emissions.

Interms of monitoring, ports have implemented solutions for mon-
itoring processes directly related to the infrastructure layer, such as en-
ergy use or air quality in the port area. Naturally, security monitoring ex-
ists in any RoPax port. However, SMARTER partners have proposed so-
lutions for more automated security monitoring, including, for instance,
automated identification of left luggage or identification of crowding in
the terminal. Other solutions developed in the projectinclude identifying
and counting passengers and vehicles, which can provide input for sev-
eral automation or optimisation solutions.

Control and automation seem high on the agenda for many ports,
as passenger and vehicle flow automation can save costs, improve cus-
tomer satisfaction, and reduce the workload of port workers. There were
many overlaps between the solutions developed within the SMARTER
project and solutions implemented (often partly) or planned by RoPax
ports, confirming the indisputable value of these solutions.

Similarly to visualisation, solutions that fall under prediction capa-
bility are essential for human decision-making in RoPax terminals or op-
timisation solutions. Opportunities exist for predicting important data
points regarding passenger, vehicle, and vessel flow.

Regarding optimisation, ports have implemented several solutions
addressing the infrastructure layer. Thus, they are limited to the scope
of aRoPax port (heat and power optimisationin terminal area, smart se-
curity). Other solutions aim to integrate several processes that go beyond
actual port operations. However, the system layer is addressed much
less.While intelligent supply chains have been mentioned in connection
with RoPax ports, they are yet to be developed as a working concept. The
SMARTER project has produced concepts for several optimisation solu-
tions addressing passengers’ end-to-end journeys or those integrating
freight traffic flow with port and vessel operations, to maximise the use
of vessels and port infrastructure.

In summary, digitalising end-to-end supply chains can fundamen-
tally change logistics and thus has implications for the future manage-
ment of maritime infrastructure. Specifically, increased transparency
and a better understanding of cargo and vessel flow through ports are
inputs for smarter decisions regarding port infrastructure investments
going forward. Combining the data related to maritime infrastructure
and cargo flows makes achieving efficiencies on a larger scale at a sys-
tem level possible, ensuring a smart cargo flow through digital corridors
and optimising whole supply chains. Such synchronous modality can en-
able significant transport cost reductions and optimum utilisation of
transport infrastructure, while adhering to the respective delivery con-
ditions (Tsvetkova et al., 2021).



We can observe certain differences between the technology push
and market pullregarding digital solutions for RoPax ports. In particular,
solutions for visualisation or prediction developed in the SMARTER proj-
ect can provide valuable input for other functions, such as optimisation
or control. One must understand, for example, how projections or visu-
alisations of terminal flows can be used in, for instance, security man-
agement or passenger and cargo flow optimisation to develop a viable
business offering.

The typology of digital solutions for RoPax ports thus serves as a
benchmark for different solution providers toidentify the role of their so-
lution and the potential value it can create for port actors. Simultaneously,
port authorities and port actors can use the results of this research to
identify common trendsin digitalising RoPax ports and discovering new
technological opportunities.

Infrastructure

System layer

Control & e e Ontbimi

Visualisation Monitoring datomation Pr P tion

Real time vessel ETA
prediction

Prediction of time to the
terminal for vehicles

o i Prediction of time to the
me
Dynamic digital Unattended luggage ar terminal for vehicles

Door-to-cabin joumey
fangu planner for passengers
recognition and
translation for
information
transmission
Mobility as a service
Just-in-time truck arrival

Figure 1. The typology of digital solutions in RoPax ports.
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he maritime sector is one of the pillars of the global economy. Its

resilience is essentialin the face of adverse events, and digitaliza-

tion arises as a main catalyst of innovation and a promoter of ro-
bustness.Forindustrial operators,the dataeconomy is essentialin long-
term performance upsurge, predictability, and profitability. To promote
the data economy, data exchange between operators is essential to pro-
duce system-level gains. Below, we analyze impediments and opportu-
nities in data-sharing through a series of qualitative methods. The new
wave in the data economy will reform the maritime landscape and will
support maritime operators in abiding by forthcoming decarbonization
and energy-efficiency regulations.

The global economy and our very own subsistence are highly reliant on
the maritime supply chain and maritime operations overall. The re-
silience of the maritime supply chain has come under scrutiny inthe face
of unforeseendisruptions, accelerating political tensions worldwide, per-
sistent effects of the COVID-19 pandemic,and ever more drastic weather
events. Many facets of its inherent vulnerability have been exposed.
Reliable access to various goods was considerably limited due to out-
moded, inefficient and segregated processes, implemented by many
operators in the freight sector globally. Naturally, there is a dire need to
devise strategies that promote imperative transformations to boost the
resilience of the maritime sector, arguably through digitalization. While
many companies made great progress toward digitizing their operations,
only some were able to adapt to the new reality with minor consequences
(lancu, B.etal.).
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Solution,
method

Digitalization has been a prominent catalyst in accelerating the
modernization of maritime operations. Through digital innovation, sig-
nificant strides can be made in building safer, more resilient,and greener
supply chains. Reinforcing a global digital ecosystem, however, requires
a revision of attitudes. Maritime actors need to establish strategies that
withstand the test of time and ensure that the ever-changing maritime
ecosystem adapts to unanticipated events (Sarabia-Jacome, D. et al.).

Arguably the greatest vulnerability of the maritime supply chainis
its limited transparency, originating in a persistent reluctance of stake-
holderstoshare data across multiple ecosystem channels. The rationale
behind this is intricate. There is a considerable number of independent
actors. Although digitalization is progressively taking over the maritime
sector, many operators still resort to non-automatic processes (email,
phone, fax, etc.), whichintroduce human errors, thus hindering informa-
tion exchange. Companies prefer to attain or preserve their competitive
advantage through data, and they choose to share it only when it benefits
theirowninterests. Many present acute concernsregarding data privacy
and compliance, facing legal quandaries in the assessment of liability
risksin the case of possible privacy violations. Others face challengesin
addressing the complexity and cost of data-sharing (Morariu, A.-R.). Gen-
erally, data is seldom shared across the maritime ecosystem and, even
when it is available, serious concerns are raised regarding its prove-
nance, quality, and trustworthiness.

Dataremains alargely unexploited resource across the maritime supply
chain. Albeit the International Maritime Organization (IMO) requires its
members to exchange information pertaining to cargo, crew, and pas-
sengersdigitally,a mere few ports adhere to these obligations. This may
be, in part, because digital data-sharing policies are scarce and chal-
lenges in adopting data-sharing platforms prevail. Interoperability
emerges as one key factor in addressing digitalization of the maritime
sectortothe fullextent. To manage their data assets, many maritime ac-
tors employ different data platforms and infrastructures, which are not
readily compatible with others. The absence of globally standardized da-
ta-sharing platforms arises as one crucial hindrance to data-sharing.

Todetermine the challenges that port ecosystems face, we conduct-
ed a survey, a series of interviews, and workshops involving SMARTER
partners. The survey was sentoutto allcompaniesinvolved in the project.
The scope of the survey was to gather insights regarding the SMARTER
dataecosystem, to understand the usage of data from collection to analy-
sis to decision-making, and to identify potential impediments in data-
sharing and development processes.



Results,
findings,
output, and
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The scope of the interviews was to compile a systematized inven-
tory of data assetsin the project,documenting data collection efforts, da-
ta organization, and secure access to data with group-based policies.
The selection of participants for the interviews was decided internally
within the project and comprised experts and managers among
SMARTER collaborators. The interviews were a follow-up to the afore-
mentioned survey, aiming to elaborate on certain aspects regarding da-
ta-sharing among the project stakeholders. The interview framework
relied on several functions that promoted understanding, data-sharing,
and collaboration between partners:

Search and discovery — to determine data availability
and ownership;

Metadata availability — to provide contextual information
regarding data assets;

Data-sharing - to identify existing and potential data flows
between organizations;

Data archiving — to establish key storage management
features;

Data quality — to review implemented solutions ensuring
the completeness, reliability and accuracy of data assets;

Data lineage — to document mechanisms of tracing and
tracking data evolution within the project’'s organizations;

Security — to elaborate on secure solutions for selective
data-sharing within the project;

Business impact - to evaluate profitability based on data
governance and usage.

The workshops were designed to identify existing and potential data
flows between collaborators in passenger flow and just-in-time truck
arrivaluse cases,andto conceptualize a high-level architecture of adata
management model that would mediate eventual deterrents in data-
sharing and collaboration.

The research results presented here are based on the work carried out
within WP3 ‘Data Collection and Management, which aimed to under-
stand data-sharing betweendifferent analytics layers and stakeholders,
theimpact of data privacy issues in data-sharing,and data management
solutions in the context of RoPax ports.
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Through surveys and interviews, we identified data assets pro-
duced/utilized by the organizations in the project and documented their
access modalities. The aim was to achieve clarity inthe data types, meta-
data use, data-sharing among organizations, and essential business at-
tributes. This initiative was intended to achieve a holistic perspective of
data assets within the project and toimprove the understanding of avail-
able data to be able to promote collaboration between partners.

The main reasons for conducting a series of interviews were three-
fold. Firstly, challenges in large organizations and in projects involving
many organizations often have comparable reasons, which might be
shared among organizations. Hence, a holistic perspective of data assets
inthe projectis crucialtoeven consider ecosystem data governance and
lucrative collaboration. To enable such collaboration among project par-
ticipants, exploring data and search functions is essential. This in turn
brings about animproved understanding of available data and, thus, nur-
tures collaboration among partners.

We identified benefits of data-sharing with a special focus on data
sources and access:

Saving time and effort in locating data and accessing it;
Creating a shared business vocabulary;

Understanding the structure and variety of data
within the project;

Helping to assess the provenance, quality, and
trustworthiness of data;

Capturing tacit knowledge specific to one organization;

Enabling the reuse of knowledge and data assets
within the project;

Guiding data preparation efforts by owners.

One of the findings is that the port is at the center of the data-sharing
ecosystem and, together with regulatory incentives dictated by port au-
thorities, it is of utter importance to design and adopt robust data man-
agement systems that serve port operators. One such modelis present-
edinFigure 1. Data streams come from different flows, such as camera
surveillance or other sensors designed for situational awareness in dif-
ferent environments. Different dynamic networks are used for commu-
nication, and they come with a specific level of uncertainty. Classifying
and validating data from different sources and sensors to build valuable



recommendations for port operators can be achieved only by under-
standing how each operator plans their activities and how they execute
them. Upon reflection and seeing results from similar operators, best
practices spread throughout the community. Trust and transparency are
of utmostimportance. Data quality monitoring is promoted by establish-
ing data taxonomies and performing exploratory analysis. Domain
knowledge establishes causal relationships between data streams (Jai-
mini, U. & Sheth, A)) and can be the catalyst between various data sources
in establishing data fusion solutions to create a holistic perspective of
the data-sharing ecosystem. Incorporating causal knowledge with col-
lected data, we can provide Al models with new information that facili-
tates learning of causal relationships responsible for erroneous infer-
ences, ultimately improving the performance of algorithms. These algo-
rithms can provide situational awareness for (semi-)autonomous navi-
gation, prevent risks by employing preventive rather than predictive
maintenance for machinery involved in maritime operations, recom-
mend new solutions for various challengesin ports, and simulate diverse
scenarios in the functioning of the data ecosystem at various levels of
resolution.

Data taxonomy
Statistics, counters, KPls
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Data qualiki monitoring I Al &
Situational
awareness

g
P Preventive risk
—) —}
g - um managememt
5 Dynamic =
] Network Communication
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Figure 1: Conceptual model for a data management system for a RoPax port.
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Duringourinterviews,one major concern was data privacy and security
and how itcanbe protected within alarge data ecosystem. A few privacy
solutions for data-sharing emerged that could be implemented in the
future:

Homomorphic encryption (Yi, X.): computations can be
performed on encrypted data directly, and the output is
identical to that from computations performed on unencrypted
data;

Differential privacy (Dwork, C.): allows sharing information
regarding group patterns in a dataset without divulging
information about specific individuals in the dataset;

Federated (collaborative) learning (Li, L. et al.): promotes
training Al algorithms across multiple decentralized devices,
on local datasets, without explicitly exchanging data;

Zero-knowledge encryption (Yang, C. et al.): is performed with
a user key that is unique and that is only known by the end
user, who can solely access the encrypted data;

Privacy-preserving computation (Kerschbaum, F): computation
is distributed across multiple devices in such a way that no
one device can see the entire array of inputs.

Tosummarize, stakeholders can assess the financialimpact of a project
and compare predicted and actual expenses by sharing and aggregating
data. For the initiative to meet its objectives, having access to data is es-
sential. Data-sharing has several advantages, including expanded mar-
ket potential,improved company and investment stability, more produc-
tive workflows, and lower, more predictable expenses. Data from previ-
ous projects help stakeholders make better decisions by enabling them
todraw lessons from the past and offer solutions. Maritime facilities can
therefore be the imposing stakeholders that can establish data centers
with regulated access for the connected businesses in the port areas.
Hence, we consider that our research has raised the awareness of data
interoperability and offered new methods of increasing economic growth
and collaboration within SMARTER project partners.
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Teleste has been providing equipment and technologies for video networks
since 1954, and it has been listed on Nasdaq Helsinki since 1999.

The company was founded on two principles: customer understanding and
quality. From the very beginning, we have also been well known for tenacious
Finnish engineering skills. As our customers’ needs, technologies, and the
world around have changed, so have we. Here you can take a sneak peek into
some of the steps along our journey. In the Video Security and Information busi-
ness unit, we provide professional video and information management appli-
cations, systems and services for public safety authorities and operators, as
well as public transport operators and rolling stock manufacturers. Our port-
folio meets the highest international standards and requirements for demand-
ing operational environments and large-scale, integrated implementations.
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3 assenger safety and the optimization of passenger flow are crucial
factors to consider when operating passenger terminals at ports.

Ensuring the safety of passengersis of utmostimportance and re-
quires a comprehensive approach that includes measures such as risk
assessment, security checks, and emergency response plans. Addition-
ally, optimizing passenger flow is necessary to ensure that passengers
can move through the terminal efficiently and with minimal delays. This
requires careful planning of the terminal layout, the use of technology
to manage passenger traffic, and the implementation of effective com-
munication strategies to keep passengers informed. By prioritizing pas-
senger safety and optimizing passenger flow, port operators can provide
a seamless and enjoyable travel experience for their customers.
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Background

Solution,
method

In SMARTER, Teleste focused onimplementing a use case thatimproves
public safety and passenger flow in a passenger terminal. The integra-
tion of the video surveillance system and the situational awareness sys-
tem prototype was developed during the project.In addition, integrations
were done with other vendors, such as TUAS, Brighthouse, Lingsoft and
Focusplan.

© The Teleste video surveillance platform was used as a basis, and it
was integrated with situational awareness, video analytics and
different sensors, and other third-party systems. Figure 1 illustrates
an overview of the system.

Situational awareness

Analytics

Sl (video/audio)

GDPR compliancy/privacy management/
Cyber security

Video data management and

storage

Figure 1. An overview of the system implemented in the project.

The solution was developed by first using the following procedure:

Use case Requirements Prototype Verification &
definition definition implementation validation

The use cases were defined during the first phases of the project, with
contributions from all the consortium partners. Eventually, passenger
safety and passenger flow optimization were selected as the main use
cases.

