
 

 

 

 

D3.7 Digital Transformation Scoping 
Document  

Akka 

  

Ref. Ares(2023)2258789 - 29/03/2023



 

D3.7 Digital Transformation Scoping Document   2 

Project data  

Document   

Grant agreement n°  101037564 

Acronym  PIONEERS 

Project title  Portable Innovation Open Network for Efficiency and Emissions Reduction 
Solution  

H2020 call  H2020-LC-GD-2020-1 

Start date  01/10/2021  

Duration  60 months  

Project URL  https://pioneers -ports.eu/  

 

Document Info  

Deliverable   

Document reference  D3.7 
Due Date of Delivery to EC  30/6/2022  
Actual Date of Delivery to EC  1/8/2022  
Document type  Report  
Dissemination level  Public  
Work package  WP7 
Lead beneficiary  AKKA 

 

Author(s) & contributors   

Main Contributor(s)  AKKA, VDL, Seafar, Imec, Macomi, PoB, Mosaic 
Contributor(s)  

(alphabetical order)  

 

 

AKKA (Simon Krepper)  
Imec  (Joris Finck) 
Macomi  (Timo Koppenberg)  
Mosaic (Josep Freixanet) 
PoB (Javier Garrido) 
Seafar (Najmeh Masoudi)  
VDL (Mark Vroegop)  

  



 

D3.7 Digital Transformation Scoping Document   3 

Revision history   

Version  Date Editor  Summary of Modifications  

0.1 12th May 22 Simon Krepper  Task 7.2.1 
0.5 28th June 22 All  Inclusion of demonstration s 
0.6 30th June 22 Simon Krepper  Template adjustments  
0.7 07th July 22 Simon Krepper  Updated chapter 4  
1.0 12th July 22 Simon Krepper  Format fixing, added Gantt charts  

1.1 13th July 22 Simon Krepper  Added feedback from BAL , ICCS, 
PoAB 

2 July 2022 

Nathalie Van 
Ingelghem, Inge De 
Wolf  

Quality Check  

 

3 March 2023 ICCS 

Revision according to comments 
PO: - Graphical representations 
ģņņŌņϔ ƚŤϔ ǔŬŌϔ ņŌƏƚόǈϔ àŌĿǔűƚƑǈϔ
added with Personas  

 

Quality control   

Role  Partner (short name)  Approval date  

Reviewer  BAL (Christian Norden)  11th July 2022 

Reviewer  EIP (Lucia Cristea) 17th July 2022 

 

  



 

D3.7 Digital Transformation Scoping Document   4 

Acronyms and Abbreviations  

AGV Automated guided vehicle  
AI Artificial Intelligence  
API Application Programming interface  
AIS Automatic Identification System  
AV Automated Vessel  
CCS Combined charging system  
CCR Centrale Commissie voor de Rijnvaart  
GIS Geographic Information System  
GHG Green House Gases 
KPI Key Performance Indicator  
Lidar Light detection and ranging  
ML Machine Learning  
MPET MSC PSA European Terminal  
MSC Mediterranean Shipping Company  
MTT Mixed Traffic Transporter  
OBU On Board Unit  

PIONEERS Portable Innovation Open Network for Efficiency Emissions 
Reduction Solution  

POAB Port of Antwerp/Bruges  
PoB Port of Barcelona  
PoC Port of Constanza  
PoV Port of Venlo  
PSA PSA International Pte Ltd  
RADAR Radio detection and ranging  
TaaS Transport as a service  
VCU Vehicle Control Unit  

 

  



 

D3.7 Digital Transformation Scoping Document   5 

Disclaimer  

 

íŬűǈϔ ƽǀƚƁŌĿǔϔ Ŭģǈϔ ǀŌĿŌűǳŌņϔ ŤǜƑņűƑťϔ ŤǀƚƏϔ ǔŬŌϔ GǜǀƚƽŌģƑϔ ôƑűƚƑόǈϔ fƚǀűȄƚƑ͆̈́͆̈́ϔ ^ǀģƏŌǴƚǀƄϔ
Programme, through the European Climate, Infrastructure and Environment Executive Agency 
(CINEA) under the powers delegated from the European Commission and under Grant 
Agree ment No. 101037564.  
 
The content of the publication herein is the sole responsibility of the publishers and it does not 
necessarily represent the views expressed by the European Commission or its services. While 
the information contained in the documents is believed to be accurate, the authors(s) or any other 
participant in the PIONEERS consortium make no warranty of any kind with regard to this material 
including, but not limited to the implied warranties of merchantability and fitness for a par ticular 
purpose.  
 
The user thereof uses the information at its sole risk and liability. For the avoidance of all doubts, 
the European Commission has no responsibility or liability with respect to this document, which 
űǈϔƏŌǀŌƇǺϔǀŌƽǀŌǈŌƑǔűƑťϔǔŬŌϔģǜǔŬƚǀǈόϔǳűŌw.  
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Executive Summary  
 

PIONEERS (Portable Innovation Open Network for Efficiency and Emissions Reduction Solutions) 
addresses the challenges that EU ports face in their effort to reduce their environmental impact 
while remaining competitive and coping with the continuous growth of the sector. The project 
aims to deliver a number of outcomes such as 19 innovat ive demos with positive environmental 
impact for ports, port -cities and hinterland connections. These demonstrations expand in four 
ƏģƁƚǀϔƽűƇƇģǀǈϔƚŤϔ_ǀŌŌƑϔÕƚǀǔǈϔǴŬűĿŬϔģǀŌΨϔÕűƇƇģǀϔͅήϔω:ƇŌģƑϔGƑŌǀťǺϔÕǀƚņǜĿǔűƚƑΩϔàǔƚǀģťŌϔБϔàǜƽƽƇǺϊΩϔÕűƇƇģǀϔ
͆ήϔωàǜǈǔģűƑģľƇŌϔƽƚǀǔϔņŌǈűťƑϊΩϔÕűƇƇģǀϔ͇ήϔω§ƚņģƇϔàŬűŤǔϔģƑņϔ^ƇƚǴǈϔ²ƽǔűƏűȄģǔűƚƑϊϔģƑņϔÕűƇƇģǀϔ͈ήϔωAűťűǔģƇϔ
íǀģƑǈŤƚǀƏģǔűƚƑϊή 

Together all four pillars will contribute to PIONEERS global objectives of accelerating the 
deployment of technological, non -technological and socially innovativ e solutions to facilitate the 
ports in the process of becoming sustainable, smart, green, and resilient.  

íŬűǈϔņƚĿǜƏŌƑǔϔņŌǈĿǀűľŌǈϔǔŬŌϔǈĿƚƽűƑťϔƚŤϔǔŬŌϔÕk²©GGØàόϔdemonstration s in ÕűƇƇģǀϔ͈ΩϔωAűťűǔģƇϔ
íǀģƑǈŤƚǀƏģǔűƚƑϊϔĿƚǳŌǀűƑťϔǈűǹϔņŌƏƚƑǈǔǀģǔűƚƑǈήϔ ƇƇϔƚŤϔǔŬŌƏϔģǀŌϔlaid out and described in the 
following to give an outline of the demonstrations and their status in development.  

¶ Automated container shuttle solutions for port operations   

¶ Automated vessels   

¶ Digital Twin  

¶ Vessel traffic optimization  
¶ Maritime 5G for int elligent vessel location  

¶ Container transport forecast   

The first four demonstrations will be implemented in the Port of Antwerp -Bruges and the last two 
demonstrations will be taking place in the Port of Barcelona. The transfer of technologies will not 
be part of this document . However , this document will be a key input to WP8 ω:ƚ-transferability 
ƚŤϔÕk²©GGØàϔűƑƑƚǳģǔűƚƑǈϊή 

All the demonstrations have well -defined objectives, but these objectives are not isolated and 
are part of the joint objectives of the p illar. 

The objective of this document is to scope all the demonstrations in order to define both the 
specific demo objectives, as well as the global objectives of the pillar, and contributing to the 
overall success and reaching the objectives of the PIONEERS project. 

íŬŌϔǈǔģǀǔűƑťϔƽƚűƑǔϔƚŤϔǔŬűǈϔņƚĿǜƏŌƑǔϔģǀŌϔǔŬŌϔ͇ϔƽǀŌǳűƚǜǈϔņŌƇűǳŌǀģľƇŌǈϔƚŤϔČÕ͇ϔωÕk²©GGØàϔ ĿǔűƚƑǈΨϔ
requirements co -definition, specifications, cross -ģĿǔűƚƑϔģƇűťƑƏŌƑǔΩϔģƑņϔņŌƽƇƚǺƏŌƑǔϔƏƚƑűǔƚǀűƑťϊήϔ 
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The present document builds on D3.1 State of th e Art, Gaps and Challenges for Green Ports to 
expand and detail the challenges and barriers existing in the different demonstrations.  

D3.2 Port Stakeholder Analysis and End -User Needs and D3.3 PIONEERS Scenarios, Personas, 
Use Cases and Demonstration Requi rements are key documents to identify the user needs and 
the different personas involved in each of the demos, and also to define the user requirements. 
In this scoping document the user needs and personas are key inputs to define the demonstration  
descrip tion and objectives. The well -defined user requirements in D3.3 help us to define the 
demonstration  implementation requirements and demonstration  design, where a detailed list of 
technical requirements is identified.  

Finally, every demo will be followed up  during the upcoming months by a detailed time plan 
provided in this document.  

The Digital Transformation scoping document has achieved the initial objectives of describing 
the scoping of the WP7 demonstrations. The scoping document includes system require ments 
that will address technical, operational, societal, environmental, legal, security and other relevant 
aspects of the system.  

This document will be used as a blueprint during all the demonstration preparation, execution, 
and evaluation period, as wel ƇϔģǈϔƽǀƚǳűņŌϔģϔǈǔģǀǔűƑťϔƽƚűƑǔϔǔƚϔņŌŤűƑŌϔǔŬŌϔņŌƏƚƑǈǔǀģǔűƚƑǈόϔĿƚ-
transferability actions.   
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1 ξ Introduction  
The scope of this document is to present and discuss technical aspects that are relevant to the 
implementation of the demonstration s of Digital Tran sformation  and document the design, 
technical specifications, data requirements, correlation with other actions and demonstrations, 
link of the demonstration  objectives with the PIONEERS objectives, integration requirements with 
ǔŬŌϔƽƚǀǔǈόϔűƑŤǀģǈǔǀǜĿǔǜǀŌϔģnd technological barriers that may hinder the implementation plan. Non -
technological barriers will be identified and discussed in deliverable D7. 1. 

The document will be the blueprint for each demonstration  and will include system requirements 
that will add ress technical, operational, societal, environmental, legal, security and other relevant 
aspects of the system. These will be based on stakeholder feedback that was documented in the 
form of user needs and demonstration  scenarios in deliverable D3.2. Deliverable 3.2 discussed in 
detail how a first scoping of external stakeholders expressing interest in the PIONEERS project 
was done by organizing four workshops in the PIONEERS ports (Port of Antwerp -Bruges, Port of 
Barcelona, Port of Constanta and Port of Ve nlo). As part of these workshops, a survey was 
conducted to grasp the high -level needs of these stakeholders, reflecting the demand for 
PIONEERS innovations at that moment in time.  

Extracted technical requirements will be prioritised and linked to user req uirements documented 
in deliverable D3.3, following a structured format that will enable progress monitoring and 
achievements until the project end. Deliverable 3.3 analyses the functional and non -functional 
ǜǈŌǀϔǀŌƿǜűǀŌƏŌƑǔǈϔƚŤϔǔŬŌϔÕk²©GGØàόϔdemonstration ǈϔŤƚƇƇƚǴűƑťϔģϔǈǺǈǔŌƏǈόϔŌƑťűƑŌŌǀűƑťϔģƽƽǀƚģĿŬϔ
in an effort to assure that the user needs and use cases are transformed into valuable information 
regarding the technical, operational, societal, environmental, legal, security and other relevant 
aspects of the demonstration s in the relevant ports. Both D3.2 and D3.3 constitute the basis of the 
implementation progress as they will be used as reference points for the Scoping documents 
(D3.4-D3.7). 

The document is organised starting with an introductory section (section 2) where the pillar 
description and objectives are described followed by specific main sections for each of the 
demonstration s (sections 3 to 6) that will be implemented in the pillar  Digital Transformation. For 
each demonstration , the following aspects are described:  

-  Demonstration  description, where a detailed description of the demonstration  along with 
a narrative of how it is going to be deployed and tested is presented.  

-  Demonstration  objectives, where the objectives of the demo are listed and linked with the 
WP objectives of sub -section 2.2 of this document.  

-  Demonstration  implementation req uirements, that include any data/asset/infrastructure 
requirements as well as possible links with other demonstration s or linked actions of 
PIONEERS. 
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-  Demonstration  challenges & barriers, that details and refines the challenges & barriers that 
were describe d in deliverable 3.1. 

-  Demonstration  time plan, including a time plan of implementation including milestones 
and deliverables related to the demonstration . 

-  Demonstration  design, where a technical description of the demonstration  is specified.  

For each demon stration  a specific chapter is dedicated to the description and objectives of the 
demonstration. The implementation requirements, challenges and barriers, a time plan and the 
design are added to the annexes of this document.  

The document is finalised with  the overall conclusions shared by the different demonstration s 
that are part of the Digital Transformation pillar.  

The PIONEERS demonstrations in the 3 other pillars are described in the respective Scoping 
documents D3.4, D3.5 and D3.6.  

This deliverable  will follow the guidelines outlined in D11.4 ξ Data Management Plan. As 
mentioned in the data management plan, the research carried out in PIONEERS follows the Open 
Research Data Pilot Principles (FAIR principles). It also explains how the demonstration s will 
comply with the requirements established by the EC and national regulations, as well as with 
GDPR rules and guidelines with respect to the privacy of EU citizens. The Data Management Plan 
describes the principles of data security to show how data is b eing collected, stored, 
documented, shared and reused during and after the project. It also introduces the data types 
that the ports intend to gather and use during the execution of the demonstrations.  

Intended readership  

This deliverable is public and the refore addressed to internal and external readers.  

Remarks  

During the development of this deliverable, it became evident that the level of dependencies 
demonstration s have on factors such as linked actions and other projects deployed in PIONEERS 
ports, var ies significantly between demonstration s. Demonstration s that have high dependency 
on such factors will need to be revisited and the requirements and relative design of the 
demonstration  may need to be revised. Any changes to the initial requirements and relative 
design will be updated in the Requirements Trac eability Matrix (RTM) along with documentation 
of the required changes. The RTM will remain a living document throughout the project to track 
both progress and relative changes while the final design will be reported in the relative 
deliverables upon compl etion of the demonstration s. 
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2 ξ Digital Transformation  
2.1 ξ Pillar description  

The Digital Transformation covers solutions and innovations related to digitalization, which are 
being implemented and shown in a real port environment to become more green, s ustainable, 
smart, and resilient. The lighthouse port of Antwerp and Bruges is the focus for most of the 
demonstration s in Digital Transformation. While Maritime 5G and Container Transport forecast 
are demoed in Barcelona, the other tasks focus on Antwerp.  Nevertheless, the gained 
experiences and gathered KPIs can be very valuable data sets for the other ports of the 
consortium to adopt these technologies.  

Action: Connected and Automated vehicles  

Automated container shu ttle solutions for port operations  

Description:  Part of common port activities, semi-trailers often need to be shifted inside a 
facility area for internal transfer or to load/unload external cargo. These shifts are currently 
performed by a dedicated manually driven fleet of vehicles, which operate according to real -
time logistic const raints. In order to optimize these operations and reduce their carbon 
footprint, AKKA and VDL aim at developing and deploying a system that is capable of covering 
this scope autonomously, without human intervention.  

Demonstration implementation: Port of Antwerp -Bruges  

Transferability:   

Port of Constanta will transfer the transport as a service -oriented platform  

Port of Barcelona  is interested in the integrated system tested for cargo automated solutions 
to be potentially applied to an automated mobility  corridor for freight movements.   

Port of Venlo  and the partners involved in the electric terminal tractor demo (a project in Venlo) 
are interested to investigate how the container shuttle solution can be incorporated in their 
project  

Automated vessels  

Description:  Remotely operated automated vessels, which are controlled from a shore control 
centre  where one captain can supervise several vessels at the same time will be demonstrated.  
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Demonstration implementation: Port of Antwerp -Bruges  

Transferability:   

Port of Constanta , Port of Barcelona  and the Port of Venlo  will analyse the possibilities off ered 
by automated vessels. Pilots for accurate ship location detection are running on the river Meuse 
(Venlo).   

 

Action: Intelligent Port Systems and Traffic Flows  

Vessel traffic optimization  

Description: Vessels spend  a lot of time waiting, not only during their port stay but also when 
calling at the port.  

To minimize waiting times for vessels two new technologies will be developed into the 
MACOMI platform:  

1. Optimal Lock planning: find a balance between maximizing the capacity of locks and 
waiting times of vessels while also taking into account the necessary bridge alignment 
for smooth traffic in the port.  

2. Support for real -time control: Support system for traffic controllers to make better 
decisions on the traffic flow of vessels by simulating the effects of decisions  

Demonstration implementation: Port of Antwerp -Bruges  

Transferability:   

Port of Barcelona  has a transferability interest on how to use AI to improve daily operations at 
terminals by means of real -time information.   

Port of Constanta  will transfer the model to simulate the operational aspects of the vessel 
processes before they happen  and provide the data to traffic control to evaluate their decisions  

Port of Venlo  will involve the national waterway management via the topcorridors.nl  

Maritime 5G for intelligent vessel location   

Description:  Develo pment of an intelligent vessel location system which uses AI algorithms to 
estimate information for vessel entry and mooring operations  
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Demonstration implementation: Port of Barcelona  

Transferability:  

Port of Antwerp -Bruges , and Port  of Constanta  are interested  in gaining knowledge on how 
current innovative technologies can improve positioning systems  

Container transport forecast  

Description : Knowing in advance the number of trucks that will be necessary is very valuable 
information for truck planning and for prioritizing. This demonstration will realise a container 
transport forecast to improve the efficiency and planning of containers that ne ed to be 
transported by truck. It uses machine learning to analyse the outbound truck movements at 
the PoB based on inbound and outbound data available   

Demonstration implementation: Port of Barcelona  

Transferability:  

The Port of Venlo is not certain y et to which level container transport forecasts can be 
developed  

 

Action: Digitalization  

Digital Twin  

Description: The aim is to create a Port Digital Twin supporting cross -domain decision support. 
The focus domains of  the demonstration will be Co2 emissions, logistic multimodal asset flows 
and people flow.  

Demonstration implementation: Port of Antwerp -Bruges  

Transferability:   

Port of Barcelona  will transfer the Port Digital Twin architecture requirements   

Port of Constanta  will transfer the basis of the Port Digital Twin and install a sensor network in 
the port  

Port of Venlo  will investigate the possibilities of this solution through the natio nal program, the 
topcorridors.nl  
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2.2 ξ Pillar objectives  

The main objective is to demonstrate in a real port environment the solutions and innovations 
related to digitalization; connected and automated vehicles; dynamic traffic optimization into/out 
of ports; smart operations and logistics; intermodal connections and modal shifts; and advanced 
connectivity. These demonstrations will gather solution providers and local port stakeholders to 
make sure that user needs are met.  

The actions are lin ked to the two main objectives:  

Introduce eco -friendly improvements relying on digitalization and new methods of operation.  
Modern ports have transformed into multimodal hubs and logistics nodes connecting maritime 
with road, rail and inland waterways flow s. PIONEERS will demonstrate seamless and highly 
efficient logistics operations, for integrated sea/river -port /h interland connections through 
several demonstrations that enable modal shifts and system -wide door -to-door multimodal 
passenger mobility and fre ight transport. A Digital Twin supporting port operations decision 
making in relation to environmental impact and a 3D representation of real time port activities will 
reveal opportunities that will allow the continuous improvement of PIONEERS demonstratio ns. 
Autonomous vehicles will be introduced allowing the optimal transport of trailers to operational 
points while a feasibility study for safe automated vessels will be carried out to prove the positive 
effects of automated vessel technology on flows betwe en PoAB and Willebroek/Vilvoorde. On 
the maritime front, 5G vessel localization services and a platform for optimizing vessel calls and 
lock allocation will be used to minimize berthing, docking, and waiting times of cargo and cruise 
vessels thus allowing shipping lines to better schedule vessel speeds and sailing times while 
allowing the port to serve more vessels without high -cost infrastructure investments.  

Co-define and transfer PIONEERS demonstrations to fellow ports during the project lifecycle.  
The focus here is on the creation of collaboration networks and public -private partnerships 
required to define, adopt, and deploy a selection of project demos at the fellow ports during the 
project lifecycle. PIONEERS will define a framework for co -definition and execution of the 19 
demonstrations and co -transfer and scale them up at fellow ports and beyond. Selected 
demonstrations will be deployed during the project lifecycle, seeking to exploit project exchange 
benefits as early as possible. Mobilizing stakeh olders (i.e., public and port authorities, 
representative bodies and warehouse/rail/ barge/ terminal operators, freight forwarders, 
shipping lines, shippers, transport companies, cruise, and tour operators) will ensure the definition 
of viable innovations whose market take -up will be ensured by outlining and addressing 
technical, socioeconomic, safety and sustainability challenges, barriers and opportunities.  
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3 ξ Automated container shuttle solutions 
for port operations  
3.1 ξ Demonstration  description  

The handling of containers in a port environment is a challenging task where timing and reliability 
are very important factors. Furthermore, the ability to have additional information available for 
monitoring e. g. the location or the state of charge of the ve hicle/container could also prove 
useful for port operators.  

Currently the handling of the containers in the terminals MPET and Medrepair at the Port of 
Antwerp -Bruges is done manually. A forklift is taking the containers from a stack and loads it on 
a truck. (In this case the truck also has trailers attached for additional load.) These tasks are very 
ĿŬģƇƇŌƑťűƑťϔǔƚϔƽƇģƑϔģƑņϔǔűƏŌϔŌŤŤűĿűŌƑǔƇǺϔģƑņϔǔŬŌǀŌόǈϔģϔƇģǀťŌϔƏģǀťűƑϔƚŤϔŌǀǀƚǀήϔ 

In order to automate this process in the future and make it more efficient this  task will focus on 
developing a case where an automated container shuttle transport goes back and forth between 
two terminals.  

kƑϔǔŬŌϔǈǜľǔģǈƄϔ͋ή͆ῄϔω ǜǔƚƏģǔŌņϔĿƚƑǔģűƑŌǀϔǈŬǜǔǔƇŌϔǈƚƇǜǔűƚƑǈϔŤƚǀϔƽƚǀǔϔƚƽŌǀģǔűƚƑǈϊϔģϔdemonstration  
will be designed, developed, a nd put into operation in a port environment. If possible, a 
connection to port infrastructure will be made to use already available data.  