The solution was implemented using a prototype developed by
Teleste, integrated with other subsystems from other project partners,
such as wireless solutions from TUAS and Brighthouse. The system was
installed at the Silja-Tallink terminalin Turku, where the implementation



was verified, validated, and demonstrated. Figure 2 illustrates an
overview of the Teleste platform and related project partners.

Teleste Situational awareness platform

VMS Video Data ! i
analytics protection management

Brighthouse TUAS Lingsoft
(Smartbox) (5G radio) (Language detection)

. Part of demo implementation
. APl/other integration, not included in demo set-up

Figure 2. Teleste platform and related project partners.

Results, Acomprehensive situational awareness system, supported by efficient

findings, video management,is an efficient tool for safety and optimization.
output, and The optimization of passenger safety and passenger flow in ports
impact s an important solution that offers numerous benefits. First, ensuring
passenger safety is a top priority for any port, and an optimized system
helps to reduce the risk of accidents and incidents. With advanced tech-
nologies such as facial recognition, passenger tracking, and monitoring
systems, port authorities can easily identify potential safety hazards and
take appropriate measures to prevent accidents. Second, an optimized
system can help to streamline passenger flow and reduce waiting times.
This is particularly important during peak travel periods, when there is
an influx of passengers arriving and departing from the port. By imple-
menting intelligent queuing systems, real-time information displays, and
efficient baggage handling systems, ports can reduce bottlenecks and

improve passenger flow, enhancing the overall travel experience.
Another key benefit of an optimized passenger safety and flow sys-
tem is the potential to increase revenue. By improving efficiency and re-
ducing waiting times, passengers are more likely to have a positive ex-
perience and return to the portin the future. This can lead to increased
revenue from both repeat customers and new customers who have

heard positive reviews about the port's operations.
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Moreover, optimized passenger flow and safety systems can also
help toreduce costs for port operators. By reducing the risk of accidents
and incidents, ports can lower insurance costs and potential legal fees.
Furthermore, an optimized system can help to reduce staffing require-
ments, as many processes can be automated, reducing the need for hu-
man intervention.

In conclusion, the optimization of passenger safety and passenger
flow in ports offers numerous benefits. By reducing the risk of accidents
andincidents, streamlining passenger flow, increasing revenue, and re-
ducing costs, an optimized system can enhance the overall travel expe-
rience and provide a competitive advantage for port operators. As such,
itis essential for ports to continually invest in new technologies and so-
lutions that improve passenger safety and flow.

The solution performed as expected during tests and experiments.
The number of used cameras and other sensors was sufficient, and avail-
able infrastructure allowed streaming of high-resolution video feeds
from many cameras simultaneously.

Teleste willcontinue testing and developing the prototyped system
and expand it. Looking to the future, the optimization of passenger safety
and passenger flowin portsis likely to become even more important. As
the world becomes increasingly interconnected, ports are set to play a
crucial role in facilitating global trade and travel. However, with this
increased traffic comes an increased risk of safety hazards and con-
gestion.

One potential solution for the future is the increased use of artificial
intelligence and automation. With Al and machine learning, ports can
gather and analyze vast amounts of data in real time, enabling them to
identify potential safety hazards and optimize passenger flow more ef-
ficiently. Additionally, the use of automated systems for baggage han-
dling, security checks, and passport control can reduce waiting times
and improve efficiency.

Another key aspect of the future of passenger safety and flow in
portsisthe need for collaboration betweendifferent stakeholders. Ports
are complex ecosystems involving numerous actors, including port op-
erators, shipping companies, transport authorities, and local communi-
ties. By working together and sharing data, these stakeholders can de-
velop a more integrated and efficient system that benefits everyone in-
volved.



Overall, the future of passenger safety and flow in ports is likely to
be shaped by a combination of advanced technologies, collaboration,
and sustainability. By embracing these trends and investing in new solu-
tions, ports can ensure they continue to play acrucialroleinglobal trade
and travel while enhancing the experience for passengers and stake-
holders.
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TURKU AMK

TURKU UNIVERSITY OF
APPLIED SCIENCES

urku UAS is a higher education institution of 12,000 experts, researchers,
Tstudents, faculty members and teaching professionals. We create solu-
tions for a better tomorrow — both regionally and globally. Our graduates are
practice-oriented professionals with top competencies.

As a significant regional actor, we harbor close ties to businesses and munic-
ipalities in Southwest Finland. Turku UAS is the fourth-largest technical uni-
versity in Finland. Students are sought-after experts, with 99% employment
within five years of graduating.

For future societies, major challenges include the immense amount of data
being transferred, the proliferation of cloud services, the shift in the focus of
data transmission to wireless networks, and the security of data flows and
repositories. From a corporate point of view, new technologies bring valuable
business opportunities, but at the same time they increase the business’ vul-
nerability as operations increasingly move online. At the heart of the Wireless
Communications and Cybersecurity research group is the development of test
platforms for wireless networks and the transfer of know-how to companies.
The focus is on 5G technology and the cybersecurity of loT systems. We work
closely with companies that develop and utilize new technologies.

Futuristic Interactive Technologies (FIT), a research group at Turku University
of Applied Sciences, has profiled itself as one of the leading RDI organizations
in Finland in virtual training and metaverse tech development in the areas of
technology industry and healthcare. FIT has won various awards in the above-
mentioned research area. In 2019-2021, FIT invested over MEUR 0.5 in XR
and Al technologies. FIT has versatile expertise in XR development and applied
research, utilizing user-centric design and rapid prototyping principles. FIT
has years of experience conducting field experiments in the fields of usability,
user experience, and effectiveness studies.
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ensingisaninevitable componentin the digitalization of different

environments. The sensors can provide valuable information and

means for automatizing and optimizing passenger flows in termi-
nals, truck traffic in port area, and ship turn-around. Connectivity is an
essential part of the sensoring platform, as the data from the sensors
needs to be transmitted for processing, visualization and storage. Local
cellular networks present a viable solution allowing for digitalization in
the form of sensoring and information exchange between operational
systems in a port and terminal environment. In addition, properly
planned and executed cybersecurity is an integral part of digitalization.
Visualization is another essential component in the digitalization of dif-
ferent environments, such as a harbor. The use of AR and VR technolo-
gies enables not only immersive and rich end-user experiences, but it
alsomakes it possible tovisualize different kinds of phenomenain truck
traffic, passenger flow, and ship turn-around. The latest advances in XR
technologies, especially metaverse and Al, have brought new ways of
working in visualization: professionals in harbors can collaborate in
training sessions, design processes, and remote operations, and the
collaboration routines can be analyzed utilizing Al and data collected
from the environment and wearable sensors.
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Background

Solution,
method

To develop methods for the digitalization of operations in the port area,
the Turku University of Applied Sciences 5G test network was installed
atthe Tallink-Siljaterminalto enable studying the local network connec-
tivity, sensoring, and cybersecurity for passenger flow analytics, together
with Brighthouse and Teleste. As it is probable that in the future there
will be several local cellular networks utilized in and near the port area,
an interference measurement campaign was performed to provide in-
formation on a suitable separation distance between two local networks.

Visualization methods utilizing VR/AR technologies were chosen
based on various workshop, events, and meetings organized especially
during the first half of the project. Focusplan and Lingsoft were interest-
ed in seeing how NLP could be used in Cave environments. In addition,
Focusplan was also interested in finding alternatives for game con-
trollers in Cave environments. Ade, in turn, expressed their interest in
collaborative VR training. Awake was searching for appropriate scanning
technologiesin harborenvironments, while Brighthouse was investigat-
ing AR or let's say XR visualization of a ship’s arrival at the harbor. Ways
tovisualize passenger flow in the terminal building were also identified
as apossible cooperation area with Teleste, Brighthouse and Focusplan.

For the passenger flow analysis, a lidar sensor was selected. A neural
network was trained and a tracking algorithm developed to detect pas-
sengers from the point cloud data. From the connectivity point of view, a
local cellular network was installed in the terminal building, and its cov-
erage and capacity were measured to analyze its suitability for transmit-
ting sensor data and allowing for secure transmission of operation-crit-
ical data. The interference between local networks was first estimated
with analytical calculations, and further verified with a field measure-
ment campaign.

Visualization of the passenger flow was found to be challenging be-
cause of privacy issues, and research activities around this use case
were quite minimal during the project. Based on requirement analysis,
collaborative training in a harbor environment was chosen as the key
focus area, covering both identified needs in ship turn-around and truck
traffic. Ageneric virtual harbor environment was chosen as the research
prototype to be developed. Experiences of multi-user environments were
found by testing existing technologies such as Microsoft AltspaceVR.
Various limitations were identified, such as a limited number of users,
complicated registration, limitations in hands-on-training, and so on.
Existing technologies were also compared with the metaverse technol-
ogy developed at Turku University of Applied Sciences, and based on this
comparison, a metaverse environment designed for harbor profession-



als with required features was found to be the research approach to be
followed.

A lidar sensor was selected for the passenger flow analysis, due to its
good localization possibilities. It is also not problematic from the GDPR
point of view, as the passengers are unrecognizable from the produced
data. Local cellular networks were selected, as they provide secure con-
nectivity and predetermined quality of service, as the network is in the
hands of the company itself and, from the frequency resource point of
view, they operate on licensed frequencies.

A metaverse environment designed for a harbor was chosen be-
cause it should be possible to be used as

1) acollaborative training environment for harbor workers, in-
cluding training scenarios especially in a truck traffic and ship
turn-around context, but if needed also in passenger flow, and

2) aremote-controlled visualization solution for vessels, forklifts,
and cranes operation in the harbor area.

Figure 1. Installation of the lidar sensor and indoor base station (top of the pole,
on the right).
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The lidar sensor and local cellular network were installed in the Tallink-
Silja terminal and integrated with the trialing systems of Brighthouse
and Teleste. The installation is shown in Figure 1. Lidar data from busy
hours in the terminal was recorded. A snapshot of the data is shown in
Figure 2. A neural network for passenger detection was trained using
GPUs, and a tracking algorithm was implemented. The detection capa-
bility of the developed point cloud-based detection was compared to de-
tection from RGBimages using the popular YOLOvb network. Finally, the
cybersecurity of the installation at the terminal was tested.

Lidar point cloud.

The local network interference campaign was performed by installing
two separate local network base stations and using a measurement de-
vice on adrone, flying at selected distances from the base stations. The
base station antennas were hoisted to 30 m using man lifts. The setup
for the measurements is illustrated in Figure 3.

Speech-to-text and real-time translations were tested with Lingsoft
in a fire safety scenario in close cooperation with Ade (which was at the
same time focusing more on LNG fire-safety drills in ship bunkering).
Some challenges in translations were found when translating Finnish
spoken words to English text. Later, together with Lingsoft, remote pre-
sentations with translations were also tested inside the metaverse.
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Figure 4. Real-time translations tested in fire-safety training and presentations
inside the metaverse.

Professionals workingin harbors require intensive collaboration, which
can be challenging when experienced professionals such as crane driv-
ers operating 24/7 are replaced with novices (for example, because of
sick leave). Novices can drive but cannot understand well how to collab-
orate with other professionals to enable an efficient logistics chain. While
Ade was focusing on three different harbor crane simulators, Turku Uni-
versity of Applied Sciences was participating in the prototyping phase,
and these prototypes were brought inside the collaborative training en-
vironment (inside the metaverse). To be able to trainin the collaboration,
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other vehicles such as trucks and forklifts were also decided to be in-
cluded. Once completed, effectiveness studies were designed for crane
drivers, together with Meyer Turku (spring 2022). After realizing that not
enough test subjects were available, the researchers were forced to
change the study plan a bit and to conduct a study for forklift drivers in
cooperation with TAI, Turun AKK, and TTS (fall 2022). Because of this de-
lay, the results from the study have not yet been published.

Figure 5. Two type of cranes, a truck, and forklifts as a part of a collaborative
training environment.

A researcher from Valencia Polytechnic University, from Prof. Gomez-
Barquero's research group, stayed for six weeks at Turku University of
Applied Sciences during spring 2022. The research focus was on remote-
controlled robots with VR headsets and smart gloves, and the ultimate
goalwasto control forklifts remotely in Valencia port. As aresult, a work-
ing prototype was demonstrated at the Valencia V5G Days in May 2022.
In this demonstration, a tank robot in Finland was remotely controlled
from Spain successfully. At the end of 2022, a remote-controlled tank
was introduced in a metaverse harbor environment at an internal sem-
inar on digital shipping and advanced Uls.

V5GC DAYS

Vuelve el mayor evento europeo sobre
la tecnologia 5G. el nuevo motor de la digitalizacion.

Oceanografic de Valéncia
30-31 de Mayo

Figure 6. Remoted-controlled robot system tested in Valencia and finally inte-
grated in a metaverse environment.
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Results,
findings,
output, and
impact

Alidar sensor was seen as a potential sensor for passenger flow analysis,
although the detection probability was not as high as with an RGB cam-
era. Localization of passengers is more accurate using the lidar, though.
Potentially, with more effort on training, the neural network for lidar pas-
senger detection could be enhanced to perform better.

Already, using one base station inside the Turku Tallink-Silja termi-
nal building, good indoor coverage and capacity was obtained. To obtain
outdoor coverage around the terminal building or port area in general,
additional outdoor base stations are required. The local network inter-
ference measurements validated that the developed relatively simple
calculation model can be used for estimating the interference between
local cellular networks.

Three conference articles have been published so far. The meta-
verse has been defined as a combination of social communication,
hands-on experience, and digital twins, and the first experiences of the
collaborative training environments, one of these developed in the
SMARTER project, have been reported. In addition, existing technologies
for virtual-reality social platforms (a sort of precursor of the metaverse)
have been analyzedinthetraining context. As already mentioned, the re-
sults from the effectiveness study of the collaborative training have not
yet been published.

Lidar sensors enable coverage of a rather large area already with one
sensor. They also preserve the privacy of the passengers that are sen-
sored, due to the sparse nature of the point clouds provided. Local cellu-
lar networks are beneficial when a good and constant quality of service
and privacy are required. For example, WiFi networks can observe a loss
of capacity if several networks are operational in the same area. Local
cellular networks operate on licensed frequencies, meaning that there
should be no other users in the area. The interference study shows how
the required separationdistance can be calculated so thatthereisnoin-
terference when installing and operating local cellular networks.

Acollaborative metaverse environment can be used to train harbor
workers in animmersive training environment, which can contain even
hazardous tasks to be completed. A collaborative environment can also
be used when designing harbor operations. The use of a collaborative
environment also enables remote operations such as remote-controlled
vehicles.
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The number of local cellular networks in Finland is increasing, and the
trend seems to be that they areincreasingly utilized in larger companies
andonindustrial campuses. Therefore, the planning for their installation
and frequency allocation are important. From the safety perspective,
automatic passenger flow analysis is increasingly desirable in crowded
locations. For passenger flow sensoring, a fusion of RGB camera and
lidar detection could be performed to enhance the overall performance.
For local networks, several base stations could be installed for both in-
door and outdoor coverage of a larger area in the port environment.

In addition, a combination of different displays or devices can be
considered. That is to say, users can be remotely present with mobile
phones or sophisticated VR headsets or even in a Cave environment.
More studies will be needed on safety and security before this can be-
come reality in harbors, using rich end-user experiences in a multiuser
context inside the metaverse.
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uring its 30-year history, Lingsoft has continued to evolve and diversify:

from a research laboratory to a language technology supplier, from a
translation agency to a full-service language management company, from a
language sector multitalent to a language management partner and creator
of linguistic digitalization solutions.

Lingsoft 4.0 is a partner that generates value for its clients. We want to con-
ceptualize and create digital solutions that are based on the enrichment, re-
finement, and utilization of language capital. Whether the challenge is about
multilingualism, interactivity, accessibility, discoverability, productivity, effi-
ciency or quality, our primary focus is always on language: text, speech, and
meaning.

We actively participate in the development of the language industry by attend-
ing collaborative forums, and we are developing new technologies and value
innovations in cooperation with universities, higher education institutions, and
research institutes, both in Finland and in international co-operative projects.
Our eye is on the future.
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from ship to ship, and on board ships must be precise, simple and

unambiguous, there is a need to standardize the language used.
This is of particular importance due to crews speaking many different
languages, since problems of communication may cause misunder-
standings, leading to dangers to the vessel, the people on board, and the
environment.

The Standard Marine Communication Phrases (SMCP) is a set of
key phrasesinthe English language developed by the International Mar-
itime Organization (IMO). The SMCP was adopted by the 22" Assembly
of the IMO in November 2001.

The SMCP includes phrases that have been developed to cover the
most important safety-related fields of verbal shore-to-ship (and vice
versa), ship-to-ship, and on-board communications. The aimis to reduce
the problem of language barriers at sea and to avoid misunderstandings
that can cause accidents.

Background e s navigational and safety communications from ship to shore,

Solution Lingsoftannotated VHF audio and text data provided by Novia. Annotation
was used to identify and produce SMCP entities within the text, thus pro-
viding standard phrases for further processing or use.

The annotation process was started using speech recognition to
produce raw transcripts with Lingsoft's speech recognition (ASR). Ling-
soft's speech recognition (ASR) engines are based on open source neu-
ral/deep learning tools. The same ASR engine can be used to provide
both speech-to-text and speech-to-subtitle services. Lingsoft's ASR
work has been highlighted in the European Union’s Innovation Radar
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(2020, “New improved methods for Automated speech/speaker and
Named Entity Recognition to generate test descriptions”.!

Later, the acoustic model was retrained for Lingsoft's existing Eng-
lish ASR. The results of speech recognition were compared in terms of
accuracy between trained and untrained acoustic ASR models. The out-
put of the ASR was compared based on a test set with manually created
output. The accuracy was calculated based on how many words were
recognized correctly.

After producing the raw transcript, the annotation was completed.
Lingsoft's annotation provides semantic linking, in which recognized tar-
get concepts are linked to a semantic reference. In this study, we used
Standard Marine Communication Phrases (SMCP) applied as string re-
placement, meaning that SMCP phrases were tagged where applicable
(<SMCP></SMCP>) (Figure 1).

Fam . - 814 L R

<SMCP>Fabulous liquonus channel switch to VHF channel one sixe/SMCPs,

<SHMCP=Balsano this 1s Humber coast guard</SMCP>.

<SMCP=Baisano this is Husber coast guard</SHCP= and we we began over porch yesterday regording a fishing vessel quail bodies baby hold a bay torpedo and he dropped
it you gave us @ position you sent us an email yesterday with the photos token by the vessel but unfortunately the photos were not attached in Res. Ponding with
that further sent to day over

<SMCP>Maisano Maisano Maisanc this is Humber coast guard Humber coast guard Humber coast guards/SMCP» <SMCPs=Understood</SMCP» and <SMCP>Thank yous/SMCP=.
<SHCP>Maisano this is Humber coast guard</SHCP»> aver.

<SMCPs=Maisano this is Humber comst guard</SMCP»> <SMCP>Understood server please stond by</SHCPs,

<SMCP=Maisano this is Humber cosst guard</SMCP»> <SMCP>Sorry</SMCP> just talking to another vessel and have & look the meil we need the e male <SMCP>Sorrys</SMCP> and
we will get the day watching here to contact at time consulting him all this morning over.

<SHCP=Maisano this is Humber coast guard</SMCP> oh on that's not a problem sir we'll pass it over and approximately be hand over our seven three zero this morning
we will get them to follow it up

«SMCP>Maisano this is Humber coast guard</SHCP> <SMCPsUnderstood</SHCP»> and <SHMCPsThank yous/SMCP» for help sir and <SMCP»Switching to VHF channel one six</SHCP»
have a good watch.|

Figure 1. SMCP annotation applied where applicable and tagged in the tran-
script (<SMCP></SMCP>).

Result, Accordingtoourstudy,the results of speech recognition with the trained

output, ASR modelwere better than those with the standard ASR model (Figure

impact 2)interms of accuracy. We thus recommend training the ASR model to
improve accuracy in speech recognition. In addition, we show that anno-
tation can be used to tag SMCP phrases.

Speechrecognition and annotation provides the meanstoimprove
the efficiency and accuracy of various workflows. It may reduce the time
spent on manually typing and translating or recording entries and may
reduce errors when crews speaking many different languages commu-

T see https://www.innoradar.eu/innovation/34080 and https://memad.eu/2020/10/15/innovation-radar/
for details.
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nicate using alanguage other than their mother tongue. At the same time,
recorded informationis available more quickly to other experts and cus-
tomers, which makes the service smootherand improves customer sat-
isfaction,forexample,in ports.More importantly,improved communica-
tion may improve safety. One potential scenario is when you have one
operator communicating with multiple ships, so the ability to analyze the
speech in real time and alert the operator if specific triggers appear in
communication during an emergency could potentially save lives.

Moreover, both speech recognition and annotation can be provided
as a service through an application programming interface (API). The
Lingsoft Annotation APl can be used to identify and produce metadata
such as keywords and named entities based on text. The Lingsoft Anno-
tation APl can beintegratedinto third-party systems so as to create com-
pletely automated annotations, but the results can also be validated man-
ually before adding them to the final result (semi-automated annotation).
When fully integrated into the workflows, it can also be used for, for ex-
ample, similarity and recommendation purposes.

Lingsoft Speech Service APIs can be used for speech recognition
(transformation of spoken word into text). The solution can accept both
live audio and pre-recorded audio material. In addition to the APl service,
speech recognition can also be provided with an easy-to-use web user
interface for end users. This web interface enables end users to do live
recognition (dictation) using their computer microphone. The recognition
resultis then delivered as textin the web interface’s text editor. The text
editor allows basic text processing, such as editing, copying and saving.
Our web interface is currently used by subtitlers, transcribers, and doc-
tors working in several organizations. It has also enabled organizations
to work remotely, as our solution is accessed via the Internet.

63.20 %
Standard Model
43.60 %

Trained Model

74.40 %

51.20%

95.00 %
Marine expert
66.40 %

m Accuracy  ® Transcription Outcome

Figure 2. Accuracy of speech recognition was improved using a trained ASR
model. (Source: Novia)
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odeon is a dynamic and innovative technology company at the forefront
N of Finland's intelligent transportation system (ITS) industry. As a leading
provider of ITS services and solutions, we specialize in planning, implementing,
and maintaining large-scale road infrastructure technology systems, such as
tunnels and motorways. Our expertise also includes cutting-edge traffic count-
ing solutions, traffic data storage solutions, traffic data management systems,
and advanced C-ITS systems.

We are passionate about innovation and driving positive change in the trans-
portation industry, and we work closely with our clients to understand their
unique challenges and provide them with the most advanced solutions and
technologies available. With our unparalleled technical expertise, we help our
clients optimize their transportation networks, improve traffic safety, and en-
hance the overall quality of life for citizens.

Informed terminal customers:
traffic and parking

Contributor

Background

© Timo Majala, Nodeon Finland Oy

nthisresearch and development project, Nodeon focuses on address-

ing one of the most stressful aspects of ferry travel: the journey from

home to the terminal building. Once travelers complete the check-in
process and enter the terminal building, they can finally relax and start
enjoying the ride.

Toimprove the overall ferry travel experience, we have identified a
key theme for this project: "informed terminal customers.” Our aimis to
provide necessary and relevant information to customers about their
journey from home to the terminal building, and to provide more en-
hanced parking solutions, creating a more environmentally friendly traf-
fic system in the harbor and improving customers’ overall experience.

Nodeon has a proventrack record of working with intelligent transporta-
tion system (ITS) themes, such as traffic situational awareness, traffic
data fusion, and traffic management solutions. The company has also
explored future ITS solutions, including managing automated bus fleets
and co-operative ITS solutions, which involve communication between
vehicles and infrastructure.

79



80

Solutions

Traditionally, Nodeon's solutions have been utilized for the develop-
ment of traffic systems in cities and inter-urban environments. The pri-
mary objective of their development has been to enhance traffic safety
and fluency, creating a more environmentally friendly traffic system. In
this project, Nodeon leverages its expertise in the harbor and terminal
building ecosystem, combining its experience from the above-mentioned
environments.

The projectencompasses three main research and development areas:

(1) Informed long-distance customers, which aims to provide nec-
essary and usefulinformation to customers driving from home
tothe harbor and terminal building, reducing stress and uncer-
tainty during the journey.

(2) Improved harbor area and city network traffic fluency, which fo-
cuses onreal-time awareness of traffic situationsin the harbor
area and developing solutions to alleviate congestion.

(3) Smartparking concepts, which aims to provide an efficient and
convenient parking system for customers, optimizing the use
of parking spaces while reducing traffic congestion.

Through this project, Nodeon seeks to enhance the overall customer ex-
perience, increase traffic safety and fluency, and create a more environ-
mentally friendly traffic system in the harbor and terminal building
ecosystem.

Informed long-distance customers

The "informed long-distance customers” theme aims to provide essen-
tialand helpfulinformation for customers travelling long-distance to the
harbor and terminal building. This trip can be stressful and can take sev-
eral hours, with potentially unexpected roadworks, traffic jams, and un-
certain parking situations, leading to increased anxiety and uncertainty
for ferry and terminal company customers.

To address these issues, Nodeon gathered data from various
sources, including the Finnish Meteorological Institute's open data, the
national open traffic data system Digitraffic (by Fintraffic), Google data,
and parking garage datainterfaces, to create a centralized real-time data
storage system using Microsoft Azure. This data is used to develop an
easy-to-useinterface for customers, providing real-time information on
the best route to the harbor, unexpected situations on the road, parking
availability, weather conditions, and ferry timetables.

Nodeon's proposed solution is a simple mobile application that
displays the current status of all relevant data, enhancing the overall



FERRY LINES LTD.
Customer App
o

Kok Lownainen

Hnen
Asi
Vaht.

Valtatie 53

Lemu

Rusko

- A ¥
- = 'i”_{ P tirvensaio s
Your trip: FL 0221 (Abo - Stockholm) |«
Weather in Abo: & Traffic delays:

4% Rainy 4C 5 minutes
Preferred parking: P-area to terminal:
ﬁ Terminal parking 10 minutes
area 2
Departure time: Check-in queue:
On-time (14:30) 25 minutes

Figure 1. The mobile application.

1
Turku

customer experience for long-distance travelers.
By offering this information, ferry and terminal
companies have the opportunity to significantly
increase customer satisfaction while traveling
long distances to the harbor terminal.

Improved harbor area and
city network traffic fluency

The "improved harbor area and city network traf-
fic fluency” theme focuses on enhancing the traf-
fic situationinthe harbor areaand developing so-
lutions to alleviate congestion. The core objective
istoidentify traffic congestion as soon as possible,
to implement processes to increase fluency.
Nodeon conducted research and tested var-
ious technologies to recognize traffic situations
at the city's traffic network intersections and on
longer stretches of roads. The project tested the
following technologies for this purpose:

360 3D LIDAR and edge intelligence

Radar solutions

ANPR solutions (automatic number plate recognition)

Google travel time

The primary goal of using these technologies was to recognize when traf-
fic congestion starts to build up. Nodeon conducted versatile testing at
traffic light-controlled intersections, where the technologies were used
toidentify changing traffic conditions and vehicle queues at the intersec-
tions and on theirinbound roads. The ANPR and Google travel time solu-
tions were utilized to gain real-time understanding of the travel time be-
tween selected points, especially when it starts to increase.

In addition, the project aimed to develop and test an edge-intelli-
gence solution for a traffic light-controlled intersection, to connect to the

intersection traffic light controlling unit. The solution creates situational
awareness of the intersection traffic situation, providing the possibility
of connection to the traffic light controlling unit.

Overall, Nodeon's research and testing of these technologies pro-
vide a foundation for understanding the traffic situation in the harbor
area and the nearby city road network, to create solutions to alleviate
congestion and increase traffic fluency.
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Figure 2. City network traffic fluency.

Smart parking concepts

Nodeon's "smart parking concepts” theme aims to address the parking
challenges faced by ferry travelers, by offering new and intelligent park-
ing solutionsin future smartharbors. To achieve this, we have developed
aninnovative concept that consists of three different parking zones.

The first zone is located closest to the harbor, in the terminal
building parking areas. However, these areas are often congested
and generate unnecessary traffic and pollution.

The second zone is situated in large parking fields located in the
harbor area, no more than 2-3 kilometers away from the terminal
building. To provide seamless transportation from these parking
areas to the terminal building, Nodeon has designed a non-stop
automatic bus transport connection.

The third solution involves using city park-and-ride facilities
outside the city center, with access to public transport services that
connect to the harbor area.

Situational awareness is key to using these solutions effectively. Cus-
tomers should be informed of the situation in each of the three parking
zones, to make an informed decision on which parking service to use.
Nodeon has built a cloud-based parking management platform that con-
nects to various parking facilities and counting solutions, to provide up-
to-date information on the current status of each parking facility, includ-
ing the number of available spaces. The platform also enables parking



Results

operators to monitor the parking situation and control changeable VMS
signsin the city network, providing drivers with information on available
parking spaces in each facility. Additionally, the platform provides infor-
mation for mobile applications, serving the needs both of the city and of
customers approaching the terminal.
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Figure 3. The illustration of the parking zones.

In conclusion, Nodeon's research and development project has focused
on improving the customer experience and traffic situation in ferry har-
bors. The lack of real-time information about traffic, environmental con-
ditions,and parkingin harbor areas and the surrounding cities has been
identified as a significant issue. Nodeon has developed solutions for im-
proving situational awareness in the harbor area, data fusion to provide
usefulinformation for long-distance travelers, and parking concepts that
reduce unnecessary traffic and increase customer happiness.

Modern harbors should invest more in these areas to provide intel-
ligent parking experiences and wide-scale information for long-distance
travelers, ultimately improving the overall customer experience and re-
ducing environmental impact. With Nodeon's solutions and ongoing de-
velopment in this field, we believe that ferry harbors can become intelli-
gent, sustainable, and customer-centric transportation hubs.
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Fimpec

impec is a top expert specialising in project management and engineering.

We work as a project consultant for large investment projects in the indus-
trial and energy sectors, and as a specialist in the real estate and infrastructure
sectors. We are ~400 top experts with a revenue of MEUR 41 in 2022.

In Finland, our offices are in Kouvola, Helsinki, Jyvaskyla, Kotka and Turku.
Abroad, we operate locally in Chile, Germany, Sweden, Uruguay and Estonia.

We don't settle for just the best possible result; we also think that the way in
which the result is achieved is important. Our collaboration is based on trans-
parency, responsibility, listening, and the capacity to continuously develop our
own operations in an agile way. We guarantee that we keep our promises.