The demonstration  will be an electric platform equipped with various sensors to perceive the 
environment. The drive -by-wire system of the vehicle will then be connected to a dedicated 
automated driving  software stack to perform an automated container transport in a port 
environment.  

Furthermore, a logistics -as-a-service platform is also part of the demonstration . If possible, i t will 
be connected to existing digital port infrastructure and be able to receive the mission for the 
demonstration  as well as display further information conn ected to the demonstration which could 
be useful for operators , or to evaluate future developments. The figure below shows a concept 
flow chart for the operations of the platform. The potential of integration in existing infrastructure 
is not confirmed wit h the terminals at this moment.  
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Figure 1: Flow of container shuttle  

3.2 ξ Demonstration  objectives  

The objective of the task is to show how the demonstration  will perform an automated container 
delivery in a port environment between two terminals .  

During the development and testing both the main challenges for the operation will the 
investigated, as well as options for future optimization. This gathered data and the l essons 
learned during this task can be very val uable for the future of this technology at the Port of 
Antwer p-Bruges. This is also closely connected to the challenges and barriers.  During the 
development it is likely that new challenges and barriers are uncovered which will also provide 
a better unders tanding of the specific operations and environments.  

3.3 ξ Personas Involved in the Demonstration  

This section gives an overview of the personas involved in the demonstration, i.e. the users of 
the demonstration in terms of their functions or roles.  

Persona Role  

Port Operations Planner  Plans and monitors automated shuttle trips  

Logistic Services Provider  Defines missions for automated shuttles  

 



 

D3.7 Digital Transformation Scoping Document   20 

3.4 ξ Demonstration Design 

For the design of the demonstration the specifications of the platform are very important. Once 
they are confirmed and the design is frozen the sensors can be placed around the vehicle.  

This demonstration will be equipped with lidars and cameras for perce ption, a system for 
localization and communication modules for data sharing. Because the design of the platform is 
not finalized yet the placement will not be part of this document. Further investigations will be 
done once all the hardware is available to assess interferences between antennas and sensors.  

The most important software modules are described in Annex 12.1 ξ Automated container shuttle 
solutions for port operations . The interface between the software stack and the vehicle controls 
will also be fixed after the design freeze and will not be detailed in this document.  

3.5 ξ Demonstration Implementation Requirements  

For this demonstration an integration in the port infrastructure will not be necessary. The 
container shuttle demonstration will function outside of the operations of the terminals to not 
disturb ongoing tasks and have negative impacts.  

If necessary, the terminal will provide information for the logi stics-as-a-service part of the 
demonstration e. g. the task details to be executed for the automated operation of the 
demonstration.  

The following implementation requirements are necessary for the demonstration:  

1) Completion of the electric platform has to be done in order to start with the integration of 
parts and software  

2) Interface from the vehicle controls to the software stack  
3) Digital Map of the demonstration route  
4) Sensors for the platform  
5) Testing/Demo site has to be available at the terminals  

Integrati on in the current port infrastructure will be for the purposes of demonstration in the first 
case. Under investigation at the moment is if the terminals can provide digital data to be used for 
the purposes of this demonstration. It must be assessed what ty pe of data is useful and how it 
can be implemented and used in the demonstration. Furthermore, an interface will be needed to 
share the data. As soon as this assessment is available in more detail it will be mentioned in a 
future deliverable or a progress report.  
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3.6 ξ Demonstration Challenges & Barriers  

Technological Barriers:  

1) Development of a stable perception in a port environment will be difficult due to the 
challenges the necessary sensors will have. E. g. difficult weather conditions have 
negative i mpacts on perception and localization sensors.  

2) Wireless communication is expected to be challenging in a port environment due to the 
always changing surroundings with container stacks in different locations and heights.  

Societal Barriers:  

1) Acceptance of a new technology: Automated vehicles  
Since there is no such technology like this at the Port of Antwerp at the moment the 
current workers who perform these tasks could be worried about their future 
employment at the terminals.  

2) Trade unions have to be invol ved for a further implementation of this technology in the 
future to achieve a sustainable transition for the workers at the terminals  

Legal Barriers:  

1) If the testing area is not completely fenced off an investigation must be made about 
possible safety issues because of unauthorized personnel on site  

Environmental Barriers:  

1) The interaction of automated vehicles with wildlife not only in a port environment could 
become more challenging in the future with a higher degree of automation and a larger 
scale of automated operations. For the purposes of testing and demonstrating one 
operation this should be controllable because the vehicle is under supervision during 
testing and demonstration.  

3.7 ξ Demonstration Time plan  

The timing shown below is depende nt on all the parts arriving in time for assembly. Due to 
uncertainties in the supply chain and limited supply of certain parts and materials this might lead 
to adjustments of the timeline in the future.  
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Figure 2: Time-plan T7.2.1 

 

  

T 7.2.1

Start up

Procurement Long Leads

Detailed Engineering

Proc & Delivery

Production & Assy

Commissioning

Delivery on Site

Commisioning on Site

Start of Demo

Q1/24 Q2/24 Q3/24Q2/22 Q3/22 Q4/22 Q1/23 Q2/23 Q3/23 Q4/23
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4 ξ Automated Vessels  
4.1 ξ Demonstration  description  

In this project we demonstrate remotely operated automated vessels, which are controlled from 
the Shore Control Centre where a captain can supervise sever al vessels at the same time. The 
vision is to disrupt waterborne transportation services and unlock its potential as a green 
alternative for traditional shipping and road transport. Automated Vessels present  an answer to 
many environmental and logistics ch allenges and their commercialization is expected to have 
major effects on waterborne safety, efficiency and sustainability. The reduced OPEX & CAPEX of 
Automated Vessels reduces barge transport costs and makes schedules more flexible and 
adaptable to custo mer demand and port volumes/capacity. The AVs use satellite and onboard 
sensor data for precise positioning (Galileo/camera/lidar/3DSonar); 5G or other Wi -Fi/LTE 
alternatives for communication; ML for perception of the local environment and for efficiency and 
safety in control. The ultimate aim is to provide technology that can support completely 
unmanned and AVs and barges of maximum 55m length and 650 ton, and for reduced -crew 
vessels of up to 135 m length. The SEAFAR technology will be installed on a DAN SER barge and 
trialled along waterways between Antwerp, Willebroek and Venlo.  

Following is a  graphical representation  of the demonstration:   
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4.2 ξ Demonstration  objectives  

The state -of-the-art for automated vessels is still not sufficient for real appl ications. SEAFAR will 
develop a complete data -driven software architecture for an electric (zero emission) unmanned, 
autonomous vessel that is capable of navigating on the inland waterways in Europe by having an 
AI model  architecture (beyond the state -of-the-art) to automate the vessels. SEAFAR aims to 
complete a general model for different kinds of vessels that reaches a 75% autonomy level (75% 
autonomy and 25% remote control assistance). (Obtaining level 4 of the CCR automation levels).  

4.3 ξ Personas Involved in the Demonstration  

There are three main parts in automated vessels demonstration. The first one is the vessel which 
is sailing by the command of remote captains (A in figure 1), the second one is the communication 
to transmit  and receive the data to/from remote -control centre  (B in figure 1), and the third one 
which is the remote -control  centre  (C in Figure 1). A number of personas are involved in this 
demonstration. The most important ones are written with yellow colo ur in Figure 1 and explained 
as follows based on the relevant number on Figure 1.  

1) During the demonstration the vessel will be sailing on a specific trajectory, receiving 
commands from remote captain. The control system is designed by Seafar hardware 
engineer , and the integration of the software and hardware are done by the R&D and 
software team. The presence of this people is not mandatory during the demonstration 
since the development will be done before the day of demonstration (more of 
stakeholders than personas ). 

2) There will be reduced crew onboard for the required supports.  

3) For the remote navigation of vessel, some permissions are required from the port and 
waterway authorities. The management team works on this and will provide the required 
permission for vesse l navigation.  

4) Another important persona is the vessel owner. He/She will take care of the maintenance, 
fuel, etc. of the vessel.  

5) Communication is also done by 4G (or 5G based on availability) links. The data which are 
collected by the sensors onboard the v essel, should be provided to the remote -control 
centre . In this way, the remote captain can have the similar situational awareness as the 
captain onboard while he see the data from cameras/radars/ other sensors visualized on 
the monitors.  
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6) In the remote -control centre  at Seafar premises (as illustrated in figure below), the captain 
is remotely navigating the vessel through the specific trajectory. In addition to the sensor όs 
information, it also utilize s the artificial intelligence -enabled tools. For example , in 
Pioneers Seafar is developing computer vision algorithms to do the object detection and 
object tracking. When the remote captain utilize s the AI-enabled tool, he can see the 
vessels near the vessel that he/she is navigating and make better decisions. This will 
improve the safety and avoid collisions. The AI algorithms will be developed prior to the 
demonstration by Seafar engineers and researchers of other partners in the projects.  

7) The remote captain makes the decision based on the data and tools provi ded to him. He 
sends his decision as a command to the vessel. There are also traffic controllers available 
at the remote -control centre  who controls several vessels at the same time. The traffic 
controllers in Pioneers supervise the remote captain and prov ide additional assistance if 
required.  

8) Finally, the decision that the captain/traffic controller makes will be send to the vessel. 
The command will be sent over 4G/5G signals. The network configuration will be done 
prior to the demonstration by the network  engineer.  

 

 

Figure 3: Seafar Remote Control Centre Antwerpen. 
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4.4 ξ Demonstration Design  

The vessel for this demonstration will be provided by Danser . At this time, they did not confirm 
the type of vessel they will provide. Therefore, Seafar is not able to give more detailed information 
about the design of the demonstration at the moment.  

The design of this demonstration will be revised in more detail  once Seafar knows which vessel 
they will be using for this demonstration.  

4.5 ξ Demonstration Implementation Requirements  

The following requirements have been identified for the automated vessels.  

Vessel 

¶ Availability of the vessel  
¶ Availability of the v essel on the right trajectory  

Hardware and material  

¶ Seafar control system onboard  
¶ Sensor and computers  
¶ 5G communication systems  
¶ 5G sim card 
¶ Navigation system (GPS, AIS, etc.)  
¶ Cables  

Software  

¶ Control systems  
¶ Safety functions  
¶ Machine Learning Software  
¶ Radio Over IP 
¶ Chart and Radar 
¶ Seafar Conning  

Remote -control centre   

¶ Connecting the vessel to Seafar control centre  r for remote monitoring and navigation  

5G Network  
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¶ Availability of 5G in the testing area  

Structured Implementation Requirements a re formalized based on the project template and are 
presented in Annex 12.2 ξ Automated Vessels . 

4.6 ξ Demonstration Challenges & Barriers  

Today, at SeafarΩϔǴŌϔĿģƑϔƽǀƚǳűņŌϔω:ǀŌǴϔǈǜƽƽƚǀǔϔƑģǳűťģǔűƚƑϊϔģƑņϔω:ǀŌǴϔǀŌņǜĿŌϔƑģǳűťģǔűƚƑϊήϔíŬűǈϔűǈϔ
possible thanks to Seafar teleoperation (#1 in the figure below) technology and installation 
onboard and the shore control centre.  

 

Figure 4: Overview 

In addition to that, via smart navigation (see the figure below), we can perform unmanned 
navigation in specific trajectories.    

By marrying these two models (#1 and *), we can navigate more than one vessel per captain (#2). 
To improve the ratio of vess el navigated per captain, the smart navigation function needs to be 
more enhanced with object detection and object avoidance, with these capabilities, captain will 
ľŌϔģǈǈűǈǔŌņϔŤƚǀϔģϔǈģŤŌǀϔģƑņϔǈƏƚƚǔŬŌǀϔƑģǳűťģǔűƚƑϔƚŤϔņűŤŤŌǀŌƑǔϔǳŌǈǈŌƇǈϔģǔϔǔŬŌϔǈģƏŌϔǔűƏŌήϔω 

Regulations are being  implemented  at the European,  national, and regional levels.   The 
competent organization for inland waters is the Central Commission for the Navigation of the 
Rhine (CCNR), whose main role is the application of the maintain Convention,  to implement any 
initiative intended to guarantee freedom of navigation on the Rhine and promote navigation on 
the Rhine. Their regulatory activities concern: policy of navigation/traffic rules, technical 
requirements for vessels, crew, staff or transport  of dangerous goods by water. Given that, the 
number, assigned to each operation model in the picture below comes from CCNR table, below.  
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Figure 5: Vessel Automation Levels 

4.7 ξ Demonstration Time plan  

This time -plan is depende nt on the supplier of the vessel Danser to be able to provide in time.  

Timeline  Action  
M12-
M18 

1. Computer Vision algorithms implementation:  
Design, data collection, data preparation, neural networks training, validation 
and test, optimization  

2. Ongoing discussions with vessel owners for control system 
architecture design  

3. Monthly meetings with work package leaders  
4. Arrangements with IMEC for data transferring and radar -related 

algorithm implementation  
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M18-
M22 

1. Control System Design for the vessel  
2. Devices and Equipment preparation and configuration  
3. Seafar Computer Vision Algorithm Improvement  
4. Radar-related algorithms implementation by IMEC  

M22-
M28 

1. Devices and equipment installations  
2. Software integration  
3. Required Permissions Collection  

M28-
M33 

1. Tests on vessel navigation  
2. Data Collection  
3. Analysis 

M33-
M36 

1. Final Demo arrangements  
2. Demonstration  
3. Reporting  
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5 ξ Digital Twin  
5.1 ξ Demonstrat ion description  

Purpose & priorities  

The purpose of developing a digital twin in the framework of PIONEERS is to enable better Port 
Emissions Management. To that end, three use cases for the short term (4 years) have been 
ŌƇģľƚǀģǔŌņϔűƑϔÕk²©GGØàόϔņŌƇűǳŌǀģľƇŌϔ͇ή͇ΨϔǳŌǈǈŌƇϔǔǀģŤŤűĿϔƏģƑģťŌƏŌƑǔΩϔŌƏűssions monitoring and 
rail flow optimisation. In order to implement these use cases, we will need tools to visualize or 
manipulate data (e.g. dashboard, 2D map, ...). These tools will need to meet a number of 
functionalities or requirements (deliverable 3. 3). As a consequence, the tools as well as the data 
will also need to meet a number of technical requirements, which will be considered in this 
deliverable.  

How a digital twin reduces emissions  

A digital twin by itself clearly does not reduce emissions. In deed, as articulated before, the actions 
ģƑņϔņŌĿűǈűƚƑǈϔǔģƄŌƑϔľǺϔǔŬŌϔǜǈŌǀǈϔǴűƇƇϔǀŌǈǜƇǔϔűƑϔǀŌņǜĿǔűƚƑϔƚŤϔŌƏűǈǈűƚƑǈήϔ ƑņϔűǔόǈϔǔŬǀƚǜťŬϔǔŬŌϔ
interaction between the user and the digital twin that the latter assists in that purpose. By defining 
use cases, we make that interaction tangible.  

A duality that is central in this purpose is the making of policy on the one hand and day -to-day 
operations on the other. The former needs general overviews, trends and distributions both in 
time and in space, requiring that sta tic data is available. This leads to a better understanding of 
emission sources in the categories maritime cargo handling (shipping and terminals), port 
logistics (warehousing and hinterland connections) and industry (emissions from energy 
consumption as w ell as chemical processing). This can also lead to the identification of pain -
points that may be prioritized according to (i) their impact on global emission levels and (ii) the 
effort needed to mitigate them. Potential strategies to mitigate emissions can  be explored by 
simulating the effect of proposed measures.  

Day-to-day operations, e.g. managing vessel and rail traffic in a port, needs dynamic data that is 
available in real -time.  Regarding this domain, the main focus should be put on the operational 
process in order to succeed. As mentioned before, non -technical aspects, such as political 
sensitivities or an adapted organizational model need a lot of consideration.  

Demonstration & testing in the Port of Antwerp -Bruges  

The Digital Twin Demonstrator will  be demonstrated in the Port of Antwerp -Bruges. It will be 
tested by environmental experts, vessel traffic managers, sustainable transition experts and key 
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account managers of the port authority Port of Antwerp -Bruges. For the functionalities on rail 
flow optimisation, also rail traffic planners and operators of Infrabel will be involved in the testing. 
The Demonstrator can be used by these personas as a support tool for vessel traffic 
management, societal cost benefit analyses for various projects, monitor ing of emissions and rail 
flow management.  

In order to commit to the goal of the project of reducing emissions, we may want to focus 
primarily on cases that we can put into practice. However, many use cases may prove in part or 
in their entirety quite diff icult to implement because some of the stakeholders required to 
implement them are not part of the project. Implementing use cases may require (1) operational, 
(2) economical, (3) legal, (4) technical, or (5) practical changes that are not possible without  an 
agreement of all stakeholders involved. This does not mean that the use cases are not valuable.  

5.2 ξ Demonstrat ion objectives  

The demonstration development process comprises of four objectives that jointly contribute to 
the final goal of three functio nal use cases by September 2023  : 

1) Use case refinement  ; 
2) Data management  ; 
3) Architecture  ; 
4) Demo development.  

Objective  SMART Goal Actions  Deliverables  
00 Project 
Management  

Facilitate the process of streamlining 
the use cases and capabilities towards 
a value offering Demo deliverable, with 
a clear product roadmap by the end of 
November 2022  

Create a product roadmap with 
2 releases 
Determine Demo Key success 
factors  
Align between workstreams.  
Align with other Pioneers 
timeline  
 

Project timeline  
Product roadmap  
Demo KSFs 

01 Use case 
refinement  

By the end of November 2022 all three 
use cases will have been refined into 
user stories each to a point that they 
are development ready  
Each user story consists of:  

1. a description of the specific 
situation;  

2. a description of how the user 
interacts or could interact with 
the system  

Elaborate user stories  
Port visit  
Continuous feedback loop 
during execution of the tools  
Interview with potential users  
Wireframe key functionalities 
of twin  

Scenarios 
Personas 
Use cases 
Demo requirement 
(user, technical, 
design) 

02 Data 
mgmt.  

By the end of November 2022 all data 
that is needed for implementation of 
the use cases will be available to 
Macomi, Envision and Imec in order 
that tools can be developed.  

Inventory of data needed in 
use cases  

Set up exchange protocols, 
Õkόǈήήή 

Data requirements  
Shortlist available 
data 
Data samples  
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Create roadmap on how to get 
access to data in phase 2  
Alignment on emission 
calculation  

Determine Data -sharing 
agreements  
 

03 
Architecture  

By the end of November the 
architecture of the Demos 
interoperability concept needs to be 
ready for development.  

Define Tools  
Determine API (and other) 
connections between tools  
Answer key questions ar ound 
transferability, granu larity, 
refresh rate, manual input, 
automation.... 

Data model  
System model  
Interoperability 
blueprint  

04 Demo 
development  

Develop or facilitate  development of 
the tools and capabilities of the Demo 
scope (see WS 00) to land with a 
functioning and value offering demo by 
M24 

Å Estimate & 
prioriti ze development 
backlog  

Build a Port Demonstrator  

POC demo 

 

The first three objectives are considered tran sferable, whereas the actual development is not 
transferable in itself. The fellow ports are therefore closely involved in the process towards the 
first three objectives.  

Use case refinement  

In an attempt to create a common language, we start by űƑǳŌǈǔűťģǔűƑťϔǔŬŌϔǔŌǀƏϔϋǜǈŌϔĿģǈŌόήϔíǴƚϔ
seemingly comparable variants jointly clarify some essential elements:  

¶ ω ϔǜǈŌϔĿģǈŌϔűǈϔģϔņŌǈĿǀűƽǔűƚƑϔƚŤϔǔŬŌϔǴģǺǈϔűƑϔǴŬűĿŬϔģϔǜǈŌǀϔűƑǔŌǀģĿǔǈϔǴűǔŬϔģϔǈǺǈǔŌƏϔƚǀϔƽǀƚņǜĿǔϊϔ
(wrike1). 

¶ ω ϔǜǈŌϔĿģǈŌϔűǈϔģϔǈƽŌĿűŤűĿϔǈűǔǜģǔűƚƑϔűƑϔǴŬűĿŬϔģϔƽǀƚņǜĿǔϔƚǀϔǈŌǀǳűĿŌϔĿƚǜƇņϔƽƚǔŌƑǔűģƇƇǺϔľŌϔǜǈŌņϊϔ
(Oxford Languages)  

^űǀǈǔƇǺΩϔωǔŬŌϔǴģǺǈϔűƑϔǴŬűĿŬϔģϔǜǈŌǀϔűƑǔŌǀģĿǔǈϔǴűǔŬϔģϔǈǺǈǔŌƏϊϔƽǜǔǈϔŌƏƽŬģǈűǈϔƚƑϔǔŬŌϔǜǈŌǀήϔíŬŌϔǜǈŌǀϔűǈϔ
a person with a specific role or responsibility that needs to act based on what they kn ow or 
ƚľǈŌǀǳŌήϔkƑϔģņņűǔűƚƑΩϔωģϔǈƽŌĿűŤűĿϔǈűǔǜģǔűƚƑϊϔűƑņűĿģǔŌǈϔǔŬģǔϔǔŬŌϔǳŌǀǺϔĿƚƑǔŌǹǔϔģǔϔģϔĿŌǀǔģűƑϔƽƚűƑǔϔűƑϔǔűƏŌϔ
űǈϔŌƇŌƏŌƑǔģǀǺήϔkƑϔƚǔŬŌǀϔǴƚǀņǈΩϔωŬģǳűƑťϔģĿĿŌǈǈϔǔƚϔņģǔģϊϔűǈϔƑƚǔϔģϔǜǈŌϔĿģǈŌϔűƑϔűǔǈŌƇŤΩϔűǔόǈϔǀŌģƇƇǺϔģľƚǜǔϔ
which action will be taken in a specific sit uation on the assumption that certain data is available.  

Secondly, the two definitions are respectively formulated in the present tense and the conditional 
form. This distinction indicates that a use case can either already be implemented today or that it 
provides a vision of the future that is not yet achievable. The latter may be the situation because 

 

1 https://www.wrike.com/blog/what - is-a-use-case/  
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of technical reasons as well as non -technical reasons, such as political sensitivities or an 
organizational model that is not yet prepared for the operation al process. This should be well -
considered in the complex landscape of stakeholders that is typical to ports.  

In conclusion, a use case contains (1) a description of the specific situation and (2) a description of 
how the user interacts or could interact with the system. By definition, as use cases are merely 
descriptions, they are transferable between platforms.  

Currently 3 use cases have been defined.  

1. Short-term vessel traffic predictions  
2. Map GHG emissions in the port area, incl.:  

a. M Map emissions associ ated to Scope 1 and 2  

b. §ģƽϔģĿǔǜģƇϔǀǜƑƑűƑťϔƽǀƚƁŌĿǔǈόϔűƏƽģĿǔϔƚƑϔ:²2-emissions  
c. Display what - if scenarios of potential future projects  

3. Rail flow optimisation within the Port  

To refine and validate these use cases, we will use two rounds of validation  : First the validation 
of the use cases, second the validation of the stories and user requirements. Validation of the use 
cases will occur during in -depth interviews with user personas.  

Essential in the use case refinement is that the action will be done in cocre ation with stakeholders 
(both internal and external to the port authority). By engaging the stakeholders in the design 
phase, we aim at increasing the chances of adoptions once the demonstrator is finished. In order 
to refine the user requirements, each of  the three use cases will be further investigated by the 
technique of customer journey mapping . The following items will be covered  per user story:  

User Story component  
Title of the user story  

Related persona  : 
 the stakeholder that is  the lead role in your user story  ; 

Situation description  

Job to be done  :  
statement of the problem that needs to be solved  

Activities (customer journey) :  
to execute the solution, the persona will need to perform a few explicit steps  

Functional and data requirements  : how does the persona interact with the 
system and what specific functionalities or data are needed to that end?  

 

Data management  
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Based on the use cases, a list of data requirements is set up. Data availability and potent ial 
samples will be collected through interviews with primary and secondary partners. Through 
these interviews and samples, an inventory of relevant data sources is produced, containing the 
following information per data source  : 

Data source information structure  
Data source  
Availability Phase  : 1, 2 or 3 

Type of data source  : model, reported or measured  

Sector  ΨϔǈŬűƽǈΩϔűƑņǜǈǔǀǺΩϔǔǀģűƑǈΩϔΪ 

Parameters  Ψϔ:²͆Ωϔ©ƚǹΩϔÕ§̈́ͅΩϔ9:Ωϔ:f͈ΩϔΪ 

Temporal resolution  ΨϔǈŌĿƚƑņǈΩϔƏűƑǜǔŌǈΩϔΪϔǺŌģǀΩϔΪ 

Spatial resolution  : ͅϔƏΩϔ͆̈́̈́ϔƏΩϔΪ 

Activity resolution  : ǈģűƇűƑťΩϔƏģƑƚŌǜǳǀűƑťΩϔģǔϔľŌǀǔŬΩϔΪ 

Publisher  

Main contact publisher  

Technical contact publisher  

Main contact POAB  

 

The required  data can be divided in three categories  : (i) models, (ii) reported data and (iii) 
measured data. Various organizations (Port of Antwerp -9ǀǜťŌǈΩϔċ§§Ωϔċkí²ΩϔΪμϔŬģǳŌϔņģǔģϔǔŬģǔϔ
might be needed to implement the use cases. Some data is available today, some da ta might be 
ģǳģűƇģľƇŌϔűƑϔǔŬŌϔŤǜǔǜǀŌήϔ ǳģűƇģľűƇűǔǺϔƚŤϔņģǔģϔűǈϔņŌƽŌƑņŌƑǔϔƚƑϔƚǴƑŌǀǈŬűƽΩϔ ÕkǈΩϔΪϔ 

Data can also be categorized in three phases according to their availability : -  Phase 1: available 
today - Phase 2: we know the data exists within PoAB or any of our partners (Infrabel, VMM, 
^ƇǜǳűǜǈΩϔČűƑņϔģģƑϔņŌϔàǔǀƚƚƏΩϔċƇŌŌƏƚΩϔΪμΩϔľǜǔϔŌŤŤƚǀǔǈϔģǀŌϔƑŌŌņŌņϔǔƚϔƏģƄŌϔűǔϔģǳģűƇģľƇŌϔűƑϔǔŬŌϔŤƚǀƏģǔϔ
that we desire - ÕŬģǈŌϔ͇ΨϔņģǔģϔǴŬűĿŬϔǴŌϔƏűťŬǔϔľŌϔģǴģǀŌϔƚŤϔģǔϔǔŬűǈϔƽƚűƑǔΩϔľǜǔϔűǔϔņƚŌǈƑόǔϔǀŌģƇƇǺϔŌǹűǈǔϔ
for operational application  yet. We expect it will be in 5 -10 years. 

Depending on the reporting methodology chosen by Port of Antwerp -9ǀǜťŌǈϔλωĿƚƑǔǀƚƇϊϔƚǀϔωŌƿǜűǔǺϔ
ǈŬģǀŌϊϔģƽƽǀƚģĿŬμΩϔǔŬŌϔņģǔģϔƏǜǈǔϔľŌϔƽǀƚǳűņŌņϔľǺϔÕƚǀǔϔƚŤϔ ƑǔǴŌǀƽ-Bruges methodology and 
emissions boundaries (what is the port reporting under each individual greenhouse gases scope 
1, 2 (and 3 tbd). Port of Antwerp-Bruges will be accountable for identifying the available data 
ǈƚǜǀĿŌǈΩϔƏģƄűƑťϔģťǀŌŌƏŌƑǔǈϔǴűǔŬϔņģǔģϔƚǴƑŌǀǈϔģƑņϔǈŌǔǔűƑťϔǜƽϔĿƇŌģǀϔ|ÕkόǈϔģƑņϔņŌģņƇűƑŌǈϔŤƚǀϔǔŬŌƏϔ
to disclose the data. Also, Port of Antwerp -Bruges is accountable for establishing the connection 
between the port authority and the tenants in the port, as well as to determine their influence and 
control under their operations.  
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Please refer to the data spread sheet, POAB data collection overview from sustainability 
report.xlsx,  extracted from the EEG reporting shared with us to determine the ownership of the 
data sources and the accountability on data collection.  

 

Architecture  

A first architecture of the conceptual model of the Digital Twin has been set up, based on the 
needs and specifications from the initial use cases (see chapter 3.3.6 Demonstrator Design). The 
conceptual model displays the required capabilities of  the design patterns for an end -2-end flow 
of the Digital Twin use cases, starting with data captation & integration, over the data processing 
& calculation and ending in the visuali sation provided by on or more user interfaces. The concept 
of a digital tw in application is in many cases restricted to the application layer, in which the actual 
business value is demonstrated. However, data integration and processing layers are even more 
important as they are the fuel for the Digital Twin engine. Therefore, th ese layers will be taken 
into the scope of the architecture and integration patterns will be elaborated upon.  

 

Starting from the conceptual model, we will provide a specific  translation for the solution design 
for the 3 use cases. Each use case has his specific needs for data provisioning, processing or 
visualisation.  

Use case  Digital Twin goal  Concept architecture needs  
Short-term vessel traffic 
predictions  Integration of prediction within a 

operational / real -time 2D-
visualisation  

¶ Integration of real -time data sources  
¶ Prediction modelling  
¶ Synchronous integration within a Digital Twin  
¶ Visualisation of scenario in a 2D/3D map view  

 
Map emissions associated to 
scope 1 and 2 

The visualisation of BI insights from 
different data sources  

¶ Data integration of different data sources of 
different frequency (real time vs. Static data)  

¶ Data analytics  
¶ scenario and intervention analysis  
¶  scenario mode lling & visualisation  
¶ BI insights (geo-based) 

 
Rail flow optimisation within 
the Port  

Integration of simulations and AI 
algorithms within a operational / real -
time 2D-visualisation  

¶ Integration of historic, real time & static  data 
sources  

¶ Simulation modelling  

https://imecinternational.sharepoint.com/:x:/r/sites/Pioneers-external/Shared%20Documents/06%20Deliverables/WP3/Deliverable%203.2%20+%203.3%20%20April/POA%20data%20collection%20overview%20from%20sustainability%20report.xlsx?d=w1e315c375a0b4cefa6e96bd869cfcc2b&csf=1&web=1&e=TXRtCT
https://imecinternational.sharepoint.com/:x:/r/sites/Pioneers-external/Shared%20Documents/06%20Deliverables/WP3/Deliverable%203.2%20+%203.3%20%20April/POA%20data%20collection%20overview%20from%20sustainability%20report.xlsx?d=w1e315c375a0b4cefa6e96bd869cfcc2b&csf=1&web=1&e=TXRtCT
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¶ AI algorithms  
¶ Synchronous integration within a Digital Twin  
¶ Visualisation of scenario in a 2D/3D map view  
¶ BI insights (geo-based) 
¶ scenario and intervention analysis  
¶ scenario modelling & visualisation  

 

 

Therefore, in the architecture, the use cases will be designed sep arately in a first stage. In this 
document, that will contain the necessary data integration needs, what and how data models will 
be integrated, which components need to be built and how it will be implemented.  

Starting from the specific solution desig ns, we will provide a blueprint for specific data integration 
patterns. Transferability and re -usability are two major non -functional requirements for the  
solution and will therefore be taken to heart. The objective is to provide fellow Ports within the 
consortium with the insights on how each compon ent is developed, which aspects are re -usable, 
how to apply this architecture to their own environment. Key -findings and learnings will be 
documented and made available as a deliverable.  

Demo development  

The development of the Demonstrator will be done in co ordination with the different contributing 
partners (i.e. Envision, Macomi, imec, PoAB, Infrabel  et al.). During Objective 2 Use Case refinement, 
specific user stories will be defined within each use case to mark a clear scope. These user stories 
and their respective data inventory and architecture will be the foundation from which the 
development wi ll start.  

A joint development and integration plan needs to be drafted by the partners, containing the 
different milestones per iterations, components that need to be build or made available. This will 
provide sufficient insight into milestones of the dif ferent partners. This is needed since the final 
Demonstrator will consist of the aggregation of individual solutions among the partners. Hence 
interdependencies will arise between the different solutions, arising the need for a joint plan.  

Although the dev elopment process will be co ordinated and monitored centra lly according to the 
scrum agile principles 2, each development partner can choose his/her own development 
practice for internal development. A product backlog, consisting of user stories will be dra fted. 
(Daily) stand-up and sprint follow -up meetings will be organised in order to align each of the 
development partners.  

 

2 What is Scrum?  

https://www.scrum.org/resources/what-is-scrum
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The high -level development plan (12 months) will be divided into iterations of biweekly sprints. 
Each iteration will be specified by  a goal, scope and deliverables. After each iteration, the 
development partners will provide a DEMO moment at which all stakeholders participated in the 
user story workshops will be invited to provide feedback on the intermediate deliverable.  

Graphical vis ualisations  

Below you can find some graphical representations that gives an idea on the output of the three 
Digital Twin use cases.  

ôǈŌόĿģǈŌότàŬƚǀǔ-ǔŌǀƏόǳŌǈǈŌƇόǔǀģŤŤűĿόƽǀŌņűĿǔűƚƑǈυ 

íŬŌϔņŌƏƚϔǴűƇƇϔľŌϔűƑǔŌťǀģǔŌņϔűƑϔÕƚ 9όǈϔŌǹűǈǔűƑťϔAűťűǔģƇϔíǴűƑΨ 

 
A neural net work is trained to predict vessel movements based on historical data:  
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Map emissions associated to scope 1 and 2 
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ôǈŌόĿģǈŌότØģűƇό^ƇƚǴό²ƽǔűƏűǈģǔűƚƑόǴűǔŬűƑόǔŬŌόÕƚǀǔυ 
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5.3 ξ Personas Involved in the Demonstration  

The table below shows a list  of the personas that will interact with the three Digital Twin use cases 
that will be developed:  

Use case  Persona  Actions (As Persona I want to have/see)  
Short-term vessel traffic 
predictions  

PoAB Traffic controller  

I want a manageable traffic flow to control and support in 
making my decisions  

I want a trade -off between reducing the waiting time of 
vessels while simultaneously needing to reduce traffic 
delays during sailing  

Pilot 

kϔǴģƑǔϔǔŬŌϔƽŌǀƏűǈǈűƚƑϔǔƚϔǈģűƇϔģǈϔǈƚƚƑϔģǈϔkόƏϔŌƏľģǀƄŌņϔģƑņϔƑƚϔ
dangerous traffic situations during sailing  
I want a trade -off between quick operations of vessels in the 
port and the safety concerns of the port  
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Tugboat operator  

I want to have a clear insight in the future tugboat needs, a 
reduction of peaks in demand  
I want to solve conflicts in the tugboat demand of several 
vessels at peak moments  

Map emissions associated to 
scope 1 and 2 

PoAB Energy and quality managers  

I want to see how much electricity and fossil fuel each of our 
own buildings, mobility and opera tions consumes  
so I can have more accurate data to use in my emissions 
calculation.  
 
I want to calculate emissions factors, based on electricity and 
fossil fuel consumed  
so I can  have a more accurate emissions reporting  
 
I want to  collect all buildings' emissions reports 
automatically  
so I can  reduce time instead of manually collecting these 
data 

PoAB Quality and Energy managers  

I want to have a view on the energy consumption of the 
building, car fleet, tug boats, cranes, bridges, locks  
 
I want to have a view of the % contribution of each emissions 
source to the total consumption and emissions  
 
I want to be able to manually input fuel and electricity 
consumption from invoice data for buildings, car fleet, 
cranes, tugboats, locks, bridges and other  

Rail flow optimisation within 
the Port  

Infrabel traffic planner  

"- Real time visibility of which wagons (RID and non -RID) are 
parked on which rail track in a bundle and how long  
- Visibility and indication of possible conflicts of arriving trains 
towards a bundle in function of the capacity of the bundle  
- Visibility and indication of departing trains from a bundle  
- Insights in the probable connection between a long haul 
train and a last mile train (and between a first mile and long 
haul tr ain) 
- Insights in how long a train/wagon will stay at a bundle  
- Insights in the end destination of a wagon in the port  
- Insights in the planned activity in a rail bundle  
- Insights in the predicted ETA and ETD of long haul trains  
 
Based on these insight s I can optimise the planning of rail 
transport in the Port  

Infrabel account management  

"- Overview of occupation of railway bundles (real time and 
history) 
- Filter wagons on time non -active  
- Historical records on the end -to-end journey of trains and 
wagons inside the port  
- Search for possible bottlenecks in the end -to-end flow (e.g. 
bundle capacity)"  
- Be able to simulate the impact on the railway infrastructure 
if all wagons that will be non -active for more than x hours 
would be put in the same bundle / if train traffic would be 
more spread throughout the day / if some bundles would be 
put out of use / if wagons that are non -active for more than 
x hours would not be allowed inside the port // train 
transport would double  
- Combine these different  simulations  
 
Based on these insights I can take better long term policy 
decisions  

Railport and PoAB rail department  
"- Overview of occupation of railway bundles (real time and 
history) 
- Filter wagons on time non -active  
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- Historical records on the end-to-end journey of trains and 
wagons inside the port  
- Search for possible bottlenecks in the end -to-end flow (e.g. 
bundle capacity)  
- Be able to simulate the impact on the railway infrastructure 
if all wagons that will be non -active for more than x hou rs 
would be put in the same bundle / if train traffic would be 
more spread throughout the day / if some bundles would be 
put out of use / if wagons that are non -active for more than 
x hours would not be allowed inside the port // train 
transport would doub le 
- Combine these different simulations  
 
Based on these insights I can take better long term policy 
decisions  

 

5.4 ξ Demonstrat ion Design 

In this section we will detail the proposed solution design for each use case scenario. As 
discussed in section 3.3.2 Demonstrator Objectives (Architecture), it is not the objective to provide 
a universal design for a Digital Twin, as the scope and goal for the Digital Twin varies for each use 
of the concept a Digital Twin. The goal is to provide insight into the needs of each the use cases 
and the relation to specific capabilities of the conceptual model. In Figure X, we iterate upon the 
conceptual model and will detail the possible impact on the solution design.  

 

Data layer  

The data layer has as it main objective to collect the data from the different data sources. 
Collection does not suffi ce as the data should be made availab le for processing. Therefore, data 
ingestion capabilit ies and storage are (in some cases) necessary (i.e. when large datasets need to 
be readily available). In practice, this means data should be collected via different application 
ƽǀƚťǀģƏƏűƑťϔűƑǔŌǀŤģĿŌǈϔλģƽűόǈμήϔČŌϔĿģƑϔņűǈǔűƑťǜűǈŬϔǔŬŌǈŌϔŬűťŬ- level common collections:  

1. RESTfull / SOAP api: if possible, data is collected from using real -time application 
interfaces. This is typically organised via a push/pull model (i.e. REST api)  

2. Event-based api: the supplier of the event provides business events to interested parties 
(eg. The subscribers). This can be notifications of changes (crud) or detailed messages 
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containing all the business information. This is commonly organised via subscription 
model on topics or queues. Common protocols are MQTT , Kafka, etc.  

3. Data streams: some data so urcing can provide data streams in which a consistent (large) 
data flow is organized (example: video data stream)  

4. File transfer: data can be provided via static interface (i.e. .CSV files). Note that the 
contract/structure of the file needs to be documente d and stable. Transfer should be 
supported by sFTP protocols  

The data collected from these interfaces is then ingested and/or stored into a (local) database 
for further data processing. Taken into account the availab ility of the data source and owner of 
the data, the applicable data integration pipeline (from collection to storage) will need to be 
defined. If data pipelines and integration platform are already operational, we will ev aluate if they 
can be re -used within the development of the Demonstrator.  

A data sharing platform  can be put forward when data of different suppliers needs to be 
collected, and each supplier wants to be in control or trace the data usage of their own data 
source. A data sharing platform can facilitate the data lineage (i.e. this data element comes from 
this supplier) and security on the data source by providing identity management, api 
ƏģƑģťŌƏŌƑǔϔģƑņϔǈŬģǀűƑťϔǀǜƇŌǈήϔíŬŌϔǈŬģǀűƑťϔƽƇģǔŤƚǀƏϔƚŤŤŌǀǈϔģϔϋƏģǀƄŌǔƽƇģĿŌόϔŤƚǀϔņģǔģϔĿƚƑǈǜƏƽǔűƚƑϔ
whereas the data supplier is in control on the consu mption, pricing and scope.  

Note: within the Port of Antwerp -Bruges community, such a data sharing platform is already 
established in by NxtPort ( Nxtport | Unleash the power of Together!)  . 

Processing & calculatio n layer  

This layer handles all data interpretation, calcu lation and processing of the ingested data. The 
objective is to provide the presentation layer with the necessary data elements for visualisation 
and the simulation and prediction model ( services) for the identified use cases. The (business) 
logic for data interpretation, calculation, prediction of simulation is provided by this layer. The 
different capabilities  that we situate in this layer can be summarized as:  

1. Data aggregation: combine and aggregate different data sources into a n integrated data 
set, ready for interpretation within the presentation layer  

2. Data analytics: apply (basic) analytical models to the data from different sources in order 
to provide a result set to the front -end ap plication  

3. Scenario simulation service: based on a defined input data set (scenario) and model 
parameters, the service models the behaviour of the system and provides a response or 
output  

https://www.nxtport.com/
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4. Scenario prediction service: based on a defined input data set (scena rio), model 
parameters and time horizon(s), the service calculates 1 or more outcomes for the scenario 
in the future and provides this as a response or an output  

5. Intervention analysis: based on a simulation or prediction model, a defined input data set, 
consisting of variables and a specific event in the future, calculates 1 or more outcomes 
for the scenario in the future  

Each of these services should be modelled as independent or loosely coupled as possible. The 
objective is to re -use or transfer this to other usages or other applications. Therefore, each model 
ǈŬƚǜƇņϔľŌϔƚŤŤŌǀŌņϔģǈϔģƑϔģƽƽƇűĿģǔűƚƑϔƽǀƚťǀģƏƏűƑťϔűƑǔŌǀŤģĿŌϔλģƽűόǈμϔǔƚϔǔŬŌϔģƽƽƇűĿģǔűƚƑϔƇģǺŌǀήϔ^ƚǀϔ
each specific model or service, the integration pattern and api type (see above) is to be defined 
based on specific needs within the application layer (I.e. event -based vs. request/response). As 
the aim is to standardise and generalize the service, the input and output parameters have to be 
defined in a generic way, in order to facilitate further usage and  application of these services.  

Application layer  

In the application layer, the outcome of the data processing layer is integrated, used or visualized 
to fulfil  a specific need of an end -user. For example, it provides the end -user of to get insight into 
the data sources or interact with the system via a user interface. In this case, the end -user should 
be able to specify a request for information, prediction or simulation.  

In a common application architecture, a backend serves a front -end component, wherea s the 
ľģĿƄŌƑņϔűƑǔŌťǀģǔŌǈϔǔŬŌϔņģǔģϔǈƚǜǀĿŌǈΩϔƏƚņŌƇǈΩϔģƽűόǈΩϔģƑņϔƽǀƚǳűņŌǈϔǔŬűǈϔǔƚϔǔŬŌϔŤǀƚƑǔ-end application, 
the front -end application presents the results to an end -user via graphical user interfac e (GUI). 
The backend is the engine of the Digital Twin, it is  responsible  to orchestrate the data or service 
integration. When, there are more than one graphical user interfaces (mobile vs. desktop) with 
specific needs, the design pattern of Back -end For Front -end 3 can be implemented. In this 
pattern, for each spec ific front -end application, a specific backend is provided for each front -end 
application.  

Note that a user interface is not a necessity for Digital Twin, however, for the use cases in scope, 
a user interface is expected to demonstrate the results with tw o objectives in mind: 1) to provide 
business intelligence insights 2) to provide situational awareness within a geographical context. 
The 2 main user interface applications are detailed below:  

1. A Data & Analytical application, showing  the quantitative output of emissions or energy by 
polluting transport & assets from a BI perspective. This tool should also be able to provide 

 

3 The BFF Pattern (Backend for Frontend): An Introduction | by Viduni Wickramarachchi | Bits and Pieces 
(bitsrc.io) 

https://blog.bitsrc.io/bff-pattern-backend-for-frontend-an-introduction-e4fa965128bf
https://blog.bitsrc.io/bff-pattern-backend-for-frontend-an-introduction-e4fa965128bf
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the end -user with a dashboard that includes real -time statistical data, KPI performance, 
abatement project/measu re status. It should also have the ability to model a scenario (i.e. 
end-users should be able to define the scenarios that should be predicted or analysed). 
The result  set of this prediction or ana lysis should be presented within the tool in a 
dashboard.  