Our experience and expertise come from our workers. To us, people are indi-
viduals, not just a resource; they are all professionals with complementary
competence. We want the best specialists working on our customers’ chal-
lenges, so we invest in their continuous development. Client-orientedness and
high standards guide our operations. To ensure the success of projects, our
operating system is certified with the ISO 9001: 2015 quality certificate.
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A platform for future traffic
development of Turku Harbour

Contributors e Vesa Ranta, Heikki Wendelin, Joni Heino, Kydsti Merildinen,
Elias Merildinen, Valtteri Holma, Marko Pakanen, Tuukka Wiker

CAVE (Cave Automatic Virtual Environment) is a virtual reality (VR)
environment consisting of a cube-shaped VR room or aroom-scale
area in which the walls, floors and ceilings are projection screens.

Ina CAVE system, actual scaled computer graphics and stereoscop-
ic displays create an immersive virtual reality environment for one or
more users. The CAVE is contained within a larger room that is comple-
tely dark whenin use. Three-dimensional (3D) images and models with-
in the VR CAVE appear to float in mid-air, and the user is “inside” the
model.

First, the CAVE was used mainly for model reviews of industrial
plantdesign projects and accessibility/usability reviews, which are quite
normaland standard ways to use cave. To identify good additions to CAVE,
toutilise it more efficiently, we looked back to our own experience of what
we were missing in our engineering projects.

We first developed tools for conceptual design “on the go”. These
tools enable us to design concepts in the CAVE, without needing to use
any design software.We can build basic designs such as buildings, steel
structures, and piping,and we can also acquire material lists from those

to spreadsheets.
Thesetools are very usefulinveryearly project phases, when there

is only a concept or an idea for investment. One can quickly draw up
severalconcepts and the material available from those concepts, to help
determine some of the costs of the investment.

Background F ocusplan Oy, acquired by Fimpecin 2022, invested in CAVE in 2018.
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Developing this into a business would require us to be involved in
projects veryearly,and to beinvolved inthese as an engineering and con-
sulting company requires a lot of sales and contact work. As we were at
the time quite small, as Focusplan Oy, our capabilities to invest in that
way were limited.

However, given the reception of clients to CAVE, the tools developed,
and the possibility to develop further, we realised that there is potential
to widen the business dramatically with the correct actions.

Figure 1. The CAVE is contained within a larger room that is completely dark
when in use.

Fimpec in SMARTER

At that time, the SMARTER project was introduced to us by TurkuAMK,
with whom we had other co-operation at the time.

The SMARTER project gave us a perfect opportunity to develop the
platform with a real-world case and to be able to contribute to the
SMARTER goals.

The development would give Fimpec (Focusplan at thattime) a good
opportunity to have a new product to offer to existing client segments,
but more importantly to new segments and even exports.

The general concept of what we wanted to bring to SMARTER was
the creation of a visual representation of data from our partners. The
data was to be presented in a virtual harbour developed for our CAVE



(cave virtual environment). CAVE is a four-wall projector-based system
that is used for reviewing 3D models. It is especially suited for noticing
spacing issues that would otherwise be hard to spot.

As we had previously worked on other projects that aimed to visu-
alise parts of Turku, we knew we had the pipeline and the experience to
tackle the modelling required for the harbour. While this has been our
most technically ambitious project to date in terms of programming, we
did have some former experience with transferring data to and from proj-
ects madeinthe Unity Game Engine. This was due to our need for a back
and forth between design software and CAVE.

Solution, process and results
Evolution of the vision for our solution

What originally led us to the idea for our solution was the desire to turn
CAVE into amore connected system instead of just a standalone 3D view-
ing device. There was already a system in place for remote control of
CAVE, which we wanted to improve upon. The logical next step was to
start work on creating a framework for data flow in our models. We saw
that SMARTER provided the perfect opportunity to do just that.

However, due to GDPR issues hampering our original vision for the
project, we shifted our focus to creating traffic simulations and refining
our 3D environment. Our reasoning here was that a strong foundation
of logic for simulations, and a model that as closely as possible followed
the constantly changing layout of the new harbour, would be of most use
for when more data could be accessed.

Implementation of our solution
Road traffic

Developing our road traffic logic was the first programming-oriented
section of our solution. The created system includes a variable range for
car acceleration and top speed to make the traffic seem more natural.
Intersection logic contains detection for when lanes on the other side are
full,so as notto create blockages. On top of having a working traffic light
system, our traffic simulation also works with uncontrolled intersections
without issues.

We have also included the ability to adjust the maximum car limit
in the harbour. While the limit has not been reached, spawning of cars
happens all along the spline system, which governs the pathing of our
traffic. Once the limitis reached, the spawning will only take place on the
edgesof the model. This system enables the simulation to quickly fill the
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harbour with cars while also avoiding undue breaking of immersion once
the carlimitisreached. Together with the ability to block lanes and turns,
manipulating the car count could be used to simulate specific traffic
conditions and predict possible traffic jams. The spline system can be
used to seamlessly add specified routes for taxis, buses, or lorries, as
needed.

Maritime traffic

Although we were prevented from accessing data from our partners, we
managed to implement open-source maritime data from Digitraffic in
our solution. The Digitraffic site is specifically made for application de-
veloper usage, so it is a good example of how data logging and transfer
should work.

The currentimplementation of the visualised maritime data shows
ship traffic to and from the logged berths. Many of the more regularly
visiting ships have custom ship models for faster recognition. The data
itselfis presented chronologically and parsed into an easily readable for-
mat. The data set shown is always for the date currently active in our
simulated time system. The date and time can be changed at will, to re-
view maritime activities in the harbour from as far back as the year 2018.
Currently berthing ships also have floating tags with their relevant data
entries visible on them.

Figure 3. Visualised maritime traffic data.



3D modelling

Our 3D modelwas in constant flux during the whole length of the project.
The frequent updatestothe harbour layout and the multi-layered nature
of our model meant that it was rare for us not to be tweaking the model.

Thevisualisation was made with a base layer of 3D drone data that
serves as the backdrop for our model of the new harbour buildings and
infrastructure. This was supplemented with geometry generated within
the Unity Game Engine, mainly covering the more nature-related aspects
of the model, such as terrain, elevation and vegetation.

Figure 4. 3D model of harbour area.

Testing and speculation
Benefits of our solution

The one-to-one scale of objects in the CAVE allows for easy understand-
ability of 3D models and goes well with the self-evident benefits of having
avisual representation of complex data. This makes for a potent combi-
nation, when delivering lots of information simultaneously is the goal.
Implementing this solutionin any pipeline thatdoes not solely rely on ex-
perts would doubtless speed up information flow. Our solution also
works independently of the CAVE system, which makes it more of a gen-
eral use tool, as well.

Tests and experimenting on the data

The data visualisation system was tested to work with data input from
both the cargo gates and the passenger flow. In addition to visualising
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the arrival and departure logs, we managed to use our test cargo gate
data to change vehicle type and size, to create a depiction of the real ve-
hicles as accurately as possible. Development of passenger flow simu-
lation took a back seat for this project. We found that the design and mod-
elling of the new terminal would not allow time to make sufficient
progress during our involvement with SMARTER for us to start develop-
ing our simulations on top of it.

Our most extensive tests were run using the Digitraffic maritime
data, to visually simulate ship movements in the harbour. Much of that
datawas manualinput, which meant we needed to account for typos and
otherincorrect language when handling the data.

Forroad traffic simulation development, we experimented with dif-
ferent spline systemsto find the perfect base for the pathing of our traffic.
Developmenton the intersection logic was a balancing actin how exten-
sively physics should be incorporated into the model while still avoiding
collisions that would mess up the simulation.

Future perspectives

The finalimplementation of our solution serves as a great basis for future
development on the data consolidation front. It has all the visual ele-
ments in place and some real-time external data functions in the form
of visualised maritimetraffic in the harbour. All the developed traffic and
datavisualisation systems are also transferable to other harbour models,
making the creation of smart models like this one a notably easier task
in the future.

Next data-independent steps

When the design of the new terminal progresses to a point at which its
interiors can be modelled, we can startimplementing and further devel-
oping pedestrian traffic flow simulations. This makes pedestrian traffic
a future development point that does not necessarily require any addi-
tional data.

Adding aday/nightcycleis another point we could work on. As lights
in general are rather resource intensive when it comes to visualisation,
we saw it prudent not to tax the system unduly before knowing the extent
of the data the build would be required to handle. While lighting in visu-
alisation projects can be precalculated to reduce the processing load,
this is not possible for moving lights, of which this project would have
plenty, due to traffic. To make this type of realistic large-scale night-time
lighting possible, we would need to further develop our lighting systems.



It might be possible to fake the lighting of road traffic by creating texture
maps for both day and night and then projecting one over the other in
the places where the headlights are pointing.

Maintenance

Visualising the open maritime data will eventually face some issues
when input conventions, berth names, and so on change. We could fur-
ther develop the system to give users the tools to do such maintenance
on their own.

Next data-dependent steps

Other maritime-related things we could work on include more accurate
pathing for the animations of our shipping lanes. While the berth loca-
tions are accurate, the arrival animations are mere approximations and
could be made vastly more accurate/realistic by having some tracking
data for reference.

Obviously, the development area with the most potential would be
further developing external dataintegration systems. This would require
first solving the GDPRissues with which the project has been struggling.

Other perspectives

Presentation in the CAVE environment is very effective due to its collab-
orative nature. It is also quite spectacular when the environment is pre-
sented on a scale of 1:1in 3D visualisation.

Butasthe CAVE is a local unit that requires participants to be at the
location, this limits its usability. As modern collaboration is more and
more carried out remotely, thisis a challenge for CAVE-based business-
es. Our platform is therefore developed further, enabling its use in any
Windows-based OS environment.

Evenwhen,foranyreason, real collected data may not be used, pre-
dicted and created (not collected) data can be utilised to demonstrate
the traffic and predict different scenarios that any deviations may bring.

The developed platform, in which data controls the movement of vi-
sualised objects, isready and implementable for any otherinfrastructure,
requiring only the modelling of the environment. This opens opportuni-
tiestowiden our business.Inthe Fimpec group, we have abusiness area
thatis dedicated to infrastructure sectors.
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ovia is a dynamic and international university of applied sciences with

high-quality education, as well as research, development, and innovation
activities that support working life. Novia“s automation and maritime simula-
tion research team combines the operational expertise of the maritime field, a
deep understanding of safety, and the impact of human factors with skills that
focus on technology, digitalisation, and smart solutions. We are experts in mar-
itime operations and safety, and we are constantly developing new, sustainable
solutions to improve these areas within the industry.
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Introduction heincreased demand for carbon-neutral logistics networks has a
directimpacton business strategies worldwide. As aresult, the im-
plementation of efficient and environmentally friendly sustainable

solutions is prioritised over traditional time and cost-saving operations.
Thisis especially true for the backbone of logistics: transportation (Sople,
2009).

Over 80 % of the volume of international trade in goods is carried
by sea (UNCTAD, 2021). The logistics hubs where waterborne transport
meets with other transportation modes to exchange cargo and passen-
gers are the ports. Therefore, optimizing the ports to provide a seamless
cargo flow in an environmentally responsible manner is a must.
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Background

The essence of transport is the need to transfer goods and passengers
fromone place to another. The flow of cargo and passengers must be un-
interrupted, ideally without any delays or waiting times. Maintaining a
continuous flow is a challenging task due to multiple constraints, such
as a wide variety of actors, business competitiveness, infrastructure,
legislative framework, environmental compliance, socio-economic fac-
tors, and others. A possible solution to resolve most of the challenges is
the implementation of autonomous means of transportation. However,
achieving full autonomy in logistics networks requires disruption of the
existingmodels and practices. Transforming the traditionalbusinessen-
vironment and business ecosystems has started with the introduction
of the Fourth Industrial Revolution also known as Industry 4.0. The main
drivers of Industry 4.0, such as artificial intelligence, internet of things,
sensor fusion, big data and quantum computing, are already applied in
one partofthe transport modes (e.g.road and rail), but they barely touch
othersectors (e.g.maritimedomain).As aresult,only a fraction of the full
capabilities of the existing high-end technology is utilised, which leads to
inefficient multimodal transportation.

In the SMARTER project, Novia decided to focus primarily on find-
ing sustainable and replicable models for the smart harbour environ-
ment through digitalisation and data sharing. The first step towards
achievingthe projectgoals was performing athorough analysis of previ-
ous research in the area of the port call process. The analysis encom-
passed various port call optimization solutions, as well as initiatives fos-
tered by national and EU authorities. Then, based on the analysis out-
comes, Novia divided the further work into two streams.

The first stream was created around road traffic from and to the
project’s test bed, the port of Turku. The goals were identification of the
existing gaps and bottlenecks, mapping of the potential future chal-
lenges, and providing recommendations and possible solution for safer
and more efficient arrivals, turnaround, and departures without affect-
ing any urban areas or the environment.

The second stream concerns the communication challenge in the
first and second autonomy degree of Maritime Autonomous Surface
Ships according to the IMO classification (IMQ,2021). The challenge is re-
lated tothe communication betweenthe remote vesseloperator and the
on-board crew. Establishing smooth and reliable shore-to-ship and
ship-to-shore communication willincrease safety at sea, improve situa-
tionalawareness,generate time savings,and thus enable seamless and
more environmentally friendly maritime transportation. The plan was
first to identify the root causes of the communication challenge, and



Solution

afterthattopropose apractical working solution toimprove the commu-
nication between the remote operational centre and the vessel.

Both streams above were aligned with the main project’'s objec-
tives: reduction of emissions by optimizing port logistics and enabling
an exceptional flow and experience for the passengers and cargo.

Analysis of previous studies

The aim of the analysis was to gain insightinto whatis going onin forms
of research, development, testbeds, different approaches, and available
solutions.

The analysis approached the optimization challenge from three dif-
ferent perspectives: optimization of ship traffic flow, optimization of port
operations and port flow, and optimization through smart technology.

In the ‘optimization of ship traffic flow, the Port Collaborative Deci-
sion Making (PortCDM) concept and its derivative, the Port Call Message
Format (S-211), were scrutinised along with the just-in-time approach,
virtualarrival, the Port Forward project, Pronto and the PortXChange pro-
gramme, as well as the Port Activity Application developed during the
STM Efficient Flow project.

The ‘optimization of port operations and port flow' part consisted
of a thorough analysis of the modifications made in the layout, opera-
tional procedures and practices in the port of Montreal and the port of
Tianjin to solve their challenges with inefficient operations, traffic con-
gestion and carbon footprint.

The analysis aimed to find similarities and common patterns be-
tween different activities that could be used in the SMARTER project.

The analysis of ‘optimization through smart technology’ included
the port of Hamburg's traffic management system, SMART lighting, au-
tomatic radar identification system, and other advancements based on
loT, sensor fusion and Al.

The reason to go over the high-end technologies applied in ports
was todetermine to what extent the ports are ready to synchronise with
the other players' parts of the logistics network, where the Fourth Indus-
trial Revolution is already implemented.