 

2. A 2D/3D geographical based application, providing insights into the port territory. 
Additionally, it should provide insights into the physical infrastructure and flow of transport 
& assets (vessels, port infrastructure, IoT sensors, etc.). The goal of thi s tool is to provide 
geographical insights into a specific use case. It should be able to integrate aggregated 
data sets, analytical model result sets, prediction and simulation results, all with a specific 
geographical connotation.  
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As discussed  in the processing layer, services for provisioning to the application layer should be 
easily transferable an d re-usable. This will be taken into account in the design pattern in order 
that the selected applications within this layer can be interchanged by  another (presentation) 
application of a (in example) a fellow port.  

Within workstream 3 of the development plan, we will further detail the neces sary capabilities 
for each use case. The first distillation of technical requirements can be found in the next  section. 

Overview technical requirements  

ID Requirement  Description  Priority  

T1 Data layer   
T1.1 Data ingestion of file based 

interface  
The possibility to integrate data, with low refresh rates (eg a yearly reports ,  context 
parameters, emission variables, etc.)  

M 

T1.2 
Data ingestion of real -time 
interface  

The possibility to integrate real -time data, with variable refresh rates (I.e.  container 
ƽƚǈűǔűƚƑűƑťΩϔǀŌƑŌǴģľƇŌϔŌƑŌǀťǺϔņģǔģϔǈƚǜǀĿŌΩΪμ 

S 

T1.3 Data ingestion of event -
based interface  

The possibility to integrate real -time data, with variable refresh rates (I.e. iNose alerts, 
ship positions, etc.)  

S 

T1.4 Data storage  The possibility to store data within a (local) data store which is accessible fo r further 
processing within the digital twin  

M 

T2 Processing & calculation layer   

T2.1 
 

Route planner service for 
traffic  

A prediction model that calculates a traffic route based on position, destination, 
current situation and context parameters. Output contains a route (nodes, ETA, 
ņǜǀģǔűƚƑΪμ 

M 

T2.2 Vessel Flow Predictor  A prediction model that calculates a vessel route for a vessel in a 1h timeframe based 
on position, destination, nautical situation  and context parameters, and also including 
ƽƚǈǈűľƇŌϔǔǀģŤŤűĿϔŤƇƚǴϔűƑĿűņŌƑǔǈήϔ²ǜǔƽǜǔϔĿƚƑǔģűƑǈϔģϔǳŌǈǈŌƇϔǀƚǜǔŌϔλƑƚņŌǈΩϔGí ΩϔņǜǀģǔűƚƑΪμϔ 

M 

T2.3 Vessel Flow Manager  A (micro)service which offers the possible routes for  vessels  C 
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T2.4 Traffic emissions calculator  A prediction model calculating the emissions of a (multimodal) route  S 

T2.5 Vessel emissions calculator  
 

A prediction model that calculates the emissions of a specific system (vessel flow, 
ships stationary and moving, tenants' electrical use, PoAB electrical use, route,...)  

S 

T2.6 Routing optimization 
simulator  

An engine, simulating alternative routes, to conclude with the best result(s) based on 
parameters  

C 

T2.7 
Emission Analytical Data 
service(s) 

On or more data service which provide data on emissions for a specific request (I.e. a 
ǈƽŌĿűŤűĿϔűƑņǜǈǔǀǺΩϔĿƚƏƽģƑǺΩϔǔűƏŌŤǀģƏŌΩΪμ 

S 

T2.8 Renewable Data service(s)  
On or more data services which provide data on renewable data sources for a specific 
ǀŌƿǜŌǈǔϔλkήŌήϔģϔǈƽŌĿűŤűĿϔűƑņǜǈǔǀǺΩϔĿƚƏƽģƑǺΩϔǔűƏŌŤǀģƏŌΩΪμ 

S 

T2.9 
Abatement Initiative 
manager  

On or more data services which provide data and man ages the abatement initiatives 
or projects  

C 

T2.10 
(What if) Measure Scenario 
calculator  

ϔƽǀŌņűĿǔűƚƑϔƏƚņŌƇϔǔŬģǔϔĿģƇĿǜƇģǔŌǈϔǔŬŌϔŌŤŤŌĿǔϔƚŤϔƚƑŌϔƚǀϔƏƚǀŌϔģľģǔŌƏŌƑǔϔǈĿŌƑģǀűƚόǈΩϔ
measures or projects  

C 

T2.11 KPI Performance engine  On or more data service that provides insights into KPIs on emission reporting  C 

T3 Application layer   

T3.1 2D or 3D Map view/plotter 
of a traffic route  

A 2D or 3D map, showing the track of your route for historic route input, route 
calculations and simulated routes  

S 

T3.2 
 

2D or 3D map view/plotter 
of a vessel flow  

A 2D or 3D map, showing the actual ship positions in the port for simulated/predicted 
(future) positions  

M 

T3.3 
 

Visualisation of the emission 
impact of a vessel route  A statistical visualising the emissions impact of a route, or comparing different 

alternatives (numbers & geographically plotted)  

S 

T3.4 
 

Dashboard view of Port 
Territory emissions  

A 360° visualisation of BI insights into the data of all emission related to activities 
withing the Port territory (e.g. the CO2 and NO2 footprint of the port, overall emissions 
output and electricity generation/consumption of the port and its tenants  

M 

T3.5 
 

Dashboard view of Port 
Authority emissions  

A 360° visualisation of BI insights into the scope 1 and 2 emissions of the Port Authority 
(e.g. the CO2 and NO2 footprint of the port authority, overall emissions output and 
electricity generation/consumption of the port aut hority  

M 

T3.6 
 

2D or 3D Map view/plotter 
of Port (territory) emissions  

Geo-based insights into the data of all emission related to activities withing the Port 
territory (e.g.  the CO2 and NO2 footprint of the port companies, overall emissions 
output and electricity generation/consumption of the port and its tenants  

S 

T3.7 
 

(Carbon) Abatement 
Initiatives interface  

Functionality to manage the carbon abatement initiatives (e .g.. Create, update, 
manage measures, etc.). Visualisation that shows the impact of a specific abatement 
initiative (project) compared to the emissions baseline, projected targets, etc.  

C 

T3.8 
 

(What if) Scenario Modelling 
interface  

Functionality to ƏģƑģťŌϔ ģƑϔ ģƑģƇǺǔűĿģƇϔ ǈĿŌƑģǀűƚόǈϔ λŌ.g.. Create, update, manage 
ǈĿŌƑģǀűƚόǈΩϔŌǔĿήμήϔ^ƚǀϔŌǹģƏƽƇŌ, ģϔωǴŬģǔϔűŤϊϔǈĿŌƑģǀűƚϔλŌ.g. future regulatory changes)  

C 

T3.9 
 

2D or 3D map view/plotter 
of Port Territory Activities  

A 2D or 3D map, showing all activities on the port territory (e .g. 
Companies/concessions, vessel traffic, infrastructural assets, IoT sensors, etc.)  

S 

 

5.5 ξ Demonstration Implementation Requirements  

Considering that the Digital Twin is a purely digital demonstrator, we can conclude no physical 
asset or infrastructure requirements are needed. Instead, the only relevant assets -besides the 
Architectural components, described in Chapter 3.3.6 - are data assets. 

A list of data requirements was extrapolated, based on the current u se cases ( (i) short-term traffic 
predictions, (ii) map emissions associated to scope 1 and 2, (iii) rail flow optimisation in the Port. 
Data requirements of these use cases can be categorised into the 4 main sources:  
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1. Railway transport  
2. Vessel traffic  
3. CO2 emissions  

Table x  : Categorisation of data requirements based on use cases  

Parameters  Type  Availability  
Railway transport  
Train schedules  Real-time  

Available  

Train trackings  
Real-time  Available  

Train compositions  
Real-time  Available  

Positions of rail wagons in the port  
Real-time  Available  

Real time and historical track occupation  Real-time and 
historic  

TBD 

Railway map  Static 
Available  

Train planning and movement on rail shunting hill  
Realtime  Available  

Vessel traffic  

Infrastructure data  Static 
Available  

Live vessel information (vessel dimensions, type, destination)  
Realtime  

Available  

Live vessel position updates  Realtime  
Available  

Live berth ETDs  Realtime  
Available  

Live lock planning  
Realtime  

Available  

Historical vessel positions  historic data  Available  

CO2 emissions  

Scope 1: direct emissions: building, mobility, operations, etc.  
Real time  Available  

Scope 2: purchased  electricity: buildings, mobility, operations, etc.  Realtime  Available  

Scope 3: indirect emissions: mobility, procurement, upstream emission fuels, emissions from 
shipping lines in the port area, emissions from port tenants  Realtime  

TBD 

 

Integration requirements  : data sources  
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To get access to this data, integration needs to be made with specific data sources and models 
that hold the specific information. Below is a first draft of identified data sources that the 
Demonstrator needs to connect with.  

! This list is still likely to change as the Data Management objective progresses. Not all data 
sources have been identified yet or access to specific data sources is not certain at the moment.  
 

Data source  Sector  Availability  
EISS ¶ Sea-going  ships emissions  

¶ Inland navigation emissions  
¶ Tug boat emissions  

 Available , 
 but not automated  

IMJV ¶ Industry emissions   Available  

iNoses  ¶ Sensors harmful gasses   Available  

APICS Sea-going ships   TBD 

OFFREM ¶ Terminal equipment   TBD 

Rail Traffic 
System  

¶ Rail Wagon Status Messages  
TBD 

Infrabel  ¶ Rail infrastructure plan  
¶ Train schedules, train trackings, train compositions  
¶ Wagons with dangerous goods  
¶ Real time track occupation  

TBD 

Aspiravi  ¶ Windmill energy generation  TBD 

 

Plan of integration  

During the setup of the Architectural design, for each data source it will be detailed how the 
different data sources will be integrated, where the data will be stored, and how to access the 
data. As data sources can be available, not available  or limited available, The development plan 
will propose a fazed  approach for data integration.  

Phase 1 : integration of readily available data sources, in limited or full capacity.  
Phase 2 : Integration of not readily available data sources.  

This will b e translated into the integrated development plan.  

5.6 ξ Demonstrator Challenges & Barriers  

Technological challenges  

Category  Challenge  
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 Updated challenge  

[ Creating the Digital Twin will require the interconnection of previously unconnected data sources (e.g. data on 
CO2 sensor, AIS, OBU, mobile operator location traces, GIS, and vessel control systems). Structure and/or 
standardization of these data sources should be established  ] 
ξ ref. D3.1 
 
We need to understand the source of data (manual input vs. Automation). Data sources interconnection is the 
main challenge. Number of interconnectors, building management system protocols, smart metering sensors 
that can send data and not only register it locally.  
Mitigation : 
contact the model owners to make a real time interconnection with original data source used normally only for 
yearly reports. 
 

Data availability  Availability and quality of the required data sources is key for the valorisation  within the Digital Twin. Data 
sharing of data sources from key stakeholders within the eco -system is essential and can limit the available 
data. (See Social challenges for mo re details)  
 
Mitigation:  

1) Re-use existing data pipelines  

2) Clear and secure data sharing platform can add value when adding new pipelines  
 

Data availability  Availability and quality of the required data sources is key for the valori sation within the Digital Twin. 
Unavailable or limited data can limit the full exploration of the Demonstrator  

Mitigation:  
Use available data (restricted set, dummy set, limited set, etc.) for demonstration purposes and extrapolate 
where possible. Document  and specify the sample data sets, limitations and extrapolation logic  

 Model Quality  Availability and quality of the required data sources is key for the valori sation within the Digital Twin.  Technical 
or data restrictions may impact the quality of the model or results, compromising the perceived value of the 
Demonstrator in the future.  

Demo 
development  

Multiple teams from different  partners are working within a consortium context n 1 or more Demonstrator 
projects and/or application components. There are strong dependencies within the development plan (e .g. 
integrations to be build) and dependencies can quickly cause delay on the dev elopment roadmap.  

Mitigation:  
Draft a strict development plan and align on a very frequent basis on dependencies  

 

Societal challenges  

Category  Challenge  
Data availability  Willingness and engagement of key stakeholders and port tenants  to disclose data required to attain a 

sufficient quality level in order to test or demonstrate the value of the data or models.  
 
Mitigation:  
PIONEERS consortium members are approached first, so other stakeholders will follow.  

 
 
 
 
Emissions 
reduction  

Although a digital solution might gain theoretical insight into possible optimization and abatement 
strategies, the practical actions that follow in an operational context are dependent on a good cooperation 
with many stakeholders.  
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Data 
management  

Finding the right data granularity for a sufficient level of abstraction to display the real world requires a large 
enough data set to compare with.  

Data collection  Defining the boundaries of the emissions monitoring scope is a challenge that requires in put and consensus 
from various stakeholders within the Port Authority.  
Some key challenges contain  

-  AŌŤűƑŌϔťǀŌŌƑŬƚǜǈŌϔťģǈŌǈϔǀŌƽƚǀǔűƑťϔģƽƽǀƚģĿŬϔωŌƿǜűǔǺϔǈŬģǀŌϊϔƚǀϔωĿƚƑǔǀƚƇϊϔģƽƽǀƚģĿŬήϔ 
-  Define greenhouse gas emissions boundaries across the Port of Antwerp -Bruges: emissions that 

fall under scope 1, 2 and 3, depending on the reporting need.  
-  Scope on Port Authority level or including the tenants in the port.  
-  Identify the right stakeholders within Port of Antwerp -Bruges that can support with getting th e 

required data and defining the scope.  

 
Data collection  Some emissions monitoring cases require real time data.  

Getting real time data collection for constant monitoring of Greenhouse gases  is more complicated than 
historic. 
(See excel spreadsheet: POAB data collection overview from sustainability report.xlsx ) 

Use case 
deployment  

Instead of inspiring people, the developed digital twin tools may be perceived as a threat to daily routines 
or jobs even.  
Mitigation:  
Cocreation of use cases: potential users are engaged in cocreation workshops  

Use case 
deployment  

Use cases may not be deployed because of political  sensitivities or an organizational model that is not yet 
prepared for the operational process. This should be well -considered in the complex landscape of 
stakeholders that is typical to ports.  

Mitigation:  

^ǀģƏŌόǜǈŌόĿģǈŌǈόģǈότűƑǈƽűǀģǔűƚƑģƇυόǀģǔŬŌǀόǔŬģƑότƚƽŌǀģǔűƚƑģƇυ 

 

5.7 ξ Demonstration Time Plan  

As discussed earlier in chapter 5.2 Demo Objectives, the implementation plan of the Digital Twin 
consists of 4 objectives. The work on these objectives take place in two main phases.  

Phase 1 - Apr 2022 η Nov 2022: Validation and refinement of the use cases and user stories.  
Phase 2 - Nov 2022 η Sept 2023:  Phased developed and deployment of Digital Twin 

Phase 1 : validation & refinement of the use cases & user stories  

Phase 1 consists of the first objectives: (1) use case refinement, (2) data management) and (3) 
architecture building. These 3 objectives will be conducted simultaneously in parallel streams, 
playing into each other. Discovering a lack of data assets for example will have impact on 
potential function alities, which in turn impact the architecture.  

During this phase, we will work out the use cases (representing our value offer) of our Digital Twin 
and translate these into specific user stories, which in turn will give us our functional, technical 

https://imecinternational.sharepoint.com/:x:/r/sites/Pioneers-external/Shared%20Documents/06%20Deliverables/WP3/Deliverable%203.2%20+%203.3%20%20April/POA%20data%20collection%20overview%20from%20sustainability%20report.xlsx?d=w1e315c375a0b4cefa6e96bd869cfcc2b&csf=1&web=1&e=TXRtCT


 

D3.7 Digital Transformation Scoping Document   54 

and data requirements. Once these are established, we can set up the system architecture of our 
twin and determine a Development plan for phase 2.  

Deliverables of Phase 1  

-  Validated list of Functional requirements (features)  
-  Validated list of tec hnical requirements  
-  Validated list of design requirements  
-  Collected Data assets  
-  Digital Twin solution design  

Phase 2 : Phased development of the Digital  Twin  

The development process of phase 2 will be co ordinated and monitored centra lly according to 
the sc rum agile principles. A high -level development plan of 12 months will be set up with at least 
four iterations of 3 months, set up in biweekly sprints. Each iteration will be specified by a goal, 
scope and deliverables, based on the availability of data sou rces and resources. Each iteration 
adds to the capabilities of the twin and execution of the use cases.  

The development plan will be synchronised with the Development plan of the Demonstrator by 
Macomi , who will provide the simulation engine for the Use C ase Vessel traffic management.  

Iterations of the Demonstrator will be tested within the POAB, by a closed group of users, as 
discussed in 5.1 Demonstrator description. Feedback will be collected and integrated for the next 
iteration.  

Additionally , after ea ch launch of a new iteration, the development partners will provide a DEMO 
moment at which all stakeholders participated in the user story workshops will be invited to 
provide feedback on the intermediate deliverable.  

Deliverable Phase 2  

-  Product Backlog  
-  Product Roadmap  
-  Digital Twin architecture Documentation (as -build + key-findings)  
-  Key-findings and Further Development Opportuni ties 
-  Validated Demo (per iteration)  

 

 

 



 

D3.7 Digital Transformation Scoping Document   55 

 

Figure x  Overview timeline  
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RACI table  : Roles & accountabilities  

To ensure a col laborative and aligned work division among the Demo partners, a RACI model was 
set up around the 4 objectives. This RACI model assigned per objective  the following roles  

R = Responsible :  The Demo partners actually executing the objective  
A = Accountable  The key co -ordinator & decision maker of each objective  
*C = Consulted : The partners who would advise on the objective  
*I = Informed :  The Demo partners that would be kept in the loop about the progres  
 
*Both the roles C and I were shared by ģƇƇόņŌƏƚόƽģǀǔƑŌǀǈόģƑņόĿƚƏľűƑŌņόűƑόƚƑƇǺόǔŬŌότkƑŤƚǀƏŌņυόǀƚƇŌ 

In this model, the Accountable demo partner leads their own objective, assuring a clear and 
divided work focus and scope.  
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6 ξ Optimal lock planning  
Demonstration  of Task 7.4.1: Vessel traffic optimization. 

6.1 ξ Demonstration  description  

For a port, it is very valuable to have insight in the long -term performance of the nautical areas. 
For example, there might be questions about how the current infrastructure will  handle demands 
several years into the future, including the identification of bottlenecks. A long -term simulation 
model is an invaluable tool for answering questions of this nature.  

Often, there might be multiple scenarios to consider for a certain invest ment. For example, a port 
designer might be considering several designs for a new terminal or a new lock. Insight in the 
performance of each design is necessary to compare and make the best decision. Simulation is 
specifically well suited for questions of this nature. By making iterative adjustments to the 
investment and running a simulation on it, port designers can make optimal choices.  

Simulation has the option to provide insights into potential  future situations. For example:  

¶ Bottlenecks can be identifi ed and solved. This will make traffic easier to plan in the future 
by traffic controllers and will reduce dangerous situations for pilots.  

¶ Simulation gives insight in delays, subdivided into types ( e.g., traffic, berth planning, lock 
planning). This helps in comparing scenarios or assist in decisions on further investments.  

¶ By simulating vessel movements, an accurate assessment can be made of how many 
tugboats will be necessary, which provides information to tugboat operators on future 
demand.  

In this demo nstration , the goal is to deliver a long -term simulation model that give s insight in all 
these topics and helps as a decision support system for the port. The specific focus of the 
demonstration  is on providing an optimal lock planning component.  

An optima l lock planning component is key to any long -term simulation model of a port that 
utilises locks. Lock planning is a hard problem that is still solved by hand by many ports. Not only 
will this process be fully automated for this demonstration , but it is also necessary to make this 
process quick enough to simulate several months of vessel traffic in a few hours of run time. Lock 
planning is further complicated in that it is not a problem that can be considered independently 
per lock: multiple locks can be em ployed either in parallel or sequentially, which leads to a 
combined optimisation problem.  

A lock planning component must also integrate with additional components in the vessel 
simulation. Most important of these is a simulation of the vessel movements ov er the river, canal, 
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or sea. Delays on vessels due to traffic can lead to delays on the lock which can in turn lead to 
cascade effects: vessels might be pushed to later lockages which consequently will push other 
vessels, or a delayed vessel might lengthen  the lockage which will delay other lockages.  

The development of a full long -term simulation model is done iteratively. Intermediary releases 
can be used for tests. Verification is done on this model with smaller use cases. For example, the 
lock component can be verified by constructing several use cases where a few vessels will intend 
ǔƚϔģǀǀűǳŌϔģǔϔǔŬŌϔƇƚĿƄϔģǔϔņŌǔŌǀƏűƑŌņϔǔűƏŌǈήϔČűǔŬϔŌǹƽŌǀǔϔƁǜņťŌƏŌƑǔϔǔŬŌϔϋĿƚǀǀŌĿǔόϔǈƚƇǜǔűƚƑǈϔǔƚϔǔŬŌϔƇƚĿƄϔ
planning can be determined and can be compared to the model results. Next  to verification, 
validation can be done on a longer historical period. Even though the model is intended for future 
simulation, it is possible to simulate as -is or past situations as well. By simulating historically and 
comparing to historical data on per formance (such as delays, lock planning, etc.), the model can 
be validated.  

The primary port for this demonstration  is the Port of Antwerp -Bruges (PoAB). There is already 
full data and calibration available on an earlier version of the model for PoAB. PoAB  is a good 
candidate because of its use -cases with locks: In the simulated area at Antwerp, there are 2 
parallel locks included on the left bank and 4 on the right bank.  

Additional ports can be included in this demonstration  based on their willingness to p articipate. 
Note that locks are not a hard constraint for participation. A long -term simulation can definitely 
be deployed at the Port of Barcelona (PoB) for example. In this sense the name of this 
demonstration  is somewhat misleading.  

The simulation results in an animation, where vessel movements can be validated in detail:  
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The lock and berth planning can be reviewed in separate views:  
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The KPIs of the simulation are summarized in interactive dashboards:  
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6.2 ξ Demonstration  objectives  

For this demonstration , a full vessel simulation needs to be done for a period into the future. 
Specifically, it should be demonstrated that an optimal lock planning can be found for the 
provided scenario. The optimal lock planning  should work together with the other components 
of the vessel simulation, specifically the vessel movements over the waterways, and should be 
able to recover from external disruptions.  

In scope: 

¶ Full future vessel simulation of at least a month  
¶ Full moveme nt simulation of sea vessels  

o Constraints on traffic by limited width based on waterways, and dynamic width 
buffers utilised by sailing vessels.  