Finally, the governmental initiatives concerning Finland were out-
lined. A brief overview of the European Maritime Single Window (EMSW),
Portnet and the upcoming NEMQO platform was made.
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Feasibility study on just-in-time arrival of lorries
and trailers in the port of Turku

The feasibility study aimed to provide insights into how to better organ-
ise the inbound flow of road vehicles to the port of Turku. The need for a
new road traffic scheme is caused by the upcoming port renewal, in
whichtwo RoPaxterminals willbe merged intoone, resultinginthe shar-
ing of a common terminal and stowing area by two RoPax ferry opera-

tors (Figure 1).
Old terminal layout New terminal layout
of Tallink Silja and Viking Line terminal with one stowing area for both RoPax lines

Figure 1. Port of Turku current and future layout.

The main objective was to find a practical, efficient, and globally replica-
ble solution for handling lorries and trailers to achieve a ‘just-in-time’
regime in any RoRo port.

At the core of the study lies a sophisticated simulation carried out
according to VDI 3633 (Figure 2).

Formal
model

Figure 2. Extended process model (based on Rabe et al. (2008)).



The simulation was based on the following static and dynamic parame-
ters. Static parameters are the road network, speed limits, truck prohib-
ited areas, railway crossings, and city infrastructure. Dynamic parame-
ters are the road and railway traffic composition, traffic light programs,
schedules of crossing trains, routing of arriving vehicles, and type, quan-
tity, and composition of arriving vehicles at the port gate.

» & Y . . _—
© Fraunhofer CML - JIT-TU Road network

Figure 3. Static and dynamic parameters loaded in the
simulation model.

Forthe simulation, microscopic multi-modal traffic flow simulation soft-
ware was selected, as it enables the modelling and simulation of every
entity individually, as well as the interactions between the entities.

The input data was provided by different stakeholders such as Ely-
keskus, Turku City data, Fintraffic, Silja Line, and others.

The simulation contained six scenarios differentiated from each
other by season, availability, and location of parking areas.
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Figure 4. Screenshot from the used microscopic multi-modal traffic flow simula-

tion software.
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Figure 5. List of simulation scenarios.
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Figure 6. General process map of JIT combined with the pre-parking concept.




In addition tothe simulation, the study included interviews with key stake-
holders and a literature review. Among the key stakeholders were Viking
Line, Tallink Silja, Fintraffic, City of Turku, Telia, VISY, Turku City data, Port
of Turku, Finnlines, Ely-keskus, and others.

A simplified, generally applicable process map for RoRo handling
inaportis shownin Figure 6.

The focus is on the handling of cargo entering the port area from
the hinterland by road. The vehicles arriving at the terminal wait in wait-
ing lanes to process the check-in to enter the terminal. At the terminal,
the RoRo cargo is sorted in a stowing area (e.g. depending on size and
specification) and then stowed on the ship (e.g. the ferry).

The blue square in Figure 6 indicates the process considered in
this study toinvestigate the implementation of a pre-parking and JIT con-
cept. Pre-parking areas are placed outside the port area. In the JIT ap-
proach,the terminal operator has to establish acommunication channel
tocallvehicles from the pre-parking area to the gate-in. The terminal op-
erator needs to plan the departure time of vehicles from pre-parking
area. The just-in-time arrival concept enables the arrival of vehicles at
the right time. However, the exact number and type of arriving vehicles
is determined by ajust-in-sequence (JIS) strategy. In other words, JIS is
a prerequisite for enabling the JIT arrival concept.

Figure 7 summarises the state of the art in strategic pre-parking
concepts in RoRo ports.

State of the art: variety of strategic pre-parking concepts in RoRo ports

£e

.

.ruu

wuence (JIS) call-off 1
1
Irm
Ilrm

Figure 7. State of the art: variety of strategic pre-parking concepts in RoRo
ports.

Access from the hinterland to pre-parking areas can be by different or
multiple means of transport: by truck, rail, or inland vessel. A strategic
pre-parking area can be either a simple car park with parking spaces
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only, orit can also be equipped with service facilities, such as petrol sta-
tions, restaurants, or sanitary facilities. A gate-in could be included in or-
der to prepone registration processes. The distance between the pre-
parking area and the terminal varies in the literature and in practice: a
car park can be from a few hundred metres up to 30 km away from the
seaport terminal. The use of the car park is optional, recommended, or
compulsory. Means of transport between the pre-parking area and the
seaportterminalcaninclude one or more modes of transport (truck, rail,
inland vessel). The mode of transport can be either publicly accessible
or privately operated by the port or port stakeholders. The seaport ter-
minal may operate in three modes: check-in at pre-parking, check-in at
seaport, or check-in at pre-parking and seaport. This depends on
whether the transport between the pre-parking area and the seaport ter-
minal is organised privately by the port or publicly. The arrival of trans-
portunits atthe seaportterminalcan be controlled in different ways: the
transport units arrive at the seaport terminal at random, without follow-
ing a specific timetable or an allocated slot; or the transport units follow
aspecifictimetable or have a booked slot from a truck appointment sys-
tem (TAS); or the transport units are called off by the seaport terminal
according to a just-in-time (JIT)/just-in-sequence (JIS) concept.

The location of the pre-parking areas in different scenarios is shown
in Figure 8.

Scenario A Scenario B Scenario C

& Fraunhaofer CML - Ralsio junction in Turky, Finland (snipped fram the lim]

Figure 8. Locations of the pre-parking areas in the different scenarios.

Scenario Arepresents the status quo, in which pre-parking areas do not
exist,and vehicles arrive directly at the portin a random order. In scenario
B, two pre-parking areas are available ahead of Raisio junction: one for
traffic coming from the east via E18 and another one accommodating
traffic from the north via E8. The vehicles arrive at the port from the pre-
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parking areas following a certain order. Scenario Cis similar to scenario
B, except that there is only one pre-parking area located beyond Raisio
junction.

Thedivision of the parking spacesin the pre-parking areas is shown
in Figure 9,in which the vehicles are divided by type (car, standard truck,
semi-trailer combination, full trailer combination, trailer) and specifica-
tions (electric vehicle, dangerous goods vehicle).

Figure 9. Pre-parking: division of parking spaces in pre-parking area.

The departure of the vehicles from the pre-parking area(s) is in sequence,
with fixed departure times. The number of vehiclesin a group varies.One
group contains only one type of vehicle, and the departure times are as
requested from the responsible loading personnelin the port.

An example of a simulation scenario is shown in Figure 10.
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Figure 10. Example of a simulation scenario.
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Remote operations communication challenge

Reliable communication between the remote operational centre and the
on-board crew is essential when MASS is operated in first and second
degrees of autonomy. Having crew members on board either monitoring
and being on standby (Autonomy degree 2) or actually operating the ves-
sel (Autonomy degree 1) requires information exchange with shoreside
services (IM0, 2021).When a vesselis engaged in coastal navigation, the
most frequently used and effective communication method is VHF radio
communication.

Therefore, Novia started working on a PoC solution utilising the AM-
ROC developed in the S4V Fairway project. The end goal is to make AM-
ROC able to fully support a shore-based operatorin the decision-support
and decision-making processes. Such a solution would be able not only
to ensure seamless ship-to-shore communication, but would also facil-
itate the reporting and coordination of multiple ships or fleets, which of-
ten leads to multitasking and high workload levels that affect safety at
sea, as well as the mental health of fleet managers and VTS operators.
A high-level flowchart explaining the handling of the communication
process is shownin Figure 11.

s VHF radio messages

AMROC identifies the transmitting stations

AMROC transcribes the received messages

AMROC converts the transcribed messages
to cP

AMROC generates a warning for the ROC
operator that immediate action is required

AMROC notifies the ROC operator and
transmit ‘stby’ message to the calling station

AMROC take over the c lication

i
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Figure 11. AMROC's communication solution described on a PoC level.

Novia looked for assistance from project partners and external stake-
holders, as the set target required complex Al-driven software, the de-
velopment of which is beyond Novia's expertise. The challenge was ac-
cepted by one of the project partners: Lingsoft. After a series of meetings,
the plan was revised, and the scope was narrowed to the use case shown
in Figure 12.




Results,
findings,
output, and
impact

AM ROC AMROC receives VHF radio message

((( l))) AMROC transcribes the received messages
m AMROC converts the transcribed messages
@ ﬁ I@ o

AMROC assigns the transcribed and

\ converted messages to the respective station /

Figure 12. AMROC’s use case in SMARTER.

The main objective of the agreed use case was to prove that the currently
existing Al models are applicable in the maritime environment, as the
VHF radio signal is characterised by high levels of noise, is prone to in-
terference, and has a range that depends on many factors, such as at-
mospheric conditions, hardware configuration of the transceivers, and
soon.ltisimportantto mention that the VHF audio samples used in the
project are authentic. They are neither simulated nor recorded in any
other ‘sterilised” ambient setting. Instead, a set of mixed real-life mar-
itime VHF radio recordingsin English language from different countries
was used. The aim was not only to cope with the VHF noise and signal
disturbances, but also to scrutinise how the language dialects and ac-
cents would affect the quality of the input data.

Thefirsttask was the generation of inputdata. This was divided into
two subtasks: converting maritime audio recordings to text and adapting
the transcriptions to Standard Marine Communication Phrases. The VHF
recordings were transcribed by experts with a maritime background and
by an ASR engine. The results were then analysed and compared. The
second subtask was carried out only by the maritime experts, because
currently there is no digital solution able to do it.

Analysis of previous studies

The analysis of the research on existing solutions pinpointed some com-
mon observations and findings. The most important of allis that regard-
less of what optimization approach is chosen, and regardless of which
process is selected, the following enablers are must-have: digitalisation,
data sharing, standardisation of data format and protocols, governance
structure, and contractual and legislative changes. If just one of these is
omitted, the optimization goals cannot be achieved. This is visible in the
high-level chart (Figure 13).
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OPTIMIZATION PROCESS \

/ Optimization enablers \ / Optimization goals \
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Figure 13. Optimization process on a high level.

More detailed research on the relationship between the different ele-
ments and the mapping of dependencies between them must be con-
ducted in the future. Such research would reveal the weight and the im-
portance of every individual component. However, the research shall
alsoexplore the combinations of binding different elements into groups
and how the grouping would affect the overall process. The expected out-
comeis a step-by-step guideline on how optimization can be introduced
in the maritime industry.

Feasibility study on truck and trailer
just-in-time arrival at the port of Turku

As already mentioned, the feasibility study consisted of a literature re-
view, interviews, and a simulation. The major finding from the literature
review was that there is very little available research data on RoRo and
RoPaxportcalls. Therefore, to determine the most suitable optimization
concept forthe port of Turku, which can be easily applied in any other Ro-
Roor RoPax terminal, the interviews were adequately planned in terms
of question preparation and interviewee selection. The results from the
interviews not only showed the common pain points and bottlenecks, but
also outlined the similarities and the differences in the challenges and
needs of every stakeholder.

Among the top three common findings were the spatial conflict be-
tween the growing housing areas and port activities, the traffic conges-
tion at the intersection of European routes E18 and E8 in Raisio, and the
insufficient capacity of the port's parking area. Another frequently ob-
served challenge is the earlier arrival of trucks. From a haulier’s view-
point, this makes sense, as it allows the drivers to better organise their



work schedules and rest periods, and it guarantees embarkation. How-
ever,from a port authority perspective, earlier arrivals are unwanted, as
the trucks produce excessive amount of GHG and increase the possibil-
ities for congestion in the vicinity of the port.

Bearingin mind the outcomes from the interviews and the literature
review, the following solution was proposed to be simulated: a combina-
tion of JIT, JIS, and pre-parking area(s) outside the port.

Simulation indicators

During the simulation, a total of three indicators were measured: ‘travel
time, ‘arrival time’, and ‘queue length’.

‘Travel time’ indicator

The first measured indicator was ‘travel time’. "Travel time' is the time
measured between a vehicle's departure from the per-parking area (sce-
narios B and C), or the moment it enters the simulation from the road
network (scenario A), and its arrival at the port. An example of a travel
route in scenario B, for which ‘travel time' is measured, can be seen in
Figure 14.

= © Fraunhofer CML — JIT-TU road network in Turku, Finland

Figure 14. An example of a travel route in scenario B.
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The starting points for each scenario are shown in Figure 15.

Scenario A

Scenario B

Scenario C

Figure 15. Simulation scenario starting points.

The'traveltime’'inscenarios A.1 and A.2 varies between 8to 12 minutes,
regardless of the other factors (season, time of day, vehicle type).
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Figure 16. Simulation results A.1 and A.2 (‘travel time’).

In scenarios B1 and B2, the travel time depends on the season and vehi-
cle time. The travel time in summer is between 9-30 minutes, while in
winter it is from 8-17 minutes in both the morning and the evening. It
was noticed that as soon as a group of one vehicle type leaves the pre-
parking area, the travel time for each following vehicle increases. Be-
cause more cars than trucks have to pre-park in summer than in winter,
the percentage distribution of vehicle volume per vehicle type, and thus
also the travel time per vehicle type, is more balanced in winter. The in-
creased traffic volumeinthe network at any given time due to the groups
of vehicles cannot be handled by the currently existing infrastructure
(traffic light programs).
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Figure 17. Simulation results B.1 and B.2 (‘travel time’).




The travel time in scenarios C1 and C2 also varies according to the sea-
son and vehicle type. In the summer, cars need 7 to 28 minutes, while
trucks need 7 to 15 minutes. In the winter, cars need 7-15 minutes, and
trucks need 7-15 minutes. As soon as a group of one vehicle type leaves
the pre-parking area, the travel time for each following vehicle increases.
Since the respective size of the groups of vehicles is higher in summer
than in winter, the traffic volume in the network increases at any given
time, which is why the travel time for cars is longer in summer.
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Figure 18. Simulation results C.1 and C.2 (‘travel time’).

Comparing the traveltime measured in the different scenarios, it can be
concluded thatthetraveltimeinscenario Bis the highest, as the vehicles
need to cross the Raisio junction, and the size of a group of vehicles is
proportionally largerin summerthaninwinter andin scenario C. Leaving
pre-parking areasin groups strains the network at certain points, where-
fore travel times increase with a JIT concept because the existing traffic
light programs are not designed for the size of group leaving the pre-
parking area. In scenario C, the vehicles bypass the Raisio junction and
are pre-sorted, so that the vehicles per vehicle type can be called at a
specific time of the terminal operator's choice.
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Figure 19. Comparison of the results between scenarios A.2, B.2 and C.2 (‘travel
time’).

‘Arrival time’ indicator

The next measured indicator was ‘arrival time’. ‘Arrival time’ is the time
when the vehicle arrives at the RoRo terminal. The arrival points are
shown in Figure 20.

107



, Park South
B —

Figure 20. Arrival point in all scenarios.

In scenarios A1 and A2, the arrival of vehicles at the terminal is discon-
tinuous and not evenly distributed, regardless of whether the season is
summer or winter, or whether the time of day is morning or evening.

The vehicle types arrive at random and in a disorderly fashion. The
unpredictability of arrivals results in a lack of transparency. As a result,
stowing at the terminal is neither plannable nor controllable.
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Figure 21. Simulation results A.1 and A.2 (‘arrival time’).

In scenarios B1 and B2, the arrival of vehicles at the terminal is sorted
and sequential both in summer and in winter, as well as in the morning
andinthe evening. This shows the composition of vehicle types per sea-
son: in summer, the majority are cars; in winter, trucks. The JIT regime
of vehicle departures from the respective pre-parking area is reflected
inthe sorted arrival of vehicles at the terminal. There is transparent and
predictable information about the arrival of a vehicle type and vehicle
specifications. As a result, stowing at the terminalis plannable and con-
trollable.