¶ Optimal lock planning component  
o Inclusion of sea vessels in locks  
o Inclusion of barges in locks  

¶ Ability to run wi th different variations on locks  
¶ Ability to run with different variations in arrivals  
¶ Inclusion of tide windows  
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¶ Inclusion of container terminals  
¶ Insight in sea vessel delays  

o Specific insight in lock delays is given. For example, the average delay per sea 
vessel and the top 10 delays of the run.  

¶ Insight in waiting times of sea vessels  
¶ Insight in traveling times of sea vessels  
¶ Insight in barge delays  
¶ Insight in used tugboats  
¶ Insight in pilot tasks  
¶ Insight in lock utilisation  
¶ Comparison of most important insights between different scenarios  

Out of scope:  

¶ Full movement simulation of barges  
o Barges will only be included in the lock planning component.  

¶ Weather scenarios  
¶ Limited pool of tugboats/pilots  

o An unlimited pool is assumed, but a counter is pr ovided with which peaks can be 
identified.  

¶ Inclusion of non -container terminals  

For the deployment of this demonstration  at PoAB, a limited area will be used for full simulation. 
Only the port area at Antwerp will be simulated, and only the tide dependent area (including the 
locks but not behind the locks). The full simulation stops at the Dutch border. From there to sea, 
simulation will be done in a simplified manner using historical time distributions.  

6.3 ξ Personas Involved in the Demonstration  

In the table below you can find a list of personas that are affected by this use case. The primary 
involved persona is the port infrastructure engineer, since they will be responsible for using the 
long -term simulation model to design and redesign the port. The o ther personas are important 
stakeholders in this process.  

Persona  Role  
Port infrastructure engineer  Designs new infrastructure of the port  
Pilot Navigate vessels in the port  
Tugboat operator  Manage tugboat usage in the port  
Terminal operator manager  Manage terminal  
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6.4 ξ Demonstration Design  

The most important parts of future vessel simulation with regards to optimal lock planning, are 
the sailing model and the lock planning module.  

The sailing model is used to simulate the movement of sea v essels over the waterways. The 
description below is given for a methodology of planning vessels one by one. An alternative 
methodology is currently being development with more simultaneously simulation of vessels, 
but technical specifications are not clear  enough and inclusion in the demonstrator will be based 
on adequate performance.  

SAILING MODEL: PLANNING  

íŬŌϔǔƚǔģƇϔǀƚǜǔŌϔƚŤϔģϔǳŌǈǈŌƇϔűǈϔņűǳűņŌņϔűƑǔƚϔωƏƚǳŌǈϊήϔíŬŌǈŌϔģǀŌϔǔŬŌϔƽģǀǔǈϔƚŤϔǔŬŌϔǀƚǜǔŌϔűƑϔǴŬűĿŬϔűǔϔűǈϔ
ƑƚǔϔƽƚǈǈűľƇŌϔǔƚϔωǈǔƚƽϔģƑņϔǴģűǔϊήϔ©ƚǔŌϔǔŬģǔϔģϔǳŌǈǈel may still need to stop in some parts within a 
move, such as when turning  or going through a lock. However, these actions do not allow the 
vessel to continue waiting upon completion of the action. Examples of a move would be going 
from a model entry (lik e the sea) to a model exit point (somewhere further inland where we stop 
simulating), or from unmooring from a berth to the sea.  

Each move of a vessel is planned in its entirety at once, regardless of the duration of the move. 
Once a move is planned, it is  never modified again. The next move is planned some time prior to 
the time that it would actually begin sailing. This time period is determined by its priority score. 
Therefore, vessels are not necessarily planned in the order of their arrival times.  

The priority score is calculated as follows. A base value is supplied in the input, based on the 
vessel category, the flow direction, and the move alternative chosen. This base value is then 
adjusted based on the arrival time (all else being equal, a vesse l that arrives earlier will be ordered 
before one that arrives later), and a tide window factor (all else being equal, a vessel with smaller 
tide windows will be ordered before one with larger or no tide windows).  

Additionally, there are circumstances in w hich the planning order can be further adjusted based 
on the simulation state. For example, before a vessel can set sail towards a berth, it needs to have 
an available spot on the berth. If there is another vessel blocking that spot, the blocking vessel 
must have its next move planned before the blocked vessel can plan its move. In this case, the 
blocking vessel will bypass the standard planning order and will have its next move be planned 
as soon as possible. 

SAILING MODEL: FINDING A VALID MOTION PLAN 
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The motion calculation is set up as follows: the move is divided into segments, each responsible 
for keeping their entry and exit speed and time values valid. There are two types of parts: 
connecting points, and track parts. We start and end with a connecting point, and each track part 
has a connecting point at its start and at its end. To start with, the segments do not have entry/exit 
information yet, except the starting connecting point (which will have the arrival time). And then 
one by one, the segments wi ll be called upon to make sure their entry and exit information is 
consistent with a valid path. When one segment changes their exit information, the next segment 
will need to recalculate their path with their new entry information, and conversely, if a se gment 
changes their entry information, the previous segment will need to recalculate their path with 
their new exit information.  

For track part segments, what needs to be checked is what a valid speed/acceleration path is 
given the entry time and speed and  the exit time and speed, as well as needing to obey rules like 
the minimum/maximum speed. The vessel also has a maximum/minimum speed, depending on 
whether it is moving forwards or backwards. When calculating the maximum speed of vessel and 
track combined , the lowest value is chosen. The same goes for calculating the minimum speed.  

Connecting point segments may have an action with a particular duration they need to check. For 
instance, the turning point will be on a connecting point that makes sure the tim e between entry 
and exit of the point is equal to the duration of turning.  

Both types of segments may also have other rules, such as tide windows, width rules, distance 
rules, lock opening times, and so on. Some rules only consider whether a vessel may ent er that 
segment at the requested time. Other rules also consider whether the vessel may also exit the 
segment with the front and/or rear of the vessel at a specified time, and with which speeds. The 
point in time at which the rear of the vessel leaves a tr ack part segment is only certain when the 
speed/acceleration of the vessel on the next stretch of track is known.  

To summarize, upon each change in entry or exit , a segment checks at what time the vessel is 
moving with what speed and acceleration, and whether this complies with all the rules. They are 
also responsible for being consistent with their neighbours. So , connecting point segment A has 
to make sure that i ts end time is the same as the start time of the track part segment from A to B, 
and track A to B has to make sure that its end time corresponds to the start time of point B. When 
track parts initially calculate their motion path, the fastest option to get  from the start to the end 
will always be chosen. If the next segment then changes itself to start at a later time, an attempt 
will be made to keep the start time on a track part the same, or else as early as possible. So if the 
fastest time from A to B is  15 minutes, and the departure time at A is 2:00, an attempt will be made 
to enter B at 2:15. If B then does not allow entry until 2:30, track part A to B will try to find an option 
of 30 minutes, or else a shorter time as close to 30 minutes as possible.  
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In other words, when calculating in a forwards direction, it will always try to go as fast as possible, 
and when calculating in a backwards direction, it will always try to match the plan that was made 
earlier with as little adjustment to that earlier mad e plan as possible. This usually means that in 
the backwards direction, we actually go as slow as possible, so that we can get as close as 
possible to that earlier start time of the original plan.  

The entry and exit times for segments will usually not be s et earlier: in this way we avoid adjusting 
back and forth along the path forever without ever finding a suitable time. There are only two 
ǈűǔǜģǔűƚƑǈϔűƑϔǴŬűĿŬϔǔŬŌϔǔűƏŌǈϔģǀŌϔωǀŌǈŌǔϊήϔíŬŌϔŤűǀǈǔϔűǈϔǴŬŌƑΩϔƇƚƚƄűƑťϔľģĿƄǴģǀņǈϔǔŬǀƚǜťŬϔǔŬŌϔǀƚǜǔŌϔűƑϔ
response to a blo ckage at a certain point, a blockage is found in an earlier point. Then the times 
of the segments after this earlier point will be reset, and possibly eventually set to an earlier time.  

To give an example, if a blockage is found at point segment D at time  x, it sets itself to x+y, forcing 
track C to D and then point C to adapt to match, and if C then comes across a new blockage of 
its own, it will reset the time at D and beyond, and will recalculate from a clean slate from point 
C. This is because, paradoxically, earlier times may be possible if you depart later at an earlier 
point in time. This will require a slightly larger example to illustrate.  

Suppose we have calculated a route that goes through A, B, and C so far. We ran into a blockage 
at B and then again at C, so our paths from A to B and from B to C are both going at less than max 
speed. Now we try D, and once again run into a blockage. In order to make the paths valid again, 
we try going as slow as possible backwards from D, to find a point at whic h we can match up 
again with our previous path. While doing so, this slowest backwards path runs into a new 
blockage at B. Because we now start at a later time at B, when we run into the blockage at C 
again, we don't have to slow down as much (or maybe we even arrive a second after the blockage 
and can just go full speed from B to C). So , when we try C to D again, we're starting at a much 
higher speed at C at approximately the same time as before, meaning we can arrive at D earlier 
than before as well. And if the blockage we originally ran into at D was short enough in duration, 
maybe now we can actually arrive at D before it starts.  

íŬŌϔǈŌĿƚƑņϔǈűǔǜģǔűƚƑϔűƑϔǴŬűĿŬϔǔŬŌϔǔűƏŌǈϔģǀŌϔωǀŌǈŌǔϊϔűǈϔǴŬŌƑϔǴŌϔǀǜƑϔűƑǔƚϔģϔľƇƚĿƄģťŌϔǔŬģǔϔŬģǈϔǔƚƚϔ
long a duration, and, more imp ortantly, would in reality have been known about before the vessel 
would attempt to come into the port. The blockages for which this holds are not being able to fit 
into a lock, missing a tide window, and not having any space at the berth.  

Blockages that take very long would cause the algorithm, upon running into the blockage and 
then looking backwards to match the old plan, to always create a path where the vessel goes as 
slow as possible, which is simply not realistic. So, similar to real life, if a lock  or berth is too full 
(something lock and berth operators would have been able to inform the captain of), or the vessel 
can't make its tide window, the vessel only tries entering the port once it seems reasonable to 
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try. This happens by fully resetting all  times at all segments, except for the start time at the very 
first one, which is set later.  

How much later is calculated as follows: we try out what happens if we were to enter the first 
segment at the time that would allow us to reach the point where th e retry -causing block was 
right after the block ends, as fast as possible, if there were no blocks at all (this is the latest time 
we'll try). If doing this allows us to reach that point at a time not much later than the end of the 
block, we go with it and  continue on from the segment where we ran into the retry -causing block 
that we have now avoided. If it doesn't (and therefore would cause the vessel too much extra 
delay), we see what happens if we leave a little earlier than that. And so on, until we've either 
found a later initial start time, or we have arrived at the same start time we had before we started 
the retry.  

Ultimately, the very first segment will never be given an earlier entry point in time (will never be 
"reset"), so that there's a systema tic ticking off of possibilities: each time we try to leave as early 
as possible, and if that doesn't work, we try the earliest moment after it does. Eventually the 
vessel will be planned at a time there are few enough other vessels that it can succeed at finding 
valid path.  

SAILING MODEL ξ EXAMPLE 
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The illustration above is an example of how the algorithm works. The "Nodes" are the connecting 
point segments, and the "Tracks" are the track part segments. What follows is a description of 
what happens in ord er: 

¶ Node 1 gets entered at a speed of 0 m/s at time 2:00, with the same speed and time for 
exiting Node 1 with the front (as there is no process), and an estimated time of 2:05 for 
exiting Node 1 with the back of the vessel.  

¶ The path over Track 1 takes 15 minutes, and Node 2 is asked to plan further starting at 2:15.  
¶ Node 2 finds that this time is not valid (perhaps because it would overlap its length buffer 

with another vessel's, or due to width restrictions caused by other vessels, or through a 
tide wind ow, etcetera).  

¶ The first valid time to enter would be 2:30. So Track 1 tries to make a speed/time plan 
which ends at 2:30.  

¶ This is only possible if you don't arrive until 2:15. So Node 1 is told that 2:00 was invalid, and 
is instructed to check if leavin g Node 1 at 2:15 would be possible.  

¶ This is possible, so Node 1 sets its time to 2:15, and Track 1 has a path from 2:15 to 2:30 at 
0.5 m/s.  

¶ Node 2 finds 2:30 valid for entry, but with speed 0.5 m/s, the time when the back will leave 
Node 2 is estimated a t 2:35. Coincidentally, that time is blocked, and it will only get 
unblocked at 2:40.  

¶ This instance, Track 1 can find a path that keeps Node 1's time the same: the path simply 
ends at a slower speed.  

¶ Entering Node 2 at 2:40 and exiting at 2:50 is valid.  
¶ Then everything works out going at full speed until Node 5, where you have to enter a 

little later.  
¶ Now we have a full path, but it has only been verified with estimated  times for when the 

back of the  vessel leaves each node. Now that we have a full path, we need to verify 
whether the actual times that the back leaves points are also valid.  

¶ In the example, another blockage is then found on Node 4. After this adjustment, the path 
is completely correct according to all rules, taking into account all vessels planned so far.  

Note that the above example does not include a complete retry, as can be triggered from being 
delayed by lock, berth, or tide window. However, a complete retry does not change how the 
broader algorithm works, it simply starts it from scratch starting at a later time in the first segment.  

LOCK PLANNING MODULE - SCHEDULER 

The lock scheduling starts with a forecast. Sea vessels are planned 24 hours ahead of the time at 
which their next mov e would be planned, while barges are planned based on how far the forecast 
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extends. This is because barges must enter the lockage last, but leave the lockage first. As such, 
all barges that are to use a lockage must be known before the first sea vessel use s it, since adding 
lockages afterwards would require adjusting the motion plan of an already planned vessel, which 
is not possible at this time. To prevent these issues while still allowing sea vessels and barges to 
be mixed in lockages, we add barges to t he forecast well in advance.  

The scheduling itself is split into two components: the lock scheduler and the traffic managers. 
The lock scheduler will, based on the earliest arrival time of the vessel, determine a set of 
proposals to add the vessel to the l ock planning. During this process, the lock scheduler primarily 
looks for lockages or times where it could  feasibly plan the vessel. It does not try to determine 
which proposals would actually result in a good planning. As such, it moves through the existi ng 
lock schedule and evaluates all existing lockages that it could add the vessel to, as well as the 
possibility of creating another lockage between those two lockages to accommodate the vessel. 
Finally, it also creates a proposal to simply create a new lo ckage exclusively for the vessel at the 
very end of the existing lock schedule, which is always possible.  

Example: If there is an existing lockage in suitable direction at 12:30, and a vessel is to arrive at 12:00, 
the lock scheduler will return 3 proposal s. The first is to create a new lockage at 12:00 and delay the 
lockage at 12:30. The second is to add the vessel to the existing lockage at 12:30, assuming this fits. 
The third is to create a new lockage as soon as possible after 12:30. 

The lock scheduler adheres to a number of requirements in terms of buffers and basic planning 
logic:  

(1) During the forecast, a 15 minute buffer is maintained between all lockages. Lockages in 
this case refers to the sum of entry and exit times, as well as the lock processing ti me 
(raising/lowering water). This is primarily so that, when actual planning of a move occurs, 
there is some extra time in the schedule to work with. This buffer is often discarded 
during actual planning.  

(2) If a lockage has more than 1 vessel, of which at le ast 1 is a sea vessel (i.e., 2 or more sea 
vessels, or 1 sea vessel with 1 or more barges), an additional 15 minute entry buffer is 
maintained to provide additional leeway for all sea vessels to enter in time, or potentially 
allow an additional sea vessel to be scheduled into that lockage at a later time.  

(3) When a vessel moves from the forecast to actual planning, it once again attempts to 
move the vessel to an ideal location in the schedule. This rescheduling does not require 
the 15 minute buffer used in the  forecast described in Fout! Verwijzingsbron niet 
gevonden. , but does still require the 15 minute entry buffer described in Fout! 
Verwijzingsbron niet gevonden. . 

(4) Once a vessel is planned, the lockage it is in becomes locked and its processing time 
becomes fixed in place. Barges in that lockage are also locked. Sea vessels may still be 
rescheduled into or out of the lockage however, though this can, in some cases, r esult in 
empty gaps in the exit times. For example, if a vessel during its planning was expecting 
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another vessel to exit before it, but when planning the other vessel, it ends up being 
unable to make it to the lock in time, or opted to use a different lock . 

(5) Barges are always planned to enter immediately before the start of a lockages 
processing time, and exit immediately after processing completes, regardless of 
whether the barge is able to arrive earlier.  

LOCK PLANNING MODULE - PROPOSAL SCORING 

Once a set of proposals has been generated by the lock scheduling, the best proposal needs to 
be determined. This is done by a set of traffic managers that independently score or evaluate the 
proposals. The proposal that performs the best will then be chosen. There a re various traffic 
managers that will score the proposal on several metrics:  

¶ Minimize  Tardiness ξ The goal of this traffic manager is to reduce overall delay. It will 
score the proposal based on the sum of additional delay added to any vessels affected 
by the proposal. In the previous example, the first proposal would score poorly due to 
causing a lot of delay for the lockage that was planned at 12:30.  

¶ Minimize  Maximum  Tardiness ξ This traffic manager bases its score on the highest delay 
among all vessels a ffected by the proposal. This is to counteract a bad trait of the 
Minimize  Tardiness traffic manager, as that traffic manager would consider 2 vessels 
with 1-hour delay identical to 1 vessel with no delay, and 1 vessel with a 2 -hour delay. 
This traffic man ager counteracts that by giving a worse score to proposals that would 
result in major outliers in terms of delay.  

¶ Minimize  Lockages ξ This traffic manager aims to minimize the total number of lockages. 
The score it returns is simply the number of lockages that are added or removed by the 
proposal, including any empty lockages that may be required to adjust water levels for 
the next non -empty lockage.  

¶ Tide Window ξ Some vessels have very restrictive tide windows, and this traffic manager 
will incur a penalty  on the score whenever a proposal would cause a vessel to 
potentially miss its tide window. As it is difficult to say if this is necessarily the case, the 
penalty is scaled according to the percentage of unavailability in the tide window for the 
vessel. For example, a vessel that needs to make a 15 -minute tide window or wait 8 
hours will get the full penalty, while a vessel that has to make a 12 -hour tide window or 
wait 2 hours will receive only a small penalty.  

The sum of scores of these traffic managers i s then used to determine the best proposal. 
Once the best proposal has been determined, the changes required for that proposal are 
applied to the lock schedule.  
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The scoring can be further influenced via the weight of each individual traffic manager, allowing 
the importance of certain metrics to be adjusted to achieve a better end result. Furthermore, as 
each traffic manager is implemented separately from one anoth er, more can easily be added to 
improve the results further.  

LOCK PLANNING MODULE - VESSEL PLACEMENT 

Once lock scheduling has determined a suitable set of vessels for a lockage to accommodate, 
the vessel placement component must determine if the lock cham ber is able to accommodate 
those vessels and how they should be placed. To do this, a heuristic is used to determine a valid 
configuration in which all vessels are able to fit in the lock chamber simultaneously.  

The first step in this process is ordering t he vessels by width, and then by length, such that the 
largest vessels will be evaluated first. In order, it will attempt to attach each vessel to the left side 
of the lock chamber, or, if applicable, a vessel on the left side. If this fails, it will attem pt the same 
for the right side. If both sides fail, it is determined that the lock chamber is unable to 
accommodate all vessels simultaneously, and the potential lockage is rejected.  

As this algorithm is a heuristic, it is possible for this algorithm to fa il to find a valid solution when 
such a solution does exist, as a different order of vessels may be able to provide a valid solution. 
However, based on analysis on historical data, this chance is exceedingly low.  

6.5 ξ Demonstrat ion Implementation Requirem ents  

Since simulation is done for long -term in this demonstrator, there is no need to integrate with any 
ƇűǳŌϔǈǺǈǔŌƏǈϔƚŤϔģϔƽƚǀǔήϔíŬŌϔņŌƏƚƑǈǔǀģǔƚǀϔǴűƇƇϔľŌϔŬƚǈǔŌņϔƚƑϔ§ģĿƚƏűόǈϔƚǴƑϔņűťűǔģƇϔűƑŤǀģǈǔǀǜĿǔǜǀŌϔ
and the data will be provided as files.  

Several data se ts are necessary for using the full capacity of vessel simulation. Not all of these 
are necessary and can be configured on the specific needs and processes of any port the 
demonstrator is deployed to.  

The following data can be read into the simulation tool : 

¶ A list of vessel categories  
o Per vessel category: Dimensions, max/min speeds, acceleration/deceleration, 
ǔǺƽŌϔλ:ƚƑǔģűƑŌǀδ~űƿǜűņϔ9ǜƇƄδΪμΩϔņǀģǜťŬǔ 

¶ A geographical drawing  of the port to be used for simulation  
o Including vessel tracks, locks, berths, model in/ out points, width areas  

¶ Data on the processes  of vessels  
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o For each process information of the state change of the vessel. E.g. a turning 
process reverses the vessel and some processes update the pilots on the vessel 
or tugboats attached.  

o For each process, d efinable to the level of vessel category, the duration of a 
process. E.g., duration of turning or loading/unloading at a certain terminal.  

¶ Data on the routes  of vessels  
o Routes are separated into moves, e.g., arriving move and departing move. Moves 

can have  multiple alternatives, e.g., using one lock or another (parallel) one. Move 
alternatives can have a defined preference score.  

o Each move alternative is defined in terms of the locations a vessel sails to and the 
processes it does.  

¶ Operational lock  data 
o Size of the lock, and time spend changing water level.  
o Per category and lock more data can be provided. The entry/exit times of vessels 

from the lock, the (width/length) buffers between vessel/vessel and vessel/wall, 
and whether a certain vessel can use the l ock at all (due to for example draught 
restrictions). 

¶ Sailing rules , e.g. max/min speeds in certain areas or available widths and width/length 
ľǜŤŤŌǀǈϔƚŤϔǳŌǈǈŌƇǈϔűƑϔǔŬƚǈŌϔģǀŌģǈϔľģǈŌņϔƚƑϔĿģǔŌťƚǀǺΩϔƽǀƚĿŌǈǈΩϔƏƚǳŌϔģƇǔŌǀƑģǔűǳŌΪ 

¶ Yearly prognosis of sea vessels  per vessel category and full route. This can be 
transformed into a list of individual arrivals, which can also be a direct input.  

¶ Priority information  on vessels -based move alternative and category. Can depend on 
flow condition (ebb/flow) which the n also needs to be specified over the simulation 
period.  

¶ Over the simulation period, a definition of certain time windows  on specific points in the 
routes of vessels that can be specified on the level of vessel category. These can be for 
example used to mo del tidal restrictions.  

¶ Data on barges. Barges are only included in the lock planning,  so data necessity is a lot 
smaller. Definitions of categories, yearly prognosis (with distributions over month, 
weekday, hour). Per prognosis row a first preferred lock(+direction), but an additional table 
to show alternative locks with travel times.  

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 6 ξ Optimal lock planning . 

6.6 ξ Demonstrat ion Challenges &  Barriers 

The challenge of this demonstrator is the cooperation of the port to which the demo is deployed. 
Specifically, the data availability is of prime importance.  
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One barrier is the limited data sharing between different stakeholders in the port area. For 
example, terminals and tugboat operators need to be open in their data to best model their 
respective parts of the simulation. This needs to be check with open communication with all 
parties and the possibility to include less details about the parts o f which not as much is known.  

Another barrier is the computational time. For the simulation to be useful for long -term planning 
it should encompass at least a month. Due to the detailed nature of simulation and the 
optimisation component for the lock plann ing, a run can easily take longer than a user is willing 
to wait. This needs to be checked with regular performance testing and improvements.  

6.7 ξ Demonstrat ion Time Plan 

For this demonstrator, the relevant deliverable is D7.7 and the relevant milestone i s M28. (Note 
ǔŬģǔϔA͋ή͌ϔűǈϔƽģǀǔϔƚŤϔǔŬŌϔϋØŌģƇ-ǔűƏŌϔǈǜƽƽƚǀǔόϔņŌƏƚƑǈǔǀģǔƚǀμή 

Below is a suggested timeline for the development. The only deadlines that are at this point 
committed are on D7.7 (month 24) and MS28 (month 30). Everything else is a drafted plannin g 
based on current knowledge and is liable to change.  Due to the Agile nature of the project, 
the contents of each release are not of a fixed nature.  

 

The first testable release will be handed over in month 9. This will include the initial vessel 
movement  model. A first version of the redesigned model will be delivered in month 14. Based 
on testing and validation, a switch might be made to the new movement model, although this is 
not a certainty. A third release will be planned later, but its contents are to be determined.  

This development will culminate in a report (D7.7) and a demonstration (MS28).  

  

Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Subtask: Initial lock optimisation

  Design

  Implementation

  Validation and testing

Subtask: Redesigned vessel movements

  Design

  Implementation

  Validation and testing

Subtask: Further refinements T.B.D.

  Design

  Implementation

  Validation and testing

Subtask: Write deliverable D7.7

  Drafting, proofreading, writing

  Delivery

Subtask: Demo at PoA MS28

  Preparation

  Delivery
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7 ξ Real time support  
7.1 ξ Demonstration  description  

Managing all different maritime traffic flows in a port is not an easy task. Oftentimes a traffic 
manag er has to make many challenging decisions: When should a vessel depart from its berth, 
when should a vessel depart from a pilot station, when should a lock be opened , and its vessels 
released. To make the best decisions the traffic manager should look ahea d and foresee future 
situations. The consequences of a decision might have second order effects, which might bring 
third order effects, and so on. For example, releasing a vessel for departure from its berth might 
lead to it occupying the turning basin, wh ich in turn will lead to an arriving vessel to slow down 
to await its turn, which leads to congestion of yet more vessels. In the complex domain of 
maritime traffic management, it is very important to have additional tooling to assist traffic 
managers in t heir decisions.  

Simulation is an invaluable tool for exactly these use cases. By providing traffic managers with 
operational simulation a short time into the future, they can gain detailed insights into the impact 
of their decisions. This is exactly the go al of this demonstration : Simulate vessel movements half 
an hour to an hour into the future, based on live data integration and give results back in a clear 
and timely manner. Since the live data integration will not only be with current vessel movements 
but also any decisions on future behaviour by the traffic manager (e.g., when vessels will depart 
from berth or locks are opened), this provides the traffic manager with an iterative system: The 
traffic manager makes decisions, simulates the effects of this , makes adjustments based on the 
simulation, simulates again, and so on. This all helps the traffic manager manage the flows, 
reduce congestion, and improve the workflow of any dependent organizations such as pilots or 
tugboat operators.  

Simulation can be done with knowledge of both the current state of vessels (e.g., position and 
speed) and knowledge about future behaviour of vessels (e.g., moment of departure or 
destination). For the demonstration , a reduced geographical scope will be em ployed, but this 
does not simplify the problem by much: any vessel that is not currently in scope might enter the 
scope within the relevant simulation period, so the scope of vessels to analyse is not limited by 
much.  

To develop this advanced simulation co mponent to a live system, it is necessary to initially work 
outside of the live systems themselves. This allows for a more controlled environment of 
development and experimentation. The way that this will be achieved is through emulation: By 
interpreting d ata exports from the live systems, a real -time situation can be emulated. For a 
certain historic moment in time T, the simulation component will be provided with data until T in 
such a way that it is pretended that T is the current time. This then leads to  a simulation, say half 
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an hour into the future until T+30. This simulation can then be validated by hand, and even for 
automatic validation by reviewing the historical data at T+30. Many such moments can be 
determined for T, leading to a large set of vali dation cases. 

After this initial phase of emulation, the simulation component can start to be deployed to the live 
systems in steps. At first the integration can be one way only, such that the simulation component 
receives live data. If this phase is succe ssful, a full information flow can be deployed. The 
simulation component will then feedback its predictions into the live systems.  

The primary port for this demonstration  is the Port of Antwerp -Bruges (PoAB). The search for a 
reduced geographical scope tha t still encapsulates much of the complexities of traffic 
management led to the identifications of two candidates, both in the tide dependent area. One is 
the tide dependent Deurganck dock, including the turning basin just outside the dock and the 
large Kie ldrecht lock. The other is the area bordering the North Sea terminal and the Europa 
terminal, including the Berendrecht and Zandvliet locks.  

At this point in the project, no other ports are confirmed yet. But given available live data sets, no 
problems are  foreseen in additional deployment.  

7.2 ξ Demonstration  objectives  

Note that any design at this point is in a very preliminary stage. The formal design phase for 
this demonstration  has not yet commenced. The following description concerns initial 
objective s only.  

In this demonstration , the sailing of vessels will be simulated until a fixed time into the future. The 
simulation component integrates with live data sources for simulation setup.  

Must have: 

¶ Simulation of fixed time into the future  
¶ Simulation based on vessel positions  

¶ Simulation based on known future vessel behaviour  
¶ Simulation based on vessel characteristics  

Should have:  

¶ Simulation of a full period of time until a fixed period into the future  
¶ Conflict flagging  

Could have:  
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¶ Evaluating  multiple scenarios with comparison  

Out of scope:  

¶ Component for lock or berth planning  
o These will only result in information for the movement simulation: Intended 

departure times, requested arrival windows. But making a planning is out of scope.  
¶ Barge simu lation  

o Demonstration  will be restricted to simulation of sea vessels.  
 

7.3 ξ Personas Involved in the Demonstration  

The table below shows the personas that are involved with this demo. The traffic controller will 
be the user of the demo. The pilots and tu gboat operators are important stakeholders in the day -
to-day nautical operations of the port.  

List of persons/roles that have a 
direct impact on each 
demo/port/demo user  Activities involved/role of the persona  
Traffic controller  Controls vessel traffic around the port  
Pilot Navigate vessels in the port  
Tugboat operator  Manage tugboat usage in the port  

 

7.4 ξ Demonstration Design  

Note that any design at this point is in a very preliminary stage. The formal design phase for 
this demonstration has not yet commenced. The following description concerns initial design 
sketches only.  

DATA TRANSFORMATION 

Before any simulation can start, a lot of live data needs to be processed. First a set of vessels 
need to be found that need to be sim ulated. Just going by vessels present in the scope area is 
not enough: It might be possible that a vessel outside of scope might enter the scoped area within 
the simulated period (say 30 minutes). See for example the yellow vessel below.  



 

D3.7 Digital Transformation Scoping Document   77 

 

Figure 6 An example 'As is' situation. The red rectangle shows the scope of the demonstration. 

íƚϔĿƚƑǈǔǀǜĿǔϔģϔƇűǈǔϔƚŤϔϋĿģƑņűņģǔŌόϔǳŌǈǈŌƇǈϔǔŬģǔϔƏűťŬǔϔľŌϔűƑϔǔŬŌϔǈĿƚƽŌņϔģǀŌģϔņǜǀűƑťϔǔŬŌϔǈűƏǜƇģǔűƚƑϔ
period, some pre -processing needs to be done. This ca n be done based on geographical 
distance, heading, speed, and behavioural data.  

For each vessel that has been marked a candidate, more information should be gathered. Firstly, 
ģľƚǜǔϔǔŬŌϔǳŌǈǈŌƇόǈϔĿǜǀǀŌƑǔϔǈűǔǜģǔűƚƑήϔíŬűǈϔűƑĿƇǜņŌǈϔƏƚǀŌϔǈǔģǔűĿϔņģǔģϔ(within a move) like the 
dimensions, type, and draught of the vessel. This also includes positional data. Based on historical 
ƽǀƚľŌǈϔƚŤϔľƚǔŬϔ_ÕàϔģƑņϔǀģņģǀϔņģǔģΩϔűǔϔĿģƑϔľŌϔĿƚƑǈǔǀǜĿǔŌņϔǴŬģǔϔǔŬŌϔĿǜǀǀŌƑǔϔǳŌǈǈŌƇόǈϔƽƚǈűǔűƚƑϔűǈΩϔ
ģƑņϔűǔόǈϔŬŌģņűƑťΩϔǈƽŌŌņϔģƑņϔģĿĿŌƇŌration. This translation is very much not straight forward and 
requires steps for cleaning the data.  
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Figure 7 Example positional data available. The dotted vessels are historical probes available. The current vessel positions 
(opaque) are not directly known and need to be inferred from data.  

Secondly, data needs to be gathered about future vessel intentions. For a vessel that is currently 
sailing this means its destination and path, and any windows on its destination location or on the 
route. For example, time windows for the entry of a lock, for passing a tide window restriction, or 
for when a tugboat will be attached. For any vessel at a berth or in a lock, future behavioural data 
will include the intended departure time for the  vessel. For example, a vessel might be released 
from the lock 5 minutes from now and would be required to clear the lock 10 minutes from now.  

Future behavioural data also includes any information about future processes or current 
processes that are in pro gress. For example, if a vessel is currently turning in the turning basin, it 
is necessary to know how far along it is and when it will continue sailing.  
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Figure 8 Example information on future vessel behaviour.  

After all this da ta is processed, a starting situation for simulation can be constructed. For each 
vessel already in scope its position and path are known. For each vessel that will enter scope, a 
period of entry with associated speeds can be constructed.  

A large open ques tion on design is the paths of vessels. Easiest for simulation and available 
information on widths and width buffers is to use predefined paths that vessels will follow. This 
will however cause vessels to snap to these paths, which will create a mismatch a nd might 
negatively influence the use case for a traffic manager. Alternatively, paths are constructed 
dynamically, but it is unclear if this will can be done within the allotted time and how to translate 
turning manoeuvres to these paths.  
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Figure 9 Example processed data, ready for simulation.  

SIMULATION 

After all data has been processed, it is ready for simulation. Processing data has given information 
about the intended future behaviour of single vessels. During simulation vess els will react to each 
other and adhere to the sailing rules, which might cause changes to this behaviour. For example, 
a vessel might slow done to account for congestion ahead or might decide to trail a slower vessel 
ǈűƑĿŌϔűǔϔĿģƑόǔϔƚǳŌǀǔģƄŌή 

The methodolo ťǺϔŤƚǀϔǈűƏǜƇģǔűƚƑϔǴűƇƇϔľŌϔľģǈŌņϔƚƑϔǔŬŌϔǈģƏŌϔƏŌǔŬƚņǈϔģǈϔŤƚǀϔϋ²ƽǔűƏģƇϔƇƚĿƄϔ
ƽƇģƑƑűƑťήόϔÕƇŌģǈŌϔĿƚƑǈǜƇǔϔǔŬŌϔAŌǈűťƑϔǈŌĿǔűƚƑϔǔŬŌǀŌϔŤƚǀϔƏƚǀŌϔűƑŤƚǀƏģǔűƚƑϔƚƑϔǔŬŌϔǈűƏǜƇģǔűƚƑϔƚŤϔ
sailing. 

An added difficulty in this type of simulation is that the given starting situati on might already break 
the rules of simulation. For example, there might be more vessels present in a certain width area 
than available width there given width buffers. Or this might not be the situation at the start, but 
it might be unavoidable five minut es from now due to current headings and speed. A simpler 
example is a vessel sailing at a speed higher than the known maximum speed. After encountering 
each of these situations, simulation should continue but the situation should be flagged 
somehow. Exact details of managing these types of exceptions cannot be determined before 
development and should be captured in test cases and discussed with users.  
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7.5 ξ Demonstration Implementation Requirements  

Note that any design at this point is in a very preliminary stage. The formal design phase for 
this demonstration has not yet commenced. The following description concerns initial 
requirements only.  

For the demonstration, there are two types of data. One type is the static data. This is data that 
will n ot update over time for the Demonstration and would in an operational case only update 
sporadically. The other type is live data, which integrates with the current situation of the port, 
most especially the current vessels in the port.  

Static data: 

¶ Geograp hical data of port, extended beyond demo scope  
¶ Sailing rules, including width area and buffer data  

Live data: 

¶ Vessel characteristics  
o Type 
o Dimension  
o Draught  

¶ Vessel positional data  
o GPS data, radar data, or a combination of the two  
o Enough historical data to determine current position, speed, heading, acceleration  

¶ Vessel future behavioural data.  
o When a vessel is intended to depart from berth, to depart from pilot station, or to 

be released from the lock.  
o The current path the vessel is sailing (or will sail if it departs within the simulation 

period), its destination, and any time window on the destination (e.g., entry window 
of lock)  

This demonstration will be included as a use case of the Digital Twin demonstration, task 7.3 of 
PIONEERS (under the same work pa ckage). There will be sessions to further work out the 
requirements on functions, data, and architectural until at least month 14, which affects the 
preliminary nature of this scoping document.  

There is no integration plan yet at this point. This will depe nd on discussions with the different 
stakeholders of this demonstration. Several possibilities are currently considered:  

¶ The simulation component is booted up on demand and will simulate 30 minutes into the 
future.  
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¶ The simulation component is always runnin g on the background and is making a full 
simulation at regular intervals.  

¶ The simulation component is always running and pre -processing data, but simulation is 
done on demand.  

Any such technical or functional decision will be made later based on user needs  and, on the 
runtime, and processing/memory available.  

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 12.5 ξ Real time support . 

7.6 ξ Demonstration Challenges & Barriers  

The challenge of this demonstration is the cooperation of the port to which the demo is deployed. 
Specifically, the data availability is of prime importance. This data is owned and managem ent by 
different stakeholders. It is vital that these stakeholders are willing to share this data. The 
simulation must ensure an objective and independent platform, in which the data is used. All 
requirements regarding strategic valuable data and privacy m ust be honoured and taken into 
account  

One barrier for this demonstration is the computational time it takes to make an operational 
simulation. For this demonstration to have real -world applications, it should be able to offer half -
hour simulations in a ti me short enough for a traffic manager to respond to results. Specifically, if 
multiple scenarios need to be ran, this shortens the time available per scenario. This barrier needs 
to be checked by regular performance tests, and possibly architectural change s in what is 
precomputed.  

Another barrier for this demonstration is environmental constraints. Based on the regulations of 
the port, certain simulations might not be feasible since it would go against environmental rules. 
This barrier needs to be checked b y early exploration of such rules and collaboration with domain 
experts. 

7.7 ξ Demonstration Time plan  

For this demonstration, the relevant deliverable is D7.8. (Note that D7.7 and milestone M28 are 
ƽģǀǔϔƚŤϔǔŬŌϔϋ²ƽǔűƏģƇϔƇƚĿƄϔƽƇģƑƑűƑťόϔņŌƏƚƑǈǔǀģǔűƚƑμή 

Below  is a suggested timeline for the development. The only deadline that is at this point 
committed is on D7.8 (month 34). Everything else is a drafted planning based on current 
knowledge and is liable to change.  Due to the Agile nature of the project the cont ents of each 
release are not of a fixed nature.  
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Figure 10: Time plan 

Development for the emulation will start in month 14. This will lead to three releases: After three 
months there is a release and a period of testing. In the second and the third cycle, next to 
emulation there will also be releases for integration with PoA 9όǈϔƇűǳŌϔǈǺǈǔŌƏǈήϔíŬűǈϔǀŌƇŌģǈŌϔĿǺĿƇŌϔ
corresponds with that of the Digital Twin (Task 7.3).  

After the demonstration of the Digital Twin (Task 7.3) in month 24, development will continue on 
this demonstration given collected additional requirements, leading to further extensions.  

The demonstration will culminate in a report (D7.8) on month 34.  
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8 ξ Maritime 5G for intelligent vessel 
location  
8.1 ξ Demonstration  description  

This demonstration involves a combination of mature technologies: 5G technology; video 
cameras connected by 5G that continuously transmit images of the port's wharfs in high 
definition; an edge computing system that allows the distribution of the components and 
applications necessary to analyse and process data in the port itself, thus avoiding transmission 
to public cloud platforms; development of a system that will use AI models - to analyse in real 
time the videos from various cameras in the port and detect the ships - and geo -positioning 
algorithms that will process and combine various types of information to calculate the final 
position of the ships and send them to the current control tower systems.  

 

Figure 11: Example for camera location  

The scenario of this pilot includes the selection of the workspace area, the deployment of the 5G 
network nodes, the installation of the cameras and edge servers and finally the realization of the 
complete solution cycle. Different cameras located in the port capture the entry of ships in real 
time. Through 5G, the images are transmitted to the edge server, where the artificial intelligence 
model is executed on the received images, which recognizes and interprets them (bow, stern and 
centroid detection). Subsequently, a geolocation algorithm is applied that trans lates the points of 
the images into geographic coordinates of latitude and longitude. This geolocation data is 
integrated with the rest of the port's systems (AIS and RADAR) and the result is a third source of 
location of a vessel in real time.  
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Identific ation of big and small vessels, as well as different weather conditions are expected to be 
tested during the pilot to analyse the robustness of the system. Additionally, accuracy of vessel 
occupancy in the docks will be tested with this new geolocation tec hnology.  

8.2 ξ Demonstration  objectives  

The overall objective of the demonstration, aligned with the WP objectives, is to demonstrate in 
the Port of Barcelona environment, a solution of geo localisation of vessels (big and small) using 
5G and AI.  

The specifics objectives of the pilot are the following:  

¶ Create a new vessel location system, capable of matching or improving the current 
positioning systems of the Port of Barcelona (AIS and RADAR), taking advantage of the 
technological and logistical advantag es of 5G technology for the implementation of new 
cameras at the port.  

¶ Geolocate ships more accurately with 5G node and algorithms of Artificial Intelligence 
(ferries and smaller vessels). This will foster the dock occupancy of the port, reducing port 
cong estion and, in the future, increasing the velocity of connection to OPS.  
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8.3 ξ Personas Involved in the Demonstration  

This section gives an overview of the personas involved in the demonstration, i.e. the users of 
the demonstration in terms of their functions or roles.  

Persona  Role  

Port Operations Berth Planner  Plans and monitors berthing of vessels  

 

8.4 ξ Demonstration Design 

When all the infrastructure, both cameras and the 5G network is operational, 3 use cases are 
going to be carried out. The final scope of the different use cases demonstrated will be defined 
when the infrastructure (5G, cameras, e dge server) required will be available after the tendering 
process. The approximate scope of the use cases to be tested with this proposed technological 
system is described below:  

¶ The first use case will be the detection of ferry -type ships entering at the  dock of Sant 
Beltran. The specific purpose of this use case is to be able to detect the docking 
manoeuvres  performed by these ships to detect possible trajectories that are outside the 
safety range.  

¶ The second use case is the detection of smaller vessels entering and leaving the northern 
entrance (Nova Bocana) to improve safety between these vessels and the larger ones, 
which use this entrance to enter or leave the port.  

Finally, the third use case is to improve the accuracy of the geolocation of vessels i n the dock. 
This is essential in order to optimize the dock occupancy. This use case will be tested in the 
energy docks of the Port of Barcelona, which are highly congested due to the fact that the 
infrastructure is not designed for the current bulk carrie r ship size. In these docks, the possibility 
to have another vessel doing loading and unloading operations its sometimes a matter of meters.  

8.5 ξ Demonstration Implementation Requirements  

The following requirements have been identified:  

¶ ~ƚĿģǔűƚƑΨϔàģƑǔϔ9ŌƇǔǀģƑόǈϔǴŬģǀŤϔűƑϔǔŬŌϔÕƚǀǔϔƚŤϔ9ģǀĿŌƇƚƑģγϔGƑŌǀťǺϔǴŬģǀŤϔƚŤϔǔŬŌϔƽƚǀǔϔƚŤϔ
Barcelona.  
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¶ Material: existing video cameras of the Port of Barcelona and some additional ones that 
will be needed based on the requirements of the pilot. LIDAR hardware f or geo localization 
purposes.  

¶ Infrastructure: 5G network nodes deployment and edge servers  
¶ Software: geo localization algorithms based in AI  
¶ Communication with the RADAR and AIS of the port system.  

The port of Barcelona will award a tender to install the 5 G telecommunications network during 
the year 2023. It is expected that in 2024 the installation of this 5G network will be completed and 
the different use cases of the pilots will be executed.  

Before that, a smaller 5G node could  be installed to perform d ifferent tests that are deemed 
appropriate  in order to plan the complete demonstration.  

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 12.6 ξ Maritime 5G for intelligent vessel location . 

8.6 ξ Demonstration Challenges & Barriers  

The following challenges have been identified:  

¶ Appropriate 5G telecommunication network for intelligent vessel location  
¶ 5G nodes deployment  
¶ Identify the location of small vessels with precision (vessels with a length < 3 -4 meters)  
¶ Vessel identification at night or with low visibility when having to deal with adverse 

weather conditions  
¶ Increase the latency of the system of ves sel location in comparison to RADAR and AIS 

(current port systems)  
 

8.7 ξ Demonstration Time plan  
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Figure 12: Time plan T7.4.2 

 

Tentative development & deployment plan:  

¶ Scoping Document and Requirements completion: M9  
¶ Start the tendering process for 5G network deployment (M10 -M15) 
¶ Start the tendering process for new cameras necessary for the pilot (M15 -M20) 
¶ Adjudication of the contract to deploy the 5G network (M18 -M24) 
¶ Adjudication of the contract to deploy the additional cameras at the port (M21 -M24) 
¶ Infrastructure works to install the 5G telecommunications nodes (M24 -M36) 
¶ Setup of the cameras to be used for the pilot test (M24)  
¶ First planning of the demo based on the h ardware availability at the port (5G network and 

cameras) M17-M20 
¶ Final planning definition of the demo M20 -M23 
¶ Test/demo execution M24 -M30 
¶ Analysis of the results and study of the scalability/transferability to other ports M28 -M30 
¶ Delivery 7.9 Report on a  decision -making system based on vessel location M30  

Important note: This tentative time plan depends on the final timeframe of the tender process 
needed to deploy the 5G network.  