Arrival time at terminal - B.1

-
-
- -
- -
- -
-e e
 P—
1800 828 sy 19:26 19:55

Time of day

Si00 #2J0 #2721 @222 @230 @231 8232 @240 @24 @242 @250

Arrival time at terminal - B.2

.

Lod

o o -
o -
e =
- S
— — -

800 28 18:57 19:26 1255

Time of day

SN0 #2720 e @227 @230 @231 #2327 9240 @24 @242 8250 @15

Figure 22. Simulation results B.1 and B.2 (‘arrival time’).

In scenarios C1 and C2, the arrival of vehicles at the terminalis sorted in
both seasons as wellasinthe morning and the evening. The composition
of vehicle types varies per season: in summer, the majority are cars; in
winter, trucks. Thereis nodifference fromthe structure of vehicle arrival
timeinscenario B. Theinformation about the arrival of a vehicle type and
vehicle specificationsistransparent and predictable. As aresult, stowing
atthe terminalis plannable and controllable.
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Figure 23. Simulation results C.1 and C.2 (‘arrival time’).

A comparison of the arrival time in different scenarios leads to the fol-
lowing conclusions. In contrast to the unpredictable arrival of vehicle
guantity, type and specification in scenario A, scenarios Band C structure
the arrivals of vehicles at the terminal. Scenarios Band C achieve trans-
parent and predictable information about the arrival of vehicles at the
RoRo terminal. Scenarios B and C enable the terminal to control the ar-
rival of the vehicles with the help of the JIT regime, in order to plan the
terminal processes (e.g. stowing) in advance.
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Figure 24. Comparison of the results in scenarios A.2, B.2 and C.2 (‘arrival time’).
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‘Queue length’ indicator

The third indicator was ‘queue length'. A vehicle is considered to be in a
queueifits speedislessthan bkm/h,anditremainsinthe queue as long
asits speed has notyetexceeded 10 km/h. 'Queue length’is the distance
between the traffic counter and the farthest vehicle that meets the de-
fined queue conditions. The counteris a measurement point from which
the queue starts. Intotal, six counters are located in the main bottleneck,
which is Raisio junction (Figure 25).

Figure 25. Measurement points (counters) at the main bottleneck, Raisio junction.

Thefocusisoncounters 2 and 6, as they have the most significantimpact
on the simulation results.

First, the queue length was measured in the summer scenario at
counter 2. In this case, scenario B has a significant increase in average
gueue length (15 m) as well as in maximum queue length (up to 150 m),
while scenario Cis similarto scenario A. Pre-parking ahead of the Raisio
junction leadstoaninterruption atcheckpoint 2 in summer and increas-
es the travel time of vehicles driving from E18 to E8 in the direction of
Turku city centre.
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Figure 26. Simulation results at counter 2 in the summer (‘queue length’).

The queue length was then measured again in the summer scenario at
counter 6. The scenario B results again showed a significantincreasein
average queue length (55 m) and in maximum queue length (up to 190
m). Scenario Cis similar to scenario A. Pre-parking ahead of the Raisio
junction leads toaninterruption at checkpoint 6 in summer and increas-
es the travel time of vehicles driving from E18 to E8 in the direction of

Turku city centre.
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Figure 27. Simulation results at counter é in the summer (‘queue length’).

The winter scenarios at counter 2 showed that the three scenarios have

almost similar values for average queue length. Pre-parking beyond the

Raisiojunction leads to a traffic situation at Raisiojunction thatis similar

to the status quo.

Checkpoint 2 - Average queue length [m] Checkpoint 2 - Maximal queue length [m]
=0
£3 %
£ 7 E 80
§¢ B
; 4 —cenario A2 k| i’g — St A2
s ; ——Scenaria B2 § = ——Scenaria B2
E’J —Gcenario C.2 g - w—Scenatio G2
=

00-01 03-04 06-07 08-10 12-13 15-16 18- 21-22
Time of day

00-01 03-04 06-07 08-10 12-13 15-16 1819 21-22
Time of day

Figure 28. Simulation results at counter 2 in the winter (‘queue length’).
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The winter scenario at counter 6 led to the following conclusions. Sce-
nario B has anincrease in average queue length (up to 25 m). Scenarios
A and C have a higher maximum queue length between 2 and 6 pm (up
to 135 m). Pre-parking ahead of the Raisio junction lowers the maximum
queue length at checkpoint 6 at the Raisio junction. The lower maximum
queue length is a result of equalised traffic flows.
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Figure 29. Simulation results at counter 6 in the winter (‘queue length’).

Finding, observations, and recommendations

Some of the findings and observations received from the simulation re-
sults are listed below.

Pre-parking ahead of the Raisio junction leads to an increase in av-
erage traffic jam length at Raisio junction but lowers the maximum queue
length as a result of equalised traffic flows. The existing traffic light pro-
grams are notdesigned for the size of groups of vehicles leaving the pre-
parking area, which iswhythe travel timesincrease withina JIT concept.
Pre-parking beyond the Raisio junction leads to a sequential call-off serv-
icecombined with predictable travel times for trucks, whichis beneficial
for a JIT regime.

Pre-parking combined with JIT regime: vehicle types arrive at gate-
inin sequence according to the terminal operator’s choice.

Based on the above, the following recommendations were made. In
terms of applicability of the JIT arrival concept at the port in Turku, the
introduction of parking areal(s) is recommended. The new parking area(s)
shall be located in the vicinity of the port, and their total size should match
the forecasted traffic volumes. The port, the parking(s), and the port ac-
tors should be digitally interconnected. When all parties are linked via a
common digital tool, work in silos will be avoided, and therefore infor-
mation will flow seamlessly, ensuring smooth port call operations. Such
a digital solution should not only be able to orchestrate the vehicle flow
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by managing the slot allocation and recommended times of departure
and arrival, but it should also support remote check-in, automated ac-
cess,and documentation-handling processes. Another recommendation
concerns the current traffic management system. From the simulations,
it became clear that the existing traffic light programs must be adapted
to the sudden traffic peaks in the period between vessels arrivals and
departures. Initiatives in that direction are the implementation of green
waves and the organisation of city traffic in a manner that gives priority
to traffic to and from the port. Applying these measures in properly
scheduled time windows will lead to improved road safety, shortened
travel times, reduced congestion, and decreased levels of air and noise
pollution.

Remote operations communication challenge

Before pursuing genuine maritime VHF radio data, Novia looked for an
off-the-shelf solution. It was found that a library for performing speech
recognition in the maritime domain does not exist. Thus, the transcription
was carried out manually by experts with a maritime background. The
lack of a specialised maritime voice-to-text solution was noted and con-
sidered as an opportunity for a future project.

The next constraint was Finnish radio law, as it considers any com-
munication not broadcastto the public as confidential. This did not allow
the usage of communication between ships and Finnish VTS. Therefore,
Novia had to acquire maritime VHF recordings from foreign sources.

Novia purchased a total of 55 hours of maritime VHF recordings, of
whichonly 27 hours were processed. The reasons for the low processing
percentage (50 %) were the quality of the recordings and the human fac-
tor. The sound quality was affected by already-mentioned background
noise, voice fluctuation and distortion, strong accents, and soon. The hu-
man factor, however, was the main concern, as it was noticed that the
nature of the work rapidly raised levels of the fatigue and stress. After a
certain amount of time, declining focus and sedentary behaviour were
observed, as well. Therefore, the workload was carefully controlled dur-
ing the transcription process (e.g. the people involved were asked to take
frequent breaks, the utilisation rate was kept under 60 %, etc.). As aresult,
on average it took approximately 15 minutes for a maritime expert to
produce 1 minute of transcription.

From the 27 hours, only 18 hours were successfully transcribed.
One of the reasons for the low percentage of successful transcription
was the fact that the maritime VHF communication was in English.

Successfultranscription in native English-speaking countries was
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an average of 68% and within a range of 7 % (min, 64.17 % and max, 71
%), butin countries where Englishis a secondary ‘working’ language, the
percentage dropped to 50 %.

Table 1. Transcription data outcome representation.

Territory | Raw data (hours) | Successfully transcribed (%) Weighted % | Transcribed data (hours)
us 14 67.14 34.81 9 hours 30 mins
CA 5 71.00 13.15 3 hours 30 mins
UK 3 68.33 7.59 2 hours
AU 3 64.17 7.13 2 hours
EU 2 50.00 3.70 1 hour
27 Hours 66.40% 18 Hours
Another observation thatis worth mentioning is the use of SMCP in real-
life professional maritime verbal communication. It was found that stan-
dard phrases were used more often in non-native English-speaking
countries and barely used by mariners on fishing vessels and pleasure
craft.
Table 2. Territorial comparative analysis of successful conversion to SMCP from
transcribed data (broadcast messages transmitted by official bodies such as the
coast guard, vessel traffic services, and meteorological institutes are not in-
cluded).
Territory From transcribed data (hours) Successfully converted to SMCP (%)
us 9 hours 30 mins 6.55
| CA 3 hours 30 mins 6.52
UK 2 hours 11.18
AU 2 hours 19.74
EU 1 hour 19.00
18 Hours 9.21%
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It could be concluded that not only does the accent of the seafarers mat-
ter,but sodoes their proficiency in English. Native English speakers, who
are able to express themselves easily, do not follow the protocol strictly.
It was also noted that the communication flow was smooth when all
parties adhered to the SMCP, speaking at a conversational pace andin a
clear manner,regardless of their language capabilities. Using standard-
ised and well-known communication patterns allows seafarers who are
less proficient in English to understand key words and phrases. Under-
standing the terminology allows for following and comprehending the
context of the conversation and hence the message. Recreating the con-
tent of the message from key words and phrases was found to be one of
the challenges in automatic speech recognition.



Inthe end, a comparison was made between the maritime experts’
transcription, transcription done by a standard ASR engine, and tran-
scription done by ASR trained with maritime data. For this purpose, two
indicators were used: successful transcription rate and accuracy. The
results are shown in Figure 30.

Standard Model

63,20%

74,40%
Trained Model
95,00%
Marine expert
M Accuracy ® Transcription Outcome
Figure 30. Comparison of the transcription outcome and accuracy.
In relation to accuracy, Table 3 lists some examples of where the stan-
dard ASR engine was unable to transcribe key information properly.
Table 3. Qualitative comparison between ASR engine and maritime expert's
transcription outcomes.
Message ASR engine Comments
... starboard side ladder ... ... stop side ladder ... Ship’s side is either port or
starboard
... pilot will be standing by on one | ... pilot will be standing by on | Second working channel
three and one zero one zero 13 working channel all the was not detected
working channel all the time ... time ...
... port side ... ... court side ... Ship’s side is either port or
starboard

As shown in Figure 30, there is a significant increase of 10% in the tran-
scriptionrate andinthe transcription accuracy when maritime data was
input into the ASR engine. The improvement was achieved by applying
arelatively small amount of maritime data. Based on that, it can be con-

115



116

References

cluded that achieving a satisfactory level of automation and autonomy
of radio communication using ASR engines requires more training with
specialised maritime data. Obtaining such data and creating a speech
recognition library is a feasible task, as the marine vocabulary is limited
and standardised. Exploiting this opportunity further will provide valu-
able information, and it will be a step towards resolving the communica-
tion challenges in the first and second degree autonomy of MASS.

Davies, P, 2009. Container Terminal Reservation Systems [Online],
Long Beach, 3™ Annual METRANS National Urban Freight Confer-
ence.

Geweke, S. and Busse, F., 2011. ‘Opportunities to Exploit Capacity
Reserves of the Hinterland Connection to Road Transport, in Bose,
J. W. (ed.) Handbook of terminal planning, New York, NY, Heidelberg,
Springer, pp. 305-322.

Giuliano, G. and O'Brien, T., 2007. ‘Reducing port-related truck
emissions: The terminal gate appointment system at the Ports of
Los Angeles and Long Beach’, Transportation Research Part D:
Transport and Environment, vol. 12, no. 7, pp. 460-473.

Gnoni, Tornese and Ante, 2017. ‘Analyzing the transition from just-
in-time to just-in-sequence: a simulation based approach from the
automotive sector’.

Gracia, M. D., Gonzalez-Ramirez, R. G. and Mar-0Ortiz, J., 2017. ‘'The
impact of lanes segmentation and booking levels on a container
terminal gate congestion’ Flexible Services and Manufacturing
Journal, vol. 29, 3-4, pp. 403-432.

Hallgren, D. and Bengtsson, E., 2020. ‘Extended Gate: Barriers and
opportunities for intermodal improvements, a case study of Port of
Gotenburg’.

Hamburg Port Authority, 2011. Untersuchung der betrieblichen
Anforderungen an einen Pre-Gate-Parkplatz (PGP) fiir Zielverkehre
im Hafen Hamburg.

Hittmeir, A., Treville, S. de, van Ackere, A., Monnier, L., and Prenn-
inger, J., 2009. 'Trading off between heijunka and just-in-sequence’,
International Journal of Production Economics, vol. 118, no. 2, pp.
501-507.

Huynh, N., Smith, D. and Harder, F., 2016.Truck Appointment
Systems', Transportation Research Record: Journal of the Transport-
ation Research Board, vol. 2548, no. 1, pp. 1-9.



Im, H., Yu, J. and Lee, C., 2021. 'Truck Appointment System for
Cooperation between the Transport Companies and the Terminal
Operator at Container Terminals’, Applied Sciences, vol. 11, no. 1, p.
168.

IMO, 2021, OUTCOME OF THE REGULATORY SCOPING EXERCISE.
LONDON, UK

Kleine, J.and Lehmann, R., 2017. Telematisch gesteuertes Kompakt-
parken -Grundlagen und Entwicklung, Bremen, Fachverlag NW in
der Carl Schinemann Verlag GmbH.

Krosnika, K. and Smolarek, L., 2014. 'Determinants of cargo flow
modelling in container terminals in conditions of "extended pre-
gate”, Journal of Polish Safety and Reliability Association.

Lai, K.-h. and Cheng, T. C. E., 2009. Just-in-time logistics, Farnham
England, Burlington VT, Gower.

Lange, A.-K., Schwientek, A. and Jahn, C., 2017. Reducing truck cong-
estion at ports—classification and trends.

Morais, P. and Lord E., 2006. Terminal Appointment System Study
[Online].

Port of Rotterdam (2018) LKW-Parkplatze [Online]. Available at
https://www.portofrotterdam.com/de/logistik/verbindungen/modal
itaeten/strassentransport/lkw-parkplaetze (Accessed28 July2022).

Sople, V., 2009. Logistics Management, 2nd Edition. Pearson India.

Thun, J., Marble, R. and Silveira-Camargos, V., 2007. A CONCEPTUAL
FRAMEWORK AND EMPIRICAL RESULTS OF THE RISK AND
POTENTIAL OF JUST IN SEQUENCE - A Study of the German Auto-
motive Industry [Online], Journal of Operations and Logistics
(Volume 1).

UNCTAD, 2021, Review of Maritime Transport 2021.

van den Berg, R., 2015. Strategies and new business models in
intermodal hinterland transport, Eindhoven University of Technology.

Veenstra, A., Zuidwijk, R. and van Asperen, E., 2012. 'The extended
gate concept for container terminals: Expanding the notion of dry
ports’, Maritime Economics & Logistics, vol. 14, no. 1, pp. 14-32.