  

T7.4.2

Scoping Document and Requirements completion

Start the tendering process for 5G network 

deployment 

Start the tendering process for new cameras 

necessary for the pilot 

Adjudication of the contract to deploy the 5G 

network 

Adjudication of the contract to deploy the 

additional cameras at the port 

Infrastructure works to install the 5G 

telecommunications nodes 

Setup of the cameras to be used for the pilot test

First planning of the demo based on the hardware 

availability at the port (5G network and cameras)

Final planning definition of the demo

Test/demo execution

Analysis of the results and study of the 

scalability/transferability to other ports

Delivery 7.9 Report on a decision-making system 

based on vessel location 

Q1/24 Q2/24 Q3/24Q2/22 Q3/22 Q4/22 Q1/23 Q2/23 Q3/23 Q4/23
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9 ξ Container Transport Forecast  
9.1 ξ Demonstration  Description  

SME truck companies that are involved in the import and export transport processes from and to 
the Port of Barcelona do not have information about their transport forecast for the short -medium 
timeframe.  

Knowing in advance the number of trucks that will be necessa ry in future periods would be very 
valuable information for truck planning and for prioritizing, especially in these small and medium 
sized transportation companies.  

This demo will demonstrate a Containers Transport Forecast for SMEs that are working in t he Port 
of Barcelona ecosystem to improve the efficiency and planning of containers that need to be 
transported by truck. The solution will forecast using Machine Learning techniques, the outbound 
truck movements at the Port of Barcelona based on inbound a nd outbound data available in the 
Port Community System.  

 

Scenario 1: Prediction of demand visualisation  

SMEs in charge of truck transport around the port area need to know in advance how many 
transport orders will be received in the upcoming days in orde r to organise their fleet and contract 
additional freelance drivers if necessary. The issue will be solved by seeing the prediction of 
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demand for the next period of time (ideally next week) and organised by the organisation that is 
the contractor of the se rvice. 

Use case 1.1 Dashboard of demand prediction  

The user can see a landing dashboard with the prediction of transport orders for the next period 
and the number of different contractors that are  involved  in this prediction of demand.  

Main process: 

¶ Historical data of transport orders is saved in the system to train the prediction model  
¶ Historical data is combined with real data and the prediction algorithm is executed daily  
¶ The user logs onto the application and clicks on the prediction of demand link  
¶ The user can see a dashboard with the prediction o f demand for the upcoming week and 

the different number of contractors that will send the orders  
¶ The user can refine the content displayed in this dashboard by filtering by period and 

contractor  

Use case 1.2 Details of daily prediction  

The user can see the  detail of a specific day to see the predicted % of orders by each hourly 
range, seeing the different contractors involved in the transport orders and the different origins 
and destinations grouped by areas (usually by postal code).  

Main process: 

¶ The user logs onto the system and wants to see the specific prediction of a day, selecting 
this specific day in the dashboard  

¶ The user can see the busiest hours, the different flows, and some planning 
recommendations  

 

During initial conversations about the demo req uirements, an additional user need was detected. 
Traffic managers of these small transport companies organise their fleet manually when they 
receive a transport order. It would add a lot of value to this demonstration if an algorithm can 
automatically assi gn the transport order to a truck/driver  once a new transport order appears in 
the system.  

Scenario 2: Automatic optimisation of routes  

Traffic managers of small transport companies need a lot of time to organise their fleet and assign 
the transport orders  to their truck drivers. This process not only takes a lot of time,  it is not optimal. 
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In this scenario, the tool will automatically assign, reschedule, and notify the drivers once a new 
transport order for a specific organisation comes into the system and  is assigned to a transport 
company.  

Use case 2.1. When a new transport order appears in the system, the optimisation algorithm 
automatically assigns it to a truck/driver  

Main process: 

¶ A new transport order comes into the Portic system to a company that ne eds the routes 
optimisation process  

¶ íŬŌϔǔǀģƑǈƽƚǀǔϔƚǀņŌǀϔņŌǔģűƇǈϔģǀŌϔǈŌƑǔϔǔƚϔǔŬŌϔƚƽǔűƏűǈģǔűƚƑϔǀƚǜǔŌǈόϔǈǺǈǔŌƏ, and it is stored in 
the database  

¶ In the next timeframe the algorithm calculates the optimal route and assigns it to a driver, 
rescheduling pending transport orders if new assignations optimise the overall process  

¶ The traffic manager is notified about new and modified transport order assignments  
¶ The system notifies the drivers about the transport assignation  

Use case 2.2. When the system assigns a tra nsport order to a truck/driver, the traffic manager 
is notified and confirms or rejects the selection  

Main process: 

¶ The traffic manager logs onto the application  
¶ The traffic manager navigates to see the assigned transport orders still pending to be 

executed  
¶ The traffic manager reschedules truck/driver pairs in case he/she has this specific need.  
¶ The system notifies the drivers about the transport re -scheduling  

Use case 2.3. The traffic manager defines the preferences that will be taken into considera tion 
by the algorithm to assign the transport orders  

Main process: 

¶ The traffic manager logs onto the application  
¶ The traffic manager selects the preferences for the automatic assignation of routes (rest 

times, maximum driving hours, top drivers, etc.)  
¶ The traffic manager saves these preferences, and the algorithm parameters are updated  

The demonstration will be tested in the Port of Barcelona in the Port Community System 
ecosystem. The target companies of this demo are usually companies that are using Port ic 
technological solutions instead of own solutions. A number of SME truck transport companies 
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will be identified and selected in order to test the demo. The pilot will be integrated into the Portic 
solutions. In the Demonstration  Design section, a detaile d analysis of the communication 
protocols between the different actors will be detailed.  

The different personas  involved in the demonstration are:  

¶ Port of Barcelona: Port authority acting as a neutral entity that provides the service to the 
actors in the p ort ecosystem.  

¶ Mosaic Factor and Portic (e -commerce platform of the Logistics Community of the Port of 
Barcelona) are the technology providers that will be in charge of developing the demo, 
prepare the necessary integrations between the different systems a nd make available the 
2 different modules to the users through Portic applications.  

¶ SME truck transport planner: this is the main user of both modules of the demo. He/she 
should provide insights about the demo during the preparation phase through different  
workshops and during testing phase to validate that the demo is beneficial for their 
organisational processes.  

¶ Truck Drivers: truck drivers of each SME will be notified about the transport orders 
assigned to them once the optimisation algorithm finalises the assignation of new 
transport orders.  

Transferability of this demonstration is not foreseen during PIONEERS project timeline;  the 
transferability actions will focus on the transferability after the project.  

9.2 ξ Demonstration  Objectives  

The overall obj ective of the demonstration, aligned with the WP objectives, is to demonstrate in 
real-practice Port of Barcelona  environment a solution helping the organisations operating in the 
port in their digitalisation  processes. The target organisations of the demo nstration are not fully 
digitalised and need to go one step further in order to enhance their daily organisational 
processes. 

The demo will provide a tool that, integrated in the Port Community system, provides SME 
transport organisations new features that  optimise their current processes. More concretely the 
specific objectives are:  

¶ To help SMEs that have gaps in their digitalisation processes providing new tools that 
facilitate their daily tasks.  

¶ To better forecast the short -medium term amount of work. A tool will be provided for on 
demand prediction. This tool will allow to plan in advance how many transport orders will 
be contracted. Then the transport provider will be able to better organise the fleet and 
forecast more efficiently.  
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¶ To avoid spending tim e doing manual work, a tool will be provided to optimize routes that 
will automatically assign the containers to the different trucks/drivers once a new 
transport order is contracted to the transport provider. The optimisation will be based on 
different pa rameters and will allow rescheduling if more optimal routes are discovered. It 
will allow the transport managers to avoid losing time by performing this task manually.  

In a follow up deliverable in M14, KPIs will be declared related to the objectives liste d in this 
section. This KPIs will be validated during the testing phase that will be planned in section 3.5.  

8.3 ξ Personas Involved in the Demonstration  

This section gives an overview of the personas involved in the demonstration, i.e. the users of 
the demonstration in terms of their functions or roles.  

Persona  Role  

Truck transport planner  Uses demand prediction module to plan in 
advance the drivers needed for next week  

Truck transport planner  Uses demand prediction module to help her 
in organising the maintenance tasks of their 
trucks  

Transport company manager  Uses Container Transport Forecast demand 
prediction module to see the predicted f lows 
and take strategical decisions  

Truck transport planner  Checks every day the Container Transport 
Forecast fleet optimisation module transport 
orders assignment proposal to help her in the 
transport order assignment decision  

Truck driver  Notified by C ontainer Transport Forecast 
fleet optimisation module when a new 
transport order is assigned to him  

 

8.4 ξ Demonstration Design  

The Port Community System in the Port of Barcelona offers to the logistics community around 
the Port of Barcelona added value services. These services and procedures are based in the 
exchange of EDI messages between the different actors.  
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The actors with a high technological level of maturity have their own information systems to 
process these messages. The ones with a lower  level of maturity have the opportunity to use web 
applications offered by Portic to deal with this exchange of information. These are the 
stakeholders that are part of this demonstration.  

 

8.4.1 Truck transport processes  
There are a lot of process involve d in the port operations, but in this demonstration, we will focus 
on the ones that are part in the transport of containers using a truck. These processes are:  

¶ EMT λωGƑǔǀģņģϔņŌϔ§ŌǀĿģƑĿűģϔíŌǀǀŌǈǔǀŌϊϔűƑϔàƽģƑűǈŬμΩϔűǔϔűǈϔǀŌŤŌǀǀŌņϔǔƚϔģƑϔŌǹƽƚǀǔϔƽǀƚĿŌǈǈϔǜǈűƑťϔ
truck. 

¶ SMT λωàģƇűņģϔņŌϔ§ŌǀĿģƑĿűģϔíŌǀǀŌǈǔǀŌϊϔűƑϔàƽģƑűǈŬμΩϔűǔϔűǈϔǀŌŤŌǀǀŌņϔǔƚϔģƑϔűƏƽƚǀǔϔƽǀƚĿŌǈǈϔǜǈűƑťϔ
truck. 

¶ Transfers . It is referred to movements between different terminals (transshipment), 
inspection or re -stocking of empty containers.  

 

EMT process ξ Export  

The messages involved in the EMT process are specified in the table below, where we can also 
see the actors are involved, the one who sends the message and the one who receives the 
message. 

Message  Sender  Receiver  

Deliver empty container  Shipping agency  Depot  

Admit goods  Shipping agency  Terminal  

Transport Merchant  

Deliver empty container (copy)  Shipping agency  Forwarder 

Admit goods (copy)  Shipping agency  Forwarder 

Transport Order  Forwarder Transport company  (1) 

Carrier (or own)  
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Transport Order  Shipping agency  Transport company  (1) 

Container pick -up pre -notice  Transport company  Depot  

Goods delivery pre -notice  Transport company  Terminal  

Container pick -up confirmation  Depot  Shipping agency  

Goods delivery confirmation  Terminal  Shipping agency  

(1): It is possible that Transport Orders are resent to other transport companies.  

 

SMT process ξ Import  

The messages involved in the SMT process are specified in the table below, where we can also 
see the actors are involved, the  one who sends the message and the one who receives the 
message. 

Message  Sender  Receiver  

Deliver goods  Shipping agency  Terminal  

Admit empty container  Shipping agency  Depot  

Transport Merchant  

Deliver goods  (copy) Shipping agency  Forwarder 

Admit empty container (copy) Shipping agency  Forwarder 

Transport Order  Forwarder Transport company  (1) 

Carrier (or own)  

Transport Order  Shipping agency  Transport company  (1) 

Goods delivery pre -notice  Transport company  Terminal  

Container pick -up pre -notice  Transport company  Depot  

Goods pick -up confirmation  Terminal  Shipping agency  
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Container delivery confirmation  Depot  Shipping agency  

(1): It is possible that Transport Orders are resent to other transport companies. 

 

Transfers  

The messages involved in a Transfer process are specified in the table below, where we can also 
see the actors are involved, the one who sends the message and the one who receives the 
message. 

Message  Sender  Receiver  

Deliver transfer  Shipping agency  Depot / Origin Terminal  

Admit transfer  Shipping agency  Depot / Destination Terminal  

Transfer transport order  Shipping agency  Transport company (1)  

Container/Goods pick -up pre -
notice  

Transport company  Depot / Origin Terminal  

Container/Goods deliver pre -
notice  

Transport company  Depot / Destination Terminal  

Container/Goods pick -up 
confirmation  

Depot / Origin 
Terminal  

Shipping agency  

Container/Goods delivery 
confirmation  

Depot / Destination 
Terminal  

Shipping agency  

(1): It is possible that Transport Orders are resent to other transport companies.  

 

kƑϔģƇƇϔǔŬŌϔƏŌǈǈģťŌǈϔűƑǳƚƇǳűƑťϔǔŬŌϔĿƚƑǔģűƑŌǀϔǔǀģƑǈƽƚǀǔϔľǺϔǔǀǜĿƄΩϔǔŬŌϔǀŌƇģǔűƚƑǈŬűƽϔűǈϔῳϔĿƚƑǔģűƑŌǀϔξ n 
ƏŌǈǈģťŌǈϊΩϔǴŬŌǀŌϔϋƑόϔĿģƑϔģƇǈƚϔűƑĿƇǜņŌϔƏƚņűŤűĿģǔűƚƑǈϔƚǀϔĿģƑĿŌƇƇģǔűƚƑǈϔƚŤϔƏŌǈǈģťŌs. All the actors 
sending messages are involved in the EMT and SMT processes and are part of the transport chain. 
Only the last authorized has permission to send the next message.  

The key message in the 3 scenarios is the Transport Order, but previous mess ages are very 
valuable for demand prediction model.  
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8.4.2 System Architecture  
This demo consists in a software tool which is divided into two parts. The first one is aimed at 
predicting the demand for following days with high accuracy, and the second can assign 
transport orders to the appropriate vehicle and driver. Next figure illustrates the architecture of 
each of them.  

This is the architecture for demand prediction  module:  

 

Figure 13. Demand prediction module system architectu re 
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And this is the architecture for optimisation module:

 

Figure 14. Optimisation module system architecture  

Both distinct software parts of the Containers Transport Forecast tool are composed by a Back -
End and Front -End module. Th e tool is tightly connected to the PORTIC system. For this reason, 
the tool provides a REST API gateway  that works as a secure interface between external requests 
and provides the main functionalities through the different controller components.  

The Contro llers are intended to orchestrate all inputs and outputs of the Back -End module. 
Controllers manage the received requests from the external systems and the Front -End through 
the API gateway. Also, when each process is completed, they provide the adequate r esponses. 

The Listener modules  retrieve new relevant information whenever it is available and provides it 
to the system. They also map this data in a way that is useful, understandable, and efficient for 
the system. More precisely, the Port Data Listener l ooks for new data from the port, which enables 
the Machine Learning module to make up to date predictions. The Transport Order Listener 
listens for new transport orders and notifies them to the Optimizer.  

The Data Manager  is the responsible for managing all the database queries and transactions. The 
Data Manager from the prediction of demand tool stores the historical data points needed for 
computing accurate predictions and it is being continually updated with new informa tion. Both 
Data Managers store.  
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The Prediction Manager  is the core component from the demand predictor system. Its main 
function is to respond to the Controller petitions. To do it so, it retrieves the relevant data points 
from storage and provides them to  the Machine Learning model in order to get the correct results 
for its petitions.  

The ML model  component is a well - trained Machine Learning model purposely designed to 
predict with high accuracy the demand volume for the following days with up to a week i n the 
future.  

The Assignment Optimiser  is the core component from the optimisation of routes system. Its 
main function is to respond to the Controller petitions as well as to send a notification that informs 
the user about the assignment.  

When a transport order is notified to the system, the Assignment Optimiser makes use of the 
Route Planner  to calculate a set of possible routes to the desired destination of said order. Once 
they are calculated, The Assignment Optimiser choses the best one according to the  preferences 
of the administrator.  

8.4.3 Datasets description  
Before introducing the datasets, it is important to understand the flow of the possible transport 
ƚǀņŌǀǈήϔíŬŌǈŌϔģǀŌϔG§íǈΩϔà§íǈϔģƑņϔωíǀģǈƇģņƚǈϊϔλíǀģƑǈŤŌǀǈϔűƑϔàƽģƑűǈŬμΩϔǴŬűĿŬϔģǀŌϔǈǜƏƏģǀűȄŌņϔűƑϔ
the  following diagram:  

 

Figure 15Χόà§íόδťǀŌŌƑεΡόG§íόδƚǀģƑťŌεόģƑņόςíǀģǈƇģņƚσόδǺŌƇƇƚǴεόŤƇƚǴ 

It is possible that, after finishing a transport order, a truck begins another transport order, without 
ƽŌǀŤƚǀƏűƑťϔǔŬŌϔωǀŌǔǜǀƑϔǔǀǜĿƄϔǔƚϊϔǈǔŌƽΩϔand it is also possible that there are many terminals and/or 
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depots involved in the processes, and even that some of them occur within the same location. 
However, the diagram above was chosen to simplify the overall flow of each of the processes.  

Demand p rediction module datasets  

1. Transport order data. This consists in the historic transportation orders that are stored in 
ÕƚǀǔűĿόǈϔņģǔģľģǈŌήϔíŬűǈϔĿƚƑǔģűƑǈ information both on the time at which the transportation order 
was created, as well as information about the cargo. Additionally , real-time data of previous 
messages than Transport Order (messages included in EMT, SMT and Transfers flows) must 
be consider ed as the can bring valuable information for next week demand prediction. 
Specifically, it is divided into the three possible transport orders:  

a. Export data. This includes:  
i. Transport order specifics : Transport Order (TO) ID; datetime when TO is 

received by Portic, Transport Company that carries out the transport order and 
origin or destination of the TO.  

ii. Involved parties: Freight forwarder ID (if applicable); Terminal ID, Consignee ID, 
and Depot ID.  

iii. Admission message specifics: Datetime when admission messa ge is received; 
ship on which cargo is to be loaded (if applicable); and port ID associated to the 
admission message.  

iv. Booking information: Booking number; Booking response datetime ξ which is 
the date -time when the shipping company responds to the booking request.  

v. Other: Stop-off ξ corresponding to the place where the container is to be 
loaded; equipment type ξ specific requirement for cargo transportation; and 
container pick -up date -time.  

b. Import data.  
i. Transport order specifics: Transport order number; a nd transport company 

that carries out the TO.  
ii. Involved parties: Terminal ID; and Depot ID.  
iii. Ship specifics: Ship name; Ship estimated arrival date; Ship unloading date -

time; unloading dock ID.  
iv. Cargo delivery messages specifics: Cargo delivery message ID; and Cargo 

delivery date -time.  
v. Admission message specifics: Container admission ID; and container 

admission date -time.  
vi. Other: Stop-ƚŤŤγϔƏģƑűŤŌǈǔόǈϔģǀǀűǳģƇϔņģǔŌ-time; and consignee ID.  

c. Transfers data.  
i. Transport order specifics: Date-time when Transport Order should be carried 

out  
ii. Transport company specifics: Transport company ID and country.  
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iii. Issuer specifics: Company ID and country that generates the TO.  
iv. Destination specifics: Country of destination an d destination ID.  
v. Origin specifics: Country of origin and origin ID.  
vi. Consignee specifics: Consignee ID and country.  
vii. Transfer specifics: Transfer ID and type of transfer.  
viii.  Container specifics: Type of container.  

 

Optimisation module datasets  

1. Transport com pany data. It is extremely important to know about the properties of the 
fleet of each company, the regulation they follow and any special vehicles they might 
have. For instance, some companies may be specialized in carrying dangerous goods, and 
thus the t ransport orders will have different processes to account for.  

2. Traffic data.  In order to suggest the best possible route, the traffic data needs to be as 
close to real -time and as reliable as possible.  

3. Transport order data.  Just as in the demand predictio n module, it is necessary that the 
specifics of each transport order are stored.  

4. Fleet data.  The truck transport companies must provide the specific data of their fleet, 
driver, truck, and any other preferences agreed with transport companies (such as 
preferred drivers, autonomous drivers, etc.) that will help the algorithm to assign the 
transport orders efficiently.  

8.4.4 AI Models technical description  
Machine Learning models will be used in both tools. As the modules have different 
characteristics, diff erent algorithms are selected that fit best in each of the solutions.  

Demand prediction module  

As new data arrives, the module takes the transport order data, and manipulates it to form a 
supervised machine learning data -frame, where each entry corresponds to a transport order ξ 
timestamp (t), transport company it is assigned to (ID), and the number  of orders that were 
assigned to the transport company, as well as other exogeneous variables such as the number 
of orders in past timestamps ξ also called lags  ξ, periodicity attributes to account for the daily, 
weekly, monthly and yearly seasonality, hol idays, weekends, and others.   

The data -frame is then fed to a pre -trained LightGBM, which is a state -of-the-art gradient 
boosting framework that uses tree -based learning algorithms, to update it with the newest data.  
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Figure 16. Gradient boosted trees sketch 

Gradient boosted trees combine weak learners ξ e.g, a simple decision tree ξ in a way that at 
each step at which a new tree is added, the total loss respect to pre -defined metric is minimized. 
Other algorithms that use this technique are, for instance, XGBoost and CatBoost, although 
LightGBM has been chos en due to its speed, reliability and scalability.  

With this, the model predicts the number of orders that will occur for the next 7 days, as well as 
the transport companies they will be assigned to.  

Optimisation module  

The optimisation module focuses on each transport company. For a given day and a set of 
transport orders with different properties that need to be carried out, the algorithm assigns a truck 
and a truck driver to each one of them in an optimal way ξ that is,  

1. Prioritizing the vehicles from t he fleet that contaminate the least, while at the same time 
satisfying the vehicle autonomy, capacity, speed, and type of cargo constraints for each 
transport order.  

2. Minimizing the number of truck drivers while satisfying the regulations of each company 
ξ for instance, the maximum time the driver can be driving ξ guaranteeing their well -being. 

The problems of this kind are usually referred to as assignment problems . An example of this is 
represented in the diagram below. The numbers on the edges represent the cost or weight  of an 
assignment, and the algorithm should find a way to minimize the cost, while at the same time 
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satisfying, of course, other more complex constraints ξ e.g, a driver cannot drive for more than a 
certain period of time. Additionally, i n the optimisation module we are going to develop in 
PIONEERS, it is possible that a same worker may need to perform several tasks, so the diagram 
below is not completely representative of the kind of problems the optimization module will 
tackle.  

 

Figure 17. Solution (right) to an assignment problem (left) 

ƇƇϔƚŤϔǔŬűǈϔűǈϔĿģǀǀűŌņϔƚǜǔϔǜǈűƑťϔ_ƚƚťƇŌϔ kόǈϔ²Ø-tools, which is a state -of-the-art open -source 
software suite for optimization problems in integer constraint programming.  

8.5 ξ Demonstration Implementation Requirements  

The initial list of requirements was built in the frame of Deliverable 3.3, where a list of 22 
requirements was already provided. These requirements were focused in both the user 
requirements and the demand predi ction and optimisation algorithm requirements.  

The focus is on the requirements related to the data needed in order to build the Container 
Transport Forecast. Being a software tool using data from already existing operations in the Port 
Community System, n o integration requirements with port infrastructure are foreseen in this 
demonstration.  

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 12.7 ξ Container transport forecast . 
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8.6 ξ Demonstration Challenges & Barriers  

Having the historical data available of the Port Community System is a key enabler and facilitates 
the training of machine learning models that will allow for the development of an accurate 
forecasting model.  

Here the challenge is to understand all the data in the immense Portic database to extract all the 
value and to implement the best possible prediction model. This prediction model should pro vide 
concrete results that should be showed to the final user in a way that they perceive that there is 
extra value on them. These companies have the focus on the operational part of the business and 
dedicate less effort on the strategical part, so a kind of a mind -shift should be necessary to see 
the benefits on the prediction of demand module.  

From a more global perspective, i mproving the organization of the truck movements in the port 
surroundings also has an impact on the environment. Forecasting these scenarios using machine 
learning techniques will have a real impact on the emissions around the port , as a better 
organisation of the truck movements will benefit the emissions around the port.  

The mentioned barriers lead us to a list of risks  to be consid ered: 

-  Users do not perceive the benefit of demand prediction tool. In order to prevent these 
risks, users will be involved from the very beginning in order to understand their needs, 
show them the provisional results, and interactively  enhance the tool with their feedback.  

8.7 ξ Demonstration Time plan  

 

Figure 18: Time-plan T7.4.3 

 

  

CONTAINER TRANSPORT FORECAST M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22 M23 M24 M25 M26 M27 M28 M29 M30 M31 M32 M33 M34 M35 M36

Historic & Real-time datasets evaluation

Architecture detailed definition

Routes optimisation model development

Back End development

Front-End development alpha version

Optimisation of routes alpha version testing phase

Demand prediction model development

Demand prediction Back End development

Demand prediction Front-End development alpha version

Full Alpha version testing phase

Models optimisation

Full implementation

Final v pilot execution
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Tentative development & deployment plan:  

¶ Dataset provision: M8  
¶ Scoping Document and Requirements completion: M9 (milestone)  
¶ Dataset analysis completion: M10  
¶ Architecture detailed definition: M12  
¶ Routes optimisation model development: M15  
¶ Back End development: M15  
¶ Front -End development alpha version: M16  
¶ Optimisation of routes deployment: M17 (milestone)  
¶ Demand predi ction model development: M18  
¶ Demand prediction Back End development: M22  
¶ Demand prediction Front -End development alpha version: M23  
¶ Deployment: M24 (milestone)  
¶ Full Alpha version testing phase:  M24-M28 
¶ Model optimisation:  M29  
¶ Full implementation: M32  
¶ Front-End development full version: M32  
¶ Full version testing phase: M32 -M36 (milestone)  
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10 ξ Conclusions  
Digital Transformation pillar includes 6 different demonstrations which will be implemented 
during the PIONEERS project. These demonstrations have their specific objectives, but these 
objectives are not isolated and are meant to succeed in the achievement of the global objectives 
of the pillar.   

The demonstrations have been scoped considering the overall objectives of the P IONEERS 
project, where all the demonstrations must be completed in the demonstration port in order to 
be transferred to the ports designated for this transfer during the project lifetime.  

The present document has achieved the objectives of generating for e ach of the WP7 PIONEERS 
demonstrations the scoping of the demo including design, technical specifications, data 
requirements and correlation with other actions and demonstrations, linking the description to 
the Clean Energy Production, Storage & Supply pil lar. 

The current time  plan and design for each demonstration  is described  in the previous sections . It 
should be noted that all the time  plans are made during an early stage of the development and 
could alter  in the future . Throughout  the implementation phase it might  become necessary to 
make adjustments  because of new findings or unexpected changes . This document will function 
as a lay out  of all the demonstrations  from which they will further develop during the project and 
to make improvements. Changes and deviations from the scope will be documented in future 
deliverables or reports.  

For all the described demonstrations there will be more  deliverables to come which will use the 
ŤűƑņűƑťǈϔģƑņϔĿƚƑĿƇǜǈűƚƑǈϔŤǀƚƏϔǔŬűǈϔņƚĿǜƏŌƑǔϔģǈϔǴŌƇƇϔģǈϔǔŬŌϔƽǀŌǳűƚǜǈϔņŌƇűǳŌǀģľƇŌǈϔA͇ή͆ϔωPort 
stakeholder analysis and end -ǜǈŌǀϔ ƑŌŌņǈϊϔ ģƑņϔ A͇ή͇ϔ ωScenarios, personas, use cases and 
ņŌƏƚƑǈǔǀģǔűƚƑϔǀŌƿǜűǀŌƏŌƑǔǈήϊϔAs descr ibed in chapter 7 there will be a cooperation with the 
Digital Twin which will be explored further in the coming months and described in more detail in 
following deliverables e. g. in D7.5 or D7.6, or reports.  For the automated container shuttle, a 
design report will follow  in the next year  on the autonomous container shuttle solution (D7.2) 
which will go into more detail after the design of the platform is settled . The task for the 
automated vessels will be updated  as soon as they know which type of vessel will be provided 
and they can proceed with their development and implementation.  

íŬŌϔņŌƏƚƑǈǔǀģǔűƚƑǈϔǴűƇƇϔľŌϔŌǹŌĿǜǔŌņϔűƑϔǔŬŌϔŤǀģƏŌϔƚŤϔČÕ͋ϔωAűťűǔģƇϔíǀģƑǈŤƚǀƏģǔűƚƑϊϔģƑņϔǴűƇƇϔŤƚƇƇƚǴϔ
ǔŬŌϔƏŌǔŬƚņƚƇƚťǺϔņŌŤűƑŌņϔűƑϔČÕ͇ϔωÕkONEERS Actions: requirements co -definition, specifications, 
cross-ģĿǔűƚƑϔģƇűťƑƏŌƑǔΩϔģƑņϔņŌƽƇƚǺƏŌƑǔϔƏƚƑűǔƚǀűƑťϊΩϔǔŬģǔϔǴűƇƇϔǔģƄŌϔĿģǀŌϔƚŤϔǔŬŌϔņŌƽƇƚǺƏŌƑǔϔ
monitoring and the harmonisation of the overall progress of the 19 PIONEERS demonstrations.  
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D3.8 Interim Action Status report, with due date in September 2023, will detail the progress of and 
initial performance results of the demos, taking the present document as the baseline input for 
WP6 demonstrations.  

Additionally, this document will be a key input to WP8  ω:ƚ-transferability of PIONEERS 
űƑƑƚǳģǔűƚƑǈϊήϔČÕ͌ϔĿƚ-transferability actions will start sharing the outcomes of the present 
document to fellow ports in order to align what will be built in the demonstrations with the fellow 
port expectations. Sharing the detailed content of the scoping document and aligning it with the 
priorities of the fellow ports will allow to efficiently plan which demonstrations should be 
transferred in the 1 st wave of transferability and which ones in the 2 nd wave. 

In summary, this d ocument outcomes are crucial not only for WP 7 tasksό progress itself, but it is 
also a key input for other work packages in PIONEERS project.  

The PIONEERS demonstrations in the 3 other pillars are described in the respective Scoping 
documents D3.5, D3.6 and D3.7. The four scoping documents will serve as a blueprint for the 
preparation and implementation of the demonstrations during throughout the total lifespan of 
the PIONEERS project. 
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11 ξ References  
D3.1 ξ State of the Art, Gaps and Challenges for Gree n Ports 
D3.2 ξ Port Stakeholder Analysis and End -User Needs  
D3.3 ξ PIONEERS Scenarios, Personas, Use Cases and Demonstration Requirements  
D11.4 ξ Data Management Plan  
PIONEERS project Grant Agreement  

 1ISO 3691-4 (Industrial trucks ξ safety requirements and verification; part 4 Driverless industrial 
trucks and their systems  

2https://imecinternational.sharepoint.com/:x:/r/sites/Pioneers -
external/_layouts/15/Doc.aspx?sourcedoc=%7B1E315C37 -5A0B-4CEF-A6E9-
6BD869CFCC2B%7D&file=POA%20data%20collection%20overview%20from%20sustainability%20
report.xlsx&wdLOR=cF25F2C98-5CC5-4653-9720-
FA5DF0668BB3&action=default&mobileredirect=true  

3https://www.nxtport.com/  

4https://www.wrike.com/blog/what - is-a-use-case/  

5https://www.scrum.org/resources/what - is-scrum  

6https://blog.bitsrc.io/bff -pattern -backend -for-frontend -an-introduction -e4fa965128bf  
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12 ξ Annexes  
12.1 ξ Automated container shuttle solutions for port 
operations  

Attribute  Description  

Unique ID  UR_ACSS-01 
Type  Functional  
Priority  MUST 
Category  Operational  
Description  Automated Driving  
Rationale  Necessary so the vehicle can follow a path  
Relevant User 
Requirement(s)  

UR_ACSS-02, UR_ACSS-03, UR_ACSS-04,  
UR_ACSS-05, UR_ACSS-06     

Dependencies  N/A  

Conflicts  N/A  

Relevant WP  WP7 

Comments  N/A  

PIONEERS 
Demonstration  

Automated Container Shuttle Solutions  

Owner  AKKA, VDL 

 

Attribute  Description  

Unique ID  UR_ACSS-02 
Type  Functional  
Priority  MUST 
Category  Operational  
Description  Vehicle Control Unit 
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Driving mode of the automated vehicle software. Necessary to 
execute the given instruction and pass these instructions to the vehicle  

Rationale  Important to translate the instructions to the vehicle  
Relevant User 
Requirement(s)  

UR_ACSS-01 

Dependencies  N/A  

Conflicts  N/A  

Relevant WP  WP7 

Comments  N/A  

PIONEERS 
Demonstration  

Automated Container Shuttle Solutions  

Owner  AKKA, VDL 

 

Attribute  Description  

Unique ID  UR_ACSS-03 
Type  Functional  
Priority  MUST 
Category  Operational  
Description  Perception 

Feature for the vehicle to detect its surroundings with sensors in order 
to avoid e. g. collisions, detect obstacles etc.   

Rationale  Necessary for the vehicle to perceive the environment in order to 
make decisions 

Relevant User 
Requirement(s)  

UR_ACSS-01 

Dependencies  N/A  
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Conflicts  Could be challenging in the port environment due to changing 
surroundings and weather conditions.  

Relevant WP  WP7 

Comments  N/A  

PIONEERS 
Demonstration  

Automated Container Shuttle Solutions  

Owner  AKKA, VDL 

 

Attribute  Description  

Unique ID  UR_ACSS-04 
Type  Functional  
Priority  MUST 
Category  Operational  
Description  Communication  

Necessary for the vehicle to communication with external partners 
and send internal messages 

Rationale  Necessary for communications with an outside interface to share 
data  

Relevant User 
Requirement(s)  

UR_ACSS-01 

Dependencies  N/A  

Conflicts  Also challenging in a port environment due to reflective surfaces of 
containers and limited vision. 

Relevant WP  WP7 

Comments  N/A  
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PIONEERS 
Demonstration  

Automated Container Shuttle Solutions  

Owner  AKKA, VDL 

 

Attribute  Description  

Unique ID  UR_ACSS-05 
Type  Functional  
Priority  MUST 
Category  Operational  
Description  Navigation  

In order for the vehicle to navigate along the predefined route 
between two locations it is necessary to have a very precise location  

Rationale  Necessary to follow a given path  
Relevant User 
Requirement(s)  

UR_ACSS-04 

Dependencies  List of Unique IDs of other technical requirements that are somehow 
linked to this requirement  

Conflicts  N/A  

Relevant WP  WP7 

Comments  N/A  

PIONEERS 
Demonstration  

Automated Container Shuttle Solutions  

Owner  AKKA 

 

Attribute  Description  

Unique ID  UR_ACSS-06 
Type  Functional  
Priority  MUST 
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Category  Operational  
Description  Drive-by-wire 

Ability of the vehicle to translate instructions from the SW -Stack to 
steering, acceleration and breaking.  

Rationale  Connection from decision making and path to instruction is necessary 
for automated driving  

Relevant User 
Requirement(s)  

UR_ACSS-01 

Dependencies  N/A  

Conflicts  N/A  

Relevant WP  WP7 

Comments  N/A  

PIONEERS 
Demonstration  

Automated Container Shuttle Solutions  

Owner  VDL 

 

The following part describes the platform and its specifications as well as the planned route for 
the demonstration.  

It should be noted that due to operations on the terminals or potential changes on the site the 
testing and demo area can be switched or adjusted later in the project.  

 

AGV platform for PIONEERS project  
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Figure 19: AGV platform  

Figure 3 shows the AGV platform from VDL. The sensor placement is not shown in this example 
because it is not finalized yet and purchasing processes are taking longer. Brackets for the 
sensors also have to be designed in order to make sure the  hardware stays in place.  

The vehicle will be equipped with lidars, cameras, a localization system and computers for the 
calculation and the interface to the drive -by-wire system.  

The following tables define the specifications for the platform.  

 

High Lev el Specifications  

Table 1: High level Specifications 

Measure  Unit  Value  

Length  [mm]  11035 

Width  [mm]  2600 

Chassis height  [mm]  1070 

Wheelbase 1 -2 [mm]  
 

5920 

Wheelbase 2 -3  [mm]  1430 
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Chassis beam height outside   [mm]  300 

Chassis beam height inside  [mm]  
 

Chassis bolts  
 

M16 10.9 with SPN bolts 
Empty vehicle weight  [kg]  9900  
Max total vehicle weight  [kg]  35500 
Axle configuration  [- ]  6 x 2 
Driven axle type  [- ]  Hub reduction  
Driven axle ratio  

 
24.80 (3.46 hub, 7.17 carrier) 

Driven axle capacity  [kg]  GAWR 32.000 / GCW 120.000  
Flange for cardan shaft  

  

Rim bolt pattern  
  

Maximum front axle capacity  [kg]  10T @ 6 km/hr 1 

Maximum driven axle capacity  [kg]  15T @ 6 km/hr 1 

Maximum rear axle capacity  [kg] 11T @ 6 km/hr1 

Maximum steering angle  [°]  35 
Maximum steering speed  [°/s]  10 
Turning radius (curb -to-curb)  [mm]  186501 
Front axle suspension  [- ]  VDL HD double leaf spring  
Driven axle suspension  [- ]  None, rigid  
Rear axle suspension  [- ] VDL HD double leaf spring, actuated 

None, oscillating  
Tires  [- ]  Elite XP 1200-20/8.5  
Driveline  [- ]  Full electric  
Rims  [- ]  20-8.5 ET175/120 
Battery type  [-]  VDL Gen3 (air cooled) 
Battery voltage  [V]  600  
Battery capacity  [kWh]  144 
Max charging current battery  [A]  300 
Max discharging current battery  [A]  270 
Manual charging interface  [- ]  CCS plug (125 KW) 
Battery lifetime  [kWh]  Supplier to confirm  
Automatic charging interface  [- ]  CCS connector  
Chassis type  [- ]  U-beams  
Machine color  [- ] Grey 
Corrosion protection  [- ] C4 
Compliance  [- ]  CE (2006/42/EG)  
Maximum speed forward  [km/h]  61 
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Maximum speed backward  [km/h]  11 

Maximum acceleration  [m/s^2]  0.5 
Minimum average deceleration  [m/s^2]  1 
Maximum slope ° (mechanical)  [°]  2.51 

Performance on slope  
 

Calculation to follow  
1values may change after design freeze  

Application & Operational environment  

Table 2: Applications and operational environment  

Measure  Unit  Value  

Temperature range  [°C] -10 to +40 

Rain  [mm/h]  Ͼ̈́ͅ 

Snow  [mm/h]  Ͼ ͇

Fog  [m]  Ͻ͉̈́ 

Maximum head wind  [m/s]  10 

Surface static friction  Mus > 0,3 

Area surface flatness  []  Class 6 NEN 2747 
Relative humidity  [%]  95 
Sound level  dB(A)  <72 
System lifetime  

 
10 years 

 

Charging Infrastructure  

Table 3: Charging Infrastructure  

Measure  Unit  Value  

Manual CCS charger  [kW]  25 

 

Site requirements (for standard safety engagement)  

Infrastructure  

¶ The area must be completely private.  
¶ The area needs to be completely fenced.  
¶ Everyone on the site must be informed about the risk of the autonomous driving vehicle.  
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¶ The AGV route must be marked with lines.  
 

Traffic regulations during demo period  

¶ The AGV ALWAYS gets priority over all other logistical movements  
¶ When crossing the route ALWAYS stop and check if the AGV is approaching  
¶ Keep sufficient distance to the AGV  
¶ Hazard zones are forbidden terrain for all persons and objects  
¶ It is forbidden at all times to stop or stand still on the AGV route.  

Note : experienced limitations during the demo of the AGV functionality will be part of the 
report.  

Project scope  

Project goal Pioneers:  

The project enables us to:  
1. Upgrade the MTT platform with defined roadmap development activities.  
2. Test the current MTT platf orm in a busy port environment with many "container 

handlers" and "straddle carriers".  
a. Safety study / route analysis  
b. Testing on site  

Table 4: Scope overview 

Scope    

Customer  Pioneers / Port of Antwerp  

Plant Port of Antwerp: Site MedRepair / site MPET  

Goal  Demo Transport as a Service  

Activity  Container shuttling MPET < -> MedRepair 

Work package leader  AKKA Technologies  

Demo Partner  AKKA Technologies  
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Platform: current MTT platform  

¶ Speed: 5-10 km/h (Depending on safety study)  
¶ Outdoor use  
¶ Regulations: CE / Machine Directive (2006/42/EC) with the following norms and 

standards in  
¶ consideration: ISO 3691-4 (Industrial trucks ξ safety requirements and verification; part 4 

Driverless industrial trucks and their systems)  

Project specific:  

¶ Safety study / feasibility study  
¶ Implementation of all (safety) measures coming from the safety study / feasibility study.  
¶ Load carrier: frame on top of MTT chassis to carry 1x 20ft container (no double stack)  
¶ Job dispatche r: Start trigger AGV after loading/unloading. Button?  
¶ Battery charging: CCS connector and mobile 25KW charger. Availability of charger has to 

be clarified for the demonstration  
¶ Performance rapport for scaling in the future. (Deliverable Pioneers)  
¶ Perform D emo between MedRepair and MPET.  
¶ Transport of AGV from Breda to Antwerp and vice versa.  

 

Development Research:  

¶ Rear axle concept.  
¶ EMC improvements  
¶ Fleet manager interface  

o Communication / interface from vehicle to a fleet manager.  
¶ Split between VCU and Navig ation controller.  

o Investigation needed on what needs to be changed.  

 

Demo Scope  

¶ Duration Demo: for 6 months, once every 2 weeks, 3 days of an 8 -hour demo with 2 
persons. 

¶ Parties present during demo days  
o VDL 
o AKKA 

¶ Load: 1x 20ft empty container  
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¶ Pre-defined route  
¶ Pre-ņŌŤűƑŌņϔƇƚģņűƑťϔδϔǜƑƇƚģņűƑťϔģǀŌģόǈ 
¶ Loading / unloading by container handlers from MedRepair and MPET.  
¶ The operator from the container handler has to confirm securing of the load and has to 

press a button to confirm that the AGV is ready to depart . 
¶ During driving with load VDL is responsible for safe load handling.  

 

Out of scope:  

¶ TAAS is not part of VDL scope (in scope for AKKA)  
o However, we must be able to execute commands and share information from  

e. g. SOC 
o The vehicle must also  be able to receive and execute commands from a 

navigation system, and to provide feedback on them  
¶ Any infrastructural requirements are no part of VDL -scope  

o Execute infrastructural modifications  
o Controlling barriers or gates  
o Permission to drive on (public)  road 

¶ Navigation system is not part of VDL -scope  
¶ Loading and unloading of the containers onto the MTT will be carried out by the 

container handlers of MPET / MedRepair.  
¶ VDL has no responsibility of the securing of the load on the MTT. (Scope MedRepair / 

MPET). 
¶ Providing us with facilities  

o Energy supply C harger  
o Workshop / closed off area for parking and charging of the AGV etc.  
o Office workspace  
o Unlimited access to demo area  

 

Uncertainties in scope:  

¶ Safety concept for the demo:  
o Do we have to comply 100% with ISO 3691 -4 for the demo?  

Á The area needs to be co mpletely fenced.  
Á Everyone on the site must be informed about the risk of the autonomous 

driving vehicle  
Á The AGV route must be marked with lines.  
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o The Demo area is very dangerous for people because of other traffic (Reach 
trucks etc).  

¶ The current container f low between MedRepair and MPET is very crucial. The AGV will 
ŬģǳŌϔģϔƏģǹϔǈƽŌŌņϔƚŤϔģƽƽǀƚǹήϔ͊ƄƏδŬϔǴŬűƇǈǔϔǔŬŌϔċƚƇǳƚόǈϔŬģǳŌϔģϔǈƽŌŌņϔģǀƚǜƑņϔ͆̈́ƄƏδŬήϔ
The possible interruption of the container flow between MPET and MedRepair has to be 
clarified with contacts on al l sides 

¶ Slope capability of MTT  

 

 

Figure 20: Terminals MPET & Medrepair 

 

Slope towards gate on side S11 estimated 3.8 -4% (2,4 deg) (between the green lines)  

Slope on MPET side estimated 4.7 -4.8% (2,7 deg) (between red lines) 

The slope capability of the vehicle depends on final detailed engineering.  




