Yi, S., Scholz-Reiter, B., Kim, T. and Kim, K. H., 2019. ‘Scheduling
appointments for container truck arrivals considering their effects
on congestion’, Flexible Services and Manufacturing Journal, vol. 31,
no. 3, pp. 730-762.

117



List of Abbreviations

JIT  JustinTime

RoRo Roll-on/Roll-off

Al Artificial intelligence
ASR  Automated speech recognition
EMSW  European Maritime Single Window
IMO International Maritime Organisation

JIS  Justin Sequence

MASS  Maritime Autonomous Surface Ships

PortCDM  Port Collaborative Decision Making

RoPax Roll-on/Roll-off and Passengers

S211 Portcall message standard

SMCP  Standard Marine Communication Phrases
STM  Sea Traffic Management
TAS  Truck Appointment System
VHF  Very High Frequency
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Appendix 2 — Travel time scenario B.1
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Appendix 5 - Travel time scenario B.2
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Appendix 8 - Arrival time scenario B.1
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Appendix 11 = Arrival time scenario
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Appendix 14 — Maximum queue length
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Ethical requirements in a narrative form are guiding Al system
developers to create a trustworthy smart terminal environment
with ethically aligned design methods.

Background D eople using a port terminal with smart features should be able to

trust the technology used there. In technology design, trustwor-
thiness can be achieved by the developers utilizing ethically
aligned design methods. When intelligent systems are discussed, it is
importanttoemphasize whatis being developed; the developers, in this
context, are developing software that is enhanced with artificial intelli-
gence (Al) or machine learning models. The developers are then software
engineers or software development teams.

Software engineers are in a key role as they follow the goals set for
them by the customer or stakeholders of the technology under develop-
ment. Software engineers turn high-level goals into practical features
or non-features, as quality features in the line of product development.
As much as Al-related endeavors have raised issues lately, regarding
the low quality of Al technology, implemented with biased data or creat-
ing unfair situations with the decisions made by the autonomous Al sys-
tem, the practical tools for software engineers to solve these problematic
development-focused issues do not yet exist. Software development
teamsareresponsible for tuning Al software developmentinto ethically
sound and ethically aligned software product/engineering.

Al ethicsisnamely the field concentrating on the research of Al sys-
tems emerging in industry and society as a whole and the impact it is
creating globally in differentembodiments. Al ethics has developed from
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meta ethics, meaning the discussion and debate about the definition of
Al ethics and its related terms, concepts, themes, and principles, which
hasemerged during the last decade, is applied ethics to some extent. The
Ethics Guidelines for Trustworthy Al by the European Commission High-
Level Expert Group on Artificial Intelligence introduce a framework for
Trustworthy Al. According to the framework, Trustworthy Al is lawful, eth-
ical, and robust, following four ethical principles and seven key require-
ments, and operationalizing the key requirements. The guidelines do not
depart far from classical ethics, as they find that "Al systems should im-
prove individual and collective wellbeing” (HLEG, 2019, p.11). However,
Al ethics-related publications state that the guidelines are not an imple-
mentable means for practical Al ethics to follow.

Ethical framework implementation

In 2018, the University of Jyvaskyla started its research on practicaltools
in software engineering for Al systems development. Since then, the re-
search group has introduced a method called ECCOLA, which contains
an ethical framework, “the code of ethics” for Al developers (Vakkuri et
al.,2021).This framework contains a specific number of research-based
ethicalthemes and principles for developers to consider during their de-
velopment work, and it is built on agile software engineering practices.
This framework educates software engineers about the themes and prin-
ciples of Al ethics, calling it an ethically aligned design method. Using the
method output and the product worksheets, the trustworthiness of a
product can be measured.

The Smart Terminal project aimsto create blueprints for the future
smartterminal through research-based recommendations, and ethical
requirements for smart terminals are one of the project deliverables.
Practical tools for Al software practitioners that operationalize the key
requirements are now being experimented with in the Smart Terminal
project. Agile software engineering, and particularly agile requirements,
engineering practices, and ethically aligned design together, generates
the theoretical framework for the research, to investigate How to elicit
ethical requirements for the Smart Terminal blueprints. A challenge
thatwas highlighted earlier with Al ethics pragmatism, which we turned
into an opportunity, was to create practicality in the workflow of software
development covering ethicality by empirically exploring the case of the
smartterminal. The focus pointis onthe research problem: How to make
Smart Terminals Ethical and Trustworthy. Without prior studies on the
subject, we investigated the theoretical framework to build a model to
elicit domain-specific ethical requirements for future smart terminals.



This solution enables the stakeholders in the development team to con-
centrate on the ethical themes and principles that relate particularly to
the studied domain. Ethics is context specific; the applicable themes or
principles relate to the specific domain or industry in question (HLEG,
2019).

The Domain-Specific Ethical Requirements
Elicitation Model

The model shares several data points that gradually build up the domain-
specific ethical requirements, delivering a prioritized backlog of ethical
requirements. The model and the ECCOLA method are built on gamifica-
tiontechniques. Gamification technigues are often used in non-game en-
vironments to engage customers and partners in cooperation, sharing
andinteraction (Pedreira, 2015). Smart Terminal project datais collected
through the three use cases, each with a responsible leader, a use case
owner, conducting the project work.In the model, the use case ownerini-
tiates the process by choosing the use-case-specific themes and princi-
ples from the ethical framework.

[ Pre-Game ame [ Game I

Figure 1. Ethical Requirements Elicitation Model.

The ethics of Aland robotics, according to Miiller (2021), focuses on “con-
cerns” of various sorts, in which the new technology challenges the cur-
rentnorms and conceptual systems (Miller, 2021). The ECCOLA method
centralizes these concerns when the theme and principles are
processed during the development. Table 1 shows the use-case-specific
Al ethics themes and principles from the ECCOLA method.
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Data Variables

Table 1. The use-case-specific Al ethics themes and principles from the ECCOLA
method.

Framework Content:

21 cards in 8 themes

(22

with

Agency & Oversight

Original setting for the workshop sprints

instructions)
Card Topic (Principle) Passenger  Truck Ship  Turn- Prioritized
2 - Flow Traffic around
#0 Stakeholder Analysis
Transparency #1 Types of Transparency
#2 Explainability x
#3 Communication X X
#4 Documenting Trade-offs
#5 Traceability X X X
#6 System Reliability

>

#10 Human Agency

#7 Privacy and Data x X X
#8 Data Quality X
#9 Access to Data X X X

#11 Human Oversight

#13 System Safety X
R ... —
#15 Stakeholder Participation

Wellbeing
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#16 Environmental Impact X x
#17 Societal Effects

#18 Auditability x

#19 Ability to Redress

#20 Minimizing Negative Impact

In the case study, the pre-selected themes and principles were pro-
cessed within focus groups in a use-case-based workshop. The work-
shop goal was to empower the participants in ethical thinking using the
ECCOLA method cards, and to document the shared discussion and
thoughts. A total of n=367 notes were documented in the requirements
backlog. The focus groups were all from different stakeholders, forming
three stakeholder groups according to the occurred model development
phase. Smarter consortium members from institutions and industry
took part in workshop | as stakeholder group |.

Stakeholder group Il from the University of Jyvaskyla's Al Ethics Lab
met online in the next development phase to create ethical user stories
from the workshop notes. The ethical user story is the focal pointin this
casestudy, asitturnsthe high-level requirementsinto animplementable
format for the software programmer or coder. A user story is an agile
requirement engineering tool to capture and communicate software
requirements between the customer and the developer team. User sto-
ries are usually made on index cards or post-it notes, or in an electronic
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template, by the customer team or by a product owner. They usually fol-
low athree-sentence form of <as a>, <l want>, <so that>and are followed
by acceptance criteria to split the user story into practical tasks for
coders/programmers (Cohn, 2004, a). Ethical user stories are require-
ments that are filtered through an ethical framework and written in the
form of user stories (Halmeetal.2021). The user story practice was cho-
sen for the ethical requirements research as it held characteristics op-
timalfor the smartterminaldevelopmentenvironment. User stories are
characterized as a flexible, practical, and time-efficient hands-on com-
munication tool between different stakeholders (Cohn, 2004, b). A low-
threshold communication tool among experts from different fields was
seentobeasuitable wayto processthe ethical requirements in the proj-
ect. In addition, the guideline by IEEE Ethically Aligned Design directs Al
practitioners to developed Al systems with tools familiar to them (IEEE
Ethically Aligned Design, 2019). The three use cases produced n=253
ethical user stories.

In software development, products are developed incrementally.
Thefirstincrement shares the mostimportant features and qualities of
the product. 253 ethical user stories with a plethora of features and non-
features to beimplemented are realizable only with prioritization (Cohn,
2004, a). An ethical requirements backlog, in the form of user stories,
was prioritized in the final activity by the industrial partners, stakeholder
group lll. The outcome of the activity was an ethically influenced product
backlog for future smart terminals.

Findings based on an analysis of the data set and data collection are list-
ed below, followed by a summary of the findings and the conclusions.

Stakeholder participation and analysis

Asmartterminalis characterized as a system-of-systems, with a stake-
holder group or groups from different fields of expertise. Indirect stake-
holders are also important and should be considered during the devel-
opment, as well as the ways different groups of people are affected by
this system-of-systems. The work transition affected by the smart ter-
minal deployment creates changes in personnel training plans, or the
role and aim of communication in and out of the terminal sphere take a
differentelementindifferent operations, to mentionjust a few examples
of how the smartterminal affects the different stakeholder groups, users,
or end-users of the system. Stakeholders should be brought into the
development loop, as well, as stakeholder analysis should be handled
in the beginning of the development cycle. Stakeholder analysis and
involvement are a part of ethically aligned design.
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Inthe Smart Terminal project, the stakeholders were included from
the beginning of the development by involving them in the requirement
elicitation process. System users and possible end-users were included
in the stakeholder group, also representing a particular user or end-user
group of the system, called proxy users. In order to facilitate expedient
software development, proxy users are representatives of real system
users and their values, and they voice the needs of various user groups
that cannot participate in the system development. A use-case-specific
stakeholder analysis was also developed and presented before the eth-
ical user story development workshop.

The model

1. Allthemes were observed and processed through the ethical re-
quirements elicitation model, which indicates that the ethical elic-
itation process through the model provides atool forindustry use,
to holistically and pragmatically manage ethically aligned design.

2. Thetheme Traceability and Data was processed in all the use cases,
Wellbeing in two use cases, and Safety & Security, Fairness, and
Accountability were processed in a single use case. Agency & Over-
sightwas not processed in the sprints by stakeholder groups | and
IIl. This division of theme selection indicates that ethics and ethi-
cally aligned design are context specific, and the model is compli-
ant in different domains (in industry). The ethical framework and
method used in ethically aligned design should be able to evolve
with the ongoing development work.

3. The product owner (= the use case owner in the smart terminal)
leads the discourse between the stakeholders all through the re-
quirements elicitation process, untila product backlogis reached.

Key data points and pattern recognition

4. To make the vast number of ethical user stories implementable,
we took the final stage in the process to prioritize the ethical user
stories for the blueprints of the SMARTER project as ethical re-
quirements.We used a technique called the MoSCoW method. The
term MoSCoW is an acronym that refers to the first letter of each
of the four priority categories that are must-have, should-want,
could-have, and will not have (Achimugu, 2014). Organizations uti-
lize the MoSCoW method as a tool to convey the significance and
priority of the many needs being met in various projects (Waida,
2022).Thefinal setin the prioritizing activity resultedin 177 ethical
user stories from 7 ECCOLA cards and 4 themes. The 9 solution



providers (SMARTER industrial partners) in stakeholder group Il
prioritized 177 ethical user stories. The deviation between 7 card
themesresultedin 1-6, meaning that one theme containing a spe-
cific number of ethical user stories was prioritized once, twice or
six times, increasing the sum of prioritized ethical user stories to
340.Table 2 presents the deviation between the prioritized ethical
user stories according to category and theme. The most valued
themes for smart terminal ethically aligned design, based on the
prioritization, were:

a. Data took over 70% of the prioritized data set, where
card #6 Access to Data was prioritized 6 times.

b. Access to Data was valued on many levels in the priori-
tization, indicating that it shares the most knowledge
during the Al development process.

c. #3 Communication, #7 Privacy and Data and #12 System
Security were the most valued principles category-wise.

d. #8 Data Quality is also considered important, sparking
nearly 90% of the principle-specific ethical user stories,
but it was not considered as important in the Must Have
category as the themes Communication, Privacy and
Data, and System Security.

Table 2. Outcome of the prioritization using the MoSCoW technique.

Should Could
Have Have

Will not
Have

#3 Communication 4 1 3
#5 Traceability 14 11 2
#7 Privacy and Data 21 11 10
#8 Data Quality 15 3 (1]
#9 Access to Data 30 31 23
#12 System Security 9 0 0
#14 Accessibility 1 3 2 1
7 96 59 39

5. The content analysis gave similar results to the key data points,
aswellas additionalinformation through pattern recognition. The
Must Have category was at the center of the analysis. Codes that
were clearly perceived through the material (below) were used
for filtering the data for pattern recognition:

a. the stakeholder role as user and end-user

b. other ethical themes and principles that relate
to the user story
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In addition, the user story content often referred to training in smart ter-
minal project concerns, reflecting the importance of communication and
accessibility principles in future smart terminal development. These
principles are grouped in the themes transparency and fairness in Al
ethics.

Table 3. Outcome of the content analysis.

Relation to other themes and Note
principles

- end-user

b Stakeholder role
2 Stakeholder role

#7 Privacy and Data
#14 Accessibility
#9 Access to Data

#1 Types of Transparency
#12 System Security
#5 Traceability 13 2 Stakeholder participation
#6 System Reliability

#7 Privacy and Data

#3 Communication

#7 Privacy and Data [l 13 #8 Data Quality

#12 System Security

#11 Human Oversight

#1 Tvpes of ‘l‘rarts;.:iarenv:.\«r

#3 Communication

#8 Data Quality
#4 Documenting Trade-offs
#6 System Reliability

#10 Human Agency

#11 Human Overslgm

#? Prh.'al:v and Data

#12 System Security [} 6 #11 Human Oversight

' #7 Privacy and Data

#3 Communication

#14 Accessibility 4 0 Na

7

#9 Access to Data

L
@

The ethics of smart technologies in port areas revolve around issues
such as data (privacy, quality, and accessing), transparency, human
agency & oversight, and security.

Data: Reflecting on the ethical user stories, the concerns in the theme
datarelate to system use and how system users, such as logistics oper-
ators, access the data and are affected by the data on the systems.
Privacy and Data is a strong theme in the end-user context and calls for
the concerns in related matters, such as personal or sensitive data, to
be secured, communicated appropriately, accessed with a specific pro-
tocol, and regarded with human involvement. Data hierarchies are also
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in focus when the data is considered in terms of communication; what
data,how isitbeingcommunicated,andto whom?This finding indicates
arelation to the theme transparency, which is a major trend in ethically
aligned smart system development, as transparency enhances trust.

Transparency: Transparency enhances trust when smart system ex-
plicability is observed during development. Transparency also enhances
trust when all the stakeholders are informed fairly about the develop-
ment of the “black box" decision-making (explicability) in deployment
and use in the future smart terminal.

Security: The research indicates that the theme system security is in-
volved with several themes, such as human involvement in human
agency and oversight, privacy and data, and communication. The research
dataindicates that users and end-users are educated in GDPR-connect-
ed smart terminal questions. Users and end-users are educated about
smarttechnology development,deployment and use in the terminal, and
how the data and technology are secured.

Human agency and oversight: The human-in-the-loop concept was ob-
served andregarded as a requirementin smart technology development,
deployment, and use in the future smart terminal.

Ethically aligned design is striving for the wellbeing of individuals
and groups of people. An ethically aligned and trustworthy future smart
terminal is possible with the domain-specific requirements elicitation
model,in which the product ownerisresponsible for keeping the project
goals and the communication alive among different stakeholders during
the project. The development should concentrate foremost on data, sys-
tem security,and communication-related concerns and on being trans-
parent with all stakeholders regarding the smart technology develop-
ment life cycle. Human Involvement in the future smart terminal is re-
quired by smartterminal stakeholders and can serve as a pillar for trans-
parent design thatis in line with ethics.

Port terminal operators may make sure that the use of smart tech-
nologies is responsible, ethical, and consistent with the values of their
stakeholders by putting these findings into place.

This research on ethically aligned design in the smart terminal project
was looking for strategies to overcome key ethics-related concerns in
building a trustworthy future smart terminal. The task was driven by
analysis led by the ECCOLA method. The analysis was performed with
the help of the domain-specific ethical requirements elicitation model.
Smartterminal consortium members took partinthe model processing
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inthree (3) stakeholder groups with the lead of the conducting institution
and the use-case specific product owner. The objective was to raise do-
main-specific ethical concerns in each use case through use-case-re-
lated ethical themes and principles. The outcome of the task was an eth-
ically aligned product backlog that can be used to assess the trustwor-
thiness of smartterminaldevelopment. The key findings of the research
are the domain-specific ethical requirements elicitation model, 177 key
ethical requirements for the future smart terminal, and the analysis of
the key ethical requirements, in which data, transparency, human agency
and oversight, and security concerns are the objects of evaluation in fu-
ture smart terminal development, deployment, and use. The use-case-
specific product owner is in a key role when ethical requirements are
built for the future smart terminal product backlog, keeping the conver-
sation alive with all the stakeholders of the system(s) throughout the
process. Ethical concerns often create a spiderweb like effect, when an-
alyzed, in which all themes relate to each other on some level. To holis-
tically do ethically aligned design in creating trustworthy Al, we find that
key ethical requirements are the starting pointin the process, which in-
ternalizes other ethicalrequirements, as well. We find thatin order to do
ethically aligned designina holistic and practical manner, Itis necessary
tobringupthe concernsandinvolve various stakeholders in the process
in order to consider their values in the development, deployment, and
use of a trustworthy future smart terminal.
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lobal maritime transportation logistics systems are essential

parts of critical infrastructure in every society. Sea ports are cru-

cial parts of maritime logistics processes. Digitalization makes it
possible toincrease the efficiency of terminal systems in the processes.
In the best cases, this means reducing emissions by optimizing port op-
erations and improving cargo and people flows, while improving the ex-
perience for all stakeholders. Theimprovement of port processes relies
very much on the development of information and communication tech-
nology (ICT),as well asindustrial control systems (ICS) or operation tech-
nologies (OT). At the same time, the cyber-security aspects of maritime
logistics need to be addressed.

In the cyber world, the most important threat centers on critical infra-
structure (Cl).Clencompasses the structures and functions that are vital
tosociety's uninterrupted functioning. It comprises physical facilities and
structures, as well as electronic functions and services. Critical infra-
structure systems comprise a heterogeneous mixture of dynamic, inter-
active, and non-linear elements.

From the cybersecurity viewpoint, the functioning of a modern so-
ciety is based on the cooperation of several critical infrastructures,
whose joint efficiency depends increasingly on reliable national ICT and
ICS/0T systems. Crucial in the cyber environment are functional data
transmission networks and the usability, reliability, and integrity of sys-
tem data in the operating environment, whose cyber-security risks are
continuously augmented by threatening scenarios in the digital world. A
modern society depends entirely on a cyber environment that provides
dynamic services.
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The cyber-security risk landscape is currently evolving toward the
point when risks that were once considered unlikely began occurring
with regularity. This ongoing trend can be attributed to higher maturity
of attack tools and methods, increased exposure, and increased motiva-
tion of attackers. The change to the landscape forces us to include the
previously excluded risks that are commonly referred to as cyber risks,
in the focus zone. These very-high-impact risks will also force us to be-
come better at protecting our assets and devising creative solutions to
mitigate risks.

Inthe past, most attacks were conventional,and the attackers were
individuals or small groups of hackers. Nowadays, we see a new breed
of attacks, targeted and sophisticated, in which the attackers use ad-
vanced cyber weapons that are developed by intelligence, military, and
terror organizations. These attacks are called advanced persistent
threats (APTs), which usually referstoagroup, such as aforeign govern-
ment, with both the capability and the intent to target a specific entity
persistently and effectively. Effective situational awareness is essential
in defense against APTs.

Cyber-security architecture framework

Inrecentyears, attacks againstcriticalinfrastructure, critical information
infrastructure, and the Internet have become ever more frequent, com-
plex,and targeted because perpetrators have become more profession-
al. Attackers can inflict damage on or disrupt physical infrastructure by
infiltrating the digital systems that control physical processes, damaging
specialized equipment and disrupting vital services without a physical
attack.These threats continue to evolve in complexity and sophistication.

Correctly implemented and appropriately functioning cyber-secu-
rity architecture is the mostimportant process behind all cyber security.
The framework focuses on using organizations to guide cyber-security
activities and consider cyber-security risks as part of the organization’s
risk management processes. The framework consists of three parts: the
starting point of the analysis, the cyber threat intelligence process, and
the risk management process.

1. The starting point of the analysis

There are currently several cybersecurity solutions and technical tools
available to meet the needs of organizations. These also present chal-
lenges such as the fragmentation of technology, problems at the practical
level of implementation and maintenance of new security elements, and



measures that may lead to an increase in the complexity of the entire
functional system and the difficulty of managing the whole.

Theincreasing complexity of technology and systems therefore re-
quires the development of integrated security procedures that identify
both external and internal threats. Therefore, appropriate security solu-
tions and security breach detection procedures, and a comprehensive
cyber security system, are needed to ensure the continuity of the orga-
nization's operations.

Systems thinking enables a holistic view of the organization’s cyber
security. Acomprehensive view of cyber security is available through cy-
ber-security systems thinking. The object of the research is the structure
of the cyber-security architecture suitable for the target organization.

2. Cyber threat intelligence process

Cyberthreatintelligence (CTI) is knowledge, skills and experience-based
information concerning the occurrence and assessment of both cyber
and physical threats and threat actors that is intended to help mitigate
potential attacks and harmfulevents occurring in cyberspace. Strategic
cyber threat intelligence informs the most senior decision-makers, op-
erationalintelligenceis aimed at those making day-to-day decisions, and
tactical threat intelligence is focused on units in need of instantaneous
information.

In this architecture, the cyber threat intelligence process consists
of a system description, cyber threat analysis, vulnerability analysis, cy-
ber-attack model analysis and impact analysis.

3. Risk management process

Correctly implemented and appropriately functioning risk management
is the most important process behind all digital security, including data
security, cyber security, and privacy protection. Risk management is in-
creasingly important, as the need for improving the various areas of se-
curity hasincreased. The need forimprovement has arisen from the dig-
italization of operations, the possibilities offered by new technologies,
and the new threat and risk types that have evolved rapidly. Without ap-
propriately functioning risk management, the organization may not be
able to recognize the significant threats that could prevent the achieve-
ment of its objectives orthat are related to its daily operations, and it will
not be able to control these threats.

Risk management is also an excellent tool for the organization as
it develops the processes, actions, and services to improve its security.
Risk management helps achieve cost-efficiency, enabling development
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IMPACT
ANALYSIS

measures to be targeted at matters that have a significantimpact on de-
creasing the probability or mitigating the impact of a recognized threat.
In addition to risk management, the guideline discusses the recognition
of opportunities. The failure to take advantage of opportunities could

pose athreattothe improvement of the organization’'s operations or the
achievement of its targets, for example. Increased digitalization of oper-
ationsis agood example of such an opportunity; it should be seen as an

important player in developing operations. However, the threats related

to digitalization must also be recognized.

The following figure illustrates the holistic cyber-security architec-
ture process.

Cyber threat intelligence process

CYBER

ATTACK VULNERA- CYBER SYSTEM OF

ORGANIZATION

MODEL BILITY THREAT SYSTEMS STARTING
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Risk handling
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DE digitalizes training in virtual reality. We cooperate with training and cer-
tification organizations.

ADE’s Isoveli platform enables the management, delivery and update of virtual
training, devices and equipment remotely. The platform enables remote mon-
itoring of training sessions. Isoveli ensures delivery of the correct virtual train-
ing to trainees based on their individual usernames. The trainer can easily edit
and revise the virtual training. Exercises from third parties can be imported.
This enables the analysis, evaluation and comparison of data, and also skill
gap analysis.

ADE has a training and simulation portfolio of 45 different training courses for
logistics, health care, warehouse work, forestry, gardening, construction, and
safety. Based on the eRequirements of the Finnish National Agency for Educa-
tion, ADE licenses these training courses to vocational institutes, education
providers and corporations for simulation training via ADE’s Isoveli training
platform. Isoveli provides a whole library of 45 simulators for use through one
innovative workstation.
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n the project, ADE researched and tested how harbor personnel can

be trained digitally and independently. In the project, a model to carry

out skills training digitally in harbor environments was created, and
several types of training were tested. From these findings, a new plat-
form for virtual training can now be created.

ADE has an Al-controlled virtual-reality simulator platform for car, truck,
bus,taxiandvandriving. ADE also has lift and crane simulators, with full
physical models for a ship crane, bridge crane, mobile crane, log crane
and tower crane. Thisis why ADE was technologically in a good position
to create a virtual-reality digital skills training solution for harbors.

ADE interviewed and listed different types of skills training done in har-
borenvironments. The main training method is currently the classroom.
Classroomtraining does not adjust to the individual needs of employees
to obtain certification; it is expensive and time-consuming.

ADE carried out many different workshops with companies and
schools. Inthese workshops, different training simulators where tested.
Fromthese, several factors were found that made it hard for the person-
nel to do the training by themselves.
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From the research and pilot testing, a
new model for digital training was created for
harbors. This includes a platform attached to
an easily transportable training device that
can provide allthe required training to person-
nel, test them, and record the training.

Figure 1. Al-controlled virtual-reality simulator
platform.

Figure 2. Easily transportable training device that can provide all the required
training to personnel.

4
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Results,
findings,
output, and
impact

For ADE, the main findings in the project were that current state-of-the-
art simulators were technically sufficient to do certification, but the per-
sonnelwere not able to use them by themselves. If using this digital train-
ing requires additional personnel, the new technologies won't be imple-
mented in harbor environments. In addition, the mobility of devices was
found to be a key factor.

From these findings, ADE has researched a new solution for skills
training in harbors. It is a combination of current devices, new devices,

and a specific training platform.
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BRIGHTHOUSE

INTELLIGENCE

righthouse Intelligence offers a one-stop shop for building digital solutions

for remote and autonomous applications. We provide intelligent situational
awareness, reliable high-performance connectivity, and advanced cyber-se-
curity solutions. Our services cover the full R&D life cycle, from innovation and
prototyping to development and maintenance. We have been developing re-
mote and autonomous maritime technologies since 2015, but we operate else-
where as well: indoors, outdoors, offshore. We work in close contact with our
customers and build innovative solutions by combining industry knowledge
and heavy hands-on experience in complex R&D projects.

We help public areas to improve the functionality of various activities by ana-
lysing the people behaviour and flows using an intelligent data collecting and
sharing system, feeding data to advanced analysing algorithms.
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ur first target in the programme was to design, develop and

build the technical concept for an intelligent and secure data

collecting and sharing system that enables high-speed data
flows in a harbour environment. In the programme, this technology
concept formed a solid backbone and test platform, in which
collected and generated data was accessible by other programme
partners and used for various development purposes, such as image
recognition and tracking algorithm development. In the core of the
system was our intelligent data gathering and transmitting unit
(SmartBox), which was further developed during the programme.

The second target was to develop the methods and algorithms for

monitoring passenger flow in order to optimise the various activities in
public areas such as terminals. All data for development purposes was
gathered via our SmartBox system.
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Solution Data collection was implemented using the Brighthouse SmartBox sys-
tem.The system provides atransparent connection for partners for their
data needs. System health and status monitoring was part of the Smart-
Box internal functionality.

SmartBox also has limited machine vision capabilities, which can
be used for local edge calculation. An advantage of edge calculation is
that sensitive data is analysed on the site, and only analysed metadata
is transferred to the backend system. More accurate analysis can be
done offline in the backend system.

SmartBox had four modems installed: three LTE modems (one for
each major operator) and one 5G modem. With this solution, we had the
possibility to further study the robustness of the LTE network. As there
was good 5G coverage around the Tallink Silja terminal, this was seen
as a good place for 5G studies.

Passenger flow analysis was done using machine vision. Both real-
time analysis and offline analysis were implemented. Real-time analysis
was done as edge computing (Figure 2) within the SmartBox, while back-
office analysis was run on the server at the Brighthouse office (Figure 3).

Inthis exercise, three partners were connected to the SmartBox system:
Teleste: video surveillance system
TUAS: lidars and other sensors

Brighthouse: reference camera for passenger flow
machine vision and lidar studies

TALLINK SILJA
TERMINAL

demi

Figure 1. Intelligent data collecting and sharing architecture.
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SmartBox provided a transparent IP-level interface for sub-systems
over multiple carriers, for a secure and robust connection, to maintain
the best possible connectivity all the time.

Allrelevant data was stored on the Brighthouse data server for on-
line and offline analysis and for further data delivery. Data was stored
encrypted and with usage monitoring.

Camera setup in office

“ Heat map application design

” Different camera setups

" Studied several algorithms for object recognition
and tracking

“ Hand dispenser/face mask place and cloakroom
area were the hottest areas

YOLOVS and DeepSort-algorithms The center of the bounding boxes set to the xy
~ Drawn bounding boxes around the persons coordinate grid

7 Suitable for real-time tracking of multiple objects with i

unique identifier

* Text-file with coordinates of bounding boxes

Figure 3. Object recognition and tracking in practice.
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and Findings
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Results The results of the system testing for data collection and sharing were
very usefuland are used as a supporting elementin our coming projects.
Some findings:

Data connection was stable throughout the project.
The 5G uplink was not as reliable as the 4G network.

New features (e.g. load-balance, fallback) were successfully
tested in practice.

Machine-learning algorithms proved to be useful.

Successful data sharing with other programme partners worked well
after GDPR issues were solved.

GDPR caused some issues for collaborative R&D work:

There were strict restrictions by port authorities on where to
install cameras. = A test and development environment could
be built only inside the terminal. All outer areas / use cases
were left out, even though they were included in the original
plan, and the existing camera data / network could not be used
(which would have been useful for larger-scale development).

No recorded data could be shared with other partners,
but we survived with live data, as well.

Sharing personal data caused challenges.

-> Note to future programmes: When sharing stored personal data,
lawful contracts should be clarified and approved with all partners.
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